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An experiment was carried out in 2007 to investigate the effects of different irrigation regimes, and chickpea
cultivars on chickpea production in the Agricultural Research Station, College of Agriculture, Islamic Azad
University, Kermanshah Branch, Iran. The experimental design was split-plot with three replications.

Supplemental irrigation at three levels, that is, control treatment (without irrigation) (lp), one time irrigation at 50%
flowering stage (I1) and one time irrigation at pod-filling stage(l 2), was allocated to main plots and the varieties

ILC-482 (V1), Hashem (V2) and Arman (V3) were allotted to sub plots. A significant difference was observed
between irrigation treatments in terms of grain yield, plant height, number of axillary branches, distance to the
first pod from soil surface, number of grain per plant, number of pod per plant, biological yield, harvest index and
100-grain weight. Such differences were also observed between testing varieties in terms of all traits rather than
100-grain weight. Grain yield was significantly higher for Arman than that of Hashem which was significantly
higher than that of ILC-482. Of course, there was no significant difference between Hashem and ILC-482 in terms
of grain yield. Arman had the highest values of the number of grain per plant and the highest pod per plant
pertained to Arman and Hashem, respectively. High rate of grain yield in irrigation treatment at pod-filling stage
was associated with yield components, especially with the number of pod per plant and 100-grain weight. Grain
yield was positively correlated with number of pod per plant (r = 0.654 ), number of grain per plant (r = 0.902 )

and 100-grain weight (r = 0.707**). This research showed that pod-filling is the most sensitive stage to drought
stress, and under water limitation conditions, we can considerably increase grain yield at this stage by one time
irrigation, especially for Arman cultivar.
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INTRODUCTION

Having cultured area of 755,000 ha, chickpea possesses
a vast part of rain-fed farming area in Iran (FAO, 2004).
Application of appropriate methods of irrigation, supple-
mental irrigation, and water harvesting is among
strategies reducing the risk of crop production within arid
and semi-arid areas, hence providing relatively permanent
yield in these areas. In fact, supplemental irrigation is
applicable for those crops capable of producing economic
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products naturally using rainfall water, therefore, irrigation
results in their permanence and yield improvement. In
other words, supplemental irrigation is aimed at supplying
minimum amount of plants water requirement and
compared to full-irrigation during plants growth period, its
efficiency has been reported about 60 - 70% in some
countries (Perrier and Salkini, 1987). Optimal supple-
mental irrigation is done in dry-farming regions based on
three following basic aspects: (i) Water is utilized only to
improve rain-fed crop yield with a normal yield without
irrigation; (ii) under rain-fed farming, supplemental irrigation
is done when rainfall does not provide enough water to
prevent drought stress and (iii) the amount and time of



Table 1. Climatological statistics in Kermanshah region in the farming year of 2006 - 2007.

Months Climatological factors
Minimum Maximum Average Mount Precipitation Average
temperature | temperature | temperature foresting (mm) humidity
°C) 0 °C) days (%)
October 7.1 335 19.9 0 11.3 38
November -1.9 24.6 11.3 3 118.8 68
December -7.1 13.7 3.2 23 25 66
January -10.8 11.2 -0.1 27 30.3 70
February -8.1 15.5 14.2 16 81.3 66
March -3.8 19.5 7.1 18 42.6 63
April -2.8 23 10.5 5 125.4 64
May 1.2 30.7 17 0 68.7 59
June 9.5 39.4 24.7 0 6.2 36
July 12.8 40.1 28.5 0 0 24
August 14.9 41.2 29.5 0 0 22
September 8.8 39.1 25.1 0 0 18

supplemental irrigation are planned to attain optimum
yield with the least amount of water available during grain
per pod, number of pod per plant, biological yield, and
harvest index. Also, Romteke et al. (1998), Summer-field
and Roberts (1986), Singh et al. (1991), and Silim and
Saxena (1993) have emphasized on the negative effects
of moisture defect on chickpea grain yield and vyield
components. Dahiya et al. (1993) determined nutritional
requirement of 2 chickpea varieties in semi-irrigated
conditions and specified that their highest yields were
attained using 27 kg ha'1 nitrogen and 69 kg ha'1
phosphorus and by 2 times irrigation at branching stage
and onset of pod formation stage, obtaining the maximum
consumption of water with one time irrigation. Krentoz
(1987) reported the importance of considering amount of
consumed water and plant development in supplemental
irrigation. Nelson (2001) and Nagarajan et al. (1999)
reported a significant negative effect of drought stress on
grain yield and biomass of chick pea and wheat at final
growth stages. According to Silim et al. (1993), high
percentage of green sheath, especially in critical period of
grain-filling reduces evaporation from soil surface, results
in the improvement of soil moisture status and an
increase in the amount of water available for plants, plus
superiority of yield under irrigation conditions. Dahiya et
al. (1993) argued that two times of irrigation, at branching
and the onset of pod formation stages, entailed the
highest yield. Drought stress is among the important
challenges in chickpea production in the western part of
Iran including Kermanshah province. Objectives of this
research were as follows:

