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ABSTRACT

Terminal moisture stress is one of the major factors that reduce the yield of chickpea when it is grown using 
residual moisture. Field experiment was conducted for two consecutive years (2015/16 and 2016/17) at Teda re-
search site, northwestern Ethiopia to investigate the effect of Supplemental Irrigation (SI) on yield and yield at-
tributes of chickpea (Habru variety). The treatments comprised of six SI levels (no SI/rain-fed, SI at: 50% flow-
ering, 50% pod setting; vegetative + 50% flowering, vegetative + 50% pod setting stages). The treatments were 
laid out in randomized complete block design with three replications. Data were analyzed using SAS software, 
and means were separated by least significant difference test. The result showed that the effect of SI on water use 
efficiency, yield and most yield components of chickpea such as weight of 100-seed, biomass yield, number of 
secondary branch, pods and seeds plant-1 was significant. SI generally decreased the water use efficiency of chick-
pea compared to rain-fed condition. Based on two-year result, SI twice at vegetative + pod setting produced max-
imum seed yield (30.02 q ha-1), which was at par with that of SI twice at vegetative+ flowering (29.30 q ha-1) and 
once at vegetative stages (29.17 q ha-1). SI once at vegetative, twice at vegetative + flowering and twice at vege-
tative + pod setting stages increased seed yield by 12, 17 and 19% in 2015; and by 35, 24 and 36 % in 2016, re-
spectively, compared to rain-fed condition. SI once at vegetative stage provided maximum net benefit (45880.40 
ETB ha -1), with a marginal rate of return (477%) greater than minimum acceptable level (100%). Moreover, it 
had the highest water use efficiency among SI treatments. Therefore, SI once at vegetative stage can be recom-
mended as the best management option for chickpea production in the study area.
Key Words: Supplemental irrigation, chickpea, yield, profit, water use efficiency 
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INTRODUCTION

Chickpea can meet its water requirement from 
residual soil moisture left during the preceding 
main rainy season. It can withstand drought 
conditions by extracting water from deeper layers 
in the soil profile because of its deep tap root 
system (Gaur et al., 2010). It goes deeper than 150 
cm. However, its major water need is extracted 
from the top 60 cm of the soil profile, where most 

of its active roots reside in (Yirga Alemu and 
Hanibal Lemma, 2012).

Water logging during the main rainy season 
and terminal moisture stress when chickpea is 
grown at the end of the season using residual 
moisture are some of the major obstacles for 
chickpea production in vertisol areas of Ethiopia. 
Particularly, water logging leads to crop failure 
due to root rot (Geletu Bejiga and Yadeta Anbesa, 
2002) that in turn impedes chickpea production on 
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such type of soil in Ethiopia. To solve this, different 
researches have been conducted on soil drainage 
and adjusting of sowing time at the end of the 
rainy season. For instance Regassa Ayana (2014) 
recommended sowing at mid-August combined 
with the use of broad bed and furrows (BBF). 
Though this and other research results showed 
promising results, farmers could not  benefit 
from two tmce harvesting from cereal-chickpea 
double cropping system in a year as the land is 
left fallow from the beginning to the end of the 
season  when chickpea is commonly grown. So, 
growing chickpea after harvesting the main cereal 
crops such as wheat, teff and barley using residual 
moisture allows farmers to produce second crop 
in one growing season that in turn boosts crop 
productivity of scarce land resource and farmers’ 
income (MoA, 2010). However, it is affected by 
terminal moisture stress when it is grown using 
residual moisture at the end of the main rainy 
season. It is often exposed to drought during its 
active phenological growth stages (Geletu Bejiga 
and Yadeta Anbesa, 2002; Gaur et al., 2008) that 
result in poor crop growth and consequently low 
yield. Drought is among the most serious abiotic 
constraints to chickpea production. It, together with 
heat, accounts for about 50% of the yield losses 
caused by abiotic stresses (Gaur et al., 2008).

Therefore, alleviating terminal drought through 
Supplemental Irrigation (SI) to grow chickpea 
using residual moisture sequentially after cereal 
crops such as wheat can be helpful to harvest 
two times in a year, improve crop productivity in 
the system as a whole and increase the income of 
farmers. SI results in a substantial improvement 
in yield and water productivity of the crop (Oweis 
and Hachum, 2012). Hence, it is one alternative 
opportunity to increase the productivity of chickpea 
as it is mostly grown in receding soil moisture, 

which may not be enough during dry seasons 
(Menale Kassie et al., 2009). However, mitigation 
of terminal moisture stress and thereby improving 
the sustainable productivity of chickpea crop in 
the study area is scanty. In line with this, research 
conducted at Dembia district by Yirga Alemu and 
Hanibal Lemma (2012) highlighted the importance 
of SI at vegetative stage of chickpea. However, 
the authors predetermined the amount of irrigation 
to be 13 mm at different growth stages without 
considering the amount of water depleted during 
each irrigation time, the water holding capacity of 
the soil, the water requirement of the crop and all 
the crop data other than grain yield. This indicates 
the need for further research to consider these gaps. 
The objective of the experiment was, therefore, 
to investigate the effects of SI on yield and yield 
attributes of chickpea.

