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The response of bread wheat yield, yield related and water use efficiency to different levels of Received: 18 December 2024
irrigation was studied at Qadalle irrigation scheme. Six levels of irrigation water (50, 60, 70, 80, Accepted: 25 January 2025

90 and 100) % ETc were arranged in RCBD with three replications. The experimental field was Available Online: 20 February 2025
divided in to 18 with the plot size of 3.6mx5m (18m?) to accommodate 6 furrows with spacing of

0.6m and having 4m length, consisting four ridges and five furrows for each plot. The blocks and Keywords

plot had a buffer zone of 1.2m & 1.5m respectively from each other to eliminate influence of
lateral flow of water. Field canal was constructed for each block to irrigate the field. For each
plot, box shaped structures were constructed to dissipate the energy of water diverted to the
plots. Recently released bread wheat (ETW9578) variety was used as test crop. All the plots
were irrigated to field capacity after planting. Soil samples were taken before and after irrigation
event for the first weeks after planting and classified in to sandy loam. Thereafter, irrigation
frequency was established according to treatments. Aimed at data collection, four central rows
with a net plot size of 12 m? used and all plot were given 100 kg/ha of triple superphosphate
(TSP). The ANOVA result revealed that the maximum grain yield (4751.46 Kgha-1) of wheat
was recorded at 100%ETc irrigation level but the lowest yield (2101.87) was recorded at
50%ETc irrigation level. The irrigation water levels (T1 and T2) were significantly affected
grain yield, above ground biomass, plant height, spike length, and TSW of the bread wheat but
gave highest water use efficiency (WUE). Increasing the irrigation water level significantly
increases the yield and yield components of the “ETW9578” variety of bread wheat. Grain yield
increments were (9.33, 11.55, 18.75, 19.35 and 19.93) % for T1, T2, T3, T4 and TS5,
respectively, compared with T6. Similarly, the study revealed that other yield components like
plant height, productive tiller number and above ground biomass of wheat increased with the
increasing rates of irrigation water level. The highest thousand seed weight was recorded from
the 60%ETc and 90%ETc irrigation treatment. However, there was no significant variation
between 70 and 80%ETc irrigation water level. Here, increasing the application rate of water
level from 50%ETc to full irrigation maximize yields of bread wheat but reduce water use
efficiency. On the other hand, reducing water level from 90 to 70%ETc was not reduce the yield
significantly, rather it have water saving and economic advantage. Therefore, application of
70%ETc irrigation water level is recommended for optimum returns of irrigation of wheat in the
study area.

Irrigation, Water level, Water use
efficiency, Yield.
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Introduction

Irrigated agriculture consumes the majority of the
existing fresh water. [Irrigation accounts for
approximately more than 70% of total water abstraction
and 60-80% of overall water usage (Ingrao et al., 2023).
In order to feed 8 billion people by 2025, the irrigated
range should be doubled by more than 20% and the yield
of irrigated crops improved by at least 40%
(Cullingworth, 2015). Improving agricultural water use
efficiency is crucial to achieving this goal. Many studies
have been undertaken to gather experience in watering
crops to enhance performance, efficiency, and
profitability, and water saving irrigation investigation
will continue (Senbeta and Worku, 2023). Agriculture's
long-term water management and utilization has become
a headache for scientists as well as for users. Acceptance
of methods for saving irrigation water while keeping
acceptable yields may help to preserve this increasingly
scarce resource. In locations where water is a scarce
resource, farmers may find that improving water
productivity is more beneficial than boosting crop
output. As a result, research should be established and
carried out with the goal of increasing agricultural water
productivity through various water-saving strategies in
integration with the use of the correct scheme and farm
structures (Yakubu ef al., 2019).

The demand for wheat in Ethiopia is increasing faster
than for any other food crops, particularly in urban areas.
The gap between demand and supply is widening
because of quickly increasing population number and
changing preferences towards wheat-based food items
(Seleshi Bekele Awulachew et al., 2007). Conscious to
the aforementioned facts, the Government of Ethiopia
has already identified key priority intervention areas to
increase productivity of small-scale farmers and expand
large-scale commercial production of wheat. The top
priorities identified include: development of small and
large-scale irrigation schemes, financing effectual supply
of agricultural inputs, improving agricultural production
methods using mechanization, post-harvest loss
reduction and natural resources management. Even
though the government need to produce wheat crop by
irrigation is high, there was no research work on
irrigation water levels that gain high net return.