(i) To study the effect of drought stress on chick pea
grain yield;

sensitive stages of crop growth (Oweis, 1997). Yadav et
al. (1994) reported that, supplemental irrigation at the
(i) To understand the advantage of supplemental irrigation
in chickpea production and;

(i) To select adapted varieties for supplemental irrigation.

MATERIALS AND METHODS

Present research was carried out in cropping season 2006 - 2007
on Agricultural Research Station, College of Agriculture , Islamic
Azad University, Kermanshah Branch, Iran (47°20" E, 34°20" N,
1362 m ASL). Annual mean precipitation of this station is 435 mm;
based on Koppen's classification, this region has cold, semi-arid
climate (Table 1). The soil texture of the test site was clayey-silt,
with pH 7.5 (Table 2). The previous crop was wheat. On the basis
of soil test, 40 kg ha™' urea fertilizer and 80 kg ha™ di-ammonium
phosphate fertilizer were applied on late winter.

Experimental design was split plot with three replications. The
major factors of experiment were control treatment (without
irrigation) (lo), one-time irrigation at 50% flowering stage (I1) and
one time irrigation at pod-filling stage(l2); and minor factors were
varieties including: ILC-482 (Vi), Hashem (V2) and Arman (Vs),
obtained from Dry land Agricultural Research Sub-Institute,
Kermanshah, Iran. Each plot consists of 4 rows 4 m long and 25 cm
apart. Planting was done with hand on 5th April, 2006. Before
planting, the seeds were treated with Mankuzeb fungicide. For
hand planting, in each plots, 4 grooves with 5 cm depth were made
with Fuka and seeds density were twice of recommended amount
and target density was achieved by thinning plants after seeds
germination. For supplemental irrigation at 50% flowering and pod-
filling stage, a sample of soil was taken from 0 - 60 cm depth and
sent to the laboratory for measuring soil moisture and accordingly,
the required amount of water for each treatment to reach to field
capacity was calculated and based on required irrigation, was
applied using water counter. Laboratory soil water measurements
indicated that the limits of field capacity were 16.7 and 17.8% of
weight at 50% flowering and pod-filling stages, respectively, and

nominal specific mass of soil was 1.32 gcm ™. To estimate moisture



Table 2. Chemical and physical characteristics of the soil.

Depth pH EC %C %N P (ppm) K %Silt %Clay %Sand Texture
(cm) (mmohs/cm) (ppm)
0-30 7.5 0.8 1.95 0.11 300 42.6 41.41 14 Silty clay

coefficient (FC) and nominal specific mass (BD), such parameters
as soil texture and content of soil organic matter were employed,
then the amount of net irrigating water at the stages of 50%
flowering and pod-filling were estimated at 134.64 and 146.30,
respectively, by using equation of moisture fraction.

In = (FC- M) x BD x D

Where BD, is nominal specific mass gcm-3; D is the depth of root
extending (60 cm); M is weight of moisture pre-irrigation; and In is
the depth of net irrigation water fraction. Ten plants from each plot
were used to specify yield components and plant morphological
traits. Grain yield was calculated after eliminating two side rows of
each plot and 0.5 m from both ends of central rows. Parameters of
rainfall rate and diurnal temperatures were obtained from
Meteorology General Office of Kermanshah province .Statistical
analysis was performed by MSTATC and SPSS software.

