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Rice bean (Vigna umbellata) is an underutilized legume with high nutritional value and 
considerable potential for dryland agriculture, yet information on its phenotypic diversity 
in eastern Indonesia remains limited. This study quantified seed morphometric variation 
among rice bean landraces collected from four dryland localities on Timor Island, 
Indonesia. Seed samples were obtained through targeted germplasm exploration of 
farmer-managed seed systems, and variation was assessed based on seed length, width, 
thickness, and 100-seed weight. Univariate analyses revealed no statistically significant 
differences among localities for any measured seed traits, indicating the absence of 
discrete locality-based differentiation. Nevertheless, a wide range of morphometric 
values was observed among phenotypes within and across localities, reflecting 
considerable phenotypic variation maintained in farmer-managed populations. Principal 
component analysis (PCA) explained 96.95% of the total variation, with the first principal 
component accounting for 84.68% and representing a major axis contrasting seed 
dimensions (length, width, and thickness) with 100-seed weight. The PCA biplot further 
demonstrated continuous phenotypic dispersion without clear clustering according to 
locality. These findings suggest that morphometric diversity in Timor Island rice bean 
landraces is maintained primarily within farmer-managed populations rather than being 
structured among geographic localities. Such within-population variation represents an 
important reservoir of phenotypic diversity and valuable germplasm resources that may 
support future conservation initiatives and the development of climate-resilient dryland 
agriculture in eastern Indonesia. 

Keywords: 
dryland agriculture, genetic resources, 
phenotypic variation, seed traits, Vigna 
umbellata 

1. INTRODUCTION

Timor Island, located in eastern Indonesia, is characterized
by semi-arid conditions marked by prolonged dry seasons, 
erratic rainfall, and shallow calcareous soils. Agricultural 
production in this environment relies heavily on drought-
tolerant crops and locally adapted landraces that have evolved 
under long-term moisture limitation [1, 2]. These dryland 
systems are among the most climate-vulnerable in Indonesia, 
where increasing moisture deficits threaten crop productivity 
and local food security [3, 4]. In such environments, the 
conservation and characterization of adaptive crop diversity 
are essential for sustaining agricultural systems under ongoing 
climate change [5, 6]. 

Rice bean (Vigna umbellata) is a drought-tolerant and 
nutritionally rich legume traditionally cultivated in marginal 
environments, including Timor Island [7-10]. It is increasingly 
recognized as a valuable indigenous food resource with 
potential applications in functional and emergency food 

products, highlighting its role in strengthening food and 
nutritional security [11, 12]. In addition, rice bean contributes 
to soil fertility through biological nitrogen fixation. However, 
its cultivation has declined due to the expansion of major 
crops, changing dietary preferences, and the weakening of 
traditional seed systems, raising concerns about the erosion of 
locally adapted genetic resources [5, 13]. This decline is 
particularly critical in dryland regions, where underutilized 
crops such as rice bean play an important role in maintaining 
resilience and livelihood stability. 

Phenotypic variation, particularly in seed-related traits, is a 
key component of plant adaptation and performance under 
environmental stress. Seed size and shape influence 
germination, seedling vigor, and yield stability, especially 
under drought and heat stress conditions [14, 15]. In legumes, 
these traits are shaped by both genetic factors and 
environmental conditions, including temperature, moisture 
availability, and agroecological gradients [16-18]. Seed 
development is particularly sensitive to drought and heat 
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stress, which influence assimilate partitioning and resource 
allocation during reproductive stages [19-22]. Previous studies 
on rice bean have reported substantial variation in yield-
related and morphological traits across different 
environments, reflecting both adaptive responses and farmer 
selection practices [23-26]. Similar patterns have been 
observed in other Vigna species, where seed traits exhibit 
continuous variation rather than discrete grouping, indicating 
complex adaptive strategies in heterogeneous environments. 

A more detailed understanding of morphometric seed 
variation is particularly important for underutilized legumes 
such as rice bean, where formal breeding efforts remain 
limited and genetic resources are largely maintained in situ 
within farmer-managed systems. In such contexts, seed traits 
serve not only as indicators of phenotypic diversity but also as 
practical selection criteria used by farmers for adaptation to 
local environmental conditions. Quantitative characterization 
of these traits can therefore provide valuable insights into the 
structure of diversity and the potential for selection and 
improvement. Previous studies have emphasized that morpho-
agronomic traits in rice bean are closely associated with yield 
stability and adaptation across variable environments, 
reflecting both genetic variation and farmer-driven selection 
processes [23-26]. In addition, seed-based variation has been 
widely used as a proxy for assessing genetic diversity in 
related legumes under similar agroecological conditions [27], 
highlighting its relevance for conservation and utilization 
strategies in dryland agriculture. 

Despite its importance, quantitative information on seed 
morphometric diversity of rice bean in Indonesia remains 
limited, particularly in relation to dryland agroecological 
conditions. This knowledge gap constrains efforts to conserve 
and utilize rice bean genetic resources for breeding and 
climate-resilient agriculture. Given the rapid decline of 
traditional landraces and increasing climate pressures, 
documenting phenotypic variation in farmer-managed 
populations is both timely and necessary for guiding 
conservation and selection strategies. 

Timor Island exhibits a strongly seasonal monsoonal 
climate, with rainfall concentrated in a short wet season 
followed by a prolonged dry period lasting up to seven months. 
High temperatures and intense solar radiation further constrain 
crop growth, particularly during reproductive stages [2]. 
Within this context, farmer-managed seed systems and local 
knowledge play a crucial role in maintaining adaptive 
diversity, particularly in upland areas where traditional 
practices persist [28, 29]. In contrast, cultivation has declined 
or disappeared in some lowland areas, reflecting spatial 
variation in crop persistence and management. Recent studies 
on related legumes in East Nusa Tenggara also highlight the 
importance of seed traits as indicators of genetic diversity and 
local adaptation [27]. 

