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Abstract

The problem of water shortages for rainfed agricultural production is due to low rainfall and uneven distribution throughout
the rainy season makes rainfed agriculture a highly risk enterprise. Appropriate farming systems and soil conservation
measures are the only opportunity to reduce the high risk of crops yield losses. The aim of this study was to evaluate the effect
of three farming systems; Conventional Farming (CF), Conservation Agriculture (CA), and in-field rain Water Harvesting (WH);
on the yield and water productivity of sorghum, sesame and cowpea crops. Field experiments were conducted in semi-arid
area of Sennar State, Sudan for two consecutive seasons (2015 and 2016). Three different planting machines were used. The
CA recorded higher crop yield for sorghum (2594 kg/ha) followed by in-field rainwater Harvesting (WH) which gave 2362
kg/ha, while CF has the lowest crop yield (2072 kg/ha). For the sesame crop the WH gave the highest crop yield (740kg/
ha) followed by CA (718 kg/ha) and the lowest crop yield was obtained by CF (602 kg/ha). The highest cowpea crop yield
was obtained by WH (927.kg/ha) followed by CA farming system (847 kg/ha) and the lowest crop yield was obtained by CF
(785kg/ha). The CA farming system recorded the highest water productivity for sorghum (1.081 kg/m3) compared to the
WH and CF, while the WH farming system recorded the highest water productivity (0.32 and 0.366 kg/m3) for sesame and
cowpea respectively compared to the CA and CE. WH is best recommended farming system in semi-arid areas and CA the best
recommended practice where annual rainfall is relatively high.

Keywords: Rainfed Agriculture; Sorghum; Sesame and Cowpea; Sudan

J

Abbreviations: CF: Conventional Farming; CA:
Conservation Agriculture; WH: Water Harvesting; ZT:

semi-humid agro-ecological zones within the Central Clay
Plains belt. These belts extend through Kassala, Gedarif,

Zero Tillage; WLD: Wide-Level Disk; ANOVA: Analysis
of Variance; DMRT: Duncan’s Multiple Range Test; CWR:
Crop Water Requirement; RWH: Rain Water Harvesting;
ETO: Evapotranspiration; CWR: Compute Crop Water
Requirement.

Introduction

In Sudan, agriculture is divided into irrigated and rainfed
sectors. Rainfed agriculture is practiced in the semi-dry to
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Sennar, Blue Nile, White Nile, and South Kordofan States,
covering about 12 million hectares. The main crops grown
in this belt are Sorghum, Sesame, Groundnut, Millet, Cowpea,
and Sunflower. Agricultural practices in these areas are more
or less the same.

The problem of water shortages for rainfed agricultural
production occurs due to low rainfall and uneven distribution
throughout the season, making rainfed agriculture a
highly risky enterprise. Appropriate farming systems and
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conservation measures for rainwater and soil are the only
opportunities to reduce the high risk of crop yield losses.
Additionally, the agricultural sector faces the challenge of
producing more food with less water by increasing crop
water productivity.

Water productivity is defined as the ratio of benefits
from crops, forestry, fishery, livestock, and mixed agricultural
systems to the amount of water required to produce those
benefits. In broader terms, it reflects the objective of
achieving more food, income, livelihoods, and ecological
benefits with less social and environmental cost per unit of
water used [1]. Physical water productivity relates to the
mass of agricultural output to water used, aiming for more
crops per drop. Economic water productivity relates to the
economic benefits obtained per unit of water used and has
also been applied to connect water use in agriculture with
nutrition, jobs, welfare, and the environment. Increasing
water productivity is particularly relevant where water
is scarce compared to other resources involved in crop
production [2].

A Farming System or agricultural cropping system is sets
of concepts and practices used or followed on a farm from
pre-implementation to the completion of the production
cycle. Farming systems vary from one agro-ecological zone to
another. The Conventional Farming system (CF) is the usual
way farmers perform agricultural practices in a specific area.
Generally, CF lags improved technical packages and scientific
standards for implementing farm operations. In rainfed
areas, farmers usually begin cultivation when about 100 to
125 mm or more rainfall occurs. In the CF system, the wide-
level disk (WLD) plow with a seeder box is used for seedbed
preparation and seeding operations.

