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Abstract. Ullah LR, Purnama PR, Wisanti. 2025. Morphological characterization and clustering analysis of three local jackfruit cultivars 
(Artocarpus heterophyllus) in Lamongan District, East Java, Indonesia. Biodiversitas 26: 1920-1928. Lamongan District is among 
jackfruit (Artocarpus heterophyllus) producers in East Java, Indonesia, where three local cultivars including `Nangka Bubur ,̀ `Nangka 
Kandel`, and `Nangka Salak` have been identified. This study aimed to characterize and cluster the morphology of these 3 cultivars from 

Lamongan. Six trees per cultivar were assessed for 41 morphological characters (32 qualitative and 9 quantitative). Data were analyzed 
using Principal Component Analysis (PCA), k-means clustering, hierarchical clustering, correlation, and heatmap plots. Clustering 
methods successfully separated the tree cultivars. From the 41 characters, 4 uniform and least variance characters were excluded. 
Correlation analysis identified positively correlated characters such as spine density, fruit shape, spine diameter, falke texture, flake shape, 
and spine color. Based on variable importance plot, biplot PCA, and heatmap analysis, 11 diagnostic characters were identified: mesocarp 
thickness, spine length, pulp color at ripe stage, fruit shape, shape of spine, seed coat color, seed shape, flake texture, spine density, flake 
shape, and stalk attachment to fruit. The stated discoveries would provide helpful insight into the process of agricultural improvement, 
particularly concerning jackfruit. 
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 INTRODUCTION 

Jackfruit (Artocarpus heterophyllus Lam.) is a species of 

the family Moraceae that produces exotic and edible fruit. 

This species is native to the Western Ghats of India and is 

commonly cultivated throughout tropical countries, 

including Indonesia, Bangladesh, Thailand, Malaysia, the 

Philippines, and Sri Lanka (Ragone 2007; Rahaman et al. 

2018). The tree has been widely distributed across tropical 

regions due to its adaptability to various soil types and 

climatic conditions, making it an important crop for both 

subsistence and commercial farming (Baliga et al. 2011; 

Swami et al. 2012). Jackfruit is considered one of the largest 
tree-borne fruits in the world, with individual fruits 

weighing up to 35 kg (Jagdale et al. 2021). At the national 

level, jackfruit production in Indonesia reached 906,514 tons 

in 2021; 813,756 tons in 2022; and 789,200 tons in 2023 

(BPS 2023a) with East Java contributing 182,741.4 tons in 

2021 and 175,867.1 tons in 2022 to the national production 

(BPS 2023b). Furthermore, the flesh can be consumed as 

fresh or processed food in various maturity stages, ranging 

from unripe to fully ripened (Ranasinghe et al. 2019). 

Jackfruit is recognized as a "superfood" because of its 

nutritional benefits (Mondal et al. 2024). Each 100 g of ripe 

jackfruit pulp contains carbohydrates 16-25.4 g, protein 1.2-
1.9 g, fat 0.1-0.4 g, energy 88-410 kJ, fiber 1.0-1.5 g, and 

water 72-94 g. Moreover, the protein content in seeds ranges 

from 5.3 to 6.8%, and the carbohydrate content varies 

between 37.4 and 42.5% (Jagdale et al. 2021).  

Many countries consume jackfruit, commonly called 
'poor man's food' in Bangladesh, because it provides 

significant sustenance during shortages of staple foods 

(Rajkumar et al. 2018; Chikkanna 2021). The affordability, 

high yield, and nutritional value make jackfruit an important 

food security crop in several developing countries (Khan et 

al. 2021). Various parts such as young jackfruit and flower 

heads have been used for several ethnic dishes in Indonesia, 

including gudeg (sweet jackfruit stew), young jackfruit 

soup, and jackfruit chips (Yudhistira 2022). However, 

jackfruit is largely considered a crop that is not exploited to 

its full potential globally (Ranasinghe et al. 2019; Khan et 
al. 2021). 

