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Abstract Crop production in sub-Saharan Africa is
constrained by numerous factors including frequent
droughts and periods of moisture stress, low soil
fertility, and restricted access to mineral fertilisers.
A 2 year (2005/6 and 2006/7) field study was con-
ducted in Shurugwi district, central Zimbabwe, to
determine the effects of different nutrient resources
and two tillage practices on the grain yield of maize
(Zea mays L.) and soybean (Glycine max (L.) Merr).
Six nutrient resource treatments (control, pit-stored
manure, leaf litter, anthill soil, mineral fertiliser,
mineral fertiliser plus pit-stored manure) were com-
bined with two tillage practices (conventional tillage
and post-emergence tied ridging). Basal fertilisation
was done with 0 kg ha™' as control, 240 kg ha™!
PKS fertiliser, 18 t ha™! manure, 10t ha~! manure
plus 240 kg ha~' PKS fertiliser, 35 t ha™' leaf litter,
52 t ha™' anthill soil. About 60 kg N/ha was applied
to fertiliser only and fertiliser plus manure treatments
as top dressing in the form of ammonium nitrate
(34.5%N). A split-plot design was used with nutrient
resource as the main plot and tillage practice as
the subplot, and five farmers’ fields were used as
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replicates. Grain yield was determined at physiolog-
ical maturity (140 and 126 days after planting for
maize and soybean, respectively) and adjusted to
12.5% moisture content for maize and 11% for
soybean. In the first season (2005/06), addition of
different nutrient resources under conventional till-
age increased (P < 0.05) maize grain yield by
102-450%, with leaf litter and manure plus fertiliser
treatments, giving the lowest (551 kg ha™" and
highest (3,032 kg ha™') increments, respectively,
compared to the control. For each treatment, tied-
ridging further increased maize grain yield. For
example, for leaf litter, tied-ridging further increased
grain yield by 96% indicating the importance of
integrating nutrient and water management practices
in semi-arid areas where moisture stress is frequent.
Despite the low rainfall and extended dry spells in the
second season, addition of the different nutrient
resources still increased yield which was further
increased by tied-ridging in most treatments. Besides
providing grain, soybean had higher residual effects
on the following maize crop compared to Crotalaria
gramiana, a green manure. It was concluded that the
highest benefits of tied-ridging, in terms of grain
yield, were realised when cattle manure was com-
bined with mineral fertiliser, both of which are
available to resource-endowed households. Besides
marginally increasing yield, leaf litter and anthill
which represent resources that can be accessed by
very poor households, have a positive effect of the
soil chemical environment.
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Introduction

Soil fertility is the most important factor limiting
crop productivity in sub-Saharan Africa (SSA)
(Smaling et al. 1997) and this is often exacerbated
by inadequate moisture content in semi-arid areas
(Cleaver and Schreiber 1994). The majority of soils
in SSA are light-textured and acidic, and have
critically low concentrations of soil organic carbon
(SOC) and nutrients (Grant 1981; Nyamangara et al.
2000) due to a combination of high rainfall that
promote leaching (Kamukondiwa and Bergstrom
1994; Twomlow 1994; Vogel et al. 1994) and long-
term cultivation with sub-optimal or no nutrient
inputs (Stoorvogel and Smaling 1990). For example,
in 1990 the average fertiliser use in SSA was only
8.4 kg ha~' compared to 81 kg ha™' in other devel-
oping countries, and 75% of the fertiliser use was
limited to only six countries (Gerner and Harris
1993). In extreme cases of nutrient mining, multiple
nutrient deficiencies have been reported (Mugwira
and Nyamangara 1998; Mukurumbira and Nemasasi
1998), and the soils hardly respond to NPKS mineral
fertiliser additions and will only respond to continual
application of high rates of animal manure after
several seasons (Zingore et al. 2007). The dominant
smallholder cropping systems of southern and eastern
and southern Africa are based on maize, the staple
food, which accounts for about 50% of the calories
consumed (Mugwira et al. 2002). However, soybean
has also become an important source of cash income
and nutritious diet with the latter being critical in
reducing the negative impacts of HIV/AIDS ravaging
the region.

