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Abstract

Smallholder farmers in sub-Saharan Africa are increasingly exposed to risks such as erratic rainfall,
prolonged dry spells, and frequent droughts that threaten sustainable crop production. This study
assessed the effectiveness of dead level contours with innovations (DLC INN), dead level contours with
infiltration pits (DLC INFIL), dead level contours with open channels (DLC OPEN) and standard graded
contours (SGCs) in harvesting and storing water in the channel, improving crop conditions during the
critical stages of maize growth on different soil textural groups in the Zvishavane District of Zimbabwe.
The DLC INFIL, DLC OPEN and DLC INN outperformed the SGC under medium- and heavy-textured soils,
with yields ranging between 1.7 and 2.36 t/ha compared to 0.9 t/ha for the SGC. For light textured soils,
the DLC INN had the highest maize yield, averaging 0.8 t/ha. On heavy textured soils using DLC INN, DLC
INFIL and DLC OPEN, smallholder farmers may use a spacing interval of 24-27 m. On medium textured
soils, DLC INN and DLC INFIL can be used at a spacing interval of 18-21 m and 12 to 15 m with DLC
OPEN. On light textured soils, farmers are advised to invest in DLC INN only, using a spacing interval of
12-15m.

Introduction

Studies conducted in semi-arid regions of sub-Saharan Africa show that smallholder farmers are
increasingly exposed to risks such as erratic rainfall, prolonged dry spells, and frequent droughts [1, 2, 3,
4, 5], making crop production unsustainable. In Zimbabwe, natural agro-ecological regions IV and V are
classified as semi-arid regions because they receive low and erratic rainfall below 500 mm per annum;
therefore, sustainable crop production is difficult under rain-fed conditions [6, 7]. Despite the increased
frequency of unpredictable seasonal changes and prolonged mid-season dry spells, most households in
semi-arid regions are still dependent on rain-fed agriculture.

A dry spell is defined as a continuous period of no rainfall during a rainfall season lasting for 10 days or
more [8]. Barron et al. [9] observed that prolonged dry spells contributed to low productivity in rain-fed
agriculture because during such periods, crops suffer water stress that results in yield reduction or crop
failure. Mupangwa et al. [5] studied dry spell occurrence in semi-arid areas and reported that
meteorological dry spells of 21 days occurred in 70% of the seasons during the flowering stage of the
maize crop. The flowering stage is critically important in the development of maize because it determines
grain yield. In semi-arid zones, rain-fed maize yields are below 0.5 t/ha for smallholder farmers with
limited access to fertilizer [10] compared with 3.1 t/ha for fields where infield rainwater harvesting and
soil moisture conservation techniques have been applied [11]. With an estimated maize cropped area of 1
ha per household, this yield of 0.5 t/ha often falls far short of meeting average annual households’ cereal
requirements of at least 745 kg per annum [11].

Rockstrom and Barron [12] noted that farmers who are dependent on rainfed agriculture value every extra
drop of water during a sensitive time of crop growth because it makes a significant difference to the
survival of that crop. Molden et al,, [13] and Nyagumbo et al,, [14] recognie that the survival of a crop acts
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like a continuum from rainfed to fully irrigated agriculture. In semi-arid areas, the best way to grow crops
is through irrigation but is limited due to increasing water scarcity, unreliable water bodies and prohibitive
development costs [15]. There is therefore a need to explore farmer-derived in-field rainwater harvesting
structures, such as the dead level contour (DLC), as potential sustainable crop production technologies
for smallholder farmers who have very limited resources. The DLC is a farmer-derived infield rainwater
harvesting technique that involves the construction of a zero gradient (dead level) contour channel that
retains rather than disposes of water as a mitigatory measure to prolonged dry spells. This channel
enhances the infield harvesting and infiltration of water rather than the drainage and removal of water
from the field, as in the case of the standard graded contours [16].

