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ABSTRACT

A set of fifteen cultivars of seed guar (Cyamopsis tetragonoloba (L.)
Taub.) was evaluated in a Completely Randomized Block Design with three
replications at student research farm, College of Horticulture, Mojerla,
Dr.YSRHU during kharif, 2014 with an objective to study the mean
performance, genetic variability, association among traits, direct and indirect
effects of yield components on yield and quality traits.

On the basis of mean performance of the cultivars for all the traits studied,
RGC 963, RGC 986, RGC 1033, HG 2-20 were found to be superior in terms of
yield and quality characters. With respect to physiological traits contributing for
drought tolerance, RGC 1066 recorded low chlorophyll stability index, HG 365
recorded high relative water content, RGC 1002 recorded high peroxidase
enzyme activity and JJ-1 recorded high catalase enzyme activity, hence these
cultivars may be grouped as drought tolerant based on the above traits and may
be used for crop improvement programme for drought tolerance.

The Analysis of Variance revealed significant differences among the
genotypes for all the traits studied suggesting existence of considerable amount
of variability among the cultivars. The phenotypic coefficient of variation (PCV)
was slightly higher in magnitude than genotypic coefficient of variation (GCV)
for all the traits indicating that, all traits had influence of environment to some
degree. High PCV and GCV were recorded for morphological traits such as
number of primary branches per plant, number of clusters per plant, number of



pods per plant, pod yield per plant, pod yield per hectare, seed yield per plant,
seed yield per hectare and for physiological traits such as chlorophyll stability
index, peroxidase enzyme activity, catalase enzyme activity indicating the
existence of wider genetic variability.

High heritability coupled with high genetic advance as per cent of mean
indicated operation of additive gene action for morphological traits such as plant
height, number of primary branches per plant, number of leaves per plant,
number of clusters per plant, number of pods per plant, number of seeds per pod,
pod vyield per plant, pod yield per hectare, seed yield per plant, seed yield per
hectare and similar results were observed for physiological traits such as
chlorophyll stability index, peroxidase enzyme activity, catalase enzyme activity,
SPAD meter reading. Hence, directional selection for these traits could be
effective for desired genetic improvement.

The high heritability accompanied with low genetic advance (GA) as
percent of mean was recorded by pod girth, seed to pod ratio, crude gum content,
which indicated the presence of non additive gene action in inheritance of these
traits. The high heritability is being exhibited due to favourable influence of
environment rather than cultivar, hence, selection for these traits may not be
rewarding.

The correlation study indicated that the number of primary branches per
plant, number of clusters per plant, number of seeds per pod and pod yield per
plant had significant positive association with seed yield per plant at both
genotypic and phenotypic levels and 100-seed weight had significant positive
association with seed yield per plant at genotypic level. So improvement in seed
yield per plant is possible by taking above characters as criteria in selection
scheme.

Path coefficient analysis study revealed that pod yield per plant and pod
length at genotypic level exhibited high positive direct effect on seed yield per
plant. However, pod yield per plant recorded significant, positive correlation with
seed yield per plant. It clearly indicates that direct selection based on these traits
would be effective for an increase in seed yield per plant.

Among the quality parameters studied, the highest crude gum content
(31.71%) was recorded with RGC 1033, while the lowest gum content (29.26%)
was obtained with RGC 197. Pod colour also indicated considerable variability
ranging from light green to green colour among the 15 cultivars studied.



CHAPTER I

INTRODUCTION

Cluster bean (Cyamopsis tetragonoloba (L.) Taub. 2n=14), which is
popularly known as guar, is self pollinated crop belongs to the family Fabaceae.
Guar originated in India and Pakisthan and is characterized as a short day erect or
bushy annual plant (Purseglove, 1981). It is a drought tolerant, warm season
legume crop with deep and well developed root system, cultivated mainly as
rainfed crop in arid and semi-arid regions during rainy (kharif) season for
vegetable, galactomannan gum, forage and green manure. Guar enhances soil
productiveness by fixing atmospheric nitrogen for its own necessities and also
for the succeeding crop (Bewal et al., 2009).

Guar can be successfully grown in soils where no other crops will survive.
The guar crop prefers a well drained sandy loam soil. It can tolerate saline and
moderately alkaline soils with pH ranging between 7.5 and 8.0 (Venkataratnam,
1973). Soils with medium to light constituents, without excessive moisture, are
suitable for its cultivation. Even soils with poor fertility and depleted plant
nutrients are suitable for growing Guar as a green manure crop. Pasture lands
receiving little care can also be used for growing guar mixed with grasses.

Guar is a mainly grown for its tender fruits for use as vegetable. It is also
used as a nutritious fodder for livestock. Mucilaginous seed flour is used for
making guar gum (galactomannan) utilized in textile, paper, cosmetic and oil
industries throughout the world and is a useful absorbent for explosives (Smith,
1976).

Guar is predominantly grown in India and Pakistan as a vegetable, fodder
and grain crop. Cultivars grown in South India are vegetable types while those in
North-West India are grown for seeds.

It has assumed great industrial importance in recent years, mainly due to
the presence of gum in its endosperm, which constitutes 35-40 per cent of the
whole seed. Guar meal, a byproduct of guar gum industry is also of considerable

value as it contains more than 42 per cent protein. Now-a-days, guar has emerged



as a new industrial crop and is commercially grown in India, Pakistan and U.S.A
and to some extent in Australia, South Africa and Brazil.

This vegetable gum finds a ready international market for its ever
increasing demand in various industries. Guar was not known for its industrial
application until world war-11, when there was shortage of locust bean crop, the
paper and textile industry of the world was searching for a substitute. They found
an efficient alternative in the form of guar gum and since then, the derivative of
guar ruled out locust bean from this scenario and it was readily accepted for
application in many other industries (Kumar, 2002). The refined gum powder has
some unique characteristics like grease resistance, thickening agent, capacity to
bind water, high viscosity and the capability to function in low temperatures.

Seeds of cluster bean have a large endosperm when compared to other
legumes, and contains galactomannan type of gum, which forms a viscous gel
and has diversified industrial applications viz., paper, food, cosmetics, mining,
petroleum, well drilling, pharmaceuticals (Pathak et al., 2009).

In agriculture, guar gum is used as water retainer, soil aggregating and
anticrusting agent (Singh et al., 1985). In varnish industry, it is used as a
protective colloid. In paper industry, it is used for improving quality of paper
board by enhancing dry and wet strength and for enhancing sizing degree
(Yoshyuki, 1985). Guar gum also has greater utility in pollution control. It is
used as an adsorbent in waste water treatment and in textile industry as a
flocculating and exchanging agent. In waste water purification, guar gum is used
as a gelatinizing agent (Mathur et al., 1986).

India is the major guar producer accounting for 80% of the world’s
production. In India, guar is being grown mainly in arid and semiarid regions of
North Western states of Rajasthan, Gujarat, Haryana, Punjab, parts of Uttar
Pradesh, Madhya Pradesh and Tamil Nadu covering about 3.34 million hectares
with a production of 0.4 million tonnes of guar seed. Rajasthan occupies the
largest area under guar cultivation (82.1%), followed by Haryana (8.6%), Gujarat
(8.3%) and Punjab (1%) which in turn produced 64, 22, 12 and 2% guar seeds,
respectively (Pathak et al., 2010). Rajasthan is the largest producer accounting

for 70% of total guar production followed by Gujarat, Haryana and Punjab. The



productivity of cluster bean ranges from 474 kg/ha in Rajasthan to 1200 kg/ha in
Haryana (Ahlawat et al., 2013).

Clusterbean gum has emerged as the most important agro-chemical, which
is non-toxic, eco-friendly and Generally Recognized As Safe (GRAS) by Food
and Drug Administration (FDA). Foreign exchange earned from its export has
increased from 142 crores in 1994 to 1120 crores during 2007 in India (Henry
and Mathur 2008). From India, clusterbean is mainly exported to USA,
Germany, Netherlands, Italy, UK, Japan and France value at 200 million rupees
annually (Singh et al., 2009).

Although several studies were conducted in Cyamopsis tetragonoloba (L.)
Taub. for vegetable purpose, studies on cluster bean for Guar Gum purpose is
limited in southern parts of India. Production of this crop in India mainly
confined to the North-West part of India, however certain areas of Andhra
Pradesh and Telangana state are highly suitable for cultivation of this crop as
suggested by ICAR-high level expert committee report as an alternate crop for
sustainability in scarce rainfall zones (CRIDA, 2012). As majority of the area in
Telangana state is occupied with saline alkali soils with poor organic matter, the
adoption of this crop in this region may be recommended to bring the poor and
marginal lands under cultivation. However, due to limited information, farmers
were unaware of the importance of this crop in many areas. Hence to evaluate
various cultivars of Guar and identification of suitable cultivars for this region is
highly warranted.

Moreover, vyield is a complex trait influenced by various agro
morphological and reproductive traits and hence, there is a need to study the
association and their direct and indirect effects on seed yield (Manivannan and
Anandakumar, 2013). This information will help to provide basis for selection
and yield improvement in guar, this study will investigate the interrelationship
between yield and its components, determine the relative contribution of the
different yield components to the final yield and estimate the expected genetic
advances and relative efficiencies. As such, before launching any breeding

programme, a thorough knowledge of the nature and magnitude of genetic



variability and extent of association between yield and other components is very
essential.

Heritability of a metric character is a parameter of particular significance
to the breeder as it measures the degree of resemblance between the parents and
the off-springs and its magnitude indicates the efficacy with which a genotype
can be identified by its phenotypic expression, while genetic advance aids in
exercising the necessary selection pressure.

The correlation analysis is a biometrical technique to find out the nature
and degree of association between various morphological traits indicating yield,
while path coefficient analysis splits the correlation coefficient into direct and
indirect effects so as to measure the relative contribution of each variable
towards the yield.

In view of the above, present study is undertaken with the following
objectives:

1. To study the performance of elite cultivars of Guar in Telangana State.

2. To study variability parameters for yield and its component characters.

3. To study the association of physiological parameters (Peroxidase and
Catalase activity, Relative water content and Chlorophyll stability index)
with drought tolerance.

4. To study the degree and direction of character association among yield

and its components.



Chapter — 11
REVIEW OF LITERATURE

A critical comprehensive review of literature is inevitable for any scientific
investigation. Proper understanding of the problem requires thorough review of
the existing knowledge related to the problem. Keeping in view the objectives of
the present investigation, the available literature on genetic variability, character
association and character contribution in seed guar is presented under the
following headings.

2.1 Variability, heritability and genetic advance
2.2 Correlation coefficient analysis

2.3 Path coefficient analysis

2.4 Quality traits

2.1 VARIABILITY, HERITABILITY AND GENETIC ADVANCE
2.1.1 Variability

The nature and extent of variability forms the basis for all crop
improvement programmes. According to Allard (1960), yield is polygenically
controlled quantitative character and is highly influenced by environment.

Partitioning of observed variability into heritable and non-heritable
components is very much essential to get a true indication of the genetic
coefficient of variability as a useful measure of the magnitude of genetic variance
present in the population.

The genetic variation is of high value to the breeders, as this is the
hereditary portion of the total variation and is heritable from generation to
generation. Analysis of variation and partitioning the phenotypic variance into
genetic and environmental components provide adequate information whether
the available genetic variation in the germplasm pool is sufficient for crop
improvement by effective selection.

A brief review of studies on genotypic and phenotypic coefficients of

variation in seed guar is presented below.



2.1.1.1 Growth parameters

Om Vir and Singh (2015) in cluster bean reported that high estimates of
PCV and GCV were observed for number of branches per plant, days to 50%
flowering, number of pods per plant. High PCV and moderate GCV were
observed for number of clusters per plant, number of pods per cluster.

Vikas kumar and Ram (2015) studied 30 genotypes of cluster bean for
genetic variability. The PCV and GCV were low for percentage of germination,
days to first flowering, days to 50% flowering whereas, high PCV and GCV for
number of clusters per plant, number of pods per cluster. Plant height showed
moderate PCV and GCV.

Patil (2014) in cluster bean reported that the low PCV and GCV were
observed for percentage of germination, pod girth. High PCV and GCV were
recorded for number of clusters/plant. Moderate PCV and GCV were observed
for days to 50% flowering, number of pods per cluster. Low GCV and moderate
PCV were observed for pod length.

Rahul Kapoor (2014) in cluster bean reported that the PCV estimates
were invariably higher than their corresponding GCV values thereby suggesting
the environmental influence. High estimates of GCV and PCV were observed for
number of leaves per plant.

Bhatkodle et al. (2014) in cluster bean reported that the phenotypic
variance was higher than genotypic variance for all the characters studied. High
PCV and GCV were observed for number of leaves per plant, number of clusters
per plant, number of pods per cluster, number of pods per plant, pod length.
Moderate PCV and GCV were observed for days to first flowering, days to 50%
flowering, pod girth.

Prakash and Ram (2014) in french bean reported that moderate PCV and
GCV were observed for number of leaves per plant.

Alemu et al. (2013) in french bean reported that low GCV and moderate
PCV were observed for number branches per plant.

Manivannan and Anandakumar (2013) assessed 42 genotypes of

Clusterbean. High variability was observed for pod length whereas, moderate



variability was observed for plant height, days to 50% flowering. High PCV and
moderate GCV were observed for number of clusters per plant, number of pods
per cluster, number of pods per plant.

Muthuselvi and Shanthi (2013) evaluated 50 genotypes of cluster bean and
reported that high estimates of GCV and PCV were recorded for number of
branches per plant, number of clusters per plant, number of pods per cluster.

Shabarish Rai et al. (2012) evaluated thirty one genotypes of clusterbean
and reported that maximum range of variability was observed for number of
branches, plant height, clusters per plant, pod length, number of pods per cluster,
number of pods per plant. Low PCV and GCV were observed for days to 50%
flowering whereas, moderate PCV and GCV were observed for pod girth.

Durga (2012) in horse gram reported that low PCV and GCV were
observed for plant height. Moderate PCV and low GCV were observed for
number of branches per plant.

Bhat et al. (2012) and Pushpa et al. (2012) reported that low PCV and
GCV were observed for pod length in soya bean and fenugreek, respectively.

Saini et al. (2010) in cluster bean reported that high estimates of PCV and
GCV were observed for plant height, number of branches per plant, number of
clusters per plant, number of pods per cluster, number of pods per plant.

Buttar et al. (2008) reported in cluster bean that number of branches per
plant and plant height exhibited significant genetic coefficients of variation
(>20%). High PCV and moderate GCV were observed for number of pods per
plant.

Raghu Prakash et al. (2008) in cluster bean reported that high estimates of
PCV and GCV were observed for plant height, number of branches per plant,
number of clusters per plant, number of pods per cluster, number of pods per
plant. Low PCV and GCV were observed for days to 50% flowering.

Anandhi and Oommen (2007) studied 29 varieties of cluster bean. The
study revealed that variability was high for number of clusters per plant, number
of pods per cluster, number of pods per plant, pod length. Low variability was
observed for days to 50% flowering. High PCV and moderate GCV were

observed for number of primary branches per plant.



Lal et al. (2005) and Raffi and Nath (2004) reported that moderate PCV
and GCV were observed for plant height in dolichos bean and dry bean,
respectively.

Hanchinamani (2004) in cluster bean reported that that high estimates of
PCV and GCV were observed for plant height, number of branches per plant,
number of leaves per plant, number of clusters per plant, number of pods per
cluster, number of pods per plant, pod length. Moderate PCV and GCV were
observed for days to first flowering, days to 50% flowering.

Singh et al. (2004) in cluster bean reported that high estimates of PCV and
GCV were observed for number of clusters per plant.

Choudhary et al. (2003) in cluster bean reported that high estimates of
phenotypic and genotypic coefficients of variation were recorded for plant
height, number of branches per plant.
2.1.1.2 Yield parameters

Om Vir and Singh (2015) in cluster bean reported that high estimates of
PCV and GCV were observed for number of seeds per pod, seed yield per plant.

Patil (2014) in cluster bean reported that the low PCV and GCV were
observed for number of seeds per pod, 100-seed weight. High PCV and GCV
were observed for dry pod yield/plant, seed yield per plant.

Bhatkodle et al. (2014) in cluster bean reported that the phenotypic
variance was higher than genotypic variance for all the characters studied. High
PCV and GCV were observed for pod yield per plant.

Verma et al. (2014) in dolichos bean reported that high estimates of PCV
and GCV were observed for pod yield per hectare.

Rao et al. (2014) in soya bean reported that high estimates of PCV and
GCV were observed for seed yield per hectare.

Manivannan and Anandakumar (2013) assessed 42 genotypes of
Clusterbean. Low PCV and GCV were observed for number of seeds per pod,
100-seed weight. High PCV and moderate GCV were observed for seed yield per
plant.



Muthuselvi and Shanthi (2013) evaluated 50 genotypes of cluster bean and
reported that high estimates of GCV and PCV were recorded for dry pod yield
per plant, 100 seed weight.

Shabarish Rai et al. (2012) evaluated thirty one genotypes of clusterbean
and reported that maximum range of variability was observed for pod yield per
plant, pod yield per hectare. Moderate PCV and GCV were observed for number
of seeds per pod.

Saini et al. (2010) in cluster bean reported that high estimates of PCV and
GCV were observed for pod yield per plant.

Buttar et al. (2008) reported in cluster bean that seed yield per plant
exhibited significant genetic coefficients of variation (>20%) whereas, low PCV
and GCV were observed for number of seeds per pod and moderate PCV and
GCV were observed for 100-seed weight.

Raghu Prakash et al. (2008) in cluster bean reported that high estimates of
PCV and GCV were observed for seed yield per plant. Low PCV and GCV were
observed for number of seeds per pod. Moderate PCV and low GCV were
observed for 100-seed weight.

Anandhi and Oommen (2007) studied 29 varieties of cluster bean. The
study revealed that variability was high for pod yield per plant. Low variability
was observed for number of seeds per pod.

Hanchinamani (2004) in cluster bean reported that that high estimates of
PCV and GCV were observed for pod yield per plant.

Hanchinamani Nagaraj et al. (2004) and Singh et al. (2002) in cluster bean
reported that that high estimates of PCV and GCV were observed for seed yield
per plant.
2.1.1.3 Physiological parameters

Jitender et al. (2014) in cluster bean reported that low estimates of PCV
and GCV were observed for relative water content.

Paramesh et al. (2014) in mung bean reported that low estimates of PCV
and GCV were observed for harvest index, SPAD meter reading whereas,

moderate PCV and GCV were observed for chlorophyll stability index.



Kole and Saha (2013) in fenugreek reported that low estimates of PCV
and GCV were observed for harvest index.

Swathi (2013) in mung bean reported that moderate PCV and GCV were
observed for chlorophyll stability index.

Singh et al. (2010) in cabbage reported that high estimates of PCV and
GCV were observed for peroxidase enzyme activity and catalase enzyme
activity.

Raghu Prakash et al. (2008) in cluster bean reported that high estimates of
PCV and GCV were observed for harvest index whereas, low estimates of PCV
and GCV were observed for SPAD meter reading.

Kole and Mishra (2006) in fenugreek reported that low estimates of PCV
and GCV were observed for harvest index.

Dash and Kole (2001) in fenugreek reported that low estimates of PCV
and GCV were observed for harvest index.
2.1.1.4 Quality parameters

Jitender et al. (2014) in cluster bean reported that low estimates of PCV
and GCV were observed for gum content.

Muthuselvi and Shanthi (2013) evaluated 50 genotypes of cluster bean and
reported that high estimates of GCV and PCV were recorded for gum content.

Raghu Prakash et al. (2008) in cluster bean reported that low estimates of
PCV and GCV were observed for crude gum content.
2.1.2 Heritability and genetic advance as per cent of mean

Heritability estimates along with genetic advance serve as a tool to the
breeder in determining the direction and magnitude of selection. These are more
useful in predicting the resultant effect through selection of the best individual.

Heritability is the measure of transmission of characters from generation
to generation. Hanson et al. (1956) defined heritability in broad sense as the ratio
of genotypic variance to the total phenotypic variance in the non-segregating
populations. Heritability (h?) measures the relative amount of the heritable
portion of variability, while genetic advance helps to measure the amount of

progress that could be expected with selection in a character.



High heritability coupled with high genetic advance indicates that the
improvement could be made for a character by simple selection based on
phenotypic performance. High heritability coupled with low genetic advance
indicate that heritability alone does not necessarily mean an increase of genetic
advance.

Low heritability coupled with low genetic advance indicate that the
character is highly influenced by environmental effects and selection would be
ineffective.

The available literature on heritability and genetic advance is presented
below.
2.1.2.1 Growth parameters

Vikas kumar and Ram (2015) studied 30 genotypes of cluster bean for
heritability and genetic advance. The study revealed that high heritability with
high genetic advance as per cent of mean were found with plant height (cm),
number of branches/plant, days to 50% flowering, number of pods/cluster,
number of pods/plant indicating there by that selections based on phenotypic
performance could be effective for improvement of these characters. Low
heritability coupled with low genetic advance as per cent of mean were observed
for percentage of germination, pod girth. Moderate heritability with moderate
genetic advance as per cent of mean were observed with pod length. High
heritability with moderate genetic advance as per cent of mean were observed
with number of pods per cluster.

Patil (2014) in cluster bean reported that the high heritability coupled with
high genetic advance as per cent of mean were observed for plant height, number
of branches per plant, days to 50% flowering, number of clusters per plant,
number of pods per cluster indicated the presence of large number of fixable
additive factors and hence these traits could be improved through selection.
Moderate heritability with moderate genetic advance as per cent of mean were
recorded in pod length. High heritability with moderate genetic advance as per
cent of mean were recorded with percentage of germination.

Rahul Kapoor (2014) in cluster bean reported that high heritability along

with high genetic advance as per cent of mean were recorded with number of



leaves per plant, number of branches indicating that selection would be
rewarding for these characters.

Bhatkodle et al. (2014) in cluster bean reported that high heritability
coupled with high genetic advance as per cent of mean were observed for the
characters like plant height, branches per plant, number of leaves per plant, days
to first flowering, days to 50% flowering, number of clusters per plnat, number
of pods per cluster, number of pods per plant, pod length, this indicates the
influence of additive gene action for these traits.

