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ABSTRACT

Integrating forage legumes with maize has the potential to restore soil fertility and increase grain
yield among smallholder farming systems. A study was conducted over two cropping seasons to
determine the effect of intercropping maize with forage legumes on soil fertility restoration, weed
biomass and maize yield. Treatments involved: four cropping systems (sole maize, maize-velvet
bean, maize-silverleaf, maize-cowpeas) and four fertiliser regimes (no fertiliser, 150 kg ha™' of
compound D fertiliser (7% N: 14% P,Os: 7% K50) + 150 kg ha™' ammonium nitrate (34.5% N),
100 kg ha™! single super phosphate (SSP, 17.5% P,0s) and 200 kg ha~' SSP). Maize-velvet bean
intercropping reduced weed biomass by 80% relative to sole maize and maize-silverleaf
intercropping. Maize-cowpea and maize-velvet bean intercropping reduced maize grain yield by
25.9% and 64.7%, respectively, compared to sole maize and maize-silverleaf intercropping. In
2017/2018, maize-silverleaf intercropping increased resin-extractable P,Os by 60.1% compared
to other cropping systems while the three fertiliser treatments increased the levels of this
nutrient by 41.9-100%. The results of this study show that intercropping maize with silverleaf
has the potential to restore soil fertility and control weeds, without reducing maize grain yield.
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Introduction

Maize (Zea mays L.) is the most important cereal grown
in Zimbabwe, serving as a staple food crop for 99% of
the population (Mashingaidze 2004). Approximately
70% of arable land on which maize is produced by small-
holder (SH) farmers in the country is characterized by
Fersiallitic sandy soils (Nyamapfene 1991). These soils
are of low inherent fertility, with moderate phosphate
sorption capacity, and high susceptibility to leaching
and degradation (Nyamapfene 1991). The soils, like in
most sub-Saharan Africa (SSA), are low in pH, buffering
capacity, and organic matter content and have severe
macro- and micro-nutrient deficiencies (Soropa et al.
2018). They also exhibit a general lack of response to
mineral fertiliser addition (Nezomba et al. 2015) and
have poor physical and structural protection of organic
matter from degradation (Chivenge et al. 2007). Further-
more, these soils tend to be productive only during
the initial years of cultivation but rapidly lose their
fertility with time as the organic matter accumulated
from natural vegetation is quickly mineralized (Six
et al. 2002). Strategies such as cattle manure and inor-
ganic fertilisers application, conservation farming,

micro-dosing and liming have been used to boost
mineral nutrient reserves and soil organic matter in
SSA soils (Munera-Echeverri et al. 2020). Rusere et al.
(2019) suggested that minimising losses from the pedo-
sphere or soil solum, creating a positive soil C budget,
while enhancing biodiversity and strengthening water
and elemental cycling are good strategies in restoring
soil fertility.

However, the effectiveness of the above strategies
depends on the availability of soil amendments such
as lime, inorganic fertiliser and organic resources to
farmers. Smallholder farmers in Zimbabwe, like most
farmers in SSA, often have limited access to inorganic
and organic fertilisers and apply suboptimal amounts
that are not able to replenish mineral nutrients depleted
through crop uptake, runoff and leaching (Kurwakumire
et al. 2014). These soils, therefore, easily become
degraded as a result of extractive and low external
input soil management practices that are prevalent in
the SH farming sector in SSA (Nezomba et al. 2015).
The rapid degradation and decline in soil fertility have
partly contributed to lower maize grain yields of
between 0.4 and 09tha™' that is obtained by SH
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farmers compared to 6-12 t ha™" achieved by large scale
commercial farmers who have greater access to fertiliser
inputs (Gunjal et al. 2010).

Apart from degraded soils, inadequate and untimely
weed control is also a major constraint for improved crop
productivity, profitability and sustainability in the SH
farming sector (Bastiaans et al. 2008). Weeds exacerbate
the poor yields obtained from degraded soils by worsening
mineral nutrient deficiencies when they remove scarce
mineral nutrients that should accrue to crops, from the
soil (Su et al. 2018). Numerous studies have shown that
weeds are more adapted to compete for consumable
resources against crops by pre-emptively extracting
mineral nutrients and water before crops, and therefore
potentially exacerbating mineral nutrient deficiencies for
crops in soils of low fertility (Bastiaans et al. 2008). Weeds
have a distinctive ability to grow vigorously and capture
growth resources more efficiently than crops and, in
some cases, inflict allelopathic effects on crops through
their depressive root exudates (Dekker 2009).

The adoption of improved and sustainable farming
technologies such as the use of integrated soil fertility
management practices which encompass intercropping
of cereals with legumes may be effective interventions
for increasing maize grain yield in smallholder cropping
systems (Sanginga and Woomer 2009; Matusso et al.
2014). These technologies have the potential to restore
and maintain soil fertility through their ability to biologi-
cally fix atmospheric nitrogen, while simultaneously sup-
pressing pests, diseases and weeds (Giller 2001;
Sanginga and Woomer 2009). Intercropping maize with
pasture legumes increases total plant density and
hastens canopy closure by the component crops. Since
the critical period for weed control coincides with the
duration of the period from maize crop emergence to
its full canopy cover, maize-legume intercropping has
the potential to reduce the critical period for weed
control and therefore the number of times the crop
needs to be weeded to avert yield loss (Fan et al.
2012). Studies by Khan et al. (2002) showed that some
forage legumes such as silverleaf (Desmodium uncina-
tum L.) have the potential to reduce the infestation of
maize by parasitic witchweeds such as Striga her-
monthica and Striga asiatica.

Cereal-legume intercropping systems have proved to
be more effective in improving grain yield when they are
accompanied by the application of phosphate fertilisers
(Wang et al. 2017). There is also evidence that maize
uptake of P increases when it is intercropped with
Faba bean (Li et al. 2007). Li et al. (2007) also found
that the application of P fertilisers in a maize-Faba
bean intercrop increases agricultural productivity.
Nezomba et al. (2015) reported that, coupled with P

fertilisation, herbaceous legume species provided the
greatest potential to reverse soil degradation and
increase crop productivity in SH farming systems.

Maize-legume intercrops by most SH farmers in SSA
commonly include edible legumes such as common
bean (Phaseolus vulgaris L.) and cowpea (Vigna unguicu-
lata L.) (Matusso et al. 2014) to ensure household food
and nutrition security. There is little documented
research on the potential use of forage legumes for
soil fertility restoration and weed suppression in
maize-based cropping systems in SH farming systems.
In this study, it was hypothesized that the use of
forage legumes as live mulches coupled with the appli-
cation of inorganic fertilisers in maize cropping systems
has the potential to increase maize grain yield, replenish
depleted soil mineral nutrients and reduce weed infesta-
tion. The objective of the study was to assess the poten-
tial of different maize-forage legume intercrops and
fertiliser application regimes to suppress weeds, increase
maize yield and restore the fertility of a degraded
Chromic Luvisol.

Materials and methods
Study site description

The experiment was conducted on two different fields
during the 2016/2017 and 2017/2018 cropping seasons
at the Chinhoyi University of Technology Hunyani farm
(17°21'0.00”S, 30°14'0.00"E and an elevation of 1158 m
above sea level) in Chinhoyi, Zimbabwe, under rainfed
conditions (Figure 1). This site experiences wet and
warm summer and dry and cold winters, receiving an
approximate rainfall of 800-1000 mm per annum, with
annual maximum and minimum temperatures of
29.9°C and 18.9°C, respectively (Bere et al. 2014). Total
rainfall recorded for Hunyani farm in Chinhoyi was 890
and 600 mm in the 2016/2017 and 2017/2018 cropping
season, respectively (Figure 2). The soils in the area are
generally red Chromic Luvisols (FAO-UNESCO classifi-
cation system) with high silt and fine sand content and
an argillic sub-surface horizon making it prone to
surface capping (Nyamapfene 1991; Kodzwa et al.
2020). Initial characterisation of soils at the specific site
for this present study revealed that they had medium-
grained sand clay loam mainly lacking in nutrients,
namely N, P and exchangeable bases (Table 5).

