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In semiarid regions, rainfall is one of the primary factors affecting soil erosion and crop production under rain-fed agriculture.
The study sought to quantify the effect of rainfall characteristics on sheet erosion and maize grain yield under different tillage
systems. It was carried out under semiarid conditions and infertile sandy soils of Zimbabwe. Rainfall amount and intensity were
recorded every 24 hours, while sheet erosion was measured from four tillage systems (Conventional Tillage (CT), Mulch Ripping
(MR), Tied Ridging (TR) and Bare Fallow (BF)). Maize (Zea mays L.) was grown on three tillage systems (CT, MR, and TR).
Rainfall amount varied significantly (P < 0.001) between seasons (164-994 mm). CT recorded the highest average soil losses
(15t/ha), while MR and TR recorded 1.3 and 1.2 t/ha, respectively. Maize grain yields increased with increasing seasonal rainfall
giving yield-responses of 0.9 t/ha (TR) to 1.3t/ha (MR) for every 100 mm rainfall increment. Overall, treatments didnot differ
significantly (P < 0.497), except during drier seasons (P < 0.025). Regression equations showed that yields can be confidently
predicted using rainfall amount and time, with R? values of 0.82 to 0.94. Maize grain yields proved to be mostly dependent on

rainfall amount than fertility. The productivity of the soils decreased with increased length of cultivation.

1. Introduction

Rill and gully erosion in the smallholder areas of Zimbabwe
is largely under control through mechanical conservation
structures such as contour ridges, grassed waterways, and
storm drains [1]. However, sheet erosion is still a major threat
to soil fertility and productivity. The sheet erosion process
is selective and deprives the soil of its fine particles (clay
and organic matter) [2]. These particles are easily splashed
out and carried in suspension, while the heavier particles
remain behind [3-5]. The soils are thus impoverished as
these nutrient reservoirs are lost together with inherent and
applied plant nutrients. The bulk density of the soils is
increased and plant available water is decreased. According
to Stocking and Peake [6], the changes in soil conditions, in
many cases, may be describing the effect of erosion induced
low soil productivity.

In soil erosion research, rainfall amount and intensity
(erosive power of rainfall) have been found to be the
fundamental factors affecting soil erosion [7, 8]. The impact
of raindrops on the soil surface results in temporary capping
of the soil and lowered infiltration rate, thus generating
runoff [9-11]. Runoff is directly dependent on rainfall
amount and intensity and soil loss, being a function of
runoff also depends primarily on these factors. According
to Morgan [12], sheet erosion occurs when, during a rain-
storm, soil moisture storage and/or the infiltration capacity
of the soil are exceeded.

Rainfall is also the primary factor affecting crop produc-
tion in rain-fed agriculture [5]. Previous studies in semiarid
regions have shown that the yield parameter is mainly
dependent on the amount and distribution of rainfall. Elwell
[13] found a linear relationship between rainfall amount
and yield on granitic sands and high rainfall conditions of



Zimbabwe, where yield increased proportionally to rainfall
amount. The soil type also influences crop production as
determined by the fertility level as well as the soil physical
characteristics. The crop production potential of granitic
sandy soils is low, but if adequate fertilisers are applied,
average yields can be achieved [14]. However, the fertiliser
application is very much dependent on rainfall, so that
rainfall becomes the most important factor influencing
crop production. Mid-season droughts are common in the
semiarid areas due to the erratic nature of rainfall and the
soils’ low water holding capacity [15]. Rainfall distribution
becomes an important factor if the effect of these mid-season
droughts is to be minimized.

While it is generally known and acceptable, that rainfall
(amount, intensity, and distribution) affects soil erosion and
productivity, the principle cannot be applied everywhere
successfully. Kaihura et al. [16] stated that the rates and the
effects of erosion are dependent on the soil type and agro-
ecological conditions. Thus, it is important to define the fac-
tors that affect soil erosion in different regions by developing
equations that estimate soil erosion and productivity to cover
areas of the same climatic and ecological conditions. These
equations should, however, be simple and straight forward
enough to be of benefit to the farmers. The objective of
these equations should be to use some important and easily
measurable variables to predict parameters of agricultural
production. Thus from either a crop production or soil ero-
sion/conservation point of view, rainfall characteristics and
distribution are of importance if farmers are to successfully
manipulate the soil and reduce the destructive potential of
tropical storms. The objective of this study is, therefore, to
determine the rainfall characteristics that affect soil erosion
and maize grain yield. This study, therefore highlights the
conservation potentials of different tillage systems under the
semi-arid conditions of Zimbabwe. Furthermore, simple soil
loss, runoff, and yield equations showing the most important
factors that affect these parameters are developed.

