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DEGRADATION OF PHYSICAL SOIL FERTILITY UNDER OIL PALM IN HUMID
TROPICAL REGIONS. CORRECTION TECHNIQUE.
CALIMAN, J.P., IRHO, AGRONOMY SERVICE, BP 8, COTE D'IVOIRE,
CONCARET, J., INRA, TOULOUSE, FRANCE
OLIVIN, J., IRHO, AGRONOMY DIVISION, MONTPELLIER, FRANCE
DUFOUR, F., IRHO, BUROTROP, PARIS,FRANCE
INTRODUCTION
In Cote d'Ivoire, falls in oil palm production have been observed on replantings after uprooting
of first generation oil palms. Such phenomena have been seen on the R. MICHAUX plantation
(IRHO) on the Dabou Savannah in the South of the country. They do not appear on first plantings
or on small holder plantations.
Dabou soils develop on tertiary sands, a formation which covers a major part of southern Cote
d'Ivoire.
A study oft he phenomenon has not revealed any particular problems as regards plant physiology
or pathology, but DUFOUR & OLIVIN (1985) points out structural irregularities not far under
the surface of the soil, which are reflected in higher bulk densities than in the rest of the profile.
Such phenomena have indeed been observed on many profiles under oil palm. They appear to form
a barrier to vertical root penetration. These horizons are particularly distinct under the interrows
of the previous planting, i.e. in the areas affected by machinery passing back and forth. On the
other hand, they are less pronounced or nonexistent under windrows where the techniques used
include windrowing plant debris (QUENCEZ,1986). This suggests that the phenomena observed
are at least partly linked to mechanization, which causes settling and compaction. This type of
degradation is met with on certain oil palm plantations in west Africa (Benin, Cameroon) where
land preparation or upkeep are carried out mechanically and without due care (heavy machinery,
soils too damp). (QUENCEZ,1988a & b).
Work has been undertaken over the past few years to identify the causes and significance of
these irregularities and to find solutions which are both technically and economically applicable
(CALIMAN &a!., 1989; CALIMAN,1990).
MATERIALS AND METHODS
The natural environment.
The Dabou plantation was set up on very desaturated ferralitic soils whose texture is marked by
a high percentage of sand (80% including 55% coarse sand). The amount of clay (essentially
kaolinite) varies between around 10% in the surface horizon and 20% lower down (towards 1m).
There is very little loam. pH is generally less than 5 in the natural environment. According to
DELVAL (1981), oil palm cultivation tends to increase acidity.
The tertiary sands have been shaped into low plateaux cut by several series of thalwegs of
varying depth, whose sides are very prone to erosion.
The climate features mean annual rainfall of 1800 mm, spread over short and long rainy season.
Mean annual temperature is 25.8° Centigrade, with slight seasonal variations.
The irregularities observed.
On Soils: The work carried out at Dabou concentrated firstly on observations and
measurements destined to complete the information available.
In order to identify the affected horizons within the profile and to quantify the phenomenon,
penetrometry was used. This technique makes it possible to amplify variations in soil density
(BILLOT & MARIONNEAU, 1986). It consists in measuring the energy needed to drive a
calibrated cone, fixed to a rod, into the soil.
A static penetrometer is used, as described in the ORSTROM manuals (1973). The so-called
"dutch" formula enables resistance to penetration to be expressed in bar, based on the depth
reached each time the penetrometer probe is dropped:
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~
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resistance (bar)
penetration
penetrometer coefficient

A~ 0.981xp'xH/(2xpxS)
p = cone weight
P ~ overall weight of the apparatus (kg)
H ~ height from which the probe is dropped
2
S = cone cross section (cm )

The data obtained were analyzed, grouping observations by 5 em sections. A sample study
identified the number of measurements necessary to characterize a given site: 5 or 6 profiles
produce a confidence interval of less than 10%. In addition, a methodological study was
undertaken in various situations (REY & QUENCEZ, 1987). It showed that only 25 resistance
profiles arc sufficient to characterize a zone considered homogeneous according to the information
available, whatever its area, with a sufficiently accurate (20%) confidence interval. In all cases, it
is important to carry out observations at the same humidity level in order to obtain comparable
values.
The measurements enabled direct verification, on the profile and at the natural humidity level,
of the presence and thickness of the affected layer. This operation is illustrated by an example
(Fig.1), showing the resistance profiles in an oil palm plantation interrow after felling.
These penetrometric studies were carried out in various crop and natural situations in order to
check the influence of the situation on the physical evolution of the profiles. Hence, for the most
widespread soil type, when the results obtained under savannah and under replantings (11 years
old) arc compared, at similar humidity, wide variations in resistance to penetration are observed
in the first 50 centimeters (Fig. 2). The same experiment, carried out on a first generation
plantation, shows that rapidity with which irregularities appear (11 year old trees).
It appears that the problem here is settling with concentration of the elements constituting the
inert textural categories, which, given the size of these elements and their relative uniformity, leads
to low, largely inaccessible porosity. This should be checked using micromorphology.
On Rooting: The crop irregularities observed are consistently accompanied by limited rooting at
depth, with very few roots reaching beyond the compacted horizon (Fig. 6).
The technique used for these root profiles is the "dutchn auger, manufactured by EIJELKAMP
(Holland). This enables 8 em diameter soil cylinders to be sampled, the sampling depth varying
according to the material available. This method has little effect on the oil palm, does not break
up the soil much and means that a large number of samples can be taken.
Corrective Technique
In 1983, DUFOUR attempted to loosen the compacted layer by subsoiling, using a ripper with
three 80 em tines 1m apart.
This experiment encountered a number of difficulties:
-root entanglement, necessitating frequent lifting;
- the low degree of loosening obtained, with the last 10 to 15 em merely being turned
over, a phenomenon which is mentioned in literature with this type of tine (critical depth: SPOOR,
1976; SPOOR & GODWIN, 1978; COQUILLE & CHOPINET, 1984), In this case, the volume of
soil turned over is in the order of 0.36 m3 /linear metre/tine, with an effective working depth of 60
em (Fig. 3).
In order to improve these conditions, we used bladed tines, as described by COQULLE (1984),
preceded by disc coulters capable of cutting roots. The basic tines were lengthened and their shape
changed (1m, slightly curved). Two tines were mounted on a bulldozer parallelogram (Fig. 4). This
arrangement enable 1.15m3/mljtine (Fig. 5). Subsoiling 2 rows 1m apart rules out the presence
near the surface of areas between the tines which have not been subsoiled.
The first trial was carried out in 1985 on 12 ha on which a 30 years old plantation had been
uprooted. The trial comprised 6 block comparing control and subsoilcd plots, with 72 oil palms per
elementary plot. Subsoiling was carried out on .the planting strip (i.e. on about 50% of the area).
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The design was set out so that the subsoiling followed the contour Jines as closely as possible, in
order to limit the risk of erosion (CALIMAN & KOCHKO, 1987).
RESULTS
This trial is monitored regularly,examining changes in soil, rooting and aerial plant development
characteristics.
At the same degree of humidity, penetrometry tests reveal a marked shift towards lower
resistance to the penetrometer (Fig. 5), and enables the profile of the zone turned over to be
identified.
Measuring asperity gives an ida of expansion and hence of the increase in total porosity. In
general, this is around 20% immediately after the operation. The reduction in this increase over
time is monitored according to cumulated rainfall figures.
Several zones can be distinguished in the worked area, with fine loamy soil refilling underneath
the loosened zone and lateral blocks shifted and cracked, leading to more coarse aggregates.
The size of those agragateswere measured on samples taken on pits face. Then, the results were
regrouped into three classes:
class 1: agregates > 2 mm
class 2: agregates 2- 16 mm
class 3: agregates > 16 mm
The results showed frequency of each classes (1,2,3): 38,26 and 36% (percent of dry weight)
respectively, except on a few locations where the soil is very sandy (less than 8% of clay on the
whole profile). On these locations, subsoilingmakes only fine loamy soil texture (class 1 = 87%).
Water profiles show that water dynamics are modified by subsoiling, with greater variations in
soil humidity between dry and wet periods and, all in all, a slight increase in available water.
Root development, which is measured in terms of depth and distance from the tree, is markedly
increased by subsoiling:
- deepening of roots (Fig. 7): on the control plots, 2/3 of the roots are concentrated in
the top 30 em. After subsoiling, only 1/3 of the roots are in this horizon. Soil exploitation is
improved in the whole of the layer loosened by the machine (60-70 em).
- better horizontal root dclevopment (Fig. 8), indicating increased growth after
subsoiling, since soil resistance is much lower, regardless of season;
- increased total root quantity: over the profiles as a whole, the measurements made
indicate a total root quantity 41% higher after subsoiling, compared with the control.
All of the parameters measured, and vigour index, evaluated using the INEAC formula (1)
indicate that existing oil palms develop better after subsoiling (Table 1): since the experiment was
set up, girth measurements have increased by 6 to 8% after subsoiling, and leaf length by 5 to 7%.
Similarly, the vigour index, which incorporates several parameters linked to those quoted above
(girth measurement, leaf length) increases by 23%.

!CD' I 4 l + H'J

1·VI~C'/4

C = girth measurement
D = crown diameter
H ~ height of palm
Preliminary observations made on female inflorescences show better precocity in young oil
palms planted after subsoiling: at 18 months, 39% have begun a female sexual phase, as against
only 23% on the control plots. This increase seems to have persisted over the following months
(Table 2). The number of female inflorescences is also increased by subsoiling.
Harvest of oil palm started on August 1988. The results show that subs oiling increases yield by
15% (7%during1988/1989and24%during 1989/1990. (Table3). However, on locations with very
sandy soils, sub soiling effect on yield is quite inexistant (Table 4). This is in relation with the poor
structure resulting from subsoiling this kind of soil.
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CONCLUSION
Under the conditions of the experiment carried out at Dabou, all of the elements currently
available suggest that using subs oiling to loosen the compacted areas caused by mechanization has
a positive effect. It is obviously necessary to wait for more results of production before drawing
any conclusions, taking both the technical and economic parameters of exploitation into account
(the longevity of an oil palm plantation is about 25years).
Even if, in this very fragile soil, the effects of treatment on soil structure last a limited time
(although it should be noted that these effects are still very clear after Sycars), it can be considered
that the rapid development of a stronger root system is already a very favorable start. At the same
time, experiments are also under way to identify the need to adapt fertilization to these new
conditions in order to best profit from the changes obtained.
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Table 1:

Variations in some plant parameters over time
effects of subsoiling

T
em

S/T
%

T
em

s

em

07/85

20,4

20,8

ns

50,7

51,5

ns

01/86

47,2

51,0

+8(2)

99,0

105,4

+6(2)

06/86

61,0

66,0

+8(2)

129,9

136,6

+5(1)

12/86

88,9

96,0

+8(2)

169,9

180,2

+6(2)

163,7 202,0 + 23

06/87

125,3

134,9

+8(2)

209,8

223,6

+7(2)

409,2 494,9 + 23

06/88

183,3

193,5

+6(1)

256,7

269,4

+5(1)

DATE

Table 2:

s

em

S/T
%

T
dm'

s
dm'

S/T
%

Observations on female inflorescences effect of working soil.

Oil palms with
female inflorescences

DATE
01/87
03/87
05/87

CONTROL
23
39
59

SUBSOILING
39 (2)
58 (2)
74

Female inflorescences
per bearing oil palm

01/87
03/87
05/87

2,6
1,4
1,6

(100)
(100)
(100)

2,8
1,6
1,8(1)

(109)
(113)
(112)

Female inflorescences
per oil palm.

01/87
03/87
05/87

0,6
0,6
1,0

(100)
(100)
(100)

1,2(1)
1,0(2)
1,4(1)

(205)
(160)
(138)

(1) Difference between treatments p < 0,05.
(2) Difference between treatments p < 0,01.
ns

=

not significant
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Table 3:

Comparison of yield. - ControliSubsoiling -.
Mean of the trial (KG ofbunchesltree).

CONTROL

SUBSO!LING

August 1988 I June 1989

58,0

62,2

July 1989 I June 1990

25,5

31,5 (1)

Table4:

DATE

Effect of subsoiling on very sandy soil.
Yield (KG ofbunchesltree).

SUB SOILING

CONTROL

1988189

49,3

51,0

1989190

23,1

23,7
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tiG. 7. -Root profiles, all distances: 0,52,5 m.
2 year - old oil palms
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(1) Difference P < 0.05
a
Dry weight (g/dm})
b
Depth (em)

b
0.6
0.5
0.4
0.3
0.2
0.1
0 +--~-~-~--''~1--=·c;:')~_J Q
0
0.5
1.5
2
2.5
tiG. B. - Root system distribution according
to distance from oil palm - all
depths : 0-100 em.
2 year - old oil palms.

Control
Subsoiling

(1) Difference P < 0.05
a 1 Distance (m)
b 1 Dry weight (g/dm})
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A COMPARISON OF THE EFFECT OF TWO PLACEMENT METHODS OF
POTASSIUM ON THE YIELD OF SOYBEAN AND MAIZE IN STUTTGART
HOHENHEIM, FEDERAL REPUBLIC OF GERMANY AND IBADAN, NIGERIA
Dr. A. 0.

Adetoro

Obafemi AwoZowo University,
I,A,R, &T., Federal CoZZege of Agria.,
Akure, NIGERIA.

Introduction
Potassium is an important plant nutrient ~1hich is needed by
plants in large quanty. Past experiments have shown that potassium is
vital for the growth and development of maize and soybean. Potassium
deficiency seriously and negatively affects the yields of the crops.
Many authors have been able to raise various crop yields through
increased K-fertilization. Mengel and Forster (1973} were able to
raise the yield of Sommer wheat from 44.8 to 71.7g Corn/24 plants.
The supply of high potassium to soils in Central Europe is necessary
because of high illite clay content. The levels used for experiments
carried out in Stuttgart Hohenheim were calculated from 0.5 to 3.0 mg
K?O 1% clay content. One cannot use the same quantities for Nigeria
wni ch is in tropi ca 1 Africa and with 1ess c1ay content. But for one
to be able to compare the effect of potassium properly, one has therefore chosen to use the same crops (Soybean and maize}. Maize was
chosen because it is a very important food crop in all parts of Nigeria.
It is also planted in Germany on large scale as a silage crop. The
second choice of soybean is very important for Germany, especially in
livestock feed production, and for Nigeria, a developing country, it
helps to provide a very good source of protein for the majority of poor
people (!ITA, 1985; Oyekan, 1983}. Soybean is now for Nigeria a foreign
exchange earner.
Materials and Methods
lhese studies to examine the effect of Potassium on soybean and
maize yields were carried out in ,1982 at Stuttgart-Hohenheim, Federal
Republic of Germany and in 1985 and 1986 at lbadan, South Western
Nigeria. These were field experiments.
Four levels of potassium were used in these experiments. The levels
of K20 for the experiments carried out in Stuttgart-Hohenheim were 0,
465,930 and 1395 kg K 0 per hectare of 1and. These high 1eve 1s ~1ere
due to the fact that ~he clay content of these soils were about 41%,
and the clay type is illite which normally fixes a lot of potassium.
Two fertilizer application methods ~/ere used for the experiments in
Stuttgart-Hohenheim. The Potassium was applied to both the surface
(0- 20cm} and sub-surface soil (40- 60 em}. The surface application
was by broadcasting, while the sub-surface application was done with the
help of newly developed Zink - Injection - Implement (hydraulic
operated). The four levels of K2o applied in the experiments carried
and 200 kg K 0 per hectare of land.
out at Ibadan were 0, 50, 100
The potassium applied is so low when compared 2 to that of StuttgartHohenheim because the clay type here is Kaolinite which does normally
not fix potassium. 30 kg of Nitrogen and 120 kg of phosphorus were
added to the maize in the experiments carried out in Stuttgart-Hohenheim.
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Table 1:

Effect of Increased·Potassium Fertilization and Two Placement Methods on the Total and Yields of
Soybean and Maize (t/ha) in Stuttgart"Hohenheim; Federal Republic of Germany

Treatment

~

KO(OkgK20/ha)
K1(465kg K20/ha)
K2(930kg K20/ha)
K3(395kg ~0/ha)
LSD 5% K-1eve1s
LSD 5% K-p1acement

Surface
(0-20cm)
Soybean

Total dry matter
Sub-surface
Surface
(40-60cm)
Placement
Soybean
(0-20cm)
Maize

Yield
Grain dry matter yield
sub-surface Surface SubSurface
Sub-surPlacement
(0-20cm) surface Placement face
(40-60cm)
Soybean ( 40-60cm) Maize
(40-60cm)
Maize.
Soybean
Maize

7.82
9.49
10.08
10.51

7.77
8.93
11 .76
0.21

13.60
16.20
16.25
18.58

14.28
16.16
16.90
17.06

2.40
2.90
3.09
3.02

2.43
3.29
2.89
3.09

6.54
8.70
8.89
9.81

7.19
8.67
8.76
9.19

1.77
1.59

1.77
1.59

1.49
1.29

1.49
1.29

2.30
2.20

2.30
2.20

0.50
0.43

0.50
0.43

In the two experiments conducted at Ibadan, 30 kg of Nitrogen
and 50 kg of phosphorous were added to the Soybean experiment in 1985,
while 120 kg of Nitrogen and 50 kg of phosphorous were added to the
maize in the experiment conducted in 1986. The Nitrogen and phosphorous applications were as basal treatments. The sources of potassium,
Phosphorous and Nitrogen were Muriate of potash, single superphosphate
and Urea in a 11 the experiments.
Results:
The total and grain dry matter yields of the experiments conducted
in Stuttgart-Hohenheim can be seen in table 1.
The total dry matter yield of soybean was taken 21 days before
the grain harvest, because the soybean would have lost most of the
leaves by the time the grains were harvested. The total dry matter
yield includes the leaves, stems and pods.
In the soybean experiment carpied out in Stuttgart-Hohenheim
there was no significant yield increase in the total dry matter and the
potassium supplied. The placement methods also did not influence the
total dry matter yields, but the K-supply significantly affected the
grain yields. The grain yields of all the K-Treatments \•Jere significantly higher than the control, but there were practically no significant differences between the K- Treatments and the placement methods.
The results obtained by the maize in distinct contrast to
soybeans, shmJed that the K-Supp ly significantly affected the tota 1
dry matter and corn yields even though the placen~nt methods did not
influence the yields,
The results of the experiments conducted in 1985 and 1986 in
Ibadan Ni 9eri a are shown in tab 1e 2. Even though there ~Jere no
significant differences. Both the total and grain dry matter yields
of both soybean and maize increased with increasing 1eve 1s of potass i urn
fertilization.
Table 2:

The total dry matter and grain yields of soybean and maize
(t/ha) as affected by increasing levels of K-Fertilization
in Ibadan, South Western Nigeria.

-------

Total Dry Matter Yield

LSD 5%

Surface
placement
(0-20cm)
Soybean

Surface
placement
(0-20cm)
Maize

1. 79
2.18
2.43
2.49
0.81

6.72
6.50
6.89
7. 71
1.43

Grain Dry Matter Yield
Surface
placen~nt

(0-20cm)
Soybean
0.63
0. 76
0.82
0.94
0.33
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Surface
placement
(0-20cm)
Maize
3.08
3. 01
3.28
3.61
0.714

Discussion and Conclusion:
The results of the experiments have actually support the findings
of some other authors. The K - fertilizer showed positive effect on
the total dry matter and grain dry matter yields of both the soybean
and maize in Stuttgart-Hohenheim, because the soil had been continuously
cultivated for ten years without addition of potassium fertilizer and
probably because of high clay content and the type of clay the soil
contains. Most of the soil potassium might have been fixed, thus
bringing a positive effect of massive K - fertilization.
To support these finding Godin and Spensley (1971) in Nord
Nigeria increased the yields of soybean from 0.6t to 1 .Ot/ha by fertilizing the soil with 67 kg K?O/ha, Similar results were earlier recorded
by De Mooy (1965). He recorded a yield increase of soybean grains
from 2.55t to 3,08t/ha by addition of 562 kg K 0/ha.
The soils on which the crops were plantetl in Ibadan were not
cropped for a period of over 10 years and the cropping before the
experiment was cited was minimal. This might have been responsible
for the low response of the crops to K - fertilization, because the
soil still contained high content of potassium.
These results \~ere in agreement with similar results obtained
by Adetunji and Amon (1970) Sabula et al {1975) and Sabula (1980).
They stated that there were no responses to K - fertilization in South
Western Nigeria because most of the soils of these area possess a lot
of potassium except those soils derived from sand-stone materials.

17

RE F E RE NCE S
l.

Adetunji, S. A. and B. 0. Amon, 1970: Review of Soil Fertility
investigation in Western Nigeria Research Division Ibadan.

2.

Godin, V.J. and P.C. Spensley, 1971: Oils and Oilseeds. TPI Crop
and Product Digest No. 1, Trap. Products Inst. London.

3.

I.I.T.A., 1985: Nutritional improvement of Soybean to children.
I.I.T.A. Research Briefs 6(1): 1 - 2.

4.

Mangel, K. and H. Forster, 1973: Potassium and l~ater regime of
the plant. Z. Pfl. Ernahr. Bodenk. 134, 2, S. 148- 156.

5.

Oyekan, P. 0. 1983: I.A,R. & T., In-House Review.

6.

Sobulo, R.A. 1980: Potassium Response and Critical Soil K for
maize in Western Nigeria. Expl. Agric.

7.

Sobulo, R. A., A. A. Fayemi and A. A. Agboola, 1975: Nutrient
requirements of tomatoes in South Western Nigeria. Expl.
Agri c. , 11 ; 129 - 135.

18

TILLAGE METHODS IN SALT AFFECTED SOILS IN SW SPAIN
F. Moreno*, L. Andreu*, J, Martin-Aranda* and
J,V. Giraldez**
* Instituto de Recursos Naturales y Agrobiologia (CSIC),
Sevilla, Spain
** Dpt. Agronomia, Universidad de Cordoba, Cordoba (Spain)
Abstract
Results presented in this paper refer to the influence of
both physical properties and tillage methods on the efficiency
of drainage in cultivated salt-affected soils of the Marismas
del Guadalquivir (SW Spain). The work was carried out in an experimental plot, implemented with a network of buried drains,
in which several sites were selected to measure soil-water content, tensiometric profiles, water-table level and drain flow
rate. The plot was cultivated on cotton and irrigated by aspersion. Tillage methods were: subsoiling, chisel ploughing and
cultivator application. Results have shown that bulk density
varies in these soils with changes of water content, originating a vertical crack system interconected horizontally that,
together with the effect of the tillage methods applied (particularly subsoiling), creates very favourable conditions for
drainage and salt leaching. Drainage flow diminishes as irrigation period advances.
Introduction
The area of marshes situated at the South-west of Spain is
formed by soils of alluvial origin, from the ancient Guadalquivir river estuary. The extension occupied by these soils is
about 140000 ha and their most outstanding characteristics are
their high clay content and high salinity (Gonzalez Garcia et
al., 1956; Giraldez and Cruz Romero, 1975; Morenoetal., 1981).
The Marsh soils have been reclaimed since 1940 (Grande Covian, 1967) and are actually under cultivation. Due to their
peculiar characteristics irrigation and tillage are practices
that have to be improved continously, therefore studies carried
out on these matters are of great interest. The salinity of
these soils is due to a shallow saline water table, kept at the
level of buried drains; tillage methods should lead to an improvement of structural conditions and drainage to reach a more
efficient removal of salts.
The objective of the present work has been to analyze the
influence of soil physical characteristics and tillage methods
on drainage efficiency.
Material and Methods
Experiments of the present work have been carried out on a
1 ha plot (40 x 250 m) situated on the area of marshes (Marismas del Guadalquivir) on the left bank of this river, near Lebrija (SW Spain). The soil of the plot is of clayey texture
and its general characteristics are given in Table I. The experimental plot is situated within an area of 12.5 ha, inwhich
a drainage system has been installed, consisting of ceramic
pieces forming a tube 250 m long buried at 1 m depth and 10 m
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Table l . General characteristics of the soil

(em)

Soil particle size
(% w/l•;pml
.(2
')50
50-2

0-30
30-60
60-90

1.0
1.0
1.0

Depth

32.0
30.0
30.0

67.0
69.0
69.0

CaC03

o.M.

EC

(%)

(%)

dS/m

16.0
16.0
19.0

1. 03

3.0
7.5
ll. 0

SAR

5.8
20.5
36.5

EC in saturated paste extract. EC and SAR are given as mean
values during the experimental period.

intervals, discharging into
-i

COTTON

I'

\

'
''
''
''
'''
'''

Ill

Ill

Ill

I

<
<

<
<
<

<
<
" <

I
I
I
I

II

'

I
I
I

'

I
I

I

''
''
I'
I'
''
''
''
''
''
I'
~• ''I
I
I

•

<
"

<
<
<

"t--1

~

I

'

I
I
I
I
I

"

Collectin~

II

0

u

i/

I>
~

• FI!ZOMH£RS

lli!r8anT£

8
~
f
><SOtUTIOJI UTRACTOR:
'!.lliHfTY SfHSORS
D = DRAIN

I>
I>
~

I>
~
~
~

a collecting channel perpendicular to drains, as sho~'ln
in the scheme of Fig. 1.
The plant used has been
cotton, one of

the

main

crops in the zone. The different operations carried

out during the year on this
soil and plant are summarized in Table 2. Sprinkling
irrigation lias used throughout the growing period,dates
and quantities of water applications being given in
Fig. 2.
Several measurement sites
were situated in the experimental plot (Fig. l) in
which water content profile,
tensiometric profile

and

liater-table level v1ere followed. Drainage water discharge flow \'las also measured.
A neutron probe was used

I>

to measure \'later content in
the soil. Mercury tensiome-

.~

ters were used to

measure

water tension at 15, 30, 45,
60, 75, 90 and 110 em depth.
Drainage water flow· was measured by means of a limnigraph. Soil bulk density
was deduced from samples
taken in 201 cm3 ( 4 em high
x 8 em diameter) cylinders.
Results presented in this
paper cqrrespond to the crop
period of 198~ and the 1wrk

~

channel

Fig. 1 Experimental lay-out

20

is a part of a wider study carried out since 1988.
Table 2. Tillage works and agronomic operations carried out in
the experimental plot
Date

Action

Crop: cotton (Gossypium hirsutum L.)
28.ll.88

Subsoiling to 55 em depth, twice, crossing the
field
Chisel ploughing 20 em depth, once
Chisel ploughing 20 em depth, once
Deep fertilizing with 250 kg/ha urea (46% N)
Seeding of cotton by precision line seeder (seed
density:~lOOOOO/ha) plastic-mulched
Emergence
N fertilization: 200 kg/ha urea (46%)
Removing plastic cover
Cultivator application (7-10 em depth)
N fertilization: 250 1/ha of nitrogen solution(41%)
Cultivator application (7-10 em depth)
Defoliant application
Cropping

18.12.88
16.01.89
07.03.89
09.03.89
20.03.89
25.05.89
26.05.89
07.06.89
15.06.89
11.07.89
28.09.89
08.10.89

---Irrigation
-Rainfall

100

~

1989

so

M

A

J

M

Fig. 2 Rainfall and irrigation during experimental
period

Results and discussion
Due to the smectite content in the soil fine fraction, bulk
density changes as the moisture content varies, specially in
the surface layer, 0-20 em, as shown in Fig. 3. The consequent
swelling and shrinking processes (Moreno et al., 1981) create
a large system of interconnected cracks along vertical and
horizontal planes. A preliminary survey estimated the average
distance between cracks at the soil surface at the end of the
summer of 7.1 ± 1,5 em, with a mean crack width of 1.2 ± 0.2cm.
These cracks as well as tillage operations allow the existence
of preferential flow paths through which irrigation or rainwater
find quickly their way towards drain pipes
(Andreini and
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Steenhuis, 1990).
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Fig. 3
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0.3

···..

a

···......

···...
0.4
0.5
0 cm3/cm3

Variation of bulk density with soil
water content in the top layer ( 0-20 ern)

The soil behaviour during drainage is apparent in drainoutflm• hydrographs of the Fig. 4, when water was applied as indicated in Fig. 2. In the two different dates of Fig. 4a and
4b, during summer of 1989, the application consisted of two
consecutive sprinklers positions resulting in two constant flo\'1
rates during 7 hours spaced 10 hours due to the irrigation
schedule of the farm. The applied water depth,
100 rnrn, was
reduced, respectively, to 61 and 35 rnrn of drainage depth.
Armstrong and Arrm•srnith (1986) proposed a model to evidence
the presence of macropores based on the drainage flow theory
developed by Kirkham (van Shilfgaarde, 1974). A simple model
based on the theory of liner system, like the unit hydrograph
theory of Hydrology, may be used for the identification of the
unit response of the soil to surface water inputs by a least
squares method (Singh, 1976). Under different infiltration expressions the resulting unit response graph has two different peaks. The first one at the first hour reflecting the
quick flm• through the large pores, whereas the second one, at
the end of the considered 9 hours period, 1•as attributed to the
slower movement through the soil matrix. The delayed response
appreciated in the discharge hydrograpps of the Fig. 4a and
4b is possbly due to the contribution of the matrix.
The
second outflow hydrograph shows a lower fraction of the surface applied water than the first one due to the effect of the
plant roots exploring a larger volume of the soil and
closing part of the macropores (Bouma et al., 1978).
Water content profiles, as shown in Fig. 5, indicate the
progressive water consumption by the crop, in particular in the
august curves, where the crop was more developed. The lower
water contents 1•ith depth in all the profiles may be due to
22
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Drain outflow hydrographs: (a) after irrigation
on 15-7-89; (b) after irrigation on 26-8-89

the presence of the envelope-pressure component of soil water
active in the saturated conditions of the soil.
Electric conductivity measurements of soil samples indicate
a surface leaching,
3.0, 7.5 and 11.0 dS/m at 30, 60 and 90
em depth, respectively, while drainage waters ranged between
16.0 and 55.0 - 60.0 dS/m. This minor surface leaching allow
a reasonable good crop yield.
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0
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Fig. 5

(b)

Evolution of soil water content profiles: (a) after
irrigation on 15-7-89; (b) after irrigation on
26-8-89

Conclusions
It can be deduced from the results shown in this paper that
the crack system formed in this soil, as a consequence of
shrinking and swelling processes, together with the effect of
subsoiling, form a network of preferential channels
through
which water easily drains favouring salt removal. The sucessive
application of irrigation water closes the fissures of the lower part of the crack system, disappearing the effect of subsoiling and diminishing drainage flow.

Acknmdedgements
The authors wish to acknowledge the help received from Dr.
F. Cabrera and Mrs. R. Vaz in the chemical analysis, and to Mr.
J. Rodriguez for help in the field experiments.
Research carried out in the frame11ork of the contract no.
EV4V-0099-C(A) of the CEC.
References

Andreini, M.S. and Steenhuis, T.S., 1990. Preferential paths
of flow under conventional and conservation tillage. Geoderma
46: 85-102.
Armstrong, A. C. and Arr011smith, R., 1986. Field evidence for a
bi-parous soil water regime in clay soil. Agric. Water Manag.
11: 117-125.
Bouma, J., Dekker, ·L.W. and Westen, J.H.M., 1978. A case study
on infiltration into dry clay soil. II. Physical measurements
Geoderma, 20: 41-51.
Giraldez, J.V. and Cruz Romero, G., 1975. Salt movement in Guadalquivir marshy soils under field and laboratory conditions.
Egypt. J. Soil Sci., 15: 79-93.
Gonzalez Garcia, F., Gonzalez Garcia, s. and Chaves Sanchez, M.
1956. The alkali soils of the lower valley of the Guadalqui24

vir: physico-chemical properties and nature of their clay
fraction. Proceedings VI th Intern. Congress Soil Sci.,
B(I.26): 185-191.
Grande Covian, R., 1967. Las marismas del Guadalquivir y surescate. Ministerio de Agricultura, vol. 5 No. 29. Madrid(Spain)
Moreno, F., Martin, J. and Mudarra, J.L., 1981. A soil sequence
in the natural and reclaimed marshes of theGuadalquivirriver,
Seville(Spain). Catena, 8: 201-221.
Singh, K.P., 1976. Unit hydrographs. A comparative study. Water
Resour. Bull., 12: 381-392.
Van Schilfgaarde, J. (Ed.), 1974. Drainage for Agriculture,
Monog. 17, Arner. Soc. Agron., Madison, Wisconsin.

25

MECHANICAL AND CHEMICAL FACTORS LIMITING ROOTING DEPTH
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Summary
Rooting depth of wheat appears to be restricted to the top 0.5 m of the soil in many parts
of the Upper Eyre Peninsula of South Australia. As a result, not all subsoil water is used by
the crop, and growth and yield are limited. Field and pot experiments were done to detem1ine
the importance of the mechanical and chemical factors contributing to this effect.
Soil strength, measured with a penetrometer, was found to have increased at depths down
to 0.3 m to levels critical for root growth as a result of agricultural operations since the native
vegetation was cleared 75 years ago. Loosening of this layer by deeper than normal tillage
increased crop yield at one site but not at another. In a pot experiment, boron and salt present
in the subsoil at concentrations commonly encountered in the area restricted root growth and
decreased the yield of wheat. Root growth was particularly affected by boron, and roots
were restricted to the top 0.4 m of soil where the subsoil had 20 mg or more extractable
boron kg·l,

1. Introduction
In the dryland farming system of southern Australia, nmmal tillage depth does not exceed
0.1 m and soil compaction below that depth is likely to remain unless specifically treated.
Seedbed preparation and sowing usually occur when only the upper part of the soil has been
wet by autumn rains. Harvest takes place on hard, dry soil. Crop spraying is the only
mechanical operation which takes place when soil in the whole root zone is moist and
susceptible to compaction. Nevertheless, it is evident that compaction has become a serious
problem in many areas.
Hdkansson (1985) used the term "traffic intensity" to quantify field traffic. Annual traffic
intensity was obtained by multiplying the mass of each vehicle in tonnes (t) by the distance it
travels (km) per unit area of field (ha) and summing this over all passes of all vehicles over
the year. For typical Swedish farms, he obtained values of annual traffic intensity in the
range 110-230 t km ha-l.
Holloway and Dexter (1990) quantified field traffic on two farms in southern Australia,
where the typical farming system is based on a two year wheat-pasture rotation. In a
cropping year, about 47% of the area of a field was covered with wheel tracks, while in the
pasture year only about 3% was covered. The ratio of the total area of wheel tracks to the
total area of the field was 1.65 in a cropping year. The traffic intensities were 62.6 and 2.4
t km ha·l in a cropping and a pasture year respectively, which gives a mean annual traffic
intensity of 32.5 t km ha-l for the rotation. These figures indicate that the amount and
intensity of traffic is much lower in the semi-arid environment of southern Australia than in
Europe. Soil compaction in southern Australia is therefore more likely to be due to the
absence of mechanisms which undo compaction than to high values of field traffic intensity.
The Upper Eyre Peninsula of South Australia is characterised by alkaline calcareous soils
and low rainfall(< 350 mm). Yields of'\>lheat (Triticum aestivum L.) on these soils are
26

commonly well below the potential yield which could be obtained from the amount of rain
which falls during the growing season (French and Schultz, 1984 a, b). The low yields may
be due in part to the inability of wheat to utilise water in the subsoil. Particularly in soils with
IliA carbonate layers (Wetherby and Oades 1975), wheat roots rarely proliferate below 0.5
m. Excessive soil strength (Dexter eta/. 1988) and soil chemical factors such as high salinity
and high extractable boron content were thought to be implicated, and a series of experiments
were conducted at two sites between 1986 and 1989 to examine the effects of these factors on
the growth of wheat roots.
The sites were at Minnipa (latitude 32°51'S, longitude 135°09'E) about 400 km northwest of Adelaide, and Cungena which lies a further 60 km to the north-west. The climate at
both sites is of the semi-arid Mediterranean type with predominantly winter rainfall. Mean
annual rainfall at Minnipa is 325 mm and at Cungena 281 mm. The soils at both sites are
solonised brown soils (Stace et a!. 1968). Soil Taxonomy (Soil Survey Staff 197 5) classifies
the soil at Minnipa as a calcixerollic xerochrept (loamy, mixed, thermic) and the soil at
Cungena as a calcixerollic xerochrept (coarse loamy, carbonatic, thennic).
2. Methods
Chemical factors were examined in two experiments: (a) an exploratory field experiment
conducted at Minnipa and (b) a glasshouse experiment. Mechanical factors were studied in
experiments conducted at both Minnipa and Cungena in which (c) strengths of virgin and
cultivated soils were compared and (d) the effects of tillage on root growth were examined.

2a. Minnipajield experiment (1986)
The experiment tested the hypothesis that wheat roots would not grow into a IliA
carbonate layer in the presence of available water. Irrigation was used to bring the water
content of the soil close to field capacity at the beginning of the season in some plots, while
other plots received rainfall only.
Measurements of soil water content and soil strength (penetrometer resistance) were made
near the time of sowing, in mid-season, and at anthesis. Penetrometer resistances were
measured using a Bush recording penetrometer (Anderson et a/.1980) with a cone of 12.6
mm diameter and a total enclosed angle of 30°. Root length densities, mannitol- extractable
boron (Zarcinas and Cartwright 1983) and electrical conductivities in both 1:5 (w/w) soil
water extracts and in saturation extracts (Rhoades 1982) were measured for soil samples
taken at anthesis. Grain yields were detennined. After harvest, soil bulk densities were
detennined from clods sampled from each stratigraphic layer in the profile (Brasher et a/.
1966).

2b. Minnipa glasshouse experiment (1988)
Wheat was grown in a glasshouse in deep pots of solonised brown soil comprising 0.20
m sandy loam topsoil above 0.60 m treated calcareous sandy loam subsoil and a basal layer
of light clay 0.26 m thick. The subsoil, which came from a IliA carbonate layer with low
salinity and boron content, was treated with 0, 20, 38 and 73 mg boron kg· 1, and 0, 13, 39
and 75 mmol(±) mixed salt kg· 1 (where mmol (±) = milli-equivalent) in factorial combination.
The composition of the salt mixture was based on analysis of saturated paste extracts
from a lliA carbonate layer at Minnipa At the end of the experiment, the mean ECe25 in the
treated subsoils were 3.4, 5.7, 9.5 and 12.6 dS m· 1 and the mean eaCh-extractable boron
concentrations (Bingham 1982) were 3.1, 3.4, 22.0 and 37.6 mg kg-1.
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The soils were packed to give bulk densities of 1440 kg m·3 for the topsoil and carbonate
layer and 1260 kg m-3 for the basal clay layer. After sowing, the soil was watered to field
capacity, and water use was determined by regularly weighing the pots. The soil was
allowed to dry gradually during the season, but the weights of the pots were not permitted to
fall below that corresponding to 17% of the available water holding capacity of the soiL
Tillering, dry weight of shoots and grain, and root length density were determined.
Water use efficiency was calculated with respect to total dry weight and grain production.

2c. Strength of virgin and cultivated soils
To assess the cumulative effects of75 years of agricultural operations on soil compaction,
a series of penetrometer resistance measurements were made at sites where large areas of
virgin soil not previously subjected to wheeled traffic are interspersed with cereal cropping
areas. At each of four sites (two at Minnipa and two at Cungena) 20 sets of recordings were
taken at random on 10 m2 plots of virgin and cultivated soil not more than 10 m apart.
Penetrometer resistance was measured to 0.45 m in 0.03 m depth increments. Soil water
contents to 0.5 m were measured in 0.1 m depth increments. Penetrometer resistances for the
two treatments were compared by the two-sample t-test. Data were compared only where soil
water contents of the virgin soil were equal to or less than those of the cultivated soiL
Measurements were made in mid-winter during August, when the soil is wetter than at any
other time of the season in this environment.

2d. Tillage experiments (1987, 1988)
The experiments had a simple randomised block designs with 4 replicates of 3 tillage
treatments, viz tillage to 0.05 m (the normal depth of cultivation), 0.15 or 0.30 m with a
chisel plough. The plough had 8 tynes each 0.05 m wide, and a total width of 2.5 m. The
tillage was done in dry soil to reduce the possibility of the operation itself having a
compactive effect (Jakobsen and Greacen 1985).
Wheat was sown at Minnipa on 3 June 1987, and at Cungena on 19 July 1987 and 10
June 1988.
Soil water contents were measured at Minnipa on 12 July and 10 October 1987. Root
length densities were measured on samples taken from cores collected on 10 October.
Penetrometer resistances, 10 replications per plot, were also determined at these times to a
depth of 0.45 m. Bulk densities in the top 0.1-0.3 m were determined in a separate
experiment with the same treatments. Samples were collected with a rectangular frame (0.1
m deep, 0.2 m wide and 0.5 m long) forced into the soil at right angles to the direction of
tillage,
At Cungena, soil water contents were measured on II August 1987 and on 15 June 1988
to a depth of 0.6 m on samples taken from cores. It was not possible to collect core samples
at an thesis in either year because of the dry, sandy nature of the soiL A method similar to that
used by Oussible and Crookston (1987) in similar circumstances was adopted at an thesis.
Pits were dug in the centre of each plot and samples were collected for the determination of
water content and rooting density by pressing steel cylinders horizontally into the pit wall at
0. 1 m depth intervals.
Immediately after the soil was sampled for determination of water content, penetrometer
resistances were measured to a depth of 0.45 m. Grain yields were measured at the end of
the year.
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3. Results and Discussion
3a. Minnipafield experiment (1986)

At sowing on 6 June, total water in the irrigated soil to 1.2 m depth was 342 mm, while
the control soil had 229 mm (significant at P<O.OOl). By anthesis, the total water in the
irrigated and control soils had declined to 246 and 223 mm respectively: the difference here
was not significant. Water loss, calculated as the change in water storage to the depth of
maximum rooting between sowing and anthesis (water extraction) plus the amount of water
added as rainfall in that period, was significantly (P<0.05) greater from the irrigated soil (346
mm) than from the control soil (271 mm).
At sowing, the irrigated soil was significantly (P<O.Ol) weaker than the control soil to
0.45 m depth. Penetrometer resistances measured at mid-season in August reflected a
decrease in soil water between 0.1-0.3 m depth in the irrigated soil and an increase in the
control soil between June and August (Fig. 1). At anthesis, there were no differences
between penetrometer resistances down to 0.18 m. Below that depth, no measurements were
possible because the soil was too strong.
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Fig. 1. Penetrometer resistance as a function of depth in irrigated (G) and
control (0) plots at Minnipa on 26 August 1986, with LSD (P=0.05) bars at
each deptl1.

As a result of the pre-season irrigation, a large amount of salt was leached from the
subsoil. The control subsoil was alkaline-saline (United States Salinity Laboratory Staff
1954). For the 0.7-1.1 m depth interval the irrigated soil (EC.zs 1.8 dS m· 1) and the control
soil (EC.25 5.8 dS m·l) had significantly different salinities. Salinity increased from the
surface to 0.7 m depth in the control soil but below that there was no significant increase.
Soil boron increased with depth but was not significantly different between the two
treatments. Extractable boron exceeded 15 mg kg-1 soil below 0.5 m.
Root length densities are shown in Fig. 2. There were significantly (P<0.05) more roots
in the irrigated than in the control soil. Maximum rooting depth (Forrest et at. 1985) in the
irrigated soil was 1.15 m and in the control soil 0.70 m (P<0.05). Grain yields were not
significantly different between treatments however. The extra water stored in the irrigated
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soil at sowing was no longer present at an thesis. By that time, the control and irrigated soils
contained similar amounts of water. It is hypothesised that the rapid early growth and
withdrawal of water from the irrigated soil led to a critical water deficit in the irrigated wheat
between anthesis and maturity. This phenomenon has been reported by other authors (e.g.
Passioura 1972, Meyer and Alston 1978).
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Fig. 2. Root length density at anthesis as a function of depOt for irrigated ($)
and control (0) plots at Minnipa in 1986. Values are significantly different at
P$0.05 only where indicated by an asterisk.

Mean boron concentration in the grain from irrigated plots (10.3 mg kg·l) was
significantly higher (P<0.05) than that from the control plots (5.8 mg kg· I), The data indicate
a greater uptake of boron from the irrigated soil coincident with a higher water use and deeper
rooting. While irrigated and control plants probably suffered from boron toxicity, it is likely
that the irrigated plants were affected to a greater degree.
It was interesting to note that the model of Jakobsen and Dexter (1987) predicted that
rooting depth for wheat in the control soil would be 1.35 m compared with a measured depth
of 0.70 m. However, the prediction was made in terms of soil physical and water parameters
only: possible effects of boron and salinity were not considered.

3b. Minnipa glasshouse experiment (1988)
Tillering of wheat was unaffected by boron, but significantly decreased by the presence
of salt in the subsoil. Both added salt and boron significantly decreased the dry weight of
shoots and grain, with boron having the greater effect. The least amount of added boron (20
mg kg-! soil which corresponded to 13.0 mg CaC!2 -extractable boron kg· I soil at the end of
the experiment), produced a grain yield equal to 75% of the control. The effect of boron was
greater on grain yield than on total dry weight of shoots. The highest addition (73 mg boron
kg· I soil) yielded only 48% of the control while the mean dry weight of shoots was 56% of
the control. Conversely, added salt had a greater effect on the dry weight of shoots than on
grain yield: the mean dry weight of shoots at the highest salt ~·eatment (75 mmol(±) kg· 1 soil)
was 59% of the control while the mean dry weight of grain was 69% of the control.
Root growth was significantly affected by both salt and boron, with boron having the
greater effect. At the highest boron addition, few roots penetrated below 0.4 m (Fig. 3). All
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added salt and boron treatments significantly reduced root growth in the basal layer. This has
important implications for the ability of plants to use subsoil water in the field, as water use
may be related to the depth of rooting (Hamblin and Tennant 1987). In wet seasons, plants
may be able to obtain enough water from the topsoil and upper subsoil to maintain optimum
growth, but in dry seasons they may suffer water stress if salt and/or boron prevent root
growth in the lower subsoil. Even where roots do penetrate the lower subsoil the plants may
take up larger amounts of potentially toxic ions. In this experiment, water use efficiency was
significantly reduced by increasing boron, both in terms of total shoot weight and grain yield,
with the more pronounced effect being on grain yield. Salinity had little effect on the water
us efficiency of grain production but increasing salinity progressively reduced water use
efficiency in terms of total dry matter.
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3c. Strength of virgin and cultivated soils
Cultivated soils are much stronger than virgin soils. A typical example of the comparative
penetrometer measm·ements is shown in Fig. 4.

3d. Tillage experiments (1987, 1988)
Both 1987 and 1988 were drought years. Annual rainfall was 269 mm at Minnipa in
1987, while 183 and 169 mm of rain fell at Cungena in 1987 and 1988 respectively. At
Minnipa, tillage with a chisel plough below the normal depth of cultivation had no measmable
effect on water use, root growth or grain yield. Soil strength, as indicated by a
penetrometer, was reduced by tillage to 0.3 m depth. However, tillage to 0.15 m did not
remove a hard pan below normal tillage depth (0.05 m): the loosening effect of deeper tillage
was not measurable in dry soil by an thesis. The lack of a positive yield response to deeper
tillage may have been due to rapid root growth drying the soil early in the season, thus
creating water stress in the plants later in the year. Another possibility is that the greater clay
content below 0.1 m resulted after tillage to 0.3 m in in a rather cloddy structure not
conducive to root growth. Research in a variety of seasons is required to test this hypothesis.
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Fig. 4. Penetrometer resistances of virgin soil (0) and of an adjacent area of
soil regularly cultivated (e) over a period of 75 years at Minnipa. Error bars
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Tillage with a chisel plough at Cungena resulted in some enhancement of root growth
and water extraction below tillage depth. Grain yields in both seasons were increased by
tillage to 0.3 m, but the response was not sufficient to cover the cost of the tillage operation.
At Cungena, bulk density in the 0.1-0.3 m zone was reduced by deeper than normal
tillage. Although soil strengths, as indicated by the penetrometer, were high at Cungena,
bulk densities were close to the optimum levels for root growth suggested by Jones (1983)
and this may in part explain the ability of roots to penetrate to reasonable depths in these
soils. The presence and importance of low strength pathways cannot be discounted and more
research is needed in this area.
4. Conclusions
The concentrations of salt and boron typical of the subsoil in large areas of Upper Eyre
Peninsula are likely to restrict the growth and production of wheat. The depth at which the
maximum concentrations of salt and boron occur in the soil, the rooting habits and tolerance
of the cultivar and seasonal conditions will determine the extent to which yields are limited.
Increasing the depth of tillage from the norm of 0.05 m to 0.3 m enhanced root growth
and yield of wheat at Cungena, but not at Minnipa where boron and salt concentrations in the
subsoil are higher. While deep tillage had some beneficial effects at one site, other less
expensive and more effective methods of enhancing root growth in these strong soils need to
be investigated.
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Abstract
A new deep tillage technique for improving crop production on sodic and acidic soils
using gypsum and/or lime addition in narrow parallel slots spaced about 1 metre apart is
described. While the tillage operations are restricted to a small volume of the soil, the
plants growing in both tilled and non-tilled areas benefit from the improvements in the root
zone environment.
Sodic clay soils have poor crop yields due to low water storage and inadequate internal
drainage. The gypsum-slots in the sodic clay soil provided preferential pathways for excess
surface water to move quickly to the subsoil, thus improving internal drainage. This water
can then be used by roots extending deeper into the subsoil through the slots to delay the
onset of water stress during extended drying cycles. Yield increases of 25-60% were
observed in winter and summer crops, over four years after tillage. The loosened soil in the
narrow gypsum-slots showed little recompaction during irrigations or tractor trafficking.
Surface liming of soil with subsoil acidity is ineffective and uneconomic, due to low
solubility and hence low mobility of lime. Existing tillage operations such as deep ripping
do not provide deep incorporation and intimate mixing of the lime in the subsoil to correct
acidity. Lime-slotting of acid soils caused marked increases in soil pH in the slot, resulting
in increased root development to depth and improved grape yield.

Introduction
The need to provide food and clothing for the increasing world human population has
necessitated the extension of agriculture to soils with low productive potential. These
include the heavy sodic and acidic soils. In heavy clay soils of low permeability, reduced
water storage and poor aeration can cause low crop yields. Deep tillage to disturb the soil
to a uniform depth or gypsum application can overcome these soil problems but the
beneficial effects are often lost during flood irrigation and trafficking within one or two
seasons.
A novel technique for ameliorating these soils using gypsum-slotting was developed by
Jayawardane and Blackwell (1985). Parallel slots were dug 100-150 mm wide, 400 mm
deep and spaced 600-1000 mm apart and the trench refilled with the disturbed soil mixed
with gypsum at the rate of 4 - 8 t/ha (Figure 1). Gypsum slots are expected to provide
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Figure 1. Sketch showing the gypsum-slotting technique.
preferential pathways for water flow to lower soil depths, thus increasing water storage and
preventing water logging in the surface soil layers. While the tillage operations were
restricted to a small volume of the soil, the benefits of soil amelioration extends to the
plants growing in both the tilled and non-tilled areas. The loosened soil in the slots should
be protected from recompaction during trafficking, because the uncultivated soil adjacent
to the slots supports much of the wheel load.
In soils with sub-soil acidity, surface liming has not been successful due to low solubility
and hence low mobility of lime. Deep ripping after surface lime application does not
provide the thorough mixing of lime to depth, which is required to reduce the soil pH. The
extension of the slotting technique to lime-slotting of soils, with subsoil acidity was
proposed (Blackwell et a!. 1988, Kirchhof eta!. 1990). While increased root development
could be restricted to the lime-slotted volume, the drying of the slots would cause water
to move into the slots from the undisturbed soil. This will increase the amount of plant
available water in the soil.
The purpose of this paper is to review the results from the gypsum and lime slotting
experiments on sodic and acidic soils.
Material and methods

The gypsum-slotting experiments were mostly conducted on a sodic clay soil of the
transitional red-brown earths (Dr 2.33, Northcote 1971), at the CSIRO research site near
Griffith, New South Wales, Australia. The undisturbed profile has a 100 - 150 mm deep
sandy clay loam A horizon overlying a dense sodic clay B horizon.
The treatments consisted of a non-ameliorated control (treatment C) and gypsum-slotting
(treatment SO) with slots 100 - 150 mm wide, 400 mm deep and spaced 600 mm apart
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(Jayawardane and Blackwell 1985). Gypsum at the rate of 8 t/ha of total area was added
to the slots. In the winter of 1984, a wheat crop was grown (Jayawardane et al. 1987). Soil
volumetric water contents (ev) were measured at 0.10, 0.20, and 0.40 m depths, throughout
the cropping season. From these data air-filled porosity (e.) were calculated using the
equations developed by Jayawardane and Meyer (1985). Tiller development, yield and yield
components were measured.
In a similar experiment in an adjoining block which was established in 1986 to compare
a non-ameliorated soil with a gypsum-slotted treatment on large plots, a crop of maize was
grown in the 1988/89 summer. Both treatments were irrigated on the same day on six
occasions during summer. Leaf water deficit was measured in each treatment just prior to
irrigation by taking leaf discs and measuring leaf water content before and after floating
in water. Yields were measured at crop maturity.
In a separate experiment (Blackwell et a!. 1989a). The effects of tt·afficking on slot
recompaction was evaluated. Three pressure transducers were buried at 200 mm depth, in
a line at right angles to slots of varying widths. One transducer was positioned at the centre
of the slot and the other two transducers were placed 100 mms on each side of the slot. A
tractor wheel was driven at right angles to the slot, directly over the pressure transducers.
The maximum vertical stress on each transducer was recorded.

Experiments with gypsum enriched slots were also carried out in fields growing
commercial crops so that the effectiveness of slots could be examined under these
conditions.
The lime-slotting experiment was carried out on an acid, duplex soil (Northcote 1971)
with a yellow-grey clay B horizon, at the Cassegrain Vineyards near Port Macquarie, New
South Wales, Australia. Parallel slots were dug 150 mm wide and 400 mm deep, (located
250 and 500 mrns from a 3 year old grape vine row). Lime was added to the slotted soil
at 2 t/ha. Soil was sampled at 100 mm intervals to 500 mm depth in the slots and between
the slots, approximately 6 months after slotting. Soil was analysed for pH, exchangeable
Ca and AI. Root length densities in soil cores were detennined by image analysis.

Results and discussion
(a) Effect of gypsum-slotting on air filled porosity water availability and crop yield in a
sodic clay soil.
Wheat
Previous studies on this soil (Meyer and Barrs 1991) have shown that an e, value
exceeding 0.08 mm3/mm3 is required to provide adequate oxygen for root growth. For the
first 96 days after sowing, the e, of treatment C at 0.1 m depth was below 0.08 mm3/mm3
for 63 days (Figure 2). However, in treatment SG, the e, at this depth in both the slots and
between the slots was sufficiently high to allow an unrestricted supply of oxygen even
during prolonged rain periods.
Thee, values at 0.2 and 0.4 m depths in treatment C remained below 0.08 mrn'/mm' for
extended periods before irrigations commenced (Figure 3). Therefore, oxygen supply
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Figure 2. Changes in e, at 0.10 m depth during a wheat cropping season in non-ameliorated
(-x-) and gypsum-slotted soil within (-0-) and between (-e-) slots.
through the soil to the roots at these depths during the frrst half of the season would have
been restricted. In treatment SO at these depths in both the slots and between the slots, e,
generally remained above 0.08 mm3/mm3•
During the second half of the season the e, values in both treatments remained above
0.08 mm3/mm3 except for the periods intrnediately following irrigation or rainfall. As these
periods were short, they are unlikely to have had a marked effect on the oxygen supply
through the soil.
Crop emergence was adequate and uniform in both treatments with around 300 plants
per m2 being established (Table 1). However tillering was higher in the slotted treatment
when compared to treatment C (Table 1). This reduction in tiller number appears to be
directly related to the differences in e, profiles between the treatments in the period
preceding 78 DAS. No restrictions occurred in root zone aeration in the slotted treatment,
whereas severe restrictions existed in treatment C. Tillering resumed in treatment C after
78 DAS so that plants had an average of one tiller. Tiller number remained the same in
treatment SO.
Grain yield in treatment SO showed an increase of 46% over treatment C (Table 2). This
yield difference was directly related to the number of spikes per m2, as the other yield
components, (kernel number per spike and kernel weight) were not different. This suggests
that conditions in the second part of the growing season were similar in both treatments.
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Figure 3. Periods when e, was less than 0.08 mm3/mm3 at 0.10, 0.20 and 0.40 m depths
in non-ameliorated and gypsum-slotted soils.
Table 1. Crop establishment and initial tillering in treaunent C and SG measured 78
days after sowing (Jayawardane et a!. 1987).

(m'2)

Plant density
Tillers per plant

Treatment C

Treatment SG

298
0.2

320
2.5

Table 2. Grain yield and yield components in treaunents C and SG (Jayawardane et a!.
1987).
YIELD COMPONENT AND YIELDS
(g/m2)

Yield
(12% moisture)
2
Spikes per m
Kernels per spike
Kernel wt (mg) (oven dry)
Kernels per m2

PLOTC

PLOT SO

541
367
33.9
39.1
12170

791
513
35.1
39.1
17800

Maize
At each irrigation, gypsum-slotted plots showed a lower leaf water deficit indicating
increased soil water availability in this treatment (Table 3). The maize yields increased
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from 7.0 t/ha in the control to 11.5 t/ha in the slotted plots.
Table 3. Leaf water deficit (% of turgid weight) of a maize crop in non-ameliorated and
gypsum-slotted treatments prior to each irrigation.
Irrigation
I

2

3

4

5

6

Non-ameliorated

9.6

10.8

10.2

12.3

13.7

14.9

Gypsum-slotted

9.3

9.8

8.7

10.0

9.8

12.9

Treatment

Blaikie et a!. (1987) found that the availability of water in the soil (for optimum pasture
production) increased from 44 mm in a non-ameliorated red, duplex soil to more than 70
mm in gypsum-slotted soils. This resulted in an increase in pasture yields from 3.0 to 4.95
t/ha in the slotted treatment, when the crop was irrigated at 75 mm water depletion (Kelly
et a!. 1987).
11te yield observed in gypsum-slotted soils compared to non-ameliorated soils in small
and large field experiments show an increase from 30 to 60% (Table 4).
(b) Slot protection from recompaction during trafficking
A reduction in the maximum vertical stress experienced in the slot compared to the
adjacent soil indicates protection of the slot due to bridging of the tyre across the slot
(Figure 4). The stronger uncultivated soil adjacent to the slot supports much of the wheel
load. The extent of this protection increased as the width of the slot decreased.
Blackwell et al.(l989b) compared vertical stresses within the slots to those within ripping
troughs and to the stresses in the undisturbed soil· between slots. The stresses were smaller
within the slots. Macrostructure after 0, I or 4 wheelings was also measured. There was
a larger increase of bulk density and marked loss of macroporosity in ripping troughs than
in slots. Results clearly showed that the slotted lands could withstand the normal trafficking
on farms \Vith considerably less compaction than deep ripped lands. However, marked
changes in macrostructure in the ripping troughs and to a lesser extent in the slots, after
four consecutive wheelings (at moisture contents near the lower plastic limit) indicated the
need to avoid excessive trafficking.
(c) Effects of lime-slotting on pH, exchangeable Ca and AI and root growth in an acid soil
Lime-slotting significantly reduced the soil pH within the slots at depths of 200 to 400
mm (Figure 5). Surface soil pH was not significantly affected as the soil was surface limed
prior to slotting, The reduction of pH in the slot was accompanied by reductions in
exchangeable AI and increased exchangeable Ca. This led to increased root growth in the
slot. In a separate experiment the grape yield increased by 26% in the slotted plots
compared to the non-ameliorated soil.
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Table 4.
Site

I. Whitton
(small plot)
2. Whitton
(large plot)

Comparison of yields between gypsum-slotted and non-ameliorated soil
Soil

Yield {t/ha)

Crop
(year)
Non-slotted

Gypsumslotted
(0.6 m apart,
8 t/ha
gypsum)

Gypsumslotted
( 1.2 m apart,
4t/ha
gypsum)

Transitional
red-brown
earth

Wheat
(1984)

5.41

8.41

Transitional
red-brown
earth

Wheat
(1986)

3.98

5.20

4.71

Maize
(1988/89)

7.0

11.5

8.1

Maize
(1989/90)

5.4

7.5

6.0

3. Sam
Mancini
Farm

Grey clay

Wheat
(1987)

3.23

4.77

4. Albert
Mancini
Farm

Transitional
red-brown
earth

Wheat
(1987)

4.10

5.69

In a recent study in lysimeter cores, slots contaiuing lime or lime and gypsum showed
increased medic (Medicago truncatula cv Paraggio) root growth to depth within the slot
compared to the non-ameliorated soil (unpublished data). When compared with the nonameliorated control, lime slotting produced a four field increase in dry matter production
and lime plus gypsum a six fold increase.

(d) Development of slotter machinery
The initial pilot trial on which the wheat crop was grown was slotted using a trench
digger. Subsequently a rotary slotter which could be used commercially on farms was built
(Blackwell et a!. 1990). Field testing showed that this rotary slotter provided uniform ·
mixing of the added soil ameliorant to depth in the slot (Blackwell et al. 1991). This slotter
has performed satisfactorily in settiug up large plot experiments. It is currently being used
to improve the soil in a commercial vineyard on an acid soil.
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Figure 4. Maximum vertical stresses measured within and between slots during tractor
wheeling (Blackwell et a!. 1989a).

Conclusions
Gypsum-slotting of a sodic clay soil increased soil aeration during a wet winter period
resulting in increased tillering and yield of a wheat crop. It also reduced leaf water stress
between summer irrigations of a maize crop resulting in yield increases.
Lime-slotting of a soil with an acid subsoil led to an increase in pH to the full depth of
the slot, which increased root growth and yield of medic and grapes.
The slots are protected from recompaction during tractor wheeling due to bridging onto
the stronger undisturbed soil on each side of the slot. This technique provides a soil
amelioration treatment which will have long-term benefits.
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TILLAGE EFFECTS ON SOIL PROPERTIES AND YIELD OF CORN AND SOYBEAN ON A
COMPACTED SOIL IN WESTERN OHIO
R Lal
Department of Agronomy, The Ohio State University,
Columbus, Ohio 43210 USA
INTRODUCTION
Vehicular traffic on mechanized farms can cause severe soil compaction. Temporary farm roads
arc established, often unintentionally, during the harvest traffic in fall and planting operations in
spring. Consequently, soil compaction becomes a severe problem on intensively mechanized farms
in north America (Raghavan ct al., 1990). The harvest traffic involving simple axle load of 10 to 20
ton can cuasc serious subsoil compaction and adversely affect soil properties (Voorhees, 1986).
Under wetter soil conditions, yield reduction can be as much as 25%. In Quebec, Canada, yield
reductions of up to 50% were observed on a clayey soil (Raghavan, 1978). The magnitude of
compaction effects on crop yields, however, depends on several interacting factors (McCormack,
1987, Van Doren, 1959), e.g., soil texture, clay minerals, soil moisture content at the time of harvest
or tillage traffic, soil moisture availability, crop and crop management, and prevailing climate. In
Ohio, for example, Fausey and Dylla (1984) observed no significant difference in crop yield from
track and nonRtrack areas. The objective of this experiment was to evaluate the effects of
compaction on soil properties and yeilds of corn and soybean on a previously compacted silt loam soil
in western Ohio.
MATERIALS AND METHODS

Field experiments were initiated during the fall of 1987 and observations on crop growth and yield
were carried on for three consecutive growing seasons form 1988 through 1990. These experiments
were conducted at the Western Branch of The Ohio Agricultural Research and Development Center
(OAR DC) at South Charleston (39° 45'N, 83° 36'W). The winter is severe and the soil experiences
several cycles of freezing and thawing from November through March. The experimental site was
a farm road on a level terrain on a Crosby silt loam soil which belongs to a family of Aerie
Ochraqalfs. The site has been inuse as a farm road for at least three years prior to establishing the
experiment.
Response of corn (Zee mays) and soybean (Glycinemax)wasevaluated for three tillage treatments.
Tillage methods comprised of: (a) control involving disc plowing prior to seeding in spring, (b)
paraplowing in fall which loosens the soil underground while leaving the surface undisturbed, (c)
chisel plowing in fall to a depth of45 em, and (d) conventional tillage involving moldboard plowing
in fall. All treatments were disc plowed in spring prior to sowing. Four treatments were established
according to the randomized block design with three replications. Both components of corn-soybean
rotation were grown every year. The plot size was 22.2 m2 • Corn and soybean were sown at 75 em
apart. The plant population of corn and soybean was 75,000 and 350,000 per hectare, respectively.
All recommended practices of fertilizer and pest control were adopted.
During summer of 1988, soil characterizations were made for bulk density, penetration resistance,
aggregation by wet sieving, soil moisture content, and root growth. Undisturbed core samples were
also obtained for measurement of pF curves. Root length density was measured in the row and
between rows at the plowing stage using the core-break method (Bohm, 1979).
RESULTS AND DISCUSSION

A. Soil Properties
The surface soil in control plots was crusted and exhibited a marked platy structure. Soil bulk
density of 0-10 em layer of the control treatment was significantly higher than those of other
tillage methods, i.e., 1.72 g/cm'vs. 1.45 g/cm' for corn and 1.62 g/cm'vs. 1.42gfcm' for soybean
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(Table 1). The bulk density of 10-20 em layer did not differ among treatments. The penetrometer
resistance was generally low in the surface and increased with depth (Tables 2 and 3). However,

there were no differences among treatments. In general, penetration resistance of the surface
layer was more for control than other tillage treatments. The mean weight diameter of aggregates

was more for the 10-20 em layer of control than other treatments (Table 4). Accordingly, the
relatively compacted soil of the control treatment had higher percentage of water stable
aggregates than that of other tillage treatments (Table 5). Soil moisture retention characteristics
measured on undisturbed cores did not show any significant differences among treatments (the
data not presented).

Table 1.

Tillage effects on soil bulk density measured in June 1988 (gfcm')
So~ bean

CQrn

10-20cm

0-10cm

Tillage Treatment

0-10cm

10-20cm

Control

1.72

1.69

1.62

1.63

Para plow

1.44

1.59

1.38

1.50

Chisel

1.45

1.66

1.46

1.75

Conventional

1.45

1.60

1.43

1.63

LSD (0.10)

0.17

NS

0.14

NS

LSD (0.05)

0.21

NS

0.18

NS

Penetration resistance (kgfcm 2 ) and corresponding

Table2

soil moisture (g/g) profile under corn
at flowering stage in August 1988

Depth

PR

LSD
(0-10)
Og
RP

0.128± 0.017

1.67

0.150±0.012 SN

3.33

0.151±0.041

2.54

0.164±0.008 SN

0.204±0.042

3.38

0.181±0.032

3.58

0.199±0.012 SN

30-40 3.08 0.210±0.008 3.33

0.227±0.018

3.06

0.171±0.046

2.92

0.227±0.003 SN

40-50 3.24 0.208± 0.018 3.29

0.215±0.017

3.08

0.170±0.049

3.04

0.218±0.015 SN

50-60 2.78 0.188± 0.030 3.38

0.139±0.017

3.16

0.172± 0.054

2.29

0.189±0.040 SN

(;ontrQI

(em) PR

PR

Og

0.63

0.129±0.046

0.05

10-20 3.13 0.153±0.014 1.83

0.015±0.044

20-30 3.33 0.193±0.016 2.53

0-10 1.85

PR
Og

=

~

Og

0.14±0.02

.J;:onventional

c;hi§d

Para ulort:

PR

penetration resistance
gravimetric soil moisture content
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Og

Penetration resistance (kgfcm2 ) and corresponding soil moisture
(g/g) profile under soybean at flowering stage in August 1988

Table3

Depth

!:;gntrol

Conventigoal

Chi5~)

Para plow

LSD
.(Q.:!lU

0&

PR

Og

PR

0.153±0.011

1.44

0.147±0.011

0.58

0.140±0.026 SN

10-20 2.96 0.176±0.021

2.50 0.146±0.013

3.00

0.156±0.022

2.13

0.166±0.041 SN

20-30 3.22 0.204±0.012

3.46 0.213±0.015

3.63

0.176±0.041

2.75

0.207±0.020 SN

30-40 2.88 0.217 ±0.009

2.88 0.226±0.033

3.33

0.155±0.037

3.50

0.181±0.059 SN

40-50 3.25 0.192±0.027

3.01

0.213± 0.007

2.42

0.136±0.053

2.88

0.196±0.034 SN

50-60 3.42 0.162±0.032

2.21

0.185± 0.012

3.04

0.139±0.060

3.21

0.118±0.005 SN

(em) PR

Og

PR

1-10 2.38 0.161±0.005 1.04

PR

=

Og

=

0&

penetration resistance
gravimetric soil moisture content

Table 4. Mean weight diameter of aggregates (mm) in June 1988
SQ~bean

Cgrn

Tillage Treatment

0-10cm

Control

2.32

2.48

2.96

2.17

Para plow

1.50

1.43

2.33

2.10

Chisel

2.06

2.08

1.92

2.04

Conventional

1.72

1.72

2.44

1.83

LSD (0.10)

NS

0.95

NS

NS

LSD (0.05)

NS

NS

NS

NS

10-20cm
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0-10cm

10-20cm

RP

Table 5. Water stable aggregates(%) in June 1988
Sg~bean

Corn

O·IOem

10·20em

Tillage Treatment

0·10em

10·20em

Control

36.2

49.1

50.5

43.6

Para plow

34.2

25.8

36.7

33.0

Chisel

32.3

46.6

34.2

40.7

Conventional

33.6

33.5

42.0

27.6

LSD (0.10)

NS

12.8

16.2

NS

LSD (0.05)

NS

16.8

NS

NS

B. Root Growth

The root length density, measured at the flowering stage in August 1988) showed significant
differences in patterns of root growth among crops but not among the tillage treatments (Tables
6 and 7). Root growth was highly variable. Root length density, measured up to 60 em depth with
10 em increments, was more at every depth in corn than in soybean. Soybean had few, if any,
roots beyond 40 em depth. Furthermore, root length density was generally less in control than
other treatments for 0~10 and 10·20 em depths. The differences were particularly more
contrasting within the row than between rows (Tables 6 and 7).

Table 6.

Depth
em
R

Root length density (m/m 3) profile of corn at flowering stage in 1986.

Control
BR

R

Chisel

Para plow
BR

R

BR

Conventional
R
BR

0·10 1937±1838 709±579 3925±3756 851±1008 3213±744 1984±231 4584±2319

520±438

10·20 520±405 425±602 1512± 1043 756± 177

945±1136 851±613

898±984

851±834

20-30 756± 582 236±334 520±67

851±306 614±522 756±535

472±406

473±482

30·40 803±267 284±401 709±200

803±241 945±678 851±694

567±463

567±463

40·50 472± 194

47±67

614±267

520±177 520±372 614±869

851±418

520±547

50-60 803±276

47±67

331± 133

378± 177 851± 1203 142±200

331±291

142±116

Each value is a mean of 3 replicates
R =in row
BR = between rows

47

Table 7.

Root length density (m/m') profile of soybean at flowering stage in 1988

Depth

CootrQI
BR

em

R

R

Chis~!

Para plmy
BR

R

0-10 473±334 236± 177 898±637

331±372 378±354

10-20 189± 134

189± 134 284±231

20-30 765±267

47±67

30-40 237±67

189± 177 142± 116

236± 177

BR

95±67

1323±1488

189±267

709±802 425±116 425±347

425±417

189± 177

142±116 284±401 284±116

284±231

284±401

189±177 237±67

142±116

284±306

95±67

40-50 142± 116 189±267 142±200

95±134

331±267

0

50-60 142±200 331±467

47±67

156±200

0

0

CQnyeotional
R
BR

0
47±67

95±136
0

Each value is a mean of 3 replicates
R =in row
BR = between rows

C.

GRAIN YIELDS
Effects of tillage methods on grain yields of corn and soybean are shown in Tables 8 and 9
respectively. There were statistically significantly differences in grain yields among tillage
treatments only during one out of three years. The grain yields of corn and soybean in 1990
were significantly lower in control than in other treatments. For example, the increase in corn
grain yield during 1990 over the control was 27% in chisel plowing, 28% in paraplowing, and
40% in conventional tillage (Table 8). In contrast with corn, the grain yield of soybean was
increased over that of the control only in the para plow treatment, an increase of about 8%
(Table 9). There was a significant reduction in yield of soybean by the conventional tillage
system of seedbed preparation.
The average yield for three year periods, shown in Tables 8 and 9 indicate differential response
of soybean and corn to soil compaction. Soil compaction decreased grain yield of corn by as
much as 25%, but that of soybean by only 3% to 4%. While conventional tillage involving fall
plowing alleviated adverse effects of compaction in corn, it had negative effects in soybean.

CONCLUSIONS
Soil compaction due to the vehicular traffic on farm road had adverse effects on soil bulk density, and
decreased grain yields of corn and soybean.
Soil bulk density was significantly lower in paraplow,chisel, and conventional tillage than other
treatments.
Soil in control plots was crusted with distinct platy structure. However, the mean weight
diameter and percent water stable aggregates were more in control than other tillage
treatments.
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Penetration resistance was generally more in the surface layer of control than other treatments.
Root length density of corn was more than that of soybean. In the surface 0~20 em layer,
paraplowing, chiseling and fall plowing increased root length density compared with that of
control.
Soil compaction decreased corn grain yield by 25% and soybean grain yield by 3% to 4%.
Effects of soil compaction can be aHeviated by chisel plowing and para plowing. Fall plowing
had adverse effects on yield of soybean.

TableS

Tillage effects on corn grain yield (t/ha)

Tillage treatment

Yis.:ld in 3 ~Qn§~~JJtiy~ ~ear§
1289
1220
6.45
8.79

Mean grain

Relative

~ield

~i,lg

7.82

100

Control

1288
8.22

Para plow

8.87

8.94

8.27

8.69

111

Chisel

8.87

9.31

8.22

8.80

125

Conventional

8.56

8.59

9.02

8.72

115

LSD (.05)

NS

NS

2.54

Table9

Tillage treatment

Tillage effects on soybean grain yield (t/ha)

Yield in 3 consc!;;utiye ~ears
1988
1990
1282

Mean grain
~ield

Relative
yield

Control

2.56

3.21

3.63

3.13

100

Para plow

2.52

3.33

3.96

3.27

104

Chisel

2.88

3.50

3.28

3.22

103

Conventional

2.75

2.97

2.93

2.88

92

LSD (.05)

NS

NS

0.38

49

REFERENCES
Bohm, W ., 1979. Ecological studies: Analysis and synthesis. Methods of studying root growth. Vol.
32, Springer Verlag. Berlin.
Fausey, N .R. and Dylla, A.S., 1984. Effects of wheel traffic along one side of corn and soybean rows.
Soil & Tillage Res. 4: 147-154.
McCormack, D.E., 1987. Land evaluations that consider soil compaction. Soil & Tillage Res. 10:2127.
Raghavan, G.S.V ., McKyes, E., Gendron, G., Borhleem, B. and Le, H.H., 1978. Effects of soil
compaction on development and yield of corn. Can. J. Plant Sci. 58: 435~443.
Van Doren, D.M., Jr., 1959. Soil compaction studies to determine effects on plant growth, Ohio
Farm Home Res. 44:317.
Voorhees, W.D., 1986. Deep compaction: A different phenomena. Crops & Soils Magazine Dec.
1988: 10-11.
Voorhees, W .D., 1987. Assessment of soil susceptibility to compaction using soil and climatic data
bases. Soil & Tillage Res. 10: 29-38.

50

Section 2
Soil Chemical Properties

51

52

EFFECTS OF DIFFERENT TILLAGE AND CROP RESIDUE HANAGENENT SYSTENS ON
CHEHICAL PROPERTIES OF AN ALFISOL
E.N.O. IWUAFOR*, B.T. Kang** and I.F. IKE***
Soil Science Dept, Ahmadu Bello University, PHB 1044, Zaira,

*

**
***

Nigeria

International Institute of Tropical Agriculture, PMB 5320, Ibadan
Nigeria
SciD~f Agricultural Technology, Federal University- of Technology,
Minna, Nigeria

ABSTRACT
Soil chemical properties of an Alfisol following three years of cropping
with maize and sorghum under four tillage (no tillage (Tn), strip tillage
(Ts), mannual tillage (Tm) and coventional tillage (Tc) and three crop
residue management methods (mulch, remove, and burn) were evaluated at

t~vo

locations in the southern Guinea savanna of Nigeria.
Tillage treatments did no significantly affect surface and subsoil
organic C level at both locations, although plots under no tillage (Tn)
and strop tillage (Ts) showed slightly higher organic C contents in the
surface soil. Slightly higher values of organic C was observed in the
subsoil layers with conventional tillage (Tc). There was a small increase
in surface soil organic C content by 6.78 and 1.89% respectively when
maize and sorghum residues were returned as mulch. Burning or removal of
maize and sorghum residues reduced soil organic C content. Extractable P
and exchangeable K, Ca and Hg were higher in surface soils 'oJith Tn and Ts
treatments than with Tc and Tm treatments. Significant difference was
observed only in exchangeable K levels at Hokwa site under maize crop.
Exchangeable Ca, Hg and K levels were lower in plots with residue removal.
Soil pH was not affected by either tillage or crop residue management,
however values declined with cropping.
INTRODUCTION
In crop production various tillage and crop residue management methods
are used. Although retention of crop residue is recognized to play a
importance role in maintaining the productivity of soils in the tropics
particularly under zero or minimum tillage systems {Lal, 1975; Lal and
Kang, 1982; and Kang and Juo, 1986), in traditional farming systems in
Africa farmers usually either burn the crop residue or remove them for
domestic use,
Tillage and crop residue management practices are known to haveprofound
effects on soil properties. Under zero tillage surface soil pH is lower
(Moschler et al., 1973; Blevins et al., 1977, 1983). Hargrove et al.,
(1982) reported that Ca, Mg, P, Mn and Zn accumulated more in the upper
soil surface in no tilled than tilled plots. Lal (1976) found higher soil
organic matter, extractable Ca, Hg and K in no tillage than ploughed
treatments. Moschler et al., (1975) showed higher residual levels of P
and Ca in the top soil of no tillage plots, while K and Mg levels did not
differ significantly from tilled plots. Kang and Yunusa (1977) also
showed higher residual P concentration near soil surface toJith no tillage
system. The researchers attributed most of the benefits of no and
minimum tillage systems to the residues left on the surface. Where
residues are removed or burnt as practiced in the traditional farming
systems lotoJer soil organic matter and nutrient levels are observed (Smith,
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1970, Jones, 1971, Shipley and Rieger, 1977; Dormar et al., 1979,
Biederbeck, et al., 1980 and Hooker, et al., 1982).
Since, information on the effects of tillage and residue management on
chemical soil properties in the Guinea savanna is scanty the study reported
in this paper was undertaken.
HATERIALS AND HETHODS
The investigations were conducted from 1982 to 1984 at two locations;
(1) at the Bida Agricultural Development Project farm at Bida junction, and
(2) at the Institute of Agricultural Research, Ahmadu Bello University
experimental farm at Mokwa. Both experimental sites are located around
Hokwa in the southern Guinea Savanna zone of Nigeria at about 9.31°N and
5.04°E, The climate, geology and the surface soil characteristics of the
experimental sites are shown in Table. At Bida junction, the experiment
was located on land nelvly cleared from bush fallow, while at Hokwa the land
was under fallow for 2 years after being used for vegetable and groundnut
trials.
The experimental design used was a split plot with four replications.
Four tillage treatments made up tQe main plots and three crop residue
management treatments were the subplots (Table 2) , Land preparation and
residue management operations (Table 2) were done each season. Sub-plot
size was 8 x 5 m. :t-1aize (var. TZPB) was used as test crop at both
locations. A sorghum {sorghum vulgare) crop (var C-7-4) was also planted
at Hokwa site. Plots received fertilizer at the rate of 120 N - 26 P - 50
Kin kg ha-l. One third of N (as calcium arr@onium nitrate), all of P (as
single superphosphate) and K (as mutriate of potash) were surface broadcast
as basal dressing before planting. The remaining N was applied at 4 weeks
after planting (WAF) by band application. Three seeds were planted per
hill at 75 em between band rows and 25 em within the row, giving a plant
population of 53,300 plants ha-l, In 1982, 5 t ha-l of dry maize stover
was applied to mulch and burn maize treatment plots. No external crop
residue was applied in subsequent years. In treatment lvith crop residue
removal, plant residue was removed from plots after each crop harvest and
the plots kep bare.
Two weeks after emergence, maize plants were thinned to one planthill-1.
Weeds in Tc and Tm treatments were. controlled manually by hoe-lveeding.
In Tn and Ts plots, weeds were sprayed before planting with paraquat
(!-!-dimethyl 4, 4-bipyridynium at a rate of 1.0 kg a.i. ha-l. Subsequently
slashing of weeds was done manually when necessary.
In Nay 1982, prior to tillage operations, composite soil samples were
taken at two depths (0-15 and 15-30 em) from the plots at both locations.
At the end of each season soil samples were taken again at same depths.
The soils were air-dried, ground to pass a 2-mm sieve. For soil organic C
determination, part of the soil was sieved using 0.5 mm sieve. Organic C
was determined by the Walkley-Black method (Allison, 1965). Soil pH was
measured in 1:1 soil to water suspension using glass electrode.
Exchangeable bases were extracted using ammonium acetate extraction method
(Chapman, 1965), Potassium was determined with a flame photometer, and Ca
and Hg measured by atomic absorption spectroscopy. Extractable P was
extracted by Bray 1 extractant and determined with a spectrophotometer.
RESULTS AND DISCUSSIONS
Results of chemical analysis of soil samples taken at the beginning and
after the third year of experimentation are presented and discussed in
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this paper.
Soil Organic Natter

At both locations, and for maize and sorghum crops, tillage treatments

did not significantly affect surface soil organic C (OC) level (Tables 3, 4
and 5). Under maize OC level declined with cropping (Table 3 and 4), with
slightly higher decline with conventional tillage (Tc) than in the other
tillage treatments. Similar observations have also been reported by
Agboola (1981) and Blevins et al. (1983).
Tillage treatments did not significantly affect subsoil OC levels at
Hokwa, although higher levels were observed in tilled (Tc and Tm) than in

reduced tillage (Tn and Ts) plots. At Bida junction higher OC levels were
also observed in tilled (Tc and Tm) plots with the conventional tillage
(Tc) treatment showing significantly higher OC level than Tn and Ts
treatments (Table 4). The higher OC levels in the subsoil with tillage
could be attributed to incorporation of plant residues during the tillage
operation.
Although application of crop residue as mulch under maize or sorghum
crops gave higher OC level in surface soil than where residue were burnt
or removed, at both sites (Tables 6, 7, and 8) a significant difference

was only observed at Hokwa site.
level with mulching.

Lal (1976) also reported higher soil OC

The lower surface soil OC level with crop residue burning and removal

was antipicated.

Biederbeck et al. (1980) and Rasmussen et al. (1980) also

reported losses of carbon during burning. Jones (1976) reported losses of
4.9 and 5.4% of the original surface soil OC value through burning and
removal of crop residues respectively. This compares closely with the
losses of 6. 78 and 6. 79% for maize and 3, 39 and 1. 69% for sorghum at Hokwa

and 3,29 and 6.56% at Bida junction from burning and removal of crop
residues respectively.
Increase in OC content from mulching with maize and sorghum residues

were 6. 78 and 1.69% respectively at Hokwa and 4.9% from maize residues at
Bida junction. The slightly higher OC content of the subsoils in mulch
plots may be the result of earthworm activity, which carry down some

residues into the subsoil.

Lal (1983) reported that earthworm activity is

related to the amount of mulch material and that it contributes enormously
to the mixing of nutrients and organic matter in the soil.

Soil pH
Soil pH in the surface - and sub-soils was not significantly affected

by tillage at both locations (Table 3, 4 and 5).

There was, however, a

general decline in pH of surface soil after 3 years of cropping.

Therange

in pH decline in the surface soil was between 0.1 to 0.2 and 0.4 to 0.5 pH
untis in maize and sorghum plots respectively at Noko;...-a and

0.4 units at Bida junction.
application.

bet~qeen

0.3 to

This may in part result from fertilizer

Crop residue treatments also did not significantly affect surface - and

sub-soils pH in maize and sorghum plots (Tables 6, 7 and 8).
Extractable Phosphorus

At both locations, tillage treatments did not significantly affect
surface soil extractable P. Values were consistently lower in Tc than in
other treatments. The higher values in Tn and Ts treatments may be
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Partially attributed to surface broadcast application of single superphosphate.
In the subsoil, P values were slightly higher in Tc and Tm treatments
than in Tn and Ts treatments. In sorghum plot extractable P value in Tn
treatment was significantly lower than in Tc treatment while in maize plots
at Bida junction, values in Tc and Tm were significantly higher than in Ts
and Tn treatments (Tables 3, 4 and 5), This is expected with incorporation
of fertilizer during land preparation.
The extractable P cotent of soils under both crops at Hokwa was not
significantly affected by crop residue treatments, while at Bida junction
higher extractable P level was observed in burnt plot that was significantly higher than those in plots with crop residue mulching and removal.
Exchangeable K, Ca and Hg
At both locations irrespective of crops, there was higher exchangeable
K, Ca and Hg levels in surface soil in Tn and Ts treatments than in Tm and
Tc treatments (Tables 3, 4 and 5). The differences due to treatments were
however not significant. Similar results have also been reported (Lal,
1986; Blevins et al., 1977, 1983; Juo and Lal, 1978; Bhatnagar et al.,
1983). At Hokwa, in soils from maize plots, exchangeable K content was
significantly higher in Tn and Ts treatments than in Tc and Tm treatments.
The higher exch. K, Ca and Mg levels in surface soil with Tn and Ts
treatments may be due to fertilizer application and the higher organic
matter levels observed in these treatments which can contribute to better
cations retention (llild, 1971). At both locations under maize and sorghum
crops, exchangeable K was significantly higher in plots with residue
burning than those with residue mulch or remove (Tables 6, 7 and 8).
Exchangeable Ca was lower with residue remove than with residue mulch or
burn. Similar trends were also observed with exchangeable Hg under maize
at Mokwa and Bida junction (Tables 6 and 7). Under sorghum crop there was
no significant effect of crop residue management on exchangeable K values.
The generally higher exchangeable K, Ca and Mg levels observed with residue
burning and mulching was expected as mulch material and the ash from
residue burning can contribute to higher soil exchangeable cations status.
CONCLUSION
The results of the three year trial with contrasting tillage and crop
residue management methods on the relatively flat land at both locations
which showed significant effects on maize yield (Iwuafor et al.,
unpublished) however, have shown small effects on the chemical soil
properties studied. Although differences are not statistically significant, with reduced tillage methods (Tn and Ts) higher organic C,
extractable P, exchangeable K, Ca and Mg levels were observed in surface
soil than with tillage (Tm and Tc) treatments.
Mulching appears to play an important role in maintaining higher suface
soil organic matter. The lower exchangeable K values observed with crop
residue removal under maize crop demonstrate the need to include K in the
fertilizer recommendation on similar soils which have low K buffering
capacity (Wild, 1971) in the Guinea savanna ~vhere farmers practised crop
residue removal for domestic use.
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Table 1.

Rainfall, geology and soil characteristics of the experimental
sites.

Parameter

Hokwa
1055

Total annual precipitation (rnm)

Bida junction

1055

Geology

Nupe sandstone

Nupe sandstone

Soil classification

Oxic Paleustalf

Oxic Paleustalf

Soil characteristics (0-15 em)
Organic c (g kg-1)
pH (1:1 in H 0)
Bray P-1 (mg kg-1)

5.9

6.1

6.0

5.9

11.9

8.5

Exchangeable K (cmol kg-1)
Exchangeable Ca (cmol kg-1)
Exchangeable Hg (cmol kg-1)

0.13

0.17

1.24

2.48

0.24

0.51

Total N (g kg-1)

0.37

0.39

C:N ratio
Sand (g kg-1)

15.96

15.64

820

850

Silt (g kg-1)

120

80

Clay (g kg-1)

60

70
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Table II.

Tillage and residue management practices

Treatments

Seedbed preparation
methods

Approximate depth
of soil disturbance

(em)
Tillage (main plots)
No-tillage (Tn)
Strip tillage (Ts)

No disturbance of Soil surface.
No disturbance of soil except

for 15 em tilled strips spaced
75 em apart made by tilling
~<ith a hoe
Manual tillage (Tm)

Plots

~<ere

tilled

~<ith

15.0

a hoe

15.0

Conventional tillage .(Tc) Plots were disc ploughed once
and disc harrowed twice

23,5

Residue management

(subplots)
Mulch

Plant residue were spread evenly
after land preparation and planting

Burn

Plant residues were spread evenly
and burnt before land preparation

Remove

Plant residues were removed before
land preparation

Table III.

Effect of tillage on some soil chemical properties from maize
plots at Mokwa

Sampling
depth
(em)

Chemical

property

c

Values at
start of
Tn
experiment

Tillage treatments

Ts

Tm

Tc

LSD (0.05)

0.15
15.30

0.59
0.35

0.57 0.57
0.34 0.34

0.59 0.55
0.36 0.36

0.07
0.06

pH-H 0

0-15
15-30

6.0
5.6

5.9
5.3

5.9
5.3

5.7
5.5

5.9
5.5

0.3
0.2

Extr. p (mg kg-1)

0.15
15.30

11.9
4.9

50.4
5.2

47.2
5.1

52.0
5.4

44.3
6.0

7.8
1.6

Extr. K (cmol kg-1)

0-15
15-30

0.13
0.07

0.16
0.10

0.14
0.09

0.11
0.07

0.12
0.07

0.02
0.04

Extr. Ca (cmol kg-1)

0-15
15-30

1.24
0.98

0.92
0.81

0.97
0.86

0.85
0. 74

0.87
0.83

0.15
0.15

Extr. Mg (cmol kg-1)

0-15
15-30

0.24
0.16

0.21
0.17

0.24
0.17

0.19
0.15

0.20
0.18

0.07
0.07

Organic

(%)
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Table IV.

Effect of tillage on some soil chemical properties from maize
plots at Bida junction

Sampling
depth
(em)

Chemical

property

Values at

T~Ilage

start of

Tn

Ts

0-15
15-30

0.61
0.39

0.56
0.33

pH-H 20

0-15
15-30

5.9
5.4

Extr. p (mg kg- 1)

0-15
15-30

Extr. K (cmol kg-1)

treatments

Tm

Tc

0.55
0.32

0.57
0.36

0.54
0.39

0.54
0.05

5.6
5.6

5.6
5.6

5.6
5.6

5.5
5.7

0.2
0.3

8.5
3.9

31.1
3.5

28.5
3.4

25.0
5.0

24.9
4.8

6.4
0.8

0-15
15-30

0.17
0.08

0.17
0.09

0.17
0.08

0.17
0.07

0.16
0.09

0.02
0.03

Extr. Ca (cmol kg-1)

0-15
15-30

1.48
1.00

1. 72
1.18

1. 47
1.06

1.34
2.04

1.34
1.11

0.17
0.15

Extr. Ca (cmol kg- 1)

0-15
15-30

0.51
0.18

0.27
0.18

0.25
0.19

o. 25

0.28
0.21

0.04
0.04

Organic

c

(%)

0.18

LSD (0.05)

Effect of tillage on some soil chemical properties from sorghum
plots at Hokwa.

Table V.

Sampling
depth

Chemical

property

c

Values at
start of

Ti_llag_e treatments
Tc LSD (0.05)
Tn
Ts
Tm
0.06

0-15
15-30

0.59
0.35

0.59
0.35

0.60
0.33

0.59
0.37

0.56
0.36

0.05

pH-H 20

0-15
15-30

6.0
5.6

5.5
5.4

5.6
5.4

5.5
5.3

5.6
5.4

0.2
0.1

Extr. p (mg kg- 1)

0-15
15-30

11.9
4.9

46.2
4.0

47.9
5.2

45.9
6.2

44.0
6.4

4.2
1.9

0-15
15-30

0.13
0.07

0.15
0.06

0.15
0.06

0.15
0.06

0.14
0.05

0.02
0.02

Extr. Ca (cmol kg-1)

0-15
15-·30

1.24
0.98

o. 73

0.92

1.06
0.83

o. 73

0.80

0.84
0.75

0.25
0.12

Extr. Hg (cmol kg-1)

0-15
15-30

0.24
0.18

0.17
0.16

o. 23

0.19
0.17

0.17
0.16

0.04
0.04

Organic

Extr.

(%)

K (cmol kg-1)

60

0.19

Table

vr.

Effect of crop r·esidue management methods on_:some chemical
properties from maize plots at Hokwa.

Chemical

Sampling Values at Crop residue managedepth
start of ment ~~thods ~-~
experiment Hulch
Remove Burn
(em)

property

c (%)

LSD
(0.05)

0-·15
15-30

0.59
0.35

0.63
0.37

0.55
0.33

0.56
0.33

0.05
0.05

pH-H20

0-15
15-30

6.0
5.6

5.7
5.6

5.7
5.6

5.8
5.6

0.3
0.1

Extr. p (mg kg- 1)

0-15
15-30

11.9
4.9

45.8
8.0

48.3
6.9

48.9
8.1

5.4
2.7

Extr. K. (cmol kg-1)

0-15
15-·30

0.13
0.07

0.12
0.07

0.10
0.06

0.14
0.09

0.02
0.03

Extr. Ca (cmol kg-1)

0·-15
15-30

1. 24
0.98

0.92
0.94

0.83
0.87

0.94
0.81

0.13
0.06

Extr. Hg (cmol kg-1)

0-15
15-30

0.24
0.16

0.21
0.17

0.19
0.17

0.24
0.19

0.06
0.03

Organic

Table VII.

Effect of crop residue management methods on. some chemical
properties from maize plots at Bida junction.

Chemical

Sampling
depth
(em)

property

c (%)

Values at

Crop residue manage-

start of ment.methods
experiment Hulch
Remove

Burn

LSD
(0.05)

0-15
15-30

0.61
0.39

0.64
0.36

0.57
0.34

0.59
0.35

0.08
0.04

pH-H20

0-15
15-50

5.9
5.4

6.0
5.4

5.9
5.4

6.0
5.4

0.1
5.4

Extr. p (mg kg-1)

0.15
15-30

8.5
3.9

25.9
4.3

26.9
4.2

29.3
3.9

2.7
0.8

Extr. K (cmol kg-1)

0-15
15-30

0.17
0.09

0.16
0.09

0.15
0.07

0.18
0.09

0.02
0.03

Extr. Ca (cmol kg-1)

0-15
15-30

1.49
1.00

1.47
1.11

1.33
1.06

1.41
1.12

0.18
0.09

Extr. Hg (cmol kg-1)

0-15
15-30

0.51
0.19

0.26
0.18

0.23
0.19

0.30
0.21

0.03
0.04

Organic
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Table VIII.

Effect of crop residue management methods on some chemical
properties from sorghum plots at Hokwa.

Chemical
property

Sampling Values at Crop residue managedepth
start of ment methods
(em)
experiment Hulch
Remove Burn

Organic c (%)

0-15
15-30

0.59
0.35

0.60
0.36

0.58
0.36

0.57
0.34

0.04
0.04

pH-H 20

0-·15
15-30

6.0
5.6

5.6
5.4

5.5
5.4

5.7
5.4

0.1
0.1

Extr. p (mg kg-1)

0-15
15-30

11.9
4.9

45.0
5.7

50.7
5.3

48.0
5.3

5.8
0.1

Extr. K (cmol kg-1)

0-15
15-30

0.13
0.07

0.14
0.05

0.13
0.05

0.16
0.08

0.02
0.04

Extr. Ca (cmol kg-1)

0-15
15-30

1. 24
0.98

1. 92
0.68

0.83
0.78

o. 77

0.97

0.25
0.18

(cmol kg-1)

0-15
15-30

o. 24

0.23
0.14

0.20
0.15

0.19
0.18

0.05
0.02

Extr.

Mg

0.18
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LSD
(0.05)

EFFECTS OF SOIL MANAGEMENT ON POPULATION ABUNDANCE AND
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I NTRODLJCTI ON
Conser·vf.:\t ion
t i 11 agf"? ~
r·educ:ed
t i l l age
Cind
no
l. i 11 ag1.-?
-few
agri cul tt.u-e have been wi dtd y
r·c:::,SI:!at·ched
r1nd
,;1dopted
in
tempet-i:\te
clima.te!->
(E!}C:-:vin'£"1~
1984).
The
!::t?y
elements of thesf::> f.;ysb.::~ms an:~ ~~1. rc-~dw:.:t:i.on in tht? number, depth
and
sevc't-ity of thE~ til.laf_Je oper·ation£', and the
n:.rt£,:-ntinn of
crop residues t~n '..:he soil :;;t.w·face~
Thc~~~t~ r:ly-;>tf.~I;H~ havt-) lead tn
imprT!VfE'd
soil quality .a~3 E•Vid(_~ncf2d by incr·eased ~.;nil
cr·uanic
m;~d:t:er·
c:untP.nt <Bl evi n•;;. et al 7 1 CJ8~)) c:u1d n:.1dur:~:::>d t"L:noff
and
so i 1
e-~ros i on
(Sa ll £-H•Jf.\ ~~
(-~t
~!.. ~
1 9'70)
In
(:em t.r· asi: ,
convt-)rYtir.mc:\1
til L'age systc.•ms typit:iall y
invol Vt-0 n:-~movctl
or
bur-ning
of
the
cr·op r·esidues and
invf~J'"ting
t i llagn
which
i ncor·porateH cr·op r·e<::"~i dur;;.·,1-.
~;ystems

h

u

h

No
tillage
<:'lgr-oecosystHrns
~·Jet-e
found
to htO\Ve
higher
tlensi t i ~~"~ of soil i nha.b i t i ng ~~n i mc'll s than convent i onc:d. t i 11 age
~5)'!::3-terns
in
U~S.A.
(House Hnd
Parm£11{?!~.,
1985) ~
Earth~·~onns
comp1··ise 6.1. lcu·ge pOI"tion of anitn.71.l biom~\Effi in soils and
i:hHir·
activities hi;\Ve <0\melior·i~t.ive f?f-Fect.s. on soil
physico-chemical

prapl":!rti€:)5,

soil

:li.mkuviene~

198~);

fet--tillty and plant gn:Jwth
<AtL,\Vinyb;;) and
Lero:1, i<ff35; Reddy, 1988).
Soil
ffi;31lagernent
pt" ~J.ct 1 ces 1 <o;HJi;:h <"15 t i 11 ngt:= and CJ,..op re~;i due manc,\g8mf·.?n t 1
c:\l t.:.Jr
bot.h soil ph)tsicn···c:hemical pr-opet-ties and snil ·fnur:al <:tcti,h.i y
(Andt-~~m
a.nd
Laqet--loef 1 1983) HcnJsP and P.tu··me-~lc-.~~-) 1
198~))
but

1-edt.\t=ed ti 1 l age system'S; ~\n-:> gen12rnl). y
1989;
l··la1.lkk(1. 1
1.980_; Hovi.t"t\ et ?.\.l.,

l f.:'S~:. harm·f '-1
1(J't.~/).

(f<ob(2t-t<:>on)

Ti.lla9~~

dam~ge,;

et~u-·f·.hwonnc.;j
;'0\lld
~·.heir· burTot'IS t?~'fl(j r€·duc:r~<::-. thE-~ food
supply
by
bur-y-iiiiJ
plG.·t
t-f,?5iduE·s
~·Jhil~ fHr·m y.t_\r·d
mcu1ur·E"~
~nd
or·g;;--{nic
mu.l. ches.
i ncr·..;:~Hse the food supply.
Pa:.:;turE.~s hnth i r,cn;::-a•.:;Eo~
i:hc
f Dod GUppJ y and dP.cr-;;-.:ou"'.l-" di si.:twbanc~ and m!:?cht:mj cal dam~"\qG>
duo
b~ lack of cuJ.t:iV;!\tiun <EdwJ:u.. ds nnd Lcdt'.y, 1977; LE~e, 1.9n5).

Marly

jnvestig~tions

hava

studied

managE-~Im~·nt.

tt1e

effects

of

soil

on
<:~oi..t
anima.l~;,
p~-u-tic:ular-ly
ea.r-th~·J(Wm<..s
in
t.wnpE.•Fatc..:- climat.F!E", <House and Par·melr-:::-i-:>, 1.98!5; (4nder·sr:--:-n~
1'787~
Haukka, i'?BB; P.:.;~.r·mD1Rt:.1 ~t-.. al., 1'190) bt.~t Lal c~nd
1Jl(:.Je5ch.r.'\UWi2.'t~
(1'-):31)
n;;:;por·t
one
of tht':' fe~r1 sim:i.l;.:tr·
~~t.udie(~
in
tropical
soils.
t'JE'c'
kno~·J c·f no t-.;?ports nf studies f)-f the
e·fff~t:t.s
of
soil
m;:magemt·~nt
on
eHt.. t.h~'llor·rns
in
(\lfi;;HJl!~
:\n
semi·--c:u-id
tx-npiCi'\l
cl imt":\tPs~
Th8 e.r:\t-thv-HJt-m s.t.cu.iy
t-epot-tfld
hc:::t-f~
\1as
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conducted
!.'~i thin
Etn e:-~per i ment whi c:h aims
to
qLtant i fy the
effects
of
management
on soi 1
physical
pt-operti es
and
procmsses~
A \.'Jide range lJf treatments had
been
est:ablighed
and large effects were measur·ed an runoff <Yule et ~-" ~ 1.990>
ft

tr·eatments
included
tillage, amendments of
farm yar·d
manure W"" r·ice si:r·aw and perennial
p8sturHs.
These ~;oi 1
managements
should affect ear·thworm populations and
biomass.
The
aim of the ec.\rthvJar·m study ~>Jas to meHHUI'·e thH
populc.\tion
dynamics
and
bi amass
of
earthworms
in
r{?sponse to soi 1
The

management:.

MATERIALS AND METHODS
The core c:.>>{pet-imf?nt. is conducted on a shallow
to
medium
dNpth Alfisol (p.;,tfJ.ncheru Berie.~H, Udir: Htlodust:r.:.\lf)
in field
RM19B
at
ICRISAT,
near Hydf-.H'abad,
India.
The
soil
is
hardaetting
and ver·y pror1e to surface uealirlg
and
cruuting~
The climatE?
is mof"ISf..)fJnal semi-arid
tropical
~·Ji th
aver· age
i.\rHlual rainfall of 764 mm and f:JO% of l"'".ain occun-~ing fr·om
auna
t.o
eeou-ly Octobet-.
The core:J f:?>:pet-iment combines two
balanced
i nc:fJffiP 1 F.!te b 1 oc k desi (3ns, one a 3 x ::::. .f ~'\ct:or· i <.."l.l
i;t.t-r ang(~ment
of
tillage x
amendment
'-'lith
annual
c:r·opping,
the other

involvirlg six treatments with perennial species.
The fifteen
tr·eat.ment combinations are listed in Table 1.
There at"e thr·ee
replications and tt1e plot size it~ 22m long x 5 m wide.
Tt1e
cor f.? exper·i ment ~1as e~:.t.abl i shed in 1988 and tn:?at.ments .-"u-e
mai ntai nHd
in
the
same
plot
e~'\ch
year·.
The
till age X
amendment treatments are imposed after initial rains in
early
June~
Till(-:d plots initially r·£::>c:eive ~' shallow tine VJith
duckfaot
tillage
(0.05-0.07 m depth) to
br·eak
the
~:;urface
cr·ust and to c:ont:r·ol ~·leeds.
AftE:er- furthl~r rairH.:; 1 typically 10

Tab!" 1.

Tr-eatments applied in soil

management study on
an
Th(~ t:.\nrH.ti:.\1 c:ropn
have
been
mi 11 et
( 19B8> , sorghum ( 1989)
and
sor·ghum
( 1990).
The
pl"?rl-=;~nnia.l
~$pt:?cie£>
Bre
pen::mnial
pi geonpea (~~_j_anus c. a jan_) s §.:ttl oscu"!._!:_b~~ !J.:.~mat~ and
gP-nt:hl::_~~ ~ i 1 i_~!:_i s
Alfi 1.5ol at ICRISAT,

{~nnual

c..:r·Dps

India.

Tillage

Amendment

X

Bar·~r <B)
FYM" ,(FI
Str·aw/... (S)

Zr::!t-n <TO>

10 em dapth CT101
20 em
Pen~nni

al

cr·ops

d(~pth

(T20)

Pet-enni al pi geonpea

(F'F')

PP + Sv hamata (PP+S)
PP + S~ hamata + C. ci 1 i i.\ri n

c.

c(liari~3

C~

cili-'u·is + 8.
hti\mi':d:a <B>

s~

<PF'+S+C)

(C)

hamata

(C+S)

~~-~~;~--·:···~~;.-:~ ~-~:~~---~~~~::~~:~--~-;~·~-;~:=r-·;~:~;.--·~·~~~·;··--·-·····---·~~-----·-······---.... Btxa\.'1 == r·ice str·;:\w,

Z5 t

ha

(nir· dry>
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to 14 days, a second t i 11 age is imposed using narro~·l tines at
em
spacing
to the tt-t~atment
depth.
Pli.mting by hand
fo!_\o"'s J.O to 14 days later.
The am~'fdments an' applied <15 t
ha
fi.u-myard
manure (FYM>, 5 t ha
t-ice str·a~'l)
in three
equal
i nr-remHnt:s
after e.ac.:h of
these cultural
opert:\ti ons.
Rice str·aw is removed to facilitate tillage and then replac:erJ.
Herbicides
(glyphosate,
par·aquat, diquat) ar·e
applied pt-eplanting
a.s required.
One or two hand \'leedings are carried
out during cr·op -~rowth.
In
1989 7
carhoftu·an
insec:tic:ide
granules <40 kg ha
) were applied to the soil in the planting
furrow
to cot1trol shoot fly <AtherigorH.\ soc:c:atc.\).
In
1990,
about 5 kg ha
c:at-bofuran granules were applied in the \'l!horl s
of
the seedli!J}JS fot- shoot fly control.
Fer·tili;~er
applied
vJa~
100 kg ha · diammonium phosphate at planting and 200 kg
1 urea by side dressing. The annual cr·op is har·veste:•d in
hio\
October·
50

R

Thfa s_ hamat&.\ c\nd C~ cilim-is plots cu-e harvested b·Jice petyec.uand tlie cut. mat.erl.al removed.
The
pewenninl
pigeonpea

<PP>
was pr·Ltned fm- grain harvesting onc.:e or twice in t"!iach
yem- and also pruned in 1989 to control gro~tJthb
In 1990,
t.he
perennial pige:-onpea <PP> wEJre r·aplanted because wilt. <FusBriutl'!
udum) ~ t~;!rmi tr~s (Qdontotermes br~llc.\tiuni sensiH and Micr·ot8rmes
Obe..~si) and dr·ought had dec:imc:\tecl i:ha population (Reddy et al.,
unpub.)b
Consider·able ltt'i.\f
fall
occurs from
per·Hnnial
pigeonpeab
Nuc:h of this ia retained in the PP + 8 emd PP + · 8
+ C plots but it is blown away -fr·om PP plots
which
consequrilnt I y
hay(~
gener·all y bare soi 1 throughout the year.
The S. hi.Uiu"ita pr·oduc:es a thick cover· up t:o 0. ~5 em high during
t.he t:'ainy season \..,hi le c.
ci l iaris plots t·H1Va c:ompl€~te
projF.Jc:ted folic.\ge cov€~r bt.tt:Qr-ass tl.tfts an3 ~>ep<"lr·.:.\ted by bare

soil areas.

Two observational plots of tha same dimensions
were
emtabliBhed prior to {:he rainy HE~ason in 1990 in a
10 yeat'"B
old pasture area on a similar Alfisol about 800 m away.
This
pastLu-e had a c:ampleta cover,
~>.~as campQsed of mixc-!d
gr-asses
and
legumes
and
had been ungrazed
but
occasionally mown.
Cuttings wen~ left in place ~s.o that a thick or·gani€:: ffil.\lch had
developed.
earth,..,orms
~>Jere
sampled in each
plot
by
t.he
hand
me.~thod, (·!Ver·y month during July to Sep1:E-?mbet",
1989 and
June to October, 1990.
The soil of an ar·ea measuring 0.25 m x
0~ 25
m (.1i\H r·emoved to a dep-th of 0.15 m, placed in can enamel
tt~ay and c:arefull y sear·ched fot- adult and juvenile earth~·~orms.
In
1989, two t-andoml y selected areas and in 1990 t.hree areu<:.)
in each plot !tJer-e sampled.
The earthworms of each plot.
wet~e
t::ollected
in separate pnl ythene bags with t':\ 1 i ttl e amount
of
moist
so).l and brought t.o the 1 aboratory.
They were
counted
and wa:shed of t:he adhered soi 1. · particles, soaked with f i 1 t€-?r~
paper
t.o rHmove the ~>.~att!r attHc:hed to their· out.er· body w~ll ,
H:nd WHi ghecJ •
The

~HJt-t

i ng
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Ex ami nation
of
the ear·thworm data showed
that
the
populations
WP-re
much higher
in
the perennial
specir~s
treatments comparee! to the tr·eatment~E ttli th annual
cropping.
C(msequentl y

a

1 t.;.ast squares analysis of variance

was

done

separately for each group to obtain adju~;.ted treatment means
which \.<Jer·a compar·t~d "S;.tatistically u~si.ng Otulcan's
k~·r;;d:io
t

test..
RESULTS AND DISCUSSION
The species of
eat-thworm found in plots of
the cm-e
experiment
weu-e pr·edomi nantl y
Ochnchaetona
phi 11 E.!t i (6T/.) 7
Lampit:o
maw-itti
(31%)
and occasionally
Drawid.:.'
sp
<2%).
These are relativHly small sized sper..:ie£; living mc•stly in the
(0-0. 15 m depth).
In the long term pasture at-ea
the dominant Hpl~C: i E:-s \.oJas B.arogaster sp .. , a r·el ati vel y
1 arger
and dE~eper· burTowi ng spflci es which deposits 1 arge c:asti ngs
on
the soil
surfaceK
~ philleti and pr~~id~
sp.
wer·e also
surface soi 1

y·ecorded in small

TMbla 2.

nLimbet-s.

Adjusted tt"eatmE?nt means and significant responses
(k
< 100) in juvenile earthwt·u-ms, to{:al number·
of £-?cwthworms and earthworm bi amass t.o treatments
in 1989 and 1990.

a) Annual crops

Treatment
EarthHorm
measurement

Date

k-ratio LSD

~:~~~~~~~~~---~:~-~;;~----~~~;·----~~~ii---~~;ii---··---;~;---(counts m )
Totals

(counts m-2 l

Biom~2s

(g •

Jun 1990

8.8

Jul 1989

7.5

Jun 1990

0.7

)

b) Perennial crops

Treatment
Earthworm
measurement

Date

pp

PP+S

PP+C+S

C

C+S

s

k-ratio
LSD

~:~~~~~~:~~---~:~-~;;~---;~;ii<--;~~~·----~~;ii---~<-----;:;ii-·--~~;ii---~:;-<counts m }
Totals
(counts
Bio•~2s

(g •

m- 2 >

Jun 1990

3o.oa

Jul 1990
Sep 1989

19.8b

12.4 c

Jun 1990

2.o•

b

)
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oc
42.4ba 10.4cb 39.2a
12.2 c 16.2" 18,9a

oc

7.0

7.2
4.9
0.6

FHw
si gni ·F i cant
r·esponses
in
earthwor·m
population
or
biomass were measured to the individual treatments (Table
2).
A generc.'\1 response was measLwed in aune, 1990 when t i 11 age and
perennial
spec:i es
produced
signi-ficant
r·esponse~>
for
juveni llE:.H=.:i and tot.al biomass~
The r·e-~spanse to treatments fnr
juveniles,
total and biomass ~~erE• the same \~ith zer·o tillage
having
(:he
most
e;c.t-thwor·ms
among
the
cuu1uall y
c:r-oppt~d
tt-eatments and tr·eatmF-nt~::> with §..~- ':l~mat.a and hHvi ng
genet-ally
more earthwot-ms than the plots which had less cover· (PP)
Also
these r·espor1set; were not generally similar to tt1e responses irl
~June,
1990.
The effect of amendments on eat-tht.>lot-ms was not
signific:arlt at all sampling dates and the tillage x amendment
interaction was si gni ·F i cant for· bi om.:\:15 at one sampl i.ng date
(August,
1989).
We conclude t.h(:.\t the r·euponse o·f
ei.\rth~oJcwms
to the ir1dividual treatments within either ant1ual cropping
or
pet··enni .r-~1
cr·oppi ng
han
been
small
and
inconsistent.~

The adjusted treatment means were combined fotperennial
and the mean Vi3.lues ,;~,re compared in Figure 1
!tJi th
the
data fr·om the long term pasture plots.
Ver·y large diffet-ences
,3-r·e
appan:~nt bet·.wf~F.m the t.reat.ment. groupr;:; in both values
and
trends
dLn- i ng the sea scm.
Although the annual group and
the
per·t~nnial gr·oup had similar vc.\luen at our initiL"'l sampling
in
July
1989
the
changes
during the
sea~.:mn
Ner·e
in
mL'n·ked
ccmtt- ast ~
The p 1 at s with pet-enni al ~;pee; i es c~i thc·n·· mc:ti nti~d nc.?d
or·
incr-c~ased
population .~nd bioma5o;.i but in
the
plots ~'lith
s;.r.n-ghum ear·t.hNot.. m pupuJ..,.xt.ion rapidly dec.linf?d
to vif··tually
cr·ops

ze~-c).

In
lJune 1990 1 smt.\ll nL!mber-s of juvenile~J wer-e pr·e~a:.>nt. in
the annually and p(:!t-ennially cr·oppecl plots of
the cor·e
expet-imf.mt but numben:. in the annually ct-opped plots declined
ovettime
to
near ;.: ero l compared
tel Btt:!ady i ncreaHes in
number·s
of both juveniles and adult-:-:1 in pt":t-ennial plots.
In
the l(Jflg 1.:.:-~r·m pe:"'stun.'} plots earthwcJrms numb(H"H .?.lno
incr"Eh3.5ed
thr·ough
the
season but the total numbers pn?sent
wet-e
much
larger·
and .:,, rel at i vel y 1 al'·gt~ rn.tmbm'- rJf adults
\"if~r·e-~
c.\1 r·eady
pr·esent at the initial sampling at this site in June, 1990.
The
e;:u-t.hwal'·m popul ati <Jns in the 1 ong term
pastur·e
are
gt?r\er·aJ.l y
\oJi t.hi n
the l"'anges repm-t.ed by
Edwar·ds
and
Lof t.y
( 1977)
for·
temper· ate pc;'l.stures and mot-€-? than the-!y
rf.,.por·t
in
tr·apical
soils.
The
June, 1989 populations
in
the
cor·e
expet-iment
art~
also within the r·angeH
t-epor·tec!
·few
-2u·able
soils in Eur·ape (Edwar·ds and Lo·fty~ 1977> and in
sub--tr·opicL\1
Queenslaild~
Austr~\liiJ. (RLlbt~t.. tson~ 1989).
While
the
pastur·e.~
plots
shav-J
the eHpected tr·e-nds of
higher~
populations
~o>Ji th
longer·
·time Ltndt:!t- past:ur·e and incr·easin9
pcJpulation!::;
dcwing
the wet season~ the plot~:; croppe-I!d tt1 sot-ghum c::ansist.ent.l y sht"JN
une-?:.:pected
;;;easonal
tr·endo:; (dect-ea-ne o·f ~a.r·thNor·m·~
t.a
near
~:.:et-a)
and
little or no n~5ponse to the
appliE-~d
tr-eatment<;.=.;_
The
mo~>t likely explanc.,t:l.on for these f"esponses is
thi.'\t
thr·~
car·bo-fur·an
c:\ppl ic:ation5 for insect pest contt-ol
also
killed
tht7
ear· th~tJor·m!.-'1 ~
Carbof Ln.. nn is t.o>: i <: to e.ar·thv-Jot.. ms (lnd
ti:\kes
som~
timE?
to completely reduce t.he pnpul at.i on
(Pat-melee
!:..."=-
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al.,
1990).
Figure.i shows a population decline over b<~o
months to September
1989.
The reappearance of
juvenile
ear·thworm~;
in
these plots in June 1990 w~~s probably dLie to
efl'tet-gence
from cocoons at- migration
ft-om
border
areas.
Negligillle rlumhers of Juvenile~i and adults wer·e subsequently
found indicating furth~r to>dc effects due to either t-esidual
c:ar-bofurt.-\n
fn:Jm 1989 or the small c.'dditit'lnal
appliciltion
of
carbofuran in 1990.
This d~cline in the population completely
ma~ked
.r..,ny
possi bl (~ t i 11 age ut- amendment
trentment
€~ffects
although the few differ·ences found did favot.w reduced
tillage
as m·:pec:ted

Ne

<Table 2).

pl.::m to continuH this

without. applying soil
effects
on population and bi amass.
llJe wi 11 also r·emcwe the
per·enni al
pastures
in
t.he
cor·(;. e>:per·iment and
study
the
populc..'t.tion
dynami c.:s
under
subsequent annual cr·oppi ng.
The
1 ong
ter·m
pasture are{:;\ wi 11 be n~tained ·for c:ompar·at: i ve pur· pose~;~
The
data
fr·om
the July, 1989 sampling suggest that
cultivation
t::,yst.ems
without. soi 1 applied
inli)r:?ctic:ides may
maintain
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and c.:ultiV£\tion WOLild clarify the effects of these managements
expel~iment

insecticides to the anr1ual cror> to folloW lcrlgar· term

on

e<;~.r·thwot··ms.

CONCLUSIONS
AJ. f i sols unden- pasture support t-el ati vel y
of ear·thwol''"ffiS ;._uld popul at: ions incr·ease with

Semi ·-at- i d
population::>

high

time

under· a pHstur·e phase.
Any
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sCJi l management
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population by insecticidal application.
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EFFECT OF TILLAGE AND COVER CROP ON NITROGEN TRANSFORMATION
IN SOIL AND GROWTH OF CORN.
M.s. Maskina* and J.F. Power **
*
Department of Soils, PAU, Ludhiana-141 004, India
** University of Nebraska, Lincoln, Nebraska 68583 u.s.A.
Fertilizer requirement and nutrient availability in the
soil are influenced by tillage and residue management.
Tillage affects both physical and chemical properties of
soil which, in turn, alter the environment for root growth,
nutrient uptake and yield of the crop.
Tillage favors
oxidation of organic matter and loss of surface soil through
accelerated soil erosion.
The effect of both these
processes on decreasing soil organic matter content and loss
of productivity have been frequently documented (Unger and
McCalla, 1980; Larson et al., 1972; Power and Mask ina,
1989).
Crop residue under the no tillage system has been
found to increase soil-water storage during the growing
season which can lead to great N losses through leaching
(Thomas et al., 1973), denitrification, immobilization (Rice
and smith, 1982) and lower rates of mineralization of
organic N (Doran, 1980a) . Because of many potential N loss
pathways,
the no-tillage system may require more N
fertilizer to attain yields comparable with conventional
tillage.
Incorporation of legume residues into soil can
meet several current needs in agriculture production
including soil, water and energy conservation and also
enhance over all soil productivity (Hargrove and Frye,
1987).
In the present study 1 an attempt has been made to
evaluate the effects of tillage systems, winter legume and
fertilizer N on soil N transformations and yield of corn
under dry land conditions.
MATERIALS AND METHODS
The study was conducted from 1986 through 1988 on a
Crete Butler silty clay loam (fine montmorillonite, mesic
Pachic Agrustol Abruptic Argiaquolls) at the Agronomy farm,
University of Nebraska, Lincoln.
Climate is typically
continental with 70% of the total
(717 mm)
annual
precipitation falling between April and September. Rainfall
distribution throughout the growing season is highly
variable.
The experimental site was nearly level (0.2%
slope) .
At each soil organic matter level (SOM o, 1, 2 and 3)
created by addition of o, 50, 100 and 150% crop residues in
the previous long term experiment, the influence of tillage
(no-till and tilled), winter legume, hairy vetch (Vicia
villosa Roth) and fertilizer N (0 and 60 kg Njha) were
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studied on corn under dryland conditions.
The effects of
main treatments (SOM levels) will be discussed elsewhere.
The experiment was laid out in a split plot design with SOM
levels as main and other variables as sub-treatments.
Treatments were replicated four times. Corn (Nebraska 611)
was planted with 42000, 37500 and 39700 plants per hectare
on May 14, June 9, and May 12 in 1986, 1987 and 1988,
respectively. Corn was overseeded with 60 kgfha hairy vetch
when corn leaves were beginning to senesce each fall and
effects on the following corn crop were evaluated.
In
spring 1987, hairy vetch growth was very poor due to more
wet winter season. Hence soybeans were planted on April 27,
and killed/incorporated on June 8, to study its effect on
the following corn crop.
Regular nitrogen in 1986, and
depleted 15-N in 1987 and 1988, were applied NH4N03 after a
week of corn planting. Winter legume was sprayed in no-till
and incorporated in tilled treatments one to two days
earlier of corn planting.
Biomass of winter legume and N
accumulation in above ground portion were determined before
killing the legume. Corn plants were sampled (whole plant)
as six leaf and (ear leaves) ear leaf stages. At maturity,
grain and stover yields were recorded and expressed at 15.5%
moisture and oven dry basis, respectively.
Plant samples
were analyzed for total N by modified microkjeldahl
digestion followed by N determination with Technicon
Autoanalyzer. The isotopic ratio of 15-N and 14-N in plant
and soil samples was determined by Mass Spectrometery.
Percent nitrogen derived from fertilizer
(PNDFF) was
calculated at different growth stages of corn. Before the
start
and
during
the
experiment,
important
soil
characteristics, e.g., organic matter, total nitrogen, bulk
density, mineralized nitrogen and water hold capacity, were
determined.
RESULTS AND DISCUSSION
(a)

Effect of Tillage

Tillage treatments did not differ significantly in their
effect on corn grain yield during 1986 and 1988, whereas
tilled treatment yielded significantly more grains in 1987.
Grain and stover yields were 9% and 17% less in 1987, and
5% and 13% more in 1988, in no-till than tilled plots,
respectively.
When averaged over three years, results
showed 3% more total biomass production in no-till system
than in tilled one. Plant population was 4% and 3% more in
1986 and 1988, and 9% less in 1987 in no-till than tilled
treatments, respectively.
Nitrogen content of plants at
different growth stages did not vary with tillage system but
decreased with age due to dilution effect caused with
increase in biomass. Total removal of nitrogen was around
80 kg Nfha in both the treatments.
PNDFF was 41% and 22%
higher in no-till than tilled treatment at six leaf and ear
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leaf stages, but these differences were not reflected in
grain. Fertilizer N use efficiency hardly exceeded 38% in
both the systems (Table 1).
In this study, the values of soil organic matter, soil
bulk density, water filled pore space determined in no-till
and tilled plots were 2.63% and 2.74%, 1.44 and 1.27 Mgjm
and 23% and 18%, respectively. Nitrate content in surface
soil of no-till treatment was 31% higher than of tilled
treatment.
Temperature plays an important role in plant growth.
Maximum soil temperature recorded during crop season in 1987
and 1988 was low by about one degree centigrade in no-till
than tilled plots. Yearly variations showed that maximum
soil temperature was 4-6°C higher in last fortnight of
August during 1988, compared to 1987. Very poor grain yield
recorded in 1988 could probably be the result of the adverse
effects of high temperature coupled with extreme drought
conditions at the fertilization stage of the crop. In this
study the production level varied widely as a result of
yearly variations in growing conditions. Slow decomposition
and concentration of crop residue and organic matter near
the soil surface increases the diversity of microorganisms
and fauna which can result in greater recycling not only of
N within the soil ecosystem but also create less potential
for loss of plant available nitrogen due to leaching
compared with conventional mold board tillage (House et al.,
1984; Lynch and Panting, 1980; Doran, 1987).
Comparable
results of crop yield obtained in no-till practice could be
assigned to the favorable effects of soil properties
recorded in this treatment. Reduced or no tillage system
and cover crop are especially effective management tools for
conserving soil organic matter (Doran, 1970b; Power and
Doran, 1988). The use of no-tillage practice can increase
the organic carbon and nitrogen content of surface soils.
The effect, however, is commonly observed after five to ten
years of no-tillage farming in soils that were previously
moldboard plowed for several decades (Lal, 1976; Moschler
et al, 1972). The results show that there are substantial
benefits from leaving crop residue on the soil surface in
addition to cumulative effects that may result from reduced
erosion losses and enhanced soil organic matter content.
(b)

Effect of Winter Legumes

Through all the years, the killing/incorporation of
winter legume did not show any additional benefit in yield
of corn grain and stover.
However, nitrogen content was
8.4%, 6.1%, 8.5% and 6.1% more in plant samples taken at six
leaf and ear leaf stages and in grain and stover from legume
treated plots than those from no legume plots.
PNDFF in
whole plant sampled from legume treatment at six leaf stages
was 19% higher than that from no legume treatment, but this
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effect was not reflected in grain.
Interaction between
legume and fertilizer N showed that winter legumes increased
corn grain yield by 4.3%, 12.7% and 17.7% in no-N treatment
during 1986, 1987, and 1988, respectively, over no legume
treatment (hairy vetch) and tillage system was observed on
corn yield in 1986.
However, in 1987, winter legumes
(soybean) reduced corn yield by 12% in no-till and improved
by 3% in tilled treatments over no legume treatment. During
1988, legume (hairy vetch) gave corn yield 10% more in notill and 7% less in tilled systems compared to no legume
treatment. Maximum nitrogen was removed by corn crop with
tillage in 1986 and 1987, and no-till in 1988, respectively,
in legume plots.
Total biomass production of hairy vetch was 916 and 817
kgjha in 1986, and 1552 and 1470 kgfha in 1988 under no-till
and tilled systems, respectively. However, during 1987 the
biomass of soybean was 1919 and 2023 kgfha in no-till and
tilled plots, respectively. Despite substantial biomass of
winter legume and N accumulation, corn yield was not
favorably influenced in this study. It could be attributed
to slow mineralization and for immobilization of vetch N.
Favorable effect of legume on grain yield and N removal in
1986 and 1987 in tilled system could be explained by normal
rainfall in these years which enhanced legume residue
decomposition and N mineralization tilled plots. However,
in 1988, a year of stressful conditions, favorable effects
of legume were found in no-till system. Varco et al. (1987)
reported that tillage enhanced legume residue decomposition
and mineralization.
Nitrate content in surface soil
determined in winter legume treatment was 63% more than no
legume treatment. Although more N is recovered when vetch
is plowed under, both the monetary and the environmental
disadvantages of plowing may favor using no-till practice
and adding some additional N fertilizer rather than plowing.
Koerner and Power (1987) reported that corn grain yield
increases under disking the vetch rather than leaving the
dead residue on soil surface.
Both hairy vetch and big
flower vetch cover treatments gave more corn grain yield at
all N levels compared with corn residue only (Herbek et al.,
1987). Power and Maskina (1990) concluded that soil quality
is maintained or enhanced by the use of conservation
production systems - especially are: use of reduced or notillage and use of legume cover crops.
(c)

Effect of Fertilizer Nitrogen

Corn crop significantly responded to application of 60
kg N/ha in all the years.
Grain and stover and total
biomass yields were 31% and 24% and 25% more in nitrogen
treated plots over no-N treatment.
Nitrogen content was
considerably high in corn plant at all stages of growth and
uptake by corn crop was 44% more with application of
nitrogen over N-control (Table 3).
Nitrate content in
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surface soil of N treated plots determined in May 1988 was
45% higher than that of no-N treatment.
Interaction of
tillage practices with fertilizer nitrogen gave maximum
grain yield in nitrogen treated plots with tillage during
1986 and 1987 and with no-till during 1988 respectively.
Bandel (1979) reported that at sub-optimal level of N
fertilization yields with no-tillage are lower than those
for plowing. However, at higher level of N fertilization,
no tilled corn yields are generally higher than those with
plowing.
CONCLUSION
Tillage systems did not vary significantly in their
effect on corn grain yield. However, during 1988, no-till
plots yielded 5% more corn grain than tilled plots. Percent
nitrogen derived from fertilizer by corn plant at six leaf
stage was 41% higher in no-till treatment over the tilled
one.
Soil organic matter and nitrate content were
significantly higher in no-till plots.
Generally winter
legume did not show any additional benefit on yield of corn
but the N content in grains was significantly higher
compared to the no-legume treatment.
In the absence of
fertilizer N, winter legumes, however, raised mean grain
yield by 12% under different years.
The production level
of corn varied widely as a result of yearly variations in
growing conditions.
Application of 60 kg Nfha (15NH 4 NO~)
gave 31% higher grain yield over no-N treatment.
It 1s
obvious that no or reduced tillage conserves energy
otherwise utilized for tilling and thus can reduce input
cost without any adverse effect on corn yield and
environment.
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TABLE 1.

Effect of tillage on growth of corn and nitrogen recovery

Treatment

1986

Year
1987

1988

Mean

1986

Year
1987

1988

Mean

No-till
Tilled
LSD 0.05

6.44
6.57
NS

4.72
5.17
0.33

3.39
3.22
NS

4.85
4.99

2.96
2.95
NS

3.31
3.87
NS

5.45
4.81
NS

3.91
3.87

No-till
Tilled
LSD 0.05

Total Biomass Mg/ha
8.40
7.31
8.84
8.50
7.24
8.03
NS
NS
NS

8.18
7.92

No-till
Tilled
LSD 0.05

N content in leaf (%)
2.54
2.56
2.53
2.57
2.64
4.43
NS
NS
NS

2.54
2.55

No-till
Tilled
LSD 0.05

N content in stover (%)
0.49
0.49
0.58
0.53
0.66
0.52
NS
NS
NS

0.52
0.57

-----------------------------------------------------------------------------------------Corn Grain Mgfha
Corn Stover Mh/ha

~

""

No-till
Tilled
LSD 0.05
No-till
Tilled
LSD 0.05

--

N content in plant (%)

--

--

--

PNDFF at six leaf stage
44.09
25.99
35.04
34.68
14.87
24.77
7.18
10.93*

--

---

--

---

--

PNDFF in grain
25.27
29.29
26.54
28.21
NS
NS

* significant at LSD 0.01

27.28
27.38

--

3. 69
3.66
NS

3.70
3.66
NS

3.79
3.78
NS

N content in grain (%)
1.32
1.33
1.42
1.24
1.34
1.57
NS
NS
NS
N uptake by crop (kgfha)
82.60
70.82
81.35
86.75
74.88
80.37
NS
NS
NS

3.73
3.70

1.36
1.38

78.29
80.67

PNDFF at ear leaf stage
32.05
25.41
28.71
23.56
26.13
20.98
3.70
NS
--

---

Fertilizer N recovery (%)
38.35
37.10
45.60
-34.54
40.00
37.27
NS
NS

--

--

TABLE 2.

