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ABSTRACT

A field study was undertaken to evaluate newly developed chickpea genotypes under water application and rain-fed
management system. Highly significant differences were observed between genotypes and between two management practices
for all the traits except primary branches per plant, which were non-significantly different between two managements. The
interaction between genotypes and managements (G x M) was non-significant for number of primary branches and number of
secondary branches. The yield and most of the yield components were improved with the application of irrigation. On average
basis 48% increase in number of pods per plant, 36% in total dry weight and 17% in grain yield was recorded due to irrigation.
On the contrary, the grain size was reduced by 16% and the number of primary and secondary branches remained un-affected
due to irrigation. The genotype 93A086 with grain yield of 14.37 g per plant was better under irrigation while 92A207 with
grain yield of 12.60 g per plant performed better under rain-fed planting. It may be inferred from the present study that any
genotype that responds positively to irrigation with respect to seed size coupled with increase in number of pods per plant will

be most suitable for irrigated areas.
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INTRODUCTION

Chickpea is the third most important food legume after
peas and soybean in the world. Due to high protein content,
it has become an important component of human diet in
developing world. Pakistan is one of the major chickpea
producing countries, where it is annually cultivated on about
one million ha. “Thal” that is comprised of parts of district
Mianwali, Khushab, Bhakkar, Jhang, Layyah, Lucky
Marwat and Karak is the major chickpea-producing tract,
where the soils are predominantly sandy and the crop is
planted under rain-fed management system. Under rain fed
condition the chickpea crop usually faces moisture stress
due to low rainfall and responds favorably to supplemental
irrigation (Singh, 1980; Raghu & Choubey, 1983). The
study of genetic parameters of chickpea under irrigated and
rain-fed management conditions revealed significantly
positive effect of irrigation on all the parameters including
yield (Nawaz et al., 1994; Shinde et al., 1996; Jagganath et
al., 1999; Anwer et al., 2003). Yet, it has been observed that
with the introduction of canal or tube well irrigation, the
farmers tend to grow major crops and consequently the area
of pulses and specifically that of chickpea is reduced.
Although, recently, the low water requiring crops like
chickpea are becoming a popular option in irrigated areas
due to frequent droughts caused by lower availability of
water in rivers, the chickpea area under canal command in
Pakistan could not substantially increase. To make chickpea
a competitive crop for irrigated regions the information on
its water requirement and identification of genotypes

responsive to water application is vital.

Recently, the Government of Pakistan has initiated a
project aimed at providing irrigation facility for the “Thal”
area, where chickpea is traditionally grown as rain-fed. It is
very likely that the chickpea area will sharply decline with
the introduction of irrigation in Thal. Under such situation it
would be important to develop high input responsive
chickpea cultivars that could compete with other cash crops
in irrigated areas. Present study was an effort to evaluate
and identify new genotypes suitable for irrigated and rain
fed conditions. The information obtained from this study
will go a long way to maintain chickpea area and improve
its production.

MATERIALS AND METHODS

A field experiment was conducted at Arid Zone
Research Institute, Bhakkar, Pakistan, during Rabi (winter)
season of 2002 - 03 on a sandy loam soil. The experimental
treatments consisted of eight new chickpea genotypes viz.
CM-98, 92A048, 93Al1l1l, 92A207, 93A086, 92A217,
92A186 and PC 2000 and two management practices
(irrigated & rain-fed). The experiment was laid out in a split
plot design with management practices in main plots and
genotypes in subplots. The treatments were replicated three
times. Each genotype was planted in a 4 m long, 6-row plot.
Row to row and plant - plant distance was maintained at 30
cm and 10 cm, respectively. The seed was sown with a
single row drill and 30 days old seedlings were thinned to
establish the plant - plant distance. Before sowing, a soaking
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dose of water was applied to the whole experimental area to
obtain uniform germination. The first post planting
irrigation to the main plots with irrigated management was
applied 45 days after germination and second irrigation was
applied 105 days after germination when 50% flowering
had occurred. No post planting irrigation was applied to the
plots with rain-fed management. The weather data during
the experimental period are presented in Table Ill. Data on
days to 50% flowering was recorded on plot basis, whereas
data on grain yield and other yield parameters was recorded
on 10 randomly selected plants from each treatment. This
data were subjected to Analysis of variance (Steel & Torrie,
1980) to determine the significance of difference between
treatments. Least significant difference (LSD) test was
applied for comparison of means of individual genotypes.

