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ABSTRACT

The experiment entitled “Identification of Chickpea (Cicer ariccinum 1)
genotypes promising for mechanical harvesting” was conducted using thirty six desi
chickpea genotypes. Observations on quantitative and morphological traits had been noted
on five plants which were chosen from every plot and replications at different growth
stages. Analysis of variance on thirteen characters showed significant values in MSS
values for eleven traits. Two traits viz., number of primary branches and number of seeds

per pod did not show any significant variations. The presence of significant levels of
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vanation implies the presence of vanability in the observed characters This variability can
: be tapped into and be used in further development of the genotypes
. The magnitudes of POV oheerved were higher than the magnitudes for GOV This
L ndicated the impact of role of environment over the genotypic effect. finally mflyencing
.f the phenatypre effect. Riological vield. number of pods per plant, number of secondary
| Lanches, plot vield and hundred seed weight were the traits which showed high PCY
Csupled with high GOV Four characters, namely. height of first pod. no. of primary
wranches, harvest index, and no. of seeds per pod poseessed high values of PCV along with
noderate to low values of GOV

High values for both heritability and genetic advance can be seen in characters
cuch a« heightof first pod (cm). plant height. and hundred seed weight. Plot yield showed
high GAM with moderate heritability Hundred seed weight was the only fruit presenting

high values of POV, GCV along with high heritability and high GAM.

l A positive significant relationship was observed between plot yield and harvest
ndex and 100 seed weight whereas, negative relation was observed for traits such as days
" . matunty. number of secondary branches, and days to 50% flowering with plot yreld.
Hundred sced weight demonstrated positive association with height of first pod followed
s plant hesght. biologacal yield and harvest index.

path analysis with plot yield as dependent vanable, showed positive direct effects
h biological vicld and harvest index at phenotypic level and at genotypic level, biological
vield. harvest ndex, number of secondary branches, plant height showed a very high direct
effect on plot vwield Plant height reported very positive direct effect on height of first pod
as dependent trast) at phenotypic level whereas, at genotypic level, hundred seed wershi
and no of secondary branches showed very positive direct effect on HOFP

Cluster analysis through Un-weighted Pair- Group Method with Aoithmet
averages (UPGMA) using Euchidean distances divided the 36 genotypes under
seven clusters Cluster | that is comprised of 14 genotypes showed the highest v o
intrz cluster distance and the least by clusters V and VI with an inter-clustes TR
0.000 as they contain only one genotype 1n each of them

Around 17 genotypes out of studied 36 genotypes showed a first pod
than 30 cm. These genotypes exhibited suitable first pod height amenable
harvesting.

Based on seed coat colour, out of the 36 observed genotypes, 30 o
brown coloured seed coat, 5 genotypes had dark brown coloured seed -0 o0 oo
genotype had green coloured seed coat.



Six genotypes namely JG 24, |G 2020-15, RLBGMH-4, PBC 574, GJG 1916,
and Phule G 191616 recorded both high first pod height and plot yield (g). Thus, we can

infer that these six genotypes are suitable and promising as parents for further

improvement or for developing into a cultivar.
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CHAPTER-I
INTRODUCTION

Chickpea (Cicer arietinum L.) is a winter annual crop belonging to the
family Leguminosae. It has a diploid chromosome number of 2x=2n=16 and a
genome size of approximately 738-Mb (Varshney et al., 2013). It is an annual herb
which doesn’t grow more than 1.0 m in height and has an indeterminate growth
habit. The plants can be classified into semi erect, erect, semi spreading, spreading
and prostrate based on the angle formed by the branches with respect to the
ground. The leaves are compound imparipinnate with serrated margins and are
oval or elliptical in shape. The root system is a tap root system and is characterized
by the presence of root nodules, which corroborates the symbiotic relation with the
symbiotic Rhizobium bacteria (Mesorhizobium ciceri). The inflorescence is an
axillary raceme with a single flower but occurrence of two or three flowers also
has been reported in rare instances. The flower is papilionaceous type with 5 petals
and diadelphous arrangement (9 stamens fused and one free stamen) and a globose
stigma (Sajja et al., 2017). Chickpea is a highly self-pollinated crop.

Studies conducted by Ladizinsky showed that its center of origin to be near
South East Turkey that was present in the fertile crescent where crops like wheat,
peas, and barley were domesticated (Ladizinsky & Adler, 1976). Further,
geographic analyses established S.E turkey as the primary center of domestication
and India and Ethiopia as the secondary centers (Sokolkova et al., 2020). The
dispersion of the crop from south east Turkey ensued its development into two
different crop types, namely Kabuli (var. Macrosperma) and Desi (var.
Microsperma) types (Lucas & Fuller, 2014). Archeological findings near the sites
of Indus Valley civilization establish the cultivation of chickpea in Pakistan
approximately from 2500 BCE, with further spread into the Indian subcontinent by
ca. 2000 — 1500 BCE (Fuller & Harvey, 2006). The Indian vernacular name of the
large seeded type of chickpea (Kabuli chana) indicates its arrival into India just
200 years ago via Afghanistan due to the similarity of the name to that of the

Afghanistan’s capital city Kabul (van der Maesen, 1987).



Chickpea is known by many names such as Bengal gram which is of
Anglo-Indian origin name, Garbanzo in English and Spanish, Chana in Hindi
which is derived from Chennuka in Sanskrit. In southern India, it goes by the name
of kadalai in Tamil and Malayalam, Senagalu in Telugu, kadale in Kannada. In the
other parts of the world it has different vernacular names in different parts of the
country such as hamoos pea in Arabic, nakhut in Turkey, kikkererwten in Dutch,

ceci in Italian, poischiche in French, Kichererbse in German, cizrna in Czech.

There are 9 annuals and 34 perennials in the genus Cicer. The infra-generic
classification has pigeonholed the genus Cicer into four sections, namely
Monocicer, Chamaecicer, Polycicer, Acanthocicer based on the lifespan,
morphology and geographical distribution (van der Maesen, 1987). The section
monocicer consists of eight species which are annuals and consists of the
cultivated species C.arietinum and seven wild species which include C.
reticulatum, C. yamashitae, C. cuneatum, C. bijugum, C. pinnatifidum, C.
judaicum and, C. echinospermum. This genus is of high importance for the

improvement of chickpea (Rizvi & Sarker, 2020).

The Gene pool concept and its pertinence in crop development was given
by Harlan and De Wet in 1971 (Harlan & de Wet, 1971). The gene pool is
catalogued into primary, secondary, and tertiary gene pools. The primary gene pool
comprises of the cultivars and landraces of C. arietinum. While the secondary gene
pool, consists of two wild species C. reticulatum which produces fertile hybrid
when crossed with C. arietinum and C. echinospermum. The tertiary gene pool
contains the remaining annual and perennial species. This gene pool serves as a
potential source for improvement in chickpea, such as C. pinnatifidum for drought
resistance (Bhattarai & Fettig, 2005), C. bijugum, C. judaicum and C. pinnatifidum
for ascochyta blight resistance (Pande et al., 2006) and C. judaicum for resistance
in botrytis gray mold (Pande et al., 2006).

Chickpea has well found its place in global as well as Indian cuisine.
Chickpea is used to make curries and its flour is used to prepare snacks in Indian
cuisine. Hummus is a preparation of ground chickpea paste which serves as a dip

or sauce and is predominantly found in the cuisine of the Middle East. Chickpea



flour is substituted for wheat for baking purposes to make breads, cookies, biscuits
etc. Apart from these, chickpeas are also consumed raw or in boiled forms as a

healthy snack.

Chickpea has nutritional content and well ensured it to be a part of the
dietary needs. Chickpea has a protein content of 22.76% which makes it one of the
major source for the former, 9.94% of crude fiber and 46.81% of non-fibrous
carbohydrates on dry matter basis (Sis, et al., 2007). It is rich in aspartic acid,
glutamic acid and arginine while, the sulphur containing amino acids are limiting
(Jukanti et al., 2012). It is also rich in vitamins such as B9 (Folic acid), B2
(Riboflavin), B6 (Pyridoxine) and tocopherol (Vitamin E), inositol and minerals

such as iron and phosphorus (Jukanti et al., 2012).

With such sound nutritional profile, chickpea consumption offer many
health benefits. Chickpea has a low glycemic index which is an indicator of how
much the blood sugar levels are increased due to the consumption of specific food.
Chickpea’s GI is around 28 £ 9 which makes it low Gl food and, hence, they can
be included in the diet for diabetic patients. Including chickpeas in diet also helps
in controlling blood pressure, cholesterol, and also for weight loss (Jukanti et al.,
2012). Consumption of chickpea also reduces the risk of cancer. Studies conducted
show that butyrate, a short chained fatty acid produced from chickpea diet in adults
has shown to reduce the occurrence of colorectal cancer (Fernando et al., 2010).
Similarly other compounds such as B-sitosterol, a phytosterolin chickpea reduced

carcinogen induced colonic tumors (Deschner et al., 1982).

Since, chickpea forms such an important part of the diet; there is a large
demand for chickpea in India among other countries. In the year 2019, about 13
million hectares was under chickpea cultivation all around the world. This
produced around 11.8 million tons for consumption. Of the 13 million hectares
cultivated around the world, about 11.9 million hectares of chickpea cultivation
was done in Asia which accounts to approximately 92% of the total area under
chickpea cultivation. In India, the total area under chickpea cultivation was around
9.5 million hectares and with a production about 9.9 million tons with productivity
of 1041 kg/ha (Source: FAOSTAT, 2019). An overlook on the import and export



data of chickpea shows us that India as an exporter of chickpeas stand in 8™
position with a trade volume of 62,082 MT and a trade value of 62 million USD.
Russia is the highest exporter of chickpeas with a trade volume of 305,424 MT
with a value of 135 million USD. India stands 2" in total chickpea imports from
other countries next to Pakistan with an import volume of 371,883 MT which
values about 203.6 million USD (Source: UN COMTRADE database). In India,
Madhya Pradesh accounts for the majority of the chickpea area and production
with 35.90 lakh hectares and 49.95 lakh tons respectively followed by
Maharashtra. In Chhattisgarh, chickpea was grown in about 2.93 lakh ha which
constitutes about 2.77% of the total area cultivated for chickpea. The state
produced about 2.23 lakh tons of chickpea which amounts to about 1.82% of the
total production (Source: Success report 2018-19, Farmer portal).