Manivannan and Anandakumar (2013) assessed 42 genotypes of
Clusterbean. High heritability and high genetic advance as per cent of mean were
recorded for primary branches per plant, days to 50% flowering, pod length.
Moderate heritability and high genetic advance as per cent of mean were
recorded for number of clusters per plant, number of pods per cluster.

Muthuselvi and Shanthi (2013) evaluated 50 genotypes of cluster bean and
reported that high heritability coupled with high genetic advance as per cent of
mean were observed for plant height, number of branches per plant, number of
clusters per plant, number of pods per cluster, pod length indicating that these
characters had predominance of additive gene action and hence selection is more
effective.

Shabarish Rai et al. (2012) evaluated thirty one genotypes of clusterbean
to estimate broad sense heritability and genetic advance over mean. High
heritability coupled with high genetic gain in percentage were observed for
number of clusters per plant, number of pods per plant, days to 50% flowering,
number of branches and plant height. High heritability with low genetic advance
were shown for pod length, pod girth, number of pods per cluster.

Girish et al. (2012a) in cluster bean reported that high heritability coupled
with high genetic advance as per cent of mean were observed with pod length.

Alemu et al. (2013) in french bean reported that high heritability coupled
with moderate genetic advance as per cent of mean were observed with pod
length.

Saini et al. (2010) in cluster bean reported that high heritability coupled

with high genetic advance as per cent of mean were observed with plant height,



number of branches per plant, number of clusters per plant, number of pods per
plant.

Raghu Prakash et al. (2008) in cluster bean reported that high heritability
coupled with genetic advance as percent of mean were observed for the
characters viz., plant height, number of branches per plant, number of clusters
per plant, number of pods per cluster, number of pods per plant indicating that
simple selection program would be effective for genetic improvement of guar.
High heritability coupled with low genetic advance as per cent of mean were
observed with days to 50% flowering. Low heritability coupled with high genetic
advance as per cent of mean were observed with number of pods per plant.

Buttar et al. (2008) in cluster bean reported that moderate heritability
coupled with high genetic advance as per cent of mean were observed with
number of pods per plant.

Anandhi and Oommen (2007) studied 29 varieties of cluster bean. The
study revealed that high heritability coupled with high genetic advance as per
cent of mean were observed for plant height, number of branches per plant,
number of pod clusters per plant, number of pods per cluster, pod length and
number of pods per plant indicating the presence of additive gene action in the
expression of these characters. High heritability coupled with low genetic
advance as per cent of mean were observed for days to 50% flowering.

Mahla and Kumar (2006) in cluster bean reported that high heritability
coupled with high genetic advance as per cent of mean were observed with
number of branches per plant, number of leaves per plant.

Shekhawat and Singhania (2005) in cluster bean reported that high
heritability coupled with high genetic advance as per cent of mean were observed
with number of branches per plant, number of leaves per plant.

Hanchinamani (2004) in cluster bean reported that high heritability
coupled with high genetic advance as per cent of mean were observed with plant
height, number of branches per plant, number of leaves per plant.

Saini et al. (2004), Singh et al. (2004) and Sabarish (2010) in cluster bean
reported that high heritability coupled with high genetic advance as per cent of

mean were observed with plant height.



Singh et al. (2001) in cluster bean reported that high heritability coupled
with high genetic advance as per cent of mean were observed with plant height,
number of branches per plant, number of clusters per plant, number of pods per
plant.

Rai et al. (2004) and Singh et al. (2000) in french bean reported that high
heritability coupled with high genetic advance as per cent of mean were observed
with plant height.
2.1.2.2 Yield parameters

Vikas kumar and Ram (2015) studied 30 genotypes of cluster bean for
heritability and genetic advance. The study revealed that high heritability with
high genetic advance as per cent of mean were found with pod yield per plant,
seed yield per plant. High heritability with moderate genetic advance as per cent
of mean were shown for number of seeds per pod, 100-seed weight.

Patil (2014) in cluster bean reported that the high heritability coupled with
high genetic advance as per cent of mean were observed for pod yield per plant,
seed yield per plant indicated the presence of large number of fixable additive
factors and hence these traits could be improved through selection. High
heritability with moderate genetic advance as per cent of mean were recorded
with number of seeds per pod, 100-seed weight.

Bhatkodle et al. (2014) in cluster bean reported that moderate heritability
coupled with high genetic advance as per cent of mean were observed for pod
yield per plant.

Verma et al. (2014) in dolichos bean reported that high heritability
coupled with high genetic advance as per cent of mean were observed with pod
yield per hectare.

Rao et al. (2014) in soya bean reported that high heritability coupled with
high genetic advance as per cent of mean were observed with seed yield per
hectare.

Manivannan and Anandakumar (2013) assessed 42 genotypes of
Clusterbean. Moderate heritability and low genetic advance as per cent of mean
were recorded for number of seeds per pod. Moderate heritability and high

genetic advance as per cent of mean were recorded for seed yield per plant. High



heritability with moderate genetic advance as per cent of mean were shown for
100-seed weight.

Muthuselvi and Shanthi (2013) evaluated 50 genotypes of cluster bean and
reported that high heritability coupled with high genetic advance as per cent of
mean were observed for dry pod yield per plant, seed yield per plant, 100 seed
weight indicating that these characters had predominance of additive gene action
and hence selection is more effective.

Shabarish Rai et al. (2012) evaluated thirty one genotypes of clusterbean
to estimate broad sense heritability and genetic advance over mean. High
heritability coupled with high genetic gain in percentage were observed for pod
yield per plant. High heritability with low genetic advance as per cent of mean
were shown for number of seeds per pod, pod yield per hectare.

Saini et al. (2010) in cluster bean reported that high heritability coupled
with high genetic advance as per cent of mean were observed with pod yield per
plant. High heritability coupled with moderate genetic advance as per cent of
mean were observed with 100-seed weight.

Raghu Prakash et al. (2008) in cluster bean reported that high heritability
coupled with high genetic advance as percent of mean were observed for seed
yield per plant indicating that simple selection program would be effective for
genetic improvement of guar. Moderate heritability with low genetic advance as
per cent of mean were shown for number of seeds per pod. High heritability with
moderate genetic advance as per cent of mean were shown for 100-seed weight.

Buttar et al. (2008) in cluster bean reported that high heritability coupled
with high genetic advance as percent of mean were observed for 100-seed
weight. Moderate heritability with low genetic advance as per cent of mean were
shown for number of seeds per pod. Moderate heritability with high genetic
advance as per cent of mean were shown for seed yield per plant.

Anandhi and Oommen (2007) studied 29 varieties of cluster bean. The
study revealed that high heritability coupled with high genetic advance as per
cent of mean were observed for pod yield per plant indicating the presence of

additive gene action in the expression of these characters. High heritability with



moderate genetic advance as per cent of mean were shown for number of seeds
per pod.

Rai et al. (2004) in french bean reported that high heritability coupled
with high genetic advance as per cent of mean were observed with pod yield per
plant.

Singh et al. (2001) in cluster bean reported that high heritability coupled
with high genetic advance as per cent of mean were observed with pod yield per
plant.

Singh et al. (2000) in french bean reported that high heritability coupled
with high genetic advance as per cent of mean were observed with pod yield per
plant.
2.1.2.3 Physiological parameters

Jitender et al. (2014) in cluster bean reported that high heritability coupled
with moderate genetic advance as per cent of mean were observed with harvest
index. High heritability coupled with low genetic advance as per cent of mean
were observed with relative water content.

Paramesh et al. (2014) in mung bean reported that high heritability
coupled with high genetic advance as per cent of mean were observed for
chlorophyll stability index. Moderate heritability coupled with low genetic
advance as per cent of mean were observed for harvest index, SPAD meter
reading.

Hefny (2013) in lupin bean reported that high heritability coupled with
high genetic advance as per cent of mean were observed for catalase enzyme
activity.

Swathi (2013) in mung bean reported that high heritability coupled with
high genetic advance as per cent of mean were observed for chlorophyll stability
index.

Singh et al. (2010) in cabbage reported that high heritability coupled with
high genetic advance as per cent of mean were observed for peroxidase enzyme
activity and high heritability coupled with low genetic advance as per cent of

mean were observed for catalase enzyme activity.



Raghu Prakash et al. (2008) in cluster bean reported that high heritability
coupled with high genetic advance as per cent of mean were observed for harvest
index whereas, high heritability coupled with moderate genetic advance as per
cent of mean were observed for SPAD meter reading.
2.1.2.4 Quality parameters

Jitender et al. (2014) in cluster bean reported that moderate heritability
coupled with low genetic advance as per cent of mean were observed with gum
content.

Muthuselvi and Shanthi (2013) evaluated 50 genotypes of cluster bean and
reported that high heritability coupled with high genetic advance as per cent of
mean were observed for gum content.

Raghu Prakash et al. (2008) in cluster bean reported that high heritability
coupled with low genetic advance as per cent of mean were observed for gum

content.



2.2 ASSOCIATION OF SEED YIELD AND ITS COMPONENTS

Character association analysis reveals the type, nature and magnitude of
correlation between seed yield components with yield and among themselves.
Yield component characters show association among themselves and with yield.
Unfavourable associations between the desired attributes under selection may
limit genetic advance. Hence, study of association of component characters with
seed yield would aid in planning of an effective selection programme.

Knowledge of inter-relationships existing among yield components is
essential when selection for improvement is to be effective. Study of character
association has considerable use in plant breeding because selection for one
character may bring about simultaneous effect on other depending on the
intensity of association between the two traits under consideration.

Correlation studies indicate the magnitude of association between pairs of
characters and are useful for selecting genotypes with desirable combinations of
characters thereby assisting the plant breeder in crop improvement.

Since, yield of plant is a complex, polygenically inherited trait, direct
selection is not effective. But, it could be improved through a number of
component characters, which are simple in inheritance and less subjected to
environmental influences. Hence, the knowledge of association of yield
components with yield and among themselves would be of help to the breeder in
obtaining improved vyields. For simplicity, these studies presented here in the

tabular form.



Table 2.1 Review of literature on association of yield component characters

with seed yield per plant (g) in seed guar

S. Character | Association | S/ Reference
No. NS
1. Plant Positive S | Ibrahim et al. (2013)
height Rai et al. (2012)
(cm) Shah et al. (2000)
Arumugarangarajan et al. (2000)
Negative S | Patil (2014)
Maria Sultan et al. (2012)
Buttar et al. (2008)
2. Number of | Positive S | Manivannan and Anandakumar (2013)
Primary
branches
per plant
3. Days to 50 | Positive S | Om Vir and Singh (2015)
% Saini et al. (2010)
flowering Singh et al. (2005)
Singh et al. (2004)
Singh et al. (2002)
Singh et al. (2001)
Patel and Chaudhary (2001)
Arumugarangarajan et al. (2000)
Negative S | Patil (2014)
Sultan et al. (2012)
Maria Sultan et al. (2012)
4. Number of | Positive S | Om Vir and Singh (2015)

clusters per

plant

Patil (2014)

Manivannan and Anandakumar (2013)
Ibrahim et al. (2013)

Sultan et al. (2012)

Maria Sultan et al. (2012)




Table 2.1 contd...

S.

No.

Character

Association

S/
NS

Reference

Saini et al. (2010)

Singh et al. (2005)

Singh et al. (2004)

Singh et al. (2002)

Singh et al. (2001)

Patel and Chaudhary (2001)
Arumugarangarajan et al. (2000)
Shah et al. (2000)

Number of
pods per

cluster

Positive

Om Vir and Singh (2015)
Patil (2014)

Manivannan and Anandakumar (2013)
Sultan et al. (2012)

Rai et al. (2012)

Maria Sultan et al. (2012)
Saini et al. (2010)

Singh et al. (2005)

Singh et al. (2004)

Singh et al. (2002)

Singh et al. (2001)

Patel and Chaudhary (2001)

Arumugarangarajan et al. (2000)

Pod length

(cm)

Positive

NS

Patil (2014)

Negative

Manivannan and Anandakumar (2013)

Arumugarangarajan et al. (2000)

Pod girth

(mm)

Negative

NS

Patil (2014)

Positive

Maria Sultan et al. (2012)

Number of
seeds per

pod

Positive

Om Vir and Singh (2015)
Patil (2014)
Saini et al. (2010)




Table 2.1 contd...

S. Character | Association | S/ Reference
No. NS

Singh et al. (2005)
Singh et al. (2004)
Singh et al. (2002)
Singh et al. (2001)
Patel and Chaudhary (2001)

Arumugarangarajan et al. (2000)

Positive NS | Buttar et al. (2008)

9. Pod yield Positive S | Patil (2014)

per plant Ibrahim et al. (2013)

(9) Rai et al. (2012)

Shah et al. (2000)
Arumugarangarajan et al. (2000)

10. | 100-seed Positive S | Patil (2014)

weight (g) Buttar et al. (2008)
Singh et al. (2004)
Brar and Grover (2003)

Negative S | Manivannan and Anandakumar (2013)

S- Significant , NS- Non Significant
Table 2.2 Review of literature on association of yield component characters

with plant height (cm) in seed guar

S. Character Association | S/ NS Reference

No.

1. Days to 50% Negative S Malaghan et al. (2014)

flowering

2. Pod length (cm) | Negative S Malaghan et al. (2014)
Anjani et al. (2009) in French
bean

Positive S Shabarish Rai and Dharmatti

(2014)




Table 2.2 contd...

S. Character Association | S/ NS Reference
No.
3. Number of seeds | Positive S Shabarish Rai and Dharmatti
per pod (2014)
Negative NS Buttar et al. (2008)
4. Pod yield per Positive S Malaghan et al. (2014)
plant (g) Vidhya and Sunny (2002) in
Yard long bean
5. 100-seed weight | Negative S Buttar et al. (2008)
6. Number of pods | Positive Shabarish Rai and Dharmatti
per cluster (2014)
Manivannan and Anandakumar
(2013)
Arumugarangarajan et al. (2000)

Table 2.3 Review of literature on association of yield component characters

with number of primary branches per plant in seed guar

S. | Character Association | S/ NS Reference
No.
1. Days 50% Negative S Manivannan and Anandakumar
flowering (2013)
2. | No. of clusters Positive S Manivannan and Anandakumar
per plant (2013)
Anandhi and Oommen (2010)
Singh et al. (2002)
3. | No. of pods per Positive NS Manivannan and Anandakumar
cluster (2013)
4. | Pod length (cm) | Negative S Manivannan and Anandakumar
(2013)
Anandhi and Oommen (2010)




Table 2.3 contd...

S. | Character Association | S/ NS Reference

No.

5. | No. of seeds per | Negative S Manivannan and Anandakumar
pod (2013)

7. | Seed yield per Positive S Manivannan and Anandakumar
plant (2013)

8. | 100-seed weight | Negative S Manivannan and Anandakumar

(2013)

9. | Number of pods | Positive S Anandhi and Oommen (2010)
per plant Singh et al. (2002)

9. | Plant height Negative S Anandhi and Oommen (2010)

Table 2.4 Review of literature on association of yield component characters

with days to 50% flowering in seed guar

S. Character | Association | S/ Reference
No. NS
1. Number of | Negative S | Arumugarangarajan et al. (2000)
clusters per
plant
2. Pod length | Positive S Manivannan and Anandakumar (2013)
(cm) Malaghan et al. (2014)
Negative S Shabarish Rai and Dharmatti (2014)
Arumugarangarajan et al. (2000)
3. Pod girth Positive S Malaghan et al. (2014)
Negative S Pan et al. (2004) in Dolichos bean
Roy et al. (2006) in French bean
3. Number of | Negative S | Shabarish Rai and Dharmatti (2014)
seeds per
pod




Table 2.4 contd...

S. Character | Association | S/ Reference

No. NS

4, 100-seed Positive S Manivannan and Anandakumar (2013)
weight

5. Plant height | Negative S | Malaghan et al. (2014)

6. Pod yield Negative S | Malaghan et al. (2014)
per plant

Table 2.5 Review of literature on association of yield component characters

with number of clusters per plant in seed guar

S. Character Association | S/ Reference
No. NS
1. Number of pods | Positive S Girish et al. (2012Db)
per cluster Saini et al. (2010)
Singh et al. (2004)
Arumugarangarajan et al. (2000)
2. Pod yiled per Positive S Shabarish Rai and Dharmatti
plant (g) (2014)
Girish et al. (2012Db)
Saini et al. (2010)
Singh et al. (2004)
3. Number of Positive S Manivannan and Anandakumar
primary (2013)
branches per Anandhi and Oommen (2010)
plant
4. Plant height Positive S Girish et al. (2012Db)
Saini et al. (2010)
Singh et al. (2004)
Arumugarangarajan et al. (2000)




Table 2.5 contd...

S. Character Association | S/ Reference

No. NS

5. Seed yield per | Positive S Manivannan and Anandakumar
plant (2013)

Arumugarangarajan et al. (2000)

6. Days to 50 % Negative S Arumugarangarajan et al. (2000)
flowering

7. Number of Negative S Arumugarangarajan et al. (2000)
seeds per pod

Table 2.6 Review of literature on association of yield component characters

with number of pods per cluster in seed guar

S. Character Association | S/ NS Reference
No.
1. Pod yiled per | Positive S Girish et al. (2012b)
plant (g) Saini et al. (2010)
Arumugarangarajan et al. (2000)
2. Number of Positive S Girish et al. (2012b)
clusters per Saini et al. (2010)
plant
Arumugarangarajan et al. (2000)
Negative S Om Vir and Singh (2015)
3. Plant height Positive S Shabarish Rai and Dharmatti

(2014)

Manivannan and Anandakumar
(2013)

Girish et al. (2012b)

Saini et al. (2010)
Arumugarangarajan et al. (2000)




Table 2.6 contd...

S. Character Association | S/ NS Reference
No.
4, Seed yield per | Positive S Manivannan and Anandakumar
plant (2013)
Arumugarangarajan et al. (2000)
5. Pod length Negative S Manivannan and Anandakumar
(2013)
6. 100-seed Negative S Manivannan and Anandakumar
weight (2013)

Table 2.7 Review of literature on association of yield component characters

with pod length (cm) in seed guar

S. Character Association | S/ Reference
No. NS
1. Number of seeds | Positive S Anandhi and Oommen (2010)
per pod Shabarish Rai and Dharmatti
(2014)
2. Plant height Positive S Shabarish Rai and Dharmatti
(2014)
Negative S Malaghan et al. (2014)
3. Days to 50% Positive S Malaghan et al. (2014)
flowering Manivannan and Anandakumar
(2013)
4. Seed yield per Negative S Arumugarangarajan et al. (2000)
plant Manivannan and Anandakumar
(2013)
5. 100-seed weight | Positive S Manivannan and Anandakumar
(2013)
6. Number of pods | Positive S Shabarish Rai and Dharmatti
per cluster (2014)




Table 2.7 contd...

S. Character Association | S/ Reference
No. NS
Negative S Manivannan and Anandakumar
(2013)
7. Number of Negative S Manivannan and Anandakumar
primary (2013)
branches per Anandhi and Oommen (2010)
plant
8. Pod width Negative S Pan et al. (2004) in Dolichos bean

Table 2.8 Review of literature on association of yield component characters

with pod girth (mm) in seed guar

S. Character Association | S/ Reference
No. NS
1. Pod length (cm) | Positive S Shabarish Rai and Dharmatti
(2014)
Malaghan et al. (2014)
Negative S Pan et al. (2004) in Dolichos bean
2. Pod yield per Positive S Malaghan et al. (2014)
plant
3. Days to 50% Positive S Malaghan et al. (2014)
flowering
Negative S Roy et al. (2006) in French bean
Pan et al. (2004) in Dolichos bean
4. Plant height Positive S Malaghan et al. (2014)




Table 2.9 Review of literature on association of yield component characters

with number of seeds per pod in seed guar

S. Character Association | S/ NS Reference
No.
1. Pod length (cm) | Positive S Shabarish Rai and Dharmatti
(2014)
Kamleshwar Kumar et al.
(2013) in Green gram
Anandhi and Oommen (2010)
2. Plant height Positive S Shabarish Rai and Dharmatti
(cm) (2014)
Kamleshwar Kumar et al.
(2013) in Green gram
3. Days to 50 % Negative S Shabarish Rai and Dharmatti
flowering (2014)
4, Pod girth Positive S Shabarish Rai and Dharmatti
(2014)
5. 100-seed weight | Positive S Shabarish Rai and Dharmatti
(2014)
6. Pod yield per Positive S Anandhi and Oommen (2010)
plant
7. Number of Negative S Arumugarangarajan et al. (2000)

clusters per

plant

Table 2.10 Review of literature on association of yield component characters

with pod yield per plant (g) in seed guar

S. Character Association | S/ NS Reference

No.

1. Days to 50 % Negative S Malaghan et al. (2014)
flowering Anjani et al. (2009) in French

bean




Table 2.10 contd...

S. Character Association | S/ NS Reference

No.

2. Plant height Positive S Arumugarangarajan et al. (2000)
(cm)

3. Pod length Positive S Malaghan et al. (2014)

4, Number of pods | Positive S Malaghan et al. (2014)
per plant

5. Pod length Positive S Malaghan et al. (2014)

6. Pod girth Positive S Malaghan et al. (2014)

7. Seed yield per | Positive S Arumugarangarajan et al. (2000)
plant

8. Number of Positive S Shabarish Rai and Dharmatti
clusters per (2014)
plant Arumugarangarajan et al. (2000)

9. Number of pods | Positive S Arumugarangarajan et al. (2000)
per cluster

10. Number of Positive S Arumugarangarajan et al. (2000)

seeds per pod

Table 2.11 Review of literature on association of yield component characters

with 100-seed weight in seed guar

S. Character Association | S/ NS Reference

No.

1. Plant height Negative S Buttar et al. (2008)
(cm)

2. Pod length (cm) | Positive S Manivannan and Anandakumar

(2013)

3. Primary Negative S Manivannan and Anandakumar
branches per (2013)
plant




Table 2.11 contd...

plant

S. Character Association | S/ NS Reference

No.

4, Number of Negative S Manivannan and Anandakumar
clusters per (2013)
plant

5. Number of pods | Negative S Manivannan and Anandakumar
per cluster (2013)

6. Number of Positive S Manivannan and Anandakumar
seeds per pod (2013)

Buttar et al. (2008)

7. Days to 50 % Positive S Manivannan and Anandakumar
flowering (2013)

8. Seed yield per Positive S Buttar et al. (2008)

Table 2.12 Review of literature on association of yield component characters

with crude gum content (%o) in seed guar

S. Character Association | S/ NS Reference

No.