The identification of jackfruit is commonly based on the 

morphological characteristics, including the habits of a 

medium-sized evergreen tree, inflorescences on the trunk or 

branches, unisexual, monoecious, and green to brownish-

yellow compound fruit (Khan et al. 2021). Additionally, the 

fruit is structurally circular to ellipsoid, and the leaves have 

morphologies that range from inverted oval to oval (Mondal 

et al. 2024). There are morphological differences in seed 

length and weight, pulp sweetness, aroma, taste, and exocarp 

scale density, size, and shape (Dhakar et al. 2020; Mondal et 

al. 2024). These observed variations are significantly 
relevant for the conservation and use of germplasm, 

particularly in addressing climatic change and market needs 

(Dhakar et al. 2020). Moreover, a clustering analysis of 11 

jackfruit accessions in West Kalimantan, Indonesia, found 

that 3 groups were clustered based on morphology (Safitri et 
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al. 2017). The morphology characterization and clustering 

analysis are important for plant breeding programs and 

germplasm collection (Daley et al. 2020). 

Lamongan District is a significant producer of `Nangka 

Bubur`, `Nangka Kandel`, and `Nangka Salak` culitivars in 

East Java, Indonesia. At the district level, Lamongan’s 

jackfruit production has shown a steady increase from 

22,487 tons in 2021 to 22,972 tons in 2022, and 26,641 tons 

in 2023, demonstrating the region’s growing importance in 

jackfruit cultivation (BPS 2023c). Despite this growth, 
proper identification and characterization of these cultivars 

remain challenging due to their significant morphological 

diversity. The morphological variations lead to difficulties 

for farmers and breeders in identifying existing cultivars. 

Therefore, this study aimed to address the morphological 

variance among three jackfruit cultivars in Lamongan 

District and define the important diagnostic characters to use 

for discrimination. The information obtained could be 

helpful for cultivation and breeding programs to improve 

jackfruit quality and productivity. 

MATERIALS AND METHODS  

Study area 

This research was conducted in 3 sites in Solokuro Sub-

district, Lamongan District, East Java, Indonesia (Table 1; 

Figure 1). Samples were collected from 3 cultivars of 

jackfruit trees, including vegetative and generative organs, 

in August-November 2023. Six trees with a minimum age of 

2 production years were selected as samples for each 

cultivar. 

Procedures  
Three mature fruits for each tree were selected randomly 

as replicates. Herbarium specimens were made from leafy 

branches of 30 cm in size, while flake and seed specimens 

were collected in 70% ethanol solution. A total of 41 

morphological characters were examined and weighted as 

shown in Tables 2 and 3 (for qualitative and quantitative 

characters, respectively) based on the Descriptors for 

jackfruit (A. heterophyllus) (IPGRI 2000) with some 

modifications.
 
 
Table 1. Study area in Lamongan District, East Java, Indonesia 
 

 ‘NB’ ‘NK’ ‘NS’ 

Geographical description (Latitude: S, Longitude: E) 6°54'35.30" S 

112°24'30.29" E 

6°55'27.88" S 

112°24'51.46" E 

6°56'15.92" S 

112°23'57.64" E 
Village, sub-district Dagan, Solokuro Banyubang, Solokuro Takerharjo, Solokuro 
Altitude (m asl.) +70 mdpl +70 mdpl +70 mdpl 
Number of Accessions (trees) 6 6 6 
Soil texture Sandy Sandy Laterite soil 

Note: NB: Nangka Bubur; NK: Nangka Kandel; NS: Nangka Salak 
 

 

 
 
Figure 1. The sites of jackfruit samples collection in Lamongan District, East Java, Indonesia: A. Takerharjo Village; B. Banyubang 
Village; and C. Dagan Village 



1922  BIODIVERSITAS  26 (4): 1920-1928, April 2025 

 

Table 2. Categorical morphological descriptors of jackfruit 
 

Characters Character states weight 

Vegetative characters 
Growth habits erect (1); others (0) 
Crown shape broadly pyramidal (1); spherical (0) 
Trunk surface rough (1); smooth (0) 
Trunk color brown (1); others (0) 

