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Abstract
Liberoid coffee (Coffea liberica), a type of coffee cultivated in certain regions in Indonesia. West Java is one 
of the Indonesian provinces that cultivates liberoid coffee, include Liberica and Excelsa, with limited diversity 
records. This study aimed to assess the current status of Liberoid coffee in West Java, Indonesia, estimate the 
morphological diversity, identify the best accession based on morphological traits. An exploratory method 
was conducted from July to November 2025 to observing Liberoid plantation in Sukabumi, Sumedang, and 
Kuningan, West Java. Seventy-four accessions were were analyzed using the variance for quantitative characters, 
correlation, Principal Component Analysis (PCA), cluster analysis, and the multitrait genotype-ideotype distance 
index (MGIDI). Agronomic practices in each location gave various information such as plant source, field status, 
and plant maintenance. The variance demonstrated a narrow variance among quantitative characters. The 
generative morphological traits showed significant correlations with field altitude. The PCA results show seven 
main components with eigenvalues greater than 1 explained a total variation of 71.216% and Biplot graph from 
PC1 and PC2 can distinguish across two types of liberoids in various fields. The cluster analysis also explained 
the distribution patterns of each accession and revealed three distinct groups. The MGIDI index resulted in 11 
selected accessions from all observed accessions. These findings could potentially be used as basic for gerplasm 
conservation of Liberoid coffee, especially in West Java, Indonesia.

Keywords  Coffea liberica, Diversity, Exploration, Germplasm, Multivariate analysis, Morphological differences

Exploration and morphological variation 
of liberoid coffee (Coffea liberica) germplasm 
as a basis for genetic resource conservation
Abdillah Azzam Wahyudin1 , Yudithia Maxiselly2* , Intan Ratna Dewi Anjarsari2 , Citra Bakti2 , Yani Maharani3 , 
Dwi Novanda Sari4 , Zar Ni Zaw5  and Haris Maulana6

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12870-026-08637-0
http://orcid.org/0009-0009-7951-5106
http://orcid.org/0000-0002-7402-6727
http://orcid.org/0000-0003-3935-1249
http://orcid.org/0000-0001-9011-2679
http://orcid.org/0000-0002-0748-0647
http://orcid.org/0000-0002-9539-8423
http://orcid.org/0000-0003-1999-9144
http://orcid.org/0000-0002-0446-6786
http://crossmark.crossref.org/dialog/?doi=10.1186/s12870-026-08637-0&domain=pdf&date_stamp=2026-4-9


Page 2 of 14Wahyudin et al. BMC Plant Biology          (2026) 26:845 

Introduction
There are several species of the genus Coffea found 
worldwide. Only Arabica coffee (Coffea arabica L.) and 
Robusta coffee (Coffea canephora Pierre ex A. Froehner) 
play a significant commercial role in the worldwide coffee 
industry. Liberoid coffee (Coffea liberica Bull. Ex Hiern) 
contributes to 2% of the world’s total coffee production, 
whereas other species fail to contribute significantly 
to production and are poorly known [1, 2]. Indonesia 
is remarked as one of the producers of Liberoid coffee, 
which is cultivated across Sumatra, Kalimantan, and Java 
Islands [3]. Historically, numerous variants of liberoid 
coffee have been extensively examined in Indonesia [4]. 
Nevertheless, insufficient documentation hampers the 
current detection of Liberoid coffee spread in Indonesia.

There are two common variants of Liberica coffee 
in West Java, namely Liberica (C. liberica var. liberica) 
and excelsa (C. Liberica var. dewevrei). Liberoid cof-
fee has distinct varieties with various morphologies [5]. 
In general, seed size morphology may be used to distin-
guish between these two variants [6, 7]. The grouping of 
liberoid coffee beans is often mixed with other coffee spe-
cies in the Communities [8, 9]. Both liberica and excelsa 
types are cultivated mostly in smallholder communities 
with limited production, and farmers tend to maintain 
the older liberoid coffees. Previous long-term intro-
duction of liberoid coffee has led to adaptability across 
various regions in a variety of environments, including 
peatlands and lowlands, and is resistant to pests and dis-
eases [10, 11].