2. Materials and Methods

2.1. Experimental Site. Zimbabwe lies well within the tropics
but its climate is subtropical, being moderated by altitude. Its
climate is thus classified as temperate (mild mid-latitude),
with dry winters and hot summers (Cwb) according to
the Koeppen climate classification system [17]. The average
temperatures rarely exceed 33°C in summer or drop beyond
7°C in winter [18]. The country has been classified into five
agroecological regions, namely, Natural Regions I, II, IIL, IV,
and V. Only Natural Regions I and II have relatively high
effective rainfall and are suitable for intensive agricultural
production. Natural Regions III, IV, and V constitute 83% of
the total land area (92% of small-holder farming area) and
are not suitable for intensive, high input agriculture [15].
Zimbabwe’s soils are predominantly derived from granite
and the clay content of these soils varies according to the
degree of weathering (influenced by rainfall) and catenal
position [19, 20]. From among all the soils derived from
granite, the sandy soils, of the fersiallitic group, comprise the
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majority, about 70% of the land area [19] and are dominant
in the small-holder farming areas [21]. The agricultural
potential of these soils is fair [20], and their productivity is
likely to decline under intensive continuous cropping.

The study was carried out at Makoholi Research Station
situated 30 km north of Masvingo town, which is the regional
agricultural research centre in the medium-to-low rainfall
areas. The station lies at an altitude of about 1200 m, within
Natural Region IV with an average annual rainfall of 450—
650 mm. Characteristic of this region is the erratic and
unreliable rainfall both between and within seasons [22].
The soils are also inherently infertile, pale, coarse-grained,
granite-derived sands, (Makoholi 5G) of the fersiallitic
group, Ferralic Arenosols [19, 23]. Arable topsoil averages
between 82 and 93% sand, 1 and 12% silt, and 4 and 6%
clay [21, 24]. The small amount of clay present is in a highly
dispersed form and contains a mixture of 2 : 1 lattice minerals
and kaolinite [23]. The organic matter content is also very
low, about 0.8%, while pH (CaCl,) is as low as 4.5. The soils
are generally well drained with no distinct structure [24], but
some sites have a stone line between 50 and 80 cm depth. The
high infiltration rate and low water holding capacity are due
to the soil texture characteristics.

2.2. Experimental Design and Treatments. The treatments
were laid out in a randomised block design replicated three
times. Four tillage systems were considered, conventional
tillage, mulch ripping, tied ridging, and bare fallow. Con-
ventional tillage is the most widely used tillage practice in
the small-holder farming areas of Zimbabwe constituting 73—
90% of the cultivated area [25]. The remainder of the land is
ploughed using hired tractor (5-25%) and less than 1% is
under tillage systems that conserve soil, moisture, nutrients
and/or energy inputs [25]. Mulch ripping and tied ridging
systems have a great potential in conserving soil and water
and are being promoted in a bid to effectively manage the
natural resources and sustain productivity.

Tillage for the different systems was carried out as fol-
lows: conventional tillage (CT): ploughed to 23 cm using an
ox-drawn mouldboard plough; mulch ripping (MR): crop
residues were left to cover the ground and only rip lines were
opened between the mulch rows, 25 cm deep, using a ripper
tine; tied ridging (TR): 20 cm high crop ridges were laid out
at 1% slope and were 90 cm apart. Ties were constructed in
the furrows at 1-1.5m intervals to create microdams. Bare
fallow (BF): tractor ploughed and kept crop and weed free
throughout the season. Maize (Zea mays L.) is the staple food
in Zimbabwe and is planted on >70% of all cultivated land
in the small-holder sector. Thus maize was planted on all
plots, except BE, at a population of 36 000 plants/ha. Optimal
recommended fertiliser rates were applied at recommended
times. For yield assessment, two subplots of 3.6 X 6 m were
marked out on CT and MR plots, while four subplots were
marked out on TR. Rainfall was measured every 24 hours,
using standard and autograghic rain gauges.

