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Effect of contour rainwater-harvesting and integrated nutrient management on
sorghum grain yield in semi-arid farming environments of Zimbabwe
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aDepartment of Environmental Science, Bindura University of Science Education, Bindura, Zimbabwe; bDepartment of Environmental Science
and Technology, Marondera University of Agricultural Sciences and Technology, Marondera, Zimbabwe; cDepartment of Crop Science,
Bindura University of Science Education, Bindura, Zimbabwe

ABSTRACT
The application of insufficient amounts of mineral fertiliser, coupled with unreliable precipitation,
has caused a drastic reduction in the yield of sorghum in the smallholder-farming areas of
Zimbabwe. This calls for innovative interventions to improve production under changing
climatic conditions. This study evaluated the effect of contour-based rainwater-harvesting
methods and the use of cattle manure + N nutrient amendment on sorghum yield. A split-split
plot experiment was conducted where rainwater-harvesting practice, sorghum variety, cattle
manure + N and distance from rainwater-harvesting structure were treatment factors. The
results showed that the yield of sorghum was significantly higher under the tied contour and
infiltration pits than standard contour at all distances from rainwater-harvesting practices and
seasons. In all seasons sorghum varieties Macia and Sc Sila showed higher yield under the tied
contour and infiltration pits than standard contour. However, regardless of the distance from
rainwater-harvesting practice and season the sorghum variety, Macia showed a higher grain
yield than Sc Sila. At each incremental level of N application to cattle manure, Macia had a
higher grain yield than Sc Sila, and no significant grain yield benefits were shown in each
variety at N application to cattle manure above 50 kg N ha−1.
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Introduction

Smallholder agriculture faces significant challenges in
increasing food production without significantly increas-
ing the area under cultivation (Stevenson et al. 2013).
Even the production of crops traditionally rec-
ommended for semi-arid regions, such as sorghum,
has been on the decline. This decline in yields has
been attributed to the reduction in soil fertility and
droughts as a result of climate change (Nyamangara
et al. 2014). In addition, poor agronomic practices, par-
ticularly inadequate application of both mineral and
organic fertilisers, have also resulted in drastic reduction
in yields (Chianu et al. 2012). However, the use of live-
stock manure remains an integral component of soil fer-
tility management in southern Africa, with a potential to
increase crop productivity in the smallholder-farming
sector. It is widely accepted that the addition of livestock
manure is essential to maintain soil health (Katyal 2000).
Occasionally the positive effects of using livestock
manure are limited due to the poor quality of organic
materials used by smallholder farmers and also limited
moisture conditions as a result of unreliable rainfall.

Organic inputs are a major source of energy and
nutrients for soil microbial communities, which
promote soil aggregation and nutrient buffering
capacity (Lal et al. 2007). However, the use of organic
materials to increase nutrient reserve requires large
amounts of annual additions. Rufino et al. (2011)
suggested that around 7–10 t ha−1 year−1 is needed to
maintain soil organic carbon and sufficient nutrient
level for crop production. In addition, it is difficult to
build or maintain adequate soil organic matter levels
for nutrient provision under smallholder farming con-
ditions due to competing issues such as livestock and
firewood (Mhlanga and Muoni 2014). Moreover, crop
responses to manure application observed in the
farmers’ fields are highly variable because of the differ-
ences in the chemical composition of manure, rates
and frequency of manure application (Chivenge et al.
2011). The nutrient contents of manure differ because
of variations in animal diet and ways in which manure
is collected and stored. Many crop residues and animal
manure are of low quality as they fall below critical nitro-
gen contents of 1.8−2.0%; hence, they immobilise
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nitrogen temporarily, potentially exacerbating the nitro-
gen deficiency (Nyamangara et al. 2005).

