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Chickpea (Cicer arietinum L.) grown in the semi-arid environment is not usually irrigated. Knowledge
about effect of reduced drought stress effects under supplemental irrigation can improve chickpea
productivity. In this study, the chickpea has been submitted to supplemental irrigation during
reproductive phase under rainfed conditions. The main objective was to determine the effects of
supplemental irrigation regimes on grain yield performance and associated grain yield traits of selected
chickpea genotypes under grown in the field conditions in arid and semi-arid areas of Kenya. Different
genotypes were evaluated at Kenya Agricultural and Livestock Research Institute (KALRO-Pekerra,
Marigat), Baringo county. The trial design was split plot design in randomized complete block design
(RCBD) in three replicates. Various parameters were measured. There was significant differences in the
test genotypes (p<0.05) and traits measured with better performance with reduced drought stress due
to supplemental irrigation. However, there was a high reduction among high yielding genotypes. The
use of stress tolerance indices enabled identification and grouping of test genotypes into 4 with varied
responses to yield losses to stress and no-stress conditions. Genotypes ICCV 00108, ICCV 92318 and
ICCV 92944 are suitable for supplemental irrigation to maintain high potential yield, while ICCV 97105,
ICCV 97306 and Cavir could be recommended for production under rainfed conditions. Genotypes ICCV
92318 and ICCV 97306 could be recommended for further evaluation and final release to farmers for
commercial production.
Key words: Irrigation, chickpea, genotypes, drought stress indices, tolerance.

INTRODUCTION
Chickpea (Cicer arietinum L.) is the third most important
pulse crop in the world, after dry beans and field pea
(Mallu et al., 2015), with a total production of 14.2 million
tons from an area of 14.8 million ha and a productivity of
0.96 t ha-1 (FAOSTAT, 2014). Chickpea is highly valued

for its nutritional quality and health benefits and ability to
improve soil fertility and sustainability of the cropping
systems. It is also considered as a high energy and
protein feed in animal diets (Bampidis and Christodoulou,
2011).
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Chickpea is largely grown as a rain fed crop in the arid
and semi-arid environments in Asia and Africa, where
more than 80% of the annual rainfall is received during
the preceding long rainy season (Kumar and Abbo,
2001). In these regions the rainfall variability is usually
high, leading to varying amounts of water storage in the
soil and varying intensities of drought stress. Such
growing condition imposes increasing intensities of water
deficit as the crop cycle advances, leading to a severe
water deficit at reproductive phase and crop maturity.
Ludlow and Muchow (1990) and Saxena (2003) noted
that these types of receding soil water conditions impose
a ceiling on the cropping duration demanding selection
for matching duration varieties for the best adaptability
and productivity.
Drought stress is a major constraint to agricultural
production in many developing countries of the arid and
semi-arid regions of the world (Golbashy et al., 2010).
Globally, water scarcity is increasingly becoming a major
limitation for agricultural production and food security in
sub-Saharan Africa (Turner et al., 2001). For example, in
East Africa as in most parts of the tropics, rainfall
patterns are of erratic nature causing drought stress at
virtually any stage of plant growth. Thus, soil moisture
stress towards end of the crop season (terminal drought)
is the most important abiotic stress in about two-thirds of
the global chickpea area. Varieties with improved drought
avoidance (dehydration postponement) and/or drought
tolerance (dehydration resistance) are needed for
improving grain yield under drought stress (Gaur et al.,
2007).
In the Kenyan drylands, drought stress is the leading
crop production constraint. Drought stress causes 3045% yield reduction of major crops like maize, beans,
wheat and even chickpea annually in marginal areas of
during drought periods (Kimurto et al., 2009, 2013).
Similarly, in semi-arid tropics, chickpea is mainly
cultivated in the arid and semi-arid tropical regions under
rain-fed condition and hence it is susceptible to terminal
drought and heat stress due to decreased rainfall and
depletion of stored soil moisture towards maturation, and
experiences up to 50% yield loss (Ahmad et al., 2006;
Gaur et al., 2013; ICRISAT, 2012).
Although irrigation to reduce water deficit may be an
option, it may not be feasible in this ASALs areas due to
scarcity of water sources, since water supplied by rivers
and/or streams compete from animals and human for
domestic use. Furthermore, establishment of irrigation
schemes need for large capital outlay for effective
coverage. However, in winter-sown chickpea, Zhang et
al. (2000) noted that limited supplemental irrigation can,
however, play a major role in boosting and stabilizing the
productivity. Chickpea has a strong indeterminate growth
habit and when growing conditions are favourable the
plant continues vegetative growth without setting pods or
filling few pods (Liu et al., 2013). Management options
such as supplemental irrigation can be deployed to

modify or minimize the detrimental effects of drought to
some extent (Soltani et al., 2000).
Rosielle and Hamblin (1981) suggested that the
presence of genotype × environment interactions reduces
the efficiency of using grain yield as the sole selection
criterion and, thus, complicates the efforts of selection. In
this regard, other selection criteria also known as stress
tolerance indices have been used for genotypes selection
based on the performance in stressed and non-stressed
conditions. These include among others like the tolerance
index (TOL), stress tolerance index (STI), geometric
mean productivity (GMP), mean productivity index (MP),
drought susceptibility index (DSSI), tolerance index (TOL)
and harmonic mean productivity (HMP) have been
proposed to be calculated on the basis of grain yield in
most studies (Rosielle and Hamblin, 1981; Fernandez,
1992; Schneider et al., 1997; Fischer and Maurer, 1978).
They noted that the greater the TOL value, the larger
yield reduction under drought stress conditions and the
higher drought sensitivity. However, Rosielle and Hamblin
(1981) and Fernandez (1992) noted that this may not be
the case always. For example, research findings reported
by Farshadfar et al. (2014) noted that a selection based
on minimum yield reduction under stress conditions in
comparison with non-stress conditions (TOL) failed to
identify the most tolerant genotypes in chickpea in Iran.
Similarly, Hamblin (1981) reported that selection based
on the tolerance index often leads to selecting cultivars
which have low yields under nonstress conditions. The
greater SSI and TOL values, the greater sensitivity to
stress, thus a smaller value of these indices is favoured.
Another important index is using correlation analysis to
determine the relationship between yield and yield
attributing traits such as morphological characteristics
which is the basic prerequisite for indirect selection of
high yielding chickpea varieties (Mallu et al., 2015).
Correlation analysis of chickpea germplasm can provide
information for selection of best plant materials for
production or for breeding and therefore would assist in
future breeding strategies for drought tolerance in
drylands (Malik et al., 2009). For example Malik et al.
(2010) reported that traits with positive and significant
correlation with seed yield can be used for indirect
selection of high yielding genotypes. The correlation
between most drought tolerance indices mainly TOL, STI,
GMP and DSSI of 64 chickpea accessions had significant
correlation with each other. They noted that all of
tolerance indices except YI×YP, SSI×STI, HMP×TOL and
YI×TOL showed significant positive correlation and all of
these indices except SSI×TOL and SSI×YP had
significant negative correlation with SSI index in
complementary irrigation condition. In contrast, under
dryland conditions, all of tolerance indices except
SSI×TOL had significant negative correlation with SSI
index and the rest of indices except TOL×YS, HMP×TOL
and YI×TOL which showed positive correlation.
In related studies, Farshadfar et al. (2014) reported that

Muruiki et al.