Experimental design and layout for 2016/2017
and 2017/2018 cropping seasons

The treatments were laid out as a 4 x 4 factorial exper-
iment in a randomized complete block design. Factor 1
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Figure 1. Map of Africa showing the study area in Zimbabwe (Chinhoyi University of Technology Hunyani Farm). Source Mashavakure

et al. (2019).

comprised four cropping system treatments: sole maize,
maize-velvet bean (Mucuna pruriens L.) intercrop, maize-
silverleaf (Desmodium uncinatum L.) intercrop and
maize-cowpea (Vigna unguiculata L.) intercrop. These
four cropping systems were combined with four fertiliser
regimes (none, 150 kg ha™" of compound D fertiliser (7%
N, 14% P,0s, 7% K,0, 8% S)+ 150 kg ha~' ammonium
nitrate (AN, 34.5% N), 100 kg ha™’ single super phos-
phate (SSP, 19.5% P,0s, 18% Ca**, 12.5% S) and
200 kg ha~' SSP) (Table 1). There were, therefore, 16
treatments, each replicated four times. Experimental
plots measured 6.3x5m? with 05m pathways
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Figure 2. Rainfall data (mm) for the two experimental seasons
(2016/2017 and 2017/2018) for Hunyani farm in Chinhoyi.

between adjacent plots. A medium maturity commercial
hybrid maize variety (SC635, Seed Co’) was planted at
0.75m x 0.50 m (inter- and intra-row spacing, respect-
ively) in both the intercrop and sole crop. Four maize
seeds were planted per planting hole and then
thinned to two plants per hole at 3 weeks after crop
emergence (WACE), giving a plant population of
53,333 maize plants ha~'. Intercrops were planted at a
seeding ratio of 1:2 maize/legume. The legumes were
planted between maize plant rows at 0.25mx0.10 m
(inter- and intra-row spacing, respectively). Silverleaf
was planted at a seeding rate of 2.5kgha~' while
velvet bean and cowpea were each planted at a
density of 215,000 plants ha™' (Bryan and Materu
1987; CTA 2007).

Trial management

Primary tillage was done by deep ploughing to incorpor-
ate plant residues into the soil, break the soil hard pan
and kill weeds. This was followed by secondary tillage
using a disc harrow for further breaking down of the
large clods. Planting holes were established for both
maize and legumes using hand hoes. In both seasons,
the planting dates were determined by the onset of
the rain season and were done on 21st December
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Table 1. Treatment combinations of a 4 x 4 factorial experiment
testing the effect of four fertiliser treatments and four cropping
systems during the 2016/2017 and 2017/2018 cropping seasons
at Hunyani farm, Chinhoyi, Zimbabwe.

Treatment combinations

Fertiliser regime

150 kg ha~'Comp D +150 kg ha™'AN
150 kg ha~'comp D +150 kg ha™'AN
150 kg ha~'comp D +150 kg ha='AN
150 kg ha~'comp D +150 kg ha™"AN
100 kg ha~'sSP
100 kg ha™' SSP
100 kg ha~'sSP
100 kg ha™'ssP
200 kg ha='SSP
200 kg ha~'SSP
200 kg ha='SSP
200 kg ha™'SSP

Cropping system

Sole maize

Maize-Silverleaf desmodium
Maize-Velvet bean
Maize-Cowpea

Sole maize

Maize-Silverleaf desmodium
Maize-Velvet bean
Maize-Cowpea

Sole maize

Maize-Silverleaf desmodium
Maize-Velvet bean
Maize-Cowpea

No fertiliser Sole maize

No fertiliser Maize-Silverleaf desmodium
No fertiliser Maize-Velvet bean

No fertiliser Maize-Cowpea

Note: Comp D denotes compound D fertiliser (7% N: 8% P,0s: 7% K,0), AN
denotes ammonium nitrate (34.5% N), SSP denotes single super phos-
phate (17.5% P,0s).

2016 for the 2016/2017 cropping season and on the 5th
of January 2018 for the 2017/2018 season. Compound D
and SSP as basal fertilisers were applied at a depth of 5-
10 cm below the seed before planting the maize and
legumes. In those fertiliser treatments where maize
was top-dressed with AN, the fertiliser was side-
dressed 5-10 cm from each plant at 3 WACE. Weeding
was done manually using a hoe, one day after collection
of weed biomass data at 3, 6 and 9 WACE, during each
cropping season.

Data collection

During the 2017/2018 cropping season, soil sampling
was done before land preparation on the 14th of
December 2017. A total of 10 samples were collected
from the entire field using the zig-zag sampling
approach at a depth of 0-20 cm (Nyamangara et al.
2000). The collected soil samples were air-dried,
crushed to pass through a 2 mm sieve and were stored
in paper bags at room temperature. The samples were
then analysed for particle size distribution (hydrometer
method), pH (0.01 M CaCl, method), total N using the
incubation technique (Keeney et al. 1982), bicarbonate
P using the resin membrane technique (Byrne 1979), as
well as exchangeable K, Ca and Mg. Concentrations of
Ca and Mg were determined by atomic absorption spec-
trophotometry whilst K was determined by atomic emis-
sion spectrophotometry (Anderson and Ingram 1993;
Okalebo et al. 2002). This procedure was repeated at
the end of the 2017/2018 season after all experiments
were harvested; however, a sample of five sub-samples

was collected within each experimental plot to make a
composite sample.

Forage legume and above-ground weed biomass
data were collected using destructive sampling at 3, 6
and 9 WACE during each cropping season. AT mx1m
quadrant was thrown in each plot, and the weed and
legume biomass were individually determined by
cutting all weed and legume plants in the quadrant at
ground level. The collected samples were packed in sep-
arate brown paper bags, oven-dried at 85°C for 48 h, and
then dry mass was determined using a digital scale. The
greater proportion of the forage legume plants in the
plots was left for final yield determination.

100-grain weight (g) and grain yield (kg ha™') were
measured in both cropping seasons; however, during
the 2017/2018 cropping season, the number of barren
plants per hectare, number of kernels per ear and ear
weight (g) were measured as additional maize par-
ameters. All the maize yield parameters were determined
at the crop’s physiological maturity from a net plot of
5mx4 m after discarding two plants from either side
of the plot. The number of barren plants was determined
by counting the number of plants without ears in each
plot. Maize cobs were then harvested manually, shelled
and the grain yield per plot was determined using a
digital scale. Ear mass and number of kernels per ear
were determined from five randomly selected ears per
plot. A random sample of 100 grains from each plot
was taken and weighed to determine the weight of 100
grains. Grain moisture content was measured on a
random sample of grain from each plot and used to stan-
dardize 100-grain weight and maize grain yield ha™' to
12.5% moisture content before statistical analysis.

The potential contribution to total inorganic nitrogen
in the soil by the forage legumes (cowpea, silverleaf and
velvet bean) was determined by finding the product of
the legume biomass and a multiplication factor of two
(Unkovich et al. 2008). For cowpea, it was determined
by finding the product of the leqgume biomass and a
multiplication factor of 1.4 (Unkovich et al. 2008).

Data analysis

Pre- and post-harvest data for both maize and forage
legumes for the two cropping seasons followed a
normal distribution and required no transformation.
Year effect was significant (P < 0.05) on all response vari-
ables, and the results were, therefore, presented separ-
ately for each year. The data were subjected to
analysis of variance using Genstat Release 18th edition
VSN, INTERNATIONAL (2014). Where statistical signifi-
cance was detected, mean separation was done using
+standard error of difference (+s.e.d) at P <0.05.
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Results
Weed biomass

During the 2016/2017 cropping season, the cropping
system (sole maize and maize-legume intercrops) signifi-
cantly affected (P < 0.05) weed biomass at 6 WACE but
not at 3 and 9 WACE (Table 2). In particular, at 6
WACE, weed biomass declined in the intercrop systems
by magnitudes of 57.3% (maize-silverleaf) to 67.5%
(maize-cowpea) relative to the sole maize treatment.
During the 2017/2018 cropping season, weed biomass
was significantly affected (P<0.05) by cropping
systems treatments across all sampling times (Table 2).
At 9 WACE, intercropping maize with velvet bean
reduced weed biomass by an average of 79.3% com-
pared to maize-silverleaf intercropping and sole maize.
In the 2016/2017 cropping season, the fertiliser regime
had no significant effect (P>0.05) on weed biomass
throughout the sampling period (Table 2). However, in
the 2017/2018 cropping season, fertiliser regime had a
significant effect (P < 0.05) on weed biomass only at 6
WACE. There was a significant interaction (P> 0.05)
between cropping system and fertiliser regime on
weed biomass at 3 and 6 WACE (Table 2).