MATERIALS AND METHODS

Site Description 

Field experiment was conducted for two 
consecutive years (2015/16 and 2016/17) in 
Teda research site of the College of Agriculture 
and Rural Transformation at the University of 
Gondar. The site is found in rural areas of Gondar 
Town Administrative District of Amhara Region, 
northwestern Ethiopia. It is one of the rural areas 
surrounding Gondar Town, which is 750 Km from 
Addis Ababa. The experimental site is located 
at latitude of 12°28′N, longitude of 37°29′E and 
has an altitude of 1977 meters above sea level 
(GPS reading). The average long term (35 years) 
climate data showed that the study area receives 
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a total annual rainfall of 1843 mm. The minimum 
and maximum temperature was 12.7 and 27.3, 
respectively. The daily rainfall and reference 
evapotranspiration (ETo) pattern for 2015/16 and 
2016/17 seasons is depicted in Figure 1. The ETo 
in both years showed similar trend. At sowing time 
(October), the amount of daily rainfall was higher 
than daily ETo in 2016, but it was lower than the 
daily ETo in 2015. In November (vegetative stage), 
the rainfall was almost equal to ETo in 2015 that 
could be enough for the crop growth. However, 
it was zero in the same month and onwards in 
2016 (data obtained from Ethiopian Meteorology 
Agency, Bahir Dar Branch). 

Experimental Treatments and Design

The experimental treatments comprised of six SI 
levels (no irrigation/rain-fed, irrigation once at: 
vegetative, 50% flowering, 50% pod formation 
stage; twice irrigation at: vegetative + 50% 
flowering stages, vegetative + 50% pod setting 
stages). The treatments were laid out in randomized 
block design (RCBD) with three replications. The 
experimental area was divided into three blocks, 

which were further divided in to six plots with 
the size of 6 m2 (2.5 m long x 2.4 m wide). The 
spacing between blocks and plots was 2 and 1m, 
respectively. 

 Land Preparation and Sowing 

The land was cropped with wheat during 
main rainy season. It was plowed two times 
a week before and at sowing time. Chickpea 
variety, Habru, was used as a test crop for the 
experiment. The variety was released by ICARDA 
(International Center for Agricultural Research 
in the Dry Areas) in 2004.  It is one of the 
improved Kabuli type chickpeas that are resistant 
to ascochyta blight, wilt and root rot disease - 
the major disease in the study area. It is large-
seeded, fetching almost double the market price 
of traditional varieties. It can potentially yield up 
to 4 t ha-1 (ICARDA, 2010). Seeds were sown on 
October 15, 2015 of the first season and October 
20, 2016 of the second year. After preparing the 
layout and dividing into blocks and plots, seeds 
were drilled in row planting method on each plot at 
40 cm inter and 10 cm intra-row spacing. 

Figure1.  Evapotranspiration and rainfall pattern in 2015 and 2016.
                                Data source: Ethiopian Meteorology Agency, Bahir Dar Branch.
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 Crop Management 

Recommended agronomic practices of extension 
package for the crop, except irrigation treatments, 
were uniformly followed throughout the growing 
season. Full dose of blanket recommended 
chemical fertilizer (100 kg ha-1 DAP) was applied 
at sowing time. Weeding was done twice in the 
growing season. The first weeding was done one 
month after seed emergence and the second two 
weeks later. Since boll worm occurred at pod 
setting stage, Endsulfan 35% E.C was applied at 
the rate of 2 liter per hectare.  

Soil Sampling and Analysis 

Before land preparation, soil samples were 
collected diagonally from three spots of the 
experimental site within 0-30 cm depth using 
augur. Soil texture, organic matter content, total 
N, available P, pH, electric conductivity (EC) and 
cation exchange capacity (CEC) were determined 
in soil laboratory following standard laboratory 
procedures. Particle size distribution analysis was 
done by hydrometer method (FAO, 2008). The pH 
was determined using 1:2.5 soil to water ratio using 
a glass electrode attached to a digital pH meter 
(FAO, 2008). Soil organic carbon was determined 
by volumetric method (Walkley and Black, 1934). 
Organic matter content was calculated as OM (%) 
= OC*1.72. Total nitrogen was analyzed by Micro-
Kjeldhal digestion method using sulphuric acid 
(Jackson, 1962) while available phosphorus was 
determined using a spectrophotometer (Olsen et al., 
1954). 