Branching density dense (1); sparse (0) 
Apical dominance strong (1); weak(0) 
Leaf color dark green (1); light green (0) 
Leaf blade shape elliptic (1); broadly elliptic (0) 
Leaf apex shape acute (1); obtuse (0) 
Leaf base shape oblique (2); cuneate(1); rounded (0) 
Leaf blade margin entire (1); undulate (0) 
Leaf upper surface 
pubescence 

glabrous (1); dense (0) 

Leaf lower surface 
pubescence 

glabrous (1); dense (0) 

Petiole shape rounded (1); flattened (0) 
Crotch angle of 
petiole 

acute (<90°) (1); obtuse (≥90°) (0) 

Generative characters 
Fruit-bearing 
position 

main trunk (2); primary branch (1); 
secondary branch (0) 

Fruit shape clavate (2); oblong (1); ellipsoid (0) 
Stalk attachment to 
fruit 

inflated (2); flattened (1); depressed (0) 

Spine color green (1); yellowish green (0) 
Shape of spine hexagon (1); pentagon (0) 
Spine density spearse (2); intermediate (1); dense (0) 
Flake shape rectangular (2); irregular (1); spheroid (0) 
Pulp color at the ripe 

stage 

deep yellow (2); light yellow (1); coppery 

red (0) 
Pulp taste sweet (2); insipid (1); sour (0) 
Pulp flavour strong (2); intermediate (1); weak (0) 
Pulp consistency firm (2); soft(1); slimy(0) 
Flake texture soft (2); fibrous (1); melting (0) 
Seed shape reniform (2); ellipsoid (1); oblong (0) 
Seed surface pattern uniform (1); regular striations (0) 
Seed coat thickness thin (1); thick (0) 

Seed coat color creamish (2); dull brown (1); brown (0) 
Adherence of seed 
coat to kernel 

difficult to separate (1); easily separable 
(0) 

 
 
 
Table 3. Measured morphological parameters of jackfruit 
 

Characters Character states weight 

Leaf blade length cm) Measured from the base to the tip of the 
leaf blade 

Leaf blade width (cm) Measured at the widest point (cm) 
Fruit length (cm) Measured at the longest point (cm) 
Fruit diameter (cm) Measured at the widest point (cm) 
Stalk length (cm) Measured from the base of the peduncle 

to the base of fruit at maturity. 
Spine length (cm) Measured from the base to the spine tip (cm) 
Spine diameter (mm) Measured at the widest point (mm) 
Weight of fresh flake 
with seed (g) 

Average of 20 flakes (g) 

Mesocarp thickness 
(cm) 

Measured after removing seed (cm) 

 

Data analysis 

All these 9 quantitative characters were analyzed with 

One-Way ANOVA and Tukey HSD to identify any 

significant differences among the samples using the R 

program version 4.3.2 embedded in RStudio 2024.12.0. The 

quantitative data were analyzed using one-way ANOVA 

followed by Tukey HSD post-hoc test (p<0.05) to determine 

significant differences among cultivars.  

Clustering analysis was conducted through multiple 

methods, including Principal Component Analysis (PCA) 
plot, k-means clustering plot (k = 3), and hierarchical 

clustering (dendrogram). The heatmap and correlation plot 

were developed to cluster jackfruit samples according to 

character states. The variable importance plot and PCA 

biplot were used to show the character states that contributed 

most significantly to this clustering study. PCA plot, PCA 

biplot, k-means clustering, and dendrogram were analyzed 

using the R package 'factoextra' (Kassambara and Mundt 

2016) and shown with 'ggplot2' (Wilkinson 2011). Mean-

while, the heatmap plot was generated with the 'pheatmap' 

program (Kolde and Kolde 2015) and the variable 
importance plot used the 'randomForest' software (Breiman 

et al. 2018). Character states presenting uniform values 

across all samples were omitted from the clustering study. 

RESULTS AND DISCUSSION 

Morphological-variation  

The morphology of local jackfruit cultivars shows 

variation in 38 characters, among which 3 characters were 

uniform, such as trunk surface, leaf apex shape, and seed 

coat thickness. The growth habits were excluded due to the 

least variation, while the remaining 37 characters were 

analyzed using subsequent clustering. The morphological 
variation of jackfruit organs, including leaves, seeds, flakes, 

fruits, and spines, are shown in Table 4 and Figure 2. 