DSSI had negative and significant correlation with TOL
index in the rainfed stress conditions and but had a
positive correlation under non-stress rainfed conditions.
Further HMP index with the GMP and STI indices had a
significant and positive correlation. In related studies,
Ghasemi and Farshadfar (2015) reported similar findings
in chickpea in Syria. In related study Mitra (2001)
reported that, drought indices provide a measure of
drought based on loss of yield under drought conditions
in comparison to normal conditions not only have been
used for screening drought-tolerant genotypes, but also
can help to find the best agronomic treatments or
genotype to coping drought stress. These indices are
either based on stress resistance or susceptibility of
genotypes (Fernadez, 1992). It has been reported that
the wheat variety Hashim-8 which indicated higher mean
productivity (MP), Geometric mean productivity (GMP)
and stress tolerance index (STI) whereas stress
susceptibility index (SSI) and tolerance (TOL) was
observed at its lowest. In this and other related studies,
MP, GMP and STI were recognized as beneficial drought
tolerance indicators for selecting a stress tolerant in
wheat variety (Khakwani et al., 1992; Sio-Se, 2006;
Drikvand et al., 2012).
However, Clarke et al. (1992) noted that to achieve
these, to achieve better genetic gains and improve plant
drought tolerance through enhancing the traits that are
linked to drought tolerance. There is need for evaluation
of wide genetic-based germplasm both under stressed
and optimum moisture levels to identify elite materials for
subsequent detailed investigation into genetic, and
physiological basis of drought tolerance mechanisms.
Breeding strategies would be enhanced by management
options such as supplemental irrigation (Soltani et al.,
2000), to better reduce the detrimental effects of drought,
especially in ASALs areas where there is water scarcity
that coincide with moisture-sensitive periods in chickpea.
Several studies have reported that flowering and grain
filling is the most sensitive to drought stress (Ravi et al.,
1998; Reddy and Ahlawat, 1998) and suggested as the
critical time for irrigation. In contrast, Ramakrishna and
Reddy (1993) demonstrated a seed yield reduction of
more than 50% in chickpea when they were irrigated
during vegetative stage due to excess vegetative growth,
which leads to lodging. In Semi-arid tropics (SAT)
especially Kenya, there is limited information on the
contribution of supplemental irrigation of ameliorating the
effects of drought stress during flowering stage and effect
on yield and productivity of chickpea genotypes. The
present study aimed to investigate the effect of
supplemental irrigation during flowering stage on the
phenology, plant growth, seed quality and yield of shortrain sown chickpea in semi-arid areas of the Rift Valley,
Kenya. Furthermore, knowledge of the quantitative
response of chickpea to drought stress can be used in
irrigation scheduling on timing and amount of water
supply for maximum profit.
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MATERIALS AND METHODS
Experimental site description
Location
The study was conducted at Kenya Agricultural and Livestock
Research Institute (KALRO-Pekerra). Both sites are located in
Marigat division, Baringo county. The site lies at a latitude of 1°45´
N and longitude 36°15´ E with an altitude 1067 m above sea level.
The site is classified in the lower midland agro-ecological zone (LM
V) (Ondieki et al., 2013; KARI, 2009).

Temperature and rainfall
The mean maximum, mean minimum and extreme maximum
temperatures are: 32.4, 16.8, and 37.7°C, respectively (Jaetzold
and Schmidt, 1983). The area receives between 700 and 950 mm
of rainfall per annum, with peaks in the April/May and July/August
rain seasons. The soils are volcanic fluvisols of sandy/silty clay
loam texture, slightly acid to slightly alkaline, highly fertile with
adequate, Potassium, Phosphorus, Calcium, Magnesium but low
Nitrogen and Carbon. Annual rainfall mean is 654 mm and almost
double the Evapo-transpiration (ET) of 1,360 mm (Ondieki et al.,
2013; KARI, 2009).

Plant
The genotypes evaluated included four released varieties in Kenya:
“Chania Desi 1” (ICCV 97105), “LTD 068” (ICCV 00108), “Chania
Desi 2” (ICCV 92944) and a local germplasm commonly referred to
as “Ngara local”. Three advanced lines (ICCV 92318, ICCV 97306
and ICC 3325), two drought susceptible checks (ICC 283 and ICC
1882), one drought tolerant check (ICC 4958) and CAVIR a
Spanish variety.

Experimental designs
The experiment conducted during August/November cropping
season (2013/2014). The trial design was split plot design in
randomized complete block design (RCBD) in three replicates. The
main plot was water regimes (rainfed-RF and supplemental
irrigation-IRR) while subplots were test genotypes.
Under rainfed conditions, genotypes were planted under normal
rainfall received during the cropping season. Supplemental
irrigation treatments (IRR) was applied through furrows to near field
capacity (FC-using gravimetric method) at flowering, podding and
grain filling at 10 days interval to reduce moisture stress during
critical reproductive stage.
The genotypes were spaced 30 cm × 10 cm, giving a plant
density of approximately 25 plants m2. The crops were routinely
sprayed with insecticide to prevent damage from Helicoverpa
armigera. Weeds were mechanically controlled every one week.

Temperature and rainfall measurements
During the cause of the experiment, temperature and rainfall
measurements were taken from the Meteorological station at
Perkerra Irrigation scheme. During this period, the highest average
temperature was recorded in December, January and February (36,
33 and 38°C, respectively). From March up to July, the
temperatures steadily decreased up to about 23°C. From August to
November the recorded temperature was 24 to 29°C. The average
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mean temperature recorded during the cause of the experiment
was 27.5°C.
The crop received a total of 204 mm during cropping season
between August-November, while total annual rainfall was received
in the site was 515 mm.

software. The means were separated by Tukeys at P<0.05.
Pearson’s correlation coefficient (P<0.05) was used to determine
the correlation among the measured traits. Values and means from
calculation of drought tolerance selection indices were tabulated
and compared for each genotype.

