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Abstract 
 

The demand for Maize grain as human food, feed for livestock and in the production of biofuel is on the increase. These 
demands are putting pressure onscarce water resources. which necessitates investigation of proper irrigation schedule for 
optimum maize production.Two field experiments were conductedin the 2014 and 2015 dry seasons to investigate the effect of 
irrigation schedules for maize production on sandy-loam soils of semi-arid Nigeria. The experiment consisted of irrigation 
scheduling at three levels: fixed irrigation interval (7days), soil moisture-based schedule using tensiometer and climate-
based schedule based on the ratio of irrigation amount to cumulative pan evaporation of 1 (1.0 IW/CPE). This was set up in 
a randomized complete block design with three replications.Growth andyield parameters were recorded and subjected to 
Analysis of Variance (ANOVA). The crop water use and irrigation water use efficiencies wereevaluated. The results of the 
growth and yield were significantly affected by irrigation schedules in both growing seasons.Schedule using tensiometer and 
the ratio of irrigation amount to cumulative pan evaporation methods that resulted in 4 days irrigation interval performed 
better compared to the fixed interval of 7 days.,Significantly higher yields of 4637 and 4603 kg/ha, respectively and water use 
efficiencies of0.77 kg/m3 compared to the yield of 2296 kg/ha and water use efficiency of 0.67 kg/m3were obtained using the 
fixed irrigation interval of 7 days. It can be concluded that the soil moisture and climate-based schedules are the most  
effective ittigation schedules for improved maize yield, higher water savings, and water use efficiency in the semi-arid region 
of Nigeria. 
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1. INTRODUCTION 
 

Irrigation scheduling is the method of determining the 
time and the most appropriate amount of water to apply to 
crops (Howel and Meron, 2007). Scheduling provides for 
the optimal profit on the yield of crops, taking into 
cognisance crop, farming, water, and environmental 
limitations. Irrigation scheduling maximizes water use 
efficiency by minimizing runoff and percolation losses. 
Irrigation scheduling has been in existence for almost 60 
years, but adoption has been limited. The use of irrigation 
scheduling is becoming more and more essential due to 
the increasing population and increase in water demand 
from agriculture, industrial, recreational, and domestic 
uses when water resources are becoming scarcer over the 
world. The technique is beneficial not only to 
preventingthewaste of water, but also to avoidthenegative 
effects of moreover-irrigation crops and the environment. 
The objective of irrigation scheduling is to maximize 
yield by fully meeting crop water needs, maximize yield 
per unit of water applied through the application of water 
during critical growth stages, economic optimization by 
maximizing benefits in the farm, and utilize the water 

resources appropriately to avoid groundwater pollution 
and controlling salinity. 
 
Agriculture currently utilizes about 70% of the water 
withdrawal in the world primarily for irrigation purposes 
(Chartzoulakis and Bertaki, 2015). According to Fereres 
and Connor (2004) irrigated systems represents about 
40% of global food production and use only about 18% of 
the land area allocated to food production. There is 
increasing pressure on freshwater resources due to rising 
demand for food, livestock feed, and biofuels as well as 
global climate change (Falkenmarket al., 1998; 
Rosegrantet al., 2009). There is also increasing 
competition for scarce water in major irrigated cropping 
systems of the world (Postel, 1998; Perry, et al., 2009; 
Rosegrantet al., 2009). The dwindling water availability 
has made it necessary to improve the way water is used in 
agriculture.  

In the arid and semi-arid areas of northeast Nigeria, water 
is the major constraint in crop production. Rainfall is 
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extremely irregular, to the extent that the amount and 
distribution in space and time had not been ideal to 
optimally support crop production adequately (Dibalet al., 
2006). The high temperature, high soil evaporation rate, 
poor water-holding capacity of soils, and the vagaries of 
climate change are among others responsible for reducing 
water availability to crops. But an adequate amount of 
water in the soil through scheduling is necessary for 
optimum growth and yield of crops (Igbadunet al., 2007).  

Hoffman et al. (2007) classified irrigation scheduling 
techniques into three main groups: soil monitoring, plant 
monitoring and soil water balance. Ali (2011) also 
classified irrigation scheduling methods used by farmers 
into crop observation, soil feeling, fixed irrigation 
interval, pan evaporation observation, and irrigation 
calendar. He further reported advanced irrigation 
scheduling methods used to include the 
Evapotranspiration approach, Pan evaporation, Crop 
growth stage basis, Soil moisture basis, Deficit irrigation 
concept and Soil-water potential. The evapotranspiration 
Approach of scheduling entails the use of either long-term 
historical climatic data for the crop growing period or the 
current climatic condition to estimate evapotranspiration. 
The irrigation water amount is then applied based on the 
estimated evapotranspiration (Ali, 2011).Pan evaporation 
is frequently used in estimating evapotranspiration and 
irrigation requirements of crops based on the 
establishment of a relationship between 
evapotranspiration and open pan evaporation (the 
coefficient relating pan evaporation to crop water 
requirement) for a given area. Irrigation water is applied 
commensurate to the cumulative pan evaporation at 

intervals of 3, 5, 7, 10, or 15 days depending on the 
climatic condition and crop type. Irrigation water can also 
be applied by relating the applied irrigation amount (IW) 
to cumulative pan evaporation (CPE), that is, according to 
the ratio of IW to CPE. The choice of such ratio of 
IW/CPE is guided by the desired yield. The use of pan 
evaporation for scheduling has been widely tested by 
many researchers and was found to save up to 20% of the 
water applied (Khalil et al., 2006). 
 
