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Abstract

Longan (Dimocarpus longan Lour.) is an important underutilized fruit crop. There is currently limited information available on the genetic
background of longans, which is a key bottleneck in longan improvement. Studies on the extent of genetic variability and genetic divergence are
crucial and it can provide relevant information which can be very useful for crop improvement programmes. In the present study, a total of 54
qualitative and quantitative traits were investigated of 20 different longan genotypes to determine the morphological and physiochemical traits
that. Results revealed that the significant variability is existed in the studied traits except few. Among the qualitative traits petiole colour, leaflet
curvature, young leaf colour, mature leaf colour, branching density, leaflet midrib colour, abundance of flower, trunk surface, fruit maturity group,
and tree vigour were showed more than the average value of Shannon’s diversity index. Higher PCV and GCV were recorded for several traits viz.,
tree volume followed by aril weight, number of fruits per branch, aril/seed weight ratio, trunk girth, TSS acid ratio, aril thickness, number of days
from panicle initiation to flowering, titratable acidity, width of inflorescence, length of inflorescence, petiole length, fruit weight, plant height,
crown diameter and rachis length. High heritability estimates coupled with high genetic advance as % of mean were recorded for the traits viz.,
plant height, trunk girth, crown diameter, tree volume, rachis and petiole length, number of days from panicle initiation to flowering, length and
width of inflorescence, number of fruits per bunch, fruit, aril and seed weight, aril thickness, fruit colour-a, titratable acidity and TSS acid ratio
which is indicative of additive gene action and selection based on these traits would be more reliable. According to the Mahalanobis D? statistic,
twenty diverse genotypes were grouped into eight groups. The presence of genetic divergence was also tested in cluster means by the significant
amount of variability for various variables. Therefore, this study's findings imply that these genotypes have variability in terms of fruit quality
traits, yield and traits that contribute to yield, and other agronomic traits that could be useful in future crop improvement initiatives.

Introduction

Longan (Dimocarpus longan Lour.) is a tropical and subtropical evergreen fruit crop that originated in Southern China and was brought into India
in year 1798 (Leenhouts 1971). It is primarily subtropical necessitating a seasonal change in order to flower, but it is also planted in the tropics
(Mariana et al., 2011; Puri, 2001; Yang et al., 2009). It is grown in over 20 countries, ranging from Sri Lanka and India to East Malaysia and
Australia (Huang et al., 2021). China, Thailand, Vietnam, India, and South Africa are the world's leading producers. These five countries account
for 90% of global longan production (Qiu, 2012; Huang et al., 2021). Although the longan production in India is still in its infancy and being grown
only in few states viz., Assam, West Bengal, Bihar, Kerala, and Karnataka, but it has the potential to be grown all over the country, from its
southernmost regions to its northern limits. Most of the local cultivars are grown in India and they are known by their regional names, the
majority of which refer to their origins.

Being rich in minerals and bioactive components including phenolics and flavonoids longan can be considered as suitable candidate in the fruit
basket of India for combating nutritional insecurity. This fruit contains 458 kJ/100 g of energy. Fruits are high in sugar content, with 18.00 B of
TSS and 0.18% of titratable acidity (Suiubon et al., 2017). It has higher amount of ascorbic acid (60.1 mg/100 g) than litchi and rambutan (Wall
2006). Longan fruit contains moisture (82.4 g), carbohydrates (15.8 g), fat (0.1 g), protein (1 g), ash (0.7 g), nicotinic acid (1.3 mg), thiamine
(0.01 mg), fibre (0.4 g), calcium (10 mg), phosphorus (42 mg), and iron (1.2 mg) per 100g of fresh fruits Zn (Park et al., 2010; Wall 2006; Cheng
2014). Longan fruit contains 324.9 mg of K and 0.26 mg of Cu per 100 g of fresh fruits and provide 3 to 5% of the DRI for macro and
micronutrients such as P Mn, Mg, Fe, and Zn (Wall 2006).

Knowledge of germplasm genetic background is particularly useful for germplasm conservation and utilisation in longan improvement
programmes. Genetic improvement of any crop species is greatly depending upon the magnitude of existed variability among the different
characters (Alam et al., 2020). A diverse gene pool is very essential for development of improved cultivars of any crop (Bailey-Serres et al., 2019).
Therefore, the characterization and evaluation of longan germplasms is a prerequisite for genetic enhancement of longan. In Indian context,
longan is an underutilized fruit crops and the genetic information is not available for this crop. In addition, the available local cultivars and
germplasm of longan has not been characterized yet. However, longan improvement program is being carried out in India at NRC, Litchi
(Muzaffarpur). “Gandaki Longan-1" has been identified as potential genotype by the institute.

The component of genetic variability viz., genotypic and phenotypic coefficient of variation, heritability and genetic advance are the essential
biometric tools to assess the existed genetic variability among the genotypes which would help to selection of superior variety (Lal et al., 2022).
Understanding the existing genetic variation and the origins of cultivated varieties will assist in choosing suitable parents for an efficient
hybridization project. Therefore, multivariate analysis techniques like D2 cluster and component analysis are highly valuable and efficient tools
for selecting genotypes as parents. D2 analysis has been used successfully in plant breeding to assess existing diversity in a crop. Molecular
markers in assessing diversity in the germplasm has become routine and different marker system has been utilized to assess the genetic
diversity of longan, such as Random Amplified Polymorphism DNA-RAPD (Mei et al., 2014); Simple Sequence Repeats-SSRs (Jia-xin et al., 2011
and Wen-shun et al., 2015); Inter Simple Sequence Repeats-ISSRs (Zeng et al., 2009 and Mariana et al., 2011); Amplified Fragment Length
Polymorphisms-AFLPs (Weiping et al., 2003 and Lin et al., 2005); and SCoT markers (Chen et al., 2010). Morphological traits being less in
number pose a limitation to work out diversity but it is actual observable variability on which breeder relies during selection or hybridization. So,
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in the present investigation, an attempt was made to understand the type and extent of genetic divergence of morphological and physiochemical
traits for improvement of longan. This research is the first systematic documentation on genetic variability and genetic divergence across longan
genotypes available in India, specifically focusing on morphological and physico-chemical characteristics. Prior to this, no information regarding
these aspects was accessible. Hence, this report will aid in determining the criteria for selecting desired features and in accelerating the
development of improved varieties.

Material and Methods
2.1. Plant material and experiment site

The current investigation was carried out on a sample of 20 longan genotypes which were surveyed and collected from different province of
India. These genotypes were conserved in a Field Gene Bank located at ICAR- National Research Centre on Litchi in Muzaffarpur, Bihar. The ten
year old genotypes were planted at 8 m x 8 m spacing, consistent and similar cultural practices provided for all the trees (Singh et al., 2011). The
location of Field Gene Bank is situated at an elevation of 210 m above mean sea level, between 26.22° 564" North longitude and 85.11° 2664"
East longitude. Bihar province is a humid subtropical climate with hot, dry summers and an annual rainfall of approximately 1150 mm. In this
location, summer temperatures range from 08°C to 43°C. The present experiment was focused on to study the genetic variability of
morphological and physiochemical traits during 2019-20.

