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Abstract: 29 genotypes of ridge gourd were grown during 2016-2017 at the experimental field of Regional Horticulture Research Station, Patuakhali, 
Bangladesh for genetic divergence using cluster analysis and principal component analysis. The experiment was laid out in randomized complete block 

design with three replications. Cluster analysis grouped the genotypes into six classes. Highest inter cluster distance was observed between cluster III and 
V (20.22) followed by cluster III and VI (19.14). While the lowest distance was observed between the cluster I and III. Cluster IV and VI (1.18) exhibit 

the highest intra cluster distance while the lowest distance was observed in cluster II (0.67). Larger inter cluster distances in all cases than intra cluster 

distances suggested wider genetic diversity among the genotypes of different groups. The result of the principal component analysis (PCA) revealed that 

the important characters responsible for genetic divergence in major axis of differentiations are days to first male flower, days to first female flower, node 

order of first female flower, fruit length, individual fruit weight and total soluble solid. Promising diverse parents identified based on cluster and PC 

analyses might be selected for future hybridization programme.  
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Introduction 

Ridge gourd (Luffa acutangula L.), one of the most 

popular cucurbitaceous vegetable crops and grown 

extensively throughout the tropical and subtropical regions 

of the world. The fruits contain Vitamin A, C and iron. Its 

use is recommended for those who suffer from malaria and 

other seasonal fever for its easy digestibility and very 

appetizing quality (Yawalkar, 1985; Gautam et al., 2017). 

The total production of ridge gourd in Bangladesh was 

about 36,000 metric ton in 8,600 hectare of land with an 

average yield 4.19 ton/ha (BBS, 2011). Hence, yield 

should be increased of ridge gourd.  

Information on genetic divergence among the plant 

material is vital to a plant breeder for efficient choice of 

parents for hybridization (Methela et al., 2019). It is an 

established fact that genetically diverse parents are likely 

to contribute desirable segregants and/or to produce high 

heterotic crosses. More diverse the parents greater are the 

chances of obtaining high heterotic F1 and broad spectrum 

of heritability in segregating generations (Murty and 

Arunachalam 1966). Precise information on the extent of 

genetic diversity among population is crucial in any crop 

improvement program, as selection of plants based on 

genetic diversity has become successful in several crops 

(Ananda and Rawat 1984; Manoj et al.2018) The parent’s 

identified on the basis of divergence analysis would be 

more promising. The quantification of genetic diversity 

through biometrical procedures will be made it possible to 

choose the genetically diverse parents for a successful 

hybridization program (Jain et al. 1975). Cluster analysis 

and PCA (principal component analysis) are the important 

genetic diversity measuring tools employed for exhibiting 

relative genetic differences among the genotype collection 

of various crop species. In view of this, the present study 

was conducted to classify a set of ridge gourd genotypes 

that may be used for generating more heterotic cross 

combinations and finally superior useful hybrids. 

 

Materials and Methods 

This experiment was conducted during the period of 2015-

16 at Regional Horticulture Research Station (RHRS), 

Patuakhali, Bangladesh. The soil was silty clay loam 

having pH value of 6.8. In this experiment, twenty-nine 

genotypes were used as test crop. Of these, twenty 

genotypes (BD2982, BD2975, BD2978, BD2981, 

BD2985, BD2992, BD2883, BD2994, BD2995, BD2997, 

BD2999, BD3000, BD3001, BD3007, BD3012, BD3017, 

BD3018, BD3028, BD3031 and BD3040) were obtained 

from PGRC, BARI, Gazipur. Eight local genotypes (PK1, 

PK2, PK3, PK4, PK5, PK6, PK8, PK9) were collected 

from different parts of southern Bangladesh and one 

(BARI Jhinga-1) check variety was collected from RHRS, 

Patuakhali. Treated seed were sowed and 15 days old 

seedlings were transplanted in the main field with 

recommended spacing (1.5×1.5 m2) following RCBD with 

3 replications. Standard management practices were done. 

Observation were recorded on five randomly selected 

plants per treatment for fourteen quantitative characters 

viz., plant height, days to 1st male flowering, days to 1st 

female flowering, node order of 1st male flower, node 

order of 1st female flower, internode length, fruit length, 

diameter, thickness, number of fruits per plant, individual 

fruit weight, fruit yield per plant, weight of 100 seeds and 

total soluble solids (TSS). 

Analysis of genetic divergence, Cluster analyses (CA) 

and Principal component analysis (PCA): Association 

among the accessions revealed by cluster analysis with 

UPGMA method and Euclidean distance coefficient. Data 

were analysed using XLSTAT software. Cluster analysis 

was carried out according to Mahalanobis (1936). 

Principal components were computed from correlation 

matrix and genotype scores obtained for the first 

components with roots greater than unit (Jager et al, 

1983). It provides two dimensional plots, which helps in 

separating different populations involved.  

