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Response of Chickpea (Cicer arietinum L.) to Soil Moisture Levels in a
Semiarid Environment
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ABSTRACT
Chickpea (Cicer arietinum L.) is an important food legume which is grown in most geographical regions.
Chickpea can experience two types of drought: intermittent drought stress caused by breaks in winter rainfall;
and terminal drought stress, resulting from receding soil moisture at the late stage of the crop growth. One way
of improving the low productivity of chickpea in drought environment is to develop varieties, which can
withstand moisture stress and produce high yield under such environment. A two year field experiment was
carried out at the University of Jordan Research Station in the Jordan Valley. Six genotypes of chickpea; four
Kabuli type and two desi type were evaluated. A line source sprinkler system was used to obtain the desired
pattern of water application. Measurement on yield and yield components and other agronomic traits was made.
Drought Susceptibility Index (DSI) and Water Use Efficiency (WUE) were also measured for the studied
characters. Genotypes behaved differently in response to water levels for their seed yield and other characters.
FLIP-98-107 gave the highest seed yield at the intermediate water level (W3) and the seed yield decreased as
water level increased to W4 and W5 or decreased to W2 and W1. Results further indicated that the WUE of high
yielding and/or early genotypes was better than that of the low yielding and late maturing genotypes at the
lowest two water level treatments (W1 and W2). The most important traits that contribute to the ability of these
genotypes to tolerate moisture stress conditions are: high harvest index, earliness, high number of pods and
number of seeds per plant.
KEYWORDS: Breeding for drought conditions, line source irrigation system, moisture stress.

Results from a study carried out under field
conditions in Syria revealed that supplemental irrigation
significantly increased grain yield of different chickpea
genotypes, although there was less increase in grain yield
in the wet seasons than in the dry seasons (Zhang, et al.,
2000).
Genotypic differences in drought resistance levels has
great practical relevance. In this regard, Saxena (1987)
and Saxena et al. (1993), reported genotypic differences
in drought tolerance levels in chickpea. Brown et al.
(1989) reported lower yield in later maturing variety
tested together with early varieties under field conditions
in Syria where moisture stress was a limiting factor.
Likewise, Silim and Saxena (1993) found that cultivars
varied significantly in grain yield response and yield
components as related to moisture supply. This was
attributed to early phenology differences, high harvest
index and a deep root system.
One way of improving the low productivity of
chickpea in drought environments is to develop varieties,

INTRODUCTION
Chickpea (Cicer arietinum L.) is an important food
legume which is grown in most geographical regions; the
tropical, sub-tropical and temperate regions. Two main types
of chickpeas, desi and Kabuli, are cultivated in the world.
Chickpea can experience two types of drought:
intermittent drought stress caused by breaks in winter
rainfall; and terminal drought stress, resulting from
receding soil moisture at the late stage of the crop growth.
Significant chickpea yield losses due to inadequate soil
moisture availability were reported, and up to a 50%
increase in chickpea production was achieved when
moisture stress was alleviated (Saxena et al., 1993;
Subbaro et al., 1995).
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Table1. Amount of applied water and rainfall received at the Jordan valley experimental site
on the different irrigation gradients during 2001 /2002 and 2002/2003 growing seasons.
_______________________________________________________________________
Variable
Water levels
W1
W2
W3
W4
W5
_______________________________________________________________________
Seasonal amount of water
received (mm)
2001/2002 Season
a.) Irrigation (15*)
119.4
199.5
280.5
313.5
331.5
b) Rainfall
181.5
181.5
181.5
181.5
181.5
c) Total
300.9
381.0
462.0
495.0
513.0
2002/2003 Season
a) Irrigation (4*)
39.8
66.5
93.6
104.5
110.5
b) Rainfall
267.8
267.8
267.8
267.8
267.8
c) Total
307.6
334.3
361.4
372.3
378.3
______________________________________________________________________
* Figures in parenthesis refer to number of irrigations.
which can withstand moisture stress and produce high
yield under such environment. The line-source sprinkler
technique has been successfully used to create moisture
gradients suitable for comparing moisture response of
different genotypes (Hanks et al., 1976; Johansen et al.,
1994). Therefore, this study was undertaken to:
- study the response of genotypes to soil moisture
gradient and its effect on yield and yield components;
- identify the traits that are most sensitive to moisture
stress; and
- suggest criteria to improve crop stability under
moisture stress conditions.
MATERIALS AND METHODS
Experimental Site
Field experiments were carried out for two years from
the end of November to early June (2001/2002) and late
December to early April (2002/2003) at the University of
Jordan Research Station in the Jordan Valley. The station
is located at - 240 meters below sea level. The soil in the
0-40 cm layer is sandy clay loam, and at the 40-100 cm
depth is clay loam. The climate of the Jordan Valley is
characterized by a moderate winter and hot summer.
Treatments
Six chickpea genotypes, four Kabuli and two desi,
were evaluated. The Kabuli genotypes were: FLIP-97241, FLIP-98- 107, FLIP-93-55, and FLIP-97-99
received from the International Center for Agricultural
Research in the Dry Areas (ICARDA). The desi
genotypes were: DZ-10-92 and DZ-10-11 received from
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the Ethiopian National Program.
Five water level gradients (W1 to W5) were created.
W1 was the lowest and most stressed, while W5 was the
highest. A line source sprinkler system was used to obtain
the desired triangular pattern of water application as
described by Hanks et al. (1976). The system used was
with Rain bird 30 B sprinklers on 6 meter spacings. The
highest soil moisture level (W5) was sustained at 30-50
centi bar in 2001/2002 and 50-75 centi bar in 2002/2003.
Tensiometers were installed at the 15, 30, and 60 cm soil
depth. Irrigation was applied in the early morning when
wind speeds were very low.
The average irrigation treatments (about two hours
time) were:
W1 = 8 mm/irrigation, W2 = 13 mm/irrigation, W3 = 19
mm/irrigation,W4 = 21 mm/irrigation, W5 = 22
mm/irrigation.
Thirty treatment combinations were used in the
experiment. Data on date, depth and frequency of
irrigation were recorded for each treatment. Water
application rates and depths were measured using
pressure gauge and catch cans. The amount of water
applied to each plot was measured for each irrigation, by
placing plastic catch cans in the peripheries of the four
replications. A total of fifteen irrigations during the
2001/2002 cropping season and four irrigations during
the 2002/2003 season were applied on the basis of the
treatment requirement, which was determined by
tensiometer reading. The amount of water applied and
rainfall received during the 2001/2002 and 2002/2003
growing season are shown in Table (1).
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Table 2: significance of mean square of treatments and their interaction in the line source study during
2001/2002 and 2002/2003 seasons.
Source of variation
2001/2002