With the ever increasing production costs and migration of work force from
agricultural sectors to other sectors, mechanization of maximum practices possible
is the need of the hour. World bank data shows us about 62.56% of workforce was
employed in agricultural sector in 1991 which has plummeted down to 41.49% in
2020. Out of the existing workforce, women constitute 53.6% of the total
workforce (Source: World Bank data, 2020). Conventionally the plants are
harvested by pulling out of the ground by hand and are then threshed mechanically.
But this practice has its own constraints such as the unavailability of labourers
during the harvesting period due to high demand and the nitrogen fixing nodules
are lost while pulling out plant that leads to loss of N-fixing bacteria in the soil
(Golpira et al., 2013). A comparative economic analysis between machine
harvested and threshed chickpea farms and manually harvested and mechanically
threshed farms in Maharashtra and Madhya Pradesh showed a net returns of Rs
989 and Rs 1168, respectively (Shilpa et al., 2017). Schemes implemented by the
government of India like, Submission on Agricultural mechanization (SMAM) and
the availability of custom hiring centres ensures the availability of machines or
equipment for hiring along with the skilled operators (Mehta et al., 2019). All the
aforementioned factors create an increased demand for development of machine
harvestable varieties of chickpea for cultivation. The first machine harvestable
chickpea variety NBeG 47 was developed by ANGRAU, Andhra Pradesh with the



collaboration of ICRISAT, Hyderabad in 2016 (Source: ICRISAT). Machine
harvestable varieties should be taller and erect than, the present semi erect varieties
as the present varieties incur heavy harvest losses during machine harvesting. A
machine harvestable cultivar should be erect, about 30-40% taller than the existing
varieties with optimum 1% pod height at 30 cm from the ground level to minimize

the harvesting losses (Sahu et al., 2019).

Character association between yield and yield components plays a pivotal
role in developing crop varieties with better yield through a well-orchestrated
breeding program. The efficacy of a breeding program rests centrally on the
direction and magnitude of the association between yield and yield components
and also the relative importance of each factor involved in contributing to grain
yield (Adesoji et al., 2015). Associating and studying how the traits related to
mechanical harvesting such as plant height or 1% pod height effect the grain yield,

gives us insights into how they can be used further for developing cultivars.

Genetic diversity is considered to be important for realizing heterotic
response in F1 and a broad spectrum of variability in segregating generation. The
need of parental diversity in optimum magnitude to obtain superior genotypes to
recover transgressive segregates has also been repeatedly emphasized by several
researchers. Mahalanobis’s D? Statistic is a very sensitive tool for measuring
genetic divergence based on quantitative traits and is widely used by many
geneticists and breeders for selecting divergent parents for hybridization aiming at
yield improvement in chickpea. For the realization of heterotic response in F1 and a
large spectrum of heterogeneity in generation segregation, genetic diversity

analysis is considered essential.

The present inquiry will be carried out bearing into account the

aforementioned viewpoints, with the following objectives:

1. Phenotyping for machine harvestible, yield and yield related traits.

2. Character association and study of direct and indirect effects for pod height
and yield related traits.

3. Genetic divergence analysis of yield attributing traits and traits related to

mechanical harvesting.



CHAPTER-II
REVIEW OF LITERATURE

Literature authored by various scientists and researchers that is available

for the research titled “ldentification of Chickpea (Cicer arietinum L.)
genotypes promising for mechanical harvesting” has been discussed below
under the following headers:

2.1 Analysis of variance (ANOVA)

2.2 Phenotypic and Genotypic coefficients of variation

2.3 Heritability (broad-sense) (h%s)

2.4 Genetic advance as percentage of mean (GAM) (%)

2.5 Correlation coefficient analysis

2.6 Path analysis

2.7 Cluster analysis

2.1 Analysis of Variance (ANOVA):

Genetic diversity is important for plant survival in nature as well as crop
improvement. Plant breeders are able to grow new and improved cultivars with
desirable characteristics thanks to the diversity in plant genetic resources. Analysis
of variance (ANOVA) identifies the presence of variation present in the study
population and divides it into different components. It also provides the basis for
test of significance. ANOVA identifies the variation present between groups and
among groups. The variation within groups is solely due to environment and is
categorized into environmental variance.

Malik et al., (2010) experimental results of ANOVA showed significant
differences for biological yield, no. of pods/plant, harvest index, seed yield/plant,
no. of secondary branches and 100 seed weight. A high genotypic variability was
observed for harvest index, no. of pods/plant, biological yield/plant and seed yield.

Jadhav et al. (2012) noted that days to maturity demonstrated peak range of
variability trailed by number of seeds per pod, number of pods per plant, days to
50% flowering, harvest index, seed yield per plant, 100 seed weight, plant height
and number of secondary branches per plant.



Syed et al., (2012) did analysis for variability on 27 genotypes of chickpea
found maximum variation in no. of pods/plant followed by no. of primary
branches/plant and seed yield/plant.

Pandey et al., (2013) reported results through ANOVA revealed that
genotypic differences were significant for all characters except days to flowering
and no. of grains/pod.

Funga et al., (2017) conducted a combined ANOVA analysis for 17
chickpea genotypes tested across eight environments for grain yield. The results
showed a significant variation for genotypes (G), environments (E) and genotype
X environment (G x E) interactions.

Biru et al., (2017) experimented on 16 chickpea lines and recorded that
ANOVA estimates show significant differences for all characters except for
seeds/pod and branches/plant.

Banik et al., (2018) estimates on components of variation showed that the
magnitude of genotypic variances in no. of pods per plant was the highest followed
by days to 50% flowering while the highest phenotypic variance was recorded by
no. of pods/plants followed by plant height.

Kerketta et al., (2018) stated that mean sum of squares due to genotypes is
significant in analysis of variance with pods/plant, biological yield and plant height
showing higher phenotypic and genotypic variances.

Thakur et al., (2018) analysis for ANOVA showed highly significant
differences for all the characters studied among the genotypes such asdays to 50%
flowering, plant height, number of primary branches and secondary branches/plant,
total pods/plant, total number of seeds/plant, 100 seed weight, seed yield/plant, and
harvest index.

Gediya et al., (2019) reported highly significant differences for traits
among genotypes under study implying the opportunity for selection. Wide range
of phenotypic variance was revealed for no. of pods/plant, 100 seed weight,

biological yield/plant, no. of branches/plant and seed yield/plant.



2.2 Phenotypic and Genotypic coefficients of variation:

The basic idea of the study of variation is its partitioning into components
attributable to different causes. The relative magnitude of these components can
determine the genetic property of a population. The estimation of components of
variance helps us in the assessment of the relative importance of various
determinants of the phenotype, in particular the role of heredity versus
environment (Falconer & Mackay, 1996).Lack of or limited genetic variability is
an essential factor for the limited progress achieved in increasing the productivity
of grain legumes, including chickpea.

The range of mean cannot wholly reflect the overall variance in the
material under study. As a result, PCV and GCV are determined. When these
parameters have a high value, it implies more variability, and vice versa
(Gangashetty et al., 2013). A marginal difference between PCV and GCV means
that the climate has a lower impact on the studied traits.

Ramanappa et al., (2013) investigation on chickpea germplasm lines for
quantitative characters showed that PCV and GCV for grain yield plant® and
number of pods planttare higher compared to other traits.

Sonwani et al. (2017) noticed high GCV and PCV for the traits viz., no. of
primary branches plant-1, no. of pods plant-1, and seed yield plant-1 after
evaluating sixteen genotypes of chickpea.

Raju et al., (2017) showed that high estimates for PCV and GCV were
recorded in100 pod weight, number of secondary branches per plant, seed yield per
plant, number of seeds per pod, 100 seed weight and number of pods per plant.

Joshi et al., (2018) experimented on 252 lines of RIL population. Seed
yield/plant, biological yield, 100 seed weight and harvest index noted a high GCV
and PCV estimates.

Kishor et al., (2018) outcome of analysis on 40 genotypes of chickpea
showed that GCV values were lower than PCV values for all the traits. The highest
and least values for both PCV and GCV are recorded for pods/plant and days to
maturity respectively.

Vishnu et al., (2018) analysis on chickpea cultivars under rain fed and
irrigated conditions showed low PCV and GCV estimates for angle of primary



branch and moderate PCV and GCV for 1% pod height whereas plant height
showed moderate PCV and low GCV in both the conditions.

Kerketta et al., (2018) witnessed high GCV and PCV values for biological
yield ensued by seed index and harvest index.

Aswathi et al., (2019)assessed genetic variability in 52 desi chickpea
genotypes. High GCV and PCV was observed for single plant yield, 100 seed
weight, no of secondary branches, no of pods/plant, and 1% pod height.

Kumar et al., (2019) observed both high PCV and GCV for pods/ plant, no.
of pods/ plant.

Jayalakshmi et al., (2020) divulged that 1% pod height exhibited moderate

PCV and GCV while the same parameters are low for angle of primary branch.

2.3 Heritability (broad-sense) (h?bs):

Heritability in broad sense denotes the proportion of overall variability
attributed to genetic factors or the genotypic variation to total variance ratio. It is a
good indicator of the transfer of traits from parents to offspring (Falconer, 1960).

Zali et al., (2010) determined the association between traits and their
genetic parameters in 17 chickpea genotypes. Results showed that days to 50%
maturity, plant height, days to 50% flowering, no. of seeds/plant, no. of primary
and secondary branches/plant have high heritability value which indicated additive
gene action on these traits.

Gul et al., (2013) analyzed 20 genotypes and found the highest estimates in
seed yield/plant, primary branches, secondary branches, and 100 seed weight for
broad-sense heritability.

Meena et al. (2014) evaluated 22 newly developed chickpea genotypes for
various genetic parameters. High heritability in a broad sense has been observed
for seed yield per plant (94.00), biological yield (94.10), and pods per plant
(91.50).

Jain et al. (2014) detected high broad sense heritability teamed with genetic
advance for plant height, 100-seed weight and seed yield plant™.

Tilahun et al. (2015) reported high heritability for seed per pod, 100 seed
weight and pods per plant and high genetic advance revealed that additive gene
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effects were important in determining these traits. Estimation of correlation
coefficients showed that pods per plant, plant biomass, plant height, and harvest
index and 100-grain weight were positively correlated with grain yield

Biru et al., (2017) reported value of more than 80% for broad sense
heritability for 100 seed weight.

