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Abstract

Genetic diversity using Mahalanobis D-square (D?) techniques was studied for yield and yield contributing traits for 19
potato genotypes at West Bengal . These genotypeswere grouped into seven clusters. Cluster VII had maximum divergence
with four genotypes followed by cluster IV having maximum five genotypes. Rest five clusters are digenotypic having
two genotypes each. The inter cluster distance were greater than the intra cluster distance revealing that considerable
amount of genetic diversity existed among the accession. The maximum and minimum divergence was revealed between
cluster VI with 1V and cluster | with 111 respectively. Cluster VI exhibited high mean valuesfor characterslike total tuber
yield, marketable tuber yield, dry matter%, harvest index, polar and equatorial diameter of tuber. These characters
combining with plant height are the major traits causing genetic divergence among the accessions. The genotypes
belonging to different clusters are having maximum divergence and can be successfully utilized in hybridization programmes
to get desirable transgressive segregants. It is assumed that maximum amount of heterosis will be manifested in cross
combinations involving the parents belonging to most divergent clusters.

Highlights
e Divergence analysis among the potato genotypes
e |dentification of divergent parents for production of transgressive segregants

e Assessment of intra and inter cluster distances
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Potato is a major food crop of the world after rice, wheat ~ source of carbohydrate in human diet. This crop is one of
and maize. Around 320 million tonnes of potatoes are  the most important tuber crop grown in India for its high
produced yearly and thisamount isestimated tobedoubled ~ production, high nutritional values, easy digestibility and
by 2020 (FAQ, 2008). Potato grown in Indiais a major  many other industrial uses. Potato of an average size with
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skin provides about 10 percent of the recommended daily
intake of fibre. A single medium sized boiled potato contains
about half the daily required of vitamin-C by adult and a
significant amount of iron, potassium and zinc. Substantial
amounts of vitamin B and essential trace elements such as
manganese, chromium, selenium and molybdenum are also
available from potato. The high vitamin C content enhances
iron absorption. Utilization of genetic variation in potato
for future breeding is a main factor for increasing the
success of breeding of desired traits. An understanding of
the nature and magnitude of variability among the genetic
stocks is of prime importance to the breeders. Genetic
diversity is one of the important tools to qualify genetic
variability in both cross- and self-pollinated crops (Murty
and Arunachalam 1966, Gaur et al., 1978). Such a study
also permitsto select the genetic divergent parent to obtain
the desirable recombinant in the segregating generations.
The major goal of any potato breeding programme is to
develop potential varieties that ensure highest and stable
production in a wide range of environment. Genetic
diversity is essential to meet the diversified goals of crop
improvement such as breeding for high yield, disease
resistance, wider adaptation, improve nutritional aspect etc.
Divergence analysis estimatesthe extent of diversity existed
among selected genotypes (Mondal MAA, 2003). In
addition to that genetic diversity is studied to identify
specific parents for wider genetic variation and heterosis
when they are crossed. Information on the nature and
degree of genetic diversity helps the plant breeder in
choosing the diverse parents for purposeful hybridization
(SamsuddinAKM, 1985). Therefore the present experiment
was formulated to study the genetic divergence and
clustering pattern of the potato genotypes for selection of
suitable parents for utilizing in hybridization programme
and to study the genetic parameters attributing to yield.
Hence 19 potato genotypes were undertaken to study the
nature and magnitude of diversity by D? statistics.

Materials and Methods

The field experiment of the present study was carried out
during the Rabi season of 2010-2011 from 17" November
2010 to 11" March 2011 at the Block Seed Farm,
Adisaptagram of Hooghly district in West Bengal, India.
The experimental place was situated at 22.57° N latitude
and 88.20° E longitudes with an elevation of 7.8 meters
from mean sea level. The climate of this region is sub-
tropical humid. And the entire year can be classified into
three distinct seasons namely winter, summer and rainy
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Season. Occasionally late monsoon rain in the month of
October causes some hazards to the planting of potato.
The maximum and minimum temperature during the
experiment ranged from 24.38 - 34.42 and 9.51 - 25.05
respectively. During theinvestigation period the maximum
mean monthly temperature was 35.92 in the month of
March and the minimum mean monthly temperature was
12.54 in the month of December. The daily mean
temperature remained congenial to sustain crop growth
and tuberization up to the middle of February and thereafter
the temperature began to shoot up. Very low rainfall
occurred during the investigation period. The monthly
maximum and minimum relative humidity (RH) varied from
89.27-95.01 % and 40.13—70.11 % during theinvestigation
period. The experiment was conducted in RBD with 19
genotypesin 3 replications.