Data taken

RESULTS

Yield and yield components
Five plants were randomly selected from the middle of the plot for
the measurement of yield components. Plant height (cm) measured
at maturity from the base of the plant to the top of the main shoot;
100-seed weight (g) as weight of 100 seeds after harvest; biomass
yield (g one meter plot-1) as the weight of above ground shoot),
canopy diameter (cm) as distance of canopy in cm; harvest index
(HI) as ratio of seed yield to biological yield and grain yield
(recorded as grain yield from 1 m plot after harvesting, then dried to
13% moisture content and converted to kg ha-1).

Determination of drought tolerance selection indices
Further evaluations of the test genotypes, other selection indices
were introduced, namely:
(1) Stress Tolerance Index (STI) (Fernandez, 1992)
(2) Mean Productivity (MP) (Rosielle and Hamblin, 1981)
(3) Geometric Mean Productivity (GMP) (Fernandez, 1992)
(4) Stress Tolerance (TOL) (Rosielle and Hamblin, 1981)
(5) Drought susceptibility Index (DSSI) (Fisher and Maurer, 1978)
(6) Stress Intensity (SI) (Bouslama and Schapaugh, 1984)
(7) Yield Stability Index (YSI) (Bouslama and Schapaugh, 1984)
(8) Yield Index (YI) (Gavuzzi et al., 1997)
Tolerance indices were calculated on the basis of grain yield under
stress (rainfed) (GYs) and non-stress conditions (irrigated) (GYp).
Drought susceptibility index (DSSI) was calculated as [1 (GYs/GYp)] / [1 – (GŶs/GŶp)] (Fischer and Maurer, 1978); where
GYp is mean yield of each cultivars under supplemental irrigation
(non-stressed) conditions, Ys is mean yield of each cultivar under
rainfed (stressed) conditions, GŶp mean yield of all cultivars under
irrigated (non-stressed) condition and GŶs mean yield of all
cultivars under rainfed (stressed) condition. Stress tolerance index
(STI) was obtained by dividing the product of GYp and Ys with
squared value of GŶp as STI= (GYp)(GYs)/(GŶp)2. The Tolerance
index (TOL) was obtained from the difference in yield loss from nonstressed (GYp) and stressed conditions (Yp) as: TOL= (GYp –
GYs). The greater the TOL value, the larger yield reduction under
drought stress conditions and the higher drought sensitivity of the
genotype. Stress intensity experienced by genotype is classified
into mild, moderate and severe. Stress intensity is mild when yield
reduction is between 0 and 25%, moderate when yield reduction is
situated between 25 and 50% and severe when yield reduction is
between 50 and 100%. The mean productivity (MP) was obtained
from average yield of stressed (Ys) and non-stressed conditions
(YP) as MP= (GYs+GYw)/2. The geometric mean productivity
(GMP) was determined as a relative performance as square root of
the product of yield under stress (GYs) and non-stress conditions
(GYp) as GMP= √((GYs) × GYp). GMP gives indication of severity
of yield loss under variable fields over season and years (RamirezVallejo and Kelly, 1998; Fernandez, 1992).

Data analysis
Data analysis was performed by GenStat (14th edition) statistical

Effects of irrigation (water) regimes on yield and yield
components
The results for the analysis of variance (ANOVA) showed
that there were significant differences (P<0.05) in the
genotype, water regimes (supplemental irrigation and
rainfed condition) and genotype × water regimes (G × W)
interaction among test genotypes and traits measured
(Table 1). The presence of G × W interaction shows that
genotypes response to varying water supply was varied
across the water treatment. Traits also responded
differently under both rainfed and supplemental irrigation
(Tables 2 and 3). There was significant interactions
(P<0.05) between water regime and genotype effects on
days to 50% flowering (DF).
When supplemental irrigation was introduced during
flowering (reproductive stage) all the yield and yield
components were increased traits increased by 9 to 60%
(Table 2) as compared to rainfed conditions.
It should also be noted that under rainfed conditions,
early maturing genotypes like ICCV 92944, ICCV 97105
and ICC 4958 took a mean of about 80 days to mature
while under supplemental irrigation (not measured) was
applied the mean maturity periods for these early
maturing genotypes was 88 days. Similarly the late
maturing genotypes (ICC 3325, Cavir, ICC 1882) took
between 97 and 101 days under rainfed conditions and
maturity was extended by 3 to 10 days (101-110 days)
when supplemental irrigation was added.
Overall biomass varied from 1247 to 3403 kg/ha under
rainfed condition as compared to from 1702 to 4000
kg/ha under supplemental irrigation. It is the finding of
this study that there are significant genotypic responses
when supplemental irrigation was applied. For example,
late maturing genotypes like ICC 283 accumulated more
biomass (up to 4000 kg/ha) when supplemental irrigation
(IRR) was added later in the growing season compared
to its accumulation of 3404 kg/ha under rainfed
conditions. Under rainfed conditions susceptible
genotypes had low biomass accumulation over the entire
growing period as compared to tolerant genotypes (Table
3).
There was an increase in canopy spread (CS) by about
15% (means of 45.6 to 52.2 cm) as compared to rainfed
conditions. Under rainfed condition, canopy spread (CS)
ranged from 43.32 cm (ICC 283) to 52.4 cm (ICC 4958).
The lowest CS ranged between 32.8 and 41.0 (ICC 3325
and ICC 283, respectively) while greatest CS ranged
between 55 and 57.3 cm (ICCV 92318, ICCV 00108 and
ICC 4958). Drought tolerant genotype, ICC 4958 had 30
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Table 1. Mean squares for yield and yield components under irrigated and non-irrigated conditions in Marigat.

Source of variation

d.f

Genotype
Site
Genotype × site interaction
Error
Total
CV%
l.s.d.0.05G
l.s.d.0.05S
l.s.d.0.05G.S

10
1
10
42
63

Biomass
(kg/ha)
3,374,033***
1,727,621***
22,181**
10,680

Canopy
Spread
353.41*
990.44**
7.52***
1.722

Plant height
(cm)
178.22**
961.89**
16.88***
4.531

Harvest
Index
0.046***
0.00
0.00
0.004

100 seed
weight (g)
285.85***
133.26***
1.88**
0.87

Yield
(kg/ha)
393,961***
284,610**
2,590
50,093

5.2
120.4
51.3
170.3

2.9
1.53
0.65
2.16

5.2
2.48
1.058
3.507

22
0.07
0.03
0.11

5.3
1.09
0.46
1.54

27.6
260.8
111.2
368.8

G- Genotype, WR- Water regime (supplemental irrigation and non-irrigated); GW- Genotype × water regime interaction. *, **, ***P<0.1, 0.05, and
0.001 significance levels, respectively

Table 2. Means for yield, yield components and the effects of supplemental irrigation in Marigat, Baringo county.