RESULTS

Results of Analysis of variance presented in Table |
revealed significant differences between genotypes for all
the traits. Similarly the two management practices differed
significantly for all parameters except primary and
secondary branches per plant. The interaction between
genotypes and managements (G X M) was non-significant
for plant height, primary branches per plant and secondary
branches per plant (Table 1), whereas this interaction had
significant effect on the rest of the characters studied. The
genotypic means for various traits over the two
managements revealed that number of primary branches and
number of secondary branches per plant varied from 2.63 to
3.60 and from 5.97 to 8.45, respectively. Maximum number
of primary branches and maximum number of secondary
branches were recorded in the genotype 92A207 (Table Il a
& b). The genotypic variation for number of pods per plant,
total dry weight per plant (g), 100 grain weight (g) and grain
yield per plant (g), respectively was in the range of 30.96 to
4297, 27.43 to 37.75, 20.94 to 25.75 and 8.76 to 11.95. The
comparison of means of two management practices for
various traits over the genotypes expressed a substantial
increase due to irrigation in all the traits except primary and
secondary branches per plant. The increase in number of
pods per plant, dry weight per plant and grain yield per plant
due to irrigation was 47.42%, 36.09% and 17.03%,
respectively (Table 1l a & b). The 100-grain weight was
reduced by 15.93% due to irrigation. Maximum pods per
plant (53.83), maximum 100 grain weight (25.04 g) and
maximum grain yield per plant (14.37 g) under irrigation
practice were obtained from the same genotype (93A086).
On the other hand under rain-fed condition maximum
number of pods (32.20), maximum 100 grain weight (24.41
g) and maximum grain yield per plant (12.30) were obtained
from another genotype 92A207.

DISCUSSION

Chickpea is an important pulse crop throughout the
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world. Due to its ability to survive and perform well under
moisture stress conditions this crop is an important
component of rain-fed agriculture in Pakistan. The greater
Thal that is comprised of districts of Mianwali, Khushab,
Bhakkar, Jhang and Layyah in Punjab province and Karak
and Lucky Marwat from NWFP is traditionally rain-fed area
of chickpea in Pakistan. Recently, the Government of
Pakistan has launched a project to establish canal irrigation
system in Thal. It has been observed that on having
irrigation facility the farmers tend to switch over to cash
crops other than pulses. Therefore, it is quite likely the area
of chickpea in Thal will reduce drastically on availability of
canal irrigation if suitable genotypes and related technology
that enables chickpea to compete with cash crops like
wheat, cotton, etc., is not developed. The Present study was
an attempt to identify genotypes suitable for irrigated and
rain-fed agriculture. The results of this study reveled highly
significant differences between genotypes, showing the
genetic variability in the experimental material. The
difference between two management systems was also
highly significant. The application of irrigation improved all
the major traits by increasing 17.03% grain yield, 36% dry
weight and 48% pods per plant on overall basis. Ali et al.
(1995) and Giunta and Motzo (2003) reported increase in
total dry weight under irrigation. Nawaz (1994) and Shinde
et al. (1996) found the pods per plant to be the most affected
trait by the irrigation. Similarly the delay in days to 50%
flowering suggested that irrigation prolongs the vegetative
period. As indicated by highly significant genotype X
management interaction, the response of genotypes for
flowering time to the management was quite variable.
Kanouni (2001) have reported delay in flowering due to
irrigation. However, irrigation invariably caused reduction
in grain size of all the genotypes. This reduction may be
attributed to the reduced availability of assimilate and
increase in number of pods. Malik and Anwar (1994) and
Katare et al. (1984) reported no change in grain size due to
irrigation. As already found by Malhotra et al. (1997) and
Ammannuallah (1999), the present study showed an
increase in plant height due to irrigation, though the
genotype X management interaction was non-significant for
this trait showing similarity in response by all the genotypes
to irrigation. Generally, our results get support from the
findings of Shinde et al. (1996), Khan et al. (1995) and
Rahman et al. (1983). The non-significant difference
between genotypes, between managements and non-
significant genotypes x management interaction for primary
branches indicated the stability of this character across
changes in production conditions. Malhotra et al. (1997) and
Ammanullah et al. (1999) have already reported similar
findings. The extent of negative effect of irrigation on grain
size was different in different genotypes. Despite reduction
in grain size grain yield was increased as its negative effect
was compensated by the increase in pods/plant, invariably in
all the genotypes. Rather, the grain yield in all the genotypes
was increased under irrigated condition. Increase in grain
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Table I. Results of analysis of variance for the significance of difference between genotypes and managements for
yield and yield components in chickpea

SOV Degree of freedom Mean squares

Source of variation Daysto50%  Plant Primary Secondary  Pods/ Dry 100-seed

flowering height branches branches plant weight weight
Genotypes (A) 7 34.81** 11.21** 0.525** 5.31** 87.10**  6856**  17.76**
Error | 14 1.56 3.64 0.166 0.094 201 1.65 1.33
Management Practice (B) 1 841.68** 1092.0**  0.067NS 0.047NS 4224.37*%* 997.36** 150.70**
Error 1l 325 3.03 0.162 0.004 0.758 153 0.11
(AxB) 7 14.88** 7.016NS  0.067NS 0.040NS 11.29**  144.26** 7.50%*
Error 111 14 2.58 324 0.034 0.031 151 2.08 0.771
CV %age 1.56 3.35 6.27 2.54 3.38 4.85 3.66

Table lla. Performance of chickpea genotypes for yield and important yield components under rain-fed and
irrigated conditions

