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ABSTRACT
In the present investigation the level of diversity in 44 potato germplasm was assessed using principal component analysis
(PCA) and cluster analysis and interrelationships among ten different quantitative characters was also worked out. A
variation of 94.52 per cent was recorded due to first seven principal components on various genotypes. The first PC had
high positive weight for plant height, average tuber weight and tuber yield per plant and second was more related to
number of shoot per plant, number of tuber per plant and tuber yield per plot. The forty-four potato germplasm were
grouped into eleven well distinct clusters. Genotypes belonging to cluster IV, II, IX and VIII were found diverse and best
in all respect. Positive and significant correlation of tuber yield observed for plant height followed by number of shoots per
plant, average weight of tuber, tuber yield per plant and marketable yield per plot. Path analysis revealed that marketable yield
per plot, tuber yield per plant, number of tuber per plant and plant height had highest positive direct effect on tuber yield.
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INTRODUCATION
In order of economic importance, potato is the

fourth most important food crop in the world. Potato
produces more calories and protein per unit of land with
minimum time than any other field crop (Upadhya, 1995).
For improvement in potato crop genetic diversity is required.
However due to narrow genetic base in cultivated potato, in
India lot of potential yet to be explore. Principal component
analysis was done to estimate the variability in germplasm
under study which was suggested by Hotelling (1933) after
its original concept given by Pearson (1901) and non-
hierarchical Euclidean cluster analysis by Beale (1969) was
used for grouping all genotypes into clusters. Correlation
coefficient analysis (Searle,1961) and path coefficient
analysis (Wright, 1921) was performed to measure the mutual
relationship among various plant characters and to show the
extent of direct and indirect effects of the causal components
on the response component.
MATERIALS AND METHODS

The present study on genetic diversity was
conducted at Vegetable Research Center of GB Pant
University of Agriculture and Technology, Pantnagar in the
year 2013-14. The climate of this place is humid and
subtropical and frost can be expected from last week of
December to end of the January. The potato tubers were
planted during third week of October. The experiment was
laid out in an augmented block design with 4 blocks. Each
block contains eleven genotypes along with four checks

(Kufri Badshah, Kufri Chipsona-2, Kufri Khyati and Kufri
Ashoka) each having 4 rows which were 2 m long. Data
were measured and recorded with five randomly selected
plants. A total of 10 agro-morphological traits were analyzed
by Principal Component Analysis through software SPAR I.
Non-hierarchical Euclidean analysis was done for grouping
the genotypes in various clusters. Correlation and path
component analysis was also carried out to know the
interrelationship between yield and yield attributing traits.
RESULTS AND DISCUSSION
Principal component analysis and Non-hierarchical
Euclidean cluster analysis: The PCA of 44 genotypes based
on correlation matrix of the morphological traits yielded 10
Eigen roots and Eigen vectors presented in Table 1. The eigen
root of first PC (principal component) accounted for 33.72
percent of variation followed by second 16.16 per cent and
third 10.70 per cent of total variation. Approximately 94.52
percent of variation was recorded due to first seven PC on
various genotypes. Rao (1964) reported that covering 90
per cent of total variation is useful and should be adopted to
explain the variation in the breeding material. The first vector
had high positive weight to average tuber weight followed
by plant height and tuber yield per plant. The second vector
had high positive weight to number of shoot per plant
followed by tuber yield per plot and emergence percent. From
this result it may be concluded that important variables in
potato genotypes with respect to agronomic traits were plant
height, number of shoots per plant, average tuber weight



INDIAN JOURNAL OF AGRICULTURAL RESEARCH346

and tuber yield per plant which contributed maximum
towards diversity. Similar results were obtained by Lohani
et al. (2012) and Nickmanesh and Hassanpanah (2014).
             Non-hierarchical Euclidean Cluster Analysis was
done to diversify 44 genotypes into different cluster as given
in Table 2. A total eleven clusters were obtained which was
determined using F-test, that cluster combination ten and
eleven was significant and most appropriate. The average
inter- and intra-cluster distances have been presented in

Tables 3. The maximum intra and inter cluster distance was
noticed in cluster IX (1.931) and between cluster IV and IX
(6.514) respectively. Genotypes presented in cluster IV
recorded maximum tuber yield per plot (26.43 kg), number
of shoot per plant (5.13) and tuber yield per plant (440g).
The genotypes in cluster IX recorded maximum number of
tubers per plant (11.20). Cluster VIII had highest mean value
for plant height (55.08 cm) and average tuber weight
(119.62g). Although, cluster IX had highest mean value for

Table 1:  Eigen vector, Eigen root and associated variation for principal component in potato based on economic traits.

