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A rapid growing of Ethiopian population and rising living standards are increasing the demands for agricultural
products especially on food crops. Under this higher pressure over the available water resources of the country are
increasing in irrigated agriculture. Higher agricultural productivity means inputs and water should be applied more
efficiently. Therefore, understanding water and nitrogen redistribution in the soil profile is important to improve
water and nitrogen use efficiency for sustainable agriculture. The aim of the study was to determine the optimal
irrigation scheduling and fertilizer rate for better water use efficiency under irrigated agriculture. The effects of
irrigation interval on maize yield and other crop properties were also assessed. The experiment was carried in the
randomized completed block design experimental design with a combination of five levels of irrigation treatments
and three levels of fertilizer rate with three replications of the treatments. The result revealed that the plot received
an optimal irrigation interval of 14 days in a combination of 25% more than the recommended fertilizer rate
(292.24kg/ha) had significantly higher effects on above-ground biomass (18.25 t /ha) and on grain yield (4.8 t/ha)
of irrigated maize in the study area. However, the maximum water use efficiency of 2.05 kg/m3was obtained at the
irrigation interval of 14 days, and the highest level of fertilizer rate. Hence, the use of 14 days of optimal irrigation
interval and 25% more fertilizer than the recommended rate is advisable because the grain yield and crop water
use efficiency had been improved in the study area. This optimization approaches will be worthwhilein farms with
low water availability and input management, high profitability, and high economic capacity,
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INTRODUCTION

The rapid population growth worldwide in general and in
developing countries in particular forces to increase food
production and expansion of agricultural lands. To feed the
entire nation, the enhancement of agricultural land alone will
not satisfy the food demand without intensification of modern
agricultural crop production techniques. However, for the
intensification of agriculture, one of the main limiting factorsis
the temporal and spatial variation of rainfall distribution and
amount of rainfall which supplies the moisture content of the
soil during the entire cropping season when irrigation is not
available. Nearly 40% of food and agricultural commodities are
produced through irrigated agriculture on about only 17% of
agricultural land (Moser, Feil, Jampatong, & Stamp, 2006). In
contrary to the water need for irrigation of agricultural land for
enhancing crop production, there is an increasing demand for
limited water resource for municipality, industries and for
natural resource rehabilitation. Ethiopia’s economic growth is
heavily dependent on the growth of the agricultural sector.
Degpite the importance of agriculture to the national economy
and the favorable resource, the agricultural capacity and
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technology are far from the attainment of self-sufficiency in
food production for rapidly increasing population and in
meeting raw materials for industry. The country could not able
to meet its large food-deficit through rain-fed farming. One of
the most important considerations in increasing and stabilizing
agricultural production is through irrigation development.
Considering this fact and the potential water sources of the
country, irrigation is of paramount importance to meet the
national goal of food security, poverty reduction through
increased agricultural production and productivity. Moreover,
small-scale irrigation practices have an advantage in that they
fit very well into resource poor farmers’ circumstances.
Increasing yields in both rain-fed and irrigated agriculture and
cropping intensity in irrigated areas through various methods
and technologies are therefore the most viable options for
achieving food security (Chen, Wang, & Yu, 2010). The
agriculture sector is facing increasing challenges in the face of
changing climate, rapid population growth, increasing salinity
accumulation, land degradation, decreasing availability of land,
and competition for scarce water resources (Dubois, 2011).
One of the most important considerations in increasing and
stabilizing agricultural production is through irrigation and
drainage devel opment, reclamation of degraded lands, and wise
use of water resources (Mintesinot, Verplancke, Van Ranst, &
Mitiku, 2004; Seckler, 1998).
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The development of irrigation and agricultural water
management holds significant potential to improve productivity
and reduce vulnerability to climactic volatility in any country
(Heydari, 2014). Although Ethiopia has abundant rainfall and
water resources, its agricultural system does not yet fully
benefit from the technologies of agriculturad water
management. Irrigation implies the application of suitable
water to cropsin sufficient amount at the suitable time (Molden
et al.,, 2010). Sdlient features of any improved method of
irrigation is the controlled application of the required amount
of water at desired time, which leads to minimization of range
of variation of the moisture content in the root zone , thus
reducing stress on the plants. Irrigation scheduling is the
process of determining when to irrigate and how much
irrigation water to apply (Ahmad, Wajid, Ahmad, Cheema, &
Judge, 2019; Filintas et al., 2007; Guo, Gao, Tang, Liu, & Chu,
2015). The depth of irrigation water which can be given during
one irrigation application is however limited. The maximum
depth which can be given has to be determined and may be
influenced by the soil type and the root zone depth. Thus, just
after planting or sowing, the crop needs smaler and more
frequent water applications than when it is fully developed.
Hence, there is limited information on the water use efficiency,
freqguency and amount of water in production of irrigated
maize. The objectives of this study is to evaluate the responses
of crops to frequency and amount of irrigation with optimal
rate of fertilizer application and also water use efficiency of
irrigated maize production on vertisol of Pawe district, Metekel
zone of Benishangul regional state.