The interaction between cropping system and fertili-
ser regime on weed biomass at 3 WACE revealed that, in
the maize-cowpea cropping system, weed biomass was
181.2% higher in plots that were treated with
150 kg ha™' compound D+ 150 kg ha™" AN than in
plots that had no fertiliser application, indicating that
NPK fertilisers plus AN stimulated weed emergence
and growth (Figure 3(a)). For the maize-silverleaf crop-

ping system, application of 100 kg ha™" SSP reduced
weed biomass by 43.9% compared to no-fertiliser appli-
cation. However, in the maize-velvet bean intercrop,
application of 100 kg ha™' SSP resulted in a 435.8%
increase in weed biomass relative to the no-fertiliser
treatment. Finally, weed biomass in the sole maize
system declined by an average of 55.9% in the
150 kg ha™' compound D+ 150 kg ha™' AN treatment
compared to 100 kg ha™' and 200 kg ha™' SSP. Later
on at 6 WACE, significant interaction effects (P < 0.05)
of cropping system and fertiliser regime showed that
application of 150 kg ha™' compound D+ 150 kg ha™
AN in the maize-cowpea intercrop increased weed
biomass by almost six times compared to either no fer-
tiliser or application of 100 kg ha™" of SSP (Figure 3(b)).
On the other hand, the application of 100 kg ha™' of
SSP under sole maize almost trebled the amount of
weed biomass compared to all other fertiliser regimes.

Forage legume biomass

The cropping system (sole maize and maize-legume
intercrops) significantly affected (P<0.05) legume
biomass across all sampling times during the 2016/
2017 and 2017/2018 cropping seasons (Table 3). In the
2016/2017 cropping season, legume biomass during
the three sampling times averaged 106.2% higher in
the maize-cowpea intercrop compared to maize-velvet
bean and maize-silverleaf intercrops, respectively
(Table 3). During the 2017/2018 cropping season, the
collected forage legume biomass showed a similar
trend as was observed during the previous season.

Table 2. Effect of different cropping system and fertiliser regime on weed biomass during the 2016/2017 and 2017/2018 cropping

seasons at Hunyani farm in Chinhoyi, Zimbabwe.

Weed biomass g m™2

2016/2017 2017/2018
Treatment factors 3WACE 6WACE 9WACE 3WACE 6WACE 9WACE
Effect of cropping system
Sole maize 49.20 19.50 29.80 27.02 2347° 7.23°
Maize-silverleaf 63.30 833° 24.10 3349 ° 19.53 P 7.54°
Maize-cowpea 66.60 6.33°? 24 23.74° 9.16 ® 3.79 2
Maize-velvet bean 66.20 6.92 ° 27.20 18.47 ° 6.42° 1.53°
P-value 0.576 <.001 0.120 0.024 <0.001 0.005
+sed 14.170 2519 2910 4.778 3.035 1.848
Effect of fertiliser regime
No fertiliser 69.50 10 26 21.70 11.14° 6.46
100 kg ha~'ssp 52.50 9.52 26.20 26.31 20.45° 5.65
200 kg ha='ssp 73.60 1 28.10 31.35 11.05° 4,68
150 kg ha~'D+ 150 kg ha™" AN 49.60 10.67 25.30 23.36 15.93 3.30
P-value 0.252 0.925 0.799 0.210 0.009 0.368
+ sed 14.170 2.519 2.890 4.778 3.035 1.848
Fertiliser regime*cropping system interaction
P-value 0.108 0.825 0.701 0.031 <0.001 0.294
+sed 28.340 5.038 5.780 9.556 6.071 3.697

Note: Comp D denotes compound D fertiliser (7% N: 8% P,0s: 7% K,0), AN denotes ammonium nitrate (34.5% N), SSP denotes single super phosphate (17.5%
P,05s); WACE denotes weeks after crop emergence. For each treatment factor, mean values with the same letter in the same column are significantly different

at P <0.05.
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Figure 3. Interaction between fertiliser regime and cropping system on weed biomass at (a) 3 WACE and (b) 6 WACE, during the 2017/
2018 cropping season at Hunyani farm in Chinhoyi, Zimbabwe. Error bars are + standard error of difference (SED) for the comparison
of fertiliser regime means within and across cropping system treatments.

Legume biomass was always greater (average: 108.7%)
in the maize-cowpea intercrop than all other cropping
systems except at 9 WACE when the maize-velvet bean
intercrop produced 58.2% more biomass than the
maize-silverleaf intercrops.

There was no significant fertiliser regime effect (P>
0.05) on legume biomass during the 2016/2017 crop-
ping season (Table 3). During the 2017/2018 cropping
season, legume biomass showed a significant response
(P < 0.05) to fertiliser treatment only at 3 WACE. Further-
more, there was a significant interaction effect of crop-
ping system Xx fertiliser regime (P <0.05) on legume
biomass at 3 WACE (Figure 4). In the maize-cowpea crop-
ping system, legume biomass declined by an average of
33.8% when 150 kg ha™' of compound D + 150 kg ha™
of AN was applied relative to all other fertiliser regime
treatments (Figure 4).

Maize grain yield and maize grain parameters

The cropping system had a significant effect (P < 0.05)
on maize grain yield, number of barren plants ha ',
number of kernels per ear, 100-grain weight and ear
weight in this study. Maize-velvet bean intercrop had
the lowest maize grain yield, number of kernels per
ear, 100-grain weight, ear weight and the highest
number of barren plants showing that velvetleaf was
the most competitive forage legume when intercropped
with maize. Maize-silverleaf had the least (11,991)
number of barren maize plants ha~". Moreover, maize-
cowpea intercrop and sole maize had statistically
similar numbers of barren plants per hectare (14,954
and 14,074, respectively). The number of barren plants
ha™' showed a significant (P < 0.05) response to fertiliser
regime treatments, increasing from 12176 to 19213 ha™"

Table 3. Effect of different cropping system and fertiliser regime on legume biomass during the 2016/2017 and 2017/2018 cropping

seasons at Hunyani farm, Zimbabwe.

Legume biomass (g m™2)

2016/2017 2017/2018
Treatment factors 3WACE 6WACE 9WACE 3WACE 6WACE 9WACE
Effect of cropping system
Maize-silverleaf 20.40 ° 1132 231.20° 21.91° 124 134°
Maize-cowpea 48.10° 231° 359.50 ¢ 108.24 € 243 ¢ 158 2
Maize-velvet bean 19.80 ° 85 ° 282,90 ° 49.99 ° 183 ° 212°
P-value <0.001 <0.001 <0.001 <0.001 <0.001 0.015
+sed 6.530 25.300 9.340 5.381 26.800 35.100
Effect of fertiliser regime
No fertiliser 24.40 175 279.20 6132 187 208
100 kg ha'sSP 38.10 137 294.70 69.86 ° 177 238
200 kg ha='SSP 28.60 112 301.20 59.84 211 242
150kg ha™' comp D+ 150 kg ha™'AN 26.70 148 289.70 49.17° 158 219
P-value 0.306 0.208 0.249 0.020 0.399 0.819
+sed 7.54 29.2 10.79 6.213 30.9 40.6
Fertiliser regime*cropping system interaction
P-value 0.593 0.553 0.063 0.044 0.805 0.976
SED 13.050 50.500 18.680 10.762 53.600 70.300

Note: Comp D denotes compound D fertiliser (7% N: 8% P,0s: 7% K,0), AN denotes ammonium nitrate (34.5% N), SSP denotes single super phosphate (17.5%
P,05s); WACE denotes weeks after crop emergence. For each treatment factor, mean values with the same letter in the same column are significantly different

at P <0.05.
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Figure 4. Effect of different fertiliser regime and cropping
system on legume biomass at 3 WACE during the 2017/2018
cropping season at Hunyani farm, Zimbabwe. Error bars are +
standard error of difference (SED) for the comparison of fertiliser
regime means within and across cropping system treatments.

in the order compound D+150kgha™' of AN
<200 kg ha™" SSP <100 kg ha™" SSP and no fertiliser.
However, there was no significant cropping system X fer-
tiliser regime interaction (P> 0.05) on the number of
maize barren plants per hectare.

Cropping system (sole maize and maize-legume inter-
crops) and fertiliser regime significantly affected (P < 0.05)
the number of kernels ear™" (Table 4). The number of
kernels ear™" significantly increased from 298.55 in the
maize-velvet bean intercrop to 452.41 in sole maize. For
fertiliser regime, the least number of kernels ear™
(359.07) was recorded in plots that received 100 kg ha™'
SSP and the highest (457.10) was in plots that received
150 kg compound D + 150 kg AN. There was no signifi-
cant interaction (P> 0.05) between fertiliser regime and

cropping system on the kernel number ear™".