Many research works reportedthe effects of irrigation 
scheduling on maize production.Akinyeleet al. (2016) 
examined the effect of irrigation frequency on the growth 
of selected maize varieties where they compared 
irrigation intervals of 10, 20, 30, and 40 days and reported 
that a short irrigation interval of 10 days provided 
favourable moisture gave a significant increase in stem 
girth compared to the other intervals of 20, 30 and 40 
which showed poor growth performance in terms of stem 
girth due to moisture stress. Elzubeir and Mohammed 
(2015) reportedthetallest maize plant height of 201 cm 
using 10 days irrigation interval compared to plant heights 
of 187 and 172 cm obtained from irrigation intervals of 15 
and 20 days, respectively. Kumar et al. (2006) and 
Bharati et al. (2007) also reported taller plant heights 
from frequent (5 to 6 days) irrigation compared to less 
frequentintervals.  
 
This study therefore, seeks to establish proper irrigation 
schedule for optimum maize production in the study area 
to meet the increasing demand for food, livestock feeds 
and biofuel for the increasing population.

 
2. MATERIALS AND METHODS 

 
2.1 Experimental Site 
Two-year field experiments were carried out during 
thedryseasonsat the Teaching and Research Farm of 
Ramat Polytechnic Maiduguri, Borno State located at 
latitudes 11° 46'18"N to 11° 53' 21"N and longitudes 13° 
03' 23"E to 13° 14' 19"E in the semi-arid region of 
Northeast Nigeria.The experiment consisted ofirrigation 
scheduling methods at three levels namely fixed irrigation 
interval, scheduling using a tensiometer, and the ratio of 
irrigation amount to pan evaporation method. The 
treatments were randomly assigned to plots and replicated 
3 times in a randomized complete block design. 
 
2.2 Cultural Practice and Data Collection 
The land was prepared manually to provide favourable 
conditions for the germination of seeds.Three seeds of 
TZEY maize cultivar were planted per hole at a spacing 
of 50cm between plants and 7cm between the ridges and 
thinned to 2 plants per stand after germination based on 
the recommendation of the International Institute for 

Tropical Agriculture (IITA, 2008) in Nigeria for optimum 
maize production in the region. The amount of water 
required to meet the crop water need was applied based 
on fixed irrigation interval, tensiometer and the ratio of 
irrigation amount (IW) to cumulative pan evaporation 
(CPE) schedules.The nutrient recommended for maize in 
Borno State (100kgN, 50kg of single superphosphate and 
50kg of K2O per hectare) was applied through fertilizer. 
The first dose of fertilizer was applied after the first week 
of planting at a depth of 5-8cm, while the second dose at 
four weeks after planting as recommended by Onyibeet 
al. (2013). Weeding was carried out manually two weeks 
after planting and again after 5 weeks.Maize plants were 
harvested as soon as the kernels became dry (65 days after 
planting).The harvested maize cobs were threshed using a 
locally fabricated hand-driven small disk Sheller with a 
threshing capacity of 150 kg per hour.Collection of data 
was done at two, four, six and eight weeks after planting. 
Growth and yield parameters recorded during the crop 
growth and development were the number of leaves per 
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plant, leaf area index, stem girth, plant height, cob length, 
cob diameter, number of rows per cob, cob weight, 
number of seeds per row, the weight of seeds per cob, 
1000 seeds weight and total yield per hectare using 
standard procedures. 

2.3 Determination of Irrigation Schedules
The irrigation schedule was decided by determining the 
net and gross depth of irrigation water applied
using the relationship used by Hassanliet al
Gharmaniaet al. (2013) as shown in equations (1) and (2) 
below, respectively. 
 

𝑁𝑊𝑅 = cF −
wpP ∗

d
∗MAD∗

rzD ∗10……… (1)

 
Where: 
NWR = depth of irrigation (mm) 

cF field capacity 

wpp =permanent wilting point                               

d =bulk density of the soil in g/cm3 

rzD depth of root zone in cm 

MAD = maximum allowable depletion. 
The gross depth was estimated by dividing the net depth 
of irrigation by the efficiency of the irrigation system.
 

𝐺𝑟𝑜𝑠𝑠 𝑑𝑒𝑝𝑡ℎ = ………

 
Water was applied to the maize crop based on a fixed 
irrigation interval, irrigation scheduling using 
tensiometers and the ratio of irrigation amount to pan 
evaporation schedules as follows: 
 
2.3.1Fixed irrigation interval schedule 
A fixed irrigation interval of 7 days was used for 
irrigating the maize crop. The choice of 7 days was based 
on the traditional irrigation cycle used by the farmers in 
the study area.  
 