MATERIALS AND METHODS

Experimental Site: The study was conducted in Pawe woreda
of Metekel zone of Benishangul Regional State, North-West of
Ethiopia. It is covering an area of 64,300.00 hectares. The
topography of Pawe woreda mainly (74%) represents plain and
having varying altitudes from 1000 - 1200 m as.l., latitude
11°10'00" t011°30'00"and longitude 36°20°00" to 36°31'00".
The mean annua rainfall of the area ranges from 1200-
1500mm.
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Figure 1. Location of the experimentation area

The areais fully characterized by Kolla (humid lowland) with
annual minimum and maximum the temperature of 32°C and
42°C respectively (Metekel Zone, Department of Agriculture).
The area contains many potential water resources, including
Abat Beles, Gilgel Beles, and their tributaries, which include
the following. Some of the potential irrigable water resources
identified or found in the Pawe specia district and its localities
include:

Abat Beles, Gilgel Beles, Chankur, Keteb, JigidaSilasse,
Wagisho, Gite, Burjiwounz, MambukWounz, Anzobuka,
Mugissa, Nur, GebeyaWounz, Bar,Chumbe, GeshoWounz, and
Galessa. Not only these, but there are others that could be
identified for their irrigation potentials.

Climatic Data: The daily mean maximum and minimum
temperatures are 32.6 and 16.4°C, respectively. The monthly
mean maximum temperature is between 34.9 °C during May
and 33.7°C during December. The mean annual rainfall the in
area was about 1570.4 mm and about 82 % of the rainfall
occurs from June to September. The summary of the climatic
variables as obtained from agro-meteorological observatory
during the last 32 yearsin givenin Table 1.

Reference evapotranspiration (ETo): The reference
evapotranspiration ETo was calculated by FAO Penman-
Monteith  method, using decision support software
CROPWATS8 developed by FAO, based on (Allen, Pereira,
Raes, & Smith, 1998) and adopted the Penman-Monteith
method as globa standard to estimate ETo from
meteorological data. The Penman-Monteith equation integrated
into the CROPWAT program is expressed by the following
equation.
guu

0.408 A (Rn — G) + Y7L 273 U2(es —ea)

ET, =
1 A +p(1+0.34u2)

Equation 1:

Where: ET, is reference evapotranspiration (mm day™), T, G
and Rn are daily mean temperature °C at 2 m height, soil heat
flux density (MJ m? day™) and net radiation value at crop
surface (MJ m? day™) respectively. Also, u2, ee, (es-ea), D
and ¢ represent wind speed at 2 m height (m s%), saturated
vapour pressure at the given temperature (kPa), actual vapour
pressure (kPa), saturation vapour pressure deficit (kPa), slope
of the saturation vapour pressure curve (Pa/°C) and
psychometric constant (kPa/°C), respectively (Allen et al.,
1998). According to (Djaman, Irmak, Rathje, Martin, &
Eisenhauer, 2013) being a significant part of the hydrological
cycle, the ETo will have its important impacts on ecosystem
models, water uses by agriculture, humidity/aridity conditions,
and runoff due to precipitation estimation. The ETo was
calculated using the FAO Penman-Monteith method which is
one of the most precise equations and the CROPWATS8 model
is based on this equation.

Soil data and characteristics: The soils of Pawe area are
broadly categorized as vertisols which account for 40-45% of
the area; Nitosols which account for about 25-30%; and
intermediate soils of a blackish brown color, which accounts
for 25-30%. The soil texture is mainly sandy clay loam. Asa
result the sandy types of the soil under the study areas
influences permeability (Brady, Weil, & Weil, 2008) and soil
moisture which was course textured having high permeability
and less soil moisture especially for Pawe woreda as indicated
under table 2 below. Therefore, it is recommended to use short
irrigation water application interval to satisfy the crop water
requirements for those selected major crops under the
experimental sites.