RESULTS AND DISCUSSION
Number of axillary branches per plants

A number of axillary branches per chickpea plant was
significantly affected by an irrigation factor (Tablel).
Among various irrigation levels, maximum number of
axillary branches per plant pertained to the treatment with
on-time irrigation at pod-filling stage was 58.1% higher
than the number of axillary branches under or without
irrigation conditions. Although there was no significant
difference between none-irrigation and one-time irrigation
at 50% flowering stage, the treatment with one-time
irrigation at 50% flowering stage and the treatment
without irrigation were, respectively, ranked after the
treatment with one-time irrigation at pod-filling stage in
terms of a decrease in number of axillary branches
(Tablel). Palled et al. (1985) reported that the number of
axillary branches per plant increased due to irrigation.
Auld et al. (1980) reported that the number of branches
per unit area decreases as moisture available at terminative
stage reduces. The effect of varieties on number of axillary
branches per plant was significant and Arman had the
highest number followed by ILC-482 and Hashem.
Interaction between irrigation and variety was not significant
for the number of axillary branches per plant (Table 1),
indicating that tested varieties gave the same responses
to irrigation treatments.

Number of pod per plant

Number of pod per plant was highly significantly influenced

by irrigation factor (Table 1). Compared to treatment
without irrigation, the treatments with only one-time
irrigation at 50% flowering and pod-filling stages had
149.9 and 117.9% increases in the number of pod per
plant, respectively (Table 2). Number of pod per plant
was highly/significantly affected by variety factor (Table
1). Number of pods per plant was significantly higher for
Arman and Hashem than that of variety ILC-482. There
was no significant difference between Arman and Hashem
in this regard (Table 3). Results of experiment showed
that sufficient available water at flowering and pod
formation stages increases the number of pods per plant.
The existence of significant difference between tested
varieties considering the number of pod per plant
indicates the effect of genetic background on this trait.
For chickpea and Mungbean, Singh et al. (1994) and
Pannu and Singh (1993), respectively, reported that
among yield components, the number of pod per plant is
more sensitive to drought stress.

Number of grain per plant

Effects of irrigation and variety on the number of grain per
plant were highly significant (Table 1) so that the highest
number of grain per plant pertained to the treatment with
on-time irrigation at pod-filling stage followed by treat-
ment with one-time irrigation at 50% flowering stage and
treatment without irrigation. The treatment with one-time
irrigation at pod-filling stage had a 188% increase in
number of grain per chickpea plant in comparison with
the treatment without irrigation (Table 2). There was no
significant difference between ILC-482 and Hashem in
terms of the number of grain per plant (Table 2). The
highest number of which pertained to Arman.

100 grains weight

The weight of 100 grains of chickpea was highly/
significantly affected by irrigation (Table 1). Among
different irrigation levels, the maximum weight of 100
grains pertained to treatment with one-time irrigation at
pod-filling stage while the minimum of it pertained to the
treatment without irrigation (Table 2). The significant
effect of irrigation on grain weight during varied stages of
plant growth, especially at grain-filling stage, has been
reported as common by Singh (1995). And Tuba Bicer et
al. (2004) reported that chickpea 100 grain weight was
affected by irrigation. It appears that moisture defect at



Table 3. Analysis of variance of agronomical characteristics.

S{e)Y df Plant height | No. of axillary Distance from No. of pods No. of Weight of Grain yield Biological yield Harvest
branch first pod to soil per plant grains per 100 index
surface plant
Rep 2 83.468 0.038 0.298 6.763 2.484 13.488 559.707 99804.167 8/417
Y, 2 197.514 2.629 45.818 104.536 71.901 10.290 685294.374 2471394.641 434.710 ns
Error (a) 4 10.131 0.091 0.179 4.604 1.252 7.311 13260.269 22694.694 5/649
I 2 339.488 6.629 76.001 28.936 100.323 154.030 919762.907 4931525.470 17.667
I xV 4 1.377ns 0.489ns 0.952ns 2.662 1.521ns 9.470ns 53364.402 ns 189479.580 0.540ns
Error (b) 12 6.261 0.295 2.387 7.196 2.070 5.965 19625.306 27762.785 1/179
C.V (%) - 7.19 17.95 10.79 25.30 14.85 9.22 15.86 6.65 3/11
NS,* and **: Non-significant at p < 0.05, significant at 5 and 1% level of probability, respectively.
the time of pod formation and grain-filling can date of planting. In fact, water defect at vegetative and photosynthetic products due to water

decrease the rate of photosynthetic products
transmission, resulting in grain shriveling. Given
that, in this research, supplemental irrigation has
been done at pod formation and grain-filling stage,
moisture defect has been resolved fairly,
therefore, period of grain-filling has lengthened, as
a result more photosynthetic  products
accumulated in grains. So, supplemental irrigation
at this stage has resulted in a 137% increase in the
weight of 100 grains compared to rain-fed
conditions (Table 2). Silim et al. (1993) report is in
agreement with findings of this experiment.