2.3.2Tensiometer schedule 
Irrigation was scheduled using a tensiometer which is 
based on monitoring the soil moisture tension for 
scheduling irrigation. The use of the tensiometer for 
scheduling irrigation is essential in ensuring that the 
plants are irrigated as soon as the available moisture in the 
root zone of the soil is depleted to a certain trigger level. 
Irrigation was carried out in the plots monitored by the 
tensiometer whenever the trigger level of 30 cbar is 
reached.  The choice of 30 cbar as the trigger level
irrigation was to maintain the soil moisture content in the 
soil close to the field capacity (21.4 cbar) of the soil in the 
study area thereby creating a favourable soil moisture 
condition to maximize yield, profit and to optimise the 
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plant, leaf area index, stem girth, plant height, cob length, 
cob diameter, number of rows per cob, cob weight, 

f seeds per cob, 
1000 seeds weight and total yield per hectare using 

es 
was decided by determining the 

net and gross depth of irrigation water applied, estimated 
et al. (2009) and 

(2013) as shown in equations (1) and (2) 

……… (1) 

                             

The gross depth was estimated by dividing the net depth 
of the irrigation system. 

……….(2) 

Water was applied to the maize crop based on a fixed 
irrigation interval, irrigation scheduling using 
tensiometers and the ratio of irrigation amount to pan 

A fixed irrigation interval of 7 days was used for 
The choice of 7 days was based 

on the traditional irrigation cycle used by the farmers in 

tensiometer which is 
based on monitoring the soil moisture tension for 

tensiometer for 
scheduling irrigation is essential in ensuring that the 

s the available moisture in the 
root zone of the soil is depleted to a certain trigger level. 
Irrigation was carried out in the plots monitored by the 
tensiometer whenever the trigger level of 30 cbar is 
reached.  The choice of 30 cbar as the trigger level for 
irrigation was to maintain the soil moisture content in the 
soil close to the field capacity (21.4 cbar) of the soil in the 
study area thereby creating a favourable soil moisture 
condition to maximize yield, profit and to optimise the 

use of water taking into consideration the response of 
crop to irrigation water applied. Furthermore, the choice 
of 30 cbar as the trigger level for irrigation is shown in 
Figure 1 which indicated the relationship between the 
ratio of actual evapotranspiration (AET) t
evapotranspiration (PET) and available water.
 

Figure 1: Relationship between the ratio of actual crop 
evapotranspiration (AET) to potential evapotranspiration 
(PET) and available soil moisture.

 
Where:  
AET= Actual crop evapotranspiration
PET= Potential evapotranspiration

fθ = Field capacity 

wθ = Wilting point 

d Depletion factor 

 
2.3.3 Ratio of irrigation amount to 
schedule 
This approach is based on the concept of the r
irrigation amount to cumulative pan evaporation. The 
evaporation pan used was the standard class 
evaporation pan made from galvanized iron and is 
120.5cm in diameter and 25 cm deep filled with water to a 
depth of 20cm. The crops were irrigated 
ratio of irrigation amount (IW) to cumulative pan 
evaporation (CPE) that is IW/CPE ratio. Daily records of 
pan evaporation data were taken from the class 
evaporation pan located in the research farm and 
irrigation was carried out at 1.0IW/
yield. The choice of the ratio of IW/CPE of 1 for 
scheduling maize in this work was based on the findings 
of previous research which showed higher yield and water 
use efficiency values when irrigation was scheduled at the 
ratio of IW/CPE equal to 1 (Shiv
Simseket al., 2013). 
 
2.4 Determination of Crop Water Use
The crop water use which is the actual amount of water 
used by the crop under the different treatments 
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Figure 1: Relationship between the ratio of actual crop 
evapotranspiration (AET) to potential evapotranspiration 
(PET) and available soil moisture. 

AET= Actual crop evapotranspiration 
T= Potential evapotranspiration 

mount to pan evaporation 

This approach is based on the concept of the ratio of 
irrigation amount to cumulative pan evaporation. The 
evaporation pan used was the standard class ‘A’ 
evaporation pan made from galvanized iron and is 
120.5cm in diameter and 25 cm deep filled with water to a 
depth of 20cm. The crops were irrigated based on the 
ratio of irrigation amount (IW) to cumulative pan 
evaporation (CPE) that is IW/CPE ratio. Daily records of 
pan evaporation data were taken from the class ‘A’ 
evaporation pan located in the research farm and 
irrigation was carried out at 1.0IW/CPE ratio for optimum 
yield. The choice of the ratio of IW/CPE of 1 for 
scheduling maize in this work was based on the findings 
of previous research which showed higher yield and water 
use efficiency values when irrigation was scheduled at the 

vakumaret al., (2011) and 

Crop Water Use 
The crop water use which is the actual amount of water 
used by the crop under the different treatments 
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wasdetermined using the soil water balance equation 
(Equation 3). 
 