Soil Moisture Determination and Application of 
Irrigation Water 

Undisturbed soil samples were taken at 0-30 and 

30-60 cm depths using core sampler to determine 
bulk density (BD), moisture content at permanent 
wilting point (PWP) and field capacity (FC) of 
the soil just before land preparation. The moisture 
content at permanent wilting point and field 
capacity were measured by pressure plate in 
laboratory. According to the treatments, soil water 
content was determined gravimetrically at the time 
of planting (initial moisture content), vegetative, 
50% flowering, and pod setting stages. Soil 
samples were taken using auger while fresh mass 
of the soil sample was measured and then oven-
dried at 105oC to constant weight. The dry soil 
was weighed again using sensitive balance. The 
moisture content on dry mass basis was calculated 
(Michael, 1997) as: 
Soil moisture content on mass basis 
(w/w %) = Mw - Md  x 100		  [1]
                          Md

 Where, Mw = Mass of wet soil sample, Md = mass 
of dry soil sample 
The amount of depleted soil moisture content 
that was to be refilled back to field capacity was 
calculated using the following formula.

                                                                       [2]                                                           

 
                                        

Where, d = depth of water to be applied during 
irrigation (cm), Mfci = moisture content (%) at field 
capacity in the ith layer of the soil, Mbi = moisture 
content (%) before irrigation in the ith layer of the 
soil,

Ai = bulk density of the soil (g cm-3) in the ith layer 
of the soil and Di = depth of the ith soil layer within 
the root zone (cm).
The depth of water to be irrigated at each irrigation 

Ai

100

Di**Mbi)-(Mfci=∑                                       d                                       
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time (Table 2) was converted to volume of water in 
litter which was calculated as: 

V (liter) =   A*d*1000 	                          [3]

Where, V= volume of water to be applied, A = area 
of the plot (6 m2) and d = depth of application (m)
Post planting irrigation was applied at vegetative, 
flowering and pod filling stages according to 
the treatments as indicated in Table 2, but no 
irrigation was applied to the control plots (rain-fed 
condition). The calculated volume of water was 
applied to each furrow of the treated plots using 
watering can during each irrigation time as per the 
treatments. The volume of water applied for each 
furrow was determined by dividing the volume of 
water to be applied on the plot with the number of 
plant rows. The water use efficiency (Kg m-3) was 
calculated as the ratio of grain yield to seasonal 
water use (Singh et al. 2016). 

Data Collection 

At maturity, five plants were randomly tagged 
from each net plot area to record data on growth 
parameters (plant height, number of primary and 
secondary branches per plant) and yield component 
parameters (100-seed weight, number of pods per 
plant and seeds per plant) (Singh et al., 2016). The 
total values of measured or counted parameters 
were divided by five to record the average values 
per plant. Grain and biomass yields were recorded 
by harvesting the net plot area of 2.76 m2 (1.2 m 
x 2.3 m). After harvesting, the total biomass yield 
was measured using balance, and it was threshed 
on a mat. Then seed yield of each plot was weighed 
using sensitive balance and recorded. The seed 
moisture content was adjusted to 13%, and the 
yield was converted to quintal ha-1.

Economic Analysis

To evaluate the economic feasibility of 
supplemental irrigation, partial economic analysis 
was done following partial budget analysis as 
described by CIMMYT (1988). The prevailing 
market prices of inputs and monetary value of 
crop products during cropping season were used 
for analysis. The total variable costs (TVC), gross 
benefit and net benefit were calculated. Total 
variable cost was calculated as the sum of cost of 
fuel and labor for irrigation pumping and cost of 
irrigation water. The net benefit was calculated 
as the difference between gross benefit and total 
costs that vary (TVC). Grain yield was adjusted 
downwards by 10% assuming that farmers may 
obtain yields 10% lower than those recorded by 
research results in small plots. The Marginal Rate 
of Return (MRR) was calculated as the ratio of 
additional benefits to additional costs between pair 
of treatments. The MRR was used to assess the 
relative profitability among alternative treatments. 
Then treatments were listed according to increase 
in total costs that vary. The dominance analysis 
was performed and the dominated treatments were 
eliminated. A treatment that has net benefits less 
than or equal to the treatments with lower costs 
that vary is dominated. A treatment which was 
non-dominated, having MRR of greater or equal 
to 100% and highest net benefit was considered as 
economically profitable (CIMMYT, 1988). 

 Statistical Analysis 
All the relevant data collected from the 
experimental plots were subjected to analysis 
of variance (ANOVA) using the SAS statistical 
computer software program ver. 9.1.3 (SAS, 
2004). When the treatment effects were significant, 
means were separated following least significant 
difference (LSD) test (Gomez and Gomez, 1984).
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RESULTS AND DISCUSSION

Soil Physical and Chemical Properties of the 
Experimental Site 

The soil analysis indicated that the experimental 
farm was clay soil. It had pH of 7.95, 0.21 mS/cm 
EC, 57.50 cmol/kg CEC, 1.15% OM, 0.06% total 
N and 5.97ppm available phosphorus. It had bulk 
density of 1.21 and 1.23 gm cm-3 and 45.70 and 
45.70% porosity within 0-30 and30-60 cm soil 
depth, respectively. 

