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Abstract: Colchicum luteum L. is an economically important and endangered medicinal plant of the
Kashmir Himalaya. The corm extract is used for the treatment of rheumatism, gout, Behcet’s syndrome,
and Alzheimer disease. It is also used extensively in plant breeding programs for the doubling of
chromosomes. The present study was carried out for two years (2017–2019) to study the genetic diversity
of C. luteum, an economically important and endangered medicinal plant of Kashmir Himalaya. The
mapping of genetic diversity of C. luteum was estimated using Mahalanobis D2 analysis in the Aharbal
(Kulgam), Dhara (Theed), and Baera Baal Hills (Harwan) of Kashmir Valley. The results showed the
presence of 5 clusters for 30 populations. There were 17 populations in cluster-1, 1 in cluster-2, 2 in cluster-3,
3 in cluster-4, and 7 in cluster-5. The majority of the population was a group in cluster-1 followed by
cluster-5. The maximum intracluster distance (D2 values) was observed in cluster-5 (46.55588) followed
by cluster-3 (41.61871), and the maximum inter-cluster distance (D2 values) was observed in cluster-3
(46.55588) followed by cluster-5 (41.61871). Our study revealed that plant species possessed sufficient
genetic diversity among the populations. Cluster-5 showed superiority in plant−1 respect of the maximum
mean plant height (28.46 cm), leaf area (47.0 cm2), number of seeds plant−1 (26.85), corm length (5.15 cm),
corm width (3.17 cm), fresh weight of corm plant (6.87 g), and dry weight of corm plant (4.81 g) as
compared to other clusters. Out of five clusters, cluster-5 is a promising one for better yield and yield
attributing traits. The present study revealed that plant species possessed sufficient genetic diversity
among the populations as 30 populations were arranged into 5 clusters. Therefore, cluster-5, consisting
of seven populations from the undisturbed area of Harwan, and consequently the populations from the
same cluster can be multiplied for initiating a conservation and breeding program and can serve as a tool
for the scientific community to evolve better contemporary varieties of C. luteum with profitable characters
such as more yield of corms, etc. This will assist farmers, particularly the marginal farmers, to alleviate
their income.

Keywords: Colchicum luteum; genetic diversity; cluster distance; D2 analysis; medicinal plant;
endangered plants
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1. Introduction

The use of medicinal herbs by humans to cure different ailments is time immemorial.
These herbs have large curative significance and use as medium and equitable sources for
a better and healthy life [1–5]. Medicinal plants are an invaluable source of new drugs and
their overexploitation for commercial application is decreasing their density and natural
diversity in the wild [6–9]. Eighty per cent of individuals in poor nations rely entirely
on herbal remedies for their primary health and more than 25 per cent of recommended
products are sourced from wild species in developing countries [6]. There are about 50,000
to 80,000 floral plant species used in therapeutic applications according to the International
Union for the Conservation of Nature and World Wildlife Fund statistics on medicinal
plants in the world. Due to overharvesting and habitat loss, some 15,000 species are on the
verge of disappearing. With rising global population and crop consumption, 20% of their
natural resources have been previously wiped out [10–12]. Though this threat is not new,
the rate of species loss and habitat destruction is increased several folds worldwide. It is
moving toward the risk of extinction of medicinal plants, especially in India and China
along with some African nations [6,13–16]. The Department of Ecology, Environment
and Remote Sensing, Jammu and Kashmir, reported that the species C. luteum comes
under rare and threatened status [17]. The State Forestry Department believes that during
the previous 2 decades, these plants have been massively extracted and smuggled from
the Kashmir woods, resulting in their diminished wildlife levels. Colchicum luteum L.,
commonly known as Suranjan-e-Talkh (Urdu), comes under the family Liliaceae [18].
There are around 280 genera and 4000 species in the Liliaceae family, which are primarily
perennial plants with starchy rhizomes, corms, or bulbs. Colchicum species are split into two
groups based on the flowering period. Their leaves and flowers occur in distant seasons.
C.luetum is a ‘monocot plant’ and is collected in quantity from the Kashmir meadows. It
has tuberous roots which are oval in shape and brown in colour. The leaves are 6–12 inches
in length and round in shape with small flowers. The flowers are 1–2 inches in length
and around half an inch in width. The blossoming season begins between the middle of
February and April and the seeds are matured between April and June. The flowers are
hermaphrodite, having female and male organs, and are bee and fly pollinated. It is ideal
for low-loam soils and loves well-drained soils which do not grow in shade [19]. These
herbal species are commonly present on the edges of the forest or in open grasslands and
temperate western Himalayas, from Kashmir to Chamba, at altitudes ranging from 700 to
2800 m in India. It extends into the other Indian states of Punjab, Himachal Pradesh, and
Sikkim, and neighboring countries such as Nepal, Afghanistan, Pakistan, and the Hindu
Kush Mountains. In general, it thrives well where climate conditions are low and have a
temperature less than 15 ◦C. Its natural habitat conditions are highlighted by physiologically
temperate conditions such as snow, severe winter, as well as lower humidity using corms,
which may also be obtained by snow melting in April and May, from natural environments.
The plant corms must not be damaged or infected [20–24].