In the semi-arid areas of Zimbabwe (rain-
fall < 600 mm per annum) crop failure occurs in three
out of every five years and poor rainfall distribution
(extended dry spells) within a relatively wet season
often reduces yield potential. Under such marginal
agro-ecological conditions crop yields can be
enhanced by harvesting the rain which is often in the
form of high intensity storms. However, some studies
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have shown that sandy soils may not benefit from extra
water supplies unless if soil nutrients are also added
(Anshuttz et al. 1997).

Soil water regime represents a balance among four
processes; evaporation, transpiration, infiltration and
internal drainage. These processes are in turn con-
trolled in part by water retention and transmission
properties of the soil. Tillage practices such as tied-
ridging affect hydraulic properties of the soil (Singh
et al. 1998). Tied-ridging involves construction of
mounds of soil of 15-25 cm high along crop rows
using a hoe, a mouldboard plough or a locally
available high-wing ox-drawn ridger (Elwell and
Norton 1988). Cross ties, half to two-thirds the height
of the ridges, are made in the furrows at 1.5-3 m
intervals to capture run-off and enhance water
infiltration. Tied-ridging increases water infiltration
reduces run-off and controls soil erosion (Nyagumbo
2002). Vogel (1993) reported high soil loss (3.3 t/ha)
and run-off (90.4 mm) under conventional tillage
compared to only 0.7 t/ha soil erosion and 30.1 mm
run-off under tied-ridging in a sub-humid area in
Zimbabwe. Subsequent studies at Hatcliffe and Dom-
boshawa in Zimbabwe also showed a 5-year mean
annual run-off of 22 and 9% at Hatcliffe and 20 and
4% at Domboshawa of the seasonal rainfall from
conventional tillage and tied-ridging, respectively
(Nyagumbo 2002). However, the water harvesting
effects of tied ridging have been reported to increase
loading of nitrates and herbicides at the bottom of the
root zone through increased drainage (Hatfield et al.
1998), a situation more relevant in high fertiliser
input systems as opposed to the cropping systems in
SSA where sub-optimal levels of fertiliser are used.
Moyo and Hagmann (1994) reported a higher drain-
age (174 mm) and much lower run-off (22 mm)
under tied-ridging compared to conventional tillage
(147 and 118 mm, respectively) over a 5-year study
conducted on a sandy soil in a semi-arid area in
southern Zimbabwe.

Integrated tillage and nutrient resource manage-
ment practices need to be developed for sustainable
crop production, especially in semi-arid areas where
smallholder farmers use a wide range of locally
available nutrient resources and crop response to
fertilisation is often limited by moisture stress. Pre-
planting tied-ridging has been reported to cause poor
germination and establishment (Meijer 1992; Vogel
1993). This study aimed to determine the effects of
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selected sources of nutrients commonly used by
smallholder farmers in SSA in combination with two
tillage practices, conventional and post-planting tied-
ridging, on the growth and grain yield of maize and
soybean. In the second season the residual effect of
soybean and Crotalaria gramiana on maize growth
and grain yield were also measured. It was hypoth-
esized that tillage practices have no effect on maize
and soybean growth, and there is no interaction
between tillage practices and nutrient resources used.

Materials and methods
Site description and soil characterisation

The field experiments were conducted in Ward 5 of
Shurugwi smallholder area from 2005 to 2007 in
central Zimbabwe. The area is classified as semi-arid,
receiving low and erratic rainfall (450-650 mm per
annum). The area is covered by coarse-grained sandy
soils derived from granitic parent material with low
soil organic matter content (<1%), water retention
capacity, and also deficient in N, P and S (Grant
1981). The dominant farming system is mixed
cropping and livestock-based with maize as the
staple crop. Arable fields are individually owned
and cropped but grazing is communal in open-access
areas, and also in arable fields during the dry season.
Cattle-owners collect crop residues from their fields
and store as dry season animal feed.