Sowing of seed/potato tuber was done during 17-18™
November 2010. K. Jyoti (Check) and K.Pukhraj (Check)
were taken from farmer’sfield aslocal check varieties for
West Bengal condition because both seemsto be promising
in West Bengal and 17 genotypes were procured from
Central Potato Research Institute (CPRI), Kufri, Shimla
which included both K.Jyoti and K.Pukhraj designated as
seed materials from Kufri. So K. Jyoti and K. Pukhrgj
included twicefor evaluation, asacheck and asadesignated
materialsfrom CPRI. For obtaining good harvest NPK was
applied with a dose of 200: 150: 150 kg/ha respectively.
Intercultural operationsand plant protection measureswere
taken from time to time and as and when required.
Germination was recorded after 30 days of planting. Plant
height was measured from ground level to top of the highest
branch at the time of 50 days of crop growth. Five plants
were selected from each plot and each replication for
recording plant height. Marketable yield, non-marketable
yield, harvest index, total tuber yield, number of leaves/
plant, leaflet/leaf, interjected |eaflet, |eaf angleto main axis,
equatorial diameter, polar diameter and dry matter content
were recorded.

Thegenetic diversity was estimated using the Mahalanobis
D? statistics (Mahalanobis, 1936). Tracing D? as a
generalized distance, the criterion used by Tocher as
described by Rao (1952) was applied for determining the
clusteration group. Averageintraand inter cluster distances
were determined using Genres version 3.11, 1994 Pascal
Intl. Software and suggested by Singh and Chaudhary
(1977). The dendrogram was made by using software IBM
SPSS Statistics version 22.
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Dendrogram was made by using Ward's average linkage
method. In Ward’ s minimum variance method, the distance
between two clusters is the ANOVA sum of squares
between the two clusters added up over al the variables.
At each generation, the within-cluster sum of squares is
minimized over al partitions obtainable by merging two
clustersfrom the previous generation. The sums of squares
are easier to interpret when they are divided by the total
sum of squaresto give the proportions of variance (squared
semi partial correlations). Ward’'s method joins clusters to
maximizethelikelihood at each level of the hierarchy under
the assumptions of multivariate normal mixtures, spherical
covariance matrices, and equal sampling probabilities.
Ward's method tends to join clusters with a small number
of observations and is strongly biased toward producing
clusters with approximately the same number of
observations (Milligan, 1980).

Results and Discussion

The analysis of variance showed significant differences
among the genotypes in respect of all characters and
indicated high genetic variability. The D? valuesfor all 190
comparisons between pairs of genotypes are given in
(Table 1). On the basis of divergence, 19 genotypes under
investigation have been grouped into seven clusters
(Table 2), indicating wide diversity in the experimental
material for majority of the characters. Distance between
all pairs of genotypes was calculated using squared
Euclidean distance method and the genotypeswere clustered
based on Tocher’s method.

Among the seven clusters, cluster IV had maximum number
of genotypes (5), cluster VII had 4 genotypes and rest of
the clusters were digenotypic. The pattern of clustering
proved the existence of significant amount of variability. It
is obvious that the genotypes have grouped into different
clustersirrespective of their geographical origins. It means
that the genetic constitution of the varieties was more
important than their origin and distribution (Rai et al.,
2009). The divergence within the cluster indicates the
divergence among the genotypes in the same cluster. On
the other hand inter cluster divergence suggeststhe distance
(divergence) between the genotypes of different clusters.
Inter and intra cluster D? values were worked out from
divergenceanalysis. Critical assessment of clusters showed
that clusters were heterogeneous within themselves and
between each other based on major character relation. The
composition of cluster and values of inter and intra cluster
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distances are given in Table 3. The inter cluster distance
were greater than the intra cluster distance revealing that
considerable amount of genetic diversity existed among
the accession.

The intra cluster distance ranged from 3.457 to 13.540
and theinter cluster distance ranged from 7.759 to 34.964,
indicating that the sel ected genotypeswere highly divergent
(Table 3). Minimum intracluster distance has been recorded
in cluster | (3.457). It indicated that these accessions were
closely related in their evolutionary process and passed
through similar evolutionary factor. These genotypeswithin
the cluster were less divergent. This might be due to
unidirectional selection practised in past that has resulted
in uniformity and less divergent between these genotypes.
Cluster VII had the highest intra cluster distance (13.540)
followed by cluster IV (12.765), Cluster VI (9.611) and
cluster V (9.611). The maximum inter cluster distance was
observed between cluster VI and 1V (34.964) followed by
cluster V11 and V1 (30.402), suggesting that the genotypes
belonging to these cluster may be used as parents for
hybridization programmeto devel op desirable type because
crosses between genetically divergent parentswill generate
transgressive segregants (Fig. 1).