Parameter measured
Days to flowering
Days to Maturity
Canopy spread (cm)
Biomass (kg/ha)
Plant height (cm)
100-seed weight (g)
Grain yield (kg/ha)
Harvest Index

Rainfed
condition (RF)
48.0
88.0
45.6
1998.8
44.3
18.2
839.5
0.44

and 6% higher CS than drought susceptible genotypes
ICC 283 and ICC 1882, respectively. On average, ICCV
92318 had the highest CS (57.3 cm) among the released
varieties followed by ICC 4958 and ICCV 00108, which
increased to over 50 cm for these genotypes when
supplemental irrigation was applied (Table 4). The results
showed that there was about 24.8% mean increment
(from 44.3 to 55.3 cm) due to supplemental irrigation in
the plant height (PH). Under rainfed condition, plant
height ranged from 35.0 cm (ICC 283) to 53.0 cm (ICCV
92318). The lowest PH ranged between 35.0 and 39.1
cm (ICC 283 and ICC 1882, respectively), while greatest
PH ranged between 50.7 and 53.0 cm (ICCV 00108,
CAVIR and ICCV 92318) (Table 3).
Drought tolerant genotype, ICC 4958 was 28.6 and 8%
higher PH compared to the drought susceptible
genotypes, ICC 283 and ICC 1882, respectively under
rainfed conditions. On average, ICCV 92318 had the
highest PH (53.0 cm) among the released varieties
followed by CAVIR and ICCV 00108, which increased to
over 50 cm for these genotypes when supplemental
irrigation was applied (Table 3).
Overall, above 100 seed weight was increased by

Irrigated water regime
(IRR)
59.0
96.0
52.5
2551.6
55.3
23.2
1348.5
0.55

% increase due to
supplemental irrigation
22.92
9.09
15.13
27.66
24.83
27.47
60.63
25.00

27.4% under supplemental irrigation from an average of
18.2 g to 23.2 g (Table 3). Large genotypes such as
Cavir, ICCV 92318 and ICCV 97306 attained above 30 g
compared to small seeded genotypes when supplemental
irrigation was added later in the growing season (Table
4). Drought tolerant genotype, ICC 4958 was 54.4 and
61.5% higher 100 seed weight compared to the drought
susceptible genotypes, ICC 283 and ICC 1882
respectively (Table 4). Overall 100-seed weight varied
from 9.0 to 26.0 g under rainfed condition to 15.7 to 33.6
g under supplemental irrigation (Table 3).
Similarly, supplemental irrigation increased grain yield
by about 60.3% (means of 839.5 to 1348.5 kg/ha) as
compared to rainfed conditions (Table 3). Under rainfed
condition, grain yield (GY) ranged from 505 kg/ha (ICC
1882) to 1001 kg/ha (ICCV 97306). The lowest GY
ranged between 505 and 669 kg/ha (ICC 1882 and ICC
3325, respectively). The greatest grain yield recorded
above 900 kg/ha was from commercial lines (ICCV
92944, ICCV 92318, ICCV 97105 and ICCV 97306).
Generally, grain yield of these commercial lines
increased to over 1500 kg/ha when supplemental
irrigation was applied. Since there was an accumulation
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Table 3. Means of yield and yield traits under rainfed and supplemental irrigated conditions in Marigat in the 2014 seasons.

Genotype
ICCV 00108
ICC 4958
ICCV 97105
ICC 1882
ICCV 92944
CAVIR
Ngara local
ICCV 92318
ICC 3325
ICCV 97306
ICC 283
Mean
CV%
P<0.05G
l.s.d.0.05WR
l.s.d.0.05WR×G
Genotype
ICCV 00108
ICC 4958
ICCV 97105
ICC 1882
ICCV 92944
CAVIR
Ngara local
ICCV 92318
ICC 3325
ICCV 97306
ICC 283
Mean
CV%
P<0.05G
l.s.d.0.05WR
l.s.d.0.05WR×G

Days to flowering
IRR
RF
57
47
46
40
48
42
63
53
53
47
61
53
62
45
67
47
66
52
59
48
67
53
59
48
11.2
7.3
*
**
*
*
Plant height (cm)
IRR
RF
61.50
50.79
50.60
44.98
57.40
42.25
48.10
39.10
61.70
43.15
64.80
52.10
50.17
45.05
61.10
53.03
47.30
37.13
56.19
44.85
49.01
35.08
55.3
44.3
11.2
13.3
*
*
*
*

Days to Maturity
IRR
RF
98
87
88
81
89
80
106
99
87
79
101
97
99
91
98
90
110
101
98
87
87
83
96
88
9.2
7.8
*
*
**
*

Biomass (kg/ha)
IRR
RF
3071
2397
2587
2278
2316
1792
2280
1603
2511
1908
2362
1756
1702
1247
3003
2028
2095
1825
2137
1750
4004
3403
2551.6
1998.1
24.1
17.1
**
*
**
**

Canopy spread (cm)
IRR
RF
61.33
55.60
60.02
56.31
53.27
51.22
55.05
44.38
47.30
43.80
52.30
37.40
45.31
40.32
59.20
57.30
47.36
32.83
53.10
41.80
43.32
41.05
52.50
45.60
9.2
6.6
*
*
*
*

100-seed weight (g)
IRR
RF
24.10
18.41
24.98
21.11
21.27
18.03
15.70
11.01
23.86
19.18
31.89
26.04
17.80
14.01
33.61
27.50
13.44
9.01
31.71
25.19
16.65
11.09
23.18
18.23
8.9
6.4
*
**
*
*

Grain yield (kg/ha)
IRR
RF
1561
794
1295
821
1656
997
901
505
1720
991
1390
887
987
669
1671
992
1067
769
1505
1001
1080
809
1348.5
839.6
7.8
17.4
**
**
**
**

Harvest index
IRR
RF
0.51
0.33
0.50
0.36
0.72
0.56
0.40
0.32
0.68
0.52
0.59
0.51
0.58
0.54
0.56
0.49
0.51
0.42
0.70
0.57
0.27
0.24
0.55
0.44
4.3
5.2
*
*
*
ns

G-Genotype, WR-water regime; WR×G-Genotype × water regime interaction, *, **, ***p<0.1. 0.05 and 0.001 significance levels, respectively.

of both grain yield and above ground biomass, the
harvest index (HI) also increased by 25% under
supplemental irrigation from an average of 0.44 to 0.55
(Table 3). The HI under rainfed condition ranged from
0.24 to 0.54, while under supplemental irrigation ranged
from 0.27 to 0.72.