Crop data and characteristics: Crop data for Maize crop
characteristics used as input parameters are mainly length of
the growth cycle, crop factors, rooting depth, critical depilation
factor; the yield response factor for each growth stages
specified in table 1 below.
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Table 1. Summary of long term (1987 — 2018) climatic condition of Pawe
Month RF (mm) T (°C) RH (%) WS (m/s) SH (hrs.) ETo (mm/day)
Min Max
Jan 0.8 11.8 34.2 38.3 39.9 9.7 3.78
Feb 0.6 14.5 36.2 40.3 53.6 9.9 4.58
Mar 7.2 17.9 37.6 44.7 65.5 8.7 5.24
Apr 28.1 19.5 37.4 48.1 75.9 8.9 5.60
May 100.2 19.4 349 58.3 78.5 8.0 5.27
Jun 279.3 18.1 30.1 66.6 78.7 6.5 431
Jul 352.4 17.8 27.8 71.7 58.7 4.6 3.57
Aug 395.5 17.6 27.7 71.1 51.1 4.8 3.55
Sep 256 17.3 29.1 67.2 46.7 6.1 3.81
Oct 132.6 16.8 30.5 62.5 29.7 7.3 3.87
Nov 17.1 14.1 324 46.9 27.7 9.3 3.85
Dec 0.6 12.2 33.7 40.2 414 9.8 3.84
Mean 1570.4 16.4 32.6 54.7 53.9 7.7 4.27
| : —4—20% =f=50% = 80%
Months Actual Rain Mid vy
season (50%0) season 500
(20240) (80%0) 450 |
Rainfall Jun-Sept Oct-Jan  Jan-Apr. e
Jan. 0.8 12 0 ]
Feb. 0.6 11.1 0 0 e
Mar. 7.2 26.9 0 0 E soo |
Apr. 28.1 459 19.8 4.5 = 250 |
May 100.2 142 912 404 S 505, |
Jun. 279.3 351.1 272.5 206.7 £ '
Jul. 3524 4172 3546 2986 =
Aug. 395.5 4744 384 4 309.1 100 |
Sep. 256 #5215 248.8 205.3 50 |
Oct. 132.6 1974 125.4 79.7 % - -
Nov. 17.1 28 9.2 1.8 2 3 5 6 7 8 5 10 11 12
Df‘(‘. OG 2 0.7 0 Months
Sum 1570.4 1989.5 1506.6 1146.1
Figure 2. Probability of seasonal rain fall of Pawe
Table 2. Laboratory soil test report from DZARCof the study area
Depth of Profile Texture % pH, H20 | EC, 1:25 | BD FC PWP | AW (mm/m)
Sand (%) | Silt(%) | Clay (%) | Class | 1:25 mS/cm gem® | (%) (%)
0-15cm 22 10 68 C 6.93 0.20 1.28 45.61 | 27.66 | 229.01
15-30cm 14 18 68 C 6.53 0.13 112 36.80 | 25.11 | 131.09
30-60 cm 18 14 68 C 6.74 0.15 141 39.04 | 26.37 | 178.85
60-90 cm 24 12 64 C 6.88 0.12 1.39 39.90 | 26.94 | 179.63
90-120 cm 22 12 66 C 7.06 0.11 1.36 4418 | 27.39 | 228.29
Table 3. Kc values, critical depletion and yield response factorsfor Maize
Kc and Yield Factors Scientific name Growing stages (day)
Initial season | Development | Mid-season Late- season
Kc values ZeamayslL. 0.3 1.15 1.20 0.35
Critical depletion fraction. ZeamaysL. 55 55 55 0.8
Yield response fraction ZeamayslL. 04 0.4 13 0.5
Source: FAO-56 (1998).
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Graph 1. Relationship of Reference Evapotranspiration (ETo), crop coefficient (Kc) and Crop water demand (ETc) (Ieft) and average

crop coefficient (right) with respect to growth stage
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Table 4.The specific trial treatment combination

No Treatment No. Irrigation Interval Urea ( gm/plot)

1 T1 21days R1 (R-25%)=215.21

2 T2 17 days R1 (R-25%)=215.21

3 T3 14 days R1 (R-25%)=215.21

4 T4 11 days R1 (R-25%)=215.21

5 T5 7 days R1 (R-25%)=215.21

6 T6 21 days R2 (R)=286.95

7 T7 17 days R2 (R)=286.95

8 T8 14 days R2 (R)=286.95

9 T9 11 days R2 (R)=286.95

10 T10 7 days R2 (R)=286.95

11 T11 21 days R3 (R+25%)=358.69

12 T12 17 days R3 (R+25%)=358.69

13 T13 14 days R3 (R+25%)=358.69

14 T14 11 days R3 (R+25%)=358.69

15 T15 7 days R3 (R+25%)=358.69
Table5.The specific trial field layout

Fertilizer Rate Irrigation Treatments (Days of irrigation interval)