 

 

Results and Discussion 

Cluster analysis: The divergence analysis revealed 

considerable diversity as implied by the magnitude of all 

the possible inter-cluster D2 values which ranged from 

0.00 to 20.22, (Table 2) Twenty-nine germplasm grouped 
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into 6 clusters which had considerably high intra and inter 

cluster D2 values (Table 1). Cluster number II had highest 

number (8) of genotypes followed by cluster IV (6 

genotypes). Highest inter cluster distance was observed 

between cluster III and V (20.22) followed by cluster III 

and VI (19.14). Hence, the genotypes BD2985 from 

cluster III and genotypes BD3007, BD3040, BD2978, 

BD2975 from cluster V are best choice for hybridization. 

The minimum inter cluster distance was observed between 

cluster I and III (2.64) and cluster II and IV (4.70), 

indicating that the genotypes of these cluster were 

genetically closed. The intra cluster distance varied from 

0.67 to 1.18. The highest value noted in cluster IV and VI, 

while lowest value in cluster II (Table 2). Result showed 

that the inter-cluster distance greater than intra-cluster 

distance in all cases. This findings are in agreement with 

Islam et al. (2010) in bittergourd, Rabbani et al. (2012) 

and Manoj et al.(2018) in ridgegourd. 

 

Table 1. Distance of 29 ridge gourd genotypes in six clusters 
 

Cluster No. of 

members 

Genotype numbers Name of genotypes 

I 4 3,13, 18, 29 BD2972, BD3001, BD3000, PK5 

II 8 4, 5, 8, 9, 11, 14, 15, 28 BD2994, BD3031, BD2992, BD3017, BD3028, BD2999, BD3018, BD2997 

III 1 1 BD2985 

IV 6 2, 12, 16, 17, 25, 27 BD2993, BD2995, PK9, PK1, BD3012, PK4 

V 5 6, 10, 19, 24, 26 BD3007, BARI Jhinga 1, BD3040, BD2978, BD2975 

VI 5 7, 20, 21, 22, 23 PK3, BD2981, PK2, PK6, PK8 

 

Table 2. Average intra and inter cluster distances (D2) for 29 ridge gourd genotypes  
 

Cluster I II III IV V VI 

I 0.78      

II 6.25 0.67     

III 2.64 8.77 0.00    

IV 10.93 4.70 13.39 1.18   

V 17.61 12.60 20.22 10.33 0.74  

VI 16.63 10.38 19.14 5.78 8.61 1.18 

 

Table 3: Cluster mean for 14 characters of 29 ridge gourd genotypes  
 Clus

-ter 

Plant 

height 

(cm) 

Days 

to first 

male 

flower 

Days to 

first 

female 

flower 

Node 

order 

of 1st 

male 

flower 

Node 

order 

of 1st 

female 

flower 

Intern

ode 

lengt

h 

(cm) 

Fruit 

lengt

h 

(cm) 

Fruit 

diam

eter 

(cm) 

Fruit 

thickn

ess 

(cm) 

Num

ber 

of 

fruits 

per 

plant 

Indivi

dual 

fruit 

weight 

(g) 

Fruit 

Yiel

d per 

plant 

(kg) 

100 

seed 

wei

ght 

(g) 

Total 

solub

le 

solid 

(%) 

I 898.0

8 

62.67 67.91 16.17 26.83 10.7

8 

28.1

7 

4.69 0.30 13.0

8 

195.8

2 

26.0

8 

4.0

0 

2.64 

II 800.3

7 

61.88 67.46 14.67 27.91 11.3

3 

21.3

6 

4.62 0.29 13.1

3 

174.8

4 

24.1

7 

4.6

3 

2.27 

III 988.3

0 

62.00 65.67 11.00 21.33 15.0

0 

21.4

0 

4.78 0.30 10.6

7 

138.7

0 

30.0

0 

4.0

0 

1.48 

IV 715.1

5 

60.89 66.00 15.00 26.45 12.1

7 

22.9

0 

4.60 0.37 12.6

7 

129.1

0 

25.5

0 

4.5

5 

1.60 

V 521.8

6 

61.87 66.40 16.87 27.67 12.3

8 

29.7

8 

4.60 0.28 15.7

3 

187.7

4 

28.8

0 

4.5

4 

2.87 

VI 595.9

4 

60.53 66.06 17.53 27.00 12.2

6 

20.7

5 

4.20 0.32 16.8

0 

107.9

2 

26.8

7 

4.4

0 

1.50 

 

Table 4. Latent vectors for 14 principal component characters of 29 Ridge gourd genotypes  
 

Component Vector 1 Vector 2 

Plant height (cm) 0.25 -0.22 

Days to first male flower 0.38 0.13 

Days to first female flower 0.37 0.07 

Node order of 1st male flower -0.22 0.25 

Node order of 1st female flower 0.23 0.03 

Inter node length (cm) -0.23 -0.07 

Fruit length (cm) 0.22 0.28 

Fruit diameter (cm) 0.29 -0.39 

Rind thickness (cm) 0.03 -0.12 

Number of fruits per plant -0.35 0.33 

Individual fruit weight (g) 0.42 0.30 

Fruit Yield per plant (kg) -0.18 0.27 

100 seed weight (g) -0.06 -0.26 

Total soluble solid (%) 0.18 0.52 
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In Table 3, Cluster I exhibited the highest cluster mean 

value for days to first male flower (62.67), days to first 

female flower (67.91) and individual fruit weight 

(195.82g). Cluster II ranked first for node order of first 

female flower (27.91) and 100 seed weight (4.63) whereas 

minimum mean values were found for fruit yield per plant 

(24.17kg). Cluster III showed highest mean value for plant 

height (988.30cm), internode length (15cm), fruit diameter 

(4.78 cm) and individual fruit weight (195.82g) and 

Cluster IV showed highest mean for fruit thickness (0.37). 

