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ABSTRACT

A field experiment with split plot design was conducted during the Rabi season of 2011 to study
the effect of growth regulators in alleviation of moisture stress in chickpea. Two levels of moisture
regime were maintained viz. without irrigation as moisture stress and fully irrigated condition as
control. The seeds of chick pea seeds were given pre-sowing treatment by soaking in solutions of
regulators like Glycine betaine plant extract (0.5%), Ascophyllum nodulosum extract (2000ppm),
Triacontanol (10ppm), CCC (300ppm) and Gibberellic acid (300ppm) for 16 hours. Water soaked
seeds were sown in the control plot. The effect of growth regulators and moisture stress was
studied on different growth and physiological parameters viz. plant height, number of branches per
plant, dry matter accumulation, LAI, CGR; yield and yield attributes like number of pods per
plant, number of seeds per plant, 1000 seed weight, seed yield, stick yield, harvest index. Simple
correlation coefficient of different growth and physiological parameters, yield and yield attributes
indicated that most of the morpho-physiological parameters of chickpea viz. plant height, dry
matter accumulation, Leaf Area Index (LAI) ,Crop Growth Rate (CGR),relative water content
(RWC) , membrane stability index (MSI), number of pods per plant, number of seeds per plant,
1000 seed weight, total aerial biomass , harvest index had significant positive correlation with seed
yield in this indicate their importance in yield determination. Chlorophyll content (chlorophyll a,
chlorophyll b and total chlorophyll) of leaves at different stages of crop growth had also
significant positive correlation in with grain yield. Over all, it is logical to conclude that number of
pods per plant, number of seeds per plant, 1000 seed weight, total aerial biomass , harvest index
are the major contributors towards grain yield since these characters had high correlation. The
selection of these characters should be major concern for increased yield chickpea.
Key words: Correlation, chick pea, growth, physiological parameters, yield, yield attributes

INTRODUCTION

Chickpea is the most important pulse crop of rabi season cultivated mainly under rain fed condition. India
is the largest chickpea producer as well as consumer in the world. India grows chickpea on about 6.67
million ha area producing 5.3 million tonnes which represents 30% and 38% of the national pulse acreage
and production, respectively. Major chick pea growing states are Madhya Pradesh, Rajasthan,
Maharashtra, Uttar Pradesh, Karnataka and Andhra Pradesh together contribute 91% of the production
and 90% of the area of the country. However the productivity of chickpea is quiet lower as compared to
other pulses. Several reasons have been attributed for low productivity, of which, the major one is 90 per
cent of its area is under rain fed condition and essentially it is grown as a post–monsoon winter crop on
conserved soil moisture. As a consequence, the plant experiences progressively increasing degree of
moisture stress and thus, assumes a major limiting factor determining growth and yield of chickpea.
According to Dixet and Dubey (1984), grain yield is a complex trait and highly influenced by many
genetic factors and environmental fluctuations. Correlation studies provide a better understanding of the
association of different characters with grain yield (Dixet and Dubey, 1984). The study of associations
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among various traits is useful to breeders in selecting genotypes possessing groups of desired traits. The
objective of the study was to find out correlation between different growth and physiological parameters;
yield and yield attributes for increased grain yield in chick pea.