Ton et al. (2017) in their assay reckoned that no. of primary branches and
secondary branches per plant, 100-seed weight and harvest index showed high
heritability.

Banik et al. (2018) showed high values of broad sense heritability
complemented by high genetic advance as per cent of mean for number of pods per
plant, days to 50 per cent flowering, 100 seed weight, plant height demonstrating
that these traits could be prominently reigned by additive gene action.

Aswathi et al., (2019)analysis and results on variability studies showed
high heritability coupled with GA as % of mean for single plant yield, 100 seed
weight, no. of secondary branches, no. of pods/plant and 1% pod height.

Kumar et al., (2019) observed high heritability in seed index succeeded by

harvest index, primary and secondary branches/plant.

2.4 Genetic advance as percentage of mean (GAM %)

The concept "genetic advance™ refers to an increase in the mean genotypic
value of selected plants over the base population.The efficacy of genetic advance
by selection is determined by the three factors namely genetic variability,
heritability and selection intensity (Allard, 1960).Genetic advance is often
expressed as a percentage of the mean. A high value of Genetic advance means
that the attribute under investigation is influenced by additive gene action, while a
low value indicates non additive gene action.

Babbar et al., (2012) reported days to 50% flowering, days to maturity,
plant height, 100 seed weight and seed yield per plant were showing high
heritability coupled with medium genetic advance as percentage of mean, whereas,
number of seeds per plant and number of pods per plant showing medium

heritability and high genetic advance as percentage of mean.
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Ramanappa et al., (2013) assessed 179 genotypes and revealed that high
heritability in broad sense coupled with high genetic advance as per cent mean was
recorded for grain yield per plant, number of pods per plant, 100 seed weight, days
to 50% flowering and number of seeds per pod suggesting that these traits under
the control of additive gene action and potential possibilities exist for the
improvement of these traits through simple selection.

Pandey et al., (2013) stated that high GA as % of mean coupled with high
heritability was observed for seeds/pod, days to flowering, pods/plant and plant
height.

Babbar et al., (2015) found high GA as % of mean coupled with high
heritability for 100 seed weight, no. of effective pods, seed yield/plant and
biological yield.

Biru et al., (2017) results show that traits such as 100 seed weight, no. of
pods/plant, no. of seeds/pod and grain yield showed high heritability coalesced
with high genetic advance as % of mean.

Kerketta et al., (2018) discerned a high GA as % of mean in biological
yield, seed yield/plant tailed by plant height.

Banik et al., (2018) showed high GA as % of mean for no. of pods/plant,
days to 50% flowering and plant height.

Arora et al., (2018) conducted experiment on fifty genotypes of chickpea
for assessment of genetic variability. Genetic advance as percent of mean was
maximum for number of pods per plant. High heritability coupled with high
genetic advance was observed in case of number of pods per plant.

Hagos et al (2018) assessed 12 chickpea genotypes and revealed that High
heritability coupled with high expected genetic advance as percent of mean were
estimated for number of secondary branches per plant, number of pods per plant
and 100 seed.

Aswathi et al., (2019) observed that genetic advance as % of mean was
high for characters like single plant yield, 100 seed weight, no. of secondary

branches, no of pods/plant, no. of seeds/plant, 1% pod height.
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2.5 Correlation coefficient analysis

The degree to which two variables change in relation to each other is
measured by correlation analysis (Franzese & Juliano, 2018). A positive
correlation values suggest that two variables shift in the same direction, while
negative correlations suggest that two variables change in a contrary direction It
specifies the selection factor characteristics on which genetic yield improvement
can be based by measuring the reciprocal interaction between different plant
characteristics. Variation in other characteristics, due to pleiotropy or genetic
linkage, also influences the inheritance of quantitative traits. As a result,
knowledge of the relationship between yield and its characteristics gained by
genotypic and phenotypic correlation estimation aids in assessing the amount of
improvement that may be brought about in the characters.

Kobraee et al., (2010) correlation analysis showed that no. of seeds/plant,
no. of pods/plant, plant height and biological yield has the highest positive
correlation with grain yield.

Ojha et al. (2011) reported that positive and highly significant correlation
between pods per plant and secondary branches per plant, biological yield per plant
with days to 50% flowering, days to maturity, secondary branches per plant and
pods per plant.

Gul et al., (2013) observed that no. of pods/plant has high significant
positive association at both phenotypic and genotypic levels with no. of secondary
branches and seed yield/plant, while no. of pods/plant has positive and significant
relation with no. of primary branches/plant at phenotypic level.

Malik et al., (2014) evaluated 113 desi genotypes and the co-efficient of
correlation analysis showed that seed yield/plant is positively associated with
primary branches/plant and secondary branches/plant.

Johnson et al., (2015) analyzed the correlation coefficients of yield
attributing characters and found that seed yield/plant has a positive correlation with
harvest index and biological yield.

Tesfamichael et al. (2015) the reported that positive and significant
correlation of seed yield with biomass, pod filling period, pod per plant, number of
primary and secondary branches per plant.
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Salgotra (2016) reported that seed yield/plant were significantly and
positively correlated with plant height, number of pods/plant, number of seeds/pod,
100 seed weight and negatively correlated with number of secondary branches and
days to 50% flowering.

Kerketta et al., (2018) acknowledged that grain yield at genotypic and
phenotypic level exhibited positive and significant correlation with biological
yield.

Thakur et al., (2018) reported positive correlation of seed yield with 100
seed weight, harvest index, no. of pods/plant, and no. of secondary branches/plant.
Significant negative correlation was noticed for 100 seed weight with harvest
index, no. of pods/plant and seeds/plant.

Jayalakshmi et al., (2020) remarked that plant height and 1% pod height

exhibited a strong positive association between each other and with shoot biomass.

2.6 Path analysis

Presence of variability in a population allows selection to evolve a range of
suitable characters. The information on correlation of character, direct and indirect
results contributed to yield by each character would be an additional advantage in
supporting the selection process. Correlation and path analysis determine the
degree to which yield and components are associated and also show the relative
importance of their direct and indirect impacts, thus making their interaction with
grain yield clear. Such a study may ultimately help the breeder develop its
selection strategies to increase grain production.

Kayan et al., (2012) found that plant height and biological yield had the
highest indirect positive effect on grain yield among other traits.

Kobraee et al., (2010) investigation on three cultivars showed that date of
sowing has a positive effect on 1% pod height, plant height, no. of secondary
branches, no. of pods/plant and other yield attributes beside the effect of cultivar.

Ali et al., (2012)reported that traits such as days to 50% days to flowering,
plant height, secondary branches, and biomass/plant had direct and positive effect
on grain yield whereas no. of primary branches/plant and no. of pods/plant has
direct effects.
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Petrova et al., (2016) analysis on nine traits in PCA revealed that seed per
pod & 100 seed weight have strong negative direct effects, while others had
positive direct effects at varying degrees. Thus such characters can be used as
selection criterion for increasing yield.

Mehmood et al., (2016) discovered a positive correlation between seed
yield and plant height, 100 seed weight, pods/plant, seeds/plant and seeds/plot at
both phenotypic and genotypic levels.

Kumar et al., (2019)inferred that biological yield, plant height, harvest
index, days to maturity have direct effects on yield and are the highest contributors
for the same.

Babbar et al., (2015) analysis by path analysis for understanding factors
influencing seed yield revealed that flower initiation, biological yield and number
of secondary branches have high positive and direct effect on seed yield/plant
while a negative direct effect is exhibited on the same characters by harvest index
and flower initiation while plant height and number of primary branches had
indirect positive effects on harvest index.

Kerketta et al., (2018) observed that biological yield had direct and high
positive effect on seed yield/plant at both genotypic and phenotypic levels from
which it can be surmised that the aforementioned character can be used as an
effectual parameter for direct selection in yield improvement programs.

Erdemci et al. (2016) analysis by path coefficient analysis showed that the
effects of no. of pods/plant and plant height on seed yield/plant is direct, positive
and highest in magnitude compared to other traits. However, plant height and no.
of primarybranches/plant exhibited highest indirect effect on seed vyield/plant
through no. of pods/plant.

Qurban et al., (2010) conducted experiment using 23 genotypes of chickpea
and concluded that 100- seed weight followed by pods per plant, number of
primary branches per plant, secondary branches per plant, days taken to maturity
and seeds per pod contributed maximum direct effect on grain yield. Moreover,
number of days taken to flowering, plant height and biomass per plant had negative

direct effect on grain yield.
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2.7 Cluster analysis

Genetic diversity is important because it is the foundation for plant survival
in nature and crop improvement. Using Mahalanobi’s D? statistics, it is possible to
identify the genetically divergent parents. D? assesses the degree of heterogeneity
at the genotypic level as well as the comparative ratio of each component trait to
overall divergence. It is a measure of a single observation's uniqueness based on
differences between the observation's value and the mean values for all other
instances over all independent variables. It is measured at inter-cluster and intra-
cluster levels.

Kayan et al., (2012) cluster analysis has divided the characters into two
clusters that are closely related to grain yield. Plant height, pods/plant, biological
yield are grouped in the first cluster while harvest index and dry weed biomass
were placed in the second cluster.

Jivani et al., (2013) analysis on the yield trait showed that seed yield/plant,
biological yield/plant, harvest index, no. of pods/plant and 100 seed weight are
highly responsive to selection. Seed yield/plant, 100 seed weight, and no. of
pods/plant contributed more than 63% of total genetic divergence.

Zali et al., (2010) inferred that 96% of the yield variation is due to 100 seed
weight and no. of pods/plant through regression analysis.

Sharifi et al., (2018) analysis by clustering method segregated the
genotypes into two major groups and four clusters. Clusters | and IV have
genotypes with high seed yield and harvest index, while cluster Il is not suitable
for yield attributing traits.

Johnson et al., (2015) experiment consisted of evaluation of 112 genotypes
that included germplasm lines, improved varieties and advanced breeding lines.
The genotypes were divided into eight clusters by cluster analysis. Cluster 1V
exhibited highest cluster mean for 100 seed weight while cluster | for plant height.