Based on this context, we hypothesized that rice bean 
populations maintained under contrasting dryland 
environments on Timor Island exhibit continuous 
morphometric variation rather than discrete phenotypic 
differentiation. Therefore, this study aimed to (1) quantify 
variation in seed length, width, thickness, and 100-seed weight 
among rice bean populations from four localities on Timor 
Island; (2) explore patterns of variation across agroecological 
gradients through descriptive analysis; and (3) highlight the 
importance of these landraces as genetic resources for 
conservation and sustainable dryland agriculture in eastern 
Indonesia. 

2. MATERIAL AND METHODS 
 

2.1 Study area and seed sampling 
 

Rice bean seed samples were collected from four dryland 
localities on Timor Island, Indonesia, representing contrasting 
agroecological conditions: Camplong 2, Ekateta, and Sillu in 
Kupang Regency, and Oinlasi in South Central Timor 
Regency (Figure 1). These sites span an elevation gradient 
from 262 m above sea level in Camplong 2 to 699 m in Oinlasi, 
capturing variation in temperature and rainfall regimes typical 
of Timor’s semi-arid environment. Sampling followed a 
targeted germplasm exploration approach widely used to 
document morphometric diversity and capture variation within 
farmer-managed germplasm populations [27, 29]. Sampling 
locations within each locality were identified through farmer 
interviews, local knowledge, and field verification, focusing 
on areas where rice bean was still cultivated. Seed samples 
were obtained exclusively from farmer-stored seed lots 
maintained from previous harvests. This purposive approach 
ensured that sampling captured the actual distribution of rice 
bean landraces under farmer management, thereby improving 
the representativeness of locally maintained genetic diversity 
compared to purely random selection.  

Within each locality, up to ten sampling points were 
surveyed depending on the presence of rice bean and seed 
availability. The number of phenotypes identified varied 
among locations. For instance, Ekateta exhibited higher 
phenotypic diversity, while Camplong 2 yielded only a single 
identifiable phenotype. This variation likely reflects actual 
field conditions, including differences in cultivation intensity, 
farmer seed management, and possible genetic erosion in 
certain areas, rather than unequal sampling effort. Sampling 
intensity across localities was comparable and constrained 
primarily by crop presence and seed availability, ensuring that 
differences in observed phenotypic diversity were not driven 
by unequal sampling. 

The number of seeds collected per sampling point ranged 
from 150 to 500 seeds, obtained from farmer-maintained seed 
lots. From each locality, a subsample of 100 seeds was 
randomly selected for morphometric analysis to ensure 
consistency and comparability across populations. Each 
sampling point corresponded to an individual farmer or a 
distinct seed lot, thereby avoiding duplication of the same seed 
source. 
 
2.2 Seed morphometric measurements 

 
Seed length, width, and thickness were measured using a 

digital caliper with a precision of 0.01 mm. One hundred–seed 
weight was determined using an analytical balance. Seed coat 
color was visually assessed and classified using the Munsell 
color chart to document qualitative phenotypic variation. 
 
2.3 Climatic data acquisition 
 

Long-term monthly climatic data (1980–2024), including 
air temperature, precipitation, and relative humidity, were 
obtained from the ERA5-Land reanalysis dataset via the 
Google Earth Engine. Temperature data were converted from 
Kelvin to Celsius, and relative humidity was calculated using 
standard psychrometric equations. Monthly values were 
aggregated to derive long-term mean climatic conditions for 
each sampling site, representing typical dryland climatic 
patterns of Timor Island. 
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Figure 1. Locations of rice bean (Vigna umbellata) seed sampling across four dryland localities on Timor Island, Indonesia 
 
2.4 Statistical and multivariate analysis 
 

Descriptive statistics, including means and standard 
deviations, were calculated for each seed trait. Data normality 
and homogeneity of variance were assessed using the Shapiro–
Wilk and Levene’s tests, respectively. Differences among 
populations were evaluated using one-way analysis of 
variance (ANOVA), followed by Tukey’s HSD post hoc test. 

A stringent significance level (α < 0.01) was applied to 
reduce the likelihood of Type I error associated with multiple 
comparisons among seed traits and populations. This 
conservative threshold was selected to ensure robustness of 
statistical inference, particularly given the relatively small and 
unbalanced sample sizes among populations, although it may 
reduce sensitivity to detect subtle differences. 

Relationships among seed traits were examined using 
Pearson’s correlation coefficients. Variations across 
agroecological gradients (e.g., elevation and climatic 
conditions) were interpreted descriptively rather than through 
formal regression analysis. 

Multivariate patterns of seed morphometric variation were 
analyzed using principal component analysis (PCA) based on 
four traits: seed length, seed width, seed thickness, and 100-
seed weight. PCA was performed on standardized data 
(correlation matrix) to account for differences in measurement 
units. Principal components with eigenvalues greater than one 
were retained, and biplots of the first two principal 
components (PC1 and PC2) were used to visualize phenotypic 
relationships and trait contributions. All statistical analyses 
were performed using open-source software, including R 
version 4.3.2, Python version 3.11, PAST version 5, and 
Google Colab as the computational environment. 

 
 

3. RESULTS  
 
3.1 Overall morphometric variation 
 

No statistically significant differences were detected among 
phenotypes or localities for any measured seed traits based on 

ANOVA followed by Tukey’s HSD test at α < 0.01, as all 
means shared the same significance grouping (Tables 1 and 2). 
Despite the absence of statistical significance, descriptive 
numerical variation was observed. 
 