MATERIALS AND METHODS

The field experiment was conducted at the Agricultural farm, Palli Siksha Bhavana (Institute of
Agriculture), Visva-Bharati, Sriniketan, during rabi season of 2011.The experiment consisted of twelve
treatment combinations including two levels of irrigationi.e.I0= Irrigated, I1= Unirrigated (Moisture stress)
and six levels of growth regulators viz.Water soaked seeds, Glycine betaine plant extract (0.5%),
Ascophyllum nodulosum extract (2000ppm), Triacontanol (10ppm),  CCC (300ppm) and  Gibberellic acid
(300ppm) were used in 12 treatment combinations each replicated thrice. The experiment was laid out in
split plot design. Adequate numbers of irrigation channels were also constructed to provide irrigation
independently to each plot.  Recommended dose of NPK at the rate of 20: 50: 30 was applied to the
experimental plots. Adequate intercultural operations and plant protection measures were taken. After 15
days of sowing, thinning was done to maintain optimum population. To measure plant height, 10 plants
from each plot were randomly selected at 30, 60, 90, and 120 DAS. The heights were measured and the
average plant height was calculated for each plot. Leaf area was measured at 30, 60, 90 and 120 DAS by
using Leaf Area Meter (Systronics). Leaf area index was calculated by formula given by Watson (1952).
The leaves were then dried in a hot air oven at 65oC for 12-15 hours till constant weights were obtained
and then weights were recorded. The ratio of leaf area /weight of these leaves were used to measure the
leaf area indices. To determine dry matter accumulation, chickpea plants were cut at ground level from 1
meter row length within the earmarked area in each plot kept for the purpose of destructive sampling at
30, 60, 90, and 120 DAS. Plants of each plot were separated into green leaves, stems, and pods and dried
in a hot air oven, kept at 65oC for 48 hours till constant weights were obtained. The dry weight of leaves,
stems, and capsules were recorded and used for determination of dry matter accumulation. Crop growth
rate (CGR) was calculated during 30-60, 0-90 and 90-120 DAS using the formula given by Watson et al.
(1952). The number of branches per plant was counted at the time of harvest. At maturity the plants were
cut from the ground level and dried in sun before threshing. The chickpea seed, husk and stalk yields were
recorded at the time of harvesting and expressed in q/ha. Test weight of seeds was determined by taking
the weight of 1000 sun dried seed. The harvest index was calculated by dividing economic yield by total
biological yield and expressed in percentage.
Chlorophyll a as well as chlorophyll b and total chlorophyll content were measured adopting the method
of Hiscox and Israelstam (1979), using Dimethyl sulfoxide (DMSO). The chlorophyll content was
determined by using the formula given by Arnon (1949) and expressed as mg/ g of fresh leaf. Leaf
relative water content (RLWC) estimation was determined by using the methods of Weatherley (1950).
Membrane stability index (MSI) was determined by using the methods of Sairam et al. (1994).