Effect of winter legume on growth of corn and nitrogen recovery
Year
1987

Mean

1986

- Legume
LSD 0.05

corn Grain Mgjha
5.02
3.28
4.87
3.33
NS
NS
NS

4.93
4.90

2.92
2.99

+ Legume
- Legume
LSD 0.05

Total Biomass Mgjha
7.31
7.24
NS
NS

7.86
7.84

3.62
3.73
0.08

2.47
2.62

1.21
1.25
0. 07

+ Legume

1986
6.51
6.50

+ Legume
- Legume
LSD 0. 05

NS

+ Legume
- Legume
LSD 0.05

0.49
0.52
0.03

2.49
2.51

2.46
2.64
0.15

NS

1988

Corn stover Mgjha
3.06
3.12
NS

N Content in Plant

8.41
7.48

N Content in Leaf

00

Year
1987

1988

Treatment

(%)

2.47
2.70

NS

3.62
3.74
0.10

Mean
2.99
3.05

(%)

3.47
4.12
0.17*

N Content in Grain (%)
1.31
1.39
1.35
1.62
0. 04
0.06

3.57
3.86

1.30
1.41

0

N

Content in Stover (%)
0.49
0.49
0.52
0.52
NS

N Uptake by Crop (kgjha)
72.44
-77.65
73.28
-79.84
NS
NS

82.86
86.40

+ Legume
- Legume
LSD 0.05

PNDFF at Six Leaf Stage
39.40
15.70
27.55
40.52
25.14
32.83
5.38
NS

PNDFF at ear leaf stage
29.67
21.03
25.35
28.67
25.31
26.99
NS
NS

+ Legume
- Legume
LSD 0.05

PNDFF in grain
27.67
31.72
34.13
25.79
NS
3. 54*

Fertilizer N Recovery (%)
26.71
26.71
25.57
25.57
NS

* Significant at LSD 0.01

29.69
24.96

TABLE 3.

Effect of fertilizer nitrogen on growth of corn and nitrogen uptake.
Nitrogen kgfha

Year

0

60

LSD

o.os

Nitrogen kg/ha

LSD

60

o.os

2.68
2.73

3.23
3.45

0.31.2
0.521.

2.70

3.34

0

-----------------------------------------------------------------------------------------Corn Grain Mg{ha
Corn Stover Mg{ha
1.986
1.987
1.988

5.71.
4.47
2.95
4.38

Mean

8.1.3
5.43
3.65
5.74

0.474
0. 41.5
0.284

--

Total Biomass Mgfha

::!

1.986
1.987
1.988

7.46
6.50

9.43
8.06

Mean

6.98

8.75

--

--

N Content in Plant (%)
0.476
0.575

---

N Content in Leaf (%)
1.986
1.987
1.988

2.36
2.30
2.09
2.25

Mean

2.74
2.70
3.09
2.84

3.23
3.23
3.58
3.35

4.1.2
4.1.3
4.00
4.08

0.079
0.1.50
0.1.67

N Content in Grain (%)
0.056
0.1.26
0.1.20

--

1..1.7
1..20
1..28
1..22

1..29
1..47
1..72
1..40

0.043
0.096
0.062

N Content in Stover (%)

N Uptake by Crop (kg{ha)

1.986
1.987
1.988

0.43
0.44

0.53
0.57

70.1.4
57.96

99.1.5
87.74

Mean

0.43

0.45

64.06

92.30

.--

.----·

--

0.043
0.075

--

6.541.
7.590

PLANT NUTRIENT DISTRIBUTION AND UPTAKE IN NO-TILLAGE
SYSTEMS
D.J. Eckert
The Ohio State University, Columbus, Ohio, USA

successful soil fertility programs ensure that plant nutrient
deficiencies do not limit yield and that the producer achieves
optimum return per unit of input invested in the crop.
Such
programs are designed to bring nutrients and roots together in
an environment that promotes uptake adequate to satisfy plant
needs. Generally this involves creating a soil environment that
permits adequate root development and activity, providing enough
water to allow movement and absorption of nutrients by these
roots, and maintaining nutrient concentrations in the soil
solution that allow absorption until plant needs are satisfied.
Traditional fertility management programs may require
modification to be successful in conservation tillage and,
particularly, no-tillage production systems.
The degree of
modification will depend on the nature of the conservation
tillage system used and the conditions under which it will be
used, For purposes of this discussion, "no-till" will refer to
systems in which no tillage is performed prior to planting, and
the crop is planted into essentially undisturbed plant residue.
The tendency for organic matter to accumulate at or near the
surface of fields cropped with no tillage under both tropical
and temperate conditions (Aina, 1977; Blevins et al., 1977;
Dick, 1983; Eckert, 1991; Havlin et al., 1990) is often
associated with such physical changes as increased water
infiltration, reduced soil temperatures, and reduced soil
crusting (Lal, 1989). Surface accumulations of organic matter
can also have implications for soil fertility and fertility
management.
Such implications will be discussed where
appropriate in the remainder of this paper.
"Stratification of Nutrients"
One of the more striking fertility effects seen in fields
cropped without tillage is the accumulation of relatively
immobile nutrients near the field surface (Table 1) . Phosphorus
{P), potassium (K), calcium (Ca) and magnesium {Mg) may all
accumulate at or near the surface under certain conditions.
The accumulation begins when nutrients are placed on the soil
surface as applied fertilizers or crop residues.
The lack of
vertical mixing in no-tillage systems then precludes rapid
physical displacement of the nutrients deeper into the soil
profile.
Stratified distributions of some nutrients may then
develop because of their rates of diffusion or leaching of into
the soil are slow relative to their rates of addition at the
surface. Depletion of nutrients in deeper parts of the profile
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(usually by root uptake) can further accentuate stratification
gradients.
Table 1.
Distribution of several soil attributes after four
years of no-till continuous soybean (Glycine max L. Merr.)
production (from Eckert, 1991).
Depth
em

Organic
c
gjkg

Bray-1

Exchangeable
ca
M
K
----------------mmoljkg------------p

0-5
5-10
10-15
15-20

17.0
14.0
14.7
13.6

1.45
.40
0.42
0.37

4.00
2.10
1. 77
1.68

22.5
21.9
22.5
.2.1...d

lsd_ 05

0.6

0.22

0.57

ns

6.69
6.68
6.94
.2_,_.2A_

ns

Phosphorus gradients are often ed in terms of "available" P,
indicating that only the fraction removed by a particular
extractant was evaluated. Such extractants normally remove only
a portion of total soil P, a fraction believed to index the P
fertility status of the soil. Accumulation of available P near
the soil surface in no-tillage cropping has been observed
frequently on temperate (Cruse et al., 1983; Eckert, 1991;
Eckert and Johnson, 1985; Fink and Wesley, 1974; Griffith, 1974;
Ketcheson, 1980; Lutz and Lillard, 1973; Moschler et al,. 1972;
oloya and Logan, 1980; Shear and Moschler, 1969; Triplett and
Van Doren, 1969) and tropical soils (Juo and Lal, 1979; Lal,
1976; Machado, 1976). Stratification can occur as a result of
simple residue deposition (Table 2), but is enhanced by surface
broadcasting of P fertilizers with no incorporation (Eckert and
Johnson, 1985; Fink and Wesley, 1974).
The degree of
stratification can be dependent on soil characteristics and
placement of P fertilizers. Oloya and Logan (1980) found very
strong P stratification in no-till cropping of a silty clay soil
with
strong
P-sorption
characteristics,
while
Karlen
et al. (1984) found little evidence of such stratification on a
coarser textured sandy loam soil.
Eckert and Johnson (1985)
found reduced P stratification on plots cropped without tillage
when P fertilizer was applied in a band 5 em below the soil
surface than when the fertilizer was broadcast on the surface
(Table 2).
The tendency for P to accumulate at the surface of fields
cropped without tillage has
important
implications
for
P-fertilizer management in such systems.
Development of
stratification indicates that the rate of P movement into the
soil profile is probably quite slow. Therefore, if fertilizer
is broadcast onto the field surface, its movement into the soil
is also likely to be slow. Fertilizer P may penetrate the soil
only slightly during the year of application.
If the soil
surface is well covered with mulch and remains moist enough to
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maintain sufficient root growth for adequate P uptake, P
nutrition of the crop may not be affected. However, if the soil
surface dries frequently or for long periods of time, root
proliferation and activity at the surface may not be sufficient
to sustain adequate uptake unless the concentration of available
P at the surface is quite great.
Eckert and Johnson (1985)
found that more P fertilizer was required to achieve maximum
maize (Zea mays, L.) yield when it was broadcast on the soil
surface than when applied in a band 10 em below the surface
under no-till conditions. The study also demonstrated that more
P fertilizer was needed to achieve comparable yields when
broadcasting
under
no-till
conditions
was
compared
to
broadcasting followed by incorporation.
The differences were
quite pronounced under conditions where soils were very P
deficient, but became lesser as availa.ble-P concentrations in
the soil increased.
Lal (1989) has proposed that P-fixation
tendency might be a guide to the acceptability of broadcasting
P in no-till systems on tropical soils.
Table 2,
Effects of P-fertilizer addition and method of
placement on Bray-1 P accumulation at the soil surface (from
Eckert and Johnson, 1985) .
Depth
em
0-5
5-20

o kg P/ha added

29 kg P/ha added
Broadcast
Band
-------------------mg P/kg-------------------14

23

17

9

10

9

Another consequence of stratification in no-till systems may
be its effect on soil test levels.
Eckert and Johnson (1985)
found that the "sufficiency level" for P (the soil test P level
above which responses to additional fertilization are unlikely)
was greater for corn grown in no-till than moldboard-plow
culture.
Guertal
et al.
(1991)
found evidence that
stratification could result in saturation of stronger binding
sites for P at or near the field surface, forcing added P to
weaker sites which, though capable of retaining P against
leaching, surrender it more readily to soil test extractants.
Had a similar amount of P been incorporated uniformly in the
soil, more would have been exposed, and probably adsorbed, to
stronger binding sites, reducing its extractability, and
reducing the increase of soil test level due to addition of the
similar quantity of fertilizer.
The increased sufficiency
level noted by Eckert and Johnson (1985) may be an artifact of
the differential binding caused by stratification.
Such
findings indicate that relationships between soil test levels
and crop response valid under conditions where fertilizer is
well incorporated may not be valid for no-tillage situations,
and additional correlation and calibration studies specific to
no-tillage cropping may be required.
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Other nutrie_nts, particularly K may exist in stratified
distributions 1n soils subjected to no-tillage practices
(Blevins et al., 1978; Cruse et al., 1983; Eckert, 1991; Fink
and Wesley, 1974; Griffith, 1974; Ketcheson, 1980; Lal, 1976;
Moschler et al,. 1972; Moschler et al., 1973; Shear and
Moschler, 1969; Triplett and Van Doren, 1969).
As with P
stratification, accumulations of K at or near the soil surface
occur when K is deposited on the soil surface by broadcast
fertilizer application or crop residue deposition.
Potassium
concentration gradients may develop in one crop season on some
soils because large quantities of K are contained in many crop
residues. Potassium will be held near the surface on the cation
exchange complex and, therefore, soils with low cation exchange
capacities (CEC) may show little surface K accumulation
(Karlen et al., 1984). Such an observation indicates that on
tropical soils with low cation exchange capacities, where K
leaching is prevalent, K gradients may not develop.
However,
if no-tillage promotes accumulation of organic matter near the
soil surface, CEC and retention of cations near the surface may
also increase (Aina, 1979).
Calcium and magnesium also have relatively low mobilities in
soils with significant CEC and may show accumulation at the
field surface under no-tillage conditions (Blevins et al., 1977;
Blevins et al., 1978; Lal, 1976: Moschler et al., 1973) Because
relatively little Ca and Mg are contained in crop residues, most
of this stratification is due to surface application of liming
materials containing these cations. The exception would be in
soils where increasing organic matter at the soil surface allows
increasing retention of these species. Calcium and magnesium,
however, may not always show accumulations, and may in fact,
show depletion from surface zones in some situations. Moschler
et al. (1973) found depletion of Ca on non-tilled plots cropped
to maize without applications of lime. Eckert (1991) found no
surface accumulations of Ca or Mg on non-tilled plots cropped to
maize when injected anhydrous ammonia was used to supply N, and
depletion of Ca and Mg from surface zones in plots where
surface-broadcast urea-ammonium nitrate solution was used.
Blevins et al., 1977, 1978) proposed that Ca leaches in
conjunction with nitrate-N derived from surface-applied N
fertilizers. Our observations substantiate this hypothesis and
indicate that Mg is also·transported under similar conditions.
Similar observations can be made regarding management of
cationic nutrients as were made for phosphorus. When nutrients
tend to concentrate at or near the field surface, management
practices must be employed to ensure adequate uptake by the
crop. Providing adequate mulch to maintain moisture sufficient
for rooting at the surface is very important. If this is not
possible placement of nutrients below the surface is advisable.
Soil pH Considerations
Though soils tend to become acid over time due to natural
processes such as leaching of "basic" cations and release of
iron and aluminum during mineral weathering, acidification of
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agricultural soils can be accelerated by the application of
ammonium-based N fertilizers.
These fertilizers release acid
into the soil system upon nitrification. In production systems
where N is mixed thoroughly with the soil, N effects on soil pH
may not be apparent until after many years of application,
particularly if the soil is well buffered against pH changes.
In no-tillage, however, fertilizer may be broadcast on an
undisturbed soil surface .or placed below ground in bands that
may not be disrupted for several years. In such cases the soil
in the vicinity of the point of N application may quickly become
very acid relative to the pH of the rest of the soil body.
In no-till situations surface-broadcast applications of N
fertilizer may reduce pH in the upper 5 em of the soil profile
considerably
(Blevins et al., 1977; Blevins et al., 1987;
Eckert, 1991; Fox and Hoffman, 1981; Griffith, 1974; Lal, 1976;
Reed and Eckert, 1989; Shear and Moschler, 1969; Triplett and
Van Doren, 1969). Cruse et al. (1983) and Karlen et al (1984)
found no depression of surface soil pH when maize was fertilized
with injected anhydrous ammonia.
Reed and Eckert (1989),
however, did find extreme concentration of acidity and greatly
increased concentrations of 0.01 M cacl~-extractable manganese
(Mn) in a zone where ammonia had been inJected yearly for eight
years. Maize produced on the ammonia-treated plots showed much
greater ear-leaf Mn concentrations than did that on other
treatment plots, concentrations that approached potential
toxicity.
The tendency for acidity to accumulate near the
surface of conservation tillage fields when broadcast N is used
makes it readily accessible to neutralization by surface
broadcast applications of lime.
Remediating acidity problems
derived from subsurface banding of N, however, may require
inversion tillage to place lime in contact with acid zones.
As agricultural soils become more acid, exchangeable aluminum
(Al) concentrations normally increase.
such effects are seen
under no-tillage conditions (Blevins et al., 1977; Blevins
et al., 1978) ; however, when such effects were noted at the
surface of non-tilled fields, increases in Al concentration were
often less than what might have been predicted given the soil pH
levels.
These investigators proposed that much of the Al was
removed from the exchangeable pool by complexation in the
relatively large quantity of organic matter at the soil surface,
and effect described by Thomas (1975).
such an effect could
provide significant benefits in situations where exchangeable Al
is a problem and lime is too costly to provide a routine
solution, such as in many tropical regions.
The interactions
between organic matter and aluminum, and the effects of
conservation tillage on such interactions surely warrant further
study.
Nitrogen Fertilizer Considerations
Fertilizer N is subject to several processes when applied to
soils. If initially applied in ammonium-N form, a large portion
will likely be nitrified, with a concomitant increase in soil
acidity.
If sufficient organic matter and microbial activity
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are present, a portion may be immobilized during decomposition
of the organic matter.
Some of this immobilized N will be
released later during decomposition. If the soil becomes
saturated, N may be lost by denitrification or leaching.
The accumulation of organic matter at or near the soil
surface seen in no-till situations is accompanied by an
accumulation
of organic
nitrogen
(Dick,
1983;
Havlin
et al., 1990; Wells, 1984) .
Wells ( 1984) reviewed several
papers regarding the influence of no-tillage production on the
behavior of organic N and has concluded that despite the greater
organic N contents often seen in fields subjected to no-till
cropping, mineralization rates may be slower due to lesser
contact between the organic matter and soil microorganisms.
Doran (1980) measured greater microbial activity in the surface
layers of no-till fields and concluded that N immobilization
and denitrification might be greater in this zone than in fields
which showed no organic matter stratification. In confirmation
of these hypotheses, Kitur et al. (1984) have measured increased
N immobilization and Rice and Smith
(1982)
increased
denitrification potential under no-till conditions. Such soil
effects may lead to decreased N use efficiency when suboptimal
N rates are applied to maize planted under no-till compared to
plowed conditions; however, N rates required for maximum yield
under both systems may not differ (Bandel et al., 1975).
Perhaps the process that has generated the most interest
regarding N management in no-till systems is volatilization of
ammonia from surface-applied urea-based fertilizers.
several
studies of no-till production have shown that maize may produce
less yield when fertilized with surface-applied urea fertilizers
than when fertilized with surface-applied ammonium nitrate or
injected materials (Bandel et al., 1980; Eckert, 1987, 1990;
Eckert et al., 1986; Fox and Hoffman, 1981; Fox and
Piekielek, 1987; Griffith, 1974; Mengel et al., 1982; Touchton
and Hargrove, 1982; see Table 3 for example). For several years
researchers speculated that the lesser yield produced with
broadcast urea materials was due to volatilization of ammonia
following hydrolysis of urea on the soil surface.
In 1986
Keller and Mengel (1986) reported actual measurements of ammonia
volatilization from surface applications of urea materials in
no-till production situations. Significant yield depressions do
not occur every time urea materials are compared to others;
however, they do occur an appreciable percentage of the time.
Because of this unpredictable performance, surface-broadcast
applications of urea and fertilizer materials containing urea
are usually regarded as being undesirable for consistently
successful no-till maize production.
The methods recommended most often to maintain acceptable
yields when using urea-based materials (usually urea-ammonium
nitrate solutions, UAN) are subsurface injection, and dribbling
in narrow bands on the soil surface (Eckert, 1987, 1990; Fox and
Piekielek, 1987; Griffith, 1974; Mengel et al., 1982; Touchton
and Hargrove, 1982; see Table 3). Fox and Hoffman (1981) have
also suggested that if materials are applied just prior to
significant rainfall, they will be washed into the soil and
volatilization losses can be minimized. Effective management
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steps are those which m1n1m1ze contact between fertilizers and
residues. Volatilization losses tend to be greater when urea is
applied to plant residues than to bare soil (Meyer et al., 1961;
Volk, 1959). Eckert et al. (1986) found less difference between
yields of no-till maize fertilized with broadcast urea,
broadcast UAN, and injected anhydrous ammonia when the crop was
grown in soybean (Glycine max L. Merr.) compared to maize
residues.
The major difference between the two systems was
extent of residue cover.
Similar results have been seen in
other studies in Ohio (Eckert, 1987, 1990); however, Buchholz
et al. (1990) have conducted a series of experiments in Missouri
and concluded that residue had little effect on the response of
maize to various N fertilizer materials. The difference in the
two series of experiments may be that volatilization was
accelerated by higher spring temperatures in Missouri.
such
effects of location on results are not unusual in studies
involving N management in no-tillage production and indicate
that the most useful results are those generated locally.
Table 3. Effects of different N management practices on no-till
maize yield (from Eckert, 1987).
Material and
practice

surface residue type
Maize
Soybean
--------------Mgjha--------------

No N
Injected ammonia
Urea-ammonium nitrate solution
Broadcast
Surface band

5.4
9.6

6.1
10.1

9.1
9.6

9.6
9.7

lsd. 05

0.5

0.8

Ammonium nitrate and anhydrous ammonia have been used quite
successfully in no-tillage crop production. Ammonium nitrate is
perhaps the only solid N fertilizer material that can be
broadcast onto a residue-covered surface without risking
significant evolution of ammonia.
Anhydrous ammonia must be
injected, and is therefore removed from the surface zone and its
characteristics which promote N losses.
These would be the
preferable materials for use in no-tillage systems. If minimal
residue cover is present, broadcasting urea or UAN solutions
might

be

acceptable;

however 1

as

residue

cover

increases,

surface banding and subsurface placement of these materials
become much more efficient alternatives.
summary
No-tillage systems tend to promote surface accumulations of
organic matter and those nutrients resistant to leaching in a
particular soil system.
The increased organic matter
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concentration at the surface may promote increased CEC in that
zone.
The accumulation of nutrients at the soil surface may
require adoption of fertilizer management practices that place
nutrients below the surface, or mulching practices that allow
rooting activity sufficient for adequate uptake to occur at the
soil surface.
No-tillage production may increase total N concentrations in
the soil system, due to increasing organic matter; however, this
N may not be as plant available as it would be in systems
involving more tillage.
The presence of surface residues may
promote volatilization of ammonia from surface-applied urea
fertilizers, decreasing ·N fertilizer use efficiency when
urea-based materials are used.
Such inefficiencies can be
overcome by injecting or surface-banding urea fertilizers.
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Introduction
It is no longer possible to justify agricultural practices
simply on the grounds of increased productivity. The validity
of this in relation to the management of our soils has been
acknowledged for decades, ever since the ills associated with
soil erosion were fully recognised.
In recent years further
concern has attached to the impact of agricultural operations on
the quality of water supplies, especially their contamination
with nitrate (Goss,1990).
This has lead to a greater interest
in the efficiency of nitrogen fertilizer use.
In particular
attention has focused on the identification of losses due to the
leaching of nitrate-N and the development of management practices
designed to minimise the losses (Goss,1990; Gosset a1,1990).
A number of field studies using N15 have indicated that at
harvest of a cereal crop there is little or no mineral nitrogen
in the soil left over from fertilizer applications (Dilz,1988;
Macdonald et al, 1989).
The nitrogen lost by leaching in the
following winter must therefore have arisen from one or more of
several possible sources: fertilizer nitrogen applied to the
seedbed of the following crop, mineralization by the microbial
biomass of the residues from the harvested crop and from older
organic matter in the soil or from organic manures applied, and
from any atmospheric deposition. Studies on the mineral nitrogen
content of soils after grassland or legume crops have been
ploughed up, have shown that a major source of nitrate in ~Tater
leaching from arable land can be the mineralization of organic
matter (Cooke,1976; A.E. Johnston, 1990, pers. comm.). There can
also be significant losses from grazed grassland. Nitrate can
be leached from soil under urine patches where the urea is
converted to ammonia and subsequently nitrified (Macduff et
a1,1990).
Nitrate is removed from the soil by several processes so
reducing the amount that is at risk to leaching. The roots of
growing plants take up mineral nitrogen from the soil.
Other
mineral nitrogen can be immobilized in the microbial biomass
while some may also be lost in gaseous form. In consequence of
all the processes that lead to the increase or decrease of
nitrate in soil, many of which can interact, the whole nitrogen
budget needs to be addressed if we are to find the means of
reducing nitrate leaching that are effective in the long term.
However there are few sites for which such budgets exist and
little is known of the changes induced by management practices
such as tillage.
The aim of our study was to determine the nitrogen economy for
an arable field and to investigate how soil management practices
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influenced the major components especially nitrate leaching.
Method

A fully replicated experiment to study the secondary drainage
requirements of crops
under conventional or simplified
cultivation systems was established in 1978 at Brimstone Farm in
Oxfordshire.
Plots were approximately 0.2 ha in area and the
subsoil drainage system enabled nitrate leaching to be determined
accurately by integrating the measurements of drainflow and
nitrate concentration with time (Harris et al, 1984; Goss et
a1,1988b).
During this experiment winter wheat (7 crops), winter oats (2
crops) and winter canol a -oilseed rape- ( 1 crop) were grown.
Measurement of the offtake of nitrogen in the grain and through
the burning of straw and stubble was determined for 9 seasons
(1979-1988) by analysis of the component plant tissues.
Atmospheric deposition was estimated using results from a site
at Harwell, some 20 km distant.
Denitrification was measured
using the acetylene-blocking technique in 4 seasons (Goss et
a1,1988b).
Soil mineral nitrogen was measured over two years to identify
the annual mineralization of organic nitrogen. Cores were taken
to a depth of 1.5m, and the soil extracted with KCl.
In 1988, a new experiment was started on the same plots. The
objectives included investigation of the influence of cropping
system on the mineralization of organic matter and the
consequences for nitrate leaching.
Treatments included a
comparison between incorporation and burning of harvest residues,
spring cropping after bare fallow or sown cover crop over winter,
autumn-sown oats, autumn-sown grass.
Denitrification and
atmospheric deposition were not measured but all other components
of the nitrogen budget were investigated.
Results

The major components of the nitrogen economy were quantified
for plots under winter-sown crops established after conventional
tillage over the last 9 years of a large scale field experiment.
On average 14 kg ha- 1 more nitrogen was removed annually in grain,
straw and stubble than was applied as fertilizer and in the seed
(Fig.1),
When the loss of nitrogen through leaching and
denitrification was included in the balance the excess of output
over input rose to 57 kg N ha- 1 , The single largest source of the
additional nitrogen appeared to be from atmospheric deposition,
since net mineralization of organic matter was only 15 kg N h- 1 •
However, the values for total mineralization showed that the soil
would have contributed approximately 80 kg N ha- 1 • The main cause
of nitrogen loss from this clay soil was leaching which averaged
40 kg N ha- 1 annually.

93

Grain

and

Immobilization
Inorganic N

68

43

15

40

Figure 1 . Components of the nitrogen budget
of a clay soil under autumn-sown crops
established after tillage to >200 mm.
Numbers indicate mean annual values obtained
during 1979-1988.
Values in italics are
calculated by difference.
Denitrification appeared to be relatively unimportant in this
soil.
Table 1. The effect of tillage on some major components
of the nitrogen economy of a clay soil under autumnsown arable crops.

Tillage

Plough

Direct drill

Nitrogen Inputs kg N ha" 1
Mineralization (1 year)

82.9

66.6

Nitrogen outputs kg N ha" 1
Crop offtake (9 years)
Leaching (9 years)
Denitrification (3 years)

94

193
40
3

187
35
8

100
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40
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~

0
Canota
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Residue type

The contribution from nitrogen
released by the mineralization of the
residues from different croos to leaching
loss under autumn-sown crops. The results
are expressed as a percentage of the total
derived from all soil organic matter.

Figure 2.

Simplified tillage appeared to have no effect on the total
loss of nitrogen: a greater loss by denitrification balanced the
20% reduction in leaching loss. However the decline in organic
nitrogen was less, averaging only 8 kg N ha· 1 (Table 1). After
9 years of the tillage treatments the mineralization of nitrogen
over winter on the ploughed plots was not significantly different
from that on direct drilled land (31.3±5.16 compared with
25. 6±9 .11 kg N ha- 1 ) .
Using the results for the run-down of organic nitrogen
(derived in the budget shown in Fig.1), and the leaching loss in
the period between harvest and fertilizer top-dressing in spring,
it was possible to estimate the contribution made by nitrogen
mineralized from the residues of one crop to the nitrate leaching
under the following crop.
For the three crops investigated a
greater proportion of the N leached came from residues of the
previous crop when the land was direct drilled than when it was
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ploughed (Fig.2). More nitrogen returned to the mineral pool in
the soil from canola residues than from those of wheat or oats,
The mineralization of nitrogen during spring and summer
appeared to be about 11 kg N ha" 1 greater where land had been
fall-tilled than where it had been direct drilled,
The results obtained in the second experiment showed that when
the soil was fallowed over winter the leaching of nitrogen
greatly increased (Table 2). This was due both to the absence
of uptake of mineral N by a crop, and to the faster rate of
mineral nitrogen production. In ploughed land, incorporating the
straw from the previous wheat crop instead of burning it reduced
the leaching of N by one third. However, where straw was burnt,
i f the following crop was established by simplified tillage,
where soil disturbance was restricted to the top 70mm, leaching
loss was reduced to the same extent (one third) compared with the
use of ploughing to 200mm. Over the winter of the first year
where grass had been sown leaching loss was greater than for
~linter cereals.

Table 2 The effect of agronomic practices on the leaching
loss of nitrate
Treatment
Nitrate leached (kg N ha- 1 )

Winter fallow using tillage (70mm) + herbicide
Oats grown after ploughing (200mm)
-harvest residues burnt
-harvest residues incorporated
Oats grown after tillage (70mm)-residues burnt
Grass sown after harvest of previous crop

62.2
25.6
17.3
16.2
31.1

Discussion

Only small differences in the major components of the nitrogen
budget resulted from changing tillage practices. However, the
effect was significant when taking account of modern concerns
about the impact of agriculture on the environment. Reducing the
depth of tillage reduced nitrogen leaching by about one third.
Where the total annual drainage through such a soil is about
200mm rainfall, the use of simplified tillage would reduce the
average concentration of nitrate to less than 11 ~g N ml- 1 , the
maximum concentration permitted for potable water, but this would
not be so if mouldboard ploughing were the normal tillage
practice. There was good evidence that leaching loss of N was
reduced where straw residues were incorporated. This practice
might be successful for a number of years until the organic
matter reached a new equilibrium with the inputs.
Over this
period some adverse effects on crop establishment might occur
(Smallfield et a1,1988).
When a new equilibrium became
established greater rates of mineralization could be expected,
so nullifying the benefit.
This possibility needs to be
investigated further.
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There was an adverse effect of adopting simplified tillage.
The gaseous loss of nitrogen through denitrification was about
three times greater than with ploughing. Denitrification results
in the production of both di-nitrogen and nitrogen oxides. The
latter are known to be particularly important in atmospheric
chemistry, affecting both ozone and global temperature.
The
balance between concern for nitrates in drinking water and for
the greenhouse effect may well require the significance of these
findings to be reassessed.
In this experiment there was about 15 kg N ha-• more nitrogen
mineralized over the year after ploughing than after directdrilling, the effect being greatest in the spring and summer.
The differences in leaching losses over winter were therefore not
due to differences in mineralization but were more likely to have
resulted from differences in the leaching process due to the
differences in soil structure between the tillage treatments
(Gosset a1,1988a).
conclusions

Atmospheric deposition is a major component of the nitrogen
economy of arable crops in UK. The long-term reduction in soil
organic matter in an arable soil contributes rather little to the
nitrogen economy compared with the mineralization of residues
from the previous crop. A number of management strategies can
reduce leaching losses over winter but the long term effects of
this on the nitrogen economy have yet to be identified.
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Abstract
In order to formulate crop residue management strategies, knowledge of
crop residue decomposition and nutrient mineralization rates for a wide
variety of crop residues is necessary. The objectives of this study were
to: I) determine crop residue decomposition and nitrogen mineralization
rates under controlled and field conditions and 2) determine the effect of
tillage on residue decomposition and N dynamics. Residue decomposition
was studied using litter bag techniques either in a controlled environment
chamber or in the field. The data were fitted to a two-pool exponential
model, and daily decay rate constants were calculated for each pool. The
two pools were identified as a readily decomposable pool including simple
sugars, starches, and proteins, and a more recalcitrant pool including
lignin and other structural compounds. The decay rate constant for the
readily decomposable pool was well related to the initial C:N ratio while
the decay rate of the recalcitrant pool was well related to the initial
lignin content and the lignin:N ratio. The first constant decay rate
differed widely among residue types, but the second decay rate constant
was similar among residues. Residue placement {buried vs. surface)
affected the decay rate of the readily decomposable pool, but appeared to
have little effect on the decay rate of the recalcitrant pool. For
leguminous residues, nitrogen mineralization was also described by a two.
pool exponential model. For non-leguminous residues, net N immobilization
occurred. Residue placement affected net mineralization and
immobilization profoundly in the initial stages of decomposition, but
differences were reduced over longer periods of time. We conclude that a
two-pool exponential model can be satisfactorily used to describe residue
decomposition.
Introduction
Tillage methods that allow crop residues to remain on the soil surface
are becoming more widespread. Maintaining the crop residues on the soil
surface can not only reduce erosion losses but enhance the soil physical
and chemical properties {Hoyt and Hargrove, !986). An understanding of
crop residue decomposition and nutrient mineralization rates is necessary
for soil erosion and water balance prediction and is prerequisite to
development of improved crop residue management strategies. Decomposition
of and N release from crop residues are greatly influenced by a number of
biotic and abiotic factors {Parr and Papendick, 1978). Christensen (1986)
and Wilson and Hargrove {1986) reported that both decomposition and N
mineralization are enhanced when residues are buried (conventional tillage
conditions) as compared to surface applied residues (no-tillage
conditions). Comparison of residue types under laboratory conditions
showed greatest N mineralization with legume residue while the addition of
non-legume resulted in an initial depression in net mineralization (Smith
and Sharpley, 1990).
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Initial residue quality also plays a preeminent role in determining
the rate of residue decomposition and N mineralization. Reports of
significant correlations between initial N, lignin content, initial C:N
ratios, and N mineralization rate have been published extensively (Herman
et al., 1977; Knapp et al., 1983). However, residues with similar C:N
content may have different decomposition rates because different
components of C, organic and mineral plant fractions can exhibit high
degrees of variation in decomposition rate. The objectives of the present
study, therefore, were (I) to determine rate of decomposition and N
release from a wide variety of crop residues under controlled and field
conditions, and (2) determine the effect of tillage on residue
decomposition and N dynamics.
Materials and Methods
This study consisted of two separated investigations at the Georgia
Agricultural Experiment Station in Griffin, GA. The first study was part
of an ongoing field experiment designed to investigate soil and crop
response to low-input reduced tillage crop production on an Appling sandy
loam (clayey, kaolinitic, thermic
Typic Kanhapladult) with initial pH of
6.58, bulk density of 1.43 g cm- 3 , 1.29% organic C and 0.14% organic N
contents. Crop residues of 40 g were placed in separate I mm mesh nylon
bags (30 x 30 em) and buried at 20 em depth in moldboard. plow-disk blocks
or placed on the soil surface and secured with thin wires to ensure
residue-soil contact in no-tillage blocks to determine the effect of
tillage on residue decomposition and N dynamics of a variety of crops
(Table 1). Crop residues consisted of above ground portions of the
different previous crops harvested at or near maturity and air-dried.
The second part of this study was conducted under growth chamber
conditions using aluminum trays (I x I x 0.21 m) containing soil obtained
from the field site. The soil was maintained near field moisture
capacity, and ambient temperature was maintained at 35° C. Crop residues
of 10 g were placed in separate I mm mesh nylon bags (15 x 15 em) and
buried at 8 em depth.
The experimental design was strip-split plots with four replications
(blocks) with the residue type in strips, and the split plots being
removal date. The bags were removed at I, 2, 4, 8, and 16 weeks after
placement for the remaining residue dry matter, C and N content
determinations. Ash-free dry weights and C and N contents of the
harvested residue were determined to correct for high levels of soil
contamination by using the ash .content determined prior to and after
grinding and the initial soil C and N contents.
Daily decay rates were determined using a two pool exponential model
as: Remaining residue wt/initial residue wt = P1e· 1t + P2e·klt where P1 and
K1 represent the relative size and the decay rate constant of the readily
decomposable pool, and P2 and K2 represent the relative size and the decay
rate constant of the recalcitrant pool, respectively. Pool sizes and
decay rate constants were determined by the Nl!N and GlM procedures (SAS,
1985).

100

Results and Discussion
Residue decomposition
Decomposition over time of most residues investigated was best
described using a two pool model, with the first daily decay constant (K 1)
indicating a more rapid initial decay, and the second decay constant (K2 )
reflecting a slower rate of decay over a longer time per.iod while the
pools (P 1 and P2 ) defined the percentage of residue that decomposed at
each decay rate (Table 2). Although the single pool models are used
extensively in determining the kinetics of crop residue decomposition
(Bosatta and Berendse, 1984; Berendse et al., 1987; Parnas, 1975), results
from the present study indicated that the two pool models provided the
better fit of decomposition rate over time. Chesire and co-workers (1988)
also reported that one pool models tend to neglect changes in the residue
decomposition with time.
Decay rates were also affected by the environment, as indicated by the
differences in decay rates between the controlled and field conditions,
and between the conventional tillage (buried) and no-tillage (surface
applied) residues. It might be expected that total decomposition would be
greater for the residues under controlled conditions study as compared to
field conditions, due to the maintenance of constant and near-ideal
moisture content and temperature. However, some residues under controlled
conditions decomposed at a slower rate than under field conditions, which
can be attributed to the larger and more diverse decomposer communities
that are present under natural conditions compared to laboratory
conditions, and to large flushes of decomposition caused by diurnal
fluctuations. For example, the final decomposition of crimson clover and
rye residues under controlled conditions were nearly 29% and 64% of their
initial weights compared to only 23% and 25% under field conditions,
respectively (Table 1).
Overall, decay rates were greater in the conventional tillage
treatments compared to the no-tillage treatments. Similar results with
wheat residues have been reported by Cogle et al. (1987) and Douglas et
al. (1980). These higher decay rates of buried residues compared to
surface applied residues could result from greater soil-residue contact, a
more favorable micro-environment for decomposition, and greater sources of
exogenous N for decomposition by microorganisms. However, decay rates of
legume residues converged in the no-tillage and conventional tillage
treatments as decomposition proceeded while those of non-legume residues
diverged, indicating that micro-environmental factors were not the primary
determinants of decay rate during the final stages of the study.
High decay rates in the first pool are indicative of the rapid
decomposition of single carbohydrates and other low C:N ratio compounds.
Residues with low initial C:N ratios (i.e., legume crop residues)
generally decomposed to a much greater extent compared to residues with
high initial C:N ratios (i.e., non-legume crop residues). Net
decomposition (% residue remaining) was correlated (r = -0.43''') with
initial C:N ratio. As decomposition proceeded C:N ratios of all residues,
particularly those of non-leguminous residues, converged due to
mineralization or immobilization of N, and rate of residue loss approached
a constant or zero (Fig. 1). Net weight loss after C:N stabilization is
described by the d~cay rates of the second pool (K2 and P.z) that were well
related (r = -0.65 '') to initial lignin content, indicat1ng that decay
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rate as decomposition proceeds was primarily controlled by lignin content.
However, decay rates for the second pool were not as significantly
affected by residue types due to the relatively small range of initial
lignin:N ratios of the residues used in this study.
Nitrogen mineralization/immobilization
Equations describing N content changes over time are presented in
Table 3. Whereas changes in N content of legume crop residues, with the
exception of soybeans, conformed to the two pool exponential model used to
described decomposition, those of non-legume crop residues were best
described by polynomial equations. Crimson clover residue incorporated
resulted in greater N mineralization than its surface counterpart.
Moreover, most leguminous residues released the majority of their N within
the first 14 days. For example, crimson clover released about 64%, 49%
and 31% of its N by day 14 under controlled, conventional and no-tillage
conditions, respectively. Wilson and Hargrove (1986) reported similar
decomposition and N release rates for crimson clover under conventional
tillage and no-tillage conditions. This rapid N release may be related to
the rapid decomposition of an initial pool of N due to high microbial
activity in response to the large amount of available N. A second, more
recalcitrant pool of N, which is probably composed primarily of
lignoproteins, is represented by the second mineralization constant. This
recalcitrant pool of N is associated with a higher C:N ratio.
Decomposition of nonlegume crop residues resulted in significant
amounts of net N immobilization. Immobilization in all nonlegume residues
occurred during the first 56 days followed by a slow N release period.
Smith and Snarpley (1990) also found that additions of nonlegume residues
depressed initial N mineral iza.tion in contrast to the enhancing effects
observed with legume additions to soil incubated under laboratory
conditions. In the present field study, N immobilization/mineralization
(% N remaining) was also affected by residue placement. For example, both
N immobilization during the first 28 days and N mineralization during the
last stage of decomposition were greater with rye residues under
conventional tillage than no-tillage treatments. Under the controlled
conditions, however, the immobilization occurred throughout the study
period.
In the laboratory studies, oat and triticale residues resulted in the
greatest amount of N immobilized (170%) followed by barley (123%} at the
end of the study (Table I}. Initial C:N ratios of oats, triticale and
barley were 186, 113 and 140, respectively, accounting for the three
highest C:N ratios of all residues used in this study. Critical C:N
values determined for net N release at day 112 were reduced under notillage conditions (i.e., 65) compared to conventional tillage (i.e., 102)
and controlled conditions (i.e.,89), reflecting slower initial decay
rates, reduced accessibility of exogenous sources of N, and unfavorable
micro-climatic factors that exist under no-tillage conditions compared to
conventional tillage.
Overall, net N release (% N remaining) was correl~ted with initial C:N
ratio (r = -0. 12'"> and initial N content (r = 0.8!' ) . These results
indicated that critical initial residue N contents are more useful than
critical C:N ratios for predicting net N mineralization due to the
importance of lignin-N ratios in the later stages of decomposition. An
inverse curvilinear relationship existed between initial residue N content
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and residue N remaining at day 112 under both controlled and field
conditions (fig. 2). Estimated critical N concentrations for net N
mineralization were 0.48, 0.65 and 0.50% for conventional tillage, notillage and controlled conditions, respectively. However, these critical
initial N values were much lower than those reported by Frankenberger and
Abdelmagid (1985) by analyzing inorganic N content of leachate collected
from columns in which legume residues were uniformly mixed with the soil.
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Table 1.
Residue

Initial crop residue characteristics and total net decomposition and N remaining after 112
Scientific
name

N

C:N

Lignin:N Remaining

(%)

Remaining
residue
N
--- % of jnjtjal

Controlled environment conditions
Alfalfa
C. clover
H. vetch
Peanuts

0

"'"

Medicago sativa L.
Trifolium incarnatum L.
Vicia villosa L. Roth
Arachis hypogaea L.

Barley
Hordeum vulgare L.
Brassica najus L.
Canol a
Millet
Pennisetum glaucum (L.) R. Br
Avena sativa L.
Oats
Rye
Secale cereale L.
Sorghum
Sorghum bicolor (L.) Moench
Triticale X. triticosecale L.
Wheat Iriticum aestivum L.

3.56
2.14
5.36
1.50

11.7
20.1
7.6
27.3

0.32
0.95
1.34
0.23
0.51
1.49
0.38
0.45

140.3
44.2
30.3
186.3
86.9
27.4
113.0
97.4

-

6.50
1.77

31.31
10.32

-

44.48
19.61

-

29.05
23.67

19.2
29.3
24.7
28.6

16.3
41.0
19.6
44.5

62.2
38.0
22.7
30.7
63.8
38.0
63.5
29.5

122.6
60.3
48.1
170.1
117.8
70.4
169.7
83.9

Conventional tillage conditions
C. clover
Soybeans
Rye
Wheat

Glycine max L. Merr.

2.12
1. 79
0.46
0.42

19.9
24.1
96.6
104.8

6.15
5.75
21.06
25.02

23.4
43.8
23.6
40.2

22.5
36.8
113.5

22.4
32.2
26.0
52.1

40.2
22.1
191.9

No-tillage conditions
C. clover
Soybeans
Rye
Wheat

2.12
1. 79
0.46
0.42

19.9
24.1
96.6
104.8

6.15
5.75
21.06
25.02

Table 2. Selected legume and non-legume crop residues decay rate
equations under controlled environment and field conditions.
Residue

Equations
Controlled environment conditions

Alfalfa
C. clover
H. vetch
Peanuts

Y = 100(.686e··1836t + .314e·.00409t)
y = 100{.419e·.1786t + .581e·.00432t)
Y = 100{. 63ae·.1413t + . 362e .. 00432t)
y = 100{ . 559 e·.1628t + _441 e·.00327t)

0.90
0.95
0.96
0.74

Barley
Canol a
Mi 11 et
Oats
Rye
Sorghum
Triticale
Wheat

y =
Y=
Y=
Y=
Y=
y =
y =
y =

+ .641e·.00015t)
+ .536e·· 003011 )

0.93
0.98
0.94
0.94
0.98
0.86
0.91
0.93

C. clover
Soybeans

y
y

=
=

Rye
Wheat

y
Y

=
=

100{ .359e·.09B1t
100(.464e"· 09421
100(.559e·.1sozt
100{ .73ae·.0161t
100(.3lle·· 13421
100{. 421 e·.1507t
100{ .35 4e·.0973t
100{e·.Of5Bt)

+

.49oe·.00646t)

+ .262e·.oosz4t)
+ .689e"· 000611 )

+ . 579 e·.00400t)
+ •646 e·.oooost)

Conventional tillage conditions
100(.406e·.23aot + .594e·.0079t)
100(.275e·.1930t + .725e·.0051t)

0.89
0.80

100{e·.014atl
100{ .487e··1>7871 + . 513e-· 00211 )

0.91
0.84

No-tillage conditions
C. clover
Soybeans

Y
y

100 {. 340e ·· 10031 + . 594e ·· 00791 )
100{e·.0116t)

0.90
0.39

Rye
Wheat

y = 100{e·.013at)
y = 100{.099e·-1622t + .901e·.0049t)

0.96
0.83

=
=

Note: all models were signficant at the
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0.05

probability level.

Table 3. Nitrogen mineralization/immobilization equations of selected
legume and non-legume crop residues under controlled environment and field
conditions.
Equations

Residue

Controlled environment conditions
Alfalfa
C. clover
H. vetch
Peanuts
Barley
Canol a
Millet
Oats
Rye
Sorghum
Triticale
Wheat

y
I00(. 739 e·.33079t + _261 e·.00397t)
y = 100(.556e·.31900t + .443e·.00041t)
y = IOO(. 243 e·.31aoot + .7 57 e·.00294t)

1oo(. 511 e·.4B053t + _486 e-.ooo28t)
y = 106.6 + 5.05t
0.0439t 2
y = 85.4 + 0.26t
y = 48.6 + 0.87t
0.0077t 2
y = 92.0 + 2.55t 0.0230t 2
y = 104.7 + 3.95t
0.0230t 2
Y = 85.1 - 0.12t 0.0001t 22
y = 105.4 + 3.95t - 0.0300t
y = 97.5 - 0.15t + 0.0002t 2
y

=

0. 76"*
0. 85'**
0. 98'"
0.98'"
o.5o"'
0 .15*
0.30"
0.68"'
0.32"

0. 17ns
0.49"
0. 07ns

Conventional tillage conditions
C. clover
Soybeans

y = 100(. 390 e·.1960t + . 6loe·.OOB09t)
y = 70.7 - 1.013t + 0.0064t 2

0. 49***

Rye

y = 315.5 + 0.845t - 0.0256t 2

0.31"

No-tillage conditions
100(.243e-· 0732 ' + .757e-· 0050 1t)
64.3 - 0.544t + O.OOI6t 2

C. clover
Soybeans

Y=

Rye

y = 255.0 + 3.250t - 0.0353t 2

Y

=

0.37"

0.52"
0. 42"*
0.30"

Ns, *, **, ***denote model was not significant, significant at the 0.10,
0.05, and 0.0001 probabilility level, respectively.3
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Figure 1. Carbon:Nitrogen ratio during decomposition of crimson
clover and rye residues under controlled (CC) and field
conventional tillage (CT) and no-tillage (NT) conditions.
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DEFLATION LOSSES OF HUMUS AND NUTRIENTS IN THE SUBOTICA-HORGOS SANDS
Ljubomir Leti6
Faculty of Forestry, 1, Kneza ViSeslava, 11030 Belgrade,
Yugoslavia
INTRODUCTION
Deflation processes in the zone of steppe-savanna climate in Europe are
represented in the large plain or Vojvodina, which is a cornfield and a
region of particular importance to Yugoslavia. The use of contemporary
agricultural engineering, the inappropriate organization of the territory,
destr~ction of protective green cover, and other unfavourable effects, lead
to the intitiation and development of deflation processes intensities. This
aspect of soil destruction affects, first of all, agriculture, water
resources management, traffic, infrastructure, environment, etc.
As the region of Vojvodina is characterized by heterogeneous soil types,
ranging from sands, black soil, cherznozem, and smonitza to gleyed soil in
given climate conditions, they are differently
threatened by the
process of wind erosion.
In this paper we shall point out the research of wind erosion (stardet in
l98o) on the soils of light mechanical composition (potentially the most
threatened soils), on the Subotica-Horgos Sands.
The Subotica-Horgos Sands are situated in the North-Northwest part of
Vojvodina plain between the Danube and Tisa rivers, average length ~8 km and
diameter 5 - 11 km, area cca 24,ooo km 2 • It is a well-known orchard-grape
vine country, with more than 33% under vineyards and orchards, cca 2o%
forests and woodlands, and over 34% under grassland. It is characterized by
mildly ondulated dune relief of Northwest-Southeast direction, as well as
by a nigh level of underground waters, 2 - 8 m.
On the sand (quartz dominates even up to 80%) as the parent substrate,
under the influence of soil-formation factors, several types of soil have
been formed: initial soil on sand, brown steppe soil on sand, sandy
chernozem on sand and sandy loess. They are nonstructural, porous, and
permeable soils, very poor in organic matter (1 - 2%) and clay and other
nutrients. As per their particle-size composition, they are very erodible
(susceptible to deflation) soils with more than 90% fractions smaller than
0,8 mm diameter.
The climate of the researched area is conditioned by the position of the
Pannonian Plain and can be defined as a steppe-Pannonian modification of
the continental climate, with warm summers, cold winters and strong winds.
As for their intensity and frequency, North-West and North winds are dominant.
The area of the Subotica-HorgoS Sands is used for agricultural and forestry production, as follows: 4,378 ha are vineyards, 3,6o3, ha orchards,
cca 7,969 ha grass lands, and cca 4,550 ha forests and woodlands, whereas
over 3,300 ha is not suitable for any plant production.
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Fig. 1 Experimental wind-gage station records deflation processes,
D. tavankut, 1981

METHOD OF RESEARCH
A comparative method of stationary observation by wind-gage stations
has been applied on specially selected erosion plots, of which one, used
for agricultural production, has not been protected ( 11 0 11 ) , while the
other ( 11 P11 ) has been pr>otected with forest plantings, Figur>e 1.
Exper>imental stations r>ecor>d: quantity of aeolian deposition, wind
frequency and velocity, air and soil temper>atur>es, air and soil humidity,
etc. Field data are analyzed in order to qualify and quantify the deflation pr>ocess, as well as to define the conditions of climate and residual
soil in which they occur>.

RESULTS OF RESEARCH
During the research period (l98o - 1989) at the wind gage stations
D.Tavankut, significant oscillations of wind erosion intensity were
recorded. In this paper, the data fr>om the unpr>otected wind gage have
been presented in Tables 1 and 2, Diagr>am and Figur>e 2. Fr>om the above
data it can be seen that wind erosion intensity (Iee) ranges within the
limits of 1,65 kg m- (1986) and 11.24 kg m-1 (1988), with the average
of the researched period 5.48 kg m-1, In the second part of the researched per>iod, a significant increase of wind erosion intensity was
observed, which also corresponds to the period of arid climate starting
from 1985 (Fig. 2).
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1960-1909.

Fig. 2. Content oscillations of humus(%), total nitrogen(%),
readily available phosphorus and potassium (mg loo-1 g
of soil) depending on the oscillations of the aeolian
deposition, En (kg m-1)
In addition to the quantification of deflation processes in the researched area, the analyses of quality have been made, i.e. physical and
chemical properties of the aeolian deposition (En) >~ere defined and
compared to the same characteristics of the residual soil (Oz). This time
"" shall point to the follo>~ing nutrients which are removed from the soil
complex of the Subotica-HorgoS Sands: humus, total flitrogen, readily available phosphorus and potassium.
Humus Content in the aeolian deposition oscillated during the research
period and ranged bet>Teen 3,94- 7,o2%, >Thich is cca 5,7- 18,o9 times,
and averagely 10,55 times, higher content of organic matter than in the
residual soil from >~hich the particles were detached. Table 1, Fig.2.
Total nitrogen content in the aeolian deposition (En) ranges >~ithin
the limits of o.28- 1,73% which is cca 2.84- 19.o times, and averagely
11.11 times higher content than in the residual soil (Oz). Table l,Fig.2.
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Table 1. Humus and total nitrogen contens (%) in the aeolian deposition (En)
in the residual soil (Oz), D. Tavankut, 198o- 1989.

Hu mu s

Aeolian
Year

deposi~

kg

~

m1

198o
1981
1982
1983
1984

2,93
2.13
3.10
3.39
5.49

1985
1986
1987
1988

9.77
1.65
6.75

1989

11 '24
8,34

En
3.94
6,52
7.o2
6,65
4.o6
4,16
4,19
6,10
5,24
5.02

(%)

oz
0,58
0,66
o,73
o,45
o,71
0,23
o,46
o,73
o.43
o,52

Y= En

oz

6.8o
9,90
9,60
16,2o
5,70
18,09
9.11
8,36
12,09
9.65

Total nitrosen (%)
oz
En
o,32
o,4o
o.3o
0,28
0.29

0,04
0,03
o.o4
0,02

Y= En

oz

8.oo

o.38

0.09
0,02

1.73
0,56

0.61
0,04

13.30
7.50
14.oo
13.20
19.00
2.84
14.oo

o.38
o.5o

0.03
0.03

12.55
16.67

Table 2. Readily available pho~phorus and potassium

(mg 100-

1

g

of soil) in

the aeolian deposition (En) and residual soil (Oz), D.Tavankut,
1980 - 1989.
Year

Aeclian
deposit
kg

1980
1982

2.93
2,13
3,10

1983
1984

3,39
5,49

1985
1986

9,77
1.65

1987
1988

6,75
11.24

1989

8.34

1981

;;;

m-1

*

values are higher

p

0

22
En
20,70

34.50

(mg/100 g

Oz
3,oo
l,7o

35,00
26,6o

3.90

17,oo

3,4o

loroo

2.7o

3o.5o
41.10

3.10
2,60

23,68
26.6o

3,08
3,10

4,2o

of ·soil)
E
Y--Oz

K 0
2

En

(mg/100 g

Oz

of

soil~

En

oz-

6.90
20.30
9,00

27.lo
*4o.oo

2,20

4o,oo

2,8o

6.30
5,00

28,6o

2,20

14.30
13,00

2o,43

3,20

6,40

3.70
9.84

15,73
28.oo

2,7o

5.83

4,lo

6.83

15.81

44.10

3,90

11.31

7.70

27.22

8,o2

8.58

3o.lo

3,39
3,o2

3,10

12,20
l2,2o

9.97

Readily available phosphorus content in the aeolian deposition ranges
within the limits of 10.00 mg ~ 4!,10 mg 100-1g of soil, and that is cca
3.1b ~ 20:30 times, and averagely 9.31 times, higher content of phosphorus
than in the residual soil. Table 2. Fig. 2.
Readily available potassium content in the aeolian deposition oscillates
within the limits of 15.73- 40.00 mg 100-1g of soil, and that is cca 5.8314.30 times, averagely 10.08 times higher contert of potassium than in the
residual soil. Table 2, Fig. 2.
The analysis of the relation of chemical characteristics oi the aeolian
deposition (E ) and the residual soil (0 ) points to the very significant
indication ofnsoil fertilization loss affected by deflation processes. It
is denoted by the "deflation coefficient" presented in Table 3.
Table 3, The degree of the damaging effect of deflation process expressed as deflation coefficient
y = E x 0 -1, D.Tavankut
n

Number

2
3
4

z

y•

Nutrient5.

Humus
Total Nitrogen
Readily Available Phosphorus
Readily Available Potassium

E

n

5.7
3.2
15.0
6.4

X

-

0 -1
z
18. 1
14.o
20.3
14.3

By analysing the oscillations of the contents of humus and biogenic
elements during the research period, it has been observed that the maxima
and minima of their concentration do not correspond to the maximal and
minimal quantites of the aeolian deposition. This can be observed in the
Diagram Fig. 2 where maximal concentrations of humus and biogenic elements
(except nitrogen) in the aeolian deposition correspond to the minimal quantities of the aeolian deposition. The concentration of total nitrogen in
the aeolian deposition was quite uniform during the whole period of research, except in 1986, when there was a sudden increase which corresponds
to the absolute minimum Of the wind erosion intensity (for the period 1980
-1989). This analysis emphasizes the harmful effect of the deflation processes, disregarding their intensity, because the loss of soil fertility
is maintained even at low intensities of deflation.
CONCLUSIONS
By the analysis of data presented in the paper, it can be concluded as
follows:
- In steppe-savanna conditions of the Pannonian Plain deflation processes
represent a significant factor of soil destruction. They are factors
which have adverse affects on the quality of the environment and, in
general, on human activities in the region.
Agricultural areas of the Subotica-HorgoS Sands are very erodible areas
(containing more than 90% particles smaller than 1 mm). As for the erosion
hazard, they can be classed as III category (Chepil, W.S.and Woodruff, W.P)
- soils which are not resistent to wind erosion, or they can be classed as
III- IV category- intense to catastrophic erosion (Letic,Lj,) with 5.0
to 7.0, i.e. above 10.0 t 'km-1year of aeolian deposition.
- High degree of nutrient concentration in the aeolian deposition reveals
the permanent loss of soil fertility (of the already poor soil),wich is
compensated by the introduction of mineral fertilizers.
- By blowing the finest and the most nutritive particles out of the soil
complex, the soil loses its fertility. The particles lifted by wind pollute
the atmosphere and affect negatively the quality of surface waters.
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Intensive ag~icultu~al p~oduction in Subotica-Ho~goS Sands should include
the application of the app~opriate erosion-control measures.These measu~es,
in the a~eas th~eatened by wind erosion, consist of the establishment of a
permanent 11 ~einforcement 11 in the fo~m of p~otective plantings, f~om which
the othe~ erosion-cont~ol measu~es (e~osion-control ag~icultu~al enginee~
ing) should follow up. By the adequate application of a complex of erosioncontrol measu~es, the state of environment pollution can be reclaimed both
in the wide~ and in the na~rower pe~imeter of the Subotica-HorgoS Sands.
S U MMA R Y
.
Wind erosion intensity on the soils of light mechanical composition (sands) of the Subotica-HorgoS Sands has been researched. The expe~imental
stations monitored sediment transport per unit or cross section, and the
parameters of climate affecting the event and development of this process.
Results of 10-year researches (1980-1989) point to the significant oscillations of deflation processes, the quantity of sediment ~anging 1.6511.24 t km-1yr. This results in the excessive forms of soil degradation.In
addition to the above, by adequate analyses, a significantly higher concentration, even more than 10 times, of humus, nitrogen, phosphorus and potassium has been round in the aeolian deposition in the residual soil. The
consequence is the intensive loss of soil fertility on the one hand, and
on the other, the deterio~ation of the environment; both air and water are
polluted by the aeolian deposition.
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SOIL PHYSICAL PROPERTIES! BEFORE AND AFTER TILLAGE
Hasan A. Rizvi
Iowa State University, Ames, IA 50010 1 USA
Four tillage systems were used to measured the effects of
tillage-induced
changes
on
bulk
density,
penetration
resistance, moisture content, and surface roughness were
evaluated. Field experiments were conducted at three different
agro-ecological regions of Pakistan. Wheat (Triticum aestivum
L.) was used at all sites. Prior to tillage operation base line
data for the above related physical properties were collected.
A
complete
randomized
experimental
design
with
three
replications was used. soil bulk density and penetration
resistance significantly affected by the tillage treatment.
surface roughness
coefficient and water retention data
indicated higher values for moldboard and lower for the
rotavator.
INTRODUCTION
Tillage has been a dominant activity in agriculture from the
beginning of civilization. Changes in tillage procedures,
practices, tools, and in tillage terminologies have also
occurred with the passage of time. These changes were basically
crop-oriented, soil-oriented and labor-oriented. When we shift
from plow to a disk, from a cultivator to a rotary tiller, or
from extensive tillage to less tillage, we modify the whole
seed environment. In other words, a change in tillage will
cause a change in physical properties. Example of these
properties would be bulk density, soil moisture, nutrient
availability, etc. There is limited information available
concerning tillage-induced changes (Gantzer and Blake, 1978;
Erbach et al. 1986).
One soil physical property that is nearly always altered by
tillage operations is bulk density. This has usually been used
to assess the effects of tillage practices.
Density is a
temporary condition that changes with time and rainfall. In
field studies, density measurements exhibit both spatial and
temporal variability. The spatial variability results from
vertical and lateral changes in soil properties such as
texture, structure, and organic matter content and from the
effects of past soil management practices. The temporal
variability results after a tillage system is applied. Defining
the range in density required for optimum plant growth is
unknown for most soils. Density lower than optimum reduces
water capacity, and higher bulk density leads to poor aeration
which may limit root extension. Statistically significant
differences in bulk density changes by tillage have been
recorded but the effects of this density change on plant growth
andjor yields are not well understood (Cassel D.K. 1986).
Another

important parameter usually
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reported

in

tillage

research is the measurement of soil strength. Lindstrom et al.,
( 1984) reported consistently greater penetration resistance
with soils under conservation tillage than soils under
conventional tillage. Rizvi et al.,
(1987)
reported no
difference
in no-tillage and chiseled treatments,
but
penetrometer readings have shown increasing values during the
later part of the corn growing season compared to the
resistance values just after tillage. They also reported
significantly higher penetration resistance with depth under
both tillage practices. Soil strength has been shown to
increase with increasing bulk density and decreasing soil
matric potential,
but not independently.
Other factors
affecting penetration resistance are texture, structure, and
surface roughness (Cruse et al. 1980).
Water, air, and energy enter and exit the soil at the soilatmosphere interface. This transfer is influenced by soilsurface characteristics. Transfer at the soil-atmosphere
interface indirectly depends on the surface geometry (Schafer
and Johnson, 1982). Surface roughness
is influenced by
tillage, and has been studied, as reviewed by Soane (1975). The
standard deviation of elevations (sigma) is used as an index of
the roughness with a higher sigma occurring on rougher
surfaces. Because tillage affects roughness, it also affects
the area of the soil directly in contact with the atmosphere.
However, tillage tools such as plows and subsoilers tend to
create rougher soil surfaces than tools like harrows or powered
rotary tillers. The tillage systems that produce the largest
clods, lowest bulk density, and roughest surface also produce
the greatest macro-porosity.
The micro-porosity may be
increased with tillage operations that produce small soil
clods.
Progress in. tillage research has been greatly hindered by
the presence of so many variables in the soil and weather
conditions which affect tillage results. Proper tillage is the
least tillage necessary to produce the desired crop.
Agricultural soils act as media in which water, air, nutrients,
and energy are transmitted to seed and plants; thus, soil
parameters that describe the storage and transmission of these
entities are of prime importance. As Spoor(1975) noted, plants
do not respond to the tillage tool directly, but rather, to the
soil environment created. Because plant roots provide the
contact with the soil that is necessary for the transmission of
water, air, nutrients, and energy to a plant, a soil
environment and profile conducive to root growth and
proliferation are desirable to maximize plant production.
Future research on tillage systems must be prescribed for
specific crops,
soil types,
soil conditions,
and seed
environmental conditions on a narrower geographic scale than is
now practiced.
The specific objective of this study was to determine the
changes in soil environment before and after the tillage
applied.
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MATERIALS AND METHODS

The research was conducted at three ecologically different
sites in Pakistan. The sites are at the National Agricultural
Research Center (Islamabad), the Agricultural Engineering
Research Farm (Faisalabad) , and the Cereal Crops Research
Institute (Pirsabaq), and shall be referred to as sites 1,2,
and 3 respectively. Soils at sites 1 and 2 were clay loam and
at 3 was sandy clay loam. Particle size distributions were
determined by the pipette method (Walter et al. 1978) for each
site. The sites are located on the upper Northern Irrigated
Plain (Region IV b), lower Northern Irrigated Plain (Region IV
a), and Barani lands (Region V). These are three of the twelve
agro-ecological regions and sub-regions of Pakistan, shown in
Figure 1. The regions are classified on the basis of
physiography, climate, soils, and land use (Agro-ecological
Regions of Pakistan, 1980). Other information regarding the
three sites is given in Table 1. Each site had a completely
randomized experimental design with three replications of four
tillage treatments namely, Cultivator (5 times), Rotary tiller
(once), Disking (twice) and Moldboard plow plus disking, and
shall be referred to as treatments c, R, DD, and MD
respectively. Individual tillage plots at each site were 0.2
ha in a rectangular shape with the sides in the ratio of 2:1 as
far as possible. Row spacing of 18 em and plant spacing of 6-8
em within rows was used. Wheat (Triticum aestivum L.) was the
crop used at all sites. Wheat is a Rabi crop (winter crop) and
is the single largest crop in term of area with an annual
production of 15 millions tons. Fertilizer was applied at the
rate of 90 N, 60 P20 5 kgjha. Half of the phosphorous and
nitrogen was applied at planting and the remaining half was
applied at first irrigation. Pak-81 (wheat variety) was seeded
using a twelve row seed drill with a seeding rate of 100 kgjha
in early November. The irrigation was applied first within 1218 days of germination, the second at the time of flowering and
the remaining irrigation were applied as needed with the total
not exceeding 5 during the whole cropping season.
A germination test was performed to determine the percentage
of viable seeds and the approximate quantity of seed to plant
a given area at a given seeding rate by using the Petri dish
method. The germination test was carried out to avoid poor
germination due to the age of seed, weather damage, storage
conditions, improper physical development, mechanical damage
and other factors. To run the test representative composite
samples were obtained. Then three 100 seed sub-samples were
placed evenly on the moistened filter paper in each Petri dish.
These dishes were placed in a warm place (20-30°C) for 4 to 5
days. At the end of the germination period seeds, having normal
shoots and roots were counted; all shoots must be longer than
2 em.
Prior to any tillage operation, base line data for bulk
density, moisture content, penetration resistance and surface
roughness were collected from each plot at three locations and
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at different depths. The tillage operation was then carried out
with a Massey Ferguson 265 tractor. Headland pattern rounded
corners was adopted for all operations except for the
cultivator which used a circuitous pattern with turn strips at
each end. (RNAM Test Code No.12). Following these operations,
core samples, penetration resistance, surface roughness, soil
moisture, and soil temperature data were gathered.
Undisturbed soil cores at three locations in each plot,
before and after the treatment were obtained. A core samples
7.6 ern in diameter having three 5 ern high inserts was driven
into the soil with a hammer provided with the sampler. It was
then pulled up and the soil sample was transferred to a
poliethiene bag. Each bag was numbered for plot and treatment.
The mass was determined after drying to constant weight at 105°C
for 24 hours, and the volume of the samples as taken in the
field was recorded. Samples were collected in 5 ern increments
to a depth of 15 ern at three locations for each treatment. One
hundred and eight soil cores were obtained from each site.
Samples from each tillage treatment at the same field depth
were used to determine soil bulk density and moisture content.
Soil water content was measured gravimetrically using the
samples collected for bulk density measurements. Penetration
resistance was measured using a hand held cone penetrometer
equipped with a scale dial. Length of the shaft was 61 ern,
graduated at 2.54 ern increments. Readings were recorded at 10,
15, 20, 25, 30 ern depths before and after the treatment.
Surface roughness data were collected before and after the
treatments were applied. A profilorneter was utilized for this
purpose. The profilorneter was placed on the surface, and after
leveling its pins were dropped which gives a representation of
profiles of the.surface. Pins readings were recorded then the
standard deviations were calculated. Higher values show a
rougher surface and vice versa.
Tillage effects on bulk density, penetration resistance, and
moisture content were evaluated by an analysis of variance,
with tillage treatment as the main effect and the depth as the
split-plot effect. Means comparison were made using the Duncan'
multiple range test (Steel and Terrie, 1980).
RESULTS AND DISCUSSION

A summary of significance levels for the analysis of
variance for the effect of tillage treatment and soil depth on
soil bulk density at Site 1, 2, and 3 is shown in Table 2.
Tillage affected bulk density at the 0.01 probability level at
Site 1 and site 2 and the 0.05 level at site 3.
Similarly,
depth significantly affected bulk density at all three
locations. The tillage x depth interactions were not
significant. Bulk density effects for treatment and depth were
non-significant
before tillage treatment but became highly
significant after the treatment was applied. site 1 data were
also significant before treatment, which shows the existence of
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some variation among the plots before tillage treatment
application. Mean bulk density for a given soil and depth under
the different tillage treatments was consistently higher in
Clay loam (Site 1 and 2)
than in sandy clay loam. All
treatments at all sites showed a significant effect on bulk
density but the results were not consistent. At Site 1, the
cultivator showed higher density at Site 2, disk showed highest
and at site 3 moldboard plowing showed higher bulk density
compared to the other treatments. But the overall mean bulk
density for all sites was highest for DD followed by c, MD, and
R.
The coefficient of variation ranged from 3-17% for
individual treatments and between the sites.
Tillage had a statistically significant effect on soil water
retention for the moldboard plow in a sandy clay loam, but was
not significant for clay loam.
Depth variation for moisture
retention did not show any significant trend. Mean values
reflected higher values of moisture content for a humid region
(Site 1) compared to the semi-arid (Site 2) and sub-humid (Site
3) locations. Similar results were found for the depth effect
on moisture content.
Analysis of variance of results for soil penetration
resistance were similar to those obtained for bulk density and
are given in Table 4. For this parameter, tillage, depth and
their interactions, all showed highly significant effect. Depth
was also significantly affected the penetration resistance even
before the tillage treatment was applied. All treatments were
highly significant, but similar to bulk density effects the
results were not consistent. For instance c showed higher at
Site 1, DD showed higher at Site 2, and R showed higher at Site
3. But MD clearly reflected lower values of cone index at all
sites (Table 5). Soil strength increased with increasing soil
depth consistently at all three sites. Below 20 em there was no
significant effect, which was obvious because it was below the
vadoze zone. Highest values of penetration resistance were
obtained at Site 3 followed by Site 2 and Site 1.
The surface roughness coefficient data were determined by
calculating the standard deviation of the values measured for
the height of the 19 pins dropped on the surface of the freshly
tilled soil. Table 6 gives the roughness coefficient changes as
affected by the tillage operations for all sites. Smaller
values indicate smother surfaces following tillage and the
larger values refer to rougher surfaces. Means values indicate
a rougher surface for MD and a smother surface for R. site 1
consistently showing higher standard deviation values may be
due to the higher moisture condition at the time of tillage
operation , which may cause large clod sizes. Similarly the
lower standard deviation for Site 3 may be due to the higher
sand percentage, which reduces the average clod size.
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Table 1. Information regarding the experimental sites
Parameter

Site 2

Humid
cool
1000
or more

semi-arid
Warm
250-500

Sub-humid
Cool
500-1000

33.8
73.2
300-600

31.4
73,0
150-300

34.0
72.0
150-300

5-10
25-30

10-15
30-35

5-10
25-30

Wheat
Maize

Wheat
Rice
Cotton

Climate
Rainfall (mm)
Location
Latitude (0)
Longitude (0 )
Altitude (m)
Temperature
Winter (oC)
summer (oC)

Site 3

site 1

Major crops
Wheat
Sugarcane

Table 2. summary of significance levels for analysis of
variance for the effect of tillage treatment and
soil depth on bulk density at Site 1,2 and 3
F-statistic significance
Bulk density (Mg./m)
Effect
Before Treatment

After Treatment

Site 1

site 2

Site 3

Site 1

Site 2

site 3

Tillage Trt.

**

ns

ns

**

**

*

Depth

ns

ns

ns

**

**

**

Tillage x
depth

ns

ns

ns

ns

ns

ns

**, *, Significant at the 0.01, and 0.05 levels respectively;
ns = non significant at the 0.10 level.
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Table 3. Comparison of bulk density means for the tillage
treatments at Sites 1, 2, and 3
Bulk density (Mg/m )
Tillage

N'

Site 1

site 2

Site 3

cv** (%)

c

18

1.194a

1.001b

0.841b

3-17

R

18

0. 798d

0. 826c

0. 857b

4-15

DD

18

1. 043b

1.131a

0.903ab ·

3-14

MD

18

0. 888c

1. 074ab

0. 935a

3-11

..•

Number of observations •
Coefficient of variation.
abed Values of levels of each factor followed by different
letters are statistically different at 90 percent
probability level.

Table 4: summary of significance levels for analysis of
variance for the effects of tillage treatment and
soil depth on penetration resistance at Site 1,2
and 3.
F-statistic significance
Penetration Resistance (Njcm2 )
Effect
Before Treatment
site

1

Site 2

After Treatment

Site 3

Site

1

Site 2

Site 3

Tillage Trt.

**

ns

*

**

**

**

Depth

**

**

**

**

**

**

Tillage x
depth

ns

ns

ns

**

**

**

**, *, Significant at the

0.01, and 0.05 levels respectively;
ns = non significant at the 0.10 level.
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Table 5. Effect of tillage and depth on mean soil penetration
resistance
Factor

Level

N

site 1
--~----------

Tillage

c
DO
MD

54
54
54
54

169 6
86b
169 6
60b

205b
151c
261 6
128c

176b
262.
199b
115c

em
em
em
em
em
em

36
36
36
36
36
36

6.
41d
116c
158b
198 6
200 6

lld
52d
135c
251b
342 6
326 6

od
1d
70c
256b
408 6
422 6

R

Depth
5
10
15
20
25
30

site 2
Site 3
2
Njcm -------------

abC<JeValues of levels of each factor followed by different
letters are statistically different at 90 percent
probability level.

Table 6:

Treatment

Standard deviation of the surface roughness as
affected by tillage at Site 1, 2, and 3
surface roughness, em (standard deviation)
site 1

Site 2

Site 3

c

4.06

3.30

3.05

R

3.55

3.05

2.79

DD

4.82

3.05

3.81

MD

5.08

4.06

4.07
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EFFECTS OF TILLAGE METHODS ON SOIL PHYSICAL CONDITIONS
AND YIELD OF BEANS IN A TROPICAL SANDY LOAM SOIL
N. Hatibu, B. Kayombo and T.E. Simalenga,
Sokoine University of Agriculture, P.O. BOX 3003, MOROGORO, Tanzania.

ABSTRACT: Effects of tillage methods on· soil physical
properties, weeds and on yield performance of three varieties
of bean ( Phaseolus vulgaris L.; cvs. Canadian Wonder, Se 1 ian Wonder
and TMO 216) were investigated for a sandy loam soil at
Morogoro, Tanzania. Nine tillage treatments were compared in
1989 season: hand hoeing (HH), minimum tillage (MT), minimum
tillage with mulch (MTM), moldboard plowing (M), moldboard
plowing followed by disc harrowing once (MH1), moldboard
plowing followed by disc harrowing thrice (MH3), disc plowing
(D), disc plowing followed by disc harrowing once (DH1) and
disc plowing followed by disc harrowing thrice (DH3). In the
1990 season MTM was withdrawn, and two tillage treatments were
added, namely, moldboard plowing with Draft Animal Power (DAP)
and moldboard plowing with Single Axle Tractor (SAT). The
effects of tillage treatments on soil physical conditions for
establishment of beans were better quantified by soil bulk
density and soil water content(% w/w) than by cone resistance.
However, the cone index was better in identifying plow pan
development under all the tractorised treatments. DH3 was found
to be the best overall tillage method in relation to bean yield
of all three test varieties. However, it was only with one
tillage treatment, moldboard plowing (M), where the extra
benefit of tillage exceeded the extra costs.
1. Introduction
Tillage is usually defined as the mechanical manipulation of
the soil aimed at improving soil conditions affecting crop
production.
Three primary aims are generally attributed to
tillage:
control of weeds, incorporation of organic matter
into the soil, and improvement of soil structure (Hillel,
1980).
Very little information exists in Tanzania at the
moment which can be used to assist in equipment design,
selection and use to effectively meet these aims under
different soil-and- climatic conditions and crops. Yet, crop
cultivation constitutes the most important (economic) activity
in the country.
Crops are often grouped into cereals, row crops, root crops,
etc. , and it is assumed that species within groups respond
alike to tillage treatments. Yet we know, for example, that
row crops vary in their soil moisture and other requirements
(Jackson, 1989). Differences among soil types is an important
factor in crop and water management response to a given tillage
treatment. We need to consider what crop and soil responses we
want on each soil type and then tailor tillage practices to
meet the specific objectives. In tillage research more
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attention, therefore, needs to be paid to the specific crop,
soil and climate involved. Furthermore, the response of a crop
to a given tillage treatment on a particular soil often depends
on the weather during the year. Tillage practices, therefore,
need to be tested over a number of years.
This paper describes the effects of various tillage
treatments on soil structure and yield of three bean (Phaseolus
vulgaris L.) varieties, during two consecutive seasons.
2.
2.1

Experimental Methods
Location, soil and weather

The experiment was conducted at Sokoine University of
Agriculture (SUA), Morogoro, Tanzania, during the March- June
growing seasons of 1989 and 1990. SUA is located at 6° OS'S and
37° 37' Eat an elevation of 525m a.s. 1. The soil at the site
is sandy to loam sand.
Prior to the initiation of the
experiment, the site was under vegetation fallow for two years.
The rainfall and evaporation data during the two growing
seasons is shown in Table 1.
The total growing
season
rainfall varied from 521 mm in 1989 to 490 mm in 1990.
lable I : Gro<ing seaso1 rainfall, open pan mporation and air tenperature at SUA.
SfASON

1969

1990

Pameter

March

April

Hay

Rainfall (")
Departure (oo) 1
Open pan evaporation (In)

14&. 4
11.l
160.D

250.4
56.6
96.0

111.1
1&.8
!4.0

Rainfall (!0)
Departure (") 1
Open pan evaporation

119.1
98.1
119.0

193.6
·0.1
IIO.D

56.8
·31.D
111.0

(11)

June

Total

ll.l

511.2

·8.5

au I

78.0

4D8.0

10.8
·9 .4

489.1
51.D
4l3.0

n.o

I

1Departure froo a 11 · year average.

2.2

Treatments and experimentai design

Tillage implements used in the field experiment included
the hand hoe, disc plow, moldboard plow and disc harrow. In
1989 the tillage treatments were: Hand hoeing (HH); Minimum
tillage (MT); Minimum tillage with mulch (MTM); Moldboard
plowing only (M); Moldboard plowing followed by disc harrowing
once (MH1); Moldboard plowing followed by disc harrowing thrice
(MH3); Disc plowing only (D); Disc plowing followed by disc
harrowing once (DH1); and Disc plowing followed by disc
harrowing thrice (DH3).
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In 1990, the MTM treatment was withdrawn, and two tillage
treatments involving the use of a moldboard plow were added. In
one treatment the plow was pulled by Draft Animal Power (DAP),
and in the other by Single Axle Tractor (SAT).
The tillage treatments were laid out on a complete
randomized block design with three replications.
Each plot
measured 4 x 25 m.
2.3

Soil and crop management

Each tillage plot was divided into three equal portions
measuring 4 x 8 m Each portion was planted to either Canadian
Wonder, Selian Wonder or TMO 216 at a spacing of 60 em between
rows and 10 em within rows.
Planting was done in the first
week of April 1989 and the third week of March 1990. One seed
per hole was sown and gap fi 11 ing was done a week after
planting. Only phosphate fertilizer was applied at a rate of
60 kg P20 5 per hectare in the form of triple super phosphate
( TSP). Weeding was done manu a 11 y twice, at 14 days i nterva 1
from the day of planting.
3.

Soil and Crop Measurements

Soil bulk density: Immediately after planting the crop, and
every two to three weeks thereafter, bulk densities were
measured using soil cores at three positions per plot from 5 em
to 20 em depth in 5 em increments.
Soil cone index: Values were measured immediately after
planting and every two to three weeks thereafter using a cone
penetrometer. Measurements were made at 6 positions in each
plot from 0 em to 25 em depth.
Soil moisture content: Using a screw auger,
w/w) were
taken from 0 em to 30 em
increments at positions corresponding to all
cone index measurements.
In 1990, however,
were taken in the 0-10 em depth only.
(%

moisture content
depth in 10 em
bulk density and
moisture samples

Weed
identification and population:
Weed types and
populations were measured with a 0.1 m2 quadrat at 6 random
positions per plot two days before scheduled weeding.
Grain yield: All bean pods from each portion within a plot
were harvested, sun-dried, threshed, graded and weighed at
maturity.
Tillage costs inputs: Cost per hectare for each treatment,
were determined by considering the retail hire rates, that the
farmer would pay.
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4.
4.1

Results and Discussion
Soil bulk density

Soil bulk density values after planting during the March June 1989 season are shown in Table 2a.
Soil bulk density
increased with depth under each tillage treatment as the
growing season progressed, but the change was more pronounced
under
moldboard
and disc plowing with
one or three
harrowings. As expected, the bulk density of the surface soil
was higher under minimum tillage (MT) and minimum tillage with
mu 1ch ( MTM) than under other t i 11 age treatments due to a
negligible disturbance of the soil under minimum tillage.
Table l(a): Effects of Tillage Treatmts on Dry Soil Sulk Density (Mg/o3) (March· June, 1g8g growing season)

om
O~PTH

(CI)

-------------

2nd April 1989
0 • 5 5-10

15th May 1g8g

24th lpri I 1989

10 ·15

1& - 20

H

5 -10

10 . 15

15 • 20 H

5-10 10 ·15 15 ·20

TRWM~MT

HH

0. 96

1.01

1.18

1.30

1.06

1.13

1.20

1.31

1.13

l.lg

1.21

1.35

Ml

1.20

1.29

1.30

1.40

1.21

1.25

1.31

1.40

1.12

1.24

1.32

1.40

MTM

1.20

1.30

1.31

1.30

1.21

l.ll

1.32

1.35

1.22

l,)g

1.34

1.39

M

1.10

1.14

1.08

1.28

1.20

1.26

1.29

I. 40

1.25

1.29

I. 31

I. 45

MHI

1.10

1.16

1.19

1.20

1.21

1.2&

1.32

1.39

1.25

1.30

l.ll

ug

MH3

0.97

1.10

1.20

1.20

1.24

1.30

1.33

1.41

l.lg

l.l&

I. 41

1.50

0

1.01

1.10

1.20

1.25

1.18

1.21

1.21

1.3&

1.23

1.29

1.33

I. 42

OHI

1.10

1.19

1.23

1.25

1.19

1.2&

1.31

I. 43

1.21

1.31

I. 42

1.52

OH3

0. 93

1.00

1.20

1.00

1.10

1.08

1.21

1.3&

1.25

1.3&

I. 39

1.51

Bulk density measurements taken during the March - June 1990
growing season are shown in Table 2b. Soil bulk density
increased with depth and with advance in the growing season
under all tillage treatments, but as in the previous season,
there was a pronounced increase in bulk density under moldboard
plowing plus harrowing thrice (MH3) and disc plowing plus
harrowing once (DH1) and thrice (DH3) on 2nd May 1990.
This
could be attributed to rainfall impact and surface sealing
during the growing season (Kemper and Derpsch, 1981).
There
was an increase of over 10% in bulk density values of all
tillage treatments in 1990 when compared to the values in 1989.
These results agree with earlier findings (Agboola, 1981) that
the more intensive the tillage, the higher the bulk density of
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the surface and sub-surface soil.
Bulk density values under
animal plowing (DAP) and single axle tractor plowing (SAT) were
similar to those under hand hoeing (HH).
Table 2(b): Hfects of Tillage Treatnants on Dry Soli Bulk Density (Mg/o3) (March· June, 1990 growing season)

om

22nd March 1990

3rd April 1990

0 • 5 HO

10 ·15

15 . 20 0 -5

HH

1.10

1.11

1.36

1.49

HT

1.38

1.48

I. 49

SIT

1.19

1.25

DIP

1.20

H

. 2nd Kay 1990
15 - 20

D-5

5 -10 10 -15 15 -20

1.31

I. 49

1.30

1.31

1.39

1.55

1.44

1.50

!.62

1.40

1.43

1.52

1.61

1.26

1.31

1.42

!. 48

1.34

I. 40

I. 49

1.51

1.39

1.31

1.40

1.46

1.50

1.39

1.41

I. 52

1.56

1.31

1.41

1.36

1.44

1.41

1.50

1.44

I. 48

1.51

1.61

1.33

1.31

1.38

1.31

1.43

1.50

1.56

1.44

I. 49

1.53

1.11

1.12

1.26

1.38

1.40

1.41

I. 48

1.50

1.59

I. 48

!;56

1.61

1.13

0

1.16

1.11

1.38

1.44

1.34

1.38

I. 42

1.55

1.41

1.48

1.53

1.63

OH1

1.26

1.31

1.41

1.45

1.36

1.43

1.46

1.61

1.39

1.51

1.63

1.15

DH3

1.01

1.15

1.21

1.38

1.23

1.38

1.46

!.51

1.44

1.56

1.60

1.14

DEPTH (en)

HO

10 - 15

1.21

1.29

1.61

1.31

1.34

l.l3

1.31

1.35

1.26

1.31

MHI

1.21

m

--~--------·-

TREATMENT

4.2

Soil cone index

Cone index values taken during the March-June 1989 growing
season are shown in Table 3a. Generally, values did not show
any consistent trend in regard to tillage treatment, although
index values increased in all tillage treatments on 15th May
19go as the soil dried up with diminishing rainfall.
Cone index values taken after planting during the March-June
1990 season are given in Table 3b. Two things come out clearly
from the results.
Firstly, cone index values in all tillage
treatments are more than those taken in 1989.
This may be
attributed to continuous cropping (Agboola, 1981; Khatibu et
a l. , 1984) . Second 1y, with exception of hand hoeing ( HH) and
minimum tillage (MT), cone index value in all tillage
treatments increased to a maximum value at 10 - 20 em depth and
then decreased with increasing soil depth.
This could be
attributed to the development of a subsoil plow pan as a result
of plow-sole compaction (Kemper and Derpsch, 1981; Roth et al.,
1988). The early identification of the existence of the plow
pan after only two consecutive cropping seasons, shows that
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Table 3(a) : Variation of Soil cone lnde~ (MPa) as affected by T111age Treatoents ( 1989 season)

om

2nd April Ill!

24th Aprll 1989

lith May 1989

O!PTH(co) HO 10 -15 15 -20 20 -25 0 -10 10 -15 15 -20 20 -25 0 -10 10 -15 15 -20 20 -25
TRWM!NT
HH

0.05

0.09

0.06

MT

0.08

0.01

0.08

MTM

0.05

0.01

0.09

M

0.02

0,06

0.05

MHI

0.03

0.01

0.04

MH3

0.01

o.os

0.02

0

0.01

0.03

0.04

OHI

0.01

0.01

0.06

OH3

0.01

0.06

0.05

0.04

0.06

0.04

0.08

0.03

0.06

0.01

0.05

0.02

0.05

0.02

0.01

0.09

0.09

0.21

0.22

0.18

0.10

0.08

0.09

0.14

0.12

0.22

0.05

0.08

0.24

0.19

0.22

0.20

0.08

0.08

0.09

0.12

0.21

0.20

o.or

0.06

0.09

0.03

0.14

0.13

0.18

0.02

0.08

0.06

0.09

0.09

0.10

0.19

0.21

0.04 0.02

0.05

0.08

0.01

0.13

0.26

0.25

0.22 I

0.05

0.01

o.or

0.01

0.01

0.08

0.10

0.12 . 0.28J

0.05

0.03

0,06

0.08

0.10· 0.09

0.23

0.19

0.06

0.06
0.06

0.10

l 0.19 ;

labJe 3(b) :Variation of Soil Cone Index (MPa) as affected by Tillage Treat1ents (1990 season)
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cone index is also a sensitive indicator of soil compaction
(besides bulk density),
Similar observations have been
reported elsewhere (Voorhees, 1983; Onwualu and Anazodo, 1989).
4.3

Soil moisture content

Soil moisture contents(% w/w) taken during the March- June
1989 are shown in Figure 1 (a) In all periods of measurement,
moisture contents for minimum tillage and minimum tillage with
mulch were much higher than those for moldboard-and-disc plowed
treatments. This was attributed to less evaporation losses in
minimum tillage treatments (Khatibu and Huxley,
1979),
Moisture content values taken during the March-June 1990 season
showed no consistent trend in regard to t i 11 age treatments,
partly due to inadequate sampling to deeper soil depths (Fig.
1 (b)),

4.4

Weed dominance

Weed infestation was monitored in all tillage treatments
during the two consecutive growing seasons. In both seasons,
broad-1 eaf weeds were dominant on mo 1dboard-and-d i sc p 1owed
plots with one or three harrowings.
Thin-leaf weeds were
common on non-tractorized tillage treatments especially hand
hoeing (HH)
and minimum tillage (MT).
These observations
appear to be common in all annual cropping systems (Acland,
1972).
4.5

Grain yields

Tillage treatments affected the bean yields of the three
test varieties in the March-June 1989 season (Fig. 2, Table 4).
Table 4 : Effects of Tillage Treatments on bean grain yield (Kg/ha)
MARCH

Sel ian
TREATHEUT

Wonder

-

JUNE

canadian

MARCH

1989

THO 216

wonder

Selian

Canadian
wonder

500 be

379 d

518 cd

148 Cd

MT

491 be

378 d

480 d

107 d

MTN

462 c

550 ab

502 cd

560 abc

512 be

700 ab

MH1

501 be

520 abc

801

MH3

672 a

609 a

690 abc

539 abc

428 cd

OH1

611 ab

OH3

sao a

0

SAT

-

OAP

-

JUliE

Wonder

HH

"

-

118 ab

67 b

-

-

1990

TMO

216

214 ab
104 b

-

226 ab

139 ab

185 abc

158

a

260 a

206 abc

176a

310 a

512 bed

234 a

157 ab

237 ab

570 ab

660 abed

223 abc

189 a

324 a

560 ab

710 a

242 a

201 a

3-45 a

-

-

156 bed

128 ab

159 b

-

165abcd

130 ab

164 b

a

135

235 ab

Fig .1: Effects of Tillage on Soil Moisture
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Letters a
d denote significance at the 5% level using
Duncan's new multiple range test. Means with the same letter
are not significantly different.
It can be seen that Moldboard-and-disc plowing with three
harrowings (i.e. MH3 and DH3) produced the highest grain yields
for both Selian Wonder and Canadian Wonder varieties. The
highest yields for the TMO 216 variety were produced from
moldboard plowing with one harrowing (MH1) and disc plowing
with three harrowings (DH3).
However, the cost analysis presented in Table 5 show that
the extra cost of tillage above minimum tillage (MT) exceeded
the benefits in all treatments except moldboard plowing (M).
This may be attributed to the general low yields from the
experimental plots perhaps due to low husbandry inputs. This
warrant further study in this area.
Table 5 : Comparison tillage costs and benefits (1989 season).
COST OF TILLAGE

TREATMENT

(Tshs/ha)

EXTRA BEAU YIELD

EXTRA VALUE

BHlEFIT: COST RATIO

(Tshs/ha)

(kg/ha)

2,300

16.0

1,440

0.63

0

0.0

0

o.oo

0

55,0

0

9,900

141. 1

12,699

1.28

HH1

15,300

157.7

14,193

0.93

HH3

26,000

207,3

18,657

0.72

0

9,900

43.3

3,897

.0.39

OH1

15,300

164.0

14,760

0.96

OH3

26,000

200.3

18,000

0.69

SAT

5,600

OAP

4,100

HH

"

In the March-June 1990 season, the yield of beans in all
tillage treatments was less than 50% of that obtained in the
previous growing season (Table 4). This may be attributed to
the moisture sensitivity of the bean crop. Planting was done
in March when rainfall was nearly 100 mm above the normal
average (Table 1).
This adversely affected percentage
emergence. This was further exacerbated by restricted p 1ant
establishment and growth brought about by below average
rainfall in April and May (Table 1). In spite of this the yield
of beans was significantly affected by tillage treatments.
Disc plowing with three harrowings (DH3) produced the highest
grain yield in all bean varieties. This was followed by DH1 >
MH3 for both TMO 216 and Canadian Wonder varieties. In the
March-June 1990 season, disc p 1owing with three harrowi ngs
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(DH3) increased bean yields by 126% in Selian Wonder, by 209%
in Canadian Wonder and by 230% in TMO 216, compared to the
yield of minimum tillage (MT) plots.
The high yields recorded in moldboard (MH1 ,MH3) and disc
(DH1 ,DH3) plowed treatments are attributed to the good seedbed
preparation provided by the harrow. Similar results have been
reported e 1sewhere for maize (Gumbs and Summers, 1985). The
relatively rapid development of a plow pan in the subsoi 1
together with raindrop splash and subsequent surface sealing on
this finely tilled soil, means that progressive soil structural
deterioration is bound to occur in successive seasons.
To
sustain bean production on this soil counter measures such as
rigorous use of rotations and periodic subsoiling and/or
chiselling may be necessary.
5.

Conclusions

1.

MH1, MH3, DH1 and DH3 markedly increased the soil bulk
density of the subsoil as the growing season progressed.

2.

The soi 1 cone index was a better parameter than soi 1
bulk density in quantifying the presence of a plow pan
in the second year of experimentation.

3.

DH3 was found to be the best overall tillage method in
relation to bean yield of all three test varieties.

4.

TMO 216
variety excelled
in yield
irrespective of the tillage method used.

5.

To sustain bean production by t i 11 age methods which
involve tractor plowing followed by harrowing, periodic
subsoi 1 ing or chiselling and use of rotations may be
necessary to minimize soil compaction problems.

6.

performance
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COMPARISON OF ROW-TILLAGE WITH NO-TILLAGE AND MANUAL
METHODS; EFFECT ON SOIL PROPERTIES AND COWPEA
S. O. OJENIYI
Federal University of Technology, Akure, Nigeria

The effectiveness of row-tillage and no-tillage methods
in cowpea (Vigna unguiculata) production compared to manual
clearing and hoe-tillage was studied. Soil properties
produced by the different tillage methods were related to
cowpea performance in two seasons.
Without initial manual
clearing of weeds, minimum tillage with hoe and row-tillage
respectively produced higher soil water content, cowpea
germination percentage and pod yield. Crop performance was
not significantly significantly different between hoe-tillage
and row-tillage. When weeds were initially cleared, rowtillage and hoe-tillage respectively produced lower soil
bulk density, higher macroporosity and higher germination
percentage and yield. Cowpea performance was related to the
effects of soil moisture and bulk density rather than chemical
properties.
INTRODUCTION
Manual methods of soil preparation and weed control are
traditional to tropical countries but they are labour intensive
and limit the area under food crop. Therefore the use of
herbicide for controlling weeds and minimising destructive
disturbance of soil has been useful especially when combined
with initial tillage. This is more so since continuos
mechanised tillage destroys soil structure and causes erosion
and drastic fall in crop yield (Lal, 1974, 1976; Ojeniyi,1986).
However the research success associated with herbicide-based
no-tillage in terms of conservation of soil productivity is
in relation to mechanised tillage. There has been rare
attempt to integrate herbicide use into manual tillage
practices. ~vhereas efforts in this direction will assist
the farmers to accept the culture of minimum or no tillage as
a means of enhancing soil productivity.
Also in case of cowpea, a popular protein crop, tillage
has been found to be essential for creating loose soil
structure for root growth and attainment of high yield
(Ojeniyi, 1989). It is therefore thought that a soil tillage
method that combines the attributes of no-tillage and creates
loose soil around .the crop would be highly advantageous. This
led the author to the concept of row-tillage.
In row-tillage,
the row of planting is tilled and weeds in the interrow space
is killed with herbicide and left as mulch.
In this study the effects of row-tillage and no-tillage
on soil physical and chemical properties and cowpea in the
preclearing and postclearing weed phase are investigated
with reference to manual tillage methods.
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MATERIALS AND

M~THODS

Two experiments were performed at Akure (7°5 1 N1 5° 10 1 E).
in the rainforest zone of Nigeria on a land slope of 3%,
The soil at the location of the experiments is a loam
(Ultisol) with 42,2% sand, 36,6% silt and 24,2% clay,
Dominant weeds at the location were Chromolaena odoratum,
Synedrella nodiflora, Euphobia heterophylla and Bidex
pillosa, Seperate experiments were performed between
October and January in 1987/88 and 1988/89. The rainfall
during the periods were respedtively 247 and 351 mm, pan
evaporation were 708 and 538 mm and mean air temperature
were 28,5 and 27,5°C,
Three tillage treatments, no-tillage, row-tillage and
hoe-tillage were established in 1987/88 on a site that was
cleared in 1986,
In row-tillage, the planting row was tilled
manually \vith hoe and the interrow space was treated "lith
paraquat at 2.5kg/ha.
In no-tillage only herbicide was
used.
In hoe-tillage soil surface was scraped with hoe to
about 4cm depth, Treatments were repli';)ated 3 times using
a randomised block design,
In each 72m plot 2-month type
cowpea (IT81D-994) was planted at 30x60cm in the first week
of October with one plant per stand. The germination
percentage of cowpea was assessed 10 days after planting.
Cumulative \veight of dry pod and pod count "'ere determined
per plot to the end of January, Soil bulk density, temperature and water were determined at 2 weeks interval and 2 9
values were obtained for each treatment at each occasion.
Another experiment was conducted in 1988/89 at a site
that was not cropped in the previous 3 years. Unlike in
the first experiment weeds were cleared "'ith cutlass. There
were 4 treatments, manual clearing, no-tillage, row-tillage
and hoe-tillage.
Each plot replicated 3 times was 60 m2,
Gal ex,. a preemergence herbicide was applied at the rate of
2,5 kg/ha in no and row tillage plots after planting in the
last week of October,
Evaluation of soil physical and
chemical properties was performed at 2 weeks interval as in
1987/88.
Determination of Soil Properties
Bulk density of core samples taken at 5 to 15 em depth
was determined, Total porosity (St) was evaluated from
bulk density, and particle density of 2,65g/cm3, Macroporosity
(Sa) was obtained from Sa ~ St - Qv, where Qv is
percentage volume of water at field capacity, Soil temperature at 10 em depth was determined at 15,00 h using soil
thermometer.
Volumetric water content of core sample was
determined with sample oven-dried at 11o6c for 24 h. Ch~Mical.
properties of bulked, air-dried and 2 mm sieved samples
collected over each plot to a depth of 10 em were determined,
Organic C by dichromate oxidation and total N by Kjeldahl
digestion were determined.
Available P was extracted using
Bray - IP solution.
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R~SULTS

AND DISCUSSION

Preclearing trial
In the preclearing experiment there was no considerable
difference in soil bulk densities produced by no-tillage,
row-tillage and hoe-tillage. The bulk densities were 1.09,
1.00 and 1.04 g/cm3 respectively (LSD0.05=0.43).
Hoetillage due to its bare surface had relatively high soil
temperature. The mean soil temperatures for no, row and
hoe tillage were 32.8, 32.9 and 36.60C respectively (LSD0.05
=3.5).
No tillage and row-tillage produced lower soil water
content, and no"tillage had the least •,:ater content at most
times (Table I). Hoe-tillage consistently produced the
highest soil water content. Relatively high soil water
content due to hoe-tillage can be adduced to the presence
of a dry surface mulch which is known (Hide, 1954) to
minimise water evaporation. The scraping of surface soil
with hoe should have broken the capillary links which transport 1"ater from the subsoil to surface.
Cowpea germination percentage, pod count and weight
recorded for no-tillage "'ere significantly lower than those
recorded for row and hoe tillage (Table II). Although hoetillage gave the best cowpea performance, its effect was
not significantly different from that of row-tillage. Trend
in cowpea performance followed trend in soil water contents
in 1987/88 when rainfall was more limiting. Soil water
contents and germination tend to increase in the order notillage, row-tillage and hoe-tillage. Also values of pod
weight and mean soil water content followed the same order.
However the pod count of row-tillage was slightly superior
to that of hoe-tillage.
Table I.
~ffect of preclearing tillage treatment on soil
water content ( 0 / 0 v/v)
-~

-----

Treatment

28/10

No-tillage
Row-tillage
Hoe-tillage

7.2
8.9
13.8

Date
-------

11/11 25/11 9/12 23/12 6,t1 20/1 Mean
s.o 6.0 5.2 4.9 s.o 4.6 5.4
5.5
6.8
6.1 6.0 6.4
6.2 5.6
12.1 12.3 117 11.8 10.1 9.9 11.7

LSD(0.05) for mean = 4.6.
at p = 0.001

Effect of treatment significant
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Table II: Effect of preclearing tillage treatment on cowpea
Treatment
No-tillage
Row-tillage
Hoe-tillage
LSD(0,05)

Germination
%
24
49
66
24

Pod count
per plbt
768
1206
1188
328

Pod yield
per plot(kq)
1,08
1,49
1,62
0,36

The presence of soil mulch which conserves soil water
under drier climate can be significant to cowpea more

especially so that cowpea is a dry season crop, ~ £1 ~
(1985) studied the effect of soil compaction and moisture
stress on cowpea emergence and attributed reduction in
emergence to increased soil water suction. Difference in
cowpea yield under different mulching methods 11as also
attributed by I~aurya and Lal (1981) to difference in soil
water contents during the .dry spell between August and
November at Ibadan, Nigeria.
Postclearinq trial.
No-tillage and manual clearing 11ith compact and undisturbed soil had relatively low soil macroporosity(Table III)
and high bulk density (Table IV) at most times, Row-tillage
usually produced low bulk density and hi9hest macroporosity,
Table III: E:ffect of postclearing tillage treatment on soil
macroporosity (%)
Date
Treatment
18/10 2/11 16/11 30/11 14/12 28/12 11/1 Mean
Manual clearing
31,0 31,8 32,9 30,3 28,4 26,2 22:8~9,1
No-tillage
30.3 29,9 32,5 29,9 27,3 26.2 22,4 28,4
Row-tillage
32,5 33,3 39.4 30,3 35,6 27,7 32,5 33,0
Hoe-tilla~e
33,6 33,6 36,0 32,3 30,7 24,6 21,6 30,3
LSD (0,05 for mean - 4,4, Effect of treatment significant
at P~0.01,
Table IV: E;ffect of postclearing tillage treatment on soil
bulk density (g/cm3)
Date
Treatment
18/10 2/11 16/11 30/11 14/12 28/12 11/1 Mean
Manual clearin9i,35 1,33 1,30 1,37 1,42 1,48 1,57 1,40
No-tillage
1,37 1,38 1,31 1,38 1,45 1,48 1,58 1,42
Row-tillage
1,31 1,29 1,13 1,37 1,23 1,44 1,31 1.31
Hoe-tilla e
1,28 1,28 1,22 1,32 1,36 1,52 1,60 1,37
LSD 0,05 for mean
0,10, Effect of. treatment significant
at P~0,005,
No-tillage and row-tillage had lower soil temperature
and higher soil water content, The mean soil 11ater contents
for manual clearing, no-tillage, rmliitillage and hoe-tillage
were 8,3, 11,1, 9,6 and 9,1% (v/v) respectively (LSD 0,05 ~
6,7), The values of mean soil temperature were 37,0, 33,1,
34,2 and 37.2°C (LSD 0,05 ~ 3,8), The k•illed weeds in notill and row-till plots produced mulch material :which should
have reduced soil temperature and water evaporation.
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Table V: Effect of postclearing tillage treatment on cowpea
Treatment

Germination

%
Manual clearing
No-tillage
Row-tillage
Hoe-tillage
LSD (0.05)

62
60
82
72
25

Pod count
per plot
375
340
431
415
54

Pod yield
per plot(kg)
0.48
0.46
0.54
0.52
0.07

There was no significant difference in the values of soil
organic matter, N and .P for· .manual clearing, no-tillage, rowtillage and hoe-tillage. The soil chemical properties did not
appear to influence cowpea. Soil organic matter contents for
the treatments were respectively 8.0, 9.4, 8.7 and 8.2%, the
equi~alent values for N were 0.39, 0.44, 0.46 and 0.36% and
the values for P were 18.3, 21.0, 18.5 and 18.6 mg/kg.
Postclearing cowpea performance was influenced by soil
bulk density and macroporosity. No-tillage and manual clearing with higher bulk density and lower macroporosity had
smaller germination percentage, pod count and weight (Table
V). No-tillage had the least soil macroporosity and co"1pea
performance. Row-tillage with the least mean bulk density
and highest macroporosity had the highest germination percentage, pod count and weight.
The negative relationship between co11pea yield and soil
density indicates that a slight increase in bulk density and
decrease in macroporosity will adversely affect cowpea. The
low cowpea yield in untilled manually cleared and no-tillage
soils alligns with the fact that the bulk density of these
soils "'as usually about or· above 1.40 g/cm3. This value
was associated (A ina tl &, 1985) with critical soil strength
values for the root growth of cowpea. Therefore it is confirmed that .any form of tillage which creates tilth around
cowpea crop and reduces soil density is essential for cowpea
production. A previous study (Ojeniyi, 1989) also showed
that ploughing as opposed .to manual clearing increased the
survival, growth and yield of cowpea. Lal (1976) also found
that the yield of cowpea under continuous no-tillage were
significantly lower than that due to conventional tillage.
CONCLUSION
Row-tillage which possesses the attributes of no-tillage
and ensures: the presence of tilth around the crop produced
relatively high yield of cowpea.
It was found to be as
suitable as the more labour intensive hoe-tillage which
disturbed and exposed theentire top soil. No-tillage
minimised the yield of cowpea due to high soil .density.
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EFFECT OF SUGARCANE PERMANENCE TIME AFTER TILLAGE ON PHYSICAL
PROPERTIES OF A CALCAREOUS IRRIGATED SOIL*

J. Pinna C.**, M. Morales C .. S. Valdivia V. ••, H. Aznaran D. and H. Tello A. ••
• Work made at lnstituto Central de Investigaciones Azucareras (ICIA) Casa
Grande, Trujillo, Peru, now extinguished.
• • Centro de Produccion de Alimentos Agricolas no Tradicionales (CEPANT),
Trujillo, Peru
INTRODUCTION
With introduction and improvement of herbicides one of the reasons for soil
tillage has been eliminated, which according to Casa Grande and Godoy4 and
Cutino and Morales• is the only one that justifies soil tillage, because the other
reasons like plant residues incorporation, soil physics improvement, fertilizers and
amendment incorporation, water management (conservation or drainage). erosion
control, and pests control, are in discussion because residues incorporation is not
always necessary, pests are not always present in soil or there are more effective
integrated control methods, soil physical conditions after harvesting are good
without disturbing soil (Spain 20 ), tillage is frequently the worst soil enemy in
relation to erosion (Spain 20 ). amendment incorporation is not always necessary
and fertilizers incorporation can be made altogether with drill operation, drainage
is improved only if there are hardpans, and moisture conservation is attained by
weed elimination (which can be made with herbicides) because if soil is bare in
the surface layer high moisture sections are attained by evaporation (it happens
very quickly in arid, subtropical and tropical climates), because this, capillary
conductivity is highly reduced and ascendent water movement is null or almost
null and moisture lost of deep layers does not occur.
Due to this, minimum tillage techniques have been strongly developed
(Barker and Wunsche 2 , Cannell et al. 3 , Gowman et al. 11 ) and Had low and Millard 13
states that during the past decade, minimum and no tillage farming has developed
to an extent that over one million hectares of crops in the USA are now planted
annually with little or no prior land preparation. A similar trend is apparent in
Europe, and in the U.K. alone there are over 200,000 ha of direct drilled crops
where paraquat and glyphosate have been used.
Minimum tillage has been developed in sugarcane, too (Hadlow and
Millard 13 , Cas a Grande and Godoy•, Moberly and Turner 17) although some authors
state that tillage is necessary for reducing soil compaction effects. Compaction
is produced in highly moistured clayed soils, and mainly as a consequence of the
use of heavy harvesting machines (Fernandes et al. 7 , Hadlow and Millard 13 ,
Maud 16 , Ricaud 19 , and Yang 29 , Trouse and Humbert>•, Georges 9 ).
Due to the 1978-1980 Peruvian drought, a lot of fields died at plant state
or first ratoon. Agronomists questioned the necessity of subsoiling these soils
again during land preparation because they thought that its "beneficial" effects
still r'emained, and it could be possible to essay zero or minimum tillage.
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Lack of rains and poor development of drip or sprinkling irrigation in
Peruvian sugarcane makes zero tillage impossible to do, because furrowing for
conducting water is necessary. Moreover, elimination of sprouted canes for
precedent cutting is a problem because they do it only after the first irrigation
with scarce water.
Being the last problem solved, the possibility that
conventional tillage (which includes subsoiling) was not the most convenient
system was stated, because the best structure improvement crops are
gramineous (Baeumer and Bakermans 1) being one of them sugarcane (Islam and
lslam 14 ), besides that Peruvian sugarcane soils are theoretically difficultly
compacted because are calcareous, rarely have more than 30% clay, are not
plowed with moldboard (so there is no plow sole), and are always dry worked
(preparation and harvesting). On the other hand, furrows are of 35-40 em deep
(plants are in the bottom of the furrow) being therefore of little significance soil
below roots disturbed by land preparation. It is expected that beneficial tillage
effect, if there is any, would rapidly disappear because in Peru structure is
probably destroyed by irrigation water particles rearrangement (Gerard et al. 10 ,
Concaret 6 ).
MATERIALS AND METHODS
Experiment was installed with sugarcane cultivar H57-5174 in its first
cutting. Important sugarcane plantations in Peru are localized in the northern
coast which is hi per-arid (UNESC0 26 ) or subtropic desert (Holdridage, in Tosi 22 ).
Harvesting age varies from 18 to 22 months. Drying-off is of 60 to 120 days
before harvesting. Harvest is made with Push-Rake machines. Planting is made
between September to April in the bottom of the ridges. Furrow irrigation is done
at a distance of 1.5 m between lines. Precipitation of the experimental zone is
below 20 mm per year, mean temperature 20.1 °C (15°-25°), mean relative
humidity 82.5% (74-90%), mean daily evaporation 4.5 mm.
Due to drought, the experiment was impossible to continue being irrigated
and a greater part of the field died at twelve months age, so, yield figures will not
be given in the results of this paper.
Experimental soil is alluvial, middle textured, of high exchange capacity,
alkaline, calcareous, poor in total nitrogen and organic matter, medium to well
provided in P and K (Table 1).
·
TABLE 1 - Mean physical and chemical characteristics of studied field.
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Before experiment installation, the experimental field was prepared in the
Peruvian sugarcane conventional way (Morales 16 ) with the slight variations for
Casa Grande (Zanatti 30 ), that means, two disk harrowings (at 20 and 30 em
depth, respectively), coarse grading, two subsoilings (at 65 and 85 em depth),
fine grading, and furrowing. A portion of the experimental field was planted with
H32-8560 cultivar and three cuttings of eighteen months each in average were
obtained. Another, was not initially planted to do it afterwards and obtaining two
cuttings of the same cultivar. The same procedure was followed in another
portion and one cutting was obtained. The rest of the field was not planted with
sugar cane. At the end of the last harvesting minimum tillage was applied in land
preparation, consisting in disk plowing at 30 em depth and furrowing.
Treatments were therefore: 1) Conventional tillage; 2) Conventional and one
sugarcane cutting; 3) Conventional and two cuttings; 4) Conventional and three
cuttings.
Cultivar H57-5174 was planted in a completely randomized design with
four replications.
First observations were made before planting (Apri113, 1979), and second
four months after planting (August 14, 1979). The latest measures were made
because it is supposed that structure is destroyed by irrigation water action.
Between both observations, field was irrigated nine times with an average
frequency of seven days in the first month, to distance it later to bi-weekly and
monthly. It was supposed that the second sampling was done when the
structure had been destroyed by irrigation water, and beneficial root action was
not important enough. The second observation was also with the aim of knowing
the "residual effect" of land preparation.
Samplings were made at two depths in two locations per experimental
plot. If Ap 1 horizon was thick enough, it was subdivided into two (Ap 1 and Ap 2 )
for samplings and observations. An average of three replications per depth were
done for statistical purposes. Measures with a pocket penetrometer and a
torvane shear device were made. Undisturbed samples for bulk density and soil
moisture suction curves (Figure 1) determinations were taken. Disturbed samples
for structure stability measures and physical and chemical characteristics
determination were taken too. Results obtained with bulk density, penetrometer
and shear device will be discussed in present paper, the same will be done with
infiltration rate measures which according to Sundara and Nagarajarao 21 are
important tools in evaluating management practices like tillage. The following
infiltration indices were chosen for evaluation: The cumulative infiltration at one
min (C); the cumulative infiltration at 120 min (D); the infiltration rates at 30 min
(la-30) and at 90 min (la-90); the change in infiltration rate during one hour from
30 min to 90 min (Ia 30-90).
The pocket penetrometer used (Soil Test, INc., CL-700) had a maximum
sensibility of 4.5kg/cm 2 ; for that reason all measures excedent (there were a lot
of them) were considered like 4. 7 kg/cm 2 for statistical purposes. The torvance
shear device used (Soil Test, Inc., CL-600) showed a great variation between
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measures of the three replications by depth, not being uncommon variations of
0.35 kg/cm 2 , being exceptionally up to 0.5 kg/cm 2 •
RESULTS AND DISCUSSION
It can be seen in Figure 2 that bulk density increases with depth according
with Vasquez et al. 27 results. It is also remarked the C horizon has a higher bulk
density which would indicate an appreciable compaction, but Table 1 and Figure
1 show that it is a sandier layer, being therefore its bulk density higher and not
comparable with overlayer horizons. It can be appreciated in Figure 1 the
similitude between Ap 1 and Ap 2 layers and the uniformity of the experimental
field since the four curves are very similar for Ap 1 horizon, excepting slight
differences between Ap 1 and Ap 2 layers of treatment three. The same is
appreciated for horizon C, excepting treatment four which is sandier.
Variance analysis for bulk density of first sampling shows highly significant
differences between treatment for Ap 1 layer, significant for Ap 2 layer, and no
difference for C. These results would indicate that sugarcane permanence time
after tillage influences soil structure, improving it first for deterioring later. But
second sampling results contradict this assumption because there are no
significant differences between treatments at any layer. It is interesting to
observe that bulk density decreases in all layers in second sampling made four
months after planting and being frequently irrigated, which would indicate that
soil physical conditions are improved by those factors. This will be discussed
afterwards.
Curves for penetrometer readings (Figure 2) resemble those of bulk density
in first sampling, according to Voorhees 28 , but in the second one they are
different, because soil is more moist, and soil moisture greatly influences
penetrometer measures (Yang 29 , Haan and van der Valk 12 ). There ratifying that
can permanence does not influence in a permanent way soil physical conditions.
Figure 2 shows that shear device curves have a similar pattern of those of
bulk density, presenting besides, a great sensibility to structural changes because
variance analysis show highly significant differences between treatments for Ap 1
and Ap 2 layers in first sampling; and significance differences for Ap 1 layer in
second sampling. For both samplings, differences in C layer are close to 90%.
It is observed, like for bulk density, that shear strength decreases in second
sampling, that would indicate better soil physical conditions, but in this case it
is due probably to greater soil moisture of last sampling (Bauer and Bakermans 1).
Results found with shear device make think on future investigations to know its
relation with bulk density and moisture content.
Infiltration indices are plotted in Figure 3. There were no statistical
significant differences at any infiltration index or sampling. Variation coefficients
are very high, indicating a great variability among results which could induce to
error; for instance, first sampling C parameter (the cumulative infiltration at one
min) shows that structurally, treatment 1 is the worst and treatment 3 the best,.
while second sampling manifests the contrary.
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FIGURE 1 - Retention curves
of experimental field. (1)
Treatment 1, conventional
tillage; (2) Treatment 2,
conventional and one sugarcane cutting; (3) Treatment
3, conventional and two
cuttings; (4) Treatment 4,
conventional and three
cuttings.
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It can be seen in Figure 3 that all infiltration indices decrease in second
sampling, demonstrating a structural deterioration which is in opposition with
what was found for bulk density. This contradiction would be explained by the
fact that bulk density provides poor indices of the soil physical conditions
(Gardner et al. 8 ) and of the soil for root growth (Cannell et al. 3 ); that for
sugarcane bulk density in itself is not a particular index for predicting crop
performance (Juang and Uehara 15 ), or root degradation (Trouse 23 ); and by the fact
that the second sampling was made with moister soil and according to Valdivia
and Pinna 26 bulk density decreases with soil moisture in fine to moderately-fine
textured soils. Figures published by the latest authors, show that at moisture
weight percentage differences of 5% (which are differences existing between
both samplings) there are differences of 0.5 g/cm3 in bulk density, which are
differences found between both samplings. Individual corrections for each
observation of second sampling bulk densities were not made, due to the great
moisture variability, and because Valdivia and Pinna 26 states that moisture
influence on bulk density of medium textured soils is null or almost null. From all
stated before, it could be possible to conclude that "real" bulk density stays
constant between both samplings, and that infiltration indices really decrease.
That means, that irrigation water does not compact the soil (therefore bulk
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density remains constant) but produces soil particles rearrangement, difficulty in
water infiltration (Gerard et al. 10 ). Tillage has not any effect on last phenomenon
mentioned. It could also be possible that at four months can age, roots action
improve soil structure, but not enough to neutralize negative infiltration effect.
On the other hand, infiltration rate decreases with soil moisture which could be
the reason of the lesser water infiltration rate found in second sampling.
From all mentioned, it is possible to state that land preparation effect on
soil physical properties is null or at least of very little duration (Gerard et al. 10 ,
Moberly and Turner 17 ) and that roots beneficial effect does not remain from
cutting to cutting, which is probably due to drying-off that destroys cane roots
and soil structure in the first soil centimeters influencing infiltration rate by soil
particles rearrangement.
CONCLUSIONS
Measures of soil structural conditions with penetrometer or shear device are
influenced by soil moisture.
-- Sugarcane permanence time after tillage does not influence soil physical
characteristics in a permanent way.
-- Bulk density values of a soil are not always good indicators of its structural
condition.
Peruvian sugarcane conventional tillage (which includes subsoiling) has no
effect on soil physical conditions indicated by bulk density or infiltration rate.
If there is some effect, its duration is very short.
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ABSTRACT
To prevent excessive compaction and deformation in the subsoil plastic
deformations caused by wheel loads must be limited to the topsoil.
Allowable wheel loads can be calculated if the strength properties of the
soil, being the angle of internal friction $ and cohesion C, are known. C
and $ depend highly on soil type, bulk density, soil water conditions and
in case of remoulded soil on recuperation time of the soil strength
(age-hardening) .
We investigated the effect of soil >later conditions and low (0. 45% and
1.43%) organic matter content on the age-hardening process of a sandy soil
in relation to $ and C. Organic matter and low soil water contents at a
suction of 50 kPa retarded the age-hardening process. However, low soil
water contents did increase the soil strength. Age-hardening increased c
and decreased$. At the minor principal stresses caused by a wheel load in
the subsoil the soil strength, being the combination of c and$, increased.
In a dry soil with a water suction of 50 kPa a major part of the cohesion
was contributed to the combination of soil water content and suction. This
contribution was reduced severely in case of soil remoulding.
INTRODUCTION
Owing to continuing mechanisation in agriculture wheel loads have
increased considerably causing excessive soil compaction and deformation.
Da>lidowski and Koolen (1987) found that not only conpaction but also soil
deformation has a large impact on the physical properties. The topsoil can
be loosened every year, but conpaction of the subsoil can only be remedied
with great effort. MOreover, remoulding decreases soil strength and makes
especially sandy loams and loamy sands susceptible to recompaction
resulting in a structure with even more unfavourable properties than the
primary compacted subsoil (Kooistra et al., 1984). In the Netherlands
subsoil compaction is primarily observed on these soil types. The soil can
regain his initial strength in time at least partly. This process is called
age-hardening (Dexter et al., 1988).
The best solution to prevent excessive subsoil compaction and
deformation is a good soil management, such as reducing wheel loads, using
low pressure tyres and avoiding field operations during weak soil
conditions. To evaluate the effect of these n>anagement actions we want to
calculate the allowable wheel load taking into account the tyre equipment
and the compactability and deforrnability of the soil. If loosening of the
subsoil is inevitable, it is important to know how long it lasts before the
soil has regained his strength by age-hardening. To prevent large plastic
deformations, accompanied by compaction and smearing of the subsoil,
stresses in the soil must be limited according to the strength of the soil.
At a specific point in the soil this limit can be conputed with the soil
strength properties in combination with the total stress state in the point
considered. The strength properties are the angle of internal friction $
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Fig. 1. Cmputed plastic defonnation area in a sandy soil under a low
pressure tyre in a longitudinal section in the heart of the rut. yYre width
0.55 m. Inflation pressure 80 kPa. Wheel load vertical 30 kN, horizontal 6
kN to the right (towed wheel, driving direction from left to right).
A: Angle of internal friction¢ = 31d cohesion c = 6 kPa.
B: Angle of internal friction ¢ = 31 , cohesion c = 12 kPa.
Due to a higher cohesion the plastic area is restricted to the upper part
of the topsoil.

and the cohesion c, which strongly depends on soil water content and
suction. With the soil compaction model SOCOVD (SOil COmpaction MOdel) the
area under the wheel where the stresses exceed the strength limit, so where
plastic deformations occur, can be computed (Van den Akker, 1988) . In
Figure 1 an example of such a computation is given, showing the importance
of the cohesion C.
In this paper we will focus on the soil strength properties of a sand
with an organic matter content of 1.43% and a sand with an organic matter
content of 0.45%. Two soil water suctions, 10 and 50 kPa, are considered.
The age-hardening process is studied. The effect of age-hardening on the
strength properties is measured with triaxial tests on made, so remoulded,
soil samples. The maximum aging time was 30 days.
THE AGE-HARDENING PROCESS

The age-hardening process is mostly not investigated by means of the
time consuming triaxial tests. However, the results of investigations of
stability of aggregates, penetrometer resistance and other measurements all
depend on the soil strength properties. So results of these investigations
give a good impression which parameters have an effect on soil strength.
According to Dexter et al (1988) the two most important processes which can
contribute to age-hardening are particle rearrangements (thixotropy) and
particle-particle cementation.
After disturbance the soil particles and especially the colloidal (clay)
particles gradually rearrange their positions and orientations back towards
a minimum free energy configuration 11ith consequent increases in soil
strength. The amount and speed of this process has an optimum at
intermediate soil water contents. At very low water contents particle
rearrangements are not possible and at high 1·1ater contents the soil
colloids may be dispersed into stable suspensions, so no thixotropic
hardening occurs.
For the particle-particle cementation mentioned by Dexter et al. (1988)
a contact of the particles is necessary. In the cementation process a wide
range of ions, molecules, colloids and amorphous gels diffuses across the
161

particle surface towards the regions of particle-particle contact, where
they strengthen the existing bonds. This diffusion occurs at a rate which
increases approximately proportional with the soil water content. Organic
matter in the soil may slow down or prevent cementation (Kemper et al.,
1987) by preventing the diffusion process or by preventing the particles
making contact .
The rate of age-hardening will be fastest at an intermediate soil water
content, because for both age-hardening mechanisms the soil should not be
too dry and for the thixotropic process not too wet. However, the highest
strength of the bonds will be reached at low water content, because in that
case there is a water deficiency in the double-layer. Furthermore the
colloidal soil particles will flocculate when they approach sufficiently
closely for the short-range attractive forces to become significant.
METHODS AND MATERIALS
The subsoil investigated was a sand containing 1.43% organic matter,
0.0% caco3 and had the following particle size distribution: 2.7% < 2 prn,
2 < 15.1% <50 prn, 50< 46.9% < 150 prn and 150 < 35.3% < 2000 prn.
From literature (Utomo and Dexter, 1981, Tisdall and Oades, 1982, Chaney
and Swift, 1984, Kemper and Rosenau, 1984, Davies, 1985, Kemper et al.,
1987, Dexter, 1988 and Dexter et al., 1988) it is known that age-hardening
and strength properties are influenced by organic matter content, wetness
and pore water suction.
To quantify the contribution of the organic matter content, a part of
the soil was treated with hydrogen peroxide to remove the organic matter.
With this treatment the organic matter content (o.m.) was reduced to 0.45%
concentrated in small particles visible to the eye. The activity of this
remaining organic matter in the treated soil on the age-hardening process
was assumed to be low. In this paper the untreated soil (1.43% o.m.) will
be indicated as soil U and the treated soil (0.45% o.m.) as soil T.
To study the influence of the soil water conditions, 80 cilindrical soil
samples with a heigh3 of 71.1 mm, a diameter of 35.5 mm and a dry bulk
density of 1535 kg/m were made with soil water contents that agree with
suctions of 10 and 50 kPa. This resulted for soil U in water contents of
12.0% (v/v) at 10 kPa suction and 8.4% (v/v) at 50 kPa suction. The water
contents of soil T were 10.4% (v/v) at 10 kPa suction and 6.9% (v/v) at 50
kPa suction. All samples were stored on suction plates with suctions of 10
and 50 kPa respectively. A part of the samples was saturated before
storage. An overview of the samples is given in Table 1 . We had series of
Tclble 1: Overvie!i aging time and aging conditions triaxial samples. We used

two o.m. contents; tliO triaxial tests are needed to derive C and~; all
tests in duplicate, so each "X" represents (2 x 2 x 2 = 8) eight samples.
Each test series X has a code, for instance U50-4h or T10-30d*, where: U =
1. 43% o.m. content; T = 0. 45% o.m. content; 10 or 50 = suction in kPa; 4h =
4 hours aging; 30d = 30 days aging; * = samples initially saturated.
Aging condition
wet
Dry
First saturated, wet
First saturated, dry

Suction
(kPa)
10
50
0-10
0-50

Aging time:
4h
1
2

5

10

30 days

X

X

X

X
X
X
X

X
X

X
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Fig. 2. Triaxial apparatus. The cilindrical perspex triaxial cell is
coapletely filled up with water, by which a hydrostatic pressure equal to
the desired minor principal stress S3 is put on the soil sample. This water
pressure contributes also to the major principal stress Sl on top of the
sample. With a force F on the piston Sl has been increased. F, S3, the
vertical shortening and the volume change of the sample are continuously
measured during a test.
samples aged under 'wet' (48 samples), 'dry' (16), 'first saturated then
wet' (8) and 'first saturated then dry' (8) conditions. The 'wet' samples
were tested in a triaxial apparatus (Figure 2) after aging of 4 hours, 1,
2, 5, 10 and 30 days. The 'dry' samples were tested after aging of 4 hours
and 30 days and the 'first saturated then wet' and 'first saturated then
dry' samples after aging of 30 days. To monitor the suction during aging
additional soil samples were made.
In the triaxial tests carried out two minor principal stresses were
used: S3 = 20 kPa and S3 = 50 kPa. In the first stage the minor principal
stress (horizontal) and major principal stress (vertical) were the same.
Next a vertical force on the piston did increase the major principal stress
Sl until a relative shortening of 8% of the sample was reached. With this
strain the samples deformed plastically while Sl remained almost constant,
having reached its maximum. During the test S3 remained constant. The
relation bet>1een the known principal stresses S1 and S3 and the unknown
angle of internal friction $ and cohesion C is given by the Mohr-Coulomb
equation (Koclen and Kuipers, 1983) :
S1 = S3 tan2 (45°+¥.. $) + 2C tan(45°+¥.. $)
(1)
To derive$ and C just two tests were necessary. We did all tests in
duplicate, so for each situation concerning age, suction and organic matter
content four samples were tested.
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The cohesion C is called the apparent cohesion, because a part of the
cohesion, the suction cohesion Cs, can be accounted to suction in
combination with water content. The reooining part is the true cohesion C'.
Only this true cohesion can be influenced by age-hardening. The suction
cohesion Cs was calculated according to a method given by Towner and Childs
(1972} as follows. The suction increases the shear strength by pulling the
soil particles t"2'ether. When we consider a plane of unit area in the soil,
for instance 1 em , just between the soil particles through the partly
empty pores, then the stress in the empty part of the pores is zero and in
the wet part acts the suction and the surface tension. The average stress
on the unit area is the effective stress a caused by the soil water
suction. When the soil is draining from saturation, this effective stress
is (T01-mer and Childs, 1972} :

J
1

u

=

r-Sj 0·3
pSa (I--"'--,+-;-

Sa

dS.

(2}

s

where: S: the fraction of saturation
a: the fraction of the initial water content drained at the
ooximum suction
Ps d: the prevailing pore water suction
sd: a suction passed through in reaching sd at which the
reduction of S is dS
P
This effective stress a increases the internal friction, •1hat can be
expressed in the suction cohesion Cs:
Cs =a tan$

(3}

Age-hardening will change both strength properties. To investigate the
effect of the combined changing of c and $ on the strength of the soil, the
major principal stress Sl was calculated according to Eq. (1} with minor
principal stresses S3 = O, 20 and 50 kPa with C and ~ derived in the test
series. To have an idea about the depth at which S3 = 20 kPa, in Figure 1
the 20 kPa isobar of S3 reached to a depth of approxil!Btely 0.25 m under
the rut. S3 =50 kPa represents a situation in the topsoil under a wheel
load.
RESULTS AND DISCUSSION
The cohesion and angle of internal friction depended on the vertical
strain, as can be seen in Figure 3. The cohesion part reached its maximum
at low strain rates, while the friction part increased during increasing
vertical strain. An explanation for this phenomenon is that because the
true cohesion exists out of bonds between the soil particles only a sooll
deformation was necessary to develop a ooximum cohesion. At larger
deformations a part of these bonds broke, so the cohesion decreased. During
loading the sample compacted and the amount of contact points increased
resulting in a higher angle of internal friction. In this paper we chose to
compare the cohesions and angles of internal friction computed from the
test results at a vertical strain of 4%. At this strain rate all samples
deformed plasticaly and a small change in the strain rate had a limited
effect on ~ and C.
First the results of the tests with the "wet" samples with a suction of
10 kPa will be looked at. In Figure 4 the course of the apparent cohesion C
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and the true cohesion C' in tirre of soil T and soil U is corrpared. The
suction cohesion cs, which is the difference between C and C', remained
almost the same during aging. The increase of the apparent cohesion Cwas
almost completely caused by the increase of the true cohesion C'. The
rreasured initial (after 4 hours storage} cohesion c of soil U \vas c = 7. 66
kPa. After 30 days aging C was increased by 59.4% and seerred to be still
increasing. However, to confirm this conclusion experiments with a longer
duration should be carried out. The initial cohesion of soil T v~as somewhat
higher: C= 8.59 kPa. In 10 days the cohesion increased by 35.4% and stayed
stable thereafter. After 30 days the cohesion of the two soils was almost
the sarre but it can be that the cohesion of soil U had not reached its
maximum yet. According to Kemper et al. (1987} and Dexter et al. (1988}
organic matter may slow down and/or partly prevent cementation of the soil
particles. In our experiment the cerrentation seemed to be only slowed down
and not at all prevented. At intermediate >~ater content the rate at tvhich
age-hardening takes place is greatest (Utomo and Dexter, 1981} . When the
soil is wetter or dryer this rate decreases. Dexter et al. (1988} indicate
that in soils with a high organic matter content the soil tvater content
must be higher for age-hardening to occur by reinforcing of the
particle-particle bonds, than in soils with low organic matter content. In
our tests the suction tvas the sarre in both soils, what resulted in a >~etter
soil U. This means that the slo>~ing down of the age-hardening caused by the
higher organic matter content was partly compensated by the positive effect
of the higher water content.
The results of all test series with samples aged 4 hours or 30 days are
given in Table 2. As a result of the remoulding of the soil the initial
suction decreased. In case of the samples with a suction of 10 kPa the
recovery of the suction in soil U lasted t\vo days and in soil T one day.
The decrease in suction in the samples with a suction of 50 kPa was much
more severe. The recovery of the suction to 40 kPa lasted in both soils
three days, but the soils needed 10 to 11 days to recover completely. All
samples lost water during aging, especially the samples made of soil T
and/or if the suction was 50 kPa. The relatively high water content of the
"first saturated then wet" and "first saturated then dry" samples indicated
that it was situated on the wet hystereses side of the pF-curve. The
suction cohesion Cs depends on soil water content and suction. In the
Ul0-30d and Tl0-30d tests the increased suction compensated more or less
the decreased water content. In the U50-30d and T50-30d tests the increase
of Cs by the increased suction was much more than the decrease caused by
the decreased water content. The higher water content of the first
saturated samples resulted in a higher suction cohesion. Considering all
UlO and TlO tests the suction cohesion v1as 13 to 20% of the apparent
cohesion, in the U50 and T50 tests cs was 21 to 33% of C.
The picture of the increase of the true cohesion C' of the samples >~ith
a suction of 50 kPa was almost reverse to that of the 10 kPa suction
samples. As in the Ul0-4h and Tl0-4h tests the initial true cohesion was
approximately 1 kPa higher in soil T than in soil U. However, contrary to
the Ul0-30d and Tl0-30d tests in the U50-30d and T50-30d tests the increase
of C' of soil T was more than soil U. Due to the low water content in
combination with the higher organic matter content of soil u the rate of
age-hardening may be slowed down to such an extent that after 30 days only
a part of the recovery had taken place. This was in agreement with the
results of the test series U50-30d* on initially saturated samples, where
the water content and the true cohesion was higher. It is felt that to
confirm this statement tests on samples IVith longer aging times are
necessary. With exception of the samples in test series U50-30d*, the
"first saturated then \Vet" and "first saturated then dry" samples had lower
true cohesions than "wet" respectively "dry" aged sarrples. This was
166

Table 2: The angle of internal friction ; and cohesion C derived fran

triaxial tests on sanples aged 4 hours, and 30 days. The suction cohesion
Cs caused by soil water content and suction was corrputed according to
Towner and Childs (1972) . The major principal stresses S1 are corrputed with
Eq. (1) for minor principal stresses S3 = 0 and S3 = 20 kPa representing
the situation under a 1·1heel load in the subsoil and aside a wheel load in
the topsoil. The column with S3 =50 kPa represents the situation under a
wheel load in the topsoil.
Test series code: u = 1.43% o.m. content; T = 0.45% o.m. content; 10 or 50
= suction in kPa; 4h = 4 hours aging; 30d = 30 days aging; * = sanples
initially saturated.
Due to remoulding the initial suction in the test series U10-4h, T10-4h,
U50-4h and T50-4h 1·1as respectively 8.6, 9.2, 26.3 and 21.8 kPa.