Cluster V represented maximum mean for node order of 

1st female flower (27.67), number of fruits per plant 

(15.73), individual fruit weight (187.74g) and fruit yield 

per plant (28.80kg).  Cluster VI exhibited the utmost mean 

value for node order of first male flower (17.53) and 

number of fruits per plant (16.80). 

Somayajullu et al. (1970) reported the clustering revealed 

instability due to relatively lesser divergence, whereas 

widely divergent clusters remain distinct in different 

environments. The result was also supported by Gautam et 

al.(2017), Rabbani et al. (2012) and Raut et al. (1985). In 

this study it was observed that cluster II was highly 

diverged. So those would be more stable. The genotypes 

of the distant clusters could be used in crossing programs 

for obtaining wide range of variation among the 

segregates. Jagadev and Samal (1991) got segregants with 

wider variations among the genotypes in niger from the 

crossing between the clusters involving the parents which 

were belong to distant clusters. It is expected that the 

crosses between the clusters I and V would exhibit the 

highest heterosis and also likely to produce new 

recombinants with desired traits. For future experiment, 

diverse genotypes identified in the present study may be 

utilized for attempting heterotic cross combination and 

developing hybrid varieties. 

Based on principal component axes I and II, a two-

dimensional scattered plotting diagram (Z1 and Z2) 

revealed that apparently there were mainly six clusters. 

Pattern of distribution of genotypes in the scattered 

diagram revealed that considerable variability exist in the 

genotypes (Figure 1). 

 
Figure 1. Scatter distribution of 29 ridge gourd genotypes 

based on their principal component scores 

superimposed with clusters.   

 

Principal component analysis: The results of PCA 

revealed that in vector 1(Z1) the important characters 

responsible for genetic divergence in major axis of 

differentiation were plant height (0.25cm), days to first 

male flower (0.38), days to first female flower (0.37), node 

order of first female flower (0.23), fruit length (0.22cm), 

fruit diameter (0.29cm), rind thickness (0.03cm), 

individual fruit weight (0.42g) and total soluble solid 

(0.18%) as they had positive association (Table 4). In 

vector 2 (Z2) days to first male flower (0.13), days to first 

female flower (0.07), node order of first male flower 

(0.25), node order of first female flower (0.03), fruit length 

(0.28cm), number of fruits per plant (0.33), individual fruit 

weight (0.30g), fruit yield per plant (0.27kg) and total 

soluble solid (0.52%) played a major role. Rest of the 

characters played a minor role in the second axis of 

differentiation. Days to first male flower, days to first 

female flower, node order of 1st female flower, fruit 

length, individual fruit weight  and total soluble solid, in 

the both vectors indicated there importance in genetic 

divergence (Table 4). Alam et al. (2006) reported that days 

to heading, 1000 grain weight, yield /plant were the major 

contributors towards divergence in hull-less barley. Masud 

et al. (1995) found that number of fruits per plant and fruit 

yield per plant was one of the important contributors to 

genetic divergence in pumpkin. Moreover Habib et al. 

(2007) in rice reported same result for grain /panicle, grain 

length and harvest index. 

The clustering pattern of D² analysis (Table 1) has 

followed the same trend of distribution of genotypes in 

PCA. The D² and PCA were found to be an alternative 

method in giving the information regarding the clustering 

pattern. Moreover, the PCA provides information on 

contribution of the characters towards divergence. The 

crosses involving parents belonging to the maximum 

divergent clusters were expected to manifest maximum 

heterosis and also wide variability in genetic architecture. 

Singh et al.(2014) and Jatav et al. (2018) in bittergourd, 

Ramanujam et al. (1974) in mung bean and Mian and Bhal 

(1989) in chick pea reported that parental clusters 

separated by medium D² values exhibited significant and 

positive heterosis for seed yield and some of its 

components in mung bean. Thus crosses between the 

genotypes of cluster III with that of cluster V, cluster III 

with cluster VI and cluster I with cluster V would exhibit 

high heterosis and is also likely to produce new 

recombinants with desired characters in ridge gourd. 

Conclusion: The result of the present experiment revealed 

that a wide genetic diversity existed among the collected 

ridge gourd genotypes. Hence, considerable emphasis 

should be given on these characters to increase qualitative 

yield of ridge gourd. The genetic diversity should be 

utilized for the development of gene pools, which serve as 

the reservoirs of genes. Information on genetic diversity 

can also be utilized for the exploitation of hybrid vigor. 

And, suggestions has been made for selecting parents so as 

to initiate a crossing programme to produce new 

recombinants with desired characters in ridge gourd. 
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