Table 1

Details of genotypes used under the study
Genotypes Experimental site Genotypes Experimental site
LGC*-1 ICAR-NRC on Litchi* LGC-37 ICAR-NRC on Litchi
LGC-6 ICAR-NRC on Litchi LGC-40 ICAR-NRC on Litchi
LGC12 ICAR-NRC on Litchi LGC-47 ICAR-NRC on Litchi
LGC-18 ICAR-NRC on Litchi LGC-49 ICAR-NRC on Litchi
LGC-22 ICAR-NRC on Litchi LGC-50 ICAR-NRC on Litchi
LGC-24 ICAR-NRC on Litchi LGC-52 ICAR-NRC on Litchi
LGC-25 ICAR-NRC on Litchi LGC-54 ICAR-NRC on Litchi
LGC-26 ICAR-NRC on Litchi LGC-59 ICAR-NRC on Litchi
LGC-27 ICAR-NRC on Litchi LGC-60 ICAR-NRC on Litchi
LGC-34 ICAR-NRC on Litchi LGC-61 ICAR-NRC on Litchi
*.GC is denoted as Longan Germplasm Collection while ICAR-NRC on Litchi stands for ICAR- National Research Centre on Litchi,
Muzaffarpur-Bihar

2.2. Characterization and evaluation

In current study, a total of 56 qualitative and quantitative traits were observed against twenty longan genotypes and all the morphological traits
were recorded as per IPGRI descriptor (IPGRI, 2002). The observations are as follows:

Qualitative traits

Twenty qualitative traits viz, trunk surface, tree growth habit, branching density, branching pattern, crown shape, young leaf colour, mature leaf
colour, leaf arrangement, leaflet blade shape, leaflet apex shape, leaflet base shape, leaflet curvature, leaflet margin, petiole colour, leaflet midrib,
leaflet midrib colour, leaflet venation, protuberance, abundance of flower, fruit maturity group, fruit intensity, and aril quality were recorded.

Quantitative traits

Atotal of 34 morpho-biochemical quantitative traits viz, plant height (PHT, m), trunk girth, (TG, cm), crown diameter (CD, m?), tree volume (TV,
m3), number of leaflets (NFL), leaflet blade length (LLG, cm), leaflet blade width (LWD, cm), rachis length (RLG, cm), petiole length (PTLG, mm),
duration of panicle initiation (DPI, days), number of days from panicle initiation to flowering (DPIF, days), duration of flowering (FRD, days),
length of inflorescence (INLG, cm), width of inflorescence (INWD, cm), number of days from fruit set to maturity (DFSM, days), number of fruits
per bunch (FTPB), fruit length (FTLG, mm), fruit width (FTWD, mm), fruit length width ratio (FLW, ratio), fruit weight (FTWT, g), fruit colour-l (FC-),
fruit colour-a (FC-a), fruit colour-b (FC-b), aril weight (AWT, g), aril thickness (AT, mm), peel weight (PLWT, g), seed length (SLG, mm), seed width
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(SWD, mm), seed weight (SWT, g), Aril/seed weight ratio (ASWT, ratio), total soluble solids (TSS, °B), titratable acidity (TA, %), total soluble
solids/acid ratio (TSS/TA) and ascorbic acid (AA, mg/100g) were observed.

Methodology of observations

Plant height was measured with the help of measuring aluminium pole from the ground level to the highest tip of plant growth and the mean
values were expressed in meter. Trunk girth was measured with the help of measuring tape at 15 cm above the ground level and the mean value
presented in terms of centimeter. A mark indicating extend of spread of the plant was made on the ground with help of stick and then measuring
aluminium pole was used to take measurement of canopy spread of the plant from North-South and East-West directions along the ground level
and the mean value was expressed in meter. The tree volume of the plant was calculated according to the formula given by Westwood et al.
(1963).

An average number of leaflets were randomly selected and visually counted from all the direction of the plant. The rachis length was measured
from the base of shoot to the uppermost tip and mean value was expressed in centimeter. Leaflet length was measured from the base to the tip
of leaflet while measurement of leaflet width was taken at widest part of the leaflet and mean value was expressed in centimeter. The petiole
length was measured from rachis to the leaflet base and mean value was expressed in millimeter. The length of the inflorescence was recorded
from the base to the uppermost tip portion of panicle, while the width of the inflorescence was measured at its widest point, and mean values
were expressed in centimeter. Duration of flowering was calculated as the number of days between the first and last date of panicle initiation.

The number of fruits per panicle was recorded by selecting panicles randomly from all directions. The physical dimensions related to size of fruit
and seed, as well as thickness of aril and peel were recorded with the help of a digital caliber vernier calipers (Aerospace, 150 mm) and mean
value was presented in millimeter (mm). Fruit weight, aril weight and seed weight were measured on an electronic digital weighing balance
(AFCOSET) and mean values were expressed in terms of gram (g). The length and width of fruit and seed were measured transversely and
longitudinally at the widest point in a direction perpendicular to each other. Ten fruits were randomly taken for each replication to record
observations of fruit and seed parameters viz,, fruit length, fruit width, fruit weight, aril weight, aril thickness, peel weight, seed length, seed width
and seed weight.

The physico-chemical parameters like TSS (°Brix) determined by placing drops of pulp extract on prism-plate of the digital hand refractometer
(ATAGO) at room temperature, titratable acidity (%) was estimated according to Ranganna (1997), and ascorbic acid (mg/100 g) determined by
the indophenols method (Freed 1966). The TSS/Acidity ratio was calculated by dividing the total soluble solids by the titratable acidity.

2.4. Statistical analysis

The experimental design employed in this study was Complete Randomized Block Design, and the data were subjected to ANOVA (Analysis of
Variance) to assess the mean differences as per suggested by Panse and Sukhatme, 1984. The Tukey's post-hoc test is used to compare the
mean differences, and the statistical significances was considered when the p-value was less than 0.05 (p < 0.05). The descriptive statistics of
qualitative traits were analyzed using the Web Agri Stat Package-2 (WASP-2), developed by ICAR-Research Complex, Goa, India. The genotypic
co-efficient of variation (G.C.V.) and phenotypic co-efficient of variation (P.C.V.) were calculated by the formula given by Burton (1952). For the
estimates of heritability (broad sense) and genetic advance as percentage of mean, the method of Hanson et al. (1956) was followed. All of
these analysis were performed with the help of software R studio (R.4.3.1). Mahalonobis D? statistic (1936) was used to determine the D? values
in order to estimate the genetic divergence among the various genotypes used in the current experiment. The initial stage in clustering various
genotypes is to arrange them in order of their relative distances (D2 values) from one another. Tocher's method is employed for cluster
construction after organizing the D2 values in this sequence (Rao, 1952). The WINDOSTAT Version 9.3 application software was used to
analyses it.