Conservation Agriculture (CA) Farming system can be
defined as a resource-saving agricultural crop production
approach that aims to achieve acceptable profits along with
high and sustained production levels while conserving the
environment [3]. Many agriculture practices meet these
basic principles and qualify as CA, such as Zero Tillage (ZT)
and direct seeding or drilling. Zero-tillage is defined as a
technical component used in conservation agriculture, but
not everyone practicing ZT is practicing CA [4]. The main
challenge in applying the concept of CA in dryland regions
is the scarceness of crop residues. Crop residues are lacking
due to limited and highly variable precipitation, which
limits biomass production [5]. CA can reduce the overall
requirement for farm power and energy for field production
by up to 60% compared to conventional farming [6]. This
is because power-intensive operations, like tillage, are
eliminated [7]. This energy saving is particularly attractive
to small-holder farmers who want to invest less time
in agricultural production and more in off-farm jobs or
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expanding their cropped area Friedrich T, et al. [8], Lotfie
AY, et al. [9] reported that CA saved 25% of fuel and 26% of
the time required to establish sorghum crops in southern
Gedarif State. Findings by Taha MB, et al. [10] indicated that
CA produced significantly higher sorghum grain compared
to conventionally plowed seedbeds, while Lotfie AY, et al. [9]
indicated that CA outperformed CF by fourfold [11]. Found
that ZT and chisel plowing resulted in significantly higher
sorghum grain yield in seasons with higher rainfall. They
concluded that ZT is promising and justifiable for rainfed
sorghum production.

Water harvesting (WH) can be defined as the collection
of rainwater for crop production purposes. WH systems
are practiced in arid and semi-arid zones where annual
rainfall is insufficient for plant requirements, either due
to low rainfall or inadequate water infiltration to the plant
root zone. Reasons for inadequate infiltration include
steep slope, low soil infiltration rate, and heavy clay soil.
Strategies for WH include increasing soil water-holding
capacity and reducing water losses. Various methods and
cultural practices can be adopted for WH strategies, such
as deep plowing to roughen the soil surface and capture
rainwater, constructing ridge-furrows and terraces to
collect rainwater, selecting suitable early-maturing crop
varieties, optimizing sowing dates, adopting suitable seeding
methods and plant density, and implementing timely and
effective weed control since weeds compete for available
soil moisture. In-field rain Water Harvesting is suggested as
a key option for a sustainable water management strategy
to increase agricultural production while mitigating the
environmental impact [12-14]. Rainwater harvesting (RWH)
systems, successfully tested for higher crop productivity
in smallholder farming in semi-arid regions, are suggested
by several researchers and development organizations as
potential measures for supplemental moisture/water supply
[15-17]. Several studies have demonstrated that in-situ WH
systems increase crop yields by 30% to 50% [18-21]. The
sustainability of rainwater harvesting systems is crucial for
improving livelihoods. Sustainability is based on three key
attributes of RWH systems: a) reliable water supply and
production potential, b) effective water use, and c) minimal
negative impacts on natural resources.

Increasing water productivity in rainfed agriculture
plays a vital role in alleviating competition for scarce water
resources, preventing environmental degradation, and
ensuring food security [22]. While Kijne JW, et al. [1] provide
several strategies to enhance agricultural water productivity
by integrating varietal improvement and better resource
management at the plant level, field level, and agro-climatic
zone. Water productivity can be defined in many ways, but in
general terms, it refers to the amount of crop produced per
unit of water, expressed in kg/m3, where yield is expressed
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in kg/ha and water use is expressed in m®/ha [23].

This study aimed to evaluate the effects of three farming
systems, namely Conventional Farming system (CF),
Conservation Agricultural system (CA), and in-field rain
Water Harvesting system (WH), on the total grain yield and
productivity of sorghum, sesame, and cowpea crops in the
semi-arid zone of Sennar State, Sudan.