Table 1. Morphometric characteristics and 100-seed weight 
of eleven rice bean (V. umbellata) phenotypes collected from 

four localities on Timor Island 
 

Phenotype 
Designation 

Seed 
Length 
(mm) 

Seed 
Width 
(mm) 

Seed 
Thickness 

(mm) 

100-Seed 
Weight 

(g) 
Camplong 2 

DR 
6.9 ± 
0.3 5.2 ± 0.2 4.4 ± 0.2 15.18 ± 

0.3 
Ekateta 

DR1 
8.2 ± 
0.1 6.2 ± 0.2 4.5 ± 0.3 11.55 ± 

0.3 
Ekateta 

DR2 
8.2 ± 
0.1 6.4 ± 0.2 4.7 ± 0.1 12.33 ± 

0.3 

Ekateta MX 8.0 ± 
0.1 6.1 ± 0.3 4.3 ± 0.3 18.17 ± 

0.2 

Ekateta LB 7.9 ± 
0.3 6.0 ± 0.3 5.0 ± 0.3 18.38 ± 

0.3 

Ekateta DM 7.1 ± 
0.3 5.5 ± 0.3 4.4 ± 0.3 13.45 ± 

0.4 

Ekateta MB 7.3 ± 
0.3 5.2 ± 0.3 5.4 ± 0.3 20.15 ± 

0.1 

Oinlasi DR 11.6 ± 
0.3 7.2 ± 0.1 5.8 ± 0.3 8.35 ± 0.3 

Oinlasi LB 10.5 ± 
0.3 6.7 ± 0.2 5.0 ± 0.3 8.08 ± 0.3 

Sillu ST 9.5 ± 
0.3 6.9 ± 0.3 5.2 ± 0.3 16.38 ± 

0.4 

Sillu DM 8.0 ± 
0.3 6.2 ± 0.3 4.7± 0.3 12.65 ± 

0.3 
Notes: Values are presented as mean ± standard deviation (SD). One-way 
ANOVA detected no significant differences among phenotypes for any 

measured trait (all p > 0.01). DR = dark red; DM = deep maroon; LB = light 
brown; MB = medium brown; MX = mixed; ST = striped. 

 
Table 1 summarizes morphometric characteristics at the 

phenotype level and reveals substantial numerical variation 
among the eleven rice bean phenotypes. Seed dimensions 

1583



 

generally tended to be larger in Oinlasi phenotypes, whereas 
several Ekateta phenotypes were characterized by 
comparatively higher 100-seed weight. Despite these 
numerical differences, all phenotypes remained within the 
same Tukey’s HSD significance grouping, indicating the 
absence of statistically significant differentiation. To facilitate 
locality-level comparison, phenotype data were subsequently 
summarized by collection site (Table 2). 
 
Table 2. Descriptive statistics (mean ± SD) for seed traits of 
rice bean (V. umbellata) from four localities on Timor Island 

 

Locality 
Seed 

Length 
(mm) 

Seed 
Width 
(mm) 

Seed 
Thickness 

(mm) 

100-Seed 
Weight 

(g) 
Camplong 

2 6.9 ± 0.3 5.2 ± 0.3 4.4 ± 0.2 15.2 ± 1.9 

Ekateta 7.8 ± 0.6 5.9 ± 0.6 4.7 ± 0.5 14.4 ± 4.3 
Oinlasi 11.1± 0.7 7.0 ± 0.4 5.4 ± 0.6 8.2 ± 0.5 

Sillu 8.7 ± 1.4 6.6 ± 0.7 5.0 ± 0.6 14.5 ± 7.7 
 

Within-locality variation differed among sites, reflecting 
the coexistence of multiple phenotypes with contrasting seed 
characteristics. In Ekateta, six phenotypes were identified, 
encompassing variation in seed size, thickness, seed coat 
color, and 100-seed weight. Among these, the Ekateta MB 
phenotype was characterized by relatively shorter and 
narrower but thicker seeds combined with comparatively high 
100-seed weight, contributing to the morphometric diversity 
observed within this locality. 

Differences in variability among localities were also 
influenced by unequal numbers of phenotypes represented at 
each site. Ekateta contained a greater number of phenotypes 
than Camplong 2 and Oinlasi, which likely contributed to 
broader trait dispersion within the locality. Descriptively, 
accessions from Oinlasi tended to exhibit larger seed 
dimensions, whereas Camplong 2 generally showed smaller 
values. However, these patterns represent numerical trends 
only and do not indicate statistically supported differentiation 
among localities. 
 
3.2 Seed length 

 
No statistically significant differences in seed length were 

detected among phenotypes or localities (Table 1 and Table 2). 
Nevertheless, descriptive numerical variation was observed. 
Mean seed length tended to be greater in Oinlasi and lower in 
Camplong 2, with intermediate values recorded in Sillu and 
Ekateta (Table 2 and Figure 2). These patterns, however, 
represent descriptive trends only and do not constitute 
statistically supported differentiation among localities. 

At the phenotype level, seed length ranged from 6.9 mm in 
Camplong 2 DR to 11.6 mm in Oinlasi DR (Table 1), 
indicating substantial numerical variation despite the absence 
of significant differences. The uniform Tukey’s HSD grouping 
and the considerable overlap among boxplots (Figure 2) 
support a pattern of continuous variation rather than discrete 
size classes. Within Ekateta, phenotypes exhibited diverse 
combinations of seed dimensions and 100-seed weight, 
contributing to within-locality variability. The Ekateta MB 
phenotype was characterized by relatively shorter seeds but 
comparatively high 100-seed weight, representing a distinct 
morphometric combination within the locality. 
 

 
 

Figure 2. Variation in seed length (mm) among rice bean (V. 
umbellata) populations from four dryland localities on Timor 

Island, Indonesia  
Notes: The boxplot illustrates the median (horizontal line), interquartile 

range (box), and minimum–maximum values (whiskers); circles represent 
outliers. 

 
3.3 Seed width 
 

No statistically significant differences in seed width were 
detected among phenotypes or localities (Table 1 and Table 2). 
Nevertheless, descriptive numerical variation was observed. 
Mean seed width tended to be greater in Oinlasi and Sillu and 
lower in Camplong 2, with Ekateta showing intermediate 
values (Table 2 and Figure 3). These patterns, however, 
represent descriptive trends only and do not indicate 
statistically supported differentiation among localities. 
 