Results
3.1. Evaluation of qualitative traits

Table 2 shows the descriptive statistics of maximum, minimum, mean, SD, SEM, and CV for 20 qualitative characteristics among 20 longan
genotypes. Except for a handful, including branching density, branching pattern, leaflet blade form, leaflet apex shape, and protuberance, all
qualitative features were significantly diverse among the twenty longan genotypes. The variation of CV values were ranged from 0.00-60.54%
for the studied qualitative traits. The higher CV value was observed in order for the traits viz,, young leaf colour (60.54%), trunk surface (53.04%),
mature leaf colour (37.53%), branching density (35.51%), leaflet curvature, fruit maturity group, fruit intensity (34.20%), abundance of flower
(32.44%), leaf arrangement (31.41%), and aril quality (30.96%). The lower CV value was recorded in order for the traits viz., tree growth habit
(29.77%), base shape (29.50%), tree vigour (24.69%), crown shape (16.76%), and leaflet venation (14.66%). The details of the qualitative
characters and their characteristics of 20 studied longan genotypes are provided in supplementary Table S1.1 and Table S1.2. The variation in
fruit bearing intensity and leaf characteristics have displayed in Fig. 2 and Fig. 4, respectively.
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Table 2
Descriptive statistics of qualitative parameters of twenty longan genotypes.

Traits Maximum Minimum Mean Sd. deviation Sd. Error of Mean CV
Trunk Surface 3.00 1.00 1.65 0.88 0.20 53.04
Tree growth habit 4.00 1.00 2.80 0.83 0.19 29.77
Tree Vigour 7.00 3.00 4.90 1.21 0.27 24.69
Crown shape 7.00 3.00 4.85 0.81 0.18 16.76
Branching density 7.00 3.00 4.80 1.70 0.38 35.51
Branching pattern 5.00 5.00 5.00 0.00 0.00 0.00
Young leaf colour 7.00 1.00 4.50 2.72 0.61 60.54
Mature leaf colour 3.00 1.00 2.10 0.79 0.18 37.53
Leaf Arrangement 2.00 1.00 1.60 0.50 0.11 31.41
Leaflet blade shape 4.00 4.00 4.00 0.00 0.00 0.00
Leaflet apex shape 1.00 1.00 1.00 0.00 0.00 0.00
Base shape 3.00 1.00 2.05 0.61 0.14 29.50
Leaflet curvature 4.00 1.00 2.70 0.92 0.21 34.20
Leaflet midrib 3.00 3.00 3.00 0.00 0.00 0.00
Leaflet venation 3.00 2.00 2.80 0.41 0.09 14.66
Protuberance 1.00 1.00 1.00 0.00 0.00 0.00
Abundance of flower  3.00 1.00 2.00 0.65 0.15 32.44
Fruit maturity group 3.00 1.00 1.80 0.62 0.14 34.20
Fruit intensity 3.00 1.00 1.80 0.62 0.14 34.20
Aril Quality 4.00 1.00 3.55 1.10 0.25 30.96
Shannon’s Diversity Index

In current study, Shannon diversity index values were ranged from 0.432 to 1.333 (Table 3 and Fig. 1). The maximum diversity was recorded in
petiole colour (1.333) among the studied qualitative traits. Traits such as tree vigour (0.886), fruit intensity and fruit maturity group (0.898), trunk
surface (0.938), abundance of flower (0.950), leaflet midrib colour (1.033), branching density (1.081), mature leaf colour (1.089), young leaf
colour (1.235), and leaflet curvature (1.278) have shown high value of Shannon diversity index. The overall mean value of the Shannon diversity
index (H') was recorded as 0.898, which means the high level of diversity exists among the studied genotypes.

Page 5/20



Table 3

Shannon'’s diversity indices for qualitative traits of 20 longan genotypes

Traits

Trunk Surface

Tree growth habit

Branching density

Crown shape

Young leaf colour

Mature leaf colour

Leaf Arrangement

Leaflet Base shape

Leaflet curvature

Leaflet margin

Petiole colour

Leaflet Midrib colour

Code
1
2
3

W N = WN =2, WN R, WON R, Dd,ON -

a A W N

Variables
Smooth

Rough

Very rough
Spreading
Semi erect
Erect

Drooping
Dense

Medium
Sparse
Semicircular
Spherical
Oblong
Irregular
Reddish brown
Light green
Pinkish green
Yellowish green
Green

Dark green
Light green
Opposite
Alternate

Ovate
Lanceolate

Flat

Upward
Downward along with margin
Slightly downward from the top
Upward from the midrib
Entire

Slightly wavy
Greenish brown
Greenish
Greenish yellow
Pale green
Brown

Pale green
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Frequency
12
3

10

—_

N AN

Percentage (%)
60
15
25
60
15
10
15
35
40
25
80
10
5
5
45
30
10
15
40
30
30
60
40
80
20
55
10
15
15
5
65
35
50
15
5
10
20
10

z

0.938

0.799

1.081

0.708

1.235

1.089

0.673

0.500

1.278

0.647

1.333

1.033

EH
0.853

0.577

0.984

0.511

0.891

0.991

0.971

0.722

0.794

0.934

0.828

0.745




Traits Code Variables Frequency Percentage (%) H' EH
2 Greenish yellow 1 5
3 Pale yellow 5 25
4 Yellowish green 12 60

Leaflet venation 1 Prominent 15 75 0.562 0.811
2 Slightly prominent 5 25

Abundance of flower 1 Profuse 4 20 0.950 0.865
2 Moderate 12 60
3 Sparse 4 20

Fruit maturity group 1 Early 6 30 0.898 0.817
2 Medium 12 60
3 Late 2 10

Fruit intensity 1 Heavy 2 10 0.898 0.817
2 Medium 12 60
3 Poor 6 30

Aril Quality 1 Sweet 17 85 0.423 0.610
2 Insipid 3 15

Tree Vigour 1 High 3 15 0.886 0.807
2 Medium 13 65
3 Low 4 20

3.2. Diversity in morphological and physiochemical traits

The analysis of variance (ANOVA) revealed that the mean sum of squares due to genotypes was observed significant for all the studied traits
except fruit length/width ratio which indicating that the existence of considerable amount of variability in the studied genotypes (Table 4). The
results indicated the presence of significant amount of variability among all the studied longan genotypes and the data subjected to mean
performance is presented in the supplementary Table S2.1 and Table S2.2. A coefficient of variation (CV) was ranged from 3.46% (seed length) to
17.26% (TSS acidity ratio), and high CV was recorded for the traits viz,, TSS acidity ratio (17.26%), duration of panicle initiation (16.92%),
duration of flowering (13.03%), fruit colour-l (12.10%), aril and seed weight ratio (11.91%), number of leaflets (10.88%), leaflet blade length and
width (9.19%), fruit weight (8.43%), seed width (8.10%), trunk girth (8.07%), and petiole length (8.02%) (Table 4).

