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Abstract

Genetic divergence analysis of elite germplasm provides a
correct picture of the extent of variation which is a
prerequisite for choosing promising and genetically diverse
lines for desirable traits. Multivariate analysis following
Mahalanobis D2 statistics revealed considerable genetic
diversity among 30 genotypes of tomato (Solanum
lycopersicum L.) for quantitative characters pertaining to
growth, earliness, yield and ToLCV. Diversity within and
between clusters were observed. Fruit weight, number of
fruit per plant and plant height differentiated the germplasm.
Six clusters were developed from the D2 analysis using
Tocher’s method. Cluster II was the largest cluster contained
13 accessions accounting 43.33% of total genotype followed
by cluster  III and  IV both having 5 accessions, and cluster
I with 3 genotypes which were accounting 16.66, 16.66 and
10.00%, respectively. Beside these four clusters, remaining
two clusters V & VI have two genotypes each. The selected
lines exhibited diversity despite common parentage. The
maximum inter-cluster distance was between cluster VI and
I (15078.88) followed by cluster VI and V (13901.29). ToLCV
incidence recorded minimum in the genotype H-24 (13.72%)
followed by H-88-78-1 (15.12%); however, the severity
percentage was observed minimum in genotype H-88-78-1
(7.50%) followed by VRT-3-2-1 (8.17%), Cheku Grand (9.17%),
H-24 (13.33%) and Inden 2013-4 (13.53%). Pusa Sadabahar
showed the maximum incidence and severity percentage of
52.58 and 38.67%, respectively. The assessment of variation
guides the breeder to select superior parents to initiate an
effective and fruitful crossing programme to improve the
genotypes.
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Introduction

Tomato stand unique and highly praised vegetable because
of its high nutritive values and myriad uses and is referred
as “Protective Food” and “Poor man’s orange”. It is
grown worldwide for its edible fruit which can be
consumed either fresh or cooked and also in the form
of various processed products like juice, ketchup, sauce,
puree, powder, essence, cocktail, etc. it belongs to the
nightshade family Solanaceae with chromosome number
2n=24. Leading tomato producing states in India are
Andhra Pradesh (36%) followed by Karnataka (10%),
Orissa (8%), West Bengal (6%), Bihar (6%), Gujarat
(6%), Maharashtra (4%), Chhattisgarh (4%), Tamil Nadu
(3%), Jharkhand (2%) and 15% shared by other other
states (NHB 2015). Besides soil and climate factors, the
cultivar itself is very important in respect of his
performance regarding earliness, disease resistance and
yield. Tomato Yellow leaf curl virus (ToLCV), transmitted
by whitefly, causes major disease losses to tomato crops
in tropical and subtropical regions of the world reported
by Gonzalez-Cabezuelo et al. (2012) .  Screening is best
promising techniques for obtain ToLCV resistance
varieties which is an urgent need of the researcher.
Although tomato is a self-pollinated crop, there is genetic
diversity not only in the morphological features but also
in the quality attributes. Success of crop improvement
depends on the extent of genetic variability, choice of
parents for hybridization, and selection procedure.
Breeders are dependent on the nature,and magnitude of
genetic variance of the character under consideration
and interrelationships among characters.

Mahalanobilis (1936) D2 statistic method is used to
discern genetic divergence among groups based on
expression of multiple characters and applied to estimate
the nature and magnitude of genetic diversity among
accessions. The divergence analysis has a definite role
to play in an efficient choice of divergent parents for
hybridization to exploit maximum heterosis.The
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adoptability and yielding capacity of the cultivars is not
the same in all regions. Hence, it is important to find out
the most suitable cultivar to a particular region and make
the farmers aware of it. The present study was
undertaken to evaluate the nature and magnitude of
variability for yield and other characters present in
germplasm pool owing to genetic and non-genetic
causes, is an important basic pre-requisite for starting
any systematic breeding programme in identifying
superior lines or varieties.