 
 

Figure 3. Variation in seed width (mm) among rice bean (V. 
umbellata) populations from Camplong 2, Ekateta, Oinlasi, 

and Sillu on Timor Island, Indonesia 
Notes: The boxplot displays median values (horizontal lines), interquartile 
ranges (boxes), and whiskers extending to the most extreme observations 

within 1.5 × the interquartile range (IQR). Open circles represent statistical 
outliers. 

 
At the phenotype level, seed width ranged from 5.2 mm in 

Camplong 2 DR and Ekateta MB to 7.2 mm in Oinlasi DR 
(Table 1), indicating moderate numerical variation despite the 
absence of significant differences. The substantial overlap 
among boxplots (Figure 3), together with the uniform Tukey's 
HSD grouping, supports a pattern of continuous variation 
rather than discrete population structure. 
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3.4 Seed thickness  
 

No statistically significant differences in seed thickness 
were detected among phenotypes or localities (Table 1 and 
Table 2). Nevertheless, descriptive numerical variation was 
observed. Mean seed thickness tended to be greater in Oinlasi 
and Sillu and lower in Camplong 2 and Ekateta (Table 2; 
Figure 4). These patterns, however, represent descriptive 
trends only and do not indicate statistically supported 
differentiation among localities. 

At the phenotype level, seed thickness ranged from 4.3 mm 
in Ekateta MX to 5.8 mm in Oinlasi DR (Table 1), indicating 
moderate numerical variation despite the absence of 
significant differences. Ekateta exhibited somewhat broader 
within-locality variation than Camplong 2 and Oinlasi, 
reflecting the presence of multiple phenotypes with 
contrasting seed characteristics. The substantial overlap 
among boxplots (Figure 4), together with the uniform Tukey's 
HSD grouping, supports a pattern of continuous variation 
rather than discrete population structuring. 
 

 
 

Figure 4. Variation in seed thickness (mm) among rice bean 
(V. umbellata) populations from Camplong 2, Ekateta, 

Oinlasi, and Sillu on Timor Island, Indonesia 
Notes: The boxplot displays median values (horizontal lines), interquartile 

ranges (boxes), and minimum–maximum values (whiskers); circles represent 
outliers. 

 
3.5 One hundred–seed weight 
 

No statistically significant differences in 100-seed weight 
were detected among phenotypes or localities (Table 1 and 
Table 2). Nevertheless, descriptive numerical variation was 
observed. Mean values tended to be higher in Camplong 2 and 
Sillu and lower in Oinlasi, with Ekateta showing intermediate 
values (Table 2). These patterns, however, represent 
descriptive trends only and do not indicate statistically 
supported differentiation among localities. 

At the phenotype level, 100-seed weight ranged from 8.080 
g in Oinlasi LB to 20.153 g in Ekateta MB (Table 1), indicating 
substantial numerical variation despite the absence of 
significant differences. The highest values were observed in 
several Ekateta phenotypes (MB, LB, and MX), whereas both 
Oinlasi phenotypes exhibited comparatively low seed weight. 
Despite these numerical differences, all phenotypes remained 
within the same Tukey’s HSD grouping, indicating extensive 

overlap among populations. 
 

3.6 Seed coat color diversity 
 
Clear qualitative variation in seed coat color was observed 

among rice bean phenotypes (Table 1 and Figure 5), although 
this trait was not subjected to statistical testing. Ekateta 
exhibited the highest diversity of seed coat colors, whereas 
Oinlasi and Sillu showed moderate variation, and Camplong 2 
was represented by a single-color type. These observations 
represent descriptive patterns of qualitative variation. The 
coexistence of multiple seed coat color classes within Ekateta 
indicates a broader range of phenotypic diversity than 
observed in the other localities. 
 

 
 

Figure 5. Representative rice bean (V. umbellata) seeds 
illustrating seed coat color variation among local populations 

from Timor Island, Indonesia 
 
3.7 Multivariate structure of seed traits 

 
PCA explained 96.95% of total variation, with PC1 

accounting for 84.68% and PC2 for 12.27%, indicating that 
most variation is captured along a single dominant axis (Figure 
6). 

PC1 was positively associated with seed length, width, and 
thickness, and negatively associated with 100-seed weight, 
representing a gradient contrasting seed dimensions with seed 
mass. The PCA biplot (Figure 6) shows dispersion of 
phenotypes along this axis without clear clustering by locality, 
indicating continuous variation in trait combinations. The 
Ekateta MB phenotype was positioned toward one end of PC1, 
reflecting its comparatively high 100-seed weight relative to 
its seed dimensions. No distinct clustering according to 
locality was evident, supporting the univariate results that 
indicated the absence of statistically supported differentiation 
among populations. 
 
3.8 Climatic context of morphometric variation 
 

All study sites exhibit a unimodal monsoonal climate, with 
rainfall concentrated in a short wet season followed by a 
prolonged dry period (Figure 7). Although differences in 
temperature and rainfall among locations were observed, the 
present study did not statistically test direct relationships 
between climatic variables and seed traits. Therefore, any 
associations should be interpreted cautiously as descriptive 
context rather than evidence of causal relationships. The 
climatic data are presented to provide environmental 
background for the sampled populations and to support future 
investigations of genotype–environment interactions. 
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Figure 6. Principal component analysis (PCA) biplot of rice bean seed morphometric traits based on mean values of eleven 
phenotypes collected from four localities on Timor Island, Indonesia 

Notes: The plot shows phenotypic distribution along the first two principal components (PC1 = 84.68% and PC2 = 12.27% of total variance), with arrows 
indicating trait loadings. 

 

 
 

Figure 7. Monthly climatology of temperature, relative humidity, and precipitation for Camplong 2, Ekateta, Oinlasi, and Sillu, 
Timor Island, Indonesia, based on climate data from 1980–2024 

Notes: Values are 1980–2024 monthly means (climatology). Temperature and relative humidity are shown as line graphs, while precipitation is presented as bars. 
 