Colchicine is the main alkaloid recovered from all Colchicum species [25]. There are
31 kinds of tropane alkaloids identified from C. luteum [25–27]. Colchicine is a common
compound and is renowned for its antimitotic and its hereditary inflammatory disease
such as acute gout and family-based Mediterranean fever. [28,29]. The earliest use of
colchicine as mitotic inhibitors and for induction of polyploids is reported in 1937 [30,31]
and is still popular today in various plant breeding programs [31–33]. It is also used for
the treatment of Behcet’s syndrome [34,35] and Alzheimer disease [36]. It is also reported
that crude ethanolic extracts and different fractions showed lower activity (29–61%) against
acetylcholinesterase and no activity against urease [37,38]. The derivatives of colchicine
such as demecolcine are used against myeloid leukemia [39] and allocolchinoid phosphate-
derivative ZD6126 is tested in cancer therapy [40]. Despite all its uses, a cost-effective and
productive in vitro synthesis method of Colchicum alkaloids is far from reality and the corms
of Colchicum are the source of colchicine extraction. C. luteum species are taxonomically very
challenging to class, especially autumn flowering species [41]. The species is facing various
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biotic stresses such as uncontrolled grazing and habitat loss due to various anthropogenic
activities such as illegal harvesting, deforestation, construction of roads, and tourism.

Keeping in view the rare and threatened status and enormous medicinal potential
of C.luteum, there is no available report on the genetic diversity of the species in Kashmir
Himalaya. The success of a conservation program of a species depends on different
parameters, including genetic diversity. Therefore, it is the need of the hour to study the
genetic diversity of this threatened plant species. The present study was conducted by a
comparative analysis of the morphological features of vegetative and reproductive parts of
C. luteum. It helps in ascertaining the genetic diversity of C. luteum in Kashmir Himalaya.

2. Material and Methods

The study on estimation of the genetic diversity of C. luteum was conducted for two
years (2017–2019) at Division of Environmental Sciences, SKUAST-K, Shalimar, J&K. In
Kashmir Himalaya, three areas, namely Aharbal (Kulgam), Dhara (Theed), and Baera Baal
Hills (Harwan) (Figure 1), were selected for an exclusive survey of C. luteum population.
The data were recorded on ten competitive plant populations from each sub-location and
mean values were calculated from three sub-locations in each location. The following
morphological characters of the vegetative and reproductive stages were calculated to
differentiate the variation in a population.

(a) Plant height (cm): The plant height was drawn first from the bottom to the tip of
the leaf, using a measuring scale, of all populations from selected plants. (b) Leaf area
plant−1 (cm2): The area of the leaf was recorded by using the graph method. An outline of
a leaf on the graph paper was drawn and a number of squares were calculated. (c) Leaf
length (cm): The length of the leaf was determined from the point of emergence of leaf to
the apex of the leaf with the help of scale from the selected plants in all the populations.
(d) Leaf width (cm): The leaf width was measured horizontally from the center of the leaf
using a scale on selected plants from all populations. (e) Number of seeds plant−1: The
number of seeds from each plant was counted at the time of harvesting from the selected
plants in all the populations. (f) Corm length (cm): The corm length was recorded by using
a scale from the selected plants in all the populations. (g) Corm width (cm): The width
of the corm was measured with the help of measuring tape from the selected plants in
all the populations. (Corm width (cm) = X/2). (h) Fresh weight of corm (g): ‘The fresh
weight of the corm per plant was taken separately for each plant by the help of electronic
weighing balance’. (i) Dry weight of corm (g): The dry weight of the corm per plant was
taken after oven it completely for 24 h, with the help of an electronic weighing balance
from the selected plants in all the populations.
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Figure 1. Location map of the selected study areas in Kashmir, Himalaya, viz. Aharbal, Dhara Theed,
and Harwan.