The addition of low-quality organic inputs may, over
time, increase soil organic carbon, but without necess-
arily increasing the productivity of the cropping
systems (Rufino et al. 2011). Low-quality organic
materials do not provide soluble carbon and nitrogen
to enhance the soil microbial activity and may immobi-
lise N, markedly reducing crop production compared
to levels before the addition of the organic materials
(Nyamangara et al. 2005). To address and offset these
potentially negative effects, an option can be to
combine organic manures with mineral nitrogen fertili-
ser: integrated nutrient management (INM).

An integrated nutrient management system can
improve soil fertility status, water infiltration, and nutri-
ent availability (Lal 2004; Mahajan et al. 2008). Integrated
nutrient management strategies should build soil
carbon and enhance biological processes to increase
nutrient availability and cycling efficiency. Research
findings have shown that neither mineral fertilisers nor
organic sources alone can result in sustainable pro-
ductivity (Godara et al. 2012). A combination of both
inorganic and organic fertilisers is the best remedy for
soil fertility (Chivenge et al. 2011; Woldesenbet and
Tana 2014). The inorganic fertiliser provides readily avail-
able nutrients and the organic fertiliser mainly increases
soil organic matter and improves soil structure and
buffering capacity of the soil (Godara et al. 2012). This,
in turn, will narrow the C:N ratio and increase soil
microbial activity, thereby increasing nutrient availability
and soil buffering capacity. The application of livestock
manure, in combination with small amounts of mineral
nitrogen fertiliser inputs, can enhance nitrogen avail-
ability and nutrient cycling efficiency (Chivenge et al.
2011). Besides improving the physical and chemical
properties of soils integrated nutrient management
does not have only additive effects but real interaction,
which significantly affects crop yield and water-use
efficiency (Ouedraogo and Mando 2010).

Despite several researchers, such as Angachew
(2009), Chivenge et al. (2011), Farah et al. (2014), Kuge-
dera et al. (2018), Kugedera et al. (2020), Mahajan et al.
(2008), Mahinda et al. (2018) and Masvaya et al. (2017),
demonstrate the beneficial effect of integrated nutrient
management in mitigating the deficiency of nutrients.
The productivity of INM in semi-arid regions is lowered
by low soil moisture status due tounpredictable rainfall.
Hence, there is a need to identify soil water manage-
ment practices and inorganic nitrogen fertiliser appli-
cation rates that are agro-ecologically specific.
Contour-based rainwater-harvesting practices can offer
an opportunity to enhance the productivity of

integrated nutrient management, but their contribution
has not been fully exploited (Nyamadzawo et al. 2013).
Information regarding the effects of contour rainwater-
harvesting and cattle manure + N fertility management
on sorghum productivity in the smallholder-farming
system is still limited. Thus, the objective of this study
was to determine the effect of two contour-based rain-
water-harvesting techniques (tied contour and infiltra-
tion pits) and the use of cattle manure + N on sorghum
production in smallholder semi-arid farming areas.

Materials and methods

Study site

The experiment was conducted in Mt Zonwe small-
holder-farming area of Mutare district in Zimbabwe
(19° 11ʹ 30′′ S 32° 03ʹ 28′′ E 835 m above the sea level)
during 2016/17 to 2018/19 cropping seasons. The area
is located in the agro-ecological region IV, characterised
by a low and erratic rainfall. The rainfall pattern is unim-
odal, with October–March rain season receiving an
annual average rainfall <650 mm on a long-term basis
and a mean annual temperature of 27°C. The soils are
chiefly sand on a general slope of 3%, and soils are inher-
ently deficient in nitrogen and phosphorus. The predo-
minant cropping pattern is mainly monoculture of
sorghum, millets and cotton.

Soil sampling and analysis

A total of 15 soil samples were collected prior to planting
in the experimental field, measuring 90 × 45 m from a
depth of 0–30 cm in a zig-zig manner using a soil
auger. A composite sample was prepared for analysis to
determine the physico-chemical properties of the exper-
imental site. The composited soil sample was air-dried,
ground and sieved to pass with a 2 mm sieve. Total nitro-
gen was determined following the Kjeldahl procedure,
soil pH by the CaCl2 method, organic carbon by the wet
digestion method, available phosphorous by the Olsen
method and soil texture by the Bouyoucos Hydrometer
method. Summary data for soil physico-chemical charac-
teristics of the study site are presented in Table 1.