 
4. DISCUSSION 

 
The absence of statistically significant differences among 

populations for all measured seed traits represents the central 
finding of this study and forms the basis for interpretation. 
Rather than indicating uniformity, this result reflects a pattern 

in which morphometric variation is widely distributed and 
substantially overlapping among populations. The lack of 
statistical separation suggests that the magnitude of within-
population variability exceeds that of between-population 
differentiation. Comparable patterns have been reported in 
Vigna species and other grain legumes, where morphometric 
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traits are often continuously distributed across farmer-
managed populations [9, 10, 23, 26]. 

This outcome shifts the analytical perspective away from 
explaining inter-population differences and toward 
understanding the structure of variation itself. In systems 
characterized by high internal variability, statistical 
comparisons among locations may fail to detect differences 
even when numerical contrasts are present, particularly when 
within-population variance exceeds between-population 
differentiation. Such conditions arise when trait distributions 
overlap extensively, resulting in continuous rather than 
discrete phenotypic structuring. In this context, the absence of 
statistical significance does not indicate a lack of variation, but 
rather reflects that variation is not partitioned along clear 
geographic boundaries [30, 31]. 

The observed pattern is consistent with the dynamics of 
traditional seed systems in dryland agriculture. In these 
systems, seeds are typically maintained as heterogeneous 
mixtures rather than as genetically uniform units. Recurrent 
processes of seed saving, exchange, and replanting contribute 
to the maintenance of broad phenotypic ranges within 
populations. These practices facilitate gene flow and reduce 
the likelihood of divergence into distinct groups. Conceptual 
frameworks in agrobiodiversity emphasize that such systems 
promote population-level variability and adaptive flexibility 
rather than fixed varietal identity [32, 33]. 

As a consequence, phenotypic diversity in these populations 
is more appropriately described as a continuum than as a set of 
discrete classes. Traits such as seed length, width, and 
thickness vary gradually across individuals and populations, 
without forming clear thresholds that separate groups. This 
continuous organization complicates attempts to categorize 
populations based on morphometric criteria alone and 
highlights the limitations of locality-based comparisons when 
underlying variation is shared across sites. Seed coat color 
variation, although not subjected to statistical analysis in this 
study, provides an additional qualitative dimension of 
diversity within rice bean populations. In grain legumes, seed 
coat color has been widely associated with underlying genetic 
variation and population structure, as demonstrated by recent 
genomic studies linking color polymorphism to genetic 
differentiation processes [34]. Moreover, variation in seed coat 
color may also have functional implications, as it has been 
reported to influence seed quality attributes, including 
physiological performance and storage-related properties [35]. 
The coexistence of multiple color types within the same 
localities observed in this study is therefore consistent with the 
broader pattern of continuous phenotypic variation maintained 
in farmer-managed systems, where both quantitative and 
qualitative traits are preserved as part of dynamic and 
heterogeneous seed populations. 

The observed continuous and overlapping morphometric 
variation may reflect multiple interacting ecological and 
management processes operating within farmer-managed 
populations rather than discrete differentiation among 
localities. In such systems, intermediate trait values may 
contribute to the maintenance of phenotypic diversity under 
variable environmental conditions. Previous studies have 
shown that legume seed development is highly sensitive to 
environmental constraints during the reproductive phase, 
particularly under water-limited conditions, which can 
influence assimilate partitioning and seed trait expression [14, 
17, 18]. Furthermore, the persistence of wide phenotypic 
ranges within populations suggests that selection pressures are 

not directional but fluctuate temporally and spatially, thereby 
maintaining diversity rather than driving uniformity. This 
dynamic is characteristic of traditional agroecosystems in 
which environmental unpredictability and farmer-mediated 
selection interact to preserve multiple adaptive strategies 
within the same population. Consequently, the lack of distinct 
morphometric clustering among populations may be 
consistent with the maintenance of diversity under variable 
environmental conditions, although the adaptive significance 
of this pattern remains to be verified. 

The multivariate analysis provides additional insight into 
the structure of this variation. The strong negative association 
between seed size (length, width, and thickness) and 100-seed 
weight indicates that these traits do not vary proportionally. 
Instead, seed mass appears to be partially independent of linear 
dimensions, suggesting that differences in internal 
composition contribute to observed variation. Similar 
decoupling between size and weight has been documented in 
grain legumes and is often linked to variation in assimilate 
allocation during seed filling [14, 15, 25].  

This relationship can be interpreted as a trade-off in 
resource allocation during reproductive development. 
Assimilates may be preferentially invested either in increasing 
seed volume through cell expansion or in enhancing storage 
density via the accumulation of reserves such as starch, 
proteins, and lipids. These alternative allocation pathways 
result in contrasting combinations of traits, where larger seeds 
are not necessarily heavier, and smaller seeds may exhibit 
relatively high mass. The observed pattern indicates that seed 
traits are governed by multiple interacting physiological and 
developmental processes rather than by a single scaling 
relationship [14, 15, 36].  

From an ecophysiological perspective, this trade-off may 
reflect contrasting strategies of assimilate partitioning during 
seed filling. Greater investment in structural expansion can 
increase seed dimensions without a proportional increase in 
mass, whereas greater allocation to reserve accumulation may 
result in denser seeds despite relatively moderate size. Such 
variation may influence seed performance under contrasting 
environmental conditions, although direct evaluation of seed 
composition, reserve content, and germination performance 
would be required to verify these functional implications. 

The coexistence of these contrasting morphometric 
configurations within the same populations suggests that no 
single trait combination is consistently favored. Instead, 
variability in size–mass relationships may reflect multiple 
viable outcomes of seed development under varying 
environmental conditions. This interpretation aligns with the 
view that phenotypic diversity in traditional cropping systems 
is maintained through flexible responses rather than fixed 
optimization [32, 33]. Such diversity may enhance population-
level resilience by allowing different trait combinations to 
perform under fluctuating environmental constraints. 
However, direct physiological measurements would be 
required to confirm the specific mechanisms underlying this 
pattern. 

