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Assessment of genetic divergence in bottle gourd (Lagenaria siceraria) germplasm
using Mahalanobis’s D2 statistic for parental line selection
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Abstract

An investigation was conducted to assess the genetic divergence among 24 genotypes of bottle gourd (Lagenaria siceraria) to identify
suitable parental lines for future breeding programs. The experiment was laid out in a randomized block design with three replications
during the spring season of 2024. Quantitative data for 17 traits were analysed using Mahalanobis's D? statistic. The genotypes were
grouped into 7 distinct clusters, with cluster 1 being the largest with ten genotypes, followed by cluster 2 with seven genotypes, followed
by cluster 3 with three. The remaining four clusters were small, each containing one genotype. Analysis of cluster means revealed
significant diversity across the genotypes. Cluster 4 exhibited the most desirable traits, showing the longest fruit length (42.567 cm) and
the highest average fruit weight (1213.333 g). In contrast, cluster 6 had the highest number of fruits per plant (11.557) and the shortest
harvest period (49.777 days). The average intra-cluster distance was lowest for the single-genotype clusters (0.000) and highest for cluster
2 (260.826). The inter-cluster distance, which indicates the level of diversity between groups, was found to be highest between cluster
3 and cluster 6 (2361.074), suggesting these groups are the most genetically distant. Conversely, the smallest inter-cluster distance
was observed between cluster 5 and 6 (400.438). The character contributing most to the overall divergence was average fruit weight
(34.84%), followed by days to first female flower anthesis (20.91%) and days to first fruit harvest (13.96%). These findings suggest that
genotypes from the most divergent clusters, such as those from cluster 3 and 6, should be selected for hybridization programs to create
superior recombinants with a broad genetic base.
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Introduction

Bottle gourd [Lagenaria siceraria (Mol.) Stand.] belonging to
the family Cucurbitaceae is a warm season crop cultivated
for its fruits. The cultivated species is commonly known as
bottle gourd, lauki, calabash or white flowered gourd. It is
a cross-pollinated crop with large amount of variation for
many economically important traits. India is the secondary
center of origin of bottle gourd endowed with a variety of
diverse germplasm (Sultana et al., 2018). The average day

bottle gourd (Lagenaria siceraria) germplasm using Mahalanobis’s temperature of 20 to 27°C with lower night temperature of

D? statistic for parental line selection. Vegetable Science, 53(1), 18t0 23 C_is 9ptima| for growth and fruiting:
142-146. Genetic diversity is necessary to select suitable parental

lines from available indigenous germplasms, to carry out
any successful breeding program. The study of genetic
divergence is a popular method in parent selection for
researchers involved in breeding programs of several crops,
leading to a reduction in the number of crosses (Guerra et
al., 1999). The progenies derived from diverse parents are
expected to show a broad spectrum of genetic variability
and provide better scope toisolate a superior recombinant.
Therefore, genetically diverse genotypes should be used
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in a hybridization program to get a superior recombinant.
The multivariate analysis is the most widely used statistical
tools to quantify the genetic divergence. Among the various
methods developed to study the genetic divergence in the
genotypes/accessions, the Mahalanobis D? (Mahalanobis,
1936) is the most reliable and widely used statistical tools
to quantify the degree of genetic divergence by assessing
the relative contribution of different characters to the total
divergence. It is a very useful technique and has been used
by several workers in case of cross-pollinated crops (Bashar
et al., 2016; Hasan et al., 2015).

Material and Methods

The experimental material for the present investigation,
which included 24 genotypes including check, was sown in
a randomized block design with three replications during
the spring season of 2024. About 15 advance lines from
GBPUAT, Pantnagar were taken under the study including
the check variety, i.e., Pant Lauki - 3. One local cultivar from
Uttarakhand, five local cultivars from Uttar Pradesh and
three released varieties from IIVR, Varanasi (Kashi Ganga,
Kashi Kirti and Kashi Kiran) were also taken under study.
A spacing of 3 X 1 m was maintained, recommended and
uniform agronomical practices were adopted to raise the
crop. Observations were recorded on five randomly selected
and tagged plants from each genotype for all the characters.
The mean values measured from these five plants were
used for further statistical analysis. Plot means for 17
guantitative characters were used for the statistical analysis.
Genetic diversity was studied following Mahalanobis’s (1936)
generalized distance (D?) extended by Rao (1952). Based on
the D? values, the germplasm was grouped into clusters
following the method suggested by Tocher (Rao, 1952).
Genetic diversity was studied following Mahalanobis's (1936)
generalized distance (D? extended by Rao (1952). Statistical
analyses were carried out using R Studio software.

