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ARTICLE INFO ABSTRACT

Keywords: Rainfall variability poses a great challenge to rainfed cropping in sub-Saharan Africa. We evaluated, over three
Intra-seasonal dry spells cropping seasons, conservation agriculture (reduced tillage and mulching) and farmer prioritized conventional
Tilllage . tillage- and mulching-based options on seasonal soil water retention, and subsequent productivity of maize (Zea
gjilln f;ﬁecmppmg mays L.) and cowpea (Vigna unguiculata Walp L.) in mono- and inter-crops in Eastern Zimbabwe. The experiments

were established on sand and clay soils. The first cropping season (2014/15) received evenly distributed rainfall
(hereinafter referred to as ‘wetter’), while the two succeeding seasons (2015/16 and 2016/17) had high in-
cidences of intra-seasonal dry spells (hereinafter referred to as ‘drier’). Overall, conventional tillage had 10-31%
and 27-40% more moisture than conservation agriculture treatments on sand and clay soils, respectively. Soil
moisture was most retained in intercrop under mulch-based conventional tillage. Maize grain yield during the
‘wetter’ season on sand soil was highest and least (P > 0.05) in intercrop under conservation agriculture (2.3 Mg
ha~!) and mulch-based conventional tillage (1 Mg ha™1), respectively. On clay soil, intercrop under mulch-based
conventional tillage (2.4 Mg ha™!) yielded the best. During the ‘drier’ seasons, intercrop under mulch-based
conventional tillage achieved the best maize grain yield on both sand (1.5 Mg ha™?!) and clay (1.4 Mg ha™})
soils. Mulching increased maize grain yield by 55-90% during the ‘drier’ seasons, but reduced water use effi-
ciency (WUE) by approximately 15% during the ‘wetter’ season. Over the three seasons, cowpea grain yield did
not exceed 1 Mg ha™! in both mono- and inter-crops. The study revealed contrasting short-term effects of soil
water management options on soil moisture retention and intercropping productivity as dictated by seasonal
rainfall variability and soil type. These findings point to the need for tillage and mulching typologies across soil
types to minimize negative effects of rainfall variability on crop productivity.

Water use efficiency

1. Introduction

Food security in rainfed smallholder farming areas of Southern Af-
rica is under threat from increased adverse weather conditions linked to
climate change and variability. In particular, erratic rainfall, charac-
terized by increased incidences of intra-seasonal dry spells, is impacting
negatively on cropping systems [1,2]. Over the past two decades, con-
servation agriculture (CA), anchored on reduced tillage (RT), mulching
and diversified cropping (mostly through rotations), has been promoted

in Southern Africa as a climate smart technology for securing crop yields
in the wake of increasing rainfall variability [3-5]. Increased rain water
infiltration, soil water conservation, soil carbon sequestration and
improved crop yields are some of the benefits associated with CA [3,
6-9]. However, findings on soil water capture under CA systems have
largely been inconsistent [10-12]. The inconsistences call for further
studies to assess the performance of CA under contrasting soils to inform
adaptation of the practice. In addition to CA, smallholder farmers in
Southern Africa have traditionally used different soil water conservation
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techniques to minimize risk of crop failure in the face of the changing
climate. Most of these techniques have centered on in-field water har-
vesting e.g. pot holing, planting basins, dead level contours, ridging, and
deep ploughing soon after crop harvesting to conserve soil moisture and
incorporate crop residues [13-20]. While the performance of some of
these technologies have been evaluated in the past, farmers are
continuously experimenting with their derivatives. It is therefore
important to evaluate these techniques against established soil water
conservation technologies such as CA. Results of such evaluations are
not only key to broadening the range of soil water conservation options
available to farmers, but help in the (re) designing and adaptation of
technologies.

In Southern Africa, the reported high crop and water productivity
under CA have mainly been under maize-grain legume rotations [5,8,17,
21], with few studies on intercrops. Intercropping is a commonly prac-
ticed crop intensification option in smallholder farming systems of
Southern Africa [22,23], but substantial crop yield losses or complete
failure can occur due to competition for water between component crops
[22,24,25]. On the contrary, complementarity in the use of soil water,
nutrients and radiation as well as suppression of weeds, diseases and
pests presents an over-yielding advantage of intercrops compared to
mono cropping [23,25-28]. Intercrops are often practiced to increase
food diversity on smallholder farms and ironically are also meant to
minimize risk of total crop failure [22,29]. With crop production in
Southern Africa mainly done on sandy soils typified by poor water
holding capacity, prolonged dry spells make intercropping a high-risk
practice. A question therefore arises whether the improved soil water
retention under CA can support intercrops, whose aggregate yields are
increasingly threatened by intra-seasonal dry spells.

Mulching in CA systems is mostly done using dead plant material, e.
g. crop residues [30]. However, ensuring permanent soil cover through
retaining crop residues is usually constrained by competing demands e.
g. as livestock feed during the dry season. Furthermore, high prevalence
of termites in these tropical environments does not allow mulch cover to
last throughout cropping seasons [30,31]. In such environments, in-
tercrops, through improved ground cover due to increased leaf area
index (LAI), could provide complementary ‘live’ mulch, particularly
during the later stages of crop growth. The contribution of ‘live’ mulch
to soil moisture conservation and subsequent crop productivity has not
been adequately evaluated in rainfed cropping systems of southern Af-
rica. For this study, the objective was to evaluate conservation agricul-
ture [reduced tillage (RT) and mulching] and farmer prioritized
conventional tillage (CT)- and mulching-based options on seasonal soil
water retention, and subsequent productivity of maize (Zea mays L.) and
cowpea (Vigna unguiculata Walp L.) in mono- and inter-crops in Eastern
Zimbabwe. The evaluation was over three cropping seasons. As with
other CA-related studies previously done under on-farm and on-station
conditions in Zimbabwe [8,21,32,33] and elsewhere in Africa [34],
the three year period was considered sufficient to assess the short-term
effects of CA on soil water dynamics and crop productivity against other

Table 1
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farmer prioritized tillage- and mulching-based options.
2. Materials and methods
2.1. Study site description

The study was conducted over three successive seasons (i.e. 2014/
15, 2015/16 and 2016/17 season) in Hwedza District of southern-
eastern Zimbabwe. Hwedza District largely falls under agro-ecological
zone (Natural Region) III receiving an annual rainfall of 600-800 mm
in a unimodal rainy season between November and March. Crop pro-
duction is predominantly rainfed and intra-seasonal dry spells signifi-
cantly reduce yields of most crops [35]. The dominant soils are Lixisols
characterized by poor inherent fertility and poor water holding capacity.
However, patches of red clayey soils (Luvisols) which are inherently
more fertile exist. The farming systems is largely dominated by mixed
crop-livestock enterprises. Maize is an important staple food and cash
crop. Cowpea (Vigna unguiculata Walp. L.), is among the commonly
grown legumes, which contribute significantly to dietary protein [36,
371. In situations where farmers practice intercropping, cowpea is often
planted as a secondary crop to maize at low plant densities resulting in
low aggregate yields. Conventional ploughing is the dominant tillage
practice, with a small percentage of farmers practicing reduced tillage
such as ripping and planting basins.