The cropping system (sole maize and maize-legume
intercrops) and fertiliser regime had significant effects (P
<0.05) on maize ear weight (Table 4). Relative to sole
maize, maize-legume intercropping systems reduced
maize ear weight by 10-15.1% (maize-silverleaf and
maize-cowpea) and 46% (maize-velvet bean). In terms of
fertiliser regime, no-fertiliser and SSP application at 100
and 200 kg ha™" had similar effects on maize ear weight.
However, the application of the 150 kg ha™'compound
D+ 150 kg ha™'AN resulted in a 31.3-38.4% significant
(P <0.05) increase in ear weight relative to all other fertili-
ser regimes. There was no significant cropping system X
fertiliser regime interaction effect (P > 0.05) on ear weight.

The cropping system (sole maize and maize-legume
intercrops) had a significant effect (P<0.05) on the
maize 100-grain weight during both the 2016/2017
and 2017/2018 cropping seasons (Table 4). During the
two cropping seasons (2016/2017 and 2017/2018), the
fertiliser regime had no significant effect (P> 0.05) on
the 100-grain weight. There were significant interaction
effects (P <0.05) of fertiliser regime X cropping system
on the 100-grain weight during the 2016/2017 and
2017/2018 seasons. In 2016/2017, 100 kg ha=' SSP
treated plots produced the least 100-grain weight in
maize-cowpea intercrop compared to other fertiliser
regimes while in the maize-velvet bean cropping
system, 150kgha™' compound D+ 150 kg ha™'AN
resulted in higher 100-grain weight than SSP application
(Figure 5(a)). However, during the 2017/2018 cropping
season, 100 kg ha™' SSP treated plots contained higher
100-grain weight in the maize-cowpea intercrop com-
pared to other fertiliser regimes (Figure 5(b)). During
this same cropping season (2016/2017), the application
of either 200 kg ha™" SSP or 150 kg ha™' compound D

Table 4. Effect of cropping system and fertiliser regime on maize yield parameters during the 2016/2017 and 2017/2018 cropping

seasons at Hunyani farm, Zimbabwe.

No. of barren plants ha™

No. of Kernels ear™

100 grain weight (g) Grain yield (kg ha™")

Ear weight (g)

Treatment factors 2017/2018 2016/2017  2017/2018  2016/2017  2017/2018
Cropping system

Sole maize 14074 °° 45241 ¢ 164.56 © 31.25° 2813 ° 417918 2780.99
Maize-silverleaf 11991 2 448.75 ¢ 14815 ° 27.58 2 27.95° 3891.35 ¢ 311259 ¢
Maize-cowpea 14954 © 40346 ° 139.69 P 3283 ° 27.76 ° 323042 ° 2000.12 °
Maize-velvet bean 25093 ¢ 298.55 ° 88.92°2 27.58 2 24432 1940.77 2 659.63 °
P-value <0.001 <0.001 <0.001 0.017 0.029 <0.001 <0.001
+sed 14328 18.65 6.834 1.884 1375 302.809 253.977
Fertiliser regime

No fertiliser 18843 © 383.36 123.60 2 27.00 2801 3127.53 1817122
100 kg ha™' SSP 19213 € 359.07 ° 121.52° 30.58 26.03 3548.85 1863.53 2
200 kg ha™' SSP 15880 P 403.64 ° 128.02 2 29.83 26.31 3211.97 2040.22 °
150 comp D+ 150 AN 12176 2 457.10 168.19 ° 31.83 27.93 3353.37 2832.46 °
P-value <0.001 <0.001 <0.001 0.091 0.335 0.536 <0.001
+sed 1432.80 18.650 6.834 1.884 1375 302.809 253.977
Fertiliser regime x cropping system interaction

P-value 0.607 0.953 0.149 0.002 0.021 0.981 0.900
+sed 2865.60 37.306 13.668 36.050 2.749 605.617 507.954

Note: Comp D denotes compound D fertiliser (7% N: 8% P,0s5: 7% K,0), AN denotes ammonium nitrate (34.5% N), SSP denotes single super phosphate (17.5%
P,0s); For each treatment factor, mean values with the same letter in the same column are significantly different at P < 0.05.
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Figure 5. Effect of different fertiliser regime and cropping system on 100-grain weight during the (a) 2016/2017 and (b) 2017/2018
cropping seasons at Hunyani farm in Chinhoyi, Zimbabwe. Error bars are + standard error of difference (SED) for the comparison of
fertiliser regime means within and across cropping system treatments.

+150 kg ha~'AN in sole maize resulted in a higher 100-
grain weight.

There was a significant cropping system (sole maize
and maize-legume intercrops) effect (P<0.05) on
maize grain yield in both 2016/2017 and 2017/2018
cropping seasons (Table 4). Maize grain yield was
highest in the maize-silverleaf (3891.35 kg ha™") and
sole maize (4179.18) cropping systems, followed by the
maize-cowpea (3230.42kgha') and maize-velvet
bean (1940.77 kg ha™") cropping systems. The trend
was exactly similar during the 2017/2018 cropping
season, although the grain yield was now lower,
ranging from 659.63 kg ha™' in maize-velvet bean to
311259 kg ha™' in maize-silverleaf cropping systems.
Furthermore, the fertiliser regime had no significant
effect (P> 0.05) on maize grain yield during the 2016/
2017 cropping season but had significant effects (P <
0.05) during the 2017/2018 cropping season. The appli-
cation of 150 kg ha™" compound D + 150 kg ha™'AN fer-
tiliser regime produced a higher maize grain yield
(2832.46 kg ha™') than the other fertiliser treatments
(1817.12-2040.22 kg ha™"). There was no significant fer-
tiliser regime x cropping system interaction effect (P>
0.05) on maize grain yield in both cropping seasons.

Soil fertility

The soils at the Chinhoyi University of Technology
Hunyani Farm were found to be lacking in most of the
mineral nutrients based on samples that were
collected and tested before the onset of the 2017/2018
experiment. Particularly, the pH of the soil was low,
and the soil was deficient in key macronutrients (N, P
and K) that are required to support plant growth
(Table 5). However, the key micronutrients (calcium
and magnesium) were adequate for crop production.

During the 2017/2018 cropping season, the cropping
system had significant effects (P < 0.05) on resin-extracti-
ble P,0s, but had no significant effect (P> 0.05) on all
other soil fertility parameters. Except for resin-extractable
P,Os, potential mineral nitrogen, potassium, calcium
and magnesium exhibited no significant response to
the fertiliser regime.

Out of the six soil fertility parameters, significant crop-
ping system X fertiliser regime interaction effects (P <
0.05) were observed on soil mineral nitrogen and
resin-extractable P,Os during the 2017/2018 cropping
season (Table 6). The application of 100 kg ha~" of SSP
fertiliser in maize-silverleaf cropping system resulted in
higher mineral N (78 mg kg™") than all other fertiliser
regimes (Figure 6). The significant response of mineral
nitrogen to fertiliser regime was absent in all other crop-
ping systems (Table 6).

During the 2017/2018 cropping season, a significant
effect (P <0.05) of fertiliser regime on resin-extractable
P,0O5 was observed across all cropping system treatments
(Figure 7). The 200 kg ha™' SSP fertiliser regime resulted
in higher (25.8-328 mgkg™") resin-extractable P,0s
than other fertiliser regime treatments (9-19 mg kg™')
across maize-legume intercrops. It is important to note
that the application of 100 kg ha™' SSP in the maize-

Table 5. Soil pH and nutrient status before the onset of the
2017/2018 cropping season at Hunyani farm in Chinhoyi,
Zimbabwe.

Soil parameter Mean Comment*
Texture MgSCL Medium-grained
sand clay loam
Soil pH (0.01 M CaCl,) 5.28 Medium acid
KCI-N after incubation (mg kg™") 22.20 Low
Resin-extractable P,0s (mg kg™") 9.90 Deficient
Exchangeable K (meq/100 g soil) 0.18 Acutely deficient
Exchangeable Ca (meq/100 g soil) 10.23 Adequate
Exchangeable Mg (meq/100 g soil) 9.46 Adequate

*Comments adapted from Nyamangara et al. (2000).
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Table 6. Effect of different cropping system and fertiliser regime on soil fertility parameters during 2017/2018 cropping seasons at
Hunyani farm in Chinhoyi, Zimbabwe.

