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  Abstract 
Knowing the appropriate time of irrigation and the amount of water applied to the 
crop is essential to increase yield and water productivity. This study was conducted 
to evaluate the response of green cob maize crop to irrigation regime (when and 
how much) and to identify water productivity of green cob maize under optimal 
irrigation regime. Field experiments were conducted in two (2022 and 2023) con-
secutive years of the irrigation season. The experiment was carried out in RCBD 
with three replications, randomly assigned to the experimental plots with treat-
ments. Five available soil moisture depletion levels (60% ASMDL, 80% ASMDL, 
100% ASMDL (FAO-recommended ASMDL), 120% ASMDL, and 140% 
ASMDL) were used as treatments. The overall results obtained over two years 
showed that different levels of soil moisture available had a significant effect (P< 
0.05) on ear length, green cob maize yield, and water productivity. However, dif-
ferent soil moisture depletion levels showed no significant difference in plant 
height and in the number of ears per plant. The highest ear length (38.42 cm), green 
cob maize yield (19.98 t ha-1), and water use efficiency (8.10 kg/m3) were recorded 
at 60% ASMDL. On the other hand, the minimum ear length, green cob yield, and 
water use efficiency were recorded at 140% ASMDL. Hence, based on the findings 
of the current experiment, it is recommended that 60% ASMDL be used every four 
days for irrigation application under a conventional furrow irrigation system for 
green cob maize to be grown in the study area and similar agro-ecology with sim-
ilar soil types be used as the best option to increase yield and water use efficiency. 

Keywords 
Alternate furrow irrigation; deficit levels; yield; water use efficiency 

 
1. Introduction 

Water is vital for crop production, and the best use of the available water must be made for efficient crop production 
and high yields. This requires a proper understanding of the effect of rainfall and irrigation on crop growth and yield 
under different growing conditions [1]. Irrigation can be defined as the replenishment of soil water storage in the 
plant root zone through methods other than natural precipitation. Irrigated agriculture is the main user of the avail-
able water resources. About 70% of the total water withdrawals and 60-80% of total consumptive water use are 
consumed in irrigation [2]. The problem of irrigation consists of when to irrigate and how much to irrigate. The 
irrigated area should be increased by more than 20%, and the irrigated crop yield should be increased by 40% in 
2025 to secure food for 8 billion people [3]. Consequently, water resources should be used with higher efficiency 
or productivity. To achieve this goal, improvement in agricultural water productivity is highly energy-intensive. 
Many investigations have been conducted to gain experience in irrigation of crops to maximize performance, 
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efficiency, and profitability, and research on water-saving irrigation is still ongoing [4]. There is scarce information 
regarding appropriate management of irrigation water and crop management practices for the rapidly expanding 
small-scale irrigation farms in the country.  

Irrigation scheduling is the practice of using some method to decide when to start an irrigation system and how 
much water to apply. The application of an appropriate irrigation schedule could lead to increased yields and income, 
water savings, reduced environmental impacts, and improved sustainability of irrigated agriculture [5]. Irrigation 
scheduling is an important irrigation management issue for maximizing production efficiency. It involves determin-
ing the proper amount and timing of water applications throughout the growing season. 

In the study area, production of maize using both rainfall and irrigation is practiced. However, the largest pro-
duction of maize is not supported by improved water management practices. To obtain high yield, the amount of 
water that is applied to the root zone of the crop and the time of application are essential. But the optimal irrigation 
scheduling of maize was not known before in this study area. Hence, the objectives of this study were to determine 
the effect of irrigation regime (when and how much) on yield and to determine the water productivity of green cob 
maize under an optimal irrigation regime in the study area. 

2. Materials and Methods 

2.1 Description of the Study Area 

The study was conducted for two (2022 to 2023) consecutive years during the irrigation season in the Abaya district 
of West Guji Zone, Oromia Regional State, Ethiopia. The district is located at a distance of 110 km from Bule Hora, 
the zonal capital city, and 385 km from Finfinne in south west side. Geographically, it lies between 6°10'0" and 
6°40'0" N latitudes and 37°50'0" and 38°20'0" E longitudes, with an average elevation of 1577 m a.s.l. The area is 
characterized by a bi-modal rainfall pattern with a mean annual rainfall of 1804 mm, with maximum rainfall on 
month of April, May, September, and October (Table 1). The climate of the study area is characterized by maximum 
and minimum air temperatures of 24.7°C and 10.3°C, respectively (Table 1).  