1. Plant height Negative S Girish et al. (2012b)
(cm) Hanchinamani et al. (2004)

2. Seed yield per Positive NS Raghu Prakash et al. (2008)
plant

3. Days to 50% Negative NS Raghu Prakash et al. (2008)
flowering

4. 100-seed weight | Positive NS Raghu Prakash et al. (2008)

5. Pods per cluster | Negative NS Raghu Prakash et al. (2008)




2.3 PATH COEFFICIENT ANALYSIS

Yield being a complex polygenic character, direct selection for yield may not

be a reliable approach on account of being highly influenced by environmental

factors. Therefore, it is essential to identify the component characters through

which yield

improvement could be obtained. Though correlations give

information about the components of a complex character like yield, but it could

not provide an exact picture of relative importance of the direct and indirect

contributions of the component characters on yield. In this context, path

coefficient analysis is an important method in partitioning the correlation

coefficients into direct and indirect effects of an independent variable on

dependence variable. Thus, correlation in conjunction with path analysis would

give a better insight into cause and effect relationship between different pairs of

characters (Wright, 1921). For simplicity, these studies presented here in the

tabular form.

Table 2.13 Direct effects of component characters on seed yield per plant (g)

in seed guar
Character Direct Through Reference
Effect
Seed yield | Positive | Plant height | Patil (2014)
per plant (g) Raghu Prakash et al. (2009)
Krishnan et al. (2002) in urdbean
Days to 50 % | Patil (2014)
flowering Manivannan and Anandakumar (2013)
Hingane and Navale (2008)
Arumugarangarajan et al. (2000)
Number of Patil (2014)
clusters per Manivannan and Anandakumar (2013)
plant Girish et al. (2012b)
Hingane and Navale (2008)
Singh et al. (2002)
Arumugarangarajan et al. (2000)




Table 2.13 contd...

Character pirect Through Reference
Effect

Number of Patil (2014)

pods per Manivannan and Anandakumar (2013)

cluster Hingane and Navale (2008)
Arumugarangarajan et al. (2000)

Pod length Hingane and Navale (2008)

Pod girth Patil (2014)

Number of Patil (2014)

seeds per pod | Manivannan and Anandakumar (2013)
Ibrahim et al. (2012)
Girish et al. (2012Db)
Hingane and Navale (2008)
Buttar et al. (2008)
Singh et al. (2002)
Arumugarangarajan et al. (2000)

Pod yield per | Patil (2014)

plant

100-seed Manivannan and Anandakumar (2013)

weight Girish et al. (2012Db)
Hingane and Navale (2008)
Singh et al. (2002)
Arumugarangarajan et al. (2000)

Crude gum Raghu Prakash et al. (2009)

content

Negative | Plant height | Manivannan and Anandakumar (2013)

Hingane and Navale (2008)
Buttar et al. (2008)
Arumugarangarajan et al. (2000)




Table 2.13 contd...

Direct
Character Through Reference
Effect
Days to 50% | Raghu Prakash et al. (2009)
flowering
No. of Patil (2014)
Primary Manivannan and Anandakumar (2013)

branches per

Buttar et al. (2008)

plant Hingane and Navale (2008)
Singh et al. (2002)
Girish et al. (2012Db)
Number of Raghu Prakash et al. (2009)

clusters per

Krishnan et al. (2002) in urdbean

plant

Pods per Krishnan et al. (2002) in urdbean

cluster

Pod length Patil (2014)
Manivannan and Anandakumar (2013)
Arumugarangarajan et al. (2000)

Pod girth Shabarish Rai and Dharmatti (2014)
Malaghan et al. (2014)

Number of Arumugarangarajan et al. (2000)

seeds per pod

100-seed
weight

Patil (2014)

Raghu Prakash et al. (2009)
Hingane and Navale (2008)
Buttar et al. (2008)

Singh et al. (2002)
Arumugarangarajan et al. (2000)




Table 2.14 Indirect effects of component characters on seed yield per plant

(9) in seed guar

Character Indirect Through Reference
Effect
1.Plant Positive | No. of Manivannan and Anandakumar (2013)
height (cm) Primary
branches per
plant
Number of Arumugarangarajan et al. (2000)
clusters per
plant
Number of Hingane and Navale (2008)
pods per Manivannan and Anandakumar (2013)
cluster Arumugarangarajan et al. (2000)
Pod length Manivannan and Anandakumar (2013)
Arumugarangarajan et al. (2000)
Number of Manivannan and Anandakumar (2013)
seeds per pod | Hingane and Navale (2008)
Pod yield per | Arumugarangarajan et al. (2000)
plant
Crude gum Raghu Prakash et al. (2009)
content
100-seed Manivannan and Anandakumar (2013)
weight Buttar et al. (2008)
Hingane and Navale (2008)
Arumugarangarajan et al. (2000)
Negative | 100-seed Raghu Prakash et al. (2009)
weight
Primary Buttar et al. (2008)

branches per

plant

Raghu Prakash et al. (2009)




Table 2.14 contd...

Character Indirect Through Reference
Effect
Days to 50 % | Arumugarangarajan et al. (2000)
flowering Raghu Prakash et al. (2009)
Pods per Raghu Prakash et al. (2009)
cluster
Clusters per | Manivannan and Anandakumar (2013)
plant Raghu Prakash et al. (2009)
Number of Raghu Prakash et al. (2009)
seeds per pod | Buttar et al. (2008)
Arumugarangarajan et al. (2000)
2 Number | Positive | Plantheight | Manivannan and Anandakumar (2013)
of primary Clusters per | Manivannan and Anandakumar (2013)
branches plant
per plant Pods per Manivannan and Anandakumar (2013)
cluster
Pod length Manivannan and Anandakumar (2013)
100-seed Buttar et al. (2008)
weight
Negative | Plant height | Raghu Prakash et al. (2009)
Buttar et al. (2008)
Number of Raghu Prakash et al. (2009)

clusters per

plant

Number of

seeds per pod

Manivannan and Anandakumar (2013)
Buttar et al. (2008)

100-seed
weight

Manivannan and Anandakumar (2013)




Table 2.14 contd...

Character Indirect Through Reference
Effect
3.Daysto |Positive |Plantheight | Manivannan and Anandakumar (2013)
50 % Hingane and Navale (2008)
flowering Arumugarangarajan et al. (2000)
Primary Manivannan and Anandakumar (2013)
branches per
plant
Pods per Hingane and Navale (2008)
cluster
Pod length Arumugarangarajan et al. (2000)
Number of Manivannan and Anandakumar (2013)
seeds per pod | Arumugarangarajan et al. (2000)
Pod yield per | Arumugarangarajan et al. (2000)
plant
100-seed Manivannan and Anandakumar (2013)
weight Hingane and Navale (2008)
Negative | Clusters per | Manivannan and Anandakumar (2013)

plant Hingane and Navale (2008)
Arumugarangarajan et al. (2000)

Pods per Manivannan and Anandakumar (2013)

cluster Arumugarangarajan et al. (2000)

Seeds per pod

Hingane and Navale (2008)

Pod length Manivannan and Anandakumar (2013)
Hingane and Navale (2008)

Crude gum Raghu Prakash et al. (2009)

content

100-seed Arumugarangarajan et al. (2000)

weight




Table 2.14 contd...

Character Indirect Through Reference
Effect
4. Number | Positive | Plant height | Manivannan and Anandakumar (2013)
of clusters Hingane and Navale (2008)
per plant Pod length Manivannan and Anandakumar (2013)
Arumugarangarajan et al. (2000)
Pods per Arumugarangarajan et al. (2000)
cluster
Days to 50 % | Raghu Prakash et al. (2009)
flowering
Pods per Raghu Prakash et al. (2009)
cluster
Number of Hingane and Navale (2008)
seeds per pod
Pod yield per | Arumugarangarajan et al. (2000)
plant
100-seed Hingane and Navale (2008)
weight Arumugarangarajan et al. (2000)
Negative | Pods per Manivannan and Anandakumar (2013)
cluster Hingane and Navale (2008)
Plant height | Arumugarangarajan et al. (2000)
Pod length Hingane and Navale (2008)
100-seed Hingane and Navale (2008)
weight
Primary Manivannan and Anandakumar (2013)

branches per

plant

Number of

seeds per pod

Manivannan and Anandakumar (2013)

Arumugarangarajan et al. (2000)




Table 2.14 contd...

Character Indirect Through Reference
Effect
Days to 50% | Manivannan and Anandakumar (2013)
flowering Hingane and Navale (2008)
Arumugarangarajan et al. (2000)
100-seed Manivannan and Anandakumar (2013)
weight
5. Number Positive | Days to 50% | Hingane and Navale (2008)
of pods per flowering
cluster Clusters per | Arumugarangarajan et al. (2000)
plant
Pod length Manivannan and Anandakumar (2013)
Arumugarangarajan et al. (2000)
Number of Hingane and Navale (2008)
seeds per pod
Pod yield per | Arumugarangarajan et al. (2000)
plant
100-seed Hingane and Navale (2008)
weight Arumugarangarajan et al. (2000)
Negative | Plant height | Manivannan and Anandakumar (2013)
Hingane and Navale (2008)
Arumugarangarajan et al. (2000)
Primary Manivannan and Anandakumar (2013)

branches per

plant
Pod length Hingane and Navale (2008)
Number of Manivannan and Anandakumar (2013)

clusters per

plant

Hingane and Navale (2008)




Table 2.14 contd...

Character Indirect Through Reference
Effect
Days to 50 % | Manivannan and Anandakumar (2013)
flowering Arumugarangarajan et al. (2000)
Number of Manivannan and Anandakumar (2013)
seeds per pod | Arumugarangarajan et al. (2000)
100-seed Manivannan and Anandakumar (2013)
weight
6. Pod Positive | Plant height | Hingane and Navale (2008)
length (cm) Arumugarangarajan et al. (2000)
Number of Arumugarangarajan et al. (2000)
seeds per pod
Pod yield per | Arumugarangarajan et al. (2000)
plant
Negative Days to 50% | Hingane and Navale (2008)
flowering Arumugarangarajan et al. (2000)
Seeds per pod | Hingane and Navale (2008)
Clusters per Hingane and Navale (2008)
olant Arumugarangarajan et al. (2000)
Pods per Hingane and Navale (2008)
cluster Arumugarangarajan et al. (2000)
100-seed Hingane and Navale (2008)
weight Arumugarangarajan et al. (2000)
7. Pod girth | Positive | Pod length Shabarish Rai and Dharmatti (2014)
(mm) Clusters per | Shabarish Rai and Dharmatti (2014)
plant
Negative | Plant height | Malaghan et al. (2014)
Days to 50% | Shabarish Rai and Dharmatti (2014)

flowering




Table 2.14 contd...

Character Indirect Through Reference
Effect
8 Number | Positive Days to 50% | Manivannan and Anandakumar (2013)
of seeds per flowering Arumugarangarajan et al. (2000)
ood Plant height | Buttar et al. (2008)
Arumugarangarajan et al. (2000)
Primary Manivannan and Anandakumar (2013)
branches per | Buttar et al. (2008)
plant
Pods per Hingane and Navale (2008)
cluster Arumugarangarajan et al. (2000)
Clusters per | Hingane and Navale (2008)
plant
Pod yield per | Arumugarangarajan et al. (2000)
plant
100-seed Manivannan and Anandakumar (2013)
weight Hingane and Navale (2008)
Negative | Clusters per | Manivannan and Anandakumar (2013)

plant Arumugarangarajan et al. (2000)

Plant height | Manivannan and Anandakumar (2013)
Hingane and Navale (2008)

Number of Manivannan and Anandakumar (2013)

pods per plant

Days to 50 % | Hingane and Navale (2008)

flowering

100-seed Buttar et al. (2008)

weight Arumugarangarajan et al. (2000)

Pod length Manivannan and Anandakumar (2013)

Hingane and Navale (2008)
Arumugarangarajan et al. (2000)




Table 2.14 contd...

Character Indirect Through Reference
Effect
9.Pod yield Positive | Plant height | Arumugarangarajan et al. (2000)
per plant Days to 50 % | Arumugarangarajan et al. (2000)
flowering
Clusters per | Arumugarangarajan et al. (2000)
plant
Pods per Arumugarangarajan et al. (2000)
cluster
Pod length Arumugarangarajan et al. (2000)
100-seed Arumugarangarajan et al. (2000)
weight
Number of Arumugarangarajan et al. (2000)
Negative | seeds per pod
10. 100- Positive | Plant height | Buttar et al. (2008)
seed weight Hingane and Navale (2008)
Primary Manivannan and Anandakumar (2013)

branches per

plant

Buttar et al. (2008)

Number of

seeds per pod

Manivannan and Anandakumar (2013)
Buttar et al. (2008)

Pod length Hingane and Navale (2008)
Arumugarangarajan et al. (2000)

Days to 50 % | Manivannan and Anandakumar (2013)

flowering

Clusters per

plant

Arumugarangarajan et al. (2000)

Pods per

cluster

Arumugarangarajan et al. (2000)




Table 2.14 contd...

Character Indirect Through Reference
Effect
Negative | Pods per plant Buttar et al. (2008)
Plant height Manivannan and Anandakumar (2013)
Arumugarangarajan et al. (2000)
Pod length Manivannan and Anandakumar (2013)
Clusters per Manivannan and Anandakumar (2013)
plant Hingane and Navale (2008)
Seed yield per Manivannan and Anandakumar (2013)
plant
Days to 50 % Hingane and Navale (2008)
flowering Arumugarangarajan et al. (2000)
Pods per cluster | Manivannan and Anandakumar (2013)
Hingane and Navale (2008)
Number of seeds | Hingane and Navale (2008)
per pod Arumugarangarajan et al. (2000)
Pod yield per Arumugarangarajan et al. (2000)
plant
11. Crude | Positive | Branches per Raghu Prakash et al. (2009)
gum plant
content Plant height Raghu Prakash et al. (2009)
Days to 50 % Raghu Prakash et al. (2009)
flowering
Number of pods | Raghu Prakash et al. (2009)
per plant
Negative | Clusters per Raghu Prakash et al. (2009)

plant

Pods per cluster

Raghu Prakash et al. (2009)

Seeds per pod

Raghu Prakash et al. (2009)

100-see weight

Raghu Prakash et al. (2009)




2.4 Quality traits
2.4.1 Crude gum content (%o)

Jitender et al. (2014) reported that highest gum content recorded with FS-
277 (29.50%) where as RGC-1017 (22.41%) registered minimum.

Kalyani (2006) reported that highest crude gum content recorded with
RGM112 followed by RGC1003 and GAUG 9703.

Raghu Prakash (2006) reported that maximum gum content was recorded
by the genotype GAUG- 9808 (33.22%) where as GAUG (28.55%) registered
minimum.

Dwivedi et al. (1999) reported that gum content varied from 21.77-
34.38%.

Veena Jain et. al. (1987) stated that significantly higher gum content was
recorded in Durgajai as compared to HG 75 and HG 182.

Dabas (1982) reported that gum contents in guar varieties ranged from
15.92 to 31.81% in their study.

2.4.2 Pod Colour

Bode et al. (2013) reported that the pods showed light green, green and
dark green colours in french bean.

Madakbas and Ergin (2011) in french bean reported that pods showed
green, light green and dark green colours.

Pandey et al. (2011) studied 18 french bean genotypes and reported that
the pods showed light green, normal green, dark green and green colour with red
stripes. The results revealed that most of the genotypes produced normal green
pods.

Chattopadhyay and Dutta (2010) studied 12 dolichos bean genotypes and
reported that considerable variation among genotypes for pod colour. The pods
were found to be in light green, green, purple and creamy white colours.

Islam et al. (2010) reported that out of 44 genotypes of dolichos bean, 23
had green-coloured pods, 10 had light green colour, 8 were mixed in colour and 3
produced red to purple pods.

Muchui et al. (2008) categorized french bean genotypes into different pod

colours and found that most of the genotypes had green-coloured pods.



Kar et al. (2006) in french bean reported that pods showed light green,
green, dark green, purple and brown with red colours.
Sultana (2001) also reported that most of the accessions of dolichos bean

had green pod colour followed by mixed colours of green and purple.



CHAPTER Il

MATERIAL AND METHODS

A field experiment was conducted during Kharif, 2014 to study the

“Studies on Identification of Morphological and Physiological traits in relation
to yield and quality of Seed Guar (Cyamopsis tetragonoloba (L.) Taub.)
cultivars under Rainfed condition”. The details of material and methods used and
the experimental technique adopted during the course of investigation are described
below.
3.1 EXPERIMENTAL MATERIAL

The experimental material for this study consisted of fifteen cultivars of seed
guar. The particulars of cultivars are furnished in Table 3.1.
3.2 LOCATION OF THE EXPERIMENT

The experiment was laid out at the “Student Research Farm”, College of
Horticulture, Dr. Y.S.R. Horticultural University, Mojerla, Mahabubnagar, Telangna
state.
3.3 CHARACTERISTICS OF THE EXPERIMENTAL SITE

Soil samples were drawn at random (from 0-30 cm depth) from the
experimental field and the composite sample was analysed for physico-chemical
properties by adopting the standard procedures and the results are presented in Table
3.2.
3.4 WEATHER CONDITIONS DURING THE CROP PERIOD

Mojerla falls under semi arid tropical climate, situated at an altitude of 346 m
above the Mean Sea Level. Geographically, it lies at latitude of 16.26° N and
longitude of 77.56° E. The monthly mean meteorological data recorded during the
crop growth period (August, 2014 to December, 2014) at Meteorological
observatory, Krishi Vigyan Kendra, Madanapuram are presented in Appendix-1. At
all the stages of the crop growth, the weather was congenial for growth and

development of seed guar.



Table 3.1: List of 15 cultivars of seed guar selected for evaluation

S.No.| Cultivar Source Salient characteristic features
Medium statured plant, branched with
Durgapura, | serrated, pubescent, normal green
1. RGC 197 _ _
Rajasthan | coloured leaves with pale purple flowers.
Seeds are light grey in colour.
Medium duration line with short plant
height, leaves are deeply serrated, hairy,
Durgapura, _ _
2. RGC 936 ) green coloured and ashy coated with white
Rajasthan )
flowers. Seeds are greyish brown
coloured.
Medium statured plant, branched with
Durgapura, | serrated, pubescent, normal green
3. RGC 963 _ _
Rajasthan | coloured leaves with pale purple flowers.
Seeds are light grey in colour.
Medium duration line with medium
Durgapura, | stature, medium leaves, non-serrated hairy
4. RGC 986 _ _
Rajasthan | and green coloured with pale purple
flowers. Seeds are greyish brown coloured.
Medium duration line with medium plant
height, medium leaves, hairy, moderately
Durgapura,
5. | RGC 1002 ) serrated, green coloured and ashy coated
Rajasthan

with pale purple flowers. Seeds are light

grey coloured.




S.No.| Cultivar Source Salient characteristic features
It is a medium statured plant, branched
Durgapura, | with serrated, pubescent, normal green
6. | RGC 1025 ) )
Rajasthan | coloured leaves with pale purple flowers.
Seeds are light grey in colour.
Medium statured plant, branched with
Durgapura, | serrated, pubescent, normal green
7. | RGC 1031 ) )
Rajasthan | coloured leaves with pale purple flowers.
Seeds are light grey in colour.
Medium duration line with medium plant,
Durgapura, | medium leaves, slightly serrated, hairy and
8. | RGC 1033 _ _
Rajasthan | green coloured with pale purple flowers.
Seeds are greyish brown coloured.
Medium duration line with short stature,
Durgapura, | small leaves, serrated, hairy with pale
9. | RGC 1038 _ _
Rajasthan | purple flowers. Seeds are greyish brown
coloured.
Medium statured plant, branched with
Durgapura, | serrated, pubescent, normal green
10. | RGC 1066 _ _
Rajasthan | coloured leaves with pale purple flowers.
Seeds are light grey in colour.
Medium duration line with medium
Hisar, stature, medium leaves, serrated, hairy and
11. HG 365 i
Haryana | green coloured with pale purple flowers.
Seeds are light grey coloured.
Medium duration line with short plant,
Hisar, medium leaves, serrated, green coloured
12. HG 884 ) )
Haryana | and hairy with pale purple flowers, seeds

are light greyish coloured.




S.No.| Cultivar Source Salient characteristic features
Medium maturity and pubscent leaves with
_ serrated
Hisar, )
13. | HG 2-20 leaf margins, more no. of seeds/pod and
Haryana ) )
longer pods, early flowering and maturity
and bold seeded.
Medium statured plant, branched with
1 11 Jodhpur, | serrated, pubescent, normal green
' Rajasthan | coloured leaves with pale purple flowers.
Seeds are light grey in colour.
Medium statured plant, branched with
Jodhpur, | serrated, pubescent, normal green
15. JG-2 _ _
Rajasthan | coloured leaves with pale purple flowers.

Seeds are light grey in colour.




Table 3.2 : Physico-chemical properties of the experimental site

Particulars Value Method of analysis

A. | Pysical Characteristics

Sand (%) 703% | )
Silt (%) 7.1% >
Bouyoucos hydrometer (Piper,
Clay (%) 22.6% | 1950)
Textural class Sandy
Loam
B. Chemical

characteristics

pH (1:2.5 soil : water 5.69 Beckman pH meter glass electrode
suspension) ' method (Jackson, 1967)
EC (dSm™) 0.076 Solubridge method (Jackson, 1967)
Organic carbon (%) 0.25 Walkley and Black (1934)

Alkaline permanganate method
(Subbiah and Asija, 1956)

Available N (kg/ha) 201

Available P,O5 (kg/ha) 23 Olsen’s method (Olsen et. al.,1954)

Available K,0O (kg/ha) 238 Flame photometry (Jackson, 1967)




3.5 DETAILS OF THE EXPERIMENT

For this study, the experiment was conducted during kharif, 2014. The
experiment was laid out in a Completely Randomized Block Design. Seeds of each
cultivar were sown with a spacing of 30 x 30 cm in 3x 2 m plots in three

replications.