Table1. Physical and chemical properties of soil in the experimental site 

Physical properties

Soil depth 
(cm)

Sand
 (%)

Silt 
(%)

Clay 
(%)

Tex. 
Class

BD 
(gm cm-3)

FC 
(mm)

PWP 
(mm)

AWC 
(mm)

Porosity 
(%)

0-30 27.28 31.28 41.44 Cay 1.21 132.90 85.60 47.30 45.70

30-60 25.00  30.00 45.00   Cay 1.23 133.90 86.20 47.70 46.40

Chemical properties

Soil depth 
(cm)

EC (mS/
cm)

CEC 
(cmol/kg)

pH OM (%)
Total N 
(%)

Av. P
(ppm)

 

0-30 0.21 57.30 7.95 1.15 0.06 5.97

The moisture content at field capacity and wilting 
point was 132.90 and 85.60 mm within 0-30 
cm and 133.90 and 86.20 mm within 30-60 cm, 
respectively. The total Available Water Content 
(AWC) within 0-30 and 30-60 cm soil depth was 
47.30 and 47.70 mm, respectively (Table1). Hence, 

the maximum water holding capacity of soil within 
effective root zone of chickpea (60 cm soil depth) 
was 95 mm. 

Soil Moisture Depletion Trend and Consumptive 
Use during the Experimental Periods

The initial soil moisture content at sowing 
time was 91% and 97% of AWC in 2015 and 
2016, respectively. During each irrigation time 
(vegetative, flowering and pod formation stages), 
the depleted amount of water was refilled to bring 
the moisture content to field capacity according to 
the treatments. Hence, the amount of net irrigation 
water applied at each irrigation time was equal to 

the depleted soil moisture content (Table 2). The 
amount of depleted moisture content at vegetative, 
flowering and pod setting stages was 25, 67, and73 
mm in 2015; and 30, 70 and 75 mm in 2016, 
respectively in plots treated with one time irrigation 
treatments. 
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The amount of depleted moisture content, which 
was refilled to field capacity during vegetative 
stage, was again depleted to 44 and 50 mm at 
flowering and 51 and 52 mm at pod setting stages 
in 2015 and 2016 in plots treated with twice 
irrigation at vegetative + flowering and vegetative 
+ pod setting, respectively (Table 2). Total seasonal 
consumptive use in chickpea crop growth was 45 
and 53 mm for rain-fed condition. It was 70 and 
83, 112 and 123, and 128 and 118 mm for one time 
irrigation at vegetative, flowering, pod setting, 
while for twice irrigation at vegetative + flowering 
and vegetative + pod setting was 114 and 133mm, 
and  121 and 135 mm in 2015/16 and 2016/17 

growing season, respectively. Generally, the 
seasonal consumptive use was higher in 2016/17 
than in 2015/16 season. This could be because the 
second season is drier than the first one, which is 
congruent with what has been stated by Ray et al. 
(2011) regarding seasonal variation in moisture 
depletion trend and seasonal water use of chickpea. 

Plant Height

The analysis of variance showed that the effect 
of SI on plant height was not significant during 
2015, while it was highly (p < 0.01) significant 
effect in 2016 (Table 3). The non-significant effect 

Table 2. Amount of Supplemental Irrigation (SI), Effective Rainfall (ER) and Seasonal Water Use (SWU) of 
chickpea at different crop growth stages

Treatments  
Vegetative

SI at Crop growth stages 
Total SI 
(mm)*

ERF 
(mm)

SWU 
(mm)Flowering

Pod 
setting 

First season (2015)

Non SI/rain-fed 0.00 0.00 0.00 0.00 45.00 45.00

SI once vegetative (V) 25.00 0.00 0.00 25.00 45.00 70.00

SI once at flowering (F) 0.00 67.00 0.00 67.00 45.00 112.00

SI once at pod setting (P) 0.00 0.00 73.00 73.00 45.00 118.00

SI twice at V + F 25.00 44.00 0.00 69.00 45.00 114.00

SI twice at V + P 25.00 0.00 51.00 76.00 45.00 121.00

Second season (2016) 

Non SI/rain-fed 0.00 0.00 0.00 0.00 53.00 53.00

SI once vegetative (V) 30.00 0.00 0.00 30.00 53.00 83.00

SI once at flowering (F) 0.00 70.00 0.00 70.00 53.00 123.00

SI once at pod setting (P) 0.00 0.00 75.00 75.00 53.00 128.00

SI twice at V + F 30.00 50.00 0.00 80.00 53.00 133.00

SI twice at V + P 30.00 0.00 52.00 82.00 53.00 135.00

 *= the amount of water in mm is within effective root zone depth of chickpea (60 cm)
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of SI in the first year might be due to relatively 
higher rainfall during vegetative stages of the 
crop (Figure1). In the second year, significantly 
the longest plants (47.97 cm) were recorded due 
to twice SI at vegetative + flowering, followed 
by one time irrigation at vegetative stage, while 
the shortest plants (43.17 cm) were observed 
from non-irrigated plots. It could be attributed 
to the sufficient moisture available in root zone 
of chickpea which can increase the nutrients 

availability to plant that increased the vegetative 
growth and leaves that in turn help to manufacture 
more food material with the presence of 
chlorophyll. In line with the present result, some 
research results indicated non-significant effect 
of SI on plant height (Abdurazzak et al., 2014; 
Nawab et al., 2015; Singh et al., 2016), but others 
(Singh, 2017; Yagmur and Kaydan, 2011) reported 
significant effect of SI on plant height.

