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ABSTRACT

The study conducted on the response of bread wheat yield and water use efficiency to six levels of irrigation
ranging from 50% to 100%. The bread wheat variety, ETW9578, was used as the test crop. The experimental
design consisted RCBD with three replications. The 12 m2net plot size was received 100 kg ha?® of NPS, and
150 kg ha? of urea. The relationship between water levels and the bread wheat yield was analyzed through
various components including grain yield, plant height, tiller number, and above-ground biomass. This is
supported by the results of an ANOVA, which provides statistical evidence to confirm the significant impact of
irrigation levels on wheat production. Accordingly, the max (4751.46 kg ha) and min (2101.87 kg ha?) yield
recorded at 100% ETc and 50% ETc irrigation level respectively. These findings demonstrate that as irrigation
approaches full crop water requirements, bread wheat are better able to meet their physiological needs, resulting
in optimal growth and productivity. The number of productive tillers is crucial as it directly influences the
number of grains per plant. Enhanced irrigation results in greater biomass accumulation due to improved
photosynthesis rates facilitated by healthier plants. The data presented indicates that different irrigation levels
have varying impacts on the thousand seed weight (TSW) of bread wheat. The highest TSW was observed at
60% ETc and 90% ETc irrigation treatments. This suggests that these levels provide sufficient moisture to
support optimal seed development. However, there was no significant variation in yields among 70% and 80%
ETc treatments. This indicates that both levels may be similarly effective for achieving satisfactory yields.
Conversely, reducing the irrigation level from 90% ETc to 70% ETc does not significantly reduce yield but
offers advantages in terms of water savings. This finding is critical as it suggests that farmers can maintain
competitive yields while using less water, which is essential for sustainable agriculture. Based on the findings,
applying an irrigation level (70% ETc) is recommended for optimum returns in wheat. This recommendation
balances yield performance with efficient water usage, making it a practical approach for farmers aiming to
enhance sustainability while maintaining productivity.
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1. Introduction

Irrigated agriculture consumes the majority of the abstraction and 60-80% of overall water usage
existing fresh water. Irrigation accounts for (Ingrao et al., 2023). In order to feed 8 bhillion
approximately more than 70% of total water people by 2025, the irrigated agriculture should be

CONTACT Demisachew T A © dankoo343@gmail.com
© CIAS Journal, 2024



https://ciasjournal.com/
https://orcid.org/0009-0001-4712-150X
https://crossmark.crossref.org/widget/v2.0/readme.html

224 DEMISACHEW & GUTAMA, Effect of irrigation water level on bread wheat

doubled by more than 20% and the yield of
irrigated crops improved by at least 40% (Senbeta
and Worku, 2023). 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.

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
(YYakubu et 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. 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, government planned
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need to produce wheat crop by irrigation is high,
there was no or little 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 is crucial for wheat
growth and productivity. However, the optimal
irrigation is not well identified, particularly in the
study area. Therefore, this study was undertaken
to determine the required irrigation water level
that optimize wheat yield in Yabello district of
Borana zone.

2. Material and Methods

2.1 Description of the study area

The study was carried out in Qadalle scheme,
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°53'00"N to 5°
55' 09"N latitude and 38°5’ 00" Eto 40° 8’
01"longitudes with an elevation ranging from
1550m to 1970m above sea level. The minimum
and maximum temperature 19 to 24°C and annual
mean rainfall is and 300 to1000 mm, respectively.
The annual precipitation distribution is bimodal
with 60% falling from April to May and 30%
from October to November.

2.2 Experimental design and layout

The experiment was conducted for three
consecutive years, at Qadalle irrigation scheme.
The experimental field was ploughed, harrowed
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and human labor. The Experimental designed a
factorial RCBD with three replications. The
irrigation levels include (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 3.6m x 5m (18m?) 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.

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 time of seeding, all
plots were given 100 kg ha® of NPS. 150 kg ha™
was applied in splits form, half at 20 days after
sowing and 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.

2.3 Discharge measurement

The irrigation water applied for each experimental
plot was measured by 3-inch Parshall flume
installed 10m away from the nearest plot along
field canal. 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 at 15 cm head levels. The time required
to deliver the desired depth of water into each
furrow was calculated using the following
equation.

______ - 1

. A *dgross
Q

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

2.4 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 soil surface to
the top covering of the plant. The same 10 random
plant samples were oven dried for 72 hour at 68°C
and the dry weight was recorded. The spike length
excluding awns was also recorded. As 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 three days and
threshed separately using wooden sticks and
finally the seed was separated, cleaned and
weighed to record the grain yield for each plot.

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.
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2.5 Water Use Efficiency

The water use efficiency (WUE) was 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).

Where, WUE is water use efficiency (kg m?3), Y is
crop yield (kg ha™) and ETc is the seasonal crop
water consumption by evapotranspiration (m3/ha).

2.6 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%.