The soil textural class of the area is clay loam with sand, silt, and clay in proportions of 44%, 31%, and 25%, 
respectively [6]. Major crop cultivation includes midland maize, common bean, onion, wheat, hot pepper, head 
cabbage, beetroot, carrot, and tomato. Farmers grow crops twice a year, once during the dry season (December to 
March) through irrigation using the Dorso River that flows close to the area, and regularly during the summer season 
(April to June) using rainfall. 

 

 
Figure 1. Location map of the study area (Source: MoWE). 

2.1.1 Climate Data 
The average climatic data (maximum and minimum temperature, relative humidity, wind speed, sunshine hours, 
and precipitation) of the study area were obtained from the nearest Dilla meteorological station. The potential evap-
otranspiration (ETo) was estimated using CROPWAT software version 8.0. According to long term climate data, 
the climate is characterized by mild temperatures throughout the year, with average minimum and maximum 
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temperatures of 10.3°C and 24.7°C, respectively. The area receives high annual rainfall (1,804 mm), concentrated 
mainly between March and November, while December to February constitute the dry season. Average relative 
humidity is 71%, wind speed is generally low (1.4 m/s), and sunshine averages 7.0 hours per day. The mean refer-
ence evapotranspiration (ETo) is 3.76 mm/day, indicating moderate atmospheric water demand. Overall, the cli-
matic conditions are favorable for crop production, although irrigation is required during the dry season. 

Table 1. Long-term climatic data of the study area 

Month Min Temp (°C) Max Temp 
(°C) 

Humidity 
(%) 

Wind 
(m/s) Sun hours ETo 

(mm/day) 
Rainfall 

(mm) 
January 7.3 26.6 62 1.5 8.4 4.07 29 

February 9.8 26.3 60 1.5 8 4.25 42 

March 10.9 26.9 65 1.7 7.3 4.38 123 

April 11.3 25.2 75 1.5 7.4 4.05 293 

May 11.2 24.1 77 1.5 7.2 3.75 296 

June 11.8 23.6 80 1.8 6.7 3.51 136 

July 11.8 23.3 80 1.4 4.7 3.1 101 

August 11.9 23.3 77 1.4 5 3.3 124 

September 11.3 23.4 81 1 6 3.43 243 

October 11.4 23.1 71 0.9 7.1 3.61 301 

November 8.9 24.7 70 1.1 8.5 3.78 103 

December 6.3 26.1 58 1.3 8.2 3.88 13 

Average 10.3 24.7 71 1.4 7 3.76 1804 

 
The comparison between the long-term climate records and the study period indicates that the monthly average 

temperatures during the study period closely followed the long-term trend, with only minor deviations (generally 
less than 1°C). Although rainfall showed greater monthly variability, the overall seasonal distribution was consistent 
with the long-term climate, with a distinct rainy season and dry season. These results suggest that the study period 
was representative of the area’s normal climatic conditions, making it suitable for agricultural and hydrological 
assessments, while the observed rainfall variations reflect normal year-to-year climatic fluctuations. 

 
Figure 2. Study period rainfall and average temperature at Abaya, Ethiopia. 
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2.2 Experimental Design and Treatment Combinations 

The experiment was conducted as a single-factor experiment using a randomized complete block design (RCBD) 
with three replications. The experiment included five levels of soil moisture depletion depending on the FAO soil 
moisture depletion level. The five levels of ASMDL were (60% ASMDL, 80% ASMDL, 100% ASMDL (FAO 
recommended ASMDL), 120% ASMDL, and 140% ASMDL) (Table 2). The recommended allowable soil moisture 
depletion level for the maize crop was 55 % (FAO Irrigation and Drainage Paper 56), and the other treatments’ 
allowable soil moisture depletion levels were calculated based on this value. The treatments were assigned randomly 
to the experimental plots (Figure 3). 

Table 2. Treatment setting for field experiment 

Treatment Description 

ASMD1 60% ASMDL 

ASMD2 80% ASMDL 

ASMD3 100% ASMDL*(Control) 

ASMD4 120% ASMDL 

ASMD5 140% ASMDL 
Note. *ASMD is the available soil moisture depletion level according to FAO (33) 
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Figure 3. Layout of Experimental plots. 

Note: R1, R2, and R3 denote Replications 1, 2, and 3, respectively; P = plot; and T = treatment. 