2.3. Collection of Runoff and Sediments. The standard soil
erosion methodology for Zimbabwe was used [26, 27], where
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the plots were laid out at 4.5% slope. Erosion plots measured
30 X 10m for CT, BE, and MR and 150 X 4.5m for TR.
Surface runoff and soil loss from each plot were collected
at the bottom of the plots in 1500 litre conical tanks. The
tanks were emptied daily and soil loss and runoff quantified
[28]. The collection tanks were calibrated and runoff was
measured using a metrestick. Once the first tank was full its
overflow passed through a divisor box with ten slots, which
channelled only one-tenth of the overflow into the second
tank. Nine-tenths of this overflow was allowed to drain away,
thus increasing the capacity of the second tank. Due to the
larger net plots of the tied ridging treatment, three tanks were
installed, so as to capture the anticipated larger volume of
sediments.

2.4. Sampling Eroded Material. Rainfall data was collected
from 1st of October through April of each year, which cor-
responds to the seasonal rainfall for this region. Tanks were
emptied at the end of each storm unless the interval between
storms was too short to allow emptying. Sediments and
runoff (including the suspended material) collected from
runoff plots were treated as different entities. Suspension was
pumped out and subsampled for the determination of soil
concentration in runoff, using the Hach spectrophotometer
DL/2000. Later the sludge was transferred into 50 litre milk
churns, topped up with water to a volume of 50 litres and
weighed. The mass of oven dry soil, M, (kg), was calculated
using the following equation [21, 26]:

M, = 1.7 x (M, — M,,), (1)

where M is mass of fixed volume of sludge (kg), M,, is mass
of the same volume full of water (kg), and 1.7 is constant for
the soil type.

2.5. Statistical Analysis. Data was analysed using Genstat 5
Release 1.3 for analysis of variance (ANOVA). Equations to
estimate runoff, soil loss, and crop yield were developed for
each tillage system using the climatic data and time factor,
as climatic data is readily available and easily accessible to all
and undoubtedly greatly influences agricultural production
at any given area. Time also affects yield or soil degradation
depending on the use of a particular piece of land. Therefore,
while some other parameters, for example, soil moisture and
crop cover are known to influence soil erosion and produc-
tivity of the soils, [10, 29] these have not been taken into
consideration, yet this does not mean that their importance
is not acknowledged.

Multiple regression analysis was carried out on the data
collected over nine years to find factors that determine soil
loss by sheet erosion from among rainfall amount, energy,
and time. Four types of regression analysis were considered:

(i) standard regression with a forward selection of var-
iables,

(ii) multiple regression on data after logarithmic and/or
inverse transformation of the dependent variables,
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FIGURE 1: Seasonal rainfall energy and rainfall amount at Makoholi
Contill site over nine seasons.

(iii) multiple regression after logarithmic transformation
of the independent variables,

(iv) nonlinear regression analysis.

The transformations were done so as to fully explain the
relationship of the dependent and independent variables as
sometimes the relationship is not direct but logarithmic or
exponential. Best-fit models were selected on the basis of the
multiple regression coefficient (R?) of the bare fallow (for
runoff and soil loss) and conventional tillage (for yield). To
enable comparison among the different tillage systems the
same set of variables was used across all tillage systems.

3. Results

3.1. Rainfall Amount, Distribution, and Intensity. Over the
nine years seasonal rainfall ranged from 164 mm during the
4th year, (drought) to 994 mm during 9th season (Figure 1).
The average calculated over these years was 554 mm, which
is well within the expected range for this natural region
(450 to 650 mm). However, Figure 1 shows that although
the 554 mm is within the expected range, individual seasons
lie outside this range. Only one season (year 6) was within
(483 mm) the range, while all the other seasons lay on either
side (—; +) of the range (four seasons on each side). Apart
from the fluctuations in the seasonal rainfall totals, monthly
and daily rainfall distributions can also result in significant
soil loss and runoff differences (Figure 2). Monthly rainfall
totals, during the rainy seasons (October to April), ranged
from 0 to 419mm and daily rainfall from 0 to 182 mm.
The rainfall data collected also clearly shows that the rainy
season usually starts in October and extends to April, while
the growing season starts in November. The wettest months
are December, January, and February. During six out of nine
seasons, planting was carried out in November, two seasons
in December, and one season in October.