Effects of irrigation (water) regimes on drought
tolerance indices (DTI)
Various stress indices of the different genotypes were

extrapolated and there was a significant differences.
Mean yield of each genotype under supplemental
irrigation (Yp) (non-stressed conditions) was compared
with mean yield of each cultivar under rainfed (Ys)
(stressed) conditions (Table 4). The results showed that
all the studied genotypes produced less grain yield under
rainfed conditions than when additional water was
supplied through supplemental irrigation where grain
yield was increased by about 60.3% (mean of 839.5 to
-1
1348.5 kg ha ) as compared to under non-supplemental
irrigation or rainfed conditions.
The results showed that DSSI ranged from 0.66 (ICC
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Table 4. Determining grain yield losses using drought tolerance selection indices.

Genotype
ICCV 00108
ICC 4958
ICCV 97105
ICC 1882
ICCV 92944
CAVIR
Ngara local
ICCV 92318
ICC 3325
ICCV 97306
ICC 283
Mean

Yp
1561
1295
1428
901
1720
1390
987
1671
1067
1505
1080
1349

Ys
794
821
997
505
991
887
669
992
769
1001
809
840

(Ῡp)
839.6
839.6
839.6
839.6
839.6
839.6
839.6
839.6
839.6
839.6
839.6
839.6

(Ῡs)
1348.5
1348.5
1348.5
1348.5
1348.5
1348.5
1348.5
1348.5
1348.5
1348.5
1348.5
1349

% YD loss
96.6
47.7
43.2
78.4
73.6
56.7
47.5
68.4
38.8
50.3
33.5
60.6

MP
1178
1058
1213
703
1356
1139
828
1332
918
1253
944.5
1094

TOL
767
474
431
396
729
503
318
679
298
504
271
509

STI
0.509
0.634
0.698
0.560
0.576
0.638
0.678
0.594
0.721
0.665
0.749
0.623

DSSI
1.03
0.92
0.80
1.16
1.02
0.96
0.85
1.08
0.74
0.89
0.66
0.62

SI
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38

GMP
1239434
1063195
1423716
455005
1704520
1232930
660303
1657632
820523
1506505
873720
1132201

Commerc-Commercial, Var=Variety, Sucep=Susceptible, % YD=percent yield loss, land=Landrace= mean yield of each cultivars under
supplemental irrigation (non-stressed), Ys= mean yield of each cultivar under rainfed (stressed), Ŷp= mean yield of all cultivars under irrigated
(non-stressed), Ŷs= mean yield of all cultivars under rainfed (stressed), MP= Mean productivity, TOL= Tolerance index, DSSI=Drought Stress
susceptibility index , SI=Stress intensity, MP=Mean productivity, TOL=Tolerance index, STI= Stress tolerance index, GMP=Geometric mean
productivity.

283) to 1.16 (ICC 1882). Drought tolerant genotypes (ICC
4958, ICCV 97105, ICCV 97306, CAVIR, Ngara local)
had a DSSI of <1, lower TOL and STI (Table 5). Similarly,
genotypes ICCV 00108, ICCV 92944, Cavir and ICCV
92318 had DSSI almost equal to 1, ranging between 0.96
and 1.08 (Table 5). They also had highest MP amongst
all genotypes (1139-1356 kg ha-1), moderate to high TOL
(679-767) and moderate STI of 0.509-0.594) (Table 5),
indicating moderate tolerance to drought stress.
In contrast, drought susceptible genotypes (ICC 1882)
had a high DSSI (of 1.16), low MP (703 kg ha-1) and STI
of 0.56 (Table 5). The lowest DSSI was recorded on
genotype ICC 283 followed by ICC 3325, ICCV 97105
and Ngara local (DSSI range 0.66-0.83) (Table 5).
The findings showed that drought stress reduced grain
yield for most genotypes, but the genetic materials
reacted differently to the stress. The grain yield of a
number of genotypes like ICCV 00108, ICC 1882, ICCV
92944, and ICCV 92318 was reduced by more than 60%
while that of, Cavir and ICCV 97306 was reduced by
more than 50% while that of ICCV 97105, ICC 4958,
Ngara local was reduced by more than 40% (Table 5).
Genotypes ICC 283 and ICC 3325 were least affected.
The results showed that larger grain yield reductions (7396%) were mostly recorded in high yielding genotypes
(ICCV 00108, ICCV 92944, and ICCV 92318) under wellwatered conditions as compared to under stress
conditions (Table 5) In general, genotypes with high
performance under normal conditions yielded poorly
under stress conditions. Low grain yielding genotypes
(e.g Ngara local, ICC 283, ICC 3325) except susceptible
genotype ICC 1882, were not severely affected by the
yield reduction, ranging from 33-47.5%) (Table 5).
From the findings of this study, genotypes that
combined lower tolerance index (STI), lower tolerance

index (TOL) (greater values indicate larger yield reduction
and higher drought sensitivity of the genotype) and
drought stress susceptibility index (DSSI) (<1 or equal to
1) and higher mean productivity (MP) were drought
tolerant. Examples of these genotypes are ICC 4859,
Ngara local, ICC 3325 and ICC 283 which had lowest
STI, TOL and DSSI values (Table 5). In contrast,
genotypes that combined higher drought stress
susceptibility index (>1), lower mean productivity and
stress tolerance index (STI) were drought susceptible.
Such genotypes included ICCV 00108, ICC 1882 and
ICCV 92318 (Table 5). The only exception is genotype
ICC 1882, which had lowest TOL, indicating that it
generally produces low yield under stress. Generally, the
tolerance index (TOL) varied among the test genotypes
and it ranged from 271 (ICC 283) to 679 (ICCV 92318).
Among the commercial lines, ICCV 00108 (767) and
ICCV 92944 (729) had higher TOL compared to both the
tolerant genotype ICC 4958 (474) and the susceptible
genotype ICC 1882 (396). ICCV 92318 (679) had the
highest TOL among the tested advance line followed by
ICCV 97306 (504) then ICC 3325 (298). Similarly, stress
tolerance index (STI) varied among the test genotypes
and it ranged from 0.51 (ICCV 00108) to 0.75 (ICC 283)
(Table 5).
Mean productivity (MP) varied among the test
genotypes (Table 5) and it ranged from 703 (ICC 1882) to
1356 (ICCV 92944) (Table 5). The susceptible genotypes
had the lowest MP. while commercial genotypes (ICCV
00108, ICCV 97105, ICCV 92944) and advanced lines
(ICCV 92318, and ICCV 97306) had higher MP (1178 to
-1
1332 kg ha ) as compared to the tolerant genotype ICC
4958 (1058) and the moderately tolerant genotype ICC
283 (944.5). In contrast to other values lower values of
SSI and TOL are desirable whereas higher values of MP,
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Table 5. Determining grain yield losses using drought tolerance selection indices

