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Genetic Divergence Analysis for Yield and Quality Traits in Garden Pea (Pisum  sativum L.) 
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Genetic diversity among twenty-three pea genotypes was worked out using Mahalanobis D2 statistic. On the basis of genetic 
distance, these genotypes were grouped into 5 clusters. Cluster IV was largest, consisting of eight genotypes followed by 
cluster I with seven genotypes, cluster III with four genotypes, cluster II with three genotypes while cluster V contained 
single genotype. There was no parallelism between genetic diversity and geographical distribution. Cluster IV (PSM-3, Pea-
901, CHP-2, AP-2, AP-5, VRP-6, PSM-4 and Pea 902) and cluster  V (Pb-89) exhibited highest value of inter-cluster distance 
(377.64) followed by cluster III (PC-531, AP-1, VRP-7 and VL-7) and cluster V (284.18), cluster II (PSM-5, E-6 and Pant Uphar) 
and cluster V (214.09) and cluster I (PM-2, Pea-801, Arkel, Arka Ajeet, AP-3, JM-1 and AP-4) and cluster V (168.02). The 
maximum intra-cluster distance was noted for cluster IV (25.89). Cluster V exhibited maximum mean values for pod yield for 
plant, TSS, pod length, number of pods plant-1, fresh weight of root nodules plant-1, root length, number of flowers cluster-1 
and days to 50% flowering. The character fresh weight of root nodules plant-1 contributed maximum towards divergence. 
Considering diversity pattern and other performance of the genotypes PSM-3, Pea-901, CHP-2, AP-2, AP-5, VRP-6, PSM-4 and 
Pea-902 from cluster II and genotype Pb-89 from cluster V may be taken into consideration as better parents for an efficient 
hybridization programme of pea.

1.  Introduction

Pea (Pisum sativum L., 2n=2x=14) is one of the earliest food 
crop. It thrives well in places with cool climate and hence is 
grown in almost all the temperate regions of the world (Blixt, 
1970). Pea has a wide range of agricultural and horticultural 
uses. The green seeds are used as fresh, frozen or canned 
vegetables and the mature dry seeds are used as pulse. The 
pea seeds are very rich in protein (27%) and green biomass 
is also  high grade fodder due to 14 to 24% protein content 
in it. The protein of peas contains all the essential amino 
acids important for the normal activity of living organisms 
(Smirnova-Ikonnikova, 1960). Inclusion of peas in crop rotation 
is agronomically very significant due to high nitrogen fixation 
efficiency of root nodulating Rhibium bacteria (Rudnicki and 
Wenda, 2002). Moreover, peas have a higher capacity to 
utilize minerals in the form of inorganic compounds which are 
difficult to assimilate and therefore practically not available 
for cereals (Adgo and Schulze, 2002) and therefore, it can be 
grown without competition with cereal crops (Hasan Mitu et 
al., 2004).

In India, garden pea is cultivated from hills of Himalayas to 
sub-tropical plains. In the hills, off-season crops during late 
Kharif and Spring-summer are grown whereas in plains, 
Rabi crop is practiced. In Uttarakhand state, pea is grown on 
an area of 0.0117 mha with an annual production of 0.078 
million mt (Anonymous, 2013). In recent years many improved 
varieties have been evolved for plains of India. For enhancing 
productivity in hilly areas, high yielding varieties needs to be 
developed.  

Like other crops, assessment of different desirable traits 
spread over diverse genotypes is important to rapid advance 
in yield improvement. The importance of genetic diversity in 
the improvement of a crop has been studied in both self and 
cross pollinated crop (Griffring and Lindstrom, 1954; Murthy 
and Anand, 1966; Gaur et al., 1978). The plant breeders are 
always interested to know the genetic divergence among 
the varieties available due to reasons that crosses between 
genetically diverse parents are likely to produce high heterotic 
effect (Ramanujam et al., 1974) and crosses involving distantly 
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related parents within the same species produce wide 
spectrum of variability. D2 statistic is a useful tool to measure 
genetic divergence among genotypes in any crop developed by 
Mahalanobis (1936). In view of the above, an attempt has been 
made to identify genetic divergent lines among the available 
gene pool of garden pea; so as to select the potential parents 
for further breeding programme to attain the anticipated 
improvement in pod yield.