Babbar et al., (2015) grouped their 31 chickpea genotypes into 13 clusters
with the aid of Mahalanobi’s D? statistics. Cluster IX exhibited high cluster mean
of 51.07 cm for plant height (cm), while cluster X showed a high mean of 22.93¢g
for seed yield/plant.
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Syed et al., (2012) analysis on 27 genotypes of chickpea viz. cluster
analysis grouped them into 5 clusters. The largest cluster being cluster Il with 11
genotypes followed by cluster Il with 7 genotypes. The highest inter cluster
distance was found between cluster I and cluster Il with a value of 16.55 units.

Geethanjali et al. (2018) conducted an experiment to analyse the genetic
diversity. The analysis resulted in genotypes being grouped into five clusters
where, maximum diversity is contributed by 100-seed weight.

Mahmood et al., (2018) evaluated 15 genotypes and have grouped them
into 3 clusters on the basis of similarity of characters by cluster analysis. Based on
the distance between clusters, the dendrogram depicted that members of clusters |
and 11 are the most diverse and cluster | exhibited higher values for plant height
and 50% flowering while cluster 11 expressed higher values for days to 90%
maturity and cluster Il showed higher values for pods/plant, harvest index and
seed yield.

Gaikwad et al. (2014) conducted an experiment on 40 chickpea genotypes
and grouped them into eight clusters and best cluster for various traits was
estimated using inter cluster distance. The whole analysis indicated that maximum
divergence was contributed by characters, viz., pods/plant, no. of secondary

branches/plant, days to 50% flowering and 100-seed weight.
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CHAPTER- 111
MATERIALS AND METHODS

The present investigation entitled, “ldentification of Chickpea (Cicer
arietinum L.) genotypes promising for mechanical harvesting” was carried out
during rabi, 2020-21. The procedures followed & materials used during the

course of analysis are introduced under:

3.1 Experimental site:

The present research work was conducted at Research cum Instructional
farm Department of Genetics and Plant Breeding, College of agriculture, Indira
Gandhi Agricultural University, Raipur, Chhattisgarh, during the rabi season of
2020-21.

3.2 Climate and weather:

Chhattisgarh is situated between 17°14°N and 24°45°N latitudes and 79°16°
E and 84°15’ E longitudes. Raipur (C.G.) lies at 21°16’N latitude and 81°36” E
longitude with an altitude of (289.60m) above mean sea level. The maximum
monthly mean temperature was 39.6°C during March 2021 and minimum monthly
mean temperature was 12.00°C during December 2020. The overall total rainfall
during crop growing period was (16.00 mm) (Table 3.1). The data pertaining to
total rainfall, monthly lower and highest temperatures, RH, evaporation and

shining sunshine hours of total crop growing time have been presented in Fig.3.1.

Table 3.1: Average monthly meteorological data of Raipur from November 2020 to April

2021

Month | Max. | Min.T | TotalRF | RHI [ RHII | VPI | VPII | WS EP | Ss

T(C) | (°C) (mm) | (%) | (%) | (mm) | (mm) | (Kmph) | (mm) | (hrs

)

Nov-20 | 30.80 | 15.90 040 | 85.00 | 33.00 | 13.00 | 10.90 | 3.00 [ 102.80 | 7.80
Dec-20 | 29.30 | 12.00 000 | 87.00 | 31.00 | 1010 | 9.00 | 200 [ 9320 [5.40
Jan-21 | 30.20 | 13.90 460 | 81.00 | 31.00 | 1050 | 940 | 250 [ 99.90 [4.00
Feb-21 | 31.00 | 12.90 240 | 79.00 | 27.00 | 9.80 | 850 | 270 [ 114.20 [ 7.60
Mar-21 | 36.21 | 18.75 760 | 6487 | 2170 [ 1171 | 940 | 369 [ 184.10 [7.12
Apr-21 | 39.60 | 22.80 100 [53.00 | 19.00 [ 1310 [ 1000 [ 4.80 [ 238.50 | 7.20
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3.3 Experimental Materials and Methods:

Thirty-sixgenotypes of chickpea were taken for this research (Table 3.2).
The material was grown in the Rabi season of 2020-21.The chickpea seeds were
sown in the field, in RCBD with 3 replications on 13" November, 2020. Each plot
comprised of 4 rows of 4.0 m length in each replication. The row x row and plant x
plant distance of 22.5 cm and10.0 cm and net plot area was 3.6 m?. The seeds were
pre-treated with Bavistin, Trichoderma, PSB, Rhizobium and PSB culture.
Fertilizer dose @ of 20:40:20 kg per hectare (NPK) was applied. Two irrigations
were given to the trial on 16-11-2020 and 28-12-2020. Random five plants are
selected from each of the plot in each replication, were taken for collecting data on
yield and yield attributing traits.

Chart Title
45
40 - 6
L /Q/
30 3By
25 -
20 ’
15 1
10
5 46 e
0 0d 0 24 1
Nov 20 Dec20 Jan21 Feb21 Mar 21 Apr 21
<=MAXT (°C) <®=MINT('C) ==Total RF (mm)

Fig 3.1: Meteorological data recorded during crop growth season (November, 2020
to April, 2021)
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Fig 3.2: Irrigation of field

INITIAL VARIETAL TRIAL i
(IVT-MH)

Rabi 2020-21

No. of Entries 3

AICRP on CHICKPEA
Department of Genetics & Plant Breeding
IGKY, RAIPUR (CG) '

.

Fig 3.3a: Field view of experiment
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Fig 3.3c: Field view of experiment
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Fig 3.3d: Field view of experiment

Table 3.2: List of chickpea genotypes

S. No | Accession No. Entry name S. No | Accession No.
1 C-20452 RSGD-7714 19 C-20476 H 13-03
2 C-20453 PBC 582 20 C-20477 IPC 2017-141
3 C-20454 NBeG 1267 21 C-20478 ICCV 191608
4 C-20455 GL 15003 22 C-20480 Phule G 191616
5 C-20456 BG 3062 23 C-20483 Phule G 0405
6 C-20460 GJG 1913 24 C-20485 JG 24
7 C-20461 BG 4028 25 C-20486 RKGM 20-2
8 C-20462 IG 2020-15 26 C-20487 GL 117020
9 C-20463 PG 252 27 C-20488 IPCB 2015-132
10 C-20464 RKGM 20-1 28 C-20489 H 07-120
11 C-20465 IG 2020-16 29 C-20490 Phule Vikram
12 C-20466 RVSSG-97 30 C-20492 JG 2020-57
13 C-20467 Phule G 191618 | 31 C-20493 PBC 574
14 C-20468 RLBGMHG-3 32 C-20494 RVSSG-96
15 C-20469 ICCV 191612 33 C-20495 BG 4027
16 C-20470 RSGD-834 34 C-20496 IPC 2017-253
17 C-20471 JG 16 35 C-20497 RLBGMH-4
18 C-20475 PG 251 36 C-20498 GJG 1916
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3.4 Observations recorded:

Twelve various yield and yield attributing traits were recorded and studied
to fulfil the objectives and purpose of the study. Random five plants are selected
from each of the plot and replications for collecting data of different traits at
optimal plant growth period. For statistical analysis, average data from the sampled

plants with respect to various traits are used.
Days to 50 % flowering (DTF):

Days to 50 % flowering were recorded when the plants attained 50 percent

flowering with at least one open flower.
Days to maturity (DTM):

Days to maturity was recorded when the plants attained physiological
maturity.
Height of the first pod (cm) (HOFP):

The height was estimated in centimetres (cm) from the surface of the crop
to the first pod emergence.

Plant height (cm) (PH):

The plant height was estimatedin centimetres (cm) from the surface of the

crop to the last tip of theplant.
Number of primary branches (NPB):

Total number of primary branches was recorded from randomly five plants

and was averaged.
Number of secondary branches (NSB):

Total number of secondary branches was recorded from randomly five

plants and was averaged.

Number of seeds per pod (NSP):
Total number of seeds per pod was counted in randomly five plants and

was averaged.
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Number of pods per plant (NPP):

Total number of pods per plant was counted in randomly five plants and

was averaged.
100 grain weight (gm) (HSW):

Randomly 100 seed are taken from each of the entry and weighed in gram.
Biological yield per plant (g)(BY):

The crop was harvested and sun drying to 5 - 8 days and weight of each of

the 5 plant except root was recorded in grams.
Harvest- index(%)(HI):

Harvest index was estimated as the ratio of grain yield to biological yield

and the ratio of grain yield and biological yield are expressed in %.
Plot yield in grams (g) (PLYG):

The seed yield of each of the plot in each replication was recorded in grams

after sun drying for five to eight days after harvesting.
3.5 Statistical analysis:

The data was notable in favour to divergent phenotypic and quantitative
traits on the 13 yield and vyield related characters of chickpea accessions were

subjected to the statistical analysis.

3.5.1 Analysis of variance:

Firstly, mean values were worked out for all traits for each genotype.
These mean data were utilized to calculate variability parameters viz. range,
standard deviation, and coefficient of variation. ANOVA is calculated by using
O.P.STAT software (Sheoran et al., 1998).
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Table 3.3 Skeleton of analysis of variance

Sourceof DF SS MSS F Cal.
Variation
Replication (r-1) SSR MSR MSR/MSE
Genotypes (0-1) SSG MSG MSG/MSE
Error (r-1)(g-1) SSE MSE
Total (rg-1) SStotal

3.5.2 Assessment of variability:

3.5.2.1 Range:
The minimum and maximum value of a trait tells its range, which is

expressed as follows:
Range = maximum value — minimum value.

3.5.2.2 Mean(X):

Mean can be evaluated by sum of no. of observation by total no. of

observation and the formula are follows as:

2Xi

7=
N

Where,

>Xi = sum of all the observation
N = total number of observation

3.5.2.3 Estimation of coefficient of variation (CV %):

The coefficient of variation for different traits was calculated by formula
which is given by Burton and De Vane (1953). The category of magnitude of
coefficient of variation was given as higher (greater than 20%), moderate (between
20% - 10%) and low (lower than 10%).

a) Phenotypic coefficient of variation (PCV%)

Joip

PCV (%) = X" x 100
X
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b) Genotypic coefficient of variation (GCV%o)

2
cev @) = Y29 100

3.5.2.4 Heritability (broad sense) (h?bs %):

Heritabilityis the ratio of variation due to difference between genotypic to
the phenotypic variation for a character or a trait in a population. For the present
study broad sense heritability was estimated and adopting the formula as suggested
by Hanson et al., 1956.