Test
series
no.

Angle of Cohesion Suction
True
Computed stress S1 if:
internal
c
cohesion cohesion S3=0
S3=20
S3=50
friction $
Cs
C'
(kPa)
(kPa)
(kPa)
(deg)
(kPa)
(kPa)
(kPa)

Ul0-4h
Ul0-30d
Ul0-30d*

27.74
25.11
26.61

7.66
12.21
10.97

1.57
1. 64
1. 99

6.09
10.57
8.98

25.37
38.41
35.53

80.20
87.90
87.98

162.44
162.13
166.66

T10-4h
T10-30d
T10-30d*

28.53
26.16
28.65

8.59
11.71
9.94

1.59
1.47
1. 76

7.00
10.24
8.18

28.89
37.60
33.52

85.47
89.14
90.36

170.33
166.45
175.62

U50-4h
U50-30d
U50-30d*

27.98
28.58
27.68

11.30
16.41
20.06

3.22
5.39
6.06

8.08
11.02
14.00

37.60
55.25
66.35

92.95
111.94
121.05

175.98
196.97
203.10

T50-4h
T50-30d
T50-30d*

28.34
26.14
29.26

11.65
18.27
17.45

2.47
4.14
5.75

9.18
14.13
11.70

39.04
59.64
59.56

95.19
110.14
117.80

179.41
187.39
205.17

accounted to higher water contents of "first saturated" sanples after 30
days aging, resulting in weaker bonds between soil particles.
The total, apparent cohesion C of the "dry" aged sanples of soil U and
soil T increased respectively by 45.2% and 56.8%. Contrary to the results
of the "wet" aged sanples, a considerable part of this increase was
attributed by the increase of the suction cohesion Cs. For soil U 42.5% and
for soil T 25.2% of the increase of C was contributed by the suction
cohesion.
The mechanism of the effect of aging on the angle of internal friction ~
was not clear. Aging seemed to decrease $, making the soil weaker. This did
not hold true for the test series U50-30d. The cementing agents diffused to
the contact points of the soil particles seemed to decrease the friction in
these contact points, because the highest decrease of $ was found in the
tests with the highest increase of the true cohesion. The changings of$
were limited, however, because $ is an angle a relative small decrease can
have a big effect on the strength of the soil.
The combined effect of the increase of the total cohesion C and the
decrease of the angle of internal friction $ on the strength of the soil
was investigated by calculating the major principal stress S1 according to
Eq. (1) 1•ith minor principal stresses S3 = 0, 20 and 50 kPa with C and $ of
the test series. The results are shown in Table 2. For S3 = 20 kPa the
167

maximum Sl in the test series U10-30d and T10-30d were almost the same.
Conpared >~ith soil T the initial maximum Sl of soil U Has some>~hat lo>~er,
ho>~ever, the increase of Sl by aging of soil U Has higher. The effect of
aging on the dryer samples at S3 = 20 kPa in the test series U50-30d and
T50-30d Has more pronounced, the maximum Sl increased by 16 to 20%. The
'first saturated then dry' aged samples in the test series U50-30d* and
T50-30d* Here markedly stronger than the 'dry' aged samples in the test
series U50-30d and T50-30d. At S3 = 0 kPa the influence of the increase of
cohesion by aging Has remarkable. Sl increased by 30% at the test series
Tl0-30d and by about 50% at the test series Ul0-30d, U50-30d and T50-30d.
In a situation in the topsoil under a >~heel load represented by S3 = 50 kPa
the effect of age-hardening is negligible in case of '>~et' aged samples and
limited to 4 to 15% in case of 'dry' aged samples. Just as in the column
Hith S3 = 20 kPa the 'first saturated then dry' aged samples >~ere stronger
than the 'dry' aged samples.
CONCLUSIONS
- The effect of the relatively lo>~ organic matter content of 1. 43% is
remarkable. Organic matter decreases the initial strength of soil after
remoulding and slo>~s do>~n the rate of age-hardening. The ultimate
strength of soil U Hith 1.43% o.m. seems to be about the same as the
strength of soil T Hith 0.45% o.m. The soil >~ith the highest o.m. content
needs higher Hater contents for the same strength recovery than the soil
Hith the lo>~est o.m. content.
- A major part (13 to 33%) of the total, apparent cohesion c is contributed
to the suction cohesion Cs caused by the combination of suction and water
content. In dry soils the lowering of the suction by soil disturbance is
severe and needs up to 10 days to recover completely. In wet soils the
decrease of Cs by soil disturbance is limited.
- Age-hardening increases the cohesion C and decreases the angle of
internal friction$. To combine the effect of C and$ the minor principal
stress S3 has to be taken into account. At stresses S3 occurring in the
subsoil under a wheel load the increase of soil strength can be up to
50%.
- A high water content has a positive effect on the age-hardening process
and a negative effect on the strength of the soil, Samples first
saturated then drained to a suction of 50 kPa have a higher Hater content
and are markedly stronger after 30 days aging than samples Hithout this
initial saturation. The positive effect of the higher >~ater content on
the strength recovery of this dry soil overcomes its negative effect on
the ultimate strength after 30 days. In case of the samples first
saturated then drained to a suction of 10 kPa the negative effect of the
higher water content on the ultimate strength seems to be most important.
- Expressing the effect of age-hardening on soil strength in terms of
changings of the angle of internal friction $ and the cohesion c makes it
possible to calculate the allowable wheel load at a certain aging stage.
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THE INFLUENCE OF THE WAY OF SOILS UTILIZATION ON THEIR
STRUCTURE AND PHYSICAL PROPERTIES
H. Domzal, J. Hodara, A. Slowinska-Jurkiewicz, R. Turski.
Institute of Soil Science, Agricultural University, Lublin.
INTRODUCTION
The conviction prevailing in agriculture that tillage
leads to an improvement of its properties and an increase
of productivity has become more and more doubtful recently,
as it was noticed that agrotechnical activities are likely
to bring about degradation of arable-humus levels (Reimann
et al., 1974; Domzal et al., 1980; Chudecki and Niedzwiecki,
1989a,b; Slowinska-Jurkiewicz, 1989; Kay, 1990).
In soils of natural, high abundance in humus, tillage at
a deficiency of organic nutrition and limiting oneself to
mineral fertilization leads to a decrease of the humus
content as a result of stronger oxidation and quicker
mineralization of the organic matter in the arable layer.
This phenomenon is commonly estimated as the degradation
process (Turski and Flis-Bujak, 1980).
An important factor exerting a degrading influence on
properties of all the soils is an intensive compaction with
the wheels of machines and tillage tools (Domzal et al.,
1984; Hakansson et al., 1988). In the countries where the
development of mechanization of field work was slower, this
effect was observed in the last decade.
Different stages of farming intensity bound with a
varied degree of field work mechanization create unique
research possibilities in the Polish conditions.
There are farms using only horses as tractive power and
farms applying full mechanization of cultivation and crop
harvest.
The aim of the present investigations is to
estimate changes in structure and properties of soils
resulting from agricultural utilization and to determine
whether these processes lead to deterioration of soil
properties, and hence to their degradation.
METHODS
The investigations were carried out in the years 19861990 on soils belonging to three genetic types, i.e., the
chernozem developed from loess, the brown soil developed
from loess and the lessive soil developed from light boulder
clay. The basic properties of these soils are contained in
Table 1.
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In. each soil unit, soil profiles lying close to each
other were selected for detailed investigations. The basic
difference bet\<1een the soils within a unit consisted of
dissimilarity of utilization.
In all three soil units, determinations were made with
respect to morphology of soil profile, soil structure in all
genetic horizons and layers and physical properties,
acidity, humus content of soils 11hich 11ere being utilized
as follo11s:
A.
B.
c.
D.

Soil in the natural forest habitat.
soil utilized for agriculture in farms of a very small
degree of mechanization of field work, still using
horses as tractive po11er.
Soil utilized for agriculture in farms of many years
full mechanization of field 11ork.
Soil utilized as a vegetable garden for many years
having features close to the hortisol.

On soils utilized for
agriculture,
selection of
cultivated plant species and crop rotation depended on the
usefulness of a given soil for gro11ing particular plants and
tradition of their cultivation.
sugar beets, spring barley, lucerne and ~<inter ~<heat are
gro11n on the chernozem soil.
sugar beets or potatoes,
11inter barley or spring barley, lucerne or red clover, rape
and ~<inter 11heat are cultivated on the brown soil, 11hile
potatoes, rape, oats, leguminous mixtures and rye are gro11n
on the lessive soil.
A typical soil cultivation in the
vegetative season for particular utilization manners is as
follo11s:
Farms of small degree of mechanization - 11inter plo11ing
frequently done 11ith the use of horses.
Farms of a high degree of mechanization - ~<inter plowing
(25-30cm), t11o-time cultivation connected 11ith harro11ing
and rolling (12cm), skimming (10 em) harro11ing (8-lOcm).
Garden soils - loosening of soil most frequently by
hand, 11inter plowing at the depth of about 20 em.
In
the past, deep plo11ings up to 40cm 11ere applied on
soils utilized as vegetable gardens.
The following properties 11ere analyzed
profiles selected for investigations:

in

the

soil

Morphological features of structure on the basic of the
opaque soil blocks 90 x 80cm.
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Basic physical properties including density, total
porosity, water capacity, differential porosity, air
permeability.
Samples for investigations were taken in all cases in
the beginning of June. In field cultivations, samples were
taken from fields under winter cereals when a natural
compaction of soil occurred throughout the winter and spring
season.
To determine physical properties, samples of
natural structure were taken into barrels of 100 cm3
capacity.
The obtained results were statistically analyzed by
means of non-ortogonal cross classification.
For a
statistical comparison in case of forest soils, the results
from the levels whose depth responded to the analyzed layers
of arable soils were taken for analysis.
The present communique contains the results of density
determination (Tab.
2-4) and their short discussion.
Complete results of the investigations will be presented for
publication in Soil Tillage Research Journal.
RESULTS
In all the investigated arable soils, a significantly
higher density of 0-20 em layer was obtained in comparison
to the density of the respective layers of forest soils.
In the brown soil made of loess, as well as in the lessive
soil made of light clay there was also a differentiation of
compaction in the range of arable soils resulting from many
years compaction with heavy mechanical equipment.
This
influence was noted not only in the surface layer but in the
skimmed layer as well.
In both soils mentioned above,
density of the skimmed layer on fields compacted for many
years was significantly higher than on the fields where
tillage and other agrotechnical measures were applied with
the use of horses as tractive po,/er. The obtained results
of density determination, as well as of other soil features
prove that the introduction of full mechanization of field
work with heavy tractors and machines leads to degradation
of structure and physical properties of soil.
The size and scope of the influence of various ways of
agricultural utilization of soils on their structure and
physical properties depend on the character of soil material
humus content and the natural structure, as well as on soil
deformability.
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SOIL FRACTURE UNDER PLASTIC CONDITIONS
Yinggang Ou, and R J Godwin
Silsoe College, Cranfield Institute of Technology, Bedford, England

1.
1.1

Introduction
Origin of the investigation

The manipulation of plastic soil offers a different set of problems to
those of hard and dry soils.
In tropical wet paddy fields the power of the tractor is restricted by
the small size of the land, and power delivery is limited by the low shear
strength of wet soil. These characteristics make minimization of draught
force and energy consumption one of the most important aims in improving
the performance of tillage in wetland farming.
In temperate conditions, the final yield of spring sown crops is often
dependent on establishment date, this being frequently delayed beyond the
optimum due to the soil being too wet to achieve satisfactory soil preparation (Spoor & Godwin, 1984). A suitable implement for working in this
relatively wet condition could bring great benefit for the farmer.
In past decades, much work has been conducted in attempts to improve the
performance of the cultivation machine in plastic conditions. But there are
still many problems left due to the extremely unfavourable mechanical conditions within the plastic soil and the complex relationship between
plastic soil and the machine system. A better fundamental understanding of
the behaviour of plastic soils under different kinds of loading is
essential for developing a new generation of effective equipment.

1.2

Objective

To study the basic loading methods for creating fracture under plastic
conditions, with the aim of producing the desired soil physical conditions
with minimum expenditure of energy.
1.3

Experimental methodology

The work was planned to fall into two parts:
(i) To investigate the basic methods of loading wet plastic soil in a
modified triaxial machine. The advantages of using a triaxial tester being,
first to enable all experiments to be conducted with the same size
homogeneous samples and the comparison of the loading methods on an accurate
basis without the interference of implement characteristics. Secondly,the
confining stress is known to be an important factor which influences the
soil mechanical behaviour and energy consumption during the operation
process. In the triaxial test apparatus the confining stress can be easily
controlled.
(ii) Following the results of (i) above, to investigate the most promising
loading mechanism and the effects of machine geometry upon the energy
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consumption and soil failure pattern. This was designed as an intermediate
stage between the triaxial experiments and the design of prototype field
machines.
2.
2.1

Triaxial experiment
Choice of loading methods

Six potential loading methods, ie: tension, torsion, bending, direct
shear, cutting and relieved cutting (Fig. 1) were examined in the triaxial
apparatus.
The shape of the 'relieved cutting' knife had the same leading edge as
the cutting knife but was relieved at a point 5 mm from the tip.
2.2

Soil properties and moisture content

The mechanical properties of the soil used in the study are given in
Table la together with the plastic limits.
As the results of pilot studies showed that soil with moisture content
high in the plastic range (ie: excess of 55%) would not keep the desired
shape, gravemetric moisture contents of 30%, 40% and 50% dry ba,se were
chosen for the purposes of these experiments. The 30%_~ampl~s being produced by controlling drying using polyethyene glycol (Spoor & Godwin, 1979).

2.3

Experimental process

The experiments were undertaken in the controlled conditions of a
modified triaxial test cell, in which 38 mm diameter by 85 mm long
cylindrical soil samples were subjected to the above forms of loading.
Under these conditions the confining stress could be controlled while loading was conducted at a uniform strain rate of 0.068 mm/sec. Small strain
gauge transducers were used to monitor the load or torque requirements
within the triaxial cell. In the case of the torsional loading a small
electric motor mounted on the top of the triaxial cell was used to rotate
the sample. In addition to the load (or torsional load) the deformation of
the samples was also measured. These tests were undertaken with free air or
water in the cell respectively, which simulated the situation of wet soil in
early Spring in dry farming and standing water in paddy fields respectively.
2.4

Results and discussion

Typical results from these tests can be found in Fig. 2. These show that
direct tension will cause failure with very little deformation, but at a
much greater force thah the ,other techniques. Both cutting and relieved
cutting require large deformations to fail the soil with forces similar to
that of direct shear. The technique requiring least force and deformation
is therefore soil bending.
The average peak force and energy consumption are shown in Fig. 3. From
these it can be further confirmed that for wet plastic soils, bending is
the best method to cause fracture. Although bending was not always
significantly different to the other methods, statistical multiple range
analysis shows that it was the only method always to be included in the
smallest significance group.
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3,

Soil bending experiments

These experiments investigated the bending method of soil failure using
a combination rotor and static fulcrum, The purpose of this part was to
determine the feasibility of creating bending failure in field conditions
and to identify the effect of the major machine factors which influence
bending.
3.1

Equipment and experimental factors

The experimental rotor and fulcrum is shown in Fig. 4 with a hydraulic
motor driving the rotor blade at the required turning speed against the
soil block, the fulcrum on the other side of the soil block provided a
reaction to create the bending stress on the block section,
The two main factors which influence bending are:
the relative position between rotor blade and the fulcrum, and
(ii)
the shape of the rotor blade.
These two factors were considered in the following experiments using a soil
with the mechanical properties shown in Table lb at a moisture content of
30%. This soil was closer to the properties of natural field soils than the
soil used in the triaxial experiments.

(i)

The soil was prepared into:
(i)
140 x 140 mm x 2 m blocks, and
(ii)
110 (high) x 75 (width) mm x 2 m blocks
and positioned relative to .the rotation trajectory of the blade as shown in
Fig. 5a, for each different shape9 rotor blade as shown in Fig. 5b. Blade 1
is a tangential cuttillg knife, and blades 2,3 and 4 are striking plates set
at angles of 55°, 90° and 110° to the direction of the tangential cutting
knife.
3.2

Results and discussion

The results given in Fig. 6 indicate that the relative positions of
rotor blade and fulcrum have an influence on the force and energy requirement of bending. Position 3 gave the least force and energy requirement for
all blade and block sizes. In this position (i) the rotor blade penetrates
the soil block in line with the point at the end of the fulcrum (see the
broken line in Fig. 5a), and (ii) the line of the radius to the fulcrum
lies at 45' to the side of the soil block.
The influence of blade geometry was very signi~icant in the 140 mm
square block experiments,with rotor blade 1 requiring much less force and
energy. Although in the smaller rectangular block. experiments the
difference was not so significant, however rotor blade 1 is still the shape
to create beflding with minimum force and energy.

4.

Conclusions
(i) Placing wet plastic soils into bending is an effective method of causing
soil fracture with minimum force and energy requirement.
(ii) Using a rotating cutting blade and a fulcrum reaction plate is an
effective method of achieving bending in practice, providing the geometry
of the blade and the centre of rotation are correctly positioned to
minimise the force and energy requirements.
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2

3

4
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6

1. Hydraulic motor
2. Toothed wheel and magnetic impulse transducer for measurement of anglar disptcament
3. 20 channel slip ring
4. Tacho·generator (beH·driven)
5. Extended octagonal ring transducer for blade force measurement

6. Bending blade
7. Bending fulcrum
8. Soil block
9. Extended octagonal ring transducer for total reaction measurement

Fig.4 Combination rotor and bending equipment
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1)

rotor blade

3)

(

centre of

rotation

soil block

a). Plan view of the relative position of the rotor blade, soil and fulcrum

Rotor blade: 1.Cutting knife with tangential !railing edge
2. 55 degree from Cutting knife
3. 90 degree from Cutllng knife

4. 110 degree from Cutting knife
b). Shape of the rotor blade In relation to soil block and rotor radius

Fig.5. Position of soil block, fulcrum and rotor blade
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THE STUDY OF SOIL STRUCTURE
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Abstract
New measurement techniques were developed to determine the effects of soil
structure on soil physical dynamics. Micro-tensiometers and TDR-miniprobes are employed to determine instantaneous profiles of water potential and water content.
Results shown include the effect of swelling and shrinking on change and distribution of water potential, effect of organic matter on hydraulic conductivity of a
sandy soil, a comparison of conductivity data obtained in the field with the proposed laboratory methods for a silty soil. and the effect of hysteresis on hydraulic
conductivity. It was concluded that the proposed techniques offer great potential for
future determinations of soil structure effects on soil hydro-physical properties.

Introduction
In the past. the study of soil structure was often limited to the evaluation of
bulk density, pore size distribution, penetrometer resistance and saturated hydraulic
conductivity. These parameters are often quite sufficient in characterizing tillage induced differences in soil structure, but generally. they tell us little about the effect
of structure on physical processes such as water movement. swelling and shrinking
or hysteresis. Determining the unsaturated hydraulic conductivity function or the
diffusivity function has been proposed as a means of gaining insight into soil physical processes as affected by soil structure (Arya et al., 1975, Ehlers, 197D. To date
however, little information is available with respect to simultaneous measurements
of soil water content and water potential with high spatial and temporal resolutions.
Therefore, our objective was the development of new measurement techniques to
easily observe dynamical processes with a high spatial resolution in the laboratory
by employing micro-tensiometers and TDR-miniprobes <TDR • Time Domain Reflectometry) inserted into undisturbed soil columns.

Materials and Methods
In prinicple, the method used to determine unsaturated hydraulic conductivity is
an instantaneous profile method, requiring the determination of 'I' • 'J'(z, tl and e ·
8 Cz, tl. The general equation to calculate hydraulic conductivity K<'¥l' based on
Darcy's Law and the Law of Continuity. is given as:
<l e
'I'
at.
az<l [ K<'¥l (<la-z186

I

)

J

where 0 • volumetric water content (% vol.l, '¥ • water potential ChPa), t • time (d)
and z • depth, positive downwards (em). Details concerning the calculation procedures are given by Plagge et al. 0990) and Sobczuk et al. (1991).
If structure effects on unsaturated hydraulic conductivity are to be determined
within in a wide range of textures or types of structure, the method has to be very
flexible, in order to meet the varying boundary conditions. To achieve this. arrays
of micro-tensiometers and TDR-miniprobes can be inserted either into undisturbed
soil monoliths or standard core samplers of varying size, depending upon soil type
and the nature of the experiment planned. With the help of the sensors, changes in
0 and '¥ can be readily monitored at any position in the sample during evaporation.
A further possibility is the placement of cores or monoliths on ceramic plates,
enabling either desorption or adsorption curves to be run. If the main objective is
to determine unsaturated hydraulic conductivity, we propose 250 cm 3 steel cylinders
with a height of 10 em, employing 5 micro-tensiometers and TDR-miniprobes, respectively. resulting in a spatial resolution of 2 em. A view of this setup including
the ceramic plate is shown in Fig. 1.

1
Figure 1: Schematic view of the experimental setup Cnot drawn to scale). 1: ceramic
plate, 2: outlet valve, 3: inlet valve, 4: TDR-miniprobes, 5: soil surface, either sealed
for adsorption or desorption through ceramic plate, or unsealed for evaporation.
Evaporation is controlled by the fan placed above, 6: micro-tensiometers, 7: vacuum
reservoir, 8: vacuum pump
A less sophisticated method only employs micro-tensiometers. Total change . of
water content during evaporation is measured with a balance, and water content
distribution is determined following sectioning of the column at the end of the
experiment. However, this method does not allow the determination of hysteresis or
layering effects on unsaturated hydraulic condctivity. Calculation procedures are
given by Plagge et al. 0990). To distinguish between beth methods in the remainder of the paper, the first method including TDR-miniprobes will be given as !PM I
(instantaneous Profile Method D. and the second method (using the balance instead
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of TDR) will be given as !PM II. Both methods not only generate data for the
calculation of unsaturated hydraulic conductivity, but also produce the soil moisture
characteristic curve and bulk density distribution, all for the same sample.
The micro-tensiometers were developed by Plagge at al. Cl 990). They consist of
a hand-made ceramic cell, a brass tube Gength 5 - lO em, depending on use) and a
pressure transducer CFig. 2). The ceramic cells have an outer diameter of 3 mm and
an inner boring of l mm. This makes very quick response times possible, a prerequisite for measurements during highly dynamical flow processes. The range of
potential is 0 - 850 hPa, while the pressure transducers allow for a resolution of 0.2 hPa.

sampling cylinder
mlcrotenslometer

0

Figure 2: Detailed top view of the TDR-miniprobe and micro-tensiometer inserted
into the sampling cylinder ctaken from Malicki et al. 1991)
The TDR-miniprobes were developed in cooperation with the Institute of Agrophysics in Lublin, Poland. They are composed of two 55 mm long stainless steel needles
separated 5 mm from one another CFig. 2). They are connected with a TOR moisture
meter, operating with a 250 ps rise-time needle pulse and controlled by a personal
computer. Standard deviation of moisture probes registered is 0.005 vol.%. The sphere
of influence of the TOR-microprobes is roughly a cylinder having a diameter equal
to to the needle's separation and a height equalling the needle's length. Further
details concerning the TOR-miniprobes are given by Malicki et al. ([991) and the
TOR moisture meter is described in principle by Malicki and Skierucha Cl 989).
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Undisturbed soil samples of soils studied in this paper were taken with the described core sampler, in various locations. The horizons chosen, together with relevant
chemical and physical properties, are given in Tab. I.
Table I. Some chemical and physical properties of the soil samples studied
Soil type
CFAO 1988)

Horizon

Depth
Clay
(em)

Texture
Silt

Sand

------------ % ------------

Organic
ma!!er
(% CJ

pH
CCaC12 l

Albic Luvisol

AP
E
Bt

0-30
30-55
55-80

9.2
9.2
2 3.1

87.2
87.5
74.9

3.6
3.3
2.0

1.0
0.4
0.2

6.3
6.8
7.1

Cambia Arenosol

Ah
Bsw

0-1 2
12-30

2.0
1.0

14.0
9.0

84.0
90.0

5.9
1.5

3.2
3.9

Eutric Vertisol 1

Bw

15-60

58.1

40.0

1.9

0.4

7.4

1 taken from W endroth (1990)

Results and Discussion

Following desorption and after attaining equilibrium at a.bout 600 hPa, a sample
from the Bt horizon of the Luvisol was allowed to absorb tension-free water at its
base. The tensiometer nearest the base immediately fen. to values near saturation
(Fig. 3a). However, the uppermost tensiometer, after quite some lime. indicated a
further rise in water potential. although the top of the column had been sealed to
prevent evaporation. Evidently, swelling at the base of the column during water
uptake led to a rearrangement of pores, resulting in higher· potential values. The
middle tensiometer showed an intermediary reaction.
The inverse behaviour was observed during desorption of a capillarity saturated
sample pertaining to the clayey Bw horizon of the Ver!isol. Evaporation led to a
sharp rise in potential values of the uppermost tensiometer CFig. 3b). At the same
time, the bottom tensiometer indicated lower suction values. In this case, we
presume that shrinking at the top end of the soil column led to higher pore water
pressure at the base. This differential behaviour was observed following several
breaks in evaporation, aimed at attaining a new hydraulic equilibrium within the
column. Again, the middle tensiometer showed an intermediary behaviour.
These results of water potential change during adsorption and desorption in
samples of soil horizons that possess pronounced shrinking and swelling properties
demonstrate the ability of the micro-tensiometers to register smallest changes in
water potential. It also shows their quick response times.
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Figure 3: Change o! water potential during adsorption (A, B1 horizon, clayey siltl
and desorption (B. Bw horizon, silty clay). Micro-tensiometer positions: • I em from
top. o 5 em from top. • 9 em from top. Total length of column lO em.
The hydraulic conductivity functions of two horizons originating from an Arenasol under pine forest are presented in Fig. 4. These results were obtained using the
!PM II. Both horizons have a nearly identical texture. so that the differences in
unsaturated hydraulic conductivity can presumably be attributed to the effect of
organic matter. underlining the importance of organic matter not only for water
storage, but also for water transmission properties. ln sandy soils. organic matter is
present as separate particles in between the bigger sand particles. clogging the
large pores. Thus. the higher content of organic matter led to a shift in pore size
distribution from very large pores to smaller pores. equivalent to a shift from 0 - 10
hPa to the range of 10 - 100 hPa, as corroborated by the pF curves obtained from
the same samples (curves not shown). This was the range in which the conductivity
function of the Ah horizon showed higher values.
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Figure 4: Unsaturated hydraulic conductivity of two sandy horizons, using the
instantaneous profile method II GPM I!)
in the laboratory
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Figure 5: Unsaturated hydraulic conductivity of a silty AP horizon, measured
in the field CDuynisveld, 1984) and in
the laboratory C!PM ID

A comparison of hydraulic conductivity functions with, in situ functions obtained at
the same sites is shown in Fig. 5 and 6. In the first case, we compared the data
obtained from samples of the Ap horizon of the Luvisol. Both the laboratory and the
field function agree well, considering the fact that an AP horizon will show temporal
and spatial variations, depending upon tillage history and exact location, and that the
period that lay between determination of both functions was several years. The silty
texture and maybe some effects of tillage led to higher conductivity values in the
potential range > 80 hPa when comparing the two A horizons from Fig. 4 and 5,
whereas the greater proportion of large pores equivalent to a potential < 30 hPa in
the sandy horizon explain the higher conductivity values in this range.
The albic horizon of the same Luvisol also showed satisfactory agreement with
the field function CFig. 6). Furthermore, as an example, the laboratory functions
obtained using both !PM I and !PM II are displayed. No differences were observed,
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10"4
100

0

Adsorption

•

Desorption

101

102

103

Water potential [hPa]
Figure 7: Unsaturated hydraulic conductivity of a silty E horizon, obtained
during desorption and adsorption with a
ceramic plate

so that if only unsaturated hydraulic conductivity functions are to ba obtained, the
!PM II employing solely micro-tensiometers and a balance would ba sufficient.
Comparing the functions in Fig. 5 and 6, one can observe that again .the horizon
with a higher content of organic matter, which was also disturbed by tillage, had
slightly higher conductivity values, mayba due to a higher proportion of macropores.
It also shows that scatter is larger within the data from the Ap horizon, reflecting its
tillage-induced heterogeneity.
Under normal field conditions, both desorption and adsorption processes continuously
alternate, depending upon rainfall, drainage and water uptake by plant roots. This
means that also adsorption functions of hydraulic conductivity should ba determined
to characterize soil structure, as hysteresis will greatly influence water storage and
flow properties. The effect of hysteresis on hydraulic conductivity is exemplarily
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demonstrated in Fig. 7 for the same E horizon already presented in Fig. 6. As can
be seen. the desorption curve results in conductivity values greater by one order of
magnitude in comparison to the adsorption curve.

Conclusions
With the proposed measuring techniques (arrays of micro-tensiometers and TDRminiprobes inserted in monoliths or undisturbed soil cores. placed either on ceramic
plates or submitted to defined evaporation conditions) it is now possible to obtain
instantaneous profiles of water content and water potential in the range of 0 - 850
hPa, with a high spatial and temporal resolution. This enables a detailed study of
soil structure effects on soil physical dynamics, taking into spacial account such
factors as shrinking and swelling, layering. and hysteresis. The techniques proposed
not only generate conductivity data, but also the soil moisture characteristic curve
and bulk density, all on one sample.
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INFLUENCE OF THE.SHEAR PARAMETERS: ANGLE OF INTERNAL
FRICTION AND COHESION ON THE PREDICTABILITY OF SOIL
STRENGTH
M. Lebert
Christian Albrechts Universitat Kiel
Institut fur Pflanzenernahrung und Bodenkunde
Olshausenstr. 40 - 60, 2300 Kiel, Germany
INTRODUCTION
Soil compaction is affected by soil external factors, as
the loading conditions
(vehicle weight,
tire size,
tire
inflation pressure, number of loading events, etc.) as well as
by internal strength factors.
Different structured soils
behave very differently under compressive forces, ·even when
they are equally loaded.
Soil internal factors that affect soil compressibility
have been described by Horn (1988). Soil compaction only
occurs when the external forces exceed the' internal soil
strength. Therefore, it is necessary to determine the internal
soil strength in order to prevent damage to soil structure
during agricultural wheeling.
It was the goal of the investigations to get knowledge
about the soil physical parameters that are needed to predict
soil strength by multiple regression analysis. In order to map
soil strength for larger area units, the soil physical data,
that are used to predict soil strength, should be available in
common soil maps.

THEORY
In

soil

foundation

mechanics,

the

parameter

'pre-

consolidation load' is used to characterize soil strength of
saturated, non-structured soils (Kezdi, 1969). Horn (1981)
showed,
that
the
value of
the
pre-consolidation
load,
determined according to the method of Casagrande, is also
suitable for unsaturated, structured soil conditions.
If the soil is stressed with loads smaller than the preconsolidation load, soil deformation is only small, elastic
and reversible (Fig. 1, re-compression curve). However, if the
stresses exceed the pre-consolidation load, a plastic and
therefore irreversible deformation takes place (Fig. 1, virgin
compression line). Thus,

additionnal compaction only occurs in

the virgin compression load range. In the re-compression
state, normal force and shear resistance are large enough to
compensate for the applied forces, while in the virgin
compression state both normal

force

and shear resistance are

enforced to increase up to a higher level of strength. The
relation between normal stress an and shear resistance "t is
given by the Mohr-Coulomb failure line, that follows the
general linear equation:
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1:
=
c
+
tan 'P • on
where c = cohesion and ~

= angle

1

of internal friction.

Normal stress log dn

... __ ...

,

l\
1 pre-consolidation load

... ................ ''
'I'

re-compression curve

/'
virgin compression line

Figure 1: Compression behaviour of structured soils in the recompression and the virgin compression stress state.

SOILS AND METHODS
The investigations were carried out on 37 typical Bavarian
agricultural soils, with different types of texture and
structure.
Apart from the determination of the common soil physical
properties: bulk density, pore size distribution and saturated
hydraulic
conductivity,
the
following
soil
mechanical
properties were measured on undisturbed soil samples under
laboratory conditions, to characterize the relations of soil
physical properties to soil strength:
pre-consolidation load according to Casagrande (1936) by
the confined compression test (load range: 10- 800 kPa),
- shear parameters: angle of internal friction and cohesion by
the translational shear test under consolidated and drained
conditions (load range: 0 - 400 kPa).
The measurements were made at two moisture conditions,

i.e.,

a water tension of 60 hPa (pF 1. 8) which occurs in early
spring and in late autumn, when soil structure is weak, and a
water tension of 300 hPa (pF 2. 5) which prevails during the
vegetation period, when the level of structural stability is
higher.
Multiple regression analysis was then applied to the data to
formulate equations for the prediction of soil strength,
characterized by the pre-consolidation load. For more detailed
information about soils and methods reference is made to
Lebert (1989) and Burger et al. (1988).
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Figure 2: Normal stress - void ratio curve of two different
structured horizons of a Humic Planosol. W~ter tension 60 hPa.
""" Ap-horizon, subangular blocky structure, + ++ Btg-horizon,
coherent structure.

In Figure 2, the compression lines of two differently
structured horizons (coherent and subangular blocky structure}
of a Vertisol are compared. The horizon with the coherent
structure has a pre-consolidation load of 100 kPa, according
to it's initial bulk density. This soil horizon includes the
plow-pan layer. Therefore, the pre-consolidation load is
affected by anthropogenetic stresses. Hartge (1988} has shown
for many soils, that if soil structure is equilibrated only to
the stresses induced by the gravity of the overburden soil
layers, the compression line follows the virgin compression
line, when the stresses of the· overburden layers are given on
the stress axis.

The topsoil layer with subangular-blocky structure is
derived from the coherent material and the initial void ratio
corresponds to the backward extrapolation of the virgin
compression

line

of

the

coherent

horizon.

However,

soil

structure of the aggregated horizon is equilibrated to higher
stresses than the coherent horizon would be at the same void
ratio. The aggregated horizon has a pre-consolidation load of
60 kPa. Thus, due to the process of aggregation, the void
ratio of aggregated soil material is higher than of coherent
soil structure, as long as the stresses are smaller than the
pre-consolidation load.
Figure
3 shows
the
Mohr-Coulomb failure
lines
of
aggregated soil horizons.
At equal normal stress,
shear
strength is increased intensively with increasing degree of
aggregation (coherent < prismatic < blocky < subangular-blocky
structure} .
Furthermore, the Mohr-Coulomb failure line of aggregated
soils can be partitioned into two linear parts with different
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Figure 3: Mohr-Coulomb failure lines of different structured,
aggregated soil horizons. Water tension 60 hPa.
slopes within the load range of 0-400 kPa. The first part has
a steep slope and the second part - at higher normal stresses
- has a gentler slope. In 85 % of all investigated structured
soils, the vertical stress at the breakpoint between the two
parts corresponded exactly to the value
of the single
aggregates strength.
As long as the aggregates remain stable during the shear
test, friction angle and cohesion are determined by aggregate
properties. As long as soil structure is built up from strong
aggregates, high stability can occur even at a low density of
the bulk soil.
For more detailed information about the magnitude of the
inter- and intra-aggregate shear parameters, dependent on
size, strength and geometry of the aggregates, as well as on
texture, bulk density and water suction, reference is made to
Lebert {1989).
Therefore, the improvement of the shear strength due to
the process of aggregation is effected by an increased intraaggregate cohesion {Lebert, 1989; Baumgart! and Horn, 1990)
and an increased inter-aggregate friction angle {Lebert 1989).
Prediction of soil strength
In order to predict soil strength, quantified by the preconsolidation load, multiple regression analysis was applied
to the data {Lebert, 1989, Lebert and Horn 1990). To formulate
prediction equations of pre-consolidation load, the following
soil physical and soil mechanical properties were available as
independent variables:
{ 0)
- angle of internal friction {bulk soil) ~
- cohesion {bulk soil)
{kPa)
c
197

- bulk density
air capacity
available water capacity
- non-available water capacity
saturated hydraulic conductivity
organic matter content

( g.• em-

do

3 )

Lk (%, v/v)
nFk (%, v/v)
(%, v/v)
( (cm•sec-•) •103)
org (%, w/w).
TW
kt

For different texture groups (according to the scheme of the
AG Bodenkunde, 1982), equations for the prediction of the preconsolidation
load
Pv
(kPa)
were
obtained
by
multiple
regression analysis for two of water tensions (pF 1. 8 and pF
2.5). The results are shown in Table 1.
Table 1: Multiple regression analysis of the pre-consolidation
load Pv (kPa).
Tnture grQUp
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The results of the multiple regression analysis of the preconsolidation load show, that pre-consolidation load is well
predictable with
high degree of
significance
(r 2 ) .
The
influence
of
the
bulk
density
as
independent
variable
decreases with increasing clay content and, therefore, with
increasing influence of aggregation on soil strength. In Table
2, the degrees of significance (r•) of the equations shown in
Table 1 are compared to those of equations that were made
without using the shear parameters angle of internal friction
and cohesion (for the corresponding equations, see Lebert,
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Table 2: Comparison of the degrees of significance (r •)
between the equations with and without inclusion of the shear
parameters f and c as independent variables.

'P

With
Texture group

and c

Without

'f

and c

pF 1.8

pF 2.5

pF 1.8

pF 2.5

Sand

0.78

o. 71

0.72

0.68

Sandy loam

0.83

0.87

0.73

0.75

Silt

0.77

0.85

0.51

0.59

Clay and clay
loam
( <35%' w/w, clay)

0.81

0.80

0.37

0.48

Clay and clay
loam
(:<35%, w/w, clay)

o. 77

0.76

0.41

0.62

1989). It is clearly to be seen, that with increasing clay
content the degree of significance decreases when the shear
parameters are not used as independent variables. Except in
homogeneously structured sandy soils, the shear parameters do
not much increase the predictability of soil strength. In
these soils, bulk density is the most important strength
parameter. But in aggregated soils, bulk density of the bulk
soil becomes
less important for soil
strength and the
influence of different shear properties on soil strength
increases, due to the process of aggregation.

However, in order to map soil strength
multiple regression analysis to soil physical
parameters have to be available in soil maps.

by applying
data, these

In common german

soil maps, the soil physical parameters bulk density, pore
size
distribution,
saturated
hydraulic
conductivity
are
estimated from textural and visually determined structural
properties. However, the shear strength parameters are not
known!

The shear strength parameters
direct

measurements.

But

these

are generally obtained by
measurements

are

time

consuming. For practicle use of the shear parameters, there
must be another way to determine the cohesion and the friction
angle of soils. In Table 3, the angle of internal friction of
the bulk soil is given for typical bavarian agricultural
soils, in dependence of texture, water tension, bulk density
and aggregate size. Similar to that proceedure, the cohesion
values of the same soils are given in Figure 4, in dependence
of texture, bulk density , water tension and single aggregate
strength. However, single aggregate strength is determind by
the crushing
test
(uniaxial compression
test of single
aggregates) or during the direct shear test according to the
method of Lebert et al. (1987). If it is impractible to
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Table 3: Angle of internal friction ~ ( 0 ) of the bulk soil
(load range 0-400 kPa)
of typical agricultural soils in
Bavaria in dependence of texture, water tension (pF), bulk
density (do) and aggregate size (o =standard deviation, sub=
subangular blocky) •
pF

texture

s

sand

Sl2+Sl3
514
sandy loam

aggregation

1.8
2.5
1.8
2.5
1.8
2.5
1.8
2.5
1.8
2.5

blo
blo
sub
sub

Ut4
Ul3+Ul4

1. 8 + 2.5
1.8 + 2.5

clay and
clayey loam
( < 35%, w/w,
clay)

1.8 + 2.5

blo

1.8 + 2.5

blo

1.8 + 2.5
1.8 + 2.5
1. 8 + 2.5

sub
sub
blo

1.8 + 2.5

coh

1.8 + 2.5

pri

+
+
+
+

2.5
2.5
2.5
2.5

blo
blo
sub
sub

1. 8 + 2.5
1.8 + 2.5

sub
cru

silt

CaCOa

> 10%

clay and
clayey loam
(;, 35%, w/w,
clay)

do
(gem- 1

1.8
1.8
1.8
1.8

;,
;,
;,
;,

1. 20
1.20
1. 20
1. 20

1. 20 1. 54
;, 1. 55

< 1. 40

;, 1. 40

;, 1. 40

1. 20 1. 39
1. 40 1. 54
< 1. 54
;, 1.55
< 1. 40
1. 40 1. 54
;, 1. 55
< 1. 20

~

)

0

( 0)

31.6
33.8
39.0
42.9
37.0
39.6

2.64
2.29
1. 97
1. 50
2.21
2.70

35.2
36.8
37.2
39.1

1. 21
1. 55
0.97
1. 42

41.1
33.3

1. 32
2.70

27.9

3.64

29.1

2.96

27.5
33.7
35.6

3.13
1. 96
3.34

11.7

2.30

17.5

1. 98

24.3
29.2
22.0
29.5

2.55
2.39
0.67
2.21

35.0
25.5

1. 83
1. 78

determine single aggregate strength by one of the tests, the
strength of aggregates has
to be derived from visually
determined aggregate properties as the aggregate size. Apart
from geological and mineralogical properties of the soil
minerals,
aggregate strength is strongly affected by the
climatic history during the soil development. Utomo and Dexter
(1981) and Horn and Dexter (1989) have shown, that aggregate
strength increases with increasing numbers and intensities of
drying
and
wetting
events.
Therefore,
visual
aggregate
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Figure 4: Cohesion c (kPa) of the bulk soil (load range 0-400
kPa) of typical agricultural soils in Bavaria in dependence of
texture, water tension (pF) bulk density (do, g•cm-t) and
single aggregate strength (agg-stre,
kPa),
(a = standard
deviation, *** significant for p
.001).

=

...

I) clay and clayey loam, pF 2.5, ds ~ 1.55
c = 0.37 * agg-stre + 20.9,
r = .974, n = 18, a = 2.8
II) clay and clayey loam, pF 2.5, dn 1.20 - 1.54
c = 0.36 * agg-stre + 16.0,
r = .942, n = 12, a = 3.5
•••
III) clay and clayey loam, pF 1.8, ds ~ 1.55 I silt, pF 2.5,
do ~ 1.55
c = 0.32 * agg-stre + 16.1,
r = .972, n = 22, a = 2.7
IV) sandy loam, pF 2.5, ds ~ 1.20
c = 0.33 * agg-stre + 10.0,
r = .944, n = 11, a = 3.6
V) clay and clayey loam, pF 1.8, do 1.20 - 1.54
c = 0.29 * agg-stre + 11.5,
r = .96i, n = 10, a= 1.7
•••
VI) sandy loam, pF 1.8, do ~ 1.20 I silt, pF 1.8, do ~ 1.55 I
silt, pF 2.5, ds 1.20 - 1.54
c = 0.25 * agg-stre + 11.1,
. 945, n = 19, a = 2.4
VII) silt, pF 1.8, do 1.20 - 1.54
c = 0.20 • agg-stre + 11.7,
r = .905, n = 10, a = 2.3

...

...

properties as the aggregate size (e.g. prismatic or blocky
structure) can not generally quantify the aggregate strength.
But if a certain region is considered to be an area of nearly
homogeneous climate, average values for the aggregate strength
in dependence of the aggregate size can be given (Table 4).
Nevertheless, the standard deviation of these average strength
values is rather high.
·
However, if the relations between the strength and the
structural properties of soil types of a certain area unit
have been quantified, then tables and nomograms for the
determination of shear strength parameters can be derived for
these special soils. The results show, that for a local area,
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Table 4: Mean single aggregate strength (kPa) of typical agricultural soils in Bavaria in dependence of texture, aggregate
size and water tension (pF) (o = standard deviation) .
texture

aggregate
size

aggregate strength
pF 1.8

sandy loam

silt

blo +
cru-blo
sub +
cru-sub
pla
coh +
coh-blo
blo
cru-blo
pla-blo
sub

clay and
clayey loam

blo-coh
pri

77.5
a=15.0
50.0
a=16.3
75.0
a=35.3

cru-blo
pla-blo
sub
cru-sub

cru

soil strength
well predicted
the equations
Lebert (1989)
soils in other
soils have to
climate on the

85.0

a=11. 3
70.0

a= 9.8
110.0
a=56.5

23.3

26.7

a= 5.8

a= 5.8

50.0

70.0

a= 8.4

a= 9.3

25.0

50.0

a= 7.1

a=28.3

100.0
a=17.2
36.7
a=11. 5

100.0
a=13.4
43.3
a=11. 5

30.0

30.0

a= 6.7

a= 5.8

30.0

50.0
a=11.6
63.6
a=29.0
15.0
a= 7.1
77.5
a=15.0
82.5
a=53.8
40.0
a=14.1
10.0

a= 9.5
blo

pF 2.5

55.0 .
a=43.5
13.3
a= 5.8
55.0
a=19.1
68.0
a=54.9
25.0
a= 7.1
10.0
a= 2.3

a=4.8

of representative soils can be quantified and
by multiple regression analysis. However, when
for the pre-consolidation load according to
shall be used for determinig the strength of
regions, the shear strength parameters of these
be measured, due to the influence of different
aggregate developement.
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CONCLUSIONS
Soil
strength,
that
is
quantified
by
the
preconsolidation load,
can be well predicted
by multiple
regression analysis. The shear srength parameters angle of
internal friction and cohesion have to be included as
independent variables.
However,
the application of the
equations for
the
prediction of soil strength requires soil maps, that include
the most important soil physical properties, as bulk density,
pore size istribution, saturated hydraulic conductivity as
well as the shear strength parameters. For the main typical
profiles of a landscape, the shear strength parameters should
be measured in order to set up shear strength tables or
nomograms in dependence of soil moisture and soil structure.

With
the
equations
for
the
prediction
of
preconsolidation load, maps of soil strength can be derived.
These soil maps shall identify soils with low strength, in
order to prevent damage to soil structure by anthropogenetic
power impact.
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STRUCTURE EFFECT ON STRENGTH AND STRESS DISTRIBUTION
IN ARABLE SOILS
R. Horn
Institute for Plant Nutrition and Soil Science,
Olshausenstr. 40, 2300 Kiel 1, FRG
The strength of structured soils during loading
depends on the effective as well as on neutral stresses.
Thus soil compaction affects the inter- as well as the
intra-aggregate
pore-size
distribution
and
produces
changes of several parameters of the effective stress
equation. Furthermore, differences in the hydraulic
conductivity of bulk soil and single aggregates, as well
as differences in the pore continuity,
must be
considered. Therefore, a determination of compressibility
requires detailed analyses on a macro- and micro-scale in
order to deal adequately with the complex relationships
required by growing plants and the soil's physical
characteristics as affected by loads,

204

Introduction
Due to the development of heavier agricultural machines and
the intensification of soil and plant treatments within the
last two decades,
the question of maximum acceptable
mechanical compressibility or trafficability of arable land
arises
frequently
nowadays.
Although
however,
the
effectiveness of the farmer's work is increased because of
improvements in machinery and technology, the uncertainty of
sustainable high crop yield is also increased, because
anthropogenic hard plough pans, which are often produced
induce higher drought sensitivity, inadequate soil aeration,
nutrient deficiency and a reduction of rootability.
In unsaturated structured soils stresses are transmitted
three dimensionally through the solid, liquid and gaseous
phases, but the time delay during such propagation is quite
different. In water, the transmission takes place immediately
and
isotropically during loading,
while between solid
particles there is a time delay and in addition to this an
anisotropic
stress distribution,
whereby the
hydraulic
properties of the bulk soil further influence soil compaction
(Horn, 1988).
Effect of Internal Parameters and External Forces
Soil strength i.e. ability of soils to withstand mechanical
loading mainly depends on;
I) internal factors
1) the grain size distribution,

the kind of clay minerals, sort and amount of adsorbed
cations,
3) the content and kind of organic substances,
4) the structure and the strength induced by
- swelling and shrinkage
- stabilisation by roots or humic substances,
2)
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5)

the

bulk

density,

pore

size

distribution

and

pore

continuity,
and
6) the water content as well as the water suction, and
Ill external forces
1) kind of loading,
2) load intensity, and
3) time dependence and number of compaction events.
It is well known, that in general both dynamic and static
loading induce a load dependent increase of the external
stresses in the soil. If the maximum strength is exceeded a
decrease in the pore space is induced, because the mineral
the
liquid
phase
are
essentially
particles
and
incompressible.
With
increasing
aggregate
formation
soil
strength
is
increased compared to the structureless homogenized soil.
With increasing aggregation as well as 1 or in combination
with
increasing
dryness,
the
transition
from
the
overconsolidation load range to the virgin compression line
(i.e. preconsolidation load value) only occurs at a higher
load. Therefore, less aggregated i.e. coherent soil horizons
are more compressible than those with prismatic or polyhedral
structure, whereby with increasing clay content (> 40 % < 2
~m) the aggregates become weaker. For homogenized soils the
overconsolidation load range corresponds to the value of soil
water suction as effective stress 6 ',(Fig. 1) (Horn, 1981,
1988; Burger et al., 1988; Lebert et al., 1989).
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n

undisturbed sample

~ homooenized sample

Bl

loh.

pris·{poij

pol.

structure

Fig. 1: Influence of soil structure and/or water suction
(hPa) on the preconsolidation load.
elastic
deformation
occurs
in the
Furthermore,
soil
overconsolidation load range, while exceeding this value,
results in plastic i.e. irreversible soil deformation (Hartge
and Horn, 1984). Thus, if soils are loaded with the same load
and unloaded repeatedly, then not only may a destruction of
existing soil structure occur but the proportion of elastic
to plastic deformation may increase, whereby horzontal cracks
are also created during the transition of the more compacted
i.e. elastic to the weaker soil material at deeper depths.
Clay soils can be stronger during short time loading than
si 1ty or well structured soils with the same bulk density,
load and water suction, because in the latter ones the
initial i.e. timeless settlement dominates, while in the
former ones the very long lasting secondary settlement
dominates due to soil creep, but at a similar total
settlement (Horn, 1981). Consequently in clay soils the
preconsolidation load value can even be doubled if the soils
are only compressed for a very short time (e.g. for less than
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a second), while those differences are smaller in strongly
aggregated loamy, clayey or in sandy soils (Fig. 2).
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Fig. 2: Effect of stress duration on preconsolidation Pv in
a) sand with single grain structure, b) clay with coherent
structure and c) in 2 layers of a subangular-blocky loam with
different aggregate strength (kf
saturated hydraulic
conductivity) (after Lebert et al., 1989)
Ice lens formation due to freezing may also result either in
an increased soil strength due to water dependent volume
expansion or in a decreased strength because of the peeling
off process of soil material from strong aggregates during
freezing. Both effects are called soil curing (Horn, 1985).
Untilled soils are stronger than tilled soils, because the A
horizons have a higher bulk density and because untilled
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soils dry to a greater extent and depth for long periods of
time compared with tilled soils (Ehlers, 1975, 1982). Also,
vertically oriented biopores (such as earthworm tunnels) can
increase the maximum principal stress in the soil between the
biopores during vertical compaction (Horn, 1986).
Spatial Pressure Transmission
Any load, applied at the soil surface is transmitted in the
soil three dimensionally via the solid, liquid and gaseous
phase. If we assume that air permeability is high enough to
allow immediate deformation of the air filled pores, soil
settlement is mainly affected by fluid flow. The latter may
be delayed, because the change in water content or water
suction depends on the hydraulic conductivity, hydraulic
gradient and pore continuity, (Horn, 1981; Baumgart! and
Horn, 1990; Lebert et al., 1989). Consequently, soil
settlement as well as the proportion of the effective to
total stress change with time and load.
Based on the theory of Boussinesque, Frohlich ( 19 3 4 ) had
described the form of equipotential lines by merely texture
dependent concentration factors, whereby the values should be
higher the higher the clay content is. Thus, in weak soils,
load is transmitted to deeper depths but closer to the center
line. on the other hand in strong soils with low values of
the concentration factor, the pressure is transmitted more
horizontally in a shallower soil layer. The stronger the
soils are aggregated, the more pronouced is the stress
attenuation (Fig. 3). Thus, the concentration factor values
are smaller, the more aggregated i.e. stronger the soils are
and the drier they are (Burger et al., 1987).
It is also well known that not only the contact area pressure
but also the contact area at the same contact area pressure
affects stress distribution in structured unsaturated soils
(Fig. 4). At the same contact area pressure stresses are
transmitted to deeper depths the larger the contact area is.
However,
the
stress
distribution
pattern
i.e.
the
equipotential lines are not only very different due to the
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lug effect (Hornet al., 1989) but they are also dependent on
the speed of wheeling.
Pressure

(MPaXI0" 1)

\\1leelload (kg)
nre inflation pressure (kPa)

contact area pressure (kPa)
contact area (cm2)
rul deplh (mm)
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1800
160
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55
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Fig. 4: Pressure transmission in a loamy sandy Cambisol.
Water content 13 % (weight)
The higher the wheeling speed is, the smaller the vertical
stresses are as well as the horizontal stresses at deeper
depths, while in the weak ploughed topsoil (0-30 em depth)
higher stresses could be measured (fig. 5),
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Furthermore, repeated short time loading results in a higher
stress compensation in the topsoil which reacts elastically,
while stress distribution to deeper depths is reduced (Horn
et al. , 1987) • Thus, a given load, applied at the soil
surface is attenuated in aggregated soils in shallower soil
depths compared to the situation in homogenized material, at
a given constant bulk density and soil water suction.
Irrespective of these alterations due to the speed of
wheeling, lug effects and the number of loading events, mean
values of the concentration factor in e.g. silty soils are
summed
up
in
dependence
of
the
tire
contact
area,
preconsolidation load and vertical stress at the top of each
distinct soil layer. At the same preconsolidation load value
and comparable 6 • values at the top of each layer, the
concentration factors become smaller with increaseing contact
area. Furthermore, these values also decrease with increasing
preconsolidation load (Tab. 1).
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The higher the latter value is,

the smaller the values for

the concentration factors at the same contact area are.
Table 1: Mean values of the concentration factor for silty
soils in dependence of the contact area and 15 • at the soil
horizon surface
Contact
area (cm 2 )

6• at the soil
surface of each
soil layer
- 60
(kPa)

preconsolidation load
(kPa) at pF 2.5
-100

-140

-180

>180

- 10

100
150
200
>200

4,1
4,3
4,5
4,7

3,7
3,8
3,9
4,2

2,1
3,1
3,4
3,8

2,0
2,3
2,5
2,9

1,1
1,7
1,8
2,0

10,1 - 15

100
150
200
>200

3,4
3,6
3,7
3,9

3,3
3,0
3,0
3,7

2,6
2,8
2,9

2,6
2,5
2,8

1,9
1,9
2,0

15,1 - 20

150
200
>200

3,2
3,5
3,7

2,5
2,6
2,8

20,1 - 25

100
150
200
>200

2,5
2,9
3,4
3,6

2,1
2,5
2,7
2,9

THE EFFECTIVE STRESS EQUATION
Soil differences described above influence the parameters of
the effective stress equation of Terzaghi
6=6'±u
6

where

6'

[1]

total stress
effective stress transmitted via the solid
particles,
and

u

neutral stress transmitted via the liquid phase
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For arable soils Eq. [1] becomes
[2

where

J

air pressure,
Ua
Uw = pore water pressure, and
X
factor, which depends on the saturation
degree of the sample

At pF = - ro , X = 1, while at pF 7, X is zero. For sandy,
less compressible soils, X can be calculated by
X= 0.22 + 0.78 Sr

[ 3]

where
Sr = saturation degree. For silty and clayey soils,
the single variables of Eqs. [1] and [2] depend on internal
as well as on external factors and are different for
structured bulk soils, homogenized material and single
aggregates.
This is true, because of the increased cohesive forces of the
single
aggregates,
and
because
the
smaller
water
transmissivity of the finer aggregate pores and the pore
continuity between the inter- and intraagregate pore system
affects the strength and the importance of the various
parameters of the effective stress equations. Fig. 6 gives an
example of how far the parameters of the effective stress
equation uw and 6', as well as the X/pF curve differ for the
structured bulk soils and for single aggregates. The slope of
the X/pF curve is steeper for aggregates than for bulk soil
samples, especially at a low pF value, whereby due to the
higher strength of aggregates than of bulk soil or
homogenized material (Fig. 7) a load dependent alteration is
much more pronounced in the bulk soil than in the single
aggregate (Horn, 1989).

214

2.<

t,---A------;

:::

settlement
condition

!.6

t

I:

I'

\I

'I

It

Dn

.8

0.

+

6,

X

2

II

I,

50 kPo
I.OOkPa

I~

.s

\I
I'

••

~

.2
0,

3

I:

1.2
1.0

pF

\.,\ ' {
\

before
after

•LL

a.