2.2. Selection of treatments for experimentation

We combined household survey data with farmer participatory
research enquiries to select treatments that were tested in this study. The
household survey was conducted across 300 households to interrogate
soil water conservation adaptation options employed by farmers in the
face of increasing seasonal rainfall variability, among other climate
change and livelihoods issues. After the household survey, a community
meeting was conducted to share the survey results followed by focus
group discussions (FGDs) to build consensus on the prioritized soil water
conservation adaptation options. The FGDs were conducted with 10 men
and 10 women with farming experience spanning over 30 years, com-
munity leaders (village heads, headmen) and local Agriculture Exten-
sion Officers. The participants were first divided into men and women
only groups and then combined for consensus building. The farmers’
prioritized options are shown in Table 1. The treatments chosen for this
study consisted of CA and other farmer prioritized tillage- and mulching-
based options [conventional (CT) and two mulching rates (mulch vs. no
mulch)] under three cropping systems (maize monocrop, cowpea
monocrop and maize-cowpea intercrop).

2.3. Selection of experimental sites and experimental design

The farmers suggested evaluation of the soil moisture conservation
options on major soil types found in the area viz. sand and red clay soils.

Prioritized soil water conservation agronomic adaptation options from household survey (N = 300) and focus group discussions in Hwedza district, eastern Zimbabwe.

Prioritized option Perceived benefits”

1. Deep ploughing
is highly beneficial on compacted soils.
2. Mulching

The deep ploughing during land preparation allow for more rainwater infiltration throughout the season, and incorporate crop residues. Deep ploughing

This is a common practice in home gardens under maize and vegetable production during the dry season (May-November). Locally available thatching

grass (Hyparrhenia filipendula (L.) Stapf.) is used to cover the soil surface. The mulching significantly reduces frequency of watering. According to the
farmers, grass could be a better mulching material for maize cropping than crop residues as the latter is mainly used as livestock feed.

3. Crop diversification

reducing soil water loss through evaporation.
4. Manure application
5. Supplementary

This gives some insurance against complete crop failure. In intercrops, a secondary crop may provide ‘live’ mulching effect to the primary crop thereby

Improves soil fertility status and can act as mulch when applied in large quantities.
This is mostly beneficial to households with home gardens located in wetlands or near perennial rivers where they can use buckets to water their crops

This has been promoted by government and Non-Governmental Organizations and the major benefit has been improved rain water capture from rip lines

irrigation during the dry season. However, cannot be used on bigger land areas.
6. Conservation
agriculture and planting basins and mulching leading to high crop yields in drought years.

@ Farmer explanations given during community meetings and FGDs
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Transect walks and consultations with local leaders and Agricultural
Extension Officers were done to identify and select fields that hosted the
experiments. Chidora field [18° 39’ S 31° 37’ E, 1409 m above sea level
(m.a.s.l.)] located on sand soil and Masawi field (18° 41’ S 31° 45’ E,
1273 m.a.s.l) on a red clayey soil were thus selected as the representa-
tive sites. The selected fields were big enough to accommodate all the
treatments, accessible, and had similar catenary positions, and man-
agement history. The experimental sites also served as co-learning and
information and knowledge sharing platforms under the SOFECSA
Learning Centre approach [38]. The treatments were arranged in a split
plot design, with soil water conservation option [CT plus mulch
(mulch-based conventional tillage), CA and CT without mulch (control)]
as the main plot factors, and cropping system (intercrop or mono crops)
as the sub-plot. The treatment factors were replicated three times in
plots measuring 9 x 7 m (63 m?). For initial characterization, ten soil
samples were randomly taken on each field to a depth of 45 cm. The
samples were thoroughly mixed in a plastic dish into a composite sam-
ple, air-dried, and sieved through a 2 mm-mesh sieve for determination
of soil texture (hydrometer method), pH (0.01 M CaCly), organic carbon
(SOC) (modified Walkley-Black method), total N (Micro-Kjeldahl
method) and available P (Olsen method) [39]. Undisturbed soil samples
were taken using a core to determine bulk density. The soil physical and
chemical properties of the fields are shown in Table 2.

2.4. Establishment and management of experiments

For CT, an animal-drawn mouldboard plough was used to till the
whole plot to a depth of approximately 30 cm just before planting.
Under CA, a ripper tine attached to the beam of an ordinary ox-drawn
mouldboard plough was used to open rip lines approximately 30 cm
deep. For mulching, sun-dried locally available thatching grass
(Hyparrhenia filipendula (L.) Stapf.) was applied at 2.5 Mg ha™! on a dry
weight basis soon after maize sowing on all mulched plots to achieve
approximately 30% soil surface cover. The length of the grass was nearly
180 cm, and was chopped into approximately 30 cm pieces for easy
spreading on the soil surface. The tillage and mulching operations were
the same across seasons, and the mulching material was from the same
sources (field edges). An early maturing hybrid maize variety, SC 513,
(approximately 130 days to maturity), and a semi-erect cowpea cultivar,
CBC2, (about 115 days to maturity) were used as the test crops. Maize
was sown using an inter row spacing of 0.90 m and intra-row spacing of
0.30 m in both monocrop and intercrop, to give a plant population
density of approximately 37 000 plants ha~!. Cowpea was sown two
weeks after maize to reduce competition for soil water during the early
crop growth stages as well as spreading the labour. A row spacing of
0.40 m and an intra-row of 0.20 m were used in both mono and in-
tercrops, resulting in a plant population density of approximately 125
000 plants ha!. The intercrop had two rows of cowpea in-between a
maize row. Maize was planted with the first effective rains during mid-
December in the 2014/15 and 2016/17 season, and late December

Table 2
Physical and chemical characteristics of top soil (0-45 cm) at experimental
fields.

Soil parameter Sand soil Red clay soil
Physical

Bulk density (g cm™) 1.61 +0.11 1.46 + 0.18
Sand (%) 75+ 0.4 18 +£0.3
Clay (%) 94+0.2 56 + 0.6
Chemical

pH (0.01 M CaCl,) 4.66 +£0.1 452+0.1
Total N (%) 0.03 £ 0.004 0.10 £ 0.005
Available P (mg kg™ 1) 3.80 + 0.23 8.46 + 0.2
K (cmol) kg™ 0.18 + 0.06 0.29 + 0.04
SOC (%) 0.47 £ 0.2 0.77 £ 0.3

Figures in parentheses indicate standard error of mean (SEM).
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during the 2015/16 season. For maize, cattle manure was applied at 7 t
ha~! at planting, with P and N added at 26 kg ha! and 90 kg N ha},
respectively. Phosphorus and part of the N fertilizer were applied basally
as Compound D fertilizer (7% N, 14% P20s5, 7% K30), with the
remainder of the N added as top-dressing ammonium nitrate (34.5% N)
in 2 splits (40% and 60% at 4 and 6 weeks after emergence, respec-
tively). The monocropped cowpea only received basal P and starter N as
Compound D at 26 kg ha~! and 13 kg N ha™}, respectively. In the case of
intercrops, the basal mineral fertilizer was halved, with 50% applied
during maize planting and the remainder at planting of the cowpea crop.
Weed control in CT plots was done manually using hand hoes. In CA
plots, glyphosate (N- (phosphonomethyl) glycine) herbicide was
sprayed at 3.5 1 ha™! before planting for initial weed control. Thereafter,
the plots were kept weed free through scratching the soil surface using
hand hoes.