3. Statistical Analysis

D2 statistics were used to determine the competitive representative diversity of plant
populations (Mahalanobis, 1936). Mahalanobis D2 analysis evaluated the data. Computa-
tion of D2 values.

The differences in transformed values for various characters were computed and
D2-values were calculated according to the following formula:

D2 =
p

∑
i−1

(
Yij − Yik

)2

where

P = number of characters studied, and
Yij and Yik = are two transformed variables of the ith character for two genotypes.

All the morphological characters were analyzed for the thirty populations of C. luteum.
Using the D2 was adopted between every feasible combination and was calculated. The
populations were categorized into different clusters and intra- and intercluster distances
were calculated. The data were analyzed and Mahalanobis D2 analysis was performed by
using Torcher’s method as suggested by Rao [42].
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4. Results and Discussion

In the present study, variability and diversity (D2 statistic) at the phenotypic level were
estimated at three locations (Aharbal-Kulgam, Dhara Theed, Baera Bal Harwan) of Kashmir
Valley in thirty populations of C. lutuem (Figure 2). Dendrogram depicting relationship
among 30 populations of Colchicum luteum with total of Five clusters showed in Figure 3.
Data were recorded on nine phenotypic traits, viz. plant height, leaf area, leaf length,
leaf width, number of seeds plant−1, corm length, corm width, fresh weight of corm, and
dry weight of corms. Genetic diversity was estimated from the data pooled over years
using Mahalanobis’ D2-statistic which indicated the presence of sufficient genetic diversity
among the populations. D2-statistics revealed a total of 5 clusters (Figure 1 and Table 1) with
17 populations in cluster-1, 1 (cluster-2), 2 (cluster-3), 3 (cluster-4), and 7 (cluster-5). The
majority of populations was grouped in cluster-1, followed by cluster-5 (Table 1). According
to Rao [43], no formal rules can be laid down for forming a cluster, yet any two genotypes
belonging to the same cluster should at least, on average, show a smaller D2 value as
compared to two genotypes falling into many clusters. Work from Ahmad and Borah [44]
observed that the clustering pattern reflected considerable influence on genetic diversity.
There is no similarity between genetic diversity and geographic location, the contributions
of different genotypes in many different clusters at times. In this study (Phaseolus volgaris
L.), the genetic diversity of 36 six genotypes were also evaluated for 13 yields and yield
attributive properties and grouped into six clusters via Mahalanobis. The largest cluster-1
was followed by cluster-6 and cluster-2 and -3 with 19 different genotyping types. The
genetic divergence of sesame (Sesamum indicum L) in 2019, a set of 96 advancing breeding
lines of genotype, was classified in 15 clusters, as per Table 1 and Figure 1, by Hukumchand
and Parameshwarappa [45]. Cluster-I was the highest of the 68 line clusters, cluster-2 (11),
cluster-5 (4), and cluster-11, respectively.
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forest hills of Kashmir Himalaya.

Table 1. Classification of Colchicum luteum populations of forest hills of Kashmir Himalaya into
different clusters on the basis of the genetic diversity.

Cluster No. Number of Populations/Landraces Name of the Population/Landrace

Cluster-1 17 P1, P2, P3, P4, P5, P6, P7, P8, P9, P10, P12, P13, P14, P15, P17, P19, P20

Cluster-2 1 P16

Cluster-3 2 P11, P18

Cluster-4 3 P22, P23, P29

Cluster-5 7 P21, P24, P25, P26, P27, P28, P30

The mean performance of the traits in a cluster and different phenotypes falling within
a cluster are presented in Table 2. The maximum mean plant height (28.46 cm) was recorded
in cluster-5, followed by cluster-4 (27.71 cm), and the lowest plant height mean was found in
cluster-3 (13.0). The maximum mean leaf area (47.0 cm) was recorded in cluster-5, followed by
cluster-4, while the minimum leaf area was found in cluster-1 (28.79 cm). The maximum mean
leaf length (19.51 cm) was recorded in cluster-5, followed by cluster-4, and the minimum leaf
length (11.6 cm) was found in cluster-1. The maximum leaf width (1.32 cm) was recorded in
cluster-5, followed by cluster-4, while the minimum leaf width (0.97) was found in cluster-1.
The maximum number of seeds (26.85) was recorded in cluster-5, followed by cluster-4, while
the minimum number of seeds (11.41) was found in cluster-1. The maximum corm length
(5.15 cm) was recorded in cluster-5, followed by cluster-4, while the minimum corm length (3.06)
was found in cluster-2. The maximum corm width plant (3.17 cm) was recorded in cluster-5,
followed by cluster-4, while minimum corm width (2.05) was in cluster-1. The maximum fresh
weight of the corm plant (6.87 g) was recorded in cluster-5, followed by cluster-4, while the
minimum fresh weight of corm (2.27 g) was found in cluster-1. The maximum dry weight of the
corm plant (4.81 g) was in cluster-5, followed by cluster-4, while minimum dry weight of corm
(1.58 g) was found in cluster-1 (Table 2). The descriptive statistics for the parameters considered
in the study are given in Table 3.
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Table 2. Cluster mean performance of morphological, yield and yield component traits of populations
of C. luteum of forest hills of Kashmir Himalaya.