DRΔSPIcET  …………………. (3) 

 
Where: 

cET = crop water use or crop evapotranspiration (mm) 

 I= irrigation amount (mm) 
P= precipitation (mm) 
ΔS =change in soil water storage, computed as the 
difference between soil water content values at planting 
and the end of the harvesting period. 
R= surface runoff and was assumed to be zero 
D= downward flux below the root zone of the crop, 
estimated from the product of recharge coefficient (⍺) and 
irrigation amount (I) in mm following the method used by 
Zhang et al. (1999).The recharge coefficient (⍺) is a 
function of soil texture and irrigation amount. It ranges 
from 0.1 for clay soil to 0.3 for sandy soil. 
 
2.5 Water Use Efficiency 
The crop water use efficiency which is the ratio of yield 
to the actual amount of water used by the crop (Wang et 
al., 2013) was calculated using equation 4. 

cET

Y
CWUE  ……………………………. (4) 

Where: 
CWUE= Crop water use efficiency (kg/ha/mm) 
 Y = yield (kg/ha) 

cET = crop evapotranspiration (mm)  

 
Irrigation water use efficiency which is the ratio of the 
crop yield to the amount of irrigation water applied 
(Aljamalet al., 2001. Ghamarniaet al., 2013) was 
calculated using equation 5. 
 

IWUE = ……………………………………(5) 

 
Where: 
IWUE=irrigation water use efficiency (kg/ha/mm) , 
Y = yield (kg/ha),  
I = irrigation water applied (mm) 
 
2.6 Data Analysis 
Data collected were subjected to Analysis of Variance 
(ANOVA) to determine the effect of irrigation schedules 
on the growth, yield and yield components of maize using 
Statistical Analysis System (SAS 9.4) software. Duncan 
multiple range test (DMRT) at P  0.05 was used to 
compare significantly different means. 

 
3.RESULTS AND DISCUSSION 

 
3.1 Number of Leaves per Plant 
Leaf number is an important parameter related to plant 
growth, plant metabolism, photosynthesis, transpiration, 
biomass production and yield. Results of the number of 
leaves per plant from week 2 to week 8 at 2 weeks 
interval are presented in Table 1. The results showed 
Significant (P ≤ 0.01) variations in the number of leaves 
per plant among the irrigation schedulesin both the 2014 
and 2015 growing seasons. Similarly, the combined data 
(2014 and 2015) analysis also showed a significant effect 
of irrigation schedules on the number of leaves per plant.  

A number of leaves per plant significantly increased in 
plots scheduled using tensiometer and the ratio of 
irrigation amount to cumulative pan evaporation 
(IW/CPE) with mean leave numbers of 14.00 in 2014 and 
14.67 in 2015 (for tensiometer) and 13.56 in 2014 and 
14.11 in 2015 (for IW/CPE) compared to the number of 
leaves of 11.56 in 2014 and 12.11 in 2015 from the fixed 
interval (7 days) scheduled plots.Similarly, the combined 
data analysis also revealed that a maximum number of 
leaves of 14.22 and 13.61 was obtained from plots 
scheduled with a tensiometer and the ratio of IW/CPE 

were significantly different from the number of leaves of 
12.17 recorded under fixed interval (7 days) irrigated 
plots. But the number of leaves in the tensiometer and the 
ratio of IW/CPE scheduled plots were statistically at par. 
This was due to the fact that both the tensiometer and the 
ratio of IW/CPE schedules gave the same irrigation 
interval of 4 days which led to a favourable soil water 
condition,and this increased the number of leaves and 
enhanced photosynthetic activity. Majid et al. (2017) 
stated that proper irrigation frequency significantly 
increased the number of leaves per plant. The result of 
this study is also supported by the findings of Elzubeir 
and Mohammad (2015) whoreportedsignificantly higher 
number of leave of maize from plots that received more 
(10 days intervals) irrigation compared to less irrigation at 
15- and 20-day interval. A similar result was also 
observed by Goudra and Rokhade (2001).Crops with a 
greater number of leaves could have the ability to 
intercept and utilize more solar energy which can enhance 
photosynthetic activity resulting in more vegetative 
growth that will translate to a yield increase. 
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Table 1: Effect of irrigation schedules onnumber of leaves per plant 
 
Irrigation 
Schedules 

2014  2015  Combined means 

2W 4W 6W 8W 2W 4W 6W 8W 2W 4W 6W 8W 

Fixed 5.00b 7.56b 9.44b 11.56
b 

5.44b 8.00b 10.22
b 

12.11
b 

5.44b 8.00b 9.83b 12.17b 

Tensiometer 6.78a 10.11a 11.89a 14.00a 7.44a 10.56a 12.22a 14.67a 7.44a 10.56a 12.06a 14.22a 

IW/CPE 6.44a 9.67a 11.78a 13.56a 7.00a 10.33a 11.89a 14.11a 7.22a 10.22a 11.72a 13.61a 

SE±             

Means in a column followed by the same letter are not significantly different according to the Duncan Multiple Range Test at 
a 5% level of probability  
 