Results and Discussion

Genetic divergence analysis (D? statistics)

The genetic divergence analysis for the yield, quality and
yield contributing characters was done by Mahalanobis D?
statistic.

Grouping of genotypes into different clusters

Seven major clusters were formed by clustering all the
24 genotypes such that genotypes within each cluster
exhibited lower D? values relative to those in other clusters
(Table 1). Cluster pattern reveals that cluster 1 consisting of
ten genotypes (PBOG - 11, PBOG - 16, PBOG - 17, PBOG - 23,
PBOG - 28, PBOG - 3, PBOG - 30, PBOG - 5, PBOG - 6, PBOG -
88) and cluster 2 consisting of seven genotypes (PBOG - 1,
PBOG - 14, PBOG - 15, PBOG - 18, PBOG - 24, Kashi Ganga,
Kashi Kirti) were the largest cluster, which was followed by
cluster 3 consisting three genotypes (PBOG - 29, PBOG - 4,

Table 1: Distribution of 24 genotypes of bottle gourd in different
clusters

Number of

Cluster genotypes List of genotypes
PBOG- 11, PBOG - 16, PBOG - 17, PBOG
Cluster 1 10 - 23, PBOG - 28, PBOG - 3, PBOG - 30,
PBOG - 5, PBOG - 6, PBOG - 88
Cluster2 7 PBOG - 1, PBOG - 14, PBOG - 15, PBOG -
18, PBOG - 24, Kashi Ganga, Kashi Kirti
Cluster 3 3 PBOG - 29, PBOG - 4, PBOG - 61
Cluster4 1 PBOG-7
Cluster5 1 PBOG- 10
Cluster6 1 Kashi Kiran
Cluster7 1 PBOG - 32

PBOG - 61), cluster 4 (PBOG - 7), cluster 5 (PBOG - 10), cluster
6 (Kashi Kiran), and cluster 7 (PBOG - 32) consisting one
genotypes, respectively.

Cluster means of characters

It was observed that in days to first male flower anthesis,
cluster 4 showed the earliest flowering at 45.333 days,
followed closely by cluster 5 (43.714), cluster 2 (43.278),
cluster 1 (43.224), cluster 6 (43.223), cluster 3 (42.337), and
cluster 7 (42.333) (Table 2). The variation between clusters
was relatively small, with all means falling within a 3-day
range. The days to first female flower anthesis cluster 4 again
had the highest value (47.223 days), with cluster 5 (46.715),
cluster 2 (46.544), cluster 1 (46.073), cluster 3 and 7 (both
45.557), and the least was observed in cluster 6 (44.443). The
spread was wider than for male flowering, spanning nearly
3 days. Node of first male flower appearance was observed
that cluster 3 displayed the highest nodal position (11.330),
followed by cluster 4 (11.223), cluster 6 (10.670), cluster 2
(10.467), cluster 5 (10.333), cluster 7 (10.330), and cluster 1
(9.816). This trait showed more variability between clusters
than flowering time. Node of first female flower appearance
was observed that cluster 7 had the highest nodal position
(11.333), with cluster 3 (11.557), cluster 6 (11.220), cluster 2
(10.699), cluster 5 (10.968), cluster 1 (10.480), and the least
was in cluster 4 (9.777). Interestingly, cluster 4 showed
substantially lower values than other groups.