Grain yield

Harvest
index

Pods/pla
nt

Seeds/pl
ant

Seeds/pod

100 seed
weight

Water levels
Genotypes
Genotypes X water level

**
**
**
Secondary
branches/plant

**
**
**
Days
to flower

**
**
**
Plant
height

*
**
ns
Leaf area
index

**
**
ns
Water use
efficiency

Water levels
Genotypes
Genotypes X water level

**
**
ns
Grain yield

ns
**
**
Harvest
index

**
**
*
Days
to
maturity
**
**
**
Pods/pla
nt

**
**
ns
Seeds/pla
nt

**
**
ns
Seeds/pod

*
**
**
100 seed
weight

ns
**
ns
Secondary
branches/plant

ns
**
ns
Days
to flower

2002/2003
Water levels
Genotypes
Genotypes X water level

ns
ns
ns
ns
**
**
ns
**
ns
ns
ns
ns
Days
Plant
Leaf area
Water use
to
height
index
efficiency
maturity
Water levels
ns
ns
ns
ns
ns
ns
Genotypes
**
**
**
**
ns
**
Genotypes X water level
ns
ns
ns
ns
ns
ns
**, *, ns= mean square significant at 5%, I% and non significant respectively

Primary
branches/
plant
**
**
*

Primary
branches/
plant
ns
**
ns

of each experimental plot in two replicates. Measurement
was made, before each irrigation, with a neutron moisture
meter (NMM), hydroprobe model 503 DR Matinez. CA.
USA. The NMM was calibrated in situ against
gravimeterically determined soil water at the beginning
and conclusion of the experiment.

Experimental Design and Agronomic Practice
The experimental design was a split-plot with water
level treatments as the main plots and genotypes as sub
plots. However, as the nature of the line source did not
allow for randomizing the main plot (Hanks et al., 1976),
only the sub-plot treatments were randomized. The size
of the experimental plot was 3.8 m2 (1.8 m x 2.1 m).
Seeds were planted in rows with spacing of 30 cm
between rows and 10 cm between plants, which
maintained a plant population of 33 plants m2 -1 (Haddad,
1983). Row direction was established parallel to the line
source sprinkler to avoid runoff.
Fertilizer was applied at the rate of 20 Kg N ha-1 and
40 Kg P205 ha-1 before planting in the form of Di
Ammonium Phosphate (DAP), 18% N and 46% P2O5.
During the growing season 2002/2003, the crop was
sprayed eight times with the fungicide Zeneb, as the
incidence of ascochyta blight disease was high during the
season.

Water Budget
The amount of water depleted (evapotranspiration,
ET) by the crop was calculated from applied irrigation
water, rainfall, and the change in stored soil moisture,
following the water balance method:
ET = I + P - R - dD + ∆ SM. Where ET =
Evapotranspiration , I = Irrigation, P = Rainfall, R =
Runoff , dD = Deep percolation and ∆ SM = Change in
soil water content.
The drainage water was estimated for each irrigation
event, as used by Abu-Awwad (2001).
Data Collection
The following observations were taken on a plot
basis: Days to flowering, days to maturity, seed yield
(Kg ha-1), Harvest Index (HI), water use efficiency (Kg

Soil Moisture Measurements
To monitor soil moisture, aluminum access tubes 58
mm in diameter and 1.2 m long were placed in the center

-3-

Response of Chickpea…

Million E. Woldeamanuel, Ahmad M. Abu-Awwad and Nasri I. Haddad

ha-1 mm-1). The following measurements were taken from
ten random plants at maturity, and converted to per plant:
number of primary branches, number of secondary
branches, plant height (cm), number of pods per plant,
number of seeds per plant, number of seeds per pod and
100-seed weight
Drought Susceptibility Index (DSI)
The index of Fischer and Maure (1978), was used to
calculate the drought susceptibility index of seed yield
and yield components grown under the most water
stressed (W1) and optimum (W3) water regime
treatments.
Statistical Analysis:
All the above data were analyzed statistically using
the analysis of variance (ANOVA) technique by
MSTAT-C program.
RESULTS

significant for 9 out of 13 characters. In the second
growing season, only the genotype effect was significant,
whereas the water levels and the interaction were not
significant for all studied characters.
Yield and Yield Component and Other Agronomic
Characters
Under this section, we will present first the characters
which showed a significant interaction, then we will
present the main effect for the characters which did not
have such interaction.
Results of the 2001/2002 Growing Season
Grain Yield and Harvest Index: At the lowest water
level treatment (W1), DZ-10-11 gave the highest yield
which was 17% higher than the second yielder FLIP-98107 and FLIP-93-255 gave the lowest yield (Table 3).
The yield was reduced significantly as the water level
was increased from the intermediate water level treatment
(W3) to the wettest (W5). The reduction was in the range
of 14% to 33.2%.
The highest value of harvest index (40%) was
obtained from DZ-10-11 at W4 water level (Table 3). The
same genotype had the highest harvest index at W1. On
the other hand, and at W3, the maximum harvest index
(38%) was produced by FLIP-98-107 and the lowest
(32.8%) by DZ-10-92. Also, most of the tested genotypes
had their highest harvest index at W3, and further
deviation from this level resulted in appreciable reduction
in harvest index for all of the tested genotypes, except for
DZ-10-11.