R1 1 2 3 4 5

R2 6 7 8 9 10

R3 11 12 13 14 15

Determination of irrigation requirement and irrigation
scheduling: Several approaches could be used to determine
optimal irrigation regimes. In this study, an optimal irrigation
schedule was worked out using CropWat for windows that
permit to select the different irrigation scheduling criteria. The
computation method used was irrigation to be given at fixed
intervals per growth stage with a depth of irrigation that would
refill the root zone to its field capacity. Irrigation Requirement
(IR) computation of IR requires long-term rainfall data from
study sites. The values obtained were used during the
computation of CWR. Generally, IR can be estimated from the
expression in equation 2.

CWR = hK— Equation 2.
IR = CWR - Effective rainfall Equation 3.

RFef (mm) = 0.6 * RF (mm) — 10 for RF< 70 mm Equation 4.

RFef (mm) = 0.8 * RF (mm) — 24for RF >70 mm  Equation 5

Where; CWR is crop water requirement in mm, Kc is crop
coefficient; IR is irrigation requirement in mm, and RFg
effective rainfal in mm. RF is actua monthly rainfall and the
equations represent combined effect of dependable rainfall
(80% probability of exceedance) and estimated losses due to
Runoff (RO) and Deep Percolation (DP). The p-value was
assumed 0.55 as given in Allen et al. (1998) for cereal crops
and TAW is computed from the soil moisture content at field
capacity (FC) and permanent wilting point (PWP) using the
following expression: Considering the daily CWR, TAW, Dz,
and p, theirrigation interval was computed from the expression
equation 5. The optimal irrigation schedule was worked out
using CROPWAT 8.0 for windows and assumed the irrigation
regime applied at 100 % readily available soil moisture. The
RAW is the amount of water that crops can extract from the
root zone without experiencing any water stress. The RAW was
computed from the expression in equation 6.

TAW = (":7'3) +BD * Dz Equation 6.

RAW = p * RAW Equation 7.
Where; FC and PWP in % on weight basis, BD is the bulk
density of the soil in gm cm™, and Dz is the maximum effective
root zone depth in mm. RAW in mm, p is soil water depletion
fraction for no stressin fraction and TAW is the total available
soil water of the root zone in mm per root depth.

R¢

Interval (Days) = 5 Equation 8.

IRg= ] .*C

. Equation 9.

Where; RAW in mm and CWR in mm day?, IRgis gross
irrigation requirement in mm, interval in days and Ea is the
Irrigation water application efficiency as fraction. Field
application efficiency in this study was assumed as 60%.

Layouts and Experimental Design: The trial was carried out
in completely randomized plot design, compromising fifteen
treatments with three replicates. Each plot was 5m long and
4m wide, with an area of 20m?. The following treatments were
used (Table 4): t in this area for the continuous two years
having the experimental treatments of RCBD with three
replications. The following treatments were used (Table 4/5):
R1 (R-25%) recommended fertilizer minus 25% combined
with (to 21days of irrigation interval; (2) 17 days of irrigation
interval; (3) 14 days of irrigation interval; (4) 1lldays of
irrigation interval; (5) to 7 days of irrigation interval. R2 (R)
recommended fertilizer combined with (1) 21days of irrigation
interval; (2) 17 days of irrigation interval; (3)14 days of
irrigation interval; (4) 11days of irrigation interval; (5) 7 days
of irrigation interval. R3 (R+25%) recommended fertilizer plus
25% is combined with (1) 21days of irrigation interval; (2) 17
days of irrigation interval; (3) 14 days of irrigation interval; (4)
11days of irrigation interval; (5) 7 days of irrigation interval.
Irrigation schedule, when to irrigate, and how much water to
apply per irrigation, is one of the most important tools for the
best management of irrigated agriculture.
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Optimal irrigation regime results in high irrigation water use
efficiency that is necessary to conserve limited water
resources. In this study, the optimal irrigation schedule is
worked out using CropWat windows for computing the
optimal irrigation scheduling for no yield reduction is the
irrigation given at 100 % readily available soil moisture
depletion to refill the soil to itsfield capacity.