Experimental design

A split-split plot experimental design replicated three
times over three years was used. The experimental units
consisted of three successive contour lines spaced at
15 m interval, each measuring 90 m long. The contour
length was divided into three 30 m of rainwater-harvest-
ing practices: tied contour, infiltration pits and standard
contour (Figure 1). The rainwater-harvesting practices
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were the main plot factor. The tried contour was made of
cross ties made at intervals of 5 m along the contour,
creating miniature dams measuring 5 m long × 0.5 m
wide × 0.5 m deep. Infiltration pits were dug along the
contour channel measuring 2 m long × 0.5 m wide ×
0.5 m deep spaced at intervals of 0.5 m along the
contour. A 30 m length standard contour was left as a
control. A distance of 2 m wide was left between each
rainwater-harvesting practice along the contour
marking the end of a water harvesting practice. Sub-
plot factors consisted of two sorghum varieties, Sc Sila
and Macia, grown under each rainwater-harvesting prac-
tice. Each sub-plot factor measured 15 m long and 4.5 m
wide, where cattle manure + N rates were used as sub-
sub-plot factors. The sub-sub-plot factor of cattle
manure + N measured 2 m long × 4.5 m wide replicated
three times down the slope within each rainwater-har-
vesting practice. The replications were categorised into
three distances from rainwater-harvesting practice,
namely 0–5, 5−10 and 10−15 m measured from the
centre of the rainwater-harvesting structure. Sub-sub-
plot treatment factor of cattle manure (t ha−1) + N
(kg N ha−1) was as follows 5 + 0 N; 5 + 50 N; 5 + 70 N; 5
+ 100 N; 5 + 130 N and 5 + 170N kg N ha−1 (Figure 1).

Experimental procedure

The experimental field was ploughed using an ox-drawn
plough to a depth of 20 cm in all the seasons and
planted in December after receiving adequate rainfall
of the season. Furrows were opened by an ox-drawn
plough spaced at 0.75 m in each treatment and cattle
manure was spread along the furrow as the basal
organic fertiliser at 5 t ha−1. Cattle manure was analysed
before applying to determine nutrient content (Table 2).
Sorghum varieties, Macia (open pollinated) and Sc Sila
(hybrid), were planted into the furrows at a seed rate
of 12 kg ha−1 . Two weeks later crop emergence thin-
ning was done, leaving individual sorghum plants
spaced at 10 cm along the furrow, giving a target
plant population of 1,33,333 plants ha−1. The nitrogen
levels of 0; 50; 70; 100; 130 and 170 kg N ha−1 were

randomly applied as sub-sub-plot factors in each
sorghum variety using ammonium nitrate (34.5%) top
dressing fertiliser after 5 weeks of crop emergence. A
0 kg N ha−1 treatment was left as a control in each
sub-plot factor. Weed control was done using hand
hoes in all the plots as weeds emerged. Incidence of
fall army worm (Spodoptera frugiperda) was recorded
and controlled using Ecoterex (Deltamethrin and Pirimi-
phos methyl) pesticide, and bird scaring was erected at
the heading stage to harvest maturity.

Rainfall was recorded by the farmer using a rain gauge
installed at the experimental site. The total rainfall
received during the growing seasons ranged from 780
to 964 mm above the long-term average of 650 mm for
the agro-ecological region (IV). The highest rainfall was
recorded in 2016/17, while the 2018/19 season had the
least rainfall total (Figure 2). Despite high rainfall during
the seasons, intermittent dry spell periods were experi-
enced during the season with an average of 16 days of
dry spell being experienced in January and February.

