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Path Analysis in Cluster Bean
[Cyamopsis tetragonoloba (L.) Taub.]
Genotypes For Vegetable Pod Yield

ABSTRACT

An experiment was conducted on 30 cluster bean
genotypes to study the path analysis among the vegetable
pod yield and their direct and indirect effects on the pod
yield. This study helps in identifying the characters which
mainly contributing towards vegetable pod yield. Using
path analysis, it is possible to resolve the correlations,
which will provide direct and indirect contribution of
different morphological and yield and yield contributing
characters. Path analysis identified characters such as
days taken for first flowering, days taken for 50%
flowering, number of pods/plant, number of pods/cluster,
number of clusters/plant, number of branches/plant at
maturity, number of seeds/pod, pod yield/plant and pod
yield/plot showed significant and positive direct effects
on the pod yield (q/ha) at genotypic path coefficient
analysis. Path analysis identified characters such as
number of reproductive branches/plant, pod length, pod
width, number of pods/cluster, number of branches/plant
at maturity, number of seeds/pod, pod yield/plot, 100-
seed weight and seed yield/plant showed significant and
positive direct effects on pod yield (q/ha) at phenotypic
path coefficient analysis. Thus present path analysis study
in cluster bean, it may be concluded that improvement in
pod yield/ha could be brought by selection for component
characters like days to 50% flowering, pods/cluster, pod
length, number of seeds/pod and pod yield/plant.

Keywords: Path analysis, cluster bean, Cyamopsis
tetragonoloba, genotypes, indirect effect and pod yield

INTRODUCTION
Cluster bean or guar [Cyamopsis tetragonoloba

(L.) Taub.]; (syn. C. psoralioides DC.) belongs to
the tribe Galegae (Indigoferae) of Leguminosae fam-
ily. The genus consists of three species, namely, C.
tetragonoloba, C. senegalensis and C. serrata, out
of which C. tetragonoloba (2n=2x=14) is the only
member of economic importance (Smith, 1976).
Cluster bean is commonly known as Guar, is a
drought and high temperature tolerant deep rooted
summer annual legume of high social and economic
significance. The qualities of the crop like high ad-
aptation towards erratic rainfall, multiple industrial
uses and its importance in cropping system for fac-
tors such as soil enrichment properties, low input
requirement, etc have made the guar one of the most
significant crops for farmers in arid areas in India.

The crop is mainly grown in the dry habitats of
Rajasthan, Haryana, Gujarat and Punjab and to lim-
ited extent in Uttar Pradesh and Madhya Pradesh.
The crop is also grown in other parts of the world,
like, Australia, Brazil and South Africa. India is the
largest producer of Guar and contributes 80 percent
of total Guar production in the world. In India, Guar
crop is cultivated mainly during Kharif season, with
an annual production of around 2 million metric tons.
Guar crop has experienced a remarkable journey
from a traditional crop grown on marginal lands
mainly for food, animal feed and fodder to a crop
with various industrial usages. Guar gum is an im-
portant ingredient in producing food emulsifier, food
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additive, food thickener and other Guar gum prod-
ucts. The unique binding, thickening and emulsify-
ing quality of guar gum powder obtained from guar
seed has made it a much sought after product in in-
ternational market. Guar is the source of a natural
hydrocolloid, which is cold water soluble and form
thick solution at low concentrations. The guar seed
consists of three parts: the seed coat (14-17%), the
endosperm (35-42%), and the germ (43-47%). It is
from the endosperm that guar gum is derived, which
is the prime marketable product of the plant. This
spherical-shaped endosperm contains significant
amounts of galactomanan gum (19 to 43% of the
whole seed), which forms a viscous gel in cold wa-
ter. Like other legumes, guar is an excellent soil-
building crop with respect to availability of nitro-
gen. Root nodules contain nitrogen-fixing bacteria
and crop residues, when ploughed under, improves
yields of succeeding crops.

Guar is a crop of arid and semi-arid areas culti-
vated in north and northwest parts of India and east
and south-eastern part of Pakistan. In Pakistan, Guar
seed is mainly produced in Punjab and Sindh prov-
ince with about 80 percent of total Guar acreage
under irrigation. On the other hand production of
Guar in India is mainly confined to arid zones of
Rajasthan and parts of Gujarat, Haryana and Pun-
jab. Guar in Rajasthan is mainly cultivated under
rain-fed conditions (Yadav et al., 2014). India pro-
duces 6.0 million tons of guar annually i.e. the maxi-
mum level of production in the world. It contributes
to around 80% share in the world’s total produc-
tion. In North Indian states like Rajasthan, Haryana,
Gujarat and Punjab it is mainly cultivated for guar
gum production and for forage, whereas in South
India it is being cultivated for vegetable purpose. In
Karnataka it is cultivated year round in limited area
in northern districts like Dharwad, Belgaum, Bijapur,
Haveri etc., for tender vegetable pods. From India,
cluster bean is mainly exported to USA, Germany,
Netherlands, Italy, UK, Japan and France value at
Rs. 200 million rupees annually (Singh et al., 2009).