The estimates of heritability broad sense were classified as low, moderate

and high according to Johnson et al. (1955).

<30% - Low
31-60% — Moderate
>60% — High

3.5.2.5 Genetic advance as percentage of mean (GA %):

Enhancement of mean phenotypic value of elected plants over the parental
population is called as genetic advance. Expected genetic advance (GA) was
estimated by method recommended by Johnson et al., (1955). It is the ratio of

genetic advance to the grand mean and is expressed in percent.
G A=K .h% p
Where,

GA = Genetic advance

K = Constant (Standardized selection differential) having the value of 2.06 at 5
percent level of selection intensity.

The genetic advance is interpreted as GA is greater than 20% = High; GA =
10 — 20 per cent = Moderate and GA less than 10 % Low.
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3.5.3 Correlation coefficient analysis:

Estimate the correlative relationship between different traits through
correlation coefficient analysis at phenotypic, genotypic and environment levels
with the support of formula recommended by Miller et al. (1958).

3.5.4 Path analysis:

Path analysis was originally developed by Wright (1921) and first used for
plant selection by Dewey and Lu (1959). It measures the direct and indirect
contribution of independent variables on dependent variable. The results of path
coefficient analysis are interpreted as per the following scale suggested by Lenka
and Mishra (1973).

3.5.5Cluster analysis:

Cluster analysis is a multivariate method which aims to classify a sample
of subjects (or objects) on the basis of a set of measured variables into a number
of different groups such that similar subjects are placed in the same group. Cluster
analysis has no mechanism for differentiating between relevant and irrelevant
variables. Therefore, the choice of variables included in a cluster analysis must be
underpinned by conceptual considerations. This is veryimportant because the
clusters formed can be very dependent on the variables included. In the present
study, Euclidian distance between genotypes was calculated from the standardized
data matrix by Unweighted Pair Group Method using Arithmetic Averages
(UPGMA) method and clustering was done by Agglomerative Hierarchical
method using XLSTAT 2014 software.



CHAPTER -1V
RESULTS AND DISCUSSION

The analysis for the experiment titled “Identification of Chickpea (Cicer

arietinum L.) genotypes promising for mechanical harvesting” was conducted on 36
genotypes. Observations were recorded on randomly tagged five plants from each
genotype in each replication. The presence of genetic variability is confirmed through
analysis of variance (ANOVA). Genetic variability present in the material was analyzed
through various genetic variability estimates such as PCV, GCV, h’bs, and GAM.
Correlation studies provided the information on how the component variables affect the
plot yield. Path analysis divides the correlation estimates into direct and indirect
components, thus giving an idea on how the component traits affects the dependent
trait. Cluster analysis grouped the genotypes into clusters based on their diversity. The
results of the experiment are discussed below under the following headers:

4.1 Analysis of Variance

4.2 Genetic variability studies

4.3 Correlation analysis

4.4 Path coefficient analysis

4.5 Cluster analysis

4.6 Classification of genotypes based on height of first pod; plot yield and seed

coat colour
4.1 Analysis of variance:

Analysis of variance on twelve characters showed significant values in mean
sum of squares for eleven characters namely days to 50% flowering, days to maturity,
height of first pod, plant height, number of secondary branches, number of pods per
plant, biological yield, harvest index, hundred seed weight and plot yield. Two traits
viz., numbers of primary branches and number of seeds per pod did not showed any
significant variations. The presence of significant levels of variation implies the
presence of variability in the observed characters. This variability can be tapped into
and be used in further development of the genotypes. The ANOVA for all the twelve
characters is encapsulated in table 4.1. Pandey et al., (2013) and Ramanappa et al.,
(2013) also reported non-significance for number of seeds per pod. Malik et al., (2014)
reported low variability estimates for number primary branches and number of seeds
per pod. Biru et al., (2017) reported non-significant estimates for number of seeds per

pod and branches per plant.
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4.2 Genetic variability:

Genetic variability is said to exist in a population when, individual genetic traits
in the said population have a proclivity to differ from each other. Any breeding effort
must be built on this foundation. Estimating the said genetic diversity contained in a
population may be done using a variety of approaches like range, genotypic and
phenotypic coefficient of variations (GCV% and PCV%) and the probability of their
transfer to the next generations through heritability analysis (h%vs) and GA%.

Genetic variability parameters were estimated for 12 quantitative traits viz.,
days to 50% flowering, days to maturity, plant height (cm), height of first pod (cm),
number of primarybranches, number of secondary branches, number of seeds per pod,
number of pods per plant, biological yield(g), harvest index(%), hundred seed
weight(g) and plot yield (g).

4.2.1 Mean and Range:
The mean and range values for the twelve quantitative characters are

encapsulated in tables4.2a and 4.2b, respectively.

Days to 50% flowering: The range of days to 50% flowering varied from the least
being 48 days and the highest being 73 days with a mean value of 62 days. Among the
36 genotypes studied, two genotypes namely IG 2020-15 and RVSSG-97 had flowered
at 48 days while IPC 2017-253 took 73 days, which is the highest among the studied
genotypes. The classification of genotypes based on their time taken for 50% flowering
has been listed below in the table 4.3. None of the genotypes were extra early, while 11
genotypes are early. Majority of the genotypes i.e. 25 genotypes fell under the category
of medium flowering i.e. 61-80 days. None of the genotypes flowered late in their

flowering period.

Days to maturity: Days to maturity ranged from 94.6 days (IG 2020-15) to 111 days
(PHULE VIKRAM) with an average of 104.52 days.

Height of 15t pod: The lowest and highest height noted for 1% pod height is 20.93 ¢m for
JG 16 and 39 cm for IPC 2017-253, respectively with the mean being 29.41 cm.

Plant height (cm): The tallest genotype among the study material recorded 69.13 cm
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Table 4.3: Grouping of genotypes based on time of flowering

Time of
flowering

Class EntryNo. Genotypes DTF
Early ( 40-60 11 IG 2020-16 48
days) 12 RVSSG-97 48
20 IPC 2017-141 51
8 1G 2020-15 53
1 RSGD-7714 54
6 GJG 1913 54
19 H 13-03 54
15 ICCV 191612 57
2 PBC 582 58
16 RSGD-834 59
21 ICCV 191608 60
Medium 7 BG 4028 61
(61-80 days) 29 Phule Vikram 61
31 PBC 574 61
33 BG 4027 61
36 GJG 1916 62
3 NBeG 1267 63
17 1G 16 63
5 BG 3062 64
22 Phule G 191616 64
26 RKGM 20-2 64
10 GL 117020 65
30 RKGM 20-1 65
14 JG 2020-57 66
35 RLBGMHG-3 66
24 RLBGMH-4 67
23 1G 24 68
28 Phule G 0405 68
27 H 07-120 69
13 IPCB 2015-132 70
9 Phule G 191618 71
18 PG 252 71
32 PG 251 71
64 RVSSG-96 72
34 GL 15003 73

(RLBGMH-4) while the shortest genotypes recorded a height 41.47 cm (RKGM 20-1)

with a mean height of 55.80 cm.
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Number of primary branches: The lowest value recorded for number of primary
branches is 1.67 by IG 2020-15and IPC 2017-141while the highest being 3.20 by C-
20480 with an average of 2.19.

Number of secondary branches: The lowest and highest values for secondary branches
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are 3.80 (IG 2020-15) and 15.20 (PHULE G 191616) with a mean value of 9.26.

Number of seeds per pod: The mean numbers of seeds per pod are 1.16 while the range
lies between 1.00 to 1.67 seedsper pod. Around 10 genotypes have the lowest value for
seeds per pod while PG 252 recorded the highest value for number of seeds per pod.

Number of pods per plant: Lowest numbers of pods observed are for RVSSG-97 with
20.8 pods per plant while the highestnumber was observed for BG 4027 with 71.80 pods
per plant with a mean value of 39.05 podsper plant.

Biological yield: The least biological yield observed is 8.27g for JG 2020-57 while the
highest observed is 34.93¢g for BG 4027. Mean value for biological yield is 17.67 g.

Harvest Index: Harvest index ranged from a minimum of 25.88% for PG 251 to a

highest of 59.54% for GJG 1913 with averaging at 48.16%.

Hundred seed weight: The hundred seed weight ranged from 10.67 g to 35.33 g with
an average of 23.34g. PG 251 had the least weight i.e. 10.67 g; while IG 2020-15
recorded the highest hundred seed weight i.e. 35.33 g.

Plot yield (g): The plot yield ranged from 59.33g to highest of 876.00g while
averaging at 537.29g. Lowestplot yield (g) was recorded for PG 251 (59.33g) while
the highest was recorded by GJG 1913(876.00g).

4.2.2 Phenotypic and genotypic coefficient of variation(%):

The division of variation into components attributed to various sources (genetic
and environment) is the basic notion behind the study of variation. The relative
quantity of these components can influence a population's genetic makeup. A number
of analytical approaches for evaluating genetic variability have been provided by
statistics. GCV and PCV are two of the most frequent procedures for determining the
degree of heritable and non-heritable variation in the material under study.

According to Siva Subramanian and Madhavamenon (1973), genotypic and
phenotypic coefficients of variation are classified as “Low (10%), moderate (10-

20%), and large (> 20%)”. The PCV and GCV estimates for the characters under
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study are provided in the table4.4.

The magnitudes of PCV were higher than the magnitudes of GCV. This
indicated the impact of role of environment over the genotypic effect, finally
influencing the phenotypic effect. The results are presented in table 4.4. the
inference made from the study is that biological yield, number of pods per plant,
number of secondary branches, plot yield and hundred seed weight were the traits
which showed high PCV coupled with high GCV.

Four characters, namely, height of first pod, number of primary branches,
number of seeds per pod and harvest index possessed high values of PCV along with
moderate to low values of GCV. Days to maturity and days to flowering exhibited
low PCV with low GCV.