Data collection

Monthly soilmoisturemeasurementswere done using the
gravimetric method in the field under each rainwater-har-
vesting practice. Soil moisture was assessed to a depth of
30 cm at varying distances of 0–5, 5−10 and 10−15 m
from the rainwater-harvesting practices. Sorghum heads
were cut at harvest maturity and sun-dried for threshing.
Grain yield (kg ha−1) was recorded after harvesting from
the net plot of 1 m × 1 m= 1 m2. Grain yield was adjusted
to 13.5% moisture content after measuring moisture
using a digital moisture meter (Dickey-john model) and
converted to t ha−1 for statistical analysis.

Adjusted yield = Actual yield × (100−M)/(100− D),

where M is the measured moisture content in grain
and D is the designated moisture content (13.5%).

Data analysis

Soil moisture content and sorghum grain yield data were
subjected to the statistical analysis of variance for split-
split plot design using GenStat statistical package. The
least significant difference test at 0.05 was performed
to separate significant treatment means.

Results

Soil moisture content

Significant (p < 0.05) soilmoisture reductionwas observed
as the distance from rainwater-harvesting practices

Table 1. Physico-chemical characteristics of soil from
experimental sites.

Textural Composition%

Sand 80
Silt 10
Clay 10
Textural Class Sandy loam

2016/17 2017/18 2018/19
pH (CaCl2) 5.2 5.3 5.3
Organic carbon % 1.36 1.93 1.97
Total nitrogen % 0.13 0.17 0.19
Available phosphorus mgkg−1 3.91 5.32 5.40
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increased. Soil moisture conditions under the rainwater-
harvesting practices at distances of 0−5 and 5−10 m sig-
nificantly (p < 0.05) decreased in the order tied contour
> Infiltration pits > standard contour, while there was no
soil moisture difference between the rainwater-harvesting
practices at 10−15 mdistance from the rainwater-harvest-
ingpractice (Figure 3). Soilmoisturedecreased in theorder
0−5 > 5−10 > 10−15 munder tied contour and infiltration
pits, while there were no soil moisture differences
between the distances from rainwater-harvesting prac-
tices under the standard contour.

Gain yield

The results showed a significant effect (p < 0.05) of all
the main treatments on sorghum yield (Table 3).
However, significant interaction effects (p < 0.05) on

sorghum yield were observed among the treatments
and used to explain the yield differences.

Effect of rainwater-harvesting × distance from
rainwater-harvesting practice × season on
sorghum grain yield

A significant interaction effect (p < 0.05) of rainwater-
harvesting practice × distance from rainwater-harvest-
ing × season was shown on the sorghum grain yield.
Tied contour and infiltration had no yield difference
with significantly higher yield than standard contour at
0−5 m distance from rainwater-harvesting practice in
the 2016/17 season (Figure 4). As the distance from rain-
water-harvesting practice increases to 5−10 m in the
same season, a different trend was shown with a tied
contour, exhibiting higher yield, while infiltration pits
and standard contour had no yield differences. Variable
yields were shown in the 2016/17 season under the rain-
water-harvesting practices further away (10−15 m) from
the rainwater-harvesting practice. In the 2017/18 season
tied contour and infiltration pits had no yield difference
with significantly higher yield than the standard contour
at each distance from the rainwater-harvesting practice
(Figure 4). In the 2018/19 season, at 0–5 m distance
from rainwater-harvesting practice, sorghum yield

Table 2. Nutrient composition of cattle manure applied.

Parameter Cattle manure

2016/17 2017/18 2018/19

Organic C % 11 10 9.87
Total N % 0.71 0.83 0.91
Available P (%) 0.1 0.2 0.2
Available K (%) 0.4 0.48 0.5
Moisture content (%) 19 17 18

Figure 1. Field experimental layout.
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significantly decreased under the rainwater-harvesting
practices in the order tied contour > infiltration pits >
standard contour. When the distance from rainwater-
harvesting practice was >5 m tied contour showed
higher yield while infiltration pits and standard
contour had no yield differences (Figure 4). However,
the standard contour had consistently low yield at
each distance from rainwater-harvesting practice in all
seasons compared with tied contour and infiltration pits.