Table 3. Effects of SI on plant height and weight of 100-seeds

Treatments  
Plant height Weight of 100 seeds

2015 2016 Mean 2015 2016 Mean

No SI/rain-fed 45.67 43.17c 44.42 30.14c 30.13c 30.24d

SI at Vegetative (V) 45.43 46.87ab 46.15 30.44bc 31.63b 31.56ab

SI at flowering (F) 44.60 44.30c 44.45 30.47bc 31.33b 30.90cd

SI at Pod forming (P) 42.47 44.13c 43.30 30.50bc 31.33b 31.08bc

SI at V+F 44.00 47.97a 45.98 31.64a 32.67a 32.15a

SI at V+P 44.33 46.00b 45.17 31.13ab 32.67a 31.72ab

F-test ns ** ns * * *

LSD (P < 0.05) 1.30 0.75 1.20 0.73

CV (%) 7.39 1.58 6.09 1.35 2.15 2.00

ns = non significant, * = significant, ** = highly significant, letters followed by the same letter are not significant.

Number of Primary and Secondary Branches

As shown in Table 4, SI had no significant effect 
on primary branches in both years. During the 
first season, SI had also no significant effect on 
secondary branch. On the other hand, effect of 
treatments on secondary branch was significant (p 
< 0.05) in the second season. The non-significant 
response of the number of branches to SI in 2015 
might be due to relatively higher rainfall during 

vegetative growth stages of the crop (Figure 1). 
Based on two year mean result, twice irrigation 
at vegetative + flowering stages produced 
significantly maximum number of branches (8.82), 
which was statistically at par with treatments of 
one time irrigation at vegetative (8.37) and twice 
irrigation at vegetative + pod forming stages (8.40). 
The non-irrigated treatments produced the fewest 
branches. This might be due to reduction of cell 
division and enlargement under water shortage. 
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The significant effect of the second year result 
agrees with the finding of previous research 
results reported by Yagmur and Kaydan (2011), 
Abdurazzak et al. (2014) and Shamsi et al. (2010) 
who observed significant effect of SI on number of 
branches. Particularly Shamsi et al. (2010) found 
maximum number of branches with one-time 
irrigation at pod-filling stage, i.e.  58.1% higher 
than the value obtained from rain-fed condition. On 
the other hand, the non-significant effect in the first 
season agrees with such other results as Nawab et 
al. (2015), Singh et al. (2016) who reported non-
significant effect of SI on number of branches.

Weight of 100-Seeds 

The effect of SI on weight of 100-seeds was 
significant (p < 0.05) in two-year study (Table 3). 
In both years, the heaviest seeds were produced by 
supplementing with twice irrigation at vegetative 
+ flowering stages, which was at par with twice 
irrigation at vegetative + pod setting and onetime 
irrigation at vegetative stage. The result agrees with 

previous findings on chickpea (Shamsi et al., 2010; 
Ouji et al., 2016; Singh et al., 2016) who reported 
significant improvement of 100-seed weight due to 
supplemental irrigation. The improvement of 100-
seed weight was obtained due to SI at flowering 
+ pod formation stages (Ouji et al., 2016) or with 
one-time irrigation at pod-filling stage (Shamsi 
et al., 2010), while the minimum values were 
recorded from non-irrigated plots. Singh et al. 
(2016) also reported that weight of 100-seeds 
with irrigation at vegetative/early flowering phase 
significantly increased, and it was further increased 
by additional irrigation at the pod forming stage 
in the first season of the two-year study. However, 
Rasaei et al. (2012) found non-significant effect of 
SI on100-grain weight.

Number of Pods and Seeds 

Analysis of variance revealed that the effect of 
SI on number of pods and seeds per plant was 
significant (p < 0.05) in both years. Significantly 
higher number of pods and of seeds per plant 