Cluster
No.

Plant
Height
Plant−1

(cm)

Leaf Area
Plant−1

(Sq.cm)

Leaf
Length
Plant−1

(cm)

Leaf
Width (cm)

Plant−1

No. of
Seeds

Plant−1

Corm
Length
Plant−1

(cm)

Corm
Width

Plant−1

(cm)

Fresh
Weight of

Corm
Plant−1 (g)

Dry
Weight of

Corm
Plant−1 (g)

1 14.32 d 28.79 e1 11.66 e2 0.97 e3 11.41 e4 3.08 e5 2.05 e6 2.27 e7 1.58 ed

2 19.20 c 35.52 d1 15.31 D2 1.16 d3 12.02 d4 3.06 d5 2.07 d6 3.82 c7 2.21 c8

3 13.01 e 36.03 c1 12.18 c2 1.15 c3 24.03 c4 3.50 c5 2.40 c6 2.55 d7 1.62 d8

4 27.71 b 44.50 b1 15.54 b2 1.20 b3 24.05 b4 4.30 b5 2.63 b6 5.37 b7 2.94 b8

5 28.46 a 47.01 a1 19.51 a2 1.32 a3 26.85 a4 5.15 a5 3.17 a6 6.87 a7 4.81 a8

Subscripts indicate that within the column the values with same letters did not differ y Tukey’s test.

Table 3. The descriptive statistics for the 30 populations of Colchicum luteum.

Minimum Maximum Mean Std. Deviation

Plant height 10.21 35.30 19.8771 7.99874

Leaf area 22.50 54.50 34.7786 9.08518

Leaf length 8.44 20.10 13.9062 3.46952

Leaf width 0.68 5.25 1.2232 0.80632

No. of seeds 7.00 28.00 15.6786 6.63355

Corm length 1.50 5.17 3.6034 0.95686

Corm width 1.10 3.24 2.3239 0.59166

Fresh weight of corm 1.10 8.45 3.7155 1.95302

Dry weight of corm 0.67 6.32 2.3348 1.38865

The maximum cluster mean of different phenotypic traits comprises of plant height,
leaf area, leaf length, leaf width, number of seeds−1, corm length, corm width, fresh weight
of corm, and dry weight of corm, and were predominately found at undisturbed areas
recorded in cluster-5 and cluster-4, and the lowest values were found at disturbed areas
recorded in cluster-3, cluster-2, and cluster 1 (Table 2). In accordance with other crops,
work performed by Hukumchand and Parameshwarappa [45] on Sesamum indicum L.), in
which they assessed the traits seed yield per plant (42.43%), 1000 seed weight (18.44%),
number of capsules per plant (9.25), and height to the first capsule (6.82), have contributed
the maximum to genetic divergence. In addition, [46] worked on (Phaseolus vulgaris L.),
in which they studied the traits green pod yield contributed diversity (40.17%) followed
by plant height (18.89 per cent). The highest green pod yield was 165 g per plant, while
it recorded an average number of pods (23.85). Increasingly, the possibilities of heterotic
expression in F1 and broad variation across segregating progeny are seen to be the more
diversified parents within their fitness overall bounds [47–52]. The cluster pattern might
be utilized to choose parents for the hybridization procedure to give the greatest potential
diversity to various economic characteristics [53–55]. Furthermore, this should work to
interconnect genotypes across a wide range of variabilities and to construct transgressive
segregates for C, such as cluster (I and V), clusters (I and V), and clusters (I and IV). In
addition, the cluster value performance of 30 populations of C. luteum at different locations
of Kashmir is validated in the DMRT (Table 4).
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Table 4. DMRT test validate the cluster value performance of 30 populations of Colchicum luteum.