Materials and Methods

Study Area

The research work was carried out in rainfed areas of
Sennar State, where rainfall is the main source of water for
irrigating crops. The State encompasses two agro-ecological
zones, the arid zone in the northern part and semi-arid zone
in the southern part. The annual rainfall is about 250 to 450
mm and 450 to700 mm, for the two agro-ecological zones,
respectively.

The experiments were a combination of two factors,
whichwere cropsand farming systems. Three crops; sorghum,
sesame and cowpea were grown in a certain cropping
sequence. The three farming systems were Conventional
Farming system (CF), Conservation Agricultural system
(CA) and in-field rain Water Harvesting system (WH). The
implemented three farming systems could be described as
follows:

e The Conventional Farming system (CF): The Wide
Level Disk (WLD) is the common implement in the
mechanized rainfed areas of the Sudan since mid-1940s.
This machine is used twice during the season, for land
preparation and sowing operations. The first pass was
conducted in mid- June in the Study site area.

e Conservation Agricultural system (CA): This system was
recently introduced in the rainfed areas. It comprised
the sowing of crops in rows without tilling the soil
(Zero-Tillage) via row crop planter in the previous crop
residues.

e In-field rain Water Harvesting techniques (WH): Water
is the determinative factor for the productivity of rainfed
crops. Two methods were tested in this study as in situ
WH techniques, which were deep plowing and furrow
planting.

e Chiseling plus bounds or terraces was used. Half of the
experimental plots that were allocated for WH technique
was prepared by chisel plow (18 to 25 cm deep) which
roughen the soil surface, reducing water runoff and which
are expected to increase the water holding capacity of
the soil. In the plots where chisel plow followed by hand
seeding in rows.

e The other half of the experimental plots that were
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allocated for WH technique were seeded in the bottom
of the ridges by WaHIP. WaHIP is a newly developed and
recommended planter for sowing crops in rainfed areas
where rainfall is limited. Weed control in these plots was
done manually.

The experiment was laid in split plot design, with four
replications. The main plots were allocated for crops and the
subplots were allocated for farming systems. The subplot
size was 10 x15 m. The pass way between subplots was two
meters; while it was eight meters between replications. The
treatments were randomly distributed in the subplots.

To achieve the above-mentioned three farming systems,
many implements were used. These implements were
considered as tested treatments. The description of these
implements is as follows:

» The Wide Level Disk (WLD) is the conventional machine
for land preparation and sowing in the mechanized

rainfed area (Figure 1).

Figure 1: Wide level disk (WLD).

» For Zero-tillage treatment, the planter was equipped
with fertilizer and seeder boxes. The planter has a double
disks furrow opener. Each planter unit works (Figure 2).

Figure 2: Zero tillage planter with double disk furrow
opener.
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» In-field Water Harvesting: Chisel plow and in-field rain
Water Harvesting In-Rows Planter (WaHIP) planter
were used. The plowing depth was about 18 to 25 cm
for Chisel plow, the chisel plow was carried out in the
mid of June in each season with bounds for the purposes

Open Access Journal of Agricultural Research

of water harvesting. The WaHIP machine performs two
functions simultaneously, constructing the ridges and
seeding. It puts the crops seeds in the bottom of the
ridges and covers them (Figure 3).

Figure 3: Chisel plow and in-field rain Water Harvesting In-Rows Planter (WaHIP).

Climate Data

Climatic data, which include, rainfall, maximum and
minimum air temperature, relative humidity, sunshine
duration, and wind speed were obtained from the Abu_Naama
metrological stations existed nearby the experimental site for
thetwo seasons (2014/15and 2015/16). This data were used
to analysis the rainy season characteristics and Reference
Evapotranspiration (ETO) by using CROPWAT program
(version 8.0), and then crop ETO was used to compute crop
water requirement (CWR) and water productivity.