2.  Materials and Methods

The experiment was laid out in randomized block design 
with three replications at experimental field of Department 
of Vegetable Science, Uttarakhand University of Horticulture 
and Forestry, Ranichauri Campus, District Tehri Garhwal, 
Uttarakhand during rabi, 2012–13 and late kharif 2013. The 
treatments comprised of 23 genotypes of vegetable pea 
(Pisum sativum L.). The crop of each genotypes was raised 
in a spacing of 30×10 cm2 row to row and plant to plant, 
respectively. Data were recorded on five randomly selected 
competitive plants of each genotype from each replication for 
fourteen characters viz., days to 50% flowering, node number 
of first flowering, shoots plant-1, number of flowers cluster-1, 
root length (cm), fresh weight of root nodules plant-1 (g), 
plant height at first harvesting (cm), number of pods plant-1, 
pod length (cm), number seeds pod-1 (g), 10 pod weight (g), 
shelling percentage (%), TSS (0Brix) and pod yield plant-1 (g). 
Genetic divergence was estimated by using D2 statistics of 
Mahalanobis (1936) and clustering of genotypes was done 
according to Tocher’s method as described by Rao (1952).The 
per cent contribution of characters towards genetic divergence 
was calculated according to Singh and Chaudhary (1977).

3.  Results and Discussion

The analysis of variance revealed significant differences 
among the genotypes for all the characters studied indicating 
presence of considerable amount of genetic variability for all 
the characters. The computation from co-variance matrix gave 
non-hierarchical clustering based on Mahalanobis D2 values 
among 23 genotypes and grouped them into five clusters. 
The clustering pattern of 23 genotypes of pea indicated that 
the genotypes included in the investigation could be grouped 
five clusters. The cluster IV was largest with eight genotypes 
(PSM-3, Pea-901, CHP-2, AP-2, AP-5,VRP-6, PSM-4 and Pea-
902) followed by cluster I with seven genotypes (PM-2, UHE 
Pea-801, Arkil, Arka Ajeet, AP-3, JM-1 and AP-4), cluster III with 
four genotypes (PC-531, AP-1, VRP-7 and Vl-7), cluster II with 
three genotypes (PSM-5, E-6 and Pant Uphar) while cluster V 
contained single genotype (P-89) (Table 1). Group constellation 
of pea genotypes through genetic divergence has also been 
reported by Kumar et al. (2006); Singh et al. (2007), Yadav et 
al. (2009), Gudadinni et al. (2017); Gupta et al. (2017).

The cluster V earned the highest cluster mean values for pod 
yield plant-1 (39.09 g), T.S.S. (16.07 °Brix), number of seeds 
per pod (7.65), pod length (9.40 cm), number of pods plant-1 

Table 1: Clustering pattern of 23 pea genotypes by Tocher’s 
method

C l u s -
ter

N o .  o f 
g e n o -
types

Name of genotypes

I 7 PM-2, UHE Pea-801, Arkil, Arka Ajeet, 
AP-3, JM-1 and AP-4

II 3 PSM-5, E-6 and Pant Uphar

III 4 PC-531, AP-1, VRP-7 and Vl-7

IV 8 PSM-3, Pea-901, CHP-2, AP-2, AP-
5,VRP-6, PSM-4 and Pea-902

V 1 Pb-89

(4.93), fresh weight of root nodules per plant (0.39 g), root 
length (12.9 cm), number of flowers cluster-1 (2.43) and shoots 
plant-1 (2.27). Cluster II showed earliness in relation to lowest 
values for days to 50% flowering (35.11 DAS) and node number 
of first flowering (8.79) and highest shelling percentage 
(54.72%). Cluster I had highest values for plant height at first 
harvesting (58.01 cm) and cluster IV had highest value for 10 
pod weight (64.29 g) (Table 2). In this way, it was evident from 
this parameter that cluster V had highest values for maximum 

Table 2: Cluster means for 14 characters of 23 pea genotypes

S l . 
No.

Characters Cluster Means

I II III IV V

1. DF 37.98 35.11 38.20 37.88 39.50

2. NNFF 9.73 8.79 10.00 9.94 9.90

3. Shoots plant-1 2.46 2.34 2.50 2.52 2.27

4. No. of flowers 
cluster-1

1.70 2.03 1.70 1.52 2.43

5. Ro o t  l e n gt h 
(cm)

12.12 11.95 12.26 12.43 12.9

6. FWRNP 0.17 0.13 0.07 0.04 0.39

7. PHFH 58.01 56.90 57.33 56.07 55.92

8. NPP 4.02 4.15 4.44 4.15 4.93

9. Pod length (cm) 8.62 8.45 8.76 8.93 9.40

10. No. of seeds 
pod-1 

7.20 7.22 7.63 7.26 7.65

11. 10 pod weight 61.76 59.87 56.19 64.29 57.51

12. Shelling per-
centage ( %)

48.75 54.72 51.37 47.45 50.07

13. T.S.S (°Brix) 15.54 15.10 15.77 15.94 16.07

14. Pod yield 
plant-1 (g)

24.94 23.56 26.55 25.78 36.09

DF: Days to 50% flowering; NNFF: Node no. of first flower-
ing; FWRNP: Fresh weight of root nodules plant-1 (g); PHFH: 
Plant height at first harvesting (cm); NPP: No. of pods plant-1
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number of pod yield contributing characters. Variable cluster 
means for different plant growth and fruit yield characters 
have also been reported by Sureja and Sharma (2001), 
Tiwari et al. (2004), Kumar et al. (2007), Kumari et al. (2013), 
Georgieva et al. (2016) and Gupta et al. (2017) in garden pea. 