Characters                                  1               2              3              4                 5             6               7             8               9             10
Emergence % 0.083 0.208 0.241 0.126 0.271 0.436 0.440 0.441 0.171 0.442
Plant height (cm) 0.535 0.120 0.453 0.510 -0.164 -0.066 -0.082 -0.058 -0.433 -0.078
No. of shoot 0.057 0.880 0.097 -0.194 0.174 -0.150 -0.165 -0.155 0.222 -0.149
No. of tuber/plant -0.490 0.205 0.196 0.506 -0.518 -0.022 -0.014 -0.023 0.429 0.001
Average tuber weight (g) 0.547 -0.198 -0.273 0.294 0.183 -0.090 -0.020 -0.107 0.662 -0.097
Tuber yield/plant (g) 0.391 -0.015 0.147 -0.536 -0.682 0.056 0.075 0.110 0.203 0.106
Tuber length (mm) 0.011 0.003 0.001 -0.005 -0.004 -0.014 0.093 -0.738 -0.025 0.667
Marketable yield/ plot(kg) -0.016 0.017 -0.010 0.011 0.013 -0.851 0.433 0.233 -0.033 0.178
Unmarketable yield/plot (kg) 0.022 -0.013 -0.051 0.037 0.026 -0.166 -0.744 0.378 0.026 0.520
Tuber yield/plot (kg) 0.103 0.342 -0.768 0.235 -0.319 0.138 0.131 0.110 -0.262 0.093
Eigen root 2.87 2.62 1.87 1.82 0.90 0.81 0.68 0.44 0.21 0.10
Percent variation 33.72 16.16 10.70 10.20 8.93 8.05 6.76 2.40 2.06 1.03

Table 2: Distributing pattern of 44 genotypes of potato into eleven clusters.
Cluster       Number Genotypes included
number     of genotypes

I 3 Pant Sel-08-11, Pant Sel-09-03 and Pant Sel-09-04
II 5 Pant Sel-09-20, Pant Sel-09-53, Pant Sel-08-02, Pant Sel-01 and J-97-242
III 4 Pant Sel-09-07, Pant Sel-09-46, Kufri Arun and Kufri Giriraj
IV 5 Pant Sel-09-38, Pant Sel-09-08, Pant Sel-09-01, Kufri Jawahar and Kufri Chipsona-2
V 5 Pant Sel-09-11, Pant Sel-09-43, Kufri Ashoka, Kufri Frysona and Kufri Khyati
VI 3 Pant Sel-09-33, Pant Sel-09-55 and Kufri sutlej
VII 7 Pant Sel-09, Pant Sel-08-07-01(CT), Pant Sel-09-19, J-95-225, J-96-288, Kufri Jyoti and Kufri Chipsona-1
VIII 1 Pant Sel-15/5
IX 3 Pant Sel-09-58, Pant Sel-09-18 and Kufri Pushkar
X 6 Pant Sel-09-21, Pant Sel-09-50, J-93-159, J-96-54, Kufri Gaurav and Kufri Badshah
XI 2 Pant Sel-01-15 and Pant Sel-09-57

Table 3: Average distance of inter and intra-cluster centroids.
I II III IV V VI VII VIII IX X XI

I 1.467                    
II 4.941 1.735                  
III 3.454 4.132 1.175                
IV 4.314 2.004 3.903 1.166              
V 3.408 5.079 3.599 4.836 1.738            
VI 2.701 5.144 3.632 5.212 2.846 1.323          
VII 2.911 5.571 2.560 5.158 2.268 3.246 1.544        
VIII 4.703 4.478 4.378 3.739 4.208 4.594 5.120 1.450      
IX 3.657 6.481 4.149 6.514 2.985 3.158 2.757 6.061 1.931    
X 3.435 2.772 4.024 2.888 3.730 3.638 4.617 3.988 4.683 1.359  
XI 3.966 4.613 2.812 4.771 3.032 3.719 2.651 4.593 4.299 4.740 1.020

(The intra cluster distances are shown in bold)
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number of tuber per plant the total yield was recorded
low which clearly indicate that if crosses among the
genotypes of cluster IX with cluster IV, II and VIII are
made are likely to give better hybrids with more number of
tubers having more weight and high tuber yield. Similar
results were obtained by Mondal et al. (2007) and Panigrahi
et al. (2014).
Correlation analysis and Path coefficient analysis: The
correlation matrix (Table 4) showed stronger positive highly
significant correlation of tuber yield with plant height
followed by number of shoots per plant, average weight of
tuber, tuber yield per plant and marketable yield per plot.
However non significant association was found with
emergence percent, number of tuber per  plant and
unmarketable yield per plot. Number of shoots per plant was
found significantly associated with number of tuber per plant,
tuber yield per plant and marketable yield per plot.
Significant and positive correlation of plant height with
number of shoots per plant, tuber yield per plant and
marketable yield per plot was found. Positive correlation of
tuber yield has been also reported with plant height and
number of shoot per plant by Zakaria et al. (2007), average
tuber weight, tuber yield per plant and marketable yield per
plot by Lomboro et al. (2014).

In order to get a clear picture of the interrelationships
between different traits, the direct and indirect effects of
different characters were worked out using path coefficient
analysis given in Table 5. Path analysis revealed that the
marketable yield per plot had highest positive direct effect
on total tuber yield followed by tuber yield per plant,
unmarketable yield per plot, average tuber weight, number
of tuber per plant and plant height. However, number of shoot
per plant, tuber length and emergence per cent exerted
negative direct effect on total tuber yield. Similar results
were also reported by Khayatnezhad et al. (2011) and Fekadu
et al. (2013). In the investigation the contribution of residual
factor was found to be low, which indicated that the
component traits chosen in the study are adequate to explain
the yield.
CONCLUSION

It was concluded that an improvement programme
involving patterns of different clusters may yield
transgressive and heterotic segregants. Moreover, the
genotypes of same series (viz., Pant Selection-series,
J-series and Kufri-series) fell into different clusters
indicating thereby that geographical diversity is not related
to genetic diversity. Plant height, number of tuber per plant,
average tuber weight and tuber yield per plant have been
identified as most important traits since they exhibited
positive, highly significant and direct effect on yield.
Therefore, these characters should be preferred while making
selection.
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