The cluster mean values were estimated over genotypes
for thirteen characters in potato related to yield, which
revealed a wide range of variation (Table 4). Maximum
germination percentage was observed in genotypes of
cluster | followed by cluster 111 and I1. Highest mean value
for plant height was observed in cluster I. Cluster Il1, IV,
V and VI were almost similar with regards to mean plant
height. There was no significant variation for plant height
among all the aforesaid clusters. Highest no. of leaves/
plant was recorded from cluster V followed by cluster Il
and I11. Mean interjected leaflet were maximum in cluster
Il followed by cluster VI1. The leaf angle to main axiswas
taken prior to harvesting to eval uate the crop ideotype before
and after tuber formation. To study the erect or spreading
behaviour of the crop after tuber formation can be adjudged
by calculating theleaf angleto mainaxis/ stem. All genotypes
showed similar behaviour with respect to this character.
No significant changes were recorded in crop geometry.
Characters such as total tuber yield and marketable tuber
yield played dominant and direct rolein higher yield. Inthe
present study higher mean values for total tuber yield and
marketabl e tuber yield wererecorded in cluster VI followed
by cluster I11. Highest mean value for non marketable tuber
yield wasrecorded from cluster |11, whichwasanegatively
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Table 2: Clustering of Potato genotypes using Tocher’s method

Cluster  Genotypes

Number of genotypes

| Kufri khyati, MP/98-71 2

I J/99-242, Kufri pukhraj (check) 2

11 Kufri bahar, Kufri jyoti 2

\% J/99-48, Kufri ashoka, 2001 P-26, MS/1-4353, Local check (K.jyoti) 5

Vv MS/1-4906, Chipsona-2 2

VI Chipsona-3, Kufri surya 2

VIl Kufri pushkar, Chipsona-1, Atlantic, Kufri pukhraj 4

Table 3: Averageintra(diagonal) and inter-cluster distance

Cluster | I I v \Y, VI i

| 3.457 9.642 7.759 15.044 13.854 24.039 14.380
I 6.087 9.877 14.734 13.629 25.684 14.131
11 7.380 17.397 10.949 20.445 14.521
\Y, 12.765 23.746 34.964 13.627
\Y 9.564 15.476 20.406
VI 9.611 30.402
i 13.540
*Figures given the diagonal areintracluster distance

Table 4: Cluster wise mean values of thirteen characters in potato

Names Of Characters | I 11 \Y, \Y \ i
Germination % at 30 DAP 87.308 78.218 81.315 74.475 57.982 65.550 73.534
Plant heights at 50 DAP (in cm.) 63.950 40.953 49.972 48.345 48.537 47.473 43.163
No of leaves/plant at 50 DAP 13.250 15.667 15.100 14.680 15.700 13.900 13.954
L eaflet/leaf 8.033 8.067 7.633 8.007 7.767 7.433 7.771
Interjected leaflet 12.450 14.267 12.167 13.403 13.167 11.933 13.667
Leaf angleto main axis(in©) 29.500 34.167 30.667 31.667 32.833 32.500 34.083
Total tuber yield (in Kg.) 20.967 14.783 22.883 18.873 18.017 24.533 22.658
Marketable tuber yield (in Kg.) 20.133 14.250 21.267 17.607 16.733 23.833 21.258
Non marketableyield (in Kg.) 0.833 0.533 2.017 1.267 1.283 0.700 1.400
Dry matter % 18.508 18.760 19.577 16.505 20.725 23.195 17.827
Harvest index 62.333 62.833 72.833 64.267 68.000 73.167 65.167
Tuber equatorial diameter (inmm.) 46.337 45.163 40.117 48.637 36.215 48.838 40.768
Tuber Polar diameter (in mm.) 56.633 52.112 48.403 60.568 46.637 64.117 58.881

Maximum and minimum values of each character are printed in bold and italics, respectively

DAP= Days after Planting.
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Table 5: Percent contribution of different characters towards diversity in potato genotype

Names Of Characters

No. of times ranked 1st

Percent contribution

Germination %

Plant height at 50 DAP (in cm.)
No of leaves/plant at 50 DAP
Leaflet/leaf

Interjected leaflet

Leaf angletomain axis(in©)
Total tuber yield (in Kg.)
Marketable tuber yield (in Kg.)
Non marketableyield (in Kg.)
Dry matter %

Harvest index

Tuber equatorial diameter (inmm.)
Tuber Polar diameter (in mm.)