Rainfall energy can be expressed as the erosive power
of rainfall and was found to be closely associated with the
rainfall amount (Figure 3). Correlating the two parameters
gave a correlation’s coefficient of r = 0.977, indicating that
the higher the rainfall amount, the higher the rainfall energy,
that is, its erosive power.
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Ficure 2: Monthly rainfall distribution over nine seasons at
Makoholi Contill site.
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Ficure 3: Correlation between seasonal rainfall amount and
seasonal rainfall energy during nine seasons at Makoholi Contill
site.

3.2. Runoff. There was a tendency for runoff to increase
with the increase in the number of years of cultivation
(Figure 4). The bare fallow had, as expected, the highest
runoff average of 179 mm/ha over the nine years. On average,
32% of total rainfall received was lost as runoff, ranging
between 17 and 43% over the nine-year period. Under this
treatment-extreme conditions for accelerated erosion were
created, giving the worst possible scenario under the given
conditions. This treatment serves to show the erodibility
of the soils under study. Among the cropped treatments,
conventional tillage recorded the highest average runoff
with a range of between 0.6 and 22% of total seasonal
rainfall, while mulch ripping and tied ridging recorded the
lowest runoff averages, which ranged from 0.3-15% and
0.0-11%, respectively. As can be seen from Figure 4, the
two systems have a lower cumulative runoff compared to
conventional tillage. Runoff generated from the different
treatments differed significantly at P < 0.001. There was no
significant difference between mulch ripping and tied ridging
(P = 0.385). However, when the means of mulch ripping
and tied ridging were compared with conventional tillage, the
difference became significant at P < 0.001. Year, rainfall, and
energy were also considered as sources of variance. For all
the treatments, there was a significant difference (P < 0.001)
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F1GURE 4: Cumulative runoff (mm) under different tillage systems
over nine seasons at Makoholi Contill site.
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FiGure 5: Soil losses under different tillage systems over nine
seasons at Makoholi Contill site.

between the different years, rainfall amount, and rainfall en-
ergy.

3.3. Soil Loss. Soil losses under the bare fallow ranged from
9t/ha during the first year to 152 t/ha during the 8th year
giving an average of 64 t/ha/yr over the nine-year period.
Conventional tillage recorded the highest cumulative soil
losses among the cropped treatments (Figure 5) and averaged
about 15t/ha over the nine seasons. Mulch ripping and
tied ridging had, as expected, the lowest cumulative soil
losses and proved to effectively conserve the soil. Analysis
of variance showed the same trend as that of runoff, with
differences between the treatments being significant at P <
0.001. There was no significant difference between mulch
ripping and tied ridging (P = 0.964). Once again the
difference between the mean of mulch ripping and tied
ridging varied significantly (P < 0.001) when compared to
conventional tillage. As in runoff, the effects of year, rainfall
amount, and energy on soil loss gave significant differences at
P < 0.001 for all the treatments except mulch ripping, where
the variation was significant at P < 0.01.

3.4. Maize Grain Yield. Yield ranged from 0 t/ha during drier
seasons to more than 7t/ha during years with abundant
rainfall. Mulch ripping had the highest cumulative yield
and averaged (3.5 t/ha) over the nine years (Figure 6). Con-
ventional tillage gave an average yield of 3.0t/ha and tied
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FIGURE 6: Maize yield under different tillage systems over nine
seasons at Makoholi Contill site.

ridging recorded the lowest cumulative crop yield with an
average of 2.6 t/ha. Maize grain yields under the different
tillage systems did not differ significantly from one another
(P = 0.497). Crop yields resulted in significant treatment
differences only during somewhat drier seasons, or seasons
characterised by poor rainfall distribution, for example,
during the 7th season; yield gave a significant treatment
difference at P < 0.025. Mulch ripping and tied ridging also
differed significantly at P < 0.025. The different years with
different rainfall amounts caused a variation in maize yield
resulting in significant differences between years (P < 0.001)
for all the treatments.