It was observed that days to first harvest, cluster 4
required the longest time (54.667 days), followed by cluster
5 (52.222), cluster 2 (51.867), cluster 1 (50.562), cluster 3
(50.447), cluster 6 (49.777), and cluster 7 (48.777). The range
exceeded 5 days between extreme clusters. The diversity
in the fruit length was observed that cluster 4 produced
exceptionally long fruits (42.567 cm), followed by cluster 2
(29.538), cluster 6 (30.990), cluster 1 (21.744), cluster 3 (20.137),
cluster 5 (11.009), and cluster 7 (10.287). The values showed
extreme variation, spanning over 32 cm. In terms of fruit
diameter, diversity ranged from the widest fruits in cluster
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Table 2: Cluster mean analysis of 24 genotypes of bottle gourd

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7
DFMF 43.224 43.278 42.337 45.333 43.714 43.223 42.333
DFFF 46.073 46.544 45.557 47.223 46.715 44.443 45.557
NFMF 9.816 10.467 11.330 11.223 10.333 10.670 10.330
NFFF 10.480 10.699 11.557 9.777 10.968 11.220 11.333
DFH 50.562 51.867 50.447 54.667 52.222 49.777 48.777
FL 21.744 29.538 20.137 42.567 11.009 30.990 10.287
FD 6.024 6.261 9.970 6.160 10.650 5.993 10.830
AFW 848.519 728.750 820.833 1213.333 783.572 691.667 858.333
NFP 10.593 9.689 11.220 8.330 10.333 11.557 9.890
NPP 12.854 10.688 8.443 11.890 10.031 12.890 8.330
NNP 46.961 35.601 42.890 52.890 34.237 23.443 31.447
VL 4.931 3.091 3.797 5.020 3.604 1.920 1.893
IL 10.614 8.412 8.677 9.330 10.168 7.390 5.790
AsA 4707 6.907 8.893 6.803 6.429 4.703 8.373
AnA 81.300 81.452 78.730 83.607 80.945 80.283 86.040
D.M 6.646 6.293 6.493 7.063 6.899 6.063 6.343
FY 9.114 6.979 8.170 9.883 7.672 7.400 8.440

DFMF: days to first male flower anthesis, DFFF: days to first female flower anthesis, NFMF: node at which first male flower appears, NFFF: node at
which first female flower appears, DFH: days to first fruit harvest, F L: fruit length (cm), F D: fruit diameter (cm), AFW: average fruit weight (g), NFP:
number of fruits per plant NPP: number of primary branches per plant, NNP: number of nodes per plant, VL: vine length (m), IL: internodal length
(cm), As A: ascorbic acid in fruit (mg/100 g), An A: antioxidant activity in fruit (%), D M: dry matter in fruit (%), and F Y: fruit yield per plant (kg).

7 (10.830 cm), followed by cluster 5 (10.650 cm), cluster 3
(9.970 cm), cluster 2 (6.261 cm), cluster 4 (6.160 cm), cluster
1 (6.024 cm), and cluster 6 (5.993 cm). Three clusters stood
out with substantially larger diameters.

The average fruit weight was observed to be heaviest
in the cluster 4 (1213.333 g), followed by cluster 7 (858.333),
cluster 1 (848.519), cluster 3 (820.833), cluster 5 (783.572),
cluster 2 (728.750), and cluster 6 (691.667). The range
exceeded 500 g between the two extremes. The data
represented that the number of fruits per plant was found to
be with the highest count in the cluster 6 (11.557), followed
by cluster 3 (11.220), cluster 1 (10.593), cluster 5 (10.333),
cluster 7 (9.890), cluster 2 (9.689), and the least was observed
to be in cluster 4 (8.330). Most clusters clustered between
9-11 fruits. Number of primary branches was observed,
cluster 1 showed the most branches (12.854), followed by
cluster 6 (12.890), cluster 4 (11.890), cluster 2 (10.688), cluster
5(10.031), cluster 3 (8.443), and the least number of primary
branches was observed in cluster 7 (8.330). The range was
relatively large at over 4 branches. The number of nodes
per plant cluster 4 had the highest node count (52.890),
followed by cluster 1 (46.961), cluster 3 (42.890), cluster 2
(35.601), cluster 5 (34.237), cluster 7 (31.447), and cluster 6
(23.443). The variation was substantial, exceeding 30 nodes.

In vine length, cluster 4 showed the longest vines
(5.020 m), followed by cluster 1 (4.931), cluster 3 (3.797),
cluster 5 (3.604), cluster 2 (3.091), cluster 6 (1.920), and the

smallest vine length was observed to be in cluster 7 (1.893).
The range in the evaluated germplasm was dramatic,
spanning over 3 m. It was recorded that the internode
length was longest in cluster 1 (10.614 cm), followed by
cluster 5 (10.168), cluster 4 (9.330), cluster 3 (8.677), cluster 2
(8.412), cluster 6 (7.390), and the shortest internodal length
is observed in cluster 7 (5.790). The variation was nearly 5
cm between extremes.