Populations
Characters/Codes

Plant
Height Leaf Area Leaf

Length
Leaf

Width
No. of
Seeds

Corm
Length

Corm
Width

Fresh
Weight
of Corm

Dry
Weight
of Corm

P(1) 11.35 jkl 24.25 op 9.15 n 0.71 b 8.00 ef 2.62 m 1.43 bc 1.08 f 0.79 lm

P(2) 10.70 kl 23.00 pq 8.35 o 0.70 b 8.00 ef 1.77 o 1.11 c 1.72 ef 1.16 kl

P(3) 14.00 hi 28.50 jk 11.60 ij 0.97 b 11.00 def 3.21 ghij 2.05 abc 2.43 def 1.43 hijk

P(4) 12.40 ijk 26.50 lmn 10.70 k 0.89 b 10.00 def 3.20 hijk 1.93 abc 2.16 def 1.09 klm

P(5) 16.40 efg 29.05 j 11.95 i 1.10 b 14.00 d 3.42 fg 2.01 abc 3.36 cde 2.04 fg

P(6) 12.35 ijkl 24.50 op 9.83 m 0.81 b 12.00 def 2.46 m 3.03 ab 1.10 f 0.67 m

P(7) 13.30 ij 27.50 kl 10.75 k 5.25 a 10.00 def 3.01 jk 1.26 c 3.03 de 1.57 ghij

P(8) 12.25 ijkl 25.50 mno 10.14 lm 0.88 b 10.00 def 2.72 lm 1.79 abc 2.91 de 1.63 ghij

P(9) 10.21 i 22.50 q 8.45 o 0.69 b 7.00 f 1.50 o 1.11 c 1.59 ef 0.77 lm

P(10) 16.80 efg 29.75 ij 11.70 i 0.96 b 14.00 d 3.38 fg 2.06 abc 3.33 cde 2.15 f

P(11) 12.50 ijk 27.00 klm 12.00 i 1.06 b 20.00 b 3.06 jk 1.51 abc 2.17 def 1.27 jk

P(12) 11.30 jkl 25.00 no 10.42 kl 0.89 b 8.00 ef 2.20 n 1.89 abc 1.22 f 0.72 lm

P(13) 16.00 fgh 33.00 g 12.80 g 1.01b 12.00 def 3.14 hijk 2.26 abc 1.95 def 1.30 jk

P(14) 12.05 ijkl 26.50 lmn 11.20 j 0.89 b 7.00 f 2.94 kl 1.91 abc 2.33 def 1.40 hijk

P(15) 15.40 gh 31.00 hi 12.20 h 1.09 b 12.00 de 3.21 ghij 2.31abc 3.47 cd 1.78 fghi

P(16) 18.55 e 34.50 f 14.80 de 1.15 b 20.00 b 3.30 ghi 2.30 abc 3.52 cd 2.21 fg

P(17) 16.70 efg 32.50 gh 13.75 f 1.04 b 12.00 def 3.37 gh 2.36 abc 3.11 de 1.87 fghi

P(18) 12.90 ijk 27.00 klm 11.80 i 1.13 b 24.00 ab 3.06 jk 1.95 abc 1.95 def 1.53 hijk

P(19) 15.85 fgh 32.00 gh 12.90 g 1.38 b 10.00 def 3.11 ijk 2.01 abc 1.84 def 1.45 ijk

P(20) 18.25 ef 33.00 g 13.90 f 1.26 b 12.00 def 3.63 f 2.67 abc 3.28 cde 1.98 fgh