2.3 Maize Agronomy 

The maize (Zea mays L.) BH- 546 variety was used as the test crop on an experimental plot size of 4.5 m wide and 
5.1 m long. The distances between plots and between replications were 1m and 1.5m, respectively. A row spacing 
of 0.75m and plant spacing of 0.3m was used. Maize was fertilized with 121kg ha-1 NPS (19% N, 38% P₂O₅, and 
7% S), calculated from the blanket recommended rate of DAP, at planting, and 100kg ha-1 Urea was applied half 
during planting, and the rest after the maize plant reached knee height. Karate insecticide was applied at the manu-
facturer’s recommended dosage and application schedule for effective control of chewing and sucking insect pests. 
Hand weeding was carried out as required throughout the growing season to maintain weed-free plots and minimize 
competition for moisture, nutrients, light, and space. 

2.4 Soil Moisture Determination 

Soil moisture content was determined gravimetrically by oven-drying soil samples at 105°C for 24 h. Soil samples 
were collected before each irrigation from the effective root zone of the crop. Then, gravimetric water content was 
converted to volumetric water content by multiplying by the soil bulk density and root depth of the crop to get 
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available field/current moisture at the time of irrigation using the following equation. Bulk density was estimated 
from measured soil texture using the soil-plant-air-water (SPAW) model  

𝜃𝜃𝑑𝑑𝑑𝑑 = 𝑤𝑤𝑤𝑤𝑤𝑤−𝑤𝑤𝑑𝑑𝑑𝑑
𝑤𝑤𝑑𝑑𝑑𝑑

  × 100                                 (1) 

Where: Wws = weight of wet soil (g), θdw = water content expressed on weight basis in (%) and Wds = weight 
of dry soil (g) 

2.5 Determination of Irrigation Requirement and Irrigation Scheduling  

2.5.1 Determination of Crop Water Requirement 
There were no well-established weather stations in Abaya district of West Guji Zone. For that reason, CLIMWAT 
was used to generate the required climatic data. CLIMWAT is a climatic database to be used in combination with 
the computer program CROPWAT and provides long-term monthly mean values of seven climatic parameters, 
namely daily maximum and minimum temperatures, relative humidity, wind speed, sunshine hours, solar radiation, 
monthly effective rainfall, and reference evapotranspiration calculated with the Penman-Monteith method [16]. Lat-
itude, longitude, and altitude were directly measured at the sites using Geographic Positioning System (GPS) and 
used to access meteorological parameters from CLIMWAT. The minimum and maximum temperatures, relative 
humidity, wind speed, sunshine hours, and solar radiation of each individual experimental site were used to calculate 
reference evapotranspiration (ETo). Reference Evapotranspiration (ETo) was estimated by the CROPWAT software 
version 8.0 using the FAO Penman-Monteith approach [2]. 

The crop coefficient was collected from FAO Irrigation and Drainage Paper 56 for maize, given by [2], as 0.3 for 
the initial stage, 0.3<Kc<1.05 for the crop developmental stage, 1.05 for the mid-season stage, and 0.95 kc for the 
late season stage. For seasonal crop water requirements, ETc was estimated by multiplying the long-term ETo value 
by the established Kc value (Eq. 2). 

𝐸𝐸𝐸𝐸𝐶𝐶 =  𝐸𝐸𝐸𝐸𝑜𝑜 ∗ 𝐾𝐾𝑐𝑐                                  (2) 
Where: ETc = Crop evapotranspiration (mm/day), Kc = crop coefficient, and ETo = reference crop evapotranspi-

ration (mm/day).  

2.5.2 Irrigation Scheduling 
The total available water (TAW), stored in a unit volume of soil, was estimated by taking the difference between 
the water content at field capacity (FC) and at the permanent wilting point (PWP) using [2] (Eq. 3). 

𝑇𝑇𝑇𝑇𝑇𝑇 = (𝐹𝐹𝐹𝐹−𝑃𝑃𝑃𝑃𝑃𝑃)
100

∗ 𝐵𝐵𝐵𝐵 ∗ 𝐷𝐷𝐷𝐷                               (3) 

Where: TAW=Total available Water (%), FC and PWP in % on weight basis, BD= Bulk density of the soil (gm 
cm-3) and DZ= maximum effective root zone depth (mm) 

Readily Available Water (RAW) is the amount of water that crops can extract from the root zone without expe-
riencing any water stress. The RAW was computed from the expression in (Eq. 4) 

𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑇𝑇𝑇𝑇𝑇𝑇 ∗ 𝑝𝑝                                  (4) 
Where: RAW is the readily available water or net irrigation depth, IRn (mm), p is the allowable permissible soil 

moisture depletion fraction, and TAW is the total available water in the root depth (mm). 
Whenever there is rainfall between irrigations, IRn is calculated based on [2] as follows:  

𝐼𝐼𝐼𝐼𝑛𝑛 =  𝐸𝐸𝐸𝐸𝑐𝑐 − 𝑃𝑃𝑒𝑒                                   (5) 
Where: IRn =Net irrigation requirement (mm), ETc = crop evapotranspiration (mm), and Pe = effective rainfall 

(mm), which is the part of the rainfall that enters into the soil and is made available for crop production. The effective 
rainfall (Pe) was estimated using the method given by [2] as. 