3.5.1 Details of Layout

1. Crop . Cluster bean
2. Botanical Name . Cyamposis tetragonoloba (L.) Taub.
2. Number of treatments : 15 [RGC 197, RGC 936, RGC 963, RGC 986,

RGC 1002, RGC 1025, RGC 1031, RGC 1033,
RGC 1038, RGC 1066, HG 365, HG 884,
HG 2-20, JJ-1, JG-2]

3. Design : Completely Randomized Block Design (CRBD)
4. Replications 0 3

5. Season : Kharif, 2014

7. Spacing : 30 cm x 30 cm

8. Location : Student Research Farm,

College of Horticulture,
Dr. Y.S.R. Horticultural University,
Mojerla, Mahabubnagar.

9. Net Plot Size »3x2m



3.5.2 Layout of the Experimental plot of seed guar

om |

3m
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HG 2-20 RGC 1025 HG 365
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3.6 CULTURAL PRACTICES
3.6.1 Land preparation

The experimental area was thoroughly ploughed and brought to a fine tilth.
One tonne of FYM ha' and the recommended basal dose of fertilizers were
incorporated in the soil before final harrowing. The entire plot was divided in to
three blocks. The main and sub irrigation channels were laid out taking into account
the gradient of the site.

3.6.2 Manures and Fertilizers

The recommended dosage of N, P and K (10:50:50 kg per ha) was applied in
the form of urea, single super phosphate and murate of potash respectively. Nitrogen
was applied in two splits, the first dose as basal application and other split dose at 30
days after planting. The entire dose of phosphorus and potash were applied at the
time of sowing as basal dose.

3.6.3 Inoculation of seed with bacterial culture

Guar plant develops nodules on its roots, in which Rhizobium bacteria live
and convert the free nitrogen of the atmosphere into a form of fertilizer which is
absorbed by the roots of the plant. This symbiotic relation of the bacteria and root
nodules is useful in saving cost of nitrogenous fertilizers. Therefore, before sowing
the seeds are inoculated with these bacteria so that their population increases in the
soil, with the growth of the plant.

10% sugar or jaggery solution was prepared in boiling water. This sugar
solution was allowed to cool. On cooling 3-4 packets of guar bacterial culture
(Rhizobium japonicum) was mixed with solution to make a thin paste. This paste
was coated over to the seed. Seed was dried under shade for 30-40 minutes before
sowing.

3.6.4 Sowing

After the lay out, the treatments were assigned to different plots in each
replication by using random numbers. The seeds of each cultivar were sown by
dibbling two to three seeds per hill and irrigation was given immediately after

sowing. Sowing of the seeds was done on 6™ August 2014 in all the treatments and



replications. The gap filling was done by resowing within a week after germination.
3.6.5 Thinning of excess seedlings

The weak seedlings were thinned out leaving only one vigorous seedling per
hill after 25 days of sowing. The remaining second half dose of nitrogen was top
dressed at 30 days after sowing. All recommended cultural practices were followed
to raise a good seed guar crop.

3.6.6 Irrigation

The kharif season crop grown during rainy season as a rule, does not need
any irrigation if rains are adequate and well distributed.

Through out the experiment the crop was raised completely as rainfed crop.
The excess water was drained off promptly during heavy rains. However, during
continuous dry spell light survival irrigation was given to protect the plants from
extreme dry soil condition.

3.6.7 Weeding

The weed flora of the experimental area was predominated by the perennials
like Cyperus rotundus and Cynodon dactylon, annual grasses like Echinoclova
colona and Digitaria sanguinalis which were hand weeded thrice i.e., at 20 DAS
and 40 DAS and 60 DAS.

3.6.9 Plant protection

During the seedling stage, the crop was affected by Rhizoctonia root rot. The
disease was controlled by drenching the crop with Copper oxychloride @ 2.5
gram/litre of water. Mancozeb @ 2 gram/litre was sprayed to control anthracnose
disease. Wettable Sulphur (80% WP) @ 3 gram/litre was sprayed to control
powdery mildew disease. And to control multinutrient deficiency Formula-4 was
sprayed @ 3 gram/litre.

Hairy caterpillars and jassids were found causing damage to the crop, which
were controlled effectively by spraying Acephate (50% WP) @ 1.5 gram per litre.
3.6.10 Harvesting and Threshing

Harvesting was carried out by sickles. The border rows were harvested first

and then bulked. The plants from net plot area were then harvested. The plants were



then allowed to dry in the field for 3 days. The threshing of the plants from net plot
and border rows was done separately by beating with sticks. Seeds were then
separated, winnowed and weighed from each plot.
3.7 OBSERVATIONS RECORDED

Data was recorded on quantitative and qualitative characters on five
randomly selected competitive plants in each of the accession at various
phenophases of the crop except percentage of germination, days to first flowering,
days to 50% flowering and 100-seed weight. The mean values of five competitive
plants were averaged and expressed as mean of the respective character. However,
the traits viz., percentage of germination, days to first flowering, days to 50%
flowering and 100-seed weight were recorded on plot basis. The details of data
recorded are as follows.
3.7.1 Growth Parameters
3.7.1.1 Percentage of germination

Percentage of germination in a plot was counted one week after sowing.

Number of seeds germinated
Percentage of germination = x 100
Number of seeds sown

3.7.1.2 Plant height (cm)

Plant height was measured at final harvest from ground level to the tip of the
main axis in centimetres.
3.7.1.3 Number of primary branches per plant

Total number of primary branches arising from the main axis at final harvest
was recorded.
3.7.1.4 Number of leaves per plant

The green leaves present on the plant were recorded from randomly selected

five plants and expressed as number of leaves per plant.



3.7.1.5 Days to first flowering

Number of days taken from the date of sowing to the day when the first
flower appeared in a plot was counted.
3.7.1.6 Days to 50 per cent flowering

Number of days taken from the date of sowing to the day when 50 per cent of
the plants in a plot flowered was counted.
3.7.1.7 Number of clusters per plant

Total number of pod bearing clusters per branch was counted at the time of
harvest.

3. 7.1.8 Number of pods per cluster

The number of pods produced in each cluster of the tagged plants was
counted and their mean was calculated.
3.7.1.9 Number of pods per plant

Number of well filled pods on each sample plant was counted and the mean
value of the random sample plants was recorded.
3.7.1.10 Pod length (cm)

Mean length of the ten random matured pods was measured and expressed in
centimetres.
3.7.1.11 Pod girth (mm)

The mean girth of ten random matured pods from each of the selected tagged
plants was measured in millimetres from the center of the pod with the help of
vernier calipers.

3.7.2 Yield parameters
3.7.2.1 Number of seeds per pod
Randomly five pods were selected, threshed separately and average number of

seeds per pod was calculated.

3.7.2.2 Seed to pod ratio
The ratio of dry seed weight to dry pod weight was calculated. And it is

expressed in percentage.



Dry weight of seed
Seed to pod ratio = x 100
Pod dry weight
3.7.2.3 Pod yield per plant (g)

The dry pods collected from five plants were weighed and mean pod yield per

plant was expressed in grams.
3.7.2.4 Pod yield per hectare (g/ha.)

The pods from each net plot were collected and the pod yield was expressed
as g/ha.
3.7.2.5 Seed yield per plant (g)

The pods collected from five plants were threshed separately; cleaned, weighed

and mean seed yield per plant was expressed in grams.
3.7.2.6 Seed yield per hectare (g/ha.)

The pods from each net plot were shelled and the seed yield was expressed as
g/ha.
3.7.2.7 100 seed weight (g)

A random sample of one hundred well developed seeds were weighed and
expressed in grams.
3.7.2.8 Harvest Index (%)

Harvest Index was calculated by using the formula of Donald (1962) and
expressed as per cent.

Economic yield
HI % = x 100
Biological yield

3.7.3 Physiological Parameters
3.7.3.1 Chlorophyll Stability Index

Green plant pigments are thermo sensitive and its degradation occurs when it
IS subjected to higher temperature. This method is based on pigment changes
induced by heating. The chlorophyll destruction commences rapidly at critical
temperatures of 55 to 56°C. Thus chlorophyll stability is a function of temperature.

This property of chlorophyll stability was found to correlate well with drought



resistance.
Materials required:
1. Glass tubes of 2.5 cm in diameter
2. Acetone (80%) and distilled water
3. Mortar and pestle
4. Balance
5. Water bath with thermostatic control
6. Spectrophotometer
Procedure:

Two clean glass tubes were taken and 1 gram of representative leaf sample
was placed in them with 10 ml of distilled water. One tube was then subjected to
heat in water bath at 56°C = 1°C for exactly 30 minutes. Other tube was kept as
control. The leaves are then ground in a mortar for 5 minutes with 20 ml of 80%
acetone. The slurry was then filtered with Whatman No. 1 filter paper. This
chlorophyll extract was further examined immediately for light absorption with
spectrophotometer at 652 nm. A parallel leaf sample ( 1 g in another tube ) was then
estimated for chlorophyll content without heating simultaneously and light
absorption was measured with spectrophotometer. Acetone is used as blank.

The difference in two readings (Reading without heating — Reading after
heating at 56°C) is defined as chlorophyll stability index (CSI). This CSI was found
to be correlated with drought tolerance. High CSI corresponded with low drought
tolerance. Thus, CSI is inversely related with drought tolerance efficiency. The CSI
has no units of measurements (Dopte and Rivera, 1988).

CSI = Reading without heating — Reading after heating at 56°C
3.7.3.2 Relative water content (%o)

Relative water content of leaf samples collected for different treatments was
determined by following the method described by Slatyer and Mcilroy (1967). Fully
expanded and matured leaves were excised from the plants and fresh weight was
recorded. The leaves were then immersed in water for one hour and then gently

blotted before taking turgid weight. Afterwards leaves were oven-dried at 75°C for



two days and weight of these leaves were recorded. The recorded values were
substituted in the following formula to determine the relative water content.

Wi - Wy

RWC (%)= — x 100
Wi - Wy

W; = Weight of fresh leaves

W, = Weight of turgid leaves
Wy = Weight of oven dried leaves
3.7.3.3 Peroxidase and Catalase enzyme activity
3.7.3.3.1 Peroxidase
Peroxidase activity can be assayed colorimetrically according to Curne and
Galston (1959). The enzyme catalyse the oxidation of a substrate by removal of
hydrozen which combines with H,O,.
AH,+H,0, —— 2H,0+A
Reagents:
1. Phosphate buffer, (0.1 M), pH 6.0
2. Pyrogallol (0.1 N)
3. H,0,(0.02%)

Procedure:

200 mg plant sample was taken and homogenized with 10 ml of Phosphate
buffer 0.1 M (pH 6.0). The mixture was centrifuged at 10,000 rpm at 4°C for 30
minutes. The supernatant was collected and stored at low temperature. This
supernatant was used for enzyme assay and estimated the enzyme activity as given
below.

Reaction Mixture:

Test Blank Reagents
2.0 ml 2.0 ml Enzyme extract
2.0 ml 3.2ml Phosphate buffer
1.0 ml - Pyrogallol
0.2ml - H,0;

52 mil 52 mil




Well shaken mixture was kept at 37°C on water bath for 10 minutes for the
formation of purpurogallin.

The peroxidase activity was measured at Optical Density (O.D.) 430 nm
against blank and expressed result as enzyme unit per gram fresh weight or per gram
protein basis.
3.7.3.3.2. Catalase

Catalse activity can be assayed colorimetrically according to method given by
Analytical biochemistry (Sinha, 1972). Catalase facilitates the dismutation of H,0,
to water and O, according to the reaction.

H,0, ——» H,0+%0,

The enzyme plays an important role in association with Super Oxide
Dismutase (SOD) as well as in photorespiration and glycolate pathway.

Reagents:
1. Phosphate buffer, (0.1 M), pH 7.0
2. Potassium dichromate acetic acid ( 5% K,Cr,0O; + glacial acetic acid in
1:3 ratio.
3. H,0,(0.2 M)
Procedure:

200 mg plant sample was taken and homogenized with 10 ml of phosphate
buffer 0.1 M (pH 7.0). The mixture was centrifuged at 10,000 rpm at 4°C for 30
minutes. The supernatant was collected and stored at low temperature (4-5°C). This
supernatant was used for enzyme assay and estimated the enzyme activity as given
below.

Reaction Mixture:

Test Blank Reagents
1.25 mi - H,0O,
0.50 mi 0.50 ml Enzyme extract
3.25ml 4.50 ml Phosphate buffer
5.00 ml 5.00 ml




The reaction mixture was taken in conical flask and mixed rapidly at 37°C.
2.0 ml reaction mixture was withdrawn after 3 minutes and added 2.0 ml potassium
dichromate acetic acid reagent.

This mixture was kept on water bath for 10 minutes and recorded Optical
Density (O.D.) at 570 nm against blank and expressed result as enzyme unit per
gram fresh weight or per gram protein basis.
3.7.3.4. SPAD meter readings:

The Opti-Sciences CCM-200 plus chlorophyll meter was used for measuring
the relative chlorophyll content of leaves. The CCI (Chlorophyll Content Index)
values were measured for recent fully expanded leaves at three points of each leaf
(upper, middle and lower part). Average of these three readings was considered as
SPAD reading of the leaf. This meter enables to obtain instant readings without
destroying the plant tissue.

3.7.4 Quality parameters
3.7.4.1. Crude Gum content (%o)
Procedure

The procedure was developed by Das et. al. (1977) for analysing crude gum
content.

Thirty grams of guar seeds were taken and subjected to wet processing (2%
NaOH) with vigorous boiling at 98°C for 5 minutes. Solution was sieved through
coarse sieve to remove excess NaOH. Leachate was discarded and wet dehusked
seeds were acidified slightly for 10 minutes in 0.1 N Hcl and washed with water.
Dehusked seeds were air dried for 2 to 3 days.

Dehusked seeds were pulverized to get endosperm splits and germ meal.
Germ meal was discarded by using 1 mm sieve.

Endosperm splits were soaked in distilled water in 1:5 proportion and kept for
4-5 hours. Soaked splits were ground in a blender to get viscous solution of thick
consistency and it was kept overnight. Thick solution was disturbed by using glass

rod and 50 - 100 ml of isopropanol was added. Gum was precipitated on to the top.



Excess isopropanol was removed from the gum (lumps) and lumps were vacuum
dried. Dried lumps were powdered in a blender and gum content is expressed as,

Weight of gum powder
Gum percentage = x 100
Initial weight of seed taken

3.7.4.2. Pod colour:

Data on pod colour was recorded on single plant basis on five randomly
selected plants in each cultivar from each replication, as per minimal descriptors of
NBPGR developed for Dolichos bean (Srivastava et al. 2001). The details of trait,
classification and stage of scoring are given in Table 3.3.

Table 3.3: Classification and stage of scoring of pod colour in seed guar

S.No. | Qualitative trait Classification Stage of scoring

1. Pod colour White Fresh matured pod
Cream
Light green
Green

Dark green
Light purple
Purple

Dark purple
Others

3.8 STATISTICAL ANALYSIS

The mean replicated data collected on 19 quantitative traits were subjected to
biometrical analysis following appropriate biometrical procedures.
3.8.1 Analysis of Variance

Analysis of Variance was carried out as per the procedure given by Panse and

Sukhatme (1985). The structure of analysis of variance is as follows.



Source of Degrees of Sum of squares | Expected MSS
variation freedom

Replication r-1 M, Gl +to/’
Treatments t-1 M, o% + I 6%
Error (r-1) (v-1) M o’e

Total rv-1 (M{+ M, + M)

Where,

r Number of replications

v = Number of cultivars (treatments)
o’ = Error variance
o’y = Genotypic variance

Statistical significance of variation due to cultivars was tested by comparing
calculated values to F-table values at one per cent and five per cent level of
probability, respectively.

3.8.2 Genotypic and phenotypic variance
The genotypic and phenotypic variances were computed based on the
expected mean sum of squares as follows.
M, — M
Genotypic variance o’g= —— + My
Phenotypic variance = o”p = 6°g + o’
Where,
o°g = Genotypic variance (GV)
o’p = Phenotypic variance (PV)

o’e = Environmental variance (EV)



3.8.3  Coefficient of variation
Genotypic and phenotypic coefficients of variation were computed
according to Burton and De vane (1953) based on the estimates of genotypic and

phenotypic variances as follows:

GCV = —“;_;V %100

PCV = ;V x100

Where,
GCV = Genotypic coefficient of variation
PCV = Phenotypic coefficient of variation
GV = Genotypic variance

PV = Phenotypic variance

X = General mean of character

PCV and GCV were classified as suggested by Sivasubramanian and Menon

(1973) and are given below
0-10 %: Low; 11-20 %: Moderate; 21 % and above : High

3.8.4  Heritability

Heritability in broad sense refers to the proportion of genetic variation to the
total observed variance in the population. It has been estimated as per the formula
given by Allard (1960). Heritability in broad sense is the ratio of genotypic variance
to the phenotypic variance and is expressed in percentage.

Genotypic variance (c°g)
h2 (b) — x 100
Phenotypic variance (c°p)




The range of heritability in broad sense was classified as suggested by
Hanson et al. (1956).

Less than 30 %: Low; 30-60 %: Moderate; More than 60 %: High

3.85 Genetic advance (GA)

Genetic advance is the expected genetic gain of superior individual under
certain amount of selection pressure. Genetic advance for each character was
worked out by adopting the formula given by Hanson et al. (1956).

GA =K x op x h?(b)
Where,

GA = Genetic advance.

h? (b) = Heritability in broad sense.

k = Selection differential which is equal to 2.06 at 5 % intensity of selection
(Lush, 1940)

op = Phenotypic standard deviation

Further, the genetic advance as per cent of mean was computed by using the
following formula

GA as per cent of mean = LMOO
Grand mean

Genetic advance as per cent mean was categorized as given below as
suggested by Hanson et al. (1956).

0-10% - Low; 10.1-20% - Moderate; >20.1% - High
3.8.6 Correlation coefficient analysis

Correlation coefficient analysis reveals the association of characters i.e., a

change in one character brought about by a change in the other character.
Phenotypic and genotypic correlation coefficients between different variables were
calculated by using covariance technique (Al-Jibouri et al., 1958). To determine the
degree of association of characters with yield and also among the yield components,

the correlation coefficients were calculated.

The phenotypic and genotypic correlations among yield and other characters

were computed as.



Cov,(xy) Cov, (xy)

ry(xy) =

2

G(X) - o (y) G,(X) . o, (Y)
Where,
rg (Xy), rp (X y) are the genotypic and phenotypic correlation coefficients
respectively.
Cov,, Cov, are the genotypic and phenotypic covariance of Xy, respectively.
2

o° ¢ and o’ p are the genotypic and phenotypic variance of x and vy,

respectively.

Significance of correlation coefficients was tested by comparing phenotypic
correlation coefficients with the table values (Fisher and Yates, 1963) at (n-2)
degrees of freedom at 5 % and 1 % level where ‘n’ denotes the total number of pairs

of observations used in the calculation.

3.8.7 Path coefficient analysis

The direct and indirect contribution of various characters to yield were
calculated through path coefficient analysis as suggested by Wright (1921) and
elaborated by Dewey and Lu (1959). The following simultaneous equations were
formed and solved for estimating various direct and indirect effects.

Path coefficients were obtained by solving the following simultaneous

equations.
My = Pyy+ roPoy+ g Py + ool + I Py
Where,
riy = Simple correlation coefficient between x; and y and the dependent character Y
P,y = Direct effect of x, on y and the dependent character Y
r2P2y = Indirect effect of x; on y through x..
r1, = Correlation coefficient between x; and Xo.

Ik Pry = Indirect effect of x; only through k™ variable.



In the same way, equations for ryy, rsy, I, upto ry, were obtained. The direct
and indirect effects were calculated by solving the simultaneous equations. Besides
the direct and indirect effects, the residual effect was computed by using the

formula.
Residual effect (P,,) = 1-R?

Where, R* = Pyyryy + Pyyloy + Paglay + oo, Piyriy
P,y = Residual effect
Py = Direct effect of x, on y.
riy = Correlation coefficient of x; and y
P,y = Direct effect of x, on 'y
r,y = Correlation coefficient of x, and y.
Psy = Direct effect of x; on'y
rsy = Correlation coefficient of X3 and y
Piy = Direct effect of x;ony

riy = Correlation coefficient of x; and y

Py = J1=Py 1y +Py by . Py Ty
Where P, = residual effect
P,y = direct effect of x; only

riy = correlation coefficient of x; only

Scales for path coefficients

Values of direct (or) indirect effects Rate (or) scale
0.00 to 0.09 Negligible
0.10t0 0.19 Low

0.20t0 0.29 Moderate
0.30t0 0.99 High

> 1.00 Very high




CHAPTER IV
RESULTS AND DISCUSSION

The results of present study entitled “Studies on Identification of
Morphological and Physiological traits in relation to yield and quality of Seed
Guar (Cyamopsis tetragonoloba (L) Taub.) cultivars under Rainfed condition”

are presented under the following heads
4.1 Analysis of Variance
4.2 Mean performance of cultivars for various traits studied (quantitative &
qualitative traits)
4.3 Variability, heritability and genetic advance
4.4 Correlation studies
4.5 Path analysis

4.1 ANALYSIS OF VARIANCE

The results of analysis of variance for 15 cultivars in seed guar are
furnished in Table 4.1. Highly significant differences among the cultivars were
observed for all the characters indicating the presence of sufficient amount of
variability for all the characters studied.
4.2 MEAN PERFORMANCE OF CULTIVARS FOR VARIOUS TRAITS
STUDIED (QUANTITATIVE & QUALITATIVE TRAITYS)

Mean performance pertaining to the twenty four quantitative characters
and two qualitave characters are presented in the Table 4.2 and Table 4.3.
4.2.1 Growth parameters
4.2.1.1 Percentage of germination

Percentage of germination ranged from 79.67 to 100% with a total mean

of 94.53%. Maximum percentage of germination was recorded in RGC 936



(100%), RGC 963 (100%) and JG-2 (100%) and minimum for HG 884
(79.67% ). Nine cultivars have exceeded the general mean value.
4.2.1.2 Plant height (cm)

Plant height ranged from 62.33 to 113.00 cm with a total mean of 78.42
cm. Maximum plant height was recorded in RGC 197 (113.00 cm) and
minimum for HG 365 (62.33 cm). Seven cultivars have exceeded the general
mean value.
4.2.1.3 Number of primary branches per plant

The mean values for number of primary branches per plant in seed guar
cultivars ranged from 4.0 to 9.0 with a grand mean of 7. Among the cultivars
maximum number of primary branches per plant was recorded in RGC 936
(9.0), RGC 963 (9.0) and HG 884 (9.0), while the minimum number of primary
branches was recorded in RGC 1002 (4.0) and RGC 1066 (4.0). Out of 15
cultivars, 7 cultivars have exceeded the general mean value.
4.2.1.4 Number of leaves per plant

The mean values for number of leaves per plant at the stage of maturity
in seed guar cultivars ranged from 66 to 118 with a grand mean of 89. Among
the cultivars maximum number was recorded in RGC 936 (117.67), while the
minimum number of leaves was recorded in RGC 1066 (66.00). Out of 15
cultivars, 7 cultivars have exceeded the general mean value.
4.2.1.5 Days to first flowering

Days to first flowering exhibited a range of 23.00 to 24.67 days with a
total mean of 23.84 days. Among the cultivars maximum days to first flowering
was recorded in RGC 197 (24.67) and HG 884 (24.67), while RGC 1002 and
RGC 1066 showed minimum days to first flowering (23.00).
4.2.1.6 Days to 50 per cent flowering

The character days to 50 per cent flowering exhibited a range of 26.00 to
28.67 days with a grand mean of 27.20 days. Among the cultivars maximum
days to 50 per cent flowering was recorded in RGC 197 (28.67 days), while
RGC 936 and HG 365 showed minimum days to 50 per cent flowering (26.00).



