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Abstract

Aim: The aim of the present study was to evaluate the genetic variability in Gossypium herbaceum (2n=2x=26) and identification of elite lines for future
geneticimprovement.

Methodology: The seeds of G. EMS (70mM)

herbaceum (cv. Wagad) was treated

with 70 mM EMS to develop the mutant g;. \ %’:a S ®

population. A set of 235 selected M, b g 4

mutant families were grown in a M seeds M, Seeds M. population ' ,
random block design (RBD). Genetic (5,500 seeds) 1Pop M, population

variability was evaluated for 14 agro-
morphological traits. ®l—)
Results: ANOVA showed significant
differences (P<0.05) among the lines

for all the traits. The phenotypic (PCV), Phenotyping of 235
genotypic coefficient of variability mutar)tfa_milie_s for
(GCV), heritability in broad sense genetic diversity

(W"B%) and genetic advance (GA%)
were found to be high for most of the
traits. The trait association revealed
that the biological yield per plant showed a positive and significant correlation with number of bolls/plant, plant height, leaf area, internodal distance, lint
weight/plant and seed weight/plant. Path coefficients analysis confirmed that seed weight per plant had a significant role in the yield than other yield
components. All the mutantlines were grouped into 16 clusters and exhibited considerable degree of genetic diversity.

M, population (235x15=3,525 plants)

Interpretation: The advance mutant lines from distant clusters may be useful for further exploitation for genetic improvement and development of high
yielding varieties.
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Introduction

Cotton (Gossypium spp.) is one of the major source of
natural textile fiber, animal feed, and foodstuffs. The genus
Gossypium has ~45 diploids (2n=2x=26) and five allotetraploid
(2n=4x=56) species. Worldwide, ~98% of lint production comes
from two tetraploid viz., G. hirsutum and G. barbadense, and the
remaining 2% is contributed by two diploid species (G.
herbaceum and G. arboreum). India stands on top position in
cultivation area (10.9 MHa), second in production (33.6 M bales),
but has poor yield (522 kg ha') than other cotton growing
countries. Narayanan et al. (2014) reported tha cotton will share
~25% of fiber demand for rapidly growing 9.1 billion world
population till 2050 with gradual reduction of agricultural land and
freshwater supply. Furthermore, due to climate change the ambient
temperature will be increased ~5°C in the next few decades (Khan
etal., 2018). This elevated temperature will enhance evaporation
of soil water and limit supply to root system, inviting drought
conditions along with various biotic and abiotic stresses.

Since last decade, patchy distribution of rainfal with
decreasing water resources is responsible for increased drought
conditions and decreased cotton production in India (Ullah et al.,
2017) . Increasing the lint production will be a big challenge under
elevated drought environment. In these circumstances, diploid
cotton has more adaptability and innate potential to resist various
biotic and abiotic stresses (Kulkarni et al., 2009). Therefore,
diploid cotton is preferred more for cultivation in drought-prone
regions of Asia. This preferability of diploid cotton has raised the
need of creation and exploration of genetic diversity for utilization
in crop improvement programme. Genetic diversity helps to
develop new varieties with ideal traits such as higher yield,
desirable fiber quality, tolerance to pests and diseases. However,
the incessant selection for desired traits in elite cultivars forced
genetic erosion that narrowed the genetic base and losses rare
alleles from improved varieties (Espina et al., 2018). Therefore,
mutagenesis is an alternative approach to create genetic
variations and broaden the genetic base ina crop.

Spontaneous mutation increases the genetic diversity but
at a slow rate (~7x10° nucleotide) (Ossowski et al., 2010).
Induced mutagenesis is a powerful tool that can put new alleles in
gene pool and broaden the genetic base of concerned crops.
Further, this additional genetic diversity can be used for
assortment of desirable traits, to break unwanted linkages as well
as functional characterization of genes controlling major traits
(Patel et al., 2014). Physical (X-ray and gamma-ray) and
chemical mutagens (Ethyl methane sulfonate and Sodium azide)
are commonly used for inducing mutagenesis in plants. € EMS
has been widely used to develop mutant population in various
crops (Kurowska et al., 2011). It alkylates guanine (G) residues in
DNA which pair with thymine (T) instead of cytosine (C) during
DNA replication that promotes GC to AT transition (Kurowska et
al., 2011). Various types of genetic materials have been
generated in edible/non-edible and model plants by EMS
mutagenesis and several targeted traits introduced. Since 1950,

joint FAO/IAEA has released 3,283 improved mutant varieties for
commercial cultivation. G. hirsutum is being used to induce
mutagenesis that has resulted in significant traits like good fiber
quality (Patel et al., 2014; Herring et al., 2004), disease and
droughtresistant (Aslam et al., 2016; Witt etal., 2018).