2017/2018
pH (0.01M CaCl,) Mineral Nitrogen Resin-extract P,05 Potassium Calcium Magnesium
mg kg™’ mg kg™’ meq 100 g~ soil
Cropping system
Sole maize 5.44 48.30 14.90 ° 0.19 15.00 10.72
Maize-silverleaf 5.42 54.90 2570 ° 0.20 16.90 11.14
Maize-cowpea 5.47 51.50 16.50 ° 0.18 12.80 10.55
Maize-velvet bean 5.23 48.10 16.90 ° 0.20 12.90 11.64
P-value 0.576 0.479 0.002 0.521 0.587 0.232
+sed 0.131 4.980 2.030 0.014 2.430 0.398
Fertiliser regime
No fertiliser 534 46.40 12.40° 0.18 14.50 10.62
100 kg ha~'SsP 5.21 54.60 19.20 ® 0.20 12.00 11.43
200 kg ha='SSP 5.50 50.10 24.80 © 0.19 15.50 11.16
150 kg ha~"comp D + 150 kg ha~" AN 551 51.80 17.60 ° 0.20 1450 10.83
P-value 0.309 0.428 0.001 0.658 0.697 0.490
+sed 0.130 4.980 2.030 0.014 2430 0.398
Fertiliser regime x cropping system interaction
P-value 0.306 0.018 0.040 0.859 0.139 0.371
+sed 0.262 9.950 4.060 0.028 4.860 0.797

silverleaf intercrop had similar effects with increasing the
rate to 200 kg ha™" of SSP. In contrast, for sole maize,
resin-extractable P,Os was significantly higher (P < 0.05)
in plots that received 150 kg ha™' of compound D +
150 kg ha™" of AN relative to all other fertiliser regimes.

Discussion
Weed biomass

The maize-legume intercrops suppressed weed growth
by magnitudes of 53-80% relative to sole maize
(Table 2) starting from 3 WACE in 2016/17 and 2017/18
cropping seasons. This was most probably because the

100 -

combined foliage of maize and legumes provided
rapid and complete ground cover which reduced weed
emergence and growth more effectively than in sole
maize. Weed emergence is reduced because most
small-seeded weed species require exposure to white
light for seed germination and light that passes
through green foliage is far-red rich which is generally
inhibitory to weed germination (Demotes-Mainard
et al. 2016; Humphries et al. 2018). Elsalahy et al.
(2019) and Su et al. (2018) related the reduction in
weed biomass to reduced photosynthetically active radi-
ation transmittance to the weeds as a result of the
greater interception of incoming radiation by the com-
bined maize-legume foliage.

¥ No fertiliser

20 # 100 kg/ha
~ 80 - it 200 kg/ha
"&o B 150 kg/ha comp D + 150 kg/ha AN
g
on
2
Z
g

Maize-cowpea

Maize-silver leaf Maize-velvet bean

Sole maize

Cropping system

Figure 6. Interaction between fertiliser regime and cropping system on mineral nitrogen (mg kg™') during 2017/2018 cropping
season at Hunyani farm in Chinhoyi, Zimbabwe. Error bars are * standard error of difference (SED) for the comparison of fertiliser
regime means within and across cropping system treatments.
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The results showed a significant interaction effect of
cropping system and fertiliser regime on weed
biomass (Figures 3(a,b)). During early maize growth,
application of SSP particularly at a higher rate of
200 kg ha™', favoured increased weed biomass pro-
duction in the maize-cowpea and maize-velvet bean
intercrops but weed biomass was reduced by appli-
cation of 100 kg ha™" of SSP in the maize-silverleaf inter-
crop compared to the unfertilised control plots (Figure
3a). These results suggest that silverleaf requires some
additional P at the early stages of growth to be able to
smother weeds. Similarly, Cook et al. (2005) also
reported that silverleaf needs high soil fertility and that
P, S and K must be applied before sowing for vigorous
growth. Furthermore, there was increased weed
biomass in plots that were treated with 150 kg ha™"
compound D + 150 kg ha™' AN compared to the no-fer-
tiliser treatment under maize-cowpea cropping system
(Figures 3(a,b)). We hypothesize that the response of
weeds to inorganic fertiliser application in the maize-
cowpea cropping system may be attributed to inhibition
of the nitrogen fixation process (product inhibition)
which limited N availability, dry matter production and
resulted in a small cowpea plant canopy (Jiri and Mafon-
goya 2018). Based on similar findings, Dekker (2009) con-
cluded that fertiliser application increases resources per
unit area, which are more efficiently extracted by weeds
compared to crops, which provide a competitive advan-
tage towards the growth and development of weeds.
Notably, when maize was grown as a sole crop, weed
biomass was almost trebled by the application of
100 kg ha™" SSP, suggesting that in this monoculture
cropping system, P had the potential to support vigor-
ous and competitive weed growth at the expense of
crop growth and yield.

Forage legume biomass

Forage legume biomass was 17.9-394% higher in the
maize-cowpea intercrop than all the other cropping
systems during the 2016/2017 and 2017/2018 cropping
seasons (Table 3). The rapid growth and high biomass
production that was recorded for cowpea as shown in
Table 3 will most likely confer positive effects on soil
organic matter accumulation and thus improve soil fer-
tility status. Compared to cowpea, velvet bean and sil-
verleaf appeared to have slower growth rates and dry
matter accumulation. The results of this present study
also showed a reduction in forage legume biomass in
the maize-cowpea cropping system that received
150 kg ha™" compound D+150kgha™' AN. These
results are similar to the findings of Kermah et al.
(2017), who also found that in maize-cowpea intercrop,

an increase in fertiliser use results in increased maize
competitiveness, thus reduced cowpea biomass. lJiri
and Mafongoya (2018) assert that at varying fertiliser
application rates, there is a reduction in nitrogen
fixation rate thus, suppressing dry matter production
and allocation toward biomass accumulation.

Maize grain yield and maize grain parameters

The highest number of maize barren plants per hectare
were recorded in maize-velvet bean cropping system
(Table 4). This was probably due to high competition
for the available resources (light, water and nutrients)
between maize and velvet bean hence disrupting allo-
metric allocation toward the development of reproduc-
tive parts of the maize crop (Kermah et al. 2017).
Velvet bean crop has an indeterminate climbing
growth habit that chokes maize plants thus disrupting
ear development. Due to the fibrous root system of
maize crop, the weight of velvet bean plants may over-
come the stability of the crop thus resulting in lodging of
the maize crop during its reproductive growth stage
(Chikoye and Ekeleme 2001). This is in contrast to what
was observed under cowpea and silverleaf cropping
systems.

The lowest number of barren maize plants in plots
that received 150 kg ha™' D+ 150 kg ha™" AN suggest
that besides this treatment, all the other fertiliser
regime treatments failed to provide adequate nutrients
for kernel development (Shen et al. 2018). This can be
attributed to the fact that the application of nitrogen-
based fertilisers promotes the growth and development
of maize kernels (through the promotion of photosyn-
thesis as a result of cell expansion, growth and enzy-
matic development). Increased photosynthesis will
result in more dry matter production thus the develop-
ment of the economic yield (Mashingaidze 2004).

Intercropping maize with velvet bean reduced the
number of kernels ear™' by magnitudes of 26-33.7%
relative to all other cropping systems. These results as
presented in Table 4 show that velvet bean is a strong
competitor, probably capable of extensive extraction
of a large amount of nutrients from all areas around its
root zone (Nielsen 2005). In addition, velvet bean
shades the maize plant thus depriving them of radiation
required for photosynthesis (Hauser et al. 2008).
Reduction in the rate of photosynthesis leads to
reduced dry matter production and partitioning of
photo-assimilates to economic vyield, (Mashingaidze
2004). However, Nielsen (2005) asserts that, to meet the
demand of photo-assimilates by the reproductive parts,
the maize crop reduces the number of kernels ear™" in
stressing conditions. The high number of maize kernels
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Figure 7. Interaction between fertiliser regime and cropping system on resin-extractable P,0s (mg kg™') during 2017/2018 cropping
season at Hunyani farm in Chinhoyi, Zimbabwe. Error bars are * standard error of difference (SED) for the comparison of fertiliser

regime means within and across cropping system treatments.

per ear recorded in sole maize and maize-silverleaf crop-
ping system agrees with the findings of Konlan et al.
(2013) who reported that in some areas of the Savannah
region, sole maize crops were more productive than inter-
crops when two or more rows of intercropped maize were
alternated with the same number of a legume crop. In
sole maize there was no competition for nutrients and
light thus increasing the rate of nutrient utilisation and
photosynthesis by the maize crop, hence the recorded
high number of kernels ear ' (Konlan et al. 2013;
Kermah et al. 2017). The bushy growth habits of the
legumes most probably reduced evapotranspiration and
maintained a moist soil environment in the understorey
of the maize-legume intercrops that sustained maize
plant growth and yield formation in maize, in addition
to BNF providing additional N to the maize crop.
However, for velvet leaf, its high competitiveness for
water, mineral nutrients and Photosynthetically Active
Radiation (PAR) against maize negated this advantage,
reducing kernel number and maize grain yield. This pro-
vides a steady water supply for maize, which is important
for the physiological and biochemical reactions in plants
that result in increased kernel number per plant (Cook
et al. 2005).