Rainfall was the only source of water during all the cropping seasons.
The rainfall was measured at each site using a standard rain gauge
mounted 1 m above the ground on an uncropped open area close to the
experimental fields. The 2014/15 season had shorter dry spells (here-
inafter referred to as the ‘wetter’ season), while the 2015/16 and 2016/
17 seasons were characterized by prolonged dry spells, particularly
during the first 90 days after sowing (DAS) (hereinafter referred to as the
‘drier’ seasons). The rainfall distribution during the three growing sea-
sons under study is shown in Fig. 1. The longest dry spell exceeding two
weeks occurred during the 2016/17 season. This started during the early
vegetative development stage and ended almost two weeks into the
flowering stage for both crops. Harvesting was done at physiological
maturity from 30 m? net plots. After harvesting all the crop residues
were removed and bulked at the host farmers’ homesteads to provide for
animal feed during the winter period. Maize and cowpea grain yield was
quantified at 12.5% and 9.5% moisture content, respectively. Treat-
ments were maintained in the same plots with all the procedures
repeated during the second (2015/16) and third (2016/17) season
except that cattle manure was only applied during the first season to last
for two to three seasons [40].

2.5. Measurements

2.5.1. Soil water dynamics

Soil water content was measured using the gravimetric method. Soil
samples were collected at three random positions per plot from between
crop rows using stainless steel cores. The samples were collected at 15
cm depth increments down to 45 cm. According to Vogel [33], the 45 cm
depth is normally considered the effective rooting zone for most crops,
and is most exposed to evaporative soil moisture losses. Soil water
measurements were first taken at planting to represent the initial soil
water content, followed by repeated measurements which started 28
and 14 days after maize and cowpea planting, respectively. This period
was deliberately selected to allow the cowpea crop to fully establish, as
it was planted two weeks after maize. The rest of the measurements were
subsequently taken three days after every rainfall event at an interval of
5 days until the next rain event. Immediately after sampling, the soils
were packed in air- and water-tight zip-lock plastic bags and transported
to the laboratory. The samples were then oven-dried at 105 °C for 48 h to
determine the gravimetric water content as outlined by Anderson and
Ingram [39]. The gravimetric soil water content was converted to the
volumetric values using measured soil bulk density values as follows:

0= (@54,)0 M

where: § = Volumetric water content (cm® cm™2); ds = soil bulk density
(g cm’3); dw = water density (g cm’s); U = gravimetric water content
(®.

The soil water content in millimetres (mm) was calculated as the
product of volumetric water content (cm® em™2) and soil depth (mm).
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Fig. 1. Cumulative in-crop rainfall distribution at study sites during the 2014/15, 2015/16 and 2017/18 seasons.

Soil water available for plants was calculated as the difference between
the measured soil water content and the lower limit value. The lower
limit of water availability was estimated on the basis of soil water
content during the driest month [41]. In this study area, soil sampling to
determine lower limit of water availability was done early October
(driest month) during the first season.

2.5.2. Leaf area index (LAD)

Leaf area index (LAI) was measured at early vegetative (21 and 7
days after sowing (DAS)) for maize and cowpea, respectively, early
reproductive (42 and 34 DAS), and grain filling (63 and 49 DAS) to
determine crop canopy cover development over time. For maize, eight
plants from the two rows in each plot were randomly selected and
labelled. A non-destructive method was used to estimate the individual
leaf area based on leaf length and width. Leaf length was measured from
the collar to the tip, and leaf width was measured at the widest point of
the leaf. The area of each leaf was then estimated using the equation by
Mokhtarpour and others [42] as follows:

Leaf area = Length x width x 0.75 2

For cowpea, six plants were selected from each plot, and the area of
each leaf estimated using the equation by Lima and others [43] as
follows:

3

Leaf area index was calculated as the sum of the areas of total plants
per unit area (m? leaf area m ™2 of soil surface). For intercrops, crop
cover development was calculated as the total LAI values of maize and
cowpea.

Leaf area= ((0.6597(Length x Width) +2.1745)

2.5.3. Crop water capture and use efficiency

Evapo-transpiration (ET) was estimated at different crop growth
stages (i.e. vegetative, tasselling/flowering, grain filling and harvesting
for both crops) to epitomise apparent crop water use using the following
water balance equation:

ET =IW +TR — (0.25TR + EW) 4

where: ET = Evapo-transpiration (mm); IW = Initial soil water at the

beginning of each crop stage (mm); TR = Total in-crop rainfall received
during each stage (mm); EW = Soil water at the end of each crop stage
(mm).

A constant value of 0.25 was used to represent drainage and runoff
losses of the rainfall received based on 10-25% range proposed for semi-
arid southern Africa by Rockstrom and Falkenmark [2]. The profile
recharge by capillary rise was considered negligible. The total water
capture during the season was then calculated as the summation of
estimated ET values during all crop growth stages.

Water productivity was then calculated as grain yield per unit of
water used as follows:

WUE = Y/ ET 5)
where: WUE = water use efficiency (kg mm ™! ha™1); Y = crop yield (kg
ha_l); ET = evapotranspiration (mm).

Comparative change in water resource capture and use efficiency
was calculated according to Morris and Garrity [26] to relate inter-
cropping across soil types and seasons. The indices were based on
relative rather than absolute values. Change in water resource capture
and use efficiency was calculated as shown in Equation (6).

oo

where: X = water capture/water use efficiency; ic = intercrop; Pm =
proportion of maize in intercrop; Pc = proportion of cowpea in inter-
crop; mm = maize mono crop and cm = cowpea monocrop.

X ic
-1 100
Pm X mm+Pc X cm) } X

(6)

2.6. Statistical analysis

Data on all the measured (soil water dynamics, LAI, grain yield) and
calculated parameters (water use efficiency) were first tested for
normality using the Shapiro-Wilk test. Afterwards the data was sub-
jected to analysis of variance (ANOVA) using GenStat (2010, 14th Edi-
tion) to test for the effects of soil water conservation options on crop
productivity in mono- and intercrops, soil water dynamics, and resource
use efficiency. In the analysis, which was carried out separately for each
cropping season and soil type, tillage and cropping system were
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considered fixed factors whereas replication were considered random
factors. Significantly different treatments were separated using Fisher’s
Protected LSD (P < 0.05) test. Differences across soil types and seasons
were only made on descriptive basis using relative changes according to
Morris and Garrity [26].

Intercropping performance was evaluated on the basis of grain yield
benefit (GYB) which can either be positive (advantage) or negative
(penalty). This was calculated as the percentage difference between
grain yield in intercrop and corresponding sole crop for the control
treatment (CT without mulch). Conventional ploughing without
mulching is the most common farmer practice on smallholder farms in
Zimbabwe, and was therefore considered the control. The GYB was
computed as follows:

Yi—Y
GYB% — (i> % 100 %)
Ym

where: Yi is the intercropping grain yield, and Ym is the mono cropping
yield under CT + no mulching plots.
In intercropping, it is most desirable that the yields of component

Journal of Agriculture and Food Research 5 (2021) 100189

crops is maintained or improved compared to the mono crops. The
second best option would be for the grain yield of the primary crop (in
this case maize) to be maintained such that the yield of the companion
crop (cowpea) becomes a bonus. Negative values, zero change and
positive values mean a yield penalty, maintenance and an improvement,
respectively.