Water Budget
Soil moisture content (measured before irrigation)
varied considerably among the water level treatments.
During the 2001/2002 season, the highest soil moisture
was recorded at the highest water level (W5) and the
lowest at the lowest water level treatment (W1)
(figure1a). The results further indicate that the highest
cumulative amount of applied water (Irrigation and
Rainfall) was recorded during the months of March and
April and the lowest in December (early growing stage of
the crop) at each water level treatment (figure 1b).
In the 2002/2003 growing season, the soil moisture
content was uniform and high for all water levels
treatment during planting (17/12/2003) to early pod
setting stage (15/03/2003) of the crop. The plants did not
suffer from moisture deficiency at all water levels.
Therefore, only the results of the agronomic traits will be
presented for this growing season for comparison
purpose.

Number of Pods and Seeds Per Plant: At W1, DZ-1011 produced the highest number of pods (37.9) and seeds
(40.1) per plant among the tested genotypes.
Furthermore, as the soil moisture increases beyond W3
the number of pods and seeds per plant starts to decrease.
It is clear that the desi type gave higher number of pods
and seeds per plant than the Kabuli.(table 4).

Effect of Soil Moisture Levels and Genotype on Yield
and Yield Components
The effects of genotypes, water levels and their
interactions during the two growing seasons are presented
in table (2). In the first growing season, the main
treatments' effects were significant for all the studied
characters. However, the interaction effect was

Days to flowering and days to maturity: The days to
50% flowering was hastened, in the desi types by 5 days
at the lowest water level treatments (W1 and W2), in
contrast to that, flowering time for Kabuli types was
delayed with the decrease in soil moisture, although the
difference among each group was not high (Table 5).
The number of days to maturity for most of the tested
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Table 3. Mean grain yield (Kg ha-1) and harvest index (%)of chickpea genotypes as affected by
different water levels grown at the Jordan Valley, during the 2001/2002 growing season.
_______________________________________________________________________
Genotypes
_________________________________________________________
Water FLIP
FLIP
DZ
FLIP
FLIP
DZ
levels
97-241 93-255 10-11
97-99
98-107
10-92
Means
________________________________________________________________________
Grain Yield (Kg ha-1)
W1
1052 k-m 500 n 1476 e-j 908 lm 1225 i-l 953 l-m 1018 C
W2
1506 e-j 745 m-n 1631 c-g 1376 g-k 1817 b-e 1400 g-k 1412 B
W3
1747 b-g 1413 f-k 1958 a-d 2055 ab 2281 a 1816 b-e 1879 A
W4
1777 b-f 1242 h-l 1687 c-g 1996 a-c 1578 e-j 1611 d-h 1648 AB
W5
1494 e-j 1100 kl 1401 g-k 1594 d-i 1718 b-g 1212 j-l 1420 B
Means 1515 BC 1000 D 1631 AB 1584 AB 1724 A 1398 C
_____________________________________________________________________
Harvest Index (%)
W1
24.2 h-j 14.7 l
31.1c-g 22.2 i-j 29.9 i-h 25.5 g-i 24.6 C
W2
29.6 d-h 17.4 k-l 35.6 a-d 31.0 c-h 31.4 b-g 31.6 b-g 29.4 BC
W3
32.9 b-f 34.1 a-e 37.3 a-c 34.2 a-e 38.0 ab 32.8 b-f 35.0 A
W4
28.8 d-i 31.0 c-h 40.0 a 28.7 e-i 26.0 f-i 27.0 f-i 30.3 AB
W5
26.6 f-i
25.8 g-i 28.3 e-i 27.5 e-i 27.3 e-i 19.1 j-l 25.8 BC
Means
28.4 BC 24.6 D
34.5 A 28.7 BC 30.5 B 27.2 C
____________________________________________________________________
* For each character, means within water levels, genotypes, and their interactions followed by
the same letter (s) are not significantly different at the 5% probability level according to DMRT.