RESULTS AND DISCUSSION

Simple correlation coefficient of growth, yield attributes and seed yield of chickpea in Rabi season of
2011 are shown in Tables 1. The result revealed highly significant (P < 0.01) positive correlation between
plant height with branches per plant, LAI (90 DAS), dry matter accumulation (g m-2) (120 DAS), CGR
(60-90 DAS), pods plant-1, seeds plant-1, seed yield (q ha-1), biomass yield (q ha-1), 1000 seed weight,
harvest index. The positive and significant correlation coefficient between plant height and other growth,
yield attributes and yield explains the true relationship between the parameters and direct selection
through this trait will be effective, since these characters had high correlation and also high direct effect
thus direct selection for these characters should be a major concern for plant breeder.
The result also revealed presence of highly significant positive correlation between branches per plant
with LAI (90 DAS), dry matter accumulation m-2 (120 DAS), CGR (60-90 DAS), pods plant-1, seeds
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plant-1, seed yield (q h-1), biomass yield (q ha-1), 1000 seed weight, harvest index. The positive and
significant correlation coefficient between LAI and other growth and yield attributes explains the true
relationship between the parameters and direct selection through this trait will be effective, thus direct
selection for these characters should be major concern for plant breeder.
Correlation analysis indicated highly significant positive correlation between LAI (90 DAS) with dry
matter accumulation m-2 (120 DAS), CGR (60-90 DAS), pods plant-1, seeds plant-1, seed yield (q ha-1),
biomass yield (q ha-1), 1000 seed weight, harvest index. The result of correlation coefficient values reveal
highly significant (P<0.01) positive correlation between dry matter accumulation m-2 (120 DAS) with
CGR (60-90 DAS), pods plant-1, seeds plant-1, seed yield (q ha-1), biomass yield (q ha-1), 1000 seed
weight, harvest index.
The result also revealed highly significant (P<0.01) positive correlation between CGR (60-90 DAS) with
pods plant-1, seeds plant-1, seed yield (q ha-1), biomass yield (q ha-1) and 1000 seed weight. However there
was a significant (P<0.05) correlation between CGR (60-90 DAS) with harvest index. The result also
reveal highly significant positive between pods per plant with seeds plant-1, seed yield (q ha-1), biomass
yield (q ha-1), 1000 seed weight, harvest index.
The result reveals highly significant positive correlation between seeds per plant with seed yield (q h-1),
total biomass yield (q ha-1), 1000 seed weight and harvest index. The result also revealed highly
significant positive correlation between seed yield (q ha-1) with total biomass yield (q ha-1), 1000 seed
weight and harvest index.
The result indicated highly (P<0.01) significant positive correlation between total biomass yield (q ha-1)
with 1000 seed weight and harvest index of chickpea. The result indicated highly significant positive
correlation between 1000 seed weight with harvest index of chickpea.
Simple correlation coefficient of physiological parameters and seed yield of chickpea in Rabi season of
2011 are shown in Tables 2. The result revealed highly significant (P < 0.01) positive correlation between
chlorophyll a (50 DAS) with total chlorophyll (50 DAS), chlorophyll a (75 DAS), chlorophyll b (75
DAS), total chlorophyll (75 DAS), RLWC (50 DAS), RLWC (75 DAS), MSI (50 DAS), MSI (75 DAS)
and seed yield ha-1. However the correlation coefficient between chlorophyll a (50 DAS) with chlorophyll
b (50 DAS) was not significant. The positive and significant correlation coefficient between Chlorophyll
a (50 DAS) with other physiological parameters and seed yield explains the true relationship between the
parameters and direct selection through this trait will be effective, since these characters had high
correlation and also high direct effect thus direct selection for these characters should be a major concern
for plant breeder.
The result also revealed presence of highly significant positive correlation between chlorophyll b (50
DAS) with total chlorophyll (50 DAS), chlorophyll a (75 DAS), chlorophyll b (75 DAS), total
chlorophyll (75 DAS), RLWC (50 DAS), RLWC (75 DAS), MSI (50 DAS), MSI (75 DAS) and seed
yield ha-1.
Correlation analysis indicated highly significant positive correlation between total chlorophyll (50 DAS)
with chlorophyll a (75 DAS), chlorophyll b (75 DAS), total chlorophyll (75 DAS), RLWC (50 DAS),
RLWC (75 DAS), MSI (50 DAS), MSI (75 DAS) and seed yield ha-1. The result of correlation coefficient
values also revealed highly significant (P<0.01) positive correlation between chlorophyll a (75 DAS) with
chlorophyll b (75 DAS), total chlorophyll (75 DAS), RLWC (50 DAS), RLWC (75 DAS), MSI (50
DAS), MSI (75 DAS) and seed yield ha-1. .
The result also revealed highly significant (P<0.01) positive correlation between chlorophyll b (75 DAS)
with total chlorophyll (75 DAS), RLWC (50 DAS), RLWC (75 DAS), RLWC (50 DAS), RLWC, (75
DAS), seed yield ha-1. The result also reveal highly significant positive between total chlorophyll (75
DAS) with RLWC (50 DAS), RLWC (75 DAS), MSI (50 DAS), MSI (75 DAS) and seed yield ha-1.
The result reveals highly significant positive correlation between RLWC (50 DAS) with RLWC (75
DAS), MSI (50 DAS), MSI (75 DAS) and seed yield ha-1. The result also revealed highly significant
positive correlation between RLWC (75 DAS) with MSI (50 DAS), MSI (75 DAS) and seed yield ha-1.
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The result indicated highly (P<0.01) significant positive correlation between MSI (50 DAS) with MSI (75
DAS) and seed yield ha-1 of chickpea. The result indicated highly significant positive correlation between
MSI (75 DAS) with seed yield ha-1 of chickpea.
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Table1. Correlation matrix between growth parameters, yield and yield attributes of chickpea