The genotype LGC-18 was found significantly superior for tree growth traits viz, plant height (5.75 m), trunk girth (95 cm), crown diameter (6.81
m2), and tree volume (44.25 m3). In leaf characteristics, three genotypes (LGC-47, LGC-54, and LGC-59) were found significantly superior for
number of leaflets (10.00 leaflets), whereas, LGC-25 for leaflet length (17.13 cm), LGC-6 for leaflet width (5.28 cm) and LGC-47 for rachis length
(21.98 cm), and LGC-24 for petiole length (10.33 mm). The presence of variability for leaf traits in the studied genotypes is illustrated in Fig. 3. In
flowering characteristics, the genotype LGC-61 was significantly superior for duration of panicle initiation (13.00 days) and maximum
inflorescence width (20.33 cm), whereas, maximum inflorescence length observed in LGC-49 and LGC-61 (39.33 cm); and LGC-6 had shortest
duration of panicle initiation. The longest flowering duration was observed in LGC-18 (36 days); and maximum number of days from panicle
initiation to flowering observed in LGC-18 (30 days) followed by LGC-1 and LGC-60 (29 days). However, the genotype LGC-37 was found
significantly diverse for maximum number of days from fruit set to maturity (107days).

Furthermore, the yield and yield attributes traits were showing significant differences among all the studied genotypes. The genotype LGC-6 was
found significantly superior for traits viz., numbers of fruits per bunch (64 fruits), fruit width (24.38 mm), fruit weight (11.71 g), aril weight (8.78
g), and aril thickness (4.64 mm), along with the highest aril/seed weight ratio (5.06). This genotype was also superior for physiochemical traits
viz., TSS (20.09 °B), TSS/acid ratio (200.87), and ascorbic acid (76.26 mg) along with the lowest titratable acidity (0.10%) while LGC-59 was
statistically at par with LGC-6 for TSS (19.86°B), TSS/acid ratio (198.60), and ascorbic acid (75.66 mg/100g). LGC-59 was found superior for
fruit length (20.12 mm), while LGC-18 was superior for fruit color-l (28.70) and fruit color-b (12.48), but the genotype LGC-37 had the highest
value for fruit color-a (4.27). LGC-47 had significantly maximum seed length (14.60 mm), seed width (14.90 mm), and seed weight (1.90 g), while
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LGC-27 had minimum seed length (10.57 mm) and seed width (10.27 mm). The lowest peel weight (0.91 g) and seed weight (0.89 g) were
recorded for LGC-1. The variation presence in size of fruit and seed; and thickness of peel, aril, and seed of studied longan genotypes is illustrated
in Fig. 3.

3.3. Genotypic and phenotypic coefficients of variation

In the present study, the genotypes have shown a considerable amount of variation for morphological and physiochemical parameters. The
extent of variability among 20 genotypes was determined in terms of phenotypic coefficient of variation (PCV) and genotypic coefficient of
variation (GCV) and data presented in Table 4. The PCV was slightly greater than the GCV for all traits under study. The PCV ranged from 5.87%
(fruit length width ratio) to 43.51% (tree volume), whereas the GCV varies from 2.63% (fruit length width ratio) to 43.04% (tree volume). Higher
PCV and GCV were recorded for the tree volume (43.51% and 43.04%, respectively), followed by aril weight (43.33% and 42.86%, respectively),
number of fruits per branch (42.83% and 42.52%, respectively), aril/seed weight ratio (36.62% and 35.51%, respectively), trunk girth (34.28% and
33.68%, respectively), TSS acid ratio (32.55% and 32.04%, respectively), aril thickness (32.83% and 29.03%, respectively), number of days from
panicle initiation to flowering (30.15% and 27.76%, respectively), titratable acidity (25.17% and 24.25%, respectively), width of inflorescence
(24.27% and 20.74%, respectively), length of inflorescence (24.24% and 22.38%, respectively), petiole length (23.75% and 21.22%, respectively),
fruit weight (22.65% and 22.15%, respectively), plant height (22.56% and 22.22%, respectively), crown diameter (22.42% and 22.14%, respectively
and rachis length (21.15% and 20.09%, respectively) demonstrating a higher level of genetic variability for these traits among diverse genotypes.
However, the lowest PCV and GCV was observed for the traits viz, fruit length/width ratio (5.87% and 2.63%, respectively), number of days from
fruit set to maturity (6.19% and 5.75%, respectively), flowering duration (7.70% and 4.67%, respectively), fruit length (7.68% and 6.26%,
respectively), fruit colour-l (8.00%), seed length (9.15% and 7.76%, respectively), and seed width (10.02% and 8.49%, respectively).

The proportion of GCV in PCV observed in this study was generally high ranged from 44.72% in fruit length width ratio to 99.99% in fruit colour (|,
a, and b). The proportion of genetic contribution to the overall phenotypic expression of most of traits was very high. Therefore, their use as
important discriminatory variable for longan classification studies seems relatively reliable.

3.4. Heritability and genetic advance

In the present experiment, heritability in broad sense was estimated for all the traits and expressed in percentage that is ranged from 20.00-
99.12% (Table 4). The highest heritability in broad sense was observed for all the traits except for few viz, fruit length-width ratio (20.00%),
duration of panicle initiation (22.78%), number of leaflets (36.38%), and duration of flowering (36.70%). The maximum heritability was noticed
for the traits viz., tree volume (97.85%), crown diameter (97.57%), plant height (97.01%), trunk girth (96.51%), rachis length (90.18%), petiole
length (79.81%), and leaflet blade length (77.38%) among vegetative traits; and for phenological, fruiting, and seed traits viz, fruit colour |, a, and
b (99.10%, 99.12%, 99.10%, respectively), number of fruits per branch (98.58%), aril weight (97.83%), number of days from panicle initiation to
flowering (84.76%), aril/seed weight ratio (90.04%), aril thickness (78.20%), inflorescence width (92.30%), fruit weight (92.20%), duration of
panicle initiation (72.99%), inflorescence length (85.23%), and peel weight (81.85%). Furthermore, the TSS (99.14%), TSS acid ratio (96.92%),
ascorbic acid (96.07%), and titratable acidity (92.86%) had the highest heritability among the physiochemical characters.