4.2.1.7 Number of clusters per plant

The mean value of total number of clusters per plant ranged from 15.33
to 40.67 with a grand mean of (26.24). The cultivar RGC 963 recorded the
maximum number of clusters per plant (40.67) and the minimum was recorded
in RGC 1031 (15.33). Nine cultivars have exceeded the general mean value.
4.2.1.8 Number of pods per clusters

Number of pods per cluster ranged from 3.67 to 7.00 with a grand mean
value of 4.91. The maximum number of pods per cluster was recorded in RGC
197 (7.00), while the minimum number of pods per cluster was recorded in
RGC 1002 (3.67). Nine cultivars have exceeded the general mean value.
4.2.1.9 Number of pods per plant

The number of pods per plant ranged from 69.67 to 204.00 with a
general mean of 127.38. The cultivar RGC 963 recorded the maximum number
of pods per plant (204.00) and the minimum was recorded in HG 365 (69.97).
Six cultivars have exceeded the general mean value.
4.2.1.10 Pod length (cm)

Length of the pod ranged from 4.73 to 6.37 cm with a total mean of 5.83
cm. The maximum length of pod was recorded in JG-2 (6.37 cm), while the
minimum length of pod was recorded in HG 365 (4.73 cm). Nine cultivars have
exceeded the general mean value.
4.2.1.11 Pod girth (mm)

The girth of the pod ranged from 19.53 to 23.33 mm with a total mean
of 21.93 mm. The cultivar HG 365 recorded as a maximum pod girth (23.33
mm) and the minimum girth of pod was recorded in RGC 1025 (19.53 mm).
4.2.2 Yield parameters
4.2.2.1 Numbers of seeds per pod

Number of seeds per pod ranged from 5.30 to 9.00 with a grand mean of
7.40. The maximum number of seeds per pod was recorded in RGC 986 (9.00)
and the minimum number of seeds per pod was recorded in RGC 1031(5.30).

Seven cultivars have exceeded the general mean value.



4.2.2.2 Seed to pod ratio

Seed to pod ratio ranged from 45.73 to 50.53% with a grand mean of
48.53%. The maximum seed to pod ratio was recorded in RGC 1038 (50.53%)
and the minimum seed to pod ratio was recorded in RGC 1025 (45.73%).
Seven cultivars have exceeded the general mean value.
4.2.2.3 Pod yield per plant (g)

The pod yield per plant ranged from 17.33 to 45.00 g with a grand mean
of 28.62 g. The cultivar RGC 986 recorded the maximum pod yield per plant
(45.00 g) and the minimum pod yield per plant was recorded in RGC 1031
(17.33 g). Five cultivars have exceeded general mean value.
4.2.2.4 Pod yield per hectare (g/ha.)

The pod yield per hectare ranged from 19.25 to 49.99 g/ha. with a grand
mean of 31.80 g/ha. The cultivar RGC 986 recorded the maximum pod yield
per plant (49.99 g/ha.) and the minimum pod yield per plant was recorded in
RGC 1031 (19.25 g/ha.). Five cultivars have exceeded general mean value.
4.2.2.5 Seed yield per plant (g)

The seed yield per plant ranged from 8.17 to 21.93 g with a grand mean
of 13.80 g. The cultivar RGC 986 recorded the maximum seed yield per plant
(21.93 g) and the minimum seed yield per plant was recorded in RGC 1031
(8.17 g). Five cultivars have exceeded general mean value.
4.2.2.6 Seed yield per hectare (g/ha.)

The seed yield per hectare ranged from 9.07 to 24.36 g/ha. with a grand
mean of 15.33 g/ha. The cultivar RGC 986 recorded the maximum seed yield
per plant (24.36 g/ha.) and the minimum seed yield per plant was recorded in
RGC 1031 (9.07 g/ha.). Five cultivars have exceeded general mean value.
4.2.2.7 100 seed weight (g)

The character 100 seed weight ranged from 3.77 to 4.79 g with a total
mean of 4.11 g. The cultivar HG 2-20 recorded the maximum 100 seed weight
(4.79 g) and JJ-1 recorded the minimum 100 seed weight (3.77 g). Six cultivars

have exceeded general mean value.



4.2.2.8 Harvest Index (%)

Harvest index among 15 cultivars ranged from 66.80 to 79.10 %.
Highest value was recorded by the cultivar HG 884 ( 79.10%), where as lowest
was recorded by RGC 197 (66.80 %). Nine cultivars exceeded the general
mean value (74.38 %).

4.2.3 Physiological parameters
4.2.3.1 Chlorophyll stability index

Chlorophyll stability index (CSI) among 15 cultivars ranged from 0.016
to 0.951 with a grand mean of 0.27. Highest chlorophyll stability index was
recorded by the cultivar RGC 1038 (0.951), where as lowest was recorded in
RGC 1066 (0.016).

CSl is inversely proportion to drought tolerance. Hence, cultivar RGC
1066 may be a drought tolerant among the 15 cultivars studied.
4.2.3.2 Relative water content (%)

Relative water content (RWC) ranged from 75.00 to 95.00 % with a
grand mean of 85.47 %. The maximum relative water content was recorded in
HG 365 (95.00 %) and the minimum relative water content was recorded in
RGC 1002 (75.00 %). 7 cultivars have exceeded the general mean value.

High RWC indicates higher drought tolerance. Hence, the cultivar HG
365 may be a drought tolerant cultivar.
4.2.3.3 Peroxidase enzyme activity (E.U./g)

Peroxidase enzyme activity among 15 cultivars ranged from 78.60 to
244.14 E.U./g with grand mean of 199.76 E.U./g. Highest value was recorded
by the cultivar RGC 1002 ( 244.14 E.U./g), where as lowest was recorded by
RGC 1025 (78.60 E.U./g). 9 cultivars exceeded the general mean value.

High peroxidase enzyme activity indicates high drought tolerance.
Hence, the cultivar RGC 1002 may be a drought tolerant cultivar.
4.2.3.4 Catalse enzyme activity (E.U./qg)

Catalase enzyme activity among 15 cultivars ranged from 379.50 to
824.50 E.U./g with grand mean of 467.95 E.U./g. Highest value was recorded



by the cultivar JJ-1 ( 824.50 E.U./g), where as lowest was recorded by RGC
1038 (379.50 E.U./g). 5 cultivars exceeded the general mean value.

High catalase enzyme activity indicates high drought tolerance. Hence,
the cultivar JJ-1 may be a drought tolerant cultivar.
4.2.3.5 SPAD meter reading (CClI)

SPAD meter reading among 15 cultivars ranged from 35.39 to 62.78
CCI with grand mean of 48.97 CCI. Highest value was recorded by the cultivar
HG 884 ( 62.78 CCl), where as lowest was recorded by RGC 936 (35.39 CCI).
Five cultivars exceeded the general mean value.

4.2.4 Quality parameters
4.2.4.1 Crude gum content (%o)

Crude gum content ranged from 29.26 to 31.71 % with a total mean of
30.08 %. The maximum crude gum content was recorded in RGC 1033 (31.71
%), while the minimum crude gum content was recorded in RGC 197 (29.26
%). 6 cultivars have exceeded the general mean value.

In the present study there was significant variation in galactomannan
content between 15 guar cultivars and the gum contents in guar cultivars
ranged from 29.26 to 31.71 %. Dabas (1982) reported that gum contents in guar
varieties ranged from 15.92 to 31.81% in their study. Dwivedi et al. (1999)
reported that gum content varied from 21.77-34.38%. Further the collections
made from Rajasthan had exhibited more diversity for gum content due to
climate and geographical conditions different from that in the other states
studied highest crude gum content recorded with RGM112 followed by
RGC1003 and GAUG 9703 (Kalyani, 2006).
4.2.4.2 Pod Colour

Among the 15 cultivars studied, pod colour for 11 cultivars exhibited
light green colour and 4 cultivars exhibited green colour. Pod colour of fifteen
cultivars are shown in Table 4.3.

Bode et al. (2013), Madakbas and Ergin (2011), Pandey et al. (2011),
Muchui et al. (2008), Kar et al. (2006) have reported genotypic difference in

pod colours of french bean. Similar genotypic difference in pod colour of



dolichos bean was reported by Chattopadhyay and Dutta (2010), Islam et al.
(2010), Sultana (2001).

Table 4.3 Pod colour of 15 seed guar cultivars

S.No. Variety Pod colour
1. RGC 197 Light green
2. RGC 936 Light green
3. RGC 963 Green
4. RGC 986 Light green
5. RGC 1002 Green
6. RGC 1025 Light Green
7. RGC 1031 Light green
8. RGC 1033 Light green
9. RGC 1038 Light green
10. RGC 1066 Light green
11. HG 365 Light green
12. HG 884 Green
13. HG 2-20 Light green
14. JJ-1 Light green
15. JG-2 Green

4.3 VARIABILITY, HERITABILITY AND GENETIC ADVANCE

The results with regard to mean, overall range, phenotypic coefficient of
variation (PCV), genotypic coefficient of variation (GCV), heritability in broad
sense (h?) and expected genetic advance as per cent of mean (GAM) for
nineteen characters are furnished in Table 4.4. In general PCV was more than
GCV for all the characters indicating the influence of environment in
expression of characters. The details of these variability parameters are

presented below.



4.3.1 Growth parameters
4.3.1.1 Percentage of germination

This character recorded high phenotypic and genotypic variances (41.23
and 40.93, respectively) with low PCV (6.79 %) and GCV (6.77 %), high
heritability (99.30%), moderate genetic advance (13.13) and moderate GA as
per cent of mean (13.89).

The PCV and GCV were low for this trait, indicating a narrow range of
genetic variability. These results were in line with the findings of Vikas Kumar
and Ram (2015) and Patil (2014) in cluster bean.

High heritability in conjunction with moderate genetic advance as per
cent of mean was observed for this trait. These findings were in agreement with
earlier reports by Patil (2014) in cluster bean.
4.3.1.2 Plant height (cm)

High phenotypic and genotypic variances (194.79 and 188.45,
respectively) were recorded coupled with moderate PCV and GCV of 17.78
and 17.51 per cent, respectively. This trait showed high heritability (96.70 %),
high genetic advance (27.82) and high GA as per cent of mean (35.49).

The PCV and GCV values were moderate for this trait, suggesting
moderate range of genetic variability and considerable influence of
environment in the expression of the trait. These results were in line with the
findings of Vikas Kumar and Ram (2015), Manivannan and Anandakumar
(2013) in cluster bean, Lal et al. (2005) in dolichos bean, Raffi and Nath (2004)
in dry bean.

High heritability coupled with high genetic advance as per cent of mean
was observed for this trait which indicated the preponderance of additive gene
action governing the inheritance of this character and offers the best possibility
of improvement of this trait through simple selection procedures. Similar
findings were reported by Vikas Kumar and Ram (2015), Patil (2014),
Bhatkodle et al. (2014), Muthuselvi and Shanthi (2013), Shabarish Rai et al.
(2012), Saini et al.(2010), Sabarish (2010), Raghu Prakash et al. (2008),
Anandhi and Oomen (2007), Saini et al.(2004), Singh et al. (2004),



Hanchinamani (2004), Singh et al. (2001), Singh et al. (2001) in cluster bean,
Rai et al. (2004) and Singh et al. (2000) in french bean.
4.3.1.3 Number of primary branches per plant

This character recorded low phenotypic and genotypic variances (3.75
and 3.01, respectively) with high PCV (29.23 %) and GCV (26.18 %), high
heritability (80.20 %), low genetic advance (3.20) and high GA as per cent of
mean (48.29).

High estimates of PCV and GCV for this trait indicates that variation
among the cultivars was also high. These results were in accordance with the
reports of Om Vir and Singh (2015), Muthuselvi and Shanthi (2013),
Shabarish Rai et al. (2012), Saini et al.(2010), Buttar et al. (2008), Raghu
Prakash et al. (2008), Hanchinamani (2004) and Choudhary et al. (2003) in
cluster bean.

High heritability in conjunction with high genetic advance as per cent
of mean was observed for this trait. The results were in conformity with the
previous studies of Vikas Kumar and Ram (2015), Patil (2014), Rahul Kapoor
(2014), Bhatkodle et al. (2014), Manivannan and Anandakumar (2013),
Muthuselvi and Shanthi (2013), Shabarish Rai et al. (2012), Saini et al.(2010),
Raghu Prakash et al. (2008), Anandhi and Oomen (2007), Mahla and Kumar
(2006), Shekhawat and Singhania (2005), Hanchinamani (2004) and Singh
et al. (2001) in cluster bean.
4.3.1.4 Number of leaves per plant

This character recorded high phenotypic and genotypic variances of
204.72 and 200.13, respectively coupled with moderate PCV (16.11 %) and
GCV (15.93 %) values, high heritability (97.80 %), high genetic advance
(28.81) and high GA as per cent of mean (32.44).

The PCV and GCV values were moderate for this trait, suggesting
moderate range of genetic variability and considerable influence of
environment in the expression of the trait. Similar findings were reported by
Prakash and Ram (2014) in french bean.



High heritability in conjunction with high genetic advance as per cent of
mean was observed for this trait. The results were in conformity with the
previous studies of Rahul Kapoor (2014), Bhatkodle et al. (2014), Mahla and
Kumar (2006), Shekhawat and Singhania (2005) and Hanchinamani (2004) in
cluster bean.
4.3.1.5 Days to first flowering

This character recorded very low phenotypic and genotypic variances of
0.90 and 0.29, respectively coupled with low PCV (3.98 %) and GCV (2.24
%) values, moderate heritability (31.80 %), low genetic advance (0.62) and low
GA as per cent of mean (2.60).

The PCV and GCV were low for this trait, indicating a narrow range of
genetic variability. Similar findings were reported by Vikas Kumar and Ram
(2015) in cluster bean.

Presence of moderate heritability coupled with low genetic advance as
per cent of mean indicated considerable influence of environment in the
expression of the above said trait.
4.3.1.6 Days to 50 per cent flowering

This trait recorded very low phenotypic and genotypic variances
(1.01 and 0.47, respectively) with low PCV (3.69 %) and GCV (2.52 %),
moderate heritability (46.50 %), low genetic advance (0.96) and low GA as per
cent of mean (3.53).

The PCV and GCV were low for this trait, indicating a narrow range of
genetic variability. Similar findings were reported by Vikas Kumar and Ram
(2015), Shabarish Rai et al. (2012), Raghu Prakash et al. (2008), Anandhi and
Oomen (2007) in cluster bean.
4.3.1.7 Number of clusters per plant

This trait recorded higher phenotypic and genotypic variances (72.65
and 69.69, respectively), with high PCV (32.48 %) and GCV (31.80 %), high
heritability (95.90 %), moderate genetic advance (16.84) with high GA as per

cent of mean (64.18) estimates.



Estimates of PCV and GCV were high for this trait. Similar findings
were reported by Vikas Kumar and Ram (2015), Patil (2014), Bhatkodle et al.
(2014), Muthuselvi and Shanthi (2013), Shabarish Rai et al. (2012), Saini
et al.(2010), Raghu Prakash et al. (2008), Anandhi and Oomen (2007),
Hanchinamani (2004), Singh et al. (2004) in cluster bean.

High values of heritability coupled with high genetic advance (GA) as
per cent of mean obtained for number of clusters per plant are indicative of
additive gene action and selection based on these parameters would be more
reliable. Similar findings were reported by Patil (2014), Bhatkodle et al.
(2014), Muthuselvi and Shanthi (2013), Shabarish Rai et al. (2012), Saini
et al.(2010), Raghu Prakash et al. (2008), Anandhi and Oomen (2007), Singh
et al. (2001) in cluster bean.
4.3.1.8 Number of pods per cluster

This character recorded very low phenotypic and genotypic variances of
0.07 and 0.06, respectively with high PCV (20.94 %) and moderate GCV
(13.79 %) values, moderate heritability (43.40 %), low genetic advance (0.92)
and moderate GA as per cent of mean (18.71).

High PCV and moderate GCV were observed for this trait. Similar
results were reported by Om Vir and Singh (2015), Manivannan and
Anandakumar (2013) in cluster bean.
4.3.1.9 Number of pods per plant

Very high phenotypic (2113.32) and genotypic variances (1539.74) were
recorded for number of pods per plant with high PCV (36.90 %) and GCV
(30.81 %), high values for heritability (72.90%), high genetic advance (68.99)
and high GA as per cent of mean (54.17).

High estimates of PCV and GCV for this trait indicates that variation
among the cultivars was also high. These results were in accordance with the
reports of Om Vir and Singh (2015), Bhatkodle et al. (2014), Shabarish Rai
et al. (2012), Saini et al.(2010), Raghu Prakash et al. (2008), Anandhi and
Oomen (2007), Hanchinamani (2004), Shekhawat and Choudhary (2004) in

cluster bean.



High heritability coupled with high genetic advance as per cent of mean
observed for this trait indicated the presence of larger number of fixable
additive factors which help in improvement of this trait through simple
selection procedures. These results were in line with the findings of Bhatkodle
et al. (2014), Shabarish Rai et al. (2012), Saini et al.(2010), Raghu Prakash
et al. (2008), Anandhi and Oomen (2007), Singh et al. (2001) in cluster bean.
4.3.1.10 Pod length (cm)

With regard to pod length, very low phenotypic and genotypic variance
were recorded (0.21 and 0.18, respectively) with low PCV (7.79 %) and GCV
(7.22 %), high heritability (86.00 %), low genetic advance (0.80) and moderate
GA as per cent of mean (13.79).

The PCV and GCV were low for this trait, indicating a narrow range of
genetic variability. Similar findings were reported by Bhat et al. (2012) in soya
bean, Pushpa et al. (2012) in Fenugreek.

High heritability in conjunction with moderate genetic advance as per
cent of mean was observed for this trait. Similar findings were reported by
Alemu et al. (2013) in french bean.
4.3.1.11 Pod girth (mm)

This character recorded low phenotypic and genotypic variances (1.20
and 0.98, respectively) with low PCV (4.99 %) and GCV (4.52 %) values, high
heritability (81.90%), low genetic advance (1.85) and low GA as per cent of
mean (8.43).

The PCV and GCV were low for this trait, indicating a narrow range of
genetic variability. Similar findings were reported by Patil (2014) in cluster
bean.

High heritability in conjunction with low genetic advance as per cent of
mean was observed for this trait. Similar findings were reported by Shabarish
Rai et al. (2012) in cluster bean.



4.3.2 Yield parameters
4.3.2.1 Number of seeds per pod

With respect to number of seeds per pod, low phenotypic (1.17) and
genotypic (0.90) variances, moderate PCV (14.61 %) and GCV (12.80 %), high
heritability (76.80 %), low genetic advance (1.71) and moderate GA as per cent
of mean (23.10) estimates were recorded.

The PCV and GCV values were moderate for this trait, suggesting
moderate range of genetic variability and considerable influence of
environment in the expression of the trait. These results were in accordance
with the findings of Shabarish Rai et al. (2012) in cluster bean.

High heritability coupled with moderate genetic advance as per cent of
mean was observed for this trait. Similar results were reported by Vikas Kumar
and Ram (2015), Patil (2014), Anandhi and Oomen (2007) in cluster bean.
4.3.2.2 Seed to pod ratio

With regard to seed to pod ratio, low phenotypic and genotypic variance
were recorded (2.69 and 2.06, respectively) with low PCV (3.38 %) and GCV
(2.96 %), high heritability (76.50 %), low genetic advance (2.59) and low GA
as per cent of mean (5.33).

The PCV and GCV were low for this trait, indicating a narrow range of
genetic variability. High heritability in conjunction with low genetic advance as
per cent of mean was observed for this trait.
4.3.2.3 Pod yield per plant (g)

High phenotypic and genotypic variances (64.57 and 63.05,
respectively) were recorded for pod yield per plant in seed guar cultivars with
high PCV (28.07 %) and GCV (27.74 %) values. Pod vyield per plant showed
high heritability (97.60%), moderate genetic advance (16.16) and high GA as
per cent of mean (56.47).

High estimates of PCV and GCV for this trait indicates that variation
among the cultivars was also high. These results were in accordance with the
reports of Patil (2014), Bhatkodle et al. (2014), Muthuselvi and Shanthi



(2013), Shabarish Rai et al. (2012), Saini et al.(2010), Anandhi and Oomen
(2007), Hanchinamani (2004) in cluster bean.

High values of heritability coupled with high genetic advance (GA) as
per cent of mean were obtained for pod yield per plant is indicative of additive
gene action and selection based on these parameters would be more reliable.
These results were in line with the findings of Vikas Kumar and Ram (2015),
Patil (2014), Muthuselvi and Shanthi (2013), Shabarish Rai et al. (2012),
Shabarish Rai et al. (2012), Saini et al.(2010), Anandhi and Oomen (2007),
Singh et al. (2001) in cluster bean, Singh et al. (2000) and Rai et al. (2004) in
french bean.
4.3.2.4 Pod yield per hectare (g/ha.)

High phenotypic and genotypic variances (79.71 and 77.83,
respectively) were recorded for pod yield per hectare in seed guar cultivars
with high PCV (28.08 %) and GCV (27.75 %) values. Pod yield per hectare
showed high heritability (97.60%), moderate genetic advance (17.96) and high
GA as per cent of mean (56.48).