3. Results
3.1. Soil water content

Trends in soil water dynamics during the 2015/16 and 2016/17 were
similar. As such, the reported soil water dynamics is therefore a com-
parison between 2014/15 (‘wetter’) and 2015/16 season (‘drier’)
cropping seasons. During the ‘wetter’ season, plant available soil water
content across the season ranged between 14 and 26 mm on the sand
(Fig. 2a) and 17-30 mm on clay (Fig. 2c) soils. However, during the
‘drier’ season, the values did not exceed 14 and 25 mm on the sandy
(Fig. 2b) and clayey (Fig. 2 d) soils, respectively. During the ‘wetter’
season, the intercrop + mulched CT treatment consistently had the

—O— Control (Intercrop)

—O— Control (maize monocrop)
—O— Control (Cowpea monocrop)
—®&— Mulch-based CT (Intercrop)
—®@— Mulch-based CT (Maize mono)
—— Mulch-based CT (Cowpea)
—a— CA (Intercrop)

—a&— CA (Maize mono)

—4&— CA (Cowpea mono)

Available soil water content (mm)

0 T T T T T T T
60 70 80 90

100 110 120

Available soil water content (mm)

40 50 60 70

Days after sowing (DAS)

80 90 100 110 120

30

b)

25 4

20 4

40 50 60 70 80 90 100 110 120

35
d)
30 -
25

20

0 T T T T T T T
40 50 60 70 80 90 100 110 120

Days after sowing (DAS)

Fig. 2. Plant available soil water content (0-45 cm) under different soil water conservation and, maize and cowpea cropping options on sand (a and b) and clay (c
and d) soil, respectively, during the ‘wetter’ and ‘drier’ season in Hwedza, eastern Zimbabwe. Error bars represent LSDy os.
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greatest plant available soil water content (P < 0.05) particularly on the
sand soil (Fig. 2 a). For clay soil, such was the case up to 80 DAS before
intercrop + CA gave the highest moisture retention for the remainder of
the season (Fig. 2c). The greatest values of 26 mm and 22 mm for CT and
CA, respectively, were achieved at 56 days after sowing (DAS) maize on
the sand soil (Fig. 2a). On the clay site, the highest soil moisture content
of 30 mm was recorded at 42 DAS maize (Fig. 2c). Maize monocrop
under CA had the least available soil water content throughout the
‘wetter’” season on sand soil (Fig. 2a) and up to around 80 and 66 DAS of
maize and cowpea, respectively, on the clay soil (Fig. 2¢). Overall, CT
treatments had approximately 10-31% (sand soil) and 27-40% (clay
soil) more soil water content than CA. Mulching increased plant avail-
able soil water content, particularly during the early part of the season
(i.e. between 42 and 80 DAS of maize). For example, on the sand soil the
increase in soil water due to mulching under intercrops ranged from 13
to 39%, with more increase under CT than CA treatments. On the clay
soil, mulching increased soil water by 15 and 45% under the CT and CA
treatments, respectively. The mulching effect was less apparent later in
the season (i.e. after 80 and 66 DAS of maize and cowpea, respectively)
as most of the grass mulch cover had been destroyed by termites.
During the ‘drier’ season, the first soil water content measurements
coincided with the beginning of the longest dry spell which lasted 29
days. Treatment differences were only observed during the first two
weeks of that dry spell. The CT + mulch + intercrop treatment recorded
the greatest amount of plant available soil water, amounting to 18% and
14% more than the corresponding CA (RT + mulch + intercrop) treat-
ment on sand and clay soil, respectively (Fig. 2b and d). Intercrop and
maize monocrop without mulch treatments had generally the least
available soil water content (Fig. 2b and d). On the clay soil, mulching
increased available soil water by 51% and 44% in intercrops under CT
and CA, respectively (Fig. 2d). On the sand soil, the equivalent increases
were 39% and 34% (Fig. 2b). After the first two weeks of the 29-days dry
spell, available soil water content, declined to near zero mm, especially
in intercrops (Fig. 2b and d). After the dry spell, the intercrop + mulch
+ CT treatment recorded the highest plant available soil water

Table 3
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regardless of soil type. Consistent with the ‘wetter’ season, there were no
significant differences in plant available soil water content between
intercropping with and without mulch treatments around 80 and 66 DAS
of maize and cowpea, respectively.

3.2. Leaf area index (LAD)

Overall, leaf area indices under intercrops almost doubled that of
monocrops (Table 3). During the ‘wetter’ season (sand soil), the CA
treatment (RT + intercrop + mulch) had the greatest LAI (3.5), which
was 70% more than for the CT + intercrop + mulch treatment (Table 3).
However, on the clay soil, the difference between CT and CA treatments
was not significant (Table 3). Similarly, mulching did not influence LAI
on the clay soil. During the ‘drier’ season, CT + intercrop + mulch had
the greatest LAI of almost 3 at grain (maize)/pod filling (cowpea) stages
(Table 3). Mulching increased LAI by about 20%, especially in
intercrops.

3.3. Maize grain yield

Overall, maize grain yields were higher during the ‘wetter’ than the
‘drier’ season (Table 4). During the ‘wetter’ season on the sand soil, CA
(RT + mulch + intercrop) attained the highest maize grain yield of 2.3
Mg ha~?, which was 50% more than under CT + mulch + intercrop. The
CT + mulch treatment under maize monocropping achieved the least
yield of 1.0 Mg ha™! (Table 4). Mulching suppressed maize yields in the
conventionally-tilled treatments. The low yields could have been due to
waterlogging following incessant rains around 60 DAS (field observa-
tions by the first author). On the clay soil, CT + mulch + intercrop
achieved the greatest grain yield of 2.4 Mg ha™! (Table 4). Mulching
increased maize grain yield by approximately 15% across treatments on
the clay soil. Maize yield penalty was recorded in CT + mulch + inter-
crop on sand soil during the ‘wetter’ season (Table 5). The benefits of
treatment combination on the sand soil followed the order: CA (62.4%)
> CT without mulch (8.5%) > CT + mulch (—9.2%) (Table 5). On clay

Leaf area index (LAI) of maize and cowpea at different crop development stages under different soil water conservation and cropping options on sand and clay soil

during the ‘wetter’ and ‘drier’ season.

Treatment Leaf area Index (LAI) (m? m?)