Among many restrictive factors water is the most
common limiting elements in the agricultural production
system, which 1is crucial for wheat growth and
productivity. However, the optimal irrigation is not well
identified, particularly in the study area. Therefore, this
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study was undertaken to determine the required irrigation
water level that optimize wheat yield in Yabello district
of Borana zone.

Materials and Methods
Description of study area

The study was carried out in Qadalle scheme, which is
found in Yabello district of Borana zone of Oromia
National Regional State. Yabello is the capital town of
the Borana zone and situated south to Addis Ababa at a
distance of 570 km. The Borana lowland is usually
known as the southern rangelands. The Qadalle scheme
is made from micro earthen dam collecting runoff water.

Geographically, it is situated at 4°53' N latitude and
38°5" E longitudes with an elevation ranging from
1550m to 1970m above sea level, respectively. The
annual average temperature and rainfall is 19 to 24°C
and 300 tol000 mm, respectively. The annual
precipitation distribution is bimodal with 60% falling
from April to May and 30% from October to November.
The vegetation comprised in Borana is mainly a mixed
savanna which is dominated by perennial grasses
(Cenchrus, Pennisetum, and Chrysopogon species) and
woody plants (Coppock, 2014). The Borana pastoralists
traditionally depend mainly on cattle, but also on goat
and sheep and nowadays though few on camel for
household food security and a few donkeys and camels
for transport.

Experimental design and layout

The experiment was conducted for three consecutive
years, at Qadalle Irrigation scheme. The experimental
field was ploughed, harrowed and leveled. The
treatments were designed in RCBD with three
replication. The irrigation levels includes (100% ETc,
90% ETc, 80% ETc, 70% ETc, 60% ETc and 50% ETc).
The experimental field was divided in to 18 with the plot
size of 3.6mx5m (18m2) to accommodate 6 furrows with
spacing of 60cm and having 4m length, consisting four
ridges and five furrows for each plot. The blocks and plot
had a buffer zone of 1.2m and 1.5m respectively from
each other to eliminate influence of lateral flow of water.
Field canal was constructed for each block to irrigate the
field. For each plot box shaped structures were
constructed to dissipate the energy of water diverted to
the plots. A representative soil sample was taken from
the experimental site for soil physico-chemical analysis.
The plot size for planting was 3.6mx5m (18m?),
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accommodating 6 rows spaced 60cm apart. The bread
wheat (ETW9578) variety seed was sown by drilling on
both sides of the rows at a rate of 120 kg/ha. For data
collection and measurement, four central rows with a net
plot size of 12 m? were used. At the time of seeding, all
plots were given 100 kg/ha of NPS. Nitrogen, on the
other hand, was applied in splits in the form of urea. Half
at 20 days after sowing and the remaining half at 48 days
after sowing. All cultural practices, other than treatment
variables, were carried out according to the standard
practices recommended for the area.

Partial Flume Installment Process for Discharge
Measurement

The irrigation water applied to each experimental plot
was measured by 3-inch Parshall flume (PF) made from
metal sheet and installed 10m away from the nearest plot
along secondary canal. The entrance section was set 4cm
above the canal bed to avoid submergence flow. Only
one measurement was required to determine flow rate of
free flow condition. This is the height of water from
gauge of 3 inch Parshall-flume written on two-third
surface wall of the entrance section. The calculated gross
irrigation was finally applied to each experimental plots
based on the treatments proportion. Volume of water
applied for every treatment was determined from plot
area and depth of gross irrigation requirement. Time
required to irrigate each treatment was calculated from
the ratio of volume of applied water to the discharge-
head relation of 3-inch Parshall flume. Since discharge
level might vary at field condition, time required was
calculated from 5 to 15 cm head levels. The time
required to deliver the desired depth of water into each
furrow was calculated using the following equation.

_ A=xdgross

Where: dg = gross depth of water applied (mm), t
=application time (sec), A = plot Area (m?) and Q =flow
rate (1/s).