3.2 Stem Girth 
The result of the effects of irrigation schedules on stem 
girths of maize is presented in Table 2. The result 
revealed that irrigation schedules significantly (P ≤ 0.01) 
affected stem girth in both growing seasons. The result of 

the combined data (2014 and 2015) analysis also showed 
a significant effect on stem girth.The result further 
revealed a significant increase in the stem girths of 4.78 
and 5.03 cm from the tensiometer scheduled plots and 
4.73 and 5.00 cm from the ratio of irrigation amount to 

Table 2: Effect of irrigation schedules on stem girth 

Irrigation 
Schedules 

2014  2015  Combined means  

4W 6W 8W 4W 6W 8W 4W 6W 8W 

Fixed 2.53b 3.57b 4.24b 3.02b 3.87b 4.54b 2.78b 3.72b 4.39b 

Tensiometer 3.43a 4.24a 4.78a 3.81a 4.56a 5.03a 3.62a 4.40a 4.90a 

IW/CPE 3.41a 4.22a 4.73a 3.80a 4.52a 5.00a 3.61a 4.37a 4.87a 

SE±          

Means in a column followed by the same letter are not significantly different according to Duncan Multiple Range Test at 5% 
level of probability. (W = weeks after planting) 
 
cumulative pan evaporation (IW/CPE) compared to stem 
girths of 4.24 and 4.54 cm recorded in the fixed interval 
scheduled plots in the 2014 and 2015 growing seasons, 
respectively. Similarly, the combined results of the 
growing seasons showed that the plots scheduled with a 
tensiometer and the ratio of IW/CPE showed a significant 
increase in stem girths of 4.90 cm and 4.87 cm, 
respectively when compared to the stem girth of 4.39 cm 
recorded in the fixed interval scheduled plots. But the 
stem girths obtained from the tensiometer and the ratio of 
IW/CPE schedules were statistically similar due to the 
same irrigation interval of 4 days given by the schedules. 
The 4 days irrigation interval based on the tensiometer 
and ratio of IW/CPE schedules led to moisture availability 
in the plant’s root zone that resulted in healthier plants 
that increased stem girths. The fixed irrigation interval of 
7 days resulted in water stress which significantly reduced 
the stem girths. Research findings revealed that growth 
parameters which include stem girth were reduced when 
plants were subjected to water stress as a result of the 
untimely application of water (Al-Ashkaret al., 2016; 
Hassan et al., 2016; Rashwanet al., 2016). A positive 

correlation between the frequency of irrigation and stem 
girth was reported by Yazaret al. (2009) and FarreandFaci 
(2009).The result of this study is supported by the 
findings of Akinyeleet al. (2016) on the effect of 
irrigation frequency on the growth of selected maize 
varieties where they compared irrigation intervals of 10, 
20, 30, and 40 days and reported that short irrigation 
interval of 10 days provided favourable moisture that 
gave a significant increase in stem girth compared to the 
other intervals of 20, 30 and 40 which showed poor 
growth performance in terms of stem girth due to 
moisture stress. Oktemet al. (2003) also reported similar 
findings. 

3.3 Leaf Area Index 
Leaf area index (LAI) which is a measure of leafiness per 
unit of ground cover is an important growth parameter 
that controls the links between the biosphere and 
atmosphere through various processes such as 
photosynthesis, respiration, transpiration and rain 
interception. The result of the analysis of variance 
(ANOVA) for the effect of irrigation schedules on leaf 
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area index in 2014 and2015 and combined means are 
presented in Table 3. The result showed a significant (P
0.01) effect of irrigation schedules in both 2014 and 2015 
and the combined means for the two growing seasons.  
 
The result revealed a significant increase in leaf area 
index in plots scheduled using tensiometer (3.26 in 2014 
and 3.38 in 2015) and a ratio of irrigation amount to 
cumulative pan evaporation (IW/CPE) with leaf area 
index of 3.24 in 2014 and 3.36 in 2015 compared to the 
leaf area index of 2.83 in 2014 and 2.95 in 2015 obtained 
from the fixed interval (7 days) scheduled plots. 
Similarly, the combined data (2014 and 2015) analysis 
also revealed that the tensiometer and the ratio of IW/CPE 
scheduled plots showed a significant increase in leaf area 

index of 3.32 and 3.30, respectively compared to a leaf 
area index value of 2.89 obtained from the fixed irrigation 
interval plots. The values of the leaf area index from the 
tensiometer and the ratio of IW/CPE were statistically 
similar due to the same irrigation intervals of 4 days given 
by the schedules. The 4 days irrigation interval increased 
the leaf area index due to the continuous availability of 
water which created favourable soil moisture conditions 
that enhanced vegetative growth.Leaf area index is 
reduced by water stress which results in a reduction of 
photosynthetic rate, delay in silking, and reduction in 
yield components and yield (Kumaret al., 2006). 
 

 

Table 3: Effect of irrigation schedules on leaf area index 

Irrigation 
Schedules 

2014  2015  Combined means  

2W 4W 6W 8W 2W 4W 6W 8W 2W 4W 6W 8W 

Fixed  1.51b  2.01b  2.43b 2.83b  1.65b  2.12b  2.54b  2.95b 1.57b  2.07b  2.49b 2.89b 

Tensiometer  1.96a  2.42a  2.86a 3.26a  2.10a  2.54a  2.97a  3.38a 2.02a  2.49a  2.92a 3.32a 

IW/CPE  1.93a  2.39a  2.85a 3.24a  2.07a  2.51a  2.96a  3.36a 2.00a  2.47a  2.91a 3.30a 

SE±             

Means in a column followed by the same letter are not significantly different according to Duncan Multiple Range Test at 5% 
level of probability. 
 