DLC technology is a result of many modifications to the standard graded contour (SGC), which was
introduced for use in smallholder farming areas in Zimbabwe in the 1930s and later enforced through the
Natural Resources Act Sect. 52 in 1941 to promote soil and water conservation [17, 18]. The farmer-
derived in-field rainwater harvesting structures assessed in this study include the dead level contour with
infiltration pits that are covered on top and rammed at the base (DLC INN), dead level contour with
uncovered infiltration pits (DLC INFIL), and dead level contour without infiltration pits (DLC OPEN). Biazin
et al,, [19] observed that in situ and micro-catchment techniques can improve the soil water content of the
rooting zone if properly constructed. Falkenmark & Rockstrom, [20] observed that in semi-arid areas, 70—
80% of rainfall can be made available to plants as soil moisture, but because of poorly designed
technologies, the fraction of plant-available water can be as low as 40—-50%.

Except for a site-specific study conducted by [21], no other studies have investigated and documented the
potential of farmer-derived infield rainwater harvesting structures and technologies that can minimize the
impact of dry spells during the critical growth stage of a crop such as maize. Mupangwa et al. [21]
suggested that the dead level contour enables poor lateral movement of soil water up to 3 metres from
the channel. Mupangwa et al. [22] concluded that when using DLC technologies, soil moisture benefits
derived from all labour, equipment and time invested in constructing these contours were short-term,
unclear and not worth investing by smallholder farmers. This was contrary to farmers’ observations in
Chivi and Gwanda Districts of Zimbabwe, who, from experience, reported that when using infield
rainwater harvesting structures, crops performed well within 15 metres from the structures, even when
there were mid-season dry spells [14, 16, 23, 24]. Given that the study by [5, 21, 22] only covered four
smallholder farms, one soil type and two growing seasons, the findings could be viewed as being
inconclusive but do suggest caution.

There is therefore a need to consider the technical information on the design and layout of the DLC on
different soil types since some farmers have limited access to technical information, which may result in
the construction of inefficient systems in which farmers lose water from the field after harvesting it. There
is also a knowledge gap related to the design parameters of the DLC, such as spacing of the contours
and whether soils of different textures require the same spacing. It is therefore not clear how different
technologies and farmer innovations perform on soils of different textures. This study thus assessed the
effectiveness of each DLC technology in harvesting and storing water in the channel, improving crop
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conditions during the critical stage of maize growth and affecting maize yield on different soil textural
groups in Zvishavane District of Zimbabwe. These three variables generated quantitative field evidence
required to determine the optimum interval and technical specifications required for farmer-derived DLC
technologies to mitigate the effects of dry spells and to ensure sustainable maize yields on different soil
types.

Methodology
General description of study site

The study was conducted in Ward 16 (Fig. 1), the Mazvihwa communal area, a semi-arid area in the
southern part of the Zvishavane district in Zimbabwe. Zvishavane District is in the south-central part of
Zimbabwe. The study area falls in agroecological region V, receiving less than 500 mm per annum [6].
The rainfall regimes in Region V are characterised by erratic patterns with frequent mid-season dry spells
and early rainfall cut-offs that cause poor crop conditions or total crop failure, leaving farmers with very
low yields or nothing to harvest. The southern part of Zvishavane District experiences severe food
security crises due to recurring droughts [1]. The study area experiences high average monthly summer

temperatures ranging between 31° °C and 38°C, resulting in high potential evapotranspiration rates [25].

One of the main reasons why Ward 16 (Fig. 1) was selected was that all ten villages were involved in
indigenous soil and water conservation (ISWC) in Africa Project from 1988 to 1993, which promoted a
basket of options for farmer-derived in-field rainwater harvesting innovations [16].

There are ten villages in the Mutambi ward, each with 60-80 households. Approximately 75% of the
sampled farmers from each village on heavy textured soils had sandy clay loam, and 25% had sandy clay
textures. The heavy textured soils were mainly derived from doleritic intrusions dominated by
Colophospermum mopane, Combretum apiculatum and Acacia tree species. The farmers on medium
textured soils had mainly sandy loam textures, and the sites were dominated by Sclerocarya birrea
(marula) and Acacia tree species. Those on light textured soils had loamy sand and sand textures, with
low percent clay. Vegetation on these soils is dominated by Julbernadia globiflora and Brachystegia
species.