Sand soil Clay soil

Vegetative Reproductive *Grain filling Vegetative Reproductive Grain filling
‘Wetter’ season
CA
Intercrop 2.22a 3.00 a 3.50 a 211a 2.84a 3.06 b
Maize 1.10c 1.44 ¢ 1.56d 0.94 c 1.38 ¢ 1.47 ef
Cowpea 1.20b 1.54b 1.73 ¢ 1.38b 1.57f 1.73 cd
CT + mulch
Intercrop 1.11c 1.84b 2.06 b 2.24a 3.10a 3.40a
Maize 0.84 ¢ 1.08d 1.17 ef 1.10 ¢ 1.44 de 1.56 de
Cowpea 0.84e 1.17d 1.27 e 1.43b 1.64b 1.79 ¢
CT only (control)
Intercrop 1.02d l.42¢ 1.68 cd 2.10a 2.98a 3.36a
Maize 0.69 f 0.85e 1.03f 0.88 ¢ 1.15f 1.29 f
Cowpea 0.87 e 1.19d 131le 1.40b 1.61 cd 1.77 ¢
‘Drier’ season
CA
Intercrop 111lc 1.84c 2.06 ¢ 1.31c¢ 1.84c 2.06 ¢
Maize 0.84 d 1.08 e 1.10 e 0.84 e 1.08 e 1.18f
Cowpea 0.84d 117 e 1.29e 0.84 e 1.17 e 1.29 ef
CT + mulch
Intercrop 2.10a 2.70 a 3.10a 2.10a 2.65a 291a
Maize 1.20c 1.60d 1.74d 1.10d 1.50d 1.64d
Cowpea 1.25 be 1.47d 1.69d 1.25 cd 1.47d 1.69d
CT only (control)
Intercrop 1.93a 2.33b 26b 1.73b 2.13b 2.40b
Maize 0.86 d 1.23e 1.52d 0.80 e 1.23e 1.40 e
Cowpea 1.35b 1.54d 1.68d 1.35¢ 1.54d 1.68d

*Grainfilling for maize or pod filling for cowpea. Different letters within each column indicate significant differences (p < 0.05) within each season.
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Grain yield (Mg ha™!) of maize and cowpea intercrops and sole crops under different soil water management options on sand and clay soils during the ‘wetter’ and

‘drier’ season in semi-arid Zimbabwe.

Treatment Grain yield (Mg ha™!)

‘Wetter’” season ‘Drier’ season

Sand soil Clay soil Sand soil Clay soil

Maize Cowpea Maize Cowpea Maize Cowpea Maize Cowpea
CA
Intercrop 2.29a 0.43b 2.13b 0.23 ¢ 1.11b 0.30 be 0.93 b 0.26 be
Maize sole 1.81b 1.86 cd 0.83 ¢ 0.81b
Cowpea sole 0.49 ab 0.36 b 0.36 b 0.37 a
CT + mulch
Intercrop 1.28d 0.37 cd 2.43 a 0.37b 145a 0.22 ¢ 1.38a 0.24 be
Maize sole 1.01e 1.01b 1.03b
Cowpea sole 0.31d 2.02 be 0.41b 0.47 a 0.33 ab
CT only (control)
Intercrop 1.53¢ 0.51 a 211b 0.39b 0.69 ¢ 0.28 b 1.02b 0.18 ¢
Maize sole 141c 1.71d 0.68 ¢ 0.74 b
Cowpea sole 0.55 a 0.48 a 0.35b 0.22 ¢

Different letters within each column indicate significant differences (p < 0.05).

Table 5

Overall intercropping effect on maize and cowpea grain yield advantage (+) or penalty (—), and water capture (WC) and use efficiency (WUE) relative to maize sole

crop during the ‘wetter’ and ‘drier’ cropping seasons in Hwedza, eastern Zimbabwe.

Water conservation option Sand soil Clay soil

Maize Cowpea WwC WUE Maize Cowpea WwC WUE
‘Wetter’ season
CA 62.4 -21.8 24 56 24.6 -52.1 31 -3
CT + mulch -9.2 -32.7 23 —26 42.1 —-229 55 36
CT only (control) 8.5 -7.3 12 -3 23.4 -18.8 9 46
‘Drier’ season
CA 63.2 —-34.3 50 34 -9.7 18.2 88 51
CT + mulch 113.2 —20.0 78 38 34.0 9.1 65 62
CT only (control) 1.5 -37.1 30 1 -1.0 —18.2 12 47

soil, CT + mulch recorded the best intercropping maize yield advantage
of 42% (Table 5).

During the ‘drier’ season, CT + mulch + intercrop had the greatest
maize grain yield regardless of soil type (Table 4). Under this treatment
the maize yields were 1.5 Mg ha* on the sandy soil and 1.4 t ha—* on the
clay soil (Table 4). On the sand soil, mulching increased maize grain
yield by between 49 and 131% (Table 4). Similarly on the clay soil, yield
increase due to mulching ranged from 35% to 107% (Table 4). The
intercropping benefits followed the order CT + mulch (113%) > CA
(63%) > CT without mulch (2%) on sand soil (Table 5). On clay soil the
benefits followed the order: CT 4 mulch (34%) > CT 4+ no mulch (—1%)
> CA (—9.7%) (Table 5).

3.4. Cowpea grain yield

Cowpea productivity was generally higher during the ‘wetter’ than
‘drier’ season although grain yields did not exceed 1 Mg ha™! (Table 4).
On the sand soil, the non-mulched treatments recorded the best yield of
0.56 Mg ha~! in the ‘wetter’ season (Table 4). However, on the clay soil,
there were no significant differences among treatments, with grain
yields not exceeding 0.40 Mg ha™! (Table 4). During the ‘wetter’ season,
mulching resulted in cowpea grain yield penalties of 33% and 52% on
the sand and clay soil, respectively (Table 5). Conversely during the
‘drier’ season, yield penalties were highest in the unmulched treatments
(Table 5).

3.5. Crop water capture and use efficiency

Crop water capture was generally greatest in the CT + intercrop +
mulch treatment during both seasons (Fig. 3). During the ‘wetter’ season

on the sand soil, only cropping system showed significant differences
with intercrop capturing about 39% more than the monocrops (Fig. 3a).
For the clay soil, 59% and 44% of the in-crop rainfall received was
captured under CT and CA treatments, respectively. Mulching signifi-
cantly (P < 0.05) increased crop water capture in the intercrops. A
similar trend was repeated on the clay soil. During the ‘drier’ season, CT
and CA treatments captured 53% and 44%, respectively, of the in-crop
rainfall received on the sand soil. For the clay soil, corresponding
values were 52% and 42%. As was the case in the ‘wetter’ season,
mulching increased crop water capture in the intercrops during the
‘drier’ season (Fig. 3b and d).

Crop water use efficiency (WUE) in the ‘wetter’ season was generally
highest in intercrops, and least in the cowpea monocrop (Fig. 4).
Overall, CA treatments on the sand soil were approximately 21% more
efficient in utilizing water than CT treatments, particularly in intercrops.
In contrast, CT was 39% more efficient than CA on the clay soil (Fig. 4c).
During the ‘drier’ season, tillage did not significantly (P > 0.05) influ-
ence WUE. However, mulching increased WUE, particularly in inter-
cropped treatments. For instance, on the sand soil, mulching increased
WUE by 36% and 52% in CT and CA treatments, respectively (Fig. 4b). A
similar trend was observed on the clay soil (Fig. 4d).

The changes in water capture/use in maize-cowpea intercropping
relative to the maize mono crop (common cropping practice) were
smaller during ‘wetter’ season compared to ‘drier’ season on both soil
types (Table 5). Overall, crop water capture was improved through
intercropping regardless of the season. Contrarily, WUE was negatively
impacted under CT (—3%) and CT + mulch (—26%) on sand soil during
the ‘wetter’ season. On clay soil, negative effect was only recorded under
CA (—3%). During the ‘drier’ season, CT + mulch was the most efficient
treatment in utilizing water on both the sand (38%) and clay (62%)
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Fig. 3. Total crop water use of maize-cowpea intercrop and monocrops under different soil water conservation and cropping options on sand (a and b)) and clay (c
and d) during the ‘wetter’ and ‘drier’ season, respectively. Error bars represent LSDg os.