Effect of rainwater-harvesting × sorghum
variety × season on sorghum grain yield

The influence of rainwater-harvesting practice on yield
varied with sorghum variety and season. Tied contour
and infiltration pits had no yield difference in 2016/17
and 2017/18 under sorghum variety Macia, while in
2018/19 the yield response to rainwater-harvesting
decreased in the order tied contour > infiltration pits

Figure 2. Cumulative rainfall distribution during the period of experimentation.

Figure 3. Effect of rainwater-harvesting × distance from rainwater-harvesting practice on soil moisture content.
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> standard contour (Figure 5). Under sorghum variety
Sc Sila, tied contour had significantly higher yield
than infiltration pits and standard contour in the
2016/17 season. Tied contour and infiltration pits
had no yield difference in the 2017/18 season, with
significantly higher yields than standard contour in
the same variety. The effect of rainwater-harvesting
practice on yield was not significant in the 2018/19
season under sorghum variety Sc Sila. The standard
contour showed significantly (p < 0.05) low grain
yield across all seasons in the same sorghum
variety, and the yield of Macia was generally higher
than Sc Sila in each rainwater-harvesting practices
across all seasons.

Effect of sorghum variety × distance from
rainwater-harvesting practice × season on
sorghum grain yield

Sorghum variety × distance from rainwater-harvesting
practice × season had a significant interaction effect on
yield (p < 0.05). Regardless of the season and distance
from rainwater-harvesting practice sorghum variety,
Macia showed higher yield than Sc Sila at each distance
from rainwater-harvesting practice except in the 2016/

17 season where there was no yield difference at 10
−15 m distance from rainwater-harvesting practice
(Figure 6). The yield of Macia at each distance from rain-
water-harvesting practice was in the range of 0.96–
2.4 t ha−1 while the yield of Sc Sila ranged from 0.36 to
0.99 t ha−1 across the treatment combinations.

Effect of sorghum variety x fertility amendment
(cattle manure + N) on sorghum grain yield

Significant interactive effects of variety and cattle
manure + N on yield (p < 0.05) were observed. Cattle
manure with no N had a low yield in both sorghum var-
ieties compared with cattle manure + N at application
rate above 5 t ha−1 cattle manure +50 kg N ha−1

(Figure 7). Sorghum variety Macia had a higher yield
than Sc Sila at each incremental level of N application
under the integrated nutrient management system.
However, the addition of nitrogen > 50 kg N ha−1 to
5 t ha−1 of cattle manure resulted in no yield benefit in
both varieties and there was a strong correlation in
each sorghum variety between fertility management
(cattle manure + N) and yield.

Discussion

Rainwater-harvesting using tied contour and infiltration
pits improved soil moisture compared to the standard
contour (Figure 3). Significantly higher moisture
benefits shown by tied contour and infiltration pits at
a distance from rainwater-harvesting practices up to
10 m were attributed to their ability to collect water,
making it available to crops. The standard contour had
low moisture at all distances due to water loss through
run-off. The results are in tandem with Mhizha and
Ndiritu (2013), who reported a higher moisture content
under rainwater-harvesting practises compared to the
conventional farming system. A significant gradual
decrease in moisture content was shown by the rain-
water-harvesting practices (Figure 3). This was probably
due to water interception and the resistive nature of soil
particles to the lateral flow of water, resulting in differen-
tial moisture content with an increase in distance from
rainwater-harvesting practices (Mhizha and Ndiritu
2013; Mupangwa et al. 2012).