The genetic advance as per cent mean of was ranged from 2.42-87.70% (Table 4). The highest genetic advance as per cent of mean was
observed for the traits viz,, duration of flowering (87.70%), trunk girth (87.33%), length of inflorescence (86.97%), number of fruit per branch
(70.94%), duration of panicle initiation (68.16%), fruit weight (65.11%), fruit colour-a (64.98%), TSS acidity ratio (52.89), aril thickness ( 52.65%),
fruit colour-l (48.16%), fruit length width ratio (45.09%), number of leaflets (45.06%), titratable acidity (44.62%), petiole length (42.56%), seed
length (39.29%), width of inflorescence (39.05%), peel weight (36.50%), tree volume (35.45%), ascorbic acid (29.30%), plant height (25.36%), seed
width (24.19%), leaflet blade width (23.20%), and fruit colour-b (20.43%).
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Table 4
ANOVA, descriptive statistics and genetic parameters for thirty-four morphological and physiochemical quantitative traits of 20 longan genotypes

Traits Mean Minimum Maximum Mean  CV*  Std. C.D* GCv* PCV* GCVIPCV p2* GAM*
square Range Range Errors 5% (%) (%) Broad 5%
(Genotypes) ense)
(%)
PHT (m) 1.8471%** 2.00 6.00 3.51 6.96 0.88 2.51 2222 2256 98.50 97.01 45.09
TG (cm) 892.850*** 18.35 100.00 50.92 8.07 0.96 276 33.68 3428 98.24 96.51 68.16
CD (m2) 3.237%** 2.25 7.04 4.67 5.18 0.61 1.74 2214 2242 98.78 97.57 45.06
TV (M3) 269.708*** 9.61 88.20 35.56 5.37 1.10 3.16  43.04 4351 98.92 97.85 87.70
NFL 1.308** 7.00 11.00 8.88 10.88 1.48 4.25 5.91 9.79 60.32 36.38 7.34
LLG (cm) 9.960%*** 9.40 19.70 13.59 9.19 1.03 294 12.80 14.55 87.97 77.38 23.20
LWD (cm) 1.143%** 2.60 5.60 4.07 9.19 1.14 3.28 1413 17.00 83.10 69.06 24.19
RLG (cm) 28.800%** 9.70 22.45 15.15 5.10 0.68 1.96 20.09 21.15 94.97 90.18 39.29
PTLG 7.593%** 4.00 11.00 7.20 8.02 1.04 2.99 2122 2375 89.34 79.81 39.05
(mm)
DPI (days) 8.526* 4.00 16.00 10.00 16.92 1.82 5.22 11.55 2420 47.72 22.78 11.36
DPIF 107.020%** 9.00 32.00 20.90 7.03 0.72 2.05 2776 30.15 92.07 84.76 52.65
(days)
FRD 10.697** 27.00 37.00 32.25 13.03 1.99 5.70 4.67 7.70 60.58 36.70 5.82
(days)
INLG (cm) 1417.904*** 18.00 40.00 29.88 7.07 0.79 226 2238 2424 9232 85.23 42.56
INWD (cm)  33.488*** 8.00 22.00 15.20 7.92 0.84 2.42 20.74 2427 85.43 72.99 36.50
DFTSM 95.034*** 83.00 109.00 95.35 7.59 0.94 2.69 5.75 6.19 92.86 86.24 11.00
(days)
FTPB 695.880*** 15.00 65.00 35.73 437 0.55 1.58 4252 4283 99.29 98.58 86.97
FTLG 4.584%** 15.25 21.75 18.26 5.59 0.61 1.75 6.26 7.68 81.50 66.41 10.51
(mm)
FTW (mm)  8.947*** 16.25 25.18 19.65 5.44 0.50 1.44 8.43 9.46 89.11 79.41 15.48
FLW 0.0042 NS 0.76 1.07 0.93 6.55 0.06 0.18 2.63 5.87 44,72 20.00 2.42
(ratio)
FTWT (g) 6.238%** 4.86 12.25 6.46 8.43 0.90 2.58 2215 2265 97.79 95.64 44.62
FCH 12.388*** 21.63 28.71 25.41 1210  1.98 5.69 8.00 8.00 99.99 99.10 16.47
FC-a 2.593%** 1.42 428 2.94 4.31 0.45 130 31.61 31.61 99.99 99.12 65.11
FCb 6.454%** 7.38 12.51 10.31 6.96 0.82 2.36 1422 1422 99.99 99.10 29.30
AWT (g) 6.054%** 1.92 9.80 3.30 5.49 0.77 2.20 42.86 43.33 98.91 97.83 87.33
AT (mm) 1.5718*** 1.20 517 2.38 5.53 0.89 2.54 29.03 3283 88.43 78.20 52.89
PLWT (g) 0.0830%*** 0.87 1.62 1.18 7.60 0.94 2.71 13.61 15.04 90.47 81.85 25.36
SLG (mm) 3.202%** 10.10 15.20 12.52 3.46 0.37 1.05 7.76 9.15 84.88 72.04 13.58
SWD 3.923%** 9.70 15.90 12.66 8.10 0.85 2.44 8.49 10.02 84.69 71.73 14.81
(mm)
SWT (9) 0.190%*** 0.84 1.98 1.38 7.47 1.25 3.59 17.99 1880 95.67 91.52 35.45
ASWT 2.267*** 1.60 5.94 2.42 11.91 0.12 0.34 35.51 36.62 96.97 94.04 70.94
(ratio)
TSS (°B) 8.434%*x 14.40 20.30 16.81 5.72 0.83 238 9.96 10.00 99.57 99.14 20.43
Note: *CV: Coefficient of variation; C.D.: Critical difference; h2: Heritability; GAM: Genetic advance as per cent of mean. Significant level: ***p
=0.01 and ** p=0.05

Page 9/20



TA (%) 0.004*** 0.10 0.20 0.15 7.28 0.81 232 2425 2517 96.36 92.86 48.16

'(I'SS/)TA 4596.300***  75.25 203.00 121.52 1726 2.46 706 3204 3255 98.45 96.92 64.98
ratio

AA 121.152%** 55.18 79.85 66.85 493 0.69 1.97 944 9.63 98.02 96.07 19.07
(mg/100g)

Note: *CV: Coefficient of variation; C.D.: Critical difference; h2: Heritability; GAM: Genetic advance as per cent of mean. Significant level: ***p
=0.01 and ** p=0.05

3.5. Cluster analysis

Twenty longan genotypes were grouped into eight clusters based on Tocher's method of D? statistic (Table 5 and Fig. 5). Maximum number of
genotypes were contained by the Cluster Il, Ill and VI (4 genotypes), followed by cluster | (3 genotypes) and cluster IV (2 genotypes), whereas,
cluster V, VIl and VIIl were comprised only single genotype. The average intra-cluster and inter-cluster distance was ranged from 0.00 to 423.02
and 278.46 to 1861.31, respectively (Table 6). The maximum intra-cluster distance exhibited by cluster VI (423.02) followed by cluster llI
(358.31), cluster 11 (312.82), cluster | (207.97), and cluster IV (191.08), whereas cluster V, VIl and VIII were obtained zero intra-cluster distance.
Furthermore, the maximum inter-cluster distance was exhibited by cluster IV and VI (1861.31), followed by cluster VI and VIII (1787.33), cluster Il
and VI (1413.17), cluster Il and IV (1300.74), cluster VIl and VIII (1220.98), cluster V and VIII (1216.79), cluster Il and VIII (1118.32), and cluster |
and VI (1108.72), whereas, minimum inter-cluster distance was observed between cluster V and cluster VIl (278.46) followed by cluster Il and V
(405.87), cluster I and Ill (417.44), and cluster | and V (489.98).