r

\···~

1.8

O<G" < 400 kPa

~~~LW~~-J~~~--~

0

.2

.4

.6

.8

1.0

0

X
Fig. 6: (A) Change of X with pF as related to water suction
and loading (P-horizon); (B) Change of X with pF in bulk
soils (bulk density range from 1.35 - 1.6 gjcm3) and single
aggregates (bulk density : 1.6 - 1.8 gjcm3)
ang!a of intarr.el fricticn ("}

60

.

precessication
CI.D

rn

ot;;:og:ua

r:z:J

c-co k.Pa

WJ 150-4CO kPa D

a-so kFa

150-<ICO kPa

Fig. 7: Angle of internal friction of aggregates, bulk soil
and homogenized material for two load ranges: 0-50 KPa, 150400 KPa (P horizon, predessication - 3, - 15 kPa)
215

From fig. 7 it can also be derived that apart from the fact
that the values for the angle of internal friction for single
aggregates are always the highest compared to those of the
bulk soil and homogenized material, the undisturbed soils
have higher values for the angle of internal friction at
smaller loads (< 50 KPa) than at higher ones. These
differences are more pronounced the wetter the soil has been
(Baumgartl and Horn, 1990).
Conclusions
The soil strength of

structured soils differs

to

a

great

extent from that of homogenized material whereby the soil
moisture suction further alters soil strength. Furthermore
simple aggregates in structured soils are also stronger (i.e.
they have a higher value of the angle of internal friction
and cohesion compared with the bulk soil or the homogenized
material.
Thus, stress. distribution (intensity and spatial direction)
varies in dependence of soil and machinery parameters. Thus,
the determination of compressibility requires multifunctional
methods in order to deal adequately with the complex
connection between the soil requirements of growing plants
and the soil's physical characteristics as affected by the
loads which it has to support.

References
Baumgartl, Th. and R. Horn 1990: The effect of aggregate
stability on soil compaction. Soil Tillage Res. in
press
Burger, N., M. Lebert and R. Horn 1988:
Prediction of the compressibility of arable land. In:
Interaction of Structured soils with Water and
External Forces. Eds: J. Drescher, R. Horn Catena
Supplement 11, 141-152
Ehlers, w. 1975: EinfluB vom wassergehalt, Struktur und
216

Wurzeldichte auf die Wasseraufnahme von Weizen auf LoB
-Parabraunerde. Mitt. Dtsch. Bdkde. Ges. 22, 141-156.
Ehlers, w. 1982: Die Bedeutung des Bodengefuges fur das
Pflanzenwachstum bei moderner Landbewirtschaftung.
Mitt. Dtsch. Bdkde. Ges, 34, 115-128
Hartge K. H. and R. Horn 1984: Untersuchungen zur
Gultigkeit des Hooke'schen Gesetzes bei der Setzung
von Boden bei wiederholter Belastung. z. Acker- und
Pflanzenbau 153, 200-207
Horn, R. 1981: Die Bedeutung der Aggregierung von Boden
fur die mechanische Belastbarkeit in dem fur Tritt
relevanten Auflastbereich und deren Auswirkungen auf
physikalische BodenkenngroBen. Schriftenreihe des FB
14 TU Berlin, H. 10, 200 S. ISBN 379830792 X
(Habilitationsschrift)
Horn, R. 1985: Der EinfluB der Frostgare auf bodenphysikalische KenngroBen. z. f. Kulturtechnik und Flurber.
26' 314-319
Horn, R. 1986: Auswirkung unterschiedlicher Bodenbearbeitung auf die mechanische Belastbarkeit von Ackerboden.
J. Pflanzenern. und Bodenkde. 149, 9-18
Horn, R. 1988: Compressibility of arable land. Catena
Suppl. 11, 53-72, ISBN: 3-923381-11-5
Horn, R. 1989: strength of structured soils due to
loading - a review of the processes on macro- and
microscale, European aspects. In: w. E. Larson, G. R.
Blake, R. r. Allmaras, W. B. Voorhees and s. c. Gupta
(Eds.): Mechanics and related processes in structured
agricultural soils. NATO ASI SERIES, E: Applied
Sciences 172, 9-22. Kluwer Academic Publishers. ISBN:
0-7923-0342-3
Horn, R., N. Burger, M. Lebert and G. Badewitz 1984:
Druckfortpflanzung in Boden unter langsam fahrenden
Traktoren z. f. Kulturtechnik u. Flurbereinigung 28,
84-102
Horn, R., P. s. Blackwell, R. White 1989: The effect of
speed of wheeling on soil stress, net depth and soil
2!7

physical properties in an ameliorated red brown earth.
Soil Tillage Res. 13, 353-364
Lebert, M., N. Burger and R. Horn 1989: Effects of dynamic and static loading on compaction of structured
soils in: w. E. Larson et al. (Eds.) Mechanics and
related processes in structured agricultural soils,
73-80 NATO AS! Series E, Volume 172, 73-80 Kluwer
Acad. Publishers

218

Section 4
Soil Compaction

219

220

I
THREE INDICES FOR ASSESSING TILLAGE-INDUCED COMPACTION IN A
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Pulverized seedbeds used for growing vegetables having small seeds
such as onions and carrots require that the soil be intensively tilled.
Continuous passage of farm machinery used for pulverizing the seedbeds
can result in soil structure degradation which can be reflected in
changes in soil physical properties such as bulk density, aeration

porosity and soil strength (Vorhees, 1978; Paul and De Vries, 19791;
Gupta and Allmaras, 1987; Petelkau and Dannowski, 1990),
Soil structure degradation resulting from compaction due to tillage

can also lead to a decline in production potential of soil (Fauk, 1977),
Considerable decreases in the yield of potatoes and oats have been
respectively reported by Arnold and Sojka (1980) and Petelkau and
Dannowski (1990), as a result of soil compaction due to vehicular
traffic. In addition, Petelkau and Dannowski (1990) noted that soil
compaction did lead to poor nutrient uptake by oats.
The shallow organic soils in the Lower Fraser Valley, near Cloverdale
in British Columbia, Canada, are famous for the production of vegetables
such as onions and carrots. Even though sub-surface drains installed
in these organic soils can be observed to be functioning, pending of
water on the soil in spring is a common occurrence (Bonsu, 1984). The

problem of ponding often leads to a delay in seedbed preparation by the
farmers. Therefore, because of the need for timeliness, some farmers
are compelled to use four-wheel-drive tractors to perform their
tillage operations when the soil is rather too wet and untrafficable to
result in compaction and poor hydrologic characteristics of the soil.
Rotovators are often used by the farmers in pulverizing the seedbeds.
The rototillage operations which likely shear the soil at depths
below the surface have the tendency to seal off macropores such as
channels developed by plant roots and shrinkage cracks which help
conduct water and air to the lower layers of the soil profile (Larson
and Osborne, 1982). The compaction-related ponding problem of the
shallow organic soil in the Lower Fraser Valley of British Columbia
in Canada was investigated using bulk density, penetration resistance and
saturated hydraulic conductivity as indicators.

MATERIALS AND HETHODS
Soil and environmental conditions

This study was carried out on the shallow organic soil located
between the Serpentine and Nicomek rivers in the Lower Fraser valley

of British Columbia, Canada. The soil which belongs to Vinod series
has been classified as Rego Gleysol in the Canadian,System of Soil
Classification (Luttmerding, 1981).
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The soil consists of well-decomposed organic material whose depth
varies between 0.15 and .0.40 m. The organic material overlies a
moderately fine-textured mineral layer consisting of deltaic and
fluvial deposits. There is a cultivated humic surface layer of about
0.25 m thick, which is soft and friable. The soil is acid in reaction
with the sub-layers (0.25 - 0.40 m) having pH values ranging between
3.9 and 4.7. Liming has been continuously applied in the cultivated
top-layers (0 - 0.25 m) so that the pH of the top-layers ranges between
5.0 and 5.4. Long-term cultivation and subsidence have resulted in the
exposure of mineral matter at certain locations. Therefore, considerable
amount of mineral matter has been moved and mixed with the organic
layers at certain locations as a result of cultivation. BeCause the'
organic soil is located on a lowland, the area undergoes frequent
flooding in spring due to overland flow from the adjacent upland areas.
The average annual precipitation of the area is around 1500 mm.
About 78% of the total precipitation falls from October through April.
Precipitation falling as snow amounts to about 3 to 6% of the total
precipitation. The remaining 22% of the total precipitation falls
between :t-fBy/ and September when most farming activities are done. There
is a climatic moisture deficit ranging between 100 and 150 mm during the
summer months when evapotranspiration rates exceeds precipitation rates.

Field investigation of compacted layers
(a) Penetration resistance determination.
The penetration resistances in onion seedbeds as well as in the
wheel tracks of tractor (in between the seedbeds) were determined with
a 60° tip cone penetrometerlhaving a base area of 5.0 x 1o-4 m2.
Determina,tions were done systemat-ically,- at locations 5 m apart at 0. 05 m
depth - increments to a maxi~um depth of 0.40 m. Two harvested onion
s.eedbeds 30 m long were ,selected for the investigation in spring of
1983. Before the investigation; water had been ponding on the site,
The determination was done after the ponded water had receded and dried.
Water content just·after the ponded water had receded (field saturated
condition) and at the time I de-teriiliri.ed: the penetration resistance was
obtained· . !gravimetrically.
.

(b) Bulk density determination
The bulk density was determined as a function of depth using co•e
samples of dimensions 7.6 x 7.4 em taken layer by layer along three
profile pits dug at the site. To facilitate cutting of the cores; the
bottom edge of the cylinder used to retrieve the cores was sharpened
(Boelter, 1964; Dasberg and Neuman, 1977).
(c) Saturated hydraulic conductivity determination
Field sampling for saturated hydraulic conductivity determination was
done systematically at 5 m apart along three profile pits dug on one
of the onion seedbeds. Soil monoliths of 10 em diameter and 11 em
length were carved in situ layer by layer, The carved soil monoliths
were fixed in cylindrical cans of 13 em internal diameter and 14 em
length using melted wax. The monoliths were carefully removed' with a
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shovel and their bottom ends trimmed with a knife. Three samples were
taken from each layer of the profile pits. The monoliths were
transported to the laboratory and the saturated hydraulic conductivity _
was measured by the falling head method. · · ··

RESULTS AND DISCUSSIONS
Plots of cone penetrometer resistances in the onion seedbed and in
the wheel track of trac'tor relative with soil depth are presented in
Figure 1. The data from the onion seedbed indiCated ·a consistent
increase of penetration resistance with depth to a ·maximum value in the
0.30 m depth, after which it started to decrease. The penetration
resistance in the 0.25 m and 0,30 m were 3.6 and 4.5 times higher than
that in the top 0.05 m, respectively. The fact that the penetration
resistance in the onion seedbed was highest in the' o;25 - 0.30 m depth
zone indicated that that zone had been subjected to compa.ction~
.
The penetration resistance in the wheel track similarly increased
consistently with depth l:Hit.".the maximum penetration resistance was
observed in the 0,15 m depth zone. In the 0.15 m depth, the penetration
resistance in the tractor wheel track was 4 times as high as that of the
corresponding depth in the onion seedbed, As a matter of fact, the
penetration resistance in the wheel track up to the 0.25 m depth was
always higher than the corresponding value in the seedbed. The
obS8rvation suggested that compaction due to vehicular passage was greater
than that due to the tillag~ implement , It could be deduced from the
penetration resistance. studies that whereas maximum compactiOn due to
:tillage implement occurred deep .in the profile, the maximum compaction
associated with vehicular passage occurred in the top-layer.

The saturated hydraulic conductivity and bulk density data in the
onion seedbed are plotted as a function of soil depth in Figure 2. The
saturated hydraulic conductivity value in the 0.15- 0.25;m depth zone
was about an order of magnitude lower than that in the top-layer
(0 - 0.15 m) .·and about two orders of magnitude lower than that in the
sub-layer- (0-.25 - o·.4o m). The increase of organic matter content with
depth (Figure 1) suggested that saturated hydraulic conductivity should
increase with depth. Therefore, the lowest saturated hydraulic
conductivity in the 0.15- 0.25 m depth zone indicates compaction, The
bulk density data (Figure 2) also showed that the highest bulk density
observed i~ the 0,15 ~ 0.25 m depth zone corresponded with the zone of
lowest saturated hydraulic conduc~ivity,
The penetration resistance studies in the onion seedbed have shown
the existence of a zone of compaction between the 0.25 - 0,30 m depth.
The relatively high bulk density and low saturated hydraulic
conductivity in this depth zone evidentl~ confirm compaction in this
zone. Personal communication with the farmer revealed that the
compacted zone corresponded with his depth of tillage. The farmer
used rotovators to pulverize the onion seedbeds. Therefore, the
sheering of the soil through rototillage (Larson and Osborne, 1982)
could be responsible for the development of the compacted zone between
the 0.25 - 0.30 m depth zone.
This study has revealed two main principles of compaction association
with the passage of farm machinery and the use of tillage implements
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on arable soil. The weight of the tractor exerts pressure on the soil
causing maximum compaction at shallow depths. While there appears to
be a maximum localized compaction due to vehicular weight, the
pressure distribution in the soil due to vehicular weight could be
quite extensive (Figure 1). The pressure distribution in the soil
resulting from vehicular weight is dependent on the soil moisture
content, the area of contact between the wheel and the soil and the
nature of the soil (Soehne, 1958). With increasing wetness, the
tendency is for the wheel to slip to result in plastic flow, which
enhances further deterioration of the soil.

Soil deformation associated with rototillage results through the
sheering as well as the weight of the tillage implement. The
shearing action of the implement may seal off the macropores that
contribute to water flow in the soil. The reduction in pore sizes due
to 'rototillage is reflected in the low saturated hydraulic conductivity.
Soil moisture distribution with depth when the soil was at field
saturated condition and at the time the penetration resistance
measurements were made is illustrated in Figure 3. There is a
supportive evidence from Figure 3 that in the layers where compaction
is prevalent, drainage appears impeded, while in the sub-layers where
there is no serious compaction, drainage appears good.
It is obvious from the result of this fact-finding study that the
presence of tillage pan in the depth of cultivation is a factor for
frequent pending of water on the shallow organic soil in the
Serpentine - Nicomekl area in the Lower Fraser Valley in British
Columbia, Collaterally, while tillage is necessary in cultivating the
organic soil, soil structure degradation becomes a management problem
if the soil is tilled or crops harvested when the soil is too wet and
untrafficable (Paul and De Vries, 1979; De Vries, 1983). It is
necessary to remark that as a management recommendation based on the
findings of this study, the farmer whose field was used for this
exercise was advised to break the pan through sub-soiling. Having
shattered the pan through sub-soiling in the summer when the pan was
brittle, the ponding problem was eliminated.
CONCLUSION
It is deduced from this study that compaction due to tillage in the
shallow organic soil in the Lower Fraser Valley in British Columbia,
Canada, can be associated with vehicular weight and the shearing
action of the tillage implements. The compacted zones have high
penetration resistance and bulk density as well as low saturated
hydraulic conductivity, In addition, drainage appears to be impeded
in the compacted zones. This work evidently supports others in the
literature that bulk density, penetration resistance and saturated
hydraulic conductivity can be used as indices of soil compaction.
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THE INFLUENCE OF HACHINE TRAFFIC ON GROI·JTH OF 1-!AIZE
F,G, Braide
Ahmadu Bello University, Zaria, Nigeria
ABSTRACT
The influence of machine traffic on soil physical properties, seedling
emergence, crop growth and yield of maize (CV, TZESR-Y; Zea Hays L,) is
reported in this paper, A 12-plot experiment, with four treatments
(zero pass as control, and three numbers of machine passes designated

2,

s,

and 14), were used for the field investigation.

Core samples for

soil moisture content, and bulk density were obtained at several times
during the study. Soil penetration resistance was determined by the use
of a cone penetrometer. Crop percentage emergence and plant height were

determined daily and weekly respectively,

The results obtained indicated

that machine traffic caused alteration in the soil structure such that
hi~,;h

moisture content and high bulk density were obtained for the treated

plots.

There Has a marked reduction in crop groHth and maize yield Has

significantly reduced,
1,

PUHPOS8

The demand for more agricultural raw materials for domestic and
industrial use has brought an increase in the number of farms larger than
100ha in area, At such a scale animal traction or human labour are no
longer possible for such primary operations as land preparation. The only
ansHer at this scale of operation is tractorized mechanization. One
problem of tractorized mechanization is soil compaction, This process is
causing progressively serious problems in agricultural top soils Hhich are

often affected by mechanized farming,
Compaction from Hheel traffic has been found to influence adversely all
stages of crop growth, responses being particularly marked in the early
stages of establishment. In extreme cases, the mechanical consolidation

of tillable soils by vehicular traffic has led to the removal of land from
agricultural production. As soil becomes consolidated, the mechanical
strength of the soil is increased, the Hater holding capacity is lmvered
and Hater infiltration capacity is reduced. Extensive studies of Hater
movement, Hater retention and air diffusion in soils of various type have

been reported.

Some of these (Hill and Summer 1967; Raghaven and l·lcKyes

1978} reported increases in Hater retention due to compaction in clay and

sand in the surface layer, In a study of the effect of vehicular traffic
on soil moisture content in maize plots Raghaven and l-lcKyes ( 1978)reported
an alteration in the internal soil structure.

This could be due to the

fact that compaction of soil could result in movement of soil particles
by the applied forces. O'Neil and Carro~; (1982) reported a reduction in
aeration porosity at -0,1 bar from 18,1 to 12.5% under different soil
compaction and irrigation regimes.

Decreased yield with compaction is commonly reported (Rosenberg and
Hillitis 1962; Suebert et al. 1977; Adeoti and Olare~;aju, 1990) but the
type of yield response obtained depend on the soil type, soil strength and
intensity of packing of the soil, Bourget et al, (1961) reported that oat
yields obtained on uncompacted plots ~;ere highly significantly greater
than on compacted plots, They however reported that no significant
differences in yields Here obtained on the 8, 1lf, 20 and 26 tractor passes
treatments. Adeoti and OlareHaju (1990) reported yield reduction for
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three different tillage treatments Hith number of tractor passes for

tomato,
The purpose of this paper is to study the influence of machine traffic
on groHth of maize tvith particular reference to soil physical properties,
and groHth pattern of the crop,
2. fiETHODS
2.1 Field Preparation
An area 15m by 51m Has cleared of initial grass cover using hand hoes
and rakes, This was divided into 3 blocks of 15 x 15m leaving a head land
of 3m Hide betHeen each block. Each block was subdivided into 4 plots of
size 2.5m by 15m with alleys of 2m by 15m separating each plot.
2. 1. 1 Physical !·leasurements
Bull< density, penetration resistance and moisture content were used as
criteria for evaluating the changes in soil physical conditions due to
machine traffic.
Bulk density and moisture content dry basis Here determined befope and
after applying the compaction treatments and at subsequent periods of the
grot·ling crop. Soil cores Here collected using hollow steel core cans
(5cm diameter by 5cm high). Sampling was done in sets of three from each
plot at 5cm in-depth interval beneath the original soil surface and 30cm
depth. Noisture contents Here calculated to determine the water storage
due to the various treatments and water depletion 1-1ith depth.
The mechanical impedance of the soil to root penetration Has
characterised by the use of a hand operated penetrometer equipped 1-1ith a
323mrn2 cone and 30° apex, in 5cm in-depth interval to 15cm depth.
11easurements were carried out at ten locations per plot before and after
applying the treatment and periodically thePeafter.
2.1,2 Treatments
A 12-plot experiment Has designed to contain 3 replicates of 4
treatments comprising of zero traffic, 2 passes, 8 passes and 14 passes of
tractor traffic. The logistics behind these machine passes Here made on
the arbitrary n1easure of tractor use in the collective annual operation
involved in mechanized groundnut farming. It Has determined that under
the conventional tillage system, a rear Hheel conceiveablly could
transverse a given ground location fourteen times, were seedbed
preparation, fertilizer application, seeding spraying Heeding and harvesting operations required the use of a tractor. Reduced tillage HOUld reduce
the tractor passes.
Compaction treatm~nts were affected by ciri vin~; a John Deere tractor
model 2030 of Height 2045kg and carrying a ridger 251kg in Height back and
forth on the entire area of each plot to the required number of passes.
The mted p01;er of the tractor is 53kH, Hith a front and rear tyre sizes
of 7.50-16 and 16.9/14-30 respectively, The tyre inflation pressures Here
206kPa and 96.1kPa respectively.
A randomised split-plot design with the treatments of vehicular passes
(main affect) arranged in a randomised complete block desizn is shm·m in
Fig. 1.
2, 2 Cultural OpePa Cion
1-laize (Zea Hays, L) was so~<n manually to a stand of three at the base
of holes 20mm diameter and 30mm deep. These holes Here dug by means of
hand held twist drills. The displaced soil was used to cover the seeds
manually. Seedin_; Has done on all plots in four parallel length-Hise roHs,
spaced at 75cm and 30cm betHeen stands. Six hours of irrigated Hater was
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supplied, and manual
Heeding \·las done at eighteen and tHenty five days
after seeding. About four Heeks after seeding, 60kg N/ha as urea Has again
applied by spot seeding near the seedlings, The seedlings Here
subsequently thinned do 1m to one per stand,
2, 3 Plant Parameter 11easurement
The plant parameters measured Here the plant height and seedling
emergence. These parameters were taken from the tHo inner rows of each
plot Hhile the outer roHs Here used to eliminate boarder effects, The
grain Has harvested from the tHo centre rows of each plot and the weight
adjusted to 14% moisture Height per 1000 grains taken at random from the
harvested plot was used to characterise the treatment effect,
3, RESULTS
3. 1 Soil Physical Heasuremen t
The degrees of compaction produced by the various vehicular passes
~<ere measured in terms of the increase in the soil dry bulk density,
The
effect of vehicular traffic on changes in

bul~

density is shovm in Fig 2.

This Has compared to the penetration resistance and soil moisture at
various days after soHing as shoHn in Fig, 3. It can easily be seen that
the zero pass had the least bulk density at depths up to 30cm Hhile the
14 passes had the highest as shoHn in Fig. 2. The penetration resistance
was least for zero pass at 5cm depth and Nas highest for 8 passes as
sh01m in Fig, 3a. The moisture content Has least at 0-5cm depth for the
zero pass at all the time intervals after so>~ing, It Nas highest for the
8 passes at 5 days after so1·1ing and the 14 passes became highest at 9 days
before increasing as shown in Fig. 3b.

3.2 \later Use
Hachine traffic reduced the quantity of Hater used in the soil by 62.3%
during a five day period in June as shovm in Fig. 4. After 8 hours of
supplementary irrigation in June, Hater depletion Has measured for 5 days

when evapotranspitration rates ~<ere expected to be high, Plots subjected
to 14, 8 and 2 tractor passes used 71%, 54% less Nater respectively over
this period than plots with zero pass, Considerably higher amount of
11ater, 6.69% Has extracted from the top 0-5cm layer of the zero pass plots
compared to 2,65% for the 14 pass plots,
3.3

Seedling Emergence
The progressive seedling emergence due to vehicular traffic effect is
shoHn in Fig. 5, Seedling emergence Has observed on the fourth day after

seedling on all the control plots and those subjected to 2 passes of the
tractor, Observed days to germination indicated a one day delay for the 8
and 14 vehicular pass plots. This delay is attributable to a combination
of factors due to vehicular traffic, Analysis of the data (Adebayo 1984)
for the emergence period shOHed that the interaction of vehicule passes

and days of emergence after seeding ~;as significant at the 0.05 level of
probability, This implies that vehicular traffic has a det~imental effect
to the emergence of the seedlings.

Average percentage emergence for the

14 treatment plots obtained 5 days after seedling indicate that emergency
from these plots Here 60% less than that obtained from the zero plots.
This difference reduced to 47.6% and 36.8% by the sixth and seventh day
after seeding respectively Hhile the difference at ultimate emergence
was 23, 9%.
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3.4

Plant Height
The progressive height measurement due to vehicular traffic is sho;m in
Fig, 5, Analysis of the data collected (Adebayo 1 1984) indicated that the
height for maize Has highly significantly affected by vehicular traffic,
The shortest plants Here produced in the 8 pass plots, The difference
between successive height measurements in the 8 and 14 pass plots Has not
significant, Plant grmvn in the zero and 2 pass plots shoHed no
significant difference betHeen them, However, plants in the zero pass

plots were 8% to 3% taller than those in the 2 pass plots at the start of
the measurement to final height measurement at full tasseling. The
corresponding difference in height of plants of the zero plants plots over
both the 8 and 14 pass plots during this period average 25.5% to 21%.
The grOI;th rates (difference in height/;1eek/last height measurement) Here
67,4%, 63,5%, 27.5%, 49.7% for the zero, 2, 8 and 14 pass plots
respectively at the second sets of measurements,
decrease in groHth rate thereafter.

There t·ms a general

3,5 Yield
Table 1 shoHs the effect of machine traffic on grain yield and the
Height of 1,000 grain seeds, Analysis of variance of the data sho;,ed that
the Height of the grains was significantly affected by vehicular passes at
the 0,01 level of probability. The yield of maize Has highly significantly
affected at the 0,001 level of probability, The difference in grain
yield bet;~een the zero pass plots and the 2 pass plots ;,as not
significant, hoHever a 5.16% increase in grain yield was obtained for the
zero pass plots over the 2 pass plots. There was no significant
difference in grain yield beh1een the 8 and 14 pass plots, hoHever the 8
pass plots lagged behind the 14 pass plots by a difference of 177.77kg/ha
or 4.79%. This probably may be due to the cumulative effect of poor
percentage seedling emergence and poor height status recorded for the 8
pass plots to lag behind the 14 pass plots yield.
4, CCNCWSIONS
11achine traffic adversely affected all stages of crop gr01Ah 1 hoHever
the effect Here more noticeable during the early stages of crop
development, The high mechanical impedance created due to machine passes
contributed to a significant reduction in plant height, On the contrary
the zero pass plots had more favourable soil conditions as evidenced by
the high crop emergence and plant height,
The overall detrimental effect of machine passes on soil properties and
crop gro~;th is the generalised high reduction in maize yield, A highly
significant 31% yield reduction occured for the 8 vehicular pass plots
compared to the zero pass plots.
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Table 1:

Height of 1000 grain seeds (g) and yield (kg/ha) of
as affected by vehicular passes,
Treatment
(No, of passes)
0
2
8
14

Height*
1000 grain seeds
(g)
671.98
639.52
542.00
542.75

Yield*
(kg/ha)
5120.64
4869.13
3527.90
3705.67

LSD
(0,05)

*

65.75
Adjusted to 14% moisture content.
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ABSTRACT

The effect of machinery traffic on the production of sorohu~
silage corn and groundnut (Arachis Hypogaea 1) was investigated
in a sandy loam soil of Barno state of Nigeria.
Five traffic treatments of 0,5,10,15 and 20 passes of a
tractor with 31,0 Kpa contact pressure were applied on to
three sets of 20 plots used for the three crops studied. The
dimension of one plots is 10m x 10m and the experiment was
laid out in a randomized complete block design with four
replications. The treatments were imposed at 8 percent
moisture content of the soil.
Results showed that the yield components of sorghum and
groundnut increased with increase in the number of tractor
passes up to a point and then decreased with further increase
in the number of tractor passes. The highest yield of sorghum
was obtained at 15 tractor passes while 5 passes of tractor
traffic gave the highest yield of groundnut, though the treatments were imposed at the same soil moisture content. on the
other hand, the yield of silage corn was found to decrease
with increase in the number of tractor passes.
statistical models are generated to predict the yield
components of the crops in terms of the number of tractor
passes and the contact pressure.
INTRODUCTION
In many agricultural developing nations like Nigeria, the
use of traditional tools for seedbed preparation is always
labourious, tedious and requires a lot of man power. The
drudgery associ a ted 1·Ji th the tradi tiona! farming methods, has
led the farmers to abandon farming for more lucrative business
ventures and has increased the use of heavy machinery for
crop production.
unfortunately, the effect of soil compaction resulting from
excessive tractor 11heel passage during seedbed preparation had
been reported to cause significant reductions in crop yield
(Phillips and Kirkham, 1962, Feldman and Momier, 1970; Negi
et al, 1978; Taylor et al, 1981; Kayombo and Lal, 1986). This
had been due to soil compaction effect on the physical
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characteristics of soils that affect crop growth and yield
The major effect of soil compaction is on the bulk density'
penetration resistance, water permeability and retention a~d
on aeration of the soil during the growing season (Feldman
and oomier, 1970; Raghavan et al; 1977; Bennie and Botha 1
1986), These factors may have immediate effect on crop 1 but
the severity of the factors on crop growth and yield depends
upon soil type, climatic conditions, the type of crop and
upon the stage of development of the crop before encountering
compact soil (Raghavan et al, 1976), The resulting change
in the soil-air-water matrix can produce large reductions in
crop production, Phillips and Kirkham (1962), Morris (1975)
and Schuler and Lowery (1984) reported corn yield reductions
due to compaction. Saini and Lantagne (1974) attributed
potato yield reductions to high density of soil caused by
heavy machinery traffic on farm fields, Also, Feldman and
Domier (1970) observed reduced wheat gro1~th and yield after
increased farm machinery traffic, In a similar study on
wheat, Maurya (1985) reported wheat yield to be significantly
affected by tillage practices in an irrigated Northern
Nigeria soil,
In spite of the numerous studies available in the literature on the effect of machinery traffic on crop production,
little information is available in Nigeria on vehicular
traffic effect on most agricultural crops,

The objective of this study was to assess the effect of
tractor traffic intensity on the production of some selected
crops in a semi-arid region of Nigeria.
MATSRIALS AND MSTHODS
A three 20-plot experimental layout, each consisting of
5 treatments with 4 replicates was set up at the University
of Maiduguri Sxperimental Farm using a randomized complete
block design in a uniform field of sandyloam soil. The soils
of the study area are classified as Typic ustipsamment
(Rayar, 1984) made up of 77% sand, 6% silt and 17% clay
particles. The treatments consisted of a zero traffic and 5,
10,15 and 20 passes of the tractor at 31,0KPa (the ratio of
load to contact area) vehicle contact pressure, These treatments were imposed before seeding. The weight of the standard Massey Ferguson 1650 2-"Jheel drive tractor with rear tyre
dimension 0,43 x 0,71m used in the treatment was 43,35 KN
and the resulting ground press~re over the measured contact
area was 31,0 KPa (0.32 kg em- ), The 60 plots, each of
dimension 10m x 10m, were worked upon with the desired number
of tractor passes 11ith only 5m x 5m area of each plot planted
to crops. The three 20-plot layouts were planted with
sorghum, silage corn and groundnut.
The preparation of the field consisted of dryseason

plo1~ing in July 1986 for sorghum and in July 1987 for silage

corn and groundnut.

The average bulk density of the soil
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after compaction was 1,40 Mgm- 3 in the top 0,20m of the soil,
The plots were covered completely 11ith tyre paths of the
assigned contact pressure and number of passes at an average
field moisture content of 8% (on dry mass basis) which is less
than the determined optimum moisture content (12,5%) for compacting the soil, The treatments were imposed on 26th July,
1986 for sorghum followed by seeding •thich was done manually
on 30th July, 1986, For the silage corn and groundnut, the
treatments were performed on 28th July, 1987. Four seeds per
hole were placed at Q,25m within the rNI for sorghum in 7 ro"ts
per plot spaced 0,75m apart, Silage corn was planted 3 seeds
hole-1 at 0,25m within the row spaced 0,75m apart, while groundnut seeds were placed 3 seeds hole-1 at 0,25m within row spaced
0,45m apart. sorghum and silage corn 11ere thinned 15 days
after emergence, to 2 plants hole-1, Basal levels of fertilizer at the rate of 100kg N ha-1 as urea, 30kg P205ha-1 as monosuperphosphate and 30kg K20ha-1 as muriate of potash were
applied to each sorghum plot at planting. The same levels of
fertilizer application were repeated for silage corn and
groundnut.
The plots were handweeded throughout the period of gro•1th,
The soil dry bulk density of each plot was determined in quadruplicate immediately after seeding and harvesting to assess
the effect of tractor traffic intensity on the physical
characteristics of the soil. Since penetrometer resistance
has been used by many researchers (Philip and Kirkham, 1962;
Raghavan et al; 1979; Ohu.et al; 1985) to evaluate the soil
resistance encountered by roots, a standard cone penetrometer
(ASA~, 1984) with a cone basi diameter of 0.15m and cone angle
3QO operating at 1829mm min- penetration speed was used to
measure penetration resistance in all the plots immediately
after seeding operation and at harvesting. Four readings
were taken randomly on each plot to represent the penetration
resistance from the soil surface to the 0,20m depth.
The pannicle yield (Head weight), the grain yield and the
straw yield were measured at harvest for sorghum; while the
pod weight (wet and dry), the haulm weight (wet and dry) for
groundnut and the silage weight were determined at harvesting,
The number of nodules formed per plant of groundnut for each
treatment was also determined by finding the average number
of nodules formed for 3 plants collected from each plot. The
crop yield parameters, the physical properties of the soil and
the groundnut nodulation were compared in terms of traffic
treatments,
R~SULTS

AND DISCUSSION

Mean values of dry bulk density and penetration resistance
after compaction for each treatment and the mean yield components of the three crops are shown in Table 1.
It was observed that the ury bulk density and penetration
resistance increased with increasing number of passes, This
is in line with the report of Ohu et al,, (1989),
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The results of plant without gr~in moisture and grain moisture of sorghum showed that plant moisture varied from a
minimum of around 30% at lower treatment levels to maximum
of 43% at higher treatment levels. A similar trend was observed for groundnut haulms (from 27% to 68%). This is expected from observed plant diameter of the two crops at the time
of harvesting. The diameters of the plants at higher compaction levels were physically observed to be greater than
those at lower compaction levels. Since the plants in a
highly compacted soil will not be able to develop enough
roots to store water needed for their growth, the only means
of water storage for the development of the plant would be the
stem. Similar increases in stem diameter of tomato seedling
had been reported (Liptay and Geier, 1983), Hhich was attributed to variations in the compression of the soil in the
vertical profile. This is also in line with the results of
Ohu et al., (1985) in a study of the effect of soil compaction
and organic matter on the growth of bush beans. However, the
grain moisture content and the pod moisture content of sorghum
and groundnut respectively were not affected by the level of
compaction.
·
-1

For sorghum, a plant yield of 13710 kg ha
was obtained
from moderately compacted plots, ·wher.eas a value of 13510 kg
ha-1 ~tas recorded for zero traffic plots. Corresponding
values of grain yield were 2612 and 2440 kg ha-1, It will be
seen from the table presented that both the plant yield and
grain yield increased Hi th increase in tractor traffic up to
a point and then decreased with further increase in tractor
traffic, Although the increase in plant yield and grain
yield were not statistically significant, it is evident from
the results that a certain amount of machinery traffic can be
beneficial for sorghum production. A similar trend in maize
yield was recorded by Raghavan et al., (1979) in a study of
vehicular traffic effect on the developmant and yield of
maize planted in a ste Rosaline clay soil in Quebec, Canada,
A second degree equation in the machinery traffic variable,
np (number of passes, n, and contact pressure, p) described
the variation of sorghum head yield and plant yield in the
form:

2
(r =0.84)
(1)
Yplant = 13,45 + 1.68 (np) + 0.75 (np) 2 (r 2= 0,84)
(2)
\'/here, Yhead is head weight yield (Mgha-1), Yplant is plant
yield (Mgha-1), n is number of tractor passes, pis the contact pressure (MPa). Equations (1) and (2) are similar to
Vomicil 1 s (1955) parabolic formula relating plant yield to
soil bulk dens~ty,
y

head = 3.38 + 2,26 (np) - 3.16 (np)

2

Considering the nodulation of groundnut in relation to
tractor traffic, it was observed that the number of nodules
per plant produced was highest at 5 tractor passes which was
significantly higt-ey(p.i(0,05) than for all other passes. The
high number of nodulesproduced in the moderately compacted
plots might have been due to more favourable water regime for
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the nodulating micro-organisms (Folorunso 1 et al., 1990) and
the high soil strength beyond 1.60 MPa for all other tractor
passes would reduce peanut root elongation by 50% (Bowen,
1981). I t can be said that a little compaction wi 11 be
favourable for the production of groundnut nodules in a sandy
loam soil. A second degree equation in the machinery traffic
variable can also be used to describe the variation of nodulation in the form:
N
d = 146.19 + 0.16 (np) - 4.43 x 10 -4 (np)2. (r 2=0.66)
(3)
where, Nd is the number of nodules/plant, n, is the number of
tractor passes and p, is the contact pressure (MPa). 8quation
(3) is similar to equations (1) and (2) earlier described.
From the results of the yield of groundnut, a dried haulm
yield of 2180 kg ha-1 was obt~ined from moderately compacted
plots compared to 2070 kg ha- recorded for zero traffic
plots. The corresponding values of pod yield were 840 and 540
kg ha-1 respectively. Just as for sorghum, it will be seen
that the yield components increased with tractor passes up to
a point and then decreased 11i th further increase in tractor
traffic. The dry haulm and pod yield were maximum at 5
tractor passes which was significantly (P<: 0.05) higher than
yields recorded for other tractor traffic treatments. The
trend of the yield obtained for groundnut is not unexpected,
because the maximum number of nodules produced per plant was
highest at 5 tractor passes. It will be expected that the
number of pods per plant and the quantity of groundnut haulm
produced will be directly proportional to the number of
nodules formed. This is in line ;,i th the discussion of Rayar
(1986). The groundnut haulm and the pod yields can be represented in terms of tractor traffic as:
2
2
(4}
H = 2.14- 0.46 (np) - 1.25 (np) (r -0.86)
(5)
p
= 0.63 + 0.07 (np) - 1.04 (np) 2 (r 2=0.52)
where, His the groundnut haulm yield (Mg ha- 1 ), Pis groundnut pod weight (Mgha-1), n is number of tractor passes and p 1
is the contact pressure (MPa). 8quations (4) and (5} are also
similar to Vomocils (1955) and Raghavan et al., (1979) parabolic formulae relating plant yield to soil bulk density.
The silage corn yield in this experiment was found to
decrease 11i th increase in the number of tractor passes. There
was about 45% reduction in the yield of silage corn in the
highly compacted plots compared to zero traffic treatment.
Although the yield differences between treatments were not
statistically significant, the trend in the result is in line
with various studies reported in the literature on the sensitivity of corn, in terms of growth and development, to
compaction. Whether the grain yield of corn 11ill follow the
same trend or that compaction will be beneficial to some
extent on corn production as recorded by some researchers
( Raghavan et al; 1979; Schuler and Lowery, 1984) in other
parts of the world is not well known in Nigeria. It is
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envisaged that further work in this area will elucidate the
beneficial effect of more available water in moderately
compacted soil to grain corn yield as observed for sorghum
and groundnut. The silage corn yield in relation to tractor
traffic can be expressed as:
2
Sc ;
2,11 - 0,0016(np) (r ;0,866)
(6)
where, Sc is silage corn yield (Mgha-1), n is the number of
tractor passes; P, is contact pressure (MPa),
CONCLUSION
The average dry bulk density and penetration resistance of
the sandy loam soil up to 0,30m soil depth was adversely
affected by increase in tractor traffic. The plant moisture
content of sorghum varied from a minimum of about 30% at
lower traffic treatment levels to a maximum of about 43% at
higher traffic treatment levels; while the grain moisture was
not affected significantly by the level of compaction.
Groundnut haulm moisture varied from a minimum of 27% at lower
compaction level to 68% at higher compaction level. The pod
moisture content \•/as not significantly affected by tractor
passes.
The number of groundnut nodules produced per plant vias
highest in moderately compacted plots resulting in high yields
of groundnut haulm and pods. Contratily, the yield of silage
corn decreased with increase in compaction level,
It can be concluded th~t in semi-arid coarse-textured soils
where soil moisture is limiting, a certain amount of machinery
traffic on the field can be beneficial to crop production; but
the severity of traffic needs to be carefully determined
depending upon the tractor size, and crop species. The need
for careful choice of machine weight, tyre size and the
traffic timing programme for the production of different
agricultural crops for profitability is indicated from the
results obtained,
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Table 1.

Mean values 1 of dry bulk density, penetration resistance after compaction and
mean yield components of sorghum, groundnut and silage corn as affected by
five different traffic treatments.

Tre- Dry
Penetatm- den- ration
ent sit~ resis(~lgm

-3)

Groundnut

Plant
Yield
(Mgha-1)
-1)

Sorghum

tance

(MPa)
Haulm

Pod

mois-

moisture

ture
(%)

(%)

Average
number
of nodules per
plant

Dry
Haulm
Yield
(Mgha- 1)
-1) ·

Dry
Pod

Plant
moisture
(%)

Grain
moisture
{%)

Plant
Grain
Yield
Yield-/
(Mgha;, (Mghal
-1)
-1)

Plant
Yield
(Mgha-1)
-1)

(Mgha:l
-1)

2.07+
o.o6a

0.54+
01b

29.71

4.00

13.51
+5.06b

2.44+
2.16a

2.26+
0.30a

Yiel~

0

1.40

2 0.61

26.68

52.94

52.:t.3.0b

5

:1.52

:1.55

43.77

22.00

80+7a

2.:18+
0.07a

0.08+
03a -

"3:1.68

4.25

13.7:1
.:t.2.64

2.61+
:t.59a

:1.83+
o.3oa

:10

:1.60

:1.69

43.00

45.71

54+4b

-

:1.9:1+
o.:t6ab

0.42+
.03c-

33.:17

4.50

:13.8:1
.:t.3.79a

2.67+
1.86a
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o.:t8a

15
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2.0:1

67.79

24.24

5:1.:t.5b

:1.48+
o.2:to
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o.o2"C
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:14.75
2.83+
.:t.4-93ab 2.86a

:1.29+
o.44a
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2.:19

67.50
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33..,3c

:1.46+
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4.50

:14.46
2.50+
.:t.3.6:tab 3.04a

:1.26+
0.34a

1:
~

-
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1. Values are means of 4 replicates + standard error. Values in columns followed by
dissimilar letters are significantly different at 0.05 level.

SUBSOIL COMPACTION EFFECTS ON SOIL STRUCTURE AND YIELD
OF MAIZE ON AN OXISOL
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Department of Agricultural Engineering and
Land Planning, Sokoine University of
Agriculture, Morogoro, Tanzania.

ABSTRACT
A field experiment was conducted for six consecutive seasons to study
the effects of wheel traffic applied at three depths (0 ,10 and 20cm) on
soil physical properties and yield of maize on an Oxisol (Typic Acrorthox).
The compaction levels comprised 0,1,3 and 9 passes (wheel-to-wheel) of
a 50 kW tractor.
Soil bulk density was a more sensitive Indicator of soil compaction than
was penetrometer resistance. In all consecutive seasons, maize yields of
two test varieties decreased with increase in number of wheel passes.
The 9-wheel pass treatment reduced the average yield of "Kito" variety
by 7 and 42% in 1987 and 1989, respectively, whereas the yield of "Staha"
variety was reduced by 31 and 44% when compared to the nontrafficked
treatment.
INTRODUCTION
The seedbed environment partly created by soil and plant management
practices such as seedbed preparation, incorporation of fertilizers and
residues, dictate the relative success or failure of any crop production.
Factors such as soil temperature, soil moisture, soil compaction, soil
aeration and concentration of salts in the soil from applied fertilizers and
residues can alter the soil conditions that influence the ttrowth of crops.
In particular, the compaction caused by machinery traffic can change the
structure of the soil considerably.
The major effects of compaction are on soil density, soil strength and
changes in water transmission, storage and evaporational properties of
the soil. The properties of the soil that can affect plant growth include
resistance to penetration, water availability and air availability (Raghavan
et a!., 1975). These factors may have an immediate effect on the growth
of plants, but which of them becomes critical depend upon the soil type,
climatic conditions, the plant species and possibly upon the stage of development of the plant before encountering compact soil. For example,
Kayombo et a!. (1986a) reported that a 4-pass treatment on an Alfisol in
south western Nigeria reduced plant height by 50% for no-till and 62%
for ploughing in maize, and 37% for no-till and 51% for conventional
ploughing in soybean. Soil compaction problems resulting from mechanical
land clearing and continuous mechanized farming have been reported
elsewhere in Africa (Pereira and Jones, 1954; de Blic and Moreau, 1979;
La!, 1984; Bennie and Botha, 1986).
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The objective of this report is to evaluate the effects of four levels
of tractor wheel traffic including zero traffic (applied at three soil
depths ) on soil physical properties of an Oxisol and yield of maize ( Zea
mays L.) fot• six consecutive growing seasons.
MATERIAL AND METHODS
A field experiment was conducted In six consecutive growing seasons
during 1986-1989 at the experimental farm of Sokoine University of Agriculture (SUA), Morogoro, Tanzania. SUA is located in a region of bimodal
rainfall distribution with two growing seasons, one from March to June
and the other from mid-October to January. The mean annual rainfall is
890mm; the first and second seasons receive 112mm and 71mm, respectively. The dominant features of the experimental soil are the fine-tomedium textured surface horizons and the predominance of a deep oxic
columnar and blocky structure in the sub soil. The soil is derived from
pyroxene biotite schist and quartizite-feldspar granular parent material
and is classified as an Oxisol (Typic Acrot•thox) according to Soil
Taxonomy (Soil Survey Staff, 1975).
A complete randomized block design, consisting of four levels of
compaction (tractor wheel passes) and three depths was laid out on the
land with each treatment combination replicated three times. The size of
each plot was 4x12m. Plots earmarked for compaction treatments at zero
depth were initially sprayed with paraquat (Gt•amoxone) at the rate of 2.5
1 ha -1 to kell weeds. A large backhoe was used to remove the top 10 and
20cm of soil on plots set aside for compaction at 10 and 20cm depths
respectively. The soil was carefully piled to the side and care was taken
to avoid any more manipulation than necessary. The compaction levels
comprised 0 .1. 3 and 9 wheel-to-wheel passes of a 50 kW agricultural
h•actor with a static weight of 4 Mg. Soil bulk density (by the core method)
and penetrometer resistance (using the cone penetrometer) measurements
were taken immediately after compaction treatments. All wheel traffic was
controlled, so it always occurred in the same location, season after season.
Two maize varieties were used in this experiment. "Kito 11 variety was
planted in the second week of October, beginning 1986. This is an early
maturing variety and was deployed in the short rainy season (mid-October
to Jmuary. "Staha" variety was planted in the first week of March,
beginning 1987. This is a late maturing variety and was always planted
in the long rainy season (March to June). Both varieties were planted at
a spacing· of 90x25cm. Fertilizer applied uniformely at planting consisted
of 100 kg ha-l N (35 kg at planting and 65kg four weeks latet•). and 30kg
ha -1 each of P and K. Crop growth was monitored throughout the growing
season. Grain yield was recorded at 14% (w/w) moisture content at maturity.
RESULTS AND DISCUSSION
Changes in soil bulk density resulting from wheel traffic applied at
three soil depths are shown in Table I. At any period of measurements,
compaction of one or mot•e wheel passes led to significant (P<O. 05)
increases in bulk density of the soil. This was true for all depths of
trafic application. The bulk density of the soil increased, on average, by
20% in October 1986 and by 22% in March 1989 after 9 passes when
compared to the nontrafficked treatment. At any period of measurement,
the bulk density of the soil increased with the number of wheel passes.
However, the increase in bulk density of the soil was quite distinct after
three or more wheel passes.
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The general increase in soil bulk density in subsequent periods of measurement observed in this experiment was due to cumulative compaction effects
of the previous seasons (Kayombo et al., 1986b)
TABLE I
Effect of wheel traffic applied at varying soil depth on soil bulk density
(Mg m-3)

Treatment

Oct.1986

Mar.1987

Oct.1987

co Do
COD10
COD20
C1DO
C1D10
C1D20
C3D10
C3D20
C9_DO
C9D10

1.34c
1.38c
1.42bc
1. 54 abc
1. 59ab
1.64a
1.60ab
1.64a
1.66a
1.62a
1.67a

G!.9D20

1 70a

1.36d
1.40cd
1. 43bcd
1. 56 abc
1.61abc
1.65ab
1.63abc
1.68a
1.69a
1.65ab
1.70a
1.74a

1.37d
1.41cd
1.44bcd
1.57abcd
1.60abc
1.64ab
1.64ab
1.68a
1.70a
1.66ab
1.70a
1.75a

C3Vo

Mar.1988
1.39c
1.42c
1. 46bc
1.60abc
1.62abc
1.67ab
1.66ab
1.70a
1. 73a
1.68ab
1. 72a
1. 76a

Oct.1988

Mar.1989

1.40c
1.42c
1.47bc
1.61abc
1. 62abc
1.68ab
1. 67ab
1.72a
1.73a
1. 70ab
1.73a
1.77a

1.41c
1.43c
1. 49bc
1.63abc
1.63abc
1.70ab
1.70ab
1.73ab
1. 75ab

1. '7~ah
1. 74ab
1.80a

1CmDn = Compaction treatment with m wheel passes of a tractor applied
at soil depth of n em. Letters a-d denote significance at 5% level using
Duncan's new multiple range test. Means with the same letter are not
significantly different.
Changes in penetrometer resistance resulting from tractor wheel traffic
are shown in Table II. In four consecutive periods of measurement (from
Octoberi1986 to March 1988), statistical significance (P<0.05) between
traffic treatments only occurred in plots subjected to three or more
wheel passes. Penetrometer resistance values were only significant for
one- wheel pass treatments (viz. C1D10 and C1D20) in October 1988 and
March 1989. During these last two periods of measurement penetrometer
resistance values increased considerably (compared to those in October
1986) due to cumulative compaction effects of previous seasons (Voorhees
et al., 1978; Kayombo et al., 1986b). In aU. th<;lse.results shQW that
.
.!Penetrometer resistance is not a very sensttive mdwator of soli compactwn
(~ompared to soil bulk density) as earlier had been asserted (Voorhees,
1983). In all six consecutive pet•iods of measurement, however, penet:m~eter
resistance increased with increase in the number of wheel passes. Thts 1s
particularly evident for the 9-pass treatments. Similar results have been
reported by Carter (1985) and Kayombo and Lal (1986).
The effect of wheel traffic on the yield of maize is a shown in Table Ill.
During the first short rainy season (viz.mid-October 1986 to ,hnuary 1987),
the grain yield of "Kito" variety was significantly reduced after three or
more passes regardless of the depth of traffic application.
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TABLE

II

Effect of wheel traffic applied at varying soil depth on penetrometer
resistance (MPa) of the soil.

Treatment
co Do
CODlO
COlJ20
C1DO
C1D10
C1D20
C3D O
C3D10
C3D20
C9VO
C9D10
C9D20

Oct.1986
1.42f
1.54ef
1. 61def
1. 93cdef
2.16abcdef
2.12bcdef
2. 37abcde
2. 41abcd
2.46abc
2.81ab
2.90ab
3.00a

Mar.1987
1.50c
1.58c
1.65c
1. 96bc
2 .15bc
2.35abc
2. 71ab
2.95ab
2.88ab
3.16a
3.23a
3.31a

Oct.1987
1.53d
1.59d
1.64d
2.06cd
2.20bcd
2. 41abcd
2.76abc
2.96abc
2.99abc
3.21ab
3.29ab
3.35a

Mar.1988
1.55d
1.60cd
1.65cd
2.10bcd
2. 23abcd
2.43abcd
2. 79abc
2.93ab
3.00ab
3.25ab
3.30ab
3.34a

Oct.1988

Mar.1989

1.59e
1.62e
1.66de
2.21cde
2. 28bcde
2.44bcd
2.81abc
2.94abc
3.01ab
3.27a
3.32a
3.36a

1.60d
1.61d
1.65d
2.22cd
2.30c
2. 45bc
2.80abc
2.95ab
3.00ab
3.25a
3.31a
3.35a

Letters a-f denote significance at 5% level using Duncan's new multiple
range test. Means with the same letter are not significantly different.

In subsequent short rainy seasons, however, the reduction in grain yield
of this variety was significant after one wheel pass. There was, also, a
general decrease in yield of "Kito" variety in all traffic treatments in
subsequent seasons. This is par•tly due to cumultive compaction effects and
partly due to continuous cropping in subsequent seasons (Kayombo et al.,
1986a). The yield of "Staha" variety was significantly reduced after one or
more wheel passes, and the reduction in yield was more severe than that
of "Kito" in all three consecutive seasons. The 9 - pass treatment, for
example, reduced the grain yield by 7 and 42% in "Kito" and by 31 and
44% in "Staha" in 1987 and 1989, respectively, compared to nontrafficked
treatment. This could be attributed to the high rainfall received during
March-June season which made the soil more susceptible to wheel traffic.
It is worthwhile to note here that maize yield (of either variety) from
plots where wheel traffic was applied at 20cm depth was significantly
higher than from plots subjected to wheel traffic at either zero or 10cm
depth. Compaction at 20cm depth did not adversely affect the growth of the
crop in the uncompacted layer above it. The effects of mechanical impedance
on water and nutrient uptake are related to the volume of soil explored by
the roots (Castillo et al., 1982). Root distribution was, however,
restricted by applied compaction at zero and 1Ocm depths and decreased
the volume of soil explored.
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TABLE III
Effect of wheel traffic applied at varying soil depth on maize grain yield
(Mg ha-l)

1987
11
Treatment

co no
CODlO
COD20
C!DO
C!DlO
C1D20
cano
caDlO
C3D20
C9DO
C9D10
C9D20

1989

1988
II

I

II

I

II

Kito

Stab a

Kito

Staha

Kito

Staha

o.8e
2.5bc
3.3a
0.6ef
2.2c
3.1a
0.4fg
1.5d
3.0a
0.2g
1.3d
2.6b

l.Of
3.lc
3.7a
0.9fg
2.8d
3.6ab
o. 7gb
1.9e
3.5ab
0,5h
1.8e
3.lc

0.8f
2.5c
3.3a
0.5g
2.0d
3.0b
0.3gh
1.4e
2.8b
0.2h
1.2e
2.5c

o.8g
3.0cd
3.7a
0.8g
2.5e
3.3b
0.5h
1.6f
3.2bc
0.3h
1.4f
2.9d

0.8g
2.4cd
3.4a
0.4h
1.9e
2.8b
0.2hi
1. 3f
2.7bc
0 .li
l.lf
2.5cd

0.7h
2.9c
3. 7a
dl.6h
2.4e
3.lb
0 .4i
1.5f
2.6d
0 .lj
1.3g
2.7d

lseasons: I = Mid-October to January, II = March to June.
Letters a-j denote si~nificance at 5% level using Duncan's new multiple
uange test. Means w1th the same letter are not significantly different.

CONCLUSIONS
For the soil and climatic conditions of the experiment:
(1) The effects of subsoil compaction on soil physical conditions were
better quantified by soil bulk density than by penetrometer resistance
measurements. Soil bulk density and penetrometer resistance of the soil
increased with the number of wheel passes in all six consecutive seasons.
(2) Increasing the number of tractor wheel passes significantly
decreased the grain yield of "Kito" and "Staha" maize varieties in all
their respective grbwing seasons. Yield reduction was, however, more
severe for "Staha" variety than that of "Kito" variety.
(3) Tractor wheel compaction at 20cm depth did not adversely affect
the yield of both maize varieties growing in the soil above the compacted
layer.
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EFFECT OF TRAFFIC INTENSITY ON SOIL STRUCTURE AND ROOT DEVELOPMENT
IN A FIELD EXPERIMENT ON A SANDY CLAY LOAM SOIL IN THE NETHERLANDS
C. van Ouwerkerk and M. van Noordwijk
Institute for Soil Fertility Research
P.O. Box 30003, 9750 RA HAREN Gn, The Netherlands
INTRODUCTION
In the Netherlands, political and socioeconomic developments have forced
farmers to use intensive (narrow) crop rotations with a large proportion of
high-yielding, high-profit root crops or silage maize and to strongly
increase the degree of mechanization of their farms (stronger tractors,
powered implements, wider implements, larger trailers). Consequently, both
total load and contact pressures of running gear have increased such that
present-day field operations usually are accompanied by harmful soil
compaction of the topsoil and, increasingly, of the subsoil. It is now

generally believed that soil compaction is one of the most important causes
of physical soil degradation.
Compaction and smearing are promoted by wet soil conditions, which
usually prevail in autumn when root crops are harvested and transported from
the field, and in spring at the time of fertilizer application and seedbed
preparation and sowing when, as a rule, the soil is only superficially dry.
The damage due to soil compaction and smearing inflicted just prior to or
during seedbed preparation is irreparable and may have a direct negative
effect on seedbed quality and, thus, on seedling emergence and early crop
growth. This may result in an irregular stand and a shortened growing
period. Eventually, these effects may result in yield reductions. Deeperseated compaction may induce denitrification and hamper root proliferation,
which may lead to a reduced uptake capacity of the roots (De Willigen and
Van Noordwijk, 1987a). This may have a negative effect on crop development
in later stages and may induce early senescence. Consequently, harvest
operations may be more difficult, biomass production may be decreased and
quality of yield components may be unsatisfactory.
After harvest of root crops and silage maize, attempts to repair the
damage done to the structure of the topsoil are often only partly
successful, as in this season weather conditions are usually not conducive
to effective loosening of compacted topsoil by primary tillage operations.
Thus, soil compaction induced in autumn often results in unsatisfactory soil
structure below the seedbed of spring-sown crops. Alleviation of subsoil
compaction is very costly and soil conditions favourable to this operation
only occur in unusually dry summers. Whether or not subsoil compaction is
always a real threat is probably determined by the physical properties of
the subsoil, which may vary considerably in different soil profiles.
Based on previous research and in view of current economical and
technical developments, the hypothesis was put forward that, in the
Netherlands, the use of low ground-pressure tyres, around the year, would be
a manageable, albeit partial solution to the soil compaction problem (Van
Ouwerkerk, 1986). During 1984-1989, this hypothesis was tested in a
large-scale field experiment in which a working group, consisting of
research workers of the Wageningen Agricultural University, four research
institutions and one research station, performed specialized investigations
into the soil mechanical properties (Lerink, 1990), seedbed quality, soil
structure (macro and micro), hydraulic properties and soil water movement,
root development, and crop development and yield (Chamen et al., 1990).
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METHODS

Layout of the experiment
In the autumn of 1984, an experimental field was laid out on a typical
heterogeneous,
calcareous
sandy clay loam soil (3.4-9.0%,wjw CaC0 3 ;
1.6-2.6%,w/w organic matter; 12.6-32.7%,w/w clay) in the northwest of the
Netherlands. The experimental field consisted of 4 blocks (A-D) of 100 x 212
m, each of which carried one crop of a typical four-year, intensive crop
rotation consisting of potatoes - winter wheat undersown with rye grass sugar beet - onions. Each block was split into 4 plots of 50 x 100 m, on
which around the year all field traffic was performed with
normal
11
high"-pressure tyres (Treatment H) or with special 11 low"-pressure tyres
(Treatment L), and 2 narrow strips (6 x 100m), positioned between the large
plots, which were allocated to zero-traffic (bed system; Treatment Z). Soil
tillage and all other cultural treatments were the same for all three field
traffic systems.
Primary tillage for potatoes and sugar beet consisted of ploughing to 25
em depth with a 3-body mouldboard plough (Treatments H and L} or to 20 em
depth with a 10-body skim plough (Treatment Z). For onions (after sugar
beet) and winter wheat (after potatoes), a crankshaft digger was used to 25
em depth in all three traffic systems. For winter wheat, crankshaft digging
was combined with sowing. Seedbed preparation for sugar beet and onions was
performed with a reciprocating harrow, and for potatoes a full-width rotary
cultivator was used.
In autumn, post-harvest cultivation, primary tillage, and the combined
primary tillage + sowing of.winter wheat were performed with a John Deere
3140 tractor, fitted with tyres having inflation pressures of 80 or 160 kPa.
In spring, at the time of fertilizer application and at the time of seedbed
preparation, the same tractor was used, but now low ground-pressure tyres
were inflated to 40 kPa and high ground-pressure tyres to 80 kPa. At sowing
and planting, and during all other field-work in the growing season, the
MB-trac 800 tractor was used, with low ground-pressure tyres inflated to 80
kPa and high ground-pressure tyres inflated to 160 kPa. Harvest tractors and
transport tractors had 80 or 160 kPa tyre inflation pressure, whereas
harvesters and trailers had tyre inflation pressures of 80 or 240 kPa. On
the zero-traffic strips, wide-frame tractors and adapted harvesters with a
track width of 3.30 m were used.
The Institute of Agricultural Engineering (!MAG) provided the site on its
experimental farm "Oostwaardhoeve" (Wieringermeer polder); it carried out
all field operations and took care of the required technical adaptations of
tractors and trailers, implements and machinery (Vermeulen et al., 1988).
The field experiment was terminated in 1989.
Measurements on soil structure

Soil structure was characterized by total pore space, and the moisture
and air contents at a matric water potential of -10 kPa. Starting in 1985 on
block B, in 1986 on block D, and in 1987 on blocks A and C, total pore
space, and the moisture and air contents at -10 kPa were determined each
year in the middle of the growing season (May, June) in the 2-7-, 12-17- and
22-27-cm soil layers. In a11 samplings, on each field, in each layer 10
3
undisturbed soil cores of 100 em were taken at random, and results were
averaged.
In the early summer of 1989, concurrently with the core sampling, the
penetration resistance to 70-cm depth was determined with the Bush recording
penetrometer.
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Measurements on root distribution

In various years, root distribution of winter wheat, onions and sugar
beet was determined in the mature stage of crop development. In a soil pit a
60-cm wide and 80-cm deep vertical profile was prepared perpendicular to the
plant rows and the root distribution was mapped on a polythene sheet (BOhm,
1979). Proceeding from the profile pit, the root distribution in one or more
horizontal planes was mapped.
The positions of the roots on the maps were digitized and analyzed by
means of the nearest-neighbour technique (Van Noordwijk, 1987). First the
root intensity, i.e. the number of root intersections per unit area, was
calculated. Next, the frequency distribution of nearest-neighbour distances
was calculated for root-root distances and for distances from random points
to the nearest root. From the difference between these two frequency
distributions, a conclusion about the randomness of the root distribution
can be derived. The frequency distribution of the distances between random
points and the nearest root can be used in the construction of concentric,
11
equivalent cylinders" around the roots, for which the potential to
transport liquids and gases by diffusion can be calculated (De Willigen and
Van Noordwijk, 1987b).
A log-normal fit to the frequency distribution of the distances between
random points and the nearest root, yields a coefficient of variation aj~,
which can be regarded as a single value characterizing the degree of
homogeneity
of
the
root
distribution. Values of aj~ <1 indicate
overdispersed root distributions (with a tendency to regularity), while
values >1 indicate underdispersed or clustered root distributions.

RESULTS
Soil texture in the topsoil

In the topsoil, soil texture of the experimental field varied widely
among blocks and, on blocks B and D, also within blocks. On blocks A and C,
average clay contents were 17.7 and 23.7% (w/w), respectively. On block B,
average clay contents ranged from 15.0% (w/w) on plots 1-3 to 22.6% (w/w) on
plots 4-6. On block D, average clay contents were 23.0% (w/w) on plots 1-3
and 31.8% (w/w) on plots 4-6.
Due to these differences in soil texture among the four blocks and among
the plots within blocks, comparison of the effects of field traffic on soil
structure
is
difficult.
This comparison is further complicated by
differences in the arrangement of the Land H plots relative to the Z plots.
On blocks A, B and C, the L and H plots were situated on both sides of the Z
plots, and their texture was similar to that on the Z plots in their midst.
Therefore, on these blocks, despite differences in texture within blocks, a
direct comparison among treatments is possible. However, on block D, the H
treatments were situated on plots 1 and 3, whereas the L treatments were
situated on the much heavier soil of plots 4 and 6. Therefore, on this
block, only the differences in soil structure between H and Z2 plots, and
between L and Z5 plots can be established.
Soil structure in the topsoil
Pore space, and moisture and air contents at -10 kPa
Average differences in soil structure among L, H and Z plots are presented
in Tables 1 and 2. The results for the 12-17-cm layer are of special
interest, as this layer was tilled in all treatments each year. On average,
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in this layer, within blocks A, B and C, L plots had a slightly larger pore
space and a slightly lower moisture content at -10 kPa. Therefore, the air
content at -10 kPa was slightly higher on L plots (+1.6%, vjv) than that on
H plots. Z plots had a clearly larger pore space (+2.0%, v/v), a moisture
content at -10 kPa similar to those on L and H plots and, therefore, a
clearly higher air content at -10 kPa (+3.4%, vjv) than that on L and H
plots. On L and H plots the average air content at -10 kPa was near the
critical value for satisfactory plant growth (12%, vjv), but on Z plots it
was clearly above that level.
In the 12-17-cm layer of block D, pore space on plots 1,2,3 was similar
to the pore space on blocks A, B and C. However, the differences in pore
space

and

air

content

at

-10

kPa

between plots Hl,H3 and plot Z2 were

clearly larger (+3.3 and +7.0%, v/v, respectively) than those between H and
z plots on blocks A, B and C. In the much heavier soil of plots 4,5,6, pore
space was clearly larger but, due to the higher moisture content at -10 kPa,
the air content at -10 kPa was lower than that on plots 1,2,3. However, the
differences in pore space and air content at -10 kPa between L and Z5 plots
were similar to those on plots 1,2,3 (+3.0 and +5.0%, v/v, respectively).
Contrary to blocks A, B and C, on L and H plots of block D the average air
content at -10 kPa was far below the critical value of 12% (v/v). On the Z2
plot the average air content at -10 kPa (14,4%, vjv) was clearly above the
critical value, but on the heavier soil of the Z5 plot the average air
content at -10 kPa (11.8%, vjv) was slightly below this level.
With increasing depth, on blocks A, B and C, average pore space gradually
decreased and the moisture content at -10 kPa gradually increased (Table 1).
Therefore, in all treatments, but especially in the H treatment, the air
content at -10 kPa clearly decreased with increasing depth. In the 2-7-cm
layer, pore space tended to be larger in the H than in the L treatments,
probably because of the smaller area trafficked in the H treatment. At
greater depths, pore spaces in the Hand L treatments were similar. The
differences in pore space and air content at -10 kPa between Z and L,H plots
were similar in all 3 layers investigated, on average +1.9 and +3.4 %
(vjv), respectively. On block D, the differences in pore space and air
content at -10 kPa between Z2 and Hl,H3 plots and between Z5 and L4,L6 plots
were clearly larger in the 12-17-cm layer than those in the 2-7 and 20-25-cm
depth (Table 2). This is in accordance with the well-known fact that the
strongest compaction is usually found in the centre of the tilled layer.
On average, the differences between the pore space and the air content at
-10 kPa in the 2-7-cm layer and in the 20-25-cm layer were much larger in
the heavier soil of block D than those on the much lighter soil of blocks A,
B and C. On block D, the largest differences were found on z plots where,
apart from possible compacting effects of secondary tillage, only natural
short-term consolidation played a role. Probably this may be explained by
the fact that the effect of natural short-term consolidation on pore space
is greater the looser and the heavier the soil is. On Land H plots, natural
consolidation hardly played a role as its possible effect was overruled by
field traffic, which resulted in a smaller pore space and a lower air
content at -10 kPa throughout the tilled layer than on non-trafficked plots,
especially on heavy soil. The differences in the depth of primary tillage
among years and, in each year, between Z and L,H treatments (not shown), did
not have a consistent effect on the average pore space in the 20-25-cm
layer,
Penetration resistance
Table 3 shows that, in the topsoil, on blocks A (sugar beet) and C
(onions), the levels of penetration resistance were similar and not high 1
because the moisture content (%,wjw) was about 95%, relative to the moisture
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TABLE 1
Pore space, and moisture and air 1 contents at -10 kPa on blocks A, B and C in

May/June, averaged for all
Depth
(em)

crops

Pore space

Moisture content

Air content

(%, v/v)

at -10 kPa (%,w/w)

at -10 kPa (%,v/v)

L

H

z

L

H

z

L

H

z

2- 7

48.0

49.1

50.1

24.3

25.5

24.5

14.7

15.1

18.0

12-17

47.6

47.2

49.4

24.8

25.4

25.1

13.4

11.8

16.0

20-25

46.5

46.5

48.5

25.6

26.7

26.0

10.5

9.1

13.3

Average

47.3

47.5

49.3

24.9

25.9

25.2

12.7

11.8

15.6

1

2-7 em: 7 crop years; 12-17 em: 10 crop years; 20-25 em: 9 crop years,

TABLE 2
Pore space, and moisture and air contents at -10 kPa on block D in
(1986-1989), averaged for all crops

Pore space

(%,v/v)

Moisture content

at -10 kPa (%,w/w)

Air content at

-10 kPa (%,v/v)

May/June

Diff.

Hl,H3

Z2

54.5
52.4
51.0

2.5
3.0
1.6

49.7
46.2
47.1

52.1
49.5
49.2

2.4
3.3
2.1

50.2

52.6

2.4

47.5

50.2

2.7

2- 7
12-17
20-25

29.9
32.0
33.2

30.1
32.0
33.8

-0.2
0.0
0.6

26.7
27.4
29.8

25.1
26.5
28.8

-1.6
-0.9
-1.0

Mean

31.7

32.0

0.3

27.9

26.8

-1.1

2- 7
12-17
20-25

14.2
6.8
5.0

18.4
11.8
7.4

4.2
5.0
2.4

14.3
7.4
6.0

20.4
14.4
11.0

6.1
7.0
5.0

8.5

12.5

4.0

9.0

15.2

6.2

Depth
(em)

L4,L6

Z5

2- 7
12-17
20-25

52.0
49.4
49.4

Mean

Mean

Diff.

content at -10 kPa (%,wjw). The differences between Land H treatments were
only small and not systematic. On Z plots, the penetration resistance was

always smaller, on average by -0.2 MPa (-20%).
On block B (winter wheat), the moisture content at sampling was much
lower than that on blocks A and C (65%, relative to the moisture content at
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TABLE 3
Penetration resistance (MPa) in the early summer of 1989
Block

Crop

Depth

Plots 1-3

Plots 4-6

(em)

Sugar

A

beet

B

Winter
wheat

L

H

z

H,L-Z

L

H

z

H,L-Z

5.0
15.0
22.5

1.1
0.9
0.9

1.1
0.9
0.9

0.9
0.8
0.7

0.2
0.1
0.2

1.1
1.3
1.1

1.2
1.1
1.0

1.0
0.7
0.9

0.1
0.5
0.1

5.0
15.0
22.5

2.0
2.4
2.1

2.1
2.8
2.5

1.6
1.5
1.8

0.5
1.1
0.5

1.7
2.1
2.1

1.6
2.6
2.3

2.0
1.9
1.9

-0.4
0.4
0.3

1.1
0.8
0.9

1.1
0.9
0.9

1.0
0.8
0.7

0.1
0.1
0.2

1.0
1.2
0.9

1.3
0.8
1.1

1.0
0.9
0.9

0.2
0.1
0.1

1
1. 81 1.0
1.7 1.3

0.8
0.4

2
1. 22
1.4

1.2
1.4

0.0
0.0

c

Onions

5.0
15.0
22.5

D

Pota-

5.0
15.0
22.5

toes

1

2 Average

of plots 1 (H) and 3 (H).
Average of plots 4 (L) and 6 (L).

-10 kPa (%,w/w)) and, therefore, the level

-100%

higher

than

L

plots.

In

of

penetration

resistance

was

blocks A and C. On block B, in the 12-17- and
20-25-cm layers, the penetration resistance was -15% higher on H plots than

on

that

these

on

layers,

the

difference in penetration resistance

between Z and L,H plots amounted to -20%, as on blocks A and C.
On block D (potatoes), the level of penetration resistance was higher
than that on blocks A and C, due to the heavier soil, a lower moisture
content (87%, relative to the moisture content at -10 kPa (%,w/w)), and, as
a result of the intensive seedbed preparation, a relatively small pore
space. The penetration resistance was clearly higher on Hl,H3 plots than on
the Z2 plot, especially in the 12-17-cm layer. On L4,L6 plots, the
penetration resistance was similar to that on the ZS plot.
In the subsoil, differences in penetration resistance among treatments
were small and erratic. The results (not shown) do not allow a conclusion
with respect to differences in subsoil compaction among traffic systems.
Root development of spring wheat, onions and sugar beet

The analysis of all root maps made in the course of the experiment has as
yet not been concluded. Therefore, only some preliminary results will be
presented here. Figure 1 shows a root map for onions; the track was used for
spraying operations during the growing season. It is clear that zero-traffic
led to the most homogeneous root distribution throughout the topsoil and to
the deepest root development. In the H and L treatments root distribution
and development were similar. Underneath wheel tracks no roots were observed
at all. Root maps for winter wheat and sugar beet show similar but less
pronounced differences.
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Fig. 1. Root maps
28 August 1987.

in the

vertical

plane for onions on

Z, L and H plots,

Figure 2 shows an example of the vertical distribution of the root
intensity for spring wheat (sown after winter wheat failed), onions and
sugar beet. Obviously, zero-tillage plots differ from high and low groundpressure plots where root intensities were similar. In onions, root
ensitintensity on Z plots was similar to the root intensity on H and L plots
in the topsoil, but higher at 40 em depth. In spring wheat and sugar beet,
on Z plots, much higher root intensities than on Hand L plots were found in
the topsoil but not in the subsoil.
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Fig. 2. Vertical distribution of root intensity for spring
onions (1988) and sugar beet (1989) on Z, L and H plots.
260

wheat (1988),

TABLE 4
Coefficients of variation (u/p) of the frequency distribution of "equivalent
cylinders 11

,

reflecting the degree of homogeneity of the root distribution of

spring wheat (1987), onions (1987) and sugar beet (1989)
Depth
(em)

Plane
position

Vertical

0-30
30-70
5
10
15
20
25
30

Horizontal

Onions

Spring wheat

Sugar beet

L

H

z

L

H

z

L

H

z

0.44
0.34

0,50
0.34

0.52
0.34

0.44
0.33

0.47
0.32

0.48
0.34

0,39
0.32

0.40
0.32

0.42
0.33

0.36

0.37

0.36

0.41

0.38

0.39
0.39

0.40

0.39

0.37

0.36

0.36
0.33

0.34

0.38

0.38
0.36

0. 77
0.38

1.43
0.36

The example of Table 4 shows that, in the vertical plane, all three crops

had a fairly regular root distribution, both in the topsoil (0-30-cm depth)
and in the subsoil (30-70-cm depth). In the horizontal planes, about the
same degree of homogeneity was found as in the vertical plane in the
subsoil. Differences between treatments were generally small, For
spring
wheat, the differences between treatments found in the horizontal plane at
15 em depth, are not in agreement with the absence of differences in the
horizontal plane at 25 em depth.
According to available transport theory, differences in root distribution
may have important consequences for the nutrient uptake by the crop (De

Willigen

and

Van

Noordwijk,

1987b).

Mathematical

models to predict the

uptake capacity of root systems, based on the coefficient of variation of
"equivalent cylinders", are in preparation. Alternatively, given the root
distribution pattern and average root length density, such models may serve
to establish the required P and K fertility status of the soil.

CONCLUSIONS
(1)

In

the topsoil (0-25 em depth) of coarse- to medium-textured soils

(blocks A, Band C), on Land H treatments, pore space, and the moisture and
air contents at -10 kPa, averaged for all crops, were similar. On Z plots,
pore space and air content at -10 kPa were clearly larger, on average by

+1.9 and +3.4% (v/v), respectively, than on Land H plots.
(2) On fine-textured soil (block D), the differences in soil structure
between L and Z plots and between H and Z plots were similar, and clearly
larger than on coarse- to medium-textured soil. On average, on Z plots, pore

space was 2.5% (v/v) larger and air content at -10 kPa was 5.1% (v/v) higher
than in the tilled layer (0-25 em depth) of Land H plots.
(3)

On

coarse-

to

medium-textured

soil

(blocks

A,

structure on L and H plots was acceptable, the average air

kPa being slightly above or only just
satisfactory plant development (l2%,vjv).
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below

the

Band C), soil
content

critical

at

-10

value for

(4) On fine-textured soil (block D), the air content at -10 kPa in the
2-7-cm layer was satisfactory and similar to the average on blocks A, Band
C. However, below 7 em depth, on L and H plots the average air content at
-10 kPa was far below the critical value. On Z plots air content at -10 kPa
was satisfactory to 17 em depth but deeper down it was below the critical
level, especially on the plot with the heaviest soil (Z5).
(5) The effects of natural short-term consolidation and of field traffic
on soil structure increased with increasing clay content.
(6) Under dry conditions and

on

heavy

soil.

the

low

ground-pressure

system (L) may result in a clearly lower penetration resistance in the lower
part of the tilled layer than the high ground-pressure system (H). The
zero-traffic system (Z) always showed a lower penetration resistance
throughout the tilled layer than the low ground-pressure system, except for
very heavy soil.
(7) The zero-traffic system ensured a satisfactory soil structure, except
for the heaviest soil. The low ground-pressure traffic system did not result
in a clearly better soil structure than the high ground-pressure traffic
system.
(8) Roots were found to be clustered in cracks between soil aggregates.
Therefore, root distribution was much more regular on non-trafficked than on
trafficked plots. According to available transport theory, these differences
may have important consequences for nutrient uptake by the crop. Plants
grown on ruts, made and covered up by loose soil during seedbed preparation,
had a clearly different root development than plants grown between ruts.
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TOP SOIL AND CROP RESPONSES TO A LOW GROUND PRESSURE FARMING SYSTEM
ON A MARINE LOAM SOIL IN THE NETHERLANDS.
G.D. Vermeulen

Institute of Agricultural Engineering, Wageningen, the Netherlands
Abstract
A low ground pressure farming system gave a somewhat better soil
structure and a 4% higher root crop yield than the same farming system

with currently used ground pressure levels. Untrafficked soil was clearly
looser than the soil subjected to currently used ground pressure levels
and showed a 9% higher root crop yield. Though the trends for soil
structure were the same as for root crops, wheat showed no significant

yield differences for the three traffic treatments.
Introduction
In the past decades, profits on Dutch arable farms could be increased
by a number of developments. Most important in relation to soil management
have been the increase of acreage per farm, the intensification of crop
husbandry and a development of narrowing the rotation down to allow for a
maximum share for the most profitable crops. On clayey soils these are
especially potatoes and sugar beets. Concurrently, an increasing capacity
of tractors, machinery and trailers, but also technical development in
terms of more efficient traction and tillage machinery designs made these
developments possible. Therefore, soil management today faces more
frequent traffic, heavier machinery and more frequent and intensive
tillage.
Along with these developments there has been a growing concern for its
consequences for the structure of topsoil (Boekel, 1982) and subsoil.
Research on controlled traffic in the Netherlands has shown that non
trafficked zones gave yields of up to 10% higher than those with intensive
field traffic (Perdok and Lamers, 1985). The traffic lane system studied
by them had poor economic perspectives for arable farming however.
A farming system that applies low ground pressure levels the year round
was expected to allow for fairly heavy loads to be carried over the field
without appreciable compaction in topsoil and subsoil and maintain the
economic attractiveness of our current farming system therefore. This
paper describes the responses of soil and crop to such a low ground
pressure farming system on a loam soil in the Netherlands.

Materials and methods
Treatments
A conventional farming system with all equipment fitted with tyres for
low ground pressure (L) was compared to the same system with tyres that
represent the current ground pressure situation (high ground pressure; H).
The machinery fleet was representative for a 60 ha arable farm in the
Netherlands, For reference, also a zero traffic (Z) treatment was included
in the experiment. A summary of choosen average tyre-soil contact
pressures for (L) and (H) is given in table 1. The tyre selection
procedure to achieve these ground pressure levels is reported earlier by
Vermeulen et al. (1988). The treatments were given on a practical scale.
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Table 1: Average tyre-soil contact pressure (Pc) and inflation
pressures (Pi) applied in the experiment (in kPa).
High
Seedbed preparation equipment
Trailer- and implement tyres
tractors and other equipment

Low

Pc

Pi

Pc

Pi

100
300
200

80

50
100
100

40

240
160

80
80

Location and soil characteristics
The experiment was situated in the north-western part of the
Netherlands. Mean annual rainfall at this location is 810 mm, evenly
distributed over the year. The soil is classified as a loam soil (USDA
classification). The average texture of the top soil (0-25 em depth) layer
is given in table 2.
Table 2:

Soil texture characteristics of the top soil layer.
Other fractions
in % by total weight

Mineral fractions
in % by weight
clay
< 2
silt
2 - 50
fine sand 50 -210
course sand > 210

mu
mu
mu
mu

Organic matter
CaC03
pH I KCl

23
32
44

2.0
7.7
7.5

1

The subsoil contained more clay and showed open cracks, which had their
walls cemented with washed out clay particles. The subsoil appeared to be
very resistant to compaction. At the end of the experiment, these walls
were still completely intact for all treatments.
Experimental design
The experiment was done on a 10 ha field, divided into four blocks. The
traffic treatments L and H were assigned at random to four fields of
50xl00 m on each block. Two fixed fields of (2x3)xl00 m on each block were
assigned to Z. Four crops·were established on the experimental field, one
crop on each block in the first p·reliminary year 1985. In the next four
experimental years the fixed rotation was followed on each block. Thus,
all crops were present each on a block, every year. This experimental
design results in a complete trial in four replications for each crop
after four experimental years.
To allow for elimination of possible
variation of measured responses due to variation of soil texture (14 - 35%
clay), on each field a smaller plot was selected for all observations. On
each of these plots, texture characteristics were determined which could
be used for covariance analysis.
Cropping system
After growing a seed grass crop in 1983 and 1984, an intensive crop
rotation of ware potatoes, winter wheat undersown with grass ley, sugar
beets and spring-sown onions was selected for the experiment. The crops
were consistently sown and planted with regular farm machinery. In 1987,
the winter wheat crop failed early and was resown with spring wheat.
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Tillage system
The usual tillage regime in the region was adopted for all traffic
treatments i.e. a 25 em deep primary tillage operation in autwnn and
secundary tillage in spring to a depth as required for the crop to be
grown.
Primary tillage preceding potatoes and sugar beet consisted of
mouldboard ploughing. The working depth of the special plough that was
used for tilling the Z plots was restricted to 20 em. A crankshaft digger
was used for primary tillage preceding onions and was used in combination
with a sowing machine for winter wheat.
The seedbed for potatoes was made by a rotary cultivator working to a
depth of 8 em. The final ridge was made by a rotary cultivator equipped
with ridgers. Potatoes were not hoed. A reciprocating or a rotary harrow,
working 3 em deep was used for onions and sugar beet. Sugar beet and
onions were hoed once or twice if possible.
Whenever
post-harvest
cultivation was
performed,
a
fixed-tine
cultivator working at a depth of 10 em was used.
Soil measurements
The condition of the soil changes over the year by tillage and traffic
actions and by natural causes. Therefore, soil measurements were done
throughout the cropping cycle to reveal the direct and indirect effects of
the three traffic regimes on the soil.
Soil surface roughness was measured several times a year, using a
method that resembles the reliefmeter method developed for tillage studies
(Kuipers, 1957) but is applied at a larger scale with laserbeam equipment
to include random surface effects of traffic. For L and H plots this was
done over a distance of 12 m perpendicular to the direction of travel, at
20 em intervals. For Z plots, the measuring distance was 2 times 1.5 m.
Random top soil structure during crop growth was characterized by total
pore space, and the air content at -10 kPa soil water matric potential
according to Kuipers (1961). Each plot was sampled in the 2-7, 12-17 and
22-27 em soil layers in the middle of the growing season (May, June). On
potato plots, only the 12-17 and 22-27 em soil layers were sampled, i.e.
with the depths measured relative to the soil surface as if the potato
ridges were flattened. In all samplings, on each plot and in each layer 10
cores of 100 cm3 were taken at random.
In addition t·o soil sampling, the random structure was judged visually
in spring and in summer according to the method of Peerlkamp (1959).
Several properties of the soil under the centre of ruts of (H)- and (L)machinery were measured in spring and in autumn after the action of the
wheels. Reported here are total porosity and oven-dry tensile strength (as
a measure for smearing), according to Lerink (1990).
Measurements on potato ridges included the aggregate ~ffiD, the amount of
loose soil and the shape and size of the ridges. The winter wheat seedbed
was characterized by the average dry weight of the 10 largest clods on the
soil surface within an area of 1 square meter as a measure for its
courseness. On the seedbeds for sugar beet and onion, depth and mean
weight diameter (MWD) of the aggregates were determined,
Crop measurements
The yield of potato, onion and sugar beet was determined by harvesting
4 sub-plots of 12, 6 and 18 m2 respectively per plot. The sub-plots were
selected such that the effects of all traffic actions are included in the
yield results. In the Z plots, rows with a distance of less than 0. 5 m
from wheel tracks were excluded for yield determination.
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Potatoes and onions were graded and weighed fresh. For sugar beet the
fresh weight, the extent of branching (deformed roots) and the white sugar
yield were determined. The wheat yield was determined by counting the
number of ears on 20-24 spots of 0.125 m2 . The number and weight of grains
per ear and the straw yield were determined separately by harvesting 6
spots of 0. 25 m2 each. The grain and straw yields were calculated from
these data. The marketable quantity of straw is assumed to be 55 percent
of the non-grain yield.

Results
Soil surface roughness
The combined effect of wheel traffic, tillage and natural consolidation
on soil surface roughness at two important points in time in the crop
cycle is given in table 3.
In the period between primary tillage and seedbed preparation soil
surface roughnesses are positively correlated with the applied ground
pressure
Easier crumbling of soil that is trafficked with lower
pressures is suggested by these results.
After secundary tillage, wheel ruts of H and L traffic and soil
disturbance by soil engaging tools make it more difficult to interpret the
results, but the general trend is a smoother surface at lower applied
ground pressures. Roughnesses measured just after harvest are presented in

table 3.
Table 3: Soil surface roughness (averaged ·over 1987-1989)

crop
potato
sugar beet
onion
wheat

just before secundary
tillage
H
L
z

--------------------50
66
49
43

45
60
47
40

19
54
30
20

just after harvest

of the crop

H
L
z
-------------------

55
43
39
37

44
27
29
29

24
38
12
5

Topsoil structure
Average results of the early summer random samplings are presented in
table 4.
The results are not adjusted for the covariate clay content as
the average clay contents of the plots sampled for the three traffic
treatments turned out to be very close: 23.7% for H, 23.3% for Land 22.9%
for Z.
Clay content as covariate was used for the analysis of variance
however.
Both total pore space and air content at -10 kPa water suction are very

significantly (p<O.Ol) higher at all depths for trafficked plots than for
untrafficked plots. Differences between the values found for Low and High
ground pressure were generally small and not significant with the
exception of the total porosity in the 12-17 em depth layer, that showed a
relatively small but significantly (p<O.Ol) higher value for Low ground
pressure.
Results of the visual judgement of the soil structure in spring and
summer are presented in table 5. The trend of the scores is similar to the
findings for porosity and air content; small differences were observed
between H- and L-plots, while the scores for Z-plots were clearly higher.
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Table 4: Total pore space (% v/v) and air content (% vjv) at -10 kPa
soil water matric potential, averaged for the years 1986-1989.
12-17 em deJ;!:th

2-7 em denth

20-25 em de2th

H
L
z
z
z
H
L
--------------------------------------------------------------------------

L

H

total pore space
potato
wheat
50.7
sugar beet
48.9
onion
48,3
air content
potato
wheat
16,5
sugar beet
14.8
onion
13.3

49.7
49.0
49.0

53.4
50.1
50.1

45.8
47.7
46.6
47.5

46.8
49.3
47.2
49.1

48.4
50,8
49.2
51.0

45.4
46.7
47.3
46.8

46.3
48.6
46.3
48.0

49.6
49.7
48.0
49.0

15.0
15.4
13.1

21.8
17.7
16.1

10.2
12.1
9.4
10.5

10.4
13.7
10.5
11.2

14,0
17.1
13.9
15.6

5.0
10.3
8.1
7.5

5.5
12.2
8.1
7.6

9.9
14.7
11.1
11.3

Table 5: Scores for soil structure (0 = dense, compact soil,
9- loose soil with high porosity).

swnmer

spring

year 1986

average

5.3
5.1
5.2
4.4
5.0

properties

in the

1987
1988
1989

The

soil

--------------L
z
H
--------------5.5
5.2
5.4
4.1
5.1

6.3
7.2
7.3
6.8
6.9

ruts

of H-

--------------H
L
z
---------------

5.2
4.9
4.4
4.8
4.9

5.1
5.2
4.8
5.2
5.1

5.8
6.5
6.2
6.9
6.5

and L-machinery

for

seedbed

preparation and harvest, measured by Lerink (1990), are presented in fig
1. For a wide range of soil moisture conditions during traffic in spring,
the total porosity was aroud 2. 5% higher for L-ruts than for H-ruts. The
same measurements at harvest time, when soils are somewhat preconsolidated
and the applied pressures are higher, show no differences in total
porosity between L- and H-ruts. At both times of the year, the oven dry
tensile strength .was higher for the H-ruts than for the L-ruts especially
when the soil was compacted in a wet state. This indicates that soil
deformations (smearing) under wet soil conditions have been less for the
L-tyres than for the H-tyres.
Potato rjdges and seedbeds
Some results of measurements done on potato ridges are presented in
table 6 (Kouwenhoven et al., 1990). On average, the calculated ridge size
was slightly above the optimwn of 600 cm2 (Kouwenhoven, 1978). Z ridges
were about 6% larger than H and L ridges, between which no significant
differences in size were observed. Generally, with decreasing ground
pressure of the traffic system, the aggregate MWD decreased. The
differences in MWD found between H, L and Z plots proved to be highly
significant (p<O.Ol). Correspondingly, with decreasing ground pressure,
the amount of fine soil as percentage of the total loose soil in the ridge
increased from 42% for H ridges to 47% for Z ridges.
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Fig. 1: The effect of field traffic with High and Low ground pressure
on total pore space and oven-dry tensile strength under the rut
as a function of the soil moisture content at compaction.

Table 6: Average seedbed and potato ridge characteristics

Crop

Characteristic

High

Low

Zero

--------------------------------------------------------------

sugar beet

seedbed depth in em
aggregate MWD in mm

2.5
5.2

2.1
5.2

1,9
5,3

onion

seedbed depth in em
aggregate HWD in mm

2.5
6.0

2.1
6.6

2.1
6.3

635
42
6.0

635
44
5.4

677
47
4.7

potato 1)

ridge cross section in cm2

aggreg. < 2. 5 mm 4> in

%

aggregate MWD in mm

(w/w)

--------------------------------------------------------------

1) data pertain to final ridges

268

The weight of the 10 largest clods per square meter in the seedbed of
winter wheat was 8.1 kg for H, 8.7 kg for Land 4.4 kg for Z plots. Winter
wheat requires a course seedbed to reduce the risk of freezing and
waterlogging. Therefore, the finer seedbed of Z~plots is a possible
explanation for the lower wheat yields obtained in the years 1986 and
1988, which had very wet periods in the preceding winter.
For the seedbeds for sugar beet and onions, the measurements (table 6)
show that seedbed depth tended to increase with ground pressure. This can
be explained from the differences in soil surface roughness of primary
tilled land (table 3). The mean weight diameter (MWD) of the aggregates in
the seedbed was, on average, similar for L, H and Z treatments (van
Ouwerkerk and Kouwenhoven, 1989).
Crop responses
The main results of crop responses as reported by Alblas (1989) are
presented in table 7.
Potato yield results showed that the L plots had a higher production of
total~ and marketable tubers >35 mm than the H plots in all years. The
production of z plots was highest of all in 1986, 1988 and 1989 and lowest
of all in 1987, On average, L plots had a 3% higher and Z plots a 10 %
higher yield than H plots. Usually, yield differences between lots of
potatoes show up in the grade >55 mm. Potato lots from H, L and Z plots,
however, showed no differences in grading. Also the dry matter content was
not significantly influenced by the traffic system.
The average wheat yields of H and L were somewhat higher than those of
Z, which can be traced back in the thousand grain weight. Zero-traffic and
Low pressure plots yielded significantly more straw than High pressure
plots,
Zero traffic showed the highest and High pressure traffic the lowest
average yields of sugar beet. In three out of four years (1986, 1987 and
1989) the beet yield of Z plots was higher than that of L plots. In also
three out of four years (1987/1989) L plots yielded more than H plots. On
average, the yields of L plots and Z plots were 4% and 8% higher
respectively, than those of H plots. The white sugar recovery rate was not
influenced by the traffic treatments, The sugar content, however, tended
to be somewhat higher for L and H than for Z. Therefore, the relative
yield differences between H, L and Z tended to be smaller for the white
sugar yield than for the fresh beet yield.
During the four years of study the highest percentage of seriously forked
beets was counted unexpectedly on Z plots and the lowest on L plots. It
was remarkable that at Z plots most of the forking occurred at ploughing
depth (20 em on Z plots), In 1988 a great deal of forked and molar-formed
beets were counted on all plots. Adverse soil and very dry weather
conditions during seedbed preparation and germination are held responsible
for these beet deformations. The same situation occurred in 1989, but less
severe and, again some molar-formed beets were counted, a phenomenon which
was rarely seen in 1986 and 1987.
The onion yield results of the years 1987 and 1988 could be used for
the experiment. Heavy rain in between the application of the H and L
traffic treatments in 1986 and crop failure in 1989 rendered the yield
results of those years useless. On average, L plots showed a 6% higher and
Z plots a 10% higher yield than H plots, without differences in the
grading of the product,
Statistical analysis of the overall yield results showed that the clay
content of the soil, used as co-variate, did not explain much of the
variation in yield. Significant differences were found between High ground
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pressure and Zero-traffic for potatoes (p<O.Ol), sugar beet (p<O.Ol) and
onions (p<O.OS), and between Low ground pressure and Zero-traffic for
potatoes (p<O.OS). The trend of decreasing yields with increasing ground
pressure is very consistent for the root crops. Therefore root crops were

combined in a group.
The root crops as a group significantly (P<O, 01)
yielded 9% higher on Z plots than on H plots. L plots showed a
significantly (P<0.05) higher yield of 4% compared to H plots. For wheat,
grain yield differences between treatments were not significant. A summary
of mean crop yields, relative to the yields of the High ground pressure
farming system is presented in table 8.

Table 7: Crop yields in Hgjha and crop quality aspects
(average of 1986·1989)
Crop

High

aspect

Low

Zero

------------------~-------------------------------------------

potato

total fresh yield

58.8
51.5
27.3
7.76

marketable, > 35 mm
marketable, > 55 mm
dry matter cont. (%)

wheat 1) grain yield (m.c.

~

16%)

straw yield
number of ears per m2

1000 grain weight (g)
sugarbeet

total fresh yield
sugar content (%)
white sugar recovery (%)

white sugar yield
severely deformed (%)

onion 2) total fresh yield
marketable, 40-70 mm

9.1
6.2
617
41.3

60.4
53.7
27.6
7.66

9.2
6.6
624
41.3

64.3
57.0
29.8
7.68

8.8
6.8
622
40.4

66.0
17.04
86.7
11.3
19

68.4
17.17
86.8
11.8
17

71.2
16.83
86.4
12.0
21

51.0
46.5

53.9
49.1

55.4
51.3

1) In 1987: spring wheat,
2) average of two years.

Table 8: Summary of mean, relative total crop yields in %.
Traffic system

High ground pressure
Low ground pressure
Zero traffic

Wheat
(grain)

Sugar beet

100
101
97

100
104
108
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Onion

100
106
109

Potato

100
103
110

Discussion
Differences in soil surface roughness after primary tillage, mean
largest clod weight in the seedbed of winter wheat and the aggregate sizes
found in potato ridges are mainly due to the soil condition preceding the
tillage operation and therefore give a good indication of the indirect
effects of traffic on soil structure status at a certain point in time.
Nutrient use efficiency effects were not investigated in this
experiment but may have played a role. For reasons of envirorunental
hygiene, these effects are expected to become increasingly important.
Pursuing these effects for arable farming would be a worthwile option.
The effects of ground pressure on compaction of subsoils could not be
investigated on this experimental field due to the high resistance of the
subsoil to compaction. Therefore, more work on other subsoils is
necessary.
Conclusions
Application of a low ground pressure farming system on a loam soil in
the Netherlands showed to give a somewhat better soil structure than
current practice.
A low ground pressure farming system appeared to give a significant
yield increase of 4 % for root crops as compared to a currently used
high ground pressure system. No significant differences were found for
wheat.
Rootcrops yielded significantly 9% higher under a no-traffic regime than
under the currently used high ground pressure regime. No significant
difference was found for wheat.
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INTRODUCTION
Degradation of soils expressed by deterioration of their
properties and productivity is likely to occur under the
influence of many factors.
In recent years, more and more
attention is paid to excessive compaction of soil.
Our
investigations (Domzal and Hodara, 1989a) have proved that
during cultivation of various species of plants, the soil
area is on average 2-5 times compacted by the wheels of
machines and agricultural implements. This usually causes,
which is often stressed by numerous scientists, (Blackwell,
et al., 1986; Domzal and Hodara, 1989b; Hakansson et al.,
1986; Kayombo and Lal, 1986; soane, et al., 1981, 1982)
unfavorable changes in the soil structure and its physical
properties.
These changes bring a decrease in the yields
of
cultivated plants
(Dzienia and Sosnowski,
1988;
Hakansson, 1989).
The question arises whether these changes are permanent,
or whether the soil will recover its properties during one
vegetative period as a result of cultivation and return to
the conditions it had before compaction. For this purpose,
many years field investigations were set up.
The results
of the first two years of experimentation have been
presented in this paper.
METHODS
The experiment was set up in 1989 on the production
field of an agricultural farm with orthic luvisol formed
from loess-like silts.
November 1988, cul ti vat ion on the depth of 10 em and
two-times cultivation by the set cultivatot + string roller
in order to mix mineral fertilizers with soil -March 1989.
In April 1989, spring barley ~1as sown.
Immediately after sowing, five plots of 4.5 x 150m were
determined and the whole area was compacted by the wheels
of tractors according to the following scheme:
A
B
c
D

-

one pass of a 2170 kg tractor,
one pass of a 3700 kg tractor,
three passes of a 3700 kg tractor,
eight passes of a 3700 kg tractor.
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In August, after the barley harvest, a shallow plowing
(8 em) was performed, and before winter the soil was plowed
to the depth of 25 em. In spring 1990, the same tillage was
performed on the plots as before the barley sowing. At the
beginning of April 1990, spring wheat was sown. Moreover,
during the vegetative season in 1989 and 1990 the plots
received another dose of nitrogen fertilizers and spraying
against diseases of cereals and weeds was made.
The samples of soil for the determination of physical
properties were taken directly after compaction (April
1989), and three times in the first year (May, June, August
1989) and two times in the second year (April, August 1990).
The soil samples from August were taken in particular years
before the cereals harvest.
The soil with natural structure was taken into cylinders
of 100 cm3 volume in six replications from the layers 0-10,
10-20, 20-30, 30-40 em from the middle of each layer. The
determination was made with respect to bulk density, total
porosity, air capacity and permeability.
The yield of grain from the plot was determined. The
harvest of barley and wheat in the years 1989 and 1990 was
performed in the middle of August.
RESULTS
Compaction of the investigated soil with tractor wheels
brought about a significant increase of bulk density to the
depth of 20 em (Table 1), The bulk density of the compact
soil in the layers 0-10 and 10-20 em was from 1,59 to 1.67
M~ m· 3 in particular plots, is comparable to 1.30-1.47 Mg
m· on the control plot, and was equal to the bulk density
of subarable layers. In the layers 20-30 and 30-40 em no
changes in bulk density caused by compaction was noted.
TABLE 1.

Soil bulk density immediately after compaction
with tractor

Layers
em
Control
0-10
10-20
20-30
30-40

Bulk Density Mg m· 3
lxtractor lxtractor 3xtractor
2170kg
3700kg
3700kg

1. 30
1. 45
1. 64
1. 52

1. 61
1. 59
1. 62
1. 60

1. 66
1. 63
1. 60
1. 54

1.68
1. 63
1.50
1. 51

extractor
3700kg
1. 67
1.67
1. 66
1. 55

LSD p 0.05 = 0.07
The results show that a very large and significant
increase of bulk density is already caused by a light
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tractor. On the plot compacted with the wheels of a tractor
of 2170 kg mass, the bulk density was as much as 1.60 mg m·
3 in comparison with the density of 1. 30 Mg m" 3 on the
uncompacted plot (Table II) . Together with an increase of
compaction intensity, the bulk density of soil increased,
though only to a small degree.
TABLE II.

Soil bulk density on plots (on average, for the
layer 0-40 em) immediately after compaction and
in the first and the second year after
compaction.

Compaction
Control
1X2170kg
1x3700kg
3x3700kg
ax3700kg
LSD p 0.05

Bulk Density Mg m" 3
Average
After Compaction
1989
1. 48
1. 60
1. 61
1.58
1. 64
0.03

1. 46
1. 58
1. 59
1. 61
1. 62
0.02

Average
1990
1. 48
1. 52
1. 44
1. 48
1. 53
0.03

Changes in the soil bulk density caused by tractor
wheels are maintained distinctly throughout the vegetative
season in the first year after compaction.
The processes
taking place in the soil and the development of the root
system did not lead to reconstruction of the soil structure.
Bulk density of the compacted soil is still much higher than
that of the uncompacted soil.
Through 1989, there were
evident differences bet;1een the soil on the plots compacted
with different intensity.
In the second year after compaction, as a result prewinter and spring tillage of soil, the differences of bulk
density between particular plots compacted one time and
three times with the tractor of 3700 kg mass was similar to
the density on the uncompacted soil (1. 44-1.48 Mg m" 3).
Ho;1ever, on the plot compacted one time with the 2170 kg
tractor and eight times with the tractor of 3700kg mass, the
bulk density was higher than in the uncompacted soil, 1.52
and 1. 53 Mg m" 3 respectively, in relation to 1. 48 Mg m" 3 .
Soil compaction also influenced the grain yield of the
cultivated cereals (Table III).
In the first year (1989)
the yield differentiation was not proportionally conned with
the intensity of compaction.
On the control plot, and
partly on the plot compacted one time by a light tractor,
barley was loged.
Due to this the train yield on these
plots is partly decreased.
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TABLE III.

Compaction
control
1x2170kg
1x3700kg
3x3700kg
8X3700kg
x -

Yield of cereal grains in the first and the
second year after compaction with respect to the
intensity of soil compaction
Grain yield,
1989
(spring barley)

1990
(spring wheat)
6.67
6.44
5.29
5,29
4.80

4. 60x
3, 68x

5,29
4,83
2.76

a yield decrease caused by atmospheric conditions

On the soil compacted three times with the 3700 kg tractor,
the grain yield was about 10% (4,83 t x ha- 1) lower than on
the soil compacted one time (5.59 t x ha- 1) and in the case
of eight-ti~e compaction the yield was almost 50% lower
(2.76txha).
In the second year, after compaction (1990) the wheat
grain yield in the compacted soil was lower in relation to
the uncompacted soil; by about 4% at one-time compaction
with a light tractor, by about 72% at one-time and threetime compaction with the tractor of 3700 kg mass and up to
about 30% at the strongest compaction (Table III).
CONCLUSIONS
1.

Compaction of soil with the wheels of tractors caused
a significant increase of bulk density to the depth of
20 em, bulk density on the intensity of compaction.

2.

The effects of compaction are still maintained in the
soil in the second year after compaction. Bulk density
of the compacted soil, in spite of mechanical tillage,
is higher two years after compaction than in case of
uncompacted soil.

3.

Compaction of soil with the wheels of tractors
contributes to a decrease of cereal yield. The grain
yield in the compacted soil was lower by about 10-50%
in the first year after compaction and by about 4-30%
in the second year after compaction. The stronger the
compactness of the soil, the greater decrease of the
grain yield.
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SOIL STRENGTH AS INFLUENCED BY TEXTURE, WATER CONTENT AND SOIL
MANAGEMENT
P. Schjc;mnlng
Danish Research Service for Plant and Soil Science, Department of Soil Physics, Soil
Tillage and Irrigation, Tlnglev, Denmark
Introduction
Soil strength is an important parameter in tillage considerations. The strength determines the
resistance of the soli to compaction effects as well as the demands on the tillage Implements
and tractor pulling forces. The Interaction of the tillage tine with the soil is dependent on the
magnitude and "quality" of the soli strength. The change in soil behaviour with changing water
content Is of interest In relation to soil tillage, many tillage operations only being possible in
a rather narrow range of water content. Many Investigations in soil mechanical conditions
have been based upon measurements on soil In a remoulded state. For many tillage
operations, however, It Is Important to detect the Influence of soli macrostructure.
It Is often questioned, whether a mechanized, "non·organlc" farming system will lead to a
deterioration of the soli structure and soil fertility. It Is well-known that organic matter plays
an important role in soil aggregation and influences the structure strength (Tisdall & Oades,
1982). However, investigation in the quantitative effects upon soli strength Is very scarce.
In this paper some selected results are given from a research project concerning soli
mechanical properties, which took Into account the aspects mentioned above. In a number
of differing soils several soli mechanical properties were measured In remoulded "cemented"
soil as well as in undisturbed soli samples and In a range of water content around field
capacity. Field methods were used as well. Further, two long term field trials were used in
a search of an effect of an "organic" farming system compared to a "traditional" practice.
Results from 3 soil types are discussed here, Including a location at which the effect of 90
years of different soil management was studied. A full description of the Investigations is
given in Schj3nning (1989, 1991a, b).

Materials and methods
Solis and sampling sites
Soil type according to the USDA Soli Taxonomy System and topsoil texture for the 3 soils are
given in Table 1. Soli no. 1 is developed on marine sediments, while the geological origin of
soli no. 2 and 3 Is glacial deposits.
At location no. 1 and 2 a representative field of the area was chosen, which was grown with
a winter wheat crop. Sampling and field measurements took place In the spring, when the soli
had a water content at about field capacity.
The soli had been ploughed and subsequently harrowed In the autumn and the seed had
been sown with a traditional drill. In an area of the field comprising about 0.5 ha ( 50 m x
100 m) 6 surfaces were randomly selected and used for field measurements and as sampling
sites.
N
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Table 1. Soli type (USDA Soli Taxonomy System) and texture of top soli (0-20 em) for
investigated soils
Location

Soli type

Texture (% w/w)

No. Name

Org.
Clay
matter
<2

f.lm:
1
2
3

Tylstrup
R0nhave
Askov

Cumulic Haplumbrept
Typic Agrudalf
Typic Hapludalf

2.6
2.6
2.1

3.6
12.1
10.4

2-20

Fine
Coarse
sand
sand
20-200 200-2000

2.9
15.4
12.8

82.8
53.3
38.5

Silt

8.7
16.6
36.2

Since 1894 a field trial concerning organic and artificial fertilizers has been conducted at the
state experimental farm Askov In Denmark, soil no. 3.
3 different fertilizing systems were selected for the soil mechanical lnvesligations:
UNM: Unmanured
FYM: Farmyard manure (from 1973: animal slurry)
NPK: Artificial fertilizer
Each of the above mentioned treatments was found with 5 randomly distributed replicate plots
In a 5x7 square grid in the field. Sampling took place in spring 1985. The crop was clover
grass established In 1984 (undersown a spring barley crop).
Further details of the old trials and the sampling programme are found In Christensen (1989)
and Schjlimnlng (1989, 1991b).

Measurements
From all31ocations (and for soli no. 3: from all treatments) a number of undisturbed 100 cm3
soil cores were sampled in the plough layer (- 8-12 em depth). The in situ shear strength was
measured by a commercial, hand-held vane shear tester (Serota & Jangle, 1972). Shear
strength was also determined at 6 normal loads with a 100 mm diameter torsional shear box
as suggested by Payne & Fountaine (1952).
In the laboratory all undisturbed soil cores were water saturated and subsequently drained
to predefined potentials In the range -4 hPa to -500 hPa. Shear strength was determined at
a number of normal loads (Tylstrup and R0nhave: 6; Askov: 3) measuring shear for each
potential, using a shear annulus mounted In a mechanical press (Schj0nnlng, 1986).

Results and discussion
From the torsional shear box method, the soil strength can be differentiated Into the cohesion
and friction components, Figure 1. The cohesion (interception of regression line) was higher
in the loamy soli at R0nhave than in the sandy soil at Tylstrup while the opposite was the
case for the soli Internal friction (slope of the regression line).
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Figure t. Shear stress at 6/eve/s of normal load measured by the torsional shear box In the plough layer at flekl
capacity. Arrows Indicate the vane shear strength found In tho same sol/layer.

The vane shear strength was found to be higher than the cohesion estimated by the shear
box, Figure 1, which Is In accordance with O'Sullivan & Ball (1982). The difference in part
can be explained by the fact, that the vane shear the soil in a plane which is defined by the
apparatus, while the shear box allows the soli to shear at Its weakest plane.
The peak strength from the laboratory annulus shear strength/strain-relation was used for
calculation of the cohesion and friction component of soli strength at the 6 water potentials
studied, Figure 2. For the loamy soli, the Increase in strength with decreasing water content
could be ascribed to an Increased cohesion. In the sandy soil this strength component was
virtually unaffected by water content but here the strengthening of soil could be explained
by an Increase In soli Internal friction.
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0,4

20
0
1.4

sand

0.2
1.6

1.8

2.0

2.2

2.4

2.6
pF

1.4

1.6

1.8

2.0

2.2

2.4

2.6
pF

Figure 2. Cohesion and Internal friction at 6 water potentials estimated from tho laboratory shear annulus method.
Water potential (hPa) w -tU".
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Notice that the soil cohesion estimated from the annulus shear method in the laboratory for
both soils Is much higher than cohesion measured in the field by the torsional shear box. The
comparison to the field method should be done at a water potential about pF 2, which Is the
potential most often found at field capacity for these soils.
The discrepancy perhaps In part is due to differences In water content despite the
assumption that field measurements took place at a water content of field capacity. Lower
values from the box method were expected, anyhow, because this method will measure the
strength at the weakest plane In the soil, while the shear annulus causes the soil to shear
at a plane, which is defined more by the Instrument than by planes of weakness In the soil.
The In situ strength measured with the vane tester is somewhat closer to the unloaded
strength (cohesion) from the laboratory method.

The field methods of strength determination in the Askov soil did not estimate any significant
difference between soil management, Table 2. Although not significant, the higher angle of
internal friction in unmanured soil should be noted (cUab.melhods, Figures 3 and 4). The
strength estimates were Intermediate to the ones found in the Tylstrup and R0nhave soils,
cf. Figure 1.

Table 2. Vane shear strength and cohesion and friction components of torsional shear box
strength. Field methods, plough layer, Askov trial.
Treatment

Vane strength, kPa

Torsional box
cohesion, kPa

Unmanured
FYM
NPK
. LSD

tan'¥

24.8
24.3
23.2

13.0
14.1
13.1

0.88
0.76
0.79

n.s.

n.s.

n.s.

Results from the laboratory shear annulus measurements in the Askov soil are shown in
Figures 3 and 4. The soil strength averaged for normal loads of 30, 60 and 90 kPa
increases the most steeply in unmanured soil, going from high to lower water potentials, and
Is, for low potentials, apparently the highest In this treatment, Figure 3a. However, when
plotted vs. water content it Is revealed, that for comparable water contents, the soli strength
Is lowest in unmanured soil although the change .in strength per water content is still the
highest here, figure 4a.
When differentiating the strength to cohesion and friction components, some very Interesting
trends appear. The cohesion in the unmanured soil is nearly constant in the range of water
potentials studied, the strength increases already noted In this soil being the result primarily
of an increased Internal friction with decreasing water potential, Figure 3b & c. In the NPKand FYM-fertilized soil the opposite is prevalent, soil friction being nearly unaffected by
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change In water potential. These observations were evaluated statistically as follows. Based
on the linear regressions of peak shear strength vs. normal load it was found that cohesion
in the unmanured soli Is significantly higher than the fertilized plots at -30 hPa water potential
and significantly lower than the NPK-fertilized soil at -300 hPa potential. Similarly, the friction
component of strength In unmanured soli could be significantly distinguished from the friction
In fertilized soil at the water potentials -30, -160 and -300 hPa. Further, when using linear
models of cohesion vs. log 10 (potential), friction vs. log 10 (potential), cohesion vs. gravimetric
water content and friction vs. gravimetric water content, regression showed that
the Increase In unmanured soil cohesion with decreasing potential (Figure 3b) is
significantly lower than the one In NPK-fertlllzed soil,
the decrease In NPK-fertillzed soli cohesion with Increasing water content (Figure 4b)
Is significantly higher than the one In unmanured soil, but also higher than the one In
FYM·treated soil,
the Increase In friction with decreasing water potential (Figure 3c) Is significantly higher
In unmanured soil than In fertilized soil (NPK and FYM) and the same holds when
water content is used as the Independent variable.
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Summarizing, the soil having received no kind of fertilizer for 90 years behaves more like a
sandy soil (ct. Figure 2) with an increase in strength when drying out, which primarily can be
ascribed to an Increase in internal friction, while the fertilized soil (NPK and FYM) resembles
a loamy soil with strength increase owing to increased cohesive forces in the soil matrix.

Conclusions
At field capacity, a sandy soil has a lower cohesion but a higher internal friction than
a loamy soil.
With decreasing water content, the strength Increase in a sandy soli Is owing to an
increase in soli Internal friction, while a loamy soil primarily increases its cohesion.
Soil shear strength Is dependent on the plane at which It shears. Therefore, a choice
of measuring method should be based on considerations of how the tillage implement
interacts with the soil.
·
90 years of farming in a sandy loam without any kind of fertilizer has changed the soil
mechanical behaviour compared to artificial fertilized and farmyard manure applied soil,
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while the latter two treatments could not be significantly distinguished. The soli In the
fertilized plots resembled a loamy soil with respect to the strength characteristics while
the unmanured soil behaved like a sandy soli with increase In friction as the source of
strength Increase when going from a wet to a drier condition.
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AN EVALUATION OF DIRECT SEEDING USING NARROW TINE SHARES OR DISCED
NO-TILLAGE DRILLS ON LOAMY AND CLAYEY SOILS IN WESTERN AUSTRALIA
K.J. Bligh
Department of Agriculture, South Perth, Western Australia
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ABSTRACT
Small-grain crop establishment and yields were evaluated after direct
seeding with tillage using conventional shares, and without tillage using
narrow "inverted T"and 11 dagger 11 -shaped shares, with and without press
wheels. Two disced no-tillage drills were included, where possible.
Water erosion in Western Australia is reduced by direct seeding,
particularly using minimal-soil-disturbance techniques.
Direct drilling using 55 mm-wide, "inverted T"-shaped shares resulted
in crop yields comparable to those using conventional shares on 21 loamy
and clayey soils sown in two seasons. Cultivation 50 mm below the seed
zone did not increase yields in either season. Use of a disced John Deere
11
752 No-Till Drill 11 tended to reduce small-grain yields on six soils
tested in 1990.

INTRODUCTION
Tillage rearranges the entire topsoil structure (Houghton and Charman,
1986). Tilled cropland is then susceptible to accelerated water erosion
in the Mediterranean-type climate of the agricultural area of
South-Western Australia (Bligh 1987; 1989; McFarlane and Ryder, 1987).
The region is characterized by hot, dry summers and cool, wet winters. In
the medium (350-600 mm average annual) rainfall zone, where much of the
water erosion occurs, early winter rainfall (May-July, inclusive) averages
approximately 55' to 70' of growing-season rainfall with a northerly
trend, and approximately 40' to 60' of annual rainfall (Anon. 1990).
Water erosion is reduced by direct drilling, particularly with minimal
soil disturbance (Bligh, 1984). Suspended sediment losses decreased from
52 g m-2 during the 1983 growing season under the traditional three
tillage operations, to 31 g m-2 under a single tillage operation at
sowing, and 6.6 g m-2 sowing with minimal soil disturbance using a
triple-disc drill. Infiltration increased from 80' of the 253 rom growing
season rainfall to 87' and 96,, respectively, after three years of
treatment of the loamy-textured fine, thermic mollie palexeralf. No
differences in infiltration had occurred under the three sowing treatments
on the same plots two years previously, or under regenerating
sub.clover-based (Trifolium subterraneum) pasture in the previous year.
Organic carbon levels increased following three years of continuous
cereal cropping using conventional and triple-disc direct-drilling in an
adjacent trial (Hamblin, 1982). Crop yields were comparable with those of
traditional tillage over an 11-year period (e.g. Jarvis~ 21., 1986).
The use of triple-disc drills has been discontinued in Western
Australia, with unsatisfactory crop establishment corresponding with
observations of Baker (1976) in New Zealand. Tillage is almost
universally carried out at or prior to sowing, most frequently using tined
seeders equipped with conventional shares. No-tillage sowing has not
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previously been considered a viable option by farmers, mainly because of
the lack of alternative seeders to the triple-disc drill. The aim of the
work reported here is to evaluate crop production using tined and disced
no-tillage seeders, for application in minimising water erosion on loamy
and clayey soils in Western Australia.
Narrow shares cultivating only in the sown rows are an alternative,
inexpensive adaptation of existing tined seeders to a no-tillage system.
Two types of narrow shares were compared with 213 mm-wide conventional
winged shares for direct-drilling. An "inverted T"-shaped, 55 mm-wide
share was selected for inclusion in crop establishment and yield trials
because satisfactory crop establishment had been reported using similar
shares in New Zealand (Baker, 1976; Chaudhary and Baker, 1982). For
alleviating effects of shallow compaction, such as following trampling by
grazing sheep during a pasture phase, investigations by Henderson (1989)
suggested increased crop yields with mechanical soil disturbance about 50
mm below the seed zone. Rovira et al. (1990) also reported a reduced
incidence of rhizoctonia (Rhizoctonia solani) disease. Therefore a
similar narrow share was also fitted with a 5 mm-wide front blade, giving
a "dagger 11 -shape for cultivating 50 rnm below the level of the wings.
Effects of pressure over the covered seed on crop emergence were
considered possibly beneficial in loamy and clayey soils (e.g.
Riethmuller, 1990a). Therefore press wheel effects were evaluated in all
tined-share trials. A John Deere "752 No-Till Drill 11 and Moore
"Unidrill®" which use disced rather than tined openers, were also
included for comparison, where possible.
METHODS
An adaptable 30-row drill was constructed using commercially-available
components. Double-spring John Deere "700-Series" tines with break-out
force adjustable up to approximately 0.9 kN, were mounted 1080 mm apart on
each of six ranks set 450 mm apart, to improve passage of crop residues.
Second-rank tines were offset 540 mm from the front rank. Two similar
following pairs of ranks were each offset by the 180 mm row spacing used.
Conventional (C) 213 mm-wide winged shares were fitted on each tine, or
55 rnm-wide "inverted T"-shaped narrow-winged (NW) shares, with and without
5 mm-wide deeper blades (DB) welded on the front to cultivate 50 mm below
the level of the wings. In 1990, 450 rom-long finger harrows were trailed
to smoothen ridges formed by C shares, which caused decreased seed depths
in every third row. Solid rubber press wheels, 25 mm-wide, were loaded at
3 kg per centimetre-width be~ind the narrow shares. Double-ribbed,
110 mm-wide press wheels were loaded at approximately 1,5 kg per
centimetre of effective contact width behind conventional shares.
A 3 m-wide "752 No-Till Drill" (Snyder et al., 1988) was used at
7 sites in 1990, made available on loan by John Deere Ltd. A
450 rom-diameter plain disc set at an angle of 7° to the direction of
travel opens a slot to a depth set by a close-coupled 80 mm-wide depth
wheel. A spring-mounted metal wheel presses the seed and fertilizer into
the furrow bottom. A cast steel furrow-closing wheel then pushes soil
over the seed. Openers are individually spring-mounted at 190 mm row
spacings in two ranks 1.2 m apart. The 16-row drill mass was 3.0 t net.
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A 4 m-wide Moore 11 Uni-drill® 11 manufactured in Northern Ireland was
also loaned by a local farmer for inclusion at three sites in 1989 and
one in 1990. A 300 rom-diameter plain disc opens a slot to a depth'
dependent on the relative setting of a following, 75 mm-wide single-ribbed
metal press wheel. A rigidly-mounted sowing boot beside each disc
protrudes into undisturbed soil, delivering seed only beside each disc at
166 nun row spacings. The mass of the 24-row 11 Uni-drill® 11 was 2.8 t net.
Four random replications of all treatments were sown in 80 m to
220 m-long plots, using the tined seeder at 12 sites in 1989, and nine in
1990, six being sown in both years. Wheat (Triticum aestiyum), barley
(Hordeum yulqare), oats (~ sativa), luplns (Lupinus anqustifolius) or
field peas (~ satiyum var. arvense) were included, in approximate
proportion to commercial areas sown in South-Western Australia. Nine
sites were grazed by sheep during a pastured phase representative of the
districts in which the sites are located, immediately prior to sowing.
Locations ranged from 28°S to 35°8 Latitude, and 114°E to 119°E
Longitude. Trial sites, locations, soils and land treatments in the
previous season are described in Appendix 1.
Herbicides, seed and fertilizers were applied at times and rates
typical of satisfactory direct-drilling practice. All seeders were set to
sow at typical satisfactory depths, in the range of 15-60 mm for
small-grain cereal crops, and 35-70 nun for legumes, depending on
prevailing soil moisture conditions. Ground speeds were approximately
8 km h-1. Dates of sowing were representative of good district
practice. Speed and drawbar pull, and runoff and suspended sediment
losses under simulated rainfall, are reported separately (Bligh, 1991).
Numbers of crop plants established, seed depths and early above-ground
dry mass of the crop were measured approximately six weeks after sowing.
One 0.5 m2 quadrat per plot was taken over seven middle rows of each
seeder-width. Total crop dry matter production was similarly measured at
anthesis for cereals, or when vegetative growth ceased for legumes. Grain
yields were measured over 20 m to 100 m lengths in the middle of each
seeder-width using 1.2 m to 2.4 m-wide plot harvesters.
RESULTS

Rainfall at sowing and during the remainder of the 1989 and 1990
growing seasons was not dissimilar to long-term average rainfall in most
districts in which trial sites are located. Weed infestations likely to
affect crop yields occurred at Sites 11 and 12 in 1989, and at Site 21 in
1990, where total dry matter and grain yield data were discarded.
Plant numbers, seed depth, early dry mass, total dry matter production
and grain yields for all treatments with and without press wheels, are
shown relative to those of conventional shares without press wheels, on
Tables 1-3. Table 1 refers to 11 inverted T"-shaped narrow-winged (NW)
shares, Table 2 11 dagger"-shaped, deep-bladed (DB) shares, and Table 3,
conventional shares with press wheels (i.e. C + PW) and both dlsced
no-tillage drills. Results for cereal and legume crops are shown
separately in (a) and (b) of each table, and for medium clay (i) sandy
clay (ii), sandy loam (ill) and loamy sand (lv) surface soil textures
(Northcote, 1979),
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Table 1.

Crop establishment and yields using "inverted-T"-shaped (NW)
shares without and with press wheels, relative to those of
conventional (C) shares sowing (a) cereal and (b) legume crops

Treatment Site Year
No.

Crop and
cultivar

(a) CEREALS
(i) Medium clay soils
NW
3 1989 Bodallin
NW + PW
wheat
NW
11 1989 Halberd
NW + PW
wheat
(ii)
NW
NW +
NW
NW +
NW
NW +

Sandy clay soils
12 1989 Halberd
PW
wheat
13 1989 Stirling
PW
barley
·13 1990 Spear
PW
wheat

Plant
numbers

Seed
depth

Early
dry mass

Total dry Grain
matter
yield

1.31
1. 52
1. 23
1.38

0.94
0.69Jic

1.02
1.13
1.00
1. 28

1. 94**
2.13•••
n/a
n/a

0. 98
1.03
n/a
n/a

1.19
1. 25
1.48
1. sa••
0.61
0.99

0.72*Jic
0.68W'k'k
0.60 . . .
0.64Wir

0.88
1.00
1.34
1. 63**
0.67•
1.03

n/a
n/a
1.05
1.07
0.79
0.99

n/a
n/a
0.98
0.92
0.87
0.95

1.14
0.98
0.81
0.73

0.99
0.91
1.15
0.95
1.16
1.02

1.06
1.05
1.05
1.04
0.87
1.09

0.95
0.92
0. 94
0.69
0.86
0.89
n/a
n/a
1.00
1.08
n/a

o.6s••
0.47WI\W

(iii) Sandy loam soils

NW
NW + PW
NW

4

5

NW + PW

NW
NW + PW

20

1989 Gutha
wheat
1989 Gutha
wheat
1990 Tincurrin
wheat

(iv) Loamy sand soils
NW
1 1990 Eradu
NW + PW
wheat
NW
2 1989 Eradu
NW + PW
wheat
NW
17 1990 Eradu
NW + PW
wheat
NW
9 1989 Aroona
NW + PW
wheat
9 1990 Aroona
NW
wheat
NW + PW
14 1989 Stirling
NW
barley
NW + PW
14 1990 Spear
NW
wheat
NW + PW
16 1990 Mortlock
NW
oats
NW + PW
21 1990 Stirling
NW
NW + PW
barley

1,95RW
2.06llc*
1.01
0.98
0.88
0.88

·o.64

1.00
0.88
0.69**
0.6Qllclf
0.81
0.92

0.70
1. 82***
1. 85***
1. 35•
1.12
1.09
1. 24
1. 31**
1.25**
0.87
1. 23
1.36
1.20
0.99
0.78
1.51
1. 94••

0.36***
0.69••
0.55***
0.49***
0,51llc**
0.87
0.76
0.96
0.93

0.98
1. 29
1.00
1.15
o. 78
0.62•
1,09
1.42•

1.02
1. 23
o. 87
1.06
n/a
n/a

0.93
0.86
1.14
1.10
1.00
0.84
1.04
1.09
1.00
1.12
1.05
1.07
0.97
1.09
1.13
1.17
n/a
n/a

0. 88
0.98

0.97
0.84

0.92
1.11

1.05
0.99

1.09
1.03

0.98
0.83*
1.04
1.14
Q,6l'hftW

0.61**•
Q,31Wft

0.43**

1.00
1.04
1.64
1.93
1.38•
1. 25
1.30
1.57

Q,JQWWW

n/a

(b) LEGUMES

(i) Medium clay soils
NW
3 1990 Wirrega
NW + PW
field peas
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Table 1.

Continued

Treatment Site Year
No.
(iv)
NW
NW+
NW
NW+
NW
NW+

Crop and
cultlvar

Loamy sand soils
1 1989 Gungurru
PW
lygin§
15 1989 Danja
PW
luein§
16 1989 Gungurru
lupins
PW

Plant
nwnbers

1.04
!,2e
0.89
l,QQ
0.78
l.QS

Seed
depth

1.09
Q,Sl
1.06
g.ea
1.53
1.8Q•

Early
dry mass

0,96
1,ae•
1.10
l.~o

0.79
0.93

Total dry Grain
matter
yield

1.02
Q,29
0.99
1,15
n/a
n/a

1.04
Q,27
1.01
0,22
1.06
1.13

Legend

Asterisks denote levels of significant differences from conventional (C)
share; ~ p < 0.05, *~ p < 0.01,
p < 0.001.

***

NW
PW
DB
C
Unid.
NTD
n/a

Narrow-winged, 11 inverted T"-shaped tined shares, 55 rom-wide.
Press wheels also used.
Deep-bladed, "dagger 11 -shaped tined shares, 55 mm-wide.
Conventional tined shares 213 rnm-wide.
Moore "Uni-drill 11 ,
John Deere "No-Till Drill",
Data not available,

Cereal grain yields ranged from 0.68-3,22 t ha-l, and were not
significantly different using NW or C shares (Table 1). Seed depths were
significantly lower in 22 out of 34 instances sowing cereals using NW
compared with C shares, including 12 using press wheels (i.e. NW + PW).
Thirteen were sown in 1989, and 12 in 1990. Crop plant numbers were
greater for NW shares in 10 cases, including six using NW + PW. Early dry
mass was greater in seven cases (four using NW + PW) and lower in two (one
using NW + PW). Total dry matter production was greater in one instance
sowing using NW shares alone, and one using NW + PW. The only significant
difference for the four legume sites, with grain yields of 0.68-2.48 t
ha-l, was higher early dry mass of lupins at Site 1, sowing using
NW + PW.

Wheat yields ranged from 0.57-2.84 t ha-l in DB share-sown cereal
plots, and were significantly reduced in one instance using DB shares
alone (Site 14, Table 2). Again seed was sown shallower in 22 instances
out of the 34, including 12 using DB + PW. Eleven were in the 1989
season, and 10 in 1990. Crop plant numbers were greater in only seven
instances (five using DB + PW), and less in one (sown using DB shares
alone). Early dry mass was greater in five instances, (including three
using DB+ PW), and lower in three (one using DB+ PW). Total dry matter
production was greater in one instance for both DB and DB + PW. The only
significant difference at the four legume sites with grain yields of
0.63-2.28 t ha-l, was reduced seed depth sowing field peas using DB + PW
at Site 3.
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Table 2.

Crop establishment and yields using deep-bladed (DB)
"dagger"-shaped shares, without and with press wheels, relative
to conventional (C) shares sowing (a) cereal and (b) legume crops

Treatment Site Year

No.

Crop and
cultivar

Plant
numbers

Seed

depth

Early
dry mass

Total dry Grain
matter
yield

(a) CEREALS
(i) Medium clay soils

DB
DB + PW
DB

3

wheat

11

1989 Halberd
wheat

DB + PW
(ii)

1989 Bodallin

0.95
0.86
1,34
1.40

1.03
1.02
0.82*

0.79
0.90
1.14
1.20

0.97
1. 22
1.11

0.69 . .

0.67

0. 71**

0.84**

0.41***

1.70*

0.54**'~~

0.94
1.01

0.30*•
0.81

0.59***

0.42**

0.73*

0.94

1.32
1. 77•
0.97
1. 22
0.83
0.75

0.90
0.98
0.72•
0.74*
0.89
0.82

1.06
1.35*
0.95
1.12
0.73
0.64

0.98
1.16
1.63'11'11
1.88'11'11'11
1. 26
1.11
1.06
1.17
1. 25"'
1. 27*
1.10
1. 54**
0.76
0.83
0.98
1.01
1.19
1.46

1.00
0.85
1.08
1.10

1.21
1.43*
1.07
1.60
1. 25
1.19
0.98
1. 26
1. 67*

0.99
1.14
0.80
0.78
1.01
0.98
n/a

0.43** ....

2.25"'**

0.56•••

0.88

1.60*
1.15
0.60
0.70
0.82
0.87
1.00
1.15

1.17
n/a
n/a
0.82
0.99
1.14
0.95
n/a
n/a

1.01
1.05
1.10
1. 02
1.00
0.95
1,04
1.04
0.95
1.04
1.03
1.04
0.94
1.03
1.11
1.08
n/a
n/a

0.80
0.76•

0.97
1.06

0.87
1.03

1.01
1.11

o.8o•

n/a

1.01
1.00
n/a
n/a

n/a
n/a
1.00
1.19
1.15
1. 25

n/a
n/a
1.01
0.98
0.66*
0.94

1,13

1.05
0.89
1.02
1.08
0.90
0.91

1.71*
1.61*
n/a

Sandy clay soils

DB

12

DB + PW

DB

wheat

13

1989 Stirling
harley

DB + PW

DB

1989 Halberd

13

DB + PW

1990 Spear
wheat

(iii) Sandy loam soils

DB

4

DB + PW

DB
DB + PW
DB

1989 Gutha
wheat

5
20

DB + PW

1989 Gutha
wheat
1990 Tincurrin
wheat

(iv) Loamy sand soils
DB
1 1990 Eradu
DB + PW

DB
DB + PW
DB

wheat

2

1989 Eradu

17

1990 Eradu

wheat

DB + PW

DB

9

DB + PW

DB
DB + PW
DB
DB + PW
DB

9

14

1989 Stirling

14

1990 Spear

16

1990 Mortlock

barley

DB + PW

DB

wheat

DB + PW

DB
DB + PW

wheat
1989 Aroona
wheat
1990 Aroona
wheat

oats

21

1990 Stirling
barley

(b) LEGUMES
(i) Medium clay soil
DB
3 1990 Wirrega
DB + PW

field peas

1.02
1. 21
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0.71••
0.66***

0.38**
0.52*
0.44**'~~

0.56***
0.58**"
0.56***

0.60•
0.65*
1.11

o. 94
1,27
1,22
1,00
0.92

n/a
1.12

Table 2.

Continued

Treatment Site Year
No.
(iv)
DB
DB +
DB
Dl! +
DB
DB +

Crop and
cultivar

Loamy sand soils
1 1989 Gungurru
PW
lygin§
15 1989 Danja
PW
lygin§
16 1989 Gungurru
PW
lygina

Plant
numbers

0.94
1,Q3
0.92
Q,2Z
0.99
1,Q7

Seed
depth

1.16
l,QQ
1.13
0,63
1,46
1,5l

Early
dry mass

0.89
0.28
0.90
1,22
1.18
0.71

Total dry Grain
matter
yield

1.12
Q,98
0.99
1,12
n/a
nl~

0.95
Q,25
1.03

g,gz
1.06
l,Q~

Legend (see Table l)
Cereal grain yields ranged from 0,71-3,08 t ha-l, and legume grain
yields from 1.97-2,32 t ha- 1 when press wheels were used with
conventional (C) shares. Cereal seed depths were significantly reduced at
two out of 17 sites (Table 3), Crop plant numbers were increased at Sites
2 and 13, Early dry mass was greater at Sites 9 and 13, and total dry
matter production lower at Site 2.
Cereal grain yields after sowing using the "Uni-drill® 11 ranged from
1.49-2.10 t ha-l, with lupin grain yield at the only legume site
2.35 t ha-l. Seed depth was less than for C shares at two out of three
cereal sites (Table 3), and the lupin site. Crop plants numbers were
higher at two cereal sites. Neither early dry mass nor grain yields were
significantly different from those sown using C shares, though total dry
matter production was reduced at Site 2.
Cereal grain yields sown using the "No-Till Drill 11 ranged from
1.02-2.37 t ha-l, with a field pea grain yield of 0.51 t ha-l at the
only legume site sown. Seed depth was lower at two of the six cereal
sites (Nos. 13 and 14 (Table 3), which had been sown dry some 3% weeks
earlier), and at the field pea site. Crop plant numbers were higher at
two cereal sites and the field pea site, and lower at two. Early dry mass
was not significantly different from C share-sown plots. Both wheat dry
matter production and grain yield were reduced at Site 9, and grain yield,
alone, at Site 14, despite the 3% week earlier sowing.
DISCUSSION
The tendency toward deeper sowing using C than NW or DB shares is
notable, even when variability was reduced by smoothening ridges using
finger harrows in 1990. Farmers seeders also frequently sow deeper (data
not reported here). The required sowing depths were considered to be more
positively achieved using either narrow share, by adjusting the depth of
the tines according to the depths of seed in the approximately 60 mm-wide
channels of crumpled soil.
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Table 3.

Crop establishment and yields using conventional shares with
press wheels, and both disced no-tillage drills, relative to
conventional shares sowing (a) cereal and (b) legume crops

Treatment Site Year
No.

Crop and
cultivar

(a) CEREALS
. ( i) Medium clay soils
C + PW
3 1989 Bodallin
Unid,
wheat
C + PW
11 1989 Halberd
whe t

Plant

numbers

0.87

Seed

depth

Early

dry mass

Total dry
matter

Grain
yield

1.17

0.79
0,74*
0.88

0.74
1,18
1.28

1.29
1, ~J
n/a

0,87
0,9§
n/a

1,~4*

( ii) Sandy clay soils
C + PW
12 1989 Halberd
Unid
wheat
C + PW
13 1989

1.17

0.87

1.12

n/a

n/a

1. 75*

0.81

1. 71**

1.09

0.97

C + PW
NT Ott

0.76
1.0§

0.82

0.41***

0,82
n/a

1.02
1.15

1.11
0.76

(iii) Sandy loam soils
C + PW
4 1989 Gutha

1.18

1.15

1.09

0.73

1. 03

wheat
1989 Gutha

1.16

0.98

0.94

0.83

1.04

0.90

0,93

0.91

1,38*

0,95

0.90
o.58••

1.08
0.82-11
1.06
1.10
0,8J

1,16
0.78
0,65*

1.17
0.86
0.93
1.12

c

+ PW

13

5

1990

wheat

c

+ PW

20

1990 Tlncurrin

wheat

(iv) Loamy sand soils
C + PW
1 1990 Eradu
Unid.
wheat
NTD
C + PW
2 1989 Eradu
Unid,:l:
wheat
c + PW
17 1990 Eradu
NTD
wh~a,t
c + PW
9 1989 Aroona

c

+ PW

9

wheat

NTD

c

+ PW

14

C + PW
NTDit
c + PW

14

c

21

+ PW

NTD

wheat
1990 Aroona
1989 Stirling
barle
1990 Spear
wheat

16

1990 Mortlock
oats
1990 Stirling
barley

Q.56**

1.63**

1.11
1.00
1,2§
2.00
n/a
1.19

Q,~o

0,4~**

Q.~~
o.~~

1.28

0.81
0.77
n/a

1.12

0.77
0.71
0.77•

2.01••
1,12
1.13

1.01
Q,52**
n/a

1.07
Q, 77**
1.01

1.13
0.92
0.90

0.85
0.43***
0.74

0.95
n/a
0.96

1.11
0,71
0,97

1.04
0.73*
1.07

1.22

1,05
0.94

0.96
0.96

n/a
n/a

n/a
n/a

0.83
0.75•

0.89
1.17

0.88
0.99

1.00
0.82

1,~!:!***

1.09
0.67•
1.08

o. 66~~'~''*
0,92
1.18

1. 22
1. 30*
0.98

1.13

(b) LEGUMES
(i) Medium clay soil
c + PW
3 1990 Wirrega
0.98
NTD
field peas 1.35*
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Q.~~

1.01

Table 3.

Continued

Treatment Site Year
No.

Crop and

Plant

cultivar

numbers

LEGUMES (continued)
(iv) Loamy sand soil
C + PW
1 1989 Gungurru
lupins
Unid.
C + PW
15 1989 Danja
1 ins
16 1989 Gungurru
c + PW

Seed
depth

Early
dry mass

Total dry
matter

Grain
yield

(b)

0.90
1.15
1.14

0.86
0.85

0.86
0.91
1.29

1.14
1.09
0.91

0.97
0.98
1.09

1.12

1.32

0.99

n/a

1.09

0.68*"'

1

Legend (see Table 1)

f
ft

Sown approximately 2 weeks later than the other treatments.
Sown approximately 3% weeks earlier than the other treatments.

Higher crop plant numbers using NW rather than C shares at 12 of the 17
cereal sites, and comparable or increased early dry mass at 10,
corresponds with results reported by Choudhary and Baker (1982). The
absence of beneficial effects on crop yields, of cultivation 50 mm below
the seed zone contrasts with a non-significant trend reported by Henderson
(1989) in the lower (< 350 mm average annual) rainfall part of the
northern agricultural region of Western Australia in 1988. Plant numbers
were similar, and early dry mass was increased in only one out of 21
instances in the present trials (Site 1, Table 2). Even then, total dry
matter production and grain yields were comparable. Any effect of
compaction by grazing sheep was evidently not alleviated by the DB shares
for crop growth and yields, at the nine cereal sites pastured in the year
immediately prior to cropping (see Appendix 1). Therefore narrow-winged
·"inverted T11 -shaped shares may be considered satisfactory for crop
establishment and yields after direct drilling loamy and clayey soils in
the medium rainfall agricultural area of Western Australia. Deeper
cultivation may however prove beneficial if the incidence of
cultivation-controlled crop diseases such as rhizoctonia increases.
The generally non-significant trend towards increased crop plant
numbers and early dry mass using press wheels, but comparable total dry
matter production and grain yields, suggests that press wheels are
generally unnecessary when direct-drilling using tined seeders, except
possibly after sowing using DB shares.
Pressing uncovered seed into the hard furrow bottom formed by the
disced opener of the "No-Till Drill 11 may have been associated with the
generally reduced seedling numbers, vigour and yield observed. Chaudhary
and Baker (1981), on the other hand, report increased crop establishment
with pressure over uncovered rather than covered seed, after sowing under
controlled laboratory conditions using 11 inverted T"-shaped and
conventional hoe openers, and a triple-disc drill. Compaction of the soil
below the angled disced opener may also have been associated with the
evidently less satisfactory soil environment for seedling growth provided
by the "No-Till Drill" in these hard-setting Western Australian soils.
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The Cross-Slot® opener (Baker and Saxton, 1988) may combine desirable
features, of a seedling environment comparable to that of the NW shares,
with minimal soil disturbance and the characteristic disced seeder 1 s
ability to sow through heavy stubble. Further investigations are req~ired
to elucidate such issues, in order to provide improved no-tillage drills
to minimize water erosion on cropland.
CONCLUSIONS
Narrow-winged shares used in place of conventional shares in direct
drilling, reduced soil disturbance while maintaining crop yields, on loamy
and 'clayey soils in mediwn (> 350 mm average annual) rainfall areas of
south-Western Australia, Cultivation 50 mm below the seed zone did not
increase crop yields in either season tested, The use of press wheels
tended to increase crop establishment, but not total dry matter production
or grain yields. Sowing using the disced John Deere 11 752 No-Till Drill"
tended to reduce small-grain yields on the six soils sown during the 1990
growing season in Western Australia.
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Appendix I 1

Site
no.

Trial sites, locations, soils and prior land treatment

Location
S.Lat. E.Long.

Soil taxonomic
classificationt

28° 27' 114° 47' Mollie Palexeralf, fine
28° 27' 114° 47' Mollie Palexeralf,
fine-loamy
29° 04' 115° 34' Vertic Chrornoxerert, fine
29° 42' 116° 01' Typic Rhodoxeralf, fine
29° 42' 116° 01' Typic Rhodoxeralf, fine
32° 07' 116° 52' Mollie Calexeralf, fine
32° 46' ns• 40' Calcic Palexeralf, fine
n• 46' ns• 40' Calcixerollic
Xerochrept, fine
33° 50' ns• 55' Aquic Xerochrept, fine
33°50' 118° 55' Typic Palexeralf, fine
34° 09' 118° 57' Mollie Palexeralf, fine
34° 32' 117° 59' Typic Palexeralf, fine
28° 27' 114° 48' Typic Palexeralf,
fine-loamy
32° 58' 117° 51' Mollie Palexeralf, fine
32° 32' 116° 38' Typic Palexeralf, fine

1
2
3
4
5
9
11
12
13
14
15
16
17

20
21

Immediately
prior land
treatment

Surface
soil
texturett

RT Wheat
Pasture

Loamy sand
Loamy sand

RT Wheat

Medium clay
Sandy loam
Sandy loam

MT Oats
Pasture
Pasture
Pasture
Pasture

Loamy sand

Medium clay

Sandy clay
Sandy
Loamy
Loamy
Loamy
Loamy

Pasture
RT Wheat

Sandy loam
Loamy sand

LegenQ

t
tt
RT;
MT;

All soils are classified "thermic" (Soil Survey Staff, 1975).
Classified according to Northcote (1979).
Reduced tillage (two tillage operations < 0.1 m deep).
Minimum tillage (one tillage operation< 0.1 deep).
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clay
sand
sand
sand
sand

Pasture
Pasture
RT Wheat
MT Barley
Pasture

CUTIING EDGE GEOMETRY AND THE FORCES ON TILLAGE TOOLS
J.M. Ejelke•, T.W. Riley• and A.R. Dexter..
• The UniversHy of South Australia, The Levels, South Australia, Australia
•• AFRC lnstHute of Engineering Research, Silsoe, Bedford, England

SUMMARY
This paper highlights the importance of the cutting edge of tillage tools. Tests In a range of soils and
condHions showed that the cutting edge geometry has a large effect on the draft and vertical forces of
a shallow working tined tillage tool. The results showed that Increasing height of the cutting edge
increases both the draft and vertical up forces. The length of underside rub (in the direction of travel)
was observed to have only a small effect on the tillage forces in the loamy sand soils under soil bin
and field tests but the field tests in the clay loam showed increasing rub length increased the draft and
vertical up forces. The. angle of underside clearance (while a clearance) was observed to have an
effect on the tillage forces only for the clay loam soil wHh increased clearance reducing the draft and
vertical up forces. However for all soils evaluated, an underside wHh an angle of approach (negative
clearance) showed increased draft and vertical up forces.
INTRODUCTION
Many researchers have compared the performance of various types of tillage tools. This research
has generally been conducted wHh the tools in a new condHion or sometimes in a slightly worn
condHion. However, tillage tools do not maintain this new condHion and the shape to which a tillage
tool cutting edge wears, appears to be related to soil condHions and tillage tool factors. Currently
there is a lack of knowledge regarding the importance of a tillage tool's cutting edge or the role Hplays
In the tillage process. This lack of knowledge has been noted by researchers such as Gill and Vanden
Berg (1968), Sial and Harrison (1978), Tice and Hendrick (1986), Riley and Fielke (1990) and Godwin
et al. (1987) who all have concluded that the cutting edge of tillage tools has an unknown effect on the
performance of tillage tools which needs to be investigated.
In Australia, due to the tillage tools wearing predominantly on the underside which leaves the tool
wHh a sharp cutting edge with a downwards sloping face (negative angle of clearance), the cutting
edge appears to a very signilicant factor in the efficiency of a tillage tool.
The aim of this work was to examine tillage tools wHh a range of varying cutting edges and to
measure the magnHude of Hs effects on tillage forces. Further work is examining soil compaction by
the cutting edge.
With a knowledge of the most efficient cutting edges, tillage tool manufacturers will be able to design
improved tillage tools through the optimum use of added sections to the tillage tools such as ceramic
inserts (Foley et al. (1984)) and/or weld-on coatings (Moore et al. (1979)).
DEFINITIONS
To define the cutting edges of the experimental tools the following definHions were used, as shown
in Figure 1.
Cutting Edge Height (CEH) -the vertical height of the cutting edge.
Length of Underside Rub (LUR) - the length of the underside of the share which rubs on the soil,
measured in the direction of travel.
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Angle of Underside Clearance (AUC} - the angle relative to horizontal of the underside of the share,
measured in the direction of travel. A negative angle of underside clearance is an angle of approach
where the underside would act to compact soil.
A vertical up force is defined as a force where the tool is trying to lift up out of the soil. A vertical down
force is a negative vertical up force.

~~ntlG EDGE

\\

___.1-

LEIGHT

'?~LEOFJ
L
LENGTH OF
UNDERSIJE

UNDERSIJE
CLEARANCE

RUB

SIDE VIEW

Figure 1. Definition of Cutting Edge Geometry
THE EXPERIMENTAL SHARES
For the tests, ten experimental shares of varying geometry were used. The shares all had a
standard wing geometry based on the current commercial chisel plough share, as used in Fielke
(1989} of:- 400mm width,
- 32mm lift height (height of the rear of wing above base of cutting edge},
- 1o• rake angle (angle of lift of the upper surface of the wing, measured in the direction of travel},
- 70• sweep angle (angle between the wings, measured in plan view},
- a 25 x 75mm section vertical shank (25mm side facing the on-coming soil} mounted 295mm behind
share tip and
-a zero angle of set (i.e. the cutting edge was horizontal).
The experimental shares had their cutting edges based on the typical new chisel plough share
cutting edge of :- 3mm high vertical cutting edge,
-zero length of underside rub and
-s• underside clearance.
For the tests each of the variables of cutting edge height, length of underside rub and angle of
underside clearance were examined individually to measure their effect on tillage forces.
The various cutting edge geometries examined are shown in Table I and a section of the wing parallel
to the direction of travel of each of the shares is shown in Figure 2.
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TABLE I
GEOMETRIES OF THE EXPERIMENTAL SHARES
Cutting Edge
Height
rmml
Varying Cutting
Edge Height

5
10
3
3
3
3
3
3
3
5
9
10

Varying Angle of
Underside
Clearance

(•)

(mm)

1
3

Varying Length of
Underside Rub

Angle of Underside
Clearance

Length of
Underside Rub
0
0
0
0
0
12
25
35
0
0
35
27
14

5
5

5

a

5
5
0
0
0
10
5
0
-5
-25

b
a

0

-90

c
a

c
b •

a, b, c = common shares
• = s• clearance behind cutting edge

lmm

VARYING CUTTING EDGE HEIGHT

c:::::==
Omm

=--======
.......-=:::::
12mm
25mm

c:::::::
35mm

VARYING LENGTH OF UNDERSIDE RUB

c::: c:::== c:::: c:=:::: ;=:-:=-:::: ==
-90'

-25'

5'

0'

-5'

VARYING ANGLE OF UNDERSIDE CLEARANCE

o10

SCALE

20 30 40 50mm

Figure 2. Sketch of Section through the Cutting Edges
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THE TEST SITES

The tests were conducted using the 4 sites/conditions of :- Tillage Test Track - 10% water content
-Tillage Test Track - 5% water content
- Avon, South Australia
- Hoyleton, South Australia
The soil properties and particle size distribution are shown in Tables II and Ill respectively.
TABLE II
SOIL PROPERTIES

sne
Tillage Test Track -10
Tillage Test Track- 5
Avon
Hovleton

Date
April1989
Feb. 1990
June 1990
Julv 1990

Soil Texture
Loamy Sand
Loamy Sand
Loamy Sand
Clav Loam

Water
Content
(ka ka-1)
0.101
0.048
0.081
0.275

Water
Potential
(kPa)
9
250
140
100

Bulk
Densny
(Mgm-3)
1.67
1.44
1.40
1.43

TABLE Ill
SOIL PARTICLE SIZE DISTRIBUTION (kg kg-1)
sne

Gravel
>2mm

Tillage Test Track
Avon
Hovleton

0.01
0.01
0.00

Coarse Sand
0.5 -2.0mm
0.46
0.07
0.01

Fine Sand
62- 500;.tm
0.38
0.77
0.35

sm
2- 62um
0.03
0.06
0.29

Clay
<2;.tm
0.12
0.09
0.35

The Tillage Test Track is a unique outside continuous soil bin. It has two straights of 50m length
which are joined by two curves of 50m diameter giving 250m per lap. The test soil, placed between
rails is 2.5m wide and 0.3m deep. An 80kW tractor towing two trolleys each capable of tillage testing
and soil reconditioning, travelled around the track at speeds up to 12 km/h. For the tests, the Tillage
Test Track was set up with the front trolley reconditioning the total width of soil by ploughing, grading
out undulations and rolling. The roller of 1m diameter had a mass of 3 tonnes. The rear trolley was
used for the force measurement.
The field tests at Avon and Hoyleton were conducted using a four wheeled tillage dynamometer
towed by a 140kW tractor. The areas used for testing were selected to be flat, even soil type, uniform
ground cover and typical of Australian tillage conditions.
FORCE MEASUREMENT
For both the tests in the Tillage Test Track and the field the forces were measured using a two force
frame. This frame had a horizontal slider for measurement of the draft force within which there was a
302

vertical slider for measurement of the vertical force. Load cells were placed between the slider and
frame to measure the forces.
The forces were measured using Spectrum STC load cells of 5kN capacny for the Tillage Test Track
and 1OkN and 25kN capacity for measurement of the draft and vertical forces respectively for the field
tests. These transducers were connected to a purpose built 8 channel micro-processor controlled
strain amplifier and integrator which fed the information to a lap-top computer for data storage on a
floppy disc. Each Integrator used a voltage to frequency converter and the resuning pulses were
counted over a selected time interval to give an average tillage force.
PROCEDURE
The Tillage Test Track tests were conducted using three replications of the tests wnh each
replication conducted on an individual night. The tests were conducted at night when evaporation
losses are low and a reasonably constant water content can be maintained. For each replication of
testing all combinations of speed (4, 8 and 12krnlh) and tool geometry were evaluated using a
completely randomlsed order. For the tests the soil was recondnioned to a depth of 120mm and the
experimental shares were operated at a 70mm depth. One lap of the Tillage Test Track was made for
each test with draft and vertical forces being measured over 40m of travel on the two straights.
The field tests at Avon and Hoyleton were conducted on snes 70m long by 120m wide. For these
tests the order of testing of the experimental share was randomlsed but while the share was mounted,
tests were conducted at speeds of 5, 10 and 15 km/h. The Avon tests were conducted using 3
replications while the Hoyleton tests were conducted using 4 replications. The tillage forces were
measured over 50m of travel. The tests at Avon and Hoyleton were conducted using a 50mm depth.
RESULTS
Cutting Edge Height
The results of the tests which examined the culling edge height are shown in Figure 3. As shown In
Figure 3 the draft force and the vertical up force increased considerably wnh increasing cutting edge
height.
Typically, increasing the cutting edge height from 1 to 10mm increased the draft force by 50% and
changed the vertical down force (negative up force) to a vertical up force.
Values for the rate of increase in draft and vertical force wnh Increasing cutting edge height are
shown In Table IV.
TABLE IV
RATE OF INCREASE IN TILLAGE FORCES WITH INCREASING CUTTING EDGE HEIGHT
sne
Tillage Test Track - 10
Tillage Test Track- 5
Avon
Hoyleton

Draft lncrease/CEH Increase
IN/mml
45 (4km/h) to 69 (12krnlh)
46 (4, 8 and 12krnlh)
46 (5, 10 and 15km/h)
31 (1-3mm CEH) to
81 (5-10mm CEH)

Vertical Up lncrease/CEH Increase
IN/mml
33 (4, 8 and 12krnlh)
34 (4, 8 and 12krnlh)
21 (5,10 and 15km/h)
26 (1-3mm CEH) to
71 (5-10mm CEH)

As shown in Table IV the draft force was observed to increase faster than the vertical up force with
increasing culling edge height.
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length of Underside Rub
The results of the tests which examined the length of underside rub are shown in Figure 4. For the
Tillage Test Track tests, where the trolleys ran on rails, (reducing vertical vibrations) the length of
underside rub was observed to have no significant effect on the tillage forces.
For the tests at Avon an optimum length of underside rub of between 12 and 25mm was observed
for minimum draft and vertical up forces.
At Hoyleton increasing length of underside rub increased the draft and vertical up forces. It Is
interesting to note that at Hoyleton, for all speeds, each add~ional millimetre of underside rub added
15N to the draft force and 17N to the vertical up force.
Angle of Underside Clearance
The results of the tests which examined the angle of underside clearance are shown in Figure 5.
The tools w~h varying underside clearance of Figure 5 can be divided into 2 groups. The first
comprises those tools wnh a negative underside clearance (-90, -25 and -5°) and the second those
which have a zero or pos~ive clearance (0, 5 and 1o•).
For the Tillage Test Track tests a negative angle of underside clearance was observed to
considerably Increase the draft and vertical up forces and the varying negative angle of underside
clearance was observed to Influence the draft and vertical forces. However for zero and posnive
underside clearance the angle had only a slight effect on the draft and vertical forces.
In contrast, for the field tests of Avon and Hoyleton, even though a negative angle of underside
clearance increased the draft and vertical up forces of the tillage tool, the angle of negative underside
clearance had no significant effect on the draft force. However as the negative angle of underside
clearance approached zero the vertical up force was increased.
For the tests at Avon, as wnh the tests tor the Tillage Test Track, zero and posnive angles of
underside clearance gave minimum draft and vertical up forces along w~h the angle of clearance
while pos~ive having no significant effect.
For the tests at Hoyleton, the clearance on the underside of the tillage tool had a very significant
effect on hs draft and vertical forces whh increasing underside clearance reducing the draft and
vertical up forces. The results showed each add~ional degree of underside clearance to reduce the
draft force by 56N and the vertical up force by 70N. The results for Hoyleton tend to show that
increasing the angle of underside clearance to angles greater than to• would further reduce the draft
and vertical up forces.
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CONCLUSIONS
The results of all the tests showed the cutting edge height to have a large effect on the draft and
vertical forces w~h increasing cutling edge height increasing the draft and vertical up forces.
The length of underside rub was observed to have no effect on the tillage forces in the Tillage Test
Track. However for the field tests at Avon an optimum length of rub of 12 to 25mm was observed for
minimum draft and vertical up force. At Hoyleton increasing length of underside rub linearly increased
the draft and vertical up forces.
A negative angle of underside clearance which acts to compact the soil was observed to
considerably increase the tillage tool's draft and vertical forces. For the Tillage Test Track tests the
value of the negative angle of underside clearance influenced the draft and vertical forces. However
for the field tests at Avon and Hoyleton the angle of underside clearance while negative did not effect
the draft force but as the negative clearance approached zero the vertical up force increased.
Zero and positive angles of underside clearance for the Tillage Test Track and Avon tests showed
minimum draft and vertical up forces with the amount of clearance having little effect on the tillage
forces. However for the tests at Hoyleton increasing the angle of underside clearance was observed
to reduce the draft and vertical up forces.
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ABSTRACT
Research was conducted to Investigate a method where
sewage sludge and explosives were used to improve the
physical
properties
of
heavy clay soils. Previous
publications (Araya et a!., 1987, 1988, 1989) showed that
the functional blasting
requirements; the proper soil
moisture to blast, the proper quantity of explosive to
charge and the proper depth charged were determined by
single point blasting tests. This paper discusses two points
simultaneous blasting and two linear simultaneous blasting,
the procedures of which would be nearly same to those used
In actual breaking works.
Our results showed that the area blasted of a heavy clay
soil by the two separate points simultaneous blasting In
which explosives were charged at 0.7 m depth was 1.4 m and
the depth blasted was 1.6 m, the area blasted by the two
separate linear simultaneous blasting in which explosives
were charged at 0.7 m depth was 2.1m and the depth blasted
was 1.5 m.
INTRODUCTION
We envisioned a
system in which the
long explosive held
In vinyl tubing could
be buried by the
machine which would
first produce a 0.7 m
deep ditch by injectIng pressurized liquid
organic matter such as
sewage sludge, and
then the whole soil
layers would be
loosened by blasting
<Araya eta!., 1989).
When the soil layers
are broken up by this
linear blasting , the
wider area would be
blasted than by the
single point blasting
because the soil layer
between long linear

Photo 1 Charging of two linear emulsion
explosi\•es.
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explosives would
have
double
impulse waves with a
simultaneous blasting.
We investigated the effect of the double impulse waves
by the two points simultaneaous blasting and by the two
linear simultaneous balstlng.
BLAST! NG TESTS
Blasting tests were carried out in pseudogley soil (clay
loam, PL=23.7 %, LL=34.6 %), The previous publication
(Araya, 1989) showed that blasting should be conducted when
the field was as dry as
possible because of the
small cavity produced and
soil surface disrupted
uniformly. Consequently
all blastilng tests were
carried out In June, dry
season.
The separated two
100 mm diameter holes
were dug with an auger
and charged with the
explosive and a detonator at each hole.
The charge depth of the
explosive was 0.7 m and
the quantity o·f the
explosive was 160 g at
each hole as shown by
the previous publication
Photo 2 Tamping with sewage sludge.
<Araya, 1989). The
distance between two
holes was varied to 1.4,
SOH. HAIWNESS
2.1 and 2.8 m (charge
1.5
3.0MPa
depth, 0.7 m X 2, 3 and
4 times), The two points
explosives were blasted
simultaneously.
Next, two linear
explosives (diameter: ¢23
mm, length: 1 m, mass:
310 g) were charged in
the separated ditches
which depth was 0.7 m as
shown In Photo 1. The
distance between two
ditches was varied to 1.4,
2.1 and 2.8m as same as
the two points blasting.
The two linear explosives
·-·
were blasted
Fig. 1 Soil hardnes.c; after hlast ing. Correspond
simultaneously.
The all blasting test
to Fig. 2 (a) (conr- rwnr>tromrtC'r, ~0° rone
was carried out two times
angle, 20 mm base diameter).
at the same condition to
310

check same result. The holes or the ditches were back
filled with sewage sludge as shown in Photo 2 (tamping).
After blasting, the soil samples were collected at the
points of each soil
layer and the permeability was
determined by a permeability tester.
The explosive used in this tests was emulsion explosive
which had a low detonation velocity (detonation velocity:
4000 m/s,
explosive
power: 760 l•MPa/kg, explosive
coefficient e: 1.0, density Pe : 0.9 kg/1), permitting the
detonation flame to proceed perfectly, even when used in the
long linear form.
RESULTS AND DISCUSSION
TWO POINTS SIMULTANEOUS BLASTING
The soil hardness
after the two points simultaneous blasting was measured with
a cone penetrometer and the penetrometer results are shown
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Permeability of the soil layers before

blasting and after two point simultaneous
blasting.
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in Fig,1. Typical soil sections after the blasting are shown
in Flg.2, The soil hardness In Flg.1 corresponds to Flg.2(a)
. The field was too hard to penetrate with the penetrometer
below 0.3 m depth before blasting.
In Flg.2(a), the distance between two points explosives
was 1.4 m. There remained a little hard soil (1.5 ~ H < 3.0
MPa) at central upper and lower layers where were farthest
from the center of blasting but the central soil layers were
perfectly disrupted. There were some hard soil clods even at
near soil layers from the center of blasting but they may
not affect the permeability of whole soil layers.
In Fig.2(b) and (c), the distances between two points
explosives were 2.1 and 2,8 m respectively. The central
parts of soil layers were not disrupted in both cases and
the penetrometer could not be penetrated because of too high
soil hardness. There were a little hard soil layers at
central upper and lower layers where were far from the
center of blasting. In the two points simultaneous blasting,
the limit distance between two points explosives was 1.4 m
(depth charged, 0.7 m X 2). At any blasting tests, a cavity
which diameter was 0.4 to 0.5 m was produced around the
explosive. This cavity sometimes reached soil surface.
The permeability of the soils collected at each point of
soil layers in Fig.2(a) are shown in Fig. 3(b). The
permeability of the soil layers before blasting is shown in
Fig.3(a) and
were
1o-•
to 1o-• cm/s, approximatly
impermeable. The soil molstulre at soil surface was 14 %
d.b .. After blasting, the permeability reduced to 10- 3 to
10- 4 cm/s which was that of sand or fine sand. As there
remained a little hard soil clods in the soil layer,
there
were some parts with low permeability of 1o-• cm/s.
TWO LINEAR SIMULTANEOUS BLASTING
The moment of the
two linear simultaneous balsting in which the distance
between two linear explosives was 2.1 m, is shown in Photo
3. The tamping material, the sewage sludge was spreaded and
highly blown up. However, liquid tamping materials would
affect more effectively
dlsrupsting rather than solid
tamping materials such as sand because the Impulse wave can
transfer to every directions (Nakano, 1984),
The soil sections after blasting are shown In Fig.4.
When the distance between two linear explosives was 1.4 or
2.1 m, the central soil layer was perfectly disrupted. This
may be due to that the stronger double impulse waves than
the two points simultaneous blasting acted because of linear
explosives. With the distance of 2.8 m between two linear
explosives, the central soli layer was not disrupted.
Consequently the
limit
distance between two linear
explosives was 2.1 m (depth charged, 0.7 mX3l. In any
figures of Fig.4, there were a little hard soil layers at
far places from the center of blasting and there remained
partly a little hard soil clods same as Fig.2.
The soil permeability of Fig.4(b) is shown in Flg.5. The
permeability at the central soil layer to be far from the
center of blasting and at layers below 1.3 m depth was lo-•
to lo-• cm/s but the permeability at any other places was
312

~123

_fl.'l

0

(;~) 1,4m

Photo 3 A moment of two linear simultaneous
blasting.

1o-• cm/s.
At any blasting tests of
Flg.2 and 4, a II ttle large
cavities were produced. These
cavities would subside In
future and the field with
cavities can not be used
Immediately for agriculture
purpose. We should consider
an another new blasting method
In which the cavity produced
Is much smaller.
ESTIMATION OF AMOUNT OF EXPLOSIVE

Fig. 4 Soil failure produced by blasting as a
function of charged distance. Two linear
simultaneous blasting (3!0g x lm x 2).

As It Is convenient to be
able to estimate the amount of
explosive required with the
soil volume to disrupt, we made
an empirical equation from the
blasting test results. The
necessary quantity of explosives
Is given by Hauser (1984) as a
propotlon of the rock volume to
disrupt. Here, we modified
Hauser's equation to make
suitable to the soil.
L = K'V = egdZ•~KV (1)
where
L = actual quantity of
explosive to charge, kg
e = coefficient of explosive
(=1.0 for the emulsion
l'ig.
explosive )
9 = coefficient of resistance
of soils (=0.3 for studied
heavy clay soil(Araya,l989))
d = coefficient of tamping ~ 1.0
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l =coefficient of charging

density~

1.0

K =constant with kinds of soils, kg/m 3
~=constant

with kinds of blasting methods, and

V = soil volume to disrupt, m3

The power • means single point blastllng, ·· means two
11
points simultaneous blasting and
means two linear
simultaneous balstlng.
The constant ~ Is the correction coefficient of blasting
methods because the
soil
volume disrupted was quite
different with the kinds of blasting methods: the single
point blasting, the two points simultaneous blasting and the
two linear simultaneous blasting. We made~· of the single
point blasting 1 and determined the decreased ~ values of
the simultaneous two points and two linear blastings.
Previous report <Araya, et al., 1989) showed that with the
single point blasting, the soil failure to be necessary to
improve heavy clay soil could be obtained when the single
point emulsion explosive of 150 g was charged at the depth
of 0.7 m from soil surface. However, the soil volume
disrupted was larger than this study because the soil
moisture at the soil surface was 5.6% and less than 14% In
this study. Supposing that the soil section of Flg.2(c) Is
approximately by the single point blasting because the
distance between two points blasting is enought apart, the
soil volume disrupted by this blasting V' was 1.33 m3 •
Substituting V' = 1.33 and~· = 1 (single point blasting )
into Eq.(1), K can be obtaiined to get:
(2)
K = 0. 376 kg/m3
This value may be a constant for the studied heavy clay
soil, the pseudogley soil with 14% soil moisture at the
soil surface.
The most suitable soil failure by the two points
simultaneous blasting in Flg.2 was Fig.2(a) and the actual
quantity of explosive charged L"" was 160 g X 2 and the soil
volume disrupted v·· was 2.98. ~- can be obtained from
Eq. 0 ) to get:
~·· = 0.940 : two points simultaneous blasting (3)
The most suitable soil failure by the two linear
simultaneous blasting in Fig.4 was Fig.4(b) and the actual
quantity of explosive charged L 1 1 was 310 g X 2 and the soil
volume disrupted V11 was 6.83 m3 • ~· 1 can be obtained from
Eq. OJ to get:
~ 11 = 0.806: two linear simultaneous blasting (4)
The quantity of explosives required per unit length to
blast the heavy clay soil with the two linear simultaneous
blasting was given as follows:
L 11 = 9.08Xlo- 2 V11 : two linear simultaneous blasting (6)
From Eqs.(3) and (4), the soil volume disrupted per unit
mass of explosive charged increased more in propotion to the
single point blasting, the two points simultaneous blasting
and the two linear simultaneous blasting.
ESTIMATION OF DISTANCE TO CHARGE
Nakano (1984) described
an empirical equation to
estimate the proceeding length of cracks between two points
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blasting In rocks. Here, we modified the equation
suitable to heavy clay soils.
l"t

= -

Ps

{1+3<-l'/ 2 }

'A2

make
(6)

'Atat

2

where
l"t

¢h

to

= radius of cracks produced, m

¢h = diameter of holes to charge explosive, m
Ps = pressure produced in holes, Pa
at = tensile strength of the soil, Pa
clay soils (elastic-plastic
'At = coefficient of heavy
bodies l, and

'Az = coefficient of blasting methods
The coefficient of AJ Is 1 for elastic bodies such as
rocks. Soil layers would be elastic-plastic bodies, and wl th
the blasting tests, the soil layers behaved as If the
tensile strength became stronger than the static tensile
strength.
'At Is a coefficient to correct the tensile
strength.
The coefficient 'Az Is the correction coefficient of
blasting methods. The proceeding length of cracks was quite
different with blasting methods: the single point blasting,
the two points simultaneous blasting and the two linear
simultaneous blasting as shown In Flgs.2 and 4.
The pressure produced In Eq.(6) Is given by Nakano
(1984) as follows:

Ps

=

;f

(7)

¢h

(-

<l>e

1

- a

)2

Pe

where
;f = force
of explosives
= 760 (emulsion explosive),
I • MPa/kg
¢8 = diameter of explosive = 0.023, m
¢h/¢8 = decuppllng coefficient
Pe =density of explosive= 0.9, kg/!
a = co-volume, 1/kg
1.5
(8)
a =
= 0.61
1.33 + 1.26p 8
With ¢h/¢8 = 1 for a dence charging density, Eq.(7) can be
calculated for the emulsion explosive:
P 8 = 1516.6, MPa
(9)
From the results of approximate single point blasting
tests shown In Flg.2(c), the crack radius rt• was 0.55 m,
and the static tensile strength of the studied heavy clay
soil at ~as 10 4 Pa. With the coefficient of blasting
methods >..z• = 1, from Eq.(6) 'At can be obtained to get:
'At = 468.1
C10l
From Eq.(10l, the studied soil behaves as if the tensile
strength would be 4.68 MPa which Is equal to weak rocks.
This may due to that the energy of the explosive Is used for
Instance to produce the cavity.
The most suitable failure for heavy clay soils by the
two points simultaneous blasting in Flg.2 is Fig.2(a) and
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= 0.7 m. J..z" can be obtained from Eq. (6) to get:
J..z" = 1.27 : two points simultaneous blasting (11)
The most suitable failure by the two linear simultaneous
blasting In Flg.4 is Fig.4(b) and l"t 11 is 1.06 m. J..z 11 can
be obtained from Eq.(6) to get:
J..z 11 = 1.91 : two linear simultaneous blasting (12)
Consequently, the proceeding length of cracks by the two
linear simultaneous blasting can be obtained from Eq.(6) to
get:
l"'t .•

l"'t 11

Ps

= 0.963¢>b {1+3(---->'"'2}

(13)

46.8at

From Eqs.(11) and (12), the proceeding length of cracks
increased more In propotion to the single point blasting
<J..z' = 1), the two points simultaneous blasting and the two
linear simultaneous blasting.
CONCLUSION
Research was conducted to investigate a method where
sewage sludge and explosives were used to improve the
physical
properties
of
heavy clay soils. Previous
publications
showed
that
the
functional
blasting
requirements; the proper soil moisture to blast, the proper
quantity of explosive to charge and the proper depth charged
were determined by single point blasting tests. This paper
discusses two points simultaneous blasting and two linear
simultaneous blasting, the procedures of which would be
nearly same to those used in actual breaking works.
1.
In the two points simultaneous blasting, the I imi t
distance between two points explosives was 1.4 m (depth
charged, 0.7 m X 2).
2. The permeability of the soil layers before blasting
were 1o-• to 1o-• cm/s and approximatly Impermeable. After
blasting, the permeability reduced to 10- 3 to 1o-• cm/s
which was that of sand or fine sand.
3. The limit distance between two linear simultaneous
blasting 2.1 m (depth charged, 0.7 mX3).
4. The quantity of explosives required per unit length
to blast heavy clay soil by the two linear simultaneous
blasting L11 was given as follows:
L 11 = 9.08X10- 2 V11 : two linear simultaneous blasting
V 11 =soil volume to disrupt, m3
5. The proceeding length of cracks by the two linear
simultaneous blasting l"t 11 was given as follows:
l"'t 11

Ps

= 0.953¢>h {1+3(---->'"'2}

46.8at
¢>h = diameter of holes to charge explosive, m

P8 = pressure produced in holes,

Pa

at = tensile strength of the soil, Pa
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RESEARCH ON REDUCING THE SLIPPING RESISTANCE OF TILLAGE
MACHINE *
Lao Qinye, Li YI, Wang Junjie and Li Zhenyong
Zhejiang Agricultrual University,Hangzhou,Zhejiang,China.
Abstrast
In terms of the property of tillage machine this paper put
forward the improvement of the small slipping board and the
balance plateau. By using the principle of the slurry--films
lubrication the slipping resistance can be reduced.
So the
producing efficiency of machine is raised, the consume of oil
is decreased and the wastage of small sliding board is reduced. According to the tests which make in the soil trough ,
the res~stance is reduced by about 55%. The contrast tests of
new machine with the old machine show that. the consume of oil
is decreased by 11.6% and the effect of the unit is raised by
9% and the wastage of small slipping board is reduced by 3.3
times and the untilled area is reduced by 2%. So this is an
effective way that should be popularized,
Key words: the balance plateau, slipping resistance,
leakage-proof twig, small slipping board.
A) Preface
The tillage machine is a miniature motive machine which
rises abruptly after the walking tractor and boat-type tractor in China. It has been used widely in most of the southen
provinces,and has been welcomed by many farmers.It is equipped with a diesel engine with 3-4 horse power, driving on a
single wheel. The small sliding board and driving wheel and
balance plateau form its three stxong points,
The tillage
machine has the funct~on of tillage and rake.
Both the small sliding board and balance plateau are sliding forward in the wat~r field,so the lubrication
of
the
slurry f:Llm can be adopted to reduce sliding resistance and
promote the working efficiency,drop the oil consumption,reduce the wear of small sliding board, Yet the small slipping
board stands much larger pressure than balance plateau:; the
specific pressure of the small sliding board is much greater
than that of the balance plateau. The sliding resistance of
the small sliding board can be greatly reduced with the slu~
ry lubrication, Its shape was high and nallaw,so we couldn't
measure it on its own, In this paper, we just equipped the
balance plat.eau and measured its sliding resistance and the
whole sliding resistance which was compared with the original
one.

The balance plateau is a subsidary boat which supports the
main boat.
The balance plat.eauslides in the field with
larger sliding resistance,and a bigger specific pressure caused a deeper sinkage,the shape and the size is shown as fig.
(l), For the unreasonable original design, we made a new type
*This paper is subsidized by N,N,S.F,oOf China,
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of subsidary-boat with a larger touching area and less sloped angie which reduced the weight of the boat and sliding
resistance as fig,(2). When the tillage machine is working
the balance plateau has dual effects of supporting and balance.. When it turns to the side of balance plateau, the

I
3 80

1'-...

v

'

tso·

300

Fig.(2),The size of the
Fig.(l),The size of the
·new
hull
original hull
_press of the balance plateau to the soil increased, when if
turns to another side it is on the opposite. It is estimated
that when it turns to the side of balance plateau,the press
is about 60kg,when it turns to another side,the press is less
than 20kg,when it walks straight,the press is 20kg-40kg.
B)The instrument and equipment
The whole experiment system conrists of aboat,a craft gear
and an electronic instrument.
The Fig,(3) is the block diagram experimental system.

~

return circuit. of the c\\t.:put signal

power source

Fig.(3)The block diagram experimental system
C)The experiment condition
1. The soil condition
The experiment was completed in the soil trough of Z.A.u.,
and tested and verified in the water field of Z,A.U.
The soil mechanical components of soil trough and the practical field are almost the same,shown in table 1, •
The
corresponding pressure curve of the soil is shown on Fig.(4).
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Table l,The table of the mechanical component of tested soil
!he content of sand
o.OJ.mm}

The content of loam

>0.05mm 0.05-0.01 total

OoOl-0.005 0.005-0.001 <O.OOlrrun total

(>

69.62~

9o69~

The scientific
nom.e of the soil

(<0.01mm}

79,)1~

7"24~

).96~

9.49~

20.69%

sandy middle
loam son

2. The testing hull
The testing hull is shown
in fig,(l), fig,(2),
The
the diameter of the testing
plateau is 5.9cm.
material of the two hull are
the water content of surboth A3 steel.
The surface
face soil within 0-4cm.
of the steel is smooth, the
thh depth of the surfathickness is 1.5mm. The hull
ce slurry is l.Oom.
I(original balance plateau)
weighted 4.3kg. The hull II
(new type of balance plateau) Fig. ( 4) The cu~ve of the pressure of
weighted 2. 9kg,
the so:t.l in the soil trough,,
According to the theory of
slurry film lubrication, the
sliding resistance will be
reduced greatly if the slurry
film is formed under the bottom of the hull in the course of
sliding. The experiment; with the model of the hull made by
professor Li Zhenyong shows thait the twigs under the sides of
the bottom have the effect of proof-leakage of slurry and can
reduce the sliding resistance. In order to find the regulation
of sliding resistance influenced by the parameter of twigs,we
do the experiment in the soil trough as follow:
a) Determine the resistance under varions speeds with varions heights of twigs
In the experiment,the size of the twig was promoted each
time. First we begin with the size of zero,then it increases
by 1.5mm each time,the material is A3· The width of the twig
can be 7,5mm, lOmm, 5mm.The limit of the twig height is 7.5mm.
In the end,we gained the resistance-speed curves with varions
heights of twigs, Among them the resistance-speed curves with
6=0 is the datum of others,
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In the experiment,the hull would slide the distance of 6mm
afterthe hull was at the expected speed. In this distance,we
sampled the sliding resistance and analyzed it with the computer. Finally the computer put out the result with the value of
maximum,minimum and average. The soil in the soil trough contain 40% of water. The depth of the surface water was l-1.5mm.
The sliding speed of hull was controlled by the magnitic controlling governer motor,monitored by rotational speed gauge
which measuras the rotational speed of gear. The disposed weight was 20kg and 60kg. Keep the center of gravity on the place
which on the 2/3 of the hull,thus keep the coefficient of gravity-backward ;=16.7%.
b) Change the specific pressure,do the experiment a) again.
c) Measure the sliding resistance under varions width of
twigs and varions speeds of the hull.
D)Theanalysis of the test result
The fig.(4), fig,(5) expressed the relationship of boat I
between drawwing resistance and the height of twigs under two
different specific ~ressure.
Fig.(6) and fig.t7) expressed that relationship of boat II.
l. The influence of the height of twigs to the sliding resistance
From the former four figures we find that the relationship
between the height of twigs and drawwing resistance is quadratic curve,there are optimum values existing in the height of
twigs, When the height of twigs increase from 0-6mm,the slidding resistance drops,when 6=6mm,the sliding resistance is at
the lowest. When 6 =7. 5mm, the sliding resistance begins to return no matter what speeds of those three ones,
The balance plateau on the following table gives the decreasing percent of sliding resistance each time,when the height
of twigs increases 1.5mm each time.
Table 2, The decreased percent of sliding resis. each time
the height of twigs
the decreased
v.. o.9km/h
ercent of ali- V•3o8km/h
ing resistance V•5.3km/h-

o.-1. 5mm

1.5-.lmm

8.8~

14~

1%
11%

12"'

7%
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3-4. 5mm

4. 5-6:nm

6-7.5mm

9~

8%

-2~

16%
8%

11%

-17~

9"'

-13%

The higher the twigs are,the less the slurry leaks. The more the slurry under the bottom increases the more sufficient
the lubrication is,the greatlier the sliding resistance decreases. But the nallow shape of the twigs makes it sink into
the surface soil 1which brings to compe~ct resistance, The compact resistance ~s increasing with the sinkage of the twigs,
so the higher the twigs are,the larger the compac~ resistance
is. Meanwhile the higher the twigs are the greatlier the fricational resistance between twigs and soilis. Due to the two
former reasons,the twigs have two kinds of functions,
When
the height of twigs increases to a certain level,the effect
of leakage-proof is weaken and the effect of the compact resistance and fricational resistance are strengthened. Therefore,the height of twigs has an optimum value, At the point
the sliding resistance increases,
0 =7.5mm
~he tauching area of the hull bottom of boat II has
been
increased, so the specific pressure decreased, It is helpful
to establish the slurry lubrication, The table 3, gives the
Table 3, The reduced sliding resistance of boat II compar
red with boat II (disposed weight is 60kg, V=3.8 km/h)
-,, 'mm
jiDm
he:!Lgh t o I- twl.gs lumm
J. • ,rrun
cmm
4• 'mm
the decreased
14%
20%
14%
23%
23%
1. 5%
percent
decreased sliding res~stance comparing with boat I to boat II,
the sliding resistance can be reduced from 10% to 23%· So, the
design'of-boat II is reasonable,
2, ~e influence· of speed- to the slidine; resistance
From fig,(4),fig,(5),fig,(6,) and fig,(7),we know that the
sliding resistance is at the lowest point when the boat is
sliding at. the speed of 3.8km/h. ~he reason is that the ralati ve speed O:f the slurry compared with the hull is slow. and
the soil congests before the head of the boat,which causes
less to flow under the boat bottom, So the effect of slurry
lubrication is dismal. Only when the hull sliding forward at
a certain speed, the slurry can be pressed in under the boat,
overcoming the hilling resistance, BUt at high speed the head
and the bottom of then hull gets a larger attached motive force of soil than they do at low speed,which causes a larccr
sliding resistance. So, there are optim~ value of speed. J.i'or
exemple the boat II,when q 0 =0,047kgf/cm 1 c5=6mm and V=3.8km/h,
its sliding resistance is reduced by 48% and 371- of' the nliding resistfmce when V=~. 9lan/h, V=5. 3!@/h.
3, The influence of width to sliding resistance
The width of the twig has some influence on the slurry,
leakage, If the width is too small,the slurry will leak out
from the bottom of the hull,which damages the slurry lubrication, But if the width is too large,the fricational resistance caused by the twig itself will increase, Fig.(8) is the
curve of the relationship between width of twig and drawwing
resistance in practice,
From the curve we can find that there are li t.tle influence
of wi.dth on the sliding resistance on the whole, the effect of
the twig with the width of 5mm is best,
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E)Whe influence on the sliding
resistance is caused by the
,'17
boat I _
side-board of oresoentamoon
~'
~q ..0.047
In the experiment we found
~&
~oboal II
that the soil which congested
"*
"'-----.~ q I
.
before the head of the hull
hindered the slurry from flow•5
6
7•6
of
l.wige
wing under the bottom of the
Pig.(lO) The effect of aide-board of
hu_'lJ., In ordernto get more slu- creeoen,-moon fixed inthe head ~f
the hun.
rry under the bottom of "the
hull 1 we fixed two side-board of
crescent-moons under the boat. head, which could increase 4-5
times more of slurry in front of the head than before, So,the
slurry under the boat hull increased greatly,whioh improved
the condition of slurry lubrication greatly, The side-board
of crescent-moons streohed 8om at of the hull head(shown as
fig,(9) ), We did the experiment with the side-board of ores"
cent-moon fixed under the hull bottom. The drawwing curve is
shown in fig,(lO),
From the result. of the experiment,we found that the sideboard of oresoent"ffioon reduced the sliding reststanoe greatlY.
It was a simple method to reduce the sliding resistance, Table 4, showed the decreased percent of sliding resistance after fixed the side-board of osesoent"moon. The sliding resistance reduced 55% with both the twigs and side-board of orescent.-moon,
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8~

13~

~e influence of twigs to the moment against direction
changing
As a result of hull bottom sinkage in slurry,the hull sera
pes the soil,while it is changing its direction,especially
with twigs under the bott.om,so the turning obstructcive moment
gets larger and that increases the power consumption,
In order to determ~ne the turning obstructive moment, we
adopted the method of. ·similari.t;y·. First we put. the hull across w:L.th the head turned back at an angle of 30, this angle was
called starting angle wh:L.ch made the hull get a certain turning speed, For the reason that tche speed of direction turning is very slow,so,we draged the boat at a low speed.
~e
computer was used to sample the drawwing resistance which made the boat turn 90. ~he product of the average drawwing resistance and the distance between the touching point of draging force and the middle point of the line which the hull
touches the ground on is the obstructive moment,
~e average value of the turning obstructive moment is 100.
5kgf,cm.at the slid·ing speed of l.22km/h when the liloat. isn't
equiped by twigs,
~e average value of that is l60.5kgf,cm at the speed
of
l.22km/h with 6mm high twigs and side-board of crescent-moon,
~he turning moment increases by 60% with twigs,as the boat
usually walks stcraightly which the time of walking straightly
is much longer than that of turning, so the total energy consumption is reduced greatly,especially in a large field,
G) The drawing experiment in water field
.After the following experiments
in soil trough in the lab, It is
~~
necessary to do several experi~
13
mente in the water field, to
~ 12
test and verify the former re"11
sult.
~1o
We adapted the water field
~'
without rice seedding,soaked
Nf
~6
for a week.~e depth of the
~
:.
surface water was 2-4om. The
"l
pressure curve of the soil was
"'3
correspondent to the soil in
~2
the soil trough. The tested
~
,
•
6 • 3 vtkm/h)
0 9
3 1
curves of drawing resist.ance
Pig;{ll} The tested cu~E.e of -drawing

F)

WaS

shown

in

fig. (11) •

resistance in the water field of Zr.A.U,

From the curves we found that the sliding resi.stance measured from wat.er field was less than that from the soil trough. It was because the actual field is more smooth and
had
higher level of water. From the shapes of the curves 1 we could
also find the experiments made in the actual water f~eld and
in the soil trough are similar,which showed that the results
of the experiment are reliable and can be applied
Ht) · ~e comparison experiment between the prototype and the
new type of the tillage machine
~e sliding board and balance plateau of the tillage machine cause the sliding resistance,especially the small sliding
board, when the tillage machine is working ,because the sli324

ding board bears the most of the wei~t of the machine,
The
sliding resistrance can be reduced greatly if the construction
of small sl:Ldtng board is improved. The original small sliding board has a projecting steel twig in the middle whose
height is 25mm 1 is lOmm wide(shown as fig,(l2) ),it can help
the machine overcome the deflection force caused by tillage,
but it" will increase the slid:Lng resistrance greatly. In order
to form a slurry film lubrication,we fixed two twigs on the
two sides of the small sliding board instead of original one
twig whose height is 10mm 1 is 5mm wide, We chose the h:Lgher
twigs (the optimum he:Lsht of twig is 6mm) with the consideration of deflection force of the plough(shown as fig.(l3) ),

~~~

25llllll

5Dilll

5mm

fig.(l3) The section of improved
section of
prototype
small sliding board
How about the effect of the new type of the machine?
We
did a comparison experiment between original one and new one,
which tested the oil consumption and the wear of the sliding
board of the machine. The experiment. was carried out in Shang
Shan villiage 1 Fu 'll'ang c:L.ty 1 the water field had been
soaked
for 5 days. The width of the surface water was 2om.
The two tillage mach:Lnea wl!th. 3 horse power was made by
Lai ~an T:Lllage Machine Factory, One of the two machine had
been not improved, Another one had been improved at the sliding board and balance plateau,the shape of the changed small
sliding board is shown as fig,(l3). The twigs under bottom of
balance plateau shouldn't be too high because of ita unstablity,ao we adopted the height of 3mm and width of 5mm.
In
the oil consumption test., the old machine tillaged 2,08mu for
80 minutes consuming 0.5kg oil. The new machine tillage 2.65
mn with 93 minutes and 0.575kg oil. The efficiency of the
old machine consumed 0.24kg oil 1 38 minutes per mu, The effic:L.ency of new machine was 0.216kg oil, 35 minute per mu, the
result" showed that. the efficiency of the new machine promoted
9% 1 the oil consumption was reduced 11. 6%. In the wearing test,
the old machine tillage 95mm with the weared thickness of 9mm 1
the new machine tillage42 mm with the weared thickness of
1,2mm, The weared thickness of the per lOOmu of the old machine compared with> the weared thickness of 2.85mm per lOOmu
of new one,the weared thickness was reduced 3.3 times. From
the comparison experiment; we found the effect of slurry lubrication is very obvious in the application to tillage machine 1 it :i.a deserved to be extended in our country.
I) The result
1. WE can draw the following conclutions aft.er the above
experiment I
a) With the increasing of the twig height,the sl:l.ding res:Latance first, drops down,when the height is 6mm,the sliding
resistance has the minimum value,then,the sliding resistance

returns;
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b:) When the sliding speed is in the range of 3km/h-5 km/h,
the sliding resistance is the lowesu.
c) As the influence of the tw:!Lg with to the asliding resistance is delicate,so we can use narrow twigs,
2. The conparison experiment, shous that. the oil consumption
decreases ll. 6%, the efficiency :Lncrease 9% aft.er the balance
plateau and small sl:Ld·:lmg board are revised and the wear of
small slid:Lng borad is reduced by 3.3 times, So the applicat:lwn of the slurry lubri.ca1tllon on a whole tillage machine is
of great significance and enconomical value,

The reference:
3. The experimenu in the water field also. shows that the
new type tillage machine can improve the quality. of tillage,
namely reduce the untilled area by 2%.
The reference:
( l )Li Zhenyong, Wu Weiping: Researching for Reducing the Sliding Resistance of Hull Bottom. (Transaction C,S,A,M.)No.
l, l988.
(2)Zhuge Zhens ~he Sliding Sink and Resistance of BTT's Hull.
(Transaction C.S.A.M.) No. 2, l984.
( J)Lao Qinye ,Li Zhenyongs The ~eoretical Analysis of Slipping
Resistance of Boat-type ~ractor' s li!ody under the Condition
of Full Lubrication of Slurry-film, (Acta Agriculturae
Universitatis Zhejiangensis) No, 2, l990.
·
(4)Li Zhenyong: The Patent of BTM's HW.l. May, l986. No, of
application 86203229, Date of application 8605l5.
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INFLUENCE OF FURROW PRESS ON SOIL PHYSICAL PROPERTIES AND CROP YIELD
ARARSO ETANA AND JOZSEF VON POLGAR, SWEDISH UNIVERSITY OF
AGRICULTURAL SCIENCES, DEPARTMENT OF SOIL SCIENCES, S-750 07 UPPSALA,
SWEDEN
ABSTRACT
The effects of furrow presses (70 em or 90 em ring diameter) were studied in Swedish field
experiments on different soil from 1987 to 1989. The penetration resistance, as measured with a
Bush Recording Penetrometer, was increased by the furrow press from 8~10 em down to the plough
bottom. Measurements of the soil surface roughness showed that the leveling effect of the
implement was good. Furrow pressing gave slightly better yield in winter cereals, whereas yield of
spring cereals tended to decrease. In some of the experiments, it was possible to reduce the number
of harrowings without yield reductions by using the furrow press with ploughing.
INTRODUCTION
Mouldboard ploughing creates large voids in the plouged layer and between the ploughed and
the undisturbed soil. This discontinuity might be a problem, for instance, by disrupting capillary
water movement. To counteract such adverse effects and to level the seedbed, farmers have been
using rollers, different harrows, etc, attached to the plough or in separate passes, for a long time.
But these operations consuine time and resources and lead to soil over compaction, particularly if
only one treatment is carried out at a time. Thus, several farmers in Sweden and other countries
with similar climatic conditions use furrow presses to reduce the number of passes over the field.
These implements can be attached to the ploughs and are now mainly used with reversible ploughs
since the latter minimize the problem of turning.
It is claimed that furrow presses can reduce evaporation (Jenseri; 1984; Bird, 1985; Hann et al.,
1987), and thereby can increase germination (Landen, 1984). Moreover, the ploughed soil will be
in a better contact with the underlying'layerwhich may increase unsaturated watedlow and prevent
water deficiency in the topsoil. In heavy soil ploughed before winter, frost will penetrate deeper
and thus assist weathering. Furrow presses can provide a beneficial extra cultivation· action,
sometimes eliminating further pass over the field prior to drilling (Bird, 1985) and theloose soil
becomes firmer providing better bearing capacity (Rasmussen, 1987). But research undertaken
concerning their effect on soil physical conditions and crop yield is very limited. In this paper,
results from field experiments undertaken between 1987 and 1989 in Sweden are reported.

MATERIALS AND METHODS
Sites and experimental design
Field experiments were conducted between 1987 and 1989 on 75 sites (64 in autumn and 11 in
spring) in different parts of Sweden in order to cover different soil types and climatic ranges. On
67 sites, the experimental design included only moldboard ploughing (control) and moldboard
ploughing + furrow pressing. The furrow press was attached to the plough. In addition, the
following treatments were included in a group of expe~iments on 8 sites: nloldboard ploughing
without furrow press (control); moldboard ploughing without furrow press + Separate harrowing
in autumn; moldboard ploughing and furrow pressing; and moldboard ploughing and furrow
pressing+ separate harrowing in autumn.
The treatments were replicated 4 times and carried out at a normal ploughing time for the
regions. Even if different types of furrow presses were used on different sites, the geometry ofthe
implements (size, diameter, etc) was not directly com pared in this study. However, some data were
gathered to compare the performance of the furrow presses with 70 and 90 em ring diameter
weighing 45-50 and 90-100 kg/ring respectively.

327

Sampling and measurements
Particle sizedistribution was determined on each site. On some sites, penetration resistance was
measured with a Bush Recording Penetrometer in autumn immediately after treatment and in
spring. Soil surface roughness was measured according to Heinonen and Hakasson (1967). Crop
yield was determined on each site, and since crop types varied between sites comparisons are made
here in terms of relative yield taking yield from control as 100%.

RESULTS AND DISCUSSION
The results indicated that furrow pressing had a leveling effect on the seedbed surface (Table
1). The leveling was improved by an additional harrowing. Th~ furrow press with 70 em ring
diameter resulted in higher values of soil penetration resistance more pronounced in the middle of

the ploughed layer (Fig. 1 and 2), which is in full agreement with the earlier research results
(Hietbrink, et al., 1987). This pattern was only significant for light soil. On average, for both
furrow press types, ploughing and furrow pressing in autumn increased yield by 4% for winter
crop~, whereas for spring crops yield decreased by 2% (Table 2). The exclusion of one harrowing

did not cause yield decreased (Table 3). The best results were obtained on lightest soils but in the
lightest soil group there were only two sites (Table 4).
Table 1. Soil surface roughness in 5 autumn treated sites (measured in spring just before seedbed

preparation)

·
Surface roughness (em)

Trelitnietit

Moldboard ploughing (control)
Moldboard ploughing and separate

14

harrowing in ·autumn

8
11

·

Moldboard ploughing + furrow pressing
Moldboard ploughing + furrow pressing

6

and separate harrowing in autumn

Table 2. Relative yield (yield from control = 100) of winter and spring cereals as influenced by
furrow pressing (figures in brackets show number of sites)

Time of

Time of

Bioa: diam"l~!: cf funm! gr~::iS

Average for

ploughing

sowing

70cm

90cm

both presses

Autum

Autumn

Spring

Spring
Spring

103 (7)
98 (33)
103 (7)
99 (47)

105 (8)
99 (16)
99 (4)
101 (28)

104 (15)
98 (49)
102 (11)
100 (75)

Average
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Table 3. Relative yield of the treatment where furrow pressing substituted one harrowing (yield
from conventional seedbed preparation = 100)
year

Clay content

Crop

Relative yield

1987

8
15
5
9
15
31
38
49
3
7
21
25
46
46

Spring barley
Winter wheat
Winter wheat
Spring barley
Spring turnip
Spring barley
Spring wheat
Spring turnip
Winter rye
Oats
Winter wheat
Barley
Winter wheat
Spring turnip

100
114
106
103
100
101
89
105
89
99
95
95
99
111
100

1988

1989

Average

Table 4. Effects of furrow pressing on crop yield as influenced by soil clay content (%, w/w). Yield
from control ~ 100
Clay content (%)

<5
5-15
15-25
25-40
> 40

Number of sites
2
19
7
15
7

Relative yield
112
102
97
101
102

The experiments showed that when using a furrow press together with a mouldboard plough the
leveling and some of the moderate rccompaction needed in a loosened soil could be achieved. The
be achieved. Theincreasein soil penetration resistance in the ploughed layer showed that the loose
soil was slightly recompacted and the large voids created between the ploughed layer and the firm
soil underlying it was at least decreased. This can increase the upward directed water movement
during dry periods, thereby facilitating even germination and seedling water supply. The effect of
the implement seemed to be more pronounced in lighter soils which easily disintegrate at loading.
Relative crop yield varied between sites but the mean value showed yield increase in autumn
ploughed and autumn sown sites. Spring crops from autumn ploughed sites were not significantly
influenced, which may be explained by the fact that the leveling and reconsolidation needed in a
loosened soil in this case were better achieved by natural processes (rain drop impact, wetting and
drying, freezing and thawing) during the autumil-winter period. Farmers do not have enough time
to plough and carry out subsequent seedbed preparation for autumn sowing and the same problem
is encountered when ploughing for spring sown crops is postponed to early spring for spring sowing.
Using a furrow press with mouldboard plough could be one way of overcoming such problems. By
using furrow presses, it seems to be possible_ to reduce the number of harrowings by one without
significant yield decrease. Reduction ofthenumber ofharrowings means saving of time and energy
and creating favorable condition for timely sowing. Beside that, soil over compaction caused by
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330

tractors during seedbed preparation could be limited.
CONCLUSION
The experiment showed some advantages of furrow presses. They can reduce some part of
traditional seedbed preparation and, in lighter soils, it may be possible to sow directly after them.
Through leveling the soil surface and slightly recompacting it, the implement can improve the
bearing capacity and reduce bouncing of tractors and implements during seedbed preparation and
sowing. Thus, it could be possible to save time and energy and avoid extra passes over the field.
But some experiences indicated that soils with high water content did not disintegrate when furrow
pressed. This behavior needs further investigation to obtain more general patterns.
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CONSERVATION TILLAGE IN THE HUMID TROPICS OF PERU
J. c. Alegre* and D. K. Cassel*
*
North Carolina State University, Raleigh, NC -USA
PURPOSE
The potential for soil erosion is high in continuously
cultivated Ultisols of the humid tropics because much of the
rainfall occurs during brief, intense rainfall events. Even
though total annual rainfall is high in many areas of the
tropics, crops often suffer from severe moisture stress when
rainless periods extend for two weeks or longer.
Conservation tillage systems such as stubble mulching,
minimum or reduced tillage, and no-till, are currently in use
in many parts of the world (Lal, 1975; McCown, 1980; Wilson,
1982; and Tawonmas, 1984). Benefits of conservation tillage
management are reduced soil erosion (Triplett and Van Doren
1977), improved soil fertility (Lal et al., 1980), better
soil water relations (Hargrove, 1985; Nesmith et al., 1987),
increased soil biological activity (Doran, 1980ab), improved
soil physical conditions including increased aggregate
stability and macroporosity (Allison, 1968; Hargrove, 1988),
reduced fossil fuel use (Neeley et al., 1987), and increased
crop yields (Hargrove, 1985; Beale and Langdale 1967; Ne
Smith et al., 1987; and Van Doren et al., 1976). It may be
desirable to adopt these or similar management practices for
the Amazon to reduce compaction, conserve water for crop use
and reduce runoff and soil erosion. In fact, we believe
conservation tillage practices will be necessary to sustain
continuous crop production in some areas of the Amazon.
The objectives of this study were: 1) to determine the
feasibility of introducing minimum tillage and no-tillage
practices into continuous crop production systems in the
humid tropics, and 2) to determine the effects of each
tillage system, with and without in-row-subsoiling, on soil
physical and chemical properties and crop yields.
METHODS
The study was conducted from October 1986 to January 1989
in the humid tropics at Yurimaguas, Peru (5• 45' s, 76.5' w,
184 m sea level) on a isohyperthermic Typic Paleudult with
slope ranging from 1 to 2%. The site was cleared by
traditional slash and burn in 1972 and was continuously
cropped until September 1986. During this period 31
continuous crops were grown; lime and fertilizers based on
soil tests were applied for these crops.
The six tillage treatments described in Table 1 were
imposed in 1986. A five crop rotation of corn (Zea mays)soybean (Glycine max (L.) Merr)-corn-soybean-corn was
employed. The dates of planting and harvesting and the rates
of liming and fertilization are given in Table 2.
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Table 1.

Tillage treatments imposed in 1986 in Yurimaguas,
Peru.

Treatment

Subsoiling

Conventional till (CT)

No

Conventional till (CTS)

Description
Cultural operations in
order of use were: bushhog, disk plow, s-tyne
field cultivator, disk
bedder, bed shaper, and
planter. Dual herbicide
applied.

Yes

same as CT, but with
subsoiling 0.3 m deep at
the time of disk bedding.

Minimum till (MT)

No

Bush-hog, Dual Paraquat
herbicide applied, no-till
planting (coulter opening).
Lime and P incorporated
every 2 years with disk
harrow.

Minimum till (MTS)

Yes

Same as MT, but subsoiler
used ahead of coulters on
the planter.

No-till (NT)

No

Bush-hog, Dual & Paraquat
hervicide applied; no-till
planting (coulter opening).

No-till (NTS)

Yes

Same as NT, but with
subsoiler used ahead of
coulter on planter.

Table 2.

Planting and harvesting dates and the liming and
fertilization regime for five successive crops in
Yurimaguas, Peru.
Date

Crop No.

Fertilization

Planted

Harvested

N

P

K Mn

Lime

- kgjha Corn (1)
Soybean (2)
Corn (3)
Soybean (4)
Corn (5)

oct.
June
Nov.
May
Sept.

17,
17,
11,
23,
13,

86
87
87
88
88

Feb.
1, 87
Sept. 25, 87
March 16, 88
Sept. 1, 88
Jan.
5, 89
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100

45
45

67

45

67

3000

120
120

10

The first corn (cv. Marginal 28) crop was planted at 0.80
m x 0.20 m spacings and P was banded at planting. Dual and
Paraquat, each at a rate of 2 Ljha, were applied before
planting in the minimum (MT, MTS) and no till {NT, NTS)
treatments.
Lime and P were broadcast before the second crop (soybean,
cv. Jupiter) was planted. These materials were incorporated
with a disk plow and disk harrow in the CT and CTS treatments
and with a disk harrow only in the MT and MTS treatments; the
chemicals were left on the soil surface in the NT and NTS
treatments. No Nor K was applied, Soybean inoculated with
the appropriate Rhizobium strain was planted at 0.50 m x 0.05
m spacings.
The third crop (corn) was managed similarly to the first
corn crop. Nitrogen at a rate of 120 kg N/ha was applied.
No P or K was added. The fourth crop (soybean) was planted
similarly to the second soybean crop, but no lime or
fertilizer was applied because pH and soil nutrient levels as
determined by soil tests were adequate, with the exception of
Mn. The fifth crop (corn) was fertilized with N, P, K, and
Mn (Table 2) •
Selected chemical properties (P, Ca, Mg, and K) and
physical properties (bulk density and mechanical resistance)
were measured before planting and after harvest of each crop.
Six runoff plots, 10m long by 3.2 m wide, were installed on
a 2% slope in October 1987. Each runoff plot had wooden
borders on three sides to prevent water from the surrounding
area from running onto the plot. A collection system of
small channels and serially connected containers to catch
water and sediment was installed on the remaining side of
each runoff plot. The first container for each plot had a
multislot divisor with eleven slots. water and suspended
soil solids flowed from the central slot into a second
container, thus accumulating one-eleventh of the water and
solids that overflowed the first container. Daily rainfall
was measured with a recording rain gauge. The amount of
runoff water from each plot was measured the day following a
rain event. Grain and biomass yield was measured by hand
harvesting.
RESULTS
Monthly rainfall for the first crop generally exceeded the
35-year average {Fig. 1). Rainfall was below average for the
third crop and average to slightly above for remaining crops.
Bulk density at the 0-10 em depth after harvest for each
of the three tillage treatments with subsoiling were similar
to the initial bulk density of 1.40 Mgjm3 (Table 3).
Likewise, bulk density at the 10-20 em depth after harvesting
the fifth crop was similar to the initial 1.45 Mgjm3 value.
Bulk densities at both depths increased for the non-subsoiled
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Figure 1. Monthly rainfall from October 1986 through March
1989 at Yurimaguas, Peru.