Table 4. Mean number of pods and seeds per plant of chickpea genotypes as affected by
different water levels grown at the Jordan Valley, during the 2001/2002
growing season.
______________________________________________________________________
Genotypes
______________________________________________________________________
Water
FLIP
FLIP
DZ
FLIP
FLIP
DZ
levels
97-241 93-255
10-11
97-99 98 -107 10-92 Means
______________________________________________________________________
Pods per plant
W1
21.9 h-m 6.1 m
37.9 b-d 6.9 lm 25.4 f-k 25.2 f-k 23.8 B
W2
24.6 f-l
18.3 k-m 39.2 bc 20.3 i-m 28.8 e-h 30.7 d-g 27.0 B
W3
27.8 e-j
33.0 ef 49.1 a
27.6 e-j 32.4 e-f 43.7 ab 35.6 A
W4
29.1 e-h 20.9 h-m 37.3 b-d 26.5 f-k 23.5 g-m 37.1 b-d 29.1 B
W5
27.9 e-i
19.4 j-m 35.8 b-e 22.7 g-m 27.0 f-j 23.6 g-m 26.1 B
Means
26.3 C
21.5 D
39.9 A 22.8 D 27.4 C 32.0 B
______________________________________________________________________
Seeds per plant
W1
22.2 j-m 15.8 m 40.1 cd 16.7 lm 23.7 h-l 26.6 g-k 24.2 C
W2
27.4 gh 16.4 lm 51.4 ab 21.8 j-m 32.0 e-g 36.8 de 31.0 B
W3
31.2 e-h 28.8 f-j 57.7 a
32.7 k-g 35.6 d-f 49.5 b
39.3 A
W4
30.2 e-i 19.4 k-m 46.7 bc 27.6 g-j 22.7 i-m 40.8 cd 31.2 B
W5
28.3 f-j 19.4 k-m 40.6 cd 22.1 j-m 26.2 g-k 27.5 g-j 27.4 BC
Means
27.9 C
20.0 E
47.3 A 24.2 D
28.0 C 36.3 B
______________________________________________________________________
* For each character, means within water levels, genotypes, and their interactions followed by the same
letter (s) are not significantly different at the 5% probability level according to DMRT.
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Table 5. Mean number of days to flowering and to maturity of chickpea as affected by
different water levels and genotypes grown at the Jordan Valley, during the 2001/ 2002
growing season.
_____________________________________________________________________
Genotypes
_____________________________________________________________________
Water
FLIP
FLIP DZ
FLIP
FLIP
DZ
levels
97-241 93-255 10-11 97-99
98-107 10-92
Means
_____________________________________________________________________
Days to flowering
W1
93 bc
108 a 61 i-j
90 c-e 89 c-e
60 j
84 A
W2
95 b
108 a 60 j
90 c-e 91 b-d 61 i-j
84 A
W3
90 c-e 105 a 66 g-i 86 d-f
85 e-f
64 h-j 83 A
W4
90 c-e 105 a 64 h-j 85 e-f
84 f
69 g
83 A
W5
90 c-e 105 a 64 h-j 85 e-f
84 f
68 g-h 83 A
Means
92 B
106 A 63 D
87 C
86 C
65 D
______________________________________________________________________
Days to maturity
W1
137 i-j 152 a-c 118 m 135 j-k 134 jk
126 l
134 D
W2
141 f-i 152 bc 129 kl 143 e-h 137 ij
134 jk 140 C
W3
146 d-f 154 ab 133 jk 142 e-i 144 d-g 139 g-j 143 BC
W4
148 c-e 155 ab 138 hj 150 b-d 147 c-f
138 hj 146 AB
W5
152 bc 158 a 144 e-h 145 d-g 146 d-f
142 e-i 148 A
Means
145 B 154 A 132 E 143 BC 142 C
136 D
_____________________________________________________________________
* For each character, means within water levels, genotypes, and their interaction followed by the same
letter (s) are not significantly different at the 5% probability level according to DMRT.

Table 6: main effect for several characters under first season.
LAI

Plant height
(cm)

Secondary
branches/plant

Primary
branches/plant

100 seed weight
(gm)

Seed/pod

3.2 b
2.7 c
3.4 ab
3.3 b
3.3 b
3.7 a
0.13

79.3 a
63.0 cd
62.4 d
67.0 c
74.9 b
55.9 e
2.2

7.53 b
9.81 a
7.15 b
8.00 b
10.11 a
7.70 b
0.311

2.46 a
2.45 a
2.11 b
2.25 ab
2.35 a
2.37 a
0.064

25.9 b
20.8 b
11.4 e
28.5 a
25.5 b
13.5 d
0.28

1.059 bc
0.993 c
1.197 a
1.025 bc
1.014 c
1.121 b
0.03

2.3 b
2.7 b
3.6 a
3.8 a
3.9 a
0.17
17

51.0 d
60.0 c
67.8 b
76.0 a
81.0 a
1.5
10

5.90 c
6.70 c
8.70 b
9.55 ab
11 a
0.54
17

2.13 b
2.20 b
2.29 b
2.35 b
2.70 a
0.08
12

20.1 c
20.8 b
21.7
21.7 a
21.5 a
0.15
6.0

1.013 b
1.114 ab
1.135 a
1.054 a-c
1.046 a-c
0.03
11

Treatment
Genotypes
Flip-97-241
Flip-93-255
DZ-10-11
Flip-97-99
Flip-98-107
DZ-10-92
SE
Water level
W1
W2
W3
W4
W5
SE
CV (%)

**, *, ns= mean square significant at 5%, I% and non significant respectively.

genotypes was extended as the water level was increased
from the lowest (W1) to the highest (W5). The earliest
(129 days) and the latest maturity (158 days) was
recorded for DZ-10-11 and FLIP-93-255, respectively, at
W2 and W5.
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Seeds Per Pod and Hundred Seed Weight: Number
of seeds per pod under the most stressed plot (W1) was
lower by 107% than under W3 treatment (Table 6). The
highest seed weight was obtained from FLIP-97-99
followed by FLIP-98-107 which gave seeds two folds
heavier as compared to DZ-10-11 and DZ-10-92.
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Table 7. Mean water use efficiency (Kg ha-1 mm-1) for seed yield of chickpea
genotypes as affected by different water levels grown at the Jordan Valley,
during the 2001/2002 growing season.
_____________________________________________________________________
Genotypes
_____________________________________________________________________
Water
FLIP
FLIP
DZ
FLIP
FLIP
DZ
levels
97-241 93-255 10-11 97-99
98-107
10-92 Means
_____________________________________________________________________
W1
3.5 e-h
1.6 m
5.2 a
3.0 h-k 4.1 b-f
3.3 f-i 3.4 AB
W2
3.9 c-g
1.9 lm
4.6 a-c 3.6 d-h 4.8 ab
3.9 c-g 3.8 AB
W3
3.8 c-h
3.1 g-k
4.6 a-c 4.4 a-d 4.9 ab
4.3 b-e 4.2 A
W4
3.7 d-h
2.4 j-l
3.6 d-h 4.2 b-e 3.2 g-j
3.6 d-h 3.5 AB
W5
3.1 g-k
2.3 k-m 3.1 g-k 3.3 f-i
3.6 d-h
2.6 i-l 3.0 B
Means
3.6 B
2.3 C
4.2 A
3.7 B
4.1 A
3.5 B
_____________________________________________________________________
* Means within water levels, genotypes, and their interactions followed by the same letter (s)
are not significantly different at the 5% probability level according to DMRT.