Field management practices: Maize (Zea mays L.) was sown
during January in the experimental sit. A row spacing of 0.75m
and plant spacing of 0.30 m were used. Maize plots were
fertilized with 46kg/ha, P as DAP and 23kg/ha, N as Urea at
sowing and 23kg/ha, N was applied as Urea when maize plant
reached knee height. Furrow irrigation method was used, and
the amount of water applied was measured using 3 inch
Parshall flume. Crop water requirement was calculated using
the CROPWAT program based on the FAO Penman-Monteith
method and based on the soil moisture depletion level
irrigation scheduling was done as per the five soil moisture
depletion levels and rate fertilizer application was aso done
based on three rate of fertilizer application. The soil water
level was monitored by using the gravimetric soil moisture
content determination method. All other agronomic practices
were kept normal and uniform for all the treatments including
pre-irrigation and irrigation after germination as establishment
irrigations. In a crop production systems, water productivity
(WP) is used to define the relationship between crops produced
and the amount of water involved in crop production,
expressed as crop production per unit volume of water
(Molden et al., 2010). Water productivity (WP) in this study
was determined by dividing the grain yield to the net amount
of irrigation water used by the crop as indicated by the
following equation (Heydari, 2014):
WUE = GY/I Equation 10.
Where: WUE is water use efficiency (kg/m?), GY isgrain yield
per unit area (kg/h) (De Feudis, D'Amato, Busindli, &
Guiducci, 2019; Fang & Su, 2019)a), | is net water applied to
produce the grain during the growing period (m*ha).

Data analysiss The two years over year yield and yield
component data were subjected to the ANOVA test using SAS
software to evaluate the overall variability and effects of yield
and yield component parameters were considered as significant
when p< 0.05. The Least Significant Difference (LSD) test
was applied for statistically significant parameters to compare
means among the treatments.

RESULTS AND DISCUSSIONS

Biomass yield: Different irrigation intervals had a significant
influence (p<0.05) on maize biomass production. It has been
observed that the increment of the irrigation interval of water
application was significantly affected above-ground biomass of
irrigated maize at the experimental areas. Maximum biomass
yield of 19.20t/ha and 17.30t/ha were obtained in the first and
second cropping season with increasing fertilizer rate by 25%
than recommended, respectively. The above biomass harvested
for the treatment T13, T14, and T8 were statistically the same
during both growing seasons (Table 6). However, during the
first year minimum above-ground biomass of 11.73t/ha was
observed from the combination of wider irrigation interval
and25 % lower fertilizer than recommended. Whereas in the
second year minimum above-ground biomass of 10.53t/ha,
11.25t/ha & 11.95t/ha was harvested from treatment T1.T2,

and T6 respectively. Generdly, it has been observed that the
mean above-ground biomass of the first year was 16.24t/ha and
that of second year 14.64t/ha. The trend of biomass production
shows decreasing with increasing the interval of irrigation
events and increasing fertilizer rate to 25% more than the
recommended. Thisisin agreement with former reports of (De
Feudis et al., 2019) on maize. The over year combined mean
analysis showed that there is high interaction of irrigation
interval and fertilizer rate and the maximum above-ground
biomass of 18.25t/ha (T13) though treatments T14, T8, T9,
T10, and T15 were datistically the same during combined
analysis’s and the minimum biomass were 11.13t/ha for T1.
The mean above-ground biomass was 15.44t/ha and that of
second-year 14.64t/ha.(Badr, Tawfik, & Thalooth, 2005;
Gheysari, Mirlatifi, Homaee, Asadi, & Hoogenboom, 2009)
stated that nutrient uptake is closely linked to water soil status.
It is expected that the decline in available soil moisture might
decrease the diffusion rate of nutrients from soil matrix to
roots. Evidence of decreased ion uptake due to water stress
was attributed to the reduction in the above ground biomass of
maize.

Grain yield: Theresult revealed that the irrigation interval and
fertilizer rate significantly affected crop yield parameters (table
5 & 6). There is a significant difference (p<0.05) among the
treatments of irrigation interval and fertilizer rate on yield and
yield components of irrigated maize in the experimental area.
During first season, the maximum grain yield (4.54 t/ha) and
(4.50 t/ha) was recorded by the T13and T14treatmentwhereas
the lowest number of grains yield was observed in the T1.
Nitrogen rates significantly increased the grains of maize at
different rates. Therefore, the highest yield increment was
observed when the application rate of fertilizer increased by
25% with the combination of optimal irrigation interval of 14

days.