Table 4. Effects of SI on number of primary and secondary branches

Treatments  

number of primary branch 
plant-1

 number of secondary branch 
plant-1

2015 2016 Mean 2015 2016 Mean
No SI/rain-fed 2.13 2.22 2.18 7.80 7.00c 7.40b

SI at Vegetative (V) 2.13 2.17 2.15 8.33 8.40ab 8.37ab

SI at flowering (F) 2.13 2.17 2.15 7.67 7.27bc 7.47b

SI at Pod forming (P) 2.32 2.27 2.29 7.73 7.73bc 7.73b

SI at V+F 2.27 2.33 2.30 8.47 9.17a 8.82a

SI at V+P 2.27 2.18 2.22 8.73 8.07ab 8.40ab

F-test ns ns ns ns * *

LSD (P < 0.05) 1.26 1.08

CV (%) 6.23 12.71 8.88 11.28 8.75 11.34

ns = non significant, * = significant, ** = highly significant, letters followed by the same letter are not 
significant.
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was recorded on plots treated with irrigation at 
vegetative, vegetative + flowering or vegetative 
+ pod filling. Based on the two-year mean result, 
the maximum number of pods (34.75) and of 
seeds (36.52) was recorded with twice irrigation 
at vegetative + pod setting, which was at par with 
that of one time irrigation at vegetative and twice 
irrigation at vegetative + flowering. The fewest 
pods (28.66) and seeds (29.01) were produced 
in rain-fed condition (Table 5). The increment is 
attributed to the sufficient soil moisture in the root 
zone that increased the number of primary and 
secondary branches, which ultimately increased the 
number of pods and seeds (Singh, 2017). 

The observation is consistent with other results 
(Rasaei et al., 2012; Shamsi et al., 2010; Silva et 

al., 2014; Singh et al., 2016; Singh, 2017; Yagmur 
and Kaydan, 2011). Significant improvement of 
pod number per plant was found due to two-time 
irrigation at branching and pod formation (Ray et 
al., 2011). One-time irrigation at 50% flowering 
or pod-filling also increased the number of seeds 
by 188% (Shamsi et al., 2010). According to 
Singh et al. (2016), the number of pods plant−1 
increased by double irrigation in the first season 
and by single irrigation at flowering or pod 
formation in the second season. Singh (2017) also 
reported that the number of pods/plant of chickpea 
significantly increased with the application of 
two-time irrigation at pre-flowering + grain filling 
stage. However, Nawab et al. (2015) reported 
insignificant effect of irrigation on number of pods 
and seeds per plant.

Table 5. Main effects of SI on number of pods and seeds

Treatments  
 Number of pod plant-1  Number of seed plant-1

2015 2016 Mean 2015 2016 Mean
No SI/rain-fed 28.47c 28.84c 28.66c 28.80c 29.36c 29.01d

SI at Vegetative (V) 32.49ab 35.92a 34.20ab 33.79ab 38.13ab 35.56a

SI at flowering (F) 28.99bc 30.87c 29.93c 30.27bc 34.77bc 31.25cd

SI at Pod forming (P) 31.28abc 31.52bc 31.38bc 32.10abc 34.36ac 32.23bc

SI at V+F 34.54a 32.84ab 33.88ab 35.42a 39.32ab 34.55ab

SI at V+P 34.07a 35.42ab 34.75a 35.87a 30.34a 36.52a

F-test * * ** * * **
LSD (P < 0.05) 3.88 4.30 2.95 4.09 5.53 3.21

ns = non significant, * = significant, ** = highly significant, letters followed by the same letter are not 
significant.

Above Ground Biomass 

SI had significant influence (p < 0.05) on biomass 
yield of chickpea. In the first season, twice 
irrigation at vegetative along with flowering or 
pod setting produced significantly maximum 

biomass yield, which was  at par with one-time 
irrigation at vegetative stage. The non- irrigated 
treatment produced the lowest value. In the second 
season, one time irrigation at vegetative stage gave 
significantly maximum biomass yield. Based on 
the pooled result, one-time irrigation at vegetative 
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stage, twice at vegetative + flowering and 
vegetative + pod setting increased biomass yield 
by 43, 31, and 27%, respectively, over the rain-fed 
condition (Table 6). The present result agrees with 
the report of other researchers (Shamsi et al., 2010; 
Rasaei et al., 2012; Silva et al., 2014; Singh et al., 
2016; Ouji et al., 2016).  That is, biomass yield 
significantly increased by one time SI at flowering 
+ pod formation stages (Ouji et al., 2016) or one-
time irrigation at pod-filling stage (Shamsi et al., 
2010) compared to that under rain-fed condition. 
Singh et al. (2016) also reported that irrigation at 
the vegetative stage significantly increased biomass 
yield by 59 % in the first season and by 30% in 
the second season compared to biomass yield in 
un-irrigated plots. Silva et al. (2014) observed 
maximum biomass yield of chickpea with full 
(100%) crop irrigation requirements, while Rasaei 
et al. (2012) recorded maximum on pea with SI 
at flowering and podding. However, Nawabet al. 
(2015) observed non-significant effect of irrigation 
on biological yield in Pakistan. 