𝑃𝑃𝑒𝑒  = 0.6𝑅𝑅𝑅𝑅 − 10 3⁄  𝑓𝑓𝑓𝑓𝑓𝑓 𝑅𝑅𝑅𝑅 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚ℎ ≤ 70 𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜                        
𝑃𝑃𝑒𝑒  = 0.8𝑅𝑅𝑅𝑅 − 24 3⁄ 𝑓𝑓𝑓𝑓𝑓𝑓 𝑅𝑅𝑅𝑅 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚ℎ > 70 𝑚𝑚𝑚𝑚                     (6) 

Where: Pe (mm) = effective rainfall and P (mm) = actual monthly rainfall. The gross irrigation requirements 
account for losses of water incurred during conveyance and application to the field. This is expressed in terms of 
efficiencies when calculating project gross irrigation requirements from net irrigation requirements. Daily gross 
irrigation was estimated using the following equation [2]:  
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𝐼𝐼𝐼𝐼𝐼𝐼 =  𝐸𝐸𝐸𝐸𝑐𝑐
𝐸𝐸𝑎𝑎

                                       (7) 

Where: IRg= gross irrigation requirement (mm), ETc = crop evapotranspiration (mm/day)/net irrigation water 
requirement, and Ea= irrigation efficiency 

Irrigation interval, f, was estimated using the following (Eq. 8). 

𝑓𝑓 = 𝐼𝐼𝐼𝐼𝐼𝐼
𝐸𝐸𝐸𝐸𝑐𝑐

                                       (8) 

Where: f is the irrigation interval (days), IRn =Net irrigation requirement (mm), and ETc is the mean daily crop 
water requirement (mm day-1) 

2.6 Irrigation Water Application 

The conventional furrow irrigation method was used to convey and apply irrigation water to the experimental plots. 
The gross irrigation application was estimated by using an average application efficiency of 60% for furrow irriga-
tion according to [2]. The irrigation water applied to each experimental plot was measured using a standard (3-inch) 
Parshall flume installed 10 m away from the first plot of the first block. Calculated gross irrigation was finally 
applied to each experimental plot based on the treatment proportion. The volume of water applied for every treat-
ment was determined from plot area and depth of gross irrigation requirement. The time required to irrigate each 
treatment was calculated from the ratio of the volume of applied water to the discharge-head relation of the 3-inch 
Parshall flume. The time required to deliver the desired depth of water into each furrow was calculated using the 
equation below. 

𝑇𝑇 =  𝐴𝐴∗𝑑𝑑
6∗𝑞𝑞

                                         (9) 

Where: T = application time (min), A = area to be irrigated (m2), d= gross irrigation depth of water to be applied 
(cm), q = flow rate of Discharge (l/s) 

2.7 Water Productivity 

Water productivity was estimated as a ratio of green cob yield of maize to total water consumption through the 
growing season, and it was calculated using the following equation [5]. 

𝑊𝑊𝑊𝑊𝑊𝑊 =
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑐𝑐𝑐𝑐𝑐𝑐 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦� 𝑘𝑘𝑘𝑘ℎ𝑎𝑎�

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐� 𝑚𝑚
3

ℎ𝑎𝑎�
                        (10) 

2.8 Data Collection 

The data collection was conducted on the four middle rows, leaving two outer rows in order to avoid border effects. 
Five plants were taken randomly from the four middle rows of each experimental plot for recording observations 
on growth and yield parameters. The parameters include: Plant height (cm), Number of ears per plant, ear length 
(cm), and green cob yield (t/ha).  

I) Plant height: Plant height (cm) was computed for five randomly selected plants using a measuring tape from 
the ground level up to the tip of the leaf in the experimental plot at physiological maturity. 

II) Number of ears per plant: It was once acquired by counting the whole number of ears in each plot and 
dividing by the total number of plant stands harvested. 

III) Ear length: It was measured for twelve randomly chosen ears from the base to the tip of the ear at maturity. 
IV) Green cob yield (t/ha): Green cob yield per plot was recorded using a sensitive balance and converted to a 

quintal per hectare basis. 

2.9 Data Analysis 

Data were analyzed using Genstat software, 18th edition, following the standard procedures applicable for RCBD 
using (equation 11). When the treatment effects were found to be significant, mean separation was done using LSD 
to compare the statistical differences among treatment means at the 5% probability level.  