The 9 quantitative characters are measured in this study, 

while the remaining are qualitative and presented as 

descriptive observations in Tables 2 and 3. The leaf shape of 

NB was specifically found to be elliptic, while cultivars NK 

and NS appeared broadly elliptic. NB had the narrowest leaf 

blade width (5.63±0.15a cm) and the most extended leaf 

blade length (12.67±0.52c cm). Regarding fruit morphology, 

NB presented the most significant length (48.05±1.23c cm) 

and the least diameter (15.12±0.20a cm), leading to an 

ellipsoid shape. Meanwhile, NS had an oblong shape, and 
NK had a clavate shape. NB possessed the most extended 

stalk size, followed by NK and NS measured at 4.00±0.00c, 

3.33±0.52b, 3.00±0.00a cm, respectively. The differences 

between these 3 cultivars were identified by the distinctive 

flakes showing spheroid, irregular, and rectangular shapes 

for NB, NK, and NS, respectively. NK had the heaviest fresh 

flake weight (20.00±1.00c g) and the thickest mesocarp 

(1.90±0.14c cm) compared to other cultivars. The seed 

morphology of these 3 cultivars was distinct, with NB, NK, 

and NS presenting reniform, ellipsoid, and oblong shapes, 

respectively. The shapes of NB and NS spines were 
hexagons, NK had pentagon spines, while NB was denser 

and the least in diameter (6.45±0.10a mm).
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Figure 2. The morphological observations of 3 local jackfruits in Lamongan District, East Java, Indonesia. From left to right: leaves, 
compound fruits shape, compound fruits in cross-sectioning, flakes, seeds, and spines. A-F: cv. Nangka Bubur; G-L: cv. Nangka Kandel; 
and M-R: cv. Nangka Salak 
 
 
 
Table 4. The mean and standard deviation value of quantitative 

characters 
 

Characters  `NB` `NK` `NS` 

Leaf blade length (cm) 12.67±0.52c 11.83±0.41b 10.33±0.52a 

Leaf blade width (cm) 5.63±0.15a 7.53±0.12c 6.50±0.00b 

Fruit length (cm) 48.05±1.23c 41.67±3.83b 32.83±2.04a 

Fruit diameter (cm) 15.12±0.20a 19.00±0.00c 17.22±0.27b 

Stalk length (cm) 4.00±0.00c 3.33±0.52b 3.00±0.00a 

Weight of fresh flake with 
seed (g) 

12.90±0.15b 20.00±1.00c 10.80±0.20a 

Mesocarp thickness (cm) 1.50±0.16b 1.90±0.14c 0.63±0.15a 

Spine diameter (mm) 6.45±0.10a 9.43±0.15c 8.38±0.25b 
Spine length (cm) 2.00±0.00c 1.17±0.17a 1.83±0.17b 

Note: Value with difference superscript letter shows a significant 

difference at α = 0.05 
 

Cluster analysis dimensional reduction (PCA), k-means 

clustering, and dendrogram 

Based on cluster analysis, the morphology of three 
jackfruit cultivars was separated into 3 distinct clusters 

(Figure 3). The same cluster was used to assemble all of the 

sample members of the same genotype, and approximately 

53.1% of variance components clustered the entire jackfruit 

genotypes. A pattern observed in both PCA and k-means 

plots was clustering all samples inside the same cluster. 

Samples of NB were separated from the other two cultivars 

along a distinct principal component, by 36.7% of variance, 

while clusters of NK and NS were positioned closely and 

separated by 16.4% of variance (Figures 3.A and 3.B). These 

results were consistent with the dendrogram showing that 

NK was closely related to NS (Figure 3.C), and NB was 

separated from both clusters. 