Genotypes Days to 50% Flowering Plant Height (Cm) Primary Branches/Plant Secondary Branches/Plant
Rain fed Irrigated Average Rainfed lrrigated Average Rainfed Irrigated Average Rainfed Irrigated Average
CM-98 99.00  108.0 1035  36.53 66.17 5135 2833 2.900 2867 6.800  6.933 6.867
92A048 97.33 107.3 102.33  40.73 69.77 5525  2.867 2.900 2883 6.833 6.733 6.783
93A111 98.33 108.0 103.17  39.80 66.60 5320 2967 2.967 2967  7.067 7.167 7.117
92A207 98.33 108.0 103.17  40.17 66.63 5340 3667 3.533 3.600 8500  8.400 8.450
93A086 91.67 104.3 98.00  40.67 70.87 5577 2700  3.200 2950 8300 8133 8.217
92A217 100.7 107.3 104.00 37.43 69.47 5345 2500 2767 2633 5833  6.100 5.967
92A186 105.7 107.7 106.67 39.70 66.33 5302 2733 2.633 2683 5967 6.200 6.083
PC2000 1000 1073 103.67 38.27 69.47 5387 2867 2.833 2850 6133  6.267 6.200
Mean 98.88 10724 - 39.16 68.16 - 2.89 2.84 - 6.93 6.99 -
%increase or decrease by irrigation - 8.44 - - 74.05 - 1.76 - - 0.86
LSD VALUE 3.033 1.504 2335 2734 3.689 3079 04499 06410 05378 04732 03993  0.4050

Table 11b. Performance of chickpea genotypes for yield and important yield components under rain-fed and
irrigated conditions

Genotypes Number of pods/plant Total dry weight (g) 100-grain weight (g) Grain yield/plant (g)
Rainfed Irrigated Average Rainfed Irrigated Average Rainfed Irrigated Average Rainfed Irrigated Average
CM-98 2350 3843 30967 20.80 37.23 29.02 2619 1967 2293 6733  10.80 8.767
92A048 2630  46.27 36.283 20.03 41.17 3060 2767 2467 2617 9167  12.00 10.583
93A111 2767 4340 35533 2483 3183 2833 2690 24.80 2585 8800  13.60 11.200
92A207 3220 49.20 40.700 4363 3187 3775 2441 2139 2290 1230  8.900 10.600
93A086 3207 5383 4295 2290 3283 2787 2461 2504 2483 953 14.37 11.950
92A217 2427  44.00 3413 2183 33.03 2743 2339 1849 2094 9133 1037 9.750
92A186 2500 4343 3422 2497 3063 2780 2742 2147 2444 1050  9.567 10.033
PC2000 2493 4747 3620 2293 36.27 2960 2548 2219 2384 1090 1057 10.733
Mean 2699  39.80 - 2524  34.36 2576 2222 - 9.63 11.27 -
%increase or decrease due to irrigation 48.12 36.09 - 15.93 - 17.03
LSD VALUE 1650 2.842 2170 2076 2.670 2264 1531  2.023 1565 1172  1.398 1192

yield of chickpea under irrigation has been reported by
many workers (Chavan et al., 1993; Krishnamurthy et al.,
1999; Jagannath et al., 1999; Anwar et al., 2003).

Table I1l. Monthly rainfall (mm) at Arid Zone Research
Institute (AZRI) Bhakkar from July 2002 to April 2003

The comparison between individual genotypes ™Mo E:ﬁ:g{a" Remarks

reyealed that.u_nder irrigated conditic_m 93A086 apd under vz - VIoon S00n Tains are received in the months of
rain-fed condition 92A207 gave maximum grain yield. The July and August.
grain size remained stable in 93A086, whereas it was  August-02 - )
reduced in 92A207 on application of irrigation. Nagative ~ SePtember-02 405 iséf‘r'lngm;a‘;: y 4‘:;m8'5mm' 2mm, - 8mm,
effect of irrigation on grain size in chickpea has been  octoper02 100 2 rains each of 12mm and 7mm
reported by Malik and Anwar (1994). Katare et al. (1984)  November-02 01.0 Single rain
however, reported no change in grain weight due to  December-02 095 Single rain
irrigation. The partial differences between results of various ~ J2NUay-03 = 065 8 rains each of 0.5mm, 1.0mm and 5.0mm

. . L. February-03  30.0 4 rains each of 4mm, 20mm, 6mm and 10mm.
StUd!es may be dU? to d'ﬁerem genotype used in d_lﬁ_erer_]ce March-03 30.0 3 rains each of 10mm, 5mm and 15mm
studies. The scanning of literature on the effect of irrigation  Total 1365

on grain yield and yield components showed that grain yield

is increased by the application of supplementary irrigation
especially in water stress condition (Chavan et al., 1993;

Jagannath et al., 1999; Krishnamurthy et al., 1999; Anwar
et al., 2003). From the present study it was obvious that

592



CHICKPEA CULTIVATION UNDER IRRIGATED CONDITIONS / Int. J. Agri. Biol., Vol. 9, No. 4, 2007

number of pods per plant was the most important character
that responded positively to irrigation and hence contributed
significantly to yield increase. On the contrary, the reduction
in grain size contributed negatively to yield under irrigation.

It can be inferred from the present study that any
genotype that responds positively to irrigation with respect
to seed size coupled with increase in number of pods per
plant will prove the most suitable for irrigated areas.
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