3.4 Plant Height (cm) 
The result of the effect of irrigation schedules on the plant 
height of maize is presented in Table 4. The result showed 
that plant height was significantly (P ≤ 0.01) affected by 
irrigation schedules in both the 2014 and 2015 growing 
seasons and the combined analysis of the two seasons.  

The result showed a significant increase in plants height 
of 161.0 cm in 2014 and 169.2 cm in 2015 from the 
tensiometer scheduled plots followed by 160.4 cm in 
2014 and 169.0 cm in 2015 from the ratio of irrigation 
amount to cumulative pan evaporation (IW/CPE) 
schedules and the least plant heights of 113 cm in 2014 
and 119.7 cm in 2015 were obtained from the fixed 
interval scheduled plots. Similarly, the combined (2014 
and 2015) mean also showed a significant increase in 
plant heights of 165.2 and 164.9 cm from the use of a 
tensiometer and the ratio of IW/CPE schedules, 
respectively compared to the plant of 116.9 cm obtained 
using the fixed irrigation interval schedule. However, the 

plant heights obtained from the use of a tensiometer, and 
the ratio of 1W/CPE schedules were statistically similar 
due to the same irrigation interval of 4 days given both 
schedules. The fixed irrigation interval of 7 days showed 
poor vegetative growth due to moisture stress because of 
the untimely application of water to the plants. This result 
is supported by the findings of Elzubeir and Mohammed 
(2015) on the irrigation scheduling of maize under the 
desert area condition of North Sudan. They reported the 
tallest plant height of 201 cm using 10 days irrigation 
interval compared to plant heights of 187 and 172 cm 
from irrigation intervals of 15 and 20 days, respectively. 
They attributed the shorter (187 and 172 cm) plant heights 
to water stress that resulted from prolonged irrigation 
intervals. The result is also in agreement with the findings 
of Sahuet al. (2005), Kumar et al. (2006), and Bharati et 
al. (2007) who reported higher plant heights from 
frequent (5 to 6 days) irrigation compared to a lesser 
number of irrigations. 
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Table 4: Effect of irrigation schedules on plant height (cm) 
Irrigation 
Schedules 

2014  2015  Combined means  

2W 4W 6W 8W 2W 4W 6W 8W 2W 4W 6W 8W 

Fixed  
28.7b 

 45.6b  72.9b 113.9b  34.7b  55.0b  76.9b 119.7b  31.7b  50.3b  74.9b 116.9b 

Tensiometer  
40.6a 

 64.9a 102.7a 161.0a  49.4a  78.3a 107.7a 169.2a  45.0a  71.6a  05.2a 165.2a 

IW/CPE  
40.3a 

 64.6a 102.3a 160.4a  49.2a  77.8 107.3a 169.0a  44.8a  71.2a  74.9a 164.9a 

SE±             
Means in a column followed by the same letter are not significantly different according to Duncan Multiple Range Test at 5% 
level of probability  
 
3.5 Yield and Weight of 1000 Kernels 
The result of the effect of irrigation schedules ontheyield 
and weight of 1000 kernels of maize is presented in figure 
1. The result revealed that the weight of 1000 kernels was 
significantly (P ≤ 0.01) affected by irrigation schedules. 
The result showed a significant yield increase of 4498 
kg/ha in 2014 and 4776 kg/ha in 2015 from the 
tensiometer scheduled plots and 4464 and 4741 kg/ha 
from the ratio of irrigation amount to cumulative pan 
evaporation (IW/CPE) schedule compared to yields of 
2228 and 2365 kg/ha obtained from the fixed irrigation 
interval schedule in the 2014 and 2015 growing 

seasons,respectively.Similarly, the combined (2014 and 
2015) means result also showed the same trend with yield 
values of 4637 kg/ha from the tensiometer and 4603 kg/ha 
from the ratio of IW/CPE schedule compared to the yield 
of 2296 kg/ha obtained from the fixed interval (7 days) 
scheduled plots. However, the yields obtained from the 
plots scheduled using a tensiometer and the ratio of 
IW/CPE were statistically similar due same irrigation 
interval of 4 days given by both schedules. The result of 
this study is in agreement with the findings of Oktemet al. 
(2003), Rajannaet al. (2006), and Elzubeir and 
Mohammad (2015). 