Seed Yield 

The effect of SI on seed yield was significant 
(p<0.05) in 2015 and highly significant (p < 0.01) 
in 2016 growing season. During the first seasons, 
significantly maximum grain yield was produced 
from plots treated with two-time SI at vegetative + 
flowering (27.22 q ha-1) or vegetative + pod setting 
(27.53q ha-1), which was followed by one-time 
irrigation at vegetative stage (26.01q ha-1). During 
the second seasons, significantly maximum grain 
yield was observed from two-time SI vegetative 
+ pod setting (32.50 q ha-1), which was at par 
with that of one time irrigation at vegetative stage 
(32.32q ha-1) and twice at vegetative + flowering 
(31.36 q ha-1). The lowest yield was observed in 
rain-fed condition in the two-year study. Compared 

to rain-fed condition, application of SI twice at 
vegetative + pod forming, vegetative + flowering 
and once at vegetative stage increased seed yield 
by 19, 17, and 12%, respectively, in 2015 and 
36, 24, and 35%, respectively, in 2016. Based on 
the two-year mean result, SI twice at vegetative 
+ pod forming, vegetative + flowering or once 
at vegetative stage significantly increased seed 
yield by 27, 24 and 24%, respectively. However, 
two-time SI at flowering or pod setting stage did 
not further improve seed yield compared to SI at 
vegetative stage (Table 6). Yield improvement of SI 
at vegetative stage was more pronounced in 2016 
than in 2015. This could be because there was no 
rainfall during vegetative stage in the second year 
to replenish the crop evapotranspiration demand 
(Figure1). The non-significant improvement of 
one-time SI at flowering or pod setting stage might 
be due to the deep black soil that forms wide cracks 
during dry season of flowering and pod setting 
stage so that portions of the irrigation water could 
easily go down to deeper soil below effective root 
zone through the cracks as similarly observed 
in Dembia District of north Gondar by Yirga 
Alemu and Hanibal Lemma (2012). Therefore, it 
is important to supplement irrigation at vegetative 
stage before soil cracks are formed in dry soils to 
protect water loss through the cracks. The present 
result goes parallel with other studies (Shamsi et 
al., 2010; Yagmur and Kaydan, 2011; Rasaei et 
al., 2012; Silva et al., 2014, Acharya et al., 2015; 
Singh et al., 2016; Ouji et al., 2016), which stated 
that irrigation had significant effect on chickpea 
yield. The use of SI at vegetative, flowering and 
pod-filling stages is essential for obtaining higher 
grain yield of chickpea (Acharya et al., 2015). 
Significantly high yield was found with one-time 
irrigation at pod-filling (Shamsi et al., 2010) or at 
vegetative stage followed by irrigation at flowering 
and at pod-filling stage (Acharya et al., 2015) in 
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comparison with that which was found in rain-
fed condition. Singh et al. (2016) also reported 
that irrigation at pod-forming stage significantly 
increased seed yield by 36% in the first season and 
irrigation at flowering increased the value by 7% 
in the second season compared to the un-irrigated 
plots. However, the present result disagrees with 
that of Nawab et al. (2015), who reported that 
irrigation did not appreciably affect grain yield of 
chickpea. 

There was strong and highly significant positive 
correlations between grain yield and yield 
component parameters such as plant height (r 
= 0.60**), number of secondary branches (r = 

0.76**), number of pods per plant (r = 0.73**), 
number of seeds per plant (r = 0.76**), weight 
of 100 seeds (r = 0.65**) and biological yield (r 
= 0.63**). The association of these parameters 
indicated that the vigorous plant growth in terms 
of taller plants and higher number of branches 
might lead to production of higher number of pods 
and seeds, which are heavier. These associations 
in turn contributed to produce higher grain yield. 
The positive and significant association results 
are consistent with the results of Shamsi et al. 
(2010) and Parveen et al. (1999) who reported 
high dependence of seed yield on plant height, 
secondary branches and number of pods per plant. 

Table 6. Effect of SI on seed and biomass yield of chickpea

Treatments  
Biomass Yield Seed Yield
2015 2016 Mean 2015 2016 Mean

No SI/rain-fed 54.60b 41.13c 47.79c 23.22c 23.93b 23.58b

SI at Vegetative (V) 59.59ab 77.24a 68.42a 26.01ab 32.32a 29.17a

SI at flowering (F) 55.01b 53.08bc 54.05bc 25.33abc 25.31b 25.33b

SI at Pod forming (P) 56.24b 58.34b 57.29b 23.81bc 25.31b 24.56b

SI at V+F 63.07a 62.25b 62.66ab 27.22a 31.36a 29.30a

SI at V+P 62.53a 59.20b 60.87ab 27.53a 32.50a 30.02a

F-test * * ** * ** **
LSD (P = 0.05) 5.75 13.13 8.71 2.57 4.80 2.85
CV (%) 5.40 8.53 6.97 5.55 9.27 8.92

ns = non significant, * = significant, ** = highly significant, letters followed by the same letter are not 
significant.

