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Assessment of Genetic Variability and Diversity in Cultivars of Rice

N. V. Kayande' and N. K. Patke?

ABSTRACT

A set of sixty-five rice (Oryza sativa L.) accessions were screened for twelve morphological characters to study
the nature and magnitude of genetic divergence using Mahalanobis D? statistics. The genotypes showed wide range of
variation for all the characters indicating the presence of high genetic variability among the genotypes. Higher values of
genotypic and phenotypic coefficient of variability were recorded for test weight, L:B ratio, plant height and spikelets per
panicle. High heritability estimates coupled with high genetic advance values were observed for spikelets per panicle and
plant height. Based on D? statistics, sixty-five genotypes were classified into ten clusters. The maximum inter-cluster
distance was observed between cluster VIII and IX and the genotypes from these clusters can be used in further breeding
program. The clustering pattern of the genotypes was quite random, however indicated the importance of traits viz. test

weight and grain L:B ratio.

The rice crop improvement program should
necessarily be aimed at broading the genetic base of the
breeding stock (Vanaja and Babu,2004) to accomplished
the future development. India is having tremendous
biodiversity. The number of landraces cultivated locally
are rapidly replaced by improved varieties, thereby
narrowed down the genetic base (Guei, 2000). This
reduction in genetic variability, underscores the need to
collect landraces for ex-situ conservation and to
characterize them for future rice breeding program.

Germplasm collection constitutes the foundation
of any genetic improvement program of crop. The pace
and magnitude of genetic improvement generally depends
on the amount of genetic variability present in the
germplasm. Majority of economically important
characters including grain yield, grain quality traits and
disease and pest resistance are amenable for genetic
improvement through inter se breeding among genetically
diverse parents. Murthy and Arunachalam (1966) stated
that multivariate analysis with “Mahalanobis D? statistics”
is a powerful tool to know the clustering pattern to
establish the relationship between genetic and
geographical divergence and to determine the role of
different quantitative characters towards the maximum
divergence. In view of this, the present study was
conducted to evaluate the extent of genetic variability and
diversity among 65 rice genotypes based on important
morphological traits.

MATERIAL AND METHODS

Sixty five diverse genotypes of rice including 25
landraces, 8 local selections and 32 improved varieties

maintained at Agriculture Research Station, Sindewahi,
District, Chandrapur, (M.S.) India were evaluated during
rainy season of 2013. The experiment was laid out in
Randomized Block Design with two replications. The
plant spacing of 15 cm and row spacing of 20 cm was
adopted for experiment. All agronomic package of
practices were carried out to ensure the healthy plant
growth. Observations were recorded on randomly selected
ten plants in each replications for twelve quantitative traits
viz., Days to 50 per cent flowering, days to maturity,
panicle length (cm), plant height (cm), spikelets
panicle’!, spikelet fertility (%), tillers plant’, test weight
(gm), grain length (mm.), grain breadth (mm), L: B ratio,
seed yield plant” (gm).

The data were analyzed following the standard
method given by Panse and Sukhatme (1985). Genoypic
coefficient of variation (GCV) and phenotypic coefficient
of variation (PCV) were calculated following the method
suggested by Burton (1952), whereas heritability was
calculated following Burton and Devane (1953) and the
genetic advance was calculated as per Johnson et al.,
(1955) using Windostat Genetic Analysis Software. The
genetic divergence was estimated using D? statistics given
by Mahalanobis (1936) as described by Rao (1952).