Table 8. Mean susceptibility index values for some characters of the tested
genotypes grown at the Jordan Valley, during the 2001/2002 season.
_____________________________________________________________
.
Number of
.
Pods
Seeds
Seeds Hundred
Seed
per
per
per
seed
Genotype
yield
plant
plant
pod
weight
_____________________________________________________________
FLIP-97-241
0.868
0.648
0.750
0.828 0.890
FLIP-93-255
1.411
1.561
1.176
1.040 1.034
DZ-10-11
0.538
0.696
0.797
0.823 0.835
FLIP-97-99
1.228
1.183
1.269
1.469 1.269
FLIP-98-107
1.010
0.652
0.867
1.232 0.898
DZ-10-92
1.040
1.290
1.210
0.622 0.925
Mean
1.016
1.005
1.011
1.002 0.973
DII*
0.458
0.329
0.384
0.107 0.074
_____________________________________________________________________
* DII = Drought intensity index

Table 9: The mean values for several characters for three chickpeas genotypes grown under the Jordan Valley
Conditions during the 2002/2003 growing season
Genotypes

FLIP-97241
FLIP-9799
FLIP-98107
SE
C.V. ( % )

Grain
Yield
Kg/ha
1448 b

Harvest
index %

Characters
Primary Seconbranchs
dary
branchs
2.7 a
7.1 a

29.0 b

pods
per
plant
27.8 b

Seeds
per
plant
24.9 b

Hundred
seed wt.
(g)
31.1 a

Days
to
flower.
81 a

Days
to
matur.
130 a

Plant
height

WUE

81 a

4.3 b

1384 b

29.3 b

17.7 c

19.0 c

29.2 b

2.4 b

5.7 b

80 a

129 a

69 c

4.0 b

1807 a

34.2 a

28.3 a

30.9 a

29.6 b

2.8 a

7.5 a

72 b

122 b

77 b

5.2 a

53.5
15.3

1.13
16

0.9
17.5

1.1
19.1

0.42
6.25

0.1
15

0.34
23.8

1.6
9.1

0.45
1.6

1.6
9.3

0.15
15

*For each character, means followed by the same letter (s) are not significantly different at the 5% probability level according to DMRT.
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Primary and Secondary Branches: The highest values
for these parameters, respectively, (2.7 and 11) were
obtained at W5 and the lowest (2.13 and 5.9) at W1
(Table 6). The highest number of primary and secondary
branches was produced by FLIP-98-107 and the lowest
by DZ-10-11. The number of branches among the other
genotypes was observed to be comparable.
Plant Height: Plant height was markedly decreased from 81
cm to 51 cm, as the water level was decreased from W5 to
W1 (Table 6). The shortest plant height (55.9 cm) was
produced by DZ-10-92 and the tallest (79.3 cm) by FLIP-97241. In general, Kabuli types were taller than the desi type.
Leaf Area Index (LAI): Relative to the mean leaf area
index of the wettest plot (W5) the reductions were 31%
and 41% for the second W2 and first W1 water levels,
respectively. The highest LAI value (3.7) was obtained
from DZ-10-92 genotype followed by DZ-10-11 (3.4).
The lowest (2.7), on the other hand, was produced by
FLIP- 93-255.
Water Use Efficiency (WUE): Results in table (7) shows
that water use efficiency of the tested genotypes vary at the
different water level treatments. At the intermediate level
(W3), FLIP-98-107 was superior in efficient utilization of
water and production of high seed yield per unit of water
consumed (4.9 Kg ha-1 mm-1) and FLIP-93-255 genotype
was the least efficient in water utilization. At the driest
water level treatment (W1), however, the highest WUE
value (5.2 Kg ha-1 mm-1) was obtained from DZ-10-11 and
the lowest (1.6 Kg ha-1 mm-1). WUE value for FLIP-98107 and DZ-10-11 was significantly higher than that of the
other genotype.
Drought Susceptibility Index (DSI): Lowest DSI was
reported with DZ- 10-11 with a value of 0. 538 followed
by FLIP-97-241, FLIP-98-107 with index values of 0.868
and 1.01, respectively (Table 8). Whereas the highest
value of the DSI (1.411) was obtained by FLIP-93-255
followed by FLIP-97-99 (1.228).
Drought intensity index for seed yield (0.458),
number of seeds per plant (0.384) and pod per plant
(0.329) were higher than those of seed per pod (0.107)
and hundred seed weight (0.0743).
Results of the 2002/2003 Growing Season
As we indicated earlier, the experiment in the second
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growing season received high amounts of rainfall, which
did not allow creation of soil moisture gradient specially
at the low moisture levels. Furthermore, the genotypes
were severely affected by the ascochyta blight disease
which resulted in killing three of the tested genotypes
which were found to be highly susceptible, these
genotypes are the two desi and FLIP-93-255, DZ-10-11
and DZ-10-92. On the other hand, the other three
genotypes were found to be highly resistance to the
disease. This is an important finding for chickpea
breeders, when they breed for resistance of the disease.
Similar to the results of the 2001/2002 season, FLIP98-107 gave the highest yield (1807.8 Kg Ha-1) and the
highest harvest index (34.23%). This genotype was
highly resistant to the ascochyta blight race prevailing in
this area. FLIP-98-107 also gave the highest pods and
seeds per plant. This genotype was earlier in flowering by
about 9 days and in maturity by 3 days as compared to
the other two genotypes. In confirmation to this, FLIP98-107 gave the highest water use efficiency ( 5.2 Kg ha-1
mm-1 ) (table 9). FLIP-97-242 gave the tallest plants (81
cm) which exceeded significantly FLIP-97-99 by 12 cm
and FLIP-98-107 by 4 cm. FLIP-98-107 and FLIP-97241 gave the highest primary (2.8) and secondary
branches (7.3).
DISCUSSION
Breeders are trying hard to increase seed yield of
chickpea either by direct selection for seed yield or
through the selection for yields’ contributing characters.
However, under arid and semi arid environments, where
moisture is limited for achieving the crop yield potential,
selecting genotypes for wide adaptation and high stability
across variable environments is a useful strategy, which
ensures the production of an economic yield under
variable soil moisture conditions. This is even more
important for subsistence farming, where farmers grow
the crop mainly for their family consumption.
Genotypes behaved differently in response to water
levels for their seed yield and other characters. FLIP-98107 gave the highest seed yield at the intermediate water
level (W3) and the seed yield decreased as water level
increased to W4 and W5 or decreased to W2 and W1. All
genotypes behaved similarly in response to the increased
water levels, especially at the highest water level W5.
This can be attributed to excessive moisture, which
resulted in excessive vegetative growth, causing poor
flower setting and yield reduction. This was reflected in
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low yielding and late maturing genotypes at the lowest
two water level treatments (W1 and W2). This is in
agreement with the results of other similar studies on
chickpea by Saxena (1987); EL-Waraky and EL-Kolley
(2001); and on beans by Boutraa and Sanders (2001).
It should be noted that DZ-10-11 gave the highest seed
yield under the lowest water level (W1) which was 27.6%
more than the yield of FLIP-98-107 which ranked second. It
has also the lowest Drought Susceptibility Index (DSI) (0.538)
for seed yield which indicates its adaptability to low moisture
growing environments. The second genotype which had such
behavior is FLIP-98-107; it has the second low DSI value
(1.01). However, FLIP-98-107 has a wide adaptation as it
continues to perform well under increasing moisture level,
where it gave the highest yield among the tested genotypes at
the highest water level. FLIP-98-107, was also found superior
in seed yield and its components, harvest index and WUE in
the second growing season over the other two tested
genotypes. These two genotypes are potential genotypes that
have drought tolerance ability and wider adaptation to the
variable soil moisture content. Similar to these findings, Singh
et al. (1986) identified genotypes with high mean yield and
stability in changing environment using DIS. However, and in
contrast to that, Singh and Bejiga (1990) reported that their
stable lines were average yielder whereas the unstable lines
were high yielding.
Similarly, the higher harvest index at the most
stressed water level (W1) was obtained from the highest
yielding genotypes, DZ-10-11 and FLIP-98-107,
compared with the low yielding genotypes, FLIP-93-255
and FLIP-97-99. This is rather expected, because more
grain as compared to straw yield is produced by high
yielding genotypes under the water-limited environments
and therefore, higher harvest index will be achieved.
According to Boyer (1996), crop genotypes which are
successful under water limiting environment display
higher harvest index as compared to the poorer
performance. Therefore, harvest index is a good selection
criteria and need to be considered in developing a
strategy for crop improvement under moisture stress.
Days to 50% flowering was hastened by 5 days for
the desi genotypes DZ-10-11 and DZ-10-92 at the two
lowest water level treatments (W1 and W2), in contrast to
that, flowering time for Kabuli genotypes was delayed
with increasing moisture stress, although the difference
among each group was not large. This indicates that the
two groups of chickpeas (desi and Kabuli) respond
differently to moisture stress for this character.