Table 3.

Bulk density in the crop row at the 0-10 to 20-40
em depths before planting the first crop and after
harvested the fifth consecutive row crop for six
tillage systems.
0

Tillage

-

Before

After

- - - - - Conventional
Conventional, subsoil
Minimum
Minimum, subsoil
No-till
No-till, subsoil
LSD .05 (Tillage x Time)

1.40
1.40
1.40
1.40
1.40
1. 40
0.05

338

- 20 em

10

10 em

Before

-- --

- Mgjm3 -

1.44
1.41
1. 51
1.43
1. 55
1. 45

After

1.45
1.45
1.45
1.45
1.45
1.45
0.07

1. 55
1.44
1.55
1. 50
1.56
1. 47

treatments. For the non-subsoiled treatments, bulk density
at the 0-10 em depth was highest for treatment NT. No
differences in bulk density among non-subsoiled treatments
occurred at the 10-20 em depth.
Cone penetrometer resistance (PR) followed the same trend
as bulk density (Table 4). Subsoiling reduced PR in the
0-10 em depth for the minimim and no-till treatments but not
for the conventional treatment because the soil at this depth
in the conventional treatment was mixed by plowing and
disking before each crop was planted. However, at the 10-20
em depth, subsoiling effectively reduced PR to values more
favorable to root penetration.

Table 4.

Cone
0-10
crop
crop

penetrometer resistance in the crop row at the
and 10-20 em depths before planting the first
and after harvesting the fifth consecutive row
for six tillage systems.
0

Tillage

-

10 em

Before

After

----Conventional
Conventional, subsoil
Minimum
Minimum, subsoil
No-till
No-till, subsoil
LSD .05 (Tillage X Time)

Table 5.

-

10

20 em

Before

- - - -

(MPa)

0.30
0,30
0.30
0.30
0.30
o. 30
0.30

0.50
0.40
1. 50
0.48
1.60
0.52
0.35

After

0.51
0.51
0.51
0.51
0.51
0.51

1. 75
0.65
1.40
0.83
1. 81
0.88

Grain and stover yields for corn as affected by
tillage.
1st crop

Tillage

Grain

Stover Grain

---- -Conventional
conventional, subsoil
Minimum
Minimum, subsoil
No-till
No-till, subsoil
LSD .05

1.90
2.00
1.44
2.20
1.39
1.90
0.63

2nd crop

2.40
2.50
1. 94
2.70
1.89
2.40
NS
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3rd crop

stover Grain Stover

Mg/ha

2.35
3.39
2.66
2.41
2.58
2.83
0.96

1.94
3.89
2.32
2.90
2.21
3.27
0.39

2.91
2.68
2.58
3.40
2.90
3.27
NS

3,99
4.53
4.07
4.36
3.53
3.26
NS

Subsoiling increased grain yield for the NTS and MTS
treatments for the first crop (Table 5). In general, yields
were low for the first crop due to abnormally high rainfall.
Rainfall in December 1986 was 418 mm (Fig. 1); the highest
rainfall intensity was 50.8 mmjh. Treatment NT was
waterlogged during heavy rains, but drainage in NTS was
better thus preventing waterlogged conditions. Leaching
losses of NH4 and N03 may be important at this site as
indicated by the data in Table 6.
Both grain and strover yields for the second crop were
greater for the CTS treatment than for CT. No yield
differences were found for the third crop. In general, corn
grain yields tended to be greater for each pair of tillage
practices when in-row subsoiling was performed at planting.

Table 6.

Concentrations of N0 3 and
solution at the 1 m depth
rain on December 12, 1986
treatments at Yurimaguas,

Treatment

NH 4 in the soil
after 79 mm of
for six tillage
Peru.

N03

NH4
ppm -

Conventional
Conventional, subsoil
Minimum
Minimum, subsoil
No-till
No-till, subsoil

Table 7.

2.40
2.64
1. 62
3.20
1.81
1. 39

23
13
29
40
28
53

Grain and stover yield for soybean as affected by
tillage.
1st crop

Tillage

Grain

2nd crop

Stover Grain

Mean

Stover Grain Stover

Mgjha
Conventional
Conventional, subsoil
Minimum
Minimum, subsoil
No-tillage
No-tillage, subsoil
LSD .05

1.80
1.99
1. 79
1. 63
2.18
2.25
0.52

1. 32
1. 42
1.27
1.22
1. 20
1. 37
NS
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0.80
1.18
1.20
1.40
0.90
1.25
NS

1. 05
1.50
1. 00
1.10
1.15
1. 40
NS

1. 30
1.59
1.50
1.52
1.54
1. 75

1.19
1.46
1.14
1.16
1.18
1. 39

Soybean yields tended to be higher for the no-till
treatments (Table 7). Considering that the first soybean
crop was planted later than desirable, it produced a good
crop due to low rainfall (110 mm) during November 1986 which
permitted a late harvest of grain without moisture damage.
Yields for the second soybean crop were lower and no
differences among treatments occurred. These plants
displayed symptoms of Mn deficiency. Soil Mn levels were
found to be less than 1 ppm.
Considering that the small slope of the soil, the amounts
of runoff and soil loss are considered to be high (Table 8).
Compared to CTS, water and soil loss were significantly
smaller for the MTS and NTS treatments. The amounts of soil
lost from all three treatments were unacceptable high for a
slightly sloping soil.
Soil samples collected after the harvest of the first corn
crop and after harvest of the fourth corn crop indicated that
P and Ca accumulated in the surface 5 em of soil in the NTS
treatment, whereas Mg accumulated in the CTS, MTS, and NTS
treatments (Table 9).
Table 8.

Runoff and soil loss for various tillage practices
for row crops from November 1987 through January
1989.

Treatment

Percent
runofft

Runoff
(mm)

Conventional, subsoil
Minimum, subsoil
No-tillage, subsoil
LDS .05
tTotal precipitation
Table 9.

~

249
120
165
43

(%)

Mg/ha

14.0
6.8
9.4

22.4
19.4
14.9
5.5

1757 mm.

Nutrient contents in the 0 to 5 em depth before
planting soybean (B) and (A) after growing the
three crops (soybean-corn-soybean) in different
tillage systems.
p

Tillage

soil
loss

B

A

----

- J.tg/L Conventional, subsoil 26
Minimum, subsoil
32
28
No-till, subsoil

22
29
36

A

B

0.29
0.35
0.30
341

Mg

ca

K

0.31
0.27
0.31

B

A

B

A

cmol/L
1.9
2.4
1.5

2.0
1.7
2.5

0.47 1.1
0.46 1.2
0.41 1.2

CONCLUSIONS
Based on this study the following conclusions are drawn:
1) in-row subsoiling maintains lower bulk density and
mechanical impedance in the crop row compared to nonsubsoiled treatments, 2) surface water runoff and soil loss
were greatest for conventional tillage, 3) crop yields for
no-tillage, minimum tillage, and conventional tillage
treatments were not different when accompanied by in-row
subsoiling, and 4) P, ca, and Mg accumulated in the topsoil
under the no-tillage regime,
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EFFECT OF TILLAGE METHODS ON CORN PLANTED AFTER LOWLAND
RAINFED RICE IN RAMBATAN, WEST SUMATRA, INDONESIA

Iswandi H.Basri, N. Jalid, M.Ali, and Erdiman
* Sukarami Research Institute for Food Crops,
Padang, Sumbar, Indonesia.

*

A field experiment was conducted on rainfed lm<land at
Rambatan,
West Sumatra,
Indonesia.
The soil of the
experimental site is Grumosol, fine clay in texture with
origin from volcanic-turf deposit. The experiment was arranged
in Randomized Block Design. Three tillage methods e.g: zero
tillage, minimum tillage, and conventional tillage as a first
factor in combination ~lith corn variety e.g: Wiyasa, Arjuna,
and H-6 as the second factor.Plot size was 9 x 6 m and plant
spacing was 75 x 25 em. Corn seeds ~1ere dibbled at 2 seeds
/hill and later thinned to one plant per hill. Nitrogen at the
rate of 90 kg/ha was applied one-third at planting and twothirds one month after emergence. Phosphorus and potassium at
the rate of 135 kg P205
and 60 kg of K20 respectively were
applied at planting. Grain yield was determined from a harvest
area of 3 x 1. 5 square meter. Economic returns was
based
on net production value minus operational cost. Time used for
land preparation, weeding, other crop maintenance, harvesting,
shelling were recorded during operation. Grain yield obtained
from zero tillage plots was comparable to yield in the minimum
and conventional tillage plots. Among the corn varieties
tested, H-6 improved corn varieties with conventional tillage
gave the highest yield. However in terms of economic return,
Wiyasa with minimum or row tillage gave higher economic
return.

Introduction
Planting corn after lowland rainfed rice is a common
practice in the tropics since water is
not enough for a
second rice crop. Land preparation
is done conventionally,
one or two plowing followed by harrowing. This practice takes
two weeks to a
month until the second crop can be planted.
Due to water shortage or occurence of drought spell in some
cases
farmer are not able to plant the second crop because
soil is to dry to be plowed. To over come this constraint in
Java (Indonesia) farmers broadcast mungbean seed on a standing
rice straw. This practiced has been adopted for a long time.
However this is not practiced for crop other than mungbean.
Interest in farming methods that reduced the amount of
tillage continuous to grow (Marking, 1989). The reduced
tillage systems include a variety of practices, ranging from
no tillage to some fo·rm of mechanized land preparation which
is less than a conventional tillage system. No tillage refers
to planting crops
on unprepared soil by opening a narrow
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slot, trench or band only of sufficient width and depth to
obtain proper seed coverage. No other soil preparation is done
(Young, 1982). Minimum tillage is a tillage system which
creates a suitable environment for growing a crop and leaving
a protective cover of residue on and near the soil surface all
the year around. These b1o methods are simple, and could save
land preparation cost, time and energy as compared to
conventional land preparation methods ( Elkin et al, 1982) ,
they prevent the delay of planting and conserve soil moisture
( stuckey,1976 and Triplet, 1978}.
Larson (1964) emphasized the importance of evaluating
tillage requirements for specific crops and soils. The notillage principle has shown promise in several geographical
regions under a range of conditions (Basri et al, 1988; Free
et al, 1963; syarifuddin et al , 1983 ; and Triplett et al,
1968}.
Elkins et al (1982) mentioned that several research
has been done follmling the introduction of zero tillage in
1960. Those studies included, comparison of zero tillage and
conventional tillage methods (Sanford et al, 1973} zero
tillage and conventional tillage on soybean follO\<ing rainfed
lowland rice (Syarifuddin et al, 1983). Soybean planted into
standing plant residues produced yields equal to or better
than yields under conventional disk plant tillage (Campbell et
al, 1984}. Bartholomew et al, cit Ciha (1982) reported that
considerable variation in yields under zero-tillage between
seasons has been observed, and if examined under ideal
conditions, yield of cereals under zero-tillage will be equal
or sometimes higher than under conventional tillage. Wheat
grain yields ~<ith zero tillage was significantly greater than
yield using conventional tillage.
The objective of this study is to compare the effect of
several tillage methods on :(i} corn production planted after
rice in lowland rainfed; ( ii) economic return of corn
production planted after rice in 10\<land rainfed environments.

Material and Methods

A field experiment was conducted in lowland rainfed during
dry season 1986 in Rambatan, west Sumatra, Indonesia. The
field experiment 11as arranged in Randomized Block Design with
3 replication. Treatment consisted of two factors namely
tillage methods as the first factor ( e.g: zero tillage,
minimum tillage, and conventional tillage); and corn varieties
as the second factor ( e.g: Wiyasa, Arjuna, and H-6}. Plot
size was 9 x 6 m2 meter and plant spacing ~<as 75 x 25 em. Corn
seeds were dibbled at 2 seeds/hill and later thinned to one
plant per hill. Nitrogen at the rate of 90 kg N/ha 11asapplied
one-third at planting and the rest at one month after
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emergence. Phosphorus and Potassium ~1ere applied as basal at
the rate 135 kg P205 and 60 K20 jha respectively. To protect
plant from corn maggot, Furadan 3G was applied after emergence
to the corn tip. Preventive spraying with insecticide and
fungicide was done whenever needed.
Grain yield was determined from a harvest area of 3 x 1.5
m2. Treatment with the highest net benefit does not always
make the best recommendation. Economic return ( net benefit )
as defined by Perin et al, (1976) is gross
benefits minus
total variable costs. Total value of the product (total gross
benefit) was computed by multiplying the net product by price
farm gate. Net product accounted for 80% of agronomic yield.
To discard the unprofitable treatment, a dominance analysis
was used. A dominance analysis is carried out by first listing
the experiments in order of increasing costs that vary. Any
treatment that has net benefits that are less than or equal to
those of a treatment with lo>~er costs that vary is dominated.
Unprofitable treatments were discarded.
Marginal analysis is based on the marginal rate of return
(MRR)
~lhich is the marginal net benefit
(i.e, the change in
net benefits),
divided by
the marginal cost
(i.e, the
change in costs) , expressed as a percentage.
Marginal Net Benefits
MRR = ---------------------- X
Marginal Cost

100

To decide the treatment to be recommended the marginal rate
return (MRR) combined with residual analysis (Larrington,
1976) Residuals are calculated by subtracting the return that
farmers require (the minimum rate of return multiplied by the
total costs that vary) from the net benefits, is as follo>~ :
R

where

=

NB

(TVC X min ROR)

= residual
NB
net benefit
TVC
= total variable cost
min ROR
Minimum Rate of Return equal to 40%.
R

Results and Discussions

Data on total and net yield as affected by tillage methods
and varieties are presented in Table 1. Treatment no. 9
(conventional tillage, H-6 ) produced the highest yield as
much 4.81 tjha, and treatment No 5 (minimum tillage, Arjuna)
produced the lowest yield (3.35 tjha). Result showed that
different varieties have a different yields under different
tillage methods. H-6 variety produced the highest yield under
conventional tillage, however the yield was lower under zero
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and minimum tillage as compared to Wiyasa variety. Wiyasa
variety produced the highest yield 4. 50 tjha under minimum
tillage. Arjuna variety produced the highest yield under zero
tillage method (4.09 t/ha ) as compared to yield under minimum
and conventional tillage. This figure 11as apparently due to
varietal adaptation to different soil tillage practices
environment. Ho1·1ever statistical test on the tillage factor
sho11ed that tillage factor did
not significantly affect the
corn yield although the yield of conventional tillage
treatment numerically highest among the three • Young (1982)
reported that yield of corn was not significantly reduced when
minimum tillage system ~!ere used. Several studies reported
that corn yield under minimum tillage practices can be equal
to or greater than yields under conventional practices
(Wilhelm et al, 1986; Jones et al, 1968; olson and Schoeberl,
1970). Minimum tillage planting reduces the delay in planting
and conserves soil moisture (Stuckey, 1976 and Triplett,
1978). Corn variety apparently have a different yield
potential. Regardless the tillage treatments H-6 variety
produced the highest yield, 4.11 tjha which significantly
higher than other two varieties l'liyasa and Arjuna yield 3. 67
and 3.58 tjha respectively.
Evaluating the tillage methods and production cost (include
land preparation, planting, weeding, maintenance, harvesting,
shelling and transporting)
conventional tillage methods had
the highest production cost due to greater land preparation
costs (Table 2). This results confirm with Brovm et al (1989).
In term of economic returns high yields do not automatically
reflect the high benefit to the farmer. In this study partial
analysis shm1ed that
treatment No. 4 ( Hinimum tillage,
l'liyasa ) had the highest economic return as much as US.$
and total
variable cost. Results of dominance analysis
presented in Table 3 and illustrated in Figure 1. The
treatment No. 2, 5, 6, 7, 8, and 9 11ere dominant. To determine
the treatment to be recommended the dominant treatment were no
Table 1. Production and net production of corn as affected by
tillage methods varieties. Rambatan, dry season 1986.
Code
T1.
T2.
T3.
T4.
T5.
T6.
T7.
T8.
T9,

Treatments
(tillage,variety)

Production (tjha)
Total
Net

Zero tillage, Wiyasa
Zero tillage, Arjuna
Zero tillage, H-6
Minimum tillage, Wiyasa
Minimum tillage, Arjuna
Minimum tillage, H-6
Conventional tillage, Wiyasa
Conventional tillage, Arjuna
Conventional tillage, H-6

347

3.67
4.09
3.42
4.50
3.35
4. 09
3.80
3. 31

4.81

2.94
3.27
2.74
3.60
2.68
3.27
3.04
2.65
3.85

Table 2. Partial analysis of corn production as affected by
tillage methods and varieties. Rambatan, dry season
1986.
Treatments

Net.
Prod.

Total
Value

(t/ha) (US$/ha)
T1
T2
T3
T4
T5
T6
T7
T8
T9

2.94
3.27
2.74
3.60
2.68
3.27
3.04
2.65
3.85

Total
Net
Variable Benefit
cost
(US$/ha)
(US$/ha)

294.65
83.04
284.35
83.13
238.26
82.39
313.04 ·
98.26
233.04
97.61
284.35.
98.00
264.35•' 15L96
230.43
151.96
334.781' 152.35

172.61
201.22
155.87
214.78
135.43
186.35
112.39
78.48
182.43

-------------------------------~l---~L~--------------~------i'
! ,, .

longer considered. Residual analyilis r was done using 'treatment ·
No. 1, 3, and 4. The result presented ·in Table 4. Treatment
No. 4 showed the highest residual ( US.$ 169.58 ) •
Table 3. Dominance analysis of tillage methbds and corn
varieties experiment.
------------------------------------~----~-------------~----

Treatments

TVC'
(US$/ha)

T3
T1
T2
T5
T6
T4
T7
T8
T9

82.39
83.04
83.13
97.61
98.00
98.26
151. 96
151.96
152.35

=Zero tillage,H6
=Zero tillage,Wiyasa
=Zero tillage,Arjuna
=Minimum tillage,Wiyasa
=Minimum tillage,H6
=Minimum tillage,Wiyasa
=Convent. tillage,Wiyasa
=Convent. tillage,Arjuna
=Convent. tillage,H6

Net benefits
(US$/ha)
155.87
172.61
201.22
135.43
186.35
214.78
112.39
78.48
182.43

D
D
D
D
D
D

Table 4. Analysis of treatments using residuals.
---------------------------------------..;,-·.;...,....!..:_'_-,.:_-:-.;.._;,~~--.:;,;--._-

Total Vari
Treat

able cost

Minimum rat'e '
Net Benefits

of returns·

1

Resfdtials

ment
US$/ha(1)
US$jha(2)
US$/haf3)' US$/lia(2)-'-(3)
------------------------------------~-~~~~----~---~---~~---T4
98.26
214.78
45.20
169.58 .*)
163.02.
201.22
T2
83.04
38.20
'117.57'
T1
82.39
155.87
38.30
------------------------------------~---~~---~-~~---~~---~-*) maximum residual
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!

I

_~_··;,

I''

Net Benefit (US$)

250~--------~-----------------------------,

200

150
100
50

Total variable cost (US$)
Figure 1.. Total yariable costs .and net benefits _several
tillage·ll)ethods on.dorn planted after rainfed
loHland rice in Rambatan·, West Sumatra, Indonesia.
Dry season 1986.
summary
This experiment tvas conducted to evaluate the effects of
tillage methods on production and economic returns of corn
planted after loHland rainfed rice in Rambatan, West sumatra,
Indonesia. The soil of the experimental site is Grumosol, fine
clay in texture t·Tith origin from volcanic tuff deposit. The
three tillage treatments tested Here: zero tillage, minimum
tillage, and conventional tillage.
Three
corn
varieties
Here used in the experiment . They Here l'liyasa, Arjuna and H6. The experiment Has arranged in Randomized Block Design tvith
plot size 9 x 6 m and plant spacing of 75 x 25 em. Corn seeds
Here dibbled at 2 seeds/hill and later thinned to one plant
per hill. Nitrogen at the rate of 90 kg Njha Has applied onethird at planting and t~1o thirds one month after emergence.
Phosphorus and potassium at the rate of 135 kg P205 and 60 kg
K20 jha respectively Here applied at planting. Furadan 3G Has
applied on corn tips after emergence as a preventive cure
against corn maggot. For other insect and diseases, preventive
spray Has done Hhenever needed. Grain yield was determined
from a harvest area of 3 x 1.5 square meter. Economic return
was based on net production value minus operational costs.
Time used for land preparation,
Heeding,
other crop
maintenance, harvesting and shelling Here recorded during
operation. Net production \Vas estimated as 80% of total crop
production {Perin et al, 1976). Local price of corn and local
standard for labor payment Here used in the economic analysis.

Results of this study indicated that corn yield was not
affected by tillage methods.

Grain yield obtained from
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zero

tillage plots v1as comparable to yield in the minimum tillage
and conventional tillage plots. Among the corn varieties
tested, H-6 improved corn variety with conventional tillage
gave the highest yield. However in term of economic return
l'liyasa with minimum or rm1 tillage gave the hi<Jhest economic
return. Implication of this result is land preparation in
planting corn after lowland rice can be minimized by
practising
minimum or row tillage without reducing yield.
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LAND PREPARATION TECHNIQUES IN SOUTH PACIFIC
AGRICULTURE
S.T. Willatt
The University of the South Pacific,
Suva, Fiji.
To identify a typical cropping system for the South
Pacific Region is not easy.
There are many forms of
cropping systems; the traditional garden, the multistorey
garden, monocropped root crops and shifting cultivation.
Each has its own specific criteria for description, but each
relies on a number of interacting factors which are needed to
identify a cropping system and these included man 1 s need, the
biological availability of material, the environment of the
area under review and the economics of subsistence or cash
cropping (Chandra, 1983 and Willatt, 1990). Putting these
aspects together for such a widely divergent area as the
South Pacific is not a simple task, although in many cases
land preparation is a relatively simple process being done
by hand and planting holes made.
However more complex
management systems are used and that found in the Solomon
Islands which dates back 400 years, but which no longer
exists (Rae, 1989) and another which dates.back 100 years in
Fiji (Watling, 1984) are examples of terraced agricultural
systems on to which is superimposed the growing of taro in
monocropping.
Another important factor is that superimposed on any
system used is complex land tenure and traditional land

ownership rights which applies in the Pacific Islands.
To set the scene before discussing actual land preparation
other factors such as climate variability and soil types will

also be discussed. The area of the (South) Pacific covered
by this paper is from 2°N to about 3o•s and from about 155°E
to 13s•w.
CLIMATE
Three aspects of climate are important these are rainfall,
evaporation and temperature.
Rainfall is the most variable
between locations and within location.
The range of annual
rainfall is 800 mm in some parts of Kiribati in a dry zone
just south of the equator and associated with the position of
the South Pacific convergence zone and the Intertropical
convergence zone, to over 5000 mm in the wet zones around the
Solomon Islands and on the eastern side of some of the larger

islands (Nullet, 1987 and Reddy, 1989).

There is an irregula-

rity in the rainfall from season to season controlled to a

degree by the El-Nino-Southern Oscillation Phenomenon (Reddy•
1989). As an example of the dry zone, an island like
Christmas Island (2°N 157°W) has an annual average rainfall
of 840 mm however the range is 180 to 2600 mm.
Looking at
the lowest 12 month rainfall 117 mm fell between June 1949
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and May 1950 while 4309 mm fell in the 12-months to May 1983,
(Falkland, 1983),
With such highly variable rainfall agricultural development is at a low level in some locations.
On the larger islands the rainfall can still be highly
variable but on most there is a distinct locational effect.
For example the eastern side of New Caledonia, Solomon
Islands and Fiji are often referred to as the wet side
of the Islands while the western side is dry and this has
enabled the climate to be described in terms of wet (> 3000 mm
yr-1); intermediate (2000-3000 mm yr-1); and dry (< 2000 mm
yr-1) zones,
Once again within each of these zones there is
variability and an example from the intermediate zone of Fiji
is at Labasa 16° 25'S and 179° 23'E where mean annual
rainfall is 2290 mm the annual rainfall range varies from
lowest 940 mm to highest 4220 mm other examples are available
for the region.
Evaporation is a much more conservative climate variable
and Nullet (1987) gives the annual potential evaporation
calculated using the Priestley and Taylor (1972) approach,
these figures range in general from 1600 to 1800 mm over the
Pacific Region.
Data from one location in the dry zone in
Fiji i.e. rainfall < 2000 mm has an annual evaporation of 1833
mm.
Nullet and Giambelluca (1988) point out that there are
many areas in which the ratios of actual to potential evaporation fall below a threshold that is one likely to lead to
drought and values of this ratio < 0,5 lead to extended
periods when crops are under stress or will not grow in many
Pacific countries.
Temperature is also important for crop growth.
For many
islands there is a seasonality of temperature so that some
crops must be grown in specific seasons e.g. rice in the
summer in the more southern latitudes.
Pre rainy season
temperatures are likely to be high in bare soil making
mulching a possible treatment for crops.
Soil temperature is
probably a more significant variable than air temperature but
with few data available that which is indicates temperatures
close to 30°C at 5 em (Anon, 1989), a value which is close
to optimum for many agricultural crops grown in the tropics.
Before discussing the soils of the region examples are
given in Table 1 of the crops which are best grown in the
different climate zones of the larger islands (a mixture of
annual and perennial crops).
In all countries in this area
high intensity rainfall occurs and soil erosion can be a
problem and has been identified as such, both quantitatively
and qualitatively from anectodal evidence.
SOILS
Classification of soils of the Pacific Island countries has
been fairly extensive e.g. Leslie (1982) gives a summary of
the status of classification systems of some 20 island nations
in the Pacific region.
In the area defined in this paper
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TABLE 1
CLIMATE ZONES AND CROPS GROWN

Rainfall

Wet
>3000mm yr-1

Intermediate
2000-3000 nm yr-1

Dry
<2000 mm yr-1

Seasonality

Weak

Moderate

Strong

Crop
best zone
for growth

Coconut
Ginger
Taro
Yaqona
Coffee

Cocoa

Bananas

Sugarcane
Sorghum
Upland rice
Pineapples
Mangoes
Yams

Rice

Pulses

Vegetables
Maize
Tobacco

Sweet potatoes

there are 15 countries and only these will be noted.
In
these countries only one has no survey Tokelau although of
the other 14 not all are complete.
In all cases except
Wallis and Futuna some of the surveys have been carried out
using the Soil Taxonomy approach (Soil Survey Staff, 1975)
although again this work is not complete.
Using soil taxonomy should enable scientists to transfer
''technology'' readily from one location to the other.
Information from a soil in a particular location may assuming
conditions are similar allow technology transfer.

Detailed soil classification using Soil Taxonomy is
available for the countries presented in Table 2 and eight of
the ten taxonomic classes are represented in the table.
This
information was collected from various sources including
Lee et al (1989), Chase et al (1986), Morrison et al (1986)
and other material.
The area of these soils may be small,
however, some of the countries listed are also small (including the atoll islands).
In attempting to evaluate the problems likely to be
associated with some of these orders Lee et al (1989) lists
water and nutrients as being limiting in some Alfisols
and Ultisols; drainage being a problem in Entisols, Histosols
and Mollisols; and water being in problem in Oxisols and
some Mollisols.
Although nutrients are not noted as the
major limitation, in all locations nutrient deficiency
does occur in nearly all of the soils listed Lee et al
(1989).
Topography has not yet been mentioned but the soil-topography interaction is important because of the consequences
of erosion.
Much land on the larger islands is steep land
and is therefore prone to erosion and Willatt and Harrison
(1990) list some values of erosion measured and calculated
for Fiji.
Even with adequate vegetation cover i.e. virgin
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forests estimates of soil loss was greater than the 13,5
t/ha given by Hudson (1971) as the amount of soil which
can be lost each year,
It is assumed that this is the
amount of soil produced each year under tropical conditions
that prevail in this region.
Values as high as 90 t/ha/yr
occur where some form of agriculture takes place.
In another
estimate soil loss was 45 t/ha/yr from a catchment in the
wet eastern part of Fiji of which less than 10% was cleared
Glatthaar (1988).

TABLE 2
SOIL TAXONOMY CLASSES WHICH OCCUR IN THE PACIFIC REGION
Taxonomy Class

Countries in which class is found.

Alfisols

Cook Islands, Fiji, New Caledonia, Solomon
Islands, Tonga, Vanuatu,

Entisols

Cook Islands, Fiji, French Polynesia,
Kiribati, Niue, Solomon Islands, Tonga,
Tuvalu, Western Samoa.

Histosols

Fiji, French Polynesia, New Caledonia,
Solomon Islands, Vanuatu,

Inceptisolp

Cook Islands, Fiji, New Caledonia, Niue,
Solomon Islands, Tonga, Western Samoa,

Mollisols

Cook Islands, Fiji, French Polynesia,
Kiribati, New Caledonia, Solomon Islands,
Vanuatu.

Ultisols

Cook Islands, Fiji, New Caledonia, Solomon
Islands, Vanuatu.

Vertisols

Fiji, New Caledonia, Vanuatu.

LAND PREPARATION TECHNIQUES
Tillage in its modern context is described as the manipulation of the soil to control weeds (to reduce competition
for light, water and nutrients); prepare a seedbed into which
the seed is sown to produce the correct structure for plant
growth.
Tillage methods practiced in the region attempts to
achieve the same goal,
This should be kept in mind when
considering tillage systems in the Pacific.
In a review of cropping systems, Willatt (1990) identified
a range of these which included the traditional multistorey
garden, multiple cropping, monocropping in rotational
agriculture and shifting cultivation.
As noted earlier much
of the 11 tillage 11 or land preparation techniques in these
systems is concerned with making planting holes for crops
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such as taro/dalo, after the soil has been forked.
Another
important tillage aspect is making mounds for crops for
various reasons.
A review of Melanesian Pacific Agriculture made in the
late 1960s identified in the region various tillage practices
(Brookfield and Hart, 1971), and some of these are listed in
Table 3,
A number of these practices are used to manipulate
the soil, i.e. deep holing; tillage or turning; and mounds;
for hundreds of years and in many areas are still a major form
of soil working,
Soil working is therefore still done with
hoes and digging sticks.
Brookfield and Hart (1971) relate
practice to locations and give a summary to the cultivation
ranking of these locations.
Many of the locations described
by them are in Papua New Guinea not the subject of this review
but locations in New Caledonia, Fiji, Solomon Islands and
Vanuatu indicate some tillage was and is done to prepare crops
grown in gardens worked by Melanesian Agriculturalists or
Farmers.
In the Solomon Islands terraced agriculture was
observed by Alvaro de Mendana (Roe, 1989) over 400 years ago
TABLE 3
CULTIVATION TECHNIQUES USED IN PACIFIC AGRICULTURE
(Brookfield and Hart, 1971)
TECHNIQUES

REMARKS

Clearing without fire

Weeding to remove trash from
gardens.

Deep holing

Soil excavated, crumbled and
replaced around plant.

Tillage or turning

Surface is broken with digging
sticks, to remove grass roots
by hand.

Mounds, ridges or squares
Large mounds

Mounds are larger than 50 em
in height.

Slope retention

Logs to contour rows: small
fences or banks.

Drainage

Ditches dug to drain wet areas
(large or small).

Irrigation

Often to terraces usually
small in extent-taking water
from running streams.

in which the crop was identified as dalo/taro.
In many
locations in the region villages and communities are still
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inaccessible by road and thus non mechanised techniques are
still of necessity ones for the survival of these groups.
The mechanics of digging with a hoe has not been studied in
detail however the result of hoe penetratiosn is in general
similar in form to that shown in Figure 3.60 of Koolen and
Kuipers (1983) where a series of pictures are shown of blade
penetration in the soil.
The shape of crack and its extent
being determined by the varying shape of the hoe the soil
type and condition and the rate at which the user applies the
hoe.
In studying an irrigated terrace cultivation system for
growing dalo in Fiji and consistent with that in the Solomon
Islands Watling, (1984) reviews some of the older writings
and indicates ''digging sticks were used to lever holes in
which the stems (of dalo) were planted''.
This was after the
soil had been dug with a fork.
Another interesting observation quoted by Watling from a report in the 1880s was the
preferred soil was a ''stiff, rich clay, worked into a consistency of mortar".
Irrigation of this crop was essential in
drier areas.
This technique is used extensively still in the
Pacific Region and again no work has been done on how much
compaction is induced by the digging stick, but a conceptual
sketch is presented in Figure 1.
The shape of this hole being
determined by soil conditions, stick shape and the number of
times the stick is driven into the soil.
The mechanics of
holes with compression is discussed by Koolen and Kuipers
(1983) where
~if"'_,.>"/
( cr- being the stress and "/
is the vertical stress).
No work has been done either to see
if the preparation of this planting hole does influence
yield.
Dalo/taro are important export crops from Western Samoa and Fiji and smaller amounts from some of the smaller
islands as a result of the emmigration of Island people to
other Pacific Rim Countries.
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FIGURE 1

a) Planting stick in planting hole and direction
of stress components,
b) Consolidation lines expected as a result of
repeated driving of planting stick.
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Plantation crops dominate the region and a range of crops
are grown, however coconut has the widest distribution,
In
these plantation annual crops are sometimes grown beneath
the coconuts or cattle graze as a management strategy.
Other crops in which the soil is worked regularly and which
are important are sugar (Fiji), rice {Fiji), vegetables
{various countries), ginger {Fiji) and dalo/taro {various
countries),
With these crops a range of ploughs and harrows
are used but still much work is done by hand,
The extent of
mechanisation in the Pacific region is difficult to fully
assess so the situation in Fiji is mentioned,
In the
Agricultural Review of 1978 (Rothfield and Kumar, 1980) the
size of farm (many of which are leased), the number of
tractors, draught animals and soil working implements are
listed and a summary is given in Table 4,
The data indicates
that most of the tractors are on the largest island in Fiji
(Viti Levu) and on non-traditional farms,
On farms with
tractors some had 2 tractors as the average number per identified farm was 1.3.

TABLE 4
TRACTORS AND DRAUGHT ANIMAL FIJI 1978

Mode of power

Ploughs

Harrow

Other
Implements

Tractor

4000 3

4640

520

850

Bullocks

43900 )2

21900

17430

7760

Horses

38090

~

1.

Other implements include scarifiers, rotary cultivators,
ridgers.

2.

Bullocks are used usually to pull the heavier equipment
and horses the lighter equipment.

3,

This number has increased but the latest census results
were not available in 1990.

Mechanisation on other islands is also limited e.g. in
Tonga 89% of farms are smaller than 6 hectares and are used
by subsistence farmers (fulltime or part time) Kunzel
(1989)
although some of the larger farmers use tractors with the
standard ploughs Delforce (1988).
While in New Caledonia
the indigenous farmers still use the old techniques while
mechanised farming is mainly in the hands of white farmers.
Ethnic origin is important in Fiji,
Many of the sugar
cane farmers are of Indian origin and most rice was grown by
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Indian farmers as a stable for food.
However more Fijian
farmers are moving into these crops.
Sugar cane farms are
generally small however some now use tractor drawn ploughs as
well as bullocks for the primary cultivation with mouldboard
or disc ploughs,
Weeding operations after the sugar has
started to grow and before complete canopy will be done with
animal drawn harrows.
Other operations may be done by hand.
Thus ploughing operations will be no different to those
practiced in mechanised and semi mechanised countries.
The similarity between rice cultivation in Fiji to that in
other Asian and South-east Asia countries is shown in
Figure 2,
The sequence is ploughing and harrowing sometimes
under water and final leveling,
It has been shown in
Indonesia that different soils respond differently to puddling
and working in this way, a clay (Vertisol) when puddled will
give lower or equal yield while a loam (Regosol) when puddled
will give a higher yield, Table 5 (Willatt and Tranggono,
1989),
Physical properties which are influenced by puddling
and which appeared to be important for crop growth are bearing
capacity of the resulting mud, depth of the puddled layer and
the penetration resistance of the hard pan.

FIGURE 2.

Pudding Soil for rice cultivation.

TABLE 5
EFFECT OF PUDDLING OF SOIL ON FIELD OF RICE
Soil type
Clay (Vertisol)
Loam (Regosol)

Yield of rice t/ha
Puddled
Not Puddled
,, . 5
4.1

6.0

5.4
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Atoll agriculture is important in the South Pacific as
there are over 270 atoll islands in this region.
These are
low lying coralline sands and most have a freshwater lens
which is tapped for domestic water but also in some cases
used for agriculture.
The main form of working in this
system is to dig a hole often to the freshwater lens so that
the crop (often swamp taro) can have its roots in the freshwater.
Extensive use of mulch is also used in this system as
it is in many traditional gardens to help consume water but
also to supply some nutrients in an essentially sterile
system.
In the larger atoll islands traditional multistorey
gardens occur and many have coconuts as a stable crop.
The
fragile nature of the islands makes extensive mechanised

agriculture difficult.
To sum up the situation in relation to land preparation or
tillage systems in the Pacific Region it is apparent that
increasing population and higher standards of living are the
motivation for increased agricultural production.
In landscapes that are fragile, the atoll island, or the steep slopes
of the high islands agriculture must first attain to a
sustainable system.
It is probably irrelevant to think of
large scale mechanisation because of small sizes of farms,

high cost of mechanisation and inaccessibility.
The IBSRAM
PACIFICLAND project is entitled ''The Management of Sloping
Lands for Sustainable Smallholder Agriculture in the Pacific".
In this network of experiments the emphasis is not on
mechanisation but on smallholders and sustainability and in a
number of the experiments the land preparation will be done

by hand.
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CONTROLLED TRAFFIC AND DIRECT DRILLING TO IMPROVE
IRRIGATED ROW CROP ESTABLISHMENT IN TilE TROPICS
M.V. Braunack and J.E. McPhee
Queensland Department of Primary Industries, P.O. Box 591, Ayr, Qld, 4807,
Australia.
Introduction
Crop establishment had been identified as a constraint to agricultural production in
the Burdekin area, north Queensland, by early soil surveys (Thompson, 1977), This
was largely due to the problem of surface crusting and timeliness of operations for
seedbed formation. The major soil types have a narrow time window of suitable water
content for tillage.
With the availability of irrigation water and no climatic constraint it is possible to
grow two crops per year in the Burdekin. However, due to the narrow time window
for harvest and seedbed preparation it is often possible to grow only one crop per year
using conventional cultivation.
Purpose
The purpose of this trial was to determine the potential of controlled traffic in an
irrigated situation to improve the reliability of growing two crops per year, reduce soil
structural decline due to intensive and frequent tillage and to reduce energy inputs.
Also, an attempt to quantify seedbed conditions that resulted in good crop establishment
was made. Previous work indicated that maize. and soybean could be grown with
varying success, but little or no seedbed characterisation had taken place (Braunack et
al., 1988).
The Experiment
A trial was conducted at the Millaroo Research Station, north Queensland (20"27'S,
147"165'E). The area is climatically classified as the dry tropics with marked dry and
wet seasons.
The soil is a grey cracking clay and is classified as aUg 5.29 (Northcote, 1977) and
as an Entic chromustert (Soil Survey staff, 1975). Some soil physical and chemical
properties are given in Table I.
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Table 1 Physical and Chemical Properties of the Ug 5.29 Soil Type

oc

CEC

%

meq/!OOg

51

0.92

34

38

!8

20

52

0.58

35

38

!9

21

54

35

40

!9

Particle Size Disn.
FS
Si
Cl

Depth
em

pH

EC

1:5

mS/cm

0- 10

7.5

0.05

8

18

20

20-30

8.6

0.06

6

15

50-60

9.0

0.20

8

19

OC

=

Organic Carbon; CS

cs

=

Coarse Sand; FS

= Fine Sand; Plastic Limit

Moisture
33kPa
1500kPa

=

22%.

The trial site was uniformly cultivated to a depth of 0.2 m before the following
treatments were imposed, namely 1. controlled traffic with stubble retained (i.e.
permanent beds) (CT + S), 2. controlled traffic with stubble incorporated (i.e.
conventional tillage on beds) (CT - S), and 3. conventional cropping on ridges (i.e.
random traffic and conventional tillage (R).
All equipment was modified to run on 1.5 m wheel track and the crop row spacing
was 0.75 m. Plots consisted of three beds or six ridges 50 m long and treatments were
replicated three times. Irrigation was applied at low flow rates so the beds and ridges
wet largely by capillarity. Irrigation was on a seven day cycle.
Various soil parameters were measured at 0-5 em and 5-10 em depths to assess
seedbed condition. These were:
water content (gravimetric) and bulk density
(undisturbed cores 7.5 em dia. x 5 em high) at sowing; aggregate size distribution
after sowing; soil temperature (T-type thermocouples at 5 and 10 em, logged at 3 h
intervals) and water content between sowing and emergence; and, at a later date, cone
index cross-sections across beds, ridges and furrows. Mean day of emergence was
calculated and the percentage emergence and establishment were calculated after
correction for laboratory germination. The tractors used were instrumented to measure
energy use.
A two crop per year was adopted, with maize being grown as the winter crop and
soybean as the summer crop.
Conventional seedbed preparation may consist of up to five tillage operations before
planting. With the controlled traffic stubble incorporated treatment, as few as three
tillage operations have been used for seedbed preparation, but it is more likely that five
or more operations will be required. Tillage is done when the soil is around 0.9 PL,
which corresponds to a gravimetric water content of 19.8 percent. The controlled
traffic/ permanent beds treatment was direct drilled so no tillage was done prior to
planting. A pre-emergent herbicide application and a furrow cleaning operation were
the only other operations.
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Results and Discussion
Seedbed and Plant Response
Discussion is limited to a maize crop sown in the winter of 1989. Similar results
have been obtained for the soybean crops. To date three maize crops and two soybean
crops have been grown since commencement in the winter of 1988.
There was little difference in soil water content between all treatments. The ridges
were initially drier, but after irrigation were wetter and tended to remain so compared
with the controlled traffic treatments (Fig. 1). A similar situation was observed with
soil temperature, where there was little difference between controlled traffic treatments,
but the ridges were cooler (Fig. 2). This is presumably due to the ridges being wetter.
The water contents and temperatures measured were within the optimum for
germination and emergence of maize (Hunter and Erickson, 1952; Allmaras et a/.,
1964).
To maximise seed-soil contact, seedbed aggregates should be one fifth to one tenth
the size of the seed (Hadas and Russo, 1974). This corresponds to aggregates of 0.6 to
1. 3 mm for maize, which is smaller than the 1 to 5 mm size suggested as providing
optimum seedbed conditions (Russell, 1973), and is smaller than the size ranges sieved
out in this study (Table 2). The seedbeds tended to be relatively coarse at the 5 - 10
em depth, and the ridges contained the highest proportion of aggregates in the 1 to 5
mm range (Table 2). All seedbeds were similar in the 0-5 em depth. It appears that
aggressive tillage may not be necessary to produce a suitable seedbed, but that soil
water content at tillage may be a more important factor. Similar observations have
been made by Braunack and McPhee (1990).
Table 2 Measured Seedbed Properties for Maize Sown 27/9/89
Treatment'

Depth

Property

Water

CT

+S

CT- S
R

0-5
5-10
0-5
5-10
0-5
5-10

Content
at Sowing
(w/w)

Total
Porosity

Mgm3

5.0
8.2
5.4
11.5
3.8
5.7

0.65
0.52
0.64
0.54
0.62
0.53

0.94
1.27
0.95
1.22
1.00
1.24

BD
<1

Aggregate Size Distribution
5-15
1-2
2-5

>15

21.3
8.1
26.2
7.0
25.4
24.4

49.6
82.5
45.0
83.4
42.1
43.5

9.0
2.7
7.6
2.4
8.9
9.3

6.3
2.8
5.9
2.4
7.5
7.0

13.8
3.9
15.3
3.7
16.2
15.8

The CT - S and R treatments took approximately half a day longer to emerge than
the CT + S treatment (Table 3). This may be important in a surface crusting or hard
setting soil where rapid emergence is not critical. The final percentage establishment,
however, was greater on the CT - S and R treatments compared with the CT + S
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treatment. These percentages are greater than those achieved in the past (Braunack et
al., 1988). Where establishment has been poor it is usually related back to poor
management. It appears from these results that large seeded species are relatively
tolerant of coarse seedbed tilths. However, the interaction between aggregate size
range, soil water content, temperature and aeration is more important than any single
factor.
Table 3 Plant Data For Maize Sown 27/9/89
Treatment 1

1

See Text;

Emergence

Percentage 2
Establishment

cr + s

8.1

81.9

cr-s

8.7

87.0

R

8.5

92.8

2

Mean Day of

Based on seed counter and corrected for lab. germination.

The only yield data to date is for the soybean crops grown during the summer 88/89
and 89/90. The CT + S and CT-S plots yielded 1.3 and 1.1 t ha' 1, respectively for
the 88/89 season. The conventional ridges were not planted because it was too wet to
prepare a seedbed. However, the CT+S, CT-S and R plots yielded 2.6, 2.5 and 2.1 t
ha- 1, respectively for the 89/90 season. These compare with district averages of
between 2.5 to 3 t ha- 1•
Timeliness
The CT + S treatment has resulted in a marked improvement in timeliness of field
operations. Data has been collected with respect to the number of days after harvest of
one crop to the first planting opportunity for the next crop for each of the treatments.
The CT + S treatment has given a timeliness advantage of at least five days in all
seasons, regardless of rainfall (Fig. 3). During the change over period between a
winter and summer crop, this five day advantage may be the difference between
planting and not planting a crop. Rainfall prevented seedbed preparation and planting
on the conventional ridges in the 1988 summer season. In one instance, controlled
traffic enabled side dressing of fertiliser three days earlier than on the ridged plots.
Similar results have been observed by Burt et a/. (1986).
Energy Aspects
Conventional seedbed preparation in the Burdekin area may consist of up to five
tillage operations before planting. The CT - S treatment may use up to five tillage
operations, but as few as three have been used. The CT + S system uses two
operations prior to planting, a furrow cleaning pass and knock-down herbicide
application. All treatments receive a pre-emergent herbicide application.
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The reduced number of operations for the CT + S treatment has led to considerable
reductions in energy use compared with the other two treatments (Fig. 4). In some
instances there have been reductions in energy use of approximately 40 percent for the
Similar observations have been
CT + S compared with the other two treatments.
made by several workers using controlled traffic,(Voorhees, 1979; Murray and
Tullberg, 1986; Lamers et a/., 1986). The elimination of deep ripping to alleviate
soil compaction has reduced the energy requirement considerably.
Soil Strength
The lateral spread of compaction from the permanent laneways into the plant growth
zone may be a concern with controlled traffic systems. A distinct columnar soil
strength profile is developing under the CT + S treatment (Fig. 5a). High strength is
not evident under the furrows because they experience only four traffickings in each
crop cycle. There is no evidence of soil strength increase in the crop growth zone.
Under the CT - S treatment, there is evidence of soil strength buildup under the
furrows (Fig. 5b). This is due to a higher level of traffic, since conventional tillage
operations are done on the tops of the beds in this treatment. Columnar profiles of
strength are also evident, with little lateral spread of high strength between the furrows.
However, there is some evidence that zones of higher strength exist closer to the
surface under this treatment compared with the CT + S treatment, which may indicate
the beginnings of a plough pan. There appears to be a build up of strength across all
furrows in the conventional ridging treatment (Fig. 5c). The higher strength zone
appears to be closer to the surface compared with the controlled traffic treatments. It
should be noted that soil strength which will limit root growth (2MPa) occurs under the
conventional ridging treatment, but not under controlled traffic.
By using narrow tyres on the tractor used for controlled traffic, soil strength
increases in the furrow base, but does not spread laterally into the plant growth zone.
Conclusion
Although there are no yield differences between treatments, there are large benefits
in timeliness of operations and reductions in energy input for a controlled traffic system
compared with a conventional ridging-up system. It is a system where compaction can
be managed for benefit by concentrating its effects in the traffic lanes and avoiding it in
the crop growth zone.
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Fig.' 5. Cone index profiles (kPa) across beds, ridges and furrows for the
a) CT + S, b) CT - S and c) R treatments.
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EFFECT OF SEEDBED PREPARATION HETHOD ON SOIL PROPERTIES AND CROP YIELD
IN A RICE FALLOW OF SOUTHWESTERN NIGERIA
N.R. Hulugalle, H.C. Palada and R. Carsky
International Institute of Tropical Agriculture, Ibadan, Nigeria

Abstract

The effect of mounds (lm diameter, lm high) and ridges (0.3m high, 0.3m
wide) on soil properties and yields of cassava and sweet potato were
studied in a rice fallow of an inland valley swamp during the dry seasons
of 1988-89 and 1989-90. Surface soil properties were monitored;after
planting,on ridge and mound surfaces and ridge and mound furrows. Particle
size distribution did not differ significantly either between treatments or
locations. Seedbed preparation method did not have any significant effect
on surface soil, physical and chemical properties. Between locations,
however, bulk density, proportions of meso- and micropores, and soil water
content at potentials of -10 kPa, -100 kPa and -1500 kPa were greater, and
proportions of macropores, soil water content at saturation, levels of
organic C, total N, Bray-P and exchangeable }fu were lower in furrows of
ridges and mounds compared to ridge and mound surfaces. Maximum diurnal
soil temperature at a depth of 0.05m and diurnal fluctuations in soil
temperature were lowest in furrows. In relation to ridge surfaces, soil
temperature of mound surfaces on clear, sunny days was greater. Soil
matric potential in the 0.2m and 0.6m depths indicated that, in general,
the soil environment of the mounds was drier than that of the ridges.
Tuber yield of cassava was higher on ridges than on mounds. Tuber yield
of sweet potato was not significantly affected by seedbed preparation
method.
Introduction
Lowland rice production in Hest Africa occurs in ecologies such as
inland valley swamps, riverine floodplains and mangrove swamps (Hekstra et
al., 1983). Among these ecologies inland valley swamps are reported to be
potentially the most productive (Ashraf, 1987). The total area of inland
valley swamps in West Africa is estimated to be between 10.1 and 21.8
million hectares (Hekstra et al., 1983). They are, in general, narrow,
and are characterized by shallow water tables during the dry season (Hekstra
et al., 1983). Dry season cropping is, therefore, possible in inland
valley swamps (Ashraf, 1987). The most common crops are cassava (Hanihot
esculenta 9~.:;tl!t_~.!), sweet potato (Ipomea batatas), cowpea (Vigna Unguiculata
Walp.), maize (Zea mays L.), groundnut (Arachis hypogea) and vegetable
crops (Ashraf, 1987). Land preparation methods include construction of
mounds (0.4 to !.Om high, 0.7 to 2.5m in diameter) and ridges (0.2 to 0.4m
high), and flat cultivation to a depth of 0.05m, with mound construction
being the most popular (Ashraf, 1987). Factors such as crop type, ease of
harvesting, reduction of labour in land preparation for the subsequent rice
crop, improvement of soil fertility, reduction of waterlogging and better
weed control are frequently cited qs reasons for mound construction
(Ashraf, 1987). Quantitative supportive evidence for such claims is sparse
although in relation to flat cultivation and no-tillage, mounding results
in a drier, more porous and hotter seedbed (Hulugalle and Palada, 1990).
Effects of other seedbed preparation methods on the soil environment of
inland valley swamps are unknown. The objective of the present study,
therefore, was to quantify the effects of two seedbed preparation methods
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commonly used by farmers in inland valley swamps, ie. mounds and ridges, on
surface soil physical and chemical properties, and crop yields.
Haterials and Hethods
The experiment was conducted in an inland valley swamp at the
International Institute of Tropical Agriculture (IITA) in Ibadan Nigeria
7° 30'N, 3°54 1 E) during the dry seasons of 1988-89 and 1989-90, The IITA
is located in the forest-savannah mosaic zone of southwestern Nigeria.
Mean annual rainfall is 1250 mm. The rains usually commence in late Harch
and continue until early November with a short break during the July-August
period. The dry season lasts from-November to Harch.
The soil at the experimental site is an isohyperthermic Aerie Tropaquent
with a sandy loam topsoil overlying a loamy sand subsoil (Hoormann et al.,
1975). Particle size analysis showed that the surface 0.10m consisted-;£
65% sand, 13% silt and 20% clay. Effective CEC was 57.0 mmol (+) kg-1 with
36.1, 17.1 and 0.9, mmol (+) kg-1 being contributed by Ca, Hg and K,
respectively. Soil pH (water), organic carbon, total nitrogen, and Bray-1p were 6.5 1.6%, 0.13% and 12.6 mg kg-1, respectively. Bulk density was
1.35 Hg m- 3•
The seedbed preparation methods studied were mounds (lm diameter, lm
high, 8 per plot) and ridges (0.3m high, 0.3m wide, 5 per plot spaced at
lOrn intervals) constructed with handhoes. The experimental design was a
randomized complete block design with 4 and 5 replications in the 1988-89
and 1989-90 dry seasons, respectively. Plot size was lOrn x Sm. Six 0.2m
long cuttings of cassava (Manihot esculenta Crantz. cv. Bokungi) were
planted on 20 December 1988 at random on mounds following farmer practice
at spacings ranging from 0.8 to 1.25m resulting in a plant population of
9600 plants per hectare. Plant spacing on ridges was lm x lm, resulting
in a plant population of 10,000 plants per hectare, During 1989 (13
December) total plant populations were doubled from those of 1988 by
interplanting 0.3m long sweet potato (Ipomea batatas cv, TIS 9465)
cuttings with the cassava. No fertilizer was applied during the trial
although 90 kg, 60 kg and 60 kg per hectare of N, P and K, respectively,
were applied when rice was grown• on the site during the rainy season.
One week after planting in 1988 and 1989 soil cores of 51 mm diameter
and 50 mm high were taken at random from the 0-0.05m depth of ridge and
mound surfaces and furrows. Five cores were taken from each sampling
location (ie. surface and furrow) in every plot. The cores were saturated
by capillarity and soil water retention at saturation, and at potentials of
-10, -100 and -1500 kPa determined using the pressure plate apparatus
(Klute, 1986). Bulk density of the same cores was determined following
oven-drying at 105°C. Apparent pore size distribution was inferred from
soil water retention characteristics using t·he capillary rise equation
\f= -2cJ/rpw where ~is soil water potential, r is radius of the curvature
of the interface (ie. pore radius1 r5" is the surface tension and Pw is
density of water (Campbell, 1985). Composite soil samples taken
concurrently from 10 locations in the 0-0.0Sm depth of ridge and mound
surfaces and furrows were air-dried, ground and analyzed for particle size
distribution (hydrometer method) (Klute, 1986), organic carbon (dichromate
oxidation), pH (1:1 soil:water suspension), total nitrogen (Kjeldahl
digestion), Bray-1-P and lN ammonium acetate-extractable Ca, Hg, K, Mn and
Na, and lN KCl-extractable total acidity (Al+H) (Page et al., 1982).
Diurnal variation in soil temperature at a depth of O.OSm was measured at
2h intervals on surfaces and in furrows of ridges and mounds on 22
December 1988, and 25 January and 17 February 1989 during the 1988-89 dry
season with mercury-in-glass bent-stem soil thermometers. During the
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1989-90 dry season soil temperature in the same depth was measured with
bimetallic soil thermometers on 19 December 1989, and 18 January and 10
February 1990. Soil water content in the 0.02-0.07m depth adjacent to the
thermometer was measured by gravimetric sampling at 1500 h on the same
days diurnal soil temperature variation was monitored. Soil matric
potential at depths of 0.2m and 0.6 m1 in each plot was monitored
throughout the growing period with vacuum-gauge dial-type tensiometers.
Depth to water table was measured at 4 locations within the experimental
site at 7 to 10 day intervals.
Results and discussion
Water table depth
Depth to water table was lower during the 1989-1990 dry season, ranging
from 0.22m to 0.43m, in comparison to the 1988-1989 dry season when depth
to water table varied between 0.44m and 0.92m (Fig. 1), The observed
differences in water table depths and fluctuations may be due to the
occurrence of light rains during January and February 1990.
Soil physical properties
Particle size distribution was not significantly affected by either
seedbed preparation method or sampling location. Hean sand, silt and clay
contents in the 0-0.05m depth were 63%, 16% and 21%, respectively, in 1988
and 62%, 14% and 24%, respectively, in 1989. Bulk density, soil water
retention, and apparent pore size distribution did not differ significantly
between seedbed preparation methods (Tables 1 and 2). Between sampling
locations, however, bulk density, proportions of micro- and mesopores
(pores with radii <1.4pm and 1.4-14.4~m, respectively), and soil water
contents at potentials of -10, -100 and -1500 kPa were significantly
greater (P<0.01), and proportions of macropores (pores with radii >14.4~m),
and soil water content at saturation were significantly lower (P<0.001) in
furrows compared to surfaces of ridges and mounds. The greater compaction
in furrows may be due to the exposure of the 1 plowpan 1 during ridge and
mound construction (Hoorman and Van Breemen, 1978). Construction of
mounds and ridges results, therefore, in a loose, uncompacted seedbed
which is highly conducive to the growth of root crops (Onwueme, 1978).
Soil chemical properties
Significant differences did not exist between mounds and ridges with
respect to soil chemical properties, although levels of organic C, totalN,
Bray-1-P and exchangeable mn were significantly greater (P<O.Ol) on ridge
and mound surfaces in relation to their respective furrows (Tables 1 and 2).
A fertile seedbed is, therefore, created by concentration of the nutrientrich topsoil during ridge and mound construction (Kowal and Stockinger,
1973). The differences in exchangeable Hn levels between surfaces and
furrows, although significant were small. Other soil chemical properties
did not differ significantly between sampling locations. Nean pH,
exchangeable Ca, Hg, K, Na, total acidity and effective CEC were 6.3, and
40.7, 17.7, 0.9, 4.0, 1.0 and 64.4 mmol (+) kg-1, respectively, in 1988
and 6.5, 50.5, 17.4, 1.0, 3.1, 0.4 and 73.0 mmol (+) kg-1, respectively,
in 1989.
Diurnal variation in soil temperature
Naximum diurnal soil temperature at a depth of O.OSm was always lowest
in furrows (P<0.01) (Fig, 2), In addition, maximum diurnal soil
temperatures on ridge surfaces were lower than those on mound surfaces
lFrom the appex of the mound or ridge
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On 22 December 1988 (P<0 .. 05) ,17 February 1989 (P<0.05) and 19 December
1989 (P<0.01) and may be due to the greater surface area of the mounds and
hence, their higher rate of heat absorption (Lal, 1975). On other dates
diurnal temperatures did not differ significantly between mound and ridge
surfaces due to theo~currenceof dust storms resulting in overcast conditions. Diurnal fluctuations in soil temperature were, therefore, for the
most part greatest on mound surfaces and least in ridge and mound furrows.
Soil water content in the 0.02-0.07m depth did not differ significantly
between ridges and mounds, but in comparison to surfaces of mounds and
ridges was significantly greater (P<0.01) at all times in their corresponding furroYIS. Mean soil water contents (m3 m- 3) in the 0.02-0.07m depth of
surfaces and furrows of both seedbed preparation methods were 7.5% and
18.6%, respectively (± SE = 1.86) on 22 December 1988, 2.5% and 14.0%,
respectively (±SE = 1.57) on 25 January 1989, 2.0%& 17.1%, respectively
(±SE = 1.44) on 17 February 1989, 6.0% and 19.2%, t'espectively (±SE = 2.48)
on 19 December 1989, 2.9% and 20.3%, respective]~ (±SE=1.88) on 18 January
1990, and 1.2% and 20.3%, respectively (±SE=2.86) on 10 February, 1990.
Therma 1 conductivity of soil increases with increasing water content and
bulk density (Hillel, 1980; Campbell, 1985). Furthermore evaporation of
water from wet soils utilizes energy which would otherwise heat the soil
surface (Hillel, 1980). Rate of heat and temperature increase was, therefore, least in locations of high soil water content and bulk density, such
as the furrows of ridges an~ rnound (Tables 1 and 2.)
Soil matric potential at 0.2m and 0.6m depths
Soil matric potential changes at depths of 0.2m and 0.6m indicated that
the soil environment of mounds was, in general, drier than that of ridges
(Figs. 3 and 4). This can be attributed primarily to the shorter ridges
being 'nearer' to the water table and secondarily to a greater evapm·ation
rate in the mound surfaces due to their greater surface area (Lal, 1975).
In valleys which remain saturated for a greater part of the dry season,
therefore, planting on mounds may enable earlier planting and result in
lower yield losses due to tuber rotting and waterlogging, whereas in
valleys which remain dry for a greater part of the dry season planting on
mounds may result in crop losses due to drought.
Crop yield
Tuber yield of cassava was significantly greater (P<O.OS) on ridges.
The wetter soil environment of ridges compared to mounds (Figs 3 and 4) may
have resulted in cassava suffering less from drought in the former. Yields
were much reduced in 1989-1990 dry season, and may be due to a combination
of poor sprouting caused by a drier soil at planting and high levels of
interspecific competition by intercropping with sweet potato. Mean soil
water content in the surface 0.10m at planting in 1988 and 1989 were 12.1
and 7.4 m3 m- 3%, respectively; (equivalent to soil matric potentials of
-73 and 1,250 kPa, respectively). Tuber yield of s11eet potato was not significantly uffected by seedbed preparation method.
Conclusions
1. Ridging and mounding both resulted in loose, uncompacted seedbeds but
exposed the compacted 'plowpan', a characteristic feature of lo11land
rice soils.
2.

3.

Higher levels of organic C, total N, Bray-1-P and exchangeable Mn
occured on ridge and mound surfaces in relation to adjacent furrows.
Lowest diurnal maximum soil temperatures and diurnal fluctuation in
soil temperatures occured in furrows of mounds and ridges.
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4. Ridges were, in general, wetter than mounds
5. Tuber yield of cassava was greater with ridging. Seedbed preparation
method had no significant effect on tuber yield of sweet potato,
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Figure captions
Fig, 1. Variation of water table depth during the 1988-1989 (6) and 19891990 (&) dry seasons.
Fig. 2. Effect of seedbed preparation method and sampling location on
diurnal variation in soil temperature at a depth of O.OSm during
the 1988-1989 and 1989-1990 dry seasons. r.. -mound·. surface;
0 - ridge surface; A - mound furrow; 8 - ridge furrow;
SB - between seedbed preparation methods; L - between sampling
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locations; L/SB - between sampling lOcations for the same
seedbed preparation method; LxSB - between sampling
locations for different seedbed preparation methods;
SE - standard error of mean.

Fig. 3.

Effect of seedbed preparation method on soil matric
potential at depths 0,2m and 0.6m during the 1988-1989 dry
season. A- 0.2m depth in mounds; 4 - 0.6m depth in mounds
0-0.2m depth in ridges; •- 0.6m depth in ridges; SEstandard error or the mean.

Fig, 4.

Effect of seedbed preparation method on soil matric
potential at depths of 0.2m and 0,6m during the 1989-1990
dry season. Symbols as in Fig, 3.
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Table 1.

Effect of seedbed preparation method and sampling location on soil physical and chemical

properties in the 0-0.05m depth on 27 December 1988.
are pores with radii

Soil property

>14.4~m,

Mounds

Surface

Bulk density (Mg m-3)

1.18

(Macropores~

mesopores and micropores

1.4-14.4pm and <l.4pm, respectively).

tSE 1

Ridges

Furrow

1.55

Surface

1.24

Furrow

1.59

SB

L

L/SB

SBxL

0.027

0.039

0.055

0.047

Soil water content

(m3m-3%) at:

w

~

~

Saturation

42.0

31.2

41.4

29.2

2.11

1.04

1.47

2.35

-10 kPa

17.0

22.7

15.3

20.4

1.62

0.88

1.24

1.84

-100 kPa

11.3

16.8

10.1

13.1

0.92

0.48

0.68

1.04

-1500 kPa

9.6

13.2

8.4

11.1

1.20

0.52

0.73

1.31

70.2

43.2

73.5

49.2

3. 71

2.17

3.06

4.30

2.75

1.27

1. 79

3.03

0.89

1.27

2.17

0.068

0.096

0.079

Macropores (%)
Mesopores (%)

10.1

14.8

9.1

17.7

Micropores (%)

19.7

42.0

17.4

33.1

Organic C (%)

1.39

0.99

1.39

1.03

1.97
0.040

Total N (%)

0.12

0.08

0.12

0.08

0.006

0.005

0.008

0.008

Bray-1-P (mg kg-1)
Exchangeable Mn
(mmol (+) kg-1)

10.4

6.5

10.9

6.6

0.98

0.54

0.76

1.12

0.5

0.2

0.5

0.2

0.07

0.04

0.06

0.08

lsE = standard error of the mean; SB = between seedbed preparation methods; L = between sampling locations;
1/SB = between sampling locations for same seedbed preparation method; SBxL = between sampling locations
for different seedbed preparation methods.

Table 2.

Effect of seedbed preparation method and sampling location on soil physical and chemical

properties in the 0-0.05m depth on 20 December 1989 (Macropores, mesopores and micropores
are pores with radii >14.4pm, 1.4-14.4 pm and <l.4pm, respectively).

Bulk density (Mg m-3)

Surface

1.24

~sE1

Ridges

Mounds

Soil property

Furrow

1.47

Surface

1.23

Furrow

1.53

L/SB

LxSB

0.010

0.014

0.015

SB

L

0.011

Soil water content

(m3 m-3%):

w

~

Saturation

46.5

29.8

46.2

29.5

1.16

0.64

0.91

1.33

-10 kPa

19.9

23.5

19.5

26.3

1.68

0.89

1.26

1. 91

-100 kPa

11.1

14.0

10.1

14.7

1.14

0.53

0.75

1.26

-1500 kPa

7.9

12.6

7.3

13.3

0.74

0.64

0.90

0.98

Macropores (%)

62.5

44.2

3.72

1.82

2.58

4.14

Mesopores (%)

22.6

63.5
17.8

37.8

16.7

27.5

1.40

0.85

1.20

1.64

Micropores (%)

20.8

33.2

18.7

34.7

2.47

1.23

1. 74

2.76

00

Organic C (%)

1. 47

1.05

1.50

1.10

0.062

0.045

0.064

0.077

Total N (%)

0.14

0.12

0.15

0.11

0.007

0.004

0.006

0.009

Bray-1-P (mg kg-1)
Exchangeable Mn

11.5

8.5

10.4

4.7

1.64

0.83

1.18

1.84

1.2

0.8

1.1

0.9

0.21

0.04

0.06

0.21

(mmol (+) kg-1)
lsE = standard error of the mean; SB = between seedbed preparation methods; L = between sampling
locations; L/SB = between sampling locations for same seedbed preparation method; SBxL = between
sampling locations for different seedbed preparation methods.

Table 3.

Effect of seedbed preparation method on tuber yield
(kg plant-1) of cassava and sweet potatol

Seedbed preparation
method

1988:..1989
Cassava

1989-1990
Cassava

Sweet potato

Mounds

0.4

0.1

0.2

Ridges

1.1

0.3

0.3

±SE

0.05

0.02

0.04

lYield is presented as yield per plant due to differing plant
populations in mounds and ridges.
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TILLAGE AND CROPPING SYSTEMS EFFECTS ON CROP YIELDS ON A
SOUTHERN GUINEA SAVANNA SOIL AT ILORIN, NIGERIA
R. Lal
Department of Agronomy, The Ohio State University
Columbus, Ohio 43210 USA
INTRODUCTION
The savanna region in West Africa, with rainfall of 1000
to 1200 mm per annum but concentrated in five to six months
followed by a long dry season of six to seven months, is
naturally suited for cultivation of grain crop annuals. The
forest zone in the south, with rainfall of 1500 to 3000 mm
received in a monomodal or bimodal pattern, is suited either
for tree or root crop production. Rainfed agriculture in the
semi-arid and Sahel regions of the north is prone to severe
drought. The middle savanna belt has a potential to intensify
agriculture and enhance food production. The research data,
however, on appropriate methods of developing land, tillage
and seedbed preparation, and appropriate cropping systems and
crop combinations are not available for major soils and ecoregions.
Despite the high potential to enhance production of food
crop annuals, soils of the savanna regions are extremely
vulnerable to degradation by several physical and chemical
processes. Important physical processes of soil degradation
are compaction, crusting, hard-setting, and accelerated runoff and erosion. These soils have low organic matter content,
coarse texture, and clay fraction of low activity, e.g. low
CEC. consequently, crusting and soil compaction are severe
problems (Adeoye, 1982; 1985; Ike, 1988). Ley et al. (1989)
reported that these soils are also structurally weak, and
prone to hard setting.
The hard setting behaviour is
aggravated by rapid decline in soil organic matter content,
raindrop impact on exposed soil, reduction in biotic activity
of soil fauna during the cultivation phase, and ultradesiccation that occurs during the prolonged dry season.
Because of weak structural attributes, these soils have
relatively high erodibility (Van Elslande et al., 1987).
Above all, high erosivity of rains is an important factor to
be considered in land use planning.
Localized rainfall
intensities exceeding 100 mm h- 1 sustained for 10 to 15
minutes are frequently observed (Kowal and kassam, 1976).
Consequently soil erosion is a severe problem in the region
especially at the onset of rains. The problem of soil erosion
is further accentuated by the shallow depth of topsoil.
A
large proportion of soils developed on the mid-slope region
along the catena are underlain by hardened plinthite at 15 to
30 em depth.
In

view

of

several

soil-related
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constraints

to

crop

production, there is a need to develop systems of new land
development and methods of seedbed preparation that minimize
the problem of soil compaction and accelerated erosion. Land
clearing, involving removal of trees and root stumps, can be
accomplished by traditional methods,
manual tools,
or
motorized equipment (Lal, 1986).
Soil structure is least
disturbed by manual methods (Lal, 1981). Land clearing in the
savanna region involving motorized equipment should preferably
be done by single-tractor knockdown or chaining (Allen, 1986).
similarly, risks of soil erosion can be reduced by the use of
an aggressively growing cover crop (Hulugalle et al., 1986;
Lal, 1984), alley cropping (Lal, 1989), or no-till system of
seedbed preparation (Lal, 1976).
Because these techniques
have not been validated for soils and eco-regions of the
savanna, the objective of this experient was to evaluate the
effects of land clearing methods and post-clearing soil and
crop management systems on soil properties, runoff and erosion
and crop yield.
This report describes the effects on crop
yields.
Effects on runoff and erosion and soil properties
form the topic of another report.
MATERIALS AND METHODS
Field experiments were established at the research farm of
the Ilorin Agricultural Development Project at Alateko, near
Ilorin in the Kwara state of western Nigeria. The mean annual
rainfall of the region is 1100 mm received over a single
growing season. The experimental site was selected in January
1983, when it was under savanna vegetation of trees, shrubs
and grasses.
The tree density (trees exceeding 15 em girth
at 1 m height) ranged from 50-100 trees per hectare.
Most
trees were small of 20-30 em girth.
Soil of the experimental site is derived from the basement
complex rock and is characterized by plinthite pan at shallow
depth. The top soil above the plinthite layer consists of a
coarse-textured colluvial material. The texture is sandy loam
with a large proportion of sharp angular quartz sand. In its
natural state, the top soil is easily compacted and sets hard
due to ultra-desiccation caused during the long dry season.
The vegetation was cleared in March 1983 using a frontmounted shearblade on a D-8 track-type tractor. The cleared
biomass was pushed off the plot and burnt in windrow.
The
average slope of the land was 3 to 4%.
There were eight land clearing and post-clearing soil
management - cum-cropping systems treatments (Table 1) • There
were four principal land clearing methods (a) traditional
clearing fb traditional mixed cropping with yam (Dioscorea
spp) as the major crop,
(b) manual clearing (c) tree
pusher/root rake clearing fb root ripper (d) tree pusher/root
rake clearing without root ripper. Super-imposed upon these
land clearing treatments were four cropping systems and
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tillage methods.
(a) maize (Zea mays L) -cowpea (';igna
unguiculalta L) with no-till and alley cropping with p1geon
pea (Cajanus cajan), (b) maize-cowpea plowed, (c) maize-mucuna
(11ucuna utilis) with no-till, and (d) maize plus mucuna with
plowing. Alley cropping treatments were intially implemented
with Leucaena lecucoephala planted at 4m interval across the
slope. However, Leucaena hedgerows failed in this eco-region.
Establishment and growth of Leucaena were extremely poor.
During the second year in 1984, therefore, Leucaena hedges
was replaced by the perennial pigeonpea.
Pigeonpea
contourlines established at 4-m interval produced satisfactory
vegetative hedges. All eight treatments were replicated twice
on 50 x 20 m plots. one block of eight treatments had runoff
and erosion monitoring facilities.
Maize was planted around lOth May each season at spacing
of 75 x 25 em with population of 53,000 plants per hectare.
Maize received fertilizer at the rate of 120 kg N/ha (1/3 at
sowing and 2/3 at four weeks after), 26 kg P and 30 kg Kjha.
All no-till treatments received 2.5 1/ha of paraquat two to
three days before sowing. only during 1986 was the rainfall
adequate to permit sowing of cowpea following the first season
harvest of maize.
Cowpea were sown at 50 x 15 em spacing
without additional applications of fertilizer.
Farmer-sown
traditional plots were mounded and planted to yams, sorghum
(Sorghum bicolor) and cowpea.
crop growth and yield were monitored on·four subplots (3
x 3 m) within each large plot.
In addition to yield, plant
height and leaf area vTere also measured for some crops in one
growing season.
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TABLE 1,

Treatments

Designation

Description
Complete manual clearing and stumping followed
by (fb) no-till
Shear blade/tree pusher clearing fb no-till
Shear bladejtree pusher clearing & root ripper
fb no-till
Shear blade/tree pusher clearing fb alley
cropping with no-till
Shear bladejtree pusher clearing fb maizemucuna rotation with no-till
Shear blade/tree pusher clearing fb maize &
mucuna (relayed with plowing)
Manual clearing and stumping fb plowing
Traditional farming based on mounds for mixed
cropping of yam, sorghum, cowpea, etc,

A

B

c

D
E

F
G
H

RESULTS AND DISCUSSION
First Season:
Plant vigor and growth were satisfactory in all treatments
for the first crop following nevi land clearing in 1983. The
analysis of variance table of "F" ratio for plant growth
(Table 2) indicated significant differences, among different
dates of measurement, and among treatments. Measurements of
number of leaves, leaf area per plant, and plant height are
shown in Tables 3, 4, and 5. Plant growth during the seedling
stage was generally vigorous in treatments B and F compared
with other land clearing or tillage methods. The differences,
however, were less obvious by the silkjtassel stage of crop
growth. Observations on plant growth parameters were not made
for the subsequent crops.
TABLE 2.

Analysis of variance table of F ratio for plant
growth

source

df

Leaf
Number

Leaf
Area

Height

Treatment (T)
Date (D)

4
3
12

2.86*
19.81***
1.59

5.59***
30.23***
1.29

3.50**
55.59***
0.49

T

X

D

*,**,***

Significant at 10%, 5% and 1% level of
probability respectively.
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TABLE 3.
Treatment
B

c

D
E
F

Number of leaves per plant for maize in first
season 1983
19 July

1 August

11.6
9.4
8.4
8.2
11.0

12.6
12.2
10.8
11.2
12.2

LSD
Treatment (T)
Date (D)
T X D
TABLE 4.
Treatment

1 August

485
297
219
204
329

D
E
F

LSD

473
425
422
328
363

Treatment (T)
Date (D)
T X D

c
D
E.
F

12.8
12.2
12.4
12.2
11.4
(P=0.10)
0.96
0.65
1.47

16 August

7 September

571
445
487
475
455

(P=0.05)

B

13.2
13.0
12.2
12.2
11.6

(P=0.05)
1.16
0.78
1. 76

19 July

B

Treatment

7 September

Leaf area of maize in the first season 1983
(cm2 plant. 1 )

c

TABLE 5.

16 August

594
549
570
571
540

(P=O .10)

66
57
127

55
48
106

Plant height (em) of maize during the first
season 1983
19 July

1 August

119
85
71
69
109

LSD
Treatment (T)
Date (D)
T x D

167
168
144
170
184

16 August

7 September

222
225
180
195
203

(P=0.05)

230
248
204
212
221
(P=0.10)

24
22
50

20
19
41
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TABLE 6.

Analysis of variance table of F ratio for
grain and stover yields for treatments in the
first season (1983-1986)

Year

df

Grain

1983
1984
1985
1986

4/15
7/24
6/14
6/14

3.91**
4.77***
4.96***
0.6

Stover
0.80
8.31
1. 37
1. 24

** Significant at 5% level of probability

The analysis of variance table of F ratio for grain and
stover yields of maize is shown in Table 6. Grain yield was
significantly different among treatments for three out of four
years (1983, 1984 and 1985). The stover yield, however, was
statistically identical in all treatments.
The grain yield
was generally low for the first season crop of 1983, and
ranged from 1.3 to 1.5 t ha" 1 (Table 7). Differences in grain
yield among treatments were slight. Low grain yeilds for the
first season crop was attributed to late sowing (mid-June
rather than early May) and abrupt cessation of rains in late
September. Maize grain yield was satisfactory for 1984, 1985
and 1986 crops. The mean grain yield for four years indicated
that grain production was high for no-till, alley cropping and
mucuna-cover treatments. The lowest grain yield was observed
for mechanized clearing fb root ripper and no-till system of
seedbed preparation (Table 7).
Treatment effects on maize stover yield are shown in Table
8. Although grain yield was lo¥1 during 1983, stover yield was
satisfactory because the rains stopped at the reproductive
stage of maize growth.
Similar to the grain yield, stover
yields were also satisfactory for the crops of 1984, 1985 and
1986. The average stover yield ranged from 3.73 to 6.59 t ha·
1 . once again, high stover yields were obtained for the notill, alley cropping and mucuna fallowing treatments.
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TABLE 7,

Maize grain yield in the first season
(t ha- 1 )

Treatment

1983

A

1. 33
1. 40
1. 48
1. 50

B

c

D
E
F
G
H

1.40

1984

1985

1986

Mean

3.16
2.81
2.81
3.71
3.44
1. 78
2.69
2.03

2.95
4.07
3.14
3.44
4.75
2.39
2.97

4.96
3.50
3.79
5.14
4.37
5.19
4.30
4.51

3.69
2.93
2.79
3.44
3.52
3.12
2.89
3.21

0.88
0.73

1. 07
0.88

2.38
1.96

LSD
0.05
0,10

0.12
0.10

No Data
TABLE 8.

Maize stover yield* during the first season
ha- 1)

(t

Treatment
A
B

c

D
E
F
G
H

1983
5.25
5.63
5.58
5.15
6.33

1984

1985

1986

Mean

7.30
3.88
6,13
5.90
5.80
4.33
6.23
3.73

6. 77
7.20
6.17
7.37
7.90
5,33
7.03

5.70
6.10
4.00
5.40
6.73
8.00
6.63

6.59
5,61
5. 48
6.06
6.40
5.89
6.56
3.73

LSD
(. 05)
( .10)

1.54
1.27

2,18
1. 79

1.29
1.07

3.39
2.78

-----------------------------------------------------* Field dry weights
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TABLE 9. cowpea grain and straw yield for the second
season 1986.
Treatment
A
B

c

D
E
F
G
H

Grain Yield
t ha- 1

Straw Yield
t ha- 1

0.447
0.123
0.953
0.357
0.400
0. 340
0.430

0.697
1. 073
1.123
0.613
1. 330
0.867
1. 837
0.237

0.18
0.15

o. 71

5.66*

4.16*

o. 077

LSD
(. 05)
(. 10)

F ratio

*

0.58

Significant at 5% level of probability

Tuber yield of yam ranged from 25 to 35 tjha.
CONCLUSION
The data presented supports the following conclusions:
Manual methods of land clearing are satisfactory even in
the savanna region with low tree density.
With suitable agronomic practices, satisfactory yields of
maize, cowpea and yam are obtainable.
Appropriate agronomic practices include
cropping and fallowing with mucuna.

no-till,

alley

Soil compaction was evident in some plots cultivated with
a no-till system of seedbed preparation.
The problem of soil compaction and deterioration in
structural attributes can be overcome by fallowing with
mucana.
Leucaena is not an appropriate shrub for alley cropping in
this region.
The perennial pigeon pea is better suited
than Leucaena leucacephala,
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SEEDBED PREPARATION AND lvEED CONTROL TECHNIQUE EFFECTS ON GROWTH
AND HERBAGE YIELD OF GLIRICIDIA IN PANICUM PASTURE
J. Cobb ina

International Livestock Centre for Africa, PMB 5320
Ibadan, Nigeria
Introduction
Gliricidia [Gliricidia sepium (Jacq) Walp.] is a fast-growing, mediumsized, thornless, leguminous tree·native to Mexico, Central America, and
northern South America. It serves many purposes including use as fodder
because of its high crude protein content. When gliricidia was fed as a
supplement to grass in a cut-and-carry system, Chadhokar and Kantharaju
(1980) and Chadhokar and Lecamwasam (1982) observed increased animal
productivity. In most of tropical Africa the quality of the native pasture
is poor, especially in the dry season, when crude protein values may drop
to as low as 2-6% (Hohamed-Saleem 1986). In this situation, interplanting
the poor quality native and naturalized grass with leguminous shrubs or
trees, such as gliricidia, will improve quality and lengthen the grazing
periods.
Gliricidia can be established easily from cuttings with striking
percentages up to 90. However, the large quantities of cuttings required
to plant even one hectare of land (about 10,000 or more) make this
impracticable. Gliricidia can be grm>~n easily from seeds wit.hout
scarification; and when it is to be used to renovate pasture, direct
seeding may be less costly. When shrubs or trees are direct-seeded into
existing grass swards, they often meet with great difficulty in establishment (Hyder and Sneva 1956). The failure may be due to competition between the resident vegetation and the establishing seedlings for water,
nutrients and light (Cook et al. 1987). Since complete tillage would
destroy the grass pasture and also be costly, strip tillage is ideal.
In strip tillage the tillage operations are performed in isolated bands,
separated by bands of soil essentially undisturbed by the particular
tillage equipment (SSSA 1987). According to VanEpps and HcKell (1977),
disc plowing strips will ensure the successful establishment of shrubs
in grass pasture. But there is need to test the effectiveness of other
simple, low-cost strip tillage operations such as hoeing and rotary
tilling. Transplanting container-grown seedlings is also claimed to be
a suitable method for establishing shrubs in grass sward (HcKell 1989).
This study was undertaken to compare the effects of disc plowing,
hoeing and rotary tilling tillage operations as well as hoeing and
slashing to control weeds on the establishment, growth, and dry matter
(DH) yields of gliricidia planted into existing Guinea grass (Panicum
maximum) pasture.
Haterials ·and Hethods
The experiment was conducted on a 2ha plot on the main campus of the
International Institute of Tropical Agriculture (IITA) in Ibadan (7°30 1 N;
3°45 1 E) in Nigeria. The plot had Guinea grass and had been grazed by
cattle for four years before the study was started. The elevation of
Ibadan varies between 180 and 240m. The mean annual precipitation is
1500mm. The dry season is November to March. The driest months are
December and January. The mean monthly temperature is 26°C. The soil
at the site has been classified as Oxic Paleustalf (Hoorman et al. 1975).
The grass on the plot was mowed to a height of lOcm above ground level
before the tillage operations were done. The strip tillage treatments
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imposed were: hoeing a O.Sm wide strip, rotary tilling a O.Sm wide strip
with a 2-wheel tractor, and disc plowing a LOrn wide strip with a 4-wheel
tractor. A unit plot consisted of two parallel strips, each 12m long and
spaced 4m apart. Gliricidia seedlings which were six weeks old were
transplanted or seeds were sown directly at a rate of 2 to 3 seeds per
hill spaced 0.3m apart within the rows. Germination of the seeds was
good, resulting in at least one seedling per stand. From 6 weeks after
planting, weed infestation in the strips was controlled by weeding with
hoe or slashing with cutlass/machete, or weeds were left uncontrolled.
In all plots where weeds were controlled, the weeding ~vas done over a 1. Om
wide strip. The design was a split-plot fitted into a completely randomized design with four replications of each treatment.
At 2 and 4 months after planting the gliricidia, the regrowth on the
Guinea grass pasture was mowed to a height of lOcm above ground level.
The incidence of lveeds in the strips was assessed at 1. 5 and 6 months
after the gliricidia was planted. All the plants in a lxlm quadrat placed
at two different locations in the tilled strips were harvested and ovendried (70°C for 72h). The gliricidia stands in the treatment plots were
counted at 6 weeks after planting, and again at 12 months after planting.
The ratio of the number of stands at 12 months after planting to that
at 6 weeks after planting was defined as the plant survival index. The
height of the shoots of plants in all treatment plots was recorded at 6
months after planting.
Analysis of variance ~vas carried out on all data sets using methods
of seedbed preparation as the main plot, and various combinations of
planting/weed control technique as subplots. Comparison of means was
done using the Student-Newman-Keuls' test (Steel and Terrie 1980).
Results
The results of the analysis of variance on the data sets revealed
significant interactions between method of seedbed preparation and
combinations of planting/weed control technique for two variables:
gliricidia plant survival at 12 months after planting and lveed density
at 6 months after planting (Table 1).
Plant Survival
The survival index determined at 12 months after planting the
gliricidia is presented in Figure 1. Survival of gliricidia grown on
seedbeds prepared by the three strip tillage techniques at 12 months
after planting depended on whether or not weeds in the cultivated strips
were controlled. In disc-plowed strips, where weeds were not controlled,
survival was still high in the range of 65-80%. In contrast, in unweeded
hoed or rotary-tilled strips, gliricidia survival rate was very low,
being only 30-50% and 20-40%, respectively. The results presented in
Figure 1 suggest that where gliricidia was grown in hoed or rotarytilled strips in a Guinea grass pasture, weeding was necessary to reduce
mortality.
Plant Growth
The method of seedbed preparation x planting/weed control technique
interaction effect on shoot height at 6 months after planting was not
significant (Table l). Disc plowing increased shoot growth by 35% over
that of hoeing or rotary tilling (Table 2). Controlling weeds by either
hoeing or slashing increased shoot height by 25% over that of plants in
the no weed control plots established from transplants. On the contrary,
for plants established by direct seeding, controlling \veed infestation
by hoeing or slashing did not significantly increase shoot height. It
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appears that for gliricidia.the height attainable before the encroachment
of weeds has greater positive influence on subsequent height gro\vth than
controlling weeds at 6 or more weeks after planting.
Since the method of seedbed preparation x planting weed control
technique interaction effect on leaf and stem D}1 was not significent
(Table 1), means averaged over the combinations of planting/weed control
and also across methods of seedbed preparation were compared. Plants in
disc-plowed strips produced 95% higher leaf D!! (1170 vs 600kg/ha) and 100%
more stern DM (1700 vs 830kg/ha) than plants in hoed or rotary-tilled
strips. In general, weed control resulted in plants which had 180% more
leaf and 250% more stem DH than plants in strips lvhere weeds were left
uncontrolled (Figure 2). Hmvever, in strips where weeds were controlled,
plants established from seedlings produced 40% more DM than plants raised
direct from seeds. It is evident from the results on DM yields that
preparing the seedbed by disc plowing and controlling weeds either by
hoeing or slashing are essential tillage operations for greater herbage
yields when gliricidia is planted into existing Guinea grass pasture.
Heed Encroachment
At 6 weeks (l. 5 months) after planting, the method of seedbed
preparation independent of the other treatment factor influenced weed
infestation (Table 1). The rotary-tilled strips had the greatest
incidence of weeds (Table 3). Following that were the hoed strips with
about 80% of the weed density in the rotary-tilled strips. Disc plowing
suppressed weeds to about 50% less than that in torary-tilled strips.
The large reduction in weed infestation certainly was responsible for the
better growth, survival, and greater leaf and stem DH yield in discplowed strips recorded in this study.
Discussion
The primary purpose of any tillage operation, according to Raney and
and Zingg (1957), is two-fold: (1) to change the structure of the soil,
and (ii) to kill weeds. In this study the second intention of tillage,
that is, to eliminate weeds in cultivated strips, was achieved remarkably
well with disc plowing. The disc plow sliced a thick layer of topsoil
containing
the crown and roots of the resident grass which was inverted.
The disc plow's action eradicated noxious. weeds from the plowed strips,
thus facilitating rapid growth and survival of gliricidia and hence
greater DH yields. A live vegetative cover, such as that found in grass
pasture, will compete seriously with establishing seedlings for water,
nutrients and light (Cook et al. 1987), but there was evidence that with
disc plowing this negative effect was arrested sooner.
The observation in this study that, for gliricidia established by
direct seeding, weed control measures that began at 6 weeks after
planting and continued at 6 week intervals did not enhance shoot growth
to the same extent as that of transplants corroborates evidence from
elsewhere.that seedling growth rate following emergence is critical in
affecting seedling survival later (Cook and Ratcliff 1985). The transplants were, on the average, about 20cm tall at planting and that enabled
them to survive when the weeds started encroaching into the cultivated
strips. Survival depends on the size of the plant when stress is
encountered with bigger plants which have larger/deeper root systems
surviving better (Cook 1984; Hoen 1968).
Inspite of the pronounced shoot height growth achieved with the
transplants, data presented on leaf and stem DH yield at 12 months after
planting emphasize the need for regular weeding. It is possible that
the weeds suppressed the growth of gliricidia because of intense
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competition for water, nutrients, and even light, as is usually the case
for seedlings of different botanical composition in grass pasture (Cook
et al. 1987).
The greater survival, and excellent growth and DM yield of gliricidia
in disc-plowed strips may also be related to the disturbance caused by the
disc plow in the surface layer. Root growth through the soil depends on
availability of sufficiently large soil pores that allow easy penetration
(Russell 1977). Disc plowing might have disturbed the surface soil (down
to 15cm or so) well enough to raise the proportion of larger pores. It is
probable that gliricidia in the disc-plowed strips developed deeper roots
which enabled the plants to survive the stiff competition imposed by the
resident grass vegetation as well as other weeds which encroached into the
strips.
Conclusions
The results of the study show that disc plowing is better than hoeing
or rotary tilling as the method of seedbed preparation for planting
gliricidia into existing Guinea grass pasture. Transplants showed more
vigorous shoot growth than direct seeded seedlings even in umveeded strips.
Controlling weed incidence by hoeing or slashing at 6-week intervals
ensured greater leaf and stem DM yields. If it is desired to plant
gliricidia into existing Guinea grass pasture, then container-grown
seedlings should be transplanted into l.Om tvide strips disc-plowed with
a 4-wheel tractor. Heed control is also necessary.
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Table 1.

Results of analysis of variance for main effect and two-factor
interactions.

Source of
variation

df

Tillage
2
Planting/weeding
5
Tillage x Planting/
weeding
10

.,

**,

•••

NS

~

Survival

Leaf DH

Stem D.H

Height
6 months
after

Heeds
6 weeks
after

Planting

Planting

***
***

**
***

**
***

***
***

NS

*

**

NS

NS

NS

NS

Significant at 0.05, 0.01, and 0.001 probability levels,
respectively.
not significant.
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Table 2.

Effect of method of seedbed preparation and planting/weed
control technique on Gliricidia shoot height at 6 months
after planting.

Hethod of seedbed EreEaration
Planting/weed
control technigue

Disc

Hoeing

~?_lowing

Rotary
tillin8

Mean

em/shoot

Direct seeding/hoeing
Direct seeding/slashing
Direct seeding/no weeding

Seedling/hoeing
Seedling/slashing
Seedling/no weeding
He an

80.0
66.0
68.9
102.1
98.4
88.0
83.9a1

47.8
52.4
50.2
79.2
76.7
65.0
61. 9b

57.3
54.0
46.4
86.4
75.9
59.9
63.3b

61. 7bc
57.5c
55.2c
89.2a
83.6a
7l.Ob

1 Means followed by same letter(s) 1 are not significantly different

(P<0.05) by Student-Newman-Keuls
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test,

Table 3.

~lethod

Effect of method of seedbed preparation for planting
Gliricidia in GUinea grass pasture on weed density in
cultivated strips at 6 weeks after planting.
Weed densityl

of seedbed preparation

g/mz
Rotary tilling
30.4a 2
Hoeing
24.7b
Disc plowing
15.4c
1 Assessment of weed density was done with lxlm quadrat at
6 weeks after planting Gliricidia.
2
Means followed by same letter are not significantly different
(P<0.05) by Student-Newman-Keuls' test.
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EFFECTS OF TYPE OF SEEDBED AND SESBANIA SESBAN MULCH PLACEMENT IN A
VERTISOL ON THE YIELD OF MAIZE

C.S. Kamara*, and I. Haque**
*
ICRAF, Nairobi, KENYA
** ILCA, Addis Ababa, ETHIOPIA
An experiment was carried out to determine an effective method for
the application of Sesbania sesban mulch that can be included in the
design and operation of the Broadbed maker (BBM) that was intended to
improve crop production in poorly drained vertisols of the Ethiopian
highlands. In flat, and broadbed and furrow (BBF) seedbeds constructed
by the BBM, Sesbania sesban mulch was applied in row, pockets, broadcast
and incorporated and as band placement method on a maize crop. Maize
grain yield was consistently highest in the BBF when Sesbania sesban
was placed by the in-row method compared to the other placement methods.
With the flat seedbed, the broadcast and incorporation placement gave
the highest maize grain yield. An attempt to study the residual effects
of the placement method show that maize grain yields were lowest in the
in-row placement methods and was interpreted to be due to more effective
use of the mulch by the maize during the first year of placement than
the other placement methods.
Though maize stover yields were found not to be significaritly affected
by any of the placement methods investigated under the BBF or flat seedbeds, the stover yields from the in-row placement methods were generally
higher than those in the other placement methods.
Based upon the highest maize yield and comparable maize stover yield
from the in-row placement method, it was concluded that in-row placement
of Sesbania sesban mulch can be included in the design of the BBM for
maize production in the Vertisols of the Ethiopian highlands,
INTRODUCTION
Improvement of crop production in specific soils and sites require
the development of a complete technological package. Detailed study and
understanding of the crop production constraints in the area are basic
to the assembly of the package. Vertisols like all other major soils
have their production potential and constraints. Low P, N, and zn and
poor drainage are important and major crop production constraints in
Vertisols (Hubble, 1984). Amelioration of these constraints require
the replenishment of the nutrients by the addition of inorganic or
organic fertilizers and removal of the excess water or by growing a crop
that is tolerant to excess water.

With increasing cost of inorganic fertilizer to supply N and P, the
use of organic forms of N suppliers such as prunings from multipurpose
trees (MPTs) such as from Sesbania sesban (Ghai et al., 1985 and Hussain
et al., 1987) are being seriously considered as a viable alternative
(Kang et al. 1981 and 1985, Torres, 1983; and Mulongoy and Van der
Meersh, 1988) for Leucaena prunings.
The ultimate aim is to cut down on the use of inorganic fertilizers
so as to reduce production costs and hopefully reduce N hazard or slow
down the build up of N to hazardous levels in the agricultural environment.
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Removal of excess water in the Ethiopian highland Vertisol had taken
the form of manual shaping of the seedbed for barley, wheat and teff
and maize production (Jutzi et al. 1987). Attempts to reduce human
drugery and increase acreage were initiated by the Vertisol management
project with an improved broadbed maker {BBM) based on the traditional
11
Marasha" (Jutzi et al., 1987).
Mechanical improvement on the design to deliver a complete production
equipment at the seedbed preparation and planting stages included a
variety of attachments for seeding, herbicide and fertilizer placement.
The Sesbania sesban mulch placement methods on the yield of maize
study was one of a series of investigations that should aid in the
design of the BBM as a low input simple crop production equipment for
the Vertisols of the Ethiopian highlands.
MATERIALS AND METHODS

Study site and soils
The study was conducted at the ILCA Debre Zeit Research station located
at approximately latitude 8° 58'E. The soils have been reported to be
clay, poorly drained chromic Vertisols with slight to severe erosion
hazards (Kamara and Haque, 1987). The top 0-25 em soil depth had a bulk
density of 1.33 g/cm3 and sand, silt and clay contents of 19 %, 22 %,
and 59 % respectively. organic matter and total nitrogen were 1.97 % and
0.08 % respectively and pH (1:1 soils to water ratio) of 6.3. The
exchangeable Na, K, Ca and Mg were 0.2, 1.2, 27.7, 12.9 meq/lOOg soil
respectively.
Experimental layout and Agronomy
The experimental areas were ploughed twice by oxen prior to the main
rains in the 1987 and 1988 growing seasons. On 4.0 x 3.10 m plots, two
seedbeds, flat and broadbed and furrow (BBF) constructed by the BBM
described fully by (Jutzi et al., 1987) were prepared. The Sesbania
sesban mulch that was harvested and sun-dried in the preceeding dry
season was applied on the seedbeds by using four placement methods.
The placement methods were:
1.

In-row, (R) - the mulch is placed in a furrow 10 ern wide and
10 em deep. The furrow is made on the line intended for planting
the maize. The mulch in the furrow is mixed well with soil.

2.

Pocket, (P) - at each intended maize hill, a hole about 15-20 em
diameter and 10-15 em deep was prepared and the mulch placed and
mixed well with the soil.

3.

Broadcast and incorporation, (BI) - the mulch was broadcast evenly
on the seedbed and incorporated thoroughly with a hand-hoe.

4.

Band on side of the row, (B) - at 10 em away from the intended
maize row, a furrow 5 em wide and S-10 em deep was made and the
mulch placed in the furrow. The mulch was covered by returning
the soil removed to make the furrow.

403

The four placement methods above applied on the two seedbeds refered
to earlier and a no-mulch control (N-C) constituted the treatments. The
treatments were arranged in a randomised complete block design and with
three replications. Prior to planting, all plots received a uniform
broadcast application of triple superphosphate at 60 kg P/ha. The N-C
plots received 60 kg N/ha as urea broadcast. Sesbania sesban mulch
was applied at 3 t/ha dry weight for all placement methods and seedbed.
Two or three tnaize seeds (CV Katumani) were planted per hole spaced at
60 Cm between rows and 25 em between plants.
The maize was weeded and thinned to one plant per hill at 14 days
after planting {DAP), a second weeding was carried out at 30 DAP. The
N-C plots received another 60 kg N/ha as urea as a top dressing applied
as a band 10 em away and 5-10 em deep.
In order to evaluate the residual effects of the Sesbania sesban
mulch applied by the four placement methods, the same maize (CV Katumani)
was grown on the 1987 experimental area. With the exception of not
adding new Sesbaniasesban mulch doses. All other management practices
were similar to the 1987 and 1988 studies.
Maize grain yield at 14 % moisture and stover yields were determined
at harvest.
RESULTS AND DISCUSSION
Grain yield
In the first year of the study, the maize grain yield from the four
mulch placement methods and the control were statistically similar
(Table 1) . Maize grain yield from the in-row mulch placement method
under the BBF was the highest - 4062 kg/ha compared to 3658 kgjha by the
pocket application which gave the least yield under the BBF seedbed.
Mulch applied by the in-row application gave 12 % more maize than from
the control plot that received 120 kg N/ha as inorganic nitrogen. The
superiority of the in-row mulch application method over all the other
placement methods and the control can be attributed to more effective
utilization of the nutrients mainly nitrogen from the mulch,
With the flat seedbed, maize grain yield was highest (4250 kgjha)
when the mulch was broadcast and incorporated compared to the pocket
application method. The pocket placement method gave the lowest maize
yield in both the flat and BBF seedbed.
Mulch decomposition and release of N can be affected by excess or
deficient-soil moisture. These unfavourable soil environmental conditions
can delay or hasten N release to consequently influence the residual
effects of applied mulch in subsquent years. The residual studies show
that under the BBF maize grain yield was only 2373 kg/ha compared to
the band application method which yielded 29 % more maize than the in-row
placement method. The low maize yield in the second year as evidenced
by the residual effects can be interpreted as a result of the more
effective utilization of the mulch in the in-row placement method
during the first year of application.
The magnitude of the total maize grain yield after the first mulch
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Table 1 ~ Direct and residual effects of Sesbania sesban mulch placement methods
in a BBF and flat maize seedbed on maize grain yield (Kgjba).

MULCH
PLACEMENT
METHOD

DIRECT (1987 SEASON)
BBF (t)
FLAT (t)

RESIDUAL (1988 SEASO!)
BBF **
FLAT **

No-mulch

3630

3098

3435

3811

In-row

4062

3688

2373

3346

Pocket

3658

3406

2714

3346

Broadcast and
Incorporation

3978

4250

2671

3430

Band

3668

4015

3056

2787

(control)

A

0

~

t

Yields were not significantly different.

**Yields were significantly different LSD(OS)= 784

application (direct effect) and yields obtained in the second year
without additional dose of the mulch (residual effect) can also be used
as guide for selecting the appropriate placement method that could be
included in the design and operation of the BBM.
From Table 1, the total yields from the direct and residual effects
of the mulch are in the order of B? I·> R ";:> P placement for the BBF seedbed
and I>R>B>P for the flat seedbed.
The Band placement method can be judged to be suitable for inclusion
especially if availability of mulch and cost of placement are to be
major constraints
The Band and in-row mulch application method are similar in
The two differ only in distances between seed and mulch (point
source). It is still to be established whether the high first
maize yields from the in-row placement method can be explained
nearness of the seed or maize plant to the nutrient source.
During the 1988 cropping season, maize
the in-row mulch application method under
with the 1987 cropping season (Table 1}.
the order R? I'/' B~ P for the BBF seedbed,
yields were I';>R~P/"B.

practice.
of Nyear
by the

grain yield was highest in
BBF (Table 3) and consistent
The maize grain yields were in
and with the flat seedbed, the

The maize grain yields from the in-row application method were
statistically higher than the maize yields from the pocket application
method, but statistically similar to the BI and B methods and the
control (Table 3).
In both the 1987 and 1988 years the maize grain yields from the N-C
plots were comparable to the Sesbania sesban mulch under the flat and BBF
seedbeds. Some of the placement methods did not reduce the effectiveness
of the mulch. The broadcast and incorporation placement method is widely
used because of the ease of application and apparent reduction in labour
cost in the incorporation process. Mulch can be broadcast and incorporated at the first ploughing, so that incorporation task can be combined
with the ploughing task. If the BI method was to ·be regar~ed as a
standard mulch placement technique, grain yield reduction by the placement methods under the two seedbed varied from 9-25 % depending on
seedbed and mulch placement.
Stover Yield
Maize stover yield is an important output for a maize livestock
production system such as found in the Ethiopian highland Vertisol areas.
The maize stover yields were not significantly different for both the
direct and residual effects (Table 3) . From the combined direct and
residual effects, the in-row placement had stover yields of 6918 kg/ha
compared to the pocket placement method with 5803 kg/ha.
In Table
for all the
yields, the
Because the
yields, the

2, the stover yields were· also not statistically different
placement methods and the control. Like the maize grain
placement method did not greatly compromise the stover yields.
application methods did not significantly reduce the stover
design and assessment of the BBM technology for adoption is
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Table 2.

...
0

~

Direct and residaal effects of sesl>ania sesban 11l1llch placement methods
in a BBF and Flat maize seedbed on maize stover yields '* (Kg/ha) .

MULCH
PLACEMENT
METHOD

DIRECT (1987 SEASON)
BBF
FLAT

RESIDUAL (1988 SEASON)
BBF
FLAT

No-mulch control

4643

3482

1965

2217

In-row

4609

4165

2309

1905

Pocket

3994

4575

1809

2040

Incorporation

4438

4029

1796

2403

Band

3960

4643

2209

2320

•

Within each season and seedbed, stover yields were not significantly
different.

Table 3.

Effects of sesbania sesban mulch placement methods in BBF and
Flat seedbeds on maize grain and stover yield.
(1988 season)

MULCH
PLACEMENT
METHOD

...

GRAIN YIELD (Kg/ha)*
BBF
FLAT

STOVER YIELD (Kg/ha)
BBF
FLAT

No-mulch
control

3914

4024

2406

2333

In-row

4000

3062

2250

2129

Pocket

2882

3059

2371

1645

Incorporation

3849

3376

2566

2341

Band

3419

2852

2570

2231

0

~

*

The maize yields were statistically significant LSD(OS)= 763

t

Stover yields were not significantly different.

(t)

strengthened by including an agronomically verified mulch placement
method.
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ADAPTIVE NO-TILL TIEI).RJDGING TRIALS IN SMALL-SCALE FARMING AREAS OF ZIMBABWE

GOTORA, P., DEPARTMENT OF AGRICULTURAL TECHNICALAND EXTENSION SERVICES,
INSTITUTE OF AGRICULTURAL ENGINEERING, ZIMBABWE
INTRODUCTION AND BACKGROUND
About 80-90 years ago, Zimbabwe had one of the best soil conservation system
on the Continent.
There was no continuous tillage of the same land year after
year because they practiced shifting cultivation systems.
People used to
cultivate the same land for 3-4 years, until the soil fertility began to drop,
then rest it for almost 20 years.
Hence the importance of maintaining the soil
in good structural condition was an important factor in the system.
Heavy
mechanical implements which destroy the soil structure were not in use then.
A
hand hoe and simple sharp pointed stick where adequate implements to establish
a healthy crop. Mixed cropping was practiced to make sure the soil had very good
You could find maize, pumpkins,
cover to protect it from the rain drop action.
sweet sorghum and groundnuts or rapoko, and sweet sorghum in one field.
This all fell away because of population increases and the introduction of
modern technology from the developed world.
It did not take long for the
Government authorities in those days to realize that farmers were probably
going in the wrong direction, this being indicated by continuous low crop yields
and serious soil erosion. As a result attempts were made to cut down on erosion.
Mechanical conservation structures (contour ridges, storm drains and
waterways) were introducted in the 1940's to try to control gully and rill
erosion in agricultural lands.
This measure has proven not to wholly solve the
problem since high rates of sheet erosion still occurred between contour
ridges.
There was no attempt to introduce awareness to farmers to improve the
structural conditions of soil.
This is why we are trying to go back 80-years and practice reduced tillage done
by our forefathers and to improve the soil structure.
In Zimbabwe soil erosion research at the Institute of Agricultural
Engineering (I.A.E.) has proven that there is tremendous loss of soil, rainfall
and nutrients in farming areas due to sheet erosion through surface runoff.
Generally farmers from small scale farming areas on well drained sand soil are
loosing 50t/ha/yr of soil, 30% of their total rainfall through runoff, 535kg/ha
of carbon and $94,00/ha of N and P (Stocking 1986, Elwell and Stocking 1988). In
addition the most recent erosion survey shows that by 1986, 21% of the land in
Zimbabwe had been moderately to very extensively eroded with the worst erosion
occurring in communal lands (Whitlow 1987).
From 1966 to 1974 demonstrations on growing crops on ridges (maize, cotton,
groundnuts and rapoko) with an aim of conserving soil and moisture were
conducted in Zowa farming are (Gallagher, R. J. 1974).
Crop yields on ridges
were generally higher than on conventional tilled lands especially on tied
ridges.
In about 1981, the Soil and Water Conservation Section of the Institute of
Agriculturai Engineering conceived of the idea of combining the principles of
No-Till and great soil and water loss reductions offered by conventional TiedRidging. Field trials were undertaken at Domboshava to develop the system. :rhe
first working draft of the system was produced in 1984 and the final document
In 1987 No-till Tiedpublished and distributed in 1988 (Elwell & Norton 1988).
Ridging system was included in the GTZ/IAE Con-Till Research.
THEORY OF NO-TILL TIED-RIDGING SYSTEM
The No-Till Tied-Ridging is a 'semi permanent' or 'permanent' system of
ridges,
The system in Zimbabwe is applied in lands which are already protected
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by contour ridges, storm drains and waterways. The lands are to be fairly even.
Thereafter the
Ploughing is only done in· the year the ridges are constructed.
Ploughing is done to
ridges are maintained by re-ridging for a period of years.
depths of 220mm-250mm so that there will be enough loose soil to make ridges of
about 250mm when unconsolidated.
Just before the onset of the rains a master ridge can be constructed and the
remaining ridges built parallel to it at spacings of 0.9m to 1.0m. The ridges arc
laid out at grades of 1 to 250 to 1% maximum, so that they can discharge safely
into waterways and contour channels during heavy storms. Ties are made between
ridges which will be half to two-thirds ridge height so that they can overflow
when the basins between them are full of water. If the rains are too much the ties
can break on their own, or they can be broken mechanically.
EQUIPMENT REQUIRED
The main basic equipment required to put down the No-Till Tied-Ridges is an
ordinary ox-drawn plough which can be used for ploughing, ridging and reridging.
Only m~nor adjustments need to be done on the hitch-up assembly to
adjust ridge sizes.
A cultivator fitted with an old plough board or a scrap metal disc at the back
tine, with all other tines removed, can be used to make ties, alternatively, a
simple home made tie maker made of a gum pole and scrap metal disc. Hand hoes and
shovels can be used by those farmers without any of the above mentioned
implements.
Hand hoes or ripper tines attached to a plough beam can be used to make plant
stations.
A sharpened stick can also be used to punch holes for seed and
fertilizer,
DRAFT POWER
Normally for all the operations done after ploughing, only two oxen can be
used.
Two to three donkeys can be used to rc-ridge or make ties, moving in a
single line, if the crop, especially maize is big enough for oxen to go in.
PLANTING AND WEEDING
Most grain crops like maize, cotton, soya beans, rapoko, sorghum and
groundnuts can be grown on ridges. Small grain crops like soya beans can be grown
on twin rows on top of one ridge 150 mm to 200 mm apart.
Seed is
Planting is usually done when the whole ridge is moist throughout.
planted by simply punching it into the ground or by making plant stations with
hand hoes or by simply making a shallow rip mark along the top of a ridge with a
Ox-drawn planters can be used to a limited extent if the ridges are
ripper tine.
wide at the top.
Weeding is done by re-ridging with a plough or a cultivator at 4-6 weeks. Soon
after harvesting, the ridges are re-ridged to kill any winter weeds.
ADAPTIVE ON FARM TRIALS
No-Till Tied-Ridging system is still a fairly new practice to Zimbabwean
farmers. The first on farm trials were set up by the JAB in 1983/84 all over the
country to evaluate the yields and practical aspects of implementation of tied
ridging and clean ripping as opposed to conventional ploughing.
Except for
yield very little information was quantifiable because there were too may sites
scattered all over the country (Stevens 1989). In May 1990 GTZ (German Agency
For Technical Co-operation) organized a planning workshop to review the on
station approach, its results, and shortcomings involving all national
institutions working in the agricultural fields.
As the result of this workshop
the establishment of new adaptive on farm trlals was decided.
No-Till TiedRidging was selected to be exposed to small scale farming conditions.
Between
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September 1990 and November 1990 new adaptive on farm trials were set up in
Mutoko, Musana, Chinmhora and Chikwanda communal areas. The trials are being
run complementary to on station trials (H. Vogel, 1991).

OBJECTIVES
The main objective of the trials is to observe the practical implications and
to monitor the effect on yield, moisture and soil loss from No-Till Tied-Ridging
system in communal farming areas.
This will be compared to the existing
conventional system.
METHODOLOGY
Farmers in communal areas in Natural Regions 2A, 2B; 3 and 4 participated both
in No-Till Tied-Ridging demonstrations (1989/90) and Field Adaptive Trials
{1990.91).
Both the demonstrations and trials will be carried out for a period
of 5-10 years.
The field staff of the Department of Agricultural Technical and
Extension Services (AGRITEX) help to install and monitor the system with the
farmers.
Agritex provide the crop inputs for the demonstrations and farmers
For the adaptive
provide the draft power, machinery and labour requirements.
trials, the farmers provide crop inputs, draft power, machinery and labour.
MEASUREMENTS
To achieve the above stated objective the following will be observed:
a) daily rainfall
b) soil moisture
c) soil properties
d) crop growth parameters
e) grain per cob and prolificacy
f) crop yields
g) crop emergency and plant populations
h) weed infestation
i) The adoption and adaptations of the No-Till Tied-Ridging system by
farmers
j) draft power and labour requirements
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RESULTS
Table 1 MAIZE YIELDS 1989/90
Natural region
Maize Variety

2A
2A
2A
2a
2A
2A
2A
2A
2A
2B
2B
2B
4
4
4
4
4
4
4
4
4

R215
R215
R215
R215
R215
R215
R215
R215
R215
R215
R215
R215
R215
R215
R215
R215
R215
R215
R215
R215
R215

Yield tfha
No-Till

5.8
4
4
3.6
4
5
8.8
7.5
7.6
7.7
5
6.2
2.9
6.7
3.1
4.8
1.4
3.6
5.1
1.3
5.7
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Yield t/ha
Conventional

4.4
4.1
3.6
3.2
5
5.6
6.4
5.3
5.6
5.5
4.3
5.6
2.5
3.7
3
3.5
1.1
3.2
4.9
1.4
4.5
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DISCUSSION AND CONCLUSIONS
The result listed) in Table 1, are only for one season.
More definitive
conclusions can only be done after a long period of study.
The average maize yields on the No~Till Tied-Ridges arc slightly higher than
the yields from conventionally ploughed plots with an average difference range
of 0.7 to 1.2 t/ha. As can be expected, yield generally decreased when going from
Natural Region 2A to 4. In some cases, the yield on No-Till Tied-Ridges were low
because of poor germination due to:
a) planting when the whole ridge is not completely moist
b) too deep seed placement due to farmers planting at the same time of making
the second run in completing the construction of the ridge.
Also generally there has been water logging in high rainfaU areas which hand
an effect on slightly lower yields. But still the crop on ridges showed better
health as compared to the crop on conventional plots.
Generally the management
by farmers were not quite up to the required standard because the No~Till System
is still a new practice to them.
Ridges were not quite built to recommended
height, which resulted in the washing away of the ridge sides.
The regression analysis, as shown in Figure 1 shows that there is significant
correlation between rainfall and yield for each tillage treatment and by how
much each differs depending on rainfall.
The yield data points are scattered all
over due to difference in soil types between farms and also differences in
management between tillage treatments on the same farm.
On practical implications No~Till Tied-Ridging requires more labour, time
and energy than conventional ploughing in the first year of establishing the
ridges,
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P.O. Box BW 415, Borrowdale, Harare, Zimbabwe
NATURE OF PROJECT
Although most arable fields in the small-scale farming
lands of Zimbabwe (Communal Areas) are protected from gully
and
rill
erosion
by
the
contour
layout
consisting
of

stormwater
losses of

drains, grassed waterways and contour
rain, soil and nutrients due to sheet

between the contour
stocking, 1988).

ridges

are

stiLl

rampant

ridges,
erosion

(Elwell

&

The project reported in this paper is a joint technical
r.o-opP.rat: ion effort between GTZ (Deutsche Gesell schaft fiir
Technische Zusammenarbeit (GTZ) GmbH) and the IAE (Institute
of
Agricultural
Engineering)
of
AGRI'I'EX
(Department
of
Agricultural, Technical and Extension Services), Zimbabwean
Ministry
of
r..~ands,
Agriculture
and
RuraJ
Reset~t-lement~
(MLARR).
It started in 1988 as the on-station component
supportive
to
countrywide
observational
on-farm
tillage
trials which commenced in 1983/84 and terminated in 1987/88.
These first on-farm trials were set up by AGRITEX to evaluate
the yields and practical aspects of implementation of tied
ridging
and
c:lAan
ripping
as
compared
to
mouldboard
ploughing.
However,
because of
logistic
and
supervision
difficulties at a total of eighty sites, except for yields
little
was
quantifiable
(Stevens,
1989}.
Fears
arose
therefore that the already serious sheP.t: erosion problem
could be aggravated since the conservation aspect had been
ignored (Working Document, 1990). From this experience j t was
evident that on-station trials were necessary to fully assess
the sustainabi lity of treatments, while on-farm t_rials were
the best means of evaluating the accF!ptability of promoted
techniques.
The objective of this paper is to outline only the onstation component of the project "Conserva1:ion Tillage for
Sustainable Crop Production systems" rtimP.d at testing the
sustainability of
s~lected
ox-drawn til1age systems with
particular
reference
to
the
Communa 1 Areas
of
Zimbabwe
(Working DocumP.nt,
1990). The on-farm component is being
presented by Gotora ( 1991).

RESEARCH OBJECTIVES
The overall prime objective of the project is to assess
the so·i] and \'later conservation and production merits of five
tillage
treatments
with
a
view
to
recommending
safe
417

production-protection
systems
suitable
for
small-scale
farmers. A safe system is being defined as one from which the

mean soil loss does not exceed 5 t/ha/yr and the yield level
ideally should not be less than that of conventional tillage
with ploughing (Working Document, 1990).
However,

techniques

it

are

is

appreciated

only

part

of

the

that

conservation

solution

(Smith,

tillage

1988).

Required
also
are
improved
agronomic
measures
such
as
rotational, mixed and/or relay croppi.ng, agroforestry systems
and improved time and labour management. Consequently, as
first steps, aspects such as labour requirements for weeding
and agroforestry systems are being looked into.

METHODOLOGY AND TREATMENTS
Trial design
In 1988, two research stations of about 10 hectares each
were

established on

under

natural

Communal

rainfall

in

granite-derived

Domboshawa

sandveld soils

(subhumid),

and

in

Makoholi (semi-arid). The research programme on each station
is
divided
into
two
uniform
parts
with
complementary
objectives
programme
A
for
soil
loss
and
runoff
measurements, and programme B for assessing yield potentials.
The

data

base

for

soi 1

] oss

and

runoff

assessments

is

provided from a randomized block design of 30 x 10 m field
plots planed to a 4, 5 % slope and with 5 m treatment buffer
border strips, This design has been developed in Zimbabwe
(Wendelaar & Purkis, 1979) and is fully in line with on-going
parallel research at the IAE. An exception is the tie-ridge
treatment where the ridges are laid out at 1 % across the
slope and the plots are 150 m long and 8 m wide, All erosion
research field plots are in triplicate.
The data base for assessing the yield potentials of the
selected tillage treatments is provided by additional trials
consisting of 6 x 18 m (gross) plots also laid out on a
randomized

block

design.

replicated eight times,

Whereas

the

main

treatments

are

the others are replicated only four

times.

Selected tillage treatments
During the early stages of project formulation, three main
treatments
were
selected
for
investigation
on
research
stations, namely: conventional tillage with ploughing, clean
ripping and tied ridging. Follo\'ling intensive discussions,

field visits and a project workshop, it was agreed later to
add t••o further t.reatments to the programme: mulch ripping
and badza holing-out (hand hoeing) into bare ground. The
418

latter two treatments were expected to provide extremes, thus

enhancing the range of the treatments.
Conventional inversion tillage consists of ploughing with
a single-furrow ox-drawn mouldboard plough. The mouldboard
plough along with maize monocropping was launched in the
1920's in a major extension drive by the colonial authorities

to replace shifting cultivation (Page & Page, 1990). Today it
is the most widely used cultivation technique in the Communal
Areas

of

Zimbabwe,

the cultivated area

estimated to be practiced on

(Working Document,

1990).

73-90

The

% of

inclusion

of this practice provides a baseline for assessing the merits

of the conservation tillage treatments.
Clean ripping involves inter-row-ripping into bare ground

using a

ripper tine attached to the ox-drawn plough frame.

Planting is carried out into the ripper tine line.

This non-

turning but only soil-loosening tillage technique has been
promoted by the Department of Agricultural, Technical and
Extension

Services

(Agritex)

for

its potential

in

improving

yields but high soil losses and runoff are anticipated from
the unmulched condition. Because of the advantages it offers
in low animal draft, timeliness of operations and potentially

higher

yields,

it

is

important

to

assess

whether

this

practice is sustainable.
Mulch ripping into crop residues is one of the two basic
conservation tillage treatments, (the other is tied ridging),

currently being promoted by the IAE. Soil loss and runoff are
expected to be far }Olver than from clean ripping, but there
are
no
local
data
available
to
prove
either
its
sustainability or acceptability. Although returning crop
residues
to
sandveld
soils
is
an
important
aspect
of
improving rock-bottom fertility, crop residues for mulching
are scarce in most Communal Areas, since it is normally

grazed

on-field

after

harvest

or

kraal-fed

during

the

dry

season. However, the method could offer advantages on smallscale commercial farms and in Communal Areas where cattle
numbers are reducing (scarcity of grazing land) or absent

(tsetse fly areas).
No-till tied ridging combines the conservation and yield
advantages of the conventional tied ridge system (Prestt,
1986; Hulugalle, 1990) with savings in draft power offered by
no-till methods. During the first year, the land is ploughed
to the recommended depth of 230 mm, cross-slope crop ridges
of not less than 250 mm unconsolidated height are then
constructed with an ox-ridger plough or with a single-furrow

mouldboard plough (Elwell & Norton, 1988). During the second
and subsequent years the land is not ploughed, the ridges
merely being maintained. Planting is carried out into the
crest of the ridge once the ridge is moist throughout. Early
weeding is hoped to be achieved entirely through re-ridging.
Moisture control is achieved by constructing the ridges at
gradients (1 in 250 grade minimum and 1% maximum) with lower

crossties (1/2 to 2/3 of the height of the ridge) constructed
419

at about one meter intervals along the furrows. In dry years
the ties can be rebuilt as often as practical to maximise
rain\'iater harvesting. In wet years waterlogging is prevented

by allowing the ties to break during storms,

whereupon the

gradient of the channels allows excess water to drain away.
Badza

areas

holing-out

short of

into

ox-draft.

bare

It

ground

is

a

method

used

in

is

estimated that out of the
total Communal Lands arable area 1-15 % is cultivated by hand
using a badza (Working Document). The ground usually has poor
cover and the soil tends to compact, High soil and water
losses and strong weed infestation are expected from
minimum tillage treatment. However, first experience

this
from

school garden trials in the Chiweshe Communal Area show high
yields with proper management and appropriate fertilizer
application (Oldreive, 1990).

Cropping treatments
Hybrid maize varieties are grown throughout the on-station

trials as maize

( Zea mays)

majority
of
Zimbabweans.
throughout, whereas in-row

is the

staple food crop of

Crop
row
spacing is

the

spacing
is
900
mm
500 mm in the humid

north and 620 mm in the dry south. Initial basal fertilizer
applications at Domboshawa and Makoholi are 300 and 200 kg/ha
respectively of an N, P, K. compound containing some sulphur.
In

addition

two

topdressings

of

Ammonium

Nitrate

are

being

applied later in the season at 5 week intervals, 100 kg/ha at
Domboshawa and 50 kg/ha at Mokoholi. To eliminate the everpresent hazard of nematodes either Carbofuran or Furadan are

being applied into the planting hole. Maize stalkborer is
being controlled with Thiodan when and where the need arises.
Weeding is done by hand hoe (badza) employing casual women
labour.

RESEARCH RESULTS
The results achieved so far are of a very preliminary
nature as they cover only two measurement (rainy) seasons and

should therefore be treated with care. It is also worth
pointing out that all data presented here are site-specific
and may not be extrapolated to other areas and/or conditions.
The results of soil losses from sheet erosion meast1red at

Domboshawa and Makoholi sites for the first two years of the
programme are shown in Tables 1 & 2. Measurement was began in
January 1989, Therefore losses at both sites for 1988/89 do
not include data from the early part of the season when the
erosion hazard is normally higher because of the poorer
ground cover. In 1989/90, in spite of above average rainfall,
relatively low sheet erosion losses were recorded most likely
because the larger proportion of erosive storms fell later in
420

the
rainfall
season after
the crop cover
had become
established. Since the degree of ground cover on the research
sites is bound to be considerably better than in Communal
Areas, as a result of better fertilization and maqagement,
losses .from sheet erosion can be expected to be considerably
higher in the Communal Areas than the values reflected in the
on-station measurements.

eroded

soil

in

However, first texture analyses from

Domboshawa

indicate

that

even

at

such

low

erosion rates as recorded on the stations, the soil resources

in the Communal Areas are degrading rapidly in terms of soil
fertility, as the eroded soil was predominantly from the clay
and silt fractions which constitute less than 10 percent of
the overall topsoil.

Table 1: Summary of Soil Losses (t/ha) at Domboshawa
Season

Rainfall
(mm)

Convent.

Tillage

Mulch
Clean
Ripping

Tied
Ridging

Hand
Hoeing

88/89

905

1,7

2,0

2,0

0,2

N.A.

89/90

1180

9,5

2,6

7,0

2,2

6,5

Table 2: Summary of Soil Losses (t/ha) at Makoholi
Season

Rainfall
(mm)

Convent.

Tillage

Mulch
Clean
Ripping

Tied
Ridging

Hand
Hoeing

88/89

415

0,7

0,5

0,5

Nil

N.A.

89/90

742

1,3

1,0

1,3

0,1

0,9

Tied ridging (see Tables 1 & 2) has constantly given lower
soil losses than the other treatments, as the furrow basins
successfully
acted
as
micro-catchments.
Contrary
to
assumptions, cross-ties did not break naturally even in the
higher rainfall region of Domboshawa.
The highest losses at both sites have been recorded from
conventional till (Tables 1 & 2), followed closely by clean
ripping at Domboshawa. Little differences in losses were
measured between mulch ripping and clean ripping at Makoholi,
possibly due to the scarcity of available residues after the
first season at this site.
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The

figures

treatment

for

for

the

hand

second

hoeing,

installed

measurement

as

season,

additional

are

based

on

only one eros-ion field plot at Makoholi and two at
Domboshawa, i.e. they are not only site but indeed plotspecific.
They
also
rather
reflect
the
effects
of
conventional till as the plots were opened up from dense
grass lays using an ox-drawn mouldboard plough. The same had
been the case with all other treatments for the first year,
hence no apparent differences could be expected for 1988/89
except for tie ridging (see Tables 1 & 2).
Yields obtained during the first two seasons (Tables 3, 4)
were fairly good given the fact that under communal farming
conditions they often may be as low as 0, 5 t/ha/yr (Grant,
1988). The second year results for Makoholi, located in the
semi-arid

south of

Zimbabwe,

\vere especially good,

no doubt

because the rains at that locality were fairly evenly spread
over the 1989/90 season;

whereas at the northern station of

Domboshawa roughly 850 rom fell in a period of only two months
(January and February 1990) causing more waterlogging than in
the previous year which had seen a similar concentration of
rainfall. As a result,
yield levels at Domboshawa were

adversely affected with the exception of tied ridging. They
dropped between 35 percent (conventional till) and 50 percent
(clean ripping) compared to the previous year but stayed the
same

\Vith

tied

ridging

at

4, 4

tonnes

per

hactare.

In

the

first year the average yield level of tied ridging (4,5 t/ha)
had only been marginally lower than conventional till which
had a yield of 4,8 t/ha on average. The reason for the
consistent performance of tied ridging at Domboshawa is that
there was still aeration in the elevated ridges, in spite of

the

fact

that

the

ties

did

not

break

naturally.

For

the

coming seasons, however, it has been decided to break the
ties by hand hoe should similar conditions occur again. This

surely ought to improve yields by preventing waterlogging.
Contrary to the waterlogging problem in the north,
temporary moisture stress on the elevated ridges could be the
reason for the slightly lower yields with tied ridging in the
south. Yields were only marginally lower (2,3 t/ha) compared
to conventional till (2,8 t/ha) in the first season, but, in
the second year,
conventional till faired significantly
better (6,6 t/ha) than tied ridging (5,4 t/ha). For this
reason, alternative planting in the furrow and halfway up the
ridge flank will be looked into at Makoholi. However, weeding
is expected to become more difficult since doing

it through

re-ridging will no longer be possible.
During

both

seasons

an

early-season

drought

occurred,

resulting in the normal mid November planting being delayed
until the beginning of December. Harvesting was delayed
correspondingly,
especially at
the
northern station of
Domboshawa where the late maturing variety SR 52 was grown.
To avoid similar difficulties in future years SR 52 has been
replaced for the third season by R 215, an early maturing
variety

which

requires

about
422

three

weeks

less

to

reach

physiological

maturity.

The

consequent

earlier

harvesting

will allow earlier 1•inter cultivation which offers higher
yield potential compared to when field preparation is carried
out only after the first rains.

Table 3: Summary of Maize (SR 52) Yields (t/ha) at Domboshawa
Rainfall
(mm)

Season

Convent.

Tillage

Mulch Clean
Ripping

Tied
Ridging

Hand
Hoeing

88/89

905

4,8

3,8

4,0

4,5

N.A.

89/90

1180

3,1

2,3

1,9

4,4

3,5

Table 4: Summary of Maize (R 201) Yields (t/ha) at Makoholi
,--

Rainfall
(mm)

Season

Convent.

Tillage

Mulch Clean
Ripping

Tied
Ridging

Hand
Hoeing

88/89

415

2,8

2,5

2,4

2,3

N.A.