Significantly higher sorghum grain yield was attained
under tied contour and infiltration pits at all distances
and most seasons, while the standard contour had a
low yield at each distance in all seasons (Figure 4). This
was attributed to greater water storage capacity
shown by the tied contour and infiltration pits, as evi-
denced by a higher volumetric water content than the
standard contour (Figure 3). Water collected by the

Table 3. Effects of Rainwater-harvesting, sorghum variety, cattle
manure + N, distance from RWH practice and season on
sorghum grain yield.
Treatment Grain yield (t ha−1)

Rainwater-harvesting
Tied contour 1.54
Infiltration pits 1.29
Standard contour 0.76
P value p < 0.001
SED 0.06
Sorghum variety
Macia 1.68
Sc Sila 0.71
P value p < 0.001
SED 0.08
Cattle manure + N
5 + 0N 0.40
5 + 50N 1.18
5 + 70N 1.34
5 + 100N 1.41
5 + 130N 1.45
5 + 170N 1.39
P value p < 0.001
SED 0.1
Distance from RWH
0-5 m 1.33
5-10 m 1.26
10-15 m 1.00
P value p < 0.001
SED 0.07
Season
2016/17 1.38
2017/18 1.20
2018/19 1.00
P value p < 0.001
SED 0.07
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rainwater-harvesting practices infiltrates the soil,
increasing subsurface soil water storage, thereby allow-
ing crops to evade the dry spell period of the season.
Similar findings were reported by Mandumbu et al.
(2020), Mhizha and Ndiritu (2013) and Nyagumbo et al.
(2019), who reported the efficiency of rainwater-harvest-
ing practices in concentrating water to the root zone
through lateral flow, improving water availability and
yield. The low sorghum grain yield in the standard
contour at each distance and season (Figure 4) was
due to low water retention (Figure 3). Similar results
were reported by (Nyamadzawo et al. 2013), who
found 50% water loss in standard contours.

The grain yield of sorghum variety Macia and Sc Sila
was improved by tied contour and infiltration pits rain-
water-harvesting practices compared with the standard

contour in all the seasons except in the 2018/19
season where there was no significant yield difference
under Sc Sila (Figure 5). Improved crop yields in
different rainwater-harvesting practices and crops were
demonstrated Mandumbu et al. (2020) and Mupangwa
et al. (2016). However, the yield of sorghum variety
Macia was higher than Sc Sila in each rainwater-harvest-
ing practice (Figure 5). The difference in grain yielding
ability shown by the sorghum varieties Macia and Sc
Sila under the rainwater-harvesting practice across
seasons may be explained by their differential
response to moisture due to genetic differences
among the varieties (Hadebe et al. 2017; Purushothaman
et al. 2016).

Regardless of distance from rainwater-harvesting
practice and season sorghum variety Macia had a

Figure 4. Effect of rainwater-harvesting on sorghum yield at different distances from rainwater-harvesting practice and season.

Figure 5. Effect of rainwater-harvesting × variety × season on sorghum grain yield.
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significantly higher yield than Sc Sila (Figure 6). Given
the low amount of rainfall received in sorghum
growing areas and the erratic nature of rainfall, the
sorghum variety Macia may be an adapted sorghum
variety to the semi-arid farming environment, while Sc
Sila proved to be less adapted. This confirms the impor-
tance of varietal selection to realise the full benefits of
rainwater-harvesting in semi-arid farming environments
(Singh 2017). In Hadebe et al. (2017) farmers indicated
that an ideal sorghum variety must mature within sixty
to ninety days. The sorghum variety Macia is an open-
pollinated variety resilient to semi-arid conditions com-
pared to Sc Sila, a hybrid variety that showed no resili-
ence to the prevailing environmental conditions. This
concurs with the findings by Li et al. (2010), Srinivasarao

et al. (2014) and Mitran et al. (2016) who concluded that
the use of adapted sorghum varieties improves grain
yield and facilitates the translocation of nutrients to
the economic part of the crop, thus increasing the
efficiency of the applied nutrients (Ghosh et al. 2015).