Yij=μ+Ti+Bj+εij                                  (11) 
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Where Yij is the observed response, μ is the overall mean, Ti is the treatment effect, Bj is the block effect, and 
εij is the random error. 

3. Results and Discussion 

3.1 Selected Soil Physical Properties 

To characterize the soils of the study site, selected physical and chemical properties were analysed. According to 
the USDA soil textural classification, particle size analysis showed that the experimental soil had an overall clay 
loam textural class (Table 3). Bulk density varied only slightly with soil depth, ranging from 1.36 g cm⁻³ in the 
surface layer to 1.40 g cm⁻³ in the subsurface layer, with an average of 1.40 g cm⁻³. This value is below the critical 
bulk density threshold of 1.45 g cm⁻³, indicating favorable conditions for crop root growth [12]. Field capacity and 
permanent wilting point increased with soil depth due to the higher clay content, resulting in greater water retention 
in the deeper soil layers. The total available water (TAW) within the 0–90 cm root zone was 109.79 mm, indicating 
a good capacity to store plant-available water and suggesting that the soil has favorable moisture-holding charac-
teristics for sustainable crop production under proper irrigation management. 

Table 3. Analysis of selected soil physical properties 

Soil depth (cm) FC 
(%) 

PWP 
(%) BD (g/cm3) 

Textural status (%) Textural 
Class 

TAW 
(mm) Sand Silt Clay 

0-30 30.4 20.8 1.36 34.0 35.0 31.0 Clay loam 40.32 

30-60 32.4 24.7 1.40 24.0 37.0 39.0 Clay loam 32.34 

60-90 36.1 27.0 1.40 16.0 9.0 75.0 Clay 37.13 

Total available water in 90 cm 33.0 24.2 1.4 24.7 27.0 33.3 Clay loam 109.79 
Notes. Where: BD: bulk density, FC: field capacity, PWP: permanent wilting point, TAW: total available water 

3.2 Selected Soil Chemical Properties 

The average pH value of the experimental site was revealed to be in the slightly acidic range, with an average value 
of 6.07 at 1:2.5 soil-to-water (Table 4). The mean organic carbon (OC) and organic matter (OM) contents were 
1.74% and 3.007%, respectively, across the 0-90 cm soil profile over a 90 cm depth of soil, which indicates a high 
soil fertility level (OC > 1%) and is suitable for vegetable production [3]. The average electrical conductivity (ECe) 
of the experimental soil is 0.137 ds/m which is below the threshold value for yield reduction, i.e., 1.2 dS/m [18]. 
Generally, according to USDA soil classification, a soil with electrical conductivity of less than 2.0 dS/m at 25°C 
and pH less than 8.5 is classified as normal [7]. Accordingly, the soils in the study area can be classified as normal 
soils. 

Table 4. Analysis of selected soil chemical properties 

Soil Depth (cm) pH (H2O) EC (dS/m) %OC %OM 

0-30 6.20 0.25 2.57 4.44 

30-60 6.00 0.09 1.64 2.83 

60-90 6.00 0.08 1.02 1.75 

Average 6.07 0.14 1.74 3.01 
Notes. Where: EC: Electrical conductivity, OC: Organic carbon, OM: Organic matter 

3.3 Crop Water Requirement and Irrigation Interval 

The analysis of monthly reference evapotranspiration (ETo) calculated from climate data showed that the maximum 
reference evapotranspiration (ETo) of 4.32 mmday-1 was occur during mid-stage which in February and March, and 
the minimum ETo occurred from December to January during the initial growth stage. The seasonal crop water 
requirement was 23.8 mm for the initial stage, 92.5 mm, 199.1 mm, and 126.8 mm for the development, mid, and 
late stages, with a total of 442.2 mm water requirement throughout the cropping season of green cob maize. The 
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highest crop water requirement was observed during the mid-stage, which corresponds to maximum reference evap-
otranspiration (Table 5). This is in line with a former report [11] that reported the highest crop water requirement 
of wheat during the mid-stage. 

The maximum (301.2 mm) total net irrigation application was recorded under the treatment of 140% allowable 
soil moisture depletion level (ASMDL). The minimum (246.6 mm) total net irrigation application was under the 
treatment of 60% allowable soil moisture depletion level (ASMDL) (Table 6). Similarly, the gross irrigation water 
applied at the 140% allowable soil moisture depletion level (ASMDL) was maximum (501.8 mm) which is followed 
by 120% ASMDL (438.8 mm), and the minimum (410.8 mm) gross water was applied at the 60% ASMDL treatment 
of the experiment (Table 6). This result was in line with [19], which reported that the maximum net irrigation 
application was under the treatment of 140% ASMDL and followed by 120% ASMDL. 