Experimental plots

This study was a randomised complete block design experiment with five replicates. There were fifteen
(15) farmers in total, with five (5) farmers in each of the three soil textural groups (light, medium and
heavy textured soils). The selection of farmers was based on the soil texture and location. Clay content
was the main factor in defining the soil texture. All heavy textured soils had a clay content of more than
24%, medium textured soils had a clay content of 10—-24% and light textured soils had a clay content less
than 10%. The major soil types in the study area are shown in Table 1.
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Table 1
Soil types at experimental plots in Ward 16, Zvishavane District, Zimbabwe

Soil texture (farmer classification) Clay% Silt% Sand% Soil type

Heavy textured soils >24 10 60 Sandy clay,
Sandy clay loam
Medium textured soils 10-24 6 65 Sandy loam

Light textured soils <710 <5 85 Loamy sand

Each farmer represented a block or a replicate, thus giving a total of 5 replicates per soil textural group.
Each selected farmer designated a 50 m x 50 m plot for each selected technology in the same field but
left an area of more than 30 m between plots to avoid overlap between the technologies. There were four
treatments for each farmer: the dead level contour with innovations (DLC INN), dead level contour with
infiltration pits (DLC INFIL), dead level contour with open channel (DLC OPEN) and the standard graded
contour (SGC). Each treatment was represented once at each farm, thus giving four (4) plots per farmer.

A set of five farmers with the same soil texture who were within 500 m from each other formed a cluster.
This was to ensure that all farmer sites were in areas with similar soils and experienced the same weather
conditions. Figure 2 is a sketch diagram to illustrate the experimental layout at each farmer’s plot. The
depth and width of each channel were 0.75 m and 1.5 m, respectively.

For the DLC INFIL, the base of the pits was compacted or rammed using soil from elsewhere (e.g., soil
from termite mounds) to prevent deep percolation. Figure 3 shows a DLC with a covered top and rammed
base. The infiltration pits had a temporary cover to reduce the loss of water through evaporation. A pit
cover was constructed from wooden poles placed across the pit, which were then stabilized by placing
Hessian bags and earth on top. The soil derived from excavating the channels and pits was used to make
bunds along the downslope sides of the channels. The bunds were covered with natural (nonplanted)
grasses during the rainy season, that stopped overtopping of excess water .

To minimize the effects of having different agronomic management practices, all fifteen farmers had the
same experimental layout and were provided with the same inputs for three agricultural seasons. In each
case, a standardized or recommended fertiliser regime in the area was applied to ensure that the crop had
adequate nutrients to enable them to capitalise on available moisture. Tools (pick and shovel), rain
gauge, seed (10 kg maize seed SC513) and top-dressing fertiliser (50 kg ammonium nitrate) were
provided to each selected farmer. Farmers planted maize in the same week, and weeding was also
performed during the same period.

Data collection

Rain gauges at each farm were installed at secure places to capture rainfall events and variability. Water
levels in the channels were measured after each rainfall event using a metre ruler. The time water lasted
in the channel for each technology was recorded for three agricultural seasons (2011/12 to 2013/14).
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Measurements were carried out at hourly intervals initially for the first three hours after a rainfall event
followed by once every 24 hours until there was no water in the channel, as shown in Fig. 4a and 4b.
Measurements were also recorded at 8 am in the morning, where a rainfall event occurred during the
night.

Farmer observation of crop conditions during flowering, silking and grain filling stages of the maize crop
was performed for three agricultural seasons. The observations and experiences of farmers are important
in improving the knowledge base in participatory agricultural research [26, 27]. Farmers’ observations of
crop conditions during the critical stages of maize growth were included [28, 29, 30, 31] to understand the
circumstances and factors under which farmers made their observations and to validate the research
findings. A farmer-based qualitative scoring system for assessing crop condition was agreed upon by
consensus as follows:

1. Excellent condition: Vigorous crop growth. No apparent visual sign of moisture stress, disease or
nutrient deficiency

2. Good: Vigorous crop growth. No obvious visual sign of moisture stress or disease. Crop vigor may be
limited slightly by nutrient deficiency

3. Moisture stressed: Crop performance limited by moisture stress associated with dry spells

4. Wilted crop: Crop performance severely limited by moisture stress and yield decline is obvious

The maize yield (t/ha) in this study refers to crops harvested for dry grain only measured as kilograms
per area of harvested land. Maize grain yields were determined at physiological maturity by manual
harvesting of a subplot for each DLC technology at 3 m intervals starting from the technology channel.
The subplots were divided into 3 m sections to make five subplots per technology per farmer. The first
was 0 m to 3 m, and the last was 12 m to 15 m from the technology channel. Maize cobs harvested were
dried, threshed, used a testing protometer to measure grain moisture content of 12.5% and weighed
separately for each subplot at the end of each agricultural season. This method of estimating grain yield
has been used by [32, 33, 34]

Data Analysis

The data collected on mean maize yield and spacing of technologies were analysed using the Genstat
7.1 statistical package using analysis of variance. The least significant difference (LSD) at P <0.05 was
used to differentiate between significantly different means [35].