Plant height

The effects of irrigation and variety on plants
height was highly significant (P < 0.01) (Table 1).
One-time irrigation at pod-filling stage caused the
highest plant height and rain-fed condition caused
the lowest (Table 2). Arman had the highest plant
height, and there was no significant difference
between Hashem and ILC-482 (Table 2). Hawtin
and Singh (1984) suggested that variation in
plants height depends on variety, latitude, and

and generative stages decreased plants height.
Results of this experiment for plant height are
similar to the results reported by Gupta et al.
(1995).

First pod height from soil surface

The effects of irrigation and variety on height of
first pod from soil surface were significant (Table
1).The highest and lowest FPH from soil surface
pertained to the treatment with one-time irrigation
at pod-filling stage and rain fed treatment,
respectively (Table 2). The highest value of FPH
and the lowest one pertained to Arman and ILC-
482, respectively (Table 2).

Biological yield

Irrigation has a highly significant effect on biological
yield (Table 1). The treatment with one-time
irrigation at pod-filing stage had the highest
biological yield and rain fed treatment had the
lowest (Table 2). Sharp reduction of shoots weight

limitation has been reported by Singh et al. (1987)
and Xia (1997). The effect of variety on biological
yield is significant (Table 1). Among tested
varieties, Hashem had the highest biological yield
followed by Arman and ILC-482 (Table 2).
Interaction between irrigation and variety were
significant (Table 1) and accordingly, the highest
biological vyield pertained to the combined
treatment of Arman and one-time irrigation at pod-
filling stage and the lowest biological vyield
pertained to the treatment of ILC-482 under rain-
fed condition (Table 2).

Harvest index

Harvest index was significantly affected by
irrigation treatments (Table 1). The maximum and
minimum harvest indexes pertained to the
treatment with one- time irrigation at pod-filling
stage and to rain-fed treatment, respectively
(Table 2). There was no significant difference
between treatment with one-time irrigation at pod-
filling stage and rain-fed treatments at 50%
flowering stage. Chickpea harvest index was signi-



Table 4. Mean comparison of agronomical characteristics.

Means

Plant No. of Distance No. of No. of Weight of | Grain yield | Biologic | Harvest

Treatments height axillary from first pods per grains 100 (kg/h) al yield index
branch | pod to soil plant per plant (kg/h)
surface g
Irrigation (1)
lo 28.46C 2.311B 11/44C 7/244B 7/178B 22/03C 551/1C 1796C 33/36B
I1 35.30A 2.789B 14/27B 8/544AB 8/411B 27/27B 900/6B 2451/4B 35/26A
I2 40.71A 3.978A 17/26A 10/790A 13/480A 30/20A 1194/2A 3274/2A | 36/09A
Variety (V)
Vi 31/28B 2/511C 12/10C 4/989C 7/456B 26/270A 667/2B 1913/1C 34/48B
V2 33/06B 2/978B 14/26B 10/181A 8/744B 25/571A 788/5B 2904/6A | 28/17C
V3 40/13A 3/589A 16/61A 11/415A 12/870A 27/670A 1194/6A 2704/3B 42/05A
Irrigation x
Variety
(1= V)
Vllo 24/63F 1/600D 8/967E 4/367D 4/867D 22/60CD 400/2F 1157/4D 33/19D
Vil 31/805D 2/633C 12/33CD 4/300D 6/767D 27/75B 700/4DE 2027/3C 34/74C
V1l2 37/40BC | 3/300C 15/00BC 6/300CD 10/730BC 28/63B 900/3CD 2555/1B D
V2Io 26/10E 2/567C 11/57DE 8/033BCD 6/867D 22/03CD 564/8EF 2463/6B 35/52C
V21 33/77CD | 2/700C 14/53BC 10/630ABC 6/767D 26/30BC 750/3DE 2632/5B 26/25F
V2I2 39/30B 3/667B 16/67B 11/870AB 12/600B 28/37B 10/51BC 3618/6A | 29/01E
V3lo 34/63CD | 2/767BC | 13/80BCD | 9/333ABCD | 19/800C 2147D 700/3BE 1769/0C 29/25E
V31 40/33B 3/033BC 15/93B 10/700ABC | 11/700BC 27/93B 1251/04B 2695/9B 40/63B
V3l2 45/43A 4/967A 20/10A 14/200A 17/100A 33/60A 1630/5A 3648/4A | 42/02A
B
43/50A