Materials and Methods

Thirty tomato accessions originated at different
geographical locations were obtained from ICAR-Indian
Institute of Vegetable Research, Varanasi, UP, and ICAR-
Indian Agricultural Research Institute, New Delhi. The
experiment was carried out at the Vegetable Research
Farm, Department of Horticulture, Sam Higginbottom
University of Agriculture, Technology & Science,
Allahabad, UP located at an elevation of 78 m above sea
level at 25.87 °North latitude and 81.15 °E longitude.
This region has a sub-tropical climate with both the
low and high extremes of temperature. In cold winters,
the temperature sometimes is as low as 32°F in
December-January and very hot summer with
temperature reaching up to 115°F in the months of May-
June. The average rainfall is around 1013.4 mm, with
maximum concentration during July to September
months with occasional showers in winter. The soil of
the experimental field was sandy loam in texture, poor
in nitrogen, comparatively rich in phosphorus and
medium in potash with slightly alkaline reaction. To grow
seedlings, the raised nursery beds of 5.0 m length, 1.0
m width and 0.15 m height were prepared after bringing
the soil to a fine tilth. Well decomposed FYM was
properly mixed into top soil of the bed @ 3 kg/m2. A
fertilizer mixture of 0.5 kg of NPK/bed was also mixed
in the soil. The seedbeds were also treated with 40%
formalin @ ½ l/m2. For raising good and healthy
seedlings, the seeds were treated with carbendazim @
2.0g/kg seed. After that, the seeds of each genotype
were sown in lines 10 cm apart on September 25, 2015.
The experimental field was ploughed once with a mould
board plough in the beginning followed by cross
harrowing with disc cultivator and finally by planking
to prepare the field to fine tilth. FYM @ 250 q/ha
incorporated before one month of transplanting. Half
dose of nitrogen, full dose of phosphorus and potash of
the recommended doses i.e. N:P:K fertilizers (120:60:60
kg/ha) were applied as basal dose with the last ploughing.
The remaining half dose of nitrogen was applied as top
dressing in two equal split doses i.e. at 30 and 45 DAT.
Four weeks old healthy and uniform seedlings were

transplanted in the experimental plots after allotting
entries randomly in each replication. Before
transplanting, seedlings were dipped in imidacloprid
(2.0g/l) for five minutes to control insect pests.

The experiment was arranged in a completely
randomized block design with 3 replications during the
September 2015 to March 2016. About four week old
20 seedlings were transplanted at a distance of 60×45
cm between plants in 1.2×4.5 m plot. Besides, the good
agricultural practices and plant protection measures
were applied time to time as recommended for
commercial tomato production. Five plants from each
plot were randomly tagged and observations recorded
on plant height, days to first flowering, days to 50%
flowering, number of flowers per cluster, number of
flower cluster per plant, fruit set per cluster, number of
fruit per plant, average weight of fruit, and fruit yield
per plant, and incidence and severity of ToLCV. In order
to assess symptom severity, an observation scale with
5 classes (0, 1, 2, 3 and 4) was adopted (Lapidot et al.
1997 and Anonymous 2006) i.e. 0: no symptoms, 1:
slight leaf curl, 2: substantial curl with or without
yellowing, 3: substantial curl with substantial yellowing
and 4: substantial curl with yellowing and stunting or
death of the plant. These classes were determined for
all the plants observed after 45 DAT. ToLCV was rated
according to this severity scale: 1- light leaf yellowing,
2 - moderate plant is stunting and leaf curling and
yellowing, 3 - severe plant stunting and leaf curling/
yellowing (Camra et al. 2013). Analysis of variance
analysed was followed Panse and Sukhatme (1978)
methods and genetic divergence determined using the
Mahalanobis D2 statistic. On the basis of magnitude of
D2 values accessions were grouped into clusters by the
Tocher ’s method (Rao 1952). Significance of
differences among associations was tested using Wilk’s
criterion (1932).

Results and Discussion

The analysis of dispersion for the test of significance
of difference in the mean values based on Wilk’s criterion
revealed significant differences among accessions for
the aggregate 10 characters. The thirty tomato genotypes
were categorized into six distinct clusters using Tourch’s
method (Fig. 1) and their Euclidean2 distance using D2

(Fig. 2). It is clear evident from the (Table 1) cluster II
is the largest cluster contained 13 accessions accounting
43.33% of total genotype followed by cluster  III and
IV both having 5 accessions and cluster I, with 3
genotypes which were accounting 16.66, 16.66 and
10.00%, respectively. Beside these four clusters,
remaining two clusters V & VI both have two 2
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genotypes. The lines selected exhibited diversity despite
common parentage. The genetic diversity among
accessions may be due to history of selection,
heterogeneity, selection under diverse environments and
genetic drift. The range of intra-cluster distance was
from minimum 0.0 in V cluster to maximum of 2532.21
in the IV cluster (Table 2). This apparently indicates
that cluster IV have genotypes that are relatively distant
from each other than the other clusters which have lower
D2 distances except cluster V, had only two genotypes.
The maximum inter-cluster distance of 15078.88 was
observed among the first and sixth cluster indicating

large genetic differences among genotypes of these two
clusters. Minimum inter-cluster distance of 2999.15 was
observed between the II and III clusters indicating
significantly lesser genetic differences among the
genotypes of these clusters. Maximum inter-cluster
distance is indicative that genotypes falling in these
clusters had wide diversity and can be used for
hybridization programme to get better recombinants in
the segregating generations. Low level of intra-cluster
distance was indicative of narrow genetic variation within
the cluster. Genotypes of same cluster would not yield
desirable recombinants. Different intra- and inter-cluster
distances were recorded previously for various vegetable
crops. Tomato has received a great deal of attention in
genetic studies by the number of researchers (Mahesha
et al. 2006, Sharma et al. 2006, Mehta and Asati 2008
and Prashath et al. 2008).