RESULTS AND DISCUSSION

The analysis of variance revealed that mean sum
of squares due to the genotypes were highly significant
for all morphological traits under study, designating
considerable variation among the genotypes for all the
traits under study. The present material therefore could
serve a pool for selection of suitable material for breeding
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program. Results are in agreement with the findings of
Gahalain (2006) and Naik et al. (2002), who reported
significant differences for all the characters in their studies.
Low, medium and high GCV, PCV, h? and ga classification
was provided by Deshmukh ef al., (1986), Dhabholkar
(1992) and Johnson et.al., (1955) was used in the present
study for their classification. Among the characters
studied, grain length: breadth ratio exhibited highest GCV
and PCV (26.12 and 26.44) respectively, followed by test
weight (24.60) and 240.61) whereas, spikelet fertility
exhibited the lowest GCV (1.42) as well as PCV (1.75)
(Table 1). The results are in confirmation with Singh and
Choudhary (1985) who were reported higher PCV and
GCV for number of panicles per plant and test weight
and Marekar and Siddique (1997) who were reported
higher GCV and PCV for grain length : breadth ratio. The
difference between the magnitudes of GCV and PCV was
observed very low for all the characters studied, thereby
indicating the good correspondence between genotypic
and phenotypic expression of traits with low level
influence of environmental factor. The proportion of
genetic variability, which is transmitted from parents to
its progeny, is reflected by heritability. In the present
investigation, all the characters exhibited high estimates
of broad sense heritability ranged from 66 per cent for
spikelet fertility to 99 per cent for test weight and grain
length (Tablel). Naik et al., (2002) and Raut et al., (2009)
also reported high heritability estimates for morphological
traits studied by them. As heritability in broad sense
includes both additive and non-additive gene effects,

heritability estimates should be considered in combination
with genetic advance (Johnson et al., 1955). Based on
this consideration in present investigation, high heritability
coupled with high genetic advance was observed for
spikelets per panicle, plant height, days to maturity and
days to 50 per cent flowering. Direct selection based on
these traits would be effective as heritability and genetic
advance might be due to additive gene action. Genetic
advance for seed yield per plant was low indicating the
predominance of non-additive gene interaction, however,
when it was expressed as percentage of mean, it seems to
be fairly high. Raut et. al., (2009) also reported high
heritability and high genetic advance for grains per panicle,
plant height, days to maturity, 1000 grain weight and
highlighted the importance of these characters in direct
selection.

The important objective in obtaining biometrical
measurements is to understand the possibilities of
classifying individual genotypes into different groups.
With this view, the genetic divergence among 65 genotypes
of rice was measured as per Mahalanobis’s D? statistics.
The D? values corresponding to the pair of genotypes was
ranged from 4.21 to 24015.45 indicating the presence of
huge diversity among genotypes. Wide variation for agro-
morphological traits of rice was also observed by many
researchers (Naik et al., 2002, Gahalain, 2006, Raut et
al., 2009). The land races reported higher D* values
indicating their variedness as compared to the local
selection and improved varieties.

Table 1 : Variability parameters of sixty five genotypes of rice

S.N. Character Range Mean GC.V. P.C.V. Heritability Genetic G.A. as
% (BS) of %
mean advance
s Days to 50% flowering (number) 62.25-124.75 105.115 9.805 10.224 92.00 20.362 19.371
2. Days to maturity (number) 86.00-155.25 135.108 9.105 9.604 89.90 23.748 17.784
3. Plant height (cm) 65.03-152.48 107.237 20.932 21.591 94.00 44.829 41.804
4. Panicle length (cm) 17.00-27.55 23.033 11.014 11.885 85.90 4.843 21.027
5. Spikelets per panicle (number) 76.70-239.10 153.115 20.094 21.027 91.30 60.571 39.559
6. Spikelet fertility (%) 87.61-96.43  94.249 1.423 1.749 66.10 2.246  2.383
2 Tillers per plant (number) 5.45-9.45 7.393 11.342 13.123 74.70 1.493 20.193
8. Test weight (g) 9.46-33.70 21.624 24.605 24.612 99.90 10.957 50.671
9. Grain length (mm) 3.88-8.05 6.088 16.148 16.197 99.40 2.019 33.163
10.  Grain breadth (mm) 1.60-2.92 2.139 14.128 17.169 67.70 0.512 23.947
11. L :Bratio 1.44-5.05 2.959 26.123 26.437 97.60 1.573 253175
12.  Seed yield per plant (g) 6.69-21.38 16.073 17.445 19.515 79.90 5.164 32.126
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Table 2 : Distribution of 65 genotypes of rice into different clusters.