Maharashtra, Gujarat, Madhya Pradesh, Telangana,
Andhra Pradesh and Karnataka are major cotton producing
states of India that contribute about 60% of total cultivated area.
But, these states comes under-rainfed region having complex
climatic deficiencies mainly water scarcity which drastically
reduces cotton production. Therefore, there is a need to identify
resilient Indian genotypes having tolerance/resistance against
biotic and abiotic stresses with higher yield and quality. In
previous research conducted at CSIR-National Botanical
Research Institute (NBRI), cultivar Wagad of G. herbaceum was
found as tolerant to drought in intial growth stages along with
difference in physiological response and several new genes were
also identified (Ranjan et al., 2012a, b). Thus, the cultivar Wagad
has been used for developing EMS derived mutant population. This
mutant population can be utilized for functional validation of newly
identified drought-related genes and also for varietal development
programs. The present study focused to evaluate the performance
of selected EMS derived mutant families of G. herbaceum, and
estimate important genetics parameters as genotypic and
phenotypic variability, correlation, path coefficients, and principal
componentanalysis (PCA) for yield and its related traits.

Materials and Methods

Plant materials and phenotypic evaluation: The plant
materials used in the present investigation includes a subset of
235 M, families, selected from M, generation of G. herbaceum (cv.
Wagad) derived from 70 mM EMS treatment. The concentration
of lethal dose (LD,,) of EMS, i.e., 70 mM was determined from
LD,, optimization experiment performed at CSIR-NBRI, Lucknow.
Based on this experiment, the 70 mM concentration was used in
the treatment of large number of seeds (M0 seed) and developed
the M, population. The generation advancement of mutant
population and other field experiment was conducted at cotton
research farm of Mahatma Gandhi Mission (MGM), Aurangabad
(MS), India. The experiment with 235 M, families was laid out in
random block design (RBD) with 3 replications. Fifteen plants per
replications from each selected mutant family (total 10,575
plants) were grown. The plant to plant and row to row space was
maintained at 60 cm and 90 cm, respectively, and followed
standard crop management practices. The quantitative data for
14 major agronomical traits (pre and post-harvesting) was
recorded from 10 competitive plants per replication. The data
were recorded on plant height (cm), mumber of branches per
plant, stem circumference (cm), leaf area (cm’), number of nodes
per plant, internodal distance (cm), number of bolls/plant, seed
index (gm), lint weight per plant (gm), seed weight/plant (gm),
biological yield/plant (gm), ginning out turn (%) (lint weight/seed
weightx100), lint index (gm) (seed indexxlint%/100-lint%) and
harvestindex (gm) (economical yield/biological yieldx100).

¢ Journal of Environmental Biology, May 2021 ¢



U. Kumar et al.: Genetic variability in mutant population of Gossypium herbaceum 591

Statistical Analysis: The pooled phenotypic data was subjected
to analysis of various genetics estimates using Windostat
software (www.indostat.org). The analysis of variance (ANOVA)
and other genetic parameter such as genotypic (5°g), phenotypic
(8%p), error variance (5°), genotypic coefficient of variation
(GCV), phenotypic coefficient of variation (PCV), broad-sense
heritability (h’B%), and genetic advance as percentage of mean
(GA%) was estimated as per Singh and Chaudhary (1985). The
scale for variability was used as high (>20%), medium (10%-20%)
and low (<10%) for PCV, GCV and GA% (Johnson et al., 1955)
while h"B% was categorized as high (260%), moderate (60-30%)
and low (<30%) (Robinson et al., 1949). The correlation and path
coefficient analysis done as per formula by Johnson et al. (1955).
The hierarchical clustering was carried out using Euclidean
distance (D°) statistics based on the pattern of similarity/
dissimilarity using Ward's minimum variance method
(Radhakrishna Rao, 1952). To measure the degree of divergence
principal component analysis (PCA) was also carried out.