Results

Water storage in channels by dead level contour
technologies
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The commencement of effective rains in the study area occurred in November for the three seasons
(2011/12 t0 2013/14). The highest daily rainfall events recorded at the farm sites were 31 mm, 27 mm
and 29 mm in March and December for 2011/12,2012/13 and 2013/14, respectively. The three seasons
had total annual rainfall below 500 mm required for a maize crop to reach maturity. After rainfall events,
water was collected into the channel of the dead level contour (DLC) technologies, and water levels were
measured using a graduated dipstick or metre ruler. Depending on the site of the technology, the main
sources of water to fill the channel were as follows:

e Direct rain drops into the DLC technology
* Run off from the cultivated fields or excess water from the upslope.

¢ Run off from outside the field

As shown in Table 2, the the dead level contour with innovations (DLC INN) stored water in the channel
for longer periods than any other technology; however, it lasted longer (24 days) in heavy textured than in
medium textured (21 days) and light textured soils (14 days). The DLC INN on heavy textured soils was
the only technology that stored water in the channel until the end of the mid-season dry spells. Due to
increased deep percolation water collected in the dead level contour with infiltration pits (DLC INFIL)and
the dead level contour with open channel (DLC OPEN) lasted for less than one hour on light textured soils,
while on medium to heavy textured soils, water lasted for approximately 18 days. The water in the
standard graded contour (SGC) channel lasted for two (2) hours on medium- to heavy-textured soils.
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Table 2

Duration water lasting in channels for each technology at the study sites in Zvishavane
District during the agricultural seasons from 2011/12 to 2013/14

Soil texture Agricultural season  Technology and Time (days)
DLCinno DLCinfil DLCopen SGC
Light textured 2011/12 12 0 0 0
2012/13 14 0 0 0
2013/14 16 0 0 0
Seasonal Average 14 0 0 0
Medium textured  2011/12 19 14 17 0
2012/13 22 20 18 0
2013/14 22 20 19 0
Seasonal Average 21 18 18 0
Heavy textured 2011/12 24 19 18 0
2012/13 24 19 18 0
2013/14 24 21 18 0
Seasonal Average 24 20 18 0

Crop conditions on heavy textured soils during flowering,
silking and grain filling stages

During the flowering and silking stages, wilted crops were only observed in two seasons by farmers who
employed DLC OPEN (60%) and SGC (100%) during the 2011/12 season.

Moisture-stressed crops were observed by farmers who employed DLC INFIL (20%), DLC OPEN (60%) and
SGC (100%) for all three seasons. Good crop conditions were observed by farmers who employed DLC
INN (100%) and DLC INFIL (80%) during the first two agricultural seasons (2011/12 to 2012/13).

Excellent crop conditions were observed by 20% of the farmers using DLC INN, while good crop
conditions were observed under DLC INN (100%), DLC INFIL (80%) and DLC OPEN (40%) for the 2013/14
agricultural season.

The trend during the grain filling stage was different from that during the silking and flowering stages.
Wilted crops were only observed by farmers who employed DLC OPEN (100%) and SGC (100%) during the
first season (2011/12) and the 2012/13 to 2013/14 season SGC (40%), as shown in Fig. 6a to 6¢. During
the grain filling stage, moisture-stressed crops were observed by farmers who employed DLC INN (60%)
and DLC INFIL (100%) for the 2011/12 and 2012/13 seasons and SGC (60%) for the 2013/14 season.
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Excellent crop conditions were observed by 40% of the farmers using the DLC INN for the 2012/13 and
2013/14 seasons, while good crop conditions were observed under DLC INN (60%).