The highest number of kernels ear™' recorded in the
150 kg ha™' compound D+ 150 kg ha™" AN fertiliser
treatment (Table 4) may be attributed to the availability
of nitrogen, a major nutrient for plant growth in relation
to protein formation and cellular growth (McAllister et al.
2012). Thus, an increase in N availability often initiates
vegetative growth and those processes that are associ-
ated with dry matter production, increasing photo-
assimilate direction toward the development of

economic yield (Mashingaidze 2004; Nielsen 2005). In
contrast, the number of kernels ear™' was reduced
when only 100 kg ha™" SSP was applied, most likely
because of nitrogen deficiency thus reducing plant
growth. As a result of nitrogen deficiency, there was a
reduced rate of photosynthesis and dry matter allo-
cation to economic yield, hence a reduced number of
kernels per ear (Silva et al. 2004).

The legume intercrops reduced maize ear weight,
with a 46% reduction in the maize-velvet bean system
(Table 4). Velvet bean is characterized by a dense root
network which intensifies its nutrient scavenging
ability providing nutrition for vegetative growth thus
increasing competitive ability in terms of radiation,
water and nutrients capture (Hodge 2004). This
reduces nutrients available for uptake by the maize
crop thus reducing plant biochemical reactions required
for economic yield development (Silva et al. 2004). The
average ear weight was higher in maize-silverleaf and
maize-cowpea cropping systems than maize-velvet
bean intercrop probably because silverleaf and cowpea
have a determinate bush architecture hence have little
competition for radiation (Cook et al. 2005). This
canopy architecture maintains a favourable microcli-
mate around the maize crop by reducing water loss
through evaporation from the soil (Hartwig and
Ammon 2002). Water is vital for all chemical reactions
thus the microclimate around the maize crop ensures
full microbial and biochemical reactions around and
within the maize plant resulting in increased ear
weight (Matusso et al. 2014). The highest ear weight
obtained in the sole maize cropping system may be
attributed to minimum competition for growth
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resources within the environment particularly during the
crop’s reproductive stage (Konlan et al. 2013).
Furthermore, as shown in Table 4, the fertiliser regime
influenced the ear weight of the maize crop, with non-
nitrogen-based fertiliser treatments (no fertiliser, 100 kg
ha~'SSP and 200 kg ha™'SSP fertiliser regimes) produ-
cing the lightest ears compared to the 150 kg ha™'com-
pound D+ 150 kg ha™'AN fertiliser regime. This was
possible because compound D and AN fertilisers pro-
vided sufficient nitrogen required for photosynthesis
and dry matter production for the development of the
ear (McAllister et al. 2012; Mohammed et al. 2015).
Compared to no-fertiliser application, the 100-grain
weight was lower under 100 kg ha™"' SSP in the maize-
cowpea while in the maize-velvet bean cropping
system, 150 kgha™' compound D+ 150 kg ha™'AN
resulted in a higher 100-grain weight than the SSP appli-
cation (Figure 5(a)). Meanwhile, as illustrated in Figure 5
(b), application of 100 kg ha™' SSP in the maize-cowpea
intercrop and application of either 200 kg ha™' SSP or
150 kg ha™' compound D + 150 kg ha™'AN in sole maize
during the 2017/2018 season increased the 100-grain
weight of maize kernels. This may be largely due to
increased dry matter allocation towards the development
of the economic yield per unit time as a result of the
decrease in kernel number per unit plant area (Shen
et al. 2018). This is in contrast to the other intercropping
systems in which the high number of kernels per unit
plant area resulted in a greater distribution of dry
matter across the greater area thus minimising dry
matter allocation per unit grain (Nielsen 2005). Hence,
the reduction in grain weight with increased kernel
number. In addition, nitrogen retention capacity by
velvet bean has been reported to be higher than that of
cowpea and silverleaf (Jiri and Mafongoya 2018). In
relation to these results, Mapiye et al. (2007) denoted
that cowpea fixes nitrogen in response to its demand
per unit time and space such that the crop is beneficial
after having been ploughed in. As such it is assumed
that during its developmental phases, it is of little
benefit to the major crop thus low nitrogen release. The
high 100-grain weight that was observed in sole maize
plots treated with 150 kgha™' of compound D and
150 kg ha™' of AN and those with 200 kg ha™'of SSP
might have been as a result of enough supply of required
nutrients. The 150kgha™’ of compound D and
150 kg ha™" of AN contain nitrogen which is vital for cel-
lular growth and development of kennels (McAllister
et al. 2012). Also in maize-velvet bean plots treated with
150 kg ha™" of compound D and 150 kg ha™' of AN,
there were reduced numbers of kennels probably signify-
ing increased photo-assimilate being directed towards the
development of the few kennels produced (Nielsen 2005).

Similar to its effects on the number of barren plants
ha™", intercropping maize with velvet bean resulted in
a maize grain yield reduction of 51.7-77.5% relative to
sole maize and maize-silverleaf intercrop (Table 4). This
suggests that velvet bean is highly competitive with
regards to capturing available growth resources, thus
reducing the allometric allocation of photosynthates
towards the reproductive parts of the maize crop
(Kermah et al. 2017). The same results were shown by
Gabastshele et al. (2012) who concluded that, among
all factors causing yield reduction in intercrops com-
pared to cereal sole cropping, competition for resources
is the major factor affecting yield. The percentage of
maize yield reduction was lowest when maize was inter-
cropped with silverleaf, a forage legume that is known
for its negative allelopathic effects on weed growth at
certain crucial periods in crop development (FAO 2011).

Although no evidence of maize grain yield response to
fertiliser treatments was observed in 2016/2017, the appli-
cation of 150 kg ha™' compound D + 150 kg ha™' AN fer-
tiliser produced the highest maize grain yield in 2017/
2018 (Table 4). Both compound D and AN contain nitro-
gen, a major structural component of all proteins, and is
essential in the synthesis of enzymes required during
photosynthesis (McAllister et al. 2012). As a result, it can
be assumed that contrary to the non-N-based fertiliser
treatment, the 150 kg ha™' compound D + 150 kg ha™
AN fertiliser regime supported the production of
enzymes for carbohydrate synthesis and photo-assimilate
production (Mashingaidze 2004; Nielsen 2005).

Soil fertility

Soil pH remained unchanged before and after treatment
application (Table 6). This agrees with Nyamapfene
(1991) who asserts that during the early years of the
establishment of interactive cropping systems the
build-up of different pools of organic matter content
are usually too low to alter key soil chemical properties
such as pH, buffering capacity and cation exchange
capacity. The soil pH (5.4) of the study area at the
onset of the study was medium acid (Table 5). This pH
range is not considered ideal for optimal nutrient avail-
ability for most crops including maize and the different
established legumes (Shehu et al. 2018). Potential contri-
bution to mineral nitrogen in the soil during the 2016/
2017 cropping season was lower (453.6 g m~2) in the
maize-velvet bean intercrop than in the maize-silverleaf
(559.9 g m™?) and maize-cowpea (495.90 g m™?) inter-
crops. These results suggest that silverleaf and cowpea
have higher N-fixing abilities than velvet bean.