High estimates of PCV and GCV for this trait indicates that variation
among the cultivars was also high. Similar findings were reported by Verma et
al. (2014) in dolichos bean, Shabarish Rai et al. (2012) in cluster bean.

High values of heritability coupled with high genetic advance (GA) as
per cent of mean were obtained for pod yield per hectare is indicative of
additive gene action and selection based on these parameters would be more
reliable. These results were in accordance with the findings of Verma et al.
(2014) in dolichos bean.
4.3.2.5 Seed yield per plant (g)

This character recorded moderate phenotypic and genotypic variances
(15.79 and 15.08, respectively) with high PCV (28.78 %) and GCV (28.13 %),
high heritability (95.50 %), low genetic advance (7.82) and high GA as per
cent of mean (56.64).

High estimates of PCV and GCV for this trait indicates that variation

among the cultivars was also high. These findings were in agreement with



earlier reports by Om Vir and Singh (2015), Patil (2014), Raghu Prakash et al.
(2008), Buttar et al. (2008), Hanchimani Nagaraj et al. (2004), Singh et al.
(2002) in cluster bean.

High heritability coupled with high genetic advance as per cent of mean
observed for this trait indicated the presence of larger number of fixable
additive factors which help in improvement of this trait through simple
selection procedures. These results were in accordance with the reports of
Vikas Kumar and Ram (2015), Patil (2014), Muthuselvi and Shanthi (2013),
Raghu Prakash et al. (2008) in cluster bean.
4.3.2.6 Seed yield per hectare (g/ha.)

Moderate  phenotypic and genotypic variances (19.49 and 18.61,
respectively) were recorded for seed yield per hectare in seed guar cultivars
with high PCV (28.78 %) and GCV (28.14 %) values. Seed yield per hectare
showed high heritability (95.50%), low genetic advance (8.69) and high GA as
per cent of mean (56.66).

High estimates of PCV and GCV for this trait indicates that variation
among the cultivars was also high. High values of heritability coupled with
high genetic advance (GA) as per cent of mean were obtained for seed yield
per hectare is indicative of additive gene action and selection based on these
parameters would be more reliable. Similar findings were reported by Rao
et al. (2014) in Soya bean.
4.3.2.7 100 seed weight (g)

This character recorded very low phenotypic and genotypic variances
(0.09 and 0.06, respectively) with low PCV (7.36 %) and GCV (6.02 %)
values, high heritability (67.00 %), low genetic advance (0.42) and moderate
GA as per cent of mean (10.15).

The PCV and GCV were low for this trait, indicating a narrow range of
genetic variability. Similar findings were reported by Patil (2014), Manivannan
and Anandakumar (2013) in cluster bean.

High heritability coupled with moderate genetic advance as per cent of

mean was observed for this trait. Similar results were reported by Vikas Kumar



and Ram (2015), Patil (2014), Manivannan and Anandakumar (2013), Saini
et al. (2010), Raghu Prakash et al. (2008) in cluster bean.
4.3.2.8 Harvest Index (%0)

Moderate phenotypic and genotypic variances (14.53 and 14.28,
respectively) were recorded for harvest index in seed guar cultivars with low
PCV (5.12 %) and GCV (5.08 %) values. Harvest index showed high
heritability (98.30 %), low genetic advance (7.72) and moderate GA as per cent
of mean (10.38).

The PCV and GCV were low for this trait, indicating a narrow range of
genetic variability. These results were in accordance with the findings of
Paramesh et al. (2014) in Mung bean, Kole and Saha (2013), Kole and Mishra
(2006), Dash and Kole (2001) in Fenugreek.

High heritability in conjunction with moderate genetic advance as per
cent of mean was observed for this trait. Similar findings were reported by
Jitender et al. (2014) in cluster bean.

4.3.3 Physiological parameters
4.3.3.1 Chlorophyll stability index

"With respect to chlorophyll stability index, very low phenotypic (0.07)
and genotypic (0.068) variances, high PCV (97.71 %) and GCV (97.58 %),
high heritability (99.70 %), low genetic advance (0.54) and very high GA as
per cent of mean (200.76) estimates were recorded.

High heritability in conjunction with high genetic advance as per cent of
mean was observed for this trait. Similar findings were reported by Paramesh
et al. (2014), Swathi (2013) in Mung bean.
4.3.3.2 Relative water content (%0)

This trait recorded moderate phenotypic and genotypic variances (35.94
and 35.67, respectively), with low PCV (7.01 %) and GCV (6.99 %), high
heritability (99.20 %), moderate genetic advance (12.26) with moderate GA as

per cent of mean (14.34) estimates.



The PCV and GCV were low for this trait, indicating a narrow range of
genetic variability. Similar findings were reported by Jitender et al. (2014) in
cluster bean.

High heritability in conjunction with moderate genetic advance as per
cent of mean was observed for this trait.
4.3.3.3 Peroxidase enzyme activity (E.U./g)

Very high phenotypic and genotypic variances (2515.55 and 2515.26,
respectively) were recorded for peroxidase enzyme activity in seed guar
cultivars with high PCV (25.11 %) and GCV (25.10 %) values. It showed high
heritability (99.90 %), high genetic advance (103.31) and high GA as per cent
of mean (51.72).

High estimates of PCV and GCV for this trait indicates that variation
among the cultivars was also high. High values of heritability coupled with
high genetic advance (GA) as per cent of mean were obtained for peroxidase
enzyme activity is indicative of additive gene action and selection based on
these parameters would be more reliable. These results were in accordance with
the reports of Singh et al. (2010) in Cabbage.
4.3.3.4 Catalse enzyme activity (E.U./qg)

With respect to catalse enzyme activity, very high phenotypic
(14017.75) and genotypic (14015.48) variances, high PCV (25.31 %) and GCV
(25.30 %), high heritability (99.90 %), high genetic advance (243.86) and high
GA as per cent of mean (52.11) estimates were recorded.

High estimates of PCV and GCV for this trait indicates that variation
among the cultivars was also high. These results were in accordance with the
reports of Singh et al. (2010) in Cabbage.

High values of heritability coupled with high genetic advance (GA) as
per cent of mean were obtained for catalase enzyme activity is indicative of
additive gene action and selection based on these parameters would be more
reliable. These results were in accordance with the reports of Hefny (2013) in

Lupin bean.



4.3.3.5 SPAD meter reading (CCI)

High phenotypic and genotypic variances (53.60 and 52.89,
respectively) were recorded for SPAD meter reading in seed guar cultivars with
moderate PCV (14.95 %) and GCV (14.85 %) values, high heritability
(98.70%), moderate genetic advance (14.88) and high GA as per cent of mean
(30.39).

4.3.4 Quality parameters
4.3.4.1 Crude gum content (%o)

This character recorded very low phenotypic and genotypic variances
(0.49 and 0.48, respectively) with low PCV (2.33 %) and GCV (2.32 %)
values, high heritability (99.50%), low genetic advance (1.44) and low GA as
per cent of mean (4.77).

The PCV and GCV were low for this trait, indicating a narrow range of
genetic variability. Similar findings were reported by Jitender et al. (2014),
Raghu Prakash et al. (2008) in cluster bean.

High heritability in conjunction with low genetic advance as per cent of
mean was observed for this trait. These results were in accordance with the
reports of Raghu Prakash et al. (2008) in cluster bean.

The study revealed that PCV was higher than the corresponding GCV
for all the characters indicating that all characters had interacted with
environment to some degree. High PCV and GCV were recorded for
morphological characters such as number of primary branches per plant,
number of clusters per plant, number of pods per plant, pod yield per plant, pod
yield per hectare, seed yield per plant, seed yield per hectare indicating the
existence of wider genetic variability for these traits in the cultivars under
study.

Also, similar results were recorded for physiological traits such as
chlorophyll stability index, peroxidase enzyme activity, catalase enzyme
activity indicating the existence of wider genetic variability for these traits in

the cultivars under study.



On the other side low PCV and GCV estimates were observed for
certain traits such as percentage of germination, days to first flowering, days to
50 % flowering, pod length, pod girth, seed to pod ratio, 100-seed weight,
harvest index, relative water content, crude gum content suggesting narrow
range of genetic variability for these traits.

The other characters viz., plant height, number of leaves per plant,
number of seeds per pod, SPAD meter reading were found with moderate
variability. Number of pods per cluster showed high PCV and moderate GCV.

High heritability coupled with high genetic advance as per cent of mean
indicating operation of additive gene action was observed for morphological
characters such as plant height, number of primary branches per plant, number
of leaves per plant, number of clusters per plant, number of pods per plant,
number of seeds per pod, pod yield per plant, pod yield per hectare, seed yield
per plant, seed yield per hectare. Hence, directional selection for these traits
could be effective for desired genetic improvement.

Similar results were observed for physiological traits such as chlorophyll
stability index, peroxidase enzyme activity, catalase enzyme activity, SPAD
meter reading. Hence, directional selection for these traits could be effective for
desired genetic improvement.

Moderate genetic advance as per cent of mean with high or medium
heritability suggesting the action of both additive and non-additive genes there
by favorable influence of environment in the expression of traits was reported
in case of percentage of germination, number of pods per cluster, pod length,
100-seed weight, harvest index, relative water content.

The high heritability accompanied with low GA as percent of mean was
recorded by pod girth, seed to pod ratio and crude gum content, which
indicated the presence of non additive gene action in inheritance of these traits.
The high heritability is being exhibited due to favourable influence of
environment rather than cultivar hence, selection for these traits may not be

rewarding.



The moderate heritability along with low GA as percent of mean was
recorded by days to first flowering and days to 50% flowering, which indicated
the presence of inheritance of the trait mostly by non additive gene action.
Hence, simple selection based on these traits for crop improvement programme
would be ineffective.

4.4 CORRELATION STUDIES

Crop vyield is the end product of the interaction of a number of other,
often interrelated attributes. A thorough understanding of the interaction of
characters among themselves had been of great use in plant breeding. The
efficiency of selection for yield mainly depends on the direction and magnitude
of association between yield and its component characters and also among
themselves. Character association provides information on the nature and
extent of association between pairs of metric traits and helps in selection for the
improvement of the character. Phenotypic and genotypic correlation
coefficients were worked out on yield and its component characters in 15
cultivars of seed guar. In general, genotypic correlations were higher than
phenotypic correlations, which indicates that though there is strong inherent
association between characters studied, its expression is lessened due to
influence of environment. The genotypic and phenotypic correlation
coefficients among yield and its component characters are presented in
Table 4.5.

4.4.1 Plant height (cm)

Plant height exhibited positive significant correlation with number of
pods per cluster (0.5892 P, 0.8578 G), pod length (0.5121 P, 0.5658 G) and
100-seed weight (0.3060 P, 0.3516 G) both at phenotypic and genotypic levels,
where as negative significant association with the crude gum content (-0.5391
P and -0.5436 G) both at genotypic and phenotypic levels.

These results were in line with the findings of various studies conducted
in cluster bean by Shabarish Rai and Dharmatti (2014) for number of pods per
cluster and pod length , Manivannan and Anandakumar (2013),

Arumugarangarajan et al. (2000) for number of pods per cluster.



4.4.2 Number of primary branches per plant

Number of primary branches per plant showed positive significant
correlation with number of clusters per plant (0.6826 P, 0.7252 G), number of
seeds per pod (0.4924 P, 0.5884 G), pod yield per plant (0.3855 P, 0.4073 G)
and seed yield per plant (0.4263 P, 0.4567 G) both at phenotypic and genotypic
levels, where as negative significant association with the 100-seed weight
(-0.3007 P and -0.4161 G) at genotypic and phenotypic levels, respectively.

These findings were in agreement with earlier reports of various studies
conducted in cluster bean by Manivannan and Anandakumar (2013) for seed
yield per plant, 100-seed weight, clusters per plant, Anandhi and Oommen
(2010),Singh et al. (2002) for number of clusters per plant.

4.4.3 Days to 50 % flowering

Days to 50 % flowering recorded positive, significant correlation with
number of pods per cluster (0.5822 G) at genotypic level and it showed
negative significant correlation with pod girth (-0.4245 P, -0.7620 G) at
genotypic and phenotypic levels.

Similar results were reported by Pan et al. (2004) in dolichos bean and
Roy et al. (2006) in french bean for pod girth.

4.4.4 Number of clusters per plant

Number of clusters per plant exhibited positive significant correlation
with number of seeds per pod (0.7674 P, 0.8762 G), pod yield per plant (0.7503
P, 0.7714 G) and seed yield per plant (0.7470 P, 0.7842 G), number of primary
branches per plant (0.6826P, 0.7252 G) both at genotypic and phenotypic
levels. This character showed negative significant correlation with number of
pods per cluster (-0.3052 G) at genotypic level.

These results were in conformity with the previous studies in cluster
bean by Shabarish Rai and Dharmatti (2014), Girish et al. (2012b), Saini et al.
(2010), Singh et al. (2004) for pod yield per plant, Arumugarangarajan et al.
(2000) for seed yield per plant, Anandhi and Oommen (2010) for number of
primary branches per plant, Manivannan and Anandakumar (2013) for primary

branches per plant and seed yield per plant.



4.4.5 Number of pods per cluster

Number of pods per cluster exhibited positive significant correlation
with pod length (0.4179 P, 0.4778 G), plant height (0.5892 P, 0.8578G) both at
genotypic and phenotypic levels, where as days to 50 % flowering (0.5822 G)
at genotypic level. This character also exhibited significant negative correlation
with crude gum content (-0.3757 P, -0.5722 G) at genotypic and phenotypic
levels, where as number of clusters per plant (-0.3052 G) at genotypic level.

Similar findings were reported in cluster bean by Shabarish Rai and
Dharmatti (2014), Manivannan and Anandakumar (2013) for plant height,
Girish et al. (2012b), Saini et al. (2010), Arumugarangarajan et al. (2000) for
plant height and number of clusters per plant.

4.4.6 Pod length (cm)

This trait had positive significant correlation with plant height (0.5121
P, 0.5658 G), number of pods per cluster (0.4179 P, 0.4778 G) both at
phenotypic and genotypic levels. This character also exhibited significant
negative correlation with pod girth (-0.3028 P, -0.3159 G) and crude gum
content (-0.3553 P, -0.3864 G) both at phenotypic and genotypic levels.

These results were in accordance with the reports of Shabarish Rai and
Dharmatti (2014) for plant height and pods per cluster in cluster bean, Pan
et al. (2004) for pod girth in dolichos bean.

4.4.7 Pod girth (mm)

This character exhibited positive significant correlation with 100 seed
weight (0.3052 G) at genotypic level and it showed negative significant
correlation with days to 50 % flowering (-0.4245 P, -0.7620 G), pod length
(-0.3028 P, -0.3159 G) both at phenotypic and genotypic levels, respectively.

These results were in accordance with the findings of Roy et al. (2006)
in french bean for days to 50 % flowering, Pan et al. (2004) for days to 50 %
flowering and pod length in dolichos bean.

4.4.8 Number of seeds per pod

This trait exhibited positive significant correlation with pod vyield per

plant (0.7508 P, 0.8700 G) and seed yield per plant (0.7633 P, 0.8999 G),



number of primary branches per plant (0.4924 P, 0.5884 G), number of clusters
per plant (0.7674 P, 0.8762 G) both at phenotypic and genotypic levels.

These results were in line with the findings of Anandhi and Oommen
(2010) for pod yiled per plant in cluster bean.

This trait has not recorded any negative significant correlation with any
other character.

4.4.9 Pod yield per plant (g)

This character showed positive and significant correlation with 100-seed
weight (0.3286 P, 0.4038 G) and seed yield per plant (0.9898 P, 0.9979 G),
number of primary branches per plant (0.3855 P, 0.4073 G), number of clusters
per plant (0.7503 P, 0.7714 G), number of seeds per pod (0.7508 P, 0.8700 G)
both at phenotypic and genotypic levels, respectively.

These results were in conformity with the previous studies conducted in
cluster bean by Shabarish Rai and Dharmatti (2014) for clusters per plant and
Arumugarangarajan et al. (2000) for seed yield per plant, clusters per plant,
number of seeds per pod.

This trait has not recorded any negative significant correlation with any
other character.

4.4.10 100-seed weight (g)

This character exhibited positive significant correlation with plant height
(0.3060 P, 0.3516 G), pod vyield per plant (0.3286 P, 0.4038 G) both at
phenotypic and genotypic levels, where as seed yield per plant (0.3860 G), pod
girth (0.3052 G) at genotypic level. This trait has recorded negative significant
correlation with number of primary branches per plant (-0.3007 P, -0.4161 G)
at phenotypic and genotypic levels.

Similar findings were reported by Manivannan and Anandakumar
(2013) for primary branches per plant in cluster bean.

4.4.11 Crude gum content (%)

This trait has recorded negative significant correlation with plant height

(-0.5391 P, -0.5436 G), number of pods per cluster (-0.3737 P, -0.5722 G), pod



length (-0.3553 P, -0.3864 G) both at phenotypic and genotypic levels,
respectively.

These results were in conformity with the previous studies of  Girish
et al. (2012b), Hanchinamani et al. (2004) for plant height in cluster bean.

This trait has not recorded any positive significant correlation with any
other character.

4.4.12 Seed yield per plant (g)

Phenotypic and genotypic correlations revealed that seed yield per plant
showed significant positive association with number of primary branches per
plant (0.4263 P and 0.4567 G), number of clusters per plant (0.7470 P and
0.7842 G), number of seeds per pod (0.7633 P and 0.0.8999 G), pod yield per
plant (0.9898 P, 0.9979 G) at both phenotypic and genotypic levels, where as
100-seed weight (0.3860 G) at genotypic level.

These results were in line with the findings of various studies conducted
in cluster bean by Manivannan and Anandakumar (2013) for number of
primary branches per plant, clusters per plant, Arumugarangarajan et al. (2000)
for clusters per plant, number of seeds per pod, pod yield per plant, Om Vir and
Singh (2015), Saini et al. (2010), Singh et al. (2005), Singh et al. (2002), Singh
et al. (2001), Patel and Chaudhary (2001) for clusters per plant, number of
seeds per pod, Patil (2014) for clusters per plant, number of seeds per pod, pod
yield per plant, 100-seed weight, Ibrahim et al. (2013), Shah et al. (2000) for
number of clusters per plant, pod yield per plant, Singh et al. (2004) for
clusters per plant, number of seeds per pod, 100-seed weight, Sultan et al.
(2012), Maria Sultan et al. (2012) for clusters per plant, Rai et al. (2012) for
pod yield per plant, Buttar et al. (2008), Brar and Grover (2003) for 100-seed
weight.

The correlation study indicated that the number of primary branches per
plant, number of clusters per plant, number of seeds per pod and pod yield per
plant had significant positive association with seed yield per plant at both
genotypic and phenotypic levels and 100-seed weight had significant positive

association with seed yield per plant at genotypic level. So improvement in



seed yield per plant is possible by taking above characters as criteria in
selection scheme.
4.5 PATH ANALYSIS

Path analysis was carried out at phenotypic and genotypic level
considering seed yield per plant as dependent variable and its attributes viz.,
plant height (cm), number of primary branches per plant, days to 50%
flowering, number of clusters per plant, number of pods per cluster, pod length
(cm), pod girth (mm), number of seeds per pod, pod yield per plant (g), 100-
seed weight (g) and crude gum content (%) as independent variables.

Each component has two path actions viz., direct effect on yield and
indirect effect through components which are not revealed by correlation
studies. The results are presented in Table 4.6 and path showing the cause and
effect relationship is shown for phenotypic in Fig.1 and genotypic in Fig.2.
Direct and indirect effects
4.5.1 Plant height (cm)

Plant height recorded positive direct effect (0.0265 P, 0.0081 G) on
seed yield per plant at phenotypic and genotypic levels. These findings were in
agreement with the results of Patil (2014), Raghu Prakash et al. (2009) in
cluster bean, Krishnan et al. (2002) in urdbean.

This trait exhibited positive indirect effect on seed yield per plant
through number of clusters per plant (0.0011 P, 0.0044 G), pod length (0.0100
P, 0.3756 G ), pod yield per plant (0.1886 P, 0.5965 G), crude gum content
(0.0101 P, 0.4173 G) at phenotypic level and genotypic level respectively,
similar results were observed at genotypical level through number of primary
branches per plant (0.0069 G), pod girth (0.0117 G) and at phenotypical level
through number of seeds per pod (0.0026 P). These results were in conformity
with the previous studies conducted in cluster bean by Arumugarangarajan et
al. (2000) through number of clusters per plant, pod length, pod yield per plant,
Manivannan and Anandakumar (2013), through pod length, Raghu Prakash et
al. (2009) through crude gum content.



This trait also exhibited negative indirect effect on seed yield per plant
through days to 50% flowering (-0.0073 P, -0.0203 G), number of pods per
cluster (-0.0091 P, -0.9899 G), 100-seed weight (-0.0246 P, -0.1077 G) at
phenotypic level and genotypic level respectively, similar results were
observed at genotypic level through number of seeds per pod (-0.1008 G) and
at phenotypical level through number of primary branches per plant (-0.0009
P), pod girth (-0.0085 P). These results were in accordance with the reports of
various studies conducted in cluster bean by Arumugarangarajan et al. (2000)
through days to 50 % flowering, Raghu Prakash et al. (2009) through days to
50 % flowering, pods per cluster, 100-seed weight.

4.5.2 Number of primary branches per plant

Number of primary branches per plant recorded positive direct effect
(0.0113 P) at phenotypical level and negative direct effect (-0.0884 G) at
genotypcial level on seed yield per plant.

This trait exhibited positive indirect effect on seed yield per plant
through days to 50% flowering (0.0050 P, 0.0155 G), number of pods per
cluster (0.0023 P, 0.2715 G ), pod length (0.0025 P, 0.1593 G), pod yield per
plant (0.3964 P, 1.2542 G), 100-seed weight (0.0242 P, 0.1274 G) at
phenotypic level and genotypic level respectively, similar results were
observed at phenotypical level through pod girth (0.0046 P), number of seeds
per pod (0.0174). These results were in line with the findings of various studies
conducted in cluster bean by Manivannan and Anandakumar (2013) through
pods per cluster, pod length, Buttar et al. (2008) through 100-seed weight.