Agronomic data collection

Plant height and dry matter were measured at harvest.
The plant heights of 10 randomly selected plants per plot
were measured from the soil surface to the top canopy of
the plant. The same 10 random plant samples were oven
dried for 72 h at 68 °C and the dry weight was recorded.
The spike length excluding awns was also recorded. As
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the kernels matured, the crop in the harvest area of 6.3
m? per plot (excluding border rows) was harvested and
collected in clean sacks to record the weight. The
harvested crop was sun-dried for 3 d and threshed
separately using wooden sticks and finally the seed was
separated, cleaned and weighed to record the grain yield
for each plot.

Yield sampling methods

The yield data used in this study were estimated using
yield sampling methods. This was achieved by using the
crop cut methods by demarcating a plot 3m x 3m in size.
Then, followed by harvesting the produce from the plots,
threshing, winnowing, and drying the produce, and later
determining the dry weight. The weight of one thousand
seeds per plot was recorded to 3 decimal places using a
sensitive weighing balance.

Water use efficiency

The harvest index (HI) and water use efficiency (WUE)
were also calculated. The following Equation 1 was used
to compute water use efficiency as a ratio of grain yield
to total crop evapotranspiration (ETc) during the course
of the growing season (Zwart and Bastiaanssen, 2004).

WUE = Y
 ETc

Where, WUE is water use efficiency (kg/m?®), Y is crop
yield (kg/ha) and ETc is the seasonal crop water
consumption by evapotranspiration (m3/ha)

Data analysis

Analysis of variance for the collected parameters was
performed as per the methods described by Allison
(2001) using SAS computer software for randomized
complete block design and treatment mean comparison is
done by Fisher’s list significance difference (LSD) at
5%.

Results and Discussion

Selected soil physico-chemical properties of the
experimental site

To identify some of the chemical and physical properties
of the soil, representative composite soil samples were
collected from the experimental site at the depths of 020
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cm using an auger and core samplers. Some of the
physical properties of the soil are given in Table 1. The
soil in the experimental field was classified mainly as
sandy loam textured. The soil water holding capacity at
field capacity (FC) and the permanent wilting point
(PWP) were on average 37.7 and 12.1%, respectively.
The average soil bulk density (BD) was 1.38 g/cm?;
hence, the average total available water (TAW) by
volume percentage is also estimated as 97.10mm/m.
Estimated irrigation water to
throughout the growth stages

applied crop

As indicated in the table 2, water saved from treatment of
100% ETc, 90% ETc, 80%ETc, 70% ETc, 60%ETc and
50%ETc were (0, 57.5, 114.9, 172.3, 229.7, and 294.1)
mm of total net amount of irrigation water applied
respectively. Total rainfall record in the growing season
was 19.7 mm and this was deducted from gross irrigation
requirement during irrigation. Similar results were
reported by the study conducted (Asnake et al., 2022).

Effect of different Irrigation water levels on yield and
yield component of bread wheat

Bread wheat (variety “ETW9578”) is an early maturing
variety and the growth period was 94d from germination
until harvesting for the control treatment. At harvest,
irrigation water level had a significant effect on plant
height, spike length, biomass above ground and grain
yields but not on tiller number and TSW (Table 3).

The highest plant height and biomass above ground were
observed under treatment T6. This result agreed with
(Mehdizadeh et al, 2013) who all observed that water
stress reduced the dry matter of wheat. Similar study
were investigated (Mansoor et al., 2023; Saeed et al.,
2024) by as different irrigation water level can affect
wheat plant height and biomass above the ground
approximately by 20% compared to well-watered
controls.

The effect of irrigation level on bread wheat grain yield
and yield component parameters are described in Table
4. Statistical analysis revealed that the irrigation water
levels had a significant (P < 0.05) effect on GY, spike
length, total tiller per plant and plant height.