The CWR was calculated according to the procedure
described by Allen RG, et al. [24] by using the following
formula:

ET.= ET,x K. (1)
Where:
ETc = Crop evapotranspiration (mm/day).

ET, = Reference evapotranspiration (mm/day)
Kc = Crop coefficient (dimensionless).

Water Productivity (WP)

WP was calculated by dividing the crop grain yield (kg)
by water used (total rainfall amount in m3); here the water
used was assumed to be equivalent to effective rainfall. The
following equation describes the calculation of the WP.

WP = yield (kg/mz)/water used (m”'m*) (2)
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SAS software, version 80-2011 was used for the analysis of
variance (ANOVA). In addition, Duncan’s Multiple Range Test
(DMRT) was used for means separation.

Results and Discussion

Growing Season Characteristics

Determination of the start, end, and length of the growing
season, in addition to rainfall analysis, is necessary for
selecting crops and their management practices, especially
in rainfed agricultural areas. To define the start, end, and
length of the growing season, monthly rainfall and other
climate parameters data for the study site were obtained
from the Sudan Meteorological Authority for a more than
thirty-year period (1981 to 2014). The rainfall and half of the
evapotranspiration (0.5 ETO) data in mm/month are usually
plotted on the same chart [25]. The points at which the
rainfall curve intersects with the 0.5 ETO curve determine
the start and end of the growing season (Figure 4). The
growing season starts on June 20th and ends on September
20th. The results also showed that July and August received
the majority (60%) of the total rain, whereas the critical
period for crop growth, while the end of the growing season
received only 15% of the total rain amount. Figure 5 shows
that the study area received 722.5 mm of rainfall in 2015 (46
rainy days, while in 2016 the area received only 490.6 mm
(41 rainy days). The two-season received rainfall amount
above the long-term average (x 400 mm).
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Figure 4: Long term average of monthly rainfall, half ETO and rainfall % at Study site.
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Figure 5: Monthly rainfall amount during 2015 and 2016.

o

Farming Systems and Sorghum Crop Production

The total Crop Water Requirement (CWR) was 237.4 mm
and 240.6 mm in the first and second seasons, respectively.
This variation in total water requirement was mainly due
to the variation in climate parameters and sowing date in
both seasons. These water requirement values were less
than the total rain received during the rainy seasons (722
mm and 490 mm). However, the total amount of rainwater
received during the sensitive crop growth stage was less
than the CWR in the first and second seasons. Meanwhile,
the early stages of crop growth in both seasons received a
high amount of rainwater, exceeding the water required
by the crops (Figure 6). The uneven distribution of rainfall

throughout the growing season affects crop performance,
yield, and yield components. During the growing period of
the first season (July to October), a total of about 507 mm
of rainwater was received over 30 days. The rainy season
started in May with high rainfall, which delayed the start
of land preparation. In the second season, a total of 307
mm of rainwater was received over 21 days. Cultivation in
the second season started late due to low rainfall during
July. The uneven distribution of rainfall and the timing of
the growing season indicate a negative impact of dry spells
during the reproductive stages of the crops and high soil
moisture content during the early stages, which are sensitive
to waterlogging.

Figure 6: Rainfall and CWR during the growing season in 2015 and 2016.
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There were significant differences (P < 0.05) between
the farming system for weed infestation (three weeks
after crop emergence in both seasons). The chisel plowing
treatment gave the highest weed density in both seasons and
their combined analysis (Figure 7). This may be due to the
fact that the plowing depth for chisel is up to 25 cm which
increased the infiltration rate and storage of enough water in
the soil profile which enhanced weed seed germination. The

Open Access Journal of Agricultural Research

treatment of direct seeding by the double disk furrow opener
planter (CA) resulted in the lowest weed infestation in both
seasons and their combined analysis. Higher weed density
implies intense competition with crop plants for available
water and nutrients, necessitating additional costs for weed
control. Weed infestation was greater during the first season
due to high rainfall at the beginning of the rainy season.