Genotype
ICCV 00108
ICC 4958
ICCV 97105
ICC 1882
ICCV 92944
CAVIR
Ngara local
ICCV 92318
ICC 3325
ICCV 97306
ICC 283
Mean

Type of variety
Commerc var
Tolerant var
Commerc var
Suscep var
Commer var
Spanish var
Local land
Advance line
Advance line
Advance line
Moderately Tolerant line

Yp
1561
1295
1428
901
1720
1390
987
1671
1067
1505
1080
1349

Ys
794
821
997
505
991
887
669
992
769
1001
809
840

(Ῡp)
839.6
839.6
839.6
839.6
839.6
839.6
839.6
839.6
839.6
839.6
839.6
839.6

(Ῡs)
1348.5
1348.5
1348.5
1348.5
1348.5
1348.5
1348.5
1348.5
1348.5
1348.5
1348.5
1349

% YD loss
96.6
47.7
43.2
78.4
73.6
56.7
47.5
68.4
38.8
50.3
33.5
60.6

MP
1178
1058
1213
703
1356
1139
828
1332
918
1253
944.5
1094

TOL
767
474
431
396
729
503
318
679
298
504
271
509

STI
0.509
0.634
0.698
0.560
0.576
0.638
0.678
0.594
0.721
0.665
0.749
0.623

DSSI
1.03
0.92
0.80
1.16
1.02
0.96
0.85
1.08
0.74
0.89
0.66
0.62

SI
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38

GMP
1239434
1063195
1423716
455005
1704520
1232930
660303
1657632
820523
1506505
873720
1132201

Key: Commerc-Commercial, Var=Variety, Sucep=Susceptible, % YD=percent yield loss, land=Landrace= mean yield of each cultivars under supplemental irrigation (nonstressed), Ys= mean yield of each cultivar under rainfed (stressed), Ŷp= mean yield of all cultivars under irrigated (non-stressed), Ŷs= mean yield of all cultivars under
rainfed (stressed), MP= Mean productivity, TOL= Tolerance index, DSSI=Drought Stress susceptibility index , SI=Stress intensity, MP=Mean productivity, TOL=Tolerance
index, STI= Stress tolerance index, GMP=Geometric mean productivity

GMP and STI are desirable. Overall, genotypes
which were moderately tolerant and had high MP
values and moderate STI, TOL and DSSI values
were ICCV 97105, ICCV 92944, ICCV 97306 and
Cavir (Table 5). Commercial varieties like ICCV
00108, ICCV2944 and ICCV 92318 had larger
values of TOL than most susceptible genotypes
ranging from 767, 729 and 67, respectively
indicating that they had higher yield reduction
under stress. Tolerant genotypes ICC 283, ICC
3325, ICC 4958, ICCV 7105 and Ngara local had
desirable higher values (0.634-0.749) of STI
(Table 5).
From the results presented, the intensity of
drought measured by the stress intensity (SI) was
0.38 (38%) which is between the interval of 25%
to 50%, indicating that the stress intensity applied
to this experiment was considered as moderate in
Marigat during the study period (Table 5).
Geometric mean productivity (GMP) which gives

indication of severity of yield loss under variable
fields over season and years varied among the
test genotypes (Table 5). It ranged from 455,005
(ICC 1882) to 1,704,520 (ICCV 92944).
Commercial genotypes ICCV 00108 (1,239,434),
ICCV
97105
(1,423,716),
ICCV
92944
(1,704,520), Spanish variety CAVIR (1,232,930),
advanced lines ICCV 92318 (1,657,632) and
ICCV 97306 (1,506,505) had higher value of GMP
compared to the tolerant genotype ICC 4958
(1,063,195) and the moderately tolerant genotype
ICC 283 (873,720) (Table 5).
Drought stress reduced grain yield but the
genetic materials reacted differently to the stress
under both stress and non-stress conditions. The
grain yield of a number of genotypes like ICCV
00108, ICC 19882, and
ICCV 92944, was
reduced by more than 73 to 96% while that of
Ngara local, ICC 3325 and ICC 283 and was not
affected much with yield reduction of 30 to 47%

(Table 5). Larger grain yield reductions were
mostly recorded in high yielding genotypes under
stress conditions as compared to under
supplemental irrigation (Table 5). In general,
genotypes with high performance under normal
conditions yielded poorly under stress conditions.
Low grain yielding genotypes were not severely
affected by the yield reduction (Table 5).
Genotypes that combined lower tolerance index
and stress susceptibility index and higher mean
productivity and stress tolerance index were
drought tolerant. Examples of these genotypes
are ICCV 92944, ICCV 92318 and ICCV 97306
(Table 5).

Correlation analysis of yield and yield traits
The results of correlation analysis of yield, and
yield components and between yield and drought
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Table 6. Correlation analysis of chickpea genotypes for measured traits evaluated under rainfed supplemental irrigation (nonstress) conditions.

Correlation
Harvest Index
Canopy spread
Plant height
Biomass
Pods per plant
Seeds per pod
Seed yield /plot

100 seed
weight
0.011
0.791*
0.724**
0.201
0.564*
0.455*
0.239

Harvest
Index

Canopy
spread

Plant
height

-0.146
0.114
-0.422*
0.345*
0.365*
0.721**

0.752**
0.231
0.231
0.291
0.105

-0.027
0.323*
0.392*
0.178

Biomass

Pods per
plant

Seeds per
pod

0.785***
0.567**

0.761**

0.451*
0.761**
0.267*

* and **Significant at 0.05 and 0.01 probability level, respectively.

Table 7. Correlation coefficients of chickpea genotypes of measured under rainfed (stress) conditions.