Crop conditions in medium textured soils during flowering,
silking and grain filling stages
During the flowering and silking stages, wilted crops were only observed by farmers who used DLC OPEN

(60%) and SGC (100%) during the first two seasons, as shown in Fig. 7a to 7c. Good crop conditions were
observed by 80% using DLC INN and 100% using DLC INFIL for all the three agricultural seasons.

During the grain filling stage, moisture-stressed crops were observed by farmers who employed DLC INFIL
(100%), DLC OPEN (60%) and DLC INN (20%) for all three seasons.

Good crop conditions during the grain filling stage were observed by 40% of the farmers using the DLC
INN for the 2011/12 and 2013/14 seasons, as shown in Fig. 8a to 8c.

Crop conditions in light textured soils during flowering,
silking and grain filling stages

During the flowering and silking stage, wilted crops were observed by farmers using the SGC (100% DLC
open (100%).

As shown in Fig. 9a to 9c, good crop conditions were observed by 20—40% of the farmers using the DLC
INN during the 2013/14 season, while moisture-stressed crops were observed under the DLC INFIL (100%)
and DLC INN (60—-80%).

During the grain filling stage, wilted crops were observed by farmers who used DLC OPEN (100%), DLC
INFIL (100%) and SGC (100%) during the first two seasons, as shown in Fig. 10a to 10c. Moisture-
stressed crops were observed by all (100%) the farmers using the DLC INN during the 2011/12 and
2012/13 agricultural seasons. Good crop conditions were only observed by 60% using DLC INN during the
2013/14 agricultural season.

General observation of the effects of each technology on
crop conditions

Wilting at silking, flowering and grain filling stages

Wilted crops were observed on all soil types (100% light and 80% medium and heavy textured) under SGC
technology as well as under DLC INFIL (100%) and DLC OPEN (100%) on light textured soils (LTS).
Farmers did not observe any crop wilting under the DLC INN employed on heavy (HTS)- and medium -
textured (MTS) soils.
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Moisture-stressed crops at the silking, flowering and grain filling stages

Moisture-stressed crops were common on heavy- and medium-textured soils where farmers employed
DLC INFIL (60%), DLC OPEN (80%) and DLC INN (20%).

Good crop conditions at the silking, flowering and grain filling stages

Positive (good crop condition at maturity) soil moisture conservation effects were observed on medium
textured soils and heavy textured soils where farmers employed the DLC INN (60-80%), DLC INFIL (80%)
and DLC OPEN (60%).

Excellent crop conditions at the silking, flowering and grain filling stages

The DLC INN had excellent soil moisture conservation effects on heavy textured soils (20%). No crops in
excellent condition were observed under the DLC INFIL, DLC OPEN and SGC on all soil types.

Waterlogging conditions

Farmers also observed signs of water logging within the first three metres from the technology on all soil
types, excellent and good crop conditions were observed from 3 m to 12 m, and moisture-stressed crops
were visible from 12 m-15m.

Effect of technology on the mean maize yield of all soil
types

The mean yields obtained under the DLC INN were significantly different (p < 0.05) from yields obtained
under DLC INFIL, DLC OPEN and SGC on all soil types; however, there were no significant differences
between DLC INFIL and DLC OPEN on soil types, as shown in Table 3. Except in light textured soils, the
mean yields under the DLC INN, DLC INFIL and DLC OPEN technologies were significantly different (p <
0.05) from those under the SGC technology. The mean maize yields above 1 t/ha were obtained under the
DLC INN, DLC INFIL and DLC OPEN on heavy ()- and medium-textured soils. The lowest mean maize
yields were obtained under DLC INFIL, DLC OPEN and SGC technologies on light textured soils.
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Table 3

Means for maize yield under different technologies on all
soil types for three agricultural seasons (2011/12 to
2013/14) in Zvishavane District. LSD =0.140; S. E=

Standard error, and the means for maize yield with the
same letter were not significantly different.