The high mineral nitrogen observed in maize-silver-
leaf intercrop in which 100 kg ha™' SSP fertiliser was
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applied (Figure 6) might be attributed to the increased
fixation potential of N by silverleaf due to the availability
of phosphorus in the soil. The addition of phosphorus to
leguminous plants growing in poor soils increases the
plants’ nitrogen-fixing efficiency, and concomitantly,
their nodulation and biomass production (Magadlela
et al. 2016). This will in turn increase soil N when
legumes are used as live mulch in cereal crops as N is
excreted from legume roots and leached from leaves
(Giller 2001). The significant interaction between crop-
ping system and fertiliser regime (Figure 7) showed
that resin-extractable P,Os was highest in the maize-sil-
verleaf intercrop which received 100 kg ha™' SSP and in
maize-cowpea and maize-velvet bean that had
200 kg ha™" of SSP. Havlin et al. (2016) indicated that
in granitic derived soils, recycling of phosphorus was
slow thus available P was increased by application of
P-based fertiliser formulations. The results corroborate
earlier findings by Sanginga and Woomer (2009) who
observed that Desmodium uncinatum forms symbiotic
relations with mycorrhizal fungi which recover P from
scarce reserves and increase its availability in the soil.
The high resin-extractable P,Os observed in sole maize
at 150 kg ha™' of compound D and 150 kg ha™" of AN
treatment combination might be attributed to high
phosphorus composition in the compound fertiliser.

Cropping system and fertiliser regime interaction had
no significant effect on potassium, calcium and mag-
nesium cations. However, it is worthy to note that all
experimental plots had adequate calcium and mag-
nesium contents with the acutely deficient potassium
content. The high K-to-Mg ratio (average 1:50) implies
that the relatively high Mg concentration in the soil
can suppress K uptake by both the maize and legume
crops thereby worsening the effects of low K concen-
tration in the soils on crop productivity (Laekemariam
et al. 2018). Therefore, there is a need to consider K fer-
tilisation strategies that are in synchrony with K soil
nutrient status in order to realize the expected potential
of using legumes as live mulch in maize production in
these soils.

With no fertiliser application and at an application
rate of 100 kg ha~" SSP, the sole maize and the maize-sil-
verleaf intercrop failed to suppress weed emergence
and growth. In contrast, the other cropping systems
(the maize-velvet bean and maize-cowpea intercrops)
were able to grow and produce a canopy that sup-
pressed weed emergence and growth when no fertiliser
was applied. Despite its potential to add N to the soil by
the maize-velvet bean intercrops, velvet bean proved to
be highly competitive against maize in this study. Silver-
leaf was the most compatible legume for intercropping
with maize because of its capacity to produce a higher

maize grain yield than the other legumes. The
150 kg ha™" compound D+150kgha™' AN fertiliser
regime was the most efficient fertiliser that supplied
maize with sufficient essential nutrients for plant
growth. The maize-silverleaf cropping system has a
higher potential to increase mineral nitrogen and
resin-extractable P,0s; than other cropping systems.
Based on the results of this study, it is concluded that
the best intercrop and fertiliser regime for stimulating
N mineralisation and enhancing P availability is the
maize-silverleaf cropping system at 100 kg ha~' SSP.
Further studies should be focused on the impact of
these cropping systems under differential soil and
agro-climatic conditions.

Acknowledgements

This work was successful with the support of Chinhoyi Univer-
sity of Technology. The authors would like to extend their pro-
found gratitude to the staff at the Chinhoyi University of
Technology Hunyani farm for assisting with the implemen-
tation and management of the field trials during the two crop-
ping seasons.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Notes on contributors

Marilyn Kutamahufa holds a BSc Honours degree in Crop
Science and Technology. She is a postgraguate research
scholar at Chinhoyi University of Technology specialising in
the science of tuber plants.

Lincon Matare holds a BSc honours degree in Crop science
and technology and he is a post-graduate student at Chinhoyi
Univesity of Technology.

Gabriel Soropa hold a Phd in soil fertility management and he
is a researcher and senior lecturer at Chinhoyi University of
Technology.

Nilton Mashavakure holds a Phd in Entomolgy and he is a
senior lecturer and head of research at Chinhoyi University of
Technology.

Ezekia Svotwa holds a Phd in Agronomy and he is a senior lec-
turer at Chinhoyi Univerity of Technology.

Arnold B. Mashingaidze holds a Phd in Plant Physiology and
he holds a professorial chair at Chinhoyi University of
Technology.

References

Anderson J, Ingram. 1993. A handbook of methods.
Oxfordshire: CAB International, Wallingford, 221.

Bastiaans L, Paolini R, Baumann D. 2008. Focus on ecological
weed management: what is hindering adoption? Weed
Res. 48:481-491.



140 M. KUTAMAHUFA ET AL.

Bere T, Mangadze T, Mwedzi T. 2014. The application and
testing of diatom-based indices of stream water quality in
Chinhoyi Town, Zimbabwe. Water SA. 40:503-512.

Bryan WB, Materu MB. 1987. Intercropping maize with climbing
beans, cowpeas and velvet beans. J Agron Crop Sci.
159:245-250.

Byrne E. 1979. Chemical analysis of agricultural materials:
methods used at Johnstown Castle Research Centre,
Wexford. An Foras Taluntais.

Chikoye D, Ekeleme F. 2001. Growth characteristics of ten
Velvet bean accessions and their effects on the dry matter
of Imperata cylindrica (L.) Rauesch. Biol Agric Hortic.
18:191-201.

Chivenge P, Murwira H, Giller K, Mapfumo P, Six J. 2007. Long-
term impact of reduced tillage and residue management on
soil carbon stabilization: implications for conservation agri-
culture on contrasting soils. Soil Tillage Res. 94:328-337.

Cook BG, Pengelly BC, Brown S, Donnelly J, Eagles D, Franco M,
Hanson J, Mullen BF, Partridge |, Peters M. 2005. Tropical
forages: an interactive selection tool.

CTA. 2007. How to control Striga and stemborer in maize. CTA
Practical Guide Series No. 2. Netherlands.

Dekker J. 2009. The evolutionary ecology of weeds and inva-
sive plants. Evolut Ecol. 12:08.

Demotes-Mainard S, Péron T, Corot A, Bertheloot J, Le Gourrierec
J, Pelleschi-Travier S, Crespel L, Morel P, Huché-Thélier L,
Boumaza R. 2016. Plant responses to red and far-red lights,
applications in horticulture. Environ Exp Bot. 121:4-21.

Elsalahy H, Déring T, Bellingrath-Kimura S, Arends D. 2019.
Weed suppression in only-legume cover crop mixtures.
Agronomy. 9:648.

Fan M, Shen J, Yuan L, Jiang R, Chen X, Davies WJ, Zhang F.
2012. Improving crop productivity and resource use
efficiency to ensure food security and environmental
quality in China. J Exp Bot. 63:13-24.

FAO. 2011. A searchable catalogue of grass and forage
legumes. Rome: Grassland Index.

Gabastshele MI, Marokane TK, Mojeremane W. 2012. Effects of
intercropping on the performance of maize and cowpeas in
Botswana. Int J Agric Forest. 6:307-310.

Giller KE. 2001. Nitrogen fixation in tropical cropping systems.
Wallington, UK: Cabi.

Gunjal K, Pound J, Delbaere J. 2010. Crop and food security
assessment mission to Zimbabwe. FAO.

Hartwig NL, Ammon HU. 2002. Cover crops and living mulches.
Weed Sci. 50(6):688-699.

Hauser S, Bengono B, Bitomo O. 2008. Short-and long-term
maize yield response to Velvet bean pruriens and Pueraria
phaseoloides relay fallow and biomass burning versus
mulching in the forest zone of southern Cameroon. Biol
Agric Hortic. 26:1-17.

Havlin JL, Tisdale SL, Nelson WL, Beaton JD. 2016. Soil fertility
and fertilizers. York, UK: Pearson Education India.

Hodge A. 2004. The plastic plant: root responses to hetero-
geneous supplies of nutrients. New Phytol. 162:9-24.

Humphries T, Chauhan BS, Florentine SK. 2018. Environmental
factors effecting the germination and seedling emergence
of two populations of an aggressive agricultural weed;
Nassella trichotoma. PloS one. 13:7.

Jiri O, Mafongoya PL. 2018. Velvet bean and cowpea residual
effects on maize crop in smallholder farming areas of
Zimbabwe. Sustaine Agric Res. 7:54-63.

Keeney D, Nelson D, Page A. 1982. Methods of soil analysis. Part
2. Chemical and microbiological properties. Eds. CA Black
et al, p. 711-733.