3. Results and Discussion

3.1 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 0-20 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 97.10 mm/m.

3.2 Irrigation water applied for each treatment

As indicated in Table 2, that reducing irrigation
based on actual crop needs (as represented by
varying levels of ETc) can lead to substantial
water savings while still meeting crop
requirements effectively. The analysis shows that
reducing irrigation based on varying levels of
evapotranspiration (ETc) can lead to substantial
water savings ranging from 0 mm at full (100%
ETc) to as much as 294.1 mm at reduced levels
(50% ETc).

Table 1: Some selected soil physico-chemical analysis of experimental site (0-120 cm).

Soil parameters Values Texture/Rating Reference
Sand (%) 65.12 -
Silt (%) 17.12 -
Clay (%) 17.76 - USDA
Textural class | Sandy Loam -
Soil pH 7.24 Slightly alkaline  Jones (2003)
Electrical conductivity (dS/m) 0.77 Non-saline Hazelton and Murphy (2007)
Organic matter (%) 0.9 Low Tekalign (1991)
Bulk density (g cm®) 1.38 Loose Clout and Manuel (2015).
Field capacity vol. (%) 21.7 Low
Permanent wilting point vol. (%) 12.1 Ideal Cong et al. (2014)
TAW (mm/m) 97.10 High
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Table 2: Water applied and water saved from each treatment (mm)

227

Growth stage IRg Saved water
Treatments — -

Initial Dev Mid Late (mm) (mm)
100% ETc 154.7 141.3 206.6 715 574.0 -
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

3.3 Effect of different irrigation levels on yield
and yield component of bread wheat

The study of the bread wheat variety “ETW9578”
highlights the significant impact that irrigation
water levels have on various growth parameters of
the plant (Table 3). The findings indicate that
under normal conditions, this variety has a total
growth period of 94 days from germination to
harvest. The research found that irrigation water
levels had a highly significant effect (p < 0.001)
on plant height. Specifically, treatment T resulted
in the highest plant height among all treatments.
This suggests that adequate irrigation is crucial for
maximizing the vertical growth of wheat plants.

Similar to plant height, spike length was also
significantly affected by irrigation levels. This
parameter is essential as it directly relates to the
potential yield of the wheat crop. Above ground
biomass, which includes all parts of the plant
above soil level, was also positively influenced by
higher irrigation levels. The results indicated that
increased water availability led to greater biomass
accumulation, which is critical for overall crop
productivity. Grain vyields were significantly

impacted by irrigation treatments as well,
reinforcing the importance of proper water
management in achieving optimal yields.

Interestingly, while other parameters showed
significant differences due to varying irrigation

Table 3: Effects of water levels on grain yield and yield components for three cropping seasons

Treatments Water L (%ETc)  PH (cm) TN SL(cm) BM (Kgha') TSW  GY (Kgha?)
T1 (50% ETc) 50 51.75° 7.83 5.5¢ 3152.812¢ 36.2250 2101.87¢
T, (60% ETc) 60 65.75% 7.16 8.58® 3905.50% 37.1750 2603.67°¢
T3(70% ETc) 70 63.75® 7.33 8.33 6339.37° 35.9375 4226.25°
T4 (80% ETc) 80 62.00® 7.50 8.6 6242.57° 34.3750 4361.71°
Ts (90% ETc) 90 64.332 8.75 8.47® 6737.10% 37.1250 4491.40%
Te (100% ETc) 100 73.16% 7.83 9.0° 7277.102 35.3000 4751.462
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 ha™ = 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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levels, tiller number and TSW did not exhibit such
effects in this study. This could imply that these
two factors may be less sensitive to changes in
water availability compared to other growth
parameters. The findings align with previous
research conducted by Mehdizadeh et al., (2013),
which reported that water stress negatively affects
dry matter accumulation in wheat plants.
Furthermore, studies by Mansoor et al., (2023)
corroborate these results, indicating that different
irrigation levels can influence plant height and
above ground biomass by approximately 20%
when compared with well- watered treatments. On
the other hand, the study shows that the highest
grain yield was recorded at 100% ETc, achieving
a yield of 4751.46 kg ha™. This suggests that full
irrigation is optimal for maximizing wheat
production. Conversely, the lowest yield was
observed at 50% ETc, with a yield of only
2101.87 kg ha™. This stark contrast highlights the
detrimental effects of deficit irrigation on wheat
productivity. The findings indicate specific
percentage increases in grain yield associated with
various treatments (T: to Ts) compared to a
control treatment (Ts). The increases were

Table 4: Effects of water levels on wheat water
use efficiency

GY Water WUE
Treatments (Kg ha') used (Kg hla'l
(mm) mm™)
T. (50% ETc) 2101.87¢  562.6  12.61°
T, (60% ETc) 2603.67°¢ 506.34 11.92%®
T3 (70% ETc) 4226.25 450.1 11.47°
T4 (80% ETc) 4361.71°  393.82  11.11°
Ts (90% ETc) 4491.40%  337.56  10.02
T (100% ETc) 4751.46° 281.3 8.9¢
LSD (0.05) 427.32 1.55
CV (%) 7.58 15.9
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quantified as follows: T1 (9.33%), T2 (11.55%), T3
(18.75%), T4 (19.35%), and Ts (19.93%). These
percentages reflect how incremental increases in
irrigation correlate with improved yields.