89/90

742

6,6

5,9

5,9

5,4

3,9

Early weed infestation has generally been a serious
problem not only with the non-turning conservation tillage
techniques
but
also
with
the
conventional
invers1on
ploughing. However 1 there is reason to anticipate a further
build-up of perennial weeds,
particularly Mexican clover

(Richardia scabra), Yellow nutsedge (Cyperus esculentus) and
Couch grass (Cynodon dactylon), especially in the higher
rainfall region of Domboshawa.
Since weeding is mainly women's task and since any further

increase

of

their

already

greatly
jeopardize
conservation tillage

high

farm

labour

the
successful
techniques,
labour

burden

would

introduction
requirements

of
for

hand-weeding are being recorded starting as from the 1989/90
season. casual women labour from the surrounding small-scale
farming communities is being hired for this purpose on a
piece-work basis, i.e. payment is fixed per finished crop
row. First experience shows the necessity of three hand-

weeding
runs at Domboshawa
(two at Makoholi)
for
all
treatments including tied ridging (Table 5). The latter was
rather

unexpected

since

with

tied

ridging

thought to b~ achieved through re-ridging
1988; Gotora, 1991). However, early weed
423

first

weeding

is

(Elwell & Norton,
estahl ishment has

been so vigorous that by the time the maize seedlings had
become tall enough for re-ridging (Christmas), weeds were
even taller or so dense in places that they had to be removed
by hand. Then, in early-January 1990, a second weeding
exercise became necessary just for tied ridging to eradicate
Mexican clover which appears to be particularly aggressive
with this system. However, when all the other treatments were

due to be weeded for the second time at the end of January
1990, tied ridging could be left out. The third weeding
exercise

in

March

again covered

all

treatments

but

only

on

those plots which displayed strong infestation.
Table 5: Weeding Labour Requirements at Domboshawa in 1989/90
Labour Requirements for 3 Weeding Runs
Treatments

Days (8 hrs) per ha per woman

Total

Conv. Tillage

14

20

14

48

Clean Ripping

15

23

17

55

Mulch Ripping

17

25

16

58

Hand Hoeing

19

23

21

63

Tied Ridging

14

7

16

37

From the above Table 5 it is clearly evident that tied
ridging requires least hand weeding (37 days/ha/woman) of all
treatments.

with

this

This

system

advantage will

once

become even more pronounced

management

has

got

on

top

of

the

perennial weeds, particularly Mexican clover.
It is also
apparent from the above data that all other conservation
tillage techniques under investigation are likely to increase
labour requirements for \'r'eeding considerably compared to

conventional tillage with ploughing (48 days/ha/woman). As
expected, this is particularly true for hand hoeing (63
days/ha/woman). Rather surprising is the high requirement (58
days/ha/woman) for mulch ripping, which was due to the weeds
not being effectively suppressed by the maize stalk residues
and that the residues hampered hand weeding.
From the above Table 5 it is also evident that clean
management through hand hoeing generally is extremely
to
be
consuming.
As
herbicides
are
too
costly
alternative for most small-scale farmers, new ways of
management employing more efficient ox-drawn and/or
tools have to be explored.
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\'/eed
time
real
weed

hand

CONCLUSIONS
The results obtained so far indicate that of the
techniques being investigated, no-till tied-ridging has the
greatest potential for the Communal Areas in Zimbabwe. The
system
not
only
addresses
the
ultimate
problem
of
conservation successfully but also copes with the seemingly
contradictory

issues

such

as

rainwater

harvesting

and

prevention
of
waterlogging,
thus
providing
yields
at
consistent levels, especially in the humid areas (Table 3).
The water conservation benefit is hoped to become even more

pronounced

once

the

ridges

have

fully

settled

consolidated, thus allowing for more capillary
these medium to coarse-grained sandy soils. This,

and

action in
along with

planting on the ridge flanks or right in the furrow basins,
should increase the benefits of tied ridging compared to
other treatments. However,
the questions to answered on
farmers'
fields are:
how to overcome the bottleneck of
increased
time
and
labour
requirements
at
the
initial

installation of the tied ridge system; and how the women will
cope with the weeding if annual weeds build up further and/or
the planting position is moved down from the crest of the
ridge.
Although

the

project

is

presently

focussing

all

its

attention and resources on the tillage component, planning is
in progress to eventually also look into the improvement of

soil
structure/tilth
(Working
Document,
1990)
as
many
Communal sandveld soils are so depleted in fertility that no
matter how much tillage is being improved, productivity will
remain
below
subsistence
levels.
Only
if
comprehensive
research results are obtained from our experiment stations
and at the same time the active co-operation of the farmers

is achieved through on-farm trials shall there be a chance of
making the ultimate aim of low-input conservation farming in

the Communal Areas a reality.
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Purpose
In the graingrowing areas of south-west Queensland, Australia, water is generally the major factor
limiting yields of raingrown crops. Annual rainfall (550 mm) is relatively low and unreliable and annual
evaporation (1750 rum) is high. Wheat growth and yield are largely dependent on soil water stored during a
six to eight month summer fallow period. A field experiment commenced in 1983 to detennine the effect of
a range of fallow management practices on soil physical properties, soil water relations and crop production
on a sodic, texture-contrast, red-brown earth (fypic Natrustalf). Alternative practices may be better suited to
the soil and climatic conditions of the region than those traditionally used and could improve water
infiltration and storage in the soil. Tllis paper reports the results from the first four wheat crops.
Methods
The soil at the experimental site is probably a Typic Natrustalf (Soil Survey Staff 1975). ll is a sodic,
duplex (Northcotc 1977) type wi1h 27% clay in the A horizon and 47% in tl1e B. ll has a moderate angular
blocky structure and the surface is moderately hardsetting. The organic carbon content at 0-10 em was
1.35% in the virgin condition and 0.92% after 12 years of wheat cropping, at which time the experiment
commenced.
Treatments comprise three tillage frequencies (conventional, reduced and zero), two contrasting primary
tillage implements (disc plough and blade plough) and stubble retention and removal. Conventional tillage
(the tillage frequency used by local growers) is 4 to 6 tillage operations during the fallow, and reduced
tillage 1 to 2 operations. Stubble from tlle previous wheat crop is used for treatments with stubble retention.
Stubble was removed by burning (1984, 1985, 1986) or by slashing at ground level and raking from 1he
plots (I 987).
Plots measure 30 x 6 m. Small banks (30 em high) between the plots divert runoff water from adjacent
plots.
Seed cv. Hartog was sown at about 35 kg/ha in rows 25 em apart using spcarpoint soil openers and press
wheels. (The recommended seedling rate in 1he region is 30 kg/lm).
Hydraulic soil sampling rigs were used to extract soil water samples in 10 em increments to a depth of
120 em at sowing, anthesis and harvest. Soil water contents were determined gravimetrically, and volumes
of water in the profiles were calculated.
Hydraulic rigs were also used to take soil samples for available nitrogen determination. Samples were
taken at 0-30 and 30·60 em, and plant-available nitrogen were determined by KCI extraction. Quantities of
available nitrogen were then calculated.
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Grain was harvested using a small plot header, grain moisture content was measured with a moisture
meter, and yields were adjusted to 12% moisture content.
Grain nitrogen contents were determined, and grain protein content calculated from grain nitrogen x 5.7.
Water usc efficiency (grain yield per unit of water used) was determined from grain yield, net soil water
extraction and growing season rainfall.
Results
Soil water storage at sowing was highest, on average, for zero tillage with stubble retention (142 mm)
and lowest for zero tillage with stubble removal (97 mm) (Table 1). Fallowing efficiency (percentage of
fallow rainfall stored in the soil) varied from 31 to 14%.
Stubble retention generally increased soil water at sowing in all tillage treatments. With stubble
retention tillage tended to reduce soil water storage, but with stubble removal tillage tended to increase water
storage.
Soil water content. at harvest varied with treatment in three of four years (Table 1). Treatments with
stubble retention generally had less soil water at harvest than those with stubble removal.
Since stubble retention increased soil water at sowing and decreased soil water at harvest, continuous
stubble retention from crop to crop (in 1985, 1986 and 1987) resulted in marked increases in the amounts of
soil water which accumulated between harvest and sowing (Table 1). In 1987, treatments with stubble
retention accumulated an extra 65 mm, on average, compared with treatments with stubble removal.
Levels of NH4-N in the soil were always negligible but levels of N03-N varied with treatment (Table 2).
Increase in the frequency of tillage and in the degree of soil disturbance by tillage (disc rather than blade
ploughing) tended to increase the amount of NO,-N in the top 60 em of soil at sowing and harvest. Stubble
retention generally tended to reduce N03-N in the top 60 em at sowing and harvest. There were no
significant (P<0.05) tillage x stubble interactions.
Grain yield varied significantly (P<O.OS) with treatments in 1985, 1986 and 1987 (Table 3). In 1985,
when growing season rainfall was relatively high (247 mm), yield tended to increase with tillage frequency,
witl1 degree of soil disturbance by the primary tillage implement, and with stubble removal. In 1986 and
1987, however, when growing season rainfall was low (liS and 202 mm respectively), yield tended to
increase when stubble was retained, particularly under zero tillage.
Grain protein contents tended to increase witlt tillage frequency, with degree of primary tillage and with
stubble removal (Table 3). These differences in protein content reflect the levels of NO,-N in the soil at
sowing and harvest, though the effects of the treatments on grain yield would cause different levels of
protein dilution.
Water use efficiency was reduced by zero tillage and stubble retention (fable 3) but there were no
significant (P<0.05) tillage x stubble interactions.
Conclusions
Zero tillage witl1 stubble retention stored the most soil water during the fallows but the least
plant-available nitrogen. As a result, this treatment outyielded all others in 1986 when water was limiting
yield but was outyielded by nearly all others in I985 when nitrogen was limiting. However, the practice of
zero tillage with stubble retention reduces soil erosion (Frecbaim and Wockner 1983), and any deficiency in
nitrogen supply can be overcome with nitrogenous fertiliser or legume rotations.
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The increased supply of plant·available nitrogen resulting from frequent tillage, aggressive primary
tilJage and stubble removal is accompanied by an increased risk of N loss due to soil erosion and due to
leaching of mobile soil N below the depth of rooting.
Zero tillage with stubble removal had extremely low water storage (Table 1), which resulted in
extremely low grain yields in the dry years of 1986 and 1987 (Table 3). When stubble is absent or lacking,
tillage is clearly needed to optimise soil water storage on this soil type, probably because it breaks surface
seals and increases surface roughness. Thomas et al. (1990) also found low water storage in zero till with
stubble removed.
\Ve recommend zero tillage with maximum retention of stubble as the preferred fal1ow management
strategy on this soil type. However, extra nitrogen may have to be added in such a farming system. Further
research is needed to investigate the low water use efficiency of our recommended practice even in dry years
when N should not have been limiting. Reasons for this low efficiency of water use include low levels of
infestation of the leaf disease yellow spot (Pyrenophora tritici·repentis) and the presence of root lesion
nematodes (Pratylenchus sp.) which were found in high numbers in early 1988.
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Table 1 Effect of fallow management treatments on plant-available water storage at sowing and harvest, and on soil water accumulation
during the fallow (C, R, Z: conventional, reduced, zero tillage; D, B: disc, blade plough for primary tillage; S,, S: stubble
removal, retention)

Available soil water, 0-120 em (mm)

Treatment

Sowing

...
w

0

Soil water accumulation.

Harvest

0-120 em (mm)

1984

1985

1986

1987

1984

1985

1986

1987

1984

1985

1986

1987

CDS,
CDS

159
155

125
131

103
115

64

121

40
38

32
33

73
46

40
60

42
38

80
85

67
82

-11
84

CBS,
CBS

135
141

141
137

90
108

97
140

66
32

54
28

68
39

50
36

19
25

75
106

36
81

48
109

RDS,
RDS

151
161

118
119

84
86

93
108

46
54

32
34

57
55

59
52

35
45

72

60

52
52

46
67

RBS,
RBS

159
!57

110
126

83
95

86
130

29
35

45
31

40
34

50
43

43
40

80
87

38
65

42
96

zs,
zs

!54
165

119
133

62
115

67
!55

54
41

29
27

49
44

69
41

37
48

51
92

34
88

31
123

Ls.d., P=0.05

23

ns

33

38

19

ns

20

20

23

ns

35

49

Table 2

Effect of fallow management treatments on nitrate nitrogen
in the top 60 em of soil at sowing (3 years) and harvest (2
years) (C, R, Z: conventional, reduced, zero tillage; D, B:
disc, blade plough for primary tillage; S,. S: stubble

removaJ, retention)

NO,-N, 0-60 em (kglha)

TiUage

treatment
Sowing

CD
CB
RD
RB

z
l.s.d., P=0.05

Harvest

1985

1986

1987

1986

1987

71
58
69
49
37

82
69
60
49
44

90
75
90
58
76

100
68
88
69
51

42
29
54
30
22

21

20

ns

ns

20

65
48

58
63

75
81

98
53

42
29

13

ns

ns

35

13

Stubble

treatment

s.
s
l.s.d., P=0.05
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Table 3 Effect of fallow management treatments on grain yield, grain protein content and water use efficiency (C, R, Z:
conventional, reduced, zero tillage; D, B: disc, blade plough for primary tillage; S,, S: stubble removal, retention)

Grain yield (kglha)

Treatment

...

...,
"'

Grain protein content(%)

Water use efficiency (kg/ha/mm)

1984

1985

1986

1987

1984

1985

1986

1987

CDS,
CDS

2025
2053

3651
3624

2402
2468

2496
2569

14.0
13.2

10.5
10.2

12.3
ll.S

12.8
12.2

CBS,
CBS

2015
2171

3759
3390

2471
2496

2661
2793

13.8
13.0

10.5
9.8

11.8
11.2

RDS,
RDS

2142
2159

3530
3376

2374
2618

26ll
2625

13.2
13.5

10.1
10.4

RBS,
RBS

2106
1990

3294
3100

2573
2450

2981
3139

13.2
12.4

zs,
zs

2148
2019

3299
3189

1740
2822

2047
2773

ns

439

196

275

l.s.d., P=0.05

1984

1985

1986

1987

7.23
7.45

10.89
10.59

17.63
13.68

9.18
9.82

13.1
11.9

8.53
7.76

11.28
9.58

18.66
13.61

10.46
9.69

11.7
11.4

12.7
13.1

7.87
8.03

10.64
10.ll

17.21
19.36

10.97
10.09

9.8
9.7

10.9
10.8

11.6
ll.8

7.03
7.00

10.63
9.ll

16.73
14.26

12.06
10.47

12.7
12.2

10.0
9.7

12.5
10.6

12.6
11.3

8.00
6.88

10.23
9.12

15.25
15.41

9.27
9.04

0.8

ns

0.9

0.8

1.04

1.72

ns

ns

RESEEDING OF CRIMSON CLOVER, AND ITS RESIDUAL EFFECTS ON SOIL
PROPERTIES AND CORN (Zea mays L.) GRAIN YIELD IN A CLOVER/CORN RELAY
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ABSTRACT

Reseeding of crimson clover (Trifolium incarnatum L.) In a cloverjcorn relay lntercropplng system
would be an Important management practice to avoid replanting each yr. Thus, a study was conducted
on a Typic Kanpaleudult and Typic Kanhapludult, to evaluate reseeding of clover and its residual effects
on soil and corn when killed at various rates. Corn was relay planted Into chemically killed-strips, with
paraquat, (at 25, 50, 50, 75, 90, or 100% of the area killed), live clover or bare fallow for 3 yrs. Killing
was accomplished 2 wks before or at planting. Live clover or that left between rows of corn was
allowed to reseed. Reseeded clover also received the same chemical strip-kill treatments before
planting corn. Ground cover of reseeded clover was estimated to vary from 1 to 100% depending on
the time and percentage of strip-kill. Averaged over yrs, ground cover estimates of reseeded clover
kill at 0, 25, 50 or 75% varied from 65 to 100%. Soli C, N, and percentage of water stable aggregates
increased with reseeding of clover, and these values were often higher than those of similar treatments
of the Initial clover or in some cases bare fallow. Corn grain yields followed similar trends. Based on
results of reseeding, corn grain yield, residual effects of clover, management of chemical strip-killing,
50 to 75% strip-kill appeared to be the best treatments.

INTRODUCTION
In their review, Hargrove and Frye (1987) reported that the use of winter legumes
as N sources for subsequent nonlegume crops, and for water and soil conservation,
has increased markedly in recent years. Part of this response has been due to
escalating costs associated with the production of inorganic fertilizer-N and concern
over soil erosion.
Consequently, many management practices for using winter legumes in multiple
cropping systems with nonlegume crops have evolved to improve the profitability of
using legume crops. One of the management practices that is of interest in the
Southeastern USA is reseeding of crimson clover when grown in rotation or
intercropping systems with nonlegume crops (Touchton et al., 1982). Reseeding of
crimson clover should reduce costs of establishing clover each year (Touchton et al.,
1982). Further, reseeded clover should germinate before the optimum time of
seeding clover in October and thus, produce more fall growth before severe winters
(Touchton and Wells, 1985). As a consequence, reseeded clover should produce
more dry matter and accumulate more fixed N in the following spring than seeded
clover (Oyer and Touchton, 1990), resulting in more residual effects of soil C and N
(Langdale et al., 1987).
Reseeding of clover in grass/clover mixtures has been reported (Van Keuren and
Hoveland, 1985). Comparable studies for row crops are very few. Research studies
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of Touchton et al. (1982) and Touchton and Wells (1985) showed that when sorghum
(Sorghum bicolor L. Moench) or soybeans (Glycine max L. Merr.) were planted in late
spring into standing mature clover, clover was able to reseed before harvesting these
crops. Similar published studies for corn are also very few. This is because, in the
Southeastern USA, corn is planted before flowering and maximum N fixation and
accumulation by clover (Wesley, 1979).
Consequently, a research study of Touchton and Whitwell (1984) was initiated to
investigate the possibility of planting corn into killed strips of crimson clover, allowing
clover between corn rows to mature and reseed. Results of their study indicated that
reseeding was favorable, however, corn grain yields were sometimes reduced,
particularly in dry years. They suggested that soil water depletion by the clover that
was not killed may have resulted in low yields. Thus, more information is needed on
the productivity and management of the clover;corn intercropping system.
The objective of this research study was to evaluate reseeding of clover when
chemically strip-killed at various rates, and its residual effects on soil properties and
corn in a clover;corn relay intercropping system.
MATERIALS AND METHODS
A field study was conducted from fall 1987 to fall 1990 at Griffin, GA. on a Pacolet
sandy clay loam (clayey, kaolinitic, thermic, Typic Kanhapludults) and Plains, GA. on
a Faceville sandy loam (clayey, kaolinitic, thermic, Typic Kanpaleudults).
Crimson clover, cultivar Tibbee, was planted in fall of 1987. Clover was drilled in
bands, spaced at 15 em, at the rate of 28 kg ha·' on three conventionally tilled
blocks, each 6.0 m long and 50.3 m wide. These blocks received an application of
2 Mg ha·' of dolomitic lime, and P and Kat the rates of 47.3 and 91.3 kg ha·',
respectively as 0-20-20, before planting clover. Weed control in clover was
accomplished by an application offluazifop [-2-[4-[5-~trifluoromethyl)-2-pyridinyl] oxy]
phenoxy] propanoic acid] at the rate of 0.33 kg ha· plus oil.
Within each block, there was a bare fallow plot (6.0 m long and 4.5 m wide)
selected at random. Bare fallow plots were kept free of weeds by an application of
0.56 kg ha·' paraquat (1, 1' dimethyl-4,4'-bipyridium ion) plus a nonionic surfactant
and glufosinate [ammonium (3-amino-3-carboxypropyl)-methylphosphinate] atthe rate
of 1.1 kg ha _, plus a nonionic surfactant.
In spring of 1988, clover was subjected to various treatments before planting corn.
These included, no killing, chemical strip-killing centered over the corn row, with some
left between corn rows to mature and reseed, at 25, 50, 75, 90, and 100% kill of the
total area. Paraquat was used to kill clover at the rate of 1.1 kg ha·'. Strip-killing was
achieved by adjusting the band width of spray of a 3-point linkage tractor mounted
shielded boom sprayer, 1.07 m long. Killing of clover was accomplished 2 wks before
(T1) and at planting (T2) of corn, except the 25% kill which was killed at planting only.
The first kill was done before flowering, while the second coincided with the full bloom
stage.
Corn hybrid, pioneer 3165, was no-till planted into the above treatments, including
bare fallow at 64,000 seeds ha·'. The study consisted of 11 treatments, in a
randomized complete block design, with three replications. The plot size was 6 rows
(6.0 m x 0.76 m). In spring of 1989 and 1990, corn also was planted in the same
plots. Those plots that reseeded received similar strip-killing treatments as in 1988.
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Soil samples were collected at planting of corn in each yr, from 0 to 15 em depth
increment, air-dried and ground to pass through a 0.25 mm (60-mesh) sieve, and
analyzed for total N, using the micro-Kjeldal analysis (Bremner and Mulvaney, 1982).
Undisturbed soil samples were also collected from selected treatments, in October
of 1988 and 1990, after harvest of corn, at 0 - 2.25 em depth increament for the
determination of organic C and water stable aggregates. Soil organic C was
determined using the dry-combustion procedure (Nelson and Sommers, 1982), and
the water stable aggregates by the wet sieving method, modified for a single 0.25 mm
sieve (Kemper and Rosenau, 1986).
Weeds, in corn, were controlled pre-emergence with alacholar (2-chloro-4ethtylamino-6-isopropylamino-s-triazine) at 2.2 kg ha· 1 and postemergence with
paraquat at 0.56 kg ha· 1• All corn plots received only a side dress of 50 kg ha- 1 N as
ammonium nitrate (34% N) at 6 wks after planting.
Estimates of reseeding, as percent ground cover, started immediately reseeded
clover germinated. Four visual estimates were made per plot from a 1.9 m 2 quadrant.
These estimates were taken each month and on the day of the first kill.
Corn grain yield was determined by harvesting 5.5 by 0. 76 m2 from each of the
center row in each plot, and grain weight adjusted to 15.5% moisture basis. Data
was analyzed using the Statistical Analysis System (SAS, 1985). The analysis of
variance was determined using the general Linear Model (GLM). The separation of
means among treatments was obtained by using the Duncan's Multiple Range Test
at p = 0.05. Selected treatment means were compared using a set of orthogonal
linear contrasts.
RESULTS AND DISCUSSION
RESEEDING OF CLOVER
With adequate soil water, germination of reseeded clover started in July 1988, when
corn was at tasselling stage (R1). Reseeding started, first, between rows of corn,
where shading was minimal, and extended outwards after corn harvest. By
November, most reseeded clover germinated and reached the maximum ground
cover. Results of percent ground cover (Table 1) are estimates of clover reseeding.
They were taken in spring, just before the first killing of clover. Results of the first yr
indicated that reseeding occurred favourably (ground cover > 65%) when killed at
planting (T2). At this time clover had flowered and set seed, therefore, suggesting
that the rate of paraquat (0.56 kg ha"1) we used to kill clover did not kill all the seeds,
since clover reseeded when killed completely (100% kill T2). Reseeding also
occurred favourably when clover was killed early (T1), only killed in strips of less than
75% (ground cover > 70%). Similar trends occurred in the second yr of reseeding,
but reseeding declined significantly for 100% kill T2. This is probably because in
1989, the second killing was done before seed set. Although reseeding was excellent
for 90% kill T2, it was difficult to manage. It was easier to kill clover in strips of less
than 75%. Therefore, based on these results and problems associated with killing,
killing clover in strips of less than 75% should give adequate reseeding.
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SOIL NITROGEN
In 1988, results for soil nitrogen, at corn planting, from the 0 to 15 em depth
increment (Table 2) were similar for all treatments. About 52 mm of rainfall occurred
between the 2 wk interval of the first and second killing of clover. The corresponding
average maximum air temperature was 20°C. These conditions suggest that
decomposition and N mineralization of the early killed clover (T1) should have
occurred. According to Neely (1990), about 10% of theN from crimson clover should
have been released by 14 days after the first kill. Similar research studies of Neely on
15
N in hairy vetch (Vicia vil/osa Roth) indicated that most of the N from vetch
remained in the upper 7.5 em soil depth over the 161 d period. These similarities,
therefore, suggest that N from the early killed clover may have remained in the upper
soil surface layer; however, the trend is for greater N in T1. Results in spring of 1989
and 1990 showed that plots that reseeded (ground cover > 65%) had much higher
soil N than those that did not reseed adequately. Results for similar treatments were
much higher in 1989 or 1990 than in 1988. Averaged over all treatments soil N
increased 47 and 53%, respectively, by spring 1989 and 1990. However, differences
in soil N between 1989 and 1990 were very small, suggesting N uptake by the corn
crop in 1989. The increase in soil N in the bare fallow in 1989 and 1990 over that in
1988 could be associated with N mineralization during the fallow period. This
phenomenon was reported in Nebraska (Lamb et al. 1985). These results indicate
that growing legumes on the same piece of land, in this case by reseeding, and long
term fallowing will build up soil N, findings which are in agreement with Lamb et al.
(1985), Hargrove (1986), Langdale et al. (1987), Smika (1990).
SOIL CARBON
Soil samples were collected in October of each yr, after harvesting of corn. In
1988, treatments with clover had much higher soil C (Table 3) than bare fallow,
although these differences were not statistically significant at Plains. Similar trends
were observed in 1990. The increase in soil C for bare fallow at Plains is likely due
to dead leaves or roots from corn and the absenceof tillage. Results for soil C were
much lower Plains than at Griffin. This difference is perhaps as a result of high
summer temperatures and long growing season at Plains than at Griffin. McVay et
al. (1989) reported similar values for Plains. These findings as well as those reported
by Hargrove (1986), Langdale et al. (1987), MacVay et al. (1989) clearly indicate that
winter legumes can rapidly improve soil carbon in the upper surface layer. Reseeding
of clover made this possible in our study.
PERCENT WATER STABLE AGGREGATES
In 1988, results for percent water stable aggregates (> 0.25 mm) (Table 4) were
similar for all treatments tested within each site. Although soil C was greater in 1988
for treatments with clover residue (Table 3), it was not sufficient to produce an
increase in the percentage of stable aggregates. There was a marked increase in
aggregate stability in plots with clover in 1990, however. This suggests that the
formation of stable aggregates may take time to develop, even after elevated organic
C levels have been achieved. Aggregate stability for bare fallow decreased at Griffin,
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while it increased at Plains, as did soil C. The decrease in percentage of aggregates
on the bare fallow, at Griffin, could also be associated with the destructive effects of
the rain drops (Radcliffe et al., 1988; Smika, 1990). Clearly, the beneficial effects of
reseeding legume crops on improving suface aggregation, has been demonstrated
in this study.
CORN GRAIN YIELD
Results for grain yield are shown in Fig. 1. Differences in grain yield in 1988 (Fig.
1a) were not large enough to be significant, perhaps due to adequate soil water in
all plots later in the growing season (data not shown). The residual effects of clover
due to reseeding can be evaluated by comparing grain yield from reseeded and bare
fallow treatments (Fig. 1b, 1c), since all plots received an equal amount of N of 50 kg
ha·' as a sidedress at 6 wks after planting. In both Fig. 1b and 1c, grain yield from
bare fallow was much lower than most treatments that reseeded, except 100% kill
(T1). An orthogonal contrast for yield obtained from early (T1) and late killed clover
(T2) was very highly significant (p ~ 0.001). Grain yields from reseeded plots were
much higher from no-kill or T2 than T1. Weeds germinated very early in T1
treatments due to early decomposition of clover residues. Thus, grain yield
decreased in these plots as a result of competition. Nevertheless, these results
demonstrate that in intercropping systems, the benefits of associated legumes can
be evident when grown on the same piece of land for several yrs.
CONCLUSION
Results from this study have shown that reseeding of clover, as measured by
percent ground cover, in a clover jearn relay intercropping system was favorable and
ranged from 65 to 100%. Soil C, N, percentage of water stable aggregates and corn
grain yield increased with reseeding clover. Based on reseeding, corn grain yield from
reseeded plots, residual effects, killing clover in strips between 50 and 75% at planting
corn (T2) appeared to be the best treatments. Because of the vagaries of rainfall, T2
would be an unreliabe practice, unless there is irrigation. Thus, further studies are
needed in this area under irrigation to minimize competition for soil water. Also,
research studies are needed on clover jearn intercropping system to evaluate
selective herbicides for weed control after reseeded clover germinates.
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Table 1.

Reseeding of clover as influenced by percent and time of killing
clover in a clover;corn relay intercropping system (Griffin, GA).

Treatment

First yr.

Second yr.

----------- % ground cover ------No-Kill

100a*

100a

25% Kill At Planting (T2)

100a

100a

50% Kill 2 wk Before Planting (T1)

99a

90a

50% Kill At Planting (T2)

1OOa

99a

75% Kill 2 wk Before Planting (T1)

70b

68b

1ooa

94a

8c

11c

95a

81a

2c

1c

100% Kill At Planting (T2)

65b

6c

Means

74

75% Kill At Planting (T2)
90% Kill 2 wk Before Planting (T1)
90% Kill At Planting (T2)
100% Kill 2 wk Before Planting
(T1)

*

65

Values within each column not followed by the same letters are
significantly different (p = 0.05 Duncan's Multiple Range Test).
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Table2

Soil N, at 0-15cm depth, from seeded and
reseeded clover plots as influenced by percent and
time of killing in a clover /corn relay intercropping system

(Data from the same plots)
Treatment

At planting
5/5/88

At harvest
16/4/89

At plating
1/5/1990

Bare Fallow

0.78+

1.21ab'

1.16bc*

No-Kill

0.85

1.25a

L28ab

25% Kill at Planting
(T2)

0.85

1.20ab

1.26ab

50% Kill 2 wk Before
Planting (T1)

0.84

L25a

1.26ab

50% Kill at Planting
(T2)

0.76

L25a

1.36a

75% Kill2 wk Before
Planting (T1)

0.91

1.21ab

1.23ab

75% Kill at Planting
(T2)

0.78

L29a

UOab

90% Kill 2 wk Before
Planting (T1)

0.81

L01b

L09c

90% Kill at Planting
(T2)

0.72

L25a

1.35a

100% Kill2 wk Before
Planting (Tl)

0.86

1.01b

1.06c

100% Kill at Planting
(T2)

0.76

1.21ab

1.16bc

Means

0.81

1.19

1.24

*

Values within each column not followed by the same letters are signficantly
different (p ~ 0.05 Duncan's Multiple Range Test).

+ No significant difference was present within the
effect.
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column due to treatment

Table 3.

Percent soil carbon (0 • 15 em depth) as influenced by percent kill
and reseeding of crimson clover.
Griffin

Plains

Treatment

1988

1990

1988

1990

Bare Fallow

1.52b*

1.43b*

0.89t

1.06t

No-Kill

1.93a

2.08a

1.06

1.18

50% Kill At
Planting

1.83a

2.16a

1.03

1.15

100% Kill At
Before Planting

1.86a

2.02a

1.04

1.12

Mean

1.76

1.92

1.01

1.13

*

Values within each column not followed by the same letters are
significantly different (p = 0.05 Duncan's Multiple Range Test)
No significant difference was present within each column due to treatment
effect.

t

Table 4.

Percent water stable aggregates (> 0.25 mm), at 0. 15 em depth,
as influenced by percent kill and reseeding of crimson clover.
Griffin

*
t

Plains

Treatment

1988

1990

1988

1990

Bare Fallow

51.1 t

37.3b*

45.1 t

60.0t

No-Kill

52.0

70.9a

46.6

67.7

50% Kill At
Planting

57.0

75.7a

50.9

71.3

100% Kill At
Planting

56.8

63.3a

50.7

66.0

Mean

54.2

61.8

48.3

66.3

Values within each column not followed by the same letters are
significantly different (p = 0.05 Duncan's Multiple Range Test).
No significant difference was present within each column due to treatment
effect.
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Fig. 1.

Corn grain yield as influenced by percent and time of killing and
reseeding clover.
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EFFECTS OF REDUCED TILLAGE ON FERRASOL RHODIO ON MAIZE
AND SOYBEAN GRAIN YIELD OBTAINED IN THE REGION OF HORRO
ALALTU, THE NEKEMTE PROVINCE, WOLLEGA , ETHIOPIA
1. I. Zugec,X I. Juri6,X Z. Balentovi6 XX
and Tesfaye AbrhaXXX
Agricultural Institute Osijek, Yugoslavia
x
xx OLT-Agricultural Mashine Factory, Osijek, Yugoslavia
xxx Misf, Nwadc, Nekemte, Agro-industrial Projekt,Ethiopia
I Objective of the Investigation
In the_ region of Horro Aleltu, which is situated approximately 40 km northwards from Nekemte, the soils are mainly
ferralithic. This region was cleared in 1985. Before clearing,
the whole region was a forest-savanna, whereas now it is fully
exploited, meaning that the arable land production (maize,
soybean, beans, sunflower, tobacco plants, etc) takes place
there. One of the basic problems of the plant production in
· this region is the conservation of the arable, humus layer from
an intensive water erosion occuring due to the frequent and
'
heavy rainfall during the wet season (from June to September).
For this reason, some stationary research into erosion have
been conducted, the results of which have been published by
BALINOVIC et al (1991). These authors have found very large
yearly soil losses. Based on the erosion risk, the following
classification of soils of the Horro Aleltu, region was made
by - a) using the parameter K in U.s.L.E. according toWISC!1EIER
and SMIT.I! (1978) on the one hand, and the parameter R of the
Fournier's modified method on the other, both parameters being
recommended by the FAO experts, and by - b) considering the
hypothetical sloping ground length of 250 m and RKLS expressed
as t/ha per year:
1. The 5th class involves the soils with potential yearly soil
losses higher than 150 t/ha. The authors suggest that the
plant production should not take place there.
2. The 4th class involves the soils with losses ranging from
115 to 128 t/ha (aerie feralsol, shallow xantic, ferralsol
and planosol).
3. In the 3rd class, the soil losses range from 56 to 93 t/ha
(medium deep ferralsol-orthic, aerie and xantic).
4. The soil losses of the 2nd class range from 43 to 46 t/ha
(vertic ferralsol-shallow, medium, deep).
5. The last class involving the soil losses which range from
31 to 39 t/ha (predominantly deep and very deep ferralithic
soils). The most ferti~e soils belong to this class.
In another study by BASIC et al (1981), still dealing with
the problems of this research, the same group of authors has
published the results of investigating the possibility of reducing and aleviating the erosion up to the tolerable limits by
means of varius soil tillage practices (no tillage, againstand
down the slope and vertical to the ground slope). Under the
no-tillage treatment (370 kg of organic matter), the tillage
VP.rtical to ground slope (51 kg of organic matter), the average
yearly soil losses were 7,6., 27 and 1,12 t/ha, respectively.
The tolearable yearly soil loss was estimated at 12 t/ha.
Being concerned ~lith ~ield trials related to agric1;11turR!- te?hnology in the same reg1on, another group conducted 1nvest1gat1on
v
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lasting several years in order to determine the effects that
the reduced tillage has on maize soybean yield. Zero-tillage
effects were studied, too. The objective was to find a cheaper
and simpler tillage system, taking into consideration the complexity of the soil conservation from the water erosion. The
objective of this paper is to present the result obtained in
our investigations.
II

Material and methods

The investigations including the soybean and maize production were carried aut from 1987 to 1989 on a ferralsol rhodic
type, medium deep, in the subtropical area of Horro Aleltu,
Nekemte (40 km northwards), the Wollega province, Ethiopia.
They were also continued in the 1989/90 growing season.
The following factors were investigated:
A - basic soil tillage (factor)
B- fertilization (sub-factor), and
0 - tillage during the vegetation period (sub-sub-factor).
The treatments were as follows: A - basic soil tillage
A - ploughing (20 em depth) in May+discharrowing+vibroculti1
vator,
A2 - subsoiling (30-35 em) in May+discharrowing+vibrocultivator
A - deep discharrowing (10-15 cm)+vibrocultivator,
A3 - shallow discharrowing (5-10 cm)+vibrocultivator,
A; - sowing without the basic soil tillage - no-till planter.
B - fertilization (for maize)
B - no fertilization (control area)
B1 - 50 kg/ha N + 50 kg/ha P2 0
B~ - 100 kg/ha N + 100 kg/ha P~o
B4 - 150 kg/ha N + 150 kg/ha P2o
5
For soybean, the level of P applied was the same as for maize,
yet the levels of N applied were as follows: 40 kg/haN (B ),
80 kg/haN (B~) and 12o kg/haN (B4 ). Again, there was one 2
control plot withaut fertilization treatment.
0 - soil tillage during the vegetation period
Maize: 01 - ridging
Soybean: 01 - hoeing (two times)
0 - hoeing
o - hoeing (once)
0~ - without soil tillage
o23 - without soil
tillage
It follows that the 0~ treatment applied together with the A
factor can be considered as zero tillage. After the sowings, 5
maize plots were treated with Primagram 500 (1,65 kg metolachlor+0,8 kg atrazine) at a rate of 5 1/ha, whereas the soybean
plots were treated with Lasso and Sencor (1,68 1 alachlor+0,28
kg metribuzin) at a rate 3 5 and 0,4 kg/ha respectively. The
total herbicide (Gramaxone3 should have been applied prior the
sowings on the plots with the A~ soil tillage treatments at a
rate 5 1/ha, yet, due to the lack of herbicides, it was left
out. For this reason, the weed was removed mechanically - by
cutting and clearing.

5

444

The maize plots (the Kenyan hybrid H-625) were planted at a
population of 51 000 seeds/ha, whereas the soybean plots (Clark
63K) were planted at a population of 400 000 seeds/ha. A pneumatic planter PSK-8 made at OLT, Osijek, Yugoslavia, was used
for sowing of both maize and soybean plots. The plots with the
A tillage treatment were sown using the same planter ~1hich
w~s adapted in such a way small chisel elements were installed
in front of the sowing bateries. The plots where the effects of
fertilization an~ the type of tillage were to be observed measured 70 and 280 m , respectively. The experiment was established
in a completely randomized block design according to the splitsplit plot method with four replications.
III Climate
This region is characterized by a subtropical climate with
dry seasons (from October to May) alternating with wet ones
(from June to September). Averaged over several years the precipitations during the vegetation period amount to approximately
1095 mm due to the frequent and heavy rain. The amounts of rainfall recorded during the vegetation period of the 1987 and
1988 e;rowing seasons ~1ere 1007 and 1265 mm, respectively (Table 1.). The weather conditions in this region are rather changable with possibilities of stormy weather follo~1ed by hail
which brings about the lodging and damaging of the crops. This
is particularly true for August. Therefore, it is 1~orth mentioning that at the end of August 1988, a heavy rain followed by
a hail wind brough about the entire lodging and damaging of
both maize and soybean plants.
Table 1.
Rainfall (mm) and temperature air (°C) during
the 1986-1988. years for Horro Aleltu, Nekemte
province

o n t h s
Rainfall

(mm)

1987. 190

154

2o4

214

198

47

1007

23
23

22
22

21
22

23
22

23
23

23
23

12§§~-1~2--~1Q __ ~Z2--2~~--~g~__ gQ~--------1~§2_____ _

Tempsratu- 1987.
re ( C)
1988.

24
25

Soil
The investigations were carried out on a ferralsol rhodic,
medium deep, of a very good composition and good internal and
external drainage. The soil is very rich in humus (4,7 to 5,5%),
whereas the levels of active P, ·.K and pH 1qere low (2,5 - 17,2
ppm), medium (0,28- 0,56 m.e.) and low (4,8- 5,2 n NKCl; 5,66,1 n H2o), respectively.
V Results of investigation
The soybean and maize yields obtained from 1987 to 1988. are
shown in Tables 2, 3, 4 and 5.
The effects of various basic soil tillage treatments applied
in maize production were not manifested in the first year of
testing because there Here no significant yield differences
among the plots under four tillage treatments.
IV
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Table 2.

Maize grain yield (t/ha at 14% moisture content)
obtained in 1987.
· Yield t/ha
Basic soil S0~. 1 t"ll
~
age----F--rT~T--rT---TB~-Average
during vegeerv~L~Zac~on , 1
tillage
(0)
(A)
tation (0)
Bl
B2
B3
B4
(A)
01
02
0

7,910 8,847 8,643 7,913
8,040 7,393 7,763 8,283
8,573 9,053 8,117 9,803

8,328
7,870
8,887

!2------------------------------(B)rage
8,174 8,431 8,174 8,666
01
02
0

8,361
8,899
8,759
8,479

8,777 9,157 9,077 8,583
7,670 8,757 9,080 9,540
8,330 8,097 8,580 8,910

I2------------------------------C~)rage
8,259 8,670 8,912 9,011
Deep discing 01
0
(A )
3
o2

8,713
9,082
8,504
9,026

9,297 9,577 8,697 8,757
8, 030 7, 997 8, 617 9, 373
8,360 9,237 8,06010,450

I2------------------------------(~)rage
8,562 8,937 8,458 9,527

8,871

8,260 8,153 8,197 8,423
8,510 8,043 7,843 8,803

8,258
8,300
9,501
8,686

Average
(BxO)

Total

01
02
0

8,561 8,934 8,654 8,419
8,060 8,048 8,326 9,000
8,642 8,991 8,475 9,785

2------------------------------xC~)rage
8,422 8,657 8,485 9,068

LSD (A)P-5%
P-1%

= 0,558

=

LSD (B)P-5%
P-1%

0,734

P-5%- 1 931
LSD (AxBxO)P-1%
: 2:542
P-5%
LSD (A 101-A10 2 ) P-1%

=

= 0,558

=

0,734

8,6l•2
8,359
8,973

LSD (O)P-5% = 0,483
P-1% = 0,636

(
)P-5%
LSD AlBl-AlBl P-1%

=
=

1,115
1,468

0,966 LSD (B O B O )P-5%
1 1- 1 2 P-1%

=

1,468

= 1,271

= 1,271

What is more, the plots under ploughing gave the lowest
yield (Table 2). In succeding year (1988), however, the conventional tillage (ploughing) showed a yield advantage ranging
from 421 to 615 kg/ha, which is far above the highly significant
difference in comparison to all other soil tillage treatments
(Table 3). Yet, when comparing the two-year means, these differences disappear, so that it can be concluded that all types
of tillage have similar effects on grain yield. The same was
suggested in a later study on the same problem by JURI6 et al (1989).
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Maize grain yield (t/ha at 14% moisture content)
obtained in 1988.
.
.
Yieid t/ha
Basic soil so~l
t~llage ---~--~TrT---r---r"~---.
..,er.~ ~zat on
Average
tillage
dur~ng vege- B
B
B 1 B
(C)
(A)
(A)
tation (C)
l
2
3
4

Table 3.

,o

c1
c
c2

6,127 6,817
5,327 6, 307
5,677 6,320

7,377
6,227
6,987

7,527
6, 707
7,050

x2---------------------------------cn)rage
5,710 6,481 6,864 7,095
Subsoiling
(A2)

c1
c2
c

5,227
4,943
4,517

6,773
5,643
5,573

6,787
6,350
6,240

7,107
7,170
7,067

x2---------------------------------cn)rage
4,896 5,996 6,459 7,115
Deep discing c 1
c2
(A3)
c

5,093
4,997
4,710

5,957
5,580
5,377

6,563 6,733
6,460 7,000
6,153 6,640

x2---------------------------------(B)rage
4,933 5,638 6,392 6,791

Shallow discing(A4)

cl
02
0

5,580
5,000
5,107

6,530
5,290
4,857

6,787
6,013
6,503

7,270
5,983
6,147

x2---------------------------------CB)rage
5,229 5,559 6,434 6,467

Planting
0
5,723 5,647 6,463 7,023
without basic o21
5,463 4,877 5,933 6,667
soil tillage 0
5,870 6,080 5,967 6,203
CA5)
x~erage ___5:ffi5--5:536--6:;:;;;:--;;;:631
Average
(BxC)

Total

o
021
0

5, 550
5,146
5,176

6, 343 6, 795
5,539 6,197
5,641 6,370

7, 132
6,705
6,621

2----------------------------------!(B)rage
5,685 5,842 6,454 6,820
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6,962
6,142
6,509
6,537
6,474
6,026
5,849
6,116
6,087
6,009
5,720
5,939
6,541
5,571
5,624
5,922
6,214
5,735
6,030
5,993
6,456
5,897
5,952

The effects that the fertilization treatments had on maize
yield varied in each year, In comparison to the control area, in
the first year of the investigation, a statistically significant
increase in grain yield was not obtained with the application
of 50 and 100 kg of N and P, respectively (Table 2). It wasonly
after the application of the nutrients at a level of 150 kg
that the yield being statistically significant (LSD P-5%), when
compared to the control area, was increased by 646 kg/ha. In the
second year of the investigation, after the aplication of P and
K at a level of 50 kg, the maize yield was increased by 157 kg/
ha (significant at LSD P-5%), whereas after the aplication of
100 and 150 kg of N and P, respectively, the yield was increased by 769 or 1135 kg/ha when compared to the control area
(significant at LSD P-1%), (Table 3). The yield differences
which occured due to the varius levels of nutrients applieed
(from 50 to 150 kg/ha) were highly significant in 1988, too.
The effects of soil tillage during the vegetation period
were also different in each year, In the lst year of the investigation, the highest grain yield was obtained on plots without the soil tillage during vegetation, yet with the yield
difference being statistically significant (LSD P-5%) and nonsingificant in comparison to hoeing and ridging, respectively,
The yield differences between hoeing and ridging ~1ere not statistically significant. Yet, in the second year of the investigation, the highest mean yield was obtained on plots under
ridging. It was statistically higher (LSD P-1%) than the yield
obtained on plots under hoeing and on plots without the soil
tillage the vegetation period.
A special attention should be drawn to the no-tillage treatment during the vegetation periop (0 ), including the sowing
without basic soil tillage (A 5 ). This 3kind of tillage treatment
can be classified as zero-tillage, especially from the vie~l
point of the soil conservation from the water erosion. From the
results shown in Table 3, it can be concluded that the plants
from the plots •·rith the treatment c~ (zero-tillage) did not
yield much lower than those from the plots under hoeing or
ridging, aither l1hen the basic soil tillage was excluded (A,)
or in comparison with any other basic soil tillage treatment,
with the exception of the conventional tillage (ploughing). It
follows that this kind of soil tillage treatment can be applied
in maize production from the following standpoints:
- from the standpoint of making the soil tillage cheaper and
simpler, and
- from the standpoint of considering this kind of soil tillage
an additional agricultural engineering measure taken in order
to aleviate the erosion effects (conservation tillage).
This kind of soil tillage fits into measure against erosion
described in detail by MORGAN et al (1986), BONSU and OBENG
(1979), BONSU (1981), LAL (1976, 1977a, 1977b, 1979, 1981),
BASIC et al (1991) and others.
The effects of the basic soil tillage appered in soybean
production in both years. In the first year, (1987-Table 5),
the plots under deep discharrowing gave a yield higher by 335
kg than obtained under subsoiling. The yield difference was
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Table 4.

Soyabean grain yield (t/ha at 14%
maisture content) in 1987.

Basic soil Soil tillage in
tillage (A) vegetation (C)
C-1
C-2
C-3

Ploughing
(A-1)

Average

Yield(t/ha)
Fertilization (B)
B-1
B-2
B-3
B-4

(C)

2.904
2.913
2.949

2.497 3.043 2.917 3.157
2.367 2.953 2.980 3.350
2.637 2.837 2.933 3.390

Average(B) 2.500 2.944 2.943 3.299
Subsoiling
(A-2)

C-1
C-2
C-3

2~q22

2.794
2.834
2.903

2.507 2.577 3.033 3.057
2.403 2.530 3.180 3.223
2.323 2.733 3.130 3.427

2.844

Average(B) 2.411 2.613 3.114 3.236
Deep discing
(A-3)

C-1
C-2
C-3

2.730 3.033 3.267 3.387
3.203 2.973 3.393 3.190
3.243 2.980 3.257 3.490

3.104
3.190
3.243

Average(B) 3.059 2.995 3.306 3.356
Shallow discing g:~
(A-4)
c-3

2.557
2.697
2.777
Average(B) 2.677

8

Planting
without basic
soil tillage
(A-5)
Avera~e

(BxC

C-1
C-2
C-3

3.247
2.623
2.943
2.938

3.320
2.867
3.100
3.096

(A)

3.179

3.310
3.163
3.210
3.228

3.109
2.838
3.008

2.800 2.300 1.850 1.880
2.870 1.860 2.550 2.640
2.540 2.390 1.770 3.080

2.208
2.480
2.445

2.985

--------------·---~-

Average(B) 2.737 2.183 2.057 2.533
C-1
C-2
C-3

2.618 2.840 2.877 2.958
2.708 2.588 2.994 3.113
2.704 2.777 2.838 3.319

Total average(B) 2.677 2.735 2.903 3.130
LSD(A) P-5%= 0.185
P-1%= 0.244

2.378

-----2.823
2.851
2.910

2.861

LSD(B) P-5%= 0.185 LSD(C) P-5%= 0.160
P-1%= 0.244
P-1%= 0.211

LSD(AxBxC) P-5%= 0 • 641
P-1%= 0.844

LSD(A B -A B ) P-5%= 0.371
1 1 1 2 P-1%= 0.487
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Table 5.

Soyabean grain yield (t/ha at 14%
maisture content) in 1988.

Basic soil Soil tillage in
tillage (A) vegetation (C)
C-1
C-2
C-3

Ploughing
(A-1)

Yie;d ( t/ha2
Ferti11zation (B)
B-1
B-2
B-3
B-4
1.710 1.930 1.870 .2.153
1.677 1.810 1.867 2.357
1.530 2.073 1.963 2.253

Average(B) 1.639 1.938 1.900 2.254
C-1
C-2
C-3

Sub soiling
(A-2)

1.710 1.973 2.050 2.310
1.787 2.043 2.063 2.330
2.047 2.320 2.450 2.470

Average(B) 1.848 2.112 2.188 2.370
Deep discing
(A-3)

C-1
0-2
C-3

2.187 2.180 2.113 2.417
2.183 2.340 2.410 2.113
1.847 2.190 2.523 2.577

Average(B) 2.072 2.237 2.349 2.369
Shallow discing
(A-4)

C-1
0-2
C-3

1.933 2.133 2.363 2.417
2.150 2.343 2.370 2.490
2.050 2.277 2.347 2.517

Average(B) 2.044 2.251 2.360 2.475
Planting
without basic
soil tillage
(A-5)

0-1
C-2
C-3

(BxO)

C-1
0-2
0-3

1.846 1.956 2.045 2.248
1.925 2.048 2.062 2.260
1.830 2.110 2.245 2.331

Total average(B) 1.867 2.038 2.117 2.280
LSD(A) P-5%= 0.122
P-1%= 0.161

(C)

(B)

1.916
1.928
1.955
1.933
2.011
2.056
2.322
2.129
2.224
2.262
2.284
2.257
2.212
2.338
2.298
2.283

1.690 1.563 1.827 1.943 1.756
1.830 1.703 1.600 2.010 1.786
1.677 1.690 1.940 1.840 1.787

Average(B) 1.732 1.652 1.789 1.931
Average

Average

LSD(B) P-5%= 0.109
P-1%= 0.144

P-5%= 0.424
LSD ( AxBxC) P-l%= 0. 558
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1.776
2.024
2.074
2.129
2.076

LSD(C) P-5%= 0.095
P-1%= 0.125

statistically significant at the LSD level P-1%. Constant yields
which were not statistically significant, were obtained on
plots under ploughing, subsoiling and shallo~1 discharrowing.
A considerably lower yield was obtained on the plot without the
basic soil tillage. It 1'/aS lower by 466 to 801 kg/ha than those
obtained on plots under other basic soil tillage treatments
(Table 4). In the second year of the investigation (1988), the
lowest mean yield was obtained again on the plot Hithout the
basic soil tillage. \-lith regard to other basic soil tillallage
treatments, the yield difference Has highly significant, ranging
from 157 (ploughing) to 507 kg/ha (shallow discharrol'ling).The
deep and shallow discharrowing had the highest yields (2,283
and 2,257 kg/ha, respectively), which were not statistically
significant. H01·1ever, the yield difference was statistically
different bet~Ieen the deep and shallow discharrowing on the
one hand, and other treatments on the other. For example, a
significant difference (LSD P-5%) was found between the deep
discharro~Jing (yield = 2,257 t/ha) and sub soiling (yield =
2,129 t/ha), whereas a highly singificant difference (LSD P-1%)
was found between both types of discharrowing and ploughing
(yield= 1,933 t/ha), and the discharrowing and the treatment
without the basic soil tillage (yield = 1,776 t/ha).
The effects of fertilization were also manifested. The maximum
fertilization lave! (treatment Ba) gave the highest mean yield
being considerably higher than tnat of B~ fertilization treatment (LSD P-1% in 1988, LSD P-5% in 1987?. Compared to the
control area, l01·mr fertilization levels applied in 1987. did
not indicate any stastistically significant yield differences,
except the fertilization treatment B~ (80 kg N + 100 kg P2 0,).
In 1988, all fertilized plots had highly significantly yields
than control area, with the difference ranging from 177 to 413
kg/ha. Averaged over two years, the soybean yields obtained on
plots which 1~ere fertilized with N and P;:,0 at a rate of 120
and 150 kg/ha, respectively, was higher oy 5866 kg than that
of the unfertilized area (3 130 + 2,280 - 2,677 + 1,867).
Soil tillage treatments ~hoeing) during the vegetation period had similar yields in both years. Since the yield differences were not statistically different, it can be concluded that
during the vegetation period, the ecological conditions of
the Herro Aleltu region do not require any soil tillage.
VI Conclusions
In the subtropical area of Horro Aleltu, Nelcemte, the Wollega province, Ethiopia, ~lith soils predominantly ferralithic
(ferralsol rhodic - good composition, favourable internal and
external drainage), a large amount of precipitations and favourable temperatures, it is possible to apply some of the reduced soil tillage treatments in soybean and maize production,
such as: subsoiling, deep (10-15 em) and shallo11 (5-10 em)
discharrowing, and s011ing Hithout the basic soil tillage in
maize production only, With regard to the yield, sowing l~ih
out the basic soil tillage, including the zero tillage treatments and deserves a special attention as a measure against
the water erosion, ~Ihich is a particular importance in the
region of Horro Aleltu. As for the fertilization, it was found
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that the best results were obtained with higher levels of fertilizers applied. Soil tillage (hoeing and ridging) during the
vegetation period did not show any yield advantages over the
possibility of omitting these tillage operations.
LITERATURE
Basic, F., ~alinovic, I., Basic, I., Kallkay, A.(l991):
Possibilities of Soil Conservation by Neans of Different Tillage Systems on Aerie Ferralsol in Ethiopia.
Proceedings of 12th - ISTRO Conference, IITA, Ibadan,
July 8-12, 1991, Nigeria,
Bonsu, N,, and Obeng, H,B. (1979): Effects of Cultural Practices on Soil Erosion and Maize Production in the
Semi-deoidius Rain Forest-savanna Transitional Zones
of Ghana, in Lal, R. and Greenland, D. J. (eds), Soil
Physical Properties and Crop Production in the Tropics,
John ~Iiley and Sons, Inc., pp. 509-519.
Bonsu, M. (1981): Assement of Erosion under Different Cultural Practices on a Savanna Soil in the Northern Region
of Ghana, in Norgan, R.P.C. (ed), S6il Conservation:
Problems and Prospect John \>Iiley and Sons., p,p, 247253.
Juric,I., Zugeo, I., Katusi6, V. (1989): Pogodnost agroekoloskih uvjeta Horro Aleltu za biljnu proizvodnju (Feasibility Study of Agroeoological Conditions for Plant
Production at Horro Aleltu.-Report for 1989, year, ETZ
Osijek Yugoslavia.
Lal, R. (1976): Soil Erosion Problems on Alfisoil in Western
Nigeria and Their Control, IITA Nonograph 1.
Lal, R. (1976a): Soil-Conserving Versus Soil-Degrading Crops
and Soil Management for Erosion Control, in Greenland,
D, J, and Lal, R, (eds), Soil Conservation and Nanagement in the Humid Tropics, John Wiley and Sons Inc,,
p.p. 81-86,
Lal, R, (1977b): Soil Management Systems and Erosion Control,
in Greenland, D, J, and Lal, R. (eds), Soil Conservation and Nanagement in the Humid Tropics, John Wiley
and Sons Inc., p.p. 93-97.
Lal, R. (1979): An Aproaoh to Tillage Research in the Humid
Tropics of West Africa, Proceedings of 7th Conference
ISTRO Upsala, Sweden,
Norgan, R, P. c. (1986): Soil Erosion and Conservation. Longman Scientific and Technical Longman Group UK Limited,
Longman House Burnt Nill, Harlow, Essex CN 20, 2 JE,
England, p.p. 1-298.
salinovic, I., Basic, F., Basic, I., Kellkay, A. (1991):
Prediction of Soil Erosion Using U.S.L,E. in the Horro
Aleltu Area Ethiopia, Proceedings of 12th ISTRO Conference, IITA, Ibadan, July 8-12, 1991, Nigeria,
Wischmeir, W, H,, Smith, D, D. (1978): Predicting Rainfal~
Erosion Losses. A Guide to Conservation Planning,USDA,
Agriculture Hand - book, s. 58, Washington.
452

WEED ROTATION AND MECHANICAL CONTROL
R. Krause and C.-M. Ditges •

*

1.

Prof. Dr.-Ing. R. Krause is head, Dipl.-Ing.agr. C.-M.
Ditges is junior scientist in the Institut of Agricultural
Engineering in the Tropics and Sub tropics of the Faculty
of
International
Agriculture,
University
of Kassel,
Witzenhausen, Fed. Rep. of Germany

INTRODUCTION
Without adequate weed control it is impossible to
obtain good yields. But in modern agriculture limits of
herbicide use (the main "tool" of (integrated) plant
protection)
become
obvious
(resistance,
cost,
environment) . From 1990 california became the first
state to require its farmers to report monthly on their
pesticide application. Non chemical, mainly mechanical
weed control has to be strengthened, updated and
adapted to cultivation practice in traditional and
modern, rainfed and irrigated agriculture.
Objective of this paper is to demonstrate the complex problem and to give background information for an
appropriate strategy including side effects of mechanical weed control on soil structure. Mulching as
another efficient method of weed control has to be
excluded in this paper as well as thermal control
(burning) .

2.

SOURCES OF WEEDS
The potential of weed competition depends on the
weed seed bank in the soil, the natural regermination
and the import of weed seeds. Efficient reduction of
weed seeds can only be reached by
prevention of import
killing of seeds in the soil
control of growing weeds before scattering of seeds
export of new seeds during harvest
Only by clear identification of sources import of
seeds can be stopped to reduce the seed bank in the
soil. Main sources of weeds and seeds of preceding crop
(volunteer grain) are (Fig. 1):
reproduction
harvest losses
farmyard manure, compost, sewage sludge
seed contamination
import by wind, water, animals and machines
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Sources of weeds and weed control

Two aspects out of those shall be discussed a bit
more in detail:
2.1

Harvest losses
Traditional harvest of small grains and local varieties f.i. by sickle, scythe, reaper or reaper binder
is so early that few shatting takes place. This is
valid for grains as well as for weeds. Crop and weeds
are. removed from the field for onfarm threshing.
Things are completely different coming to high
yielding varieties and combine harvesters: harvest
starts late at dead ripeness and scattering of grains
and weeds starts already in front of the combine caused
by the header and the mowing attachment.
Still more than 50 % of the weed seeds normally
enter the combine, the majority of which leave it together with straw (< 5 %) and chaff (> 25 %) being more
or less evenly distributed over the field, while only
heavy, compact weed seeds are collected in the grain
tank (fig. 2) and exported from the field [1, 2).
At the time being only direct collecting of chaff
can reduce weed rotation substantially. Above this
losses of yield, which under adverse conditions easily
can exceed 5 or 10 % - that means by far more than the
amount of seed necessary for a following crop - cause
more or less severe problems within the crop rotation.
So besides adequate crop rotation and management design
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and matching of combines has to focus on minimum losses
and contamination of soil by weed seeds.
grain tank

c J 1n<1er

weed seeos In the grain tank

rear beater

~~c;;~~~~~~i~~~~~~~Yiinder and straw walker

~

!oms ami .eed seeds

•:__.:::::=L__

t&~~~~r ~~g e~~l~~~a~ 9 -

_:,~.fL----,r....:'-<----- shoe losses and

weed seeds

stra'd walker

concave

Fig. 2:
2.2

Combine harvester with sources of weeds

Farmyard manure
In many developing countries use of farmyard manure
is only marginal because of problems in collection,
storage, transport and application. To maintain and
improve productivity of soils and to save mineral fertilizer as well as water and energy, the application of
either fresh manure or compost is to be recommended.
But according to sources and preceding treatment the
amount of vital seeds can be substantial [3, 4]. Seeds
with hard impermeable coats may survive for a long
period. So if necessary heat treatment (composting, bio
mechanization or areation)
or screening of liquid
manure including adequate technology of application are
necessary to prevent additional weed problems.

3.

CROP MANAGEMENT
In traditional agriculture random interplanting not
only protects the soil from heavy rains but also suppresses weeds by permanent soil cover. Switching to
mechanized single crop systems organization becomes
important to control weeds by
appropriate crop rotation
timing of planting
transplanting
row-interplanting
timing of the application of farmyard manure
timing of harvest
To cut weed
problems caused
ceding crop it
cultural crops

rotation (and diseases) and to reduce
by germination of losses of the preis necessary to select a rotation of
of different growth habits like small
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grains - row crop
(like alfalfa).

(like

cotton)

-

pasture

or meadow

Fallow, if necessary, can be utilized for intensive
weed control, mainly for perennial weeds. Perennial
cultural plants ask for special treatment not to be
discussed in this paper.
Row planting is the precondition for efficient mechanized (including animal traction) weed control. But
row crops are vulnerable to weed competition. Cassava
f.i. needs two to six hand weedings over three to four
months [5] . Planted at the beginning of the rainy
season weed pressure is extremely high. So Cock recommends to plant somewhat before a short dry season. High
planting population helps to compete with weeds. Sugar
beet in Mediterranean climate due to low temperature
during the early stage cover the ground slowly so that
timing of planting, density of population and rigourous
varieties are useful.
Where labour is scarce stretching of planting over a
longer period helps to distribute weeding demand more
evenly (fig 3) but yields will not be optimal.
Std.

Weed Control
people

short hoe

labour per month
----·-'-- h/~-·-~.e_eople

lon_g hoe
----------

Fig. 3: Peak labour demand for weeding with short hoe
(full line) and long hoe (dotted line) [after
Eichhorn]
Transplanting (of rice f. i.) on soil free of weeds
is a very efficient method not only to save land but to
give cultural plants a lead that is sufficient to cover
the soil before weeds come up •. Hand transplanting on
the other side is labour intensive so that mechanisation is necessary to break the labour peak (hand
operated transplanter).
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Interplanting in rows like short-statured grain legumes in cassava, cotton or soybeans in wheat, maize in
coffee or whatever is another efficient means of weed
control. But mechanization is more difficult.
Farmyard manure and even compost besides fertilizer
and organic matter may contain vital weed seeds.
Application therefore should be directed to minimize
losses and to prevent weed problems. Liquid manure with
a high content of plant available nitrogen therefore
should be applied during vegetation. Germinating weeds
cannot compete the advanced crop. Solid manure is more
difficult to handle but for satisfactory long time
effect composting including substantial reduction of
weed seeds by high temperature is to be recommended.
Timing of harvest should include maturity of weeds.
Early harvest before shatting of weed seeds and reduction of harvest losses even when stubble grazing
follows is an efficient means of weed control [2] .
4.

WEED CONTROL
Weeds to a certain content are useful to protect the
soil, to prevent erosion and to host harmless insects.
The necessary degree of weed control has to be defined
technically,
economically
and ecologically
(damage
threshold) .
But even a relatively low success of mechanical
control (30 to 60 %) compared with chemical control (90
%) may show no yield reduction [6] .

4.1

Weed control before planting
Efficient weed control extends over the whole year.
Between harvest and planting stubble mulching and primary cultivation are aiming at
bringing seeds to germination (seedbed preparation
for weeds) and kill the growing plants
burying seeds that due to dormanz or lack of appropriate environment conditions (humidity, temperature, light/darkness) did not germinate.
control of perennial weeds.
The plow still is the most efficient tool for mechanical control.
But according to soil, climate and crops here are
limits and possibly different priorities (to save water
and organic matter or to prevent erosion). Especially
for dry land farming systems the rod weeder f. i. has
been developed not to disturb the surface but to cut
and tear root weeds [7].
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In modern agriculture with a high cropping intensity
often there is no time for an efficient mechanical weed
control between vegetation periods.
Chemical weed
control dominates. This is also valid for direct
seeding and mulching, technologies primarily aiming at
reduction of erosion.
4.2
4. 2.1

Weed control during vegetation
Objectives
Post emergence cultivation, according to the plant
production system, has different objectives:
mechanical weed control
incorporation of chemicals
breaking of crusts, mainly after heavy precipitation and irrigation
destroying capillary ascension and evaporation by
shallow hoeing
forming of beds and dams
maintaining surface irrigation systems
In most cases the same implements or tools are used
for different simultaneous effects.

4.2.2

Weeders
The number of tools and implements is great and has
to be systematised according to different aspects like:
production system:

row crops implements
full
area (cereals) implements
source of power:
hand tools, animal drawn implements, power tiller implements,
4-wheel-tractor implements
type of tool motion:
passive tools - soil driven
tools
PTO-driven
tools
(rotating
and
oscillating),
row-wise independent depth control

Fig. 4 gives an overview of the most important
tractor-mounted implements for row crops [8). In-rowweed-control is not possible by those implements. Important is sufficient distance from plant and root system and exact steering for inter-row-weed-control.
Above this protection of young plants not to be covered
by clods which are transported sideways is necessary
for some implements.
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MECHANICAL WEED CONTROL

I
direct effect
CUI'!lNG
EXTRACTING
COVERING

S!condary effect
- DETERIORATION OF SOIL STRI!CfURE

of wee<s

co>paction
erosivity
- LOSSES OF WATER AIID ORGANIC MAlTER
- II-MOBILIZATION
- STIIIULATIOII OF {WEED) GROIIIH

I~
HOE

ROTARY HOE

ROJAVATOR

BRUSH

Fig. 4: Implements for mechanical weed control
(after Estler)
Full area mechanical treatment in cereals is possible before emergence and after the sensitive early 3leaf-stage for some weeks with the light, flexible
spiked-chain-harrow (fig. 5) or with spring-toothed
weeders.

Fig. 5: Spiked chain harrow operating on ridges
4.2.3

Effects
In the following a few results from a GTZ-financed
research project in irrigated sugar beet production on
alluvial heavy clay soils (clay content > 30 %) in semiarid
northern
Tunesia
are
reported.
Generally
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speaking there
control [9] :

are

four

methods

of

mechanical

weed

cutting
extraction (uprooting)
covering with soil or burying
chopping
The effect of all methods depends from proper timing of
operation. In reality any tool has a combined effect
and often different tools are assembled on the same
implement.
The effect of cutting or mechanical injury of underground reproductive organs of the plant depends on
depth (control of the tools). To be efficient cutting
by share hoes has to be placed exactly at the root
collar
(hypocotyl) .
This
exact
depth
control
(independent for each row and theoretically for each
plant) is hardly to be realized. Low speed is necessary
and normally depth of operation especially in uneven
fields is so big that small plants are just lifted with
the adhering soil and continue growing after the first
rain or irrigation. Deep weeding at the same time may
cause losses of water and organic matter, but the
weeding effect is positive· over a wide range. of weed
growth. cutting tools are confined to row crops. Small
grains have to be planted at proper width.
Fig, 6 shows for the share hoe:
nearly 100 % effect
high percentage of cut (either accumulated at the
surface or covered weeds (35 %)
high percentage of extracted weeds (53 %)

covered e•tr.

"

col'9red eut

1s.e

o1ayey toll

Fig. 6: Weeds after share hoe in sugar beet (Tunesia)
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Extraction of weeds in combination with clearing of
roots form adhering soil like in hand weeding is most
efficient, and weeds can be used as fodder.
Tined tools (harrows), rotary hoes and rotating
brushes do extract, but dry clay soil with optimal
trafficabili ty prevents extraction. For root cleaning
high
tool
speed
is
necessary.
Monocotyledons
(gramineae) are more difficult to hold than herbage.
Number of tools and their way (spacing) decides on the
possibility of meeting and tearing of plants. The
spring toothed weeder can be used even in small grains,
has a great width of working (less compaction) and good
effect within the row of row crops. Fig. 7 gives some
results from the rotary hoe:
high overall efficiency (> 90 %)
high percentage of extracted weeds (53 %)
more than 20 % only covered.

clayey •oil

Fig. 7: Weeds after rotary hoe in sugar beet (Tunesia)
Brushes with many flexible bristles differ substantially from rotary hoes (soil- or PTO-driven) with relatively few tools. Penetration of soil
at least
theoretically - is not necessary.
Covering with soil ( "dirtning") is the consequence
of horizontal soil transport. All implements do transport soil:
bigger tools more than smaller ones;
active driven tools more than passive tools;
at higher relative tool-to-ground velocity
than at lower speed;
sidewards inclined tools more transversal.

more

The brush (fig. 8) in our conditions was not so efficient but the main effect was covering (32 %) .
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Fig, 8: Weeds after weeding brush in sugar beet (Tunesia)
Systematic investigations show that with 20 mm cover
two thirds of weeds are killed, with 40 mm 100 %.
Penetration for rolling tools may be difficult on
hard soils. Mainly young plants have to be protected
from being covered. Is water the limiting factor of
plant production (semi arid zones) it may be necessary
to keep the interrow area absolutely clean and to aim
at zero evapotranspiration. Specially for wet rice hand
operated push type one or two row conical or rotary how
weeders have been developed. The main effect of those
tools is to bury weeds in the flooded paddy fields.
Chopping is another way of weed control by destroying the overground parts of the plant. The evenly
distributed organic matter produces a mulch cover suitable to protect soils and decays. For whole area heavy
weeding,
for perennial cultures and alley cropping
Knechtges and Becker [10] improved the also in Brazil
well-known animal-drawn weed roller (fig. 9).

Fig. 9: Animal drawn weed roller [Becker/Knechtges]
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4.3

Soil effect
Any- cultivation besides the wanted effect simultaneously causes more or less appreciated side effects
on:
aggregate size and soil structure
water
temperature
gas exchange
organic matter
nitrogen mobilization.
Depth and speed of tools and their design and
orientation are important. According to the specific
situation priorities and risks change. Concerning water
losses and fragmentation (pulverization) of soil there
is an increasing tendency from the roller hoe over the
tine hoe to the rotating brush (fig. 10). Experiments
also show that as to be expected increase of speed has
little effect on crumbling with the soil driven rotary
hoe while intensity is reduced for the PTO-driven brush
and increased for the share hoe. Depth of operation is
increasing proportionally with speed for the share hoe
and the brush while for rolling tools like the rotary
hoe depth decreases with speed [11].
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Fig. 10: Screening of soil aggregates after weeding
In case of lack of water, in compacted or crusted
soils besides weed control evaporation is to be reduced
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and infiltration rate (irrigation) to be increased.
Especially
here
shallow
operation
with
little
penetration and mixing effect is wanted. According to
Henrichson 50 % of surface aggregates should be smaller
than 40 mm (17).
But to reduce erosion pulverization has to be prevented, mainly for PTO-driven implements by adaptation
of number of tools RPM of PTO and forward speed. So
there has to be found a compromise between weed control
and soil structure.
Effective width of operation in row crops is important. The wider the not weeded remaining planted dam
the higher is the demand for hand hoeing or band
spraying. Not to injure underground or overgroud organs
of the plant, width of operation (even number of tools)
has to be adapted to progress of plant growth and
special shields and tunnels have to be used.
In dam cultivation and in furrow irrigation systems
dam shaping and weed control are to be combined. Chain
harrow, toothed weeder, rotary hoe and special ridgers
are suitable and partly can be matched to changing
conditions. From interaxle- over front- to rearmounted
tractor implements there is a decrease of precision of
steering. Manual or automatic precision steering especially in hilly areas allow wide interrow cultivation
with narrow dams left unweeded.
4.4

Power Source
According to the prevailing level of mechanization,
availability and cost of family and hired labour of
draught animals and tractors either hand weeding, animal traction or tractor implements are used. Implements
for all levels of mechanization are available but not
always appropriate or adapted. Power demand for most of
the weeders is small so that animal traction is
adequate and even for 6 m of working width small
tractors (25 kW) with little compaction in most cases
are sufficient [12]. Above this of course mechanical
weeding often competes with chemical weed control or is
combined
successfully.
In
the
mentioned
Tunesian
project area, depending on farm size, all systems were
used even on the same farm in different ratio of
combination (fig. 11). But weed control amounted 30 %
of all variable costs (I) and herbicides - independent
from human
and ecological
risks
cost foreign
currency.
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Relative frequency of different methods of weed
control used in four groups of farm size in
northern Tunesia (area of sugar beet per farm)
Limits of operations

Optimal timing of weed control depends on. weed
growth. But the effect of tools varies with soil condition, mainly water content. High water content causes
smearing, low content prevents sufficient penetration
and
increases
power
demand
and
wear.
Risk
of
pulverization grows.
Cutting tools have to penetrate into the soil. High
load or aggressive inclined orientation is necessary.
Pulling tools can only succeed in loose soils. Covering
of weeds also will be favourized by dry and loos soil.
Field access for humans and animals does not
problems. But trafficability declines with water
tent. High drawbar pull and narrow inter-row
cause deep tracks, compaction and smearing. With
percipitation during vegetation period in summer
areas with high weed pressure mechanical weed
tractor implements can become impossible.

cause
contires
high
rain
with

Under those conditions intensive weed control before
seeding and if possible in early stages is vital.
Adverse field conditions make it necessary to keep the
option of chemical weed control (great width of working, less tracks, low volume or even ultra light vehicles and CDA) open, additionally to mechanical control or as alternative.
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5.

SUMMARY

Weed control as a very complex measure extends over
the whole year. An appropriate strategy can be developed and modified according to the specific situation
taking into consideration:
to reduce import of weed seeds
to reduce harvest losses, lead all
the tank
cleaning of seed
treatment of manure
keeping borders free of weeds

weeds into

to reduce the competition by adequate crop rotation
and/or clear advantages (lead) of the cultural plant
high planting population
transplanting I intercropping
rigourous varieties for quick soil cover
to prevent germination of weeds at undue time
incorporation (down plowing)
covering (mulching)
killing (areating accelerates mircro- or famin
activity)
to initiate germination and to kill the sensitive embryo of the young weed plant
timing of cultivation (environment is adverse
by temperatur, lack or surplus of water)
mechanical combatting
The implements and tools on the different levels of
mechanization
are
manifold.
Different
methods
of
weeding (cutting, chopping, covering and extracting)
are realized. In row crops a combination of tractor
mounted inter-row cultivation and of hand hoe for inrow control may be efficient and economic. In an integrated plant protection strategy chemicals might be
included (band spraying) .
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POSSIBILITIES OF SOIL CONSERVATION BY MEANS OF DIFFERENT TILLAGE
SYSTEMS OF ACRIC FERRALSOL OF THE ETHIOPIAN PLATEAU
BASIC, F., FACULTY OF AGRICULTURAL SCIENCES, UNIVERSITY OF ZAGREB
SALINOVIC, I., JUGOINSPEKT, ZAGREB, YUGOSLAVIA
BASIC, I., JUGOINSPEKT, ZAGREB, YUGOSLAVIA
KELKAYYELAH, A., MISF-NWADC, NEKEMTE, AGROINDUSTRIAL PROJECT,
EHTIOPIA
BUTORAC, A., FACULTY OF AGRICULTURAL SCIENCES, UNIVERSITY OF ZAGREB
SUMMARY
In two rain seasons (1987, 1988), water erosion of soil was measured on aerie ferr3lsol in the
vicinity ofNekemte, Wolega province, in the production of corn by different tillage systems. The
subject soil had been developed after clearing natural vegetation. Three tillage systems were
applied: no-tillage, tillage up and down the slope, and contouring.
Investigation results proved contouring to be the most efficient tillage system with soil losses
through erosion of 1.12 t/hafyear. No-tillage system had a slightly higher loss of7.6 t/hafyear,
which is still well below the soil loss tolerance, which was estimated at 12 t/ha/year. the highest
erosion of 27 t/ha/year, was recorded in the tilling treatment up and down the slope. As this is
twice as much as the soil loss tolerance, this system can be completely excluded from corn
production on ferralsol of the Ethiopian plateau.
1. INVESTIGATION OBJECTIVES
Ferralsols (FAO soil classification) are also called latosols (Brazil) or oxisols (U.S.D.A. Soil
Taxonomy). They are widespread in the tropical regions of Africa and South America. Very
intensive chemical weathering is the dominant proces in the genesis of these soils and oxic B
horizon is the diagnostic horizon (FAO classification).
Ferralsols are the most favourable soils for plant production at the Horo Alleltu Farm, near
Nekemte, in Wolega province, north of Addis Ababa on the Ethiopian plateau. Rhodic, orthic,
xantic and aerie ferralsols (Salinovic et al., 1987) have been determined according to the FAO
classification in this region, which corresponds, respectively, to orthoxand ustox and acrorthox and
acrustox according to the U.S.D.A. Soil Taxonomy.
After clearing natural vegetation, the Farm land is exposed to very strong water erosion, which
is the main constraint to their use. With the aim of designing erosion control, erosion process
investigation were started in 1987 in different tillage systems that are likely to be applied in this
region. The main objective was to determine all characteristics of the erosion process on arable
soils, tilled applying three chosen tillage systems for the production of corn as a promising crop for
this region. These are primarily the amount of soil loss by erosion from a u:Oit area per year
(t/ha/year), surface runoff (expressed in% relative to rainfall) the effect of rain type on erosion,
erosive action of rain and, finally, the parameters required by the methods for forecasting erosion,
notably the Universal Soil Loss Equation (U.S.L.E. Wischmeier 1978). With these aims, stationary
investigations of erosion were started on rhodic, orthic and aerie ferralsols at the beginning of the
rain season. in 1987. Results of four investigation years have ben collected so far and this paper
presents two-year results obtained on aerie ferralsol. All the results are dealt with in a separate
study (Basic F. et al.1989).
2. INVESTIGATION METHODS
2.1 AGROECOLOGICAL FEATURES OF THE STUDIED REGION
Investigations were carried out on the arable land of the Horo Alleltu Farm near Nekemte, the
capital ofWolega province, north of Addis Ababa on the Ethiopian plateau (1350 m.a.s.l.). The
region lies between the rivers Horo and Alleltu, both tributaries of the Anger, a tributary of the
Blue Nile which flows not far to the north of the region studied. The investigation enhance the
development of communications and settlement of this picturesque part of Africa.
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2.1.1 CLIMATE
The main characteristic of the climate is the sudden exchange of the rainy and dry season.
According to Water's classification (1978), the region belongs to the 2nd zonal biome, which
comprizes tropical regions with summer rains, savanna soil and the vegetation oftropicaldeciduous
trees and savannas. The main climatic features are given in Table 1.
It is obvious that the data Table 1 are based on short term measurements and are thus of
restricted usability. However, even in this short period, considerable vacillations between
individual years were recorded. Field crop productions restricted to the rain season, which
generally begins in the second half of May and extends to the beginning of October (Juric et al
1989). Due to abundand rainfall, and particularly very intensive rains, the soil is exposed to great
erosion hazards. The most dangerous period is the middle of the rainy, season, when heavy storm
are a regularoccurence (Basic et al1989). Selection of the production program, crop rotation and
agrotechnical practices to be applied in the region, should take account of erosion hazards (Zugec
et al.1990).
2.1.2 PHYSICAL AND CHEMICAL PROPERTIES OF THE SOIL
Test were set up on a soil unit that can be assigned as ferralsol, aerie, very deep, according to the
FAO classification (Wambeke 1974). Some properties are presented in Table 2,
Based on pedological investigation of the wider farm area, the soil loss tolerance (Morgan 1986)
was estimated at 1.2 kg/m 2, which amounts to 12 t/ha/year. In other words, erosion control
measures should prevent soil losses exceeding the tole~ance level.
2.2 EROSION TESTS
Erosion tests were carried out by collecting soil suspension from the erosion plots, prepared
following (Wegener 1977) model on the Mexican plateau while the choice ofinvestigation methods
was influenced by the results reported by Abujamin et a!. 1983, Derpsch et a[ 1986 and 1988,
Kamara 1986, La! 1982, 1984, 1985 and 1988, Ross 1988, Roth et al 1986, and Sidiras et al 1982. In
each tillage treatment, after planting, and before the first erosional rain, an erosion plot (50 x 5
m) was fenced with planks on a 5.05% slope. The lower part of the plot has a triangular shape. Soil
suspension accumulated in this part of the plot has triangular shape. Soil suspension accumulated
in this part of the plot flows through a pipe into automatic meter of our own construction, which
records the amount of suspension, pours it oUt into barrels; that are intetconnec.ted so as to-allow
water frpm a full barrel to flow over in~o the next, lo\v.er po-sitioned barrel.
·
Suspension samples are taken out of the barrels with a special probe of owii construction, for
determination of soil content and the prOperties of eroded material.
The amount of each fall of rain is determined by the rain gauge while rain is classified into four
categories: gentle, moderate, torrential and storm. The amount of rainfall and the ·suspensi'on water
content serve as a basis for calculating runoff, expressed as the percent of water running off the
·
surface, relative to the amount of rainfall. Measurements were taken daily.
The trial involved repeated growing of corn (Kenyan hybrids) in three treatments. In the no~
tillage treatment, direct planting was performed with a specially constructed planter (PSK-NTOLT, Osijek, Yugoslavia), that enables plowing-in of mineral fertilizers. Prior to planting, total
herbicides were applied. Mulch used in this treatment, was made up of corn residues and weeds.
The second treatment- up and down the slope tillage- involves plowing with the disc-plow and preseeding disc-harrowing. Before closing the rows, corn is earthed up. Planting was done in one
direction- down and slope. The third treatment, contouring, consists of the same practices as the
second, with the tillage (and crop rows) oriented perpendicularly to slope direction. In both
treatments, plant residues were removed from the field and weed control was ·by coinmon
herbicides.
The results obtained were statistically processed by using the computer program of the statistic
package STAT JOB (University of Wisconsin, Madison, USA), which includes the CROST AB 2,
ONE WAY 2 and STEP REG procedures.
3, INVESTIGATION RESULTS
3,1 EROSIONDYNAMICS
Distribution of rain and soil erosion per decade (Ten-day periods) and investigation year is
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shown in Graph 1. The first year (1987) has a ~typicalp rain distribution. The rain period starts and
ends with gentle rains, while most ·rain falls in the middle of the season. In 1988, the rainy season
is longer and ends with a maximum number of rains and maximum quantity of water.
The first erosional rains occur only after soil saturation with water in the third and second
de::: cades. The largest quantity of eroded soil was recorded in the middle" of the rainy season in the
eighth decade of 1987, whereas in the following year maximal erosion was determined in the bro·ad
period between the fifth and ninth decades, was followed by a period of weak erosion and the rain
season ended in the 14th decade with a considerable quantity of eroded soil. The strongest erosion
was recorded in the up and down the slope tillage treatment, followed by the no-tillage treatment,
while the least erosion occurred with contouring. These relations are illustrated in Graph 2.
Advantages of contouring over the two other systems are evident. However, it strikes the eye that
erosion was considerably stronger in 1988 in all tillage systems, specially in up and down the slope
tillage. The similar results we can find in papers of Butorac et al1985, Butorac 1990, Darby 1983,
Lal1982, Roth et al. 1986, and Sidiras et at. 1982. It should be pointed out, that this is mainly due
to only two storm showers of more than 50 rum. Particularly strong erosion resulted from one of
these showers, which fell on already presaturated soil. Thus, according to our observations,
besides other factors (defined by U.S.L.E.), soil saturation before a rain has decisive influence on
its erosional Peffectp.
3.2 EROSION DEPENDENCE ON RAIN CHARACTERISTICS AND TILLAGE SYSTEMS
Table 3 presents some indicators of soil erosion by water from rains of different character i the
studied tillage systems.
There is either no erosion (1987) or only slight erosion (1988) in the case of gentle rain. As a
rule, it causes erosion only if it falls on already saturated soil and, naturally, lasts log. MOst, but
only seven out of 52, gentle rains caused erosion in the no-tillage treatment in 1988. This was
evidently due to a lower water holding capacity of undeveloped soil and, consequently, its quicker
saturation, but also reduce infiltration. The highest soil suspension, and the greatest runoff, were
recorded in this treatment.
Out of20 moderate rains in 1987, only five caused erosion, while out of27 in 1988, 11 and 12 in
the no-tillage and up and down the slope tillage treatments, respectively. Only half of this numbersix rains, brought about erosion in the contouring treatment. Almost all torrential rains were
erosional in 1988. However, in the less rainy 1987, only half of such rains resulted in erosion
whereas practically aJI storm rains were erosional. According to all indicators, contouring has the
absolute advantage over other tillage systems in erosion control.
This finding, though based on only two-year date, is confirmed by the summary presentation of
erosion process indicators given in Table 4.
It is noticeable that the runoff and soil suspension ar approximately the same in the no-tillage
and up and down the hill tillage treatments, but their "erosional effect" differs considerable. Up
and down the slope tillage caused more than three time higher erosion than the no-tillage system.
In contrast, contouring was superior to the other tillage systems.
The rain character and its influence on erosion can be seen from the summary date for both
investigation years (Hystogram No 1).
It can be seen that most rains are in a relatively narrow internal up to 12mm/day while soil
erosion has the greatest frequency in the interval up to 0.75 t/ha. However, in total erosion, the
effects of more intensive rains are much greater. Conservational effects of the applied tillage
systems are best illustrated by data on the mean annual soil los by erosion. It is absolutely the
highest in up and down the slope tillage (nearly 27 t/ha/year), followed by that in no-tillage (ca.
8 t/ha/year), whereas in contouring it was only slightly over 1 t/ha/year. The fact that over 7.5
t/ha soil loss in only one day in up and down the slope tillage treatment, deserves special mention.
Another important indicator of erosion should be pointed out - the aggression coefficient of
erosional rain (ERa). Only erosional rains were used for its calculation according to the formula:
erosional drift (k~r/ha)
erosional rain (mm)
The coefficient was calculated for each erosional rain in both rain seasons and then statistically
processed. It shows how much soil (kg/ha) was eroded by 1 rum of erosional rain (Table 5).
ERa

~
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As it can be seen, ERa varies considerably, with maximum values,notably in up and down the
slope tillage, of over 220. Thus, 1 mm of excessive rain can erode more than 220 kgfha of soil. The
highest man value of this coefficient was also recorded in this tillage treatment.
3.3 TEXTURE OF EROSIONAL DRIFT
The texture of erosional drift and the degree ofmicroaggregates stability after Vageler (Birecki
et al. 1968) are shown in Table 6.
Erosional drift has the highest content of clay particles, which is followed by silt and coarse sand,
while the share of fine sand fraction is the lowest. A certain regularity is nOticeable. Thus, at the
beginning of the season, erosional drift contains more clay, which has obviously been brought to
the surface by tilling. Later, lighter material is removed by erosion. As regards microaggregate
stability, unstable or completely unstable microaggregates prevail in erosional drift. In contouring
treatment, a higher content of soil material with stable microaggregateswas recorded. Apparently,
all measure that raise the stability of structural aggregates of the soil are likely to be used in erosion
control.
3.4 REGRESSION ANALYSIS OF EROSION
The statistical procedure of date processing enable statistical analysis of erosional process.
Multiple regression analysis was made using the stepwise procedure. It included all erosion
indicators mentioned in this paper. These parameters make it possible to explain the 54% variation
of erosion, which is a highly significant value.
The regression analysis reads:
EROSION ~
- 679.033 + (31.47l.A)
+
(658.583.b + 685
(B ~ mm storm rain)
(kg soil/hafyear) (A ~ mm total rain)
Of all the variables, referring to tillage systems, used in the preparation of this equation, the
greatest effect was that of up and down the slope tillage, naturally as an erosion raising factor.
4. CONCLUSION
The results of investigating the possibilities of soil conservation by applying different tillage
systems in corn growing on aerie ferralsol during two rain seasons point to the following
conclusions:
Soil erosion can be reduced by soil tillage below the soil loss tolerance level of 12 t/hafyear.
Contouring is the most reliable tillage system for efficient erosion control. Application of
contouring reduced erosion to only 1.118 t/hafyear.
In the common tillage systems practiced in this region, which include up and down the slope
tillage, the soil loss is as high as 26.88 t/hafyear. This soil loss through erosion is more than twice
as high as the soil loss tolerance. Consequently, up and down the slope tillage should be left out of
the agricultural practice in this region.
Soil losses due to erosion in theno·tillage treatment (7 .6 t/ha/year) are also below the tolerance
level. In our opinion, this is a very promising system for all ferralsols on the Ethiopian plateau.
Based on the investigation results, the regression equation of erosion was derived, as well as the
aggression coefficient of erosional rain.
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SOIL PHYSICAL AND CHEMICAL CHANGES DUE TO TILLAGE AND THEIR
IMPLICATIO~S. TO EROSION AND PRODUCTIVITY

I.J. Packer* and G.J. Hamilton**
*soil Conservation Research Centre, Cowra, N. S. W., Australia
**Department of Agriculture, Perth, W.A. Australia
PURPOSE

In south-eastern Australia, cropping since the turn of
the century using European farming systems on light textured
soils has depleted soil organic matter and pulverized the
soil. This has led to soil structural degradation resulting
in surface crusting, excessive runoff, soil erosion and
reduced productivity (Millington, 1961).
Early work showed that soil organic matter and aggregate
stability significantly improved after relatively short
periods of improved pasture (Clarke, et al., 1967;
Greenland,
1971)
which reduced runoff and erosion
susceptibility.
similar benefits were observed in the
1970's following the adoption of conservation tillage
particularly direct drilling. Subsequent work showed these
benefits were also due to improved soil organic matter and
aggregate stability (Hamblin, 1984; Packer, et al., 1984).
However, Hamblin (1980) suggested such improvements would
be slow and small in the dry Australian environment so
validation was required for central New south Wales.
As a result, a seven year cropping trial was established
in 1980 at the Cowra Soil Conservation Research Centre. The
main aim was to measure the effect and extent of
conservation tillage practices on soil physical and chemical
properties compared to traditional cropping practices. A
second aim was to clarify what time period was required
before consistent differences occurred between the tillage
practices.
METHOD

Site Description and Management
Two experimental sites were chosen one at Cowra and the
other at Grenfell, New South Wales. The Cowra site was on
a red duplex soil (Dr 3.22/Dr 3.23) with a hardsetting sandy
loam surface texture (Northcote, 1979) with 8% clay, 9% silt
and 82% sand in the surface 100 mm.
The site has an 8%
slope and prior to the trial was sown to oats. The Grenfell
site was a yellow duplex soil (Dy 3.43 and Dy 2.13) with a
hardsetting loam surface texture (Northcote 1979) with 14%
clay, 22% silt and 64% sand in the surface 100 mm. The site
has a 3% slope and prior to the establishment of the trial
was sown to wheat. Both soils are xeralfic alfisols.
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The tillage treatments imposed on large unreplicated
blocks (> 1 ha) were traditional tillage (TT), reduced
tillage (RT) and direct drilling (DD) . All treatments were
grazed during the fallow period for weed control, except for
a fourth treatment at Cowra which was direct drilled and
ungrazed (NT) . The tillage treatments were applied at cowra
from 1980 to 1987 (seven crops) and from 1981 to 1987 (six
crops) at Grenfell. Wheat was sown for all years at both
sites.
At cowra, the TT treatment was grazed after harvest,
burnt and plowed with a one way disc plow (60-80 mm) in late
summer.
Weed control was subsequently achieved by
cultivation and grazing until sowing. The RT treatment was
grazed until soil moisture was adequate for stubble
incorporation with an offset disc plow (40-60 mm).
Herbicides and grazing were used for subsequent weed control
until sowing. The DD treatment was grazed for weed control
until knockdown herbicides were applied a few weeks prior
to sowing.
The NT treatment had knockdown herbicides
applied as necessary for weed control. stubble was retained
on the DD and NT treatments.
At Grenfell, the TT treatment was grazed until late
summer when the remaining stubble was incorporated with a
one way disc plow (60-80 mm). Weed control was subsequently
achieved with grazing and cultivation prior to sowing and
in some years, incorporation of a pre-emergent herbicide.
The RT treatment was grazed until early autumn when it was
cultivated (50-70 mm); stubble was retained and further weed
control was achieved with grazing and knockdown herbicides
prior to sowing. The DD treatment was grazed until a few
weeks prior to sowing when the stubble was burnt and
knockdown herbicides applied.
Sowing (20-40 mm) was carried out at both sites with a
modified combine which had cultivating tines removed and
narrow points on the sowing tines.
Experimental Measurements

Rainfall simulation experiments were conducted each year
after harvest using a rotating disc simulator (Grierson and
Oades, 1977). A rainfall rate of 45 mm hr- 1 for 40 minutes
was applied. Runoff and sediment were obtained by vacuum
from a collection tray located at the downslope side of an
80 cm2 plot inserted into the soil. Runoff was measured in
calibrated cylinders and sediment loss weighed after
evaporation of the runoff.
At each simulation site, bulk density at 40 mm (BD4) and
100 mm BOlO) soil depth, sorptivity (S) and saturated
hydraulic conductivity (Ksat) were determined. Bulk density
was determined using 40 x 35 mm and 100 x 75 mm cores.
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s was determined using the device described by Clothier and
White (1981). Ksat was obtained by placing constant head
devices on 80 mm of saturated soil in 100 x 75 mm cores
removed from the soil.
Water stable aggregation was
determined on the 1-2 mm soil fraction using a single 250
urn sieve (Craze, in press).
Samples for available phosphorous (P), total nitrogen
(N), organic carbon (OC) and pH were collected each year
later in the fallow period prior to sowing.
P was
determined using 1:7 acid-ammonium fluoride extraction based
on Bray and Kurtz (1945).
N was determined using the
regular macro-Kjeldahl method described by Bremner (1965).
OC was determined using the Walkley-Black method using the
alternative procedure of Allison (1965).
The pH was
determined using a soil:water ratio of 1:2.5 described by
Jackson (1958).
RESULTS
Total Runoff
Total runoff from Cowra and Grenfell for each tillage
treatment are presented in Figures 1 and 2.
At cowra there was a significant trend (P < 0.05) for a
reduction in runoff from the NT and DD treatments. Runoff
from the RT treatment did not change significantly and
significantly increased in the TT treatment. At Grenfell,
all the treatments showed trends of decreasing runoff with
time but only the DD and RT treatments were significant (P
< 0,05).
The reason for the non-significant trend at
Grenfell in the TT treatment compared to cowra was the
stubble was incorporated rather than burnt.
Total Sediment Loss
Total sediment loss measured at Cowra and Grenfell are
presented in Figures 3 and 4.
Sediment loss trends were similar to the runoff trends.
The only exceptions l'iere the TT treatment at cowra and the
RT treatment at Grenfell which were probably due to temporal
variability experienced with the insitu field measurements,
although this could not be verified despite investigating
the effects of various environmental factors such as
rainfall amount, rainfall energy and antecedent moisture.
Despite this the high relationship between runoff and
sediment loss shows that when soil is in a settled
condition, sediment loss is largely determined by runoff
amount rather than aggregate stability and the prior tillage
treatment. Once cultivated, however, sediment loss becomes
dependent on such factors as surface aggregate stability to
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raindrop impac~, surface roughness and the degree of ground
cover (Laflen, et al., 1978; Dickey, et al., 1984; Freebairn
and Wockner,
1986) which are influenced by tillage
practices.

comparison of Treatments Between And within Years
Analysis of variance was carried out on data to
determine if significant differences existed between the
initial and final measurements.
If a difference existed,
further a11alysis were carried out to determine when they
became significant.
As there is not sufficient space to
present the data, the results will be discussed.
There was a significant decline in total runoff from the
NT and DD treatments at cowra and the DD and RT treatments
at Grenfell when the initial and final years were compared·.
There was a significant increase in the runoff from the TT
treatment at Cowra. Surprisingly there was no significant
change in the stubble incorporation treatments at Cowra (RT)
and Grenfell (TT) .
Similar comparison of the sediment loss data at cowra,
show the NT, DD and TT treatments are in agreement with the
runoff results but in the RT treatment there was a
significant increase in total sediment loss. At Grenfell,
the sediment loss results are less clear because the 1986
results agree with the runoff results but; not in 1987.
This difference may be due to the greater rainfall energy
and lower crop yield during the 1986 growing season compared
to 1985. This allowed the soil to become more settled and
sealed in all treatments giving a numerical but not
statistically significant result in 1987.As a result a comparison of treatments was carried out
to determine when they became significantly different.
Comparison of the annual runoff data showed it took until
1984 at Cowra and 1985 at Grenfell, which represents four
years of continuous cropping, before . significant and
consistent differences developed between tillage treatments.
Comparison of the sediment loss data shows close
agreement with the runoff results. Similar time periods are
reported by many workers (Hamblin, 1980; Osuji, 1986) before
significant changes
in infiltration due to
tillage
treatments were measured. These results support Hamblin's
(1980) suggestion that slow rates and small amount of soil
improvement would be expected in Australia's semi-arid
climate.

488

Associated Soil Physical Measurements

Independent soil physical measurements carried out with
the rainfall simulation experiments and their trends are
presented in Table 1.
The first hydraulic measurement, sorptivity (S) can be
thought of as a measure of the capillary or non-gravity
forces which drive water flow in soil through the
interaction of water with the soil surface (l~hite, 1988).
Sorptivity did not significantly change when measured at a
matric potential of - 40 mm. Because it was determined on
air dry soils, it can be assessed that s is indicating the
number of soil macropores less than 0.75 mm diameter did not

increase.
In contrast, saturated hydraulic conductivity (Ksat)
which measures flow through all soil pores did change
significantly in the NT, oo and RT treatments at cowra and
the 00 treatment at Grenfell.
These results confirm that
the improvement in infiltration, or reduction in runoff, in
the conservation tillage treatments \vas due to the creation
of macropores greater than 0.75 mm diameter.
The development of macroporosity under minimum tillage
has been well documented (Lal, 1978; Goss, et al., 1984;
Chan and Mead, 1989) and has been attributed to soil fauna
and root activity.
Although not specifically measured in
this trial, macropores at these sites were observed to be
created by ants, springtails, earthworms and roots.
As discussed previously,
the runoff from stubble
incorporation treatments, RT at Cowra and TT at Grenfell did
not significantly decrease. This suggests that cultivation
in lighter textured soils destroys any pore development,
despite stubble maintenance.
These conclusions agreed
reasonably well with the runoff data, with the RT and TT
treatments at Cowra and the RT treatment at Grenfell being
exceptions. Such differences could be expected considering
the use of small disturbed cores to determine S and Ksat
compared to the 0.8 m2 simulator plot.
Table 1 also shows there was no significant change in
bulk density at cowra apart from an increase in BOlO in the
TT treatment. At Grenfell, B04 significantly decreased in
the RT and 00 treatment and BOlO only decreased in the 00
treatment.
These results agree with tillage trials which
have reported decreases (Lal and Akinremi, 1983) and no
change (Blevins, et al., 1983). They however conflict with
trials where bulk density has increased (Cannell, et al.,
1978; Hamblin, 1984; Burch, et al., 1986).
The improvement or maintenance of bulk density in this
trial is probably a reflection of both trial duration which
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l

Tahl.e 1 - Sioopl.e reg>:essi.on aDal.ysi.s o£ soil pbysi.ca1
LL
Ls :f:z:ca
til.l.age tz:eatments at Cowxa aDd Grenfell ..-;.:ng coeffi c:i.eocy o£ cJete:noimti.on
and their signi.f:icance 1evel.-

Site

Ti.1l.age
Treatment

Soi.l. Heasax:E5DE!OO.t

s
(r2)

Cowra

...
0
"'

Grenfell

Ksat

BD4

BOlO

(r2)

(r2)

(r2)

NT

0.259 ns

0.360

***

0.250 ns

0.174 ns

DD

0.022 ns

0.449 ***

0.025 ns

0.137 ns

RT

0.003 ns

0.232 •

0.006 ns

0.162 ns

TT

0.096 ns

0 .. 158 ns

0.008 ns

0.452***

DD

0.0004 ns

0.269 •

0.391 ***

0.399 **

RT

Q.OOS ns

0.143 ns

0.353 **

0.042 ns

TT

0.087 ns

0.243 ns

0.026 ns

0.142 ns

n.s., P>O.OS;

* P<O.OS;

** P<O.Ol;

** P<O.OOl.

has allowed soil changes, and surface soil texture.
The
loam soil texture at Grenfell was able to maintain total
porosity compared to the sandier soil which has only
developed macropores.
Regardless of these results, bulk
density in this trial was an insensitive measurement for
predicting changes in infiltration.
Soil organic Carbon and Aggregate stability
Due to the improvement in macroporosity and infiltration
in the minimum tillage treatments, an immediate assumption
is that organic carbon (OC) and aggregate stability (WSA)
played an important role in the changes. However, analysis
of the data did not support this.
At cowra, oc did not significantly improve in the NT and
DD treatments despite stubble retention.
However, in the
RT treatment OC significantly increased in the RT treatment
and decreased significantly in the TT treatment. similarly
at Grenfell, oc did not significantly increase despite
stubble incorporation in the TT treatment and maintenance
in the RT treatment. This suggests depletion of stubble by
grazing and cultivation prevented significant improvement.
In contrast, oc in the DD treatment did not decrease despite
burning and grazing which suggests minimal cultivation plays
a major role in oc depletion.
Similar to oc, WSA at COI<ra
did not significantly change except for a significant
increase in the RT treatment.
Also at Grenfell there has
not been a significant change except for a decrease in the
TT treatment.
These
results
shows
that
in
these
soil
types,
cultivation is more important than oc or 1"/SA 11ith respect
to decreasing runoff.
This conclusion agrees with the
previous discussion on macroporosity development and 11as
further supported by multiple linear regression analyses
carried out on the data I·Tith runoff and sediment loss as the
independent variables.
Although space did not allo11 for
these to be presented, they showed at Co11ra the variables
which largely explained the runoff trends l<ere those related
to soil porosity, i.e., Ksat and s.
At Grenfell, changes
in BD4 largely explained the changes in runoff, rather than
the infiltration parameters.
This supports the previous
discussion that in loam textured soils total porosity is
improved in the surface 11hich determines the initial
infiltration and once \Vetted macroporosity determines the
final infiltration. Also, oc was not important explaining
runoff except at Cowra in the NT treatment. The reason for
this is not clear.
Soil Chemical Changes
Soil chemical changes
presented in Table 2.

measured
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at

both

sites

are

Table 2 -

cempa.riaon of 1980 and 1987 val.uee for Total. llitroge.n (H), Organic

carbon (OC) , carbon:Hit.rogen Ratio ( C:!l) , Available Pboapboroaa (P) and pH frc..
Tillage '1'rea:bae.nts at Cowra. and Grenfell in tha. surface lOOaxa.

Site

Tillage

Treatments
Cowra

Total N

oc

Avail P

C:N

...

...

NT

pH

(ppm)

(\)

(\)

•••

DO

RT

6la ***

TT

49b

S.lOa *"*
5.45a

n.b.
Grenfell

S.39a ***
5.44a

DO

RT

10.04a
10.2Sa

0.136 na
0.149

***

20a
44c

TT

n.b. - The initial year of measurements for pH at Grenfell was 1982 not 1980.
The significance level represents the analysis of variance of the parameters
with year as the variable, where na, P > o.os; " P < 0.05; "*" P < 0.01; ••• P
< 0.001..
For each: treatment values with the sam& suffix are not significantly di.fferent
(P < 0.05).
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The changes in total N over the seven years were
generally small and not significantly different apart from
an increase in the NT, DD and RT treatment at cowra.
Despite this, trends were consistent with the tillage
treatments showing that improvements inN \vere obtained with
minimum tillage.
When stubble retention and cultivation
were combined, cultivation had to be kept to a minimum to
maintain or improve N. This was shown by the RT treatments
compared to the TT treatments.
significant changes under
minimum cultivation were dependent on soil texture. Changes
occurred in the sandy loam at cowra but not in the loam soil
at Grenfell.
To help understand the changes in soil chemical
properties the c:N ratio is presented in Table 2. At cowra,
it was numerically lower in all treatments and significantly
lower in the NT, DO and TT treatments compared to the
initial year. The decrease means a larger proportion of the
total nitrogen is made available in the inorganic pool and
thus available for plant growth (Harmsen and Kolenbrander,
1965), Therefore, minimum tillage in the Cowar sandy soil
has increased the soil N level and made more N available for
conversion to inorganic forms. At Grenfell, the C:N ratio
increased but only significantly in the DD and TT
treatments.
The increase was' probably due to both the
heavier soil texture which did not allow the increase in N
relative to the OC increase and the higher buffering
capacity.
Available phosphorous (P) contents behaved differently
at both sites. At Cowra, the initial level of P was very
high which reflects a fertilizer history of regular annual
additions of superphosphate since the 1940's.
When under
a cropping regime with regular applications of P this level
did not decrease significantly in the NT, DO and RT
treatment but did in the TT treatment.
This implies that
the conservation tillage systems were supplying P from the
organic soil pool which was depleted in the TT treatment.
Similar results were also discussed by Tiessen, et al.
(1983) whereby inorganic and organic labile P fractions were
significantly reduced by cultivation.
They found such
losses were closely associated v1ith soil organic matter
losses which also occurred at Cowra.
At Grenfell, P increased significantly under all
treatments, which shows that the application levels of
inorganic P were in excess of the requirements of the wheat
crops. There was a numerical but not statistical difference
between the treatments with the TT treatment having the
lowest level of P. This agrees with the Cowra data in so
far as more P was available from the organic pool where
cultivation vias minimal.
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At Cowra, pH was significantly lowered in the minimal
cultivation NT and DD treatments but not in the RT and TT
treatment.
This result agrees with Dalal (1989) who
measured significantly lower levels of soil pH in a no
tillage compared to a conventional tillage treatment.
Hooker, et al. (1982) also found treatments involving
burning and removal of residues had a significantly higher
pH than those which retained residue.
At Grenfell, even though pH measurements were not
carried out until 1982, there was no significant change.
This was probably due to the destruction of residues by
burning, grazing and cultivation which did not allow pH to
be affected while the higher clay content would probably
have buffered changes.
Conclusions

The results of the trials conducted on fragile light
textured surface soils confirm that conservation tillage,
particularly minimum cultivation is beneficial for soil
physical and chemical properties.
Runoff and sediment loss was significantly reduced on
treatments which adopted minimal soil disturbance compared
to traditional tillage. These benefits took four years of
cropping before they became significant and consistent.
This
period
was
required
for
the
development
of
macroporosity by soil fauna and plant root activity.
Despite these changes, soil organic carbon and aggregate
stability did not significantly increase.
They were,,
however, maintained to encourage increased soil fauna
activity. stubble incorporation with a disc implement did
not significantly improve runoff and reduce sediment loss,
despite significant increases in organic carbon and
aggregate stability. This suggests that lack of cultivation
is more important than stubble retention to improve the
hydraulic properties of these soils because of destruction
of continuous porosity by mechanical disturbance. Despite
the differences between the conservation tillage treatments
soil physical properties were maintained or improved
compared with the traditional farming methods involving
stubble burning and cultivating for weed control on the
Cowra site. In this treatment, runoff and sediment loss and
bulk density increased and organic carbon and aggregate
stability decreased.
The soil chemical changes were smaller but did not show
that
improvements
in
total
nitrogen
and
available
phosphorous could be obtained from reducing tillage.
The
benefits were greater on the sandy loam textured soil at
Cowra compared to the better buffered loam soil at Grenfell.
On the sandy soil, pH was significantly reduced with stubble
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retention and minimal soil disturbance.
Therefore, long
term cropping using conservation tillage techniques may
require amelioration with lime. This disadvantage would be
outweighed by the benefits of a greater pool of organic
nutrients which would mean a reduction in organic fertilizer
requirement.
Increased rainfall
infiltration and soil organic
nutrients on the minimal tillage treatments should imply
greater crop productivity.
This was achievable when the
soils were improved and stabilized with conservation
tillage.
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Purpose

Ridge tillage is a cropping management practice that is ga1n1ng in
acceptance in the Midwestern United States where ridge-tilled hectares

have increased to about 1.5 M ha annually. The ridge-tillage practice
leaves ridges intact year after year by using special cultivators to

re-build the ridge each year. Benefits gained from use of this system
includes sustained yields, reduced soil loss, reduced herbicide
application, increased trafficability, improved drainage, and enhanced
soil warming.
The

Universal

Soil

Loss

Equation,

USLE

(Wischrneier

and Smith,

1978), a soil loss prediction tool used by state and federal technical
personnel, has limited provisions for the use of ridge-tillage. The

proposed revision of USLE will not fully address ridge tillage because
of lack of experimental data to properly evaluate and assess this
practice.

Field research in Iowa, USA (Johnson et al., 1979; Laflen et al.,
1978), and Indiana, USA (Wischmeier, 1973) all indicate a soil loss
reduction from ridge tillage compared to conventional tillage. This
reduction includes the effects of the ridge itself, contouring, and
surface residue.
Rainfall simulator studies on a silt loam soil in Indiana, USA, by

Schroeder (1986) indicate that soil loss from ridge tillage was equal
to that from fall moldboard plowing. In this study, the plots were
tilled in up-and-down hill,

surface residue remaining after tillage

was left in place, and the ridges were 1 and 2 years qld. A rainfall
simulator study by Stein et al. (1986), on a clay soil in Ohio, USA,
compared a number of bare surface and residue treatments of 1-year

(old) and newly formed ridges to moldboard plow treatments. In most
cases, the old and new bare ridges produced more soil loss than the
moldboard plowed plots.
However, if residue was present, almost all

the

ridge-tillage

moldboard

plow

treatments

treatments.

produced

The

main

less

effect

soil
was

loss
that

than
of

the

surface

residue. The Stein et al. (1986) study tried to separate out the
effect of the residue. At present, no other study has studied the
long-term effects of this practice, and the changes to the soil that
may make it more or less susceptible to water erosion.

Yield/tillage studies conducted in various midwestern states have
evaluated the yield benefits of ridge tillage. Studies in Ohio, USA
(Eckert, 1987a; 1987b; Fausey, 1987; Fausey and Lal, 1989), indicate
that ridge tillage may produce yields equal to or greater to those
from conventional tillage.

The primary purpose of this project was to evaluate the effect of
long-term ridge tillage on soil erosion by raindrop impact (interrill
erosion) using rainfall simulation. A secondary purpose was to review

the available recent data for yields in the Midwestern USA for ridgetillage systems.
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Methods
For the interrill erosion study, three sites, in Clinton County,

Ohio, USA, with ridge tillage were located on a Rossmoyne silt loam
(fine-silty, mixed, mesic Aquic Fragiudalf). Slope steepness was in
the range of 3.5 to 5 percent. The primary factor studied was age of
the system without the influence of surface-residue cover. Each site
contained ridges that had been maintained within the ridge-tillage
system for a different length of time: 0, 4, or 8 years. The 0-year
soil condition was freshly formed; the 4- and 8-year soil conditions

had received no tillage since the last growing season, approximately
9 months prior to the experiment. The ridge-tillage system consisted
of cultivation during the growing season for weed control and to
rebuild the ridges. The ridge-tillage cultivator had 40-cm wide
pointed sweeps, and ridge height after cultivation was approximately
10 em above the height of the row middles. At planting, the top of the
ridge was cut off and the ridge planted similar to a no-tillage
system. All three sites were previously in no-tillage prior to
conversion to ridges.
Four inter rill erosion plots, 0. 5 m long by 0. 76 m wide, were
installed at each of the three sites. In addition to these interrill
plots, four rill erosion plots, 6.1 m long by 0.76 m wide, were also
installed. Before each experimental run on the 4- and 8-year old
plots, all surface residue was carefully removed so that the plot was
bare. Residue removal was by hand and a portable vacuum cleaner. No
tillage was performed on these plots. Surface residue on the freshly
formed ridge site was removed prior to any tillage and ridge
formation. Then, the site was disked twice, and ridges were formed
using a ridge-tillage cultivator described above.
A programmable rainfall simulator (Foster et al., 1979) was then
used to supply a constant rainfall rate to each plot during the
experimental run. The target rainfall rate was 64 mm/h, but the actual
rate was measured using rain gauges. The experimental procedure on the
interrill plots consisted of a "dry" run for a duration of 1 h, a 30min wait period, and then a 30-min 11 wet 11 run, During each experimental
run on these plots, rainfall was applied at the design rate, and
rainfall-runoff samples were collected at 5-rnin intervals for a period
of 60 minutes, with the exception of the 8-year old plots where
samples were collected at 10 minute intervals. Each sample was weighed
with a digital balance, oven-dried at 100° C, and re-weighed to
determine water discharge, sediment concentration, and soil flux. Soil
loss was computed by integrating soil flux over the rainfall duration.
Duncan's multiple range test (P=O.Ol level) was used to compare means
of soil loss, water discharge, and sediment concentration for the
interrill and rill plot data.
Data were collected from the interrill erosion plots, but a limited
amount of rainfall-runoff data from the rill erosion plots were also
collected. The experimental procedure on the rill plots was designed
to collect data from a large range of surface-water flows. However,
only the rainfall-runoff data from these plots are presented in this
paper. Once rainfall-fed runoff began from these plots, runoff samples
were collected for 7 min, at 1 sample per min. In most cases, only 5
min of runoff was necessary to reach a steady water discharge from
these plots.
The construction of a yield data base for ridge-tillage systems in
the midwestern USA is underway, A summary is presented in this report.
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Results
Interrill Erosion

The 4- and 8-year ridges were consolidated and had a smoother soil
surface compared to the freshly formed ridge treatment (0-year). On
the average, runoff from interrill plots on both the 4- and 8-year
soil conditions started within 5 min after rainfall was first applied,
However, runoff from the 0-year interrill plots usually began after
at least 25 min of rainfall because of the greater amount of surface
storage to be filled compared to the older, consolidated ridge
systems.
There were dramatic differences in erosion estimates from the 4and 8-year old ridges compared to the 0-year ridges. Table 1 presents
estimates of interrill erosion parameters as functions of the age of
the system. The data in Table 1 are: average soil loss totals for the
90-min rainfall duration; and sediment concentration and water
discharge rate averaged over the 90-rnin rainfall duration. For soil
loss, there was no significant difference between the 4- and 8-year

old treatments, but both of these were significantly different from
the 0-year treatment. These older systems had become more resistant
to erosional forces, even with seasonal ridge-rebuilding (cultivation
that does not destroy the entire ridge) . The processes of natural
consolidation over a long period of time, combined with reduced
tillage, helps decrease the susceptibility of these systems to water
erosion (Brown et al., 1989; Nearing et al., 1988). The average water
discharge from all 3 treatments was not significantly different.
Figure 1 illustrates the dramatic relative differences in
detachment rates for the 4- and 8-year ridges compared to the 0-year
ridge system. The average detachment rate was computed over all
replicates for each sampling time, and all data were normalized on the
first average detachment rate value for the 0-year treatment. Each
data point is the average of 4 observations. Throughout both the dry
and wet runs, the interrill detachment rate from the 0-year treatment
was almost twice that from either of the other two treatments, and in
many cases more than 2-times greater. This figure not only illustrates
relative differences, but also the greater variability in erosion
rates from the 0-year treatment compared to both the 4- and 8-year
treatments. Figure 1 also illustrates that the detachment rate on the
0-year treatment never reached a steady-state level.
A limited amount of data from the 6 .1-m long rill plots are
presented in Table 2 which includes: soil loss totals for the 7-min
rainfall duration; and sediment concentration and water discharge rate
averaged over the 7-min rainfall duration. These data are from the 7min rainfall-fed runoff duration of those experimental runs.
Significant differences in soil loss, sediment concentration, and
water discharge were detected for the 0-year ridges compared to the
4- and 8-year old ridges. These results are similar to those presented
in Table 1 except for the trend in water discharge. Discharge
increased, but not significantly, with age of the system compared with
a decrease in soil loss on the same systems. The older systems were
more resistant to erosion even with increased water discharge.
There was some difference in soil loss estimates (per unit area
basis) from the 0.5-m long interrill plots compared to the 6.1-m long
rill plots. Even with the greater water discharge from the longer
plots, there was not enough energy to transport all the sediment from
the plot and therefore deposition occurred in the row middles. Rill
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erosion from the rain-fed discharge does not appear to have occurred.
This is particularly true for the 0-year treatment where there was
more potential for sediment to deposit in the row middle of the

interrill plot.
The detachment rate data from the long rill plots are presented in
Figure 2 and have been normalized in a similar manner to those
presented on Figure 1. Each data point is the average of 4
observations. Although the duration is short, these data indicate that

the detachment rate on the 4- and 8-year old systems reached a steady
detachment rate very quickly, while the detachment rate on the 0-year
ridges never reached a steady rate. In all cases during the 7-min
duration, the detachment rate from the 0-year treatment was more than
twice that from either of the other two treatments.
Crop Yields

The data surveyed for this study indicate that ridge-tillage yields
compare favorably with those from other tillage systems on most soils.

Reported yields have usually been nearly equal to or above those for
systems using a moldboard plow, chisel plow or disk for primary
tillage. On well-drained, sloping soils, no-till yields typically
equal or exceed those from ridge tillage. Because of lower costs for
machinery and chemicals ridge tillage may be the best economic choice.
Tillage studies have been conducted since 1982 on Hoytville silty
clay (fine, illitic, mesic Mollie Ochraqualf) in northwest Ohio, USA,
and since 1986 on Crosby silt loam (fine, mixed, mesic Aerie
Ochraqualf) and Kokomo silty clay loam (fine, mixed, mesic Typic

Arqiaquoll} in southwestern Ohio, USA, by Eckert (l987a; l987b; 1989} .
On the poorly drained, lake plain Hoytville soil, corn planted on
ridges has produced yields approximately equal to corn planted
following intensive (plow) tillage for both continuous corn and cornsoybean rotations, with or without subsurface drainage (0.13 Mg/ha
advantage for ridges) . Soybeans in rotation with corn have yielded the
same for both tillage systems in 76-cm rows. Soybeans planted in 18-cm

rows after plowing have yielded about 0.2 Mg/ha greater than on ridges
in 76-cm rows.

On both Crosby and Kokomo soils, ridge tillage has not produced
corn yields as great as those for moldboard plow, chisel plow, or no-

till plots

(0. 34 to 1. 7 Mg/ha advantage for plowing}. Soybeans in

rotation with corn hav.e yielded about the same in all tillage systems.
A 12-ha tillage demonstration for corn, established on the CrosbyKokomo association at the southwestern Ohio, USA, location in 1987

(ridges formed in 1986}, indicated that yields from the ridge-tillage
system have exceeded those from moldboard and chisel plow systems by

about 0.4 Mg/ha per year.
In Indiana, USA, researchers at Purdue University have summarized

yield relationships for 6 tillage systems based on 20 years of
research (Doster et al., 1987}. A yield index was prepared for soils
in 5 major groups for continuous corn and for corn-soybean rotation.

In general, ridge-tillage yield potential ranged from 2% smaller than
fall plow to 10% greater.
The Indiana, USA, research indicated that ridge-tillage yield
potential was equal to or 2% lower than fall plow on dark, poorly
drained silty clay loams to clays, 0-2% slope, (Group I}, such as
Kokomo.

On

soils,

such

as

Crosby,

which

are

light

(low

organic

matter}, somewhat poorly drained silt loams to silty clay loams,
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nearly level to 4% slope, (Group II), yield potential with ridges was
the same to 2% higher than fall plow. For light, well and moderately
well drained sandy loams to silt loams on 3 to 6% slopes, (Group III),
ridge till yield potential was 10% higher. For similar soils on slopes
greater than 6%, (Group IV), ridge-tillage yield potential was 3 to
9% higher than fall plow.
On light, somewhat poorly and poorly
drained silt learns, nearly level to gently sloping, overlying very
slowly impermeable fragipan-like pans, (Group V}, such as Rossmoyne,
ridge-tillage potential yields were the same to 3% higher. By
comparison, no-till had a yield potential, compared to fall plow, 2
to 10% lower for Group I soils, the same to 5% lower on Group II, 10
to 12% higher on Groups III and IV, and 5 to 10% higher for Group V.
Doster et al.

(1987)

also completed an economic analysis for a

hypothetical 300-ha farm on each soil type. On the basis of returns
per ha, ridge tillage was better than fall plowing for all situations.
Specifically, for a corn/soybean rotation on soil Groups I to V, the
advantage, in $/ha, was 22, 30, 67, 44 and 37, respectively. For
continuous corn, the advantage was 15, 42, 72, 64, and 27, for soil
Groups I to V, respectively.
Conclusions
Interrill Erosion
For ridge-tillage systems, the age of the system has a dramatic
effect on the susceptibility of the system to erosion by raindrop
impact. On small interrill plots and long rill plots, soil loss and
average sediment concentration was significantly greater for the 0year ridges compared to the 4- and 8-year old ridges. There were no
differences in soil loss, sediment concentration, or water discharge
between the 4- and 8-year old treatments. While there was no
significant difference in water discharge between age treatments on
the small interrill plots and the long rill plots, water discharge did
increase with age on the long rill plots. For the study conditions,
these data indicate that long-term ridge tillage systems are less
susceptible to raindrop impact erosion than new ridge systems.
Therefore, as the ridge system matures, it reduces the potential for
sediment production, and subsequently produces a water quality

benefit.
Crop Yields

With the exception of research by Eckert (1987a; 1987b) on Kokomo
and Crosby soils, ridge tillage yields in Ohio and Indiana, USA, have
been consistently nearly equal to or greater than those for other
tillage systems.
Because ridge tillage has lower input costs than
most other tillage systems, it also has the greatest economic value.
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Table l. In terrill erosion estimates from 0.5 m long plots.
Site

Age

Kelly
Salis2
Salis1

(yr)
0
4
8

*

i

Soil Loss

Sediment
Concentration

(MT/ha)
28. 6a'
10.3b
11.2b

(g/L)
36.1a
10.3b
13.5b

Data from 90-min dry

.

Discharge
Rate
(g/s)
5.37a
7.08a
5.74a

and wet run portions of experimental run.

- Means followed by like letters in columns are not significantly

different at the 0.01 level with Duncan's multiple range test.

Table 2. Interrill erosion estimates from 6.1 m long rill plots.
Age

Site

Kelly
Salis2
Salis1

*

(yr)
0
4
8

Soil Loss

Sediment
Concentration

(MT/ha)
1. 78a'
0.378b
0. 424b

(g/L)
43.1a
7.74b
7.97b

.

Discharge

Rate
(g/s)
42.0a
53.4ab
58 .2b

Data from 7-rnin rain only portion of experimental run.

# - Means followed by like letters in columns are not significantly

different at the 0.01 level with Duncan's multiple range test.
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EFFECTIVENESS OF MANURE APPLICATION
ARTIFICIALLY ERODED SOILS

IN

RESTORING

PRODUCTIVITY

OF

A.R. Peaant, and J.R. Vigneux
Agriculture Canada, Research Station, P.o. Box 90, 2000 Route 108 East,
Lennoxville, Quebec, Canada, JlM 1Z3

Effects

of

simulated

soil

erosion

on

silage

corn

(Zea

mays

L.)

productivity were studied for five consecutive years (1986 to 1990) on a
Coaticook silty loam, and a Magog stony loam in Southeast Quebec, Canada.
Erosion was simulated by scalping 0 1 10 and 20 em of the Ah horizon on 18
m2 plots.
Beef cattle manure rates (0, 40 and 80 t•ha- 1) were randomized

within the soil removal treatments to learn whether manure application would
substitute for surface soil thickness in producing yield of corn. Corn was

planted with an average population density of 60,000 plants•ha- 1, using
conventional procedures. Optimal N.P.K fertilizer application was based on
soil test.
Yield, plant height, percent ear (harvest index) and totalNitrogen assimilated by corn (T-N) were measured for the five years. Crop
productivity responded differently between the two soils, Five year average
yields, percent ear and (T-N) were significantly different (P<O.OS) between
scalping treatments for the silty loam while yields and (T-N) for silage
corn grown on the stony loam were significantly different to a higher extent
(P<O.Ol) between manure rates.
With desurfacing corn productivity had a
higher response to the manure treatments on the light texture soil (Stony
loam).
Corn yields, percent ear and (T-11) averaged over all manure
treatments decreased by 9.5%, 5% and 14.2% respectively with increasing
amounts of top soil removed (20 em) of the silty loam. The restoring effect
of 5 year applications of 80 t•ha· 1 of beef cattle manure increased total
yields on the stony loam by 35% and (T-N) by 34%, However scalping was more
important in some years on both soils.

Assessing the effects of soil erosion on soil productivity is difficult.
In cultivated fields eroded sites tend to occupy different topographic and,
therefore, different hydrologic positions than uneroded sites.
The
different topographic positions usually mean that the original soil profiles
were also different.
These characteristics affect productivity, thus
confounding studies on naturally eroded sites.
An alternative to studying naturally eroded sites is to erode the soil
artificially.
Researchers have used this technique over the past two
decades (Engelstad and Shrader 1961, Massee and Waggoner 1985).
Topsoil
thickness is recognized as an important parameter in determining soil
quality and productivity.
Once the topsoil has been lost, the remaining
soil has to be treated to restore its full productivity.
The problem of
subsoil exposure, after the topsoil has been removed by erosion or by
scalping has received adequate attention in the temperate countries.
Decreased yields on such exposed subsoils due to major nutrients
deficiencies have been reported (Batchelder and Jones, 1972, Yves and
Shaykewich, 1987).
Animal manures have been used successfully for centuries to maintain and
improve the soil fertility of agricultural lands in countries such as China,
Korea and Japan (Haynes, 1984). Manure not only supplies a wide variety of
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macro- and micro-nutrients to the soil, it also has a long term residual
effect and improves the physical characteristics of the soil.
Manure may
thus be especially valuable for eroded soils.
The most
common
reclamation measure
recommended
for
restoring
productivity to exposed subsoils, is the addition of inorganic fertilizers
and manure (Carlson et al., 1961; olson, 1977; Massee and waggoner, 1985;
Mielke and Schepers, 1986; Yves and Shaykewich, 1987).
Research on
productivity restoration with different manure rate applications on
artificially eroded soils is very scanty outside the u.s.A. Dormaar et al.
(1988) reported the effect of one manure rate (30 Mg•ha" 1 feedlot manure) on
crop when 10-20 em and 46 + em of soil had been removed.
He showed that
manure restored productivity as measured by wheat yields, regardless of the
severity of erosion. Traditionally, animal waste has been valuable in soil
management for crop production because of its plant nutrient content and
organic matter.
When applied to the soil, manure has been reported to
affect soil physical properties.
It improves soil aggregation, organic
carbon, water holding capacity and the infiltration rate of water
(Sonunerfeldt et al. 1 1988).
These changes were found to decrease soil
detachment during stormy events (Pesant et al., 1986).
The purpose of the present study was to determine the
artificial removal of the surface soil of two soil series on
production involving continuous cultivation and to determine
productivity of the soils exposed to scalping treatment could be
restored by the use of beef cattle manure.

effects of
silage corn
whether the
efficiently

METHODS

This study was conducted on two sites over a 5 year period at the
Agriculture Canada, Lennoxville Research station, 150 km East of Montreal,
Quebec, Canada, (45°21'N, 71°51'W) in an area with a growing season (May to
September) average annual precipitation of about 470 mm.
Two one hectare
areas, one on a Humo Ferric Podzol, developed on lacustrine material and the
other on a orthic gleysol developed on glacial till material were selected
for the scalping experiment. Some physical and chemical characteristics of
the original Coaticook silty loam and Magog stony loam series are given in
Table 1.
At each site, varying portions of the Ah horizon layer were removed at
three levels: O, 10 and 20 em. The scalping was accomplished by the use of
a standard backhoe tractor equipped with a bucket 50 em wide. Superimposed
on the soil removal treatments were three levels of beef cattle manure
applications:
a control, 40 and 80 tons per hectare.
The three manure
rates were randomized within the scalping treatments. The 3 x 3 factorial
experiment was replicated three times at each site along 8-10% slope
gradients. Each plot was 18 square meters with pathways of 1 meter between
scalping blocks and of 6 meters between replicates.
For five consecutive years, (1986-1990) beef cattle manure (average of
17.7% dry matter) containing 2.9 kg of total-Nitrogen, 1.8 kg of P, and 5.4
kg of K per ton was rototilled into the soil a few days before seeding.
Corn (Zea mays L.) hybrid Pickseed 2555 was planted in four rows 75 em apart
at an intrarow spacing of 20 em using conventional plot procedures. optimal
N,P,K fertilizer spring application was based on soil test. Plots received
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a preplant broadcast application of 5-20-20 averaging 200 kg•ha· 1 each year
and a post seeding surface band application (plant 15 em high) of ammonium
nitrate at a rate of 275 kg•ha· 1
In order to evaluate growth response, plant height, yield and harvest
index (percent ear) were recorded. Plant height measurements were taken at
12 weeks from the ground level to the uppermost tip of the upstretched
leaves. Corn was harvested from the center two rows between dough stage and
early dent stage {at 18 weeks).
Average dry matter content of the whole
plant at harvest was 25.6%.
One row was used to determine yield and
moisture content of the whole plant and the second to determine yield and
moisture content of ears. All yield values were converted to t•ha· 1 of dry
matter.
Harvest index was calculated by dividing ear dry weight by total
dry weight.
Total-Nitrogen assimilated by silage corn was determined in
whole plant material by the method described by Isaac and Johnson (1976).
Two undisturbed soil core samples each 5 em in diameter and 5.09 em in
length (100 cm3 ) were collected on each plot of the three scalping depths
with metal core rings for bulk density determination.
Soil samples were
also collected and air dried for pH ( 1:1 soil-water paste) and organic
carbon, determined at 1200°C using a Leco CR-12 Carbon System 781-600.
A
split block statistical analysis was performed for each of the response
variables: yield, plant height, harvest index and Total-Nitrogen of silage
corn.
The subsoil exposed at the beginning of the experiment by removing the
top 10 and 20 em of the two soils was lower in organic carbon and higher in
bulk density than the topsoil (Table 1). However, organic carbon of the 20
em soil removal treatment for the loamy soil was higher.
Furthermore, on
this· same site, percent sand was lower and percent silt higher at the 20 em
scalping.
On the silty loam, percent sand, silt and clay was unchanged
after scalping treatments.

Table 1. Soil texture following topsoil removal at the beginning of
experiment (spring 1986) and original soil characteristics for the
two sites.
Soil type

Scalping
treatments
(em)

Textural analysis

%

Organic
carbon

Bulk
density

Total·N
(%)

Mg•m- 3

%

%

%

Sand

Silt

Clay

9
6

loam

0
10
20

9

68
70
68

23
25
23

2.45
2.22
1.64

1.14
1.21
1.42

0.21
0.20
0.15

Magog
stony
loam

0

45

44

11

10
20

40
38

48
49

12

3.18
2.82
3.63

1.10
1.29
1.16

3.33
2.94
3.60

Coaticook
silty
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RESULTS

Crop productivity
The effects of depth of soil removal and rates of manure application on
total yields, plant height, percent ear and total-Nitrogen assimilated by
silage corn (T-N) for the two soils are shown in Figure 1 and Tables 3 and
4. There was variability in the results but the overall trends indicated
that yield responded differently between the two sites for both scalping and
manure treatments (Table 2). Five years average total yields, percent ear
and T-N were significantly different (P<O.OS) between scalping treatments
for the Coaticook silty loam only.
Plant height was not significantly
different.
Average silage corn yields, percent ear and (T-N) across all
manure treatments decreased by 9.5% 5% and 14.2% respectively with
increasing amounts of topsoil removal (20 em). At the other location the
four parameters measured were not significantly different between scalping
treatments.
Results for the 10 em removal treatment are not always
consistent with an intermediate effect on plant height and total yields as
expected. This is especially true for the silty loam soil.
Effects of manure application
The magnitude of increasing crop productivity by beef cattle manure
compared to the control was location-specific {Table 2). Beef cattle manure
was more effective on the light-textured soil (stony loam) than on the silty
loam soil.
Yields and T-N of silage corn had a significant linear and
quadratic increase (P<O.Ol) on the Magog stony loam due to manure
incorporation into the soil. The first order interaction for percent ear
between manure and scalping indicated that the relative difference between
the two treatments depended on the scalping depth. The restoring effect of
beef cattle manure increased yields by more than 35% and T-N by 34%. Yield,
plant height, percent ear and T-N of silage corn were not significantly
different between manure rates for the silty loam. Yield increase following
five year application of 80 t•ha- 1 of manure was less than 15%.