Presently, India accounts for more than three-
fourth (or nearly 80 percent) of the total world guar
bean production. Thus, the total area of cluster bean
in India is 4.25 million hectare and production is
2.41 million tonnes with productivity of 0.57 mil-
lion tonnes/ha in 2014. The year 2002-03 was

marked by a low production to the tune of 2 lakh
tonnes due to severe drought whereas in 2011-12
the production rose to the level of 22 lakh tonnes
due to good rainfall. The area under cultivation and
the level of production has an increasing trend for
guar crop in India. It is expected that the area under
cultivation of guar in India in the year 2015 will be
around 36 lakh hectares and the production will reach
to around 17 to 18 lakh metric tonnes (Yadav et al.,
2015).

The path coefficient technique was developed
by Wright (1921) helps in estimating direct and in-
direct contribution of various components in build-
ing up the correlation towards yield. Several path
coefficient analysis has been conducted in cluster
bean, for  vegetable pod yield purpose by
Hanchinamani (2004); Girish (2012) and Shabarish
and Dharmatti et al. (2014). On the basis of these
studies, the quantum importance of individual char-
acters is marked to facilitate the selection programme
in cluster bean. The path coefficient analysis pro-
vides information about importance of various yield
components in formulation of appropriate selection
strategies. Studies on above aspects on available
germplasm under the environment where it is to be
explained are essential for successful utilization of
germplasm resources for the development of supe-
rior cluster bean genotypes.

MATERIALS AND METHODS
The present investigation was carried out in

Horticultural Research Farm-I, of the Department
of Applied Plant Science (Horticulture), Babasaheb
Bhimrao Ambedkar University, (A Central Univer-
sity), Vidya Vihar, Rae Bareli Road, Lucknow, (U.P.)
during the Rabi Season of 2013-2014. The research
farm is situated at 800 55’ East longitude and 260 46’
North latitude and 129 meter above MSL (mean sea
level) and located approximate 5 km away from
Chaudhary Charan Singh International Air-Port and
10 km away from the Lucknow Railway Station,
Charbagh towards South–East on Lucknow, Rae
Bareli Road, Lucknow.

The climate of Lucknow is characterized by sub-
tropical with hot, dry summer and cool winters. This
region received an averages annual rainfall of 750
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mm, which is distributed over a period of more than
100 days with peak period during July–August. It
also received scattered showers during winter
months. In general, the temperature ranges from 5.5
to 25oC. The coldest month is January, while the
maximum temperature is observed during May-June.
The averages relative humidity is 50-70% in differ-
ent season of the year. The material for the study
comprised of 30 genotypes of cluster bean. The ex-
periment was laid out in Randomized Block Design
with three replications. Row to row and plant to plant
distance was 45 cm and 30 cm, respectively. The
crop was raised in well irrigated condition with all
recommended agronomic package of practices to
raise a good crop. Observations were recorded on
five competitive and randomly selected plants in
each replication for all the genotypes viz., plant
height (cm), germination (%), days taken for first
flowering, days taken for 50% flowering, number
of reproductive branches/plant, pod breadth (cm),
pod length (cm), pod width (cm), number of pods/
plant, number of pods/cluster, number of clusters /
plant, number of branches/plant at maturity, number
of seeds/pod, pod yield/plant(g), pod yield/plot(kg),
100-seed weight (g), seed yield/plant (g), pod yield
(q/ha) and days to maturity.

Path co-efficient analysis suggested by Wright
(1921), Dewey and Lu (1959) was carried out to
know the direct and indirect effect of the morpho-
logical traits on plant yield.

RESULTS AND DISCUSSION
Estimation of genotypic and phenotypic path

analysis is useful in planning and evaluating breed-
ing programmes. In the present study the analysis of
variance revealed highly significant differences for
all 19 characters among the genotypes, indicating a
good deal of variation among 30 genotypes of clus-
ter bean.

In case of path coefficient analysis, pod yield
per hectare was considered as the dependent vari-
able for 11 morphological characters, while remain-
ing 8 yield and yield attributing characters were con-
sidered as independent variables. For morphologi-
cal characters, the phenotypic and genotypic path
analysis representing the direct and indirect effects
of different characters has been presented in Table-
1.