2 1.1696
6 3.5088
0 0.0000
0 0.0000
1 0.5848
0 0.0000
5 2.9240
0 0.0000
2 1.1696
49 28.6550
2 1.1696
11 6.4327
93 54.3860

DAP= Days after Planting

Fig. 1: Mabalanobis Euclidean distance cluster diagram (not to scal€)

correlated character with yield. So the cluster having
moderate to low mean non marketableyield were promising
genotypeswhereyieldisconcerned. Cluster VI had highest
mean value for dry matter %, harvest index, polar and
equatorial diameter.

From the above study it can be concluded that the diversity
in potato genotypes for yield and yield contributing
characters may be due to the shape and size of potato
tuber (both polar and equatorial diameter), dry matter
percentage, plant height and total tuber yield. When the
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above ground character like no. of leaves/plant, |eaflet/l eaf,
interjected leaflet, plant height were more the yield was
reduced and vice versa. A good quality potato tuber of
oval shape will fetch good yield and optimum market
potential with increasing dry matter percentage basically
for the processing purpose genotypes which are best suited
for chips and fry making industries.

The characters contributing maximum divergence needs
greater emphasis for deciding on the clusters for the
purpose of selection of parents in the respective cluster
for hybridization. The number of times, each of the yield
component character appeared first in rank and its
respective per cent of contribution towards genetic
divergence was presented (Table 5).Among the yield
contributing characters, the maximum contribution towards
divergence was made by tuber polar diameter (54.38 %)
followed by dry matter percentage (28. 65 %), equatorial
diameter (6. 43 %), plant height (3.50%) and total tuber
yield (2.92 %).

On the basis of yield performance, maximum inter cluster
distance and some specialized characters, genotypes of
cluster IV and VI are most diverse followed by genotypes
of cluster VII and Cluster 111 (Fig. 2).
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Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine
p

0 20
N 1

Fig. 2: Euclidean average linkage dendrogram

Conclusion

The genotypes belonging to different clusters having
maximum divergence can be successfully utilized in
hybridization programmes to get desirable transgressive
segregants. It isassumed that maximum amount of heterosis
will be manifested in cross combinations involving the
parents belonging to most divergent clusters. However,
for apractical plant breeder, the objective is not only high
heterosis but also to achieve high level of production. To
improve any particular trait donor for hybridization could
be chosen from an appropriate cluster and that should be
utilized in breeding Programme.

Acknowledgement

The authors are thankful to Dr. Amitabh Konar, Project
Coordinator, AICRPon Potato, Kalyani, WB, for providing
seed materials during the course of the experiments.

PRINT ISSN.: 0974-1712 ONLINE ISSN.: 2230-732X

253

References

Gaur, PC., Gupta, PK. and Kishore, H. 1978. Studies on genetic
divergence of potato. Euphytica 27: 361-368.

Mahalanobis, P.C. 1936. On the generalized distance in statistics.
Proc. Nat. ci., India2: 49-55.

Milligan, G. W. 1980. An Examination of the Effect of Six Types of
Erro Perturbation on Fifteen Clustering Algorithms.
Psychometrika 45: 325-342.

Mondal, M.A.A. 2003. Improvement of potato (Solanum tuberosum
L.) through hybridization and in vitro culture technique. A
Ph.D Thesis. Rajshahi University, Rajshahi, Bangladesh.

Mondal, M.A.A., Hossain, M.M., Rasul, M.G. and Shalim Uddin,
M. 2007. Genetic Diversity in Potato (Solanum tuberosum
L.). Bangladesh Journal of Botany 36(2): 121-125.

Murty, B.R. and Arunachalam, V. 1966. The nature of genetic divergence
in relation to breeding systemin crop plant. Indian Journal of
Genetics 26A: 188-198.

Panigrahi, K. K. and Baisakh, B. 2014. Genetic diversity assessment
for yield contributing characters of green gram [Vignaradiata
(L.) Wilczek] cultivarsfrom Odisha. Environment and Ecology
32 (1A): 294-297.

Rai, N., Asati, B. S. and Singh, A. K. 2009. Genetic divergence in
Indian bean. Legume Research 32(2): 166-172.

Rao CR. (1952) Advanced Statistical Methodsin Biometric Research.
John Wiley and Sons Inc., New York. 15(10): 130-134.

Samsuddin, A.K.M., 1985. Genetic diversity in relation to heterosis
and combining analysis in spring wheat. Theoretical and
Applied Genetics 70: 306-308.

Singh, R.K. and Chaudhary, B.D. 1977. Biometrical methods in
quantitative genetic analysis. New Delhi. Kalyani Publication:
318 p.

©2014 New Delhi Publishers. All rights reserved