Results and Discussion

ANOVA revealed considerable degree of differences
among the mutant families (Table 1) which ascertains that EMS
mutagenesis induces genetic variability in G. herbaceum for
various traits. Previously, the significant degree of variability has
alsobeenreported in the mutant population of Vigna radiata (Wani
and Khan, 2006) and Cicer arietinum (Amri-Tiliouine et al., 2018).
The estimates of range, mean, phenotypic and genotypic
variances (8°p and &°g), phenotypic and genotypic coefficient of
variation (PCV and GCV), broad-sense heritability (n2B%), and
genetic advance as a percentage of mean (GA%) are presented
in Table 1. The height of plant ranged from 75.0 to 225.0 cm with
an average of 157.54+7.6 cm. The number of branches per plant

varied from 08.0 to 46.0 (20.87+1.10) and number of nodes per
plant varied from 08.0 to 47.0 with the mean of 25.19+1.20. The
number of bolls per plant ranged from 11.0 to 62.0 (29.98+1.5).
The seed and lint yield per plant varied from 22.1to 111.0and 11.0
to 55.4 gm, respectively. This result indicates that the selected
mutant families exhibited intra-population difference as in natural
population (Jarwar et al, 2018). The PCV and GCV were
observed high for nine agronomical traits viz., number of branches
per plant (34.17% and 32.93%), stem circumference (28.37% and
27.11%), leaf area (37.13% and 32.35%), number of nodes per
plant (26.23% and 24.89%), number of bolls per plant (30.72%
and 29.49%), lint weight/plant (34.19% and 32.4%), seed weight
per plant (33.3% and 31.66%), biological yield per plant
(32.94% and 31.48%), lint index (29.66% and 27.65%).
Similarly, higher PCV and GCV have been reported for various
traits in M6 lines of soyabean (Malek et al., 2014). Amri-
Tiliouine et al., (2018) have developed gamma irradiated 135
M2 families of chickpea and reported higher PCV and GCV for
yield related traits. In black gram, physical and chemical
mutagens have been applied and estimated PCV and GCV
different traits (Usharani and Ananda Kumar, 2016). Yusuff et
al., (2014) have evaluated 31 mutant lines of rice at different
locations and reported high values of PCV and GCV for flag leaf
length to width ratio and yield. Laskar and Khan (2017) have
estimated high GCV in M3 population of lentil developed by
gamma irradiation. In mungbean, high values of PCV and GCV
have been reported for major agronomic traits by
Roychowdhury et al., (2012), while, Khan and Wani (2006)
reported high PCV and GCV for fertile branches/plant.
Nurmansyah et al (2020) assessed the genetic diversity in M2
faba bean mutant population for morphological traits. They have
identified 36 prominent mutants with altered traits as compare to
the control. Among various traits, seed coat colour showed
maximum variability in identified mutants. Furthermore, the
high PCV and GCV indicates that the induced mutation added
genetic diversity as similar to spontaneous mutation.

Table 1: Mean, range and other statistical parameters of genetic variability derived by using 14 agronomic traits in 235 mutant families of Gossypium

herbaceum

Agronomic trait Range Mean £ SE F value 029 o2p GCV% PCV%  h2B% GA%
Plant height (cm) 75-225 157.54 £ 7.6 15.39* 851.9 1029.43 18.51 20.36 82 34.71
Number of branches/plant 8-46 20.87 £1.10 39.82* 47.25 50.9 32.93 34.17 92 65.36
Stem circumference (cm) 2.8-12.3 5.55+0.26 32.45* 2.27 248 211 28.37 91 53.36
Leaf area (cm2) 18-154 68.07 £ 7.14 10.45** 48466  638.46 32.35 37.13 75 58.06
Number of nodes/plant 8-47 25.19£1.20 28.13* 39.34 43.69 24.89 26.23 90 48.66
Internodal distance (cm) 7.5-18.2 12.14 £0.59 13.27* 4.32 5.37 17.11 19.09 80 31.61
Number of bolls/plant 11-62 29.98 £ 1.48 36.09* 78.2 84.88 29.49 30.72 92 58.3
Seed index (gm) 3.8-7.6 6.13+0.27 444" 0.26 0.49 8.39 11.48 53 12.64
Lint weight/plant (gm) 11-55.4 28.78 + 1.81 27.39* 86.98 96.87 324 34.19 89 63.25
Seed weight/plant (gm) 22.1-1M1 59.29 £ 3.52 29.23* 25248  389.93 31.66 33.3 90 62.01
Biological yield/plant (gm) 35-166 88.01 £ 4.91 32.67* 767.84  840.55 31.48 32.94 91 61.98
Ginning out turn (%) 26-78 48.89 +2.42 8.61™ 38.36 53.47 12.66 14.95 71 22.1
Lint index (gm) 2.3-20.9 6.05+0.40 18.27** 28 3.29 27.65 29.66 85 52.59
Harvest index (gm) 20.8-55.7 3291 +2.05 2.99* 8.4 21.07 8.81 13.95 39 11.46