Figure 7: Effect of farming systems on weeds infestation during the two seasons.

No significant differences between the farming systems
on days to 50% flowering in both seasons and their combined
analysis. The average days to 50% flowering was 63 days and
45 days for the first and second seasons respectively (Figure
8). Sorghum cultivar grown during the two seasons was
early maturing variety, the high rainfall in the first season
encouraged vegetative growth thus delayed the flowering

compared to the second season. The crop plants in the
second season were exposed to water stress thus enhancing
early flowering. The results also showed that there is no
significant difference between the tested treatments on
plant height at harvest in both seasons and their combined
analysis. The average plant height was 148 cm and 150 cm in
the first and the second season, respectively.

Figure 8: Effect of farming systems on Days to 50% flowering for sorghum during the two seasons.

The statistical analysis showed that there was significant
difference (P < 0.05) between the treatments in sorghum
grain yield in the first season. CA gave the higher yield (3100
kg/ha), whereas the treatment of WLD resulted in the lowest
grain yield (2622 kg/ha) compared to the other treatments
as shown in (Table 1), while in the second season there was
no significant difference between the treatments in grain
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yield, the higher yield recorded by CA (2190 kg/ha) and
WLD gave the lowest yield (1523 kg/ha). However, there
was significant difference between the total yield in the two
season (P < 0.05) and this difference was mainly due to low
rainfall in the second season and late sowing of the crop on
5th August, as shown in Figure 6 whereas the CWR is higher
than rainfall received during the critical stage of crop.
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. Grain Yield (Kg/ha) | Biomass (ton/ha) | Grain Yield (Kg/ha) | Biomass (ton/ha)
Farming Systems
1st Season 2nd season
CF WLD 26228 9.844 1523 4.1
CA Planter 31004 9.3A 2190 3.4
WH Chisel 29544 8.28"8 2097 3.7
WaHIP 3016 7.448 1855 3.7
Average 2936 8.44 1625 3.8
C.V. (%) 10.2 13.2 1858 14.4
SE + 75.2% 1.12* 27 0.137 ns

Means followed by the same letter (s) are not significantly different according to Duncan’s Multiple Range Test.

ns = Not significant* = Significant at P = 0.05 level.

Table 1: Effect of farming systems on sorghum yield and yield components.

The CA practice yielded the highest sorghum grain yield
(2594.1 kg/ha), followed by the WH method (2362.3 kg/ha),
while the lowest yield was obtained using CF (2072.2 kg/
ha). The increase in sorghum grain yield achieved by CA and
WH over CF was 25% and 14%, respectively. Additionally, the
increase in yield for CA over WH was 10% (Figure 9). Despite
variations in rainfall amount and distribution between the
two seasons, both CA and WH consistently demonstrated
higher yields [26]. Mentioned that sorghum yield under
zero tillage was three to four times greater than under CE.

These results suggest that, for producing sorghum in semi-
arid areas, both CA and WH outperformed CF. Among them,
CA was the most effective due to the chisel plow enhancing
weed germination. This finding aligns with Lipic ], et al. [27]
who reported improved infiltration of rainwater into the soil
increase water availability to sorghum plants and improve
biomass production; also Ogbaga CC, et al. [28] reported
increased biomass accumulation with higher soil water
availability.

3000 5

’ 2594.1 23623
_ 2500 2072.2
£ 2000
2 150
= 1000
]
= 500

0
CF ca WH
Figure 9: Average Sorghum grain yield (kg/ha) under different farming systems during two seasons.

Water Productivity for Sorghum Crop

The average value of water requirement for sorghum
crop in the Study site for both seasons was 239.0 mm which
is equivalent to 2390 m3/ha. The analysis of the water
productivity “WP” (kg/m3) according to equation 2, shows
that the value of WP ranged between 0.882 and 1.042 kg/
m? in the first season and between 0.808 and 1.162 kg/
m? in the second season. The highest WP was obtained by
the CA farming system in the first and the second seasons,
respectively. While the lowest WP was obtained by the CF
farming system in both seasons. These results agreed with
Singh R, et al. [29] who reported that the average water
productivity for sorghum in India ranged between 0.56 and
1.43 kg/m3 (Figure 10).
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Figure 10: Water productivity of sorghum crop by different
farming systems during the two seasons.
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Farming Systems and Sesame Crop Production