the reduction of the harvest index values as well as on
smaller pods and seeds produced when soil moisture
increased behind W3. These results are is in agreement
with the findings of Saxena and Yadav (1976), and
Saxena (1984). According to those researchers, irrigation
tends to cause excessive growth which leads to lodging
and yield reduction.
The results are further confirmed by the Water Use
Efficiency (WUE) data, where the highest WUE values
were recorded under W3 and then the values start to
decline as water levels (soil moisture) increase. The
genotype FLIP-98-107 was found to be more efficient in
utilizing water at this level. This result indicates that the
optimum water level for optimum or maximum seed yield
is the intermediate water level treatment (W3) and not the
maximum (W5). This result is especially important when
chickpea is grown under full or supplemental irrigation;
an excess of irrigation water will result in yield reduction,
and therefore, careful irrigation management is needed
for optimum yield.
The result also revealed that further decline of the
water level from the optimum (W3) to the driest water
level treatment (W1) resulted in marked reduction in seed
yield, harvest index, and seed yield components of the
tested genotypes. DZ-10-11 and FLIP-98-107 were
superior, as compared to the other tested genotypes, for
most of the yield related traits, they are also found to be
early in flowering and in maturity under the low soil
moisture levels W1 and W2, which indicate their
tolerance to moisture stress conditions under this study.
Saxena et al. (1997) in support of this idea also reported
that early flowering and podding restrict vegetative
growth in indeterminate crop like chickpea. However,
relatively higher temperatures faced by the late-maturing
crop will also reduce seed yield. Siddique et al. (2001)
reported that the major traits of adaptation for chickpea
producing large yields in the short season environment
are early flowering, pod and seed set before the onset of
terminal drought. Brown et al. (1989) who worked under
field condition in a Mediterranean environment, found
significant differences in harvest index among genotypes,
where late maturing genotypes gave lower harvest index.
Therefore, in formers' situations a compromise is
necessary between the reduced seed yield potential of
short-duration cultivars and the losses caused by the end
of season drought.
Results further indicated that the WUE of high
yielding and/or early genotypes was better than that of the
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Figure 1 b: Cumulative amount of water applied (Irrigation and Rainfall),
during 2001/2002 growing season.
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Figure 1a : Change in soil moisture (as measured by neutron probe), during
2001/2002 growing season.