The presence of diversity among genotypes was determined by the significant amount of variability in cluster means for various characters. The
cluster mean value of different clusters for different traits is depicted in Table 7. Genotypes under Cluster-l characterized as highest in
performance of fruit width (20.75 mm), aril/seed weight ratio (3.10), and TSS (18.15 °B) while cluster-Il had highest cluster mean value for a
single character i.e., number of leaflets (9.33).

Table 5
Clustering pattern of twenty longan genotypes on the basis of D? statistic
Clusters Number of genotypes within cluster Percentage  Genotypes in cluster
(%)
Cluster | 3 15 LGC-47,LGC-59, LGC-27
Cluster Il 4 20 LGC-1, LGC-26, LGC-60, LGC-52
Cluster Il 4 20 LGC-22, LGC-24, LGC-6, LGC-54
Cluster IV 2 10 LGC-40, LGC-50
Cluster V 1 5 LGC-61
Cluster VI 4 20 LGC-25, LGC-34, LGC-49, LGC-12
Cluster VII 1 5 LGC-37
ClusterVill 1 5 LGC-18

In cluster-lll, the highest cluster mean value was obtained for the yield, yield attributing traits and fruit quality viz., number of fruits per bunch
(49.83), fruit weight (7.21 g), aril weight (4.26 g), aril thickness (2.92 mm), and ascorbic acid (70.87 mg). Cluster IV had highest cluster mean
value for rachis length (16.98 cm), peel weight (1.35 g), and TSS/acid ratio (152.37). The maximum cluster mean value was recorded in cluster-V
for leaflet length (14.40 cm), duration of panicle initiation (13.00 days), length of inflorescence (39.33 cm), width of inflorescence (20.33 cm),
fruit length (19.42 mm), and fruit length/width ratio (0.97), whereas cluster-VI had highest mean value for only a single traits i.e., petiole length
(8.25 mm). However, cluster VIl has obtained maximum mean value for number of days from fruit set to maturity (107.00 days), fruit colour-a
(4.27), and titratable acidity (0.20%), whereas cluster-VIIl was obtained maximum mean value for plant height (5.75 m), trunk girth (95.00 cm),
crown diameter (6.81 m?), tree volume (81.69 m3), leaflet width (4.40 cm), number of days from panicle initiation to flowering (30.00 days),
flowering duration (35.00 days), fruit colour- (28.70), fruit colour-v (12.48), seed length (13.23 mm), seed width (14.20 mm), and seed weight
(1.53 g).
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Table 6

Mean intra and inter cluster distance (D? distance) among eight clusters in longan

Clusters | Il ]|

I 207.97 526.84 417.44
Il 312.82 857.28
Il 358.31
\%

Vv

\

VI

Vil

v \'

829.44

530.89

1300.74  405.87

541.46
191.08

832.00
1269.62
0.00

Vi
1108.72
784.15
1413.17
1861.31
639.82
423.02

Vil
553.78
580.02
788.31
1199.67
278.46
736.99
0.00

Vil
724.04
1118.32
550.98
489.98
1216.79
1787.33
1220.98
0.00

Cluster | exhibited lowest in performance of cluster mean value for seed length (12.20 mm) and seed width (12.17 mm) whereas, cluster I
observed for leaflet blade length (12.95 cm), rachis length (13.37 cm), duration of flowering (32.75 days), number of fruit per bunch (26.17) and
seed weight (1.28 g). Cluster IV had lowest cluster mean value for tree height (2.98 m), trunk girth (43.40 cm), crown diameter (4.30 m2 ), tree
volume (10.76 m3), number of leaflets (8.67), number of days from fruit set to maturity (92.00), fruit length (16.58 mm), fruit diameter (17.67
mm), fruit weight (5.11 g), aril weight (2.63 g) and aril thickness (1.87 mm) while cluster V had for leaflet blade width (3.40 cm), petiole length
(6.00 mm), length of inflorescence (21.00 cm), width of inflorescence (11.00 cm), peel weight (1.00 g) and TSS acidity ratio (105.71); cluster IlI
had for fruit colour-l (23.04) and fruit colour-b (8.74); and cluster VI had observed for fruit colour-a (1.46), TSS (15.15) and ascorbic acid (58.32).
However, number of leaflet (8.67) was observed lowest mean value in three clusters, cluster lIl, IV and VI whereas, titratable acidity (0.13) in two

clusters, cluster IV and VI.
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Discussion

Table 7
Cluster mean performance of different clusters for 34 quantitative traits of 20 longan genotypes.

Characters
PHT (m)
TG (cm)
CD (m2)
TV (m3)
NFL

LLG (cm)
LWD (cm)
RLG (cm)
PTLG (mm)
DPI (days)
DPIF (days)
FRD (days)
INLG (cm)
INWD (cm)
DFTSM (days)
FTPB

FTLG (mm)
FTW (mm)
FLW (ratio)
FTWT (g)
FC-l

FC-a

FCb

AWT (g)

AT (mm)
PLWT (g)
SLG (mm)
SWD (mm)
SWT (g)
ASWT (ratio)
TSS (°B)
TA (%)
TSS/TA (ratio)
AA (mg)

|

3.00
40.43
3.65
24.10
8.78
14.24
4.21
16.42
7.00
9.33
15.33
31.00
34.00
1711
93.78
48.11
19.13
20.75
0.92
6.84
25.97
2.55
10.61
3.82
2.74
1.26
12.74
12.71
1.36
3.10
18.15

0.16
130.09
70.76

Il
3.16
43.85
4.09
27.16
9.33
12.95
422
13.37
6.92
10.00
25.50
32.50
28.83
14.75
96.75
26.17
18.19
19.12
0.95
5.78
24.94
1.88
10.16
2.69
2.01
1.17
12.51
12.66
1.28
214
16.51

0.15
113.60
65.92

]
3.85
60.85
5.41
43.62
9.08
13.42
4.09
14.60
7.42
9.75
18.25
32.25
2592
13.58
94.92
49.83
18.15
19.86
0.92
7.21
26.86
3.02
11.12
4.26
2.92
1.09
12.06
12.07
1.43
2.84
17.55

0.15
127.65
70.87

v
3.45
45.45
4.84
34.89
8.50
13.60
3.85
16.98
6.33
11.00
18.00
33.50
23.00
11.50
93.83
36.50
17.85
19.16
0.93
6.09
28.08
3.64
12.17
3.02
2.18
1.35
12.82
12.93
1.50
2.02
17.14

0.12

152.37
68.47

\'
4.15
60.00
4.98
43.22
8.00
14.40
4.28
13.93
7.33
13.00
26.00
33.00
39.33
20.33
86.00
23.33
19.42
20.12
0.97
6.86
23.69
3.67
10.23
2.30
2.77
1.16
12.50
12.82
1.30
1.77
17.83

0.17
107.08
70.77

A
3.50
50.60
4.82
35.74
8.75
14.02
4.09
16.41
8.25
9.50
22.00
32.25
34.42
1717
97.08
29.67
18.06
19.26
0.94
6.45
22.47
3.73
8.38
3.16
2.05
1.15
12.65
12.75
1.40
2.28
15.79