The crop water requirement for sesame crop was
252.5 mm and 250.6 mm in the first and second seasons,
respectively. These values of water requirement were less
than the total rain received during both seasons. However,
during the growing season the CWR in fifth and sixth
decades; in which the sensitive growth stage occurs; received
less rain than the required water in the first and the second
seasons, respectively. In contrast, during the early stages
of crop growth in both seasons, the received rainwater
exceeded the water required by the crop (Figure 11). This
indicates that rain distribution during the growing season

Open Access Journal of Agricultural Research

affects crop performance and yield. Throughout the growing
period of the first season, the total rainfall was about 507
mm over 30 days, while in the second season, it amounted
to 307 mm over 21 days. The results revealed that the total
water requirement for the sesame crop was 2525 m3/ha
for the first season and 2506 m3/ha for the second season.
The average water requirement for the sesame crop in each
season was 251.6 mm, equivalent to 2516 m3/ha. In contrast
during the early stages of crop growth in both seasons the
received rainwater was more than the water required by the
crop (Figure 11).

Figure 11: Rainfall and CWR during the growing season for sesame crop in both seasons.

The effect of the farming systems on number of branches
per plant was highly significant (P < 0.01 and P < 0.05) in
the first and the second seasons, respectively. Chisel plow
treatment gave the highest number of branches per plant
in both seasons. The effect of the treatments on number of
capsules per plant was highly significant (P < 0.001) and
significant (P < 0.05) in the first and the second seasons,
respectively. The WH and CA farming system resulted in the
highest number of capsules per plant in the first and the
second seasons, respectively. However, the CF treatment

gave the lowest seed yield in the two seasons, while the
chisel plow treatment produced the highest and consistent
seed yield across the two seasons (847 kg/ha), as shown in
(Figure 12). Despite the Crop Water Requirement (CWR)
being higher than the received rainfall in both seasons, the
delayed sowing date in the second season did not affect the
chisel plow treatment’s yield. This is because the chisel plow
enhanced water infiltration, ensuring that the sesame crop
did not experience water stress or waterlogging during the
sensitive stage.

Figure 12: Effects of farming systems on sesame growth during the two seasons
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The WH (Chesil and WaHIP) gave the highest average
sesame seed yield (740.2 kg/ha) followed by the CA (718.2
kg/ha) and the lowest yield was obtained by CF (602.3 kg/
ha) in both seasons. The increase of sesame seed yield by
WH (Chesil and WaHIP) and CA over CF was 23% and 19%,
respectively, while the increase by the WH over CA was 3%.
The Chesil plow is the best practice for the WH farming
system in semi-arid areas (Figure 13). The Results agreed
with Oztiirk F [30] reported seed yield and weed density
were positively affected by the tillage methods, the increase
in the seed yield observed at Conservation tillage.

1000
200
800
700
600
500
400
300
200
100

718 740

602

Yiled (kgfha)

CF CA WH
Farming system

Figure 13: Sesame seed yield (kg/ha) under different
farming systems during the two seasons.

J

Water Productivity for Sesame Crop

The value of WP for sesame for different treatment
ranged between 0.285 and 0.22 kg/m? in the first season
and 0.449 and 0.29 kg/m? in the second season. The highest
water productivity was obtained by the treatment chisel
in both seasons, while the lowest water productivity was

Open Access Journal of Agricultural Research

obtained by the CF farming system in both seasons (Figure
14).