Manure is a key source of plant nutrients although
mineral fertilisers are also used by resource-endowed
farmers but at low rates (<35 kg/ha N) for fear of
perceived crop burn. Higher fertiliser rates are only
used in vegetable gardens situated in wetlands where
irrigation water is assured. However, higher N fertil-
iser rates (up to 100 kg N ha™') are recommended in
seasons where seasonal rainfall distribution is pre-
dicted to be good.

Soil sampling and analysis

Soil samples were taken from the top 15 cm soil layer
in each field (before ploughing) using a soil auger at
the start of the experiment. Ten sub-samples were
randomly taken from each field and thoroughly mixed
to make a composite sample. After harvesting, soil
samples were taken from each plot. Soil samples

were taken from intra-row spaces between the
planting stations. The composite samples were air-
dried and passed through a 2-mm sieve before
analysis. The samples were analysed for soil organic
C (modified Walkely-Black), total N (micro-Kjel-
dahl), total P, available P (Olsen) and pH [water and
0.01 M CaCl,] (Anderson and Ingram 1993).

Experimental design and planting

Five sites were selected across the ward with the
participation of farmers and ploughed using an ox-
drawn mouldboard plough. Two tillage treatments
(conventional and post-emergence tied ridging) were
used as main plots and five nutrient resource treat-
ments as sub-plots in a split-plot design. The five
experimental sites were used as replicates and each site
was managed by a group of nearby farmers and each
group consisted of at least ten farmers. The nutrient
resource treatments were pit-stored cattle manure
(18 t ha~! manure), leaf litter (35 t ha™'), anthill soil
(52 t ha™ "), mineral fertiliser (240 kg ha~' PKS con-
taining 14% P 13% K 5% S + 60 kg ha~' ammonium
nitrate (34.5% N), mineral fertiliser plus pit-stored
manure (10 t ha~' manure plus 240 kg ha™' PKS plus
60 kg ha~' ammonium nitrate). The application rates
were based on recommendations from extension
agents for manure, leaf litter and mineral fertiliser,
and farmer practice for anthill soil. Planting rows were
marked out using ox-drawn ploughs without the
mouldboard attached and nutrient resources were
applied in the rows. The nutrient materials were
partially covered with soil before sowing the maize to
avoid seed burn. All the mineral N fertiliser was
applied as top dressing at 5 weeks after planting. Post-
emergence tied ridges were constructed at 4 after
maize germination.

For the soybean and Crotalaria gramiana exper-
iment in the first season, a similar experimental
design was used but only one fertiliser treatment
(240 kg ha~' PKS—14% P 13% K 5% S) was used
at planting. Seed for both crops was dribbled along
the planting furrows, covered with soil and thinned to
10 cm intra-row spacing 2 weeks after germination.
Soybean grain was harvested at its physiological
maturity, and Crotalaria was cut after senescence,
and the residues of both crops were left in the field.
At the beginning of the second season, the crop
residues were evenly spread in the respective plots
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and ploughed in. Maize was then planted in order to
assess the residual effects of the legume crops.

In each case tied ridges were made on the relevant
plots using a mouldboard plough followed by cross-
ties using a donkey-drawn tie-maker 4 weeks after
planting. In both experiments plot sizes were
100-500 m? depending on the size of the field and
what the participating farmers at each site perceived
was an adequate size to enable them objectively
assess crop performance. Weeding was done by hand-
hoeing when required. Grain yield was determined at
physiological maturity and adjusted to 12.5% mois-
ture content for maize and 11% for soybean.

Results
Effect of nutrient resources on soil properties

All the soil nutrient resources reduced the initial soil
pH by 3.3-13.5% (Table 1). The lowest pH (pH 4.74,
0.01 M CaCl,) was recorded in the fertiliser only
treatment while the least reduction (0.18 units) was
recorded in the anthill soil treatment. Even in the
control treatment, cultivation induced the lowering of
soil pH. Available soil P was only increased (5.8-
40.6%) by leaf litter, manure only and manure plus
fertiliser treatments when compared to the initial soil
P status (Table 1). Available soil P decreased by
18.6, 7.9 and 1.9% in the control, anthill soil and
fertiliser only treatments, respectively, compared to
the initial status. Table 2 shows that the C-to-N ratios
of the organic resources were much lower for leaf
litter and anthill soil, although manure had higher N

concentration. Of the three organic resources, cattle
manure was a better source of P, K and Mg, and leaf
litter for Ca (Table 2).