In each column, values with similar letter(s) are not significantly different at the 5% level of probability Iy, 11 and I,: without irrigation, one-time irrigation
at 50% flowering stage and one time irrigation at pod-filling stage, respectively. V1, Vo and V3: ILC-482, Hashem and Arman, respectively.

ficantly affected by variety factor (Table 1). The highest
and lowest values of harvest index pertained to Arman
and Hashem, respectively (Table 2). Harvest index of
Hashem was lower than those of the other two varieties,
which is attributed to late maturity and lack of timely
formation of flowers, pods, and grains of this variety.
Having done an experiment on 25 chickpea genotypes
under rain-fed and irrigation conditions in Syria, Singh
and Saxena (1991) concluded that grain size, grain yield,
biological yield, and harvest index are improved by
irrigation, which is in agreement with the result of the
present experiment.

Grain yield

Irrigation effect on chickpea grain yield was significant
(Table 1). One-time irrigation at pod-filling stage had the
highest grain yield (1194.2 kg ha'l), having a 216.7%
increase in yield of chickpea grains in comparison with
rain-fed condition. Saxena (1980) reported that using

supplemental irrigation in order to resolve stress at critical
stages of plant growth had significant effect on grain yield
increase. Also many researches have emphasized on the
effect of water defect on reduction of yield throughout plant
growth period, especially at the stages of grain formation
and grain-filling (Desclauxs and Roumet, 1996; Meckel et
al., 1984; Shaw and Laing, 1996; Specht et al., 1989; Vieira
et al.,, 1991; Xia, 1997). The effect of variety on chickpea
grain yield per unit area was completely significant (Table
1). Arman’s variety had the highest grain yield (1194.6 kg

ha'l), which was significantly different from means of grain
yield of Hashem (788.5 kg ha'l) and ILC-482 (667.2 kg ha’

1). Literatures indicated that using supplemental irrigation to
free the crops from soil moisture stress at critical growth and
development stages, would increase chickpea grain yield
(Soltani et al., 2001). It appears that water defect at
chickpea generative stages prevents yield potential
attainment through flowers and pods shedding (Nayyar et
al., 2006). lyadao et al. (1994), Romteke et al. (1998) and
Ney et al. (1994) have reported an increase in grain yield
due to




Table 5. Correlation among traits in chickpea.

Traits Plant No. of Distance from No. of No. of Weight of Harvest Biological | Grain

height axillary first pod to pods per grains per 100 grains Index yield yield
branch soil surface plant plant

Plant height

No. of axillary branch 0.712** 1

Distance from first pod to soil surface 0.852** 0.839** 1

No. of pods per plant 0.624** 0.615* 0.651** 1

No. of grains per plant 0.803** 0.812** 0.837** 0.558** 1

Weight of 100 grains 0.596** 0.591** 0.652** 0.233 ns 0.679** 1

Harvest Index 0.610** 0.384** 0.466** 0.240 ns 0.561** 0.366 ns 1

Biological yield 0.664** 0.764** 0.816** 0.651** 0.749** 0.670** 0.610 ns 1

Grain yield 0.715** 0.837** 0.838** 0.654** 0.902** 0.707** 0.594** 0.776** 1

NS and **: Non-significant at p<0.05 and significant at 1% level of probability, respectively.

supplemental irrigation for chickpea and green
pea, respectively.

Correlation between grain yield and vyield
attributes

There was highly significant positive correlations
between grgin yield and number of pods per plant

(r = 0,654 ), number of axillary branches (r =
0.837 ), plant height (r = 0.715 ), number of grain
per plant (r = 0.902 ), 100 grain weight (r =
0.707**), height of first pod from sgil surface (r =

0.837 ), harvest ingex (r=0.594 ) and biological

yield (r = 0.776 ) (Table 3). These results
indicated that tallerplants with higher number of
axillary branches, which resulted in production of
higher number of pods per plant have higher grain
yield, and these traits could be used effectively for
screening high yielding genotypes. These results
are consistent with the results of many workers on
chickpea (Sharma et al., 1990; Filippetti., 1990;
Mani and Bahl, 1990; Singh and Saxena, 1991;

Silim and Saxena, 1993; Chavan et al., 1994;
Kumar et al., 2003; Jeena et al., 2005; Obaidullah
et al., 2006).