 

 
Figure 1: Mean comparison result for the effect of irrigation schedules on yield using DMRT 

 
The result of the effect of irrigation schedules on the 
weight of 1000 kernels is presented in Figure 2. The 
significantly higher weights of 1000 kernels of 215 and 
233 g were recorded in both the tensiometer and the ratio 
of IW/CPE scheduled plots compared to the weight of 
166 and 180 g from the fixed irrigation interval plots in 
the 2014 and 2015 growing seasons, respectively. 
Similarly, the combined (2014 and 2015) means also 

showed the significantly higher weight of 1000 kernels of 
224 g in the tensiometer and ratio of IW/CPE scheduled 
plots compared to the weight of 173 g from the fixed 
interval (7days) plots. But the weight of 1000 kernels in 
the tensiometer and the ratio of IW/CPE were statistically 
the same due to the same irrigation interval of 4 days 
given by the schedules. Elzubeir and Mohammad (2015) 
reported similar findings. 
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Figure 2: Effect of irrigation schedules on the weight of 1000 kernels using DMRT 

 

3.6 Cob Length and Cob Diameter 

Figure 3 presents the result of the effect of different 
irrigation schedules on maize cob length and cob 
diameter. The results of irrigation schedules had a 
significant (P ≤ 0.01) effect on maize cob length and cob 
diameter in both 2014 and 2015 and the combined 
analysis for the two growing seasons.The cob lengths of 
17.8 and 19.3 cm obtained using a tensiometer and 17.6 
and 19.1 cm from the plots under the ratio of irrigation 
amount to cumulative pan evaporation (IW/CPE) 
schedule were significantly different from the cob lengths 
of 15.5 and 16.8 cm obtained from the fixed interval plots 
in the 2014 and 2015 growing seasons, respectively. 
Similarly, the combined (2014 and 2015) means result 
also showed the same trend with a significant increase in 
cob lengths of 18.6 and 18.3cm from tensiometer and 
ratio of IW/CPE scheduled plots compared to cob length 
of 16.1 cm obtained from the fixed interval schedule. The 
cob lengths from the plots scheduled using a tensiometer 
and ratio of IW/CPE were statistically similar due to the 
same irrigation interval of 4 days given by both schedules. 
 
This result is supported by the findings of Kumar et al. 
(2006) and Bharati et al. (2007) who reported that the 

maximum maize cob length was obtained from the crop 
that received water more frequently (5 to 6 irrigations) 
compared to a lesser number of irrigation water 
applications.The cob diameters of 4.48 and 5.05 cm from 
the tensiometer and 4.41 and 4.97 cm obtained from the 
ratio of irrigation amount to cumulative pan evaporation 
(IW/CPE) scheduled plots were significantly higher than 
the cob diameters of 3.21 and 3.61 cm in the 2014 and 
2015 growing seasons. 
 
 
Similarly, the combined data result also showed the same 
trend with higher cob diameters of 4.77 and 4.69 cm from 
the tensiometer and the ratio of IW/CPE scheduled plots 
respectively compared to cob diameter of 3.41 cm from 
the fixed interval (7 days) scheduled plots (Figure 4). But 
the cob diameters obtained from the tensiometer, and the 
ratio of IE/CPE were statistically at par due to the same 
irrigation interval of 4 days given by both schedules. The 
result of this study is supported by Majid et al. (2017) 
who stated a significant increase in cob diameter from 
maize crops that received irrigation water more 
frequently. 
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Figure 3: Mean comparison result for the effect of irrigation schedules on cob length using DMRT 

 

3.7 Number of Rows per Cob and Cob Weight 
The results of the effect of irrigation schedules on the 
number of rows per cob and cob weight are presented in 
Figure 5. The results revealed that the number of rows per 
cob and cob weight was significantly (P ≤ 0.01) affected 

byirrigation schedules in both the 2014 and 2015 growing 
seasons. The combined (2014 and 2015) means result also 
showed that irrigation schedules had a significant (P ≤ 
0.01) influence on the number of rows per cob and cob 
weight.  

 
Figure 4: Mean comparison result for the effect of irrigation schedules on cob diameter using DMRT 
 
The number of rows per cob significantly increased in the 
tensiometer scheduled plots (14.6 in 2014 and 16.6 in 
2015) and the ratio of irrigation amount to cumulative pan 
evaporation (IW/CPE) with several rows per cob of 14.3 
and 16.3, compared to 12.3 and 13.9 from the fixed 
irrigation plots in the 2014 and 2015 growing seasons, 
respectively. Similarly, the combined result (2014 and 
2015) also showed that the tensiometer and ratio of 
IW/CPE scheduled plots also resulted in a significant 
increase in the number of rows per cob of 15.6 and 15.3 

respectively compared to the value of 13.1 from the fixed 
irrigation interval (7 days) plots. But the number of rows 
per cob obtained using a tensiometer and the ratio of 
IW/CPE were statistically similar due to the same 
irrigation interval of 4 days given by the schedules. The 4 
days irrigation interval created a favourable soil moisture 
condition that enhanced growth and increased the number 
of rows per cob compared to the fixed irrigation interval 
of 7 days.  
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Figure 5: Mean comparison result for the effect of irrigation schedules on the number of rows per cob using DMRT 

The result obtained agrees with the findings of Majid et 
al. (2017) who reported a significant increase in the 
number of rows per cob when the frequency of water 
application is increased.  Similar results were also 
reported by Gencoglan and Yazar (1999), Farre and Faci 
(2009) and Bozkurt and Yazar (2011). 