Cluster number Total No. of genotypes Name of Genotype
included
1 22 Phule Samruddhi, RDN 99-12, KJT-2, Indrayani, RDN 99-14,

Haryana Basmati, Kasturi, RDN 01-2-10-9, Ratna, Improved Pusa
Basmati, Taroari Basmati, Karnal local, RTN purple, S.D.-7, Basmati
370, Bhogavati, Sugandhamati, E.K. 70, RDN 99-18, Sonsali,
Antersal, Juhibengal.

11 7 Ghansal, Ajara local-1, Ambemohar 157, Ajara local-3, Badshabhog,
BPT-5204, Phule Radha.
111 14 Halvi Sal 17, RDN 185-2, Pomendi local, Jaya, Pinjarwadi local,

L.K. 248, Nalabhat, RTN-1, Heera, Kunchi, Mahisugandha, IGT
13857, MC-4, Pawana

v 12 Velkat, Tulshi tall, RDN 98-2-3-5-14, RDN 97-2, Vikram,
Ambemohar 102, RDN 02-80, Kalajirga, Jagatpuri, Kothimbire,
Champakali.

b4 1 Pusa Basmati-1.

VI 1 Pavsal.

VII 1 SD 17

VIII -+ Vivek Dhan 82, Siddhagiri, Phule Maval, Patni.

X 2 Diwani, Shyam Jeer.

X 1 Khalibagh.

Table 3 : Average intra and inter cluster D? values of 10 clusters .

Cluster number I 1I I v p i VI viI VIII IX X

I 191.55 3940.07 1188.18 1128.96 377.53 509.41 820.25 3516.49 6947.22 724.69
I 256.64 8277.36 1296.00 4563.00 5095.10 7638.76 13656.26 641.61 3666.30
I 282.58 3642.12 1612.83 638.07 668.74 998.56 12624.77 2770.97
v . 350.06 1627.321710.65 3306.25 7394.28 3090.24 1428.84
¥ 0.00 1168.96 554.60 3976.56 7572.48 184.69
VI 0.00 1087.68 2328.06 8602.56 1944.81
viI 0.00 1832.70 11664.00 1285.22
VIII 457.10 19165.63 5776.00
X 111.94 6144.99
X 0.00
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Table 4 : Mean performance of 10 clusters for morphological characters in rice

S.N. Character

Cluster number

I II I v v VI vii vl IX X
1.  Days to 50% flowering (No.) 107.36 109.00 98.82 105.50 98.25 121.25 106.50 101.38 109.75 107.00
2. Days to maturity (No.) 136.55 138.00 125.91 133.90 123.75 151.00 136.25 128.25 140.00 136.50
3. Plant height (cm) 99.59 123.43 104.78 108.03 98.28 138.55 104.18 124.06 115.94 83.03
4.  Panicle length (cm) 22.85 2432 22.75 21.67 25.13 2390 25.65 24.64 2391 24.60
5. Spikelets per panicle (No.)  143.80 206.27 134.44 159.68 131.45 141.50 166.65 141.44 196.53 148.20
6.  Spikelet fertility (%) 93.76 95.26 93.99 94.52 93.52 94.80 94.10 94.93 9541 93.68
7.  Tillers per plant (No.) 773 691 688 7.79 735 9.10 690 6.61 7.10 8.40
8.  Test weight (g) 22,05 13,07 2697 1798 20795 2435 2527 3113 965 19.83
9.  Grain length (mm) 6.65 469 627 541 7705 523 795 639 468 8.05
10. Grain breadth (mm) 2.01 2.05 234 211" 1.67 237 175 252 249 1.60
11. L :B ratio 3.40 235 275 262 465 221 456 263 2.08 5.05
12. Seed yield per plant (g) 16.07 1535 15.69 16.04 1539 16.54 16.54 18.73 16.50 15.27

The classification by Tocher’s method grouped
the rice genotypes into 10 clusters (Table 2). Cluster I
was the largest including 22 genotypes followed by cluster
III (14 genotypes) cluster VIII (4 genotypes) and cluster
IX (2 genotypes). The clusters V, VI, VII and X had single
genotypes. Cluster I is having largest number of genotypes,
mainly comprised of improved varieties having dwarf
plant types with long-slender grain types and medium test
weight. Whereas, cluster II consisting of seven genotypes
was characterized by short slender or short-bold grained
genotypes with long panicle length and higher number of
spikelets. The widely cultivated fine grain varieties BPT
5204 and Phule Radha were grouped in this cluster. Cluster
‘III represents medium-slender or long- bold genotypes
with medium grain length, broader grain width and higher
test weight, whereas the four genotypes (Vivek Dhan 82,
Siddagiri, Phule Maval, Patni) with very bold grains, low
length-breadth ratio and high grain yield per plant were
grouped in the cluster VIIIL.