The minimum grain yield of 2.3 t/ha and 2.5 t/ha was recorded
during the first and second year both at treatment one and also
during the second year with 2.7 t/ha for T2 without any
dtatistical significance. However, the over year analysis of the
grain yield was maximum (4.8 t/ha) for treatment 15 (table 6)
which used an optima interval of irrigation events with a
combination 25% more fertilizer than the recommended and
the minimum (2.4 t/ha) for treatment one of irrigation water
application of wider interval with the combination of minimum
dosage of fertilizer rate this is supported by (Tefera & Mitku,
2017). There was a consistent result that shows, the higher
grain yield was directly associated with the lower irrigation
interval applied during treatments in both seasons and this
result is supported by (Wang et al., 2010).Besides the former
report by (Fang & Su, 2019; Farhad et al., 2018) also shows
the minimum grain yield was obtained by applying water at the
lowest frequency during higher water demand by the plant.

Water Use Efficiency (WUE): It has been reported by many
scholars that managing maize irrigation at the field scale can
be improved by quantifying the water balance and using
advanced techniques for irrigation scheduling for more
effective and economic use of limited water supplies. Irrigation
interval and fertilizer rate had a significant (p<0.05) influence
water use efficiency of irrigated maize during both years.
Water use efficiency was higher 1.89 and 1.98kg/m® for T13
and T14 respectively in the first season with no statistical
difference but in the second season maximum WUE of 2.20
kg/m® was obtained at T13 of which received an optimal
irrigation interval and 25% more than the recommended
fertilizer rate.
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Table6.Maizeresponsetotheirrigation interval & fertilizer rate under two successive year of field evaluation

No  Treatments 1% year 2" year

BMY (tha) GY (t/ha) WUE (kg/m°) BMY (t/ha) GY (t/ha) WUE (kg/m°)
1 T1 11.73° 2.25" 113" 10.53 2.47° 1.249
2 T2 15.86° 2.49" 157¢ 1125' 2.72° 1.47%
3 T3 12.50% 2.68" 1.34% 12.32% 2.95% 1.47%
4 T4 13.71¢ 2.759 1.45' 12.07¢ 3.03% 1.50%
5 T5 13.45¢ 3.20% 1.33% 14,03 3.52% 1.72%%
6 T6 13.27% 2.42M 122" 11.95' 2.66° 1.35¢
7 T7 17.95% 2.799 1.65% 16.16% 3.63% 1.810
8 T8 19.212 3.98° 1.83%° 17.122 4.37® 2.02%¢
9 T9 18.18% 3.68™ 1.83% 16.78% 4.05% 2.01%¢
10 T10 18.63% 3.24% 1.64% 16.38%° 3.52% 1.82%
11 T11 15.89° 2.84% 1.62 14.30% 3.12% 1.79°e
12 T12 17.04> 3.30% 1.76% 16.16° 3.56% 1.78%¢
13 T13 19.20% 4542 1.89° 17.30% 4,952 2.20%
14 T14 19.03% 450 1.98° 17.28% 450 2.07®
15 T15 17.95% 3.19% 1.61% 15.34%¢ 3.06% 1.95%¢
Mean 16.24 3.19 159 14.64 351 1.75
R? 0.92 091 0.86 0.84 0.85 0.74
LSD 05 1.54 0.45 0.21 2.33 0.69 0.34
CV (%) 5.79 8.44 8.03 9,51 11.67 11.65

N.B: BMY isabove ground biomassyield, GY isa grain yield, and WUE iswater use efficiency.

Table 7. The over year combined analysis of maizeto theirrigation interval & fertilizer rate

No Treatments Pooled analysis of consecutive years
BMY (t/ha) GY (t/ha) WUE(kg/m®)

1 T1 11.13° 2.36' 1.18
2 T2 13.55% 2.61% 151%
3 T3 12.41% 2.82% 1.41%
4 T4 12.89% 2.89% 1.52%
5 T5 14.05% 3.36™ 1.53%
6 T6 12.61% 2.54% 1.28f
7 T7 16.65% 3.37™ 1.74%
8 T8 18.16% 3.77° 1.86%°
9 T9 17.51% 3.78° 1.83%°
10 T10 17.04% 3.42% 1.82%
11 T11 15.10> 2.98% 1714
12 T12 16.60% 3.38™ 1.82%
13 T13 18.25% 477 2.05%
14 T14 18.17% 473 2.03*
15 T15 17.48% 3.47% 181
Mean 15.44 3.35 1.67
R? 0.73 0.75 0.67
LSD 05 1.85 0.51 0.22
CV (%) 10.42 13.33 11.65