CONCLUSION

Natural erosion is a sorting process of soil particles while scalping
removes layers of soil with no sorting.
Despite this disadvantage,
artificially eroded soil experiments may give a more realistic indication
of the effect of hydraulic erosion on corn productivity (Mielke and
Schepers, 1986; Olson, 1977).
The results of this experiment showed that the magnitude of the effects
of surface soil removal on land productivity was significant as measured by
silage corn yield in monoculture for five consecutive years in the temperate
region of Eastern Canada.
Results indicated that scalping to 20 em
generally caused a reduction in yield o£ 10 to 12% but up to 24% in some
years. While manure was able to compensate part of the loss of fertility
on the scalped soil, even the higher rate of application could not
completely restore the initial productivity of the soil since scalped plots,
even fertilized, consistently produced lower yields.
It is believed that
part of the potential soil productivity is permanently lost through surface
soil removal, which would be the case for soil erosion as well.
Reduced
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crop productivity on eroded land is caused by a complex set of soil physical
characteristic factors such as available water, nutrients, organic matter,
soil biota and soil depth. Basic application of chemical fertilizers proved
to be inadequate to maintain· corn yield and barely able to sustain soil
organic matter level when the soil is artificially eroded and cultivated for
fiv~ years (Vigneux and Pesant, 1990).
To restore the soil organic matter
characteristics of severely eroded land, the use of beef cattle manure on
an annual basis proved to be necessary to increase silage corn productivity
on light texture soils involving continuous cultivation.
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Table 2.

Effect

of

scalping

treatments

and

manure

application

on

productivity and total-Nitrogen assimilated by silage corn for the
two soils (five year average F. values).

Coaticook silty loam
Sources of variation

Rep (R)
Scalping trt (Sc)
E(a) - (Sc-1) (R·l)
Manure rates (M)

H

X

R

M x Sc

E(b)-(Sc-l)(R·l)(M·l)
Total

Total
yield

d. f.

Plant
height

Percent

ear

Total-N
in plant

2
2
4

2.45
12.49**

0.35
0.28

1.01
10.09**

1.18
11. 04**

2
4
4

2.82
0.69
0.28

0.24
2.56
0.96

0.97
1.10
0.35

2.88
1.14
0.37

13 .15**
11. 83**
4.66*
0.98

0.36
0.19
0.38
0.11

18.78**
1. 39
0.06
1.88

14.39**
7.39*
4.20*
1. 56

~

26

Contrasts

Scalping linear
Scalping quadratic
Manure linear
Manure quadratic

1
1
1
1

Magog stony loam
Rep (R)
Scalping trt (Sc)
E(a) - (Sc-1) (R·l)
Manure rates (H)

MX R
H x Sc
E(b)-(Sc-l)(R·l)(M·l)
Total

2.07
2.36

0.38
0.03

0. 71
0.34

46.79***
0.32
1. 29

3.18*
0.68
2.30

0.40
0.99
6.09**

32.85***
0.98
1.72

4.54*
0.19
83.15***
10.42**

0.05
0.02
5.82**
0.55

0.22
0.47
0.07
0.74

4.87*
0.01
54. 60***
11.10**

2
2
4
2
4
4

0.03
2.44

~

26

Contrasts

Scalping linear
Scalping quadratic
Manure linear
Manure quadratic

*
**
***

1
1
1
1

Effects significant at P<O.lO
Effects significant at P<0.05
Effects significant at P<O.Ol
Unmarked: not significant
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Table 3, Plant height and percent ear of silage corn as influenced by soil
desurfacing and manure treatments (1986-1990).
Applied
•yr
Coaticook
silty

-

-

X

0

40

80

222
233
220

220
219
209

41.3
43.0
45.4

42.9
44.8
47.4

41.4
41.7
47.6

41.9
43.2
46.8

275

216

43.2

45.0

43.6

43.9

0

40

80

220
224
201

218
202
206

215

209

X

Scalping
treatment

·(em)
0
10
20

loam

Percent ear

Pl. height (em)

manure
t•ha- 1

-

X

--------------------------------------------------------------------------------Magog
stony
loam

0
10
20

216
214
184

239
227
222

235
235
228

230
225
211

42.5
41.0
39.5

39.6
44.7
40.4

38.3
40,4
43.7

40.1
42.0
41.2

X

205

229

233

222

41.0

41.5

40.6

41.1

Table 4. Effect of soil desurfacing and manure treatments on total-Nitrogen

assimilated by silage corn (1986-1990) (kg(ha).
Applied
manure
t•ha- 1 •yr

0

40

80

X

134.5
138.8
114.9

138.1
127.7
120.5

154.8
168.9
131.3

142.4
145.1
122.2

X

129.4

128.7

151.7

136.6

10
20

122.6
105.8

150.0
152.3

173.7
150.3

148.8
136.1

X

121.7

159.0

163.6

148.1

Coaticook

Scalping

silty
loam

treatment
(em)

0
10
20

-

------------------------------------------------------------------------------------Magog
0
174.7
166.6
159.4
136.9
stony
loam
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SILAGE CORN DRY MATTER (1/ha)

14

COATICOOK SILTY LOAM

0 10 20

0 10 20

0 10 20

0 10 20

0 10 20

SCALPING DEPTH (om)

SILAGE CORN DRY MATTER (t/ha)
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STONY LOAM
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8
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0 10 20

0 10 20
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Fig. 1. Effects of soli desurfaclng and manure treatments
on total dry matter yield for the years 1986 to 1990
for the two soils.
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EROSION LOSSES OF HUMUS AND PLANT NUTRIENTS IN THE
EXPERIMENTAL WATERSHED REPINSKA REKA
Ratko Kadovi6
Faculty of Forestry, 1, Kneza ViSeslava, 11o3o Belgrade,
Yugoslavia
INTRODUCTION
Water ~rosion processes, in addition to different modifications of soil
properties, lead to humus and plant nutrient losses. As in the humus-ace~

umulative horizon the layer of humus contains up to 99% supplies of soil
nitrogen,a considerable part of phosphorus and other plant nutrients, in

addition to the reduction of soil fertility, erosion alsoaccelerates the
pollution and eutrophication of natural and artificial streams and storages.

Humus and plant nutrient losses (total nitrogen, readily available phosphorus and potassium)have been analyzed in the function of runoff and suspended sediment in the experimental watershed Repinska Reka.
OBJECT OF RESEARCH
1. Watershed location
The watershed of Repinska Reka is in the boundary zone between the Grdelicka Klisura (gorge) and Vranjsko-Banjska kotlina (valley),It is the tributary of the river JuZna Morava., with its confluence near the village Rep-

ince.Watershed area is 7.82 km2, it is elongated and its perimeter is 17,5
km, ranging between 34o and 1o37 m a.s.l. Its mean slope is 3o,6% the length of main stream channel is 8,5 km,and drainage density is 2.15 km*km2.
In this region, cca 2oo torrents have been registered, with the highest
sediment yield in Sebbia.
2.Climatic conditions
In the analysis of olimatic conditions the method of elevation gradients
has been used for the altitudes from 3oo m to 11oo m a.s.l.
Based on the analyses,annual sum of rainfall ranges between 632 mm (elevations up to 4oo m) and 8o6 mm (up to 11oom). The most rainy months are
May (7o-99 mm) and June (72-82 mm). At all the elevations from 5o.6 to52,3%.:
of the total annual sum of rainfall falls during the vegetation period.
Regarding mean air temperatures, at the elevations up to 9oo m, the hottest month is July (21.8-18,8 C), whereas at the higher elevations it is August (18,8- 17,9 C). The coldest month at all the elevations is January
(-o,6 to- 3.5 c).
According to the climatic classification by Thornthweite the elevations
up to 4oo mare characterized by dry subhumid climate (c ), up to the ele1
vation of 72o mit is moist subhumid climate (c ), and up to the elevation
2
of 1o5o m it is mild humid clinBte (B ).
1
3.·Soil characteristics
As reported by previous researches by Jovi6 N. et al.(1982), in the Repinska Reka watershed there developed very acid brown soils and acid brown
soils on different rock complexes, including:
- very acid brown sOils on a granitoid complex
- very acid brown soils on a gneiss complex
(gneisse·s, gneiss mica schists and mica schists);
- acid brown soils on chorite-albite,chlorite-muscovite and sericitechlorite schists;
- acid brown soils on sandstones and conglomerates.
The most widespread types of soil are very acid brown soils on a gneiss
complex and acid brown soils on sandstones and conglomerates. Humus content
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in the humus-accumulative horizon of these soils ranges between 2.75 and
5.42%, tota! nitrogeno,16-o.3o%, readily available phosphorus (P2o5 ) 1.923.o~1mg*1oo 1g, of soil and readily available potassium (K 20) 7.~-25.o mg*
1oo
g of soil.
4. Land use
The main characteristic of land use structure in the Repinska Reka watershed is a significant share of woodland ecosystems {55.o3%), and the
most widespreadtypes are Quercetum farneto cerris and Fagetum submontanum.

Arable soils occupy 39,3o% area covering the slopes even steeper than
3o%. The most frequent crops are winter wheat (42,9%) and corn (2o,9%),
perennial leguminous plants (9.o6%),and small plots of tobacco. All the crops are characterized by extensive cultivation.

In addition to the above land uses, meadows and pastures occupy 29.89%,
whereas the smallest portion of the watershed is

covered by orchards and

bare lands (o,o3%).

HETHOD
Within the hydrologic research, a cross section l'lBS used to monitor runoff measured by limnigraph records, whereas the suspended sediment samples
were taken, at normal discharge rates, once in 24 hours (at 7.oo a.m.).
Observations were. carried out between April and November over the period

1979 - 1985.
The samples of sediment were analyzed for humus contents (Turin s method
for total nitrogen content {Kjeldahl s method), and the contents of readily
available phosphorus andpotassium by Al-method {Enger-Riehm s method).
RESULTS
Based on our investigations of water discharge at the cross section,

within the researched period, mean water discharge ranged between 4.73 and
13.68 1*s-• * kni2 , and sediment between 16.oo and 86.75 t * krl\2, The results of the period 1979- 1985 have been shown in Table 1.
Table 1 Annual runoff ({*6 1 *km2) and sediment (t* kffi2)
between April and November
Year
Parameter

Mean

1979

198o

1981

1982

1983

1984

1985

runoff
1-~ s-• *kni2 9,33

13.68

11.25

1o.36

5.11

4.86

4.73

8.48

Sediment 16.78
t*kJi\2

48.29

29.o9

86.75 3o.t9

16.oo

19.8o

Y.>Sl

The analyses of humus contents in the samples of suspended sediment taken at the cross section show that it ranges between 6.62 and 29.o3%. The
content of total nitrogen varies from o,34 to 1.o6%, content of readily available P?O~ - 5.25- 4o.o, and of readily available potassium K 0 - 5.oo 4o.oo mg"'10o-• g of soil.
2
Annual quantities of the losses of humus, total nitrogen and readily
available phosphorus and potassium, according to the contents of individual
elements in the suspended sediment, have been shown in Table 2.
516

Table 2 Annual losses of humus, total nitrogen, readily available phos-

phorus and potassium April - November
Year

Parameter

1979
fuJus

t*loii2

1.11

155o
3.93

1931
7.46

1982

1933

21.E$

4.9'1

Mean

1gy.
4.Ee

1g)5
5.75

7.o9

'lbtal N

kgl'kffi2

P205

"f/,<:15

189.32 2<:15.54

633.'9 154.45

o.ffi

5.31

7.'9

21.E$

o.B'I

6.66

7.48

24.72

12.36

1E$.59

144.52

21:J3.7

6.4o

7.92

8.8'1

6.4o

7.'J2

kg*kffi2

~2

12.36

9.93

Based on the above data it can be seen that annual losses of humus range

between 1.11 - 21.69 t* kffi2, Average quantity in the researched period is
7.08 t*km2 • Loss of total nitrogen in the soil of the researched watershed
range between 57.o6 and 633.29 kg*kffi2, Mean value for the researched period
is 2o3.7o kg*km2, Annual losses of readily available phosphorus and potassium amount to o.88- 21.69 kg*km2, mean value 8.84 kg*kffi2, i.e. o,84-24,72
kg*km2, mean value 9.98 kg*km2,
The above data also show that the amounts of losses of humus and nutritive elements are, first of all, determined by the conditions of surface run-

off and by the quantity of sediment,
CONCLUSION
Soil cover of the Repinska Reka watershed has been formed on different
rock complexes, and soil formation continues to the soils belonging to the
class of brown soils. The most widespread soil types are very acid brown soils on a gneiss complex and acid brown soils on sandstones and conglomerat-

es.
The content of humus in the A-horizon of the researched soils amounts to

2.75- 5.42%, and in the suspended sediment samples these amounts are much
higher and vary between 6.62 1nd 29.o3%. Total nitrogen content in the soil
is o.16-o.3o%, and in the sediment it is o.34-1.o6%. Similarly, the contents of readily available phosphorus amount to 1.92-3.o4 in the soil and 5.254o.o mg*1oo 1 g of soil and potassium 7·5-25.o in the soil and 5.o-4o.o mg*
1oo' g of soil,
Annual losses of humus, over the researched period, range between 1.11-

21.69 t*km2 (mean value 7.o8 t*kffi2), total nitrogen 57.o6-633.29 kg*kffi2
(mean value 2o3.7o kg*km2),readily available phosphorus o,88-21.69 (mean value 8,84) and potassium o.84-24.72 (mean value 9.98) kg*km2,
The losses of humus and plant nutrients in the soil have been determined,

first of all, by the conditions of surface runoff and by the quantity of sediment.
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ON-FARM COMPARISON OF DIFFERENT TILLAGE SYSTEMS IN VERTISOLS OF RAHAD
PROJECT-SUDAN
Mamoun I. Dawelbeit
Senior Agric. Eng. Research Scientist
Agricultural Research Corporation
Rahad Research Station, Elfau, Sudan
PURPOSE
With about 15,500 tenants and a total area of 126,000 hectares, the Rahad
Project is the newest State owned agricultural project in the Sudan.
Established in the late 1970's, this settlement project is situated about 200
km south east of Khartoum along the east bank of the Rahad, a tributary of the
Blue Nile.
The Rahad Project irrigation depends on the seasonal river Rahad during the
rainy season, July-October. Water from the river Rahad is directed to the main
canal at Abu Rakham dam. But during the dry period, November-June, water is
pumped through an 80 Km connecting canal from the Blue Nile at Meina.
The
irrigation is based on gravity flow of water from the main canal and
distributed to the fields by a hierarchial system of smaller canals.
The total area of the Rahad Project is administratively divided into three
groups (Northern, Central and Southern), and each is subdivided to three blocks
rriaking a total ·Of ·nine blocks. Five villages are situated in every block, one
is the block head quarte·rs.
The newly established villages are distributed
evenly so that no farmer lives no more than 5 km away from his fields.
Similar to the other government irrigation projects in the Sudan, the
organi'zation of •the Rahad project is based on the principle of tenancies. Each
farmer is allotted an a:rea of 9.24 Ha in which a two course rotation is
adopted. Medium st'3ple cotton of the acala type is grown in half of the area,
while the- other' half' is shared between groundnut and sorghum. The cropping is
100% intensive.
Production iS highly mechanized.
Land preparation is 100% mechanized,
groundnut digging 40%, groundnut threshirig 64%, (Ibrahim et al., 1986).
Herbicides are used on about 90% of the cotton area and all chemical pest
control ·is done by a·erial spraying.
Sorghum harvesting is partially
mechani~ed.
Sowing of all the crops, watering, weeding and cotton picking are
done manually.
Cotton is the most important crop. The government supplies all the inputs
(seeds, fertilizers, herbicides, and pesticides), performs the mechanical
cultural operations (land preparation,
fertilizer application, aerial
spraying), ginning, and in addition the government gives loans for the manual
operations. The government receives all the produce and market it. After cost
deduct'ions including administration and water fees, the tenants receive the net
profit. This is done only for cotton. For· groundnut and sorghum the tenant
is responsible for the production and marketing of his crop.
Land preparation is performed by the agricultural engineering department of
the Rahad Project for all the cotton area and for part of the groundnut and
sorghum areas. Different types of machinery are used by the government and the
private sector. Previous research at Rahad Research Station, Elfau, showed no
significant differences betw~en the tested tillage systems and yield (Dawelbeit
1986, Dawelbeit and Hamada 1987, Hamada and Dawelbeit 1987). Since conditions
·at farmers fields are different from those at the research farm, it was
suggested that tillage research should be extended to farmers fields. On-farm
resea-rch would not only verify on-station results but will also serve as a
demonstration to farmers, field inspectors, extension agents and engineers.
The objective ·of this· research was to test four different tillage systems
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in farmers fields under different management and conditions.
researcher managed on-farm experiment.

This is a

METHODS
Six contact farmers who were participating in the Training and Visit Program
(part of the World Bank 1 s Agricultural Research, Extension and Training Project_
-ARETP) were selected for the first season (1988/89) in blocks 1 and 3 in the
southern group. However, the three farmers in block 3 were discarded because
of unreliability of the yield data. For the second season (1989/90) data was
collected from two farmers.
The soils at Rahad are very high in clay content (50-60%), very low in
organic matter (0,03%) and alkaline pH 8.78-9.4) (Fahal, 1984).
An experimental area of 1.68 Ha (1 feddan) was taken from each tenancy
divided into four equal plots of .42 Ha each. The field layout was the same
for all farmers.
The four tillage treatments for the two seasons included:
1. Light disc harrow: using an offset disc harrow (2.6 m width of cut).
Two rows each with 12-0.65 m diameter discs were used.
In the front row
notched discs were used while they were plain in the rear row. A depth of 1012 em was achieved.
2. Minimum tillage: here no tillage tool was used.
3. Chisel plow: A Rau (West German) chisel was used. The plow consisted
of a frame with three rows each with three rigid reversible tines arranged such
a way that the effective distance between the tines is 0.25 m. The working
width was 2.25 m and the achieved depth of plowing was 10-15 em.
4. Heavy disc harrow: This is the conventional tillage for cotton in Rahad
Project. It was International Harvester heavy off-set disc harrow with an
effective width of cut of 7.2 m and a harrowing depth of 12-16 em.
Following the treatments, the experimental area was ridged. Farmers since
took over and performed their normal practices as with the rest of the tenancy.
Frequent visits by the researcher were paid to the research area and with the
help of the local extension agents the different cultural operations were
monitored. Table 1 shows a sample data sheet of a farmer.
Cotton was grown in the first season (1988/89) while groundnut was grown in
the second season (1989/90) under the same treatments as the first season.
Each plot was harvested separately. The yields were weighed and recorded.

RESULTS
In this experiment the chisel plow treatment gave the highest yield in both
cotton and groundnut (figure 1). This was followed by the heavy disc harrow
treatment also for both crops. Disc harrows and chisel plows have different
effects on the soil. While the disc harrows do a medium job of pulverization,
loosening, mixing, and inversion of the soil Krause, et al. (1984) reported
that chisel plows sufficiently loosen the soil without much inversion. The
least yields were obtained by the light disc harrow in cotton and the minimum
tillage in groundnut.
It was reported by Nicou and Charreau (1980) that
tillage improves the physical conditions of the soil, especially of the
superficial layer, by increasing total porosity and changing the pore size
distribution, thus improving aeration, root penetration, and water infiltration
and reducing evaporation.
The importance of tillage increases as porosity
decreases. In addition, tillage may significantly help control weeds in all
types of soils.
The heavy disc harrow treatment was superior to the light disc harrow in
both cotton and groundnut. The response of_ groundnuL to minimum_ tillage. was
more pronounced than in cotton. The minimum tillage treatment gave the lowest
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yield in groundnut .while the yield obtained in cotton was about the same as the
light disc harrow treatment. In this experiment all the tillage treatments
were followed by 80 em wide ridges. The ridge formation operation seems to
produce similar ridges in minimum tillage as well as the other tillage
treatments. Thus the ridging operation may have reduced the difference between
the treatments.
For cotton this was observed as the yield of the minimum
tillage and the light disc harrow were similar. The low yield associated with
the minimum tillage in groundnut could be explained by the fact that it is
important for groundnut that the subsoil be deep, free of hard pan, well
drained and without tendencies to become excessively dry (Woodroof, 1983).
These results were not expected by the farmers nor the agricultural
administration staff. It was expected that the conventional tillage operation
(heavy disc harrow) would have higher yield than the other treatments and that
the minimum tillage will give the lowest yield in both crops. Since the farmer
was observing and participating in the experiment, accepting the results was
easy. However, this was the first time that the chisel plow was tested in this
project. More on-farm tillage research is required to convince more farmers
with its benefits.

CONCLUSIONS
The objective of this experiment was to evaluate four different tillage
systems in farmers fields under different conditions and management as a
researcher managed on-farm experiment. Results showed that the chisel plow
treatments gave the highest yields in both crops (cotton and groundnut) over
heavy disc harrow, light disc harrow and minimum tillage. Since the chisel
plow is a new tillage implement in the area this suggests that there is great
potential for this implement in the Rahad heavy clays.
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Table 1,
Name:

Sample data sheet

Mohamed Abdalla Jabir

Tor a 1 : 14

Double: 13

Block : 1

Village

5

Abu 20: 3

Hawasha

2

1.

Season : 1988/89

11. Herb, app. date:

2.

Previous crop: Groundnut

12. Hand weeding:

3.

Residue condition:

13. Fertilizer: 2N Urea

4.

Date of tillage:

5.

Crop:

6.

Variety: Shambat-B

16. No, of pesticide sprays: 3

7.

Seed rate:

9 kg/Feddan

17. Start of picking:

8.

Sowing tool:

Jerraya

18. No. of pickings:

9.

Irrigation:

grazed
May 1, 1988

14. Fert. app. method:

fortnightly

1

-

Vi con
0

Ronstar

light disc harrow:

2 - Minimum tillage

3 - Chisel plow

4 - Heavy disc harrow:

Nov

0

88

88

4

19. End of picking:

April 7 '89

20, Total rainfall:

460 mm

Yield (Kg/feddan)
Plot
Plot
Plot
Plot

3T, July-Aug

15. Fert. app. date: Oct 22

cot ton

10. Herbicide:

Jul 3 '88

1064
1070
1612
900
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FIG. 1: ON-FARM TILLAGE RESEARCH
RAHAD PROJECT
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TECHNICAL AND ECONOMICAL FEASIBILITY OF DEEP
TILLAGE SYSTEMS IN THE GEZIRA SCHEME (SUDAN)

*

M. H. AHMED
Associate Professor of Agricultural Engineering
Faculty of Agricultural Sciences
University of Gezira, SUDAN

A general review of the two practised tillage systems,
namely blading and harrmY"ing,
in the Gezira scheme is
illustrated. The scheme represents the largest single farm
under one management in the 1wrld ( 880,000 ha ) ,

The

basic objective of deep blading was the control of

perennial deep rooted weeds,
while that of harrowing was
the minimization of soil destruction and energy consumption.
The review investigated and compared the technical

and economical feasibility of both systems. It was evident
from the results of this study that the cost of deep
blading was considerably higher than that of harrowing,
Chemical

weed control was observed to have developed to a

stage where it could be substituted for deep cultivation
and which was used over 90 percent of the total land of
the scheme in 1986 compared to 8 percent in 1977/78. The
economical advantage of chemical weed control over that of
deep cultivation needs ,
however, to be investigated. The

study showed that higher energy saving was achieved when
using the harrowing system'compared to that of blading,

*Currently

seconded to the Faculty of
Agricultural
Sciences of the United Arab Emirates University,
Al Ain
Box 17555, UAE .
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INTRODUCTION

Sudan occupies the largest territory in Africa extending over an area of 2.4 million km2, The total population
of the Sudan is about 20 million people , of whom nearly
80 percent are directly employed or dependant on agriculture. This sector is the most important in the Sudan and
counts for about forty percent of the total GDP,
and
employes 90 percent of the labor force.
The Gezira scheme is the largest
880,000 ha ),
oldest, and most important agricultural scheme in the
Sudan, It is described as the largest single farm in the
world under one management. The scheme lies between the
Blue and White Nile rivers south of Khartoum in what is
known as the central clay plains of the Sudan.
It is
irrigated from the Blue Nile river. The main cultivated
crops are
long and medium staple cotton, wheat, groundnut ( peanut ), sorghum, vegetables and fodders.
The soil of the scheme is described as cotton black
soil which contains more than 50 percent clay, and of a
relatively uniform parent material. Those soils contract,
harden and crack heavily when dry, while they expand,
become sticky and difficult to work when wet causing a
number of limitations to production. The major physical
limitation , however, arises from their high clay content
and the consequent improper soil moisture characteristics.
They are plastic when. too moist or hard when too dry,
resulting in a narrow moisture range in which the soil can
be worked under optimum conditions,
The management of the scheme has been using deep
tillage systems in an effort to overcome the current soil
limitations. These have in turn, however 1 caused a number
of consequent problems in terms of power consumption and
soil structure destruction. This study was
, as such,
initiated with a main objective of investigating the technical and economical feasibility of deep plowing in that
scheme.

DEEP TILLAGE SYSTEMS IN THE GEZIRA SCHEME
•'

The deep tillage systems practised in the cotton lands
of the scheme are : 1 - deep blading, and 2 - deep harrowing, The first which also is locally referred to as the
"special" , is the primary land preparation operation in
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the cotton areas. The used implement is a "Feleco" blade
which was designed and developed by the agricultural
engineering division of the scheme in the early sixties,
It is a long wide blade fabricated from high carbon steel
with sharp edges and ponted rods welded to the leading
part to assist in soil penetration, disturbance, and weed
control. The blade is bolted to heavy duty shanks clamped
to a tool bar. The implement is mounted to the rear of a
crawler tractor, The main objective of deep blading had
been the control of perennial deep rooted weeds. The
second system which is deep harrowing has recently been
introduced in selected cotton areas where weed infestation
constitutes significant problems to the cotton crop. The
implement used is either an offset or a tandem disc
harrow.

METHODOLOGY

The data used in this study were collected and aquired
through personal visits by the author to the department of
agricultural engineering of the Sudan Gezira board, where
detailed and reliable records were kept,
Field measurements were taken during visits where the specified tillage
operations were performed. They were made to determine the
operational capacity parameters such as machine speed and
effective working width.
It was not possible, however, to
carry out verification measurements on fuel and lubricant
consumption during those visits. Observations on the
degree of soil disturbance and weed control by the
specified tillage systems were recorded during those
visits.

RESULTS AND DISCUSSION

The data collected from the scheme records on the
operational parameters of the different systems are listed
( Tables 1 , , .2 ) • It can be observed from both the
collected data and field measurements that approximately
75 percent of the cotton land was cultivated using the
deep blading system, This has resulted from only the
traditional preference by the farmers to this system over
the deep harrowing, and not because of the possible
technical and economical superiority. This situation,
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along with the fact that the deep blade requires a heavy
duty tractor,
has necessitated the establishment of
operational stations scattered in the scheme. As a result,

a substantial increase in the operational idle time was
observed in this system since the operators had to take
longer vaccations in order to secure their domestic needs.
Consequently the deep blade system had a 20 percent higher
idle time than that of the harrowing,
This has resulted
eventually in a lower economic feasibility of the system.
The fuel and lubricant consumption and field capacity of
this system is shown ( Table 3), The mean calculated field
capacity of the system ( 0.96 ha/hr ) was higher, however,
than that of the harrowing ( 0,72 ha/hr ) because of the
larger effective width,
The calculated
theoratical
capacity and field efficiency of deep blading using Hunt's
method
( Hunt,
1979 ) and field measurements were 1.13
ha/hr and 78 percent respectively.
This was towards the
minimum range of deep tillage field efficiency as standarized ( ASAE,
1987 ),
Consequently the system has been
judged as falling in the lower efficiency category.
Moreover the average fuel consumption of this system was
double than that of the harrowing system ( 4.48 gal/ha ),
On the other hand,
it was observed during field visits
that the volume of disturbed soil by the harrowing system
was higher than that of the deep blading.
The later however, resulted in the destruction of a greater amount of
deep rooted weeds.
This resulted from the fact that the
blade cut the soil at a depth of 30 - 40 em with little
soil disturbance. The seedbed in most of the areas where
harrowing was practised ,
was prepared directly by
listers. The areas where blading Nas practised had their
seedbed, however, prepared by shallow harrowing operations
prior to the listers. This resulted in an additional cost
to that of the deep blading,

CONCLUSIONS
It is evident that the cost of deep blading is considerably higher than that of the harrowing, Moreover,
the

deep blade necessitates the use of expensive and heavy
equipment which increases energy consumption and idle
time,
and reduces the overall efficiency.
In addition, a
more serious destruction of the soil structure is observed
with this system, The only advantage of this system,
however, was the short term solution to the problem of
deep rooted perennial Needs. This , however, may in times
have an inverse effect if not properly managed and at the
long term ,
the seeds of those weeds will be distributed
in a deeper soil profile beyond any economical chemical
weed control operations,
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Developments in chemical weed control operations vas
made it possible to successfuly replace the deep blade by
the deep harrow. The only source of resistance to the
complete application of this technology remains,
however,
in the traditional non guided preference to the use of the
deep blade by the farmers.
The role of appropriate and
quick action by the scheme extension engineers should not
be under estimated and should be given a greater share of
attention by the scheme's management. The adoption of
energy saving technology is even more important to Sudan
agriculture thah other equivilantly essential concerns.
The use of energy saving tillage systems is highly encouraged on condition it does not interfere with crop productivity.
The application of the deep harrow,
lies within
this framework.
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Table
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yearly ana,lysis of the percentage of the scheme land

cultivated
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disc
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Table 2. Annual total scheme requirements for deep blading.
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SOCIO ECONOMIC CONSIDERATIONS IN TILLAGE
S.P.5.Karwasra, R.K.Punia, and R.S.Malik
Haryana Agricultural University,Hisar,India
INTRODUCTION
Tillage is the first operation that man did for bringing
about favourable conditions for raising crop plants in the
surface soil and his first attempt was to make a hole with
stick for sowing the seed,
They probably had weighted
digging sticks and later primitive hoes, made at first from
wood, and later from stone (Butzer, 1964).
Introduction of
plough was a fundamental advance and since then, the cultural
practices of stirring the soil with different tools and
implements with different objectives have been developed for
different climatic regions, soil type, crops, etc.
These
methods have been evolved by practical farmers through ages
by trial and error, which best attain the objective with
economy of labour and resources available.
The small
farmers were concerned with reduction of arduous work and
large ones with the reduction in total cost of cultivation.
Cultural practices have undergone considerable chariges
during the last half of this century, especially in Western
countries but a clear definition for tilth never evolved
because numerous real effects and emotional perceptions
always conveyed different meanings.
Fream (1980) illustrated
the importance of soil tillage by the terms used by tiller
to describe soil conditions as open, free-working, mellow
or in good heart for feeling good about it and; hungry
stubborn, stiff, cold, or unkind, as non-productive.
Such
emotional perceptions may create favourable attitude towards
deep ploughing and intensive tillage practices,
Karlen
~· ~. (1990) examining historical perceptions of soil tilth
has enumerated such instances from culture.
Jackson (1980)
has attributed such social factors in understanding the
resistance to changes in soil management practices which
might be beneficial from tilth as well as economic point
of view,
In all parts of the world, research studies on
tillage (Karlen, 1990) concentrate on physical, chemical and
biological dimensions.
Socio-economic aspects of the
practices have not been given due attention which may have
bearing on adoption of optimum practices for maintainin8 soil
structure and fertility for sustainable agriculture,
Present
paper attempts to understand the social and economic
considerations in performing different tillage practices in
Haryana State.
METHODOLOGY
Tillage operations are primarily performed according to
the crop, soil and moisture conditions which differ according
to the bioclimatic conditions.
Haryana State is divided into
five bioclimatic zones (Duggal 197~) but the crop differences
are not to the marked extent.
Therefore, for present study
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the state was divided into three zones i.e. Zone I: Humid,
included hot and humid +hot and subhumid; Zone II: Semi-arid,
included hot and semi dry + hot and dry and; Zone III: Arid,
included hot and arid zone.
From each zone a sample of 33 households was selected
at random from its representative village and the functional
head of the household was chosen for interview on a
pretested semi-structured respondent schedule containing
questions as per research objectives of the empirical
study. Field observations and anthropological approach in
is extensively used .in interpretation of findings.
Data
were collected for the Kharif and Rabi seasons of 1989,
Adoption of tillage practices were measured in comparison
with recommended practices by Haryana Agricultural
University, Hisar and actually followed by the farmers
for selected crops. viz Rice (Oryza sativa), Cotton.
(Gossypium hirsutum), Wheat (Triticum aestivum) and Gram
(Cicer arietinum).
Per cent variation (PV) between the farmers' practice
(FP) and recommended practice (RP) was calculated as:-

PV

a

FP-RP
X 100

RP
An inventory of tillage implements and tools is
prepared and special tillage practices have been discussed,
RESULTS AND DISCUSSION

Dominant soil textures found in the bioclimatic zones
of Haryana (Duggal, 1975) are sown in fig,1,
Intensity of
tillage operations increases with increasing fineness in
soil texture.
Tillage operations at optimum moisture
content are more crucial in medium to heavy textured soil
than in light textured soil, More than 90,90% of the
farmers were aware about the role of soil moisture in determining the tillage intensity, They determine the
optimum moisture content for tilling a land, "Wattar
condition'' by feel and visual method,
Preparatory Tillage
Tillage practices are divided into three groups viz,
preparatory tillage, interculture and special purpose
tillage,
Preparatory tillage in Haryana State included
ploughing and discing, rolling, cultivation, planking,
drilling and ridging.
Implements used were turning plough,
disc plough, roller, cultivator/harrow, planker, seed/
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fertilizer d~ill and ridger/ridge seeder.
The objectives
of preparatory tillage were good tilth, moisture
conservation, weed free seed bed, residue management and
seed and fertilizer placement.
Adoption of preparatory ploughings by farmers and
per cent difference from recommended practices are given in
Table 1 as affected by different variables.
On an average, there was' little difference (less than
10%) between the recommended and the adopted practices in
rice, wheat and cotton.
In case of gram, farmers were
carrying 15 per cent more ploughings than the recommended.
Their view was that more ploughings helped them to conserve
more soil moisture.
Bioclimatic conditions:- Among different bioclimatic zones,
farmers of·humid region were carrying 18 and 22 per cent
more ploughings than the recommended in rice and wheat
respectively.
This might have been due to heavy texture
of soil in this region (See Fig;l).
F6r these cereals
finer tilth is normally required for optimum germination
and growth (Malik~· al. 1985).
This study thus shows
that tillage recommendations should be based on soil type
and bioclimatic regions.
In humid region, Sharma et. al.
(1984) showed that direct seeding of wheat in paddy-wheat
rotation by a specially designed single row seed drill gave
as good yield as farmers' practice.
It shows that with
proper mechanisation of tillage, there is a great scope of
reducing tillage operations in humid region and gram.
Cultivation status:- Tenant cultivators were following
recommended practices whereas the self-cultivators and
manager-cultivators were doing more than recommended and
less than recommended practices respectively.
It was
primarily due to the non-possession of tools and implements
and hiring expenses by manager-cultivators; lesser interest
of tenant-cultivators with poor motive of production and
insecurity of tilling the same land next year and; to have
land in the best tilth free from weeds and get maximum
production from the resources at the command of selfcultivators.
There is need to educate self-cultivators to
reduce tillage practices and manager farmers to increase the
same for different crops accordingly.
Size of cultivated landholding:- Cultivators with the
smallest and the largest size farms were performing tillage
operations much near the recommended ones.
Farmers with
middle and upper middle size of landholding were doing
relatively more tillage operations because of manageable
size of farm and possession of tools and implements. Small
farmers were either not having sufficient implements of
their own or were cultivating leased-in-land as tenant
cultivators.
Findings of the study suggest that medium size
farm is optimum for carrying out optimum operations but
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farmers need to be educated about the performance of
practices.
Ownership of farm power:- It was found affecting directly
the tillage operations as farmers owning tractors were doing
more than the recommended ploughings for all crops and those
not having any of the farm power were performing lesser than
the recommended operations.
Farmers level of satisfaction
was also in the same order.
There is need to educate the
tractor owning farmers to reduce tillage operations which
otherwise also make plough layer.
Educational level of functional head:- This social variable
was not affecting the preparatory tillage operations,
However, farmers' level of satisfaction was the lowest(87,5)
among those educated above middle standard,
Size of family:- Farmers' with lesser number of adult members
were performing lesser number of ploughing and were also
having lower level of satisfaction,
As family size
increased, level of satisfaction as well as tillage operations
also increased.
It was primarily due to agriculture as a
way of life,
This surplus labour could have been used in
some other productive work.
Special Tillage Practices

1,

Moisture conservation practices:

In all the three bioclimatic zones tillage practices for
water conservation were being followed and their importance
increased as one moved from humid to arid zone.
Some of the
practices followed more specifically in dry farming areas
(Hira Nand, 1979) were plot to plot bunding (97.40%),
initial tillage or summer ploughing (100%), ploughing the
fields after every effective shower (94.40%), stirring the
fields with every light shower (65,65%) and, keeping fields
weed free (33,85%),
Depending upon the soil type, irrigation
facilities, crop to be sown and time of crop sowing different
practices were followed,
(a) Planking:
It reduces evaporation losses from the
recently opened field by reducing mass flow of vapours,
Farmers used planking (~uhaga) in all soils almost after
every preparatory ploughing to make finer texture of soil
and conserve moisture. Wheat was sown in well pulverised
soil and gram in coarser one,
(b) field boundaries:
It was a common practice to make
field boundaries of 20 x 15 sq. em. width and height,
Special emphasis was laid in rice crop.
It reduces runoff,
increases infiltration and moisture conservation, As
many as 97,40% farmers adopted this practice meticulously.
(c) Mulch tillage: Stirring the field with light implement
after every shower was practised by the farmers of semi539

arid (49,6%) and arid zone (75,57%) especially to conserve
moisture for Kharif crops.
In arid zone this practice was
also combined with summer tillage and followed by 65,63%
farmers (Hira Nand, 1979), Farmers were not aware about any
other kind of mulch practice and their socio-economic
background did not affect it.
(d)
Levelling:- Every farmer was aware about the purpose
of levelling the field,
This operation was done more
frequently in semi-arid and arid zones whereas in humid zone
it was either to bring new land under cultivation or field
unlevelled by disc harrowing,
All the self-cultivators and
60% manager farmers levelled their fields,
None of the
tenant-cultivator performed this operation in leased-in-land,
Ownership of farm power and more adult members in the family
were favourable for this operation,
Overwhelming majority
(86%) of the farmers were aware about the changes brought in
level of field by different ploughing implements and they
ploughed fields in the manner to keep it levelled for better
irrigatiori.
(e) Contour tillage:- In arid zone, 90,90% farmers ploughed
their fields across the slope and 75,75% across direction of
wind to reduce runoff and wind-erosion without following
exact contour markings,
This aspect was very technical and
adoption was also very low.
Practices Were based on
experiences and knowledge passed on from generation to
generation.
2.

Blind tillage:

To break the soil crust formed due to rain before
germination of seed, this kind of tillage was practised with
a locally made trailing type plank fitted with nails in it.
Specific differences were not observed ai per background of
the farmer and the considerations,
CONCLUSION
There was less than 10% difference between the farmers'
practice and recommended practice in the preparatory and
interculture tillage, except gram crop,
Humid conditions,
self-cultivation status of the farmer, medium siie of
operational holding, ownership of mechanical farm power and
larger size of family were conducive to more number of
tillage operations which were not desirable,
Scientific
basis of different tillage practices was not known to the
farmers and their traditional values of preparing land the
best for getting the best were guiding principles. There was
an urgent need to educate the farmers about minimum tillage
and soil structure management besides anthropological
studies to understand agriculture production processes.
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Table-1

Adoption of preparatory tillage practices
according to different variables,

Variables
and
Categories

Farmers' Practice:
Number of Ploughings
Rice
Wheat
Cotton

2

1

3

Farmers'
satisfaction

4

Gram
5

(%)

6

BIOCLIMATIC CONDITIONS
Humid
n

1

= 33

Semi-arid
n
= 33
2

Arid
n

3

=

6.5
(17.85)

5.5
(22.22)

*

*

93.9

5.1
(-7.27)

3.7
(-17.77)

3.5
(0.00)

2. 0

93.9

4.5
(0.00)

3.4
(-2.115)

2.6

6.0
(9.09)

4.7
(4.44)

3.5
(0,00)

2.4
(20,0)

96.2

5.6
(1.81)

4.4
(-2.20)

3.2
(-11.57)

2.2
(10.00)

66.7

3.8
(-15.55)

3.0
2.1
(-14.211) (5,00)

*
33

(0,00)
93.9

(30.00)

CULTIVATION STATUS
Selfcultivator
= 79

n

1

Tenantcultivator
n
= 15
2
Managercultivator
n

3

=

5,1
(-7.27)

5
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110.0

1

2

3

4

5

6

SIZE OF LAND-HOLDING (Hectare)
Up to 1.6
nl = 30

5,6
( 1. 81)

4.5
(0,00)

3,2
(-8,.57)

2. 1
( 5. 00)

93.3

1,6 to 4,0
n2· = 30

6,0
(9.09)

4,9
(8,88)

3.7
(5, 71)

2,5
(25,00)

96.6

4,0 to 10.0
n3 = 27

5.9
(7.27)

4.7
( 4. 44)

3.4
(-2.115)

2.3
(15 .oo)

96,3

10,0
n4 = 12

5.2
(-5.45)

4.1

3.2

2.1
(5.00)

91.7

2,3
(15,00)

95.2

(-8.8a) (-11,57)

POSSESSION OF FARM POWER
Animal
nl = 82

5,7
(3,63)

4.5
(0,00)

Tractor
n2 = 9

6.2
(12,72)

5,2
3,6
(15.55) ( 2. 85)

None
n3 =. 8.

3.6
(-16,38)

3.2
3.1
1.2
75
(-28,118) (-11.42) ( -40.00)
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3,4
(-2,85)

3,2
100
(60,00)

1

2

3

5

EDUCATION
5.8
(5.45)

4.7
(5.00)

3.4
(2.85)

2.3
(15. 00)

95.7

Upto Middle
5.8
(5.45)
=
22
2
Above Middle 5.8
(5.45)
n
= II
3

4.6
(2.22)

3.5
(0. 00)

2.3
(15.0)

90.9

4.5
(0.00)

2.3
(15. 00)

117.5

(-5. 71)

1.11
(-10.00)

75.0

Illiterate
1 = 69

n

n

SIZE OF FAMILY (
Small
Upto 2
n = II
1

4.11
(-12.72)

3.3

15 years age)

4.2
(-6.66)

3.1
(-11.42)

Medium
3-5
n2= 20

4,6
(6.66)

3.5
(0.00)

2.3
(15.00)

95

(7 .27)

Large
6 and More
n = 71

5.6
(5.45)

4.6
(2.22)

3.3
(-5.71)

2.3
(15.00)

97.2

Average of
Farmers'
Practice

5.8
(5.45)

4.6
(2.22)

3.4
(-2.85)

2.3
(15. 00)

94.0

3

Recommended
Mid-value

5.9

5-6
5.5

3-4
3.5

4-5
4.5

2
2

Figures in parentheses show per cent difference in
adoption.

*

Sample was too small to draw any inference

n indicates number of farmers in respective category.
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ATTITUDES TOWARD AND PARTICIPATION IN CONSERVATION TITLE
PROGRAMS BY U.S. LAND OWNERS
Ted L. Napier
The Ohio State University, Columbus, Ohio, USA
Introduction
Degradation of soil and water resources associated with
production agriculture has been perceived to be a significant
socio-environmental problem in the u.s. for decades. Awareness
of environmental damages created by the use of inappropriate
agricultural practices on cultivated farm land probably reached
its highest level during the Dust Bowl of the 1920s and 1930s.
Millions of acres of Midwest crop land were permanently damaged
by erosion and a significant portion of those acres will never
again be reclaimed for food and fiber production. Soil loss was
so great in some regions of the country during this time period
that future productivity of u.s. agriculture was threatened.
Concern for future food and fiber production resulted in
the formation of government-sponsored conservation agencies and
the implementation of programs designed to facilitate adoption
of soil and water conservation practices at the farm level.
Billions of public tax dollars and extensive human resources
were allocated to address soil erosion problems.
These
investments significantly reduced soil loss and the dust storms
were practically eliminated within a very short period of time.
While public investments in soil conservation significantly
reduced the magnitude of soil loss and the threat to future
productivity of agriculture in the U.S., degradation of soil and
water resources associated with erosion of agricultural land
remains a serious environmental problem (Batie, 1983). Millions
of acres of agricultural land are presently being eroded above
replacement level (Lee, 1984) which contributes to on-site and
off-site environmental damages (Batie, 1986; Easter, et al.,
1983; Miranowski, 1983; Napier, 19908 ; Napier, et al., 1988).
Present levels of erosion in the U.S. cannot be attributed
to lack of access to production technologies and tillage systems
which will effectively control soil loss. Public investment in
research has financed the development of many agricultural
technologies and tillage systems which will substantially reduce
or eliminate erosion when they are appropriately used.
Unfortunately, many land operators have refused to adopt soil
conservation practices for a variety of reasons (Lovejoy and
Napier, 1988).
Until farmers become motivated to use
conservation practices, soil erosion will continue to pose a
threat to the physical environment and the social well-being of
human populations.
Recognizing that operators of highly erodible crop land
have often been reluctant to adopt soil conservation practices
without financial subsidies and technical assistance, members of
the u.s. congress enacted the Conservation Title of the Food
Security Act of 1985. This legislation contained a number of
inducements for land owners to use soil conservation practices
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on highly erodible crop land which they would not have otherwise
adopted.
·
Proponents (Hertz, 1988; Larson, 1988; Meyers, 1988;
Scaling, 1988) of the Conservation Title quickly proclaimed it
to be the most significant environmental legislation, since the
Soil Conservation Act of 1935, They argued that soil loss would
be significantly reduced when Conservation Title programs were
fully implemented.
Even though expectations were high that Conservation Title
programs would substantially reduce soil loss on highly erodible
crop land, positive impacts were not achieved as rapidly as
anticipated (Clark and Johnson, 1990; Napier, 19908 ) •
While
many of the initial implementation problems can be attributed to
difficulties in the development of regulations and procedures
governing specific components of the legislation, the reluctance
of land mmers to participate in government programs employing
cross-compliance 1 also impeded achievement of legislative goals.
It quickly became apparent that the new conservation programs
could not achieve established goals without wide-spread
participation of land owners.
since success of Conservation Title programs hinged on
participation by land owners, information was needed to identify
barriers to participation. Recognizing this need, research was
initiated in several regions of the u.s. soon after the basic
elements of the various programs were announced 2• The purpose
of this paper is to examine research findings focused on factors
affecting attitudes toward and participation in Conservation
Title programs generated by these studies. The implications of
these findings for future soil and water conservation programs
are noted.
Conservation Title Programs
The Conservation Title of the Food Security Act of 1985 is
composed of three major program components which are as follows:
the Conservation Reserve Program component; the Highly Erodible
Land Conservation component (Conservation Compliance and
Sodbuster) ; and the Wetland Conservation component (Napier,
1990b; Napier, 19908 ; Clark and Johnson, 1990).
While each of
these programs is an important policy instrument for reducing
environmental
degradation
associated
with
production
agriculture,
the discussion will focus on Conservation
Compliance incorporated in the Highly Erodible Land conservation
component and the conservation Reserve Program component because
these programs are specifically designed to reduce the incidence
of soil erosion on cultivated land.
Conservation Reserve Program : The Conservation Reserve Program
was authorized by Congress to achieve multiple objectives which
are as follows: conservation of soil resources, improvement in
water quality, reduction of agricultural commodity reserves,
improvement in wildlife habitat, and maintenance of farm income.
During specified enrollment periods, owners of highly erodible
land are permitted to submit bids to have eligible crop land
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enrolled in the program.
Property owners are required to
specify the amount of money which would be necessary for them to
retire highly erodible crop land from food and fiber production
for a 10-year period.
If a bid is accepted, an agreement is
formulated which is binding for the duration of the contract.
Conservation Reserve Program contracts remain in effect for 10
years even when ownership of enrolled land is transferred. New
owners must comply with the provisions of the Conservation
Reserve Program agreements or they will be subject to penalties.
Land enrolled in the Conservation Reserve Program cannot be
used to produce any food or fiber product for market for the
duration of the contract. Enrolled land must be protected by
ground cover. The federal government will pay 50 percent of the
initial costs of introducing ground cover but the land owner
must assume complete responsibility for controlling pests and
periodic mowing.
About 15 percent of the contracts will be
validated for compliance via on-sight inspection by federal
agents each year. Owners of enrolled land 11ill be forced to
correct violations, if any are observed. Some of the penalties
which can be assessed against program violators are as follows:
loss of access to government commodity programs, loss of
government crop insurance, loss of access to Farmers Home
Administration loans, loss of access to farm storage loan
programs, and forfeiture of Conservation Reserve Program
payments with interest.
Conservation Compliance : The Conservation Compliance component
of the Conservation Title requires that owners of highly
erodible farm land must have an approved farm plan developed by
January 1, 1990 and have the plan fully implemented by January
1, 1995, Failure to meet the 1995 deadline will result in the
same penal ties as violation of Conservation Reserve Program
contracts.
Individual farm plans are developed by the Soil
Conservation Service; United State Department of Agriculture at
no cost to the land owner. The farm plan is designed to achieve
conservation objectives, while making it possible for farmers of
highly erodible land to continue using the land for agricultural
purposes. Federal cost-sharing is provided to land owners for
implementing the recommended practices contained in the approved
farm plan, however, the ability to access cost-share monies is
constrained by availability of resources.
About 15 percent of all participating farmers will be
randomly selected for examination each year to determine if they
are in compliance with the legislation.
Violators will be
penalized until they comply.
Response of Eligible Land Owners
To Conservation Title programs
Government-sponsored conservation efforts must have the
support of affected people or they will not be successful. To
ascertain the psychosocial response of owners of highly erodible
land to the Conservation Reserve Program and Conservation
Compliance, research was initiated in several states to assess
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attitudes of eligible land owners toward these programs.
Research was also focused on the factors which were predictive
of participation in these programs.
Research conducted in Ohio (Camboni, et al., 1990; Lovejoy
and Napier, 1990; Napier and Camboni, 1988; Napier, et al.,
1984; Napier, et al,, 1986) demonstrated that farmers held
positive attitudes toward soil and water conservation programs
designed to retire highly erodible crop land from production
when owners received government rental payments.
Length of
retirement periods was shown to affect attitudes toward setaside programs.
While farmers favored 10-year retirement
programs, such as the Conservation Reserve Program, they were
negative toward enrolling highly erodible crop land for longer
time periods (Conservation Easements are designed to set-aside
land for 50 years). The Ohio studies revealed that farmers who
were most favorable toward Conservation Title set-aside programs
exhibited the following psychosocial orientations: 1) perceived
they had an erosion problem on their land; 2) were a\qare of
eligibility to participate in set-aside programs, 3) were more
concerned with efficiency and profitability of their farming
operations; 4) were more willing to assume the costs of
introducing soil conservation practices; and 5) believed that
conservation of soil resources should have high priority for
land owners. Personal characteristics were consistently shown
to be very poor predictors of attitudes toward Conservation
Title programs in Ohio.
Ohio farmers were shown to be slightly favorable toward the
Conservation Compliance component of the Conservation Title
which does not include government rental payments as inducements
to comply (Napier and Napier, 1991). Land owners who perceived
that Conservation Compliance would benefit their farming
operations tended to be much more favorable than those who
believed the program would generate costs for them. Farmers who
perceived that no one had the right to tell them what practices
they should use on their land were more negative toward the
program.
Awareness of erosion problems on own land and
perceived knowledge of Conservation Compliance were shown to be
significantly related to attitudes toward the program. Farmers
who were more aware of erosion on their land and were more aware
of Conservation Compliance rules and regulations tended to be
more favorable toward the program.
In summary, Ohio farmers consistently favored voluntary
conservation programs which have monetary incentives attached to
them. When farmers believed they would benefit financially from
participation in conservation programs they perceived them
positively. Ohio land owners opposed government intervention in
farm level decision-making. However, there has been a growing
awareness among Ohio farmers that government intervention will
be required unless agriculturalists assume responsibility for
reducing agricultural pollution.
A number of the Ohio findings have been replicated in other
regions of the u.s. Three studies conducted by Esseks and Kraft
(1989, 1990) using Midwest farmers and a national sample of
owners of highly erodible land demonstrated that attitudes
toward the Conservation Reserve Program were significantly
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related to: 1) knowledge of conservation programs; 2) access to
conservation information systems; and 3) awareness of erosion on
their own land.
Farmers who were more aware of Conservation
Title programs, reported more frequent contact with conservation
information systems (contact the Soil Conservation Service and
other conservation agencies), and were more aware of erosion
problems on their own land tended to be more favorable toward
Conservation Title set-aside programs. The authors concluded
that increasing awareness of eligibility among farmers would
generate greater participation in the set-aside programs.
Research conducted by Purvis and associates in Michigan
(Purvis, et al., 1990; Purvis, et al., 1989) demonstrated that
land owners were often unaware they were eligible to enroll land
in the filter strip component3 of the Conservation Reserve
Program.
Farmers cannot be expected to participate in
government programs, if they are not aware programs exist or
that they are eligible to participate in them.
It was also
observed that bid price for enrolling eligible land was a
significant factor in predicting willingness to participate in
the filter strip program. As the bid price increased, farmers
became more willing to enroll eligible land.
Data collected from Iowa farmers (Bultena, et al., 1990)
confirmed several observation made in Ohio and Michigan.
Knowledge of the Conservation Reserve Program differentiated
land owners who participated from those who did not. Farmers
who exhibited greater opposition to government involvement in
agriculture tended to be less willing to become involved in
Conservation Title set-aside programs. Personal characteristics
of farmers were shown not to be significantly related to
participation in the Conservation Reserve Program.
Research among Kentucky farmers (Swanson, et al., 1986;
swanson, et al., 1990) provided additional insights concerning
why owners of highly erodible crop land choose to participate in
Conservation Title programs. Using a sample of farmers drawn
from lists maintained by the Agricultural Stabilization
Conservation Service; U.S. Department of Agriculture on a statewide basis, the researchers demonstrated that participants in
the Conservation Reserve Program were differentiated from
nonparticipants on the basis of several socio-demographic, farm
structure and psychosocial orientations.
Farmers operating
intermediate size farms tended to participate more often in the
Conservation Reserve Program than operators of both large and
small farms. Farmers who were more aware of the Conservation
Title set-aside program tended to participate more than those
who were less aware.
A surprising finding was that older
farmers tended to be slightly more inclined to participate in
the set-aside program than younger farmers.
This finding is
contrary to previous research focused on the voluntary adoption
of soil conservation practices which shows that younger farmers
tend to be more willing to adopt such practices than older
people. The authors explain the age finding by suggesting that
older land owners perceive the Conservation Reserve Program as
a means of early retirement from production agriculture.
Government payments to set-aside highly erodible crop land
become a guaranteed income for the duration of the contract and
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frees land owners from being required to farm the land or to
supervise tenants.
·
Research conducted in · the High Plains of Texas added
further credibility to findings produced in several regions of
the u.s. The Texas findings demonstrated that age, education,
land tenure (full-time/ part-time farming), occupation (farmers;
nonfarmers) and size of land holdings were significantly related
with participation in the Conservation Reserve Program (Hatley,
et al., 1989). Older, part-time farmers tended to participate
more often in the conservation program.
It is possible that
Texas land owners may also perceive set-aside programs as a
means of early retirement from farming.
The Texas findings
revealed that nonfarmers were participating more often than
farmers in the Conservation Reserve Program.
It is highly
likely that nonfarmers perceive the set-aside programs as being
a profitable alternative to leasing the land or leaving the land
idle.
Operators of larger farms and better educated farmers
also were more likely to participate in the program.
Research conducted among livestock and dairy farmers in New
York (Force and Bills, 1989) produced similar findings to those
reported in grain producing regions of the Midwest and West. In
New York, as in other areas of the country, grain farmers tended
to participate in Conservation Title set-aside programs more
often than dairy farmers. While the researchers attribute this
to "opportunity costs" of dairy operators, it is also quite
possible that Conservation Title programs are much more relevant
to grain producers. Since conservation Title programs employ
loss of access to farm programs as penalties, grain farmers are
indirectly "forced" to participate or they will lose access to
government support payments. A majority of grain producers in
the u.s. rely heavily on farm program payments to maintain farm
income.
The researchers also. observed that New York land
operators who used more conservation practices on their land
tended not to participate in the Conservation Reserve Program.
They suggest that opportunity costs of enrolling highly erodible
land which has received investment in conservation practices in
the set-aside program is too high. Lastly, the study revealed
that farmers who were aware they o~med highly erodible land
which was eligible for inclusion in the Conservation Reserve
Program tended to participate in the program than those who were
not aware of eligibility.
The authors conclude that dairy
farmers tend to be much more unwilling to participate in longterm set-aside programs than grain farmers.
Conclusions
The findings from the literature review indicate that land
owners in several geographical regions of the u.s. exhibit
positive attitudes toward Conservation Title programs assessed.
Farmers tend to be most favorable toward soil conservation
programs which employ economic incentives and technical
assistance to facilitate adoption of conservation practices at
the farm level. While land owners tend to resent government
intervention into farm level decision-making, they support
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conservation programs designed to retire highly erodible crop
land from production as long as set-aside contracts do not
exceed 10 years.
Land owners strongly support government
programs which employ voluntary adoption of soil conservation
practices.
Four summary conclusions were developed from the research
literature focused on participation in Conservation Title
programs. The conclusions are as follows:
1. A necessary but not sufficient condition for land
operators to participate in government-sponsored soil
conservation programs is awareness. Land owners must have
knowledge of available soil conservation programs.

2. Land owners must perceive a need to participate in soil
conservation programs. Land owners must perceive that soil
erosion is a problem on their land before they will to act
to solve the problem.
3, Land owners must believe they will benefit from
participation in soil conservation programs. Land owners
must have access to information about the potential
benefits to be derived from participation in conservation
programs.
Soil conservation programs which will not
improve the economic viability of farm enterprises will be
resisted by land owner-operators.
4, Land owners must believe that representatives of society
have the right to become involved in farm level decisionmaking. Perceptions that owners have absolute rights to
land resources tend to inhibit participation in government
soil conservation programs.
While national environmental policies, such as the
Conservation Title of the Food Security Act of 1985, can be
effective in reducing agricultural pollution, there are several
conditions which must be satisfied before land owners will
participate.
Farmers must be made aware of erosion on their
land, perceive a need for changing existing farming practices,
perceive that the government has the right to be involved in
decision-making at the farm level, and be convinced that
economic benefits will be derived from adoption of conservation
practices.
Satisfying each of these conditions is not only difficult
to achieve, it usually is extremely expensive. The provision of
information to large numbers of land owners requires extensive
use of mass media communication and adult education systems.
Millions of dollars is often required to adequately inform land
owners about soil erosion problems and conservation programs.
After 5 years of information dissemination in the u.s. there are
many land owners who are unaware of their eligibility to
participate in Conservation Title programs.
Economic incentives are often required to encourage land
owners to adopt soil conservation practices.
Economic
incentives used by federal agencies to get land owners to adopt
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Conservation Title programs have cost U.S. taxpayers billions of
dollars (Napier, 1990 8 ) . Many people are now questioning what
the impact of the multi-billion dollar investment in
conservation Title set-aside programs will be in the future.
Past experiences with federal set-aside programs has shown that
land owners comply with conservation goals as long as subsidies
are being received but quickly abandon the practices when
subsidies are withdrawn.
While it is highly likely that future conservation
initiatives in the U.S. will place considerable emphasis on
policy approaches to resolution of soil conservation problems,
it is also quite likely that the costs of implementing
conservation programs which incorporate cost-sharing and other
subsidies will become prohibitive. Escalating economic costs
associated with administering cost-share programs such as the
Conservation Reserve Program and providing rents to land owners
for retiring highly erodible land may force re-evaluation of
existing approaches. One option which is certain to be given
consideration is regulation of the agricultural sector. Farmers
may be "forced" to comply with costly environmental regulations
without government subsidies.
Given the findings from the
research examined in this paper, substitution of environmental
regulations for economic and technical support incentives will
not be supported by u.s. agriculturalists.
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Footnotes
1. Cross compliance means that farmers are expected to enact
certain behaviors when they enter into contractual agreements
11ith the government. If they receive rents for setting their
land aside from crop production, they are expected to conform to
the regulations for doing so or they will be penalized. The
Conservation Title is the first conservation program in the u.s.
which contains coercive elements to enforce agreements.

2. The Conservation Reserve Program was the first component of
the Conservation Title to be implemented on a national level
which is the reason there are more studies devoted to assessment
of this program.
3. Filter strips are narrow strips of land along watenvays which
act as sediment catchment areas for displaced soil from crop
land.
Filter strips were authorized for enrollment in the
Conservation Reserve Program in 1988 to prevent sediment and
farm chemicals from reaching waterways.
Farmers use the bid
approach to enroll land which is set-aside for 10 years with the
same contractual arrangements as other enrolled land in the
Conservation Reserve Program.
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ECONOMIC PERSPECTIVES ON EROSION AND NONPOINT POLLUTION
D. Lynn Forster and Douglas D. Southgate
The Ohio State University, Columbus, Ohio, USA

Purpose
Economics offers helpful insights into society's choices regarding the
control of nonpoint source pollution.
Since all forms of environmental
degradation are related to the scale of economic activity, nonpoint source
pollution is determined most fundamentally by decisions about production and
consumption. In addition, for any given level of economic activity, society
can choose among several techniques to reduce nonpoint source pollution as

well as a number of policies to encourage adoption of those techniques.
First, we present an economic paradigm for addressing the economic
impacts of soil erosion and nonpoint source pollution. Then, we summarize
recent analyses of these economic impacts. Implications of these analyses
for policy alternatives are discussed, and conclusions are drawn about the
role of economics in controlling erosion and nonpoint pollution.
Soil erosion from cropland and resulting agricultural nonpoint source
pollution occur in every inhabited corner of the globe. Consequently, our
discussion is broad, covering affluent as well as developing countries.
Method of Analysis: An Economic Paradigm
Soil erosion and nonpoint source pollution are necessary consequences of
economic activity, most importantly crop and livestock production.
Recognizing this, a community would opt for total elimination of that form
of environmental degradation only in the rarest of circumstances. A more
typical problem is to reduce erosion and nonpoint source pollution, thereby
approaching a socially optimal, yet still positive, level.
In order to
develop policy that accomplishes this objective, it is essential to
understand why individuals choose to allow levels of erosion and nonpoint
source pollution that are, from a social standpoint, excessive.
Among the reasons why economic performance, in general, can be
inefficient is that individual economic agents often fail either to pay the
full social costs of their activities or to capture the full social benefits
of same (Meade). In particular, when at least some part of the social costs
of natural resource degradation (or the social benefits of resource
conservation) are "external," ·then natural resource management will be less
than optimal, from a social standpoint.
Agricultural nonpoint source pollution is a classic ·example of
inefficient economic performance (or a classic "externality" problem). If
a farmer fails to adopt conservation measures such as conservation tillage,
then recreators, public utilities, and others who use downstream waterways
incur costs. Similarly, by reducing the rate at which soil or animal wastes
run off land, a farmer benefits other members of society. Given this state
of affairs, the agricultural sector will produce excessive nonpoint source
pollution.
Using a simple diagram, we can demonstrate the inefficiencies that arise
when "externalities," like agricultural nonpoint source pollution, are
present. Depicted in Figure 1 are three curves, each of which showing the
economic impacts of a slight (or marginal) increase in the control of
environmental degradation. The additional costs that must be incurred to
achieve a slight reduction in agricultural nonpoint source pollution are
indicated by the marginal cost (MC) curve. Those costs comprise not only
the scarcity value of labor, machinery, and other inputs employed to arrest
soil erosion and related runoff. They can also include short-term or even
long-term sacrifices in farm income if 1 for example, soil and water
conservation involves reducing production of a high income yet highly
erosive crop (e.g., maize or some other row crop).
The marginal social benefits (MSB) associated with the control of soil
erosion and agricultural nonpoint source pollution are divided into two
parts:
marginal internal benefits (MIB), which accrue to farmers and
ranchers, and marginal external benefits (MEB), which are collected by
others. If they own the land they use, agriculturalists "internalize" the
value of increased land productivity associated with conservation measures.
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Figure 1:

The Benefits and Costs of Nonpoint Source Pollution Control
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Downstream benefits, by contrast, are generally treated by farmers and
ranchers as externalities.
Having
every
reason
to
neglect
external
economic
impacts,
agriculturalists will select the level of erosion and nonpoint source
pollution control (PO in Figure 1) at which MIB equal MC. At that level,
agriculturalists' profits, generally, and the internal net benefits of
erosion control, specifically, are maximized. At the socially optimal level
(SO), by contrast, the difference between the full social benefits (external
as well as internal) of pollution control and its costs are maximized. so
is found where MSB (i.e., MIB plus MEB) equal MC.
The magnitude of the discrepancy between so and PO depends on a number
of factors.
If the price of highly erosive crops rises, then the MC of
pollution control will increase, thereby causing the gap between the two
control levels to widen, all other things remaining the same.
Also, if
increasing demands are placed on downstream water resources (e.g., if a
hydroelectric dam complex is constructed), then external benefits will
comprise a larger share of the full social benefits of nonpoint source
pollution control. This, in turn, causes so and PO to diverge.
Economic analysis of externality problems, of which the preceding few
paragraphs' discussion is representative, concentrates on the inefficiencies
that arise when individuals or firms fail to consider the external impacts
of their activities. This focus is appropriate for affluent countries and
even for much of the developing world. However, a general understanding of
the economics of soil erosion and nonpoint source pollution also requires
analysis of the problems arising when land users do not internalize some of
the "on-site" (or productivity) impacts of soil resource management in
addition to neglecting downstream consequences. These problems are often
encountered in the Third World's most fragile environments (e.g., erodible
hillsides and tropical moist forests).
More often than not, an individual's failure to consider all the
consequences for land productivity of controlling (or failing to control)
soil erosion and related runoff is explained by limitations in property
rights (or "land tenure"). A tenant farmer, for example, might perceive
that the right to occupy a parcel will cease past the terminal date of the
lease. Accordingly, the benefits of soil conservation realized after that
date will be neglected. In the context of the model described above, this
sort of_ temporal limitation in land tenure reduces the MIB of soil
conservation and, hence, widens the gap between so and PO.
A more serious "legal" cause of land degradation and nonpoint source
pollution arises in the Third World where individuals jeopardize (or gain)
property rights by making certain changes in land use.
For example,
agricultural use rights are the norm along the typical developing country
agricultural frontier.
That is, settlers win informal, or even formal,
tenure on a parcel by clearing it for crop or livestock production.
Alternatively, an individual considering reforestation in such a setting,
for example, recognizes that the new land use carries the risk that an
agricultural colonist will usurp his property rights.
In the context of
this section's model, the land user treats the disutility associated with
that risk as an internal cost of soil conservation. Of course, any increase
in MC causes a reduction in the privately optimal level of erosion control.
In a more general analysis, Southgate has shown that, where agricultural use
rights prevail, deforestation is excessive and inadequate conservation
measures are applied.
Results of Economic Analysis
Though it reveals much about the essence of nonpoint source pollution
problems, the preceding section's analysis of discrepancies between
privately rational and socially efficient levels soil erosion and pollution
control is entirely theoretical. In some cases, empirical investigation of
those discrepancies is impossible. For example, data limitations preempt
reliable quantitative analysis of conflicts between private and social
interests in the development of environmentally fragile Third World
hinterlands.
In other settings, however, statistical techniques and
operations
research
models
have
been
used
both
to
determine
agriculturalists' economic interests in reducing soil erosion and related
runoff and to estimate the downstream benefits of that activity.
In
addition, empirical evidence of the difference between privately optimal and
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socially optimal nonpoi~t source pollution control exists for some
watersheds.
Briefly summarized in this section are the results of empirical research
into the costs and benefits of erosion control.
We begin by reviewing
evidence of the productivity impacts of soil erosion and estimates of the
costs of conservation measures.
We then discuss research into the
downstream benefits or erosion control.
Productivity Impacts
Soil erosion impairs the economic productivity of agriculture in two
ways. First and moat obvious, soil erosion reduces soil fertility, which
causes crop yields to decline, everything else remaining the same. Second,
in order to alleviate yield declines, farmers can adopt remedial measures
(e.g., the application of fertilizers or lime). None of those measures are
cost less.
Even in the United states, where the agronomic and economic aspects of
soil conservation have been studied for over 50 years, information about the
complex linkages between soil erosion and soil fertility and between soil
fertility and crop yields is limited. Consequently, empirical estimation of
the relationship between soil erosion and the economic productivity of
agriculture is difficult.
The best historical evidence of erosion's impacts on land productivity
is furnished by Crosson and Stout. Analyzing county-level data from the
United states, they concluded that soil loss during the period, 1950 through
1980, caused yields to be 2 to 3 percent lower in 1980 than they would
otherwise have been.
More controversial than analyses of historical trends are predictions of
future productivity impacts. The United States Department of Agriculture
(USDA) has concluded, on the basis of research conducted using a maize yield
simulator, that soil erosion during the 50 years preceding 2030 will result
in an 8 percent reduction in that year's crop output. By contrast, Pierce
et al. are much less pessimistic. They estimate that sustaining the rate at
which topsoil was removed in 1977 will cause crop yields to decline only 2
percent after 50 years.
Neither the USDA study nor the research conducted by Pierce et al. takes
into account opportunities to alleviate erosion's impacts on yields. In its
survey of research into the erosion-productivity issue, the American
Agricultural Economics Association (AAEA) recognized those opportunities,
along with the option to adopt conservation measures.
Its conclusions of
future economic consequences are no more precise than the results of
agronomic research into yield impacts. However, none of its major findings,
including the following economic estimates, provoke anything close to alarm.
The value of lost crop production in the United states is, at present,
only about $40 million a year and the present value of lost production
during the next century will be between $4.3 and $17 billion. Larson at al.
have calculated that the value of nutrients carried away with eroded soil is
between $0.5 and $1.0 billion a year in the United states. However, their
research approach, which involved multiplying estimates of nutrient runoff
by market prices of commercial fertilizers,
neglects both natural
replacement of soil nutrients as well as the fact that market prices
considerably exceed farmers' willingness to pay for full replacement of
nutrients.
Thus, the results of Larson et al. must be interpreted as
overestimates.
The AAEA' a findings make it difficult to argue that soil erosion
seriously threatens agricultural earnings in the United States. One might
suppose that the value of lost crop production is several times the amount
reported by the AAEA.
Also, one might, in the manner of Larson et al.,
overestimate the value of nutrients carried away with eroded soil.
The
resulting estimate of annual costs associated with soil erosion in the
United states divided by cultivated area in that country (150 to 200 million
hectares) would still average no more than $5/hectarefyear.
Of course, where erosive crops are planted on erodible soils in the
United states, the on-farm costs of soil erosion are much higher.
In
addition, information on average costs for the United States constitute a
misleading perspective on global erosion-productivity issues. Wolman pointe
out that only a small share of the land used for crop production in the
United States is subject to high rates of soil loss. other countries are
considerably more dependent on land that is steeply sloped, has relatively
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thin topsoil layers, or is more exposed to erosive winds and rain. Buringh
and van Heemst, for example, found that 6 percent of North America's grain
is grown on "intermediate" quality land. By contrast, 40 percent of South
America's production and fully two-thirds of Africa's is harvested from the
same category of land resource.
Evidence is starting to accumulate that agriculture in developing
countries suffers major costs because of land degradation. Bishop and Allen
estimated erosion rates in different parts of Mali using Wischmeier' s
Universal Soil Loss Equation (USLE). Comparing erosion estimates to trends
in crop yields, they concluded that land degradation was costing the country
up to $20 million a year.
Magrath and Arens developed a geographic
information system for Java to relate soil type, topography, rainfall, and
land use to erosion rates.
They then applied erosion estimates to an
econOmic model explaining farmers' response to declining land productivity.
Their conclusion was that erosion costs Java's farmers $340 to $406 million
annually.
Erosion Control Costs
Farmers can employ conservation measures to lessen the future
productivity losses associated with erosion.
Tillage practices can be
changed, cover crops planted, contour strip cropping practiced, or diversion
ditches, grassed waterways, or terraces installed. Quite often, significant
reductions in soil erosion and related runoff can be achieved without farm
income being greatly affected. At some point, however, the marginal cost to
the farmer of reducing nonpoint source pollution grows quite high.
Research indicates that many, if not most, North American farmers and
ranchers can make sizable reductions in nonpoint source pollution without
sacrificing much income.
For example, Forster and Becker found that
sediment yield from a watershed located in the State of ohio could be
reduced by one-half if agricultural land users switched from conventional
tillage, which involves frequent use of a moldboard plow, to conservation
(or reduced) tillage.
Because such a switch would cause crop production
costs to fall (primarily because conservation tillage is less labor
intensive than conventional tillage) without greatly affecting yields,
making the change would actually result in a slight increase in agricultural
income in the watershed.
Economic analysis of tillage systems conducted elsewhere in the United
States _typically yields results consistent with Forster and Becker's.
Hemmer and Forster arrived at similar conclUsions regarding the
effectiveness and low cost of reduced tillage in a survey conducted in a
part of Ohio draining into Lake Erie.
In the State of Iowa, Jolly and
Edwards found that the difference between per hectare net returns where
conventional tillage was practiced and per hectare net returns where any of
three conservation tillage options were applied was not statistically
significant. Use of any of the conservation tillage options was estimated
to reduce soil loss by 50 to 60 percent. The results are not appreciatively
different outside the American Midwest, as studies completed by Epplin et
al., Frye et al., Hudson, Johnson, Lansford et al., Nelson et al., Smith et
al., and Wentzel indicate.
However, all researchers concur that reduced
tillage is not a profitable technique for poorly drained land. This result
is usually not very troubling since it is rare for soil to erode rapidly in
poorly drained areas.
Other inexpensive measures for reducing soil erosion and related runoff
have been identified in the United states. Logan and Forster, for example,
have found that phosphorus loadings of Lake Erie from nonpoint sources could
be reduced by encouraging farmers to engage in "fertility management" ( L e.,
by reducing the difference between fertilizer applications and crops •
nutrient requirement) and by controlling manure runoff from barnyards (Table
1). However, the cost estimates presented in Table 1 indicate that, once
inexpensive measures have been employed, additional reductions in
phosphorous loadings can only be won at a high cost.
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Table 1. Costs of Reducing Phosphorus Runoff Through
various Changes· in Agricultural Practices
Practice

Cost
$

No Till

cover Crop
Critical Area Seeding
Contour Strip Cropping
Diversions
Waterways
Vegetative Filters
Runoff Control Structures
Terraces
Tile Drains
Streambank Protection
Manure storage and Spreading
Barnyard Runoff Control
Fertility Management
Fertility Placement
Source: Logan and Forster

3/kgfyr

405
451
71
451
135
43
421
97
1237
2249
19 to 181
8

0
30

The function describing the marginal costs of nonpoint source pollution
control in the United States is representative of marginal cost functions in
other parts of the world.
In their analysis of a watershed management
project in the Dominican Republic, for example, Veloz et al. found that the
income of farmers who could meet erosion control guidelines merely by
practicing reduced tillage actually increased. By contrast, where project
implementation involved a change in land use (i.e., reforestation or a
switch from the production of annual crops to an agroforestry system),
hillside farmers lost income.
Downstream Impacts
Empirical analysis of the impacts of soil erosion on the economic
productivity of u.s. agriculture does not lead most researchers to the
conclusion that soil erosion is a major burden for the typical North
American farmer. However, research also suggests that agricultural nonpoint
source pollution can be reduced significantly at relatively low cost. The
validity of the latter conclusion is bolstered by the widespread adoption,
during the past ten to fifteen years, of reduced tillage in the United
states.
Given that both the costs and the on-farm benefits of reducing nonpoint
source pollution are often marginal, more emphasis has been placed in recent
studies on the downstream benefits of controlling soil erosion and related
runoff. The simplest approach that can be adopted in such a study is to sum
the costs associated with various downstream impacts. For example, clark et
al. estimate that, in the United States, agricultural nonpoint source costs
downstream water users in the United States at least $2.2 billion a year.
Also conducting a nationwide study was Ribaudo (1986a) who found, on
average, slightly more than $1.00 in downstream costs can be associated with
each MT of soil displaced from agriculture in the United States (Table 2).
Of course, where services derived from water resources are most scarce in an
economic sense, such as in the northeastern part of the country and around
the Great Lakes, the downstream costs of soil erosion are considerably
higher.
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Table 2.

Annual Total Damage from Soil Erosion, by u.s. Region

Region

Downstream Costs•

Appalachia
Corn Belt
Mississippi Delta States
Great Lake States
Mountain State
Northeast
Northern Plains
Pacific
Southeast
Southern Plains
Total u.s.
0

$1.10/T

0.96

Sheet and Rill
Erosion
9.0 T/a

2.0
2.86
0.81
5.57

7.7
7.3
2.7
1.7
5.0

0.49

3.4

2.02
1.28
1.60
1.38

1.4
6.3

3.4
4.7

Ribaudo, 1986a
USDA, Basic Statistics, 1977 National Resources Inventory, Soil
Conservation
Service, Washington, D.C., 1980.

Analysis conducted at a local level yields more precise information about
downstream coste.
For example, using a statistical model that related
sediment yield to various categories of water treatment costs, Forster et
~.
found that a 10 percent reduction in soil erosion in one midwestern
watershed would allow local communities to reduce water treatment costs by
4 percent.
Similarly, Forster and Abraham used a statistical model to
estimate that $1.11 must be spent on the dredging of drainage ditches for
each hectare planted to crops in that part of the state of Ohio that drains
into Lake Erie.
Taking into account not only that expense but other
downstream costs as well, Abraham concluded that socially optimal soil loss
is considerably below soil lose tolerance (i.e., the T-Value).
Nationwide assessments of the downstream impacts of soil erosion are rare
outside of the United States and other affluent countries. But evidence of
the magnitude of costs associated with sedimentation and impaired water
quality is dramatic for many Third World watersheds. Southgate and Macke
developed a
simulation model relating reservoir sedimentation to
hydroelectricity production, dredging costs, and reservoir life. Applying
this model to Ecuador's Paute hydroelectric complex, they found that
improved watershed management would yield $15 to $40 million in benefits
(present value terms) throughout the life of the project.
Brooks et al.
performed similar analysis of a soil conservation project for the area
upstream from a multi-purpose reservoir in Morocco. Likewise, Briones has
found that soil erosion has reduced the net discounted benefits of one water
resource development project in the Philippines by more than $300 million.
In both nationwide and local studies, precise estimation of the
downstream coste of soil erosion and related agricultural runoff is always
difficult. For one thing, any statement regarding the relationship between
runoff at one location and impacts in a downstream waterway rests on
imperfect information about sediment and nutrient transport. For example,
to quantify the benefits of reduced sedimentation, one needs to specify the
degree to which streambank scour and other natural processes compensate for
a reduction in the rate at which soil is washed off of agricultural land.
Just as models of sediment and nutrient displacement and transport do not
lend themselves to precise estimation of downstream costs, estimating those
costs in a way that is consistent with widely accepted economic concepts of
social value is, in general, highly problematical.
Nonpoint source
pollution is difficult to evaluate largely because not all services derived
from water resources are exchanged in markets.
For example, an
environmental economist cannot refer to prices and other information on
market performance when gauging how a change in water quality affects social
welfare. Techniques for estimating the value of "non-market goods" can be
costly to use or of limited reliability.
Policy Alternatives
Nonpoint source pollution is like any other externality problem. Left
to themselves, factory owners would neglect at least a part of the
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disutility society associates with sewage and air pollution emitted from
their establishments' disCharge pipes and smokestacks. Similarly, farmers
and ranchers do not fully take into account the costs identified in the
preceding section. Regulations to control pollution emission, taxes levied
again polluters, subsidies encouraging pollution reduction and publicly
funded research-education programs are four direct mechanisms that
governments can use to affect nonpoint-source pollution.
Pointing out that regulations are often costly to administer effectively,
most economists advocate the use of fiscal instruments of policy wherever
possible (Baumel and Oates). Likewise, the advantages of taxes and charges
are recognized by many national governments as well as by multilateral
organizations like the Organization for Economic Cooperation and Development
(OECD) 1 which developed the "polluter pays" principal for environmental
policy.
Regulating nonpoint source pollution would be highly problematical, which
explains why governments rarely choose to do so. Monitoring compliance with
runoff control guidelines across hundreds of thousands or even millions of
hectares of the countryside would be very expensive, particularly when
farmers and ranchers had a strong incentive to violate those guidelines.
However, setting and collecting an efficient tax on nonpoint source
pollution is, likewise, far from a straightforward matter.
Consider first the problem of determining a socially optimal tax to be
collected from agriculturalists.
Heeding a theoretical analysis (see
above), government should charge for each kilogram, ton, or kiloliter of
agricultural runoff the marginal external benefits (MEB) of nonpoint source
pollution control at the. socially optimal level.
The existence of such a
tax would raise the marginal internal benefits (MIB) of control, thereby
inducing farmers and ranchers to select the socially efficient level.
However, computing the marginal external benefits would be extremely
difficult.
Even if the problem of determining an optimal tax can be overcome,
government must establish a system for collecting it.
Clearly, an
indifferently implemented tax scheme will have little more effect on
nonpoint source pollution than regulations that are sporadically enforced.
Furthermore, just as individuals' pursuit of economic self interest causes
a policy based on regulation to falter, so too does evasion of taxes for
private gain interfere with efforts to bring nonpoint source pollution down
to a socially optimal level.
Governments recognize that identification and collection of a socially
optimal tax on nonpoint source pollution are not its only concerns.
In
addition to promoting economic efficiency, the public sector must take irito
account how policies affect income distribution.
For example, a tax that
drives diffuse runoff from agricultural land to a socially optimal level at
the expense of burdening farmers, many of whom might be financially
distressed, is apt to be unacceptable to policy makers and the general
public.
Research conducted by Jacobs and Casler suggests that concerns over the
distributional impacts of taxing nonpoint source pollution are well founded.
Using a linear programming model of agriculture in a watershed located in
the State of New York, they found that a $100/kilogram tax on soluble
phosphorous runoff would result in no more than a 20 percent reduction in
that form of nonpoint source pollution.
At the same time, a substantial
proportion of agricultural income in the watershed would be paid as taxes.
Their results suggest that taxing nonpoint source pollution involves
questions of equity along with questions of efficiency.
Given the limitations of regulations and taxes, u.s. soil conservation
policy has stressed subsidization (or cost-sharing) along with technical
assistance.
Few in the United States are entirely satisfied with costsharing, however. In part, controversy can be traced to disagreement over
what specific natural resource problems payments to farmers are meant to
address.
As Ribaudo (1986b) indicates, the choice over the allocation of
limited funds for subsidizing soil conservation is influenced greatly by the
relative importance attached to yield impacts and nonpoint source pollution.
In addition, the cost-sharing program has been run more as an incometransfer scheme than as a resource conservation initiative (U.S. comptroller
General).
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Developing countries have little experience with regulations, taxes, and
subsidies to encourage the control of nonpoint source pollution.
Limitations of those instruments encountered in affluent countries
(discussed above) would undoubtedly arise if an attempt to transfer them to
a Third World setting were made.
However, a policy instrument that
typically need not be considered in affluent parts of the world deserves the
serious attention of policy makers in many developing countries:
overhauling land tenure regimes.
As indicated earlier in this paper,
limitations on property rights are common in the Third World, especially in
developing countries' environmentally fragile hinterlands.
Furthermore,
circumscribed private tenure inhibits resource conservation because that
legal arrangement encourages land users to ignore the downstream costs of
soil erosion and related runoff but a part of the productivity impacts as
well.
It stands to reason, then, that part of the solution to land
degradation and nonpoint source pollution problems in the Third World is to
strengthen agriculturalists' tenure in the land they use.
Much of the public soil conservation and nonpoint pollution control
effort in the United States is based on a research-education approach. Land
Grant universities, agricultural experiment stations, extension services,
and the u.s. Department of Agriculture (Soil Conservation Service) work
together to develop new soil conserving management practices and to educate
farmers about the effects of soil erosion on lost productivity. The Soil
Conservation Service also assists farmers in developing soil conserving farm
plans.
Other Federal government farm programs aimed at enhancing farm
incomes and reducing farm production may require these soil conservation
plans before making payments to participating farmers.
Conclusions
Soil erosion has obvious environmental impacts.
It produces soil
sedimentation and higher concentrations of chemicals (especially nitrogen,
phosphorus, and pesticides) which lead to downstream costs. These costa are
a function of the demand for water by downstream users and vary from one
watershed to another. In addition, severe soil erosion can damage the land
for future generations.
Much of the empirical evidence points to downstream costs being larger
than costs of lower soil productivity due to erosion in many watersheds.
The market mechanism provides little or no incentive for farmers to lessen
downstream costs; furthermore, it is difficult for downstream water users
bargain with farmers over the levels of nonpoint pollution. On the other
hand, market forces provide farmers with economic incentives to control
erosion: lost soil productivity affects future returns. These incentives
may be masked.
Farmers may not recognize the full magnitude of future
losses in soil productivity or their land tenure arrangements may distort
the benefits of soil conservation.
Typically, the first steps to improve water quality come at a relatively
low cost, and additional improvements in water quality are more costly. For
example, changing tillage practices may reduce soil erosion at little or no
cost to the farmer; however, additional reductions in soil erosion, such as
changing crop rotations, may increase costs sharply.
When faced with the evidence of the economic benefits of soil erosion and
nonpoint pollution, the question that is asked is how should soil erosion be
controlled rather than if it should be controlled. For initial reductions
in soil erosion, which come at little or no cost to the farmer, education
may be an effective approach. For example, farmers may be convinced that
their erosive conventional tillage system could be replaced with a
conservation tillage system.
Another part of this educational approach
would be intensified research to address erosion problems and develop lowcost erosion reducing technologies.
Regulation is another approach, but experiences in controlling pollution
in developed countries indicate that regulation is a high cost institutional
alternative.
When the dispersed nature of agriculture is recognized, it
becomes obvious that the costs of enforcing mandated reductions in soil
erosion are high. Targeting regulations at only those geographic areas that
are the most erodible or that impose high downstream costs may be necessary
to reduce administrative costs. Other approaches would be to provide clear
economic incentives for farmers to reduce soil erosion by a system of taxes
or subsidies. Finally, land tenure arrangements may be changed to allow
farmers to realize the long-term consequences of erosion control.
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Modelling
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MODELLING PEA ROOT GROWTH IN COMPACTED SOIL AND THE
DIFFERENCES BETWEEN VARIETIES
Tezera Tsegaye, and C.E. Mullins
Plant & Soil Science Dept., Aberdeen University,
Aberdeen, UK
Crop yield depends on the ability of plant roots to
exploit nutrients and water from the soil profile. This is
dependent on their morphology (root density and
distribution) and activity (growth rate and longevity). In
soil these root factors are the result of complex and
dynamic processes which include the interaction of
environment, soil and the growing plant. The final root
pattern of a given plant and its rate of achievement are
geneticallY determined when the environment is favourable,
but they are usually controlled by the physical, chemical
and biological environment in most field situations
(Pearson, 1974; Hamblin, 1975; O'Toole & Bland, 1987). The
major soil physical factors affecting root growth are: soil
moisture status, mechanical impedance, aeration, and
temperature. IVith controlled laboratory experiments it is
possible to determine, both separately and in combination,
the contribution of these factors (e.g. Bengough & Mullins,
1990a). However, in the field these factors often operate
simultaneously and interdependently making it difficult to
distinguish clearly between individual effects.
It will only be possible to predict root and crop
response to soil conditions when realistic models of root
growth in real soils are developed. Many root growth models
have been developed that aim to predict the response of
roots to their soil environment (e.g. Dexter, 1978; Diggle,
1988; Pages et al., 1989). However, despite the importance
of such models, they are rarely tested or applied by
scientists other than the individuals who developed them
(Hillel, 1987). Furthermore, most current root growth models
do not allow soil physical conditions to change with time.
In reality, the drying out of soil by roots causes a
progressive increase in mechanical impedance of the soil and
a consequent reduction in root growth rate in drier zones.
We aim to adapt the Diggle (1988) root growth model,
ROOTMAP, to allow prediction of root growth in soils whose
mechanical impedance varies with time and depth.
purpose

The aims of this work were:
to study the effect of genotypic variation on the
response of pea roots to mechanical impedance, and
ii)
to discover the influence of bulk density (and hence of
mechanical impedance) on the ROOTMAP model input
parameters, and to test model assumptions.
i)
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Methods
Experiment 1
Root growth response of 4 varieties of pea (Pisum
sativum) to mechanical impedance was compared by growing
peas in loose expanded vermiculite, and in the externally
pressurised ballotini- filled cells originally used and
described by Goss (1977). Seeds of a weight within 5% of the
mean seed weight ware selected from varieties: Bikini,
Progreta, Solara, and Sprite. The seeds were pragerminated
in the dark on moist filter papers in covered Petrie dishes
for about 36 hours, until the radicle had ruptured the seed
coat. Individual seeds with radicles that had just ruptured
the seed coat were selected for both parts of the
experiment.
Five replicate control plants ware grown, each in 52 mm
diameter, 240 mm tall perspax cylinders loosely filled to a
height of 230 mm with expanded vermiculite moistened with
nutrient solution (Hewitt, 1966, p 190). Each seed was
buried 30 mm deep and the the surface was covered with a
layer of polystyrene balls to reduce evaporation. The
cylinders were secured at the base with muslin, to allow
free drainage, and each cylinder was watered every second
day with 25 ml of the same nutrient solution. With this
arrangement, the cylinders drained quickly after watering
such that the pores between the swollen vermiculite
particles were air- filled. Cylinder walls were covered in
black plastic to exclude light.
The Goss apparatus contained 7 identical, flexible walled
cells that were filled to within 10 em of the top with
uniform 0.1 mm diameter ballotini. Four seeds, one from each
variety were then placed at an even spacing along the centre
line of each cell and arranged in the 7 replicates so that
each variety had an approximately equal probability of
occupying each of the 4 planting positions. Cells were then
filled to the top with 4 - 5 mm diameter ballotini and the
same nutrient solution as used in the control experiment was
continuously circulated through each cell at 1 ml/minute
from continuously aerated reservoirs. The cells were bolted
into a water-filled pressure chamber and a pressure of 20
kPa was applied to the flexible cell walls. The height of
each reservoir was then adjusted to maintain the nutrient
solution slightly below but within a few mm of the seeds.
Both experiments were performed simultaneously, at 20°C
and with a 16 hour daily illumination from a bank of
fluorescent lights. After 8 days, the plants were removed
and the length of each axis was measured. Our procedure is
described in detail by Nyamugafata (1988).
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Experiment 2
In this experiment, root growth response to mechanical
impedance of the varieties Progreta and Solara, that showed
the greatest difference in response in experiment 1, was
tested in soil packed to three different bulk densities.
The soil used was a sandy loam topsoil (0 - 10 em) from a
strawberry field at Invergowrie. Before use, soil pH was
adjusted to 6.2 by spraying it with a measured amount of
Ca(OH)• solution, mixing it regularly for two weeks, and
allowing it to air dry. The soil was then wetted to field
capacity using the same nutrient solution as in experiment
1, and packed into the same perspex cylinders, to bulk
densities of 1.02, 1.20, and 1.40 Mg/rn•. Seeds of each
variety, pregerminated as in experiment 1, were planted at
30 mm depth and the soil surface was covered with white
polystyrene beads. There were 5 replicates, each consisting
of a cylinder containing a single seed (but Solara was not
grown at 1.2 Mg/m 3 ) . Plants were grown at 20•C with a 16
hour photo-period. Each day, the black plastic was briefly
removed and the roots that had made contact with the
cylinder wall were marked on the wall and counted, using 2
ern depth increments already scribed around each cylinder.
After 10 days the soil was removed from the cylinders,
and gently washed away from the root system with a fine jet
of deionised water. The whole root system of each plant was
preserved in a solution of 40% methanol, 5% formaldehyde,
and 5% glacial acetic acid. The diameters (3 mm from the
tip) and lengths of individual axes and laterals were
measured with a travelling microscope and vernier calipers,
respectively. Data was entered into a spreadsheet program to
allow calculation of the average growth rate of the axis,
first and second order laterals (assuming that the whole
root system was growing uniformly) and other parameters
required by the ROOTMAP model.
Results and Discussion

Experiment 1
Axial roots of the control plants grew at 23.1 mm/day and
growth rate did not differ significantly between varieties.
Root growth rates were all significantly reduced in the
pressurised ballotini to: 3.4 ± 0.5, 3.4 ± 0.7, 2.6 ± 0.6,
and 1.3 ~ 0.3 mm/day for varieties Sprite, Progreta, Bikini,
and Solara, respectively. These correspond to a reduction in
growth rate to between 1/7 to 1/15th of that of the
unimpeded controls. Root growth rate for Solara was
significantly less than for Sprite and Progreta (P ~ 0.05).
Goss (1977) found a reduction of only 50% in the growth
rate of maize in cells of ballotini to which a pressure of
20 kPa was applied. He also found similar results for other
species. The much greater reduction that we have observed
should not be taken to imply that peas roots are
particularly sensitive to mechanical impedance. In fact, a
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comparison between Eavis's (1967) results for pea roots and
those for maize and barley, as given by Bengough and Mullins
(1990), shows that all three plants responded similarly to
mechanical impedance. A more likely explanation for this
discrepancy rests on two factors. Firstly, in Goss's
experiments, the control was also a ballotini filled cell
but under no externally applied pressure. Root growth rate
in such a cell may well have been reduced by mechanical
impedance in comparison to the much looser moist expanded
vermiculite that we used. Secondly, as shown by Bengough and
Mullins (1990b), the actual pressure required to expand a
cavity in the Goss apparatus is not only much greater than
the externally applied pressure, but also varies
considerably with position within the apparatus. Thus our
roots, which emerged from seed that were themselves covered
with a thick layer of ballotini, probably experienced a
greater pressure than that initally experienced by roots in
Goss's experiments.
However, regardless of the absolute magnitude of the
resistance experienced by the roots, the Goss apparatus is
quite satisfactory for comparative purposes in the way in
which we have used it, and our results clearly demonstrate
sizeable and significant differences between the responses
of different genotypes to mechanical impedance.
Experiment 2
For Progreta, axial root growth rate (Fig.1), total root
length, and numbers of root contacts on the cylinder walls
(Fig.2) decreased as the bulk density increased to 1.4
Mg/m3 • However, for Solara, total root length and growth
rate was unaffected by bulk densities between 1.0 and 1.4
Mg/m3 • Bulk density (up to 1.4 Mg/m 3 ) had no significant
effect on root diameter, elongation rates of first and
second order laterals, branching interval (i.e. lateral
spacing) branching lag time, and total number of root tips
for either variety. Progreta had almost one and a half times
(73 ~ 3) as many root tips as Solara (51~ 5).
Results are also given in Fig.l for roots grown in the
same soil at a bulk density of 1.7 Mg/m•, in a separate but
similar experimental run. Although we cannot be sure that
reduced root aeration did not also contribute to the reduced
growth rate at this bulk density, it is interesting to note
that these results are comparable with the ballotini results
in showing a greater reduction in the axial growth rate of
Solara than Progreta under conditions of high mechanical
impedance. This is the opposite trend to that shown at
smaller values of mechanical impedance and indicates that
experiments may need to be performed at a range of different
soil mechanical impedances to properly describe intervarietal differences in root response.
Figure 2 which shows the cumulative number of root
contacts on the cylinder wall for Progreta grown in soil at
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Fig. 1. Elongation rate of pea axes
in soil ( experiment-2)
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two bulk densities gives an indication of the effect of
mechanical impedance on root distribution. The observed
effect of mechanical impedance on axial elongation rate,
when used in the ROOTMAP model, was insufficient to explain
the differences between the two treatments. However, visual
examination of the washed roots supports the proposition
that, at the higher bulk density, the roots had a greater
twistedness or tortuosity which imposed an additional
restriction on the rate of expansion of the root system.
Figure 2 shows that most root contacts at the higher bulk
density were concentrated in the top 9 em of the cylinder in
contrast to the deeper root distribution at a bulk density
of 1.0 Mg/m 3 • Model predictions for cumulative root contacts
had a similar form but peaked at a depth of about 2 em less,
implying that laterals do not emerge at right angles to the
axis, as assumed by the model, but in a downward direction.
Lengths of primary and secondary laterals did not decrease
uniformly in relation to the distance between the tip of the
parent root and the point of initiation of the lateral, as
assumed by the model, but varied greatly from one lateral to
the next. This implies that either some pea roots did not
emerge acropetally and/or there was considerable variation
in the rate of lateral growth even in soil with a low bulk
density.
Conclusions

1) There is considerable potential for breeding and
selection of varieties based on root characters that
confer insensitivity of response to mechanical
impedance.
2) Root growth models must allow for root-soil
interactions and variety specific root characters. They
must also be tested against experimental data.
3) When grown in soil, pea root laterals probably emerge
in a downward direction. The laterals either vary
considerably in their growth rate and/or do not all
emerge acropetally. Further work is required to
discover if simplified model assumptions can be used to
provide an averaged description of the development of
the root system.
Further testing of model assumptions is in progress.
Acknowledgements
We thank Dr. A.J. Diggle for the use of ROOTMAP and its
excellent accompanying documentation. We are also grateful
to the Pea Growing and Processing Organization for supplying
the seeds, and to Professor M.J. Goss for the use of his
apparatus.

577

References

Bengough, A.G. and Mullins, C.E., 1990a. Mechanical
impedance to root growth: a review of experimental
techniques and root growth responses. J. Soil
Sci., 41:341-358.
Bengough, A.G. and Mullins, C.E., 1990b. The resistance
experienced by roots growing in a pressurised cell. A
reappraisal. Plant Soil,123:73-82.
Dexter, A.R., 1978. A stochastic model for the growth of
roots in tilled soil. J. Soil Sci.,29:102-116.
Diggle, A.J., 1988. ROOTMAP- A model in three dimensional
coordinates of the growth and structure of fibrous root
systems. Plant Soil,105:169-178.
Eavis, B.W., 1967. Mechanical impedance to root growth.
Agric. Eng.ng. Symposium, Silsoe. Paper 4/F/39,pp.1-11.
Goss, M.J., 1977. Effects of mechanical impedance on root
growth in barley (Hordeum vulgare L.). I. Effects on
elongation and branching of seminal roots. J. Exp.
Bot., 28:96-111.
Hamblin, A.P., 1985. The influence of soil structure on
water movement, crop growth and water uptake. Adv.
Agron.,38:95-157.
Hewitt, E.J., 1966. Sand and water culture methods used in
the study of plant nutrition. C.A.B. Eastern Press Ltd.
London.
Hillel, D., 1987. Modeling in soil physics: a critical
review. In: Future Developments in Soil Science
Research.(Eds. L.L.Boersma et al.). Soil Sci. Soc. Am.,
Madison, Wisconsin. pp.35-42.
Nyamugafata, P.E., 1987. A comparison of externally applied
pressure on growth rate of maize (var. Artus) roots
grown in ptessurised cells of sand and ballotini. M.Sc.
thesis. University of Aberdeen.
O'Toole, J.C. and Bland, W.L., 1987. Genotypic variation in
crop plant root systems. Adv. Agron.,41:91-145.
Pages, L., Jordan, M.O. and Picard, D., 1989. A simulation
model of the three-dimensional architecture of the
maize root system. Plant Soil,119:147-154.
Pearson, R.W., 1974. Significance of rooting pattern to crop
production and some problems of root research. In: The
plant root and its environment.(Ed. E.W.Carson).
University Press of Virginia, Charlottesville. pp.247270.
578

CULTSAVE: A COMPUTER PROGRAM TO SELECT AN ECONOMICAL TILLAGE
SYSTEM FOR WINTER CEREALS

B.C. Ball, M.F. O'Sullivan and J.K. Henshall
Soil Engineering Department,
Scottish Centre of Agricultural Engineering, Bush Estate,
Penicuik, Midlothian, United Kingdom, EH26 OPH
Introduction
Cereal farmers in the United Kingdom are faced with decreasing prices for their product.
One of the few options for producing cereals more cheaply is to reduce the cost of crop
establishment. This cost is about one third of the total expenditure of cereal farmers and
provides the largest opportunities for savings. Conventionally, cereals are established using
mouldboard ploughing as the primary tillage with non-ploughing tillage for weed control
and seedbed preparation. With reduced tillage winter cereals grow more successfully than
spring cereals (Cannell, 1985), yield greater benefits from timely sowing and give greater
gross margins than spring cereals (Nix, 1988). These factors along with our greater
experimental experience with winter than with spring cereals in reduced tillage systems led
us to make recommendations for winter cereals only. With greater experimental evidence,
spring cereals could also be considered. Options to reduce establishment costs by reducing
tillage inputs for winter cereals are constrained by:
disposal of straw associated with restriction of straw burning;
build-up of populations of grass weeds which are hard to control without mouldboard
ploughing;
volunteer seedlings from the previous crop;
compact soil or surface ruts;
likely future environmental restrictions on use of pesticides.
These factors, combined with indiscriminate use of non-ploughing tillage, have limited
the large-scale adoption of minimal or reduced tillage systems in the United Kingdom.
However Butterworth (1988) has shown that suitable use of reduced tillage can improve
gross margins by up to £170/hectare in comparison with conventional systems. This results
from a combination of reduced establishment costs and improved crop yields due to timely
establishment. In the UK, the potential for savings is probably greatest on medium- and
heavy-textured soils (Gibbard et a!. 1989). In addition, Campbell et a!. (1986), studying the
effects of seedbed compaction on crop growth, discovered that reduced or zero traffic
systems enhanced establishment of winter barley under zero tillage.
Thus we decided to develop an advisory guide for the selection of complete 'optimum
tillage systems' for the establishment of winter cereals under Scottish conditions which
takes account of soil type and management factors. This was chosen to be a simple 'user
friendly' computer program, called CULTSAVE, which could be run on commonly
available microcomputers. Here we describe the program development, the inputs and
how CULTSAVE chooses from six recommended tillage systems. Then we describe the
recommended systems and summarise the applications and potential of the program.
Program development
The program was developed from a previous advisory guide (COSAC/MISR/SIAE, 1985).
This guide, in the form of a booklet, allowed the selection of minimum tillage requirement
for winter barley production on a field basis. In this guide, the development and operation
of which was described by Ball (1986a), field sites were allocated to one of three cultivation
groups. Each group corresponded to a different tillage requirement (Table 1). Sites were
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allocated to groups according to an approximate classification of soil resistance to
compaction. Resistance to compaction was classified from topsoil texture and drainage
(subsoil permeability).
Table 1. Allocation of sites to Cultivation Groups and their requisite tillage.
Texture

Drainage

Resistance to
compaction

Cultivation Group and
tillage requirement

Light

Free

High

1 Zero tillage

Light or
medium

Free or
moderate

Moderate

2 Shallow cultivation
or shallow ploughing

Heavy

Poor or
moderate

Low

3 Conventional
ploughing

This grouping could be modified according to date of return to field capacity. This is
explained below in the section on inputs to CULTSAVE. In general, the wetter the soil
and the less stable the soil structure, the lower the resistance to compaction. The lower the
resistance to compaction, the hi~er the number of the cultivation grouping and the greater
the tillage requirement. The guide gave general recommendations on tlte type of tillage
system which could be used within each group according to the presence of crop residues or
compaction.

This guide was not widely used by Scottish farmers and advisors who found the method of
identifYing a recommended tillage system from a cultivation grouping too detailed and
complicated. Users also disliked the emphasis on zero tillage which they considered
unsuitable for winter cereals in Scotland. However, users liked the concept of specifying
tillage requirement according to soil type. They also liked the ability to find this
information in an appendix, from a knowledge of the soil series name.
Based on experience from this guide we therefore decided that selecting the
recommended tillage system would be much simpler using a modest micro-computer
program viz. CULTSAVE. Selection of cultivation requirement in the program was kept as
for the guide with all the soil series and their groupings stored in a file accessible from the
program. However the recommendations were revised and expanded to include complete
tillage systems for crop establishment with details of the likely time and money savings in
comparison to a conventional system of establishment. Recommended systems were
revised using further information on reduced tillage systems involving seed broadcasting
and long term zero tillage (Ball and O'Sullivan, 1987) and reduction in seedbed traffic
(Campbell eta!., 1986). Recommended systems permit continuous cereal production with
grain yields within 5% of those from the conventional system.
'Rescue tillage' systems were also specified within CULTSAVE. These are required for
one season only occasionally within a tillage rotation in order to ameliorate compaction
damage, incorporate a large volume of crop residues or control an infestation of grass
weeds.
The ideas on which the recommendations within CULTSAVE are based are given below.
1. The same field may require different depths and types of tillage in different years
according to the demands of soil management.
2. Tillage implements should be used to the minimum depth necessary to ameliorate
compaction, incorporate crop residues or produce a seedbed.
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3. Existing machinery and implements should be used to avoid buying specialist equipment
such as a direct drill.
4. Implements should be combined to reduce the number of passes. Existing implements
may be linked or hitched both to the front and rear of the tractor to avoid buying new
machinery.
5. Secondary cultivation is minimised by using furrow presses when ploughing.
6. Seed broadcasting is substituted for drilling. This reduces compaction and enables the
use of permanent tramlines.
7. Low ground pressure tyres are recommended for tractors used on loose soil and for
combine harvesters used on wet soil.
Program structure

The user progresses through the program by responding to a series of simple questions,
ending with a presentation of the recommended 'optimum system' for the site under
consideration. The program is suitable for use both by farmers and general advisors. The
program emulates an expert system by displaying information in response to answers to a
series of queries. The rate of work and the machinery and labour costs of each system are
given. Rates of work were calculated from the width and speed of operation of machines as
used at the Scottish Centre of Agricultural Engineering. The machinery and labour costs
are farm contractors charges. The program does no calculations based on area of the field
or the type of machines and labour force available to the user.
The program runs on IBM-type personal computers and can be easily run from the single
floppy disc containing the complete package. Colour and black and white versions are
available. Copies of the program are available from the authors. See the appendix for
details.
The overall arrangement of CULTSAVE is shown in Table 2.

Entry oflnput Data
Program inputs are of site and management data. Information is requested by the
program only if it is required. Site data are input first and are soil texture, drainage,
climate and stoniness. Site factors are used to allocate sites to Cultivation Groups as in the
advisory guide. If the soil series name is known, this can be entered as an alternative to the
texture and drainage data. According to these data the field is allocated to one of three
groups of tillage requirement (Table 1).
The program next asks whether stones or boulders significantly impede cultivation. If
they do, the soil is allocated to Group 1, since the stones would prevent deeper cultivation.
If not, the program proceeds to ask about climate, where relevant. Climate does not
influence cultivation in the freely draining sites in Group 1. However, when a site in Group
2 or 3 is chosen, a map of Scotland is displayed on the computer screen with areas of date
of return to field capacity before late September, before mid-October and after midOctober shown in contrasting colours. In order to determine the date of return to field
capacity for the site, a cruciform cursor is moved to the location of the site and the program
automatically records the date of return to field capacity and adjusts cultivation grouping, if
necessary. Sites in Group 2 which are in wet areas (return to field capacity before late
September) are treated as Group 3. This is because the deeper cultivation recommended
in this group improves topsoil drainage thereby helping to prevent waterlogging damage to
the crop. By contrast, sites in Group 3 which are in dry areas (return to field capacity after
mid-October) are treated as Group 2. This is because loosening of a shallow depth of dry
soil is less likely to produce cloddy seedbeds than deeper loosening.
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Table 2. CULTSAVB at a glance.
1). Use of site inputs to determine cultivation grouping:
Site inputs

1. Soil texture and drainage
(or the soil series name).
2. Stoniness
3. Climate (locate site on
screen map)

Program Action
Allocation of site to
one of three Groups
(see Table 1).
Stony soils put into Group 1.
Wet Group 2 sites into Group 3.
Dry Group 3 sites into Group 2.

2). Use of management inputs to determine a recommendation for a site from within a
cultivation group:
Management inputs

Recommendation
Group 1 Group 2 Group 3
R3
R6
R3
Rl
Rl
R1

Straw burnt (no management restriction)
Grass weeds and/or compaction
damage below 150 mm
Compaction damage:
: below 100 mm
: near the soil surface
Crop residues:
: short stubble
: long stubble, abundant residues
: normal yield of chopped straw
: heavy yield of chopped straw

R6
R3

R6
R4

R6
R6

R3
RS
R5
R6

R4
RS
R5
R6

R6
R6
R6
R6

R1 = Cultivation and ploughing
R3 = Scratch tillage
RS = Shallow ploughing

R2 = Deep cultivation
R4 = Shallow tillage
R6 = Ploughing

Management inputs are considered next. These deal with the presence and volume of
straw residues, grass weeds and compact layers. Since the presence of compact layers
below 150 mm and annual grass weeds affect sites in all Cultivation Groups, questions on
these aspects are asked first. If either is present then one of two 'rescue systems' are
recommended. These recommendations form two of the six recommendations given in
CULTSAVB. The remaining four recommendations are allocated according to Cultivation
Group and management inputs of crop residues and compaction damage (Table 2).
The recommendations, referred to by letter in Table 2, are listed below. The wording of
the recommendations is chosen to take into account some of the prejudices of farmers and
advisors. For example, use of the terms 'minimal tillage', 'reduced tillage' and 'direct
drilling' is minimised. The equipment specified in the recommendations is chosen to be
that most likely to be currently owned by farmers. To increase the range of specified
equipment, two of the recommendations (labelled R) contain two options (labelled 0).
Options within a recommendation provide similar tillage, but with different machinery.
Recommendations take into account the need to minimise compaction damage. Thus the
restriction of vehicle wheels to undisturbed stubble or to tramlines is advised. Where
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traffic on seedbeds is unavoidable as in the incorporation of seed sown on ploughed soil,
the use of low ground pressure lyres is recommended. Most recommendations include
seed broadcasting. This technique can give higher crop yields, faster crop emergence and
reduced compaction in comparison to drilling. Although seed can be broadcast much faster
than it can be drilled, the rate of sowing is governed by the rate of seed incorporation
rather than the rate of broadcasting (Ball, 1986b).
In addition to the cost of the system in £/ha and the time of establishment in h/ha, the
time to establish a typical field of 10 ha is given for each recommendation. This allows
comparison with the normal system of establishment which is taken to be conventional
ploughing to 230 mm depth, disc cultivation and drilling. This cost £75/ha, established at a
rate of 2.5 h/ha, taking 25 man hours to sow 10 ha.
DISPlAY OF RECOMMENDATION
At the top of the screen, the soil series and the texture and drainage class are displayed.
Management inputs related to the presence of straw, weeds and compaction are displayed.
Where a non-ploughing system is recommended, a warning is given that greater care over
weed and volunteer control is required than with ploughing systems. The recommended
system is displayed in the middle of the screen. In some cases, two options are given. For
every non-ploughing system, a mouldboard ploughing system is also provided as an
alternative recommendation. In this system, ploughing is recommended to 150 mm depth
only instead of the conventional250 mm depth. In all ploughing systems a furrow press is
recommended for secondary cultivation, trashboards for straw incorporation and seed
broadcasting instead of drilling. Where an option is available, the lower left corner of the
recommendation display shows the option number currently on display. The cost, the work
rate and the time to establish 10 ha for each recommendation is given both directly and as
a percentage of the conventional system. The lower section of the screen shows which keys
should be pressed to display options or the alternative system, where applicable. Other
keys enable the user to print out the display, to re-run with different management factors
or with another site or to exit from CULTSAVE.
RECOMMENDATIONS
Recommendation 1 (Rl),
This is a 'rescue tillage' system where there is a significant population of grass weeds which
prevents the successful use of non-ploughing tillage. Non-ploughing CULTIVATION twothree weeks before CONVENTIONAL PLOUGIDNG to about 230 mm depth is
recommended.
Recommendation 2 (R2).
This is another 'rescue tillage' system for sites with a compact layer below 150 mm depth
(i.e. ploughing depth). Here DEEP CULTIVATION to just below the compact layer with
a plough or subsoiler is advised.
Recommendation 3 (R3).
This corresponds to the lowest or minimum tillage requirement. Large savings of
establishment costs are possible. There are two non-ploughing options.
Option 1 (R301) is BROADCASTING seed directly on to the stubble AND SCRATCH
TILLAGE to 50-70 mm to incorporate the seed.
Option 2 (R302) is DIRECT DRILLING. This option is recommended particularly for
stony sites or where there are boulders at or near the soil surface.
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Recommendation 4 (R4),
The cultivation requirement is moderately low. Crop residues are either baled or burnt.
There are two non-ploughing options.

Option 1 (R401) is BROADCASTING seed directly on to the stubble and ROTARY
TILLAGE to 50·70 mm to incorporate the seed.
Option 2 (R402) is ONE-PASS CULTIVATION to 70 to 120 mm and DRILLING with a
combination implement.
Recommendation 5 (RS).
Cultivation requirement is moderate. This recommendation is for a moderate level of crop
residues where compaction damage is limited to the top 12 em of soil. SHALLOW
PLOUGHING to 80-100 mm depth is recommended.
Recommendation 6 (R6),
This recommendation is applicable to sites where cultivation requirement is high except
where there is compaction damage below 150 mm depth (i.e. ploughing depth).

Option 1 (R601) is PLOUGIDNG to about 150 mm depth with a FURROW PRESS
attached. This option is suitable where a furrow press is capable of producing a seedbed.
Option 2 (R602) is PLOUGIDNG to about 150 mm depth and COMBINED
CULTIVATION with DRILLING. This option is specified for soils which are too wet or
too fine textured for a furrow press to level the soil sufficiently for broadcasting seed.
UseofCULTSAVE
We considered that CULTSAVE would provide a useful advisory tool for farmers and
advisors. CULTSAVE received good publicity at its launch. It was made available to
subscribers of the advisory service of the Scottish Agricultural College. These form a large
proportion of the more progressive farmers in Scotland. The program is also sold as a
software package. The principal use of CULTSAVE, judged from the limited number of
packages sold so far, is as an educational tool to demonstrate how soil type and
management of compaction and straw residues can affect the need for cultivation.
However, use of the program for practical decision making by farmers has been
disappointingly small. Farmers still consider the adoption of non-conventional tillage
methods as an unacceptable risk to crop yield and perceive the use of such methods as a
reduction in efficiency instead of an increase. This is perhaps a reflection of the lack of
encouragement within the EEC for low-input production systems. The withdrawal of areas
of land from production (set-aside) tends to encourage more intensive farming of the
remaining areas to maintain outputs.

Conclusions.
CULTSAVE has proved valuable in educational applications. However, its practical use
by farmers will depend on further changes in agriculture such as:
1. Extensification of agricultural production caused by a reduction in grain prices, an
increase in fuel and labour prices or a change in policy within the EEC.
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2. Increased awareness of environmental problems demanding the adoption of
conservation tillage.
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TILLAGE, MULCH AND NITROGEN INTERACTIONS ON THE PRODOCTIVITY OF A
TROPICAL ULTISOL
J.s.c. Mbagwu
Department of Soil Science
University of Nigeria
Nsukka, Nigeria
ABSTRACT
The effects of four tillage-mulch treatments and four nitrogen
fertilizer rates on the productivity of an Ultisol (OXic paleustult)
were investigated at Nsukka in southeastern Nigeria over four cropping
seasons. The main plot treatments were tilled-mulched (TH), tilledunmulched (TU), untilled-mulched (UH) and untilled-unmulched (UU) and
the sub-plot treatments were 0, 60 1 120, and 240 kg/ha nitrogen rates.
Haize (~mays L.) variety TZSR (Yellow) was the productivity
indicator crop.

Changes in some soil physical properties \</ere evalua-

ted by comparing values obtained immediately after setting up the experiment and at the end of the study. Bulk density increased with time on
all plots but the magnitude of change was more on the unmulched than
mulched plots. Also soil water transmissivity decreased by 18%, 64%,
22% and 79%, on the TH, TU, UH and uu plots, respectively. Cumulative
infiltration after 3 hr., equilibrium infiltration rates and saturated
hydraulic conductivity values were similarly reduced. Haximum soil
temperature varied in the order, TU (41.5 °c) > uu (37 .5 °C) > TH >
(30.0 °c) > UH (20.0 Oc). Percent moisture loss between two and ten
days after saturation was 45.5, 83.3, 25.0 and 55.6 respectively on the
TH, TU, UH and uu plots. The UM plots also had the highest contents
of residual organic carbon and total N. Maize yield differences between
the tilled and untilled plots were not significant at P = 0.05 but the
mulched plots out-yielded the unrnulched plots by between 23 and 46%
during the drier season. On all tillage-mulch combinations, grain
yield response to nitrogen was of a quadratic polynomial form, indicating that maximum yields occurred at 123, 139, 130 and 142 kg N/ha on
the TH, TU, UH and UU plots respectively. Nitrogen use efficiency,
however, decreased in the order TH> {JH > uu> TU plots.
INTRODUCTION
Many comparative studies between conventional tillage (disk-ploughing
and disk-harrowing) and minimum or zero-tillage practices have produced
contradictory results. Some of the studies (Ojeniyi and Dexter, 1983;
Haurya 1986; Hbagwu and Bazzoffi, 1989; Kamara, 1986; Lal, 1976) show"'<i
that conventional tillage destroyed larger soil aggregates, reduced
infiltration capacity by breaking the continuity of "'ater-conducting
JX'res and increased soil erosion.

Furthennore since there was virtually

no difference between yields of grains in conventionally-tilled and
zero-tilled plots, it was deduced that the ener9Y inputs during tillage
operations were avoidable extra production costs. Some of the studies
in fact indicated that zero tillage with mulch and herbicide applications increased maize yields over those grot~ on conventionally tilled
plots (Lal, 1981), but the costs of procuring the herbicides and mulch
materials were not given.
• •• /2
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Other studies, however, have shown that zero tillage has its own
disadvantages. For example, Kang et al (1980) observed that at lo>1 soil
nitrogen levels maize grain yield was higher on conventionally tilled
than zero-tillage plots. Zero tillage has also been reported to
suppress seed germination and increase the incidence of brm-m leaf spot
disease of maize (Oshunlaja, 1983). It appears, therefore, that the
response of crops to tillage practices is location-specific, implying
that such studies should be conducted in different ecological zones
before any valid or meaningful generalizations could be made. In this
study the response of maize to different levels of nitrogen fertiliser
was evaluated over four different tillage-mulch practices. Changes
in some physico-chemical properties of the soil due to the tillagemulch practices were monitored also.

MATERIALS AND METHODS
This study was initiated in the field in 1983 and completed in 1984
on an Ultisol (Oxic Paleugtult) located at Nsukka, Nigeria (Latitude
06° 52•N and Longitude 07 24 1 E). Detailed descriptions of the soil
and experimental layout have been given else>~here (Mbagwu, 1990a). The
soil is a reddish-bro>~n 1 sandy clay loam belonging to the Nsukka series
and formed on false-bedded sandstone parent material. It is low in CEC
and exchangeable bases, has a pH of 5.4 in water and lo>1 in available
phosphorus, total nitrogen and organic matter.
The design of the experiment was a split-plot in a randomized complete
block with three replications. The main plot treatments >~ere tilledmulched (TM), tilled-unmulched (TU), untilled-mulched (UM) and untilledunmulched (UU) and the sub-plot treatments were four nitrogen fertilizer rates (0, 60, 120 and 240 kg/hal. Tilling consisted of diskploughing and disk-harrowing to a depth of about 20 em whereas no-tillage
treatment consisted of manual mowing and burning of the dry residues.
A pre-emergence herbicide (atrazine) was sprayed on both the tilled and
untilled plots at the active ingredient rate of 2.5 kg/ha. The mulch
material was dry elephant grass (Penisetum purpureum) applied at two
rates (0 and 4 Mg/ha). Three weeks before planting, the soil was limed
with 2 Mg/ha dolomitic limestone.
Haize (Zea mays L.) variety 1 TZSR (Yellow)• was planted two per hole
(and latterthinned to one per stand) at 75 em between rows and 25 em
within rows twice a year (for four consecutive seasons). One-third of
the N fertiliser was applied at planting and the remainder 4 weeks after
planting. Each plot also received a blanket application of 30 kg/ha
P, 120 kg/ha K and 20 kg/ha Mg. In each year fertilisers were only
applied to the first planted crop. Data on dry grain yield were collected
after each harvest. Changes in soil bulk density, saturated hydraulic
conductivity, infiltration rates, temperature moisture retention characteristics organic carbon and nitrogen contents t'lere also evaluated as
reported earlier (Hbagwu, 1990b).
• ••/3
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RESULTS AND DISCUSSION
Maize grain yield
The data shown in Table 1 indicate that within each growing season
the response of maize grain yield to nitrogen fertilizer was of the
quadratic polynomial form with the 120 kg N/ha rate appearing to be
optimum irrespective of the tillage-mulch combination. Differences
in grain yield between tillage treatments were not significant at
P = 0.05 whereas statistically significant differences in this parameter
were obtained between the mulched and unmulched plots, Even though
within each season the mulched plots out-yielded the unmulched plots,
the magnitude of yield difference was more in the drier than wetter
season.

This has been discussed in more detail in an earlier paper

(Mbagwu, 1990a), The N-use efficiency data (grain yield per unit N)
varied in the order 'I'M (32.6)) UH (30,9) ) UU (27,8)) TU (22.4).
A major reason for higher yield in the first than second season was that
only residual effects of N were assessed in the second season.

Soil physico-chemical properties
As shown in Table 2 generally all the measured physical data (bulk
density, saturated hydraulic conductivity, water sorptivity, water
transmissivity, infiltration capacity, cumulative infiltration and time
to reach cumulative infiltration) decreased \•lith time on all tillagemulch combinations.

The magnitude of decrease was, however, more on

the unmulched than mulched plots. For example the percent decrease
in sorptivity was 23%, 33%, 20% and 30% and transmissivity, 18%, 64%,
22% and 79% for the TM, TU, UH and uu plots respectively. Irrespective
of mulch treatment, soil water sorptivity and transmissivity decreased
more on the tilled than untilled plots. When the magnitude of
decrease in these physical properties are compared for the mulched and
unmulched plots, the positive role mulching played on this fragile soil
becomes very obvious. As pointed out earlier (Nbagwu, 1990b), by breaking the kinetic energy of raindrops (which can be really high in the
tropics) and preventing raindrops from directly hitting the soil surface
mulching helps to reduce structural degradation as observed in this study.
As for the other infiltration data, percent reduction in infiltration
capacity was 19,4, 69.2, 1,8 and 63,0 and in cumulative infiltration, 9
146, 1,8, and 166 respectively on the ~1, TU, UH and uu plots. The
data also show that on the average it "Jill take less than half the time
to reach infiltration capacity on the bare than mulched plots,

The soil moisture regime data shown in Fig. 1 indicate that between
2 and 10 days after saturation percent moisture losses were 45,5, 83,3,
25,0 and 55,6 on the TM, TU, UH and uu plots, respectively, Also at
each measurement the mulched plots contained more water within the 0-20 em
soil depth than the unmulched plots. Furthermore, tilled plots lost
more water within this period than the untilled plots,
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Maximum soil temperature within the 0...5 em depth on the average
varied in the order, TU (41.5°C) ) UU (37 .SOC)> TM (30.00C) > UM (28o0°C)
showing, as expected, that mulching reduced the soil temperature to ~
the supraoptimal level for most arable crops in the humid tropics (which
is 300c).
The carbon and nitrogen concentrations within the 0-45 em of the
soil after the experiment in 1984 are sho>m in Fig. 2. The highest C
and N concentrations were obtained on the untilled - mulched plots in
both the control and the 240 kg N/ha treatments >Jhereas the lowest
values occurred on the tilled-unmulched plots. All the data presented
above suggest that zero tillage with mulch is the best surface soil
management practice for optimizing the physico-chemical and hydro
thermal regime as well as maize grain yield on this fragile tropical
Ultisol. The sustainability of this system in terms of cost of
herbicides and mulches as well as cost of preventing biodegradation of
the mulch materials will have to be considered before large-scale adoption
of this tillage system on this and similar soils.
CONCLUSIONS
1. There were generally little or no maize grain yield differences
between the tilled and untilled plots but mulched plots outyielded the
unmulched plots in both the wetter and drier seasons.
2. On each tillage-mulch combination yield respcnse to N fertilizer
was of a quadratic pclynomial form indicating an apparent maximum yield

at the 120 kg N/ha.
mulch treabnent.

Optimum N rate depended on season and tillage-

3. Bulk density and infiltration properties decreased with time
irrespective of the tillage-mulch combination but the magnitude of
decrease was more on the unmulched than mulched plots.

4. Considering all the measured physico-chemical properties and
yield data, the zero tillage-with-mulch treatment appeared the best
on this soil.
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Table 1:

Maize grain yields (Mg/ha) as influenced by tillage,
mulch and nitrogen treatments on an Ul tisol.
Nitrogen
rate
(kg/ha)

Year/Season

Tillage-<~~ulch

TM

1983/84 (First season)

1983/84 (Second Season)

w

4.38

3.66

3,60

3.66

3.83

60

5.09

3.40

4.91

4.67

4,52

120

5.29

4.51

5,27

5.01

5.02

240

4.48

4.40

4.81

4.73
4,63

4.41

Means

3.97
3.89

4.44

0

2.21

1,35

2.50

1.73

1.95

3.04 1,91

2.92

2.19

2.52

120

4.11

2,48

3,35

2.53

3,12

240

3,16

1.63

1.82

2.40

Means

3.13

1.84

2.97
2,94

First Season
(M)

UM

2.07

Second Season

=

0.30

0.61

Nitrogen (N)

=

0.42

0.47

MXN

=

NS

NS

Tillage-<~~ulch

Means

0

60

LSD (0.05)

w

treatments
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Table 2.

Water transmission characteristics and bulk density
on an Ultisol as influenced by tillage and mulch
treatments (unfertilized plots only)

Tillage-mulch Treabnents

Soil property
TM

Bulk density ( Mg/ m 3 )

Toa

T1

To

1.37

1.40

1.37 1.54

T1

To

T1

1.40

1.43

Saturated hydraulic
conductivity (cm/hr)

72.6

66.1

63.9

13.4

40.4

Soil water
~
sorptivity (em/min )

9.7

7.5

13.7

9.3

11.3

Soil water transmissivity (em/min)

0.50

0.41

0.22

uu

UM

TU

o.oa

0.27

To

T1

1.39

1.49

19.3

9.6

9.0 10.1

7.1

34.5

0.21

0.28

o.o6

Infiltrating capacity
120.4

(cm/hr)

Cumulative infiltration (em)

97.0 115.0 35.4 96.7

95.0 85.3

31.6

329

302

268

109

295

286

253

95

120

100

120

40

120

120

100

40

Time to reach infiltra-

tion capacity (min)

a.

To

=

immediately after setting up the experiment

T1

=

at the end of the study.
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TILLAGE AND MULCH EFFECTS ON GROWTH AND YIELD OF MAIZE
(Zea Mays) AND COWPEA (Vigna Unguiculata) ON A TROPICAL
ALFISOL IN WESTERN NIGERIA
R. Lal
Department of Agronomy, The Ohio State University
Columbus, Ohio 43210 USA
INTRODUCTION

Enhancing agricultural production, a major priority
for sub-Saharan Africa, requires a judicious use of offfarm purchased inputs.
Principal inputs comprise
tillage, fertilizers, herbicides, and residue mulch.
supplemental irrigation is necessary if crops are to be
grown on uplands during the dry season.
Most of these
inputs, being petro-based and often imported, are
expensive for resource-poor farmers of sub-Saharan
Africa.
careful and soil-specific experiments are
required to develop response curves of such inputs prior
to their recommendations for adoption by a
farm
community.
Usefulness of crop residue mulch for management of
soil fertility and enhancement of structural attributes
of soils of the humid and sub-humid regions of West
Africa has long been recognized (Nye, 1952; Lal, 1975).
However, crop residue is a precious commodity and is used
by farmers for fodder, fuel and fencing/roofing material.
Therefore, farmers are unable to leave sufficient amount
of crop residue on the field to be of benefit as mulch.
Similarly, supplemental irrigation is an expensive
undertaking.
In fact, only high value cash crops are
grown with small-scale irrigation in vicinity of large
urban centers.
Fertilizers, though necessary for high
yields, are often not available on time.
Furthermore,
yield response to fertilizers is soil- and crop-specific,
and depends on adequate availability of soil moisture.
Application of fertilizers can suppress economic yields
in seasons with below-normal rainfall and prolonged
drought stress. Lal et al. (1978) reported higher water
use efficiency of irrigated maize and cowpea with no-till
than with plowed method of seedbed preparation.
No-till system, a practical means to procure residue
mulch, is also site- and crop-specific and its success
depends on the availability of herbicides at affordable
prices.
No-till or reduced tillage systems of seedbed
preparation are applicable for those soils of humid and
sub-humid regions which have relatively coarse-textured
surface horizon,
low plant-available soil-moisture
reserves, and are prone to accelerated soil erosion and
other degradative processes (Aina, 1979; Lal, 1985; Ike,
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1986) •
Fertilizer use efficiency also depends on
tillage methods, and quality and quantity of crop residue
mulch (Lal, 1978).
Lal (1979) observed that maize
responds positively to crop residue mulch due to
favorable effects on soil moisture and temperature
regimes. Cowpea is relatively more tolerant of high soil
temperature than maize (Lal, 1979b).
Narigju (1979)
reported that strip tillage was superior to no-tillage
for cowpea in terms of labor requirement for planting,
fertilizer efficiency, nutrient uptake, growth and yield.
The objective of this experiment was to evaluate the
short-term effects of residual removal vs. supplemental
application of mulch at two levels of tillage and
fertilizer application on growth and yield of maize and
cowpea.
These experiments were purposefully conducted
during the short rainy season for maize and dry season
with irrigation for cowpea so that treatment responses
can be evaluated under conditions of drought stress.
MATERIALS AND METHODS
Experiments were conducted during two consecutive
growing seasons at the research farm of the International
Institute of Tropical Agriculture (!ITA) at Ibadan,
Nigeria.
The bimodal character of the rainfall
distribution results in three distinct seasons -- two
rainy and one dry.
The first long rainy season lasts
from mid-March to mid-July and the second short rainy
season lasts from mid-November to mid-March.
These
experiments were conducted during the second short rainy
season of 1979 and the dry season of 1979-80.
The
rainfed maize was grown during the second season, and the
irrigated cowpea during the dry season.
Soil of the experimental site belongs to Egbedafiwo
association and is classified as Oxic Paleustalf. It has
medium to light texture near the surface, with sandy clay
to clay sub-soil, and a layer of angular and sub-angular
quartz gravel about 25 to 50 em below the surface. The
clay fraction is dominated by Kaolinitic clay minerals
and amorphous iron and aluminum oxides.
Maize (Var TZE SR-W) was sown at 75 x 25 em spacing
with a plant population of 53,000 plants per hectare.
Cowpea (TUV 5772) was planted at 50 x 15 em spacing with
a population 133,000 plants per hectare.
The plow
treatment, consisting of disc plowing to 20 em followed
by two harrowings, was compared with no-till system, The
no-till system received an application of paraquat (1-1 1
dimethyl-4, 4 1 - bipyridilium ion) at 2.5 1/ha.
There
were two levels of mulch. Crop residue was removed from
some plots (M0) and applied as supplemental mulch (M 1 ) on
others. There were two levels of fertilizer application
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-- without any fertilizer (F0) compared with recommended
rate (F 1 ) of fertilizer application. The F1 treatment in
maize received 120 kg N per hectare (40 kg at sowing and
80 kg four weeks later) as urea, 26 kg P per hectare as
single superphosphate, and 30 kg K per hectare as muriate
of potash. The F1 treatment in cowpea received only 13
kg per hectare of P at planting.
The fertilizer was
broadcast in the crop residue in no-tillage treatment,
and worked in with the second harrowing for the plowed
treatment.
Tillage treatments were assigned as main plots, and
mulch and fertilizer treatment combinations were assigned
as sub-plots according to a strip design treatment with
three replications. Irrigated cowpea were grown with
over-head sprinkler irrigation. All plots were uniformly
irrigated with weekly irrigation cycle applying water
equal to the cumulative pan evaporation for the previous
week.
Plant height measurements of cowpea were made
during the third and fourth week after sowing. Grain and
stover yield of maize, and grain yield of cowpea were
recorded at maturity.
RESULTS AND DISCUSSION
Maize
The growing season was short due to abrupt cessation
of rains towards the end of October 1979 (Table 1) .
Consequently maize suffered severe droughts during the
TABLE 1.