(Table 5).
4. Discussion

4.1. Effects of soil type and seasonal rainfall distribution on crop
productivity in intercrops

Available soil water content was greatest under the combination of
conventional tillage (CT), mulching and maize-cowpea intercrop during
all seasons under both soil types. This was most likely due to maximized
rain water infiltration from loosened soil coupled with reduced evapo-
rative loss owing to mulch and denser canopy cover. Increased soil water
retention under mulching has also been confirmed in other studies [30,
44-48]. In this study, the mulching benefit was more under CT than CA,
a result which is of utmost importance for smallholder farmers who
usually prefer interventions that provide immediate benefits [49].
Benefits under CA tend to be evident in the long term [50]. The need to
adapt CA principles to suit different biophysical and socioeconomic
settings has been emphasized in a number of studies [11,50,51]. With
greatest soil water content, the conventional tillage (CT) + mulching
combination resulted in increased grain yields and WUE in maize/-
cowpea intercrop on the clay soil during the two contrasting seasons and
on sand soil during the ‘drier’ season. Denser canopies in intercrops
increase water uptake and transpiration capacity thereby increasing
WUE [48,52]. Competition for water between crops in intercrops is a
common challenge under water-limited environments [24,25], and
under extreme conditions, total crop failure can occur [22,25].

Contrarily, the CA treatment was the most productive on the sand soil
during the ‘wetter’ season despite achieving lower plant available soil
water content. Plants in mulch-based CT plots showed waterlogging
symptoms which were not showing under CA plots, suggesting some
shedding of excess water under the later practice. Reduced tillage
practices under CA can shed excess water through increased runoff [10,
11]. These results therefore indicate reduced intercrop productivity
when mulch is added to conventionally-ploughed soils during seasons
with high amounts of rainfall, particularly on sand soils. Similarly, in
South Africa, Tsubo and others [53] reported no significant differences
in WUE between maize-bean intercrop and the monocrops during a high
rainfall season. Our results suggest that, in the wake of the increasing
rainfall variability being experienced in the region due to climate
change, both CT and CA are critical for increasing crop productivity,
particularly on sand soils. Farmers could designate CA and conventional
tillage options to different fields and soil types each cropping season to
minimize risk of total crop failure. This points to need for designing
tillage and mulching typologies that integrate CA concepts with con-
ventional practices taking into consideration such factors as soil type,
rainfall zone and farmer resource endowment.

4.2. Complementarity between ‘dead’ and ‘live’ mulch improves soil water
conservation in intercrops

Overall, the intercrop + mulch treatment had the greatest plant
available soil water content even after the grass residue cover had been
destroyed by termites. This result suggest that during the early crop
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Fig. 4. Grain water use efficiency (GWUE) of maize and cowpea in intercrops and mono crops under different soil water conservation options on sand and clay soils
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growth stages the presence of ‘dead” mulch could have minimized
evaporative soil water loss, while cowpea canopy cover provided ‘live’
mulch during the latter part of the season. The gradual increase in soil
water content in intercrops without mulch during both seasons further
confirms the ‘live’ mulching effect in intercrops. With increased LAI in
intercrops, productive soil water loss through transpiration is facilitated
rather than non-productive surface evaporation. This is in agreement
with the findings from Shackel and Hall [52] where relay cropping
sorghum with cowpea reduced soil water evaporation by almost 70%.
Cowpea is known to have high ground cover when planted at high
population densities [49,54]. Thus, in this study, the maize-cowpea
intercrop could have allowed for ‘permanent’” mulching leading to
enhanced soil water conservation. The combination of ‘dead’ and ‘live’
mulch therefore prove a plausible option for enhancing soil moisture
retention on most smallholder farms of southern Africa where the
available crop residues face competing uses e.g. as fuel, construction
material and livestock feeding. Thus, intercropping has a significant role
to play through ‘live’ mulching due to improved ground cover. However,
there is still need to strategically target addition of available ‘dead’
mulching material at early growth stages of the crops before attainment
of full ground cover.

5. Conclusions

We sought to evaluate, CA [reduced tillage (RT) and mulching]
against other farmer prioritized tillage- and mulching-based option
[conventional (CT) and two mulching rates (mulch vs. no mulch)] with
respect to seasonal soil water dynamics, and subsequent productivity of
maize and cowpea in inter- and mono-crop on sand and clay soils. Our
study findings showed greatest soil water retention in mulch-based
conventional tillage on both soil types during all the three seasons.
This reduced the risk of inter-specific competition during periods of
water stress (prolonged intra-seasonal dry spells) thereby maximizing
yield advantage of intercrops over monocrops particularly during the
‘drier’ seasons. However, crop yields and water use efficiency were
lower under CT than CA during the ‘wetter’ season, particularly on the
sandy soil. Under such conditions, CA was rather the best option for
increasing crop productivity, probably by shedding excess water from
the field. These contrasting results imply that, under rainfed conditions,
soil water conservation agronomic techniques that employ both CT and
RT combination with mulching are key to increasing intercropping
productivity, and minimizing risk of total crop failure at farm level in the
wake of the changing climate in Zimbabwe and other parts of southern
Africa.



V. Mbanyele et al.

Acknowledgements

This work was funded by the European Union (Contribution Agree-

ment: DCI-Food/2012/304-807) through the Food and Agriculture Or-
ganization of the United Nation (FAO) under the “Supporting smallholder
farmers in southern Africa to better manage climate related risks to crop
production and post-harvest handling (CLIRCS)” project to the Soil
Fertility Consortium of Southern Africa (SOFECSA). Additional funding
was provided by the United Kingdom’s Global Challenges Research
Fund (GCRF) through the “Strengthening Capacity in Environmental
Physics, Hydrogeology and Statistics Conservation Agriculture Research
(CEPHaS) project (Grant Reference NE/P02095X/1) to SOFECSA and
University of Zimbabwe.

References

[1]

[2]

[3]

[4]

[5

[}

[6]

[7]

[8

—

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

S. Pascale, V. Lucarini, X. Feng, A. Porporato, H. Shabeh, Projected changes of
rainfall seasonality and dry spells in a high greenhouse gas emissions scenario,
Clim. Dynam. 46 (3-4) (2015) 1331-1350.

J. Rockstrom, M. Falkenmark, Semiarid crop production from a hydrological
perspective: gap between potential and actual yields, Crit. Rev. Plant Sci. 19 (4)
(2000) 319-346.

Fao, Conservation Agriculture: Case Studies in Latin America and Africa. FAO Soils
Bulletin, FAO, Rome, 2002.

Fao, Investing in Sustainable Agricultural Intensification. The Role of Con
Servation Agriculture. A Framework for Action, Food and Agriculture Organization
of the United Nations, Rome, 2008.

C. Thierfelder, R. Matemba-Mutasa, L. Rusinamhodzi, Yield response of maize (Zea
mays L.) to conservation agriculture cropping system in Southern Africa, Soil
Tillage Res. 146 (PB) (2015) 230-242.

A. Mohammad, S. Sudhishri, T.K. Das, M. Singh, R. Bhattacharyya, A. Dass,

M. Khanna, V.K. Sharma, N. Dwivedi, M. Kumar, Water balance in direct-seeded
rice under conservation agriculture in North-western Indo-Gangetic Plains of India,
Irrigat. Sci. 36 (2018) 381-393.