Within the Ekateta population, the MB phenotype exhibited 
a distinctive combination of morphometric traits characterized 
by relatively shorter and narrower seeds together with 
comparatively high 100-seed weight. Although this phenotype 
occupied a unique position in the PCA ordination, its 
measurements remained within the overall range observed 
across the study populations. This result illustrates that 
alternative combinations of seed dimensions and seed mass 
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can coexist within the same locality, contributing to the 
continuous pattern of variation observed among rice bean 
landraces. 

The occurrence of such phenotypes highlights the 
complexity of morphometric variation in farmer-managed 
populations. Rather than forming discrete categories, seed 
traits appear to be expressed through multiple combinations of 
dimensions and weight that overlap across populations. This 
finding reinforces the interpretation that variation is structured 
primarily within populations and supports the broader pattern 
of continuous phenotypic diversity revealed by both univariate 
and multivariate analyses. 

An additional consideration in interpreting the results is the 
distinction between phenotypic expression and underlying 
genetic structure. The present analysis is based on 
morphological traits, which reflect the combined effects of 
genetic factors, environmental conditions, and their 
interaction. Without molecular or genomic data, it is not 
possible to determine the extent to which observed variation 
corresponds to genetic differentiation. In legumes, seed traits 
are known to exhibit both genetic control and environmental 
responsiveness, particularly during reproductive development 
[17, 18]. 

Consequently, the continuous variation documented in this 
study may represent a composite of genetic diversity and 
phenotypic plasticity. This limitation does not diminish the 
relevance of the findings, but it does constrain interpretation 
regarding the origin of variation. Integrating morphometric 
analysis with molecular characterization and environmental 
data would provide a more comprehensive understanding of 
the processes shaping trait variation in rice bean populations. 

Descriptive trends in the data suggest that certain localities 
tend to be associated with larger or smaller seed dimensions. 
However, these patterns were not supported by statistical tests 
and therefore should not be interpreted as evidence of 
environmental determination. Although previous studies have 
shown that temperature and moisture conditions can influence 
seed development in legumes [37, 38], the present study does 
not provide direct evidence linking specific environmental 
variables to morphometric traits. Any apparent associations 
should therefore be regarded as tentative and subject to further 
investigation. 

Farmer management remains a central factor in shaping the 
observed variation. In dryland agroecosystems, maintaining 
heterogeneous seed stocks is a common strategy to buffer 
against environmental uncertainty. This practice supports the 
persistence of diverse phenotypes within populations and 
contributes to the continuous structure of variation observed in 
this study. Such systems are recognized as important 
reservoirs of agrobiodiversity, where diversity is maintained 
through ongoing selection and adaptation processes [6, 32, 
33]. The morphometric patterns documented here are therefore 
consistent with a model of dynamic, farmer-mediated diversity 
rather than discrete population differentiation. 

Comparative evidence from other regions further supports 
the interpretation of rice bean as a highly variable and 
adaptable legume maintained within farmer-managed systems. 
Studies in Northeast India have similarly documented 
substantial phenotypic diversity in rice bean populations, 
highlighting the role of traditional cultivation practices in 
maintaining variation across heterogeneous environments 
[39]. In dryland agricultural contexts such as Timor Island, the 
persistence of such diversity is particularly relevant for 
sustaining crop performance under increasing climatic 

variability. Adaptive management strategies, including 
improved water management and resource-use efficiency, 
have been identified as critical for enhancing productivity and 
resilience in semi-arid systems [4]. Within this broader 
context, the continuous phenotypic variation observed in this 
study may represent an important foundation for future efforts 
aimed at optimizing rice bean cultivation under dryland 
conditions. 

 
 

5. CONCLUSION  
 
This study demonstrates that seed morphometric variation 

in rice bean populations from Timor Island is structured as 
continuous phenotypic variation rather than discrete 
differentiation among localities. Both univariate and 
multivariate analyses consistently showed no statistically 
significant differences among populations, despite observable 
numerical variation across traits. 

PCA revealed a dominant axis of variation reflecting a 
trade-off between seed dimensions (length, width, and 
thickness) and 100-seed weight, indicating that seed size and 
seed mass are not proportionally related. This pattern suggests 
variability in seed size–density relationships maintained 
within farmer-managed populations. 

However, several limitations should be acknowledged. The 
sample size was relatively limited and uneven across localities, 
which may affect the representation of population-level 
variability. In addition, no genetic or molecular analyses were 
conducted; therefore, the relative contributions of genetic 
factors, environmental influences, and genotype-by-
environment interactions cannot be determined. Furthermore, 
the observed associations between seed traits and 
environmental conditions are based on descriptive patterns 
only, as no statistical analyses were performed to test these 
relationships. 

Within these constraints, the findings highlight the presence 
of substantial within-population variation maintained in 
traditional rice bean systems. This study provides a valuable 
morphometric baseline for future research integrating 
phenotypic, genetic, and environmental data to disentangle the 
drivers of variation and support evidence-based conservation 
and utilization of rice bean as a resilient genetic resource for 
dryland agriculture. 
 
 
ACKNOWLEDGEMENTS 

 
This research was funded by the Hibah Penelitian Guru 

Besar of Universitas Nusa Cendana under the Competitive 
Research Scheme for the 2025 fiscal year, as stipulated in the 
Research Assignment Agreement No. 465/UN15.22/PL/2025. 

 
 

AUTHOR CONTRIBUTIONS 
 

Conceptualization: AVS and IWM; Methodology: AVS, 
MVH, PSN, and EYH; Field investigation and data collection: 
AEN, YRK, MJK, JAL, RP, and WB; Formal analysis and 
Visualization: AVS and NRK; Writing original draft 
preparation: AVS; Review and editing: AVS, IWM, NRK, and 
EYH; Funding acquisition: AVS. All authors have read and 
agreed to the published version of the manuscript. 