*&**, Significant at 0.05 and 0.01 respectively; 6°g = Genotype variance, a’p=Phenotype variance, GCV= Genotypic coefficient of variation, PCV=
Phenotypic coefficient of variation, h’B = Broad sense heritability, GA % = Genetic advance percent of mean
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Table 2: Cluster composition of 16 clusters (Ward'’s hierarchial clustering) based on multivariate analysis of 235 mutant families of Gossypium

herbaceum
Cluster ~ Number M, families
of families
| 32 1,30,2,3,6,8,7,18,20, 31,13, 14, 15, 21, 17, 22, 16, 5, 106, 137, 232, 12, 155, 235, 228, 11, 19, 44, 45, 27, 41, 25
Il 25 26, 33, 34,83, 79, 28, 35, 84, 85, 72, 74, 32, 73, 81, 88, 37, 38,36,110, 116, 223, 139, 192, 142, 154
Il 18 9, 90, 10, 133, 153, 157, 156, 134, 89, 92, 107, 91, 102, 103, 108, 104, 109, 101
v 25 77,141, 93, 229, 146, 96, 233, 94, 78, 138,144,140,149,87, 148, 143, 206, 230, 135, 136, 145, 151, 152, 150, 147
v 6 4,42,97, 95,93, 99
Vi 1 29,43, 46, 132, 33, 40, 80, 82, 207, 231, 211
VII 8 24,182, 115, 117, 203, 205, 214, 126
Vil 9 179, 201, 193, 200, 202, 199, 204, 234, 224
IX 13 105, 130, 114, 184, 129, 131, 119, 121, 120, 188, 221, 222, 225
X 2 50, 51
Xl 3 100, 125, 23
Xl 25 47,49, 64, 209, 75, 128, 54, 189, 48, 173, 174, 175, 208, 194, 212, 213, 62, 177, 171, 160, 190, 191, 172, 196, 210
Xl 19 53, 57, 58, 61, 67, 183, 69, 197, 63, 176, 178, 66, 60, 65,59,52,70,76
XIV 23 111, 186, 118, 122, 113, 183, 112, 124, 181, 123, 127, 187, 185, 220, 56, 159, 160, 162, 161, 227, 163, 226, 195
XV 1 71, 86, 166, 170, 215, 218, 158, 164, 219, 165, 55
XVI 5 168, 169, 217, 167, 216

Table 3: The clusters mean values for major morphological traits of 235 mutant families of Gossypium herbaceum