From the above results it can be inferred that the values of phenotypic
coefficient of variation (PCV) are higher than genotypic coefficient of variation (GCV)
estimates and this was also concluded by Ramanappa et al., (2013) in their findings.
From this one can infer that the variation is not only due to the genes but also due to
the influence of environment on the character expression. High PCV values and low
GCYV values for number of primary branches and number of seeds per pod indicates
that the variability present in these characters is due to the effects of environment.
Similar findings by Aswathi et al., (2019), Babbar et al., (2015), Basha et al., (2018),
Parhe et al., (2014), Ramanappa et al., (2013), Vishnu et al., (2018) reached the same

conclusion for respective characters.
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Table 4.4: Descriptive statistics and genetic parameters of thirty-six genotypes for twelve yield and
yield attributing and machine harvestable traits during Rabi 2020-21

Parameters | Mean Min. Max. GCV PCV (h* vs) GAM

(%) (%) (%) (%)
DTF 62.50 | 48.00 73.33 7.20 9.31 59.78 11.46
DTM 104.52 | 94.67 111.33 431 4.36 97.34 8.75
HOFP 29.41 20.93 39.00 17.35 20.31 72.93 30.52
PH 55.80 | 4147 69.13 14.90 16.38 82.71 27.92
NPB 2.19 1.67 3.20 4.40 29.08 2.29 1.37
NSB 9.26 3.80 15.20 23.31 35.85 42.29 31.23
NSP 1.16 1.00 1.67 10.49 30.47 11.85 7.44
NPP 39.05 20.80 71.80 25.29 48.46 27.23 27.18
BY 17.67 8.27 34.93 29.59 51.08 33.55 35.31
HI 48.16 | 25.88 59.54 12.52 20.74 36.45 15.57
HSW 23.34 10.67 35.33 26.66 30.07 78.63 48.70
PLYG 537.29 | 59.33 876.00 23.21 32.24 51.83 34.42

DTF = Days to 50% flowering; DTM = Days to maturity; HOFP = Height of 1st pod(cm); PH = Plant
height (cm); NPB = No. of primary branches; NSB = No. of secondary branches; NPP = No. of pods/plant;
NSP = No. of seeds/pod; BY = Biological yield (g); HI = Harvest index (%); HSW = Hundred seed
weight (g); PLYG = Plot yield (g)

4.2.3 Heritability (h?»)% and Genetic Advance as percent of mean (GAM)%:

The degree of variation in a phenotypic trait in a population that is due to
genetic variability between individuals in that population is estimated by heritability. It
determines how much ofa trait's variance may be attributable to hereditary causes
rather than environmental influences. Broad sense heritability estimated from the ratio
of total genetic variance to that of phenotypic variance. Genetic advance as percent of
mean (GAM) estimates the increment in the mean genotypic value of the chosen plants
over the parental population. Interpretationsbased on both the heritability estimates and
GAM estimates would give a better insight on themode of gene action and the passing
over of the character under study to the subsequent generations rather than the
interpretations derived based on ether one of these estimate.

A high heritability value combined with a high GAM percent implies additive
gene action, whereas a high heritability value combined with a low GAM percent
implies non-additive geneaction. Low heritability combined with low GAM percent
values shows additive gene action, although low heritability values were caused by
environmental influences. Low heritability and GAM values show non additive gene

action and also the prevalence of environmental influence in the manifestation of the
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character under study. The heritability and GAM values have been encapsulated in
table 4.4.

Highest heritability estimate was shown by days to maturity, followed by plant
height, hundred seed weight, and height of first pod. Moderate heritability was
observed for characters like days to 50% flowering, and plot yield. Rest of the traits
showed low heritability values.

High genetic advance as percent of mean (GAM) values were exhibited by
hundred seed weight, biological yield, plot yield, number of secondary branches,
height of first pod and plant height. Rest all other traits showed moderate to low
magnitudes of GAM.

High values for both heritability and genetic advance can be seen in characters
such as heightof first pod, plant height, and hundred seed weight. Plot yield showed
high GAM with moderate heritability. This infers that the characters are governed by
additive genes and the additive gene effects could most likely be the reason for high
heritability. Selection for these characters in subsequent improvement programs could
be effective.

Days to maturity showed high heritability coupled with low genetic advance
values indicatingthe presence of non-additive gene action on this trait. High heritability
was manifested by the environmental effects rather than the genotype.

Hundred seed weight was the only trait presenting high values of PCV, GCV
coupled with high heritability and high GAM. Traits like biological yield, number of
secondary branches, biological yield and plant yield showed moderate values for
heritability while exhibiting high values of GAM along with high PCV and GCV
indicates the additive gene effects of the trait and the effect of the environment on
heritability.

Number of primary branches and number of seeds per pod exhibit low
heritability and GAM which indicates that these characters were highly influenced by
the environment and selectionfor these characters would be redundant.

Findings by Ramanappa et al., (2013) corroborate similar conclusions for h’bs
and GA% values for plant height, hundred seed weight, days to maturity and harvest
index; Vishnu et al., (2018) for heritability estimates of height of first pod and plant
height; Puri et al., (2013)for days to 50% flowering, days to maturity, harvest index
and number of primary branches; Malik et al., (2010) for number of primary branches;

Hagos et al., (2018) for number of primary branches; Biru et al., (2017) for branches
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per plant.

4.3 Correlation studies

The degree of association between two variables, such as a complicated
character and an associated trait, as well as the direction of change, is measured using
correlation analysis. It proposes a strategy for selecting and improving specific
associated trait in order to increase acomplicated attribute like seed yield. Correlation
studies aid in the comprehension of yield components and the effects of other
characters on the same (Robinson et al., 1951 and Johnson et al., 1955).

Correlation is calculated at three levels: genotypic, phenotypic, and
environmental, while the first two estimates indicates the magnitude of the underlying
association. The phenotypic and  genotypic correlations of different yield traits are
provided in table 4.5. The relationship was studied and found that the genotypic
correlation values were high in magnitude as compared to the phenotypic correlation
values, indicating the less influence of environment.

A positive significant relationship was observed between plot yield and harvest
index and hundred seed weight whereas, negative relation were seen for days to
flowering, days to maturity and number of secondary branches with plot yield. The
positive association between the two traits indicates that a hike in one of the trait will
certainly increase the values for another trait. Likewise, a negative association tells that
increase in one trait will lead to decrease in another trait.

Hundred seed weight showed positive association with height of first pod
followed by plant height, biological yield and harvest index.

Number of seeds per pod showed positive and days to maturity and plant height
recorded negative association with harvest index.

Biological yield recorded positive relation with days to maturity, plant height,
and number of primary branches, number of secondary branches and number of pods
per plant.

Number of pods per plant exhibited positive relationship with number of
primary and secondary branches whereas, negative correlation was found with height of
first pod.

Number of seeds per pod showed negative relations with primary branches;
exhibited negative values with days to flowering, plant height, primary and secondary

branches; Number of secondary branches had positive relations with days to maturity
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and number of primary branches. Plant height recorded positive correlation with days to
maturity and height of first pod; days to maturity had positive association with height of
first pod and days to flowering.

From the above observations, we can infer that the improvement in plot yield
could be brought about through selection for improvement in number of secondary

branches,number of seeds per pod, harvest index, and hundred seed weight.

Equivalent findings were reported by Sharma et al., (2019), Jha and Shil,
(2015), Biabani et al.,(2011), Ali and Naveed, (2012), Kerketta et al., (2018), Yucel
and Anlarsal, (2010), Babbar et al., (2015) for different traits studied.

4.4 Path analysis:

Path analysis gives information about how a component trait affects the
dependant trait i.e. through direct effect and through other characters i.e. indirect
effects. This shows whether the association with the dependant trait is due to the
component trait’s direct effect or by indirect effect via other component traits.
Residual effect provides insight into other significant traits that are not explored in
this study and their impacts on the dependent variable. The phenotypic and genotypic
path analysis on various traits with plot yield and height of firstpod as dependant traits

are discussed below in the tables

The results for the experiment are described based on their values as negligible (0 to
0.09),low (0.10 to 0.19), moderate (0.20 to 0.29), high (0.30 to 0.99) and very high
(>1.00) as given by Lenka and Misra (1973).

The path analysis is done for two characters namely, plot yield and height of
first pod as dependant traits individually at both genotypic and phenotypic levels.

4.4.1 Phenotypic direct and indirect effects on plot yield as dependant variable:

Phenotypic direct and indirect effects on plot yield as dependant variable are
illustrated in table 4.6.

Direct positive effect on plot yield were recorded by biological yield and
harvest index. However, these traits also reported positive significant correlation with

yield. Rest of traits showed low direct effect.
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Number of secondary branches and biological yield reported negative high indirect
effect on plot yield. Number of pods per plant showed positive moderate indirect effect

via biological yield on plot yield.
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4.4.2 Genotypic direct and indirect effects on plot yield as dependant variable:

The path analysis on plot yield (g) as dependant trait revealed the
following genotypic directand indirect effects by the component characters on the
dependant trait. Genotypic direct andindirect effects on plot yield as dependant
variable are illustrated in table 4.7.

Biological yield, harvest index, number of secondary branches, and plant
height showed high to very high direct effect on plot yield. However, the
correlation estimates reported positive association of plot yield with harvest index
whereas, negative correlation was seen between plot yield and plant height and
number of secondary branches. Direct selection and improvement of these traits
can achieve the improvement of the dependant trait. Number of pods per plant,
hundred seed weight, days to flowering, days to maturity and number of seeds per
pod exhibited very high to high negative indirect effect on plot yield. Hence
election and improvement of indirect factors can also favour the improvement of
the dependant variable.

Hundred seed weight showed very high positive indirect effect on plot yield
via number of primary branches and negative indirect effect was seen via height
of first pod (HOFP), plant height (PH), number of seeds per pod (NSP), biological
yield (BY) and harvest index (HI). Furthermore, moderate to high indirect effect
was achieved by number of secondary branches (NSB) through hundred seed
weight (HSW) on plot yield.

Number of seeds per pod and hundred seed weight showed positive and
days to maturity, days to flowering, height of first pod, plant height and number of
secondary branches manifested negative indirect effect on plot yield via harvest
index.

Biological yield recorded positive indirect effects on plot yield through
hundred seed weight, number of primary and secondary branches, plant height,
height of first pod and days to maturity.

Height of first pod, and number of seeds per pod recorded negative indirect
effect on plot yield via number of pods per plant. Apart from this, number of
primary branches, biological yield and number of secondary branches showed
negative indirect effect via number of pods per plant.