0.14
118.56
63.51

Vil
2.30
30.00
3.75
18.03
9.00
12.03
2.88
13.00
6.33
9.00
17.00
29.00
18.67
9.33
107.00
24.33
17.16
19.37
0.89
5.36
24.70
4.27
8.71
2.74
217
1.15
11.90
12.37
1.24
2.22
15.06

0.20
75.28
57.40

Vil
5.75
95.00
6.81
81.89
8.67
13.77
4.40
15.40
6.33
11.00
30.00
35.00
35.00
18.00
90.00
27.00
18.00
19.91
0.91
6.54
28.70
1.46
12.48
3.06
2.23
1.13
13.23
14.20
1.53
2.01
15.15

0.13
113.76
58.32

Morphological Diversity
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In the present study, a total of 54 qualitative and quantitative traits were investigated in a set of 20 longan genotypes to determine the
morphological and physiochemical traits that might be helpful for identification of longan genotype. The characterization and assessment of
genotypes is necessary for crop improvement programmes before choosing the genotypes for breeding programme. Most of the studied
quantitative traits had potential economic value, particularly yield, yield attributing and fruit quality traits.

The results from this study revealed that the all the qualitative characteristics were highly diversified within the twenty longan genotypes except
for a few viz, branching pattern, leaflet blade shape, leaflet apex shape, and presence of protuberance. The results of this study follow the
findings of earlier researchers, showing the morphological qualitative traits of leaf and stem are essential for identification and evaluation of
litchi cultivars (Wu et al., 2016; Khurshid et al., 2004). Furthermore, Singh et al. (1999) has reported that the genetic characteristics of leaf is an
essential parameter which will help in identification and classification of litchi cultivars. Similarly, the findings of this study are in accordance
with Lal et al. (2022) and Lal et al. (2023) for qualitative traits in litchi. However, above studied these qualitative traits can be utilized efficiently
for identification and discrimination of longan genotypes.

Shannon'’s diversity indices were computed to assess the phenotypic diversity among the qualitative traits, and the mean diversity index was 0.78
(Table 3). Petiole colour, leaflet curvature, young leaf colour, mature leaf colour, branching density, leaflet midrib colour, abundance of flower,
trunk surface, fruit maturity group, and tree vigour were recorded more than average value of Shannon's diversity index. The results were
consistent with the finding of Qiying et al. (2023) for qualitative traits of leaf in litchi. Alcasid et al. (2015) have also reported the similar results in
mango for fruit quality. Overall, Shannon's diversity indices indicated there was a high level of diversity among the studied longan genotypes for
qualitative traits.

Mean square was highly significant for all the studied morphological and physiochemical quantitative traits due to their genotypes except for
fruit length width ratio, which may be due to their different genetic make-up, plant type, and genotypic and environmental interactions. The
presence of variability among these traits can be directly exploited through selection. These results were in accordance with the findings of Wu et
al. (2016) and Saikia and Kotoky (2018) in litchi for vegetative, flowering, fruit and seed characteristics. Arora et al. (1996) have also reported
significant variability in litchi genotypes with regard to fruit, aril, and seed characters at different locations. The variation observed among the
litchi genotypes were might be due to the genetic make-up of plant (Lal et al., 2022); nutrition and climatic conditions (Cronje et al., 2009). Wall
(2006) has reported that the same cultivar of longan may differ in ascorbic acid and TSS at different locations. It's clear from the above study
that the climatic condition also plays an important role for physiochemical traits.

Genetic variability

The significant level of the coefficient of variations (genotypic and phenotypic) resulted in variation for most of the studied traits among longan
genotypes, which can be improved through further breeding programmes. The estimates of phenotypic coefficient of variation (PCV) was slightly
greater than the genotypic coefficient of variation (GCV) but in rare cases the PCV and GCV were the same. The difference between PCV and GCV
indicating that environment has a minor effect on the phenotypic manifestation of characteristics. Hence, this variation is occurred due to both
the environment and genotype (Marboh et al. 2018). High PCV and GCV of traits such as tree volume, aril weight, number of fruits per branch,
aril/seed weight ratio, trunk girth, TSS acid ratio, aril thickness, number of days from panicle initiation to flowering, titratable acidity, length and
width of inflorescence, petiole length, fruit weight, plant height, crown diameter and rachis length indicated that the genotypes had a broad
genetic base for these traits, so based on these traits, the scope of selection would be reliable and could easily adapt to environmental changes.
These findings were consistent with the similar findings of other researchers with the several similar outcomes in litchi (Marboh et al. 2018;
Kumari et al.,, 2017; Lal et al., 2022; and Lal et al., 2023). Patel et al. (2015) and Singh et al. (2015) have also reported the similar findings in
guava. Furthermore, the similar findings were reported in different crops such as in mango (Gill and Navprem, 2015; Majumder et al., 2012);
pomegranate (Perveen et al., 2018); and in pummelo (Wangchu et al., 2017). Unfortunately, leaflet length and leaflet width were not in accordance
with the findings of Kumari et al. (2017) in litchi.

Hence, it is implied that the material used for the investigation contained enough variability to allow for the selection of elite and superior
genotypes for further crop improvement. GCV alone does not provide a complete package of estimation of variability that is heritable in nature;
therefore, heritability estimation becomes more important.

4.3. Heritability and genetic advance

Heritability can be an effective tool for determining the potential for improvement through selection because the majority of desired traits, like
yield, are quantitative in nature, complex in their inheritance, and significantly influenced by environmental factors (Lal et al., 2022). The most
important role of heritability in the genetic study of quantitative traits is to predict the validity of the phenotypic value as a guide to breeding
value (Dabholkar, 1992). This suggests that selection will be successful in identifying genotypes with highly heritable traits that are helpful in
projecting the expected rate of advancement and long term genetic improvement (Singh 2000). The high magnitude of broad-sense heritability
was recorded for most of the studied traits under this study except for number of leaflets, width of leaflets, duration of panicle initiation, flowering
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duration, and fruit length /width ratio. The high heritability strongly suggests that the traits under this study have great scope for genetic
improvement through breeding programmes because these characters are less influenced by the environment (Supriya et al., 2016). Moderate to
low heritability indicates a limited scope for crop improvement through selection. These results were consistent with the findings of Marboh et al.
(2017); Lal et al. (2022); Lal et al. (2023); and Kumairi et al. (2017) in litchi.