The correlation plot shows characters with a positive or 

negative correlation (Figure 4.A). Morphological characters 

such as spine density, fruit shape, spine diameter, flake 

texture, flake shape, and spine color possessed a strong 
positive correlation. Fruit with clavate shape and sparse 

density and wide green spines tended to have rectangular 

and soft flakes. The heatmap plot shows characters in which 

jackfruit cultivars have similar morphological patterns and 

presents variance among samples in the same cultivars 

(Figure 4.B). For instance, seed surface pattern, leaf upper 

surface pubescence, leaf lower surface pubescence, fruit-

bearing position, leaf color, crown shape, and adherence of 

seed coat to the kernel were characterized by high variability 

in the same cultivar. 

Defining diagnostic morphological characters 
Several methods were used to identify significant 

morphological characters contributing to the cluster analysis 

of three jackfruit cultivars, including a variable importance 

A B C D E F 

G H I J K L 

M N O P Q R 
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plot, biplot PCA, heatmap plot, and Venn diagram (Figure 

5). Each method comprised the selected top 15 among 37 

examined characters for clustering analysis. From the 

original 41 morphological characters studied, 4 characters 

were excluded (trunk surface, leaf apex shape, seed coat 

thickness, and growth habits) due to uniformity or minimal 

variation across samples. For each analytical method 

(Variable Importance Plot, Biplot PCA, and Heatmap plot), 

we independently identified and ranked characters based on 

their discriminatory power, with the Variable Importance 
Plot using mean decrease accuracy values, the Biplot PCA 

using contribution to principal components, and the 

Heatmap Plot using normalization values of character 

weights. This approach allowed us to identify the most 

significant characters through statistical verification across 

multiple analytical techniques. The Variable Importance 

Plot visualized the relative importance of the predictor of 

jackfruit characters in a random forest model (Figure 5.A). 

The weight of fresh flake with seed, pulp color at the ripe 

stage, and seed shape were the top 3 with the highest Mean 

Decrease Accuracy (MDA) values. This plot suggests these 
three characters are key to discriminating `NB`, `NK`, and 

`NS` cultivars. The Biplot PCA shows the contribution of 

each jackfruit character to the principal component (Figure 

5.B). Moreover, several characters, such as spine density, 

fruit shape, spine color, flake shape, and flake texture were 

influenced by discriminating between `NK` and `NS` apart 

from `NB`. In contrast, leaf blade shape, stalk attachment to 

fruit, and others were separated `NB` away from other 

cultivars. Meanwhile, the Heatmap Plot shows the grouping 

pattern between the top 15 important characters and three 

jackfruit cultivars (Figure 5.C). The color intensity 

represents the similarity based on the normalization value of 

character weight. The `NB` cultivar can be distinguished 

from `NK` and `NS` based on stalk length, stalk attachment 
to the fruit, flake texture, flake shape, spine color, spine 

density, and fruit shape. The ̀ NK` had unique characteristics 

such as spine length, shape of spine, pulp color at ripe stage, 

and fruit diameter. While, `NS` differed in mesocarp 

thickness, seed coat color, seed shape, and fresh flake weight 

with seed compared to `NB` and`NK`.  

All the individual approaches mentioned above consisted 

of 15 top important characters, among which 11 were 

concluded to overlap (Figure 5.D). The 11 characters 

included mesocarp thickness, spine length, pulp color at the 

ripe stage, fruit shape, spine shape, seed coat color, seed 
shape, flake texture, spine density, flake shape, and stalk 

attachment to fruit. These were considered important 

diagnostic characters for distinguishing NB, NK, and NS 

cultivars.
 
 
 

 
 
Figure 3. The examination of three jackfruit cultivars, utilizing 37 morphological characteristics, indicates that all clustering classes were 
categorized within the same genotype: A. PCA plot; B. K-means clustering plot (k = 3); and C. Dendrogram of hierarchical clustering 
plot. 