N.B: BMY isabove ground biomassyield, GY isa grain yield, and WUE iswater use efficiency.

kg/m*® was obtained a T13 of which received an optimal
irrigation interval and 25% more than the recommended
fertilizer rate. The minimum water-use efficiency was recorded
at T1 (1.13 kg/m®) and T6 (1.22 kg/m°) during the first season
without statistical difference between two treatments and T1
(1.24 kg/m?) during the second season. The study revealed that
the pooled mean of WUE of maize was maximum (2.05 kg/m°)
when the irrigation interval of 14 days and maximum fertilizer
dose applied.

However, when the irrigation interval increased and combined
with 25% less than the recommended fertilizer was applied,
WUE was affected highly scoring only 1.18 kg/m®. Generally
higher water use efficiency was associated with shorter
irrigation interval and more fertilizer than recommended to
enhance water productivity. This is in agreement with former
reports (Tefera & Mitku, 2017; Zwart, Bastiaanssen, de
Fraiture, & Molden, 2010) on maize production. Hence water
use efficiency was improved with the highest grain yield
obtained due to treatments in which an irrigation interval (14
days) combined with 25% more fertilizer than recommended
applied for the experimental area.

Conclusions and recommendation

The results of this study revealed that shorter irrigation interval
with the integration of higher fertilizer rate improves the yield
and water use efficiency of irrigated maize on vertisol
conditions of the study area. The result obtained from this
experimental study on yield and yield component and as well
as WUE showed a significant influence among the treatments.
The highest grain yield (4.77 t/ha) and water use efficiency
(2.05 kg/m®) was obtained from at optimal irrigation frequency
or irrigation interval (14 days) with combinations of 25% more
fertilizer rate application than the recommended one.
Moreover, to enhance the water use efficiency in maize
production without affecting the grain yield, maize can be
irrigated at 14 days irrigation intervals in the study area. It is
understood that managing with different irrigation interval sat
different fertilizer levels has highly influenced the production
and water use efficiency of maize. In addition, the use of
frequent and wider irrigation interval is n’t advisable because
the grain yield and crop water use efficiency is highly
influenced.



14808

International Journal of Current Research, Vol. 12, | ssue, 11, pp.14802-14808, November, 2020

This study also revealed that the appropriate irrigation interval
at each crop growth stage should be identified in the area for
ease of work to the users.

Acknowledgement

The author is grateful to National Irrigation and Drainage
Research Program, Ethiopian Institute of Agricultural
Research, for providing funds for the experiment and technical
support. They are thankful for technical and field assistance for
their technical assistance in the field experimentation. They
highly acknowledge all staff members of Pawe Agricultural
Research Center Natural Resources Research Process for their
kind cooperation during field experimentation and data
collection.

Conflicts of interest: The authors declare there is no conflict
of interest.

REFERENCES

Ahmad, 1., Wgjid, S. A., Ahmad, A., Cheema, M. J. M., &
Judge, J. 2019. Optimizing irrigation and nitrogen
requirements for maize through empirical modeling in semi-
arid environment. Environ Sci Pollut Res Int, 262, 1227-
1237. doi: 10.1007/s11356-018-2772-x

Allen, Richard G, Pereira, Luis S, Raes, Dirk, & Smith, Martin.
1998. Crop evapotranspiration-Guidelines for computing
crop water requirements-FAO Irrigation and drainage paper
56. Fao, Rome, 3009, D05109.

Badr, NM, Tawfik, MM, & Thaooth, AT. 2005. Effect of
organic, bio and chemical fertilizers on growth and yield of
tritical plants subjected to water stress at various growth
stages. Egypt J. of Appl. i, 2011, 161-175.

Brady, Nyle C, Well, Ray R, & Well, Ray R. 2008. The nature
and properties of soils Vol. 13: Prentice Hall Upper Saddle
River, NJ.

Chen, Chao, Wang, Enli, & Yu, Qiang. 2010. Modelling the
effects of climate variability and water management on crop
water productivity and water balance in the North China
Plain. Agricultural Water Management, 978, 1175-1184.