Conclusion

Results of this research showed that average of

grain yield was 1194.2 kg ha'1 for treatment with
one-time irrigation at pod-filling stage. Showing a
216.7% increase in comparison with rain-fed
treatment (551.1 kg ha'l). Arman and Hashem
had the highest number of grain per plant and
number of pod per plant, respectively. Among
yield components, the number of pod per plant
and 100 grains weight had the most effect on
increasing the grain yield. Given the increase in
regional temperature in late season usually
associated with rainfall stoppage, it appears that
using supplemental irrigation at pod-filling stage
strengthens the plants in terms of tolerance,
transition and escape from dryness of late growth
period, and increases velocity of grain-filling and,

ultimately, causes an increase and improvement
in stabilizing chickpea yield in unit area, especially
for Arman’s variety.

REFERENCES

Auld DL, Bettis BL, Crock JE, Kephart KD (1980). Planting
date and temperature effects on germination, emergence,
and seed yield of chickpea. Agron. J. 80: 909-914.

Chavan VW, Patial HS, Rasal PN (1994). Genetic variability
and correlation studies and their implications in selection of
high yielding genotypes of chickpea .Madras Agric. J. 81(9):
463-465.

Dahiya S, singh M, Singh RB (1993). Economics and water
use efficiency of chickpea as effected by genotypes
irrigation and fertilizer application. Crop Res. Hisar. 6: 532-
534.

Desclauxs D, Roumet P (1996). Impact of drought stress on
the phenology of two soybean (Glycin maxl.Merr) cultivars.
Filed Crops Res. 46: 61-70.

FAO (2004). Production year book. Food and Agriculture
Organization of the United Nations FAO). Rome, Italy.
http://apps. fao.org.

Filippetti A (1990). Variability of plant and seed
characterization of collection of chickpea (Cicer arietinum
L.). Legumes Res. 13(1): 36-49. Gupta SN,

Dahiya BS, Malik BPS, Bishnoi NR (1995). Response of



Gupta SN, Dahiya BS,Malik BPS, Bishnoi NR (1995). Response of
chickpea to water deficits and drought stress.Haryan Agric. Univ. J.
Res. 25(11-2): 11-19.

Hawtin GC, Singh KB (1984). Prospects and potential of winters owing
of chickpea in the Mediterranean region.In Ascochyta blight and
winter sowing of chickpea, Ed. Saxena MC and Singh KB. pp. 7-16.
The Hague, the Netherlands: Martinus Nijhoof. Dr. W. Junk Publ.

Jeena AS, Arora PP, Ojha OP (2005). Variability and correlation studies
for yield and its components in chickpea. Legumes Res. 28: 146-148.

Krentoz VC (1987).supplemental irrigation in Cyprus. In Perrier ER and
Salkini AB (eds). Supplemental irrigation in the Near East and North
Africa Kluwer Academic Publishers Boston/ London. pp. 324-364.

Kumar S, Arora PP, Jeena AS (2003).Correlation studies for yield and
its components in chickpea. Agric. Sci. Digest. 23: 229-230.

Mani M, Bahl PN (1990). Components of productivity in genotypes of
chickpea (Cicer arietinum L.) J. Genet. Breed. 44(3): 163-167.Meckel
LD, Egli B, Philips RE, Radcliffe D, Leggett JE (1984). Effect of
moisture stress on seed growth in soybeans. Agron. J. 76: 647-650.

Nagarajan S, Rane M, Gembhir PN (1999). Effect of post-anthesis
water stress on accumulation of dry matter, carbon, nitrogen and their
partitioning in wheat varieties differing in drought tolerance. Crop Sci.
183: 129-136.

Nelson C (2001). Untapped potential: Irrigated chickpea Production.
Proc. suuthern Alberta conserv. Assoc. Dryland and Irrigated
Reduced. pp. 43-50.

Nayyar H, Singh S, Kaur S, Kumar S, Upadhyaya HD (2006).
Differential sensitivity of macrocarpa and microcarpa types of
chickpea (Cicer arietinumL.) to water stress. association of
contrasting stress response with oxidative injury. J. Integr. Plant Biol.
48: 1318-1329.

Ney BCC, Duthion C, Turce O (1994). Phenological response of pea to
water stress during reproductive development. Crop Sci. 34: 141-146.