The cluster IX comprised of two landraces, one
each from Uttar Pradesh (Diwani) and another from Bihar
( Shyamjeer). These genotypes have short-slender grain
with very low test weight (9.65 g) grouping them
separately from the other genotypes. These land races can
be utilized for breeding of fine grain varieties.

Intra and inter cluster D? values were worked out
from divergence analysis (Table 3) showed maximum
intra-cluster distance between cluster VIII (D*=457.10),
followed by cluster IV (350.06) and cluster III (D? =
282.58), indicating that the genotypes in these clusters

. might have different genetic architecture. The minimum

intra-cluster distance was found in cluster IX (D?
111.94), followed by cluster I (D?> = 191.55) and cluster
II (D? = 256.64).The cluster III, V, VI and VII being
monogenotypic, had intra-cluster distance 0.00.

The maximum inter-cluster distance was
observed between cluster VIII and IX (D? = 19165.63),
followed by cluster IT and VIII (D?= 13656.26) indicating
a wide range of divergence among these clusters, whereas,
the cluster V and X (D? = 184.69) reported minimum
inter —cluster distance followed by cluster I and V (D? =
377.53 suggesting minimum genetic relatedness among
the genotypes of concern clusters. Genotypes of distinct
clusters separated by high genetic distances would be
utilized in breeding program for obtaining a wide range
of variability in segregating generation.

Cluster means for twelve characters are presented
in table 4 and revealed wide range of variability among
the clusters for the characters plant height, days to 50
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Table 5: Percent contribution of 12 morphological characters for divergence in rice,

S.N. Character No. of times appearing Ist in ranking Per cent contribution
1 Days to 50% flowering (number) 10 0.48
2 Days to maturity (number) 0 0.00
3. Plant height (cm) 24 115
4. Panicle length (cm) 0 0.00
5. Spikelets per panicle (number) 2 0.10
& Spikelet fertility (%) 2 0.10
. Tillers per plant (number) 1 0.05
8. Test weight (g) 1644 79.04
9. Grain length (mm) 269 12.93
10. Grain breadth (mm) 4 0.19
418 L :B ratio 123 5.91
12. Seed yield per plant (g) 1 0.05
Total 2080 100.00

per cebt flowering, days to maturity, spikelets per panicle,
tillers per plant, test weight, grain length, grain breadth
and L:B ratio. Gahalain (2006) also reported wide
variation in mean performance among twelve clusters of
55 rice genotypes, whereas Raut ef al., (20009) reported
wide variation in the performance of three clusters formed
from 40 rice genotypes for the characters studied by them.
The per cent contribution of the twelve characters towards
total divergence (Table 5) indicated that test weight has
contributed a major part of divergence (79.04 %), followed
by grain length (12.93 %) and length: breadth ratio (5.91
%). The contribution of other characters is meager. This
suggested that test weight, grain length and length: breadth
ratio should deserve the consideration while choosing
parents for breeding program. Higher contribution of test
weight and length: breadth ratio was also reported by
Bharadwaj et al., (2001). Based on the diversity study,
the genotypes from genetically diverse clusters can be
selected to exploit maximum heterosis and to get the best
tansgressive segregants in advance generations. The
crosses between genotypes from clusters II, III, VIII and
IX may give high heterotic performance. Genotypes from
these clusters with higher grain yield and /or specific traits
can be used in further breeding program.
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Influence of Source Manipulation on Morpho-Physiological Parameters,
Biomass Yield and Quality of Kalmegh cv. Anand Kalmegh-1