A 

B 

C 
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Figure 4. Clustering analysis of 37 examined morphological characters of jackfruit shown in: A. Correlation plot; and B. Heatmap plot. 
A higher score (red) in the plot signifies a positive correlation and vice versa, while a higher heatmap value represents the normalization 
value of character weight 
 

 

 
 

Figure 5. Defining important morphological characters that contributed to the clustering analysis of three jackfruit cultivars based on: A. 
Variable Importance Plot; B. Biplot PCA; and C. Heatmap plot. Eleven characters overlapped from these 3 methods, as shown in: D. Venn 

diagram. The higher value of mean decrease accuracy in the variable importance plot represents the greater contribution of character to 
clustering. The direction and length of an arrow in the PCA biplot show the contribution and importance of the variable to PCA. The 
heatmap plot's color intensity represents the character weight's normalization value
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B 

C 
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Discussion 

Morphological characters are commonly used to 

determine the market preference and quality of fruits. This 

study's varying flake texture, color, and pulp consistency 

categories are crucial for jackfruit marketability. `NK`, 

which has a fibrous texture, coppery red color, and pulp 

consistency, is preferred for a ready-to-eat snack. 

Meanwhile, `NB` is preferred for industrial applications due 

to the melting texture as well as the requirement of less 

processing time and energy. Dewi et al. (2021) reported 
‘Nangka Bubur’ and `Nangka Bilulang` cultivars in South 

Kalimantan could be discriminated using pulp texture, 

flavor, taste, consistency, and juiciness. 

Quantitative characteristics such as lamina length and 

width, fruit length and diameter, spine length and diameter, 

flake weight, and mesocarp thickness exhibit notable 

variation among the three jackfruit cultivars evaluated 

(Table 4). Sulassih et al. (2015) showed that seed length, 

fruit length, and diameter varied similarly. Additionally, 

variations in fruit weight amongst jackfruit cultivars were 

noted by Dey and Baruah (2019). Additionally, in Bogor, 
West Java, Sulassih et al. (2015) reported morphological 

variance in 30 jackfruit accessions. Certain traits—like fruit 

surface, skin thickness, and flake shape—are crucial to 

categorizing these accessions. For classifying and 

differentiating various plant species, quantitative evaluation 

of morphological characteristics using conventional 

morphometric techniques is still useful (Patil and Baghat 

2016). 

Jagadeesh et al. (2007) reported a similar result, showing 

variability in the shape and density of spines on the rind, as 

well as differences in bearing, size, shape, latex, flake size, 
flake color, quality, and maturity period of jackfruit from the 

Western Ghats of India. A combination of genetic variability 

due to cross-pollination and environmental factors such as 

different agroclimatic conditions is responsible for potential 

morphological changes observed in the size of the leaves and 

fruits of various genotypes (Ningot et al. 2018; Mahla et al. 

2022). Jackfruit is well known to be monoecious, implying 

that distinct male and female inflorescences are present on 

the same plant. In this case, the tree blossoms are pollinated 

by a variety of vectors, such as the wind, birds, and insects, 

leading to a high rate of cross-pollination (Luna-Esquivel et 

al. 2013; Mijin et al. 2021). According to Moreles-Flores et 
al. (2024), every genotype contains unique genetic 

information influencing growth and development when 

combined with environmental factors such as temperature 

changes, sunlight exposure, nutrient concentrations, and 

water availability. 

Morphological variation can inform the selection of 

superior varieties suitable for specific agroecological zones, 

facilitate commercial varieties' development, and enhance 

jackfruit's economic and nutritional value in the global 

market. Varieties are crucial for germplasm improvement as 

breeders use genetic collections to develop plants with 
desired qualities. According to Chandrashekar et al. (2018), 

height is an important consideration when selecting superior 

tree cultivars due to the greater difficulty of spraying and 

collecting fruit from tall trees. Character selection is 

essential for jackfruit farmers in determining suitable 

cultivars for various agroecological zones due to 

morphological heterogeneity. The number of plant varieties, 

history, and trait polymorphism can be determined through 

morphological examination (Nakintu et al. 2023). 

Clustering analysis showed that the 3 jackfruit genotypes 

tested did not cluster with each other, suggesting the 

classification into separate groups (Figure 3). Despite the 

proximity of 3 villages with no physical boundaries, a 

genetic exchange might have led to the visually similar 

species found in all sites. This result was inconsistent withh 
another study conducted by Shyamalamma et al. (2008), 

which reported morphological similarity among jackfruit 

samples from sites with identical environmental conditions. 