The observation of potential coffee germplasm can be 
ulitilzed by exploratory program. Exploration is a way 
to get plant material by looking at it directly in the field 
location [12, 13]. Several exploratory research of coffee 
species has been recorded in Indonesia. Mukhoyyaroh 
et al. has been investigated leaf characters and number 
of flower liberica coffee from several agroforestry plan-
tations in Kalipuro, East Java [5, 14]. Wafaretta et al. 
investigated leaf and tree architecturee of liberica coffee 
in Poncokusumo, East Java [12]. Exploratory coffee spe-
cies in Manglayang highland, Sumedang, West Java had 
obtained one liberica variety, such as LIM 2, and nine 
arabica varieties [15]. Through phenotypic variance, 
morphological characters of liberica separated from ara-
bica groups. Morphological identification from previous 
investigations remains restricted to some plant organs, 
thus a comprehensive examination of overall morphology 
to classify liberoid coffee in West Java is required to pro-
vide a foundation for future research.

Phenotypic variation can be demonstrated through 
descriptive statistics and multivariate analysis. Descrip-
tive statistics present data in general terms, including 
minimum, maximum, standard deviation, and variance. 
These data describe the distribution of morphological 

traits and allow inference about the magnitude of pheno-
typic variation [15, 16]. Multivariate analysis approaches 
such as Principal Component Analysis (PCA) and Clus-
ter Analysis can project the morphological diversity and 
distribution patterns from various locations [13, 17]. 
Meanwhile, the multitrait genotype-ideotype distance 
index (MGIDI) analysis can identify the best accessions 
based on observed morphological characters [18–20]. As 
a result, this research aims to assess the current status, 
clarify morphological characters, estimate morphological 
diversity, and identify the best Liberoid coffee accession 
in West Java using various multivariate analyses.

Materials and methods
Study area
The research used the exploratory method with pur-
posive sampling. The method consisting of 2 stages of 
activity, including exploration or field survey and iden-
tification of morphological characters [21]. The research 
was conducted from July to November 2025 at several 
locations in West Java, Indonesia, such as Sukabumi, 
Sumedang, and Kuningan. Accessions from each location 
are generally classified into two groups, namely in-situ 
liberoid coffee fields and collection fields. The coordinate 
map of various observation locations is shown in Fig. 1.

Materials
The research material is liberoid coffee accessions 
explored from various observation locations. The tools 
used included a Global Positioning System (GPS), a mea-
suring tape, meters, and a vernier caliper with an accu-
racy of 0.02  mm. A questionnaire was used to collect 
information on agronomic practices from Liberoid coffee 
plantation maintainers/farmers.

Procedure
The field survey stage consists of several activities, there 
are geographical and agronomic data. The geographical 
data collected including longitude and latitude, which 
are visualized in Fig. 1 and altitude of origin field. Mean-
while, the agronomic data was obtained through inter-
views using questionnaires with the information in the 
form of plant sources, field status, and plant mainte-
nance. The data on the specifics of liberoid coffee planta-
tions in each district were collected from farmers or field 
maintainers, who served as key informants. This selec-
tion was supported by direct field observations in West 
Java, Indonesia.

Purposive sampling targeted accessions with the sam-
ple criteria were healthy coffee plants in the productive 
stage. The sample size per field location is 10 plants. 
However, several locations had a limited number of 
Liberoid trees that met the required criteria during our 
observation period. Therefore, we considered observing 
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all plants that met the standards in a limited population 
in certain locations. The number Total 74 selected acces-
sions were labeled with specific codes. The alphabet-
ized codes describe the location of the coffee plantations 
observed, for example, Jampang and Mekarbakti, abbre-
viated as JMP and MB, respectively. After the accession 
origin code, the numbering indicates the accession num-
ber observed at each location. Following up to labeling, 
the stage of morphological character identification can 
start.

A total of 24 morphological characters of coffee were 
observed based on the International Plant Genetic 
Resources Institute (IPGRI) reference and technical 
observations of coffee bean size, as referred to by the 
International Union for the Protection of New Varieties 
of Plants (UPOV) [22, 23]. Qualitative characters consist-
ing of 13 characters, quantitative characters for leaf, fruit, 
and seed consisting of 7 characters, and flower charac-
teristics consisting of 4 characters were observed if they 
were found during the same observation period. A score 
of zero (0) was used when there were no flower morpho-
logical characters at the observation location. Table 1 
explains the procedure for each character.