Technology type  Soiltype  Mean maize yield + S.E
DLC INN HTS 1.7402 +0.05
DLC INFIL HTS 1.500P +0.05
DLC OPEN HTS 1.440P +0.05
DLC INN MTS 1.360¢+0.05
DLC OPEN MTS 1.020% + 0.05
DLC INFIL MTS 1.000% + 0.05
DLC INN LTS 0.700°+0.05
SGC HTS 0.640°+0.05
SGC MTS 0.3907+0.05
DLC INFIL LTS 0.2409+ 0.05
DLC OPEN LTS 0. 1909 +0.05
SGC LTS 0. 1309 +0.05

The effects of DLC technologies on maize yield in heavy
textured soils by distance

The mean yields obtained under the DLC INN were not significantly different (p >0.05) from yields
obtained under DLC INFIL and DLC OPEN between 3 m and 12 m distances from the technology channel;
however, there were significant differences at 0—3 m and 15 m. As shown in Fig. 11a to 11¢, the mean
yields under the three DLC technologies were significantly different (p < 0.05) from the SGC technology.
The highest mean maize yields for the three DLC technologies (DLC INN 2.36 t/ha. DLC INFIL 2.24 t/ha
and DLC OPEN 1.7 t/ha) were obtained between 6 m and 9 m from the channel, while that for SGC was
0.9 t/ha. The lowest maize yields, however, were recorded between 12 m and 15 m (DLC INN 0.8 t/ha. DLC
INFIL 0.57 t/ha, DLC OPEN 0.5 t/ha and SGC 0.3 t/ha). The DLC INN, DLC INFIL and DLC OPEN
technologies performed better than the SGC for every distance from the technology channel. The SGC
had the lowest mean yield at every distance from the technology. The yield was observed to be lower
within 3 m and between 12 m and 15 m from the technology channel for all DLC technologies employed
on all soil textural groups due to waterlogging and moisture stress, respectively.
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Since average yields started going down at 12 m from the technology channel, farmers employing the
DLC INN, DLC INFIL and DLC OPEN are advised to use an optimum spacing of 24 m (12 m x 2) between
technology channels. The farmer may, however, consider an interval of 27 m [(12 m+ 1.5 m) x 2] to avoid
waterlogging likely to be caused by overlap. For SGC, average yields diminish at 6 m from the technology
channel; therefore, the optimum spacing of 12 m (6 m x 2) and considering the issue of overlap, a
spacing interval of 15 m [(6 m + 1.5 m) x 2] will be recommended. Figure 12 is an illustration showing the
layout and spacing for the DLC technologies on heavy textured soils.

The effects of DLC technologies on maize yield in medium-
textured soils

There were significant differences (p < 0.05) in mean maize yield between DLC INN and the other three
technologies (DLC INFIL, DLC OPEN and SGC), as shown in Fig. 13a to 13c. There was, however, no
significant difference (p >0.05) in mean maize yield between DLC INFIL and DLC open on medium
textured soils. The mean yields for DLC INFIL and DLC OPEN were significantly different from the yields
obtained under SGC.

Since average yields obtained from the DLC INN and DLC INFIL were not significantly different (p >0.05)
and started going down to below 1.5 t/ha at 9 m from the technology channel, farmers employing these
technologies on medium textured soils are advised to use an optimum spacing of 18 m (9 m x 2). The
farmer may, however, consider an interval of 21 m [(9 m + 1.5 m) x 2] to avoid waterlogging due to
overlap. For DLC, open average yields diminish at 6 m from the technology channel; therefore, the
optimum spacing of 12 m (6 m x 2) and considering the issue of overlap, a spacing interval of 15 m [(6
m+ 1.5 m) x 2] will be recommended. For the SGC, the average maize yield was very low even at 3 m from
the technology channel, and it would not be practical to employ the SGC as an infield rainwater
harvesting technology but rather for soil conservation purposes.

The effects of DLC technologies on maize yield in light-
textured soils

The maize yield obtained under DLC INN was significantly different (p < 0.05) from that obtained under
SGC, DLC INFIL and DLC OPEN technologies at 3 m to 9 m from the technology channel. There was no
significant difference (p >0.05) between DLC infil, DLC open and SGC on light textured soils. The SGC,
DLC infil and DLC open had the lowest mean yield at every distance from the technology, as shown 14a to
14c. The DLC inno had mean yields of 0.8 t/ha, while the other three technologies there were below 0.2
t/ha or there were no harvests at all due to total crop failure. The optimum spacing of 12 m (6 m x 2) and
considering the issue of overlap, a spacing interval of 15 m [(6 m + 1.5 m) x 2] will be recommended.