The average irrigation interval was 4, 5, 6, 7, and 8 days for irrigation treatments of 60% ASMDL, 80% ASMDL, 
100% ASMDL, 120% ASMDL, and 140% ASMDL, respectively (Table 6). The irrigation application events or 
intervals were shortest for 60% ASMDL, but the longest interval was for 140% ASMDL of the maize crop. The 
results revealed a decreasing trend in green-cob maize yield with increasing irrigation intervals. The fourth day’s 
irrigation interval showed higher green cob maize yield compared to the other irrigation intervals. On the other hand, 
an irrigation interval of 9 days gave the lowest green cob maize yield. The same concept was reported by [14], 
which was described as follows: as available water increased, yield increased, and when available water was in 
excess, yield decreased. Similar findings have been reported by [19] for the garlic crop. 

Table 5. Determination of crop water requirement (ETc) for maize 

Growth stage Growing Period ETo 
(mm/day) Kc ETc (mm/day) Effective rain (mm/sea-

son) Stage CWR 

Initial 20 3.98 0.30 
 

1.19 
 0.0 23.8 

Development 35 4.16 0.72 
 

2.99 
 0.0 92.5 

Mid 40 4.32 1.22 
 

5.27 
 13.1 199.1 

Late 30 4.21 0.78 
 

3.28 
 83.6 126.8 

Total 96.7 442.2 

Table 6. Irrigation interval of maize under different optimum rates 

Treatments 

Initial Stage Development 
stage Mid stage Late stage  Total 

gross Ir-
rigation 
(mm) 

 

Average 
Interval 
(days) 

NIR 
depth 
(mm) 

Inter-
val 

(days) 

NIR 
depth 
(mm) 

Inter-
val 

(days) 

NIR 
depth 
(mm) 

Inter-
val 

(days) 

NIR 
depth 
(mm) 

Inter-
val 

(days) 

Total 
net Irri-
gation 
(mm) 

 
60% of ASMDL 4.7 4 10.23 3 15.66 3 14.9 5 246.6 410.8 4 

80% of ASMDL 5.6 5 12.89 4 15.66 3 20.2 6 253.1 421.7 5 

100% of ASMDL 8.0 7 15.44 5 20.83 4 20.1 6 263.2 438.8 6 

120% of ASMDL 10.4 9 19.93 7 24.84 5 25.2 8 248.6 414.4 7 

140% of ASMDL 11.6 10 22.73 8 27.66 5 29.0 9 301.2 501.8 8 

3.4 Effects of Applying Different Soil Moisture Depletion Levels on Yield and Yield Components 

The combined ANOVA analysis shown in Table 7 indicated that soil moisture depletion treatments significantly 
affected ear length, green cob yield, and water productivity, indicating that water availability had an important 
influence on maize productivity. However, treatments did not significantly affect plant height and number of ears 
per plant, suggesting that these traits were less sensitive to moisture variation. The effect of year was significant for 
ear length and green cob yield, showing that seasonal climatic conditions influenced maize performance. The year 
with treatment interaction was significant for ear length and water productivity, indicating that the response to soil 
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moisture levels varied between seasons. Replication effects were generally non-significant across the measured 
traits, suggesting relatively consistent experimental conditions among blocks. 

Table 7. Combined analysis of variance (ANOVA) showing mean square values for yield components, green cob maize yield, 
and water productivity under different soil moisture depletion levels over two years 

Source of variation Degree of 
freedom 

Mean squares 
Plant Height 

(cm) 
Number of 

ears per plant 
Ear Length 

(cm) 
Green Cob maize 

Yield (t/ha) 
Water produc-
tivity (kg/m3) 

Year (Y) 1 187.6ns 0.04422 ns 255.442** 4.9012** 0.73002 

Replication (R) 2 130.8ns 0.00000 8.894 0.2586 0.03624** 

Treatment (T) 4 912.9ns 0.02228 ns 55.247** 4.5201** 3.90681** 

Y * T 4 488.3ns 0.05528 ns 27.904* 1.0182 0.16317* 

Error 18 666.7 0.04422 8.283 0.3821 0.05491 

Total 29      
Notes. ns, * and **: Non-significant, significant at 5 and 1% levels of probability, respectively. 