A. GENOTYPIC PATH COEFFICIENT ANALYSIS FOR POD

YIELD (Q/HA)

1. Plant height (cm)
Plant height despite its positive effect (5.527)

had strong positive association with pod yield (q/
ha) (rG=0.148). This is mainly because of its high
indirect negative effects through number of repro-
ductive branches/plant (-2.220), seed yield/plant (-
1.412), germination% (-0.966) and days taken for
50% flowering (-0.463).
2. Germination (%)

Germination % despite its negative effect (-
3.807) had strong positive association with pod yield
q/ha (rG=0.151). This is mainly because of its high
indirect positive effects through number of pods/
plant (1.668), seed yield/plant (0.966), days taken
for 50% flowering (0.294) and pods yield/plot
(0.245). The negative indirect effects of germina-
tion% via days taken for first flowering (-0.596) and
number of reproductive branches/plant (-0.240)
failed to alter positive association.
3. Days taken for first flowering

Days taken for first flowering exhibited positive
direct effect on yield (3.126) and positively associ-
ated with pod yield (q/ha) (rG=0.135). This is mainly
because of its positive indirect effects through pod
yield/plant (0.875), number of pods/cluster (0.716),
days taken for 50% flowering (0.375) and number
of seeds/pod (0.322). The negative indirect effects
were through number of reproductive branches/plant
(-4.189) and seed yield/plant (-1.470).
4. Days taken for 50% flowering

Days taken for 50% flowering exhibited posi-
tive direct effects on yield (1.065) and positively
associated with pod yield (q/ha) (rG=0.335). This is
mainly because of its positive indirect effects through
pods number of pods/plant (0.527, pod yield/plant
(0.839) and pod yield/plot (0.770). The negative
indirect effects were through pod breadth (-0.226)
and number of pods/cluster (-0.451).
5. Number of reproductive branches/plant

Number of reproductive branches/plant despite
its high negative direct effect (-5.163) had positive
association with pod yield (q/ha) (rG=0.319). This
was mainly because of its positive indirect effects
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through number of pods/cluster (0.814), number of
seeds/pod (0.742) and pod yield/plant (0.734). The
negative indirect effects were seen through seed
yield/plant (- 1.380).
6. Pod breadth (cm)

Pod breadth exhibited positive direct effect
(0.472) but had negative association with pod yield
(q/ha) (rG=-0.380).The positive indirect effects were
through seed yield/plant (1.081) and number of pods/
cluster (0.207).The negative indirect effects were
seen through number of seeds/pod (-0.265), pod
yield/plant (-0.792) and pod yield/plot (-0.406).
7. Pod length (cm)

Pod length exhibited positive direct effect
(0.255) but had negative association with pod yield
(q/ha) (rG=-0.149). The positive indirect effects were
through number of pods/cluster (0.364) and seed
yield/plant (0.464). The negative indirect effects
were seen through number of pods/plant (-0.508)
and pod yield/plant (-0.277).
8. Pod width (cm)

Pod width exhibited negative direct effect (0.510)
and also had negative association with pod yield (q/
ha) (rG=-0.284). The positive indirect effects were
through seed yield/plant (0.367). The negative indi-
rect effects were seen through pod yield/plant (-
0.530).
9. Number of pods/plant

Number of pods per plant exhibited positive di-
rect effect (2.268) and also had positive association
with pod yield (q/ha) (rG=0.203). The positive in-
direct effects were through number of pods/cluster
(0.255) and pod yield/plant (0.308).
10. Number of pods/cluster

Number of pods per cluster exhibited positive
direct effects (1.436) but had negative association
with pod yield (q/ha) (rG=-0.246). The positive in-
direct effects were through number of seeds/pod
(0.237).The negative indirect effects were through
pod yield/pot (-0.282).
11. Number of clusters/plant

Number of clusters/plant exhibited positive di-
rect effect (0.619) and had negative association with
pod yield (q/ha) (rG=-0.099). The negative indirect
effects were seen through number of seeds/pod (-

0.262) and pod yield/plant (-0.212).
12. Number of branches/plant at maturity

Number of branches/plant at maturity exhibited
positive direct effects (0.168) and also had positive
association with pod yield (q/ha) (rG=0.155). The
positive indirect effects were through pod yield/plot
(0.238) and negative indirect effects were seen
through 100-seed weight (-0.259).
13. Number of seeds/pod