Weather records for 1979-80 (Annual Reports,
!ITA 1979/1980)

Month

Year

August
September
October
November
December
January
February
March

1979
1979
1979
1979
1979
1980
1980
1980

Rainfall
(mm)
184.8
259.4
156.4
18.1

Evaporation
(mm)
91.9
100.0
97.7
101.7
102.5
121.2
145.2
163.0

0
0

26.2
52.0

Mean
Solar
Radiation
g.caljcm2 jday
371.6
411.9
424.1
414.1
405.5
391.9
504.1
513.7

initial silking and grain filling stages of growth.
Expectedly, therefore, maize grain yields were low. The
average grain yield for the whole experiment was merely
0.49 tjha. This is a normal yield for the second season,
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because farmers get even lower yields with a range of 100
to 500 kgjha.
Despite the low yields, no-till systems produced 72%
more grain yield than plowed treatment -- 0.62 vs. 0.36
tjha (Table 2).
Residue removal or supplemental
application of mulch had no significant effect on grain
yield of maize, although grain yield was slightly
depressed with mulching in no-till treatments (-8%) but
slightly increased with mulching in plowed treatments
(+18%).
Fertilizer application increased grain yield
more in plowed than in no-till treatments -- 104.2% vs.
58.9%.
The ratio of grain yield for no-till: plowed
treatment ranged from 1. 39 to 1.14 (Table 2).
The
highest ratio of 2.14 was obtained for treatment without
mulch or fertilizer application.
The maize stover yield followed a pattern similar
to that of grain yield (Table 3). The maize stover yield
was also low, with a grand experimental mean of only 1.5
tjha. The mean stover yield for no-till was more than
double of that in plowed treatments -- 2.1 vs. 1.0 tjha.
Residue removal or supplemental application of mulch had
no significant effect on stover yield -- 1.53 vs. 1.48
t/ha. Application of fertilizer increased maize stover
yield by 5% in no-till (2.0 vs 2.1 tjha) and by 71% in
plowed treatments.
The ratio of stover yield for notill:plowed treatment ranged form 1.27 to 3.14, with the
highest ratio in treatment without fertilizer or mulch
application.
The harvest index (defined as grain yield divided
by grain plus stover yield expressed in percent) was
lower in no-till compared with plowed treatments (Table
4).
The average harvest index was 22.8% in no-till
compared with 27.2% in plowed treatments-- a difference
of 19%. The harvest index was, however, higher in notill than plowed plots for higher level of mulch and
fertilizer application (M,F). supplemental application
of residue mulch increased harvest index by 6.3% in notill compared with a decrease of 12.3% in plowed
treatment. Application of fertilizer increased harvest
index by 40% in no-till and 13.3% in plowed treatments.
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TABLE 2.

Maize grain yield as affected by mulch and
fertilizer application for two methods of
seedbed preparation (second season, 1979)

Treatments
Mulch Fert.
Mo
Mo
M1
M,

Maize grain yield t/ha
No-till
Plowed
0.57
0.71
0.38
0.80

Fo
F1
Fo
F,

LSD
Tillage
(T)
Fertilizer (F)
Mulch
(M)
T X F
T X M
F X M

(P

0.05)
0.23
0.12
0.14
0.17
0.21
0.17

0.27
0.39
0.21
0.57

No-till:Plowed
Ratio
2.14
1.84
1.85
1. 39

(P = 0.10)
0.19
0.10
0.11
0.14
0.16
0.14

M0 = no mulch
M1 = with maize stover mulch
F0
without N, P & K fertilizer
F1 = with N, P & K fertilizer

TABLE 3.

Maize stover yield as affected by mulch and
fertilizer application for two methods of
seedbed preparation (second season, 1979)

Treatments
Mulch Fert.
Mo
Mo
M,
M1

Fo
F1
Fo
F1

LSD
Tillage
(T)
Mulch
(M)
Fertilizer (F)
T X M
T X F
MX F

Maize stover yield t/ha
No-till
Plowed
2.2
2.3
1.8
1.9

(P = 0.05)
0.34
0.33
0.23
0.47
0.33
0.33

0.7
0.9
0.7
1.5

(P = 0. 10)
0.23
0.25
0.18
0.36
0.26
0.26

M0 = no mulch
M1
with maize stover mulch
F0 = without N, P & K fertilizer
F1
with N, P & K fertilizer
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No-till:Plowed
Ratio
3.14
2.56
2.57
1. 27

TABLE 4,

Harvest index of maize as affected by mulch
and fertilizer application for two methods of
seedbed preparation (second season, 1979)

Treatments
Mulch Fert.
Fo
F1
Fo
F1

Mo
Mo
M1
M1

LSD
Tillage
(T)
Mulch
(M)
Fertilizer (F)
T X M
T X F
MX F
Mo
M1
Fo
F1

=
=
=
=

Harvest Index %
No-till
Plowed
20.6
23.6
17.4
29.6

(P = 0. 05)
5.78
5,0
5.4
7.1
7.7
7.7

27.8
30.2
23.1
27.5

No-till:Plowed
Ratio
0.74
0.78
0.75
1. 08

(P = 0.10)
3,9
3.9
4.4
5.5
6.2
6.2

no mulch
with maize stover mulch
without N, P & K fertilizer
with N, P & K fertilizer

Cowpea
Growth and vigour of cowpea was satisfactory for
the dry season crop.
In fact, cowpea crop was healthy
and relatively free of several diseases and pests
commonly observed in the rainy-season crop. Plant height
measurements of cowpea made during the third week (Table
5) and fourth week (Table 6) after sowing did not follow
a definite trend with regard to tillage, mulching or
fertilizer treatment. Plant height was somewhat less in
plowed treatment during the third week, but reverse was
the case during the fourth week of growth. In general,
cowpea growth was normal and healthy in all treatments.
Treatment effects on grain yield of cowpea are shown
in Table 7. The mean grain yield of cowpea for no-till
treatment was 44% more than that of plowed method of
seedbed preparation -- 1.41 vs. 0.98 tjha.
Residual
removal or supplemental application of mulch had no
effect on mean grain yield of irrigated cowpea (1.20 vs
1,19 tjha).
Application of residue mulch, however,
increased cowpea grain yield by 11%
in no-till
treatments, but decreased cowpea grain yield by 12% in
plowed treatments.
Application of fertilizer had also
differential response. Fertilizer application decreased
cowpea grain yield by 13.6% in no-till plots, but had no
effect on grain yield of plowed treatment. The average
yield of cowpea was 1.25 tjha without and 1.14 tjha with
fertilizer application.
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TABLE 5.

Effects of fertility and mulching treatment
on cowpea height for two tillage methods at
three weeks after sowing (dry season, 197980)

Treatments
Mulch Fert.
Mo
Mo
M,
M,

Height (cml
No-till
Plowed
22.8
23.8
24.9
24.2

Fo
F,
Fo
F1

LSD
Tillage
(T)
Mulch
(M)
Fertilizer (F)
T X M
T X F
MX F

=

(P

0. 05)
0.86
1. 21
0.81
1.15
1.15
1.15

17.6
20.2
19.1
21.8

(P

No-till:Plowed
Ratio
1. 30
1.18
1. 30
1.11

=

0.10)
0.66
0.93
0.67
0.95
0.95
0.95

M0
no mulch
M1 = with maize stover mulch
F0 = without N, P & K fertilizer
F1
with N, P & K fertilizer
TABLE 6.

Effects of fertility and mulching treatments
on cowpea height for two tillage methods four
weeks after sowing (dry season, 1979-80)

Treatments
Mulch Fert.
Mo
Mo
M1
M1

Height (cml
No-till
Plowed
25.0
25.9
25.0
26.4

Fo
F1
Fo
F1

LSD
Tillage
(T)
Mulch
(M)
Fertilizer (F)
T X M
T X F
MX F

(P

=

0.05)
0.86
1.21
0.81
1.15
1.15
1.15

28.3
32.3
31.2
31.8

(P

= 0.16)
0.66
0.93
0.67
o. 95
0.95
0.95

M0
no mulch
M1 = with maize stover mulch
F0 = without N, P & K fertilizer
F1 = with N, P & K fertilizer
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No-till:Plowed
Ratio
0.88
0.80
0.81
0.83

TABLE 7.

cowpea grain yield as affected by mulch and
fertilizer treatments for two methods of
seedbed preparation {dry season, 1979-1980)

Treatments
Mulch Fert.
Mo
Mo
M1
M1

Height (cml
No-till
Plowed
1. 52
1. 20
1.50
1. 41

Fo
F1
Fo
F1

LSD
Tillage
(T)
Mulch
{M)
Fertilizer (F)
T X M
T X F
MX F

{P

0.05)
0.46
0.14
0.14
0.20
o. 20
0.20

No-till:Plowed
Ratio

1.11
0.98
0.85
0.99

1. 37
1.22
1. 76
1.42

(P = 0.10)
0.31
0.11
0.11
0.16
0.16
0.16

M0
no mulch
M1 = with maize stover mulch
F0 = without N, P & K fertilizer
F1
with N, P & K fertilizer
CONCLUSIONS
The
data
conclusions:

supports

presented

the

following

The average grain yield of maize was 0.50 tjha for
the short second growing season.
No-till system produced more yield than plowed
treatments by 72% for maize grain yield, 110% for
maize stover yield and 44% for cowpea grain yield.
Residue removal or supplemental application of mulch
had only slight effect on grain yields of maize or
cowpea.
Fertilizer application increased grain yield by 63%
in maize.
Fertilizer application had none or adverse effects
on grain yield of cowpea.
Cowpea
crop can be
successfully grown with
supplemental irrigation during the dry season.
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IMPROVED LATE SEASON OKRA PRODUCTION
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ABSTRACT
The study evaluated the effects of five different tillageresidue management practices: (i) no tillage+ no trash (NN),
(ii) no tillage+ surface trash as mulch (NS), (iii) tilla~e
+no trash (TN), (iv) tillage+ surface trash as mulch (TS) 1
and (v) tillage + incorporated trash (TI), on the physical
properties of a sandy loam tropical soil and the response of
okra (Abelmoschus esculentus L, Moench) to the changes in the
soil properties during the late season production of the crop,
The trash (maize stubble) was generated turing the wet
seaHa.
The trash-incorporated treatment reduced the rate of water
infiltration to abQut 3,7 cm/h, produced the highest dry bulk
density (1,39 g/omJ) at the 20-30 om depth and slightly
increased the soil organic carbon, It produced the tallest
plants with the largest leaf area,
- --Fruit yield results were improved by trash,
Although yield generally decreased with time, the trashincorporated treatment had a fairly consistent yield for the
three years of the study, The highest net return of N4092,00
was got from the TS treatment,
INTRODUCTION
By 1983, Nigeria produced about 1.5m tons of maize
annually on 1.7m ha of land (IITA, 1985), However, since the
introduction of the import-substitution program in 1986, there
has been an increase in the production of maize for food,
feed, the pharmaceutical and the brewery industries,
Presently, the area under maize cultivation either as
a mono-or inter-crop is estimated to be 3,8m ha, and it
generates between 4,4 - 4.7 t/ha of maize stubble,
Burning, incorporating and leaving on the soil surface are
the most practical treatments given to the maize stubble or
any other straw residue, Burning, the most popular practice
in Nigeria because it provides a quick and efficient method
of disposal, has been found beneficial to rice (Lal, 1983)
and wheat (Christian et al,, 1988), However, it is no longer
advisable to burn because of environmental reasons including
wind and water erosion (Lal, 1975) and fire harzards,
Since crop residue management is important for Nigerian
soils which are liable to wind and water erosion, incorporating the residue may return nutrients and organic matter to
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the soil and help improve soil structural stability and
drainage (Cannell, 1987), Ghuman and Maurya (1983) found
that crop residue incorporation improved, for tropical soils,
earthworm aotivity, and soil moisture retention days after
rain, When left on the surfaoe, crop residue acts as mulch
and tends to lower soil temperatures, change the soil water
regime and soil aeration status (Van Dorren and Allmaras,
1978. Lal, 1 978).
The aim of this experiment was to find out the best maize
stubble management teohnique with or without tillage, using
okra as the test crop; and monitored for three years.
MAT~RIALS

AND MFrHODS

The experiment was conducted during 1988 - 90 on the sandy
loam (ultisol) classified as orthoxic Tropodult with good
structure and drainage at the Federal University of
Technology, Owerri (5°271N and 7oo21E) (Table 1), The
average annual rainfall of about 1850mm is received over two
distinct seasons (April - July; September - November), The
late season (September - November) receives about 35% of
total annual rainfall,
Ta bl e 1• In i t i a 1 soi 1 proper ti es o f t he exper i men tal s i t e
Soil depth Particle size (%)
Organic
Moisture Bulk
content
l:iand
l:il.l."t
UJ.ay
matter
densit1
(g/om3
(%)
(%)
·j, 51
1.36
67.8
21.3
16.7
10.9
0 - 10
20.4
10. 1
1. 36
16.9
1.42
69.5
10 - 20
·1,25
20 - 30
18.9
17.2
71.4
1. 45
9. 7
The two tillage (no-till and till) and three stubble
(trash) management techniques (none, surface and incorporated)
were triplicated in a randomized complete blook design.
~illing was done manually using spade, fork and hoe to
a depth of 30om and all plots measured 5m x 4m. Incorporation was to a depth of 20 - 30om, The no-till flat plots
were hoe - weeded at the start of the experiment,
Bulk density was determined with 100 om3 soil cores down
to 30om in 10om depth increments, while total porosity was
calculated from dry bulk density values, Infiltration
capacity was measured with a 30om double-ring infiltrometer
using 2om head of water for 2h period, Soil moisture
content was determined thermogravimetrioally from samples
taken at 0-30cm depth in 10-om increments with a soil auger.
Some of the soil samples were air-dried and analysed for pH
aad organic carbon,
Core resistance was measured in-situ
with a hand held penetrometer, The readings were taken 1 day
after reaching field capacity at 10 1 20 and 30om depths,
Three replications of each soil measurement was done per
plot,
608

Okra seeds (NHLae 47-4) were planted by mid-September two
per hill in 2-)om deep holes spaced 1.0m between rows
_
and o.2m within the row. Growth measurements were taken at
50% flowering and leaf area was calculated using Asoegwu's
(1988) equation. Fresh fruit harvests were made 5-7 days
after floral initiation. There were 6 harvests/plant from
20 candidate plants/plot, Dry seeds were obtained from 20
other candidate plants/plots from fruits about to break
colour, Fertilizers, fungicides and pesticides were
routinely applied to the plots, and input costs were
monitored.
HESULTS AND DISCUSSION
The effects of tillage and maize stubble management
techniques on soil physical properties are given in Table 2,
Bulk density and porosity
Measurements of bulk density were measured immediately
after treatments and again just before harvest, Dry bulk
density was reduced by tillage in the 10-20om depth where 80%
of the plant roots abound, The increase in bulk density in
tilled plots over no-till plots at the 20-)0om depth may be
due to plough pan, TI treatment had the highest bulk density
1.39 g/om3 at this depth, Porosity which was calculated from
bulk density data was inversely related to bulk density,
Soil moisture content and pH
Surface trash and incorporated trash increased soil
moisture content irrespective of tillage treatments, with
more moisture retained in the surface trash treatments,
There was an increase in soil moisture content with depth in
all treatments, No-till plots recorded high pH in the 0-20om
depth, while pH was reduced by tillage, Under the tillage
treatment, TI increased pH sl1ghtly while TN had the least
pH values.
Organic carbon
Trash and tillage treatments increased organic carbon,
However, there was a higher increase inNS treatment than in
any other, Organic carbon elements are strongly enriched in
the top (0 - 10om) layer where the values were 0,50% and
above, The incorporated residue in the TI treatment improved
organic carbon in the 20-)0om depth compared to other
tillage treatments.
Cone penetrometer resistance
Tillage and trash treatments decreased cone resistance,
At the plough pan layer (20-JOom) there were substantial
increases in cone resistance in the tilled plots. The high
bulk density of this layer is also indicated by the
penetrometer. However, TI treatment gave the least cone
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resistance average value of about 35N/m2,
Table 2,

Treatment effects on soil phsioal properties
(average of 3 years)
Depth {om)
.NS
TS
TI
NN
TN
0 - 10
10 - 20
20 - 30
0 - 10
10 - 20
20 - 30

1. 36
1.44
1. 29
47.7
44.6
50.4

{Dr;y: bulk densit;y:
1. 38
1.39
1. 40
1.30
1. 31
1. 34

~gLom )

h41
1.36
1. 38

Total EOrosit;y: ~~l
46.9
44.2
45.8
46.2
50.0
47.7
49.6
48.5
46.9

1.33
1.35
1.39
49.9
48.1
46.5

Soil moisture content (%)
0 - 10

10 - 20
20 - 30

16.0
16.9
17.5

21.7
22.4
23.1

,,6, 9
17.6
18,2

20,5
21.3
22,8

1.6, 6
17.2
18,4

lili
0 - 10
10 - 20
20 - 30
0 - 10
10 - 20
20 - '0

~.30

5.33
5.56
5.45

5.03
5.09
5.13

5.18
5.311

0,50
0,31
0,32

Organic carbon ~~l
0.57
0.51i
0.44
0.37
0,32
0.49

5.06
5.14
5.16

5.08
5.14
5.21

0.53
0,40
0,37

0.50

0,33
0,42

Cone resistance NLm 2
0 - 10
10 - 20
20 - 30

68.4
80,7
54.2

49.0
62,1
60.5

30,2
43.8
67.3

42.6
38.3
66,1

29.7
23,6
51.8

Infiltration capacity
Measurements were carried out immediately after treatment
and shortly before first harvest at the end of the vegetative
period, Tillage reduced infiltration capacity while trash
treatment improved it (Table 3), TN had the lowest
infiltration capacity, In no-till plots, surface trash
increased infiltration, The reduced infiltration capacity
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Treatment effects on infiltration capacity
(average of 3 years)
Infiltration 1
Treatment
Rate
Cummulative
( om/2h)
l om/h)
7.0 ± 1.5
No tillage + no trash
61.3 ± 8,5
5,8±3.2
No tillage + surface trash
75.5 ± 6,8
Tillage + no trash
)2.6 ± 2,5
2. 9 ± 3. 1
Tillage + surface trash
41.9 ± 3.4
4.5 ± 1. 9
Tillage + incorporated trash
3.6 ± 2.4
40.1 ± 1. 2
Table J,

1.

The infiltration d~ta fitted the model I
rather that I = StY2 + At.

= at

+

0

of the tilled plots may not be unconnected with the high
bulk density and penetration resistance caused by the plough
pan at 20 - 30om depth.
Table 4.

Effect of tillage and maize stubble management
on plant height and leaf area at 50% flowering
and germination percentage (Average of 3 years)
Treatment
Plant height Leaf 2area Plant
(om)
(om )
establish
ment

•

No tillage + no trash
No tillage + surface trash
Tillage+ no trash
Tillage + surface trash
Tillage + incorporated trash
LSD (P = 0,05)

19.6
25.1
22.9
28.3
32.0
1. 72

282.5
320.9
364.2
360.7
474.6
22,85

70.7
62.6
69.9
64.4
67.5
1.58

Plant growth
Plant establishment was high (about 70%) in no trash
treatments irrespective of tillage treatment (Table 4).
Surfaae trash reduced plant establishment to below 65%.
Despite the low plant establishment in surface trash treatments, plant height and leaf area were high due probably to
high soil moisture content. ~I treatment produced the
tallest plants (J2,0cm) with the largest leaf area (474.6cm 2 )
NN gave the poorest growth parameters.
Yields
Trash + tillage treatments gave the highest yield values
(Table 5). While fresh fruit weight was highest in 'J!S
(8,9 t/ha), dry seed weight and number of fruits/ha were
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highest inTI treatment (0,52 t/ha and 22.2 x 103
respectively), No trash treatments produced the lowest
yield values.
Table 5,

Effect of tillage and maize stubble management on
fruit yield parameters of okra1 (Average of 3 years
Treatment
Fresh fruit
Dry seed No. of
weight (t/ha) weight
fruits~ha
( t/ha)
lx 10 )
No tillage + no trash
6,1
o. 331
13.4
0,388
No tillage + surface trash
14.6
'(.4
Tillage + no trash
6.6
0.376
1:3.9
20,1
Tillage + surface trash
8.9
0.463
22,2
Tillage + incorporated trash
0,520
7.8
LSD lP = 0,05
0,072
4.66
1. 35
1 Yield parameters were estimated from 6 harvests/plant, and
fruit number from 10 plants/plot,
Comparing yield values (Table 6) for the three year
duration of the experiment, TI produced consistently high
yields. In TS treatment, fresh fruit and dry seed weights
decreased with year, while fruit number decreased in NN,
NS and TN,
CONCLUSIONS
The trash-incorporated treatment produced the best
crops in terms of growth and yield parameters due
probably to lower dry bulk density, high porosity
and least cone penetration resistance which may
have increased soil aeration,
Placing trash on the surface reduced plant establishment irrespective of tillage treatment despite the
higher soil moisture content, lt also improved
infiltration,
Tillage and trash treatments reduced the soil pH and
the cone penetration resistance but slightly increased
soil organic carbon.
The net return from TS is the highest but it is not
significantly higher than the revenue from TI,
It appears that, from this study, crop residue
incorporation during tillage affords an excellent
potential in tropical sandy loam soils, because of
the consistently high yields for the three years of
the experiment and its definite improvement in soil
structural stability,
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Table 6,

Yearly yield parameters as affected by tillage
and maize stubble management teohnigues.

1988

Treatment

i 989

1990

Fruit fresh weight (t/ha)

6.4
7.3

No tillage + no trash
No tillage + surfaoe trash
Tillage + no trash
Tillage + surface trash
Tillage + incorporated trash

'1.0

10.5
7.9
1.45

LSD (P = 0,05)

6.5
8,11

6.7
9.4
7.5
1.09

5.4
6.8
6,1
6,8
8,0
1. 27

Dry seed weight ( t/ha)
No tillage + no trash
No tillage + surface trash
Tillage + no trash
Tillage + surface trash
Tillage + incorporated trash
LSD (P "

0,34'
0.3,6
0.370
0.490
0.506
0,092

0,05)

0,284
0.4~0

0.381
0.462
0.519
0.125

0,364
0.358
0.377
o. 437
0,535
0,063

No. of fruits/ha ( x1.03)
No tillage + no trash
No tillage + surface trash
Tillage + no trash
Tillage + surface trash
Tillage + incorporated trash

14.5
15.6
14.7
20.0
21.9

LSD ( P = 0, 05)

3.62

613

13.5
14.4
13.6
21.3
22.4
2,91

1,2. 2

14.8
13.4
19.0
22.3
4.77

Table 7,

Economy of okra production for 3 years under
tillage and maize stubble management,
NN
NS
TN
TS

TI

Production cost (N/ha)
Seed
Fungicide
Pesticide
Fertilizer
Labour costs
Misoellenous

150
900
600
1300
500

150
750
1200
600
1150
500

Total variable cost

3450

Fruit yield (t/*ha)a
Seed yield (t/*ha)
Return on fruit (N) b.
R•~- on seed (N)

150
900
600
1200
500

150
750
1200
600
1050
500

150
500
900
600
1100
500

4350

3350

4250

3750

9.15
0,993

11.10
1.164

9.90
1.128

13.35
1.389

11.70
1.560

4975

5550

4950

6675

5850

1.1:92

1397

1354

1667

1'872

Gross return (N/ha)

5767

6947

6304

8342

7722

Net return (N/ha)c

2317

2597

2954

4092

3972

(a)

Yields per half-hectare are shown separately for okra
fruit and seed and are combined to give return/ha,

(.b)

Selling prices were: N500/t (okra fruits); N1200/t
(okra seeds),

(c)

1 U,S, Dollar exchanges for N8,60 (30/11/90)
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MULCH RATE EFFECTS ON MAIZE GROWTH AND
ALFISOL IN WESTERN NIGERIA

YIELD

ON AN

R. Lal
Department of Agronomy, The Ohio State University
Columbus, Ohio 43210 USA
INTRODUCTION
Mulch farming is a widely recognized soil management
technology with potential to reduce soil degradation.
It protects soil from raindrop impact (Lal, 1976);
increases infiltration rate (Lawes, 1962; Lal et al.,
1980); regulates soil temperature (Harrison-Murray and
Lal, 1979; Maurya and Lal, 1980); and maintains a
favorable level of soil organic matter content (Lal and
Kang, 1982).
One of the principal benefits of mulch
farming lies in water conservation, especially during the
initial stages of soil evaporation (Bond and .Willis,
1969, 1970).
Depth or quantity of mulch also affects
soil moisture storage (Hanks and Woodruff, 1958; Hanks
et al., 1961).
Mulching also enhances soil fertility
both directly and indirectly -- directly through addition
of plant nutrients in the biomass, and indirectly through
alterations of soil's life-support processes e.g.,
mineralization, activity and diversity of soil fauna,
etc.
In fact, nutritive value of mulch may be better
than those of chemical fertilizers (Jurion and Henry,
1969; Jones et al., 1961; Okigbo, 1972).
Greenland
(1975) remarked that mulch farming techniques offer
viable alternatives to the subsistence systems of lowresource farming based on shifting cultivation or bush
fallow rotation.
Rice is rapidly becoming an important crop in humid
regions of West Africa. In contrast to Asia where rice
straw is fed to cattle, in southwestern Nigeria rice
straw can be readily available for mulching and other
uses.
However, effects of rice straw with a high C:N
ratio on soil properties and crop growth have not been
extensively studied.
Mulch-induced changes in soil
properties and crop response depend on the type of mulch.
Okigbo et al (1980) reported significant variations in
crop yields due to nature of the mulch used.
some
mulches interact with fertilizers to reduce soil pH,
immobilize nutrients, increase incidence of pest 1 etc.
and affect crop yield.
The objective of this experiment, therefore, was to
evaluate the effects of rice straw mulch on soil
properties and yield of maize. This paper describes the
effects of different rates of mulch application for three
consecutive years on the growth and yield of maize grown
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during the fourth year. Effects of mulch rates on soil
properties form the subject of another report.
MATERIALS AND METHODS
The experiment was started in August 1979 at the
research farm of the International Institute of Tropical
AGriculture (IITA) 1 Ibadan, in southwestern Nigeria. The
southwestern region of Nigeria lies roughly between
longitude 3• and 6° East and latitude 6° and a• North.
IITA is located approximately 30 km south of the northern
limit of the lowland rainforest with an average rainfall
of about 1000 mm. There are two seasons in southwestern
Nigeria
due
to
bimodal
character
of
rainfall
distribution, the first from late March to late July and
the second from late August to mid-November.
The
experiment was conducted on a soil belonging to EgbedaIwo association. The soil is derived from fine-grained
biotite gneiss and schist parent materials and is
classified as an Alfisol (Paleustalf) .
The soil is
developed on practically a flat terrain.
The experiment was established as per randomized
block design with three replications.
The individual
plot size was 10 x 4 m.
There were five mulch rates,
control (M0 ) , 2 tjha (M2 ), 4 tjha (M4 ) , 6 tjha (M6 ) and 8
tjha (M8 ) of rice straw mulch applied in April and August
every year. The same quantity of mulch was applied twice
a year, in April and August beginning in August 1979.
This implies that 8 tjha plots received 16 tjhajannum of
rice straw mulch.
Mulch was applied for three consecutive years (from
August 1979 through August 1982) without gr01qing any
crop.
Plots were kept free of weeds by spraying with
paraquet (1,1 dimethyl 4, 4 bipyridinium ion) when
needed,
In the fourth year beginning with the first
season in 1983, mulch was applied as usual but maize was
also grown. Maize was grown for two consecutive seasons
in 1983.
Maize (Var. TZSR-W) was sown in mid-April and midAugust 1983, following the application of straw mulch.
Maize was planted according to a no-till system with hand
planters using 75 em distance between and 25 em within
the rows. Initial weed control was achieved through the
application of paraquat at the rate of 2.5 1/ha. Preemergence weed treatment with atrazine (2-chloro-4(ethylamino) -6- (isopropylamino) -S-triazine) at 2 kgjha
was done one day after sowing for both seasons.
All
plots received fertilizer at a uniform rate -- 120 kg of
N in two applications (1/3 at sowing and 2/3 at four
weeks later), 26 kg P and 13 kg Kjha. The fertilizer was
broadcast in the residue mulch. Grain and stover yields
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were measured at harvest.
The Oxygen Diffusion Rate
(ODR) was measured for the first season crop using
platinum micro-electrodes.
The ODR was measured at 15
em depth. Ten separate observations were made for each
plot for every date of measurement.
RESULTS AND DISCUSSION
The climatic factors prevalent during first and
second growing seasons are shown in Table 1. The first
season had a normal rainfall (622.3 mm) with a favorable
distribution.
The second season, however, had a below
normal rainfall (292. 0 mm) and a poor distribution.
There was a little rain in October and
November.
The rain received during early December was
too late to be of any use to the second season crop.
TABLE 1.

Climatic factors during the growing season in
1983 (IITA Annual Report, 1983)
Solar

Month

Rainfall
(mm)

Evaporation
(mm)

g.

c=~~~:r.i~:y

.Ei:rst season
April
May
June
July
August

80.8
236.2
160.8
108.4
36.1

171.2
139.8
114.9
80.7
67.5

458.6
437.2
381.8
371.6
309.9

Sgcond Season
September
October
November
December

139.2
38.3
28.6
85.9

84.6
129.2
145.3
100.5

398.1
453.6
426.9
380.0

Maize Growth and Yield:
The analysis of variance table of F ratio for maize
and stover yields and harvest index is shown in Table 2.
Yield and yield parameters as affected by mulch rates are
listed in Table 3.
Mulch had no effect on germination
or seedling establishment. The average stand ranged from
69 to 92 percent.
The grain yield of maize during the first season was
significantly affected by mulch rate.
The incremental
increase in grain yield was the highest between M0 and M2
treatments (18%). The overall increase between M0 and M6
treatments was 33.8%.
The response of stover yield
during the first season was similar to that of the grain
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yield, The increment in stover yield observed between
M0 and M2 treatments was 9, 4%,
The overall increase
between M0 and M8 treatments was 59.6%. There was little
difference in grain or stover yields between M6 and M8
treatments. The harvest index during the first season
increased with mulch rate up to M4 treatment and then
decreased. The second season crop was a failure. There
were no grains. The stover yield, although low, followed
trends similar to that of the first season crop (Table
3) •

Regression equations relating crop stand and yields
with mulch rate are listed in Table 4.
There was no
correlation between crop stand and mulch rate. However,
grain and stover yields during the first season and
stover yield during the second season were positively and
linearly correlated with mulch rate. The harvest index,
however, was negatively correlated with mulch rate.
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TABLE 2.

Analysis of variance table of F ratio
F

Blocks (B)
Mulch rate (M)
B X M

TABLE 3:

crop
stand

df

Source

grain
yield
first
season

NS
NS
NS

2
4
8

straw
yield
first
season

NS

NS

270*

3.36*

NS

NS

Ratio
harvest
index
first
season

straw
yield
second
season

NS
NS
NS

NS
NS
NS

Mulching effects on maize yield in 1983
First season

"'
::5

Grain

Mulch Rate
(tjha)
0
2
4
6
8

Germination

%

Yield
tjha

Stover
Yield
tjha

Harvest
Index
tjha

Second season

stover Yield
tjha

8L3
68.8
9L7
75.0
85.4

3.94
4.66
4.86
5.17
5.27

4.78
5.33
5.23
7.43
7.53

45.1
45.6
48.2
4L6
4L6

0.88
0.91
L17
L34
L54

35.8
29.1

L01
0.82

2.25
L83

7.13
5.79

0.56
0.45

LSD
0.05
(ii) 0.10

( i)

---------------------------------------------------------------------------

TABLE 4.

Season

Regression Equation

First
First
First
First
Second

Crop stand (%)
Grain yield (t/ha)
Straw yield (t/ha)
Harvest index (%)
Straw yield (t/ha)

****

"'
~

Regression equations relating maize yield (y) with mulch rate
(x, t{ha)
correlation
Coefficient

= 77.6
= 4.15
= 4.65
= 46.6
= 0.82

= significant at 0.001 level

+
+
+
+

o. 72x
0.158x
0.366x
o.55x
0.088x
**

=

0.26
0.95****
0.91****
-0.61**
0.98****
significant at 0.05 level

Oxygen Diffusion Rate (ODR):
The ODR was not significantly affected by mulch rate
treatments (Table 5) . In general, however, ODR decreased
with increase in mulch rate (Table 6). The decrease in
ODR at high mulch rate was particularly noticeable if the
soil was wet, as is the case shortly after a heavy rain.
Higher soil moisture retention under mulch is a logical
cause of reduction in ODR in treatments with high mulch
rate than in low mulch rate or control treatments.
However, crusting and formation of surface seal are
principal factors of low ODR in control and low mulch
rate treatments.
Because of these compensatory.
mechanisms, there were no significant differences in ODR
among different mulch rate treatments
(Table 6).
Expectedly, therefore, there was no correlation between
mulch rate and ODR (Table 7).
TABLE 5.

Analysis of variance table of F ratio for the
Oxygen Diffusion Rate
ate
df

Source

Block
Mulch
BxM

TABLE 6.

2
4
6
8

NS
NS
NS

2
4
8

30 May 1983
3.97**
NS
NS

Effects of mulch rate on oxygen Diffusion Rate
(p.gfcm 2 jmin.)
·

Mulch Rate
(t/ha)
0

9 May 1983

Oxygen Diffusion Rate
9 May 1983
30 May 1983
0.602
0.659
o. 427
0.492
0.440

0.714
0.674
0.591
0.696
0.695

0.26
0.21

0.18
0.15

LSD
(i)
0.05
(ii) 0.10
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TABLE 7.

Repression equations relating mulch rates (x)
and the Oxygen Diffusion Rate (ODR)
Correlation
coefficient

Regression Equation
ODR (~gjcm 2 jmin.) = 0.622 - 0.025x
ODR (~gjcm 2 jmin.) = 0.677 - 0.0009x

-0.76
-0.055

****

CONCLUSIONS
The data presented supports the following conclusion:
Mulch application had significant effects on the
grain and stover yield of maize.
Maize grain and stover yields increased linearly
with increase in mulch rate.
The optimum rate of mulch for this soil was 4 to 6
tjha of dry straw applied each season.
Harvest index was the maximum for mulch rate of
~t/ha (M4)
Even at high rate of 16 tjhajannum mulch was not a
substitute for chemical fertilizers.
However, the
rate of chemical fertilizer can be reduced by
judicious application of mulch.
The second season crop in extremely risky due to
low, erratic and unreliable rainfall.
Mulch and fertilizer improved grain yield only when
the rainfall distribution is favorable and soil
moisture was adequate.
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FERTILIZATION AND ROTATION OF THE SOYBEAN CROP IN THE SOUTH
OF BRAZIL
C,M, Borkert, c de A. Gaudencio and A.F. Lantmann. National
Soybean Research Center - EMBRAPA. 86.001 - Londrina, PR.
Brazil.
INTRODUCTION
Soybean cultivation at the end of the sixties was mostly
in the temperate region of the southern states when the
cultivated area started to expand to virgin tropical soils
of central Brazil regions. The boom of soybean production
occurred in the seventies when cultivated areas increased
from 1.32 million hectares to 8.77 million tons (Bonate and
Bonato, 1987) .
This expansion was pushed toward central Brazil mainly
on high weathered oxisols and ultisols low in phosphorus
and very acidic, with high soluble manganese and aluminum
in soil solution. Due to the age of parent material, high
temperature and excessive rainfall, which is greater for
leached soils in tropical regions than in temperate regions,
nutrient reserves are reduced, Hence these soils are less
fertile when compared with soils of temperate regions. One
important
process
contrasting
these
soils
is
the
mineralization of crop residues which can proceed at
temperatures down to the freezing point but is markedly
accelerated at higher temperatures.
Therefore organic
matter decomposition in tropical soils is more rapid than
in colder regions.
Moisture level likewise affects soil microorganism
respiration, and the environment must contain sufficient
water for maximum microbiological action.
Other factors
being equal carbon mineralization is most rapid in neutral
to slightly alkaline soils. Consequently, liming tropical
acidic soils enhances carbon volatilization and accelerates
the decomposition of crop residues.
All these aspects
should be considered when a soil management system is
adopted to cultivate tropical soils wishing to obtain and
maintain high soybean yields on a long term basis.
The purpose of this paper is not to make a complete
review of all information dealing with fertilization and
rotation of soybeans.
Instead the intention here is to
share the experiences in soil management which have been
obtained in the last twenty years of research in tropical
soils especially in the state of Parana.
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SOYBEANS AND WHEAT SOIL FERTILITY REQUIREMENTS
Although soybeans require more nutrients to produce one
metric ton of grain compared to wheat (Table 1) this crop
is less demanding on soil fertility than the cereal. While
the Brazilian soybean varieties grow relatively well without
fertilizer, wheat varieties respond much more to phosphorus
in acidic soils (Figure 1). This behavior suggests that
Brazilian soybean cultivars are more tolerant to low fertile
soils than wheat varieties and they may also be more
efficient in the uptake of nutrients in acidic soils
conditions. Although soybeans may be grown in adverse soil
conditions, high yields may only be obtained with the
neutralization of soil acidity and an application of a
corrective phosphorus fertilizer.
NUTRIENT NEEDS OF SOYBEAN AND FERTILIZATION
According to Kurtz (1976), soybeans have the reputation
among many agriculturalists of being insensitive to direct
application of fertilizers and improved levels of soil
fertility.
This may be true for soybeans cultivated in
temperate regions where the soils usually are of high
fertility. However, in the acidic soils of the tropics low
in phosphorus, the response in grain yield to fertilizer
application may be high.
In order to get high yields in
tropical soils, first it is necessary to neutralize soil
acidity. The beneficial effects of liming very acidic soils
on soybean production are unquestioned. While the soybean
is not as sensitive to soil acidity as alfalfa, sweet clover
and wheat, large increases in yield are obtained by liming.
The optimum pH for soybeans in tropical soils is generally
considered to be between 5.6 and 5.8, since below this level
aluminum toxicity may occur (Martini, et al., 1974).
Nitrogen, potassium and phosphorus are required by
soybeans, respectively, for the total amounts in the plant
(Table 1). The plant nitrogen needs are 60%-70%, provided
by N-fixed symbiotically and the other 30%-40% comes from
soil organic matter.
However, several experiments have
demonstrated that for high yields (3,500-5,000 kgfha), often
the nitrogen fixed symbiotically is not enough to supply the
soybeans' needs. Some surveys done on Parana farms in the
last two years (Lantmann et al., 1988) on high productive
(more than 4, 000 kgjha) soybean fields have shown that
nitrogen in the upper leaves at the flowering stage was more
than 5%. While in another field, where the yield reached
only 2,000 kgfha, the nitrogen in leaves was less than 4%.
This would indicate that nitrogen could be limiting the
yields on these fields.
This subject deserves much more
research and this points out that soil nitrogen and N-fixing
bacteria are not supplying enough of the soybean's nitrogen
needs for achieving high yields. Here is a suggestion for
future research, and also a challenging task for soil
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microbiology scientists to
symbiosis by Rhizobialegume.

increase

the

efficiency

of

With some exceptions the great majority of soils in the
south of Brazil are naturally very low in phosphorus.
Therefore, the response of soybeans to phosphorus is high
and several calibration experiments have been done in the
last twenty years.
The phosphorus applications suggested
in the State of Parana are given in Table 2.
Since a
corrective
phosphorus
application
is
usually
not
recommended, P-maintenance for soils recently cultivated is
higher for building-up the soil over a four year period.
Potassium is the second more required nutrient by
soybeans (Table 1), but until recently little response to
this element has been found in the soils of southern Brazil.
However, with the intensive soil cultivation by the soybeanwheat double cropping system, in four or five years the
exchangeable-potassium is almost depleted where no K is
applied.
Hence, in Table 2, potassium is suggested in
fertilizer recommendations for soybeans in two classes--for
soils recently cultivated and for the ones cultivated by
more than three years.
Except for some sandy soils and in some "cerrado" soils
in which a response to zinc was found, no response to
micronutrients has been found until recently in soils of the
south of Brazil.
It is believed that in the near future
some micronutrient deficiencies will show up because of the
higher uptake by the crop with new cultivat.ion technology.

INFLUENCE OF SOIL MANAGEMENT SYSTEMS
LEVELS IN THE TROPICS

ON

SOIL

FERTILITY

Some soils of the state of Parana have only been
cultivated for twenty years.
These soils have received
applications of lime, corrective phosphorus fertilizers and
maintenance fertilizers which have built-up a fertility
status capable of maintaining high yields. However, after
several years of cultivation with the soybean-wheat double
cropping system, the yields start to decline in spite of the
fact that chemical analysis shows high availability of
nutrients in some soils.
In the conventional system of
cultivation, the soil is plowed and disked at least twice
a year. This heavy traffic of machinery on the soil usually
results in a compacted layer which acts as an impediment and
inhibits downward root growth.
This layer also decreases
water percolation,
enhancing the disruption of soil
aggregates increasing the erosion. Hence, this conventional
system which keeps the soil surface without any protection,
usually in the rainy season when there are big thunderstorms
with about 60 to 100 mm of rain in one hour, is not feasible
for the tropics.
Sances, et al. (1982) demonstrated that
continuous cultivation of tropical soils is only possible
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with the use of appropriate technology especially developed
for tropical regions.
One system which was successfully
introduced in the state of Parna about twenty years ago was
the no-till system (Derpsch, 1984). In this system the crop
residues and chemicals are kept on the soil surface as a
mulch and the crops are sown in a trench (furrow) with a
drill furrow (sowing machine especially designed for no-till
system).
The mulch improves the water conservation, the
stability of soil aggregates, markedly reduces soil
temperature and the losses of water and soil particles by
erosion (Vieira, et al., 1978; Sidiras and Pavan, 1985).
Borkert and Lantmann (1987), in their discussion of the
aspects of soil fertility in no-till system, reported the
behavior of nitrogen, phosphorus and potassium and the
effect of lime application.
The success of the no-till system depends on the
preceding crop which should have an aggressive root system
to break the compacted layer, explore the deep layers of the
soil recycling the leached nutrients and should produce a
great volume of bulk organic matter (large organic matter
mass) on the soil to stay as mulch.
Two species which have an aggressive root system are
black oats (Avena strigosa) and guandu (Cajanus cajan).
Torres and Neumaier (1988) tested the efficiency of some
plant species on loosening compacted soil. They mentioned
that Crotalaria mucronata and Cajanus cajan have the best
root system to break densified soil layers.
Camp, et al.
(1979) and Igue, et al. (1984) suggested some grasses and
legumes to be used as cover crops (Table 3) in the no-till
system in southern Brazil. The no-till system also has a
pronounced effect on soil fertility levels.
Sidiras and
Pavan (1985) observed a significant increase in pH,
effective
cation
exchange
capacity
(CEC),
calcium,
magnesium, potassium and phosphorus and a decrease in
aluminum saturation mainly near the soil surface under notillage and permanent cover of soil in comparison to
conventional tillage (plowing and disking) . Also, Muzilli
(1983) mentioned improvement in soil fertility and in
increase in organic matter of the soil due to no-till
cultivation.
These results indicate improvements in the
soil chemical properties under the management system in
which the plant residues are returned to the soil surface,
recycling nutrients from deep layers of the soil, leading
to a favorable environment for a healthy and chemically
well-nourished plant by providing all essential nutrients.
This is also made possible with the return of crop
residues to the soil which increases the activity of
microorganisms.
Nuernberg, et al.
( 1984) observed n
increase on population density and activity of soil
microorganisms,
an increase in the concentration of
inorganic nitrogen in the soil related to the amounts of
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crop residues added to the soil obtained by the different
types of fertilization.
NO-TILLAGE SOYBEAN CULTIVATION AND CROP ROTATION SYSTEM
The adoption of the no-till cultivation for the doublecropping soybean-wheat system was a success in avoiding soil
losses by erosion because of the enhancing of water
infiltration, increasing soil moisture, maintaining soil
fertility, and improving the biological life of the soil,
which allowed sustainable high yields on a long term basis.
This system is very convenient for the farmers because it
makes it possible to obtain two crops in one year on the
same land keeping the soil covered almost all year round.
Soybean and wheat crops also produced large amounts of
biomass for mulch after harvesting (Table 3) .
However,
several years of successive cultivation of a soybean-wheat
rotation in the same area bring about several plant disease
problems, (on soybean and particularly on wheat), plant
pests and also increased populations of soil inhabiting
insects.
These problems may be overcome by a crop rotation
system.
Several experiments were set up to find a better
crop rotation to fit with cash crops like soybeans and wheat
which farmers would willingly accept. After several years
of research, some systems were tested successfully.
For
the conditions of soil and climate in the region of campos
Gerais in southern Parana, Cervi (1987) suggests four
systems of crop rotation which allow a greater flexibility
in the no-till soybean cultivation.
One of these systems which was preferably adopted by the
farmers starts with half of the farm seeded with wheat while
the other half is planted with black oats (Avena strigosa)
which is tumbled by a roller knife roll at the flowering
stage.
After the wheat is harvested, a desiccative
herbicide is applied over the whole area to kill the weeds
and the remaining black oats which weren't cut by the roller
knife or have sprouted again. Then soybeans are planted in
three-fourths of the area in the summer season. During the
next winter black oats will be sowed on the other half and
so on. Since the wheat is heavily fertilized (up to 110 kg
P 0/ha and 85 kg 0/ha), soybeans are grown with very little
or no fertilizer.
Corn is the rotation crop in the summer
time and it is cultivated on one-fourth of the farm, so one
time in every four years this cereal grass is planted in the
same area (Table 4).
In this system of crop rotation,
always half of the area is wheat planted in the winter and
three-fourths with soybeans in the summer.
All the crops
are no-till sown--even the corn and black oats and some
legumes are sown as cover crops for mulch,
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Another option of rotation can be designed depending on
the needs and the area of each farm.
Gaudencio, et al. (1988) have been conducting several
experiments which crop rotation systems in north and west
Parana since 1984.
Although they did not conclude the
experiments as of yet, some inferences were drawn. Higher
yields of wheat and soybean were obtained with the treatment
in
which
the
rotation
crops
were:
Lupinus
angustifoliusjsoybeansfLupinus angustifolius/soybeansfwheat/
soybeans,
They also reported that Lupinus angustifolius
planted before corn improved yields and saved nitrogen.
Black oats (Avena strigosa) was the best cover crop and it
has improved soybean yield when covering the soil as mulch
(Gaudencio, et al., 1988),
CONCLUSION
Tropical soils may produce high soybean and wheat yields
once they are properly managed. The most important point
in this management is that soils must be covered with a crop
or mulch throughout the year to avoid soil erosion, save
water, keep soil temperature low, control weeds and
recycling nutrients, and saving fertilizer.
When it is
necessary to plow and to disk (for example, to apply lime
or a corrective fertilization), it should be done in the
least rainy month of the year and immediately sown with a
cover crop.
The best management for the soybean-wheat
double-cropping is the no-till sown with a properly chosen
crop rotation fitted for each ecological region or farm.
NOTES
Clovis Manuel Borkert, celso de Almeida Gaudencio and
Aureao Francisco Lantmann, EMBRAPA-CNPSO, caixa Postal
1.061, CEP 86.001, Londrina, PR. Brazil.
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TABLE 1.

Average nutrient needs of soybean and wheat for producing one metric ton of grain

-----------------------------------------------------------------------------------------Soybean
Wheat2
1

Nutrient

content in
1 metric ton
of grain

Content in
crop 3
residues

Total

content in
1 metric ton
of grain

Content in
crop
residues

Total

----------------------------------kgjha-----------------------------------N
PzOs
K 20

s
ca
Mg

51
10
20
3.4
3 •0
2.0

32
5.4
18.0
10.0
9.2
4.7

83
15.4
38
13.4
12 . 2
6.7

23
9
5
3
0. 7
1.5

;~~-------------------------------gjha-------------------

B
cu
"' Fe

~

~

Mn

zn
Mo

100

---

---

20

700
300
400
5

:::

-----------

30
60
70
110
5

1
Borkert (1986)
2siqueira (1988)
3Leaves, petioles and stalks

--:::

6
4
17
3
4.3
0.5

29
13
22
6.0
5.0
2.0

-----------------

TABLE 2.

Fertilizer recommendations suggested for soybeans in the state of Parana (Sfredo
et al., 1980)
Nutrients to Apply in the Row at Planting Time (kgjha)

Soil
p

Low

Medium

"'w
"'

High

Analysis
K

Low
Medium
High
Very High
Low
Medium
High
Very High
Low
Medium
High
Very High

CUltivated
~

Pz05

0
0
0
0
0
0
0
0
0
0
0
0

40-50
40-50
40-50
40-50
30-40
30-40
30-40
30-40
20-30
20-30
20-30
20-30

Recently Cultivated Soils2

Soils 1
K 20

~

60
45
30
0
60
45
30
0
60
45
30
0

Pz05
0
0
0
0
0
0
0
0
0
0
0
0

90-100
90-100
90-100
90-100
60-70
60-70
60-70
60-70
40-50
40-50
40-50
40-50

KzO
45
30
15
0
45
30
15
0
45
30
15
0

------------------------------------------------------------------------------------------

P and K soil test interpretation for H2S04 0,025N + HCl 0.5N)
P (ppm)
K (meg/lOOg)
Low
Medium
High
1

--------< 3
3 - 6
> 6

-------------< 0.10
0.11 - 0.29
0.30 - 0.39

<
39 ppm)
( 40 - 115 ppm)
( 116 - 155 ppm)

(

soil that has been cultivated with soybeans for three years or more, with high phosphorus
inputs and low potassium fertilization.
Usually the management conditions of state of
Parana farmers.
2soils that have been cultivated with soybeans less than three years in areas of naturally
low fertility soils. That is, low phosphorous and high potassium levels in the soil.
3The use of nitrogen fertilizer is not recommended, since the seed should be inocculated with
Rhizobia strains.

TABLE 3.

Some grasses and legumes species suggested to be used as cover crop for
the no-till system in the south of Brazil.

Species

w
"'
~

Stilozobium Aterrimum
Dolichus lab-lab
Crotalaria juncea
Cajanus cajan
Lupinus albus
Lupinus angustifolius
Avena strigosa
Lollium multiflorum
Glycine max
Triticum aestivum
1
campo
2

et al. (1979).
Igue et al. (1984).

(in parenthesis
common names in
Portuguese)
(mucuna preta) 1
(lab-lab) 1
(crotalaria) 1
(guandu) 1
(tremoco branco) 2
(tremoco azulJ 2
(aveia preta)
(azeven) 2
(soja) 2
(trigo) 2

Biomass (t/ha/year)
Green Matter
10
7
16
9
20
20
30
20
15
20

-

36
44
54
33
45
60
60
30
18
30

Dry Matter
7
5
10
5
2
2
2
2
4
2

-

14
12
16
14
5
6
6
6
5
3

TABLE 4.
Year

Farm division in four plots 1
Plot 3

crops
Participation

Season

Plot 1

Plot 2

Winter

Wheat

Wheat

Black Oats

Black Oats 2
(or a legume)

Summer

Soybeans

Soybeans

Soybeans

Corn

3/4 Soybean
1/4 Corn

Winter

Black Oats

Black Oats 2 Wheat
(or a legume)

Wheat

1/2 Wheat

Plot 4

1/2 Wheat
1/2 Cover Crop

1

2

Summer

Soybeans

corn

Soybeans

Winter

Wheat

Wheat

Black oats 2
Black Oats
(or a legume)

Soybeans

3/4 Soybeans
1/4 corn

w
"'

~

1/2 Wheat
1/2 Cover Crop

3

Summer

Soybeans

Soybeans

Corn

Soybeans

Winter

Black Oats 2

Black oats

Wheat

Wheat

1/2 Wheat
1/2 Cover Crop

summer

Corn

Soybeans

Soybeans

Soybeans

3/4 Soybeans
1/4 Corn

3/4 Soybean
1/4 Corn

4

1
cervi (1987).
2Half of the area planted with black oats can in winter be changed by a legume in the plots
which will be corn planted in the summer.
Another species is the Lupinus sp., which is
beneficial to the corn.

INFLUENCE OF REDUCED SOIL TILLAGE ON GRAIN YIELD
OF MAIZE UNDER AGROECOLOGICAL CONDITIONS OF
EASTERN CROATIA
I. Komljenovi6lE
lE Agricultural institute, Osijek, Yugoslavia
Introduction
Besides wheat and sugar beet, maize is considered to be the
most import~t crop grown on the arable land of Yugoslavia. It
is grown on approximately 2 234 000 he, which is a large share
of the total hectarages used for sowing of the agricultural
crops, The preceding crop are mostly cereals.When so, the
tillage treatment applied is usually a reliavle standard system
whioh ensures high yield on the one hand and very high production oosts on the other, Among the others, for this reason,
there is a tendency of a wide use of some new soil tillage systems, primarily of the reduced soil tillage. Its spreading is
intensified for some economocal, ecological and organisational
reasons, Certain positive results have already been obtained
in Yugoslavia, indicating that is maize production it is possible to apply some reduced tillage treatments without affecting negatively the level of maize yield.
This paper considers in detail some of the advantages of
applying certain reduced tillage treatments in maize production under agroecological conditions of the Eastern Croatia.
Methods
The investigations of the effects that reduced tillage has
on maize yield were carried out on an Eutric cambisol of the
Eastern Croatia from 1986 to 1988. The experiment included six
different soil tillage treatments (main factor-A) and four
types of fertilization (subfactor B). Table 1, shows the tillage treatments as applied with varius degree of reducing with
regard to the soil depth and the frequency of the application,
involving also zero-tillage, The experiment was established in
a randomized block desing according to the split-plot method
with four replications. The plots where the effects of the reduced tillage treatments and fertilization were to be determined measured 400 and 100 m2 , respectively (Table 2.). Maize
(OsSK 407) was sown with a pneumatic planter at a population
of 60 000 plants/he on 27th April 1987, whereas for the plots
without soil tillage, a no-till planter was used.
weed control on plots without soil tillage obtained by the
application of the total herbicide Gramaxone (5 1/ha) in
spring and autumn, before the weeds produced seeds, and seven
days prior to planting. After the planting, the whole experimental plot received the selective herbicide Primextra (5 1/ha).
Results
The results obtained in this investigation were influenced
by the soil tillage treatment and weater conditions. It should
be emphasised that during the vegetation (from April to the
end of September) of the 1987 growing season, the maize plots
had as much as 387 rom of precipitiations. However, during the
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Table 1.

Cultivation treatments for maize

Summer
stubble field
Ax shallow plou1 ghing (10-15cm)
Stubble field
A2 shallow discing
(10-15 em)
Stubble field
A3 shallow discing
(10-15 em)
Stubble field
A4 shallow discing
(10-15 em)

Autumn
Ploughing
(30-35 em)

Chisell
ploughing
(30-35 em)

Spring
Discing and seedbed
preparation (vibrocultivator)
Discing and seedbed
preparation (vibrocultivator)
Discing and seedbed
preparation (vibrocultivator)
Discing and seedbed
preparation (vibrocultivator)

Disc harrowing (10-15
em)
Ploughing
(15-20 em)

A5

Zero-tillage

Zero-tillage

Zero-tillage

A6

stubble field
shallow ploughing (10-15 em)

Chi sell
ploughing
(30-35 em)

Discing and seedbed
preparation (vibrocultivator)

I

Conventional soil tillage

Table 2.
Treatments of fertilization for maize
Fertilization
Nutrients rk~{_ha).
treatments
---R-------r-o--~-~
~-o--------2 5
subfactor (B)
2

--

100
150
200

150
200
250

150
200
250

vegetation of the succeeding year, there were only 282 mm,
which strongly affected the maize yield. Yet, there were no
significant air temperature deviations from the mean value.
Maize yields obtained in the 1987 and 1988 growing seasons are
shown in Tables 3. and 4.
According to the results shown in Tables 3. and 4,, it can
be concluded that the conventional tillage (A =9925 kg/ha)
gave the highest maize yield in 1987. whereas 1 in 1988 the
highest yield was obtained on plots under chisell-ploughing
and preceding stubble field ploughing (Ah=6770 kg/ha). However,
judging by a two-yearmean, it is possibl~ to say that the conventional tillage (A 1 ) was shown to be the most suitable tilla~e treatment, since it gave the highest yield. Naturally, mean
y1elds did not show the variability of data caused by various
weather conditions during the investigation. l'laize yield
obtained in 1987 on plots without soil tillage was highly
significantly lower by 13,9% (As=8713 kg/ha) 1 when compared to
the yield of the conventional tillage. Yet, 1n
the 1988 growing season, the plots without soil tillage gave higher yields
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Table 3.

Grain yield at 14% moisture (kg/ha) at different
cultivation treatments and fertilizer treatments
on Eutric cambisol soil
Cultivation
Level of fertilization
( subfactor B)
t rea t men t s
Average LSD
(factor A) _ _B_o___B_l___B_2___B_3___ (A)
(B)
5% 1%
!2~Z

8420
8622
8597
8042
5140
8722

__ ;r~~!:

10387 10562
9340 10050
9137 10072
9282
8800
9302 10907
9812
7980

10330
9302
10578
9090
9502
9495

7924

9228
A1Bl-A2Bl
760
1020

------------

320

430

A

600
830

!2§§ __ ;r!!~!:

Table 4.

Average (B)

9925
9328
9595II
8803II
8713
9002II

6810
5860
5990
5737
6170
6610

6800
6217
5772
6147
6437
7000

6282
5780
5650
6077
6905
6987

6702
6252
5797
6062
7277
6482

6648
6027II
5802II
6006u:
6697
6770

6196

6395I

6280

6429

6325

180

240

A

340
470
in comparison to the conventional tillage. The difference was,
however, not statistically significant.Some other authors, too,
have collected data which varied due to the climatic conditions
and the type of the soil under zero-tillage. In an investiga-·
tiona by M i s o vi 6 et al (1970), it was found that a notilled chernozem a yield higher by 12,38% than the conventional tillage. The same was found K o s ova c (1972), Van
Doren
and
Trip 1 e t t (1969), L a 1 (1982),
H e r t o g et al (1989) etc. The lowest yield obtained in
1987 on plots without tillage was among other factors also due
to a very intensive weedness. As a rule, the following perennial weeds have developed on the no-tilled plots: Convolvulus
arvensis L., Sorghum halepense L., Cirsium arvense L., wheares
among annual weeds, the one that spread most was Setaria glauca L.,Similar data were obtained by Koso v a c (1972),
who emphasized that a continous maize production either without
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soil tillage or under discharrowing is not reliable, since the
decrease in yield is in most cases coused by perennial, primarily by Convolvulus arvensis L. Low yields obtained on notilled plots ~1ere also observed by R a d i 6 (1977) in an
investigation carried out on an Eutric cambisol in the region
of Osijek, Vi d en o vi 6 (1982), Z u g e c (1986) on
a meadow non-calcareous chernozem, pseudogley on level terrain,
V a n
D o r e n et al (1976)on clay silt loam soil.
The results of investigating the effects of continous discharrowing (A ) showed that this tillage gives similar yields.
However, yiefd fluctuations were not as high as those observed
on the no-tilled plots. Yield obtained on plots under discharrowing ~1as also affected by climatic conditions, which ~1ere
variable during the two-year period.
In the 1987 growing season, a continous discharrowing had
a yield lower by 597 kg/ha than the conventional tillage, yet
with the difference being non-significant. On the contrary,
the yield obtained in 1988. under the continius discharrowing
was highly significantly lower by 621 kg/ha (11%) than that
under the conventional tillage. In comparison to the conventional tillage, lower yields obtained under discharrowing were
found by To do r o v
and
S t o in e v
(1970), by 7%
- a vertisol near Sofia. The yield produced in 1987. under
shallow ploughin (A ) was 9595 kg/ha, being equal to that under the conventionaf tillage. Yet, due to the driught in 1988.
shallow ploughing gave the lowest yield (5802 kg/ha), which
was highly significantly lower by 846 kg (15%) than the yield
under the conventional tillage. When comparing the yield levels
obtained in two years, yield fluctuations under this tillage
were observed. The yield difference between two-years was 2793
kg/ha in favour of the yield obtained in 1987 (Table 3. and 4).
This confirms that the lack of moisture in soil under shallow
ploughing is the main limiting factor for achieving constant
and high maize yields. The majority of earlier investigations
showed that there were no significant yield differences between
the shallow and deep ploughing. K o s o v a c (1967) did not
record any statistically significant yield differences between
the ploughing (30, 20 em) and discharrowing (5 pm) on chernozem
whereas
S t o j a n o v i 6 (1971) found that the maize
yield was lower under deep ploughing (30 and 40 em) in comparison to ploughing at thedepth of 20 em. Neither M i 1 o j i 6
et al (1976) nor
B u t o r a c et al (1982) nor
Dr e z g i 6 et al (1981) recorded statistical yield differences
between the ploughing (20 em) and the conventional tillage.
In our investigations, statisfactory results have been
obtained with the application of a chisell plough with preceding stubble field ploughing (Ah). Altough in 1987. this tillage gave highly significantly 10~1er yield in comparison to the
conventional tillage, in 1988. it gave the highest yield, which
was still not statistically significant when compared to the
conventional tillage. Together with some positive changes of
the soil, the above-mentioned tillage can provide a successful
replacement of the conventional tillage. High yields under
this tillage 1~ere obtained in investigations by P u p o n i n
(1989) and
H e i 1 m a n (1988).
Investigating the soil tillage is almost always associated
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with mineral and organic matter fertilization. A special interest has been shown in their interaction, that is, their com•
pensatory effects. Our investigations showed that the mineral
nutrition produced the highest compensatory effects on plots
without soil tillage. In the first year of the investigation,
the application of N, P 0 and K 0 at the rates of 200, 150 ·
and 200 kg/ha 1 respectifefy, gav~ 10907 kg/ha, the yield being
highly significantly lower by 5767 kg (113%) than that obtai- ·
ned under the same tillage on the non-fertilized area. The
yield obtained on the non-fertilized plot was the highest one
within the whole experiment. A high compensatory effect of
the fertilization was observed in an investigation by V i d en o vi 6 (1982), where the yields obtained on plots
without tillage and under the conventional tillage were increased by 26,68 and 2,8~~. respectively.The fertilization
had the lowest effects in both years on the plots under heavy
disc stubble cleaning and under the basic soil tillage (chisel-plough A ) •
A study
the effects of tillage treatments on physical
soil properties showed that varius treatments did exert some
influence on the above mentioned properties. It was found
that more pronounced changes of the properties occured with
the reducing of the tillage. A highly significantly increase
in bulk density (BD) was found in 1988. in the uppermost layer of the no-tilled plot, where as the BD increase was significant at the depth of 20 to 30 em. The BD obtained at the
depths of 0-10 and 20-30 em was highly significantly decreased in both years on plots under chisel-ploughing (A , A ).
The increase in.the BD on plots without soil tillage 4was 6 found
by
T r i p 1 e t t
et al (1968), To do r o v
and
S to in e v
(1970)
Z u g e c (1986), Hargrove
et al (1988), La 1 ~1988). The decrease in the BD under
chisel-ploughing >las recorded by S h a r m a
et al (1988)
in an investigation conducted on an Alfisol of India, and
H e i 1 m a n (1988) an incliened soil under erosion.
With the increase in the BD under the conventional soil
tillage, the increase or the decrease in the soil resistance
(SR) was observed under the same tillage treatments (Table 6).
In most cases, a significant increase (P=O,l%) in the SR was
found at all depths of the plots without tillage. A very
high increase was noticed at the following depths: 0-10 em
and 10-20 em. The increase in the SR on plots without tilage
was found by 7 u g e c (1986), K o n s t a n t i n o v i 6
(1982). In the latter investigation, the SR (5855 kPa) was
highly significantly higher than that under conventional tilla~e. The same was recorded by Co o t e
et al (1989),
K a yo m b o
and
L a 1
(1986). In comparison to the
conventional tillage, the application of a chisel-plough
decreased the SR by 39,2% (P u p o n i n, 1988). In our investigations, the SR on plots under chisel-ploughing was reduced
ba 248 kPa or 15% (A4 ).

ot
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Effect of soil til~age on bulk density (BD)
(Stv - g/cm )

Table 5
Cultivation
treatments
(factor A)

1,55
1,54
1,55
1,44
1,56
1,42

1,36
1,38
1,35
1,28
1,50
1,23

1,57
1,60
1,61
1,52
1,53
1,44

1,48
1,51
1,47
1,45
1,51
1,37

1,54
1,55
1,60
1,53
1,54
1,46

1,45
1,45
1,42
1,46
1,49
1,39

P(l% =0,08

0,06
0,08

0,05
0,07

0,04
0,06

0,08
0,11

o,o4
0,06

Al
A2
A3
A4
A5
A6

-------------P(5%~=0,05
LSD

-------------Table 6.

Effect of soil tillag~ on penetrometer resistance
(SR - kPa/cm )
1097
1481
1448++ 1884++
927___
1232
1241
1282
1892+++2094+++
2024+++1360

Al

A2
A3
A4
A5
A6

1657+++2328
2209
2163
1878-1650
1605
1693___
2241+++1990-2236+++1873--

2430
2813++
2391
2363
2992++
2960++

2668
2449
2492
1994___
2470
2514

( +++) or (---) = p ~0,1%)
(++) or (--) = p 1%)
or (-)
(+)
p 5%)
Conclusions
The two-year investigations carried out under the agroecological conditions of the Eastern Croatia (an Eutric, brown
antropogenised soil near Osijek) in order to determine the
effects of the reduced tillage treatments on maize yield and
physical soil properties provided us with the following conclusions:
1. Maize yield was affected by the soil tillage treatment. Weather conditions, too, had some influence on the level of
yield obtained. The highest yield was obtained under the
conventional tillage (A ).
2. The reduced tillage tre~tments decreased the maize yield
~Ti th the reducing of the tillage:
a) chisel-ploughing with stubble field shallow ploughing
gave satisfactory yields; however, they were lower than
those obtained under the conventional tillage. This tillage treatment could be acceptable from the economical
and plant production standpoints,
b) tillage treatment which involves stubble field shallow
discing with a heavy disc, and the basic tillage with
chisel-plough (A~), gave the lowest yields. For this
reason, chisel-ploughing should be applied with with
shareplough stubble cleaning only.
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c) shallow tillage which includes either the continuous
discharrowing or shallow ploughing is a competative treat
ment to the conventional tillage under the high soil
moisture level conditions only,
d) maize yield obtained in two-years on plots without tillage was satisfactory. However, it was lower by 574 kg/ha
(7fo) than that of the conventional tillage. It was found
that maize production under this tillage treatment is
risky, since the climatic conditione bring about the
high yield fluctuations.
3. The fertilization effects were evident most on plots without tillage, where high compensatory effects were observed
after the application of the nutrients. The lowest reaction
to fertilization with mineral nutrients was observed on the
plots under chisel-ploughing.
4. The reduced tillage, especially zero-tillage, had the highest negative effect on the physical soil properties in terms
of increasing the SR and BD •.. Chisel-ploughing brought about
the decrease in the BD and SR.
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ABSTRACT
In 1981 an experimental trial began in central Italy, to verily the suitability of some new tillage
methods, compared to tradilional deep ploughing that is the basic tillage method used In Italian
agriculture.
Trials were carried out on experimental plots, according to a randomized block design by using
three biennial rotalions, and on a large farm scale, by using enlire lields as experimental plots.
The different tillage methods compared were:
· for winter cereals: deep ploughing (0.45 m) as control, shallow ploughing (0.30 m), minimum
lillage (0.10 m);
• for summer crops: deep ploughing (0.55 m) as control, shallow ploughing (0.30 m), double
layer tillage (0.50+0.30 m).
This paper reports 9 years of crop harvest data on the small plot trials and 10 years of fuel
consumption data on the farm scale trials. The average yield of the crops shows statislically
significant differences among tillage methods only in few cases. They are not correlated to a
lillage effect, but rather are due to Incidental occurrences.
Data on fuel consumption shows a great interannual variability and a notable decrease,
obtained with the primary tillage methods, compared to tradilional deep ploughing.
The long term trial demonstrates that deep ploughing can be subslituted by reduced tillage
methods, without negalive effects on crop yields and with a notable savings of energy.
INTRODUCTION
Deep soil tillage with large mouldboard ploughs is the basic tillage method used in Italian
agriculture: 0.40-0.45 m deep ploughing is usual for winter cereals and 0.50·0.60 m is common
tor non-irrigated summer crops. This method is energy and lime consuming in the very heavy
clay soils wich are predominant in Italy.
This has slimulated the study of new lillage methods based on reduced ploughing and/or the
use of new implements able to reduce the soli-working cost, but slill retaining the commonly
attributed benefits of deep tillage (deeper root penetralion, greater soil water storage, reduced
runoff) without Its negalive effects on the soil (organic matter dilulion, soil layer inversion, large
clod formation, costly secondary lillage operalions).
Therefore, the aim of this research was to compare different tillage methods with the tradilional
deep tillage method used in Italy and to evaluate the effects on crop yields and on fuel
consumptions.
MATERIALS AND METHODS
In 1981 an experiment began in Perugia (Cenlralllaly, 12° tong W, 43° Iaiit. N) using three
biennial rotalions (winter wheat • sunllower; winter wheat - sugar beet; winter wheat- irrigated
maize) where different methods of primary tillage were compared. The experiment continued
without interruplion on the same plots for 10 years .
The primary tillage methods, used in 4 experimental combinations for the winter and the
summer crops, were:
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Winter cereal
1.
2.
3.
4.

Deep ploughing (0.45m)
Shallow ploughing (0.30 m)
Shallow ploughing (0.30 m)
Minimum tillage (0.10 m)

Summer crop
Very deep ploughing (0.55 m)
Shallow ploughing (0.30 m)
Two-layer llllage (0.55 +0.30 m)
Two-layer tillage (0.55 +0.30 m)

These tillage melhods were applied on lwo types of soli, (according to USA Soil Taxonomy)
Soil types
Coarse sand
2-0.2 mm
Aqulc Haploxeralf
8.6
Typic Xerofluvent
7.1

Texture
Fine sand
Loam
0.2-0. 05 mm 0 05 -0. 002mm
2.4
42.5
43.8
20.4

Clay
< 0. 002 mm

46.5
28.7

The ralnfed rotalions ''wheal-sunflower" and "wheat-sugar beel" were studied on the Aquic
Haploxerall while the ''wheat- irrigated maize" rotalion were studied on the alluvial soli.
In order to assure soli homogeneity, the tillage methods were applied on 25 m2 plots,
distributed in a randomized block design with 4 repetitions.
Both crops in each rotation were present simultaneously each year.
At the same time, a similar farm scale trial was conducted, by using enlire fields (ca.1 ha) as
experimental plots. Crop yields, fuel consumplion and working lime of the dillerent soil tillage
methods and tools were determined.
Each year about 70 hectares were available for registering these data.
The different lillage praclices adopted were:
- Very deep ploughing: 0.55 m depth wilh a 1- furrow mouldboard plough, operating just aller
harvest of the winter cereals; this Is the traditional tillage method , used in preparalion for
summer crops.
- Deep ploughing: 0.45 m depth with a 2- furrow mouldboard plough. This is the tradilional
tillage practice for winter cereals.
- Shallow ploughing : 0.30 m depth with a 3- furrow or 4- furrow mouldboard plough.
- Two layer tillage: It consists in preliminary subsoillng at 0.55 m depth and subsequent
shallow ploughing at a 0.30 m depth. This Is the new deep tillage method, proposed as an
alternative to deep ploughing for summer crops.
- Minimum tillage: it consists in the passage of a heavy (4 tons, 4 meter wide) disk harrow
(0.1 0 m depth) over the ground destinated to winter cereals. Due to excessive soil
moisture, only once in ten years was the disk harrow not used . In that case a chisel,
operating at 0.15-0.20 m depth had to be used.
In this paper we report on the 10 year period: the 9 years of crop harvest (1982-1990) on the
small plot trials (table 1) and the 10 years (1981-1990) of fuel consumption data on the farm scale
trials (table 2).
By extrapolating the average farm data to the small plots, we estimated the energy savings
obtainable wilh the proposed new tillage methods (table 3).
DISCUSSION
Crop response

The average yield of the crops in the studied rotations are reported in table 1. The results
were quite homogeneous, indicating that tillage treatments had no significant effect on growth
and productivity of the crops.
In spile of excellent experimental accuracy, in the 9 harvest seasons, (i. e. 54 trials)
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differences among tillage methods were statistically significant only in few cases and when these
differences occurred, they were not correlated to a tillage effect but rather were attributable to
incidental occurrences and hence tended to cancel each other in the general means.
Also, no differences were observed among treatments in the farm scale trials. The crop yields
are reported in the proceedings of the 11th ISTRO Conference.
In conclusion, after nine growing seasons of tour crops, the soils studied proved to be
pertectiy suitable to the reduced tillage methods used. All crops grew regularly and yielded well
even with the most reduced tillage practices provided that good crop management was used.
This demonstrates that traditional deep ploughing did not produce any of the beneficial
effects wich have commonly been attributed to it.
Enemy expenditure

Table 2 reports the fuel consumption per hectare, recorded in the 10 tillage seasons tor the
different tillage operations. These data show a great interannual variability due to the different
soil moisture content and/or degree of compactness at the time of operations.
The annual fuel consumptions are the averages of data registered on many farm fields. They
do not allow a strict comparison because the fields varied in the years , according to the farm crop
rotation and because the date of execution of the tillage operations varied·. according to the
date of harvest of the previous crops and due to variable soil moisture conditions. This explains,
for instance, the apparent contradiction that, sometimes, the very deep ploughing (0.55 m
depth) has been less energy demanding than the shallower one (0.45 m depth).ln those cases,
the deepest ploughing took place in more favourable soil conditions (not too dry) than that of the
shallower ploughing.
The energy expenditure to do the same soil work varied considerably (± 20 %) from year to
year. This interannual variability shows no clear trend, bulls likely to depend on annual variation
of summer rains as soil moisture is the major factor affecting soli resistance to tool advancement.
Ploughing has an energy cost which varies almost linearly with depth: 79, 71 and 47 kg/ha at
0.55, 0.45 and.0.30 m depth, respectively.
Subsoiling at a 0.55 m depth had a rather low energy expenditure (26 kg/ha), probably due to
a lesser degree of soil breaking-up, wilh respect to ploughing at the same depth.
The 0.30 m depth ploughing following subsoiling, required 38 kg/ha fuel, 9 kg/ha less than
0.30 m deep ploughing only.
The total fuel consumption (26+38=64 kg/ha) in the "two-layer" tillage system was 19% (64
vs. 79) lower than that of the 0.55 m depth ploughing.
Minimum tillage, pertormed with a disk harrow at about a 0.10 m depth, had a fuel cost of
about 10 kg/ha, which Increased to 23 kg/ha when a chisel was employed at a 0.15 m depth.
In table 3 we extrapolated the fuel consumption data registered on the farm scale to the small
plot trials, in order to estimate the energy expenditure of the tour tillage systems applied to the
experimental crop rotations.
The system which had the minimum fuel cost was the two-layer tillage tor summer crops,
followed by minimum tillage for winter cereals. The energy saving was in the order of 50% with
respect to traditional deep ploughing.
The fuel savings is even greater if we do not limit the analysis to primary tillage only, but extend
it to seed-bed preparation. The extreme cloddiness which deep ploughing produces in dry clay
soils creates the need for repeated passages with a harrow. These secondary tillage operations
are less necessary after primary tillage practices which produce fewer and smaller clods.
CONCLUSIONS
The long term experiment demonstrates that, in the clay soils on which the trials were
conducted, deep ploughing, which is traditional In Italian agriculture, can be substituted by
reduced primary tillage methods without negative effects on crop yields and with consistent
savings of energy.
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Table 1 - Results of 10 -year long trials on reduced soil tillage on three biennial rotations.
Crop yields- t/ha.
WHEAT· MAIZE
Wh oa t

TU!age methods

Deep ploughing 0.45 m
Shallow ploughing 0.30 m
Shallow ploughing 0.30 m
Minimum Ullage O.lO m

Mal

1988

1989

1990 Average

4.86
4.76
5.12
5.16

5.66
5.92
5.88
5.52

7.10
7.31
7.39
7.25

1987

1986

1989

1990 Average

14.00
14.71
14.65
13.94

14.51
14.22
14.81
13.88

13.17
13.83
13.86
13.34

13.45
13.80
14.33
14.25

13.27
12.82
12.92
12.87

1986

1987

1988

1989

1990 Average

5.94
6.09
6.41
5.99

6.73
6.30
6.17
6.20

5.26
4.86
5.14
5.40

6.12
6.22
6.73
6.76

5.92
6.11
5.99
5.97

1985

1986

1987

1988

1989

1990 Average

2.66
2.72
2.78
2.76

2.71
2.72
2.72

3.26
3.35
3.20
3.12

2.75
2.45
2.34
2.67

3.98
3.83
3.86
4.03

2.51
2.91
2.81

2.58

3.81
3.35
3.54
3.20

1983

1984

1985

1966

1M7

1988

1989

1990 Avera.ge

8.00
8.17
8.13
8.12

6.92
7.08
6.96
7.07

5,90
6.57
6.35
6.35

6.10
6.57
6.69
6.47

6.55
6.39
&70
6.22

6.59
6.40
6.43
6.58

5.40 ab
5.19 b
5.66 ab
5.76 a

6.70
6.51
6.68
6.96

6.05
6.14
6.14
6.03

1982

1983

1984

1985

1986

1987

1988

1989

1990 Average

44.10 b
50.35 a
48.81 a
49.02 a

42.07 55.65 b
40.99 62.67 a
38.92 61.35 a
38.25 57.43 ab

28.94
29.50
34.17
30.43

59.37
54.92
49.24
47.22

35.75
32.42
33.45
30.40

26.47
22.46
20.97
24.51

52.19
49.65
53.94
47.87

23.32
30.57
30.58
27.29

1982

1983

1984

1986

1986

1987

7.41
7.42
7.53
7.17

6.83
6.63
6.62

7.03
6.57
6.89
6.49

5.52
6.13
6.41
6.61

5.82
6.18
6.37
5.93

6.60
6.29
6.29
6.12

1982

1983

1984

1985

1986

13.75
14.14
13.11
14.17

13.72
14.16
14.26
15.09

14.79
14.32
14.07
13.95

13.17
12.69
13.07
13.46

1982

1983

1984

1985

7.07
7.22
7.11
6.97

5.84
6.14
6.31
6.52

6.57
6.45
6.63
6.10

1982

1983

1984

3.32
3.48
3.63
3.56

2.95
2.95
2.86
2.70

1982

6.60

c
b
ab
a

a
b
b
b

6.31
6.38
8.50
6.32

"
TUJage methods

Deep ploughing 0.55 m
Shallow ploughing 0.30 m
l'wo layer Ullage 0.55+0.30 m
Two layer tillage 0.55+0.30 m

13.76
13.86
13.90
13,88

WHEAT- SUNFLOWER
Wh oat

TUiagc methods

Deep ploughing 0.45 m
Shallow ploughing 0.30 m
Shallow ploughing 0.30 m
Minimum tillage O.lO m

7.69
7.89
7.91
8.01

b
a
a
a

a
a
a
b

6.35
8.36
6.49
6.44

sun nower
Tillage methods

Deep ploughing 0 .55 m
Shallow ploughing 0.30 m
1\vo layer Ullage 0.55+0.30 rn
1\vo layer Ullage 0.55+0.30 m

a
b
b
b

2.66

3.10
3.08
3.08
3.03

WHEAT- SUGAR·BEET

WI

,,.

Tutage methods

Deep ploughing 0.45 m
Shallow ploughing 0.30 m
Shallow ploughing 0.30 m
Minimum tillage 0.10 m

b
a
ab
ab

6.47
6.58
6.64
6.62

Sul!ar-beet OJ
TUlage methods

Deep ploughing 0 .55 m
Shallow ploughing 0.30 m
l\\'0 layer tillage 0.55+0.30 m
1\\'0 layer tillage 0.55+0.30 m

Means within the column without lettef or followed by the same letter are not significantly different at P5 0.05.
(1)Roots.
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40.87
41.50
41.27
39.16

Table· 2
Interannual variability of fuel consumption (kglha registered on farm scale}
Primary tillage
.rooJhods

Depthm

Plou~hing

0.55
0.45
0.30
0.55
0.30

.

Subso!Jing
+Ploughing
Total
OiskJng
Chiseling

0.10
0.15

1983

19B4

75

98

63

79
49
21
45

1981

1982

94
68
41
28
29
57
10

79
64
37
24
45
69

43
72

11

11

51
29

Years
1985

Average
1986

1987

1988

1989

1990

83

66
55

72
73

43

50

90
75
42
29
36
65
12

60
69
44
20
30
50
12

69
88
62
24
47
71

66

77

53
30
41
71
8

.

23

30

27
57
9

10

.

79
71
47
26
38
64
10

Table3
Summary of a 10-year long trial on reduced tillage on three biennial rolallons
Primary

Crop yields !Ala
(averages of 9 harvest years: 1982+1990)

tillag~ (1)

Primary tillage fuel consumption (kgtha)
average of 10 tillage years: 1981+90)

methods 1
Winter Sum me
crgp

<OIQP

Wheat

Sunflower

Wheat

Suaarbeet

Wheat

Maize

P/45
Pl30
Pl30

PI 55
Pl30

6.35
6.36
6.49
6.43

3.10

6.47
6.56
6.64

40.9
41.5
41.2
39.1

6.31
6.36
6.50
6.32

13.8
13.8
13.9
13.9

M.t.

2L
2L

3.08
3.08
3.03

6.62

Winter Summa Average
crop
crop

71
47
47
10

(1) P/45 =Mouldboard plough 0.45 m depth, etc.
2 L = "Two-layer~ tillage (subsoiling 0.55 m deplh+ploughlng 0.30 m depth} for the summer crop
M.t. ="Minimum tillage~ (diskharrow0.10 m depth) for the winter crop.
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79
47
64
64

75
47
55
37

%
=
=
=
=

J..Q.Q
63
73
49

THE EFFECT OF SURFACE RESIDUES AND BIOPORES RESULTING
FROM AN IN-SITU-MULCH CROP ON TOMATO AND LETIUCE
PRODUCTION

•

••

R.J. Stirzaker and I. White
• CSIRO Division of Plant Industry, Canberra, Australia
•• CSIRO Centre for Environmental Mechanics, Canberra, Australia
PURPOSE
Vegetable farmers traditionally till the soil too much, even though it is widely
known that this will contribute to soil degradation. Reduced tillage and ley farming
practices have greatly reduced the rate of degradation of cultivated soils in broadacre cropping regions of Australia (Clarke 1986). However the vegetable industry,
which has a much greater degree of flexibility than broad-acre cropping systems
due to the smaller scale of operation and more intensive management, has failed
to adopt adequate soil conservation strategies.
Vegetable crops are generally managed so that water and nutrient conditions in
the soil are maintained at near optimum levels. Calculations which determine the
length of root required to supply the shoot with water at high transpiration rates
show that only a very low root length is required when the soil is kept wet
(Newman 1969, Passioura 1988). Thus vegetable production systems based on
zero-tillage may be successful even if the soil becomes hard and root length is
decreased by a large amount.
Zero-tillage systems can be improved by growing cover crops in rotation with a
vegetable crop. Tomatoes have been grown following several cover crops such
as vetch, rye and Pueraria sp. (Knavel and Herron 1986, Price and Baughan
1987, Wilson 1978). The potential benefits of a cover crop, killed before sowing,
include weed and erosion control, the modification of soil temperature and water
regimes, the fixation of nitrogen, and the formation of continuous macropores
(termed biopores) through tile action of roots and soil fauna. The effect of
mulches on soil water and temperature and of legume cover crops on nitrogen
fixation have been well documented (e.g. Bond and Willis 1969, Ross et al. 1985,
Smith et al. 1987). The production of biopores through the action of soil fauna and
decayed roots, which increases infiltration rates under zero tillage, has also been
reported (Barley 1954, Clarke et al. 1967, Juo and Lal1977, Tisdall1978).
In this study tomato and lettuce crops were grown under cultivated and zerotillage conditions and followinQ a cover crop of subterranean clover. The aim was
to compare plant growth in so1l of low and high strength when water and nutrients
were not limiting, and to examine the role of a cover crop on soil structure and
plant growth. A further aim was to separate out any beneficial effects associated
with the surface mulch from effects due to biopores, in a compacted soil.
MATERIALS AND METHODS
Site description
The experiments were carried out at the University of Sydney field station,
which is near Camden, N.S.W. (34.048 150.40E). Raised beds, spaced at 1.32 m
centres, were constructed following mouldboard ploughing of a pasture and at the
time of construction had a height of 0.2 m and a top width of 0.8 m. The
experimental design was a randomised complete block, containing four blocks.
Each plot comprised three raised beds which were 15 m long.
The soil had a light grey sandy loam A1 horizon which was 0.4 m deep. The
particle size distribution on < 2 mm soil fraction comprised, on average, 55 %
coarse sand, 19 %fine sand, 12 %silt and 14 %clay. The clay fraction was
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dominated by kaolin with small amounts of mica and chlorite. Manganese nodules
> 2 mm comprised 7 % by weight, of the total soil. The average pH (1:5 water)

was 6.0 and average or9anic matter content 1.2 %.
The A2 horizon contamed a very dense layer of manganese nodules and the
soil was light grey mixed with orange or yellow. The pH was 6.5 to 7.0 and the
clay content varied between 20 and 27% at a depth of 0.5 m, and continued to
increase further down the profile. The B horizon commenced approximately 0.6 m
below the surface of the raised beds.
Soil treatments
Three soil management treatments were maintained over several years, namely
the Cultivated (C), Zero-tillage (Z) and Mulch (M) treatments, which simulated soft
soil, compacted soil, and a compacted soil containing biopores respectively. The
Cultivated treatment was tilled prior to each crop, and the Mulch and Zero-tillage
treatments were left undisturbed after the initial land preparation. Tillage
consisted of rotary hoeing to a depth of 0.25 m, followed by reforming of the raised
beds.
During autumn to spring, lettuce was grown in the Cultivated and Zero-tillage
treatments. Subterranean clover Trifolium subterraneun was grown in the Mulch
treatment during this period, and formed an in-situ mulch after senescence in
spring. During the summer months processing tomatoes and/or lettuce were
9rown in all treatments. A detailed account of the rotation is given in Stirzaker
(1989).
Subterranean clover is an annual winter growing temperate legume, common in
pastures of southern Australia. It Is a low growing crop which, depending on the
cultivar, senesces naturally between early fPring and mid summer producing a
uniform fine textured mulch of over 5 t ha- and between 30 - 50 mm deep. The
clover buries its seed, which then germinates the following autumn after the
harvest of the summer crop. Both short and ion~ season cultivars were grown,
the latter terminated by herbicides to allow plantmg of the vegetable crop in early
summer. No herbicides were required to terminate the short season clover
cultivar because senescence was complete in late spring, but some weed control
was necessary to establish a pure clover sward in the autumn.
This paper describes theferformance of one tomato crop and one lettuce crop
grown dunng the summer o 1987/88, 20 months after the commencement of the
rotation, and a second lettuce crop grown during spring 1989 on an adjacent site.
The second lettuce experiment was designed to separate out beneficial effects
associated with the surface mulch after senescence of the clover, and effects
arising from the creation of biopores in an untilled soil. Six treatments were
implemented, three of which were identical to the Cultivated, Zero-tillage and
Mulch treatments described above and two in which a clover mulch was applied to
the C and Z treatments just before transplanting of the lettuce. The sixth
treatment involved growing a subterranean clover crop but then removing the
mulch after senescence, before the lettuce crop was planted. The treatments
were labelled C+, C-, Z+, Z-, M+ and M-; the+ and- mdicated the presence or
absence of a mulch while the lettuce crop was growing, and the C, Z and M
representing a soil which was soft, compacted and compacted containing
biopores, respectively.
Cropping details
Processing tomatoes, cv. UC82B, and lettuce, cv. Delmar, were raised in 16 ml
seedling cells and transplanted into the field by hand at approximately five weeks
old, causing minimal so11 disturbance. Tomatoes were transplanted in a single row
per raised bed, spaced 0.2 m apart in the row. Two rows of lettuce were planted
per raised bed, spaced 0.4 m apart, and plants were spaced 0.3 m apart within the
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row The IIJbterranean clover was sown shallowly in autumn at a rate of 20 kg
ha-1 and the seeding equipment was run eml?tY over the Zero-tillage treatment so

that the 1011 disturbance was similar In all unt1lled treatments.
The experiment was drip irrigated and scheduled using tensiometers to
maintain a matric potential of> -30 kPa at a depth of 0.15 m. All crops in the
rotation were well fertilized with frequent side dressings to mask nutntional effects
arising from the different cropping sequences and biologically fixed nitrogen, so
that soil physical differences among treatments could be expressed
unambiguously.
The grow1h of tomatoes was monitored by vegetative dry weight measurements
on days 30, 60 and 100 from transplanting, consisting of 60 plants per treatment.
At the final harvest, on day 100, fruit fresh weight was sampled from 180 plants
per treatment and subsamples were taken to measure the percentage of red, pink,
green and blemished fruit. Mature red fruit were analysed for total soluble solids
and percentage dry matter content.
The first lettuce crop was harvested at maturity (45 days after transplanting)
and the fresh weight of 432 lettuce plants per treatment was measured. Harvests
of 60 plants per treatment were made from the second lettuce crop at 2, 4, 6 and
7 weeks after transplanting. Plants were oven dried for the first 3 sampling dates.
The root length of four lettuce plants (crop one) and eight tomato plants from
each treatment were sampled at final harvest and on day 30 respectively, to a
depth of 0.3 m using a 42 mm diameter corer. Four cores were taken 0.1 m from
the stem of each plant, two cores within the row and two cores at right angles to
the row. The cores were stored in a refrigerator at 2 ·c prior to washing, and the
roots were then frozen before being measured using a Comair root length
scanner.
Soil measurements
Bulk density samples were taken with cores (50 mm diameter x 50 mm length)
at depths of 0 - 50 mm and 30- 80 mm. Air filled porosity was determined by
equilibrating cores on a tension table, similar in construction to that outlined by
Smith and Thomasson (1974), over the moisture potential range of -1 to -10 kPa.
Soil strength was measured using a 50 mm diameter torsional shear box at 50
mm depth according to the method of Lloyd and Collis-George (1982), at
standardized moisture content, which was taken as 48 hours of free drainage
following saturation of the soil which was then covered by a plastic sheet. The
impedance of the soil to root grow1h was also assessed by measuring the
elongation rate of pea radicles, planted at the standardized moisture content and
harvested when the shoot had just broken the soil surface.
Macropores formed by tillage, root and worm action were examined using disc
permeameters (White 1988). Disc permeameters do not disturb the surface soil
and the flow of water through macropores can be controlled through selection of
the water supply pressure from ponded to unsaturated. Measurements were
made under ponded conditions (+0.05 kPa) and at a water supply pressure of -0.1
kPa, which is equivalent to nominal pore size of 3 mm, so as to obtain a measure
of the hydraulic properties of the soil when all the macroporosity or only part of it
was participating in the flow process.
An estimate of earthworm numbers was made by flushing a known area of soil
with a 0.1 %solution of formalin and counting worms rising to the surface.
Statistical analysis
The data was analysed using the method of least significant difference between
treatment means at the 5 %level. Treatment means which were not significantly
different from each other are followed by the same letter in the tables in the text.
The total number of observations in each analysis is given under the heading 'n'.
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RESULTS
Tomatoes
The Cultivated treatment had a significantly lower bulk density and shear
strength, measured after the crop was harvested, than the untilled Mulch and
Zero-tillage treatments (table 1). The soil shear strength and resistance to pea
radicle elongation was significantly lower in the Mulch treatment compared the
Zero-tillage treatment, even though the bulk density sampled between 30 to 80
mm depth was similar. This may have reflected the greater volumetric soil
moisture content in the Mulch treatment at the time of sampling following
saturation and drainage or, in the case of the radicle length, the presence of
biopores.
Table 1. Bulk density, air filled porosity at -10 kPa, torsional shear strength, length
of pea radicles and the volumetric water content at the time of shear strength
measurements and pea planting.
Bulk

Water

Treatment

densgr
(I m·

Air filled
Porosity
(%)

Shear
strength
(kPa)

Pea
radicle
(mm)

(m m· )

Mulch
Cultiv.
ZeroT.

1.55 b
1.38 a
1.55 b

21
30
21

9.7 b
4.3 a
12.7 c

75 b
109 a
57 c

0.192
0.161
0.177

n
l.s.d.

126
0.036

80
3.9

64
2.47

168
14.4

126
0.0092

b
a
b

co~ten~

a
c
b

The growth of tomatoes (table 2) was slowest In the Zero-tillage treatment up to
the mid-fruiting stage, 60 days after transplanting, whereas plants in the Mulch
treatment initially grew as fast as the Cullivated treatments despite the high bulk
density of the soil. Between day 60 and the final harvest date, the plants in the
Cultivated treatments produced no net increase in vegetative dry weight, probably
because light was already fully used. In contrast, the plants in the Zero-tillage
treatment maintained a slower growth rate for a longer period and the vegetative
dry weight was similar to that In the Mulch treatment at the final harvest date. The
·root lengt~densi~ measured on day 30 over the 0-0.3 m depth averaged 12,9
and 9 x1 0 m m· , in the Mulch, Cultivated and Zero-tillage treatments
respectively.
There was no significant difference In the marketable fruit (red unblemished
fruit) at final harvest. An average of only 64 o/o of the crop was marketable since
12 o/o by weight was still green and 24 o/o of ripe fruit had to be culled due to a very
wet period just prior to harvest. There was no significant difference among
treatments in the total soluble solids or dry matter content of red fruit nor in the
percentage of fruit in any maturity class, Including the percentage which was
culled (data not shown). Using the dry matter composition of red fruit as
representative of ail maturity classes, the total fruit dry weight was not significantly
different among treatments (table 2).
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Table 2. The above ground vegetative dry matter of tomatoes at days 30, 60 and
100 after transplantiog, the fresh weight of marketable fruit and the dry weight of
total fruit yield (I ha·l ).
Vegetative Dry Weight
Day 30
Day 60
Day 100

Fruit Weight
Fresh
Dry

Mulch
Cultiv.
Zero-T.

0.93 a
0.94 a
0.50 b

3.16 b
3.58 a
2.40 c

3.35 ab
3.55 a
2.94 b

73.3
76.5
74.2

5.70
6.00
5.19

l.s.d.

0.138

0.294

0.420

n.s.

n.s.

Treatment

Lettuce
The fresh weight yield at harvest of the first lettuce crop from the three soil
management systems was similar to the early vegetative growth of tomatoes. The
Cultivated treatment had a lower bulk density and produced significantly greater
yields than the Zero-tillage treatment, whereas the Mulch treatment produced
yields as great as the Cultivated treatment at the same bulk density as the Zerotillage treatment.
The rgot len9th density at harvest over the 0 - 0.3 m depth averaged 12, 18 and
13 x10 m m· , in the Mulch, Cultivated and Zero-tillage treatments respectively.
The soil temperature in the top 75 mm of soil frequently exceeded 38 ·c in the
Cultivated and Zero-tillage treatments before the crop shaded the soil and was up
to 8 ·c cooler in the Mulch treatment at the time of the diurnal maximum.
The second lettuce crop was grown over the same three treatments as the first
crop plus three further treatments which included the Cultivated and Zero-tillage
treatments with mulches added just prior to planting and the Mulch treatment with
the in-situ grown mulch removed prior to planting. The aim of this experiment was
to separate the effects of the surface mulch from the effects arising from the
biopores formed by the decaying roots of the in-situ mulch, on the growth of
lettuce (table 3). A comparison of zero-tillage treatments (Z+ vs Z-) demonstrates
that the addition of a mulch to the lettuce crop significantly improved plant growth,
confirming the importance of the reduction in soil temperature and/or water loss in
a compacted soil. The clover treatment from which the tops had been removed
after senescence (M-), also grew better than the non-mulched zero-tillage
treatment (Z-). Th1s demonstrates that beneficial changes to soil structure had
occurred through root action of clover and/or stimulation of soil faunal activity.
The bulk density below a depth of 50 mm was higher for this crop compared to
previous expenments and thus the in-situ mulch treatment (M+) could not fully
restore yields to the level of the cultivated treatment (C-), as was the case for the
first lettuce crop described above.
Soil water potential, measured by tensiometer at a depth of 0.15 m, was not
greatly affected by the presence or absence of mulches or cultivation treatments.
There were no periods of water stress throughout the season. Poor aeration was
not a problem in the non-cultivated treatments, since adding a mulch to the Zerotillage treatment, which marginally increased soil water content and thus
decreased the air filled porosity, also increased plant growth.
Although a mulch increased growth under zero-tillage the opposite occurred
when a mulch was applied to a cultivated soil. Other experiments, conducted at a
warmer time of year, showed that growth was increased when a mulch was placed
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on the Cultivated treatment. ·This discrepancy was probably due to the different
rooting patterns in hard and soft soil combined with different soil temperature
profiles with depth through the year. The role of the mulch in reduclrig soil
evaporation, and thus affecting soil strength near the soil surface through water
content, would also be more important for the compacted soil. In addition there
was a greater incidence of disease in lettuce crops with applied mulches, but not
when they were grown in-situ.
Table 3. Growth of the second lettuce crop. Dry weight (g per plant) up to week
six and fresh weight (g per plant) at final tiarvest (week seven).

Two

Weeks after transplanting
Four
Six

Seven

M+
MC+
CZ+
Z-

0.72
0.63
0.54
0.55
0.51
0.48

a
b
c
be
c
c

942 b
860 b
932 b
1118a
869 b
434 c

l.s.d.

0.087

Treatment
4.39
3.77
4.23
5.49
3.03
1.72

b
be
b
a
c
d

0.773

24.4
21.9
24.5
26.7
21.1
9.1

ab
be
ab
a
c
d

3.26

121

Table 4. Bulk density (0- 50 mm depth), earthworm number, steady state flow (at
0.05 kPa) and surface area of macroporosity measurements made prior to
planting the second lettuce crop.
M~croporosity

Bu%density
t m-

Earthworm
number m- 2

mm h-

Mulch
Cuitiv
Zero-T.

1.58 b
1.31 a
1.68 c

521 a
6 b
22 b

984 a
1192a
167 b

0.365 a
0.293 ab
0.071 b

n
l.s.d.

80
0.046

80
21.7

•

15

9
0.2831

Stead~ state

flow

m

Treatment

• Analysis performed on log(X) transformation of the data
Bulk density and disc permeameter measurements taken just prior to
transplanting are contained in table 4 with average values shown for the M, C and
Z treatments, since mulches were only added or removed at the time of
transplanting. The bulk density in the top 50 mm was significantly reduced by
growmg a clover mulch crop (M) during the autumn to spring compared to a bare
fallow (Z), and greatly reduced by cultivation (C). Bulk density measurements
from previous crops sampled at a depth of 30 - 80 mm showed no difference
between the Mulch and Zero-tillage treatments (table 1), therefore most of the
changes measured following clover would have been restricted to the top 30 mm.
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The large number of earthworms in the Mulch treatment demonstrated the
lmpol'tance of supplying organic material, since the Cultivated and Zero-tillage
treatments were kept free of any plant growth for over one year prior to these
measurements. The steady state flow of water under ponded conditions (0.05
kPal was very much greater in the Mulch and Cultivated treatments compared to
the Zero-tillage treatments. An estimate of macroporosity was made from
sorptivity measurements taken at water supply pressures greater than and less
than zero (0.05 and ·0.1 kPa). These values correspond to a mean area of
macropores greater than 3 mm in undisturbed samples of diameter 0.2 m. The
Cultivated treatment, despite its low bulk density, had approximately the same
macroporosity as the Mulch treatment. The data indicated that the structure of the
Cultivated treatment collapsed when water was ponded on its surface. The
Cultivated treatment had more pores smaller than 3 mm than either the Mulch or
Zero-tillage treatment, which were similar in this pore size range.
DISCUSSION
Three important issues relating to soil management arise from these results.
Firstly, vegetative growth of tomatoes and lettuce was reduced by almost 50%
when crops were grown under zero-tillage following a bare fallow compared to
crops following cultivation. Differences in shoot growth were not always
associated with differences in root growth since root length density in the Zerotillage treatment was similar to that in the Cultivated treatment for the tomato crop
and lower from the first lettuce crop. However, accurate estimates of root length
are extremely difficult to obtain in the field because of the heterogeneity of the soil
environment, small sampling size and the possibility that many fine roots were lost
durtng the sampling procedure. Nevertheless, given that the soil was kept wet by
irrigation and that aeration was adequate, water uptake models reveal that the
measured root length in all treatments was more than sufficient to supply the ·
shoot with water even under conditions of high evaporative demand (e·ll· Newman
1969). Nutrients were also supplied to all crops in large quantities, parttcularly
phosphate, which can be limiting when root length density is low owing to the
Immobility of P compounds in the soil. This raises questions about the
mechanisms by which plant growth is reduced in a compact soil. Recent research
in this area has shown that in response to hard soil, a stgnal is initiated from the
root which restricts leaf expansion irrespective of water, carbon and nutrient status
of the plant (Masle and Passioura 1987).
Secondly, a large reduction in vegetative growth, even if it persisted right up to
harvest, had no detectable effect on tomato fruit production. The poor correlation
between vegetative growth and fruit production under optimum growing
conditions, reflects complex source sink relationships. The fruit number set per
plant, and thus potential sink size, was the same in ail treatments despite
differences in plant size. Ho (1979) showed that the sink size of tomatoes could
be limiting, as more photosynthate was made than was exported under very good
light conditions. This may have been the situation in the treatments with high
vegetative growth, since light conditions were good, with clear skies and warm
weather during fruit filling. Conversely, a reduction in source size, by removing or
shading leaves, had no effect on fruit growth (Cooper et al. 1964, Khan and
Sagar, 1969, Tanaka and Fujita 1974). This situation is analogous to the Zero·
tillage treatment, where plants had a lower leaf area for most of the season.
Thirdly, the vegetative growth of lettuce following a clover crop, which senesced
to form an in-situ mulch, was greater than that obtained under zero-tillage
following a bare fallow. Both the presence of the mulch and changes to soil
structure contributed to this result. Root and faunal action reduced the soil bulk
density near the surtace but not below a depth of 30 mm. A decrease in bulk
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density through root and faunal action has been reported in some studies (Low
1955, Clarke et al. 1967, Ghuman and Lal1984, Tisdall et al. 1984), whilst In
others roots either occuEied existing pores or altered pore size distribution without
changing total porosity (Barley, 1953; Shear and Moschler, 1969; Blevins et al.,
1977). Hydraulic measurements showed that the area of macroporosity for
nominal pore sizes> 3 mm was greatly increased by the action of roots and
earthworms. Greacen et al. (1969) reported the Importance of pre-existing
channels in the soil, even when they were not initially wide enough to
accommodate a root. Roots were able to grow more easily through the soil by
widening existing channels than by lengthening their own channels. Ehlers et al.
(1983) found that roots in untilled soils grew at a higher penetrometer resistance
compared to roots in tilled soil, and showed that this was due to the presence of
biopores in the untilled soil which were not registered by the penetrometer.
CONCLUSION
The three soil treatments, which produced different soil structural conditions, all
produced high tomato fruit yields. This highlights the problems of predicting
vegetative growth and fruit yield from soil physical properties, even under optimum
growing conditions. Lettuce yields were reduced under zero-tillage unless the
crop was preceded by a clover cover crop. The stress that reduced early
vegetative growth of tomatoes and lettuce growth in the Zero-tillage treatment
does not appear to be related to the supply of water, nutrients or oxygen. The
action of a clover crop alleviated this stress either through a change in surface soil
density or through the creation of biopores and also independently through the
surface mulch. The mechanism by which biopores would increase growth in a
compact soil, when water, oxygen and nutrients were not limited, is not known.
Although the productivity of the Cultivated and Mulch treatments was similar,
their sustainabiilty would differ in the long term. The in-situ Mulch treatment,
which combines year round protection of the soil surface, additions of organic
matter, zero-tillage and the potential for weed control, provides a promising long
term management system.
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EFFECTS OF TRAFFIC COMPACTION AND SUBSEQUENT TILLAGE ON
PERFORMANCE OF TOMATO IN TROPICAL SANDY LOAM SOIL
J,S, Adeoti, and J,D, Olarewaju
Institute for Agricultural Research,
Ahmadu Bello University, Samaru,
Zaria, Nigeria.

ABSTRACT
Field trials were conducted on tropical sandy loam soil to
study the effects of compaction due to repeated vehicular
traffic and subse~uent tillage on soil properties and yield
performance of tomato.
The compaction levels comprise 0, 5,
10 and 15 tractor passes and the three tillage treatments
are: Hand-hoe tillage (HT), tractor tillage (TT), and notillage (NT),
Results show that soil dry bulk density and penetration
resistance varied with depth up to !Scm soil depth.
Soil
compaction reduced tomato yield by about 50 percent,
Both
hand-hoe and tractor tillage tools significantly relieved
soil compaction,
The tomato yield on the tilled plots were
higher than on the untilled plots,
INTRODUCTION:

The mechanization of crop production is increasing in
most parts of the world.
However, mechanized farming
further subjects agricultural soils to over burden pressure
arising from vehicular traffic,
The top soils generally
lack sufficient strength to absorb these pressures as continuous vehicular traffic over farm lands does not only
compact the plough layer but has marked effects on crop
growth and yield,
Studies have established that repeated
passes of agricultural tractors on farm lands can lead to
reduced infiltration rates, poor soil aeration, reduced
root penetration, crop yield and soil erosion (Chancellor
1976, Soan et. al. 1979, Dunham 1982, Oni and Adeoti 1986),
Chancellor (1976), Oni and Adeoti (1986) showed that increase
i:t compaction resulting from vehicular traffic caused a
reduction in yield of cotton.
One of the objectives of tillage is therefore to break
the compacted soil layer in order to create a suitable seedbed for seed germination and crop performance.
Lal (1977)
reported that maize root proliferation and penetration was
better in conventionally tilled soil than no-till condition,
Also Oni (1988) indicated that soil dry bulk density; maize
root length density were influenced by soil compaction and
tillage,
In Nigeria, the traditional and predominant tillage tools
are the hand ~oes (Kaul 1979),
However the advantage of
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tractor draw tillage tools over the hand hoes especially
in terms of greater output has been fully established
(Kepner et ~1 1977, Kaul 1979), Nigerian farmers are gradually adopting the tractor tillage tolls whereever they
are available and affordable.
However, information is
rather limited on the effects of agricultural tractor
passes and continuous use of tillage equipment on soil and
crop performance,
The objectives of this investigation
were to study the influence of compaction, the extent to
which the common tillage implements could loose compacted
soil and reduce the negative effects of traffic compaction
on performance of tomato.
MATERIALS AND METHODS
Field trials were conducted during the wet seasons of
1987 and 1988 at the experimental farm of the Institute for
Agricultural Research, Samaru (11°11 1 N, 07°38'E; 686m
above mean sea level) Nigeria, on well drained tropical
sandy loam,
Samaru li$s in the Northern Guinea Savanna
vegetation zone (Keay 1959); with a mean annual rainfall
of about llOOmm, concentrated entirely in the five months
of May to September. The rainfall figures for Samaru for
the two years· of ·experimentation were· on Table 1.

Table 1;

Monthly rainfall figures for 1987 and 1988 at
Samaru - Zaria, Nigeria (_in mm).

Year
1987
1938

Month
J

F

-

4

-

Jj,
Ju
13( 147 277
35 9~ 133 182

M A My

- --

-

A
268
403

s
0
102 43
192 11

N

-

-

D

-

Total
973
1158

Mean
81
97

The initial land preparation consisted of deep ploughing followed
by disc-harrowing. The experimental design consisted of 4 levels of
compaction (tractor passes) and 3 tillage methods 1 ~ith each treatment
combination replicated three times. The size of each plot was 2m by
10m. The 4 compaction levels were O, 5, 10 and 15 tractor, wheel-toWheel passes of a 45kw agricultural tractor.

The compaction was

follm<ed by broadcasting -of compound fertilizer (NPK, 15; 15 ;15) at
rate 200kg/.ha. Each compaction treatment was followed by respective
tillage treatments, The three tillage treatments consisted of Notillage (NT), Manual/Hand Hoe Tillage (HT), and tractor disc plougheddisc-harrowed Tillage (TT) (Table 2),
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Table 2: Tillage Treitements and Depths of Soil Disturbance.

No-tillage
(NT)

Description of
tillage operations
after compaction
No tillage, seed
drilled into soil

Hoe-tillage
(HT)

Seed bed prepared
by hand hoeing

12

Tractor-till age
(TT)

Seed bed prepared
by disc ploughing

24

Tillage treatments
and codes

Mean depth of
soil disturbance
(em)
6

- disc harrowing
Immediately following these tillage treatments, transplanting of tomato seedlings was done 3anually in the lask week
of July at 45cm within row spacing and ?Scm between row with
3 rows per plot.
Subsequent treatments were in accordance
with recommended cultural practices for the crop.
The soil parameters taken were soil depth disturbance soil
dry bulk density using core sampler, and the soil penetration
resistance using the co~e penetrometer,
The plant growth was
observed and harvesting of mature tomato fruit commenced
approximately second/third week of September and subsequent
harvestings were done at weekly intervals.
The harvested
fresh fruit for each plot were weighed,
RESULTS AND DISCUSSIONS:
In view of the required seed-bed, the rain has to be fully
established for effective compaction and plough penetration
but not too hsavy rain-fall to avoid puddling and water lodging,
Unfortunately for the trial seasons, the rainfall was
initially erratic followed by heavy down pour.
This caused
late seedling transplahting and in the ~iddle of heavy down
pour which resulted in loss of transplanted seedlings on
some plots.
The summary of data taken are on tables 2-4,
figuTe l, and briefly discussed bela•.
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Table 3(a) Treatment Mean> for Measured Parameters of Soil and
Tomato • (1987)
Tillage
Treatment

Compaction
level (No,
of tractor

Dry Bulk
density
(g/ cc) H

Yield
(kg/plot)

922,3bc
1171. 7de
1231.5d
1208. Sd

1. 27a
1. 63de
1,72e
1.60d

11. 4ad
9.0ac
5.1a
7, 5ab

873.6bc
107,lcd
1333.0c
909,2bc

1. 41b
1,49bc
1. 41b
1.56cb

14.9cd
17.5d
8.4ac
9.8ab

1.19a
1.25a
1.27a
1.22a

9.3ac
14.5cd
13.2bd
11. 9bd

Penetration
resistance
(KPa) ++

passes),
No-tillage
(NT)

6
5

10
15
Hoe Tillage
(FIT)

0

5

10
15
Tractor Tillage
(TT)

0
5

10
15

461.8a
467.2a
836.9b
752.6b

S.E. ±

76.79

0,04

2.21

Means in a column followed by same better are
not significantly different at P L
0.05.
0 - 20cm --· depth.
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Table 3 (b)

Treatment· Means for Measured Parameters of Soil
and Tomato Treatmentl<(l988)

Tillage
Treatment

No-Tillage
(NT)

Hoe-Tillage
(HT)

Penetration
Resittance

Dry Bulk

(](pal**

(glccl*~'

0
5
10
15

742,2cd
l(l46. 3ef
ll68,9f
l059.,9ef

l.7la
l.75a
l.73a
1.966

0
5
10
15

823,lde
7ll.lde
1005.4ef
106l.9ef

l.75a
l.82ab
l.79a
l.78a

26l.7a
624.8Dd
447,9ab
5l0,8ac

l.7ba
l.67a
l.66a
l.7la

10. 7bd
9,7Dd
8,5bd
9,66bd

89,9

0.05

2,64

Compaction
Level (No
of tractor
passes

Q

Tractor-Tillage
(TT)

5
10
15

SE+

~

l<

~

** -

Meane; in column followed by some letter
different at P b. 0.05,
0 - 20cm depth,
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Density

ape

Yield
(Kg/plot)

ll, 2bd
5,5ab
8,lac
l.4a
9,0ac
6.8ab
l6,0d
6,6ab

not significantly

Table

4:

Summary of Statistical Analysis of Variance for Measured Soil
and Tomato Parameters,

Parameters

Variate

Soil Cone
Penetrometer
Pressure
(kpa)

Total
Deptlt (D)

F-Values
1987
1988

Standard Error
1987
1988

56,94*

70.41 *

51.89

44.33

5.87* 12,59*
41.15* 49.11*

51.89
44.94

44.33
38.4

0.42ns 1. 46 ns
2,1ns
4.2•
2.19ns 2.32*

103.79
89.88
89,88

88.67
76.8
76.8

Total
143
Depth (D)
3
Comp.level (CL)
3
Till Method(Til)
2
D X CL
9
D x T~!
6
CL x Tlll
6
Residual
94

6.23* 10.68*
1,65ns 15.18*
3.38*
76,45*
1.11ns 2.65*
2, 07ns
3.46*
2.11ns 7.68*

.031
.031
,027
.061
,053
,053

,022
.022
,019
.044
,038
.038

Total
Comp.level (CL)
Ti 11 Method (Til)
CL x TM \
Residual

Tomato
Yield
(kg/plot]

2,83*
4.79*
0.9lns 1.66ns

1.52
1,32
2.63

1. 28
1.1
2.2

143
3

Comp.level (CL)
Tillage Method

3

D X CL
D X Til
CL x TM
Residual

9

cno

Soil Dry
Bulk
Density

DF

2
6
6
94

35
3
2
6
22

4.38*

3.31*

*

Si~nificqnt

ns

Not significqnt qt J;' f. 0, 05. ·

qt P f: 0,05

670

SOIL CONE PRESSURE {MPa)
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Fig.1. Variation of Soil Cone Pressure and Soil Dry Bulk Density with
soil depth averaged for {a) 5 tractor passes and {b) 15
tractor passes.
NT= No tillage; HT =Hoe tillage; TT = Tractor tillage.
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Soil Properties
The depth of soil disturbnance for the three tillage
treatment variedt with the tractor tillage system indicating
the deepest (Tahle 2).
Similar trends were observed from
the cone resistance and soil bulk density data (Table 3 and
fig. 1).
The cone resistance and dry bulk density significantly
inreased with the number of tractor passes and with depth
from zero to 15cm,
They .were also significantly influenced
by tillage treatments and their interactions at P ~ 0.05
(Table 3, 4 and Fig. 1).
The tillage tools significantly
relieved the soil of compaction~ however the tractor· tools
showed greater potential for reliving soil compaction thari
the hand hoe tool but also the higher potential for soil consolidation.
Also after the tillage operations, the means of
both th~ penetration resistance and dry bulk density were not
significantly different at P k
0,05 with level of compaction
and soil depth especially for the tractor tillage (Table 3).
These results agree with previous results by Oni and Adeoti.
(1986) and Oni (1988),
Crop Yield
Fresh fruit yield was significantly influenced by both
compaction and tillage at P ~ 0.05 (Tables 3, 4).
The yield
reduced by about 50 percent due to the negative effect of
soil compaction.
On the other hand, the positive effect of
ploughing on crop yield was indicated as fresh fruit yield
in the tilled plots increased by over 50 percent over the
no-.tilled plots,
There was no significant yJeld difference
between the hand hoe and tractor tillage plots.
This
indicates that the tractor system is capable of producing t'he
much needed good soil tilth which hitherto local tomato
farmers had conservatively thought could only be produced by
hand hoe.
Also, though tomato is classified as one of the
shallol< rooted crops (Hussain 1988) it stands to benefit from
deep ploughing as obtained from tractor disc-plough-disc
harrowing.
It was also observed that the tomato on the lessplot matured earlier than the compacted/
untilled plots with tomato on the tractor tilled plots
maturing earlier. This, has economic advantage since tomato
fruits attract• higher price at beginning of harvest season.
compact~i/tilled

CONCLUSIONS
It can be concluded that: Increasing the number of
tractor passes prior to tillage increased soil compaction and
decrease yield of tomato.
The two tillage method had varying degrees of influence
on relieving the soil compaction of top soil.
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Tillage enhances higher yield and earlier maturity of tomato fruits.
These suggest that vehicular traffic on agricultural lands should be
minimised, and a correct choice of tillage tools is necessary- to achieve
the desired soil seed-bed conditions for optimum crop growth and yield.
ACKNOWLEDGEMENT
This work formed part of the approved research projects of the Institute for Agricultural Research, Samaru, and the permission of the Director
to publish this result is gratefully acknowledged, Appreciation also to
Dr, E, Asiribo for the statistical analysis,
REFERENCES
Chancellor, 1q .J, 1976. Compaction of Soils by Agricultural Equipment,
Bulletin 1881, Division of Agricultural Science, University of
California, Richmond, 53pp.
Dunham, R.J. 1982. No-till crop production research, Paper presented at
the 11th Annual Conference of Bread Science Association of Nigeria
held in Zaria, Nigeria ~far, 1-6, 23pp.
Hussain, K.A. and H,M, lolunir 1986, Factors affecting choice and use of
Tillage Implements: Pakistan setting, Journal of ~!A 17 (4): 35-38,
Kaul, R.N. 1979, Some consideration for tillage research, PrQceedings of
Appropriate Tillage Workshop, Insti.tute for Agricultural Research,
Zaria, Nigeria 23-27,
Keay, R,W,J, (1959), An Outline of Nigerian Vegetation, 3rd edn,
ment Printers, Lagos • Nigeria,

Govern•

Kepner, R,A,; R, Barner and E,L, Barger 1984, Research and Development in
Farm Machinery, In Principles of farm machinery - The AVI Publishing
Co, Inc, 2nd Edition pp 1-42,
Lal, R, 1977, Soil Tilage and Crop· Production, Proceeding of Role of Soil
Physical Properties in Maintaining Productivity of Tropical Soils,
International Institute of Tropical Agriculture (IITA) Ibadan, Nigeria
ppr171-182,
Oni, K,C, and Adeoti, J,S, 1986, Tillage Effect on Differently Compacted
Soil on Cotton Yield in Nigeria, Soil Tillage Res, 8:89-100,
Oni, K,C, 1988, Traffic compaction and Tillage Effect on the Performance
of Maize in Sandy Loam Soil of Nigeria, Proceeding of CIGR InterSection Symposium at NCAM Ilorin September 5-10, 170·177,
Soan, B,D,; Dickson, J,W, and Blackwell P,S,, 1979, Some Options for
Reducing Compaction Under Wheels on Loose Soil 8th Conference of
ISTRO. Bundes Republic Dentschland.

673

674

DESIGN AND CONSTRUCTION OF A MACHINERY FOR
NIGERIAN AGRICULTURAL MOUND MAKING HOES
C, I. IJIOMA
Department of Agricultural Engineering
Federal University of Technology
PMB 1526, Owerri, Imo State, Nigeria"
The drudgery associated with the use of hand hoes to make
mounds for tuber crop cultivation in Nigerian traditional farming has discouraged many Nigerians from farming, This has
resulted in a tremendous decline in the production of tuber
crops and the staple food in Nigeria, In order to minimise
the drudgery in the use of the hand hoes, a machinery for the
mechanisation of the Nigerian agricultural mound making hoes
was designed and constructed,
The machinery consisted of three selected modified hand
hoes radially mounted on three hydraulically operated shanks,
The shanks were pin jointed to a hydraulically operated
central table, As the table is gradually lowered by the hydraulic systems, the hoes automatically spread outwards while at
the same time cutting into the soil, The raising of the table
facilitates the shovelling and heaping of the soil by the
hoes. The continuous lowering and raising the central table
result in the making of a mound by the hoes.
The machinery makes mounds 524-850mm base diameter and
320-470mm to-peak height. The mound geometry compared favourably with most mounds used for seed yams in Benue State of
Nigeria,
The significant advantages in the use of the machinery
include the fact that the tillage blades move only top soils
and the machinery eliminates the drudgery in the cutting and
movement of the earth during manual mound making. The
cultural attraction to the farmer using the machinery is the
fact that the traditional hoes are still used in the earth
moving operation, The machinery is the first significant
attempt in Nigeria to mechanise the mound making hoes.
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INTRODUCTION
In Nigeria, mound making is as old as the practices for
growing tuber crops. In some places, the soil is dug and
filled with human or farm yard manure before planting in it,
after which, mound is made on top of the cultivars. Some
other farmers make heaps which vary in size depending on the
farming system adopted, the soil condition and the expected
yield size of the yam to be harvested,
The mound system seemed very suitable for yam cultivation,
Yam, a tropical tuber crop has been observed to yield larger
sizes in mounds than in ridges. The increase in yield size
can be attributed to the cultural practice of mound making
whereby the concentration of humus soil ~~hich forms a great
part of the mound increases the nutrient available to the
crops (Oyenuga, 1967; Onwueme and Fadayomi, 1980; Okigbo,
1978). Cultivation of tropical tuber crops such as cassava
and yam in poorly drained soil lowers the yield. Thus, in the
rain forest regions of Nigeria, it was observed that when
cultivated on ridges, the tuber crops were often subjected to
water pending in the furrows between the ridges. The adverse
effects of planting tuber crops in ridges were very noticeable
in the erosion susceptible soils of South Eastern and the
Eastern middle belt of Nigeria (Ijioma, et al, 1985). Mounds
in such areas proved significantly better-tnan ridges in that
the minimal soil disturbance during mound making and the flow
path tortuousity around the irregularly staggered mounds
contributed to effective soil and water conservation for the
crop development. Onwueme (1978) observed that rapid erosion
of ridges due to increased runoff along the furrows contributed to early exposure of tender and unmatured developing
tubers. Such exposed tubers were often subjected to rodent
attacks and when harvested 1~ere always unpallatable. The
yield pattern should therefore be attributed to the soil and
water conservation practices connected with the process of
mound making and the ease of tuber or root propagation in the
loosened soil mound. It is also evident that the Nigerian
cultivation systems of some tuber crops in mounds still demand
the use of hoes because the foreign machineries have not been
designed for such soil manipulation operations.
About 95% of Nigerian farming population are hoe farmers
who use the traditional hand tools. The hoes presently used
in most Nigerian farms are produced by skilful village blacksmiths who acquire their skills by apprenticeship through the
passage of time, Three distinctive sizes and shapes of
Nigerian hoes used for mound making have been identified,
There are the elliptic shaped Abakaliki "Ogu uku" mainly used
in the South Eastern part of Nigeria, the rectangular shaped
"mada" used in the middle belt and some Western States of
Nigeria and the section of a concave shaped parabolid called
"bakatsiniya" used in other yam growing northern and western
States (Ijioma, et al,, 1985). Material hardness tests
carried out by IJToma (1987) showed that the Abakaliki hoe
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was materially superior to the others in resistance to wear,
durability and strength, The results of the tests reflected
the quality of material used in fabrication and the skill of
the blacksmiths during fabrication,
Experience showed that much energy is needed to make mounds.
The man hours per hectare are high due to the drugery involved.
The drudgery also discourages many able bodied young people
from participating in the cultural tuber crop farming practices, The production of a tuber crop such as yam is very
laborious, requiring 450 - 800 man days per hectare for hand
cultivation (Philips, 1974), There is the need for machines
that can ease the labour involved, The mechanization of the
mound making process will therefore enhance the farming
practices involved and the yield of large size tuber crops
such as ware yams and cassava. The objectives of this study
included the development of a tillage machine that will mechanize the Nigerian mound making hoes through the use of the
tractor hydraulic system,
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METHODS AND MATERIALS
The tillage machineries for the mechanization of Nigerian
mound making hoes were designed and constructed in the Department of Agricultural Engineering, Federal University of
Technology, Owerri.
In the first of two separate designs and constructions the
machine consisted of three selected hoes radially mounted on
three hydraulically operated shanks. The hoes selected were
of the Abakaliki "ogu uku" type. A hydraulic cylinder
controls the inward and outward swing of the hoes, The shanks
were pin jointed to a hydraulically operated centre table,
The hoes cut into the soil when the centre table is lowered,
The raising of the table also raises the hoes, The outward
swing of the hoes automatically follows at the instance the
centre table is lowered. The centre table is supported by a
98,0cm square frame, This frame is linked to a hydraulic
cylinder that operates the centre table, The machine is
connected to a tractor drawbar and hysraulic control system
(Fig, 1), The r~ising of the hoes from the soil can be
initiated from the tractor hydraulic system. The continuous
operation of the hydraulic cylinders from a stationery tractor
facilitates the cutting and heaping together of soil to make
a mound, This machine is herewith referred to as type 1
machine,
In the second design and construction shown in Fig. 2 and
which is a modification of Fig, 1, a combination of the hydraulic control system and the power take off (pto) from the
tractor was used to generate the inward and outward swing of
the hoes, Four hoes with serrated cutting edges were fabricated with similar shapes to the Abakaliki hoes and used in
place of the traditional hoes from local blacksmiths.
The in and out swings of the four radially positioned hoes
were initiated from the rotation of the power take off shaft
and the transmission of a cam system, The pto shaft is
connected to the rotary face which when in rotation produces
a vertical reciprocating motion of a pitman on the cam, The
supporting motion of the pitman sets the link arms supporting
the four hoes in the swing motion, The combination of the
motions of the hydraulically controlled centre table and the
swing of the hoes facilitates the cutting nand heaping together of soil to make mounds. The cutting edges of the hoes
in this type 2 machine were serrated to facilitate trash
cutting.
These machines have been used to make mounds on a freshly
prepared sandy loam field at the Federal University of
Technology, Owerri, Nigeria. Details of the design drawings
are shown in orthographic in Figs. 3 and 4. Manual hoe and
the hoes in the two-types of machines were used comparatively
to make nine sets of mounds on different locations in a sandy
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loam field. ·A set comprised of three mounds closely located
in a small plot in the field, The set consisted of one mound
made manually with the Abakaliki type hoe while the other two
consisted of the mounds made with machine types 1 and 2.
In order to quantify the structural alteration of the soil
in the mound due to the use of the machines, the changes in
average soil volume and thus the density were compared with
those made by manual hoeing, The dry bulk density and pore
size distributions of the soil in a mound were used as a test
of the soil structural alteration. The density of the soil w
was determined with a special core sampler that minimised soil
disturbance. Standard methods such as the use of core sampler
for density determination, oven drying for water content and
Haines apparatus for the application of suction were used to
determine the dry bulk density and. the pose size distribution&
The tests were all carried out in June at three months after
the mounds were prepared in 1990,
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RESULTS AND DISCUSSION

The advantage of the second machine over the first was that
once the hydraulic control system pushed the hoes through the
centre table into the soil, the continuous rotations of the
pto shaft facilitate the in-and-out swing of the hoes in the
process of mound making, In the first design, the penetration
of the hoes into the soil and the swing of the hoes must be
controlled from the tractor hydraulic control system, The
first design therefore required an operator continuously regulating the control of the hydraulic system of a tractor,
In the first design, the heaped up mound had on the average
a base diameter of 524mm with a base to peak height of 320mm,
The wwing radius of a hoe was dependent on the travel of the
piston of the appropriate hydraulic cylinder. During field
test, it was observed that the machine completed one mound in
seven minutes,
In the second design, the heaped up mound had on the
average a base diameter of 850mm with a base to peak height
of 470mm. The swing radius of a hoe was dependent on the
minimum cam and follower centre distance and the position of
the follower in the groove machined on the cam face, The
configuration of the groove machined on the face of the rotary
cam constrained the minimum and maximum outward swing of the
link arm of each hoe, The second type machine completed one
mound in four minutes,
Table 1 shows the effect of the various hoeing systems on
the dry bulk density while Fig, 5 shows the effects of the
systems on the pore size distributions of the soil in the
mounds.
It is evident from the table and figure that the machine
type 2 with serrated blade cutting edges and pto operated
causes greater soil loosening and disturbance than the
manual hoeing,
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CONCLUSION

The results so far obtained indicate the prospects for the
mechanisation of the Nigerian mound making hoes. Hoeever,
since most farmers are as bound by tradition in the use of
tillage machinery as other professionals are, it is being
envisaged, that the process of mechanisation of the mound
making hoes will retain some of the qualities of the traditional method. From the results so far obtained, it is
therefore reasonable to recommend the adoption and appropriate
modification of the traditional hoe geometry in the mechanisation process, so as to achieve a high acceptance of the
machine by the Nigerian farmers.
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Table 1.

The effect of mechanized mound making system on
soil dry bulk density,
Manual

Density mg/m 3

Mechanized
Machine Type 1
Density mg/m3

1. 080
1.15
1. 22
1.19
1.18
1.17
1.14
1. 24
1.31

1. 07
1. 08
1.11
1. 07
1,06
1.14
1.13
1. 07
1. 04
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hoe
slstem
Machine TYI~e 2
Density mg/m3
0.83
1. 04
1. OS
1. 03
0,97
0.94
0,81
0.98
1. 02

FIG. I

TYPf I MACHINE

FIG· 2 TYPE

2

MACHINE
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