3.4.1 Plant Height 
Soil moisture depletion levels did not significantly affect plant height in either season or in the combined analysis. 
In the first season, plant height ranged from 223.3 cm (ASMD5) to 254.2 cm (ASMD2), while in the second season 
it ranged from 219.9 cm (ASMD3) to 261.7 cm (ASMD1). The combined analysis showed that the maximum 
(255.6cm) plant height was obtained from the treatment that received 60% of ASMDL, and the minimum (223.3cm) 
was from 140% of ASMDL (Table 8). 

3.4.2 Number of Ears Per Plant 
The number of ears per plant was not significantly influenced by soil moisture depletion levels across both seasons 
and the combined analysis (Tables 8 and 9). Values ranged from 1.00 to 1.33 ears plant⁻¹ in the first season and 1.00 
to 1.11 ears plant⁻¹ in the second season. This indicates that ear formation was relatively stable under different soil 
moisture conditions. This may be attributed to water stress caused by soil drying beyond 60%, which can impair 
photosynthesis and reduce water availability to the crop [13]. 

3.4.3 Ear Length 
Ear length was significantly affected by soil moisture depletion in the first season and in the combined analysis, 
while the effect was not significant in the second season. During 2022, the longest ears were obtained from ASMD1 
(44.85 cm), followed by ASMD3 (39.44 cm), whereas the shortest ears were recorded under ASMD4 (32.10 cm) 
(Table 8). In the combined analysis, ASMD1 produced the longest ears (38.42 cm), while ASMD4 recorded the 
shortest ear length (31.44 cm) (Table 9 and Figure 4). This indicates that higher soil moisture availability favored 
better cob elongation. This finding is also in line with [15], which recommended a 60% depletion level for the 
production of grass species. 

Table 8. Yearly effects of soil moisture depletion level on yield components, green cob maize yield and water productivity  

First season analysis (2022) 

Treatment PH (cm) NEPP EL 
(cm) GCY (t/ha) WP (kg/m3) 

ASMD1 248.6 1.33 44.85a 19.11a 7.75a 
ASMD2 254.2 1.00 38.88b 19.31a 7.63a 
ASMD3 241.3 1.00 39.44ab 18.03b 6.85b 
ASMD4 228.3 1.00 32.10c 17.68b 7.11b 
ASMD5 223.3 1.00 33.89bc 17.49b 5.80c 
LSD0.05 NS NS ** ** ** 
CV (%) 10.5 24.2 8.0 2.5 2.6 
Mean 239.2 1.07 37.83 18.32 7.0 
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Table 8 Continued 

Second season analysis (2023) 

Treatment PH (cm) NEPP EL (cm) GCY (t/ha) WP (kg/m3) 

ASMD1 261.7 1.00 32.00 20.84a 8.45a 

ASMD2 227.9 1.11 33.11 18.88b 7.46b 

ASMD3 219.9 1.00 33.88 19.40ab 7.37b 

ASMD4 237.0 1.11 30.77 18.42b 7.41b 

ASMD5 223.3 1.11 30.22 18.11b 6.01c 

LSD0.05 NS NS NS * ** 

CV (%) 12.1 13.8 9.60 4.0 3.9 

Mean 234.2 1.07 32.00 19.3 7.34 

Table 9. Combined analysis of the effects of soil moisture depletion level on yield components, green cob maize yield, and wa-
ter productivity 

Over-year analysis (2022 &2023) 

Treatment PH (cm) NEPP EL (cm) GCMY (t/ha) WP (kg/m3) 

ASMD1 255.60 1.17 38.42a 19.98a 8.10a 

ASMD2 241.10 1.06 35.99ab 19.10ab 7.55b 

ASMD3 230.60 1.00 36.66ab 18.2bc 7.11c 

ASMD4 232.70 1.06 31.44b 18.05c 7.26bc 

ASMD5 223.30 1.06 32.05b 17.80c 5.91d 

LSD0.05 NS NS * ** ** 

CV (%) 10.50 19.70 13.60 4.40 4.50 

Mean 236.65 1.07 34.91 18.73 7.19 
Notes. PH-plant height, NEPP-number of ears per plant, EL-ear length, GCMY-green cob maize yield, WP- water productivity, Qt- quintal, LSD = 
least significant difference, NS = non-significant, * = significant at p = 0.05, ** = significant at p = 0.01, and CV (%) = Coefficient of variation. Means 
followed by the same letters in a column are not significantly different from each other at a 5% probability level. 
 