Discussion

Water storage
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For all the soil types, the period during which water was stored in a channel was dependent on the type of
technology employed and the soil type. The dead level contour with innovation (DLC INN), dead level
contour with open channel (DLC OPEN) and dead level contour with infiltration pits (DLC INFIL) on heavy-
and medium-textured soils stored water in the channel for longer periods than the standard graded
contour (SGC) on all soil types. The DLC INN on heavy textured soils was the only technology that stored
water in the channel until the end of the mid-season dry spells. This observation concurs with [36], who
observed that water harvesting can contribute to water availability during dry spells.

While water harvesting technologies help in moisture retention, not all retained water is available for plant
use, as some of it is lost to evaporation, infiltration and/or deep percolation [37]. This study also noted
that technological design and layout played a significant role in moisture retention. The effectiveness of
most rainwater harvesting technologies in capturing and storing water is influenced by the type of
technology, its layout and the distance from the harvesting structure [38]. Mutekwa & Kusangaya, [39]
also noted that technologies such as the DLC INN, although they are relatively new in Zimbabwe, can
harvest, store and reduce evaporation because of a zero gradient when employed on soils with good
water holding capacity. This can address the effects of a dry spell and contribute to improved crop yields.

Observations of crop conditions during critical stages of
maize growth

In medium- to heavy-textured soils, the crop conditions during flowering ranged from good to excellent for
all DLC technologies except SGC. Crop conditions were, however, lower within the 3 m distance from the
technology channel, both upslope and down, as a result of waterlogging. This is similar to observations
made by Ren et al. [40] that maize thrives on well-drained soils and waterlogging should be avoided
during the flowering and yield formation periods. In this study, the performance of the DLC technologies
was better at a distance between 3 m and 12 m from the technology on medium- and heavy-textured soils
than on light-textured soils. This was largely because of the combination of better drainage than that
within 3 m from the technology channel, where temporary waterlogging reduced crop growth.

In the semi-arid areas of Zimbabwe, the effect of waterlogging has been found to be pronounced under
the planting basin tillage system, where water tends to stagnate in the plots after heavy thunderstorms
during the early part of the season [36, 41, 42]. Mazvimavi and Twomlow [43] reported that exposing
young maize plants to 24 hours of water-logged conditions resulted in a yield reduction of 37.6%
compared with a crop that was never waterlogged. Reduced crop yields due to waterlogging have also
been reported by Griffith et al. [44] when conservation agriculture technologies such as basins were
employed on poorly drained soils. Areas that experience waterlogging, especially within 3 m both upslope
and downslope, require crop switching. There is a need to identify crops that are tolerant to waterlogging
that can be planted within 3 m from the technology channel.

Maize yield
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Furthermore, the Intergovernmental Panel on Climate Change (IPCC) report [45] predicted that global
warming is most likely to increase water scarcity in semi-arid areas, which may result in very low yields
for rain-fed agriculture. The results of this study showed that not all DLC technologies improve the maize
grain yield in all soil types under prolonged dry spell conditions. This study has generated new knowledge
on technical design parameters such as spacing, layout and matching DLC technology with soil textural
groups. Considering these design parameters can ensure sustainable maize production when farmers are
faced with prolonged dry spells due to climate change. A farmer whose field has heavy textured soils can
make an informed technological choice. The DLC INN, DLC INFIL and DLC OPEN had better grain yields in
heavy- to medium-textured soils compared to standard graded contours. The better yields obtained from
DLC technologies employed on heavy and medium textured soils match the findings on soil moisture
content assessment in this study, which established that a mid-season dry spell can be addressed by
employing technologies that can effectively harvest, reduce evaporation, retain and store water that
benefits a maize crop.

These results concur with Mugabe [46] and Mupangwa et al. [36], who observed that infield water
harvesting can contribute to water availability, which can later enhance crop establishment and survival
during dry spells. The moisture conservation effect of the DLC technologies and the distance from the
technology channel are important variables in determining crop yield and optimum spacing interval of
each technology on different soil types. The horizontal spacing interval for each of the DLC technologies
has remained at the farmer’s discretion. In the early days of enforced establishment of SGC, there was an
unwritten rule that the size was adequate if the car, driven by the District Commissioner through the field,
could fit in the standard contour channel [47]. A rule of thumb for the spacing of contour lines was 20 m
to 30 m for gentle slopes (gradient: less than 5 percent) and 10 to 15 m for steeper slopes (gradient: more
than 10 percent [48].