This trait also exhibited negative indirect effect on seed yield per plant
through plant height (-0.0020 P, -0.0006 G), number of clusters per plant
(-0.0350 P, -0.2756 G), crude gum content (-0.0003 P, -0.0078 G) at
phenotypic level and genotypic level respectively, similar results were
observed at genotypic level through pod girth (-0.0041 G), number of seeds per
pod (-0.9947 G). These results were in conformity with the previous studies
conducted in cluster bean by Raghu Prakash et al. (2009) through clusters per
plant, plant height, Buttar et al. (2008) through plant height.



4.5.3 Days to 50 % flowering

Days to 50 % flowering recorded negative direct effect (-0.0396 P,
-0.0787 G) on seed yield per plant at phenotypic and genotypic levels. These
findings were in agreement with the results of Raghu Prakash et al. (2009) in
cluster bean.

This trait exhibited positive indirect effect on seed yield per plant
through plant height (0.0049 P, 0.0021 G), number of clusters per plant (0.0025
P, 0.0130 G ), pod length (0.0018 P, 0.1594 G), pod yield per plant (0.1476 P,
0.6855 G), 100-seed weight (0.0043 P, 0.0408 G) at phenotypic level and
genotypic level respectively, similar results were observed at genotypical level
through number of primary branches per plant (0.0174 G), pod girth (0.0583
G), number of seeds per pod (0.0414 G). These findings were in agreement
with the results of various studies conducted in cluster bean by Manivannan
and Anandakumar (2013), Hingane and Navale (2008) through plant height,
100-seed weight, Arumugarangarajan et al. (2000) through plant height, pod
length, pod yield per plant.

This trait also exhibited negative indirect effect on seed yield per plant
through number of pods per cluster (-0.0024 P, -0.6719 G), crude gum content
(-0.0014 P, -0.0813 G) at phenotypic level and genotypic level respectively,
similar results were observed at phenotypical level through number of primary
branches per plant (-0.0014 P), pod girth (-0.0234 P), number of seeds per pod
(-0.0004). These results were in conformity with the previous studies
conducted in cluster bean by Manivannan and Anandakumar (2013),
Arumugarangarajan et al. (2000) through pods per cluster, Raghu Prakash et al.
(2009) through crude gum content.

4.5.4 Number of clusters per plant

Number of clusters per plant recorded negative direct effect (-0.0513 P,
-0.3800 G) on seed yield per plant at phenotypic and genotypic levels. These
findings were in agreement with the results of Raghu Prakash et al. (2009) in

cluster bean, Krishnan et al. (2002) in urdbean.



This trait exhibited positive indirect effect on seed yield per plant through
days to 50% flowering (0.0019 P, 0.0027 G), number of pods per cluster
(0.0029 P, 0.3522 G ), pod length (0.0029 P, 0.1154 G), pod yield per plant
(0.7716 P, 2.3754 G) at phenotypic level and genotypic level respectively,
similar results were observed at genotypical level through pod girth (0.0062 G)
and at phenotypical level through number of seeds per pod (0.0271 P). These
results were in conformity with the previous studies conducted in cluster bean
by Raghu Prakash et al. (2009) through days to 50 % flowering, pods per
cluster, Manivannan and Anandakumar (2013) through pod length,
Arumugarangarajan et al. (2000) through pod length, pod yield per plant.

This trait also exhibited negative indirect effect on seed yield per plant
through plant height (-0.0006 P, -0.0001 G), number of primary branches per
plant (-0.0074 P, -0.0641 G), 100-seed weight (-0.0081 P, -0.0340 G), crude
gum content (-0.0026 P, -0.1082 G) at phenotypic level and genotypic level
respectively, similar results were observed at genotypical level through number
of seeds per pod (-1.4813 G) and at phenotypical level through pod girth
(-0.0045 P). These results were in conformity with the previous studies
conducted in cluster bean by Arumugarangarajan et al. (2000) through plant
height, Manivannan and Anandakumar (2013) through primary branches per
plant, 100-seed weight.

4.5.5 Number of pods per cluster

Number of pods per cluster recorded negative direct effect (-0.0155 P,
-1.1541 G) on seed yield per plant at phenotypic and genotypic levels. These
findings were in agreement with the results of Krishnan et al. (2002) in
urdbean.

This trait exhibited positive indirect effect on seed yield per plant through
plant height (0.0156 P, 0.0070 G), number of clusters per plant (0.0096 P,
0.1160 G), pod length (0.0082 P, 0.3171 G), pod yield per plant (0.0895 P,
0.3903 G), crude gum content (0.0070 P, 0.4393 G) at phenotypic level and
genotypic level respectively, similar results were observed at genotypical level
through number of primary branches per plant (0.0208 G), pod girth (0.0169



G), number of seeds per pod (0.0941 G). These results were in conformity with
the previous studies conducted in cluster bean by Manivannan and
Anandakumar (2013) through pod length, Arumugarangarajan et al. (2000)
through clusters per plant, pod length, pod yield per plant.

This trait also exhibited negative indirect effect on seed yield per plant
through days to 50 % flowering (-0.0062 P, -0.0458 G), 100-seed weight
(-0.0100 P, -0.0766 G) at phenotypic level and genotypic level respectively,
similar results were observed at phenotypical level through number of primary
branches per plant (-0.0077 P), pod girth (-0.0151 P), number of seeds per pod
(-0.0009 P). These results were in line with the findings of various studies
conducted in cluster bean by Manivannan and Anandakumar (2013) through
days to 50 % flowering, 100-seed weight, Arumugarangarajan et al. (2000)
through days to 50 % flowering.

4.5.6 Pod length (cm)

Pod length recorded positive direct effect (0.0195 P, 0.6638 G) on seed
yield per plant at phenotypic and genotypic levels. These findings were in
agreement with the results of Hingane and Navale (2008) in cluster bean.

This trait exhibited positive indirect effect on seed yield per plant through
plant height (0.0136 P, 0.0046 G), pod vyield per plant (0.0283 P, 0.0871 G),
crude gum content (0.0066 P, 0.2967 G) at phenotypic level and genotypic
level respectively, similar results were observed at genotypical level through
pod girth (0.0242 G) and at phenotypical level through number of primary
branches per plant (0.0015 P), number of seeds per pod (0.0051 P). These
results were in conformity with the previous studies conducted in cluster bean
by Hingane and Navale (2008) through plant height, Arumugarangarajan et al.
(2000) through plant height, pod yield per plant.

This trait also exhibited negative indirect effect on seed yield per plant
through days to 50 % flowering (-0.0037 P, -0.0189 G), number of clusters per
plant (-0.0076 P, -0.0661 G), number of pods per cluster (-0.0065 P, -0.5514
G), 100-seed weight (-0.0045 P, -0.0195 G) at phenotypic level and genotypic

level respectively, similar results were observed at genotypical level through



number of primary branches per plant (-0.0212 G), number of seeds per pod (-
0.3594 G) and at phenotypical level through pod girth (-0.0167 P). These
results were in conformity with the previous studies conducted in cluster bean
by Hingane and Navale (2008), Arumugarangarajan et al. (2000) through days
to 50 % flowering, clusters per plant, pods per cluster, 100-seed weight.

4.5.7 Pod girth (mm)

Pod girth recorded positive direct effect (0.0552 P) at phenotypical level
and negative direct effect (-0.0765 G) at genotypcial level on seed yield per
plant.

This trait exhibited positive indirect effect on seed yield per plant
through days to 50% flowering (0.0168 P, 0.0600 G), number of clusters per
plant (0.0042 P, 0.0310 G), number of pods per cluster (0.0042 P, 0.2549 G),
crude gum content (0.0005 P, 0.0243 G) at phenotypic level and genotypic
level respectively, similar results were observed at genotypical level through
number of seeds per pod (0.1807 G) and at phenotypical level through number
of primary branches per plant (0.0009 P). These results are in line with the
findings of Shabarish Rai and Dharmatti (2014) through clusters per plant in
cluster bean.

This trait also exhibited negative indirect effect on seed yield per plant
through plant height (-0.0041 P, -0.0012 G), pod length (-0.0059 P, -0.2097 G),
pod yield per plant (-0.0457 P, -0.1834 G), 100-seed weight (-0.0220 P,
-0.0935 G) at phenotypic level and genotypic level respectively, similar results
were observed at genotypic level through number of primary branches per plant
(-0.0049 G) and at phenotypical level through number of seeds per pod
(-0.0038 P). These results are in line with the findings of Malaghan et al.
(2014) through plant height in cluster bean.

4.5.8 Number of seeds per pod

Number of seeds per pod recorded positive direct effect (0.0354 P) at

phenotypical level and negative direct effect (-1.6905 G) at genotypcial level

on seed yield per plant.



This trait exhibited positive indirect effect on seed yield per plant
through plant height (0.0019 P, 0.0005 G), days to 50% flowering (0.0004 P,
0.0019 G), number of pods per cluster (0.0004 P, 0.0643 G), pod length
(0.0028 P, 0.1411 G), pod vyield per plant (0.7721 P, 2.6790 G), crude gum
content (0.0031 P, 0.1410 G) at phenotypic level and genotypic level
respectively, similar results were observed at genotypical level through pod
girth (0.0082 G) and at phenotypical level through number of primary branches
per plant (0.0056 P). These results were in accordance with the reports of
various studies conducted in cluster bean by Manivannan and Anandakumar
(2013) through days to 50 % flowering, Hingane and Navale (2008) through
number of pods per cluster, Buttar et al. (2008) through plant height,
Arumugarangarajan et al. (2000) through plant height, days to 50 % flowering,
number of pods per cluster, pod yield per plant.

This trait also exhibited negative indirect effect on seed yield per plant
through number of clusters per plant (-0.0394 P, -0.3329 G), 100-seed weight
(-0.0130 P, -0.0606 G) at phenotypic level and genotypic level respectively,
similar results were observed at genotypic level through number of primary
branches per plant (-0.0520 G) and at phenotypical level through pod girth
(-0.0060 P). These results were in conformity with the previous studies
conducted in cluster bean by Manivannan and Anandakumar (2013) through
clusters per plant, Buttar et al. (2008) through 100-seed weight,
Arumugarangarajan et al. (2000) through clusters per plant, 100-seed weight.
4.5.9 Pod yield per plant (g)

Pod yield per plant recorded positive direct effect (1.0283 P, 3.0792 G) on
seed yield per plant at phenotypic and genotypic levels. These findings were in
agreement with the results of Patil (2014) in cluster bean.

This trait exhibited positive indirect effect on seed yield per plant through
plant height (0.0049 P, 0.0016 G), pod length (0.0005 P, 0.0188 G) at
phenotypic level and genotypic level respectively, similar results were
observed at genotypical level through pod girth (0.0046 G) and at phenotypical

level through number of primary branches per plant (0.0044 P), number of



seeds per pod (0.0266 P). These results are in line with the findings of
Arumugarangarajan et al. (2000) through plant height, pod length in cluster
bean.

This trait also exhibited negative indirect effect on seed yield per plant
through days to 50 % flowering (-0.0057 P, -0.0175 G), number of clusters per
plant (-0.385 P, -0.2931 G), number of pods per cluster (-0.0013 P, -0.1463 G),
100-seed weight (-0.0264 P, -0.1236 G), crude gum content (-0.0004 P, -0.0189
G) at phenotypic level and genotypic level respectively, similar results were
observed at genotypical level through number of primary branches per plant (-
0.0360 G), number of seeds per pod (-1.4708 G) and at phenotypical level
through pod girth (-0.0025 P).

4.5.10 100-seed weight (g)

100-seed weight recorded negative direct effect (-0.0804 P, -0.3062
G) on seed yield per plant at phenotypic and genotypic levels. These findings
were in agreement with the results of Patil (2014), Raghu Prakash et al. (2009),
Hingane and Navale (2008), Buttar et al. (2008), Singh et al. (2002),
Arumugarangarajan et al. (2000) in cluster bean.

This trait exhibited positive indirect effect on seed yield per plant
through plant height (0.0081 P, 0.0029 G), days to 50 % flowering (0.0021 P,
0.0105 G ), pod length (0.0011 P, 0.0423 G), pod yield per plant (0.3379 P,
1.2434 G), crude gum content(0.0009 P, 0.0453 G) at phenotypic level and
genotypic level respectively, similar results were observed at genotypical level
through number of primary branches per plant (0.0368 G) and at phenotypical
level through pod girth (0.0151 P), number of seeds per pod (0.0057 P). These
results were in accordance with the reports of various studies conducted in
cluster bean by Buttar et al. (2008) through plant height, Manivannan and
Anandakumar (2013) through days to 50 % flowering, Hingane and Navale
(2008) through plant height and pod length, Arumugarangarajan et al. (2000)
through pod length.

This trait also exhibited negative indirect effect on seed yield per plant

through number of clusters per plant (-0.0052 P, -0.0422 G), number of pods



per cluster (-0.0019 P, -0.2885 G) at phenotypic level and genotypic level
respectively, similar results were observed at genotypical level through pod
girth (-0.0234 G), number of seeds per pod (-0.3347 G) and at phenotypical
level through number of primary branches per plant (-0.0034 P). These results
are in line with the findings of Manivannan and Anandakumar (2013), Hingane
and Navale (2008) through clusters per plant, pods per cluster in cluster bean.
4.5.11 Crude gum content (%)

Crude gum content recorded negative direct effect (-0.0187 P,
-0.7677 G) on seed yield per plant at phenotypic and genotypic levels.

This trait exhibited positive indirect effect on seed yield per plant
through number of pods per cluster (0.0058 P, 0.6603 G), pod yield per plant
(0.0236 P, 0.0756 G), 100-seed weight (0.0039 P, 0.0181 G) at phenotypic
level and genotypic level respectively, similar results were observed at
genotypical level through pod girth (0.0024 G), number of seeds per pod
(0.3105 G) and at phenotypical level through number of primary branches per
plant (0.0002 P).

This trait also exhibited negative indirect effect on seed yield per plant
through plant height (-0.0143 P, -0.0044 G), days to 50 % flowering (-0.0030
P, -0.0083 G), number of clusters per plant (-0.0072 P, -0.0535 G), pod length
(-0.0069 P, -0.2565 G) at phenotypic level and genotypic level respectively,
similar results were observed at genotypical level through number of primary
branches per plant  (-0.0009 G) and at phenotypical level through pod girth (-
0.0015 P), number of seeds per pod (-0.0059 P). These results are in line with
the findings of Raghu Prakash et al. (2009) through number of clusters per
plant in cluster bean.

Although correlation coefficients indicate the nature of association
among the characters, path analysis splits the correlation coefficients into
measures of direct and indirect effects, thus providing an understanding on the
direct and indirect contribution of each character towards yield.

Path coefficient analysis showed that pod yield per plant and pod length

at genotypic level exhibited high positive direct effect on seed yield per plant



and pod yield per plant recorded significant, positive correlation with seed
yield per plant. It clearly indicates that direct selection based on these
characters would be effective for an increase in seed yield per plant.

Further among the traits studied, pod yield per plant had significant
positive correlation with seed yield along with high variability, high heritability
coupled with high genetic advance as percent of mean. From these results it can
be concluded that more emphasis should be given for selection of this trait to
improve the seed yield in seed guar.

The residual effect of the present study was 0.126 for genotypic level
and 0.099 for phenotypic level indicating that the characters studied
contributed 87.4% of the yield at genotypic level and 90.1% at phenotypic
level, respectively. It is suggested that maximum emphasis should be given on

the above characters for selecting seed guar cultivars with higher yield.



Table 4.2. Mean performance of fifteen cultivars of seed guar ( Cyamopsis tetragonoloba (L.) Taub.) for seed yield and the
twenty four component characters

Cultivare Percg?tage E;%r:t llg\lr(z)alnocfhis No. of leaves|Days to _first Days to 50 cluzltgrg];)er No. of pods | No. of pods [Pod length| Pod girth setlc(i)é (r))];r Seed to pod
germination|  (cm) per plant per plant | flowering (% flowering plant per cluster | per plant (cm) (mm) pod ratio
RGC 197 89.67 113.00 5.00 74.00 24.67 28.67 17.00 7.00 119.67 6.13 21.53 6.67 48.21
RGC 936 100.00 88.67 9.00 118.00 23.33 26.00 29.00 4.33 126.00 6.23 23.27 7.33 50.00
RGC 963 100.00 95.33 9.00 103.00 23.33 26.33 40.67 5.00 204.00 6.16 21.93 8.67 50.19
RGC 986 95.33 84.00 8.00 99.00 24.33 28.00 38.00 5.00 189.33 5.60 22.00 9.00 49.07
RGC 1002 99.00 68.67 4.00 79.00 23.00 27.33 21.00 3.67 76.67 5.53 23.27 6.00 46.72
RGC 1025 99.33 76.67 6.00 76.00 24.33 27.67 28.33 4.33 122.67 5.87 19.53 7.67 45.73
RGC 1031 99.00 77.67 6.00 82.00 24.67 26.67 15.33 5.33 81.67 5.63 21.93 5.33 47.12
RGC 1033 87.33 64.67 8.00 103.00 23.67 27.67 29.00 4.67 134.67 5.30 22.00 7.33 48.19
RGC 1038 88.67 66.33 7.00 102.00 23.67 27.00 31.67 5.00 158.33 5.67 21.73 7.67 50.53
RGC 1066 93.33 87.33 4.00 66.00 23.00 26.67 14.00 6.00 84.33 6.10 22.13 7.33 50.02
HG 365 99.33 62.33 5.00 73.00 23.00 26.00 17.33 4.00 69.67 4,73 23.33 7.00 48.30
HG 884 79.67 66.33 9.00 93.00 24.67 27.67 28.00 4.33 121.33 5.83 21.53 8.00 50.52
HG 2-20 88.00 79.00 6.00 92.00 23.67 27.00 36.33 5.00 182.00 6.00 22.07 8.67 47.85
JJ-1 99.33 79.33 5.00 84.00 25.00 28.33 21.00 5.00 105.00 6.23 20.27 6.67 46.95
JG-2 100.00 67.00 8.00 88.00 23.33 27.00 27.00 5.00 135.33 6.36 22.47 7.67 48.54
Mean 94.53 78.42 7.00 89.00 23.84 27.20 26.24 491 127.38 5.83 21.93 7.4 48.53
Range lowest 79.67 62.33 4.00 66.00 23.00 26.00 15.33 3.67 69.67 4.73 19.53 5.3 45.73
Range highest 100.00 113.00 9.00 117.67 24.67 28.67 40.67 7.00 204.00 6.36 23.33 9 50.53
C.V. (%) 0.57 3.21 13.001 241 3.28 2.69 6.56 15.75 18.80 2.92 212 7.04 1.64
SE. = 0.31 1.45 0.497 124 0.45 0.42 0.99 0.44 13.82 0.09 0.26 0.30 0.46
C.D. at 5% 0.91 4.21 144 3.58 131 1.22 2.88 1.29 40.06 0.28 0.78 0.87 1.33
C.D.at1% 1.23 5.68 1.94 4.83 1.77 1.65 3.88 1.75 54.04 0.38 1.05 1.18 1.79




Table 4.2: contd...

_ Pod yield | Seed yield _ Harvest Relative | Peroxidase | Catalase SPAD
Cultivars Pod yield per ha. per plant Seed yield 10_0 seed Index Chl_o_rop_hyll water enzyme enzyme meter Crude gum
per plant (g) (g/ha) © per ha. (g/ha)| weight (g) (%) stability index| content activity activity reading |content (%)
(%) (E.U.Jg) (E.U.Jg) (ccn

RGC 197 29.00 32.22 13.70 15.22 4.39 66.80 0.049 92.67 94.25 435.50 56.37 29.26
RGC 936 27.67 30.73 13.67 15.18 4.17 70.93 0.094 81.67 181.06 422.75 35.39 30.05
RGC 963 33.33 37.03 16.73 18.59 4.03 72.25 0.201 75.33 192.83 437.25 40.92 29.34
RGC 986 45.00 49.99 21.93 24.36 4.09 69.15 0.467 87.67 197.08 497.75 47.01 29.83
RGC 1002 19.33 21.48 9.03 10.03 4.36 78.75 0.180 75.00 244.14 392.75 47.99 31.06
RGC 1025 27.33 30.37 12.50 13.89 4.03 76.45 0.177 81.33 78.60 546.75 48.89 30.78
RGC 1031 17.33 19.25 8.17 9.07 3.88 78.00 0.144 84.67 241.18 480.75 53.66 30.15
RGC 1033 35.33 39.25 17.03 18.92 3.84 74.60 0.571 80.33 231.36 394.50 47.99 31.71
RGC 1038 27.67 30.73 13.00 14.44 4.17 71.03 0.951 85.00 216.22 379.50 39.30 30.69
RGC 1066 24.00 26.66 12.00 13.33 4.24 74.80 0.016 90.33 229.89 398.00 51.41 29.42
HG 365 24.00 26.66 11.67 12.95 4.09 78.80 0.044 95.00 221.30 383.25 59.63 29.57
HG 884 27.00 29.99 13.63 15.14 3.86 79.10 0.169 87.67 239.88 429.50 62.78 29.66
HG 2-20 44.33 49.25 21.07 23.40 4.79 72.67 0.506 92.00 220.94 606.75 46.19 30.15
JJ-1 23.00 25.55 10.80 11.99 3.77 76.75 0.044 84.67 220.87 824.50 48.67 29.71
JG-2 25.00 27.77 12.13 13.48 3.88 75.63 0.419 88.67 186.81 389.75 48.40 29.83
Mean 28.62 31.80 13.80 15.33 4.11 74.38 0.27 85.47 199.76 467.95 48.97 30.08
Range lowest 17.33 19.25 8.17 9.07 3.77 66.80 0.016 75.00 78.60 379.50 35.39 29.26
Range highest 45.00 49.99 21.93 24.36 4.79 79.10 0.951 95.00 244.14 824.50 62.78 31.71
C.V. (%) 4.31 4.31 6.09 6.09 4.23 0.66 4.99 0.61 0.27 0.32 1.71 0.17
SE. % 0.71 0.79 0.48 0.54 0.10 0.29 0.008 0.30 0.30 0.87 0.48 0.03
C.D. at 5% 2.06 2.29 1.41 1.56 0.29 0.83 0.023 0.87 0.89 2.52 1.40 0.09
C.D.at1% 2.78 3.09 1.90 2.10 0.39 1.11 0.030 1.18 1.20 3.40 1.89 0.12







Table 4.4 Mean, variability, GCV, PCV, heritability (broad sense), genetic advance and genetic advance as per cent of mean for

seed yield and its components in seed guar (Cyamopsis tetragonoloba (L.) Taub.) cultivars

s Vari Heritability Genetic
ange ariance i
Mean g GCV PCV in broad Genetic | advance
S.No. Character (%) (%) sense advance as
Minimum | Maximum | Genotypic | Phenotypic 0 0 ) (0 per cent of
(") (%) mean (5%o)
1. |Percentage of germination 94.53 79.67 100.00 40.93 41.23 6.77 6.79 99.30 13.13 13.89
2. |Plant height (cm) 78.42 62.33 113.00 188.45 194.79 17.51 17.78 96.70 27.82 35.49
3. i
Number of primary branches | g6 | 4 g 9.00 3.01 3.75 26.18 | 29.23 80.20 3.20 48.29
per plant
4. |Number of leaves per plant 88.80 66.00 117.67 200.13 204.72 15.93 16.11 97.80 28.81 32.44
5. | Days to first flowering 23.84 23.00 24.67 0.29 0.90 2.24 3.98 31.80 0.62 2.60
6 |Daysto50% flowering 27.20 26.00 28.67 0.47 1.01 2.52 3.69 46.50 0.96 3.53
7. | Number of clusters per plant 26.24 15.33 40.67 69.69 72.65 31.80 32.48 95.90 16.84 64.18
8. | Number of pods per Cluster 4.91 3.67 7.00 0.06 0.07 13.79 20.94 43.40 0.92 18.71
9. | Number of pods per plant 127.38 69.67 204 1539.74 2113.32 30.81 36.90 72.90 68.99 54.17
10. " |Pod length (cm) 5.83 473 6.37 0.18 0.21 7.22 7.79 86.00 0.80 13.79
11. |pod girth (mm) 2193 | 19.53 23.33 0.98 1.20 452 4.99 81.90 1.85 8.43
12. | Number of seeds per pod 7.40 5.30 9.00 0.90 1.17 12.80 14.61 76.80 1.71 23.10




Table 4.4 contd....