Variables 1 2 3 4 5 6 7 8 9 10 11

1 Plant Height 1.000 0.677** 0.842** 0.912** 0.927** 0.724** 0.787** 0.805** 0.831** 0.904** 0.470**

2 Branches plant-1 1.000 0.751** 0.833** 0.598** 0.931** 0.924** 0.918** 0.872** 0.714** 0.762**

3 LAI (90 DAS) 1.000 0.880** 0.760** 0.779** 0.772** 0.833** 0.801** 0.784** 0.681**

4
Dry matter accumulation
g m-2 (120 DAS)

1.000 0.894** 0.901** 0.862** 0.922** 0.939** 0.883** 0.560**

5 CGR (60-90 DAS) 1.000 0.667** 0.703** 0.754** 0.813** 0.915** 0.329*

6 Pods plant-1 1.000 0.923** 0.953** 0.939** 0.755** 0.683**

7 Seeds plant-1 1.000 0.951** 0.914** 0.804** 0.766**

8 Seed yield (q ha-1) 1.000 0.977** 0.835** 0.746**

9 Biomass (q ha-1) 1.000 0.868** 0.596**

10 1000 seed wt.(g) 1.000 0.496**

11 HI 1.000

** correlation is significant at the 0.01 level * correlation is significant at the 0.05 level
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Table2. Correlation matrix between chlorophyll content (chlorophyll a, chlorophyll b and total chlorophyll), physiological parameters
(RWC and MSI) and yield of chick pea

Variables 1 2 3 4 5 6 7 8 9 10 11

1 Chlorophyll a
(50 DAS) 1.000 0.262ns 0.862** 0.764** 0.632** 0.791** 0.795** 0.771** 0.793** 0.749** 0.785**

2 Chlorophyll b
(50 DAS) 1.000 0.715** 0.481** 0.570** 0.574** 0.538** 0.546** 0.593** 0.634** 0.489**

3 Total Chlorophyll
(50 DAS) 1.000 0.806** 0.758** 0.875** 0.859** 0.845** 0.886** 0.876** 0.826**

4 Chlorophyll a
(75 DAS) 1.000 0.602** 0.936** 0.887** 0.848** 0.823** 0.828** 0.780**

5 Chlorophyll b
(75 DAS) 1.000 0.844** 0.704** 0.715** 0.747** 0.666** 0.817**

6 Total Chlorophyll
(75 DAS) 1.000 0.905** 0.884** 0.881** 0.849** 0.884**

7 RLWC
(50 DAS) 1.000 0.967** 0.950** 0.933** 0.853**

8 RLWC
(75 DAS) 1.000 0.953** 0.964** 0.834**

9 MSI
(50 DAS) 1.000 0.970** 0.894**

10 MSI
(75 DAS) 1.000 0.827**

11 Seed yield ha-1 1.000
** correlation is significant at the 0.01 level * correlation is significant at the 0.05 level
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Correlation coefficients among most of the traits were statistically significant. Seed yield of chickpea was
positively correlated with plant height, LAI (90 DAS), dry matter accumulation m-2 (120 DAS), CGR (60-
90 DAS), pods plant-1, seeds plant-1, biomass yield (q h-1), 1000 seed weight and harvest index. LAI was
also positively correlated with CGR this may be due to high specific leaf weight which is contributing
more towards the leaf photosynthesis and yield in addition total dry weight had positive correlation with
seed yield. Moreover harvest index also exhibited a significant positive association with seed yield which
indicated efficient translocation of photosynthesis from source to sink. These results were in conformity
with that of Kumar et al. (1998); Narwal et al. (1999); Ashok Kumar et al. (2000); Subhani (2000);
Esmail (2003); Singh et al. (2006) Bilgi (2006), Saktipada et al. (2008) and Sokoto et al.(2012).When the
correlation coefficient between a causal factor and the effect (i.e. grain yield) is almost equal to its direct
effect, the correlation explains the true relationship and direct selection through this trait will be effective
(Singh and Chaudhary,1979).
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