Cluster PH NB SC LA NN ID Nbo Sl Lw SW BY GOT L HI

I 187.85 1643 6.06  82.21 2438 1494 3359 624 3090 6644 9760  47.04 552 3157
I 174.05 2224 564 8672 2494 1302 3411 618 3502 6860 10380 5135 648 33.71
Il 171.03 1678 6.16  71.51 16.70  11.69 4322 637 4220 88.03 13022 4867 591 3256
v 150.52 16.98 434 66.95 2529 11.44 4298 599 4269 8592 12821 5034 627 3345
v 131.86 10.89 570 4676 3036 1323 3325 6.06 3288 6467 9753 5094 589 33.73
Vi 125.02 1742 421 60.41 2493 1318 2883 590 2485 60.20 8473 4127 445 2932
Vil 12259 15.00 413 3945 2352 11.71 2172 588 2253 3660 58.95 6184 770 38.30
VIl 17561 1720 456 6816 2418 11.97 1757 6.04 1888 3440 5145 4993 6.09 37.17
IX 106.85 1477 430 4799 1538  11.31 2317 643 2195 4769 69.64 4645 585 31.82
X 168.00 3225 7.58 60.63 3391 1206 2775 6.08 2736 3948 68.01 68.01 17.90 39.65
X 153.00 15.67 5.16  58.01 2316 1444 2694 6.03 2480 50.61 7541 4914 1142 32.94
Xl 152.03 3443 527 7503 3683 1034 237 6.10 2195 4568 67.21 4841 574 33.26
Xl 16345 26.64 528 56.85 29.06 10.04 2772 623 2407 5313 7720 4533 538 31.07
XV 1561.79 2628 552  56.34 2461 1244 2049 611 1977 3959 5923 4954 592  33.41
XV 156.55 1933 842 7707 2218 1090 2539 584 2340 5066 7458 4655 558  31.37
XVI 157.40 2020 1191 6729 2030 11.58 2400 597 2358 4746 7312 5006 596 32.52

Plant height = PH, Number of branches/plant= NB, Stem circumference = SC, Leaf area = LA, Number of nodes/plant = NN, Internodal distance = ID,
Number of bolls/plant = Nbo, Seed index = S, Lint weight/plant = LW, Seed weight/plant = SW, Biological yield/plant = BY, Ginning out turn = GOT, Lint

index =Lland Harvestindex =Hl

Heritability is considered to be helpful for predicting the
magnitude of phenotypic changes contributed by genetic
variability and gives an effective clue for selection of transmitted
traits in next generation (Amri-Tiliouine et al., 2018). Here, the
broad sense heritability ranged from 39% (harvest index) to 92%
(number of branches per plant and number of bolls per plant)
(Table 1). Agronomically important traits like number of branches
per plant, number of bolls per plant, seed weight perplant, lint
weight per plant and biological yield exhibited more than 90%
heritability. This explains that these traits are under strict genetic

control and least affected by environmental factors (Wondwosen
andAbebe, 2017). However, only high heritability does not always
mean for high genetic gain because total heritability is defined into
additive and non-additive component (Singh and Narayanan,
1993). The expected genetic advance (GA%) used as a function
of selection intensity also play an important role in designing
suitable selction strategies (Mishra et al., 2015). Here, the
observed GA% varied from 11.46% (harvest index) to 65.36%
(number of branches per plant) (Table 1). The number of
branches per plant, seed weight per plant, biological yield per
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Table 4: Principal ComponentAnalysis (PCA) for first six principal components (PCs) of 235 mutant families of Gossypium herbaceum

PC1 PC2 PC3 PC4 PC5 Pc6
Eigen value 19.48 13.85 10.11 7.67 6.65 49
% of total variance 26.1 18.56 13.55 10.27 8.91 6.57
Cumulative variance % 26.1 44.66 58.22 68.5 77.41 83.99
Agronomic trait Eigen Vector
PH 0.37 0.15 0.78 0.78 1.15 1.3
NB -3.05 -0.91 1.78 0.37 -0.5 0.16
SC -0.2 2.85 1.4 -0.5 0.18 -0.78
LA 0.4 0.56 0.63 0.52 0.56 0.45
NN -0.47 -1.48 0.34 0.13 1.66 1.2
ID 0.66 0.41 -0.11 -0.02 1.12 0.01
Nbo 2.74 -1.16 15 0.24 -0.59 -0.4
Sl 0.38 0.015 0.06 0.05 -0.003 0.26
LW 0.81 -0.37 0.9 -0.31 -0.234 0.17
SW 0.75 0.21 0.58 0.61 -0.26 0.05
BY 0.23 0.01 0.21 -0.37 -0.15 -0.17
GOT 0.34 -0.52 0.16 -0.92 -0.06 -0.015
LI -0.6 -0.5 0.53 -2.19 0.45 0.69
HI -0.03 -0.14 -0.01 -0.05 0.024 -0.068

Table 5: Estimation of phenotypic (P) and genotypic (G) correlation coefficients among various quantitative traits of Gossypium herbaceum