Number of seeds per pod manifested positive indirect effect and plant

height, number of primary branches, number of secondary branches, number of
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pods per plant and biological yield showed positive indirect effect on plot yield.

Days to maturity, number of primary branches, number of pods per plant,
biological yield showed positive but number of seeds per pod showed negative
indirect effect on plot yield via number of secondary branches.

Positive correlation at phenotypic correlation level and negative correlation
at genotypic correlation level and vice versa and positive direct effects in
phenotypic path analysis and negative direct effects in genotypic path analysis and
vice versa indicates the effects of the environment and genotype x environment
interactions (G X E) to be reasons for the aforementioned changes.

4.4.3 Phenotypic direct and indirect effects on height of first pod as dependant
variable:

The phenotypic path analysis of the characters under study with height of first
pod asdependant variable produced the following results and these are tabulated in

table 4.8.

Plant height reported very positive direct effect on height of first pod. The
trait also bears positive correlation with height of first pod, thereby indicating that
the selection of this trait will be rewarding for improvement of height of first pod.
Further, moderate direct effect was achieved by hundred seed weight. A positive
association was observed between height of first pod and hundred seed weight

whereas, biological yield showed negative effect.

As far as indirect effects are concerned, hundred seed weight, days to
maturity and biological yield reported indirect effect on height of first pod via plant
height. Number of pods per plant showed negative indirect effect through biological
yield. The results indicated that concurrent selection of indirect components for these

traits ultimately leads to the improvement of the character under consideration.

4.4.4 Genotypic direct and indirect effects on height of first pod as dependant
variable:

Genotypic path analysis of the component characters under study with height
of first pod as the dependant variable generated the following results on direct and
indirect effects of the component characters on the dependant variable. The results
are tabulated under table 4.9.

At genotypic level, hundred seed weight and number of secondary branches

showed very positive direct effect on height of first pod, however, hundred seed
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weight also possessed positive correlation with the aforesaid trait. Plant height,
number of seeds per pod and number of pods per plant recorded high direct effect on
height of first pod. However, number of pods per plant recorded negative association
with height of first pod.

Biological yield, harvest index recorded very high negative direct effect on
height of first pod. Of these two traits, biological yield recorded positive and harvest
index showed negative values of correlation with HOFP. Apart from this, days to
flowering and days to maturity recorded high direct effect along with positive
correlation with height of first pod.

Harvest index showed positive and number of secondary branches recorded
negative indirect effect on height of first pod via days to maturity. Biological yield
and hundred seed weight achieved positive indirect effect through plant height.
Similarly, number of secondary branches and number of pods per plant showed
positive indirect effect through number of primary branches.

Traits namely, number of primary branches, days to maturity, days to
flowering, number of pods per plant and biological yield manifested positive indirect
effect through number of secondary branches whereas, number of seeds per pod,
harvest index and plot yield got negative indirect effect on HOFP through number of
secondary branches.

Through biological yield, days to maturity, plant height, number of primary
branches, number of secondary branches, number of pods per plant and hundred
seed weight exhibited negative indirect effect whereas, was the only trait to record
positive indirect effect on HOFP.

Days to flowering, days to maturity, plant height and number of secondary
branches and, plot yield, hundred seed weight and number of seeds per pod exhibited
positive as well as negative indirect effects on HOFP via harvest index.

The traits viz., plant height, number of seeds per pod, biological yield, plot
yield and number of primary branches recorded positive and negative indirect effects

respectively through hundred seed weight.
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4.5 Cluster analysis:

Cluster analysis groups the genotypes based on their similarity into discrete
groups called clusters. Each cluster has a group of genotypes that are similar.
Different clusters are formed and the distance between them is based on the
similarity between two clusters. Farther the distance between two clusters, more
diverse they are. Different clusters and their componentsalong with inter and intra

cluster distances, cluster means and dendrogram are given in the tables.

4.5.1 Grouping of genotypes into different clusters:

Cluster analysis through Un-weighted Pair Group Method with Arithmetic
averages (UPGMA) using Euclidean distances divided the 36 genotypes under study
into seven clusters. Uneven distribution of the genotypes to different clusters took
place with cluster I having highest genotypes (14 genotypes) followed by cluster IV
(9 genotypes), clusters II and III (4 genotypes each), cluster VI (3 genotypes) and
clusters V and VII having the least number of genotypes (1 each). This clustering
pattern found evidence of genetic variability in the study population. The details of

the clusters and their component genotypes are presented in the table 4.10 and Fig

4.1 and 4.2.

Table 4.10: Genotypes in each cluster

Clusters No. of Genotypes
Number Genotypes
I 14 RSGD-7714, NBeG 1267, 1G 2020-15, RKGM 20-1, IG

2020-16, ICCV 191612, RSGD-834, H 13-03, Phule G
191616, JG 24, RKGM 20-2, GL 117020, JG 2020-57,

RLBGMH-4

II 4 PBC 582, ]G 16, PBC 574, GJIG 1916

III 4 GL 15003, IPCB 2015-132, RVSSG-96, IPC 2017-253

v 9 BG 3062, PG 252, RVSSG-97, RLBGMHG-3, IPC 2017-
141, ICCV 191608, Phule G 0405, H 07-120, Phule Vikram

\Y% 1 GJG 1913

VI 3 BG 4028, Phule G 191618, BG 4027

VII 1 PG 251

4.5.2 Inter and intra cluster distances:

The maximum intra cluster distance was found within cluster I (43.266) that
i1s comprised of 14 genotypes, followed by cluster II (31.158) with 4 genotypes, then
cluster IV (30.361) consisting of 9 genotypes, followed by cluster III (27.044) with 4
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genotypes, then comes cluster VI (25.764) with 3 genotypes and finally followed by
clusters V and VII with an inter- cluster distance of 0.000 as they contain only one

genotype in each of them.

Table 4.11: Inter and intra cluster distances

I I 111 1A% \% V1 VII
| 43.26 | 126.81 175.63 103.38 279.75 | 273.83 546.08
11 31.15 299.64 | 229.57 153.68 | 399.07 | 672.02
111 27.04 84.76 452.04 | 130.58 | 383.95
v 30.36 38275 | 170.88 | 442.88
\% 0.00 551.86 | 825.02
V1 25.76 274.65

VII 0.00

Values in bold = Intra-cluster distance

The inter cluster distances are covered further in descending order depending
on the inter cluster distances. The highest value for inter cluster distance was
recorded for clusters V and VII (852.022), followed by clusters II and VII (672.028),
clusters V and VI (551.867), clusters I and VII (546.087), clusters III and V
(452.045), clusters IV and VII (442.887), clusters II and VI (399.074), clusters III
and VII (383.956), clusters IV and V (382.752), clusters II and III (299.641), clusters
I and V (279.758), clusters VI and VII (274.655), clusters I and VI (273.836),
clusters II and IV (229.578), clusters 1 and IIl (175.637), clusters IV and VI
(170.884), clusters Il and V (153.681), clusters VI and III (130.586), clusters I andII
(126.818), clusters I and IV (103.388), and clusters III and IV (84.764). The least
inter cluster distance was noted between clusters III and IV indicating that these
clusters are closely related and less available diversity between these two clusters
while cluster V and VII, clusters II and VII noted the highest inter cluster distance

indicating presence of ample genetic diversity amongst these clusters.

4.5.3 Cluster means:

Cluster means for each of the twelve component characters have been
elucidated in the table 4.12. Cluster V (54 days) has the least mean for days to 50%
flowering followed by cluster I (60 days) and cluster II (60 days) while cluster I1I (71
days) having the highest days for days to 50% flowering. The least mean for days to
maturity was also recorded by cluster V (98 days) followed by cluster II (101 days)
and cluster 1 (102.952 days) while cluster VII (109) having the highest cluster mean
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value for days to maturity. Cluster III (31.067 cm) noted the highest mean for height
of first pod followed by cluster VI (30.156 cm), cluster IV (30.111 cm) with least
value being shown by cluster VII (25.644 cm).

Highest cluster mean for plant height was shown by cluster VI (63.489 cm)
then cluster IV (57.407 cm), then cluster VII (55.267cm) while the minimum was
exhibited by cluster V (53.133cm). Cluster VII (2.800), (13.511) showed highest
cluster average for both number of primary branches and number of secondary
branches respectively, while cluster V (2.667) and cluster VI (2.222) showed next to
high values for number of primary branches and cluster VI (12.222) and cluster II
(9.467) showed next to high values for number of secondary branches. Cluster III
(1.900) and cluster V (5.800) recorded the least cluster meansfor number of primary
branches and number of secondary branches respectively. Cluster VI (55.22) showed
highest cluster mean for number of pods per plant with cluster VII (51.200) and
cluster II (43.550) being next to highest values for the same while the least being
exhibited by cluster III (26.933). Cluster V (1.467) exhibited highest cluster mean for
number of seeds per pod and cluster VII (1.000) showed the minimum cluster means
while cluster II (1.267) and cluster IIT (1.233) next to highest values for cluster
means in number of seeds per pod. Cluster VI (29.044 g) exhibited highest cluster
mean for biological yield followed by cluster II (19.133g), cluster IV (18.748g) while
cluster III (10.883 g) showed lowest cluster mean for the same. The highest cluster
mean for harvest index was exhibited by cluster V (59.539) followed by cluster I
(51.831), cluster IV (46.910) while cluster VII (25.880) exhibited the least value for
harvest index. Cluster mean for hundred seed weight was highest for cluster VI
(27.778g) while least recorded for cluster VII (10.667g) and cluster I (25.000g) and
cluster V (24.333g) showed next to highest values for seed weight. Cluster V
(876.00g) exhibited the highest cluster mean for plot yield (g) followed by cluster II
(723.g), cluster IV (495.519¢g) while cluster VII (59.333g) showed the least cluster

mean for the aforementioned trait.
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Cluster V exhibited high values for to 50% flowering, days to maturity, number of
seeds perpod, harvest index and plot yield. Cluster VI exhibited highest cluster
mean values for plant height, number of pods per plant, biological yield, and
hundred seed weight.

Cluster III showed high values for of first pod while cluster VII showed
high cluster means for number of primary branches and number of secondary
branches.