. Genetic
Range Variance Heritability Genetic advance
S No Character Mean GCV PCV in broad advance as
e Minimum | Maximum | Genotypic | Phenotypic (%) (%) sense per cent
(h?) (%) of mean
(5%)
13. | See to pod ratio 48.53 45.73 50.53 2.06 2.69 2.96 3.38 76.50 2.59 5.33
14. |Pod yield per plant (g) 28.62 17.33 45.00 63.05 64.57 27.74 28.07 97.60 16.16 56.47
15. |Pod yield per hectare (g./ha.) 31.80 19.25 49.99 77.83 79.71 27.75 28.08 97.60 17.96 56.48
16. |Seeds yield per plant (g) 13.80 8.17 21.93 15.08 15.79 28.13 28.78 95.50 7.82 56.64
17. |Seed yield per hectare (g./ha.) 15.33 9.07 24.36 18.61 19.49 28.14 28.79 95.50 8.69 56.66
18. |100-seed weight (g) 4.11 3.77 4.79 0.06 0.09 6.02 7.36 67.00 0.42 10.15
19. [Harvest Index 74.38 66.80 79.10 14.28 14.53 5.08 5.12 98.30 1.72 10.38
20. |Chlorophyll stability index 0.27 0.016 0.951 0.068 0.070 97.58 97.71 99.70 0.54 200.76
21. |Relative water content 85.47 75.00 95.00 35.67 35.94 6.99 7.01 99.20 12.26 14.34
22. |Peroxidase enzyme activity 199.76 78.60 244.14 2515.26 2515.55 25.10 25.11 99.90 103.31 51.72
23. |Catalase enzyme activity 467.95 379.50 824.50 14015.48 14017.75 25.29 25.30 99.90 243.86 52.11
24. |SPAD meter reading 48.97 35.39 62.78 52.89 53.60 14.85 14.95 98.70 14.88 30.39
25. | Crude gum content (%) 30.08 29.26 31.71 0.48 0.49 2.32 2.33 99.50 1.44 4.77

PCV and GCV : 0-10 % - Low; 11-20 % - Moderate; 21 % and above — High.

Heritability : Less than 30 % - Low; 30-60 % - Moderate; More than 60 % - High

Genetic advance as per cent of mean : 0- 10% - Low; 10.1-20% - Moderate; >20.1% - High




Table 4.5 Genotypic and Phenotypic correlation coefficients of seed yield and its components in seed guar
( Cyamopsis tetragonoloba (L) Taub.) cultivars

Number of . Crude Correlation
hPeI iar;ltt primary SD;;S to N;T:;gsor Nuorgi)ezgf Pod length Pod girth l\;g:;ks)erecr)f ng yllae:lc: 100-seed gum with Seed
Character (cr?w) branches flov;erin er plant pclustgr (cm) (mm) o dp P (p) weight (g) content yield per
per plant 9 PErp P 9 (%) plant (g)
. G -0.0778 0.2578 -0.0116 0.8578** 0.5658** -0.1534 0.0596 0.1937 0.3516* -0.5436** 0.2019
Plant height (cm) 5 20.0766 0.1840 00213 | 05892%* | 05121* | -0.1550 0.0727 0.1834 0.3060% | -0.5391%* 0.1884
Number of G -0.1967 0.7252** -0.2352 0.2400 0.0553 0.5884** 0.4073** -0.4161** 0.0101 0.4567**
primary branches
per plant P -0.1251 0.6826** -0.1476 0.1291 0.0833 0.4924** 0.3855** -0.3007* 0.0136 0.4263**
Days to 50% G -0.0342 0.5822** 0.2402 -0.7620** -0.0245 0.2226 -0.1332 0.1059 0.1859
flowering P -0.0479 0.1554 0.0928 -0.4245** -0.0102 0.1436 -0.0530 0.0749 0.0924
Number of G -0.3052* 0.1739 -0.0815 0.8762** 0.7714** 0.1112 0.1409 0.7842**
clusters per plant P -0.1878 0.1480 -0.0825 0.7674** 0.7503** 0.1005 0.1408 0.7470**
Number of pods | G 0.4778** -0.2208 -0.0557 0.1268 0.2500 -0.5722** 0.1250
per cluster P 0.4179** -0.2738 -0.0257 0.0870 0.1244 -0.3737* 0.0806
G -0.3159* 0.2126 0.0283 0.0637 -0.3864** 0.0399
Pod length (cm) 5 -0.3028* 0.1431 0.0276 0.0555 -0.3553* 0.0357
. G -0.1069 -0.0596 0.3052* -0.0316 -0.0185
Pod girth (mm)
P -0.1081 -0.0444 0.2731 -0.0270 0.0004
Number of seeds | G 0.8700** 0.1980 -0.1837 0.8999**
per pod P 0.7508** 0.1612 -0.1660 0.7633**
Pod yield per plant | G 0.4038** 0.0246 0.9979**
@) p 0.3286* 0.0229 0.9898**
100-seed weight G -0.0590 0.3860**
)] P -0.0488 0.2800
Crude gum G -0.0244
content (%) P -0.0240

* and ** significant at P = 0.05 and P = 0.01 level of significance , respectively; P=Phenotypic level and G =Genotypic level




Table 4.6 Estimation of direct and indirect effects of yield and its components in seed guar ( Cyamopsis tetragonoloba (L.) Taub.) cultivars

Pl_ant N;Tﬂ?g:;f Days to Number of | Number of Pod length | Pod girth Number of | Pod yield 100-seed %Lurﬂe Seed yield
Character height branches 50% . clusters pods per (cm) (mm) seeds per per plant weight (g) content per plant (g)
(cm) per plant flowering per plant cluster pod (9) (%)
G 0.0081 0.0069 -0.0203 0.0044 -0.9899 0.3756 0.0117 -0.1008 0.5965 -0.1077 0.4173 0.2019
Plant height (cm) 5 0.0265 ~0.0009 20.0073 0.0011 -0.0091 0.0100 20.0085 0.0026 0.1886 20.0246 0.0101 0.1884
Number of G -0.0006 -0.0884 0.0155 -0.2756 0.2715 0.1593 -0.0041 -0.9947 1.2542 0.1274 -0.0078 0.4567**
primary branches 0.4263**
per plant P -0.0020 0.0113 0.0050 -0.0350 0.0023 0.0025 0.0046 0.0174 0.3964 0.0242 -0.0003
Days to 50% G 0.0021 0.0174 -0.0787 0.0130 -0.6719 0.1594 0.0583 0.0414 0.6855 0.0408 -0.0813 0.1859
flowering p 0.0049 -0.0014 -0.0396 0.0025 -0.0024 0.0018 -0.0234 -0.0004 0.1476 0.0043 -0.0014 0.0924
Number of G -0.0001 -0.0641 0.0027 -0.3800 0.3522 0.1154 0.0062 -1.4813 2.3754 -0.0340 -0.1082 0.7842**
clusters per plant | p -0.0006 -0.0077 0.0019 -0.0513 0.0029 0.0029 -0.0045 0.0271 0.7716 -0.0081 -0.0026 0.7470%*
Number of pods | G 0.0070 0.0208 -0.0458 0.1160 -1.1541 0.3171 0.0169 0.0941 0.3903 -0.0766 0.4393 0.1250
per cluster P 0.0156 -0.0077 -0.0062 0.0096 -0.0155 0.0082 -0.0151 -0.0009 0.0895 -0.0100 0.0070 0.0806
G 0.0046 -0.0212 -0.0189 -0.0661 -0.5514 0.6638 0.0242 -0.3594 0.0871 -0.0195 0.2967 0.0399
Pod length (cm) - 5 0.0136 0.0015 -0.0037 -0.0076 ~0.0065 0.0195 -0.0167 0.0051 0.0283 -0.0045 0.0066 0.0357
pod girth (mm) G -0.0012 -0.0049 0.0600 0.0310 0.2549 -0.2097 -0.0765 0.1807 -0.1834 -0.0935 0.0243 -0.0185
P -0.0041 0.0009 0.0168 0.0042 0.0042 -0.0059 0.0552 -0.0038 -0.0457 -0.0220 0.0005 0.0004
Number of seeds | G 0.0005 -0.0520 0.0019 -0.3329* 0.0643 0.1411 0.0082 -1.6905 2.6790 -0.0606 0.1410 0.8999**
per pod P 0.0019 0.0056 0.0004 -0.0394 0.0004 0.0028 -0.0060 0.0354 0.7721 -0.0130 0.0031 0.7633%*
Pod yield per plant | G 0.0016 -0.0360 -0.0175 -0.2931 -0.1463 0.0188 0.0046 -1.4708 3.0792 -0.1236 -0.0189 0.9979%*
(@) P 0.0049 0.0044 -0.0057 -0.0385 -0.0013 0.0005 -0.0025 0.0266 1.0283 -0.0264 -0.0004 0.9898**
100-seed weight | G 0.0029 0.0368 0.0105 -0.0422 -0.2885 0.0423 -0.0234 -0.3347 1.2434 -0.3062 0.0453 0.3860**
(@) P 0.0081 -0.0034 0.0021 -0.0052 -0.0019 0.0011 0.0151 0.0057 0.3379 -0.0804 0.0009 0.2800
Crude gum G -0.0044 -0.0009 -0.0083 -0.0535 0.6603 -0.2565 0.0024 0.3105 0.0756 0.0181 -0.7677 -0.0244
content (%) P -0.0143 0.0002 -0.0030 -0.0072 0.0058 -0.0069 -0.0015 -0.0059 0.0236 0.0039 -0.0187 -0.0240

Genotypic residual effect = 0.1260 and Phenotypical residual effect = 0.0995; P=Phenotypic level and G =Genotypic level
* and ** significant at P = 0.05 and P = 0.01 level of significance , respectively; Diagonal values indicate direct effect, Off- diagonal values indicate indirect effect




Table 4.1. Analysis of variance for yield and yield components in fifteen

cultivars of seed guar (Cyamopsis tetragonoloba (L) Taub.)

Mean sum of squares

S.No. Character Replications | Treatments Error
(d.f=2) (d.f=14) (d.f=28)

1. | Percentage of germination 0.87 123.09%* 0.295
2. | Plant height (cm) 3.89 571.69** 6.341
3. geurn;?:r:tof primary branches 162 9.76%* 0.74
4. | Number of leaves per plant 11.40 604.99** 4.59
5. | Days to first flowering 1.09 1.47* 0.61
6. | Daysto50% flowering 0.47 1.94** 0.54
7. | Number of clusters per plant 0.56 212.02** 2.96
8. | Number of pods per Cluster 0.62 1.98** 0.59

9. | Number of pods per plant 510.49 5192.80** 573.58
10. | Pod length (cm) 0.08 0.56** 0.03
11. | Pod girth (mm) 0.58 3.16%* 0.22
12.. | Number of seeds per pod 0.87 2.92%* 0.27
13. | See to pod ratio 1.54 6.81** 0.63
14. | Pod yield per plant (g) 3.36 190.66** 1.52
15. | Pod yield per hectare (g./ha.) 4.15 235.37** 1.88
16. | Seeds yield per plant (g) 1.03 45.95%* 0.71
17. | Seed vyield per hectare (g./ha.) 1.27 56.72%* 0.87
18. | 100-seed weight (g) 0.01 0.21** 0.03




Table 4.1: contd...

Mean sum of squares

S.
No. Character Replications | Treatments Error
(d.f=2) (d.f=14) (d.f=28)
19. | Harvest Index (%) 0.68 43.09%* 0.24
20. | Chlorophyll stability index 0.001 0.207** 0.00
21. | Relative water content (%) 0.87 107.28** 0.27
22. | Peroxidase enzyme activity 0.46 7546.06%* 0.29
(E.U./9) ' ' '
23. | Catalse enzyme activity 220 42048.70%* 5 97
(E.U./g) ' ' '
24. | SPAD meter reading (CCI) 0.97 159.40** 0.703
25. | Crude gum content (%) 0.002 1.467** 0.003

* and ** significant at P = 0.05 and P = 0.01 level of significance , respectively
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Figure 1. Estimation of variability, heritability and genetic advance as percent of mean for 25 characters
in 15 cultivars of seed guar
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Figure 2. Phenotypic path diagram representing direct and indirect effects
of component traits on seed yield per plant of seed guar
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Figure 3. Genotypic path diagram representing direct and indirect effects
of component traits on seed yield per plant of seed guar
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Chapter V
SUMMARY AND CONCLUSIONS

The present investigation on “Studies on Identification of Morphological and
Physiological traits in relation to yield and quality of Seed Guar (Cyamopsis
tetragonoloba (L.) Taub.) cultivars under Rainfed condition” was carried out at
Student Research Farm, College of Horticulture, Dr. Y.S.R. Horticultural
University, Mojerla, Mahabubnagar, Telangana during kharif, 2014 to know the
mean performance, genetic variability, association among characters, direct and
indirect effects of yield components on yield and quality traits in 15 cultivars.

The analysis of variance indicated highly significant differences for all the 25
characters among 15 cultivars of seed guar. Among the cultivars studied RGC 936,
RGC 963, JG-2 recorded maximum percentage of germination. RGC 936, RGC963,
HG 884 recorded maximum number of primary branches. RGC 936 recorded
maximum number of leaves per plant while RGC 1002, RGC 1066, HG 365 were
found to be early in terms of days to first flowering and RGC 936, RGC 1066 were
early in the terms of days to 50% flowering. RGC 963 produced the maximum
number of clusters per plant, number of pods per plant. The cultivar RGC 197
produced the maximum plant height at harvest, number of pods per cluster. Among
the cultivars JG-2 recorded maximum pod length and HG 365 recorded maximum
pod girth, relative water content. However, RGC 986 recorded the maximum
number of seeds per pod, pod yield per plant, pod yield per hectare, seed yield per
plant, seed yield per hectare. The cultivar RGC 1038 recorded the maximum seed to
pod ratio, chlorophyll stability index. The highest 100-seed weight was recorded in
HG 2-20. The cultivar HG 884 recorded the maximum harvest index, SPAD meter
reading. RGC 1002 recorded the maximum peroxidase enzyme activity while JJ-1
recorded the maximum catalase enzyme activity. Among the cultivars RGC 1033
recorded the highest crude gum content.

The genotypic and phenotypic coefficient of variations were high for

morphological characters such as number of primary branches per plant, number of



clusters per plant, number of pods per plant, pod yield per plant, pod yield per
hectare, seed vyield per plant, seed yield per hectare. Also similar results were
recorded for physiological traits such as chlorophyll stability index, peroxidase
enzyme activity, catalase enzyme activity indicating the existence of wider genetic
variability for these traits in the cultivars under study. The traits like percentage of
germination, days to first flowering, days to 50 % flowering, pod length, pod girth,
seed to pod ratio, 100-seed weight, harvest index, relative water content, crude gum
content were found with low PCV and GCV suggesting narrow range of genetic
variability for these traits. Number of pods per cluster showed high PCV and
moderate GCV and the traits like plant height, number of leaves per plant, number
of seeds per pod, SPAD meter reading were found with moderate variability. The
values of PCV were observed to be higher than the corresponding values of GCV
but the difference were narrow indicating low environmental influence in the

expression of these characters.

The morphological characters viz., number of primary branches per plant,
number of clusters per plant, number of pods per plant, pod yield per plant, pod
yield per hectare, seed yield per plant, seed yield per hectare and physiological
characters viz., chlorophyll stability index, peroxidase enzyme activity, catalase
enzyme activity were observed with high genetic variability, high heritability in
conjunction with high genetic advance as percent of mean indicating the
predominance of additive gene action in determining these characters and hence

direct selection will be rewarding for improvement of these traits in seed guar.

In the present investigation correlation study revealed that seed yield per
plant had significant positive association with traits like number of primary branches
per plant, number of clusters per plant, number of seeds per pod and pod yield per
plant and 100-seed weight. Hence in selection programme, emphasis on these traits
will result in improved seed yield. In general the magnitudes of genotypic
correlation coefficients were higher than phenotypic correlation coefficients

indicating strong association among various characters studied.



Path coefficient analysis showed that pod yield per plant and pod length at
genotypic level exhibited high positive direct effect on seed yield per plant and pod
yield per plant recorded significant, positive correlation with seed yield per plant. It
clearly indicates that direct selection based on these traits would result in improved

seed yield per plant.

Among the quality parameters studied, the highest crude gum content
(31.71%) was recorded with RGC 1033, while the lowest gum content (29.26%)
was obtained with RGC 197. Pod colour also indicated considerable variability

ranging from light green to green colour among the 15 cultivars studied.

Based on the results of the present investigation the following conclusions

could be drawn.

1. On the basis of mean performance of the cultivars for all the traits studied,
RGC 963, RGC 986, RGC 1033 and HG 2-20 were found to be superior in
terms of yield and quality characters. Hence these cultivars may be tested for
their stable performance in different locations and may be selected as parental

source for future breeding programmes.

2. Cultivars such as RGC 1066 recorded low chlorophyll stability index,
HG 365 recorded high relative water content, high peroxidase enzyme
activity was observed in RGC 1002 and high catalase enzyme activity was
observed in JJ-1. Since, these physiological parameters are drought tolerance
contributing traits, the above cultivars may be having drought tolerance.
Further, these cultivars may be used for crop improvement programme for

drought tolerance.

3. According to correlation and path analysis studies the trait pod yield per plant
is considered as primary yield contributing component as it showed highly
significant positive correlation coefficient effect and high positive direct
effect on seed yield. So emphasis should be given on this trait during

selection programme to improve the seed yield in seed guar.
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APPENDIX -1

WEEKLY METEOROLOGICAL DATA RECORDED AT KVK, MADANAPURAM DURING 2014 - 2015

Date Month Temperature R.H (%) Rainfall | Rainy | Wind Mean
(° Q) (mm) days speed Temp
From To Max Min Max Min (km/hr) | (¢ C)
06-08-13 11-08-13 August 33.8 22.9 78.6 42.6 0.3 2 3.75 28.4
12-08-13 | 17-08-13 August 34.1 23.7 | 732 | 427 3.7 1 1.9 28.9
18-08-13 24-08-13 August 36.3 24 82.1 39.9 4.4 3 3.2 30.2
25-09-13 | 31-08-13 August 30.6 23 90 60.2 16.1 6 4.6 26.8
01-09-13 06-09-13 | September | 31.6 23 83.6 55.3 2.5 3 2.6 27.3
07-09-13 12-09-13 | September 31.2 22.2 89 55.1 3.4 4 3.05 26.7
13-09-13 18-09-13 | September | 32.3 22.5 91.4 56.2 15.4 6 4.9 27.4
19-09-13 24-09-13 | September 32.2 22.9 91.7 58.5 0.21 1 2.7 27.5
25-09-13 30-09-13 | September 34.05 23.2 91.6 57.4 0 0 3.7 28.6
01-10-13 | 06-10-13 | October 35.9 233 | 806 | 45.1 2 1 35 29.6
07-10-13 12-10-13 October 35.2 22.8 84.9 444 235 2 2.8 29
13-10-13 18-10-13 October 35.9 22.2 83.7 34.8 0.75 1 4.5 29.05




19-10-13 24-10-13 | October 34.8 20.9 86.8 35.9 0 0 3.25 27.9
25-10-13 31-10-13 | October 30.1 18.9 88.2 45.9 35.8 2 3.6 24.5
01-11-13 06-11-13 | November 33.3 16.2 79.6 217.2 0.2 3 0.92 24.8
07-11-13 12-11-13 | November 32.6 18.9 78.5 34.1 1.95 2 1.98 25.8
13-11-13 18-11-13 | November 31.3 20.4 90.5 47.6 1.2 2 2.34 25.9
19-11-13 24-11-13 | November 324 18.5 90.3 415 0 0 1.4 25.5
25-11-13 30-11-13 | November 32.6 15.1 83.5 34.9 0 0 1.15 23.9
01-12-13 06-10-13 | December 32.2 13.7 75.6 23.9 0 0 1.94 22.95
07-12-13 12-10-13 | December 31.7 18.2 84.2 34.2 0 0 1.98 24.95
13-12-13 18-10-13 | December 30.2 18.8 80.2 43.4 0 0 1.64 245
19-12-13 24-10-13 | December 29.9 14.7 78.8 26.6 0 0 3.4 22.3