Obaidullah S, Munawar K, Hamayun K (2006). Genotypic and
phenotypic correlation analysis of some important charater in gram.
Ind. J. 5: 701-705.

Oweis T (1997). Supplemental Irrigation: A highly efficient water-use
practice. International Center for Agricultural Research in the Dry
Areas (ICARDA), Aleppo, Syria.

Palled YB, Chandrashekharaiah AM, adder GD (1985). Response of
Bengal gram to moisture stress. Indian J. Agron. 30: 104-106.

Pannu RK, Singh DP (1993). Effect of irrigation on water use, water-use
efficiency, growth and yield of mung bean. Field Crops Res. 31: 87-
100.

Perrier ER, Salkini AB (1987). Supplemental irrigation in the Near East
and North Africa. Kluwer Academic publishers, Boston/London.

Romteke SD, Chetti MB, Salimath M (1998). Seasonal variation in yield
and yield components in gram (cicer arietinuml.). Indian J. Agric. Sci.
68: 251-254.

Saxena MC (1980).Recent advance in chickpea agronomy. In
proceeding of the international workshop on chickpea improvement.
23 Feb-2 Mar 1979, Hydarabed ICRISAT. Patancheru. India, pp. 96-
98.

Sharma AB, Sood BC, Malhotra VV (1990). studies on variability and
genetic advance in chickpea. Indian J. Pulses Res. 3(1): 1-6

Shaw RH, Laing DR (1996). Moisture stress and plant response.
In:W.H.Pierre et al (eds.),Plant Environment and Efficient Water Use.
Madison. Wisconsin. USA. Am. Soc. Agron. Soil Sci. Soc. Am. 73: p.
94.

Silim SN, Saxena MC (1993). Adaptation of spring sown chickpea to
Mediterranean Basin. |. Response to moisture supply. Field Crop
Res. 34: 121-136.

Silim SN, Saxena MC (1993). Adaptation of spring sown chickpea to
Mediterranean basin. Il. Factors influencing yield under drought. Field
Crops Res. 34: 137-146.

Singh K, Malhutra K,Saxena M, Bejiga J (1986). Superiority of winter
sowing over traditional spring sowing of chickpea in
Mediterraneanregion. Agron. J. 69: 112-118.

Singh DP, Singh P, Sharma HC, Turner NC (1987). Influence of water
deficit on the water relations, canopy gas exchange and vyield of
chickpea (cicer arietinuml.). Field Crops Res. 16: 231-241.

Singh J, Singh KP, Mehta OP, Malik RS (1991). Seasonal consumptive
use, moisture extraction pattern and water use efficiency of kabuli
gram (cicer arietinuml.) cultivars under different levels of irrigation.
Agric. Digest. 11: 142-144.

Singh KB, Saxena MC (1991). Studies on drought tolerance in legume
program. Annu. Rep. ICARDA.

Singh ON, Singh RS, Singh JP (1994). Supplemental fertilizer
potassium to chickpea. J. Potassium Res. 10(1): 83-85.

Singh SP (1995). Selection for water stress tolerance in interracial
populations of common been. Crop Sci. 35: 118-128.

Soltani A, Khooie FR, Ghassemi- Golezani K, Moghaddam M (2001). A
simulation study of chickpea crop response to limited irrigation in a
semiarid and environment. Agric. Water Manage. 49: 225-237.

Specht JE, Elmore RW, Eisenhauer DE , Klocke NW (1989). Growth
stage scheduling criteria for sprinkler- irrigated soybeans. Irrig. Sci.
10: 99-111.

Summer-field RT, Roberts EH (1985). Grain legume crops, Mackys of
Chatham, Kent, London.

Tuba Bicer B, Narin Kalender A, Akar DA (2004).The effect of irrigation
on spring-sown chickpea. J. Agron. Asian Network Sci. Inform. 3:
154-158.

Vieira RD, Tekrony DM, Egli DB (1991). Effect of drought stress on
soybean seed germination and vigor. J. Seed Technol. 15: 12- 21.
Xia MZ (1997). Effect of drought during the generative development
phase on seed yield and nutrient uptake of faba bean (vicia fabal.)

Aust. J. Agric. Res. 48: 447-451.

Yadav SD, Chander K, Kumar A (1994). Response of late- sown gram
(Cicer arietinuml.) to irrigation and phosphorus. Indian J. Agric. Sci.
64: 24-28.