De Feudis, M., D'Amato, R., Busindlli, D., & Guiducci, M. 2019.
Fate of selenium in soil: A case study in amaize ZeamaysL.
field under two irrigation regimes and fertilized with sodium
senite. S Total  Environ, 659, 131-139. doi:
10.1016/j .scitotenv.2018.12.200

Djaman, Koffi, Irmak, Suat, Rathje, William R, Martin, Derrel L,
& Eisenhauer, Dean E. 2013. Maize evapotranspiration, yield
production functions, biomass, grain yield, harvest index, and
yield response factors under full and limited irrigation.
Transactions of the ASABE, 562, 373-393.

Dubois, Olivier. 2011. The state of the world's land and water
resources for food and agriculture: managing systems at
risk: Earthscan.

Fang, J., & Su, Y. 2019. Effects of Soils and Irrigation Volume
on Maize Yield, Irrigation Water Productivity, and Nitrogen
Uptake. Sci Rep, 91, 7740. doi: 10.1038/s41598-019-41447-z

Farhad, W., Cheema, M. A., Hammad, H. M., Sdleem, M. F,,
Fahad, S., Abbas, F., . . . Bakhat, H. F. 2018. Influence of
composted poultry manure and irrigation regimes on some
morpho-physiology parameters of maize under semiarid
environments. Environ Sci Pollut Res Int, 2520, 19918-
19931. doi: 10.1007/s11356-018-2125-9

Filintas, Ag, Dioudis, P, Pateras, D, Koutseris, E, Hatzopoulos, J,
& Toulios, L. 2007. Irrigation water and applied nitrogens
fertilizer effects in soils nitrogen depletion and nitrates GIS
mapping. Paper presented at the Proc. of First International
Conference on Environmental Management, Engineering,
Planning and Economics CEM EPE/SECOTOX.

Gheysari, Mahdi, Mirlatifi, Seyed Mgjid, Homaee, Mehdi,
Asadi, Mohammad Esmaeil, & Hoogenboom, Gerrit. 2009.
Nitrate leaching in a silage maize field under different
irrigation and nitrogen fertilizer rates. Agricultural water
management, 966, 946-954.

Guo, B. Y., Gao, H., Tang, C,, Liu, T., & Chu, G. X. 2015.
[Response of water coupling with N supply on maize
nitrogen uptake, water and N use effi- ciency, and yield in
drip irrigation condition]. Ying Yong Sheng Tai Xue Bao,
2612, 3679-3686.

Heydari, Nader. 2014. Water productivity in agriculture:
challenges in concepts, terms and values. Irrigation and
drainage, 631, 22-28.

Mintesinot, B, Verplancke, Hubert, Van Ranst, Eric, & Mitiku,
H. 2004. Examining traditional irrigation methods, irrigation
scheduling and aternate furrows irrigation on vertisols in
northern Ethiopia. Agricultural Water Management, 641, 17-
27.

Molden, David, Oweis, Theib, Steduto, Pasguale, Bindraban,
Prem, Hanjra, Munir A, & Kijne, Jacob. 2010. Improving
agricultural  water productivity: Between optimism and
caution. Agricultural Water Management, 974, 528-535.

Moser, Samuel B, Feil, Boy, Jampatong, Sansern, & Stamp,
Peter. 2006. Effects of pre-anthesis drought, nitrogen
fertilizer rate, and variety on grain yield, yield components,
and harvest index of tropical maize. Agricultural Water
Management, 811-2, 41-58.

Seckler, David William. 1998. World water demand and supply,
1990 to 2025: Scenariosand issuesVol. 19: lwmi.

Tefera, Ashebir Halle, & Mitku, Demeke Tamene. 2017.
Determination of Optimum Irrigation Scheduling and Water
Use Efficiency for Maize Production in North-West Ethiopia.
journal of Natural Sciences Research, 721.

Wang, Qi, Li, Fengrui, Zhao, Lin, Zhang, Enhe, Shi, Shangli,
Zhao, Wenzhi, . . . Vance, Maureen M. 2010. Effects of
irrigation and nitrogen application rates on nitrate nitrogen
distribution and fertilizer nitrogen loss, wheat yield and
nitrogen uptake on a recently reclaimed sandy farmland.
Plant and Soil, 3371-2, 325-339.

Zwart, Sander J., Bagtiaanssen, Wim G. M., de Fraiture,
Charlotte, & Molden, David J. 2010. A globa benchmark
map of water productivity for rainfed and irrigated wheat.
Agricultural Water Management, 9710, 1617-1627. doi:
10.1016/j.agwat.2010.05.018

*kkkkkk*%x