The ascorbic acid content in the fruit of the evaluated
genotypes was observed that in cluster 3, the highest
content was recorded (8.893 mg/100 g), followed by
cluster 7 (8.373), cluster 2 (6.907), cluster 4 (6.803), cluster 5
(6.429), cluster 1 (4.707), and cluster 6 (4.703). The range was
substantial at over 4 mg/100 g of fresh fruit. The antioxidant
activity in fruit was found to be in cluster 7 consisting of the
highest percentage (86.040%), followed by cluster 4 (83.607),
cluster 2 (81.452), cluster 1 (81.300), cluster 5 (80.945), cluster
6 (80.283), and the least in cluster 3 (78.730). The range was
relatively narrow at under 8%. With the highest percentage
of dry matter in cluster 4 (7.063%), followed by cluster 5
(6.899), cluster 1 (6.646), cluster 3 (6.493), cluster 7 (6.343),
cluster 2 (6.293), and the least amount was observed in
cluster 6 (6.063). The variation was minimal, under 1%.

The fruit yield per plant was observed that cluster 4
had the highest yield (9.883 kg/plant), followed by cluster
1 (9.114), cluster 7 (8.440), cluster 3 (8.170), cluster 5 (7.672),
cluster 6 (7.400), and cluster 2 (6.979) was found to be with



Singh et al.: Assessment of genetic divergence in bottle gourd

145

Table 3: Analysis for intra and inter cluster distances for 24 genotypes

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7
Cluster 1 224.273 496.378 771.486 504.071 525.755 967.376 524.036
Cluster 2 260.826 765.211 776.438 615.139 756.103 1114.586
Cluster 3 242.708 542215 1615.308 2361.074 657.929
Cluster 4 0.000 1542.524 1879.411 868.266
Cluster 5 0.000 400.438 1057.276
Cluster 6 0.000 2157.093
Cluster 7 0.000

the lowest fruit yield per plant. The range in the evaluated
genotypes was observed to be nearly 3 kg between the two
extremes. Several workers Masud et al. (2002), Morimoto et
al. (2001) and Shubha et al. (2002) worked on divergence
analysis in different accessions of bottle gourd and found
similar results for cluster means of the characters.

Average intra and inter cluster distances

The distance between the two observations that belong
to the different cluster is the intercluster distance (Table 3);
on the other hand, the distance between the two objects
belonging to the same cluster is the intracluster distance.
In intracluster distance, the lowest value was observed in
cluster 4, cluster 5, cluster 6, and cluster 7 (0.000), following
cluster 1(224.273), cluster 3 (242.708), and the highest value
was observed in cluster 2 (260.826).The highest intercluster
distance was found between cluster 3 and cluster 6
(2361.074), followed by cluster 6 and cluster 7 (2157.093).
On the other hand, the smallest intercluster distance was
observed between cluster 5 and cluster 6 (400.438), followed
by cluster 1 and cluster 2 (496.378). Several workers Masud et
al. (2002), Ram et al. (2001) and Rasheed et al. (2002) worked
on divergence analysis in different accessions of bottle
gourd and found similar results for average intra and inter
cluster distances.

Contribution of characters towards divergence

The present study with 24 genotypes of bottle gourd was
evaluated and concluded that the average fruit weight
contributed maximum in the diversity (34.84%) followed
by days to first female flower anthesis (20.91%), and days to
first fruit harvest (13.96%) (Table 4). Moderate contribution
was observed from days to first male flower anthesis (7.60%),
number of nodes per plant (5.49%), number of primary
branches per plant (3.79%), node number of first male flower
appear (2.54%), antioxidant activity in fruit (2.52%), fruit yield
per plant (2.37%), node number of first female flower appear
(1.71%) internodal length (1.55%), and fruit length (1.53%).
Low contribution was observed from fruit diameter (0.8%),
ascorbic acid in fruit (0.12%), vine length (0.11), dry matter
content (0.07%), and number of fruits per plant (0.06). Similar