E. Scopel, F.A.M. Da Silva, M. Corbeels, F. Affholder, F. Maraux, Modelling crop
residue mulching effects on water use and production of maize under semi-arid and
humid tropical conditions, Agronomie 24 (6-7) (2004) 383-395.

C. Thierfelder, P.C. Wall, Effects of conservation agriculture techniques on
infiltration and soil water content in Zambia and Zimbabwe, Soil Tillage Res. 105
(2009) 217-227.

N. Verhulst, B. Govaerts, E. Verachtert, A. Castellanos-Navarrete, M. Mezzalama, P.
C. Wall, A. Chocobar, J. Deckers, K.D. Sayre, Conservation agriculture, improving
soil quality for sustainable production systems?, in: Food Security and Soil Quality.
FLorida, USA, vol. 2010 CRC Press, Boca Raton, 2010, pp. 137-208.

P.O. Aina, R. Lal, E.J. Roose, Tillage methods and soil and water conservation in
West Africa, Soil Tillage Res. 20 (2-4) (1991) 165-186.

F. Baudron, P. Tittonell, M. Corbeels, P. Letourmy, K.E. Giller, Comparative
performance of conservation agriculture and current smallholder farming practices
in semi-arid Zimbabwe, Field Crop. Res. 132 (2012) 117-128.

G.J. O’Leary, D.J. Connor, Stubble retention and tillage in a semi-arid
environment: 1. Soil water accumulation during fallow, Field Crop. Res. 52 (3)
(1997) 209-219.

F. Baudron, J.A. Andersson, M. Corbeels, K.E. Giller, Failing to yield? Ploughs,
conservation agriculture and the problem of agricultural intensification: an
example from the zambezi valley, Zimbabwe, J. Dev. Stud. 48 (3) (2012) 393-412.
K.E. Motsi, E. Chuma, B.B. Mukamuri, Rainwater harvesting for sustainable
agriculture in communal lands of Zimbabwe, Phys. Chem. Earth 29 (2004)
1069-1073.

A. Munodawafa, N. Zhou, Improving water utilization in maize production through
conservation tillage systems in semi-arid Zimbabwe, Phys. Chem. Earth 33 (2008)
757-776.

W. Mupangwa, S. Twomlow, S. Walker, Dead level contours and infiltration pits for
risk mitigation in smallholder cropping systems of southern Zimbabwe, Phys.
Chem. Earth 47-48 (2012) 166-172.

W. Mupangwa, S. Twomlow, S. Walker, Reduced tillage, mulching and rotational
effects on maize (Zea mays L.), cowpea (Vigna unguiculata (Walp) L.) and sorghum
(Sorghum bicolor (Monoench)) yields under semi-arid conditions, Field Crop. Res.
132 (2012) 139-148.

1. Nyagumbo, A review of experiences and developments towards conservation
agriculture and related systems in Zimbabwe, in: T. Goddard, M. Zoebisch, Y. Gan,
W. Ellis, A. Watson, S. Sombatpanit (Eds.), No-Till Farming Systems, 2007,

pp. 345-372.

P. Nyamudeza, Agronomic practices for low rainfall regions of Zimbabwe, in:

E. Manzungu, A. Senzanje, P. VdZ (Eds.), Water for Agriculture in Zimbabwe.
Policy and Management Options for the Smallholder Sector, University of
Zimbabwe Publications, Harare, 1999, pp. 49-63.

K.B. Wilson, "Water used to be scattered in the landscape’: local understanding of
soil erosion and landuse planning in southern Zimbabwe, Environ. Hist. 1 (1995)
281-296.

10

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]
[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Journal of Agriculture and Food Research 5 (2021) 100189

W. Mupangwa, S. Twomlow, S. Walker, L. Hove, Effect of minimum tillage and
mulching on maize (Zea mays L.) yield and water content of clayey and sandy soils,
Phys. Chem. Earth 32 (2007) 1127-1134.

L. Rusinamhodzi, M. Corbeels, J. o, K.E. Giller, Maize-grain legume intercropping
is an attractive option for ecological intensification that reduces climatic risk for
smallholder farmers in central Mozambique, Field Crop. Res. 136 (2012) 12-22.
M. Tsubo, S. Walker, H.O. Ogindo, A simulation model of cereal-legume
intercropping systems for semi-arid regions: I. Model development, Field Crop. Res.
93 (2005) (2005) 10-22.

E.M. Shumba, H.H. Dhliwayo, O.Z. Mutoko, The potential of maize-cowpea
intercropping in low rainfall areas of Zimbabwe, Zimbabwe J. Agric. Res. 28
(1990) 33-38.

G.M. Legwaila, T.K. Marokane, W. Mojeremane, Effects of intercropping on the
performance of maize and cowpeas in Botswana, Int. J. Agric. For. 2 (6) (2012)
307-310.

R.A. Morris, D.P. Garrity, Resource capture and utilization in intercropping: Water,
Field Crop. Res. 34 (3-4) (1993) 303-317.

U. Singh, A.A. Saad, B. Hasan, P. Singh, S.R. Singh, Production potential and
economics of intercropping of lentil (Lens culinaris) with brown sarson (Brassica
compestris) and oat (Avena sativa), Indian J. Agron. 53 (2) (2008) 135-139.
Anchal Dass, S. Sudhishri, J.R. Maharana, B.S. Naik, Summer vegetable (s) + maize
intercropping for improving economy of tribal farmers of Orissa, Indian Farmers’
Digest 43 (3) (2010) 23-25.

Anchal Dass, S. Sudhishri, Intercropping in fingermillet (Eleusine coracana) with
pulses for enhanced productivity, resource conservation and soil fertility in
uplands of southern Orissa, Indian J. Agron. 55 (2) (2010) 89-94.

O. Erenstein, Crop residue mulching in tropical and semi-tropical countries: an
evaluation of residue availability and other technological implications, Soil Tillage
Res. 67 (2) (2002) 115-133.

E.F. Mutsamba, 1. Nyagumbo, P. Mafongoya, Termite prevalence and crop lodging
under conservation agriculture in sub-humid Zimbabwe, Crop Protect. 82 (2016)
60-64.

H. Vogel, Tillage effects on maize yield, rooting depth and soil water content on
sandy soils in Zimbabwe, Field Crop. Res. 33 (4) (1993) 367-384.

H. Vogel, An evaluation of five tillage systems for smallholder agriculture in
Zimbabwe, Tropenlandwirt 94 (1993) 21-36.

J. Mbagwu, Mulch and tillage effects on water transmission characteristics of an
Ultisol and maize grain yield in SE Nigeria, Pedologie 40 (1990) 155-168.

J. Rurinda, P. Mapfumo, M.T. van Wijk, F. Mtambanengwe, M.C. Rufino,

R. Chikowo, K.E. Giller, Managing soil fertility to adapt to rainfall variability in
smallholder cropping systems in Zimbabwe, Field Crop. Res. 154 (2013) 211-225.
G. Kanonge, F. Mtambanengwe, H. Nezomba, M.G. Manzeke, P. Mapfumo,
Assessing the potential benefits of organic and mineral fertilizer combinations on
legume productivity under smallholder management in Zimbabwe, S. Afr. J. Plant
Soil 2015 (2015) 1-8.