On the other hand, maturity time for most of the
tested genotypes was reduced as the water level was
declined from wettest (W5) to the driest (W1). This could
be interpreted as a shortening of their vegetative period to
escape the drought conditions. Thus, their transformation
into the reproductive phase assures their seed production
(survival) under the existing low soil moisture condition
which has similar effect in the final yield of the crop, as it
is in genotype like DZ-10-11. The above findings are in
agreement with that reported by Weaver et al. (1983) and
Ramirez-Vallejo and Kelly (1998).
Primary branches are important characters because
they determine to some extent the potential of the plant to
produce straw and possibly grain if all other factors are
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optimum. Whereas the importance of studying the
secondary branches is because the majority of pods and
leaves are carried on them. These parameters as well as
plant height and leaf area index of chickpea were
substantially reduced with a decline in the water level
treatments. Several researchers indicated lower number of
primary and secondary branches (Rahman and Uddin,
2000; El-Waraky and El-Koliey, 2001) and reduced plant
height (Rahman et al., 2000) with an increase in soil
moisture stress level which also differed among the
genotypes of chickpea.
In conclusion, chickpea genotypes differ in their
response to soil moisture levels. Two genotypes, FLIP98-107 and DZ-10-11, showed high performance under
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low moisture situations, and had wide adaptability over
the moisture gradient. The most important traits that
contribute to the ability of these genotypes to stand
moisture stress conditions are: high harvest index,

earliness, high number of pods and number of seeds per
plant. These traits need to be considered by breeder for
the improvement of chickpea germplasms for drought
condition.
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ﺇﺴﺘﺠﺎﺒﻪ ﺴﻼﻻﺕ ﺍﻟﺤﻤﺹ ﻟﻤﺴﺘﻭﻴﺎﺕ ﺭﻁﻭﺒﺔ ﺃﻟﺘﺭﺒﻪ ﺘﺤﺕ ﻅﺭﻭﻑ ﺍﻟﺒﻴﺌﺔ ﺸﺒﻪ ﺍﻟﺠﺎﻓﺔ
ﻤﻠﻴﻭﻥ ﺃ .ﻭﻭﻟﺩﺍﻤﺎﻨﻴﻭل ،ﺃﺤﻤﺩ ﻡ .ﺃﺒﻭﻋﻭﺍﺩ ﻭﻨﺼﺭﻱ ﺃ .ﺤﺩﺍﺩ*