Trait PH NB SC LA NN ID Nbo SI Lw SW GOT L HI
NB P 0.16***
G 0.15
SC P 0.31™* 0.05
G 0.3 0.04
LA P 0.34* 0.07 017
G 0.42 007 022
NN P 0.13** 0.65™* -0.04 0.08*
G 0.13 067  -0.05 0.08
ID P 0.22* -0.25"* -0.08*  0.15™* -0.12**
G 0.25 029 0.1 0.16 -0.13
Nbo P 0.24** -0.29™* -0.01 0.15** -0.15™* 0.18**
G 0.24 031 -0.02 0.19 -0.16 0.2
Sl P 0.04 -0.03 0.002 -006 -0.04 -0.02  0.04
G 0.08 -0.04 -0003 -008 -0.07 0.02 007
LW P 0.20* -0.28"** -0.03 011 015" 0.18™* 0.90*** 0.03
G 0.21 -0.30 -0.03 0.14 -0.16 0.20 093  0.07
SW P 0.227* -0.28* -0.03 0.16** -0.15™* 0.18™* 0.92*** 0.06 0.88**
G 0.24 03  -0.03 0.20 -0.17 0.2 095 0.1 0.92
GoT P 0.03 -004 -0.02 -0.06  0.02 0.03 003 -0.08* 026 -0.15"**
G -0.07 -006 -0.02 012 0.03 0.02 003 005 026 -0.10
LI P -0.02 001 0.05 -0.08*  0.04 0.05 0.01 026" 0.4 -0.12** 0.64™
G -0.02 001 0.05 0.1 0.05 0.05 0.01 021 0.15 -0.10 0.70
HI P -0.03  0.003 -0.06 -0.09*  0.03 -0.02 -006 -0.07 018 -0.19** 0.68"* 0.41***
G 006 001 012 014 0.07 -0.02 -009 -012 0.15 -0.20 0.97 0.62
BY P 0.22 028 -0.02 0.15 -0.16 0.19 0.93* 0.05 0.93 098  -002 -003 -0.14

®

0.23 031 -0.02 0.18 -0.18 0.21 096 0.1 0.96 0.99 0.02 -0.01  -0.09

*,**, Significant at 0.05 and 0.01 respectively; Plant height = PH, Number of branches/plant= NB, Stem circumference = SC, Leaf area = LA, Number of
nodes/plant = NN, Internodal distance = ID, Number of bolls/plant = Nbo, Seed index = SI, Lint weight/plant = LW, Seed weight/plant = SW, Biological
yield/plant=BY, Ginning out turn= GOT, Lintindex = Ll and Harvestindex = HI
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Fig. 1: 2D scatter plot of PC1 and PC2 for 235 mutant families of Gossypium herbaceum.

plant, and lint weight per plant showed both high heritability and
high genetic advance. The high GA% coupled with high
heritability is considered to be an important indicator of a greater
proportion of additive genetic variance and consequently a high
genetic gain expected in coherent (Johnson et al., 1955). The
high heritability revealed that most of the traits are primarily
controlled by additive gene action, which indicate that selection
could be rewading for yield and other yield component traits.
Similar findings was also reported in G. arboretum (Wadeyar and
Kajjidoni, 2015). Three traits namely seed index, GOT and
harvest index showed moderate heritability and GA% that means
these traits might be under the genetic control of various genes
and shows non-additive gene action or might be influenced by the
environment (Pavan et al., 2018). To determine the potential
mutant/groups, phenotypic data was subjected to calculate
distance matrix and clustering was done using Wards minimum
variance. All the 235 mutant families were distributed in 16
clusters based on the pattern of similarity/dissimilarity among
them. The inter-cluster distance varied from 58 (between cluster
Xlll'and XIV) to 717 (between cluster X and XVI). Whereas, intra-
cluster distance was maximum in cluster X (234.4) followed by
cluster XI(85.1) and cluster Il (77.8).