3.5. Developing Simple Equations. The high correlation be-
tween rainfall amount and rainfall energy (r = 0.977) left
very little room from which to choose one parameter in
place of the other, meaning that the two parameters can
be interchanged. Therefore, if rainfall energy data is not
available, rainfall amount can be used with negligible effect
on the coefficient of determination (R?).
The following parameters were used in the equations:

RO: total seasonal runoff (mm),

SL: total seasonal soil loss (kg/ha),

YI: seasonal maize grain yield (t/ha),
ENER: total seasonal rainfall energy (J/m?),
nYEARS: number of years of cultivation,

RAIN: total seasonal rainfall amount (mm).

3.6. Runoff Equations. The following equation was used for
the determination of runoff:

RO = a + bX; + cEXP(X), 2)

where a is constant; b and ¢ are coefficients; X; is ENER; X,
is nYEARS.

Runoff under the bare fallow was estimated to increase
directly with increasing rainfall energy (Table 1) at 19 mm/
1000 kJ/m?. Runoff also increased exponentially to the year,
whereby the estimated runoff during the first year was
156 mm/10 000 kJ/m? and by the ninth year it was estimated
to be 272 mm/10 000 kJ/m?. With an R? value of 0.92, runoff

TaBLE 1: The effect of rainfall energy and number of years of
cultivation on runoff under different tillage systems at Makoholi
Contill site.

Treatment Constant  Energy Exp. nYears R?

Bare fallow -30.0 0.01856 0.01437 0.92
Conwv. tillage -26.9 0.00987 0.00960 0.80
Mulch ripping —36.1 0.00661 0.00213 0.66
Tied ridging -29.4 0.005377 —0.00223 0.67

from the bare fallow can be confidently predicted using
rainfall energy and the number of years of cultivation.

Under cropped treatments, runoff was estimated
to increase directly with the increase in rainfall energy
at about 10mm/1000kJ/m? under conventional tillage,
6.6 mm/1000k]/m? under mulch ripping, and 5.4 mm/
1000kJ/m? under tied ridging. It was also predicted to
increase from about 72 mm/10000kJ/m? during the first
year of cultivation to about 150 mm/10 000 kJ/m? during
the ninth year under conventional tillage, from 30 mm/
10000k]/m? to 47 mm/10000k]/m? under mulch ripping
and decrease from 25mm/10000kJ/m? to 6.3 mm/
10000k]/m? under tied ridging. Thus runoff under con-
ventional tillage was estimated to increase by 78 mm from
the first year to the ninth year and by a mere 17 mm
under mulch ripping for the same period. This increase
under mulch ripping was generally a result of high runoff
recorded during wet years, where the soil under the mulch
was saturated (high infiltration and reduced evaporative
losses). However, when rainfall amount was normal and well
distributed, runoff tended to decrease with the number of
years of cultivation, that is, the cumulative effect of mulch.
Runoff under tied ridging was estimated to decrease by
16 mm over nine years. This is largely due to increased
infiltration in the microdams which then reduces runoff.
The R? value of 0.80 under conventional tillage is also high
enough to allow for runoff to be confidently predicted using
these two parameters (rainfall energy and the number of
years of cultivation).

3.7. Soil Loss Equations. The following equation was used for
the estimation of soil loss:

SL=a+bX1+cX2, (3)

where a is constant, b and ¢ are coefficients, X; is nYEARS,
X, is ENER.

Under the bare fallow, the variables year and energy
(Table 2) were the most descriptive ones. This was expected,
as there was no ground cover to intercept rainfall energy. Soil
loss was estimated to increase by 7.3 t/ha with the increase in
the number of years of cultivation and by 5.1 t/ha/1000 kJ/m?
rainfall energy. These variables explained 60% of the varia-
tion of soil loss. Using the same parameters as for the bare
fallow, soil loss under the cropped treatments was estimated
to increase by 2.9 t/ha under conventional tillage, decrease
by 0.1 t/ha under mulch ripping, and increase by 0.2 t/ha
under tied ridging with every increase in the number of years



TaBLE 2: The effect of rainfall energy and number of years of
cultivation on soil loss under different tillage systems at Makoholi
Contill site.