The character means were also worked out for the
genotypes falling in these eight clusters (Table 3). Cluster
V was found to be the cluster consisting of average
fruit weight (177.4), fruit yield per plant (5.64).
Similarly, cluster IV with the highest flower cluster per
plant (12.28), number of fruits per plant (110.25), while
minimum days to 50% flower (31.68). Cluster III was
characterised with maximum number of flower per
cluster (12.28), fruit set per cluster (7.19) while,
minimum days to first flower (19.24). Maximum height
(135.11 cm) was found in cluster VI. Similar findings
were also reported by Joshi and Kohli (2003) and
Mohanty and Prusti (2001) for number of fruits/plant
and average fruit weight, Sharma and Verma (2001) for

Table 1: Composition of accessions in clusters of tomato
Cluster Number of 

accessions 
Accession 

I 3 CH-155, Angoor Lata, Hisar Lalit 
II 13 S-22, Tripura Local, Azad-T-6, CLN-1621-L, 

Co-3, Pusa Sadabahar, Arka Vikas, Ageta, H-
88-78-5, CLN-2011, Pusa Rohit, VRT-97-
384, DS-122 

III 5 Azad-T-5, Cheku Grand, Rio Grande, EC-
668883, H-88-78-1 

IV 5 VRT-97-754, Hata-8, Pant-T-7, Pusa Ruby, S-
21 

V 2 Arka Abha, VRT-3-2-1 
VI 2 H-24, Indan-2013-4 

 

Figure 2: Ward's Minimum Variance Dendrogram

Figure 1: Euclidean distance (Not to the Scale)

Table 2: Intra- and inter-cluster distances between
accessions of tomato

Cluster I II III IV V VI 

I 1184.65 3314.16 4439.40 3255.08 6795.94 15078.88 

II  1462.05 2999.15 3739.97 6262.07 6597.30 

III   262.69 3217.05 9588.76 8647.44 

IV    2532.21 7402.24 12611.08 

V     0.00 13901.29 

VI      2105.40 
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Figure 3:  Screening of tomato genotypes for the incidence
and severity of ToLCV

reported that characters like fruit yield per plant, pericarp
thickness and fruit diameter, played an important role in
divergence between the populations. Cluster based mean
estimations are very useful in targeting the genotypes
for breeding programme, as they prevent the tedious
efforts of screening the inferior germplasm lines. Hence,
genotypes from desirable clusters could be directly used
for final field evaluation in advanced breeding
experiments.

In a breeding program aimed at crop improvement, the
choice of parents is important and only component
characters of yield should be taken into account for
selecting genetically divergent parents. Genotype of
specific clusters for respective traits can be utilized as
donor parents to enhance yield directly and indirectly.
To improve earliness, number of flower cluster per plant
and less ToLCV severity, genotypes in cluster III should
be used. For more fruit weight and yield genotypes
should come from cluster V. To improve plant height
and less ToLCV incidence genotypes from cluster VI
should be used. For more fruit per plant genotypes
should be selected from cluster IV. In field screening of
thirty genotypes against ToLCV, It is evident from data
graphically illustrated in Fig. 3 reveals that disease
incidence are minimum in the genotype H-24 (13.72%)
followed by H-88-78-1 (15.12%), VRT-3-2-1 (14.45%),
Rio Grand (18.72%) and H-88-78-5 (18.86%), and are
classified as resistance to ToLCV disease. However,
genotype Pusa Sadabahar (61.71%) was found
moderately susceptible to ToLCV disease. Similarly, the
minimum disease severity was in genotype H-88-78-1
(7.50%) followed by VRT-3-2-1 (8.17%), Cheku Grand
(9.17%), H-24 (13.33%) and Inden 2013-4 (13.53%).
Nevertheless, maximum disease severity was observed
that Pusa Sadabahar (38.67%). Similar finding were also
reported by Kalloo and Banerjee (2000). Hence, these
genotypes H-24 and H-88-78-1showed resistance to
ToLCV and could be utilized as parents in further
hybridization programme. To increase in production and

productivity of tomato, varieties must be early, high
yielder and resistance to ToLCV. For future experiment,
traits contributing maximum to genetic diversity such
as fruit weight and fruit size should be given top priority
as selection parameter and diverse genotypes identified
in the present study may be utilize for attempting hybrid
breeding and developing ToLCV resistant hybrids/
varieties.