The maximum values for grain yield, above ground
biomass, plant height, and spike length were obtained
from the T6 and these values were greater than those of
listed T1 to T5. Whereas, the maximum values for tiller
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number and TSW were obtained from the T5. The
maximum number of total tillers per plant was obtained
with a 100% ETc irrigation treatment, which was
statistically similar to a 50% ETc irrigation application.
The highest thousand seed weight was recorded from the
60%ETc and 90% ETc irrigation treatment. The above
ground biomass yield of bread wheat varied significantly
among the irrigation level (Table 4). From the three-year
combined analysis, among the irrigation level treatments,
the highest biomass yield (7277.10 kg/ha) was recorded
from 100% ETc irrigation water application. Whereas
the lowest (3152.812 kg/ha) was obtained from 50%
ETc. However, there was no significant variation
between 50 and 60% ETc irrigation treatments. The
availability of well distributed soil moisture due to the
full irrigation application enhanced the growth of wheat
and contributed to the highest biomass yield. The above
ground biomass yield increased with the increasing
irrigation water applications (Table 4) with the maximum
above ground biomass yield. It can be seen that the
biomass yield increased with the increasing/applying the
full application of irrigation. In terms of grain yield data
there was no significant effect of interactions between
irrigation levels on grain yield. Among the irrigation
level treatments, the highest grain yield (4751.46 kg/ha)
was attained at 100% ETc. The lowest yield (2101.87
kg/ha) was obtained from plots treated at 50% ETc. The
deficit level of irrigation significantly decreased the grain
yield of wheat tested as compared to the control (full
application of irrigation). Similar findings were also
reported by (Wang et al, 2019). Increasing irrigation
water levels increases the grain yield by about (9.33,
11.55, 18.75, 19.35 and 19.93) % for T1, T2, T3, T4 and
T5, respectively, compared with T6. However, there
were no significant grain yield differences between T3,
T4 and T5. This results is in agreement with study
conducted by (Mohammed & Kadhem, 2017).

The highest yield of 4751.46 kg/ha was obtained in T6 in
Season I and lowest in T1 (2101.87 kg ha''. Higher
aboveground biomass and yield were obtained under full
irrigation, and declined under varied deficit irrigation
regimes (Table 5).

Effect of Irrigation Water Level on Water Use
Efficiency

Water use efficiency was significantly (p< 0.05) affected
due to irrigation level. The highest water use efficiency
(12.61 Kg ha! mm™) was obtained from the application
of 50%ETc irrigation treatment and the lowest (8.9 Kg
ha- mm) was obtained from 100% ETc (Table 5).
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Table.1 Some selected soil physico-chemical analysis of experimental site (0—20 cm).

Soil parameters Values Texture/Rating Reference
Sand (%) 65.12 - USDA
Silt (%) 17.12 -
Clay (%) 17.76 -
Textural class Sandy Loam -
Soil pH 7.24 Slightly alkaline Jones, J. Benton (2003)
Electrical conductivity (dS/m) 0.77 Non-saline Hazelton, P. and B. Murphy (2007)
Organic matter (%) 0.9 Low Tekalign (1991)
Bulk density (g/cm3) 1.38 Loose Clout, J. and Manuel, J. (2015).
Field capacity vol. (%) 27.7 Low Cong, Z. et al., (2014)
Permanent wilting point vol. (%) 12.1 Ideal
TAW (mm/m) 97.10 High

Table.2 Water applied per growth stage and water saved from each treatment (mm)

Treatments Growth stage IRg(mm) Saved water (mm)
Initial Dev Mid Late

100%ETc 154.7 141.3 206.6 71.5 574.0 -

90%ETc 139.1 127.2 185.9 64.3 516.5 57.5
80%ETc 123.6 113.1 165.2 57.2 459.1 114.9
70%ETc 108.2 98.9 144.6 50.1 401.7 172.3
60%ETc 92.7 84.7 123.9 42.9 344.3 229.7
50%ETc 77.3 63.6 103.3 35.8 279.9 294.1

Table.3 Mean square value of ANOVA for 6 Bread wheat parameters under different water level at Qadalle irrigation
scheme for three season

S-variation DF PH(cm) TN SL(cm) BM(Kg™"#) TSW( gm) Y(Kgha')
Rep 2 85.819ns 0.97ns 0.1224ns 218758ns 9.2604 ™ 97226ns
Treatment 5 191.653 ** 1.271 " 6.6539™ 11139865 4.6626ns 4951051™*
Error 15 63.675 1.23179 0.1385 180872 49710 808
CvV 5.96 3.56 16.5 13.59 17.72 16.72

PH = plant height;, TN=tiller number; SL=Spike length; BM=Biomass in Kilogram, TSW=Thousand seed weight and KG-ha = Kilogram per
hectare; GY= Grain Yield
*ns=non-significant; ***= significant at p<0.001,; **= significant at p<0.01 and *= significant at p<0.05

Table.4 Effects of water levels on grain yield and yield components for three cropping seasons

Treatments Water L PH(cm) TN SL(cm) BM(Kg™h*) TSW GY(Kg™")
(%Etc)