Treatment Constant nYears Energy R?

Bare fallow —-23.6 7.28 0.00505 0.60
Conv. tillage -8.78 2.92 0.000869 0.25
Mulch ripping -0.173 -0.113 0.000205 0.09
Tied ridging —-0.766 0.166 0.0001129  0.27

TaBLE 3: The effect of rainfall amount and number of years
of cultivation on maize yield under different tillage systems at
Makoholi Contill site.

Treatment Constant Exp.nYear Rainfall R? Slleg‘zlf ’

Conv. tillage —2.241 -0.0009493 0.011821 0.90 P < 0.001
Mulch ripping —-1.689 —0.0010092 0.011882 0.85 P < 0.001
Tied ridging —1.382  —0.0006357 0.008736 0.82 P < 0.025

of cultivation. Soil loss also tended to increase by 0.9 t/ha
under conventional tillage, 0.2 t/ha under mulch ripping, and
0.1 t/ha with every 1000 kJ/m? increase in rainfall energy.

The R? values were very low explaining only 25% of
the variation under conventional tillage, 9% under mulch
ripping, and 27% under tied ridging. While for all the
treatments, increases in soil loss are given in relation to 1000
J/m?; it should be noted that the average rainfall energy over
the nine years is more than ten times this value, that is, 10
166 J/m?.

3.8. Yield Equations. Yield was closely related to rainfall
(P < 0.001) and was related exponentially to the year, for all
treatments. The following equation was used for the deter-
mination of yield:

YI = a+b EXP(X;) + cXo, (4)

where a is constant; b and ¢ are coefficient; X; is nYEARS; X,
is RAIN.

Under conventional tillage, yields were poorly and neg-
atively correlated to year (—0.195), while better correlated
to rainfall amount (0.551). The maize grain was estimated
to increase by 1.2 t/ha for every 100 mm of rainfall received
(Table 3). The highest yields were predicted under mulch
ripping. A low and negative r value was also found between
yield and year (—0.241), meaning that there is a decrease in
yield with time. The correlation between yield and rainfall
was lower than under conventional tillage (0.488). Crop
yields were predicted to increase at 1.3 t/ha for every 100 mm
of rainfall received. Yields under tied ridging were estimated
to increase at 0.9 t/ha for every 100 mm of rainfall and also
decrease exponentially to the year.

4. Discussion

The nine years data showed the erratic and unreliable nature
of rainfall, both between and within the seasons, in the semi-
arid region of southern Zimbabwe. Within the nine years of
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research, seasonal rainfall varied extensively from 164 mm
to 994 mm. While the average rainfall amount (554 mm)
still lay within the given range for this natural region (450—
650 mm/yr), only one season recorded a seasonal total within
this range and the other eight seasons recorded either higher
or lower seasonal totals. The monthly and daily totals were
equally variable, with some months recording much more
than seasonal totals and some days recording more than
monthly totals. This great variation in rainfall poses a high
risk in agricultural production, as it becomes difficult to
predict rainfall for any one season with certainty [15]. The
erratic nature of rainfall also adds to the erosion problem
[2]. Hudson [30] and Elwell and Stocking [31] reported that
the rare and infrequent heavy storms cause severe erosion.
The infiltration capacity of the soils, during such storms is
exceeded and the high intensity causes crust formation [8],
which leads to high runoff and soil losses.