 
 

Figure 4. Effect of soil moisture depletion level on ear length. 
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3.4.4 Green Cob Maize Yield 
Green cob yield was significantly affected by soil moisture depletion levels in both seasons and the combined anal-
ysis. In the first season, the highest yield was recorded under ASMD2 (19.31 t ha⁻¹) followed by ASMD1 (19.11 t 
ha⁻¹), while the lowest was under ASMD5 (17.49 t ha⁻¹). In the second season, ASMD1 produced the highest yield 
(20.84 t ha⁻¹), whereas ASMD5 had the lowest (18.11 t ha⁻¹) (Table 8). The combined analysis confirmed that the 
maximum (19.98 t ha-1) green cob yield was obtained under 60% ASMDL treatment. However, the highest green 
cob yield obtained at 60% ASMDL treatment was statistically similar to the green cob yield obtained when 80% 
ASMDL was applied (Table 9 and Figure 5). The minimum (17.8 t ha-1) green cob yield was obtained when soil 
moisture depletion of 140% of ASMDL was applied. However, it was statistically similar to the 80%, 100%, and 
120% of ASMDL treatments. Generally, from this result, the yield of green cob maize increased as application 
water depth levels decreased with a short irrigation interval. This might be due to an increase in irrigation frequency 
with decreased irrigation depth. This finding is in line with the results reported by [8], which reported that maximum 
onion bulb yield and water use efficiency were obtained from 60% of available soil moisture depletion level. This 
was also in agreement with [11] findings, in which the highest wheat grain yield was obtained from 60% of available 
soil moisture depletion level. 
 

 
Figure 5. Effect of soil moisture depletion level on green cob maize yield. 

3.5 Water Productivity 

Water productivity was strongly influenced by soil moisture depletion levels in both years and in the combined 
analysis. The highest water productivity was recorded under ASMD1 in both seasons (7.75 kg m⁻³ in 2022 and 8.45 
kg m⁻³ in 2023) (Table 8). In the combined analysis also the highest (8.10 kg m-3) water productivity of green cob 
maize yield was also observed at the 60% ASMDL treatment, followed by the irrigation application of 80% ASMDL 
treatment with a value of 7.55 kg m-3 (Table 9). Dissimilar to this, the minimum (5.91 kg m-3) water productivity 
was recorded under the 140% ASMDL treatment (Table 9 and Figure 6). The study showed that irrigating maize at 
60% of ASMDL depletion from the soil improved water productivity by 13.9% compared with the 100% ASMDL 
(FAO-recommended ASMDL) depleted from the soil treatment. Improving water productivity is an increasing con-
cern through different irrigation practices to enhance yield of crop per irrigation water used.  

Different studies on different crops revealed that water productivity improved based on different irrigation prac-
tice like determining the optimum soil moisture depletion level. The results obtained from this experiment showed 
that irrigation application of 60% of ASMDL is better for green cob yield of maize and water productivity compared 
to FAO-recommended and the other treatments. Therefore, 60% of ASMDL is the best application in order to im-
prove water productivity of green cob maize production. This finding aligns with [20] who obtained similar results 
for water productivity and reported that the highest value was recorded under 60% of ASMDL. 
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Figure 6. Effect of soil moisture level on irrigation water productivity. 

4. Conclusions and Recommendations 

Improving water productivity is an increasing concern across different irrigation practices to enhance crop yield per 
unit of irrigation water applied. Hence, effective use of available water with appropriate irrigation scheduling has a 
significant implication on irrigated agriculture. Based on this, the experiment was conducted to determine the opti-
mal depletion level for green cob maize yield and water productivity. From the results obtained, there was a signif-
icant difference among treatments in green cob yield and water productivity. The maximum green-cob maize yield 
was obtained under the 60% ASMDL treatment. However, the highest green cob maize yield obtained at the 60% 
ASMDL treatment was statistically similar to the green cob maize yield obtained when 80% ASMDL was applied. 
On the other hand, the minimum green cob maize yield was obtained when soil moisture depletion 140% of ASMDL 
applied.  

The maximum water productivity of green cob maize yield was also observed at the 60% ASMDL treatment. The 
minimum water productivity was recorded when maize was irrigated with 140% ASMDL. The study showed that 
irrigating maize at 60% ASMDL depletion from the soil improved water productivity by 13.9% compared to the 
100% ASMDL (FAO-recommended ASMDL) depletion from the soil treatment. The results obtained from this 
experiment showed that irrigation application of 60% of ASMDL is better for green cob yield of maize and water 
productivity as compared to FAO recommended and the other treatments. Therefore, based on the findings of the 
current experiment, it is recommended to use 60% allowable soil moisture level with a four-day irrigation interval 
under conventional furrow irrigation system for green cob maize production at Abaya district and similar agro-
ecology with similar soil types. 
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