Number of seeds/pod shown positive direct ef-
fect (1.590) and positive association (rG=0.435) on
pod yield (q/ha).The positive indirect effects were
through pod yield/plant (0.896). The negative indi-
rect effects were due to seed yield/plant (-1.186).
14. Pod yield/plant (g)

Pod yield/plant exhibited positive direct effect
(1.838) and also had positive association with pod
yield (q/ha) (rG=0.805).The positive indirect effects
were through pod yield/plot (0.697). The negative
indirect effects were through seed yield/plant (-
1.621).
15. Pod yield/plot (kg)

Pod yield/plot exhibited positive direct effect
(1.577) and also had positive association with pod
yield (q/ha) (rG=0.570).The negative indirect effects
were through seed yield/plant (-1.289).
16. 100 seed weight (g)

100-seed weight exhibited negative direct effect
(-0.566) but also had positive association with pod
yield (q/ha) (rG=0.282).The negative indirect effects
were through seed yield/plant (-0.761).
17. Seed yield/plant (g)

Seed yield/plant exhibited negative direct effect
(-3.427) but also had positive association with days
to maturity (rG=0.423).The negative indirect effects
was none. Positive direct effect for number of seeds/
pod on seed yield/plant.

B. PHENOTYPIC PATH COEFFICIENT ANALYSIS FOR

POD YIELD (Q/HA)
All the 19 characters of pod yield and its con-

tributing characters were subjected to phenotypic
path coefficient analysis by considering pod yield
per hectare as dependent variable on other independ-
ent variable.
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Critical reviews of path coefficient analysis at
phenotypic level represent direct and indirect effect
on morphological and yield and yield contributing
characters (Table- 4.8).
1. Plant height

It had negative direct effect (-0.076) on pod yield
but has got moderate positive association (rP=0.135).
This was mainly because of positive indirect effect
on yield via days taken for first flowering (0.045),
pod length (0.034) and number of branches/plant at
maturity (0.042). Its negative indirect effect on pod
yield via number of pods per plant (-0.009).
2. Germination %

It despite its positive effect (0.048) had strong
positive association with pod yield q/ha (rP=0.094).
This is mainly because of its high indirect positive
effects through pod yield/plant (0.026), pod yield/
plot (0.021) and pod width (0.029). The negative
indirect effects of germination% via days taken for
50% flowering (-0.015) and seed yield/plant (-0.028)
failed to alter positive association.
3. Days taken for first flowering

It had negative direct effect (-0.098) on pod yield
and had positive association (rG=0.092). This was
mainly because of higher positive indirect effect of
trait on yield via number of seeds/pod (0.048), pod
yield/plant (0.062) and seed yield/plant (0.031).
4. Days taken for 50% flowering

It had negative direct phenotypic effect (-0.082)
on pod yield and had positive association
(rG=0.183). This was mainly because of higher posi-
tive indirect effect of trait on yield via number of
pods/cluster (0.056), number of clusters/plant
(0.062), pod yield/plant (0.108)  and pod yield/plot
(0.058).
5. Number of reproductive branches/plant

It had exhibited high positive direct effect on pod
yield (0.093) had also positive association
(rP=0.308). However positive indirect effect of pod
width (0.058), number of pods/plant (0.126) and pod
yield/plant (0.119). The negative indirect effects
were through number of clusters/plant (-0.016).
6. Pod breadth

It exhibited negative direct effect (-0.023) but
had negative association with pod yield q/ha (rP=-

0.204).The positive indirect effects were through pod
length (0.018) and number of pods/plant (0.013).The
negative indirect effects were seen through number
of seeds/pod (-0.109) and pod yield/plant (-0.081).
7. Pod length

It exhibited positive direct effect (0.038) but had
negative association with pod yield q/ha (rP=-0.082).
The positive indirect effects were through number
of branches/plant at maturity (0.018). The negative
indirect effects were seen through number of pods/
cluster (-0.033) and pod yield/plant (-0.041).
8. Pod width

It found positive direct effect (0.029) with nega-
tive association (rP=-0.028) for pod yield q/ha. This
positive effect of trait had indirect effect through
number of pods/plant (0.039) and number of seeds/
pod (0.042). The negative indirect effects were seen
through pod yield/plot (-0.033).
9. Number of pods/plant

It had strong positive direct effect (0.179) with
strong positive association (rP=0.146) on pod yield
q/ha. This positive direct effect is due to indirect
effect of trait through number of clusters/plant
(0.048), number of branches/plant at maturity
(0.019) and pod yield/plant (0.048) and also through
negative indirect effect of number of pods/cluster (-
0.086) and seed yield/plant (-0.015).
10. Number of pods/cluster