T1 50 51.75° 7.83 5.5¢ 3152.812¢ 36.2250 2101.87¢
T2 60 65.75% 7.16 8.58% 3905.509% 37.1750 2603.67°
T3 70 63.75% 7.33 8.33° 6339.37° 35.9375 4226.25°
T4 80 62.00% 7.50 8.6% 6242.57° 34.3750 4361.71°
T5 90 64.33% 8.75 8.47% 6737.10% 37.1250 4491.40%
T6 100 73.16* 7.83 9.0* 7277.10% 35.3000 4751.46°

LSD(0.05) 12.02 ns 0.56 640.98 ns 427.32

CV (%) 12.57 14.34 4.59 7.58 6.18 7.58

*PH = plant height;, TN=tiller number; SL=Spike length; BM=Biomass in Kilogram, TSW=Thousand seed weight and KG"* = Kilogram per
hectare
*ns=non-significant; ***= significant at p<0.001; **= significant at p<0.01 and *= significant at p<0.05
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Table.5 Effects of water levels on wheat water use efficiency

Treatments Water/L (Etc GY(Kg™)
%)

T1 50 2101.87¢
T2 60 2603.67¢
T3 70 4226.25°
T4 80 4361.71°
TS 90 4491.40%
T6 100 4751.46%

LSD(0.05) 427.32

CV (%) 7.58

Water used (mm) WUE
(Kgha' mm™)

562.6 12.61°
506.34 11.92®
450.1 11.47°
393.82 11.11°
337.56 10.02°%

281.3 8.94

1.55

15.9

Table.6 Effects of water levels on wheat economic profitability. Similar study was reported by (Kidane et al., 2023)
who identified that, 1.4kg/m* water use efficiency using optimal irrigation water level in similar conditions and
agroecology of land.

Water/L GY(Kg™) Water used WUE Saved water(mm) | Additional GY(Kg
(Etc %) (mm) (Kgha! mm™) ha')

50 2101.87¢ 562.6 12.61* 294.1 2208.5

60 2603.67° 506.34 11.92%® 229.7 1737.04

70 4226.25° 450.1 11.47° 172.3 1812.75

80 4361.71° 393.82 11.11° 114.9 1091.62

90 4491.40% 337.56 10.02% 57.5 500.01

100 4751.46* 281.3 8.9¢ 0 0

LSD(0.05) 427.32 1.55 123.5

CV (%) 7.58 15.9 8.15

It can observed from the result that, treatments with
lower yield due to less irrigation water application had
higher water use efficiency. Water productive was less
and not significantly varied from one another in T2, T3
and T4, due to similar amount of irrigation water level
application. Similar studies were conducted on wheat
reveal reduction of irrigation water level affects water
use efficiency of irrigated wheat (Pradhan er al., 2014).
By utilizing saved water from deficit irrigation strategies
like the 70% ETc application, farmers could potentially
increase their water productivity by approximately
42.89%, leading to higher profits up to 1812.75kg per
hectare (Table 6).

The Marginal rate of return (MRR) from these study
indicates that strategic water management not only
conserves resources but also enhances economic returns.
The optimal irrigation level identified was at 70% ETc,
which not only maximized yield but also resulted in a
higher water use efficiency of approximately
11.47kg/mm.
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Conclusion and Recommendation

Irrigation water level application at different growth
stages significantly affected grain yield, yield
component, WUE (saved water) and TSW of the bread
wheat “ETW9578” variety. Increasing irrigation water
levels increased the grain yield, thousand seed weight but
reduce water use efficiency of bread wheat variety
“ETW9578” grown in the study area.

The treatment T6, TS, T4 and T3 were superior to the
two other irrigation water levels and produced the
greatest yield component such as plant height, biomass
above ground, and yield at each growth stage. Whereas,
the greatest water use efficiency was observed when the
irrigation water level falling below 50% ETc (12.61
Kgha! mm™) or 281.3mm throughout the growing
period. Increasing the application rate of water level
from 50% ETc to full irrigation maximize yields of
wheat. On the other hand, reducing water level from 100
to 70% ETc was not reduce the yield significantly; rather
it saved water and economic advantage. The 70 % ETc
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irrigation water level is the best treatment to obtain an
optimum yield. Therefore it was recommended to farmer
of Qadalle irrigation scheme to use 70 % ETc irrigation
water level to enhance production and productivity of
wheat in the study area.
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