The formation of higher number of clusters and large
inter-cluster distance showed that the apparent variability have
been created in the present materials with EMS mutagenesis.
Similarly, significant level of variability also reported by Amri-
Tiliouine et al. (2018), Laskar and Khan (2017), Kumuda and
Misra (2008) and Luz et al. (2016). Cluster | comprised largest
number of mutant lines (32) followed by cluster I, IV, XII (25), and
cluster XIV (23,) while the minimum number of mutant lines was
found in cluster X (Table 2). The clusters mean value for different
traits showed that the cluster Ill had the highest mean values for
number of bolls per plant (43.22), seed weight per plant (88.03g),
biological yield per plant (130.22g) and second highest value for
lint weight per plant (42.2g) (Table 3). Likewise, the cluster [V had
the highest value for lint weight per plant and second highest
value for number of bolls per plant, seed weight per plant and
biological yield per plant. Considering the cluster mean value of
various traits, the cluster I, Il, Ill, and IV which represents about
42% of mutant families offers excellent genetic materials.

The lines from these clusters could be utilized as potential
genetic material for improvement of levant cotton. It has been
advocated thet parental lines selected on the basis of cluster
distance might reward more heterosis in their offspring (Malek et
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al., 2014). Previously, diverse lines had been identified from
mutant population in different edible and non-edible crops and
released for the cultivation purpose. PCA was extracted from all
the trait to determine the pattern of variation. The eigen value
interconnect to observed variation for principal components
(PCs) and eigen vector specify correlation among PCs and
original data set. PCA with >1 eigen values has been considered
and first six PCs accounted 83.96% of total phenotypic variation
(Table 4). The number of branches per plant (-3.05) and number
of bolls per plant (2.74) were major contributers for variability in
PC1. PC2 was highly associated with stem circumference (2.85),
number of nodes per plant (-1.48) and number of bolls per plant (-
1.16). Third PC was highly related to number of branches per
plant (1.78), stem circumference (1.4) and number of bolls per
plant (1.5), while PC4 was highly variable for GOT (-0.92) and lint
index (-2.19). Fifth and sixth PCs were associated with plant
height (1.15 and 1.3) and number of nodes per plant (1.66 and -
1.2), respectively (Table 4). The 2D scatter plot of PC1 and PC2,
indicated genetic diversity among the mutant families (Fig 1).

The PCA has been widely used for the estimation of
genetic diversity using morphological traits in mutant and
natural population (Malek et al., 2014; Farooq et al., 2017,
Laskar and Khan 2017). The knowledge of trait association and
path coefficients helps to devise a suitable breeding strategy for
trait improvement (Amri-Tiliouine et al., 2018). The genetic and
phenotypic correlation was estimated and presented in Table 5.
The magnitude and direction of genotypic and phenotypic
correlation coefficients were found to be of similar degree for
most of the traits. Similar result has also been reported in G.
hirsutum by Khalid et al. (2010). The biological yield per plant
showed significant and strong positive association with seed
weight per plant (0.98 and 0.99), number of bolls per plant (0.93
and 0.96) and lint weight per plant (0.93 and 0.96).

The number of bolls/plant showed significant positive
correlation with other yield component traits viz., plant height, leaf
area and internodal distance, while negative for number of
branches/plant and number of nodes per plant (Table 5). Both the
seed weight per plant and lint weight per plant also showed
significant positive correlation with plant height, leaf area and
internodal distance, in contrast negative association was observed
for the number of branches per plant and number of nodes per plant
(Table 5). The number of branches per plant, plant height, number
of bolls per plant, seed weight per plant and lint weight per plant
are efficient contributer to biological yield in desi cotton (Erande et
al., 2014) and thus, selection based on above traits may directly
or indirectly increase the vyield. Further, the path coefficient
analysis predicts the influence of casual variables on resultant
morphological traits into direct and indirect effects which could
enhance the effectiveness of selection (Aradjo et al., 2012).

The high direct positive effect noticed for seed weight
per plant (1.1648) followed by GOT (0.614) while plant height
(0.0387) and number of branches per plant (0.0118) showed
direct negligible positive effect. At the same time, plant height

showed poor positive indirect effect (0.0736), while number of
branches per plant expressed negative effect (-0.0044). The
remaining traits showed direct and indirectly negative effect on
biological yield per plant. Finally, correlation together with path
coefficient analysis revealed that the seed weight per plant has
direct relationship with biological yield per plant. The induced
mutagenesis is one of the important tools to create new
genotypes from elite cultivar without unwanted linkage drag.
The phenotypic characterization of selected M, mutant lines
revealed considerable level of variability generated through
induced mutagenesis and these lines would serve as raw
materials for various breeding programs of G. herbaceum for
further geneticimprovement.
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