Harvest Index

The effect of SI was not significant in the two-
year results (Table 7). This could be because the 
increase in grain yield was accompanied by an 
increase in biomass yield, which maintains the 

harvest index values non-significant as a result of 
irrigation treatments as also reported by Silva et 
al. (2014). On the contrary, Ouji et al. (2016) and 
Rasaei et al. (2012) found improvement of harvest 
index due to supplemental irrigation. 
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Water Use Efficiency 

The effect of SI on water use efficiency of chickpea 
was highly significant (p < 0.01) in the two-year 
study result (Table 8). Based on the two-year mean, 
the highest water use efficiency (WUE) (5.24 
Kg m-3) was recorded from rain-fed treatments 
followed by one-time irrigation at vegetative stage 
(4.17 Kg m-3), which gave significantly highest 
value compared to other SI treatments. It was 
68% efficient in water use compared to two-time 
irrigation treatments. The result also showed that SI 

Table 7. Effects of SI on harvest index and water use efficiency (WUE)

Treatments  
Harvest index WUE (kg m-3)

2015 2016 Mean 2015 2016 Mean

No SI/rain-fed 0.43 0.50 0.46 5.16a 5.32a 5.24a

SI at Vegetative (V) 0.44 0.52 0.48 3.72b 4.62b 4.17b

SI at flowering (F) 0.46 0.45 0.46 2.26c 2.26c 2.26c

SI at Pod forming (P) 0.42 0.43 0.43 2.09c 2.22e 2.16c

SI at V+F 0.43 0.50 0.47 2.31c 2.66c 2.48c

SI at V+P 0.44 0.52 0.48 2.27c 2.69c 2.48c

F-test ns ns ns ** ** **

LSD (P < 0.05) 0.31 0.64 0.35
CV (%) 7.32 9.35 9.22 5.68 10.67 9.50

ns = non significant, * = significant, ** = highly significant, letters followed by the same letter are not 
significant.

reduced water use efficiency of chickpea compared 
to rain-fed condition. Similarly, Singh et al. (2016) 
reported that irrigation of 75 mm at flowering or 
at pod setting stage decreased water productivity 
compared to what may be obtained in rain-fed 
condition. Sarkar and Sarkar (2017) also observed 
a decrease in water use efficiency due to irrigation 
compared to rain-fed condition. On the other hand, 
Rinaldi et al. (2008) found the best values of water 
use efficiency by irrigating 50 mm water once at 
flowering or at pod filling stage.

Partial Economic Analysis

The dominance analysis indicated that SI once 
at vegetative stage was dominant, but others 
were dominated. SI once at vegetative stage gave 
maximum net benefit of Ethiopian Birr (ETB) 
45880.40 with the lowest cost among SI treatments. 
The MRR of SI at vegetative stage (731.50%) 
is above the minimum acceptable level (100%) 

indicating that the treatments are economically 
profitable for chickpea production (Table 8). 
The MRR further implies that if a producer shifts 
from rain-fed production to SI once at vegetative 
stage, a profit of ETB 731.50 can be obtained for 
every additional ETB investment on SI. However, 
it is not economically feasible to shift from one 
time SI at vegetative stage to other SI treatments, 
which have higher production costs but lower net 
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Table 8. Partial economic analysis of SI  

Treatments  
GY
(Kgha-1)

AGY
(Kgha-1)

NB
(ETB)

TVC
(ETB)

Dominance 
analysis 

MRR
(%)

No SI/rain-fed 2358.00 2122.20 38199.60 0.00 -  - 

SI at Vegetative (V) 2917.00 2625.30 45880.40 1375.00 Non D 731.50

SI at flowering (F) 2533.00 2279.70 38234.60 2800.00 D -

SI at Pod forming (P) 2456.00 2210.40 36762.20 3025.00 D -

SI at V+F 2930.00 2637.00 44441.00 3025.00 D -

SI at V+P 3002.00 2701.80 45432.40 3200.00 D  -

GY = grain yield, AGY = adjusted grain yield, D = dominated treatment, TVC = total variable cost, 
NB = net benefit, MRR = marginal rate of return. 

CONCLUSION 

From the two-year field experiment, it can be 
concluded that the effect of SI on yield and most 
yield attributes of chickpea were significant. 
Compared to rain-fed condition, application of 
SI twice at vegetative + pod forming, twice at 
vegetative + flowering and once at vegetative 
stage increased seed yield by 27, 24 and 24%, 
respectively. Water use efficiency decreased due 
to SI treatments. Supplying irrigation once at 
vegetative stage provided maximum net benefit 
(45880.40 ETB ha -1), with MRR (477%) greater 
than the minimum acceptable level (100%) and 
with the lowest cost. Moreover, it had the highest 

water use efficiency among SI treatments without 
significantly decreasing yield. So, SI once at 
vegetative stage can be recommended as the best 
management option for chickpea production in the 
study area.
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benefits. The result indicated that one-time SI at 
vegetative stage is the most profitable intervention 
for chickpea production among the tested 
treatments. The present result is in line with other 
studies , which recorded the highest net monetary 

return by irrigation of chickpea at branching and 
pod development stages (Soma, 2012), two-time-
irrigation at pre-flowering + grain filling stage 
(Singh, 2017) or at irrigation water to cumulative 
pan evaporation ratio of 0.6 (Sarkar, 2017).
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