P. V. Shende’, A. D. Patel® and A. S. Thounaojam?

ABSTRACT
An attempt was made to study the influence of source manipulation on morpho-physiological parameters,
biomass yield and quality of kalmegh cv. Anand Kalmegh -1 during Kharif2013 and 2014 at AAU, Anand. The
treatments comprising of different levels of leaf removal viz. nipping of buds (apical/ auxillary bud), defoliation
at 25 per cent, 50 per cent and 75 per cent and control (without leaf removal)at 45 days after transplanting
(DATP). The morpho-physiological parameters includes the plant height (cm) number of leaves and branches

per plant, dry weight of leaves, shoot and root (g), leaf area (cm?), leaf area index, specific leaf weight (g
cm?), lead area duration (days), relative growth rate (gg' days™), crop growth rate (g cm™ days™"), net assimilation
rate (g cm™ days™') and root and shoot ratio. The biomass yield and quality (andrographolide content) were also
recorded at 60, 90 and 120 DATP. The results indicated that, nipping of buds recorded the significantly higher

growth parameters, yield and quality.

Among the different medicinal plants, kalmegh
(Andrographis paniculata Burm.f.) Wall.exNees) is a
herbaceous plant belongs to the family Acanthaceae, native
to India and Sri Lanka. It is one of the important species,
which is now recently introduced for cultivation. It is
widely cultivated in Southern Asia, where it is used to
treat infections and some diseases, often being used before
antibiotics were created. Mostly the Panchang (whole
plant parts) were used for medicinal purposes. In India, it
is occasionally being cultivated in plains area of Uttar
Pradesh, Madhya Pradesh, Chattisgarh, West Bengal,
Karnataka, Deccan, Assam, Gujarat and Kerala.
Andrographis paniculata is an erect annual herb extremely
bitter in taste in all parts of the plant body. The major
bitter constituent in kalmegh is due to the presence of
diterpene lactone called androgrpholide (Raina, et al.
2013). The plant is known in north-eastern India as Maha-
tita, literally “king of bitters” and known by various
vernacular names. As an Ayurveda herb it is known as
kalmegh or kalamegha, meaning “dark cloud”. It is also
known as Bhui-neem, meaning “neem of the ground”,
since the plant, though being a small annual herb, has a
similar strong bitter taste as that of the large neem tree
(Azadirachta indica).

The leaf has been ascribed the role of
photosynthesis, various morpho-physiological functions
blend with it have been studied and evaluating with a

special reference to their impact on biomass production
and yield. Both natural and artificial senescence also
influenced the leaf functions and as such the
photosynthetic activity. The manifestation and the
development of various leaf functions have been
determined in response to artificial leaf removal. The
plants leaf removal 25 to 50 per cent could compensate
various physiological forms and functions of much higher
rate as a consequence promoted the yield. However, due
to leaf removal beyond 50 per cent, the absolute values of
growth and development were significantly low there by
depressing the yield.

MATERIAL AND METHODS

The experiment was carried out at Medicinal and
Aromatic Plant Research Station, Anand Agricultural
University, Anand during Kharif2013-2014,Kalmegh
var. Anand Kalmegh -1 was sown on nursery beds on
29"June 2013 and 20%June 2014. The seedlings were
transplanted on 5"™and 14" August 2013 and 2014,
respectively with 45 x 30 cm spacing. The necessary
agronomic practices as par requirements were followed.
The experiment was laid out in split plot design with three
replications with five treatments viz., nipping of buds
(apical / auxillary bud), 25 per cent defoliation, 50
per cent defoliation, 75 per cent defoliation and control
(without leaf removal) were applied at 45 days after
transplanting (DATP). The growth parameters along with
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biomass yield and the quality parameters (andrographolide
contents) were recorded. Andrographolide contents of the
whole plant of dry powder was analysed with the help of
LC-mass spectrometry.