 

1588



 

REFERENCES  
 
[1] Basuki, T., Hau, D.K., Nulik, J., Hosang, E.Y., deRosari, 

B., Ngongo, Y. (2022). The existence of farming types in 
dryland agriculture in Timor, Indonesia. In 9th 
International Seminar on Tropical Animal Production 
(ISTAP 2021), pp. 301-307. 
https://doi.org/10.2991/absr.k.220207.063 

[2] Sabuna, F.H., Hidayati, R., Santikayasa, I.P., Taufik, M. 
(2022). Drought events in western part of Timor Island 
Indonesia. Agromet, 36(1): 11. 
https://doi.org/10.29244/j.agromet.36.1.11-20 

[3] Balde, B.S., Setiawati, M.D., Nampa, I.W., Esham, M. 
(2022). Impacts of climate variability on food security 
dimensions in Indonesia: Reference from the Nusa 
Tenggara Timur Province. Sustainable Agriculture 
Systems and Technologies, 81-116. 
https://doi.org/10.1002/9781119808565.ch6 

[4] Rejekiningrum, P., Apriyana, Y., Sutardi, et al. (2022). 
Optimising water management in drylands to increase 
crop productivity and anticipate climate change in 
Indonesia. Sustainability, 14(18): 11672. 
https://doi.org/10.3390/su141811672 

[5] Borelli, T., Keim, A., Sujarwo, W., et al. (2024). 
Invisible treasures: Assessing Indonesia’s unique 
agrobiodiversity for food and nutrition security. 
Sustainability, 16(22): 9824. 
https://doi.org/10.3390/su16229824 

[6] Dempewolf, H., Krishnan, S., Guarino, L. (2023). Our 
shared global responsibility: Safeguarding crop diversity 
for future generations. Proceedings of the National 
Academy of Sciences, 120(14): e2205768119. 
https://doi.org/10.1073/pnas.2205768119 

[7] Katoch, R., Sanadya, S.K., Pathania, K., Chaudhary, 
H.K. (2023). Nutritional and nutraceutical potential of 
rice bean (Vigna umbellata)—A legume with hidden 
potential. Frontiers in Nutrition, 10: 1126544. 
https://doi.org/10.3389/fnut.2023.1126544 

[8] Kaul, T., Bharti, J., Verma, R., et al. (2023). Rice bean: 
A neglected and underutilized food crop emerges as a 
repertory of micronutrients essential for sustainable food 
and nutritional security. In Compendium of Crop 
Genome Designing for Nutraceuticals, pp. 791-806. 
https://doi.org/10.1007/978-981-19-4169-6_32  

[9] Gayacharan, Parida, S.K., Singh, A.K., Chattopadhyay, 
D., Joshi, D.C., Katna, G. (2024). Rice Bean (Vigna 
umbellata (Thunb.) Ohwi & Ohashi). In Potential Pulses: 
Genetic and Genomic Resources, pp. 100-115. 
https://doi.org/10.1079/9781800624658.0006 

[10] Pattanayak, A., Roy, S., Sood, S., et al. (2019). Rice 
bean: A lesser known pulse with well-recognized 
potential. Planta, 250(3): 873-890. 
https://doi.org/10.1007/s00425-019-03196-1 

[11] Yudiastuti, S.O.N., Ramadhan, F.H., Cahyana, P.T., 
Handayani, W. (2025). The utilization of rice and red 
bean as indigenous food source in emergency food 
products. Natural Resources for Human Health, 5(1): 
171-180. https://doi.org/10.53365/nrfhh/193924 

[12] Ahmed, S., Jamil, S. (2024). Rice bean (Vigna 
umbellata) the forgotten gold: Unraveling the 
commercial, nutritional and medicinal value. Journal of 
Pharmacognosy and Phytochemistry, 13(3): 34-36. 
https://doi.org/10.22271/phyto.2024.v13.i3a.14941 

[13] Ngongo, Y., Kotta, N., Matitaputty, P.R. (2021). 

Strengthening archipelago food security and food 
sovereignty in ENT–Indonesia. IOP Conference Series: 
Earth and Environmental Science, 803(1): 012032. 
https://doi.org/10.1088/1755-1315/803/1/012032 

[14] Sehgal, A., Sita, K., Siddique, K.H., et al. (2018). 
Drought or/and heat-stress effects on seed filling in food 
crops: Impacts on functional biochemistry, seed yields, 
and nutritional quality. Frontiers in Plant Science, 9: 
1705. https://doi.org/10.3389/fpls.2018.01705 

[15] Wang, X., Sun, J., Yi, Z., Dong, S. (2025). Effects of seed 
size on soybean performance: Germination, growth, 
stress resistance, photosynthesis, and yield. BMC Plant 
Biology, 25(1): 219. https://doi.org/10.1186/s12870-
025-06224-3 

[16] Sita, K., Sehgal, A., HanumanthaRao, B., et al. (2017). 
Food legumes and rising temperatures: Effects, adaptive 
functional mechanisms specific to reproductive growth 
stage and strategies to improve heat tolerance. Frontiers 
in Plant Science, 8: 1658. 
https://doi.org/10.3389/fpls.2017.01658 

[17] Nadeem, M., Li, J., Yahya, M., et al. (2019). Research 
progress and perspective on drought stress in legumes: A 
review. International Journal of Molecular Sciences, 
20(10): 2541. https://doi.org/10.3390/ijms20102541 

[18] Khatun, M., Sarkar, S., Era, F.M., et al. (2021). Drought 
stress in grain legumes: Effects, tolerance mechanisms 
and management. Agronomy, 11(12): 2374. 
https://doi.org/10.3390/agronomy11122374 

[19] Islam, A.K.M.A. (2021). Drought stress in grain legumes. 
Encyclopedia. https://encyclopedia.pub/entry/16522. 