The rule of thumb should be that the spacing for each DLC technology should match the soil textural
group.

Conclusion

This study generated new knowledge on the dead level contour (DLC) technical design parameters
required for sustainable maize production in semi-arid areas of Zimbabwe. When DLC technologies are
correctly matched to soil type with the correct horizontal interval, they can address the effects of mid-
season dry spells, as evidenced by better water retention in channels, enhanced soil moisture and
improved yields. The moisture conservation effect of the DLC technologies and the distance from the
technology channel are important variables in determining crop yield and optimum spacing interval of
each technology on different soil types.

Based on the duration water was stored in the technology channel, conditions of crops observed by
farmers during critical stages of maize growth and average maize yields obtained under each technology
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employed in this study, smallholder farmers in semi-arid areas of Zimbabwe can use the following DLC
design recommendations for different soil textural groups on average slopes of 2 %:

1. On heavy textured soils, smallholder farmers may invest in dead level contour with innovations (DLC
INN) or dead level contour with infiltration pits (DLC INFIL) or dead level contour with open channel
(DLC OPEN) using a spacing interval of 24-27 m with the potential to obtain average yields as high
as DLC INN 2.36 t/ha. DLC INFIL 2.24 t/ha and DLC OPEN 1.7 t/ha.

2. In medium textured soils, DLC INN and DLC INFIL can be used at a spacing interval of 18—21 m with
the potential to obtain average yields of 1.7 t/ha. A DLC OPEN can also be employed at spacing
intervals of 12-15 m with the potential to obtain 1.4 t/ha

3. In light textured soils, farmers are advised to invest in DLC INN only using spacing intervals of 12-15
m with the potential to obtain 0.8 t/ha under prolonged dry spells.

Further studies are, however, required to determine the effect of overlap of adjacent DLC structures on
spacing and design adjustments required for different slopes.
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Zimbabwe Map of Zvishavane District

B Zvishavane District
| ward 16, Mutambi

Figure 1

Location of the study area, Ward 16, Mutambi, Zvishavane District, Zimbabwe. Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.
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Figure 2

Position of access tubes upslope and downslope of technologies and distance between treatments at
each farmer's field
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Figure 3

The infiltration pit covered on top to reduce the loss of water through evaporation
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Figure 4

Water levels before (a) and after (b) a rainfall event on medium textured soils in Zvishavane
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Figure 5

Farmer assessment of maize crop conditions on heavy textured soils during the flowering and silking
stages of maize for the (a) 2011/12, (b) 2012/13 and (c) 2013/14 seasons in Zvishavane DistrictTwenty
percent of the farmers used the DLC OPEN for the 2012/13 season, as shown in Figure 5a and 5b.
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Figure 6

Farmer assessment of maize crop conditions on heavy textured soils during the grain filling stage of
maize for the (a) 2011/12, (b) 2012/13 and (c) 2013/14 seasons in Zvishavane District
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Figure 7

Farmer assessment of maize crop conditions on medium textured soils during the flowering and silking
stages of maize for the (a) 2011/12, (b) 2012/13 and (c) 2013/14 seasons in Zvishavane District
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Figure 8

Farmer assessment of maize crop conditions on medium textured soils during the grain filling stage of
maize for (a) 2011/12, (b) 2012/13 and (c) 2013/14 in Zvishavane District.
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Farmer assessment of maize crop conditions in light textured soils during the flowering and silking
stages of maize for the (a) 2011/12, (b) 2012/13 and (c) 2013/14 seasons in Zvishavane.
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Figure 10

Farmer assessment of maize crop condition on light textured soils during the grain filling stage of maize
forthe (a) 2011/12, (b) 2012/13 and (c) 2013/14 seasons in Zvishavane District.
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bar =standard error (SE).
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Figure 12

llustration of the layout and spacing of DLC technology on heavy textured soils The effects of DLC
technologies on maize yield in medium-textured soils
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Figure 14

The mean maize yield effects of DLC technologies on light textured soils up (+) the slope from the
technology channel for the (a) 2011/12, (b) 2012/13, and (c) 2013/14 seasons in Zvishavane District.
Vertical bar =standard error (SE).
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