RESULTS AND DISCUSSION

Growth parameters: Non-significant differences among
the different levels of leaf removal were recorded at most
of all the growth stages i.e. 60, 90 and 120 DATP in pooled
analysis. The higher plant height 75.41 and 90.85 cm was
observed under the treatment of D, (25 % defoliation) at
90 and 120 DATP, respectively (Table 1). Similarly, the
nipping of plant to decreased plant height was also
observed by Gnyandev (2009) in chickpea and Kubsad et
al. (2001) in sunflower. In case of number of leaves per
plant recorded significant differences were recorded at
60, 90, and 120 DATP among the treatments of source
manipulation during both the years and in pooled analysis
(except 60 DATP). Significantly higher number of leaves
per plant was noted with the treatment of nipping of bud
i.e. 168.22,399.77, and 446.49 at 60, 90 and 120 DATP,
respectively in pooled analysis (Tablel). These results
are in conformity with those obtained by Patel et al. (2011)
in pigeon pea.

It is evident from the data (Table 1) that the
source manipulation treatments for dry weight of leaf per
plant showed significant difference at 60, 90, and 120
DATP in both the years and in pooled analysis.
Significantly higher dry weight of leaf plant! were
recorded in the treatment of (D, ) nipping of buds i.e.
12.58, 24.87 and 27.12 g at 60, 90 and 120 DATP
respectively in pooled analysis (Table 1). Similar trend
was observed in respect to the dry weight of shoot at
different growth stages. There were significant differences
among the treatments in both years as well as in pooled
analysis at different growth stages 60, 90, and 120 DATP.
The treatment of D, (nipping of buds) noted the higher
value i.e. 10.46, 41.79, and 65.80 g at 60, 90 and 120
DATP respectively in pooled data. The treatment 50 per
cent defoliation (D,) recorded the significantly higher dry
weight of root i.e.,, 1.05, 2.63, and 4.16 g at respective
growth stages in the pooled analysis. In case of number
of branches plant™ results showed at 60, 90 and 120 DATP
growth stages recorded significant differences among the
treatments of source manipulation during both the years
and in pooled analysis. Significantly higher number of
branches plant” was noticed with the treatment of nipping

of buds (16.44,21.79. and 29.30) at 60, 90, and 120 DATP,
respectively in pooled analysis.

Physiological parameters: Leaf area plant recorded at
60, 90 and 120 DATP showed significant differences
among the treatments of source manipulation in both the
years, and in pooled analysis (Table 2a). Highest leafarea
was recorded with the treatment of nipping of buds i.e.
1319.39, 4410.05 and 5588.86 cm?in pooled analysis at
60, 90 and 120 DATP, respectively.

There were significant differences among the
treatments of source manipulation for leaf area index at
60, 90 and 120 DATP in the year 2013-14 and 2014-15 as
well as in pooled analysis. Significantly higher leaf arca
index was recorded with the treatment of nipping of buds
ie. 0.98,3.27 and 4.14 at 60, 90 and 120 DATP in pooled
analysis. Similar results were also reported by Endan et
al., 2006: Ahmadi and Joudi, 2007 and Alimohammadi
and Azizov (2011) in sunflower. Similarly, Sajjan ez al.
(2002) reported that apical bud pinching of okra resulted
significant increased in leaf area index.

The LAD followed the similar trend as shown
by leaf area index. However, at 60-90 DATP significantly
higher LAD (83.34 days) was noted with the treatment of
D, (Table 2b) in pooled analysis. Similarly, significantly
higher LAD in the treatment of nipping of buds, D (i.e
75.20 days) at 90-120 DATP in pooled analysis.

It is evident from the results that treatment of
source manipulation effects for RGR and CGR at 60-90
and 90-120 DATP was showed non-significant differences
during both of the year and in pooled analysis, except
RGR in 2013-14 (60-90 DATP) whereas, CGR 60-90
DATP and NAR were significantly different during both
of the year and pooled analysis. Significantly higher NAR
was recorded with the treatment of 50 per cent
defoliationi.e. 3.28 g cm™ day!' at 60-90 and 1.40 g cm™
day! and 90-120 DATP in the treatment of nipping of
bud in pooled analysis. Similar tends in respect of RGR
(3.70 and 1.31 g g day'). Whereas in CGR the treatment
nipping of bud recorded higher value (1.10 and 0.66 g
cm day™') at 60-90 and 90-120 DATP in pooled analysis.
These results were also supported by Sarkar and Pal
(2005).

Results for Specific leaf weight influenced by
treatments of source manipulation showed significant
difference at 60, 90 and 120 DATP during both the years