For the improvement of yield, genotype GJG 1913 can be selected as it is
the component of cluster V. In order to develop varieties amenable to mechanical
harvesting, selection can be done from GL 15003, IPCB 2015-132, RVSSG-96,
IPC 2017-253 that form cluster III.

4.6 Classification of genotypes:
4.6.1 Based on height of first pod:

Height of first pod helps in the development of chickpea cultivars suitable
formechanical harvesting along with seed yield.

Chickpea cultivars with height of first pod (cm) above 30 cm are
considered suitable for mechanical harvesting (Table 4.13). Around 17 genotypes
out of studied 36 genotypes showed a first pod height more than 30 cm. IPC 2017-
253 (39 cm) showed the highest first pod height followed by JG 24 (38.40 cm),
ICCV 191612 (38.13 cm), Phule G 191618 (37.47 cm), GJG 1916 (36.40 cm),
ICCV 191608 (34.93 cm), RLBGMH-4 (34.87 cm), IG 2020-15(34.60 cm), IPC
2017-141(33.73 cm), IPCB 2015-132 (33.47), RVSSG-97 (32.93 c¢cm), GL 117020
(32.93 cm), H 07-120 (32.00 cm), PBC 574 (31.93 cm), Phule G 191616 (31.87
cm). These genotypes exhibited suitable first pod height amenable for ~ machine

harvesting.



Table 4.13: Ranking of genotypes based on their height of first pod
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S. no. Entry HOFP S.no. | Entry HOFP

(cm) (cm)
34 IPC 2017-253 39.00 7 BG 4028 29.00
24 JG 24 38.40 6 GJG 1913 28.13
15 ICCV 191612 38.13 2 PBC 582 27.60
13 Phule G 191618 37.47 5 BG 3062 27.00
36 GJG 1916 36.40 29 Phule Vikram 27.00
21 ICCV 191608 34.93 4 GL 15003 26.40
35 RLBGMH-4 34.87 25 RKGM 20-2 26.13
8 1G 2020-15 34.60 18 PG 251 25.64
20 IPC 2017-141 33.73 32 RVSSG-96 25.40
27 IPCB 2015-132 33.47 33 BG 4027 24.00
12 RVSSG-97 32.93 16 RSGD-834 23.53
26 GL 117020 32.93 11 1G 2020-16 23.53
28 H 07-120 32.00 10 RKGM 20-1 22.60
31 PBC 574 31.93 23 Phule G 0405 22.60
22 Phule G 191616 31.87 30 JG 2020-57 22.27
14 RLBGMHG-3 30.73 3 NBeG 1267 21.93
9 PG 252 30.07 1 RSGD-7714 21.80
19 H 13-03 29.87 17 JG 16 20.93

4.6.2 Based on seed coat colour: Out of the 36 observed genotypes, 30

genotypes had brown coloured seed coat, 5 genotypeshad dark brown coloured

seed coat and one genotype had green coloured seed coat (Table 4.14 and Fig.

4.3).

Table 4.14: Grouping of genotypes based on seed coat colour

Seed coat Entry no. Entry Seed coat
colour colour

2 PBC 582
3

NBeG 1267
4 GL 15003
5 BG 3062
6 GJG 1913
7 BG 4028
8 1G 2020-15
9 PG 252
10 RKGM 20-1
11 1G 2020-16
13 Phule G 191618
14 RLBGMHG-3
15 ICCV 191612
16 RSGD-834
17 JG 16
18 PG 251
19 H 13-03
20 IPC 2017-141

Entry no. Entry
21 ICCV 191608
22 Phule G
191616

23 Phule G 0405
27 [PCB 2015-132
28 H 07-120
29 Phule Vikram
30 JG 2020-57
31 PBC 574
33 BG 4027
34 IPC 2017-253
35 RLBGMH-4
36 GJG 1916

1 RSGD-7714
12 RVSSG-97
24 JG 24
25 RKGM 20-2
26 GL 117020
32 RVSSG-96




55

4.6.3 Genotypes with high first pod height and plot yield: In the table 4.15

given below comprises of genotypes with high first pod height and high plotyield

among the observed 36 genotypes. Six genotypes namely JG 24, IG 2020-15,
RLBGMH-4, PBC 574, GJG 1916, and Phule G 191616 recorded both high first

pod height and plot yield. Thus, we can infer that these six genotypes are suitable

and promising as parents for further improvement or for developing into a

cultivar.

Table 4.15: Top fifteen genotypes with height of 1 pod more than 30 cm and high yield

S. NO. Entry HOFP S. NO. Entry PLYG
34 IPC 2017-253 39.00 6 GJG 1913 876.00
24 1G24 38.40 17 JG 16 750.33
15 ICCV 191612 38.13 31 PBC 574 719.33
13 Phule G 191618 37.47 2 PBC 582 718.00
36 GJG 1916 36.40 36 GJG 1916 705.33
21 ICCV 191608 34.93 24 JG 24 650.67
35 RLBGMH-4 34.87 1 RSGD-7714 646.33
8 1G 2020-15 34.60 25 RKGM 20-2 646.33
20 IPC 2017-141 33.73 35 RLBGMH-4 633.00
27 IPCB 2015-132 33.47 16 RSGD-834 628.67
12 RVSSG-97 32.93 8 1G 2020-15 605.00
26 GL 117020 32.93 30 JG 2020-57 605.00
28 H07-120 32.00 22 Phule G 191616 587.67
31 PBC 574 31.93 10 RKGM 20-1 581.33
22 Phule G 19161¢| 31.87 19 H 13-03 562.00

HOFP = Height of 1 pod (cm); PLYG = Plot yield (g)
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CHAPTER -V
SUMMARY AND CONCLUSION

The primary focus of the current experiment titled “Identification of
Chickpea (Cicer arietinum L.) genotypes promising for mechanical
harvesting” is to identify genotypes that are both high yielding and amenable for
machine harvesting. The research was carried out in the experimental field under
the Department of Genetics and Plant Breeding, Research cum instructional farm,
IGKYV, Raipur, (C.G.) with 36 genotypes.

The investigation focused on 13 quantitative characters and one qualitative
character viz., Days to 50% flowering, Days to maturity, Height of first pod (cm),
Plant height, Number of primary branches, Number of secondary branches,
Number of seeds per pod, Number of pods per plant, Biological yield, Harvest
index, Hundred seed weight, Plot yield (g) and Seed coat colour. The data
obtained has be subjected to various statistical analyses such as genetic variability
parameters, correlation Analysis, path coefficient analysis, and cluster analysis in
order to find out how various characters interact with each other in order to obtain
the required genotype that matches the requirements of our research problem. The
outcomes of the aforementioned research are summarised in the following
paragraphs.

e Analysis of variance on twelve characters showed significant values for
MSS of eleven traits. Two traits viz., “numbers of primary branches” and
“number of seeds per pod” did not reveal any significant variations. The
presence of significant levels of variation implies the presence of
variability in the observed characters. This variability can be tapped into
and be used in further development of the genotypes.

e Among the 36 genotypes studied, two genotypes namely IG 2020-15 and
RVSSG-97 had flowered at 48 days while IPC 2017-253 took 73 days,
which is the highest among the studied genotypes.

e The magnitudes of phenotypic co-efficient of variation were higher
than the magnitudes of genotypic co-efficient of variation. This
indicated the impact of role of environment over the genotypic effect,
finally influencing the phenotypic effect. biological yield, no. of pods

per plant, no. of secondary branches, plot yield, hundred seed weight
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were the traits which showed high PCV coupled with high GCV. Four
characters, namely, “height of first pod”, “number of primary
branches”, “number of seeds per pod” and “harvest index” possessed
high values of PCV along with moderate to low values of GCV.

High values for both heritability and genetic advance was observed in
characters such as height of first pod, plant height, and hundred seed
weight. Plot yield showed high GAM with moderate heritability.

Hundred seed weight was the only trait presenting high values of PCV,
GCYV coupled with a high heritability value and high GAM.

Positive significant relationship was observed between plot yield and,
harvest index and hundred seed weight whereas, negative relation were
seen for days to flowering, days to maturity and no. of secondary branches
with plot yield.

100 seed weight exhibited positive association with height of first pod
followed by biological yield, plant height, and harvest index.

Path analysis with plot yield as dependent variable, positive direct effect
on plot yield were shown by biological yield and harvest index at
phenotypic level and at genotypic level, biological yield, harvest index,
number of secondary branches, and plant height showed high direct effect
on plot yield.

Plant height reported very positive direct effects on height of first pod (as
dependent trait) at phenotypic level whereas, at genotypic level, hundred
seed weight and number of secondary branches showed very positive
direct effect on HOFP.

Cluster analysis through Un-weighted Pair Group Method with Arithmetic
averages (UPGMA) using Euclidean distances divided the 36 genotypes
under study into seven clusters. The utmost intra cluster distance was
found within cluster 1 (43.266) that is comprised of 14 genotypes and
clusters V and VII with an inter-cluster distance of 0.000 as they contain
only one genotype in each of them

Around 17 genotypes out of studied 36 genotypes showed a first pod
height more than 30 cm. These genotypes exhibited suitable first pod

height amenable for machine harvesting.
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e Based on seed coat colour, out of the 36 observed genotypes, 30 genotypes
had brown coloured seed coat, 5 genotypeshad dark brown coloured seed
coat and one genotype had green coloured seed coat.

e Six genotypes namely C-20485, C-20498, RLBGMH-4, C-20462, C-
20493, and C-20480 recorded both high first pod height and plot yield (g).
Thus, we can infer that these six genotypes are suitable and promising as

parents for further improvement or for developing into a cultivar

Conclusion:

The research study was taken into consideration with the aim to evaluate
chickpea genotypes for high yield and machine harvestable character based on
height of first node. From the results it can be concluded that the trait, height of
first pod/node is of utmost importance as it tells the usage of combine harvester
for harvesting of chickpea crop. In our study, there were six promising genotypes
(JG 24, 1G 2020-15, RLBGMH-4, PBC 574, GJG 1916, and Phule G 191616)
which yield high along with hike in height of first pod.

Suggestions for future work
e For the creation of cultivars suitable for machine harvesting, an emphasis
on plant height, height of first pod, and plot yield is critical.
e Hybridization or -cultivar development programs using the above
genotypes should be carried out to create promising machine harvestable

cultivars.
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