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

P. Mapfumo, S. Adjei-Nsiah, F. Mtambanengwe, R. Chikowo, K.E. Giller,
Participatory action research (PAR) as an entry point for supporting climate change
adaptation by smallholder farmers in Africa, Environ. Dev. 5 (2013) 6-22.

J.M. Anderson, J.S. Ingram, A Handbook of Methods, second ed., C.A.B.
International, Wallingford, UK, 1993.

J. Nyamangara, M.I. Piha, K.E. Giller, Effect of combined cattle manure and
mineral nitrogen on maize N uptake and grain yield, Afr. Crop Sci. J. 11 (2003)
289-300.

J.M. Miriti, G. Kironchi, A.O. Esilaba, L.K. Heng, C.K.K. Gachene, D.M. Mwangi,
Yield and water use efficiencies of maize and cowpea as affected by tillage and
cropping systems in semi-arid Eastern Kenya, Agric. Water Manag. 115 (2012)
(2012) 148-155.

H. Mokhtarpour, C.B.S. Teh, G. Saleh, A.B. Selamat, M.E. Asadi, B. Kamkar, Non-
destructive estimation of maize leaf area , fresh weight , and dry weight using leaf
length and leaf width, CB (Curr. Biol.) 5 (1) (2010) 19-26.

C.J.G.S. Lima, F.A. Oliveira, J.F. Medeiros, M.K.T. Oliveira, A.F.O. Filho, Modelos
matematicos para estimativa de drea foliar de feijao caupi, Rev. Caatinga 21 (2008)
120-127.

J.L. Hatfield, T.J. Sauer, J.H. Prueger, Managing soils to achieve greater water use
efficiency: a review, Agron. J. 93 (2001) 271-280.

P.W. Unger, B.A. Stewart, J.F. Parr, R.P. Singh, Tillage and crop residue
management practices for sustainable dryland farming systems, Ann. Arid. 36 (3)
(1997) 209-232.

A. Dass, Anchal, R. Bhattacharyya, Wheat residue mulch and anti-transpirants
improve productivity and quality of rainfed soybean in semi-arid north-Indian
plains, Field Crop. Res. 2010 (2017) 9-19.

R.S. Chaudhary, U.S. Patnaik, A. Dass, Efficacy of mulches in conserving
monsoonal moisture for the rabi crops, J. Indian Soc. Soil Sci. 51 (4) (2003)
495-498.

H.O. Ogindo, S. Walker, Comparison of measured changes in seasonal soil water
content by rainfed maize-bean intercrop and component cropping systems in a
semi-arid region of southern Africa, Phys. Chem. Earth 30 (11-16) (2005)
799-808.

T. Gwandu, F. Mtambanengwe, P. Mapfumo, T.C. Mashavave, R. Chikowo,

H. Nezomba, Factors influencing access to integrated soil fertility management
information and knowledge and its uptake among smallholder farmers in
Zimbabwe, J. Agric. Educ. Ext. 20 (2014) 79-93.


http://refhub.elsevier.com/S2666-1543(21)00091-0/sref1
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref1
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref1
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref2
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref2
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref2
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref3
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref3
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref4
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref4
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref4
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref5
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref5
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref5
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref6
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref6
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref6
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref6
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref7
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref7
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref7
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref8
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref8
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref8
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref9
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref9
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref9
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref9
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref10
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref10
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref11
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref11
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref11
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref12
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref12
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref12
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref13
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref13
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref13
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref14
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref14
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref14
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref15
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref15
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref15
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref16
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref16
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref16
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref17
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref17
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref17
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref17
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref18
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref18
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref18
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref18
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref19
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref19
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref19
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref19
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref20
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref20
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref20
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref21
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref21
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref21
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref22
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref22
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref22
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref23
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref23
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref23
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref24
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref24
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref24
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref25
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref25
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref25
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref26
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref26
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref27
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref27
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref27
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref28
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref28
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref28
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref29
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref29
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref29
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref30
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref30
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref30
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref31
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref31
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref31
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref32
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref32
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref33
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref33
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref34
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref34
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref35
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref35
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref35
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref36
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref36
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref36
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref36
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref37
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref37
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref37
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref38
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref38
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref38
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref39
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref39
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref40
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref40
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref40
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref41
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref41
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref41
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref41
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref42
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref42
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref42
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref43
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref43
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref43
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref44
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref44
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref45
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref45
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref45
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref46
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref46
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref46
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref47
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref47
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref47
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref48
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref48
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref48
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref48
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref49
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref49
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref49
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref49

V. Mbanyele et al.

[501]

[51]

K.E. Giller, E. Witter, M. Corbeels, P. Tittonell, Conservation agriculture and
smallholder farming in Africa: the heretics’ view, Field Crop. Res. 114 (2009)
23-34.

P. Tittonell, E. Scopel, N. Andrieu, H. Posthumus, P. Mapfumo, M. Corbeels,

S. Mkomwa, Agroecology-based aggradation-conservation agriculture (ABACO):
targeting innovations to combat soil degradation and food insecurity in semi-arid
Africa, Field Crop. Res. 132 (2012) 168-174.

11

[52]

[53]

[54]

Journal of Agriculture and Food Research 5 (2021) 100189

K.A. Shackel, A.E. Hall, Effect of intercropping on the water relations of sorghum
and cowpea, Field Crop. Res. 8 (1984) 381-387.

M. Tsubo, E. Mukhala, H.O. Ogindo, S. Walker, Productivity of maize-bean
intercropping in a semi-arid region of South Africa, WaterSA 29 (4) (2003)
381-388.

J.M.P. Filho, Physiological responses of maize and cowpea to intercropping,
Pesqui. Agropecu. Bras. 35 (5) (2000) 915-921.


http://refhub.elsevier.com/S2666-1543(21)00091-0/sref50
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref50
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref50
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref51
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref51
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref51
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref51
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref52
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref52
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref53
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref53
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref53
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref54
http://refhub.elsevier.com/S2666-1543(21)00091-0/sref54

	Comparative short-term performance of soil water management options for increased productivity of maize-cowpea intercroppin ...
	1 Introduction
	2 Materials and methods
	2.1 Study site description
	2.2 Selection of treatments for experimentation
	2.3 Selection of experimental sites and experimental design
	2.4 Establishment and management of experiments
	2.5 Measurements
	2.5.1 Soil water dynamics
	2.5.2 Leaf area index (LAI)
	2.5.3 Crop water capture and use efficiency

	2.6 Statistical analysis

	3 Results
	3.1 Soil water content
	3.2 Leaf area index (LAI)
	3.3 Maize grain yield
	3.4 Cowpea grain yield
	3.5 Crop water capture and use efficiency

	4 Discussion
	4.1 Effects of soil type and seasonal rainfall distribution on crop productivity in intercrops
	4.2 Complementarity between ‘dead’ and ‘live’ mulch improves soil water conservation in intercrops

	5 Conclusions
	Acknowledgements
	References