The study results showed very high runoff and soil losses
under the bare fallow and conventional tillage systems and
negligible losses under mulch ripping and tied ridging. When
the natural equilibrium of the soil is disturbed through
cultivation—disruption of soil aggregates and increased
aeration—the rate of organic matter mineralization is
increased [32-34]. Organic matter is important in the soil
aggregation and improves water infiltration and storage
[35], thus its reduction results in higher rates of soil
erosion. The very high topsoil losses with conventional tillage
will eventually result in reduced plant available water and
nutrients and thus productivity, as the soil depth is limited
due to the presence of a stone line at around 50-80cm
depth [21]. Although plant nutrients can be compensated
by additions of fertiliser or manure, in rain-fed agriculture,
plant available water cannot be ameliorated. The physical
properties, therefore, altered (e.g., water holding capacity)
by soil erosion, are the most long term yield limiting factors
[36]. Mulch ripping and tied ridging proved to be effective in
reducing soil erosion. The mulch intercepts rainfall energy,
thus increasing infiltration [37-39], while the rotting stover
adds organic matter to the soil [40, 41]. The microdams
under tied ridging enhance water ponding thus increasing
water storage and reducing drainage [7]. The regression
equations also support the dependence of runoff primarily
on rainfall energy and the number of years of cultivation,
R? = 0.92 for bare fallow and R* = 0.80 for conventional
tillage. The R? values for the estimation of soil loss were
generally lower than those found for the estimation of runoff,
indicating that soil loss is also affected by other factors other
than rainfall energy and time. Crop or ground cover and
runoff volume and velocity have to be considered as well
[40]. The ground cover effect is especially important under
mulch ripping, while runoff volume and velocity are also
drastically reduced under mulch ripping and tied ridging.

Mulch ripping had the highest yield average of 3.5 t/ha
due to lower evaporative losses, especially during years
with low rainfall or poor rainfall distribution. The soil
moisture conserved ensured a better water supply to the
crop during mid-season dry spells. Although runoff was
drastically reduced under tied ridging, the water harvested
in the microdams quickly drained away due to the very
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high infiltration capacity, 40 cm/h according to Vogel [21],
and low water holding capacity of these soils, which was
found by Moyo and Hagmann [42] to be 10.3% by volume.
Therefore, when rainfall events were widely spaced, the
water harvested in micro-dams did not benefit the crop,
as it would have drained away. The soil surface was also
increased through ridging, thereby increasing evaporative
losses [42]. The variables rainfall amount and time were
found to adequately estimate yield; R? values ranged from
0.82 to 0.94 across all treatments. There was a direct linear
relationship between yield and rainfall amount and maize
grain yield increased by 0.9 (tied ridging), 1.2 (conventional
tillage), and 1.3t/ha (mulch ripping) with every 100 mm
increment of rainfall. Yields decreased exponentially to the
year under all the treatments indicating the reduction of
productivity as soils are opened from virgin land.

Although the sandy soils are described as inherently
infertile [43], the applied fertilisers seem to be adequate
resulting in high yields during good rainfall seasons. Thus,
rainfall, more than fertility, seems to be the most impor-
tant yield-limiting factor. The study did not establish any
conclusive yield variation among the treatments, except that
under all tillage systems, there was a yield decline with
the number of years of cultivation. Thus optimal fertiliser
application and use of hybrid seed mask the effect of erosion
on yield, as optimal crop growth can be achieved, if weather
conditions are favourable. Thus, the fertiliser application is
very much dependent on rainfall, so that rainfall becomes
the most important factor influencing crop production. The
effect of erosion on yield is of long term, while rainfall-thus
soil moisture content—is the main short-term factor that
influences yield.

5. Conclusions

The results of this study led to the following conclusions.

(i) Mulch ripping is the recommended tillage system for
conserving soil and water and sustaining yields, while
tied ridging can also be used satisfactorily to conserve
soil and water but should be combined with mulch
for better yields.

(ii) Conventional tillage practiced in the communal areas
has to be replaced by conservation tillage techniques
so as to reduce soil and water losses and maintain soil
productivity.

(iii) Runoff and soil losses are a function of rainfall
amount and intensity, number of years of cultivation
and ground cover, that is, ploughing or minimum
tillage; bare soil or soil covered with crops, weeds
or mulch. The lower the intensity of tillage and the
higher the ground cover, the better.

(iv) In semiarid regions where rainfall is limiting, yield
is mostly dependent on the amount of rainfall and
period of cultivation rather than fertility, if optimal
fertilisers are used.

(v) Yield is a poor indicator of soil erosion when fertilis-
ers and hybrid varieties are used as yield decline is

masked. This is likely to be the case until such a time
that yield declines even with the use of fertilisers and
better cultivars, at which stage the damage might well
be irreversible.
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