Therefore, estimation of heritability alone will not be an effective selection criteria because it express effect of both additive and non-additive
gene actions (Lipi et al., 2020). This information is incomplete and of limited practical value unless it is combined with genetic advancement.
Estimates of genetic advance can be used to better understand the type of gene action underlying various polygenic traits (Lipi et al., 2020).
Hence, for predicting the impact of selection, estimated heritability linked with genetic advance is more reliable than heritability alone (Marboh et
al, 2017). The most effective selection criteria is high broad-sense heritability combined with high genetic advance (Johnson et al. 1955).
Results revealed high heritability coupled with high genetic advance was estimated for plant height, trunk girth, crown diameter, tree volume,
rachis and petiole length, number of days from panicle initiation to flowering, length and width of inflorescence, number of fruits per bunch, fruit,
aril and seed weight, aril thickness, fruit colour-a, titratable acidity and TSS acid ratio, indicating that these traits exhibit additive gene action and
that phenotypic selection based on these traits would be more effective (Table 3). These results were in accordance with the findings of several
researchers on various crops such as in litchi (Marboh et al, 2017; Lal et al., 2022; and Lal et al., 2023; Kumari et al., 2017); guava (Singh et al.,
2015 and Patel et al., 2015); strawberry (Mishra et al., 2015); and mango (Majumder et al., 2012; Das et al., 2021). High broad-sense heritability
associated with a low genetic advance indicates non-additive gene action; low broad-sense heritability with a high genetic advance suggests
additive gene effect; and low broad-sense heritability followed by low genetic advance indicates that the traits are extremely influenced by
environmental factors and leading to unsuccessful selection (Mishra et al., 2015). Hence, the traits with high heritability and high genetic
advance are not influenced by environment in expression of those traits and these traits can be directly improved through natural selection
(Rasheed et al., 2023).

Cluster analysis

It is crucial to any crop improvement to choose desirable parent material, but it is a quite challenging task for crop breeders. The genetic
divergence of any crop is regarded as a key component in achieving heterotic response in the F1 generation, and a large range of diversity exists
in segregating generations (Arunanchalam, 1981; Benbrahim et al., 2019). The estimation of genetic diversity is critical for identifying genetically
different genotypes (Mukhopadhyay and Bhattacharjee, 2016). D? statistics developed by Mahalnobis is a one-of-a-kind approach to identifying
genetically distinct genotypes that can be exploited in hybridization programmes.

In present study, the studied genotypes were grouped into eight groups based on the 34 quantitative traits. The results revealed that cluster VI
exhibited maximum intra-cluster distance and the genotypes that come under this cluster are more diverse from the other clusters, which have
lower intra-cluster distance, except for clusters V, VII, and VIII, which have exhibited null genetic diversity due to their monogenic properties.
However, intra-cluster distance is indicating that the genotypes within the cluster will be more closely related to each other. The higher and lower
intra-cluster distance was also indicated that the genotypes were heterogamous between and homogenous within the clusters (Sankaran et al,
2020). Clusters IV and VI had the greatest inter-cluster distance indicating that there is presence of wide genetic diversity between the genotypes
of these clusters. Therefore, the genotypes grouped into cluster IV and VI are expected to express high heterosis in hybridization programme. The
clusters with the minimum inter-cluster distance have significantly lower genetic differences among their genotypes and were not reliable for
hybridization programme. These results are in accordance with the findings of previous researcher viz, Indian et al. (2019) in mango, Singh et al.
(2015) in guava, Sharma et al. (2015a) in pear, Sinha et al. (2016) in pomegranate, and Mir et al. (2017) in apple.

Therefore, the D2 distance of clusters alone is not reliable for choosing the genotypes for an effective hybridization programme. Hence, the
cluster distance along with the average cluster mean value will provide a more accurate result for selection of a parent for the hybridization
programme. In this study, the average cluster mean value revealed that the genotypes under cluster Il had highest mean value for yield, yield
attributing traits and fruit quality with the lower value of seed characters. This cluster also had a medium duration for fruit ripening. Cluster | had
the highest mean value for fruit width, aril/seed weight ratio, and TSS, but the genotypes under this cluster have also shown a parity mean value
with Cluster Ill for the number of fruit per bunch, fruit length, and ascorbic acid. Cluster VIl was observed for highest mean value of tree, leaf,
flower and seed characters. Cluster V had the highest mean value for duration of panicle initiation, length and width of inflorescence, fruit length,
and fruit length/width ratio, it also obtained a parity mean value of ascorbic acid with cluster IIl. This study has shown that the Cluster II, VI and
VIl are not significantly important as they exhibited the lowest cluster mean value for almost all the studied traits. Hence, it is clear from this
study that in order to introduce desired quality genes into the high producing varieties, it may be advantageous to use the genotypes of these
clusters in the breeding programme. The results of this study are in support view of previous findings of researcher viz.,, Sharma et al. (2015b) in
apple, Raina et al. (2015) in pomegranate, Sankaran et al. (2020) in mango, Garg et al. (2015) in strawberry, Gupta et al. (2017) in grapes, and
Sundharaiya et al. (2022) in avocado.

Conclusion
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Longan genotypes demonstrated significantly immense variability in qualitative and quantitative studied characteristics. High PCV and GCV were
found for economic importance traits, indicate that selection based on these characteristics can result in greater improvement. In this study, we
could identify the most important traits based on high heritability coupled with genetic advance that will be useful in improvement of longan
genotypes like plant height, trunk girth, crown diameter, tree volume, number of days from panicle initiation to flowering, width of inflorescence,
number of fruits per bunch, fruit weight, fruit colour-a, aril weight, aril thickness, seed weight, aril weight and seed weight ratio, titratable acidity,
and TSS acidity ratio. It is indicative of additive gene action, and selection based on these traits would be more reliable. The 20 diverse longan
genotypes could be grouped into eight clusters and the greatest inter-cluster distance was found between Cluster IV and VI. Furthermore, the
most important traits were identified in clusters |, lll, and V, which can be useful for the genetic improvement of longan. Thus, it is concluded that
the longan genotypes from the most distantly related clusters that also have valuable traits could be advantageously utilised in inter-cluster
hybridization with the hope that this would lead to improvement in one or more horticultural traits of longan. We could identify two most
promising genotypes based on per se performance along with the cluster mean value, LGC-6 and LGC-59, with respect to yield and fruit quality
traits. Understanding and structuring the genetic diversity of longan genotypes will be a significant step towards linkage analysis, association
mapping, and cross breeding programmes, which will aid in the design of strategies for germplasm characterization, conservation, and genetic
improvement of this fruit crop.

Future prospects

Longan is an important fruit crop with a high market value in both the Indian and global markets. In India, it is a fruit crop that is underutilised.
Researchers must conduct genetic diversity research on this species, which could lead to future crop enhancing efforts. Gandaki Longan-1 is
India's sole recently developed variant. Research institutes are required to explore and advocate for the cultivation of this fruit crop, while also
undertaking enhancement initiatives to develop high-yield cultivars with superior fruit quality.
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Figure 1

Graphical representation of Shannon'’s diversity indices. H': Shannon's diversity index and EH: Shannon's diversity evenness or diversity
equitability
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Figure 2

Variation in fruit bearing intensity in longan genotypes.

Figure 3

Variation in fruit size, seed size, thickness of peel and aril in longan genotypes

Page 19/20



LGC-6 LGC-47

Figure 4

Variation in leaf shape, size and types of leaflet arrangement
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Figure 5

Dendrogram showing the clustering groups based on quantitative traits among 20 longan genotypes using hierarchal clustering analysis
(Tocher's method).
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