Figure 14: Water productivity of sesame crop under
different farming systems during the two seasons.

o

Farming System and Cowpea Crop Production

The performance of cowpea was evaluated by measuring
several parameters such as plant density at establishment,
number of pods per plant and number of seed per pod as well
as grain yield and biomass. The statistical analysis showed
no significant differences between the farming systems for
all the parameters. The Chisel plow gave highest grain yield
in the first season and the CF gave lowest yield as shown in
Table 2, while CA gave the highest yield in second season.
There was high significant difference (P < 0.05) in cowpea
grain yield between the two seasons due to the low rainfall
in second season.

. Grain Yield (kg/ha) | Biomass (Kg/ha) Grain Yield (kg/ha) | Biomass (Kg/ha)
Farming Systems
1st season 2nd season

CF WLD 1016 620.8 554 933
CA Planter 1040 759.8 649.2 813.8
WH Chisel 1473 629 548 777.5
WaHIP 1104 655 581 665.3

Average 1148 658.4 584.5 793

C.V. (%) 21.8 23.5 14.9 24.3
SE 62.6ns 38.7ns 21.8ns 48.1ns

Means followed by the same letter (s) are not significantly different according to Duncan’s Multiple Range Test.

ns = Not significant.

Table 2: Effects of farming systems on cowpea growth during the two seasons.

The WH gave the highest average cowpea yield (926.7
kg/ha) followed by the CA (846.8 kg/ha) and the lowest yield
was obtained by CF (785.0 kg/ha). The increase of cowpea
yield by WH and CA over CF was 18% and 8%, respectively,
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while the increase by the WH over CA was 9%. These results
indicated producing cowpea in southern part of Sennar State,
where rainfall is high, by the WH and the CA was better than
the CF; but the WH was the best (Figure 15).
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Figure 15: Cowpea yield (kg/ha) for different farming systems.

926.7

CA WH

Water Productivity for Cowpea Crop

The total water requirement was 333.2 mm and 276.8
mm in the first and second seasons, respectively. These
values of water requirement were less than the total rain
received during both seasons. However, during the critical
stage the received rainfall was less than the required water
in the first and the seasons, respectively. In contrast during
the early stages of crop growth in both seasons the received
rainwater was more than the water required by the crop.
The results revealed that the total water requirement for
cowpea crop was 3332 and 2768 m?/ha for the first and the
second seasons, respectively. This variation in total water
requirement was mainly due to the variation in climate
parameters and sowing date in both seasons. The average
value of water requirement for cowpea crop for both seasons
was 305 mm which is equivalent to 3050 m3/ha.

The value of WP ranged between 0.495 and 0.342 kg/m?
in the first season and 0.345 and 0.291 kg/m3 in the second
season. The highest water productivity (0.495 kg/m?) was
given by the treatment chisel in the first season and by the
treatment CF (0.345 kg/m?) in the second season. The WLD
treatment gave the lowest water productivity during the first
season (Figure 16).
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Figure 16: Water productivity of cowpea crop under
different farming systems two seasons.
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Conclusion

Implementing suitable farming systems and soil
conservation measures represents the Kkey strategy to
mitigate the considerable risk of crop yield losses. This study
evaluated the effect of the farming systems: Conventional
Farming (CF), Conservation Agriculture (CA), and in-field rain
Water Harvesting (WH), on the yield and water productivity
of sorghum, sesame, and cowpea crops. The result indicated
the superiority of the CA and WH over the CF for producing
sorghum, sesame, and cowpea in semi-arid areas of Sennar
State.

The highest water productivity was recorded by
sorghum (0.963 kg/m?) followed by cowpea (0.343 kg/
m?) while the Sesame crop recorded the lowest water
productivity (0.296 kg/m?). The CA farming system recorded
the highest water productivity (1.081 kg/m?3) compared to
the WH and CF for sorghum while The WH farming system
recorded the highest water productivity (0.32 and 0.366 kg/
m?) for sesame and cowpea respectively. Thus, the suitable
farming system in semi-arid areas of Sennar State to obtain
high water productivity was CA for sorghum and WH for
sesame and cowpea crops. Generally, The WH system is the
best alternative for CA when the expected rainfall amount is
less than normal.
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