The addition of mineral nitrogen fertiliser to cattle
manure increased sorghum yield; however, there was a
significant interactive effect of sorghum variety and
cattle manure + N nutrient amendment on grain yield
(Figure 7). The greater grain yield observed in sorghum
variety Macia than Sc Sila at each cattle manure + N
nutrient amendment was probably due to varietal differ-
ential response to nutrient uptake and utilisation due to
genetic differences. Yield differences between 5 t ha−1

(41 kg ha−1 total N) cattle manure with no N applied

Figure 6. Effect of sorghum variety × distance from rainwater-harvesting practice × season on sorghum grain yield.

Figure 7. Effect of sorghum variety × cattle manure + N on sorghum grain yield.
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and treatments with cattle manure + N applied indicates
the importance of nitrogen addition to cattle manure in
both varieties (Figure 7). The results concur with
Mahinda et al. (2018), where the addition of Nitrogen
to farmyard manure resulted in a remarkable increase
in sorghum yield in the above-average rainfall season,
while Nyamangara et al. (2003) and Nyamangara et al.
(2005) reported higher nitrogen uptake by maize
under cattle manure and mineral nitrogen treatment
than the no-nitrogen treatment. Kumar et al. (2017),
Parihar et al.(2010) and Woldesenbet and Tana (2014)
also reported similar results where the incorporation of
inorganic to organic fertilisers significantly increased
grain yield in rice, food barley and pearl millet by
improving the physical and chemical properties of the
soil. Chivenge et al. (2009) showed that the application
of mineral nitrogen fertiliser provides start-up nitrogen
for use by plants and microbial nitrogen for the mineral-
isation of cattle manure. This reduces net immobilisation
of nitrogen as microbial nitrogen uptake is faster than
plant uptake of nitrogen, which induces temporary
nitrogen deficiency to the plants (Chivenge et al.
2011). The slow N mineralisation rate from the manure
(Murwira and Kirchmann 1993) means that some
mineral N should be applied at planting to prevent N
deficiency during early plant growth (Nyamangara
et al. 2003).

Increasing nitrogen application rate to cattle manure
above 50 kg N ha−1 showed no significant yield differ-
ence between sorghum varieties (Figure 7) because
other factors may have been limiting, resulting in no
increase in grain yield with an increase in nitrogen ferti-
liser application to cattle manure. Soil factors, such as
soil pH < 5.0, may limit micronutrient availability, limit-
ing plant growth and yield (Mapfumo and Giller 2001).
Woldesenbet and Tana (2014) found out that the appli-
cation of 5 t ha−1 farmyard manure combined with 75%
recommended inorganic nitrogen (23 kg N ha−1) and
phosphorous (46 kg P2O5 ha−1 produced better yield
and beyond this cause yield decline in food barley
(Hordeum vulgare L.).

It can be concluded that tied contour and infiltration
pits improved soil moisture and sorghum yields in the
integrated nutrient management system compared
with standard contour. The moisture provided by the
rainwater-harvesting practices across distances from
rainwater-harvesting practice improved rainwater pro-
ductivity hence yield. Higher yield benefits in sorghum
variety Macia suggest a more adapted variety than Sc
Sila. Adding mineral nitrogen fertiliser to cattle manure
was more beneficial at the nutrient amendment of 5 t
ha−1 (cattle manure) + 50 kg N ha−1. Mineral nitrogen
fertiliser above 50 kg N ha−1 added to 5 t ha−1 cattle

manure had no yield benefits as an increase in N appli-
cation did not result in a corresponding increase in
sorghum yields. The use of contour-based rainwater-har-
vesting and cattle manure + N nutrient amendment can
be recommended to improve soil moisture and sorghum
grain yield. The benefits are more profound when appro-
priate adaptive sorghum varieties and cattle manure + N
application rates are used in the semi-arid farming
environment.
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