Effect of nutrient resources and tied-ridging
on maize grain yield

All nutrient resources significantly (P < 0.05)
increased maize grain yield without tied-ridging
compared to the control, and highest yields (>3 t/ha
in year 1; >1.5 t/ha in year 2) were realised when
manure and fertiliser were applied in combination
(Figs. 1, 2). Post-emergence tied-ridging further
increased maize grain yields, even in the control
treatments where yield was less than 1 t/ha, but this
effect was more consistent in the first year (Fig. 1). In
the second year tied-ridging depressed yield in leaf
litter and mineral fertiliser only treatments. Maize
grain yield in the control was similar to that in the
leaf litter treatment with or without tied-ridging
(Fig. 2). There was no interaction between the
nutrient resources and tied-ridging.

Table 2 Selected properties of the soil amendments applied to
experimental field plots

% C-to-N
ratio

Org C N P K Ca Mg

0.70 1.10 0.30 0.60 0.56 24.0
0.49 047 0.13 0.79 047 14.1
025 0.29 0.11 050 031 134

Cattle manure 16.8
Leaf litter 6.90
Anthill soil 3.34

NB Org.—Organic

Table 1 Some initial soil properties of the experimental sites and after one season of application of different nutrient resources

pH SOC (%) Total N (%) Available P (mg kgfl)
H20 CaC12

Initial 6.04 5.48 0.82 0.060 7.20

Control 5.72 5.18 5.86

240 kg PKS + 100 kg N 5.30 4.74 7.06

10 Mg manure + 240 kg PKS + 100 kg N 5.70 5.14 10.12

18 Mg manure 5.32 4.90 7.62

35 Mg leaf litter 5.64 4.96 10.12

52 Mg Anthill soil 5.86 5.30 6.63

NB Resource applications per ha; PKS 14% P 13% K 5% S; N top-dressed as ammonium nitrate at 5 weeks after planting; Soil

samples taken from conventional tillage treatments
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Fig. 1 Effect of different nutrient resources and tied-ridging
on maize grain yield in season 1 (2005/06). Error bars represent
least significant difference (P < 0.05)
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Fig. 2 Effect of different nutrient resources and tied-ridging
on maize grain yield in season 2 (2006/07). Error bars represent
least significant difference (P < 0.05)

Effect of tied-ridging on legume growth and
effect of legume residue on maize grain yield

Tied-ridging increased soybean grain yield by up to
35% over the conventional tillage in the first season
but the difference was not significant (data not
shown). There was evidence of Zn, Mn and Mg
deficiency (interveinal chlorosis, necrotic lesions on
older leaves and chlorotic spotting) during the vege-
tative stage at all the five sites. Dry matter yield and N
content of Crotalaria gramiana was not determined.
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Fig. 3 Effects of soybean and Crotalaria gramiana residues
on maize grain yield. Error bars represent least significant
difference (P < 0.05)

Both legumes had a significant (P < 0.05) residual
soil fertility effect on the yield of maize grown in the
second year without tied-ridging (Fig. 3). Tied-ridg-
ing further enhanced the residual effect of both
legumes, and the higher enhancement (500 kg/ha)
was by Crotalaria gramiana (Fig. 3). Soybean had a
higher residual effect than Crotalaria gramiana.

Statistical analysis

Comparisons on the effect of the different fertility
treatments on grain yield were carried out using
analysis of variance (ANOVA) (Genstat 2002). Sep-
aration of means were done using the least significant
difference procedure (P < 0.05).