Table 4: Percentage contribution of various traits under study towards
genetic divergence in bottle gourd

S.No. Source z/c‘)))ntribution
1 Days to first male flower anthesis 7.60
2 Days to first female flower anthesis 2091
3 Node number of first male flower appear 2.54
4 Node number of first female flower appear  1.71
5 Days to first fruit harvest 13.96
6 Fruit length 1.53
7 Fruit diameter 0.80
8 Average fruit weight 34.84
9 Number of fruits per plant 0.06
10 Number of primary branches per plant 3.79
1 Number of nodes per plant 5.49
12 Vine length 0.11
13 Internodal length 1.55
14 Ascorbic acid in fruit 0.12
15 Antioxidant activity in fruit 2.52
16 Dry matter content 0.07
17 Fruit yield per plant 2.37
Total 100

results were observed by Masud et al. (2002), Rathore et al.
(2001) and Sunil et al. (2002) worked on divergence analysis
in different accessions of bottle gourd for D? statistics.

Conclusion

Genetic divergence among bottle gourd genotypes was
assessed using Mahalanobis’ D? statistics based on 17
characters. The genotypes exhibited substantial genetic
variability and were grouped into seven distinct clusters
following Tocher’s method. The maximum inter-cluster
distance was observed between cluster Ill, comprising
genotypes PBOG-29, PBOG-4 and PBOG-61, and cluster VI
containing genotype PBOG-27, suggesting a high degree of
genetic divergence. Therefore, crosses between genotypes
belonging to these divergent clusters are expected to be
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promising for exploiting heterosis and generating superior
recombinants in bottle gourd improvement programmes.
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ST} T IS o folq SUgeRT Uefeh aTgHi ot UgdT el ¥g aidhl [Lagenaria siceraria (Mol.) Standl.] & 24 Siersw &
e STrafRies fafredr o sterer foram T | 3Teaae a¥ 2024 o 7 3 G diF Tfigsiodl aTel arefee sifes fesiegd (Randomized
Block Design) # famam 71 | Tefg difon & Safe Araress Siidhe! o faeersor Agrerifad D Hifedidh ol ST &eas fora 71T | 31eaa
T STICZW ol 91d 3TeT- 3TN Fereed] A [ATfSid famar 7T | aerex 1 §ad g1 o1, fSed 10 Sfiiersw i 9, 35 a1g deeel 2 J
7 AT AR 3 H 3 STHICs® A & | AV IR e Oie 3, [0 I J Tes SHHIeIsy Wi o7 | T AT & [GRaAvor 8 Shiiers®
% Stg gt fafaed o1 udn = | FeteeR 4 H 9a8 arsH1a deor uTe 17, foaH thell it 21fSehan eratg (42.567 SHY) TUT el ol gaifee
3T gt (1213.333 1) gt {1 71T | 6 fqudid, aereex 6 & Ufd dien Wl Y Geam Taifde (11.557) 991 HdA Hels 6 3afs
o & (49.777 ) U 718 | ST it -Feree gl Uehel-SiiIeTgy aret Fereel 7 =JaH (0.000) T Fefeex 2 H 31feehaH (260.826)
ot | SiR-FeTeeR gd, S Fereedl o dig SMafRies fafdeen &t T & g 8, Fereed 3 37K Feiex 6 & dig gaiaa (2361.074) IS
T2, {98 37 gl Fereedl & SilesW & dia ifSehaw STTafies fafdee o gavd e € | 36 faudid, Feret 5 o1k Fereel 6 & dig
I A ST G (400.438) ot ot T2 | et fAfSerelt & GatfSren AT Whetl o e aoe (34.84%) o1 T&T, 36 916 ToH HIg
et 31 o Tt (20.91%) TUT TH el T o fot (13.96% ) T TRTGI Tal | 5 skt & Yot fiietar & fof wamaeh arafRies e
e 9% YT (recombinants) 3 faeTa 3 ferg sifereram stafies 9 @ e dereed, fokiv €9 § Fefeex 3 3 aefie 6 & SiFlers®
%! GeROT HIITHAT H Uk elTgH1 & €9 7 U 3T ST HehelT § |