lkjka'k

VekVj dh mRd̀’V izHksnksa dk vuqokaf”kd :Ik ls fofo/k oa”kØeksa dk
okafNr xq.kksa ds p;u gsrq vuqokaf”kd fopyu fo”ys’k.k vko”;d
gSA egkySuksfcl Mh2 lkaf[;dh }kjk cgqfHkUu :ih fo”ys’k.k ls
VekVj ¼lksysue ykbdksiflZde ,y-½ ds 30 izHksnksa esa ek=kRed
xq.kksa tSls&òf)] vxsrhiu o mit ds fy, lkFkZd fofo/krk Li’V
gqbZA lewg ds Hkhrj vkSj chp esa fofo/krk ik;h x;hA tuunzO;ksa
dks QyHkkj] Qyksa dh la[;k] izfrikS/k o ikS/k Å¡pkbZ ds vk/kkj ij
foHksfnr fd;s x;sA Vkspj fof/k }kjk Mh2 fo”ys’k.k dj dqy 6 lewg
cuk;s x;s ftuesa lewg& II lcls cM+k lewg cuk ftlds vUrxZr
13 izHksnksa dks lekfgr fd;k x;k tks dqy izHksnksa dk 43-33 izfr”kr
gSA blds mijkUr lewg& III o IV ftuesa 5 izHksn ,oa lewg&I esa
3 izHksn lekfgr gq, o IV esa 2 izHksn FksA p;fur oa”kØeksa esa lkekU;
fir‘ ds ckotwn fofo/krk iznf”kZr fd, o lewg& IV o I esa vUr%
lewg nwjh ¼15078-88½ Fkk rFkk blds ckn lewg& IV o V ¼13901-
29½ dk LFkku FkkA izHksn ,p-&24 ¼13-72 izfr”kr½ esa lcls de Vh-

Table 3: Cluster means of qualitative and quantitative traits in tomato
Cluster Plant 

Height (cm) 
Days to First 

Flower 
Days to 50 % 

Flowering 
Flowers/ 
Cluster 

Fruits/ 
plant 

Fruit 
Weight (g) 

Fruit Yield/ 
Plant (kg) 

TLCV 
Incidance % 

TLCV 
Severity % 

I 53.623 22.934 29.475 6.534 41.036 51.544 2.123 41.039 23.602 
II 85.027 23.462 29.505 7.887 58.341 41.375 2.378 39.669 22.000 
III 82.112 19.243 24.343 12.282 73.675 17.667 1.295 31.055 12.750 
IV 71.925 20.242 24.293 7.817 110.247 29.500 3.247 47.083 25.000 
V 84.717 25.523 31.677 5.143 31.780 177.400 5.643 41.587 13.533 
VI 135.110 22.355 30.057 11.962 60.455 27.083 1.715 18.652 12.817 
Mean 71.586 22.697 28.907 7.679 53.426 47.669 2.301 38.937 21.490 
Treatment MSS 3687.534 12.415 25.557 26.382 2585.168 5170.095 4.048 289.384 115.045 
Error MSS 87.167 6.572 6.208 4.674 557.008 202.010 1.486 155.575 65.424 
F Ratio 42.304 1.889 4.117 5.644 4.641 25.593 2.725 1.860 1.758 
Probability 0.000 0.144 0.011 0.002 0.006 0.000 0.052 0.149 0.169 
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,y-lh-oh- dk izdksi izfr”kr ik;h x;k blds mijkUr ,p-
&88&78&1 ¼15-12 izfr”kr½ esa ik;k x;kA uqdlku dk izfr”kr
izHksn ,p-&88-78&1 esa 7-50 izfr”kr jgk blds ckn oh-vkj-Vh-
&30&2&1 ¼8-17 izfr”kr½] padq xszUM ¼9-17 izfr”kr½] ,p-&24 ¼13-
33 izfr”kr½  rFkk b.Msu&2013&14 ¼13-33 izfr”kr½ jgkA iwlk
lnkcgkj esa lcls T;knk izdksi rFkk mxzrk 52-58 o 38-67 izfr”kr
Øe”k% ik;k x;kA fofo/krk eY;kadu ls Li’V gqvk fd mPp fi=ksa
dk p;u dj izHkkoh ,oa mn~ns”; ijd iztkfr lq/kkj gsrq iztuu
dk;ZØe eas viuk;k tk ldrk gSA
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