[20] Jalal, A., Rauf, K., Iqbal, B., et al. (2023). Engineering 
legumes for drought stress tolerance: Constraints, 
accomplishments, and future prospects. South African 
Journal of Botany, 159: 482-491. 
https://doi.org/10.1016/j.sajb.2023.06.028 

[21] Petrushin, I.S., Vasilev, I.A., Markova, Y.A. (2023). 
Drought tolerance of legumes: Physiology and the role of 
the microbiome. Current Issues in Molecular Biology, 
45(8): 6311-6324. 
https://doi.org/10.3390/cimb45080398 

[22] Furlan, A.L., Gonzalez, E.M., Roy Choudhury, S., 
Signorelli, S. (2022). Drought stress in legumes. 
Frontiers in Plant Science, 13: 1026157. 
https://doi.org/10.3389/fpls.2022.1026157 

[23] Bhardwaj, N., Thakur, S. (2017). Genetic analysis of 
variation for yield and related traits in the Ricebean 
Germplasm (Vigna umbellata (Thunb.) Ohwi and 
Ohashi) of NW Himalayas. International Journal of 
Current Microbiology and Applied Science, 6(11): 125-
131. https://doi.org/10.20546/ijcmas.2017.611.016 

[24] Thakur, S., Bhardwaj, N. (2017). Correlation and path 
analysis of yield and its components plant traits in 
Ricebean [Vigna umbellata (Thunb.) Ohwi and Ohashi]. 
International Journal of Current Microbiology and 
Applied Sciences, 6: 3272-3278. 
https://doi.org/10.20546/ijcmas.2017.612.380 

[25] Philanim, W.S., Kumar, A., Shittegar, N., Sankar, S.M., 
Bharadwaj, C., Ngangkham, U., Bhattacharjee, B. 
(2022). Stability analysis of yield and yield related traits 
in Ricebean [Vigna umbellata (Thunb.) Ohwi and 
Ohashi]. Indian Journal of Genetics and Plant Breeding 
(The), 82(2): 208-216. 
https://doi.org/10.31742/IJGPB.82.2.10 

[26] Pattanayak, A., Iangrai, B., Khongwir, D.E.A., Gatphoh, 

1589



 

E.M., Das, A., Chrungoo, N.K. (2018). Diversity 
analysis of rice bean (Vigna umbellata (Thunb.) Ohwi 
and Ohashi) collections from North Eastern India using 
morpho-agronomic traits. Scientia Horticulturae, 242: 
170-180. https://doi.org/10.1016/j.scienta.2018.08.003 

[27] Mau, Y.S., Oematan, S.S., Arsa, I.A., Ndiwa, A.S., Bere, 
A.C. (2025). Genetic diversity of local cowpea (Vigna 
unguiculata) germplasms of East Nusa Tenggara 
Province, Indonesia revealed by seed characteristics. 
Biodiversitas: Journal of Biological Diversity, 26(3): 
1279-1288. https://doi.org/10.13057/biodiv/d260327 

[28] Ngongo, Y., Basuki, T., Derosari, B., et al. (2022). Local 
wisdom of West Timorese farmers in land management. 
Sustainability, 14(10): 6023. 
https://doi.org/10.3390/su14106023 

[29] Simamora, A.V., Mukkun, L., Hahuly, M.V., et al. 
(2026). Morphometric diversity of wild poisonous arbila 
(Phaseolus lunatus) germplasm from Timor and Sumba 
Islands, Indonesia. Biodiversitas, 27(5). 
https://doi.org/10.13057/biodiv/d270511 

[30] Brown, A.H.D. (1978). Isozymes, plant population 
genetic structure and genetic conservation. Theoretical 
and Applied Genetics, 52(4): 145-157. 
https://doi.org/10.1007/BF00282571 

[31] Ceccarelli, S. (2015). Efficiency of plant breeding. Crop 
Science, 55(1): 87-97. 
https://doi.org/10.2135/cropsci2014.02.0158 

[32] Zimmerer, K.S., de Haan, S., Jones, A.D., et al. (2019). 
The biodiversity of food and agriculture 
(Agrobiodiversity) in the Anthropocene: Research 
advances and conceptual framework. Anthropocene, 25: 

100192. https://doi.org/10.1016/j.ancene.2019.100192 
[33] Ceccarelli, S., Grando, S. (2020). Evolutionary plant 

breeding as a response to the complexity of climate 
change. Iscience, 23(12): 101815. 
https://doi.org/10.1016/j.isci.2020.101815 

[34] Plestenjak, E., Neji, M., Sinkovič, L., Meglič, V., Pipan, 
B. (2025). Genomic insights into genetic diversity and 
seed coat color change in common bean composite 
populations. Frontiers in Plant Science, 15: 1523745. 
https://doi.org/10.3389/fpls.2024.1523745 

[35] Sujatha, K., Sindhu, S., Keerthana, D., Arun, K.P., 
Elamparithi, R. (2025). Seed coat colour variation and its 
impact on seed quality parameters of horsegram var. 
Paiyur 2. Agricultural Science Digest, 45(3): 457-459. 
https://doi.org/10.18805/ag.D-5451 

[36] Fenner, M., Thompson, K. (2005). The Ecology of 
Seeds. Cambridge University Press. 
https://doi.org/10.1017/CBO9780511614101 

[37] Hatfield, J.L., Prueger, J.H. (2015). Temperature 
extremes: Effect on plant growth and development. 
Weather and Climate Extremes, 10: 4-10. 
https://doi.org/10.1016/j.wace.2015.08.001 

[38] Farooq, M., Gogoi, N., Barthakur, S., Baroowa, B., 
Bharadwaj, N., Alghamdi, S.S., Siddique, K.H. (2017). 
Drought stress in grain legumes during reproduction and 
grain filling. Journal of Agronomy and Crop Science, 
203(2): 81-102. https://doi.org/10.1111/jac.12169 

[39] Philanim, W.S., Hage, S., Kumar, A., et al. (2020). 
Ricebean diversity in North Eastern India. Food and 
Scientific Reports, 1(10): 77-79. 

 

1590


	1. Introduction