Correlation
Harvest index
Canopy spread
Plant height
Biomass
Pods per plant
Seeds per pod
Seed yield/plot

100 seed
weight
-0.053
0.438*
0.626**
0.106
0.463*
0.425*
0.073

Harvest
Index

Canopy
Spread

Plant
Height

-0.081
0.003
-0.152
0.425*
0.325*
0.737*

0.455**
0.272
0.211
0.231
0.167

-0.161
0.213
0.292
-0.071

Biomass

0.439*
0.451*
0.525**

Pods per
plant

Seeds
per pod

0.675**
0.512**

0.678**

* and **Significant at 0.05 and 0.01 probability level, respectively.

tolerance indices of the mean yield under both rainfed
(water stress) and irrigated (non-stress) are presented in
Tables 6, 7 and 8. Under both conditions, there were
positive relationships between yield and yield
components, yield and tolerance indices and also
amongst yield components and indices individually
(Tables 6, 7, and 8).
Correlation coefficient analysis for seed yield per plot
and its components under irrigated conditions indicated
that out of seven characters, seed yield per plot had
significant and positive correlation with 100-seed weight,
canopy spread, harvest index, biomass (biomass) per
plant, the number of pods per plant, the number of seeds
per plant (Tables 6 and 7). Also positive and significant
relationships were found statistically between the HI and
seed yield per plot, between the number seed yield per
plot and biomass, between HI and biomass and plant
height, between the number of seeds per plant and the
number of pods per plant and the number of seeds per
pods, between the number of pods per plant and the
number of seeds per pod, between the number of seeds
per pod and HI, 100 seed weight, plant height and
biomass (Tables 6 and 7). Also number of pods per plant
was positively and significantly correlated with between
100 seed weight, the number of seeds per plant and

plant height (Tables 6 and 7). There was however no
significant relationships recorded under stress conditions
for seed yield per plot and 100 seed weight and plant
height. Negative and significant relationships were
determined statistically between the biomass and HI
canopy spread in both conditions (Tables 6 and 7).

Correlation analysis of drought tolerance indices of
test chickpea genotypes
The results of correlation analysis of yield and drought
tolerance indices under both rainfed (water stress) and
irrigated (non-stress) are presented in Table 8. The
results of correlation analysis among various tolerance
drought indices showed positive and significant
correlation between yield and most of the measured
drought indices in well watered condition (Yp) (nonstress), except TOL and STI. Also, the correlation among
drought tolerance quantitative indices and stressed and
non-stressed yield indicated that stress tolerance index
(STI) was correlated with stressed (Ys) and non-stressed
(YP) yield, mean productivity (MP) and geometric mean
productivity (GMP).
However under stress conditions (Ys), Yp was only
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Table 8. Correlation analysis of drought tolerance indices of the mean yield of chickpea genotypes
evaluated under rainfed (stress) and supplemental irrigation (non-stress) conditions.

Correlation
Ys
MP
GMP
TOL
DSSI
STI

Yp
0.567**
0.874**
0.917**
0.476
0.789**
0.481

Ys

MP

GMP

TOL

DSSI

0.561*
0.689**
0.516
0.434*
0.789**

0.891**
0.751**
0.345
0.856**

0.761**
0.344
0.784**

0.789**
0.678**

0.412

* and **Non significant and significant at 0.05 and 0.01 probability level, respectively.

significant with MP, GMP and STI (Table 8). Similarly,
there was no significant correlation found between TOL
and DSSI with yield in both conditions (Table 8). The
significant and positive correlation for Yp and MP, GMP
and STI showed that these indices were more effective in
identifying high yielding cultivars under different moisture
conditions (Table 8). DSSI was significantly and positively
correlated with Ys and TOL indicating that it may be a
useful indicator when the stress is severe as compared to
MP, GMP and STI which were significant under less
severe stress conditions, indication that they could be
useful indicators when the stress is less severe (Table 8).

DISCUSSION
Genetic variability is essential for the establishment of
breeding programme in crop. In this study, genotypes
tested reacted differently to water stress indicating the
existence of genetic variability for drought tolerance
amongst the eleven varied tested chickpea parental
germplasm, indicating that improvement can be achieved
using such germplasm. The significant G × E interaction
(P<0.05) showed high level of genotypic difference in
chickpea genotypes and all studied traits.
In the yield performance evaluation, high yielding
genotypes like ICCV 00108, ICCV 97105, ICCV 92944
and ICCV 92318 produced almost 60% more than low
yielding genotypes in non-stressed conditions. However,
it should be noted that under stressed conditions, some
low yielding remained stable across environment while
some high yielding genotypes that yielded low. Thus,
from the test genotypes, four groups were generated:
Group A - High yielding and drought tolerant (yield was
not significantly reduced by drought; ICCV 97105, ICC
4958, Cavir, and ICCV 97306).
Group B - High yielding and drought susceptible
genotypes (yield was highly reduced by drought; ICCV
00108, ICCV 92944, ICCV 92318).
Group C - Low yielding and drought tolerant (yield not
reduced; ICC 238, ICC 3325, Ngara local)
Group D - Low yielding and drought susceptible
genotypes (ICC 1882).