Discussion

Sandy soils in Zimbabwe are inherently deficient
in N, P, S and also low in organic C (Grant 1981;
Nyamangara et al. 2000), and therefore yields
in control treatments were expected to be low
(<500 kg ha™") (Figs. 1-3). The apparent lowering
of pH (acidification) after just one year of cultivation,
especially in mineral fertiliser treatments, indicates
the poor buffering capacity of these largely sandy
soils (Grant 1981). However, the decrease did not
affect yield because the pH was still above threshold
limits below which is reduced (Nyamangara et al.
2000). Though conducted in a semi-arid area, the
study underscores the need for periodic liming if
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acidifying nitrogenous fertilisers are continually
applied at similar (35 kg/ha) or higher rates in poorly
buffered soils. Soil acidification due to the use of
nitrogenous fertilisers has been reported in higher
rainfall areas where lime application is recommended
approximately every third year (Nyamangara et al.
2000). The frequency of application would be lower in
semi arid areas where leaching of basic cations is
relatively low and also as farmers apply lower
fertiliser rates for fear of crop burn. The pH changes
observed also seem to suggest that organic fertilisers
buffer soils from acidification better than mineral
fertilisers, and anthill soil had the highest pH buffer-
ing effect. Although the nutrient value of anthill soil
was very low, farmers who use it would benefit from
the pH moderation effect which will in turn ensure the
availability of nutrients like P that become locked up
when the soil becomes acidic. Organic fertilisers also
improve the soil physical environment, especially the
water-holding capacity which is key in semi arid areas
(Nyamangara et al. 2001).

The reduction in available P concentration in just
one season shows the inherent low status of the
nutrient, and thus the soils are vulnerable to nutrient
mining when rainfall is adequate. Soil nutrient
mining has been widely reported in smallholder areas
in SSA (Smaling et al. 1997). However, the decrease
in soil pH due to cultivation and mineral fertiliser
application could have also contributed to the reduc-
tion in the soil available P.

Besides supplying N, P, K and S, anthill soil, leaf
litter and cattle manure also supply Ca, Mg and
micronutrients to crops. These extra nutrients, which
were not contained in NPKS fertiliser, could have had
some growth effect in the manure, leaf litter and
anthill soil treatments. However, Ca, Mg and micro-
nutrient deficiencies have been reported on maize in
high rainfall areas where leaching under acid soil
conditions is high (Mugwira and Nyamangara 1998).

Increase in yield induced by all nutrient resources
compared to the control treatment implied that
smallholder farmers can apply any of these resources
available to them in order to enhance yield and
improve food security as well as to counter nutrient
mining. Although the yield increases were small for
anthill soil and leaf litter, these resources are often
used by the most resource-poor farmers who do not
have access to any other better sources of nutrients.
However, the results showed that highest yields, and
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hence food security, can be achieved through com-
bined application of cattle manure and mineral
fertiliser. The higher residual fertility of soybean than
Crotalaria gramiana suggested that incorporation of
soybean into the cropping system will be relatively
more attractive to farmers given its dual role.

The enhanced yield under tied-ridging compared
to conventional tillage, especially in the first year,
implied that tied-ridging can increase rain water use
efficiency. When rainfall is low, as in year 2, the
benefits are diminished or absent due to extended dry
spells. Lack of interaction between soil nutrient
resources and tillage practices implied that these
treatments acted independent of each other. Besides
moisture conservation, the practice of constructing
post-emergence tied-ridges has also been found to
enhance weed control (Nyagumbo 1993). The bene-
fits of tied-ridging were also evident on soybean yield
and on maize grown on legume residual fertility
implying that the practice can be applied to legume-
maize-based cropping systems.

Conclusions

The integration of soil fertility with moisture con-
serving techniques such as tied-ridging can potentially
increase productivity under semi-arid conditions,
suggesting increased water use efficiency. The highest
yield benefits occur when livestock manure and
mineral fertilisers are applied in combination but
such benefits are diminished when prolonged dry spell
conditions occur. Nutrient-poor fertility resources
such as leaf litter and anthill soil are worthwhile
investments for resource-constrained farmers as they
also improve the soil chemical and possibly physical,
environment. Inclusion of soybean in farming systems
can enhance crop productivity through its residual
fertility effects though its yield remains low.
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