Notably, treatments Ts, Ts, and Ts did not show
significant ~ differences among themselves,
suggesting a plant effect where further increases in
irrigation beyond a certain point do not lead to
proportional gains in yield. The results align with
previous studies conducted by Wang et al., 2019,
and Mohammed and Kadhem, 2017, which also
reported similar trends regarding the positive
impact of adequate irrigation on wheat yields.

The highest yield of 4751.46 kg ha™* was obtained
in Te under full irrigation conditions, while the
lowest yield of 2101.87 kg ha™® occurred in T;
under deficit irrigation regimes (Table 3).

3.4 Effect of irrigation water level on water use
efficiency

Water use efficiency (WUE) is a critical metric in
agricultural practices, particularly in the context of
irrigation management. It quantifies the amount of
crop yield produced per unit of water used, which
is essential for optimizing water resources in
agriculture. The findings presented indicate that
irrigation levels significantly influence WUE, with
statistical significance noted at p < 0.05.

The study highlights that different irrigation
treatments were applied, specifically focusing on
50%, 60%, 70%, 80%, 90% ETc and 100% ETc.
The results showed that the highest WUE was
achieved with the 50% ETc treatment, yielding an
impressive 12.61 kg ha™® mm™. In contrast, the full
irrigation treatment at 100% ETc resulted in a
lower WUE of 8.9 kg ha’ mm™ (Table 4). The
findings align with previous studies conducted on
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Table 5: Effects water application levels water use efficiency of wheat for each treatments

R Water used WUE Saved water Additional GY
Water/L (ETc %) GY(Kg hal) (mm) (Kg hat mm™) (mm) (Kg ha')
T1 (50 % ETc) 2101.87¢ 562.6 12.612 294.1 2208.5
T, (60 % ETc) 2603.67¢ 506.34 11.92% 229.7 1737.04
T3 (70 % ETc) 4226.25° 450.1 11.47° 172.3 1812.75
T4 (80 % ETc) 4361.71° 393.82 11.11° 114.9 1091.62
T5 (90 % ETc) 4491 .40% 337.56 10.02%¢ 57.5 500.01
Te (100 % ETc) 4751.46° 281.3 8.9¢ 0 0
LSD (0.05) 427.32 1.55 123.5
CV (%) 7.58 15.9 8.15

wheat by Pradhan et al., 2014, which similarly
demonstrated that reductions in irrigation levels
positively impacted WUE for irrigated wheat
crops.

Deficit irrigation is a strategy where water is
applied at levels below full crop water
requirements. The goal is to optimize water use
while still achieving acceptable yields. In this
case, applying 70% ETc allows farmers to
conserve water while still maintaining reasonable
crop productivity. The statement indicates that by
utilizing saved water from these strategies,
farmers could increase their water productivity by
approximately 42.89%. This significant increase
suggests that farmers can achieve more with less
water, which is crucial in regions facing water
scarcity. The potential yield increase mentioned is
up to 1812.75 kg ha* when using the optimal
irrigation level of 70% ETec. This figure highlights
not only the effectiveness of the irrigation strategy
but also its economic viability for farmers, as
higher vyields typically translates into higher
profits (Table 5). The study by Kidane et al., 2023
corroborates these findings by reporting a similar
level of water use efficiency (1.4 kg m™) under
comparable conditions and agroecology. This
consistency across different studies strengthens

the validity of the results regarding optimal
irrigation practices.

4. Conclusion

Different water application levels had significant
effect on grain yield, yield related and WUE of
bread wheat “ETW9578” variety. Interestingly,
while higher irrigation levels improved grain
yield, they also resulted in reduced water use
efficiency. The highest observed WUE was at the
50% ETc irrigation level, which recorded a value
of 12.61 kg ha™ mm™. This indicates that at this
level of irrigation, the plants were able to produce
more grain relative to the amount of water
consumed compared to other irrigation levels.

The findings also revealed that reducing irrigation
from 100% ETc to 70% ETc did not significantly
decrease vyield; rather, it allowed for substantial
water savings without compromising productivity.
Therefore, it can be concluded that a 70% ETc
irrigation level strikes an optimal balance between
maintaining acceptable yields while conserving
water resources.

Based on these findings, it is recommended that
farmers within the Qadalle irrigation scheme
adopt a 70% ETc irrigation strategy. This
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approach not only enhances production but also
promotes sustainable agricultural practices by
conserving valuable water resources.
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