ﻤﻠﺨﺹ
ﺍﻟﺤﻤﺹ ﻤﺤﺼﻭل ﺒﻘﻭﻟﻲ ﻫﺎﻡ ﻴﺯﺭﻉ ﻓﻲ ﻤﻌﻅﻡ ﺍﻟﻤﻨﺎﻁﻕ ﻓﻲ ﺍﻟﻌﺎﻟﻡ .ﻴﺘﻌﺭﺽ ﺍﻟﺤﻤﺹ ﺇﻟﻰ ﻨﻭﻋﻴﻥ ﻤﻥ ﺍﻟﺠﻔﺎﻑ :ﺍﻷﻭل ﻨﺎﺘﺞ
ﻋﻥ ﺘﻭﻗﻑ ﺍﻷﻤﻁﺎﺭ ﺨﻼل ﻓﺼل ﺍﻟﺸﺘﺎﺀ ﻭﺍﻟﺜﺎﻨﻲ ﻨﺘﻴﺠﺔ ﺍﻨﻘﻁﺎﻋﻬﺎ ﻓﻲ ﻨﻬﺎﻴﺔ ﺍﻟﻤﻭﺴﻡ .ﻭﻤﻥ ﻁﺭﻕ ﺘﺤﺴﻴﻥ ﺇﻨﺘﺎﺠﻴﺔ ﺍﻟﻤﺤﺼﻭل ﺘﺤﺕ
ﻅﺭﻭﻑ ﺍﻟﺒﻴﺌﺔ ﺍﻟﺠﺎﻓﺔ ﺘﻁﻭﻴﺭ ﺃﺼﻨﺎﻑ ﺘﺴﺘﻁﻴﻊ ﺘﺤﻤل ﺍﻟﺠﻔﺎﻑ ﻭﺇﻨﺘﺎﺝ ﻏﻠﻪ ﻋﺎﻟﻴﺔ ﺘﺤﺕ ﺍﻟﺒﻴﺌﺔ ﺍﻟﺠﺎﻓﺔ .ﺘﻡ ﺘﻨﻔﻴﺫ ﺘﺠﺭﺒﻪ ﻟﻤﻭﺴﻤﻴﻥ
ﺯﺭﺍﻋﻴﻴﻥ ﻓﻲ ﻤﺤﻁﺔ ﺃﺒﺤﺎﺙ ﺃﻟﺠﺎﻤﻌﻪ ﺍﻷﺭﺩﻨﻴﺔ ﻓﻲ ﻏﻭﺭ ﺍﻷﺭﺩﻥ .ﺍﺨﺘﺒﺭﺕ ﺴﺕ ﺴﻼﻻﺕ ﻤﻥ ﺍﻟﺤﻤﺹ ﺃﺭﺒﻊ ﻤﻥ ﺍﻟﻨﻭﻉ
ﺍﻟﻜﺎﺒﻠﻲ ) (Kabuliﻭﺍﺜﻨﺘﺎﻥ ﻤﻥ ﺍﻟﻨﻭﻉ ﺍﻟﺩﻴﺯﻱ ) .(Desiﺃﺴﺘﻌﻤل ﺨﻁ ﺍﻟﻤﺭﺸﺎﺕ ﻟﻠﺤﺼﻭل ﻋﻠﻰ ﻜﻤﻴﺎﺕ ﻤﺘﺩﺭﺠﺔ ﻤﻥ ﺍﻟﻤﻴﺎﻩ ﺍﻟﻤﻀﺎﻓﺔ.
ﺘﻡ ﻗﻴﺎﺱ ﻤﺤﺼﻭل ﺍﻟﺒﺫﻭﺭ ﻭﻤﻜﻭﻨﺎﺘﻪ ﻭﻋﺩﺩ ﻤﻥ ﺍﻟﺼﻔﺎﺕ ﺍﻟﻤﺤﺼﻭﻟﻴﺔ ﺍﻷﺨﺭﻯ ،ﻜﺫﻟﻙ ﺘﻡ ﺤﺴﺎﺏ ﻜﻔﺎﺀﺓ ﺍﺴﺘﻌﻤﺎل ﺍﻟﻤﻴﺎﻩ ﻭﻤﺅﺸﺭ
ﺍﻟﺤﺴﺎﺴﻴﺔ ﻟﻠﺠﻔﺎﻑ .ﺍﺨﺘﻠﻔﺕ ﺍﺴﺘﺠﺎﺒﺔ ﺍﻟﺴﻼﻻﺕ ﻟﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﺭﻁﻭﺒﺔ ،ﺇﺫ ﺃﻋﻁﺕ ﺍﻟﺴﻼﻟﺔ  Flip 98-107ﺃﻋﻠﻰ ﺍﻨﺘﺎﺝ ﻤﻥ ﺍﻟﺒﺫﻭﺭ ﺘﺤﺕ
ﺍﻟﺭﻁﻭﺒﺔ ﺍﻟﻤﺘﻭﺴﻁﺔ ،ﻭﺍﻨﺨﻔﻀﺕ ﺇﻨﺘﺎﺠﻴﺘﻬﺎ ﻋﻨﺩﻤﺎ ﺍﺭﺘﻔﻌﺕ ﺃﻭ ﺍﻨﺨﻔﻀﺕ ﺍﻟﺭﻁﻭﺒﺔ ﻋﻥ ﺍﻟﻤﺴﺘﻭﻱ ﺍﻟﻤﺘﻭﺴﻁ .ﺃﺸﺎﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﻰ ﺍﻥ
ﻜﻔﺎﺀﺓ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﺎﺀ ﻜﺎﻥ ﺍﻷﻓﻀل ﻟﻠﺴﻼﻻﺕ ﻋﺎﻟﻴﺔ ﺍﻹﻨﺘﺎﺠﻴﻪ ﻭﺍﻟﺴﻼﻻﺕ ﺍﻟﻤﺒﻜﺭﺓ ﻋﻥ ﺍﻟﻤﺘﺩﻨﻴﺔ ﺍﻹﻨﺘﺎﺠﻴﺔ ﻭﺍﻟﻤﺘﺄﺨﺭﺓ ﻓﻲ ﺍﻟﻨﻀﺞ،
ﻭﺫﻟﻙ ﺘﺤﺕ ﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﺭﻁﻭﺒﺔ ﺍﻟﻤﻨﺨﻔﻀﺔ .ﻭﻭﺠﺩ ﺃﻥ ﺃﻫﻡ ﺍﻟﺼﻔﺎﺕ ﺍﻟﺘﻲ ﺘﺴﺎﻋﺩ ﺍﻟﺴﻼﻻﺕ ﻓﻲ ﻗﺩﺭﺓ ﺘﺤﻤﻠﻬﺎ ﻟﻠﺸﺩ ﺍﻟﺭﻁﻭﺒﻲ ﻫﻲ:
ﺩﻟﻴل ﺍﻟﺤﺼﺎﺩ ﺍﻟﻤﺭﺘﻔﻊ ،ﺍﻟﺘﺒﻜﻴﺭ ﻓﻲ ﺍﻟﻨﻀﺞ ،ﻋﺩﺩ ﺍﻟﻘﺭﻭﻥ ﻭﻋﺩﺩ ﺍﻟﺒﺫﻭﺭ ﻓﻲ ﺍﻟﻨﺒﺎﺕ .ﻜﻤﺎ ﻭﺠﺩ ﺃﻥ ﺍﺴﺘﺠﺎﺒﺔ ﺴﻼﻻﺕ ﺍﻟﺤﻤﺹ ﻟﺭﻁﻭﺒﺔ
ﺍﻟﺘﺭﺒﺔ ﻟﻴﺴﺕ ﺨﻁﻴﺔ ،ﻟﺫﻟﻙ ﻴﺠﺏ ﺃﻥ ﻴﺅﺨﺫ ﺫﻟﻙ ﺒﻌﻴﻥ ﺍﻻﻋﺘﺒﺎﺭ ﻓﻲ ﺍﺩﺍﺭﺓ ﺭﻱ ﻫﺫﺍ ﺍﻟﻤﺤﺼﻭل.
ﺍﻟﻜﻠﻤﺎﺕ ﺍﻟﺩﺍﻟﺔ :ﺍﻟﺠﻔﺎﻑ ،ﺍﻟﺸﺩ ﺍﻟﺭﻁﻭﺒﻲ ،ﻨﻅﺎﻡ ﺍﻟﺭﻱ ﺒﺎﻟﺭﺸﺎﺸﺎﺕ ،ﺘﺤﺴﻴﻥ ﺍﻟﺤﻤﺹ ﻟﻤﻘﺎﻭﻤﺔ ﺍﻟﺠﻔﺎﻑ.

________________________________________________

* ﻜﻠﻴﺔ ﺍﻟﺯﺭﺍﻋﺔ ،ﺍﻟﺠﺎﻤﻌﺔ ﺍﻷﺭﺩﻨﻴﺔ .ﺘﺎﺭﻴﺦ ﺍﺴﺘﻼﻡ ﺍﻟﺒﺤﺙ  ،2004/11/8ﻭﺘﺎﺭﻴﺦ ﻗﺒﻭﻟﻪ .2005/10/
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