Inter cluster distance (√D2) values worked out as per 
Mahalanobis’s D2 statistic indicated that the genotypes 
included in clusters IV and V were genetically divergent in 
the view of highest inter cluster mean (377.64) followed 
by clusters III and V (284.18) and clusters II and V (214.09). 
Minimum inter-cluster distance was observed between cluster 
II and cluster III (28.78). Intra-cluster distance is a measure of 
genetic divergence existing among the genotypes included in 
the same cluster. Maximum intra-cluster distance was noted 
for cluster IV (25.89) followed by cluster I (24.80) (Table 3). 
A wide range of inter-cluster genetic distance among the 
different clusters of pea genotypes have also been reported 
by Tiwari et al. (2004), Kumar et al. (2007),  Singh et al. (2007), 
Sharma et a. (2013), Georgieva et al. (2016) and Khan et al. 
(2017) . 

Table 3: Average intra-inter cluster distance (√D2) for 23 
pea genotypes

I II III IV V

I 24.80 38.29 45.68 69.38 168.02

II 19.51 28.78 67.72 214.09

III 14.48 34.00 284.18

IV 25.89 377.64

V 0.000

The contribution of different characters to total genetic 
distance is important to assess relative importance of the 
characters to be included in genetic diversity studies. The 
data on this parameter as depicted in Table 4 indicated 
that fresh weight of root nodules per plant contributed 
maximum towards genetic distance (56.13%) followed by 10 
pod weight (13.04%), number of flowers cluster-1 (7.91%), 
root length (5.53%), TSS (3.16%), node number of first 
flowering (2.37%), plant height at first harvesting (2.37) and 
pod length (2.37%). The contribution of other characters to 
total genetic divergence was lower. Therefore, above traits 
should necessarily be included in genetic divergence studies 
in garden pea. The Variable contribution of different plant 
growth and fruit yield characters to genetic distance have 
also been reported by Sureja and Sharma (2001), Tiwari et al. 
(2004), Kumar et al. (2007); Kumari et al. (2013), Georgieva et 
al. (2016) and Gupta et al. (2017) in garden pea. 

It has been proved from the earlier studies that genetically 
distant parents are able to exert high heterosis in the progenies 
(Falconer, 1960). Therefore, in the view of highest inter-
cluster genetic distance (√D2) between cluster IV and cluster 
V (377.64) and maximum cluster means for most of desirable 

Table 4: Contribution of different plant growth and fruit 
yield characters to total divergence in pea (Pisum sativum L.

Sl. No. Characters NTAFR PC

1. Days to 50% flowering 4 1.58

2. Node no. of first flowering 6 2.37

3. Shoots plant-1 2 0.79

4. Flowers cluster-1 20 7.91

5. Root length (cm) 14 5.53

6. Fresh weight of root nodules 
plant-1 (g)

142 56.13

7. Plant height at first harvesting (cm) 6 2.37

8. Number of pods plant-1 3 1.19

9. Pod length (cm) 6 2.37

10. Number of seeds pod-1 3 1.19

11. 10 Pod weight (g) 33 13.04

12. Shelling % 4 1.58

13. T.S.S. (°Brix) 8 3.16

14. Pod yield plant-1 (g) 2 0.79

NTAFR: No. of times appearing first in ranking; PC: Percent 
contribution

traits for pod yield in these clusters, cross combinations viz., 
Pb-89×PSM-3, Pb-89×Pea-901, Pb-89×CHP-2, Pb-89×AP-2, 
Pb-89×AP-5, Pb-89×VRP-6, Pb-89×PSM-4 and Pb-89×Pea 902 
are recommended for developing progeny with high vigour 
and desirable traits in garden pea.

4.  Conclusion

The genotypes were grouped into 5 clusters. Cluster IV was 
largest followed by cluster I, cluster III, cluster II and cluster 
V. The maximum inter cluster distance was found between 
cluster IV and cluster V (377.64) and minimum value was 
found between cluster II and cluster III (28.78). The maximum 
intra-cluster distance was noted for cluster IV (25.89). The 
character fresh weight of root nodules per plant contributed 
maximum towards divergence. So, the cross combinations 
viz., Pb-89×PSM-3, Pb-89×Pea-901, Pb-89×CHP-2, Pb-89×AP-2, 
Pb-89×AP-5, Pb-89×VRP-6, Pb-89×PSM-4 and Pb-89×Pea 902 
are recommended for developing progeny with high vigour 
and desirable traits in garden pea.
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