Therefore, the genetic background of the tree cultivars was 

believed to contribute more to morphological variation than 

environmental conditions. 

Clustering on the heatmap shows a significant grouping 

of the three jackfruit cultivars studied ‘NB’, ‘NK’, and ‘NS’. 

This finding indicates consistent characteristics among 

cultivars based on Figure 3.A, with the most discriminative 

morphological characters including fruit shape, flake shape, 
flake texture, spine density, spine shape, seed shape, seed 

coat color, pulp color, and fresh fruit weight. Viscosi and 

Cardini (2011) demonstrated that morphometric approaches 

combined with clustering analysis through heatmaps 

effectively differentiated four Orofea species based on ten 

leaf characters. Jin et al. (2015), Jiménez-Mejías et al. 

(2017), and Chuanromanee et al. (2019) stated that 

multivariate statistical analysis through heatmaps can 

provide a deep understanding of morphological character 

contributions to taxonomic groping. These results are 

supported by the Venn diagram, which shows 11 
morphological characters that effectively differentiate the 

three jackfruit cultivars (Figure 3.D). 

The intraspecific variation in jackfruit occurs among 3 

cultivars in Lamongan District. Several characters were 

found to vary among different or in the same cultivars, as 

shown in Figure 4.B. A total of 11 among 41 morphological 

characters were found to be effectively discriminative in 

identifying NB, NK, and NS cultivars (Figure 5). The study 

result showed variation in fruit shapes, namely ellipsoid and 

clavate. This result aligns with jackfruit in India 

(Chandrashekar et al. 2018) and Uganda (Gwokyalya et al. 

2024). Among these variations, there are similarities in `NK` 
and `NS` characters with jackfruit in Uganda and India. `NK 

shows similarities in irregularly shaped flake characters 

similar to those found in jackfruit in Uganda (Gwokyalya et 

al. 2024). NS has similarities with jackfruit in India 

regarding soft flake texture (Chandrashekar et al. 2018). 

`NB` has a melting flake texture consistent with Devi et al. 

(2022), which found a soft flake consistency. 

Morphological characteristics such as fruit shape, flake 

shape, flake texture, seed shape, seed coat color, mesocarp 

thickness, spine density, and spine shape on PC1 contribute 

significantly to differentiating cultivars, while PC2 
emphasizes spine length and color (Figure 5.B). NB shows 

a strong correlation with negative PC1, indicating its unique 

morphology, especially in flake shape and texture 

characteristics, whereas `NK` shows affinity to positive 

PC1, but shares similarities with `NS` on PC2 in spine color 
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and density characteristics, which is reinforced by the 

heatmap and dendrogram showing the closeness of these two 

cultivars. The Venn diagram identifies 11 discriminative 

morphological characters that overlap among the three 

analysis methods, similar to Moreles-Flores et al. (2024) 

findings that showed variety clustering based on firmness. 

Fruit weight, antioxidants, and carotenoid content confirm 

that PCA is capable of showing genetic variability among 

cultivars and provides insights into complex relationships of 

morphological characters for plant breeding and superior 
variety selection (Chandrashekar et al. 2018). 

In conclusion, this study successfully identified 

distinguishing morphological characteristics among three 

jackfruit cultivars (Nangka Bubur, Nangka Kandel, and 

Nangka Salak) in Lamongan District, East Java, Indonesia, 

based on 11 key diagnostic morphological characters, 

including mesocarp thickness, spine length, pulp color at 

ripe stage, fruit shape, shape of spine, seed coat color, seed 

shape, flake texture, spine density, flake shape, and stalk 

attachment to fruit. These findings demonstrate that 

morphological markers can serve as practical tools for 
cultivar identification and classification. Furthermore, the 

result provide valuable insight for plant breeders and farmers 

highlighting traits associated with desirable such as fruit 

size, texture and disease resistance. Finally, this research 

contributes to both the development of superior jackfruit 

cultivars and the conservation of local genetic diversity by 

preventing genetic erosion through unregulated hybridization.  
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