From the study, there was an increase grain yield by
about 60.3% (means of 839.5 to 1348.5 kg/ha) when
supplemental irrigation was introduced at reproductive
stage of growth. This increase can be attributed to the
fact that there was a reduction of moisture stress during
the most growth sensitive stage under irrigated condition
as compared to rainfed conditions. This could have
guarded against yield loss associated with flower
abortions, reductions in pods per plant and seeds per
pod. Similar findings were reported by Chiulele (2010)
and Turk et al. (1980) in cowpea who indicated that the
reduction in grain yield in grain yield of cowpea was a
result of reduction in number of pods per plant and seed
weight due to detrimental effects of drought on pod set
and grain filling. Similarly, Bahar and Yildirim (2010)
indicated that plants are most prone to damage due to
limited water during flowering and pod setting stages in
wheat. In addition, supplemental irrigation during the
flowering and podding stage could have reduced the
effects yield reduction, possibly from physiological
interference beyond osmotic adjustment as a result of
rapid increment in drought stress and temperature as the
season advanced.
Furthermore, a study by Zhang et al. (2000)
supplemental irrigation plays a major role in boosting and
stabilizing the productivity in winter-sown chickpea in
Italy. Similarly, Samarah et al. (2004) and Reddy et al.
(2004) noted that drought is detrimental for plant growth,
yield and mineral nutrition and is one of crop growth
limitation of chickpea production in varied agro-ecologies.
Thus, the commonest strategy for reducing G × E
interaction involves selecting genotypes with better
stability across a wide range of environments (water
stress and non-stress conditions) in order to better
predict their behaviour (Farshadfar et al., 2011).
Some traits like 100-seed weight was less affected by
drought than other traits and most of the genotypes
showed greater no significant variation under stressed
conditions under non-stressed conditions. Studies of the
trends of these traits in contrasting genotypes showed
that out of seven characters, seed yield per plot had
significant and positive correlation with 100-seed
weight, canopy spread, harvest index, biomass, the
number of pods per plant, the number of seeds per plant
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were positively correlated, and hence they could easily
distinguish genotypes in different drought tolerance
groups. Therefore, these traits should be taken into
account when selecting genotypes under drought
conditions.
The total determining coefficient linking seed yield per
plot an seed yield per unit area are 0.673 (67.3%) and
0.428 (42.8%), respectively in the model which were
used in our research and also total determining
coefficient related to 100 seed weight was 0.696 (69.6%)
in the same model. In this study, the various physiological
changes observed among the genotypes could have
been as a result of moisture deficit on metabolic
processes which include photosynthesis, enzymatic
activity among others. Meteorological data in cropping
period at the experimental site revealed that during the
cropping season (Aug-Nov) the temperature ranged
between 26 and 29°C with mean of 27.5°C. These shows
that the crop was exposed to high temperature regimes
which was high temperatures as Mola et al. (2018) noted
that the peak photosynthetic rate was observed at 22°C
in chickpea, and reduced at 28°C with increasing drought
stress. The greatest mean yield reduction (>66%) was
recorded among the highest yielding genotypes (ICCV
00108, ICCV 92318, ICCV 97105 and ICCV 92944) and
susceptible genotype 1882 (Table 4), indicating genotypic
variations to flowering and podding stage drought stress.
In contrast Ngara local and tolerant genotypes (ICC
4958) had lower yield reduction (27-36%). This in
agreement with findings earlier reported that there is
differential genotypic response to drought stress, as a
result of variation in physiological parameters in different
crops (Reza et al., 2013).
Furthermore, negative effects of moisture stress were
experienced in the 100 seed weight (Ouji et al., 2016;
Bicer et al., 2004), grain yield and biomass (Nelson,
2001; Romteke et al., 1998; Silim and Saxena, 1993;
Singh et al., 1991; Summer-Field and Roberts, 1986).
Also, biomass and biomass components such plant
height and canopy spread were reduced under moisture
stress conditions. This is probably because the plant
under moisture stress conditions would invest less to the
stem and leaf to reduce the water loss to minimum level
(Anwar et al., 2017; Farooq et al., 2012). Furthermore, a
study by Mohammadian et al. (2005), noted that there
was a decrease in leaf area index, leaf biomass, shoots
biomass, and root biomass decreased under moisture
stress.
Plants tend to reduce the reproductive investment that
requires vast amounts of energy and water. This is due to
reduction in photosynthesis and changes in phenology
(e.g., shortening growth period and early flowering) in
relation to drought response, cause significant reduction
in biomass allocation to reproductive parts (Anwar et al.,
2017). Thus the reduction of grain yields and yield
components experienced in the study. As earlier reported,
G × E analysis is important to identify superior varieties
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and their adaptation to and stability in diverse agroecologies (Kanouni et al., 2015), indicating that amongst
high yielding genotype ICCV 97105 was most stable.
The use of drought tolerance quantitative indices
repealed possibility of selecting genotypes under diverse
environments. Tolerance indices were calculated on the
basis of grain yield. For example, correlations indicated
that stress tolerance index (STI) was correlated with
stressed (Ys) and non-stressed (YP) yield, mean
productivity (MP) and geometric mean productivity
(GMP). This suggests that selection based on this index
would improve both stressed and non-stressed yield for
targeted genotypes. Furthermore the results showed that,
stress tolerance index (STI) enabled identification and
grouping of test genotypes into 4 groups that are high
yielding and drought tolerant, high yielding and drought
susceptible genotypes, low yielding and drought and
lastly group D, low yielding and drought susceptible
genotypes. This suggests that this index was the best
among tested indices for selecting genotypes for drought
tolerance under semi-arid conditions under supplemental
irrigation, which included ICCV 00108 and ICCV 92944.
In addition, the significant and positive correlation for Yp
and MP, GMP and STI, showed that these indices were
more effective in identifying high yielding cultivars under
low moisture stress conditions (Table 8). For DSSI and
TOL, lower values are desirable whereas for MP, GMP
and STI, higher values are desirable and the greater the
TOL value, the larger yield reduction under drought
stress conditions and the higher drought sensitivity
(Fernadez, 1992). The greater the DSSI and TOL values,
the greater sensitivity of the genotype to stress, thus a
smaller value of these indices are usually favoured. The
results showed that DSSI was significantly and positively
correlated with Ys and TOL, indicating that it may be a
useful indicator when the stress is severe as compared to
MP, GMP and STI which were significant under less
severe stress conditions. In this regard, genotypes ICC
3325, ICC 283 and Ngara local were selected as stable
under severe drought stress and compared to check (ICC
4958). This is in agreements with reports by Rosielle and
Hamblin (1981) who noted that, selection based on the
tolerance index often leads to selecting cultivars which
have low yields under non-stress conditions. However
this finding contrasts the earlier reports by Farshadfar et
al., (2011) on 64 chickpea lines where a selection based
on minimum yield reduction under stress conditions in
comparison with non-stress conditions, TOL failed to
identify the most tolerant genotypes. Stress intensity is
mild when yield reduction is between 0 and 25%,
moderate when yield reduction is situated between 25
and 50% and severe when yield reduction is between 50
and 100%. The results of this study showed that, the
intensity of drought measured by the stress intensity (SI)
was 0.38 (38%) which is between the interval of 25 to
50%, indicating that the stress intensity applied to this
experiment was considered as moderate in Marigat
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during the study period. Therefore, based on this limited
sample and environments, testing and selection under
non-stress and stress conditions alone may not be the
most effective for increasing yield under drought stress.
The results of calculated gain from indirect selection in
moisture stress environment would improve yield in
moisture stress environment better than selection from
non-moisture stress environment. Chickpea breeders
should, therefore, take into account the stress severity of
the environment when choosing an index.
Conclusion
In this study, the effect of moisture stress treatments and
their interaction with genotypes were significant for yield
and most studied traits. Therefore be concluded that the
genotypes responded differently to moisture stress
treatments and overall supplemental irrigation reduced
grain yield losses by about 60.3% (from mean of 1348.5
to 839.5 kg/ha), being highest among high yielding
genotypes. Use of stress tolerance indices enabled
identification and grouping of test genotypes into 4
groups with varied responses to yield losses and
adaptation to stress and no-stress conditions. The DSSI
and TOL are suggested as useful indicators when the
stress is less severe while MP, GMP and STI are
suggested as useful indicators for selecting the best
genotypes where the stress is less severe. Overall these
results revealed a wide range of variability for different
morphological and physiological traits and strong
correlation with yield in both stress and non-stress
environmental conditions, suggesting indirect selection
for high yield chickpea genotypes would be effective for
these traits. Genotypes ICCV 00108, ICCV 92318 and
ICCV 92944 are suitable for supplemental irrigation to
maintain high potential yield, while ICCV 97105, ICCV
97306 and Cavir could be recommended for production
under rainfed conditions. Apart from ICC 4958 which is
recommended genotype for drought tolerance screening,
Ngara local, ICC 283 and ICC 3325 had high tolerance
levels and should be included in drought screening as
checks under similar climatic conditions.
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