Figure 6 revealed the result of cob weight, which 
significantly increased in plots scheduled using a 
tensiometer (108.1 g in 2014 and 114.8 g in 2015) and the 
ratio of IW/CPE schedule with cob weights of 107.5 g in 
2014 and 114.2 g in 2015 plots compared to 75.3 g in 
2014 and 79.9 g in 2015 from the fixed irrigation interval 
plots. Similarly, the combined result for the seasons also 
showed that the cob weights of 114.4 and 110.9 g from 
the tensiometer and ratio of IW/CPE schedules, 
respectively were significantly higher than the cob weight 
of 77.6 obtained from the fixed irrigation interval plots. 

3.8 Correlation of Growth and Yield Parameters and 
Yield 

The correlation coefficients of growth and yield 
parameters and yield of the maize crop is presented in 
Table 6. The result showed a highly significant (P ≤ 0.01) 
strong positive correlation between thenumber of leaves 
per plant (r = 0.83), leaf area index (r = 0.72), stem girth 
(r = 0.73), plant height (r = 0.83) and yield.  Similarly, a 
highly significant (P ≤ 0.01) strong positive correlation 
was observed between cob length (r = 0.97), cob diameter 
(0.87), cob weight (r = 0.79), number of rows per cob (r = 
0.87), number of kernels per cob (r = 0.87), weight of 
seeds per cob (r = 0.78) and 1000 kernels weight (r = 
0.71)and yield. 

This result agrees with the findings of Matusso (2016) 
who reported a significant correlation between growth 
parameters and yield. The result is also supported by the 
finding of Ilker (2011), Hasyanet al. (2012), Kumar et al. 
(2014) and Karasu et al. (2015) who reported a significant 
correlation between yield components and yield. 
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Figure 6: Mean comparison result for the effect of irrigation schedules on cob weight using DMRT 

 

3.9 Crop Water Use Efficiency and Irrigation Water 
Use Efficiency 

Resultsof crop water use efficiency and irrigation water 
use efficiency are presented in Figures 9 and 10. The 
results revealed that irrigation schedules had significant 
(P ≤ 0.01) effects on crop water use efficiency (CWUE) 
and irrigation water use efficiency (IWUE) in both 2014 
and 2015 and the combined analysis for the two growing 
seasons.  
 
The result in Figure 9 showed significantly higher crop 
water use efficiencies of 0.75 and 0.79 kg/m3from the use 
of tensiometer and0.74 and 0.79 kg/m3from the ratio of 
IW/CPE schedule compared to the least crop water use 
efficiencies of 0.65 and 0.69 kg/m3 obtained from the 
fixed irrigation interval schedule for the 2014 and 2015 
seasons, respectively.Similarly, the combined means 
(2014 and 2015) result for the growing seasons also 
showed that crop water use efficiency significantly 
increased from 0.67 to 0.77 kg/m3 from the fixed interval 
(7 days) scheduledto the tensiometer and the ratio of 
IW/CPE scheduled. The crop water use efficiencies from 

the tensiometer and the ratio of IW/CPE were statistically 
the same due to the irrigation interval of 4 days given by 
both schedules.  High irrigation frequency creates a 
favourable soil moisture condition in the root zone of 
plants which results in improved crop performance in 
terms of yield and crop water use efficiency (Silber et al., 
2005).The result of this study agrees with the findings of 
EL-Hendawyet al. (2008) who reported an increase in 
crop water use efficiency with an increase in irrigation 
frequency. 
 
The result in figure 10 showed a significant increase in 
irrigation water use efficiencies (0.53 and 0.61 kg/m3) 
from the use of a tensiometer and the ratio of IW/CPE 
(0.53 and 0.61 kg/m3)in 2014 and 2015, respectively 
compared to irrigation water use efficiencies of 0.47 and 
0.54 kg/m3 obtained from the fixed interval schedule in 
the 2014 and 2015 growing seasons respectively. 
Similarly, the combined result for the two growing 
seasons showed that irrigation water use efficiency 
significantly increased from 0.50 kg/m3under the fixed 
interval (7 days) schedule to 0.57 kg/m3 using the 
tensiometer and the ratio of IW/CPE schedules which 
gave irrigation frequency of 4 days.  
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Figure 9: Mean comparison result for the effect of 
irrigation schedules on crop water use efficiency using 
Duncan multiple range test (DMRT) 

 

 

Figure 10: Mean comparison result for the effect of 
irrigation methods on crop water use efficiency using 
Duncan multiple range test (DMRT) 

4. Conclusion 
 
Based on the study conducted to determine the proper 
irrigation schedule for maize production in the semi-arid 
environment of Nigeria, it can be concluded that the soil 
moisture and climate-based schedules that resulted in 4 
days irrigation interval for the replenishment of soil 
moisture to the desired level proved to the the optimum 

schedule for the area. This gave a significantly higher 
yield of 4637 kg/ha and water use efficiency of 0.77kg/m3 
compared to the yield of 2296kg/ha and water use 
efficiency of 0.67kg/m3 obtained using the fixed irrigation 
interval of 7 days. 
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