P(21) 29.20 bc 44.00 cd 18.80 b 1.17 b 28.00 a 5.12 ab 3.16 ab 6.16 b 4.10 cd

P(22) 26.70 d 41.00 e 14.75 e 1.06 b 12.00 def 4.25 e 2.26 abc 4.78 bc 2.14 fg

P(23) 28.40 cd 44.50 cd 15.15 d 1.10 b 14.00 de 4.11 e 2.42 abc 4.71 bc 3.05 e

P(24) 28.85 bc 45.00 c 19.95 a 1.11 b 28.00 a 4.59 d 3.05 ab 5.31 b 3.58 d

P(25) 35.30 a 48.00 b 17.25 c 1.26 b 18.00 bc 5.05 abc 3.06 ab 5.77 b 3.99 c

P(26) 30.95 b 48.00 b 19.20 b 1.37 b 20.00 b 4.86 bc 3.21 a 8.12 a 5.18 b

P(27) 30.60 bc 54.50 a 19.00 b 1.20 b 26.00 a 5.17 a 3.25 a 8.45 a 6.32 a

P(28) 31.35 b 43.00 d 19.30 b 1.22 b 28.00 a 5.01 abc 3.14 ab 5.90 b 3.52 d

P(29) 28.90 bcd 45.00 c 15.00 de 1.11 b 18.00 cd 4.10 e 2.47 abc 4.74 bc 3.00 e

P(30) 29.10 bc 45.00 c 20.10 a 1.45 b 28.00 ab 4.78 cd 2.90 abc 5.72 b 4.24 cd

Critical Value 1.726 1.434 0.345 1.295 4.152 0.19 0.187 0.282 0.346

SE(m) 0.608 0.505 0.122 0.456 1.463 0.067 0.066 0.099 0.122

Means followed by the same letter are not significantly different at p = 0.05. DMRT = Duncan’s multiple range test.
CD (p ≤ 0.05) = critical difference, SE (m) = standard error. P = plant populations from three sites (1–30) (plant
populations of Colchicum luteum).

The mean intracluster and intracluster distances (D2) values for the data revealed the
highest intrinsic distance (D2) (6.97640) of cluster-1, followed by cluster-5 of the cluster-5
(5.10289), with the highest interclusters (D2) (46.55588) in the cluster-5 and the subcluster 3
(41.61871) (Table 5), respectively, with the Cabsicum annuum L. [56]. Between clusters 1 and
3, the maximum intercluster distance was found. Shayam [52] evaluated the 32 genotype
features of the sunflower where the maximum interface between cluster-6 and cluster-7 was
reported. The work assisted to identify the superior genotype among diverse genotypes.
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Table 5. Mean intra (diagonal) and inter (above diagonal) cluster distances (D2) among 30 populations
of Colchicum luteum of forest hills of Kashmir Himalaya.

Cluster No. Cluster-1 Cluster-2 Cluster-3 Cluster-4 Cluster-5

Cluster 1 6.97640 32.83606 38.77118 23.74613 30.81826

Cluster 2 - 0.00000 41.61871 34.44198 37.65239

Cluster 3 - - 0.582752 38.35003 46.55588

Cluster 4 - - - 3.32208 31.43609

Cluster 5 - - - - 5.10289

Among the clusters with more than one population, the maximum intracluster dis-
tance included high yielding populations. Selection of parents from different clusters
having wider intercluster distance and also showing good intracluster diversity for a set
of economic traits have been useful in creating broad genetic base segregants after this
hybridization [52,57,58]. Cluster means for different characters help in choosing the diverse
parents for an initiating hybridization program which will eventually broaden the genetic
base of the species. Further, there are chances of obtaining transgressive segregants with
high heterotic effects [43,59–62]. Sardana et al. (1997) observed that cluster means and
genotypic variation reveal interesting pictures about the nature of diversity and having
maximum opportunities crossing between genotypes of different clusters and are expected
to give maximum heterosis

The DMRT has been performed using the “agricolae” package of R studio software
version 3.6.3. In this method, all the possible differences between the means of the geno-
types for various parameters under study have been calculated and are given in Table 4.

5. Conclusions

This study highlighted the presence of considerable morphological variations in
30 populations of C. luteum collected from three different agro-climatic regions of Kashmir
Himalaya. The majority of the populations were grouped in cluster-1, followed by cluster-5.
The plant species possess sufficient genetic diversity among the populations. Cluster means
of different characters help in choosing the diverse parents for hybridization. Keeping in
view the ruthless overexploitation of endangered plant species, it is important to safeguard
them. A hybridization program between identified diverse parents will help to broaden
the genetic base and to identify the transgressive segregants with high heterotic segregants.
Parent investigation has attempted to group the genotypes in different clusters which can
serve as a base for the selection of parents. Cluster-5 is a promising one for better yield
and yield attributing traits. The present study concluded that plant species possessed
sufficient genetic diversity among the 30 populations, 7 populations from cluster-5 of the
undisturbed area in Harwan, and consequently the populations from the same cluster
can be multiplied for an initiating conservation and breeding program and can serve as a
tool for the scientific community to evolve better contemporary varieties of C. luteum with
profitable characters such as more yield of corms, etc. This will assist farmers, particularly
the marginal farmers, to alleviate their income. Further studies are required to study the
population’s C. luteum extensively to devise a package for strengthening the conservation
measures of this endangered plant species.
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