Kermah M, Franke AC, Adjei-Nsiah S, Ahiabor BD, Abaidoo RC,
Giller KE. 2017. Maize-grain legume intercropping for
enhanced resource use efficiency and crop productivity in
the Guinea Savanna of northern Ghana. Field Crops Res.
213:38-50.

Khan ZR, Hassanali A, Overholt W, Khamis TM, Hooper AM,
Pickett JA, Wadhams LJ, Woodcock CM. 2002. Control of
witchweed Striga hermonthica by intercropping with
Desmodium spp., and the mechanism defined as allelo-
pathic. J Chem Ecol. 28:1871-1885.

Kodzwa JJ, Gotosa J, Nyamangara J. 2020. Mulching is the most
important of the three conservation agriculture principles
in increasing crop yield in the short term, under sub
humid tropical conditions in Zimbabwe. Soil Tillage Res.
197:104515.

Konlan S, Sarkodie-Addo J, Kombiok M, Asare E, Bawah I. 2013.
Yield response of three groundnut (arachis hypogaea L.) var-
ieties intercropped with maize (Zea mays) in the Guinea
Savanna zone of Ghana. J Cereals Oilseeds. 4:76-84.

Kurwakumire N, Chikowo R, Mtambanengwe F, Mapfumo P,
Snapp S, Johnston A, Zingore S. 2014. Maize productivity
and nutrient and water use efficiencies across soil fertility
domains on smallholder farms in Zimbabwe. Field Crops
Res. 164:136-147.

Laekemariam F, Kibret K, Shiferaw H. 2018. Potassium (K)-to-
magnesium (Mg) ratio, its spatial variability and implications
to potential Mg-induced K deficiency in Nitisols of Southern
Ethiopia. Agriculture & Food Security. 7:13.

LiL, LiS, Sun J, Zhou L, Bao X, Zhang H, Zhang F. 2007. Diversity
enhances agricultural productivity via rhizosphere phos-
phorus facilitation on phosphorus-deficient soils. Proc Natl
Acad Sci U S A. 104:11192-11196.

Magadlela A, Pérez-Fernandez MA, Kleinert A, Dreyer LL,
Valentine AJ. 2016. Source of inorganic N affects the cost
of growth in a legume tree species (Virgilia divaricata)
from the Mediterrean-type Fynbos ecosystem. J Plant Ecol.
9:752-761.

Mapiye C, Mwale M, Mupangwa J, Mugabe P, Poshiwa X,
Chikumba N. 2007. Utilisation of ley legumes as livestock
feed in Zimbabwe. Trop Grassl. 41(2):84.

Mashavakure N, Mashingaidze AB, Musundire R, Gandiwa E,
Thierfelder C, Muposhi VK, Svotwa E. 2019. Influence of
tillage, fertilizer regime and weeding frequency on germin-
able weed seed bank in a subhumid environment in
Zimbabwe. S Afr J Plant Soil. 36:319-327.

Mashingaidze AB. 2004. Improving weed management and
crop productivity in maize systems in Zimbabwe. Phd
thesis, p. 207.

Matusso J, Mugwe J, Mucheru-Muna M. 2014. Potential role of
cereal-legume intercropping systems in integrated soil ferti-
lity management in smallholder farming systems of Sub-
Saharan Africa. Res J Agric Environ Manag. 3:162-174.

McAllister CH, Beatty PH, Good AG. 2012. Engineering nitrogen
use efficient crop plants: the current status. Plant Biotechnol
J.10:1011-1025.

Mohammed H, Shiferaw T, Tadesse ST. 2015. Nitrogen and
phosphorus fertilizers and tillage effects on growth and
yield of maize (Zea mays L) at Dugda District in the
Central Rift Valley of Ethiopia. Asian J Crop Sci. 7:277-285.



ACTA AGRICULTURAE SCANDINAVICA, SECTION B — SOIL & PLANT SCIENCE . 141

Munera-Echeverri JL, Martinsen V, Strand LT, Cornelissen G,
Mulder J. 2020. Effect of conservation farming and biochar
addition on soil organic carbon quality, nitrogen mineraliz-
ation, and crop productivity in a light textured Acrisol in
the subhumid tropics. PloS One. 15(2):1-17.

Nezomba H, Mtambanengwe F, Chikowo R, Mapfumo P. 2015.
Sequencing integrated soil fertility management options for
sustainable crop intensification by different categories of
smallholder farmers in Zimbabwe. Exp Agric. 51:17-41.

Nielsen RL. 2005. Potential yield loss, Kernel Set Scuttlebutt.
Corny News Network, Purdue Univ. http://www.kingcorn.
org/news/articles.05/KernelSet-0809.html.

Nyamangara J, Mugwira L, Mpofu S. 2000. Soil fertility status in
the communal areas of Zimbabwe in relation to sustainable
crop production. J Sustain Agric. 16:15-29.

Nyamapfene K. 1991. The Soils of Zimbabwe, 1 Nehanda
Publishers. Harare, Zimbabwe.

Okalebo JR, Gathua KW, Woomer PL. 2002. Laboratory
methods of soil and plant analysis: a working manual
second edition. Sacred Africa, Nairobi. 21.

Rusere F, Crespo O, Dicks L, Mkuhlani S, Francis J, Zhou L. 2019.
Enabling acceptance and use of ecological intensification
options through engaging smallholder farmers in semi-
arid rural Limpopo and Eastern Cape, South Africa.
Agroecol Sustain Food Syst. https://doi.org/10.1080/
21683565.2019.1638336.

Sanginga N, Woomer PL. 2009. Integrated soil fertility
management in Africa: principles, practices, and develop-
mental process. Nairobi: Tropical Soil Biology and Fertility
Institute of the International Centre for Tropical
Agriculture. p. 263.

Shehu BM, Merckx R, Jibrin JM, Rurinda J. 2018. Quantifying
variability in maize yield response to nutrient applications
in the Northern Nigerian Savanna. Agronomy. 8:18.

Shen S, Zhang L, Liang X-G, Zhao X, Lin S, Qu L-H, Liu Y-P, Gao
Z, Ruan Y-L, Zhou S-L. 2018. Delayed pollination and low
availability of assimilates are major factors causing maize
kernel abortion. J Exp Bot. 69:1599-1613.

Silva P, Silva E, Mesquita S. 2004. Weed control and Green ear
yield in maize. Planta Daninha. 22:137-144.

Six J, Feller C, Denef K, Ogle S, de Moraes Sa JC, Albrecht A.
2002. Soil organic matter, biota and aggregation in temper-
ate and tropical soils-effects of no-tillage.

Soropa G, Nyamangara J, Nyakatawa EZ. 2018. Nutrient status
of sandy soils in smallholder areas of Zimbabwe and the
need to develop site-specific fertilizer recommendations
for sustainable crop intensification. S Afr J Plant Sail.
doi:10.1080/02571862.2018.1517901

Su B, Liu X, Cui L, Xiang B, Yang W. 2018. Suppression of weeds
and increases in food production in higher crop diversity
planting arrangements: a case study of relay intercropping.
Crop Sci. 58:1729-1739.

Unkovich M, Herridge D, Peoples M, Cadisch G, Boddey B, Giller
K, Alves B, Chalk P. 2008. Measuring plant-associated nitro-
gen fixation in agricultural systems. Australian Centre for
International Agricultural Research (ACIAR).

VSN, INTERNATIONAL. 2015. Genstat for Windows 18th edition.
Hemel Hempstead, UK: VSN International.

Wang X, Deng X, Pu T, Song C, Yong T, Yang F, Du J.
2017. Contribution of interspecific interactions and phosphorus
application to increasing soil phosphorus availability in relay
intercropping systems. Field Crops Res. 204:12-22.


http://www.kingcorn.org/news/articles.05/KernelSet-0809.html
http://www.kingcorn.org/news/articles.05/KernelSet-0809.html
https://doi.org/10.1080/21683565.2019.1638336
https://doi.org/10.1080/21683565.2019.1638336
https://doi.org/10.1080/02571862.2018.1517901

	Abstract
	Introduction
	Materials and methods
	Study site description
	Experimental design and layout for 2016/2017 and 2017/2018 cropping seasons
	Trial management
	Data collection
	Data analysis

	Results
	Weed biomass
	Forage legume biomass
	Maize grain yield and maize grain parameters
	Soil fertility

	Discussion
	Weed biomass
	Forage legume biomass
	Maize grain yield and maize grain parameters
	Soil fertility

	Acknowledgements
	Disclosure statement
	Notes on contributors
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