It had positive direct effect on pod yield q/ha of
moderate magnitude (0.046) but found negative as-
sociation (rP=-0.187). The trait had indirect posi-
tive effect through number of clusters/plant (0.064)
and number of branches/plant at maturity (0.015).
Trait also had indirect negative effect through
number of seeds/pod (-0.032) and pod yield/plant (-
0.26).
11. Number of clusters/plant

It had negative direct effect on pod yield q/ha (-
0.047) with positive association (rP=-0.098). This
direct negative effect is influenced due to negative
indirect effect of number of seeds/pod (-0.018) and
pod yield/plant (-0.041) and pod yield/plot (-0.019).
Its positive indirect effect through number of
branches/plant at maturity (0.012) and seed yield/
plant (0.029).
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12. Number of branches/plant at maturity
It exhibited positive direct effects (0.089) and

also had positive association with pod yield q/ha
(rP=0.065). The positive indirect effects were
through. 100-seed weight (0.032) and seed yield/
plant (0.039). The negative indirect effects were seen
through pod yield/plant (-0.022).
13. Number of seeds/pod

It had positive direct effect on pod yield q/ha
(0.152) and also had positive association (rP=0.309).
This is mainly due to positive indirect effect of trait
through pod yield/plant (0.127), pods per plant and
seed yield/plant (0.016). The negative indirect ef-
fect was none.
14. Pod yield/plant

It had high positive direct effect (0.382) and
strong degree of association (rP=0.607) for pod yield
q/ha. This direct effect is mainly due to the indirect
effect of trait positively through pod yield/plot
(0.079) and seed yield/plant (0.059) and 100-seed
weigh (0.016). The negative indirect effect was none.
15. Pod yield/plot

It exhibited positive direct effect (0.200) and also
had strong positive association with pod yield q/ha
(rP=0.570).The positive indirect effects were
through 100-seed weight (0.020) and seed yield/plant
(0.058).The negative indirect effect was none.
16. 100-seed weight

It exhibited positive direct effect (0.094) and also
had positive association with pod yield q/ha
(rP=0.438).The positive indirect effects were
through seed yield/plant (0.062).
17. Seed yield/plant

It exhibited positive direct effect (0.086) and also
had positive association with days to maturity
(rP=0.457).The negative indirect effects was none.

In both morphological and yield and yield con-
tributing characters, the residual effect at genotypic
level was less compared to the effect of phenotypic
level.

So, it may be concluded from these findings that
correlation alone may not give complete informa-
tion but when used in conjunction with path coeffi-
cient analysis will give a better measure of cause
and effect relationship existing between different
pairs of characters.

DISCUSSION
Correlation studies alone are not sufficient to

ascertain a clear association among the characters
as more variables are considered in the correlation.
Path coefficient has been therefore, suggested by
various characters and helps in understanding the
direct and indirect contribution of various independ-
ent variables towards dependent variables (for mor-
phological and yield contributing characters).

The results of the path coefficient analysis indi-
cated the direct and indirect effects of the 19 mor-
phological and yield contributing characters on the
pod yield (q/ha).

The highest direct effect on pod yield was con-
tributed to plant height. Further, the pod yield is di-
rectly influenced the days taken for first flowering,
days taken for 50% flowering, number of pods/plant,
number of pods/cluster, number of clusters/plant,
number of branches/plant at maturity, number of
seeds/pod, pod yield/plant and pod yield/plot showed
positive direct effects on the pod yield (q/ha) at geno-
typic path coefficient analysis indicated that these
characters are important in the selection of breed-
ing programme. Path coefficient analysis for mor-
phological traits were also studied by Baswana et
al. (1980) and Biju et al. (2001) in Indian bean, Rai
et al. (2001) in french bean and Patil et al. (1989) in
cowpea.

The highest direct effect on pod yield was con-
tributed to germination%, number of pods/plant and
pod yield/plant. Further, pod yield is directly influ-
enced the number of reproductive branches/plant,
pod length, pod width, number of pods/cluster,
number of branches/plant at maturity, number of
seeds/pod, pod yield/plot, 100-seed weight and seed
yield/plant showed positive direct effects on pod
yield (q/ha) at phenotypic path coefficient analysis
indicated that these characters are important in the
selection of breeding programme. These results are
in accordance with the findings of Saini et al. (2010)
in cluster bean.

Among the quality parameters, the highest di-
rect effect on green pod yield (q/ha) was contrib-
uted by protein content followed by total sugars and
moisture content indirectly influenced by the green
pod yield through total sugars content and protein
content. This is in consonance with the results of
Dev and Rastogi (1999) in pea.
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