  

Data analysis
The observation data were analyzed using descriptive 
statistics, heatmap correlation matrix, principal compo-
nent analysis (PCA), cluster analysis, and the multitrait 

genotype-ideotype distance index (MGIDI). The pre-
sented descriptive statistics include values for minimum 
(Min), maximum (Max), standard deviation (SD), and 
variance (σ2). Phenotypic variance was used as a measure 
of trait variability, with two-digit numbers multiplied by 
the root of the standard deviation of each phenotypic 
trait. The criteria σ2 ≥ 2 × SD σ2 indicates state-wide vari-
ability, whereas a negative value indicates narrow vari-
ability [15, 24].

The heatmap correlation matrix were used to assess 
the relationships between morphological characters and 
their relationship to altitude. Correlation were calculated 
using the Pearson and Spearman correlation coefficients 
and the criteria for the correlation coefficient as stated in 
Table 2 [25]. The correlation matrix and its visualization 
were analyzed using R V4.5.2 with the ggcorrplot pack-
age [26].

Principal Component Analysis (PCA) and cluster 
analysis were employed to examine the distribution pat-
terns of accessions. PCA type was performed based on 
the Pearson correlation matrix. The PCA data results 
showed the eigenvalues, variations, and factor loadings. 
Meanwhile, cluster analysis was performed using the 
Ward’s method and Euclidean distance to find proximity 
based on dissimilarity values. The datas were processed 
using Microsoft excel with add-ins XLSTAT 2014 and the 
visualization of Biplot PCA using R V4.5.2 with multiple 
packages, such as Factoextra, ggplot2, and ggrepel.

Fig. 1  Map of exploration field in West Java. Note: LB = Liberica Balittri, Sukabumi; EB = Excelsa Balittri, Sukabumi; JMP = Jampang, Sukabumi; SP = Su-
kawangi, Pamulihan, Sumedang; JS = Jatinangor, Sumedang; TS = Tanjungsari, Sumedang; SS = Sukabakti, Sukasari, Sumedang; CDK = Cipasung, Darma, 
Kuningan; MB = Mekarbakti, Sumedang
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The average and range of variation of 10 quantita-
tive characters were calculated for each clusters from 
the cluster analysis. Then, Multivariate Analysis of Vari-
ance (MANOVA) was employed to assess significant dif-
ferences among the clusters. Wilks’ lambda and Pillai’s 
trace were computed with this approach with confidence 
interval for this test was set at 95%. A number of separate 
one-way analyses of variance (ANOVAs) were employed 
to examine the variation among groups for each charac-
teristic. Tukey’s test was used to compare the means of 
quantitative attributes, with a significance level of α = 
0.05 [27]. These analysis was performed using the soft-
ware IBM SPSS Statistic version 27.

The MGIDI data displayed include selection differ-
entials for each factor analysis, ranking 15% of total 

accessions, and strengths and weaknesses. A selection 
rate of around 15% is taken into account when using 
MGIDI as a selection process and calculating the MGIDI 
ratio for the i-th accession demonstrates the strengths 
and weaknesses of each accession [28]. The MGIDI anal-
ysis was processed using R Language V 4.5.2 with the 
metan package [29].

Results
Current status of liberoid coffee cultivation in West Java
The Liberoid coffee investigation in this study obtained 
74 accessions dispersed throughout three areas in West 
Java, Indonesia (Table  3). Sukabumi, Sumedang, and 
Kuningan were the sources of these accessions. Suka-
bumi had 20 accessions, 18 of which were Liberica and 2 
were Excelsa. Furthermore, Sumedang Regency provided 
41 excelsa and 3 liberica coffee accessions. Additionally, 
10 Kuningan coffee accessions were of the excelsa type. 
Cultivation techniques vary by location; some fields are 
maintained regularly, while others are maintained irregu-
larly. Detailed information regarding cultivation tech-
niques at each location is presented in Table 3.

Table 1  Observation parameters
Characters Procedure
Habit of plant (HoP) (1) Bush, (2) Shrub, (3) Tree

Overall appearance (OA) (1) Elongated conical, (2) Pyramidal, (3) Bushy

Branching habit (BH) (1) fewer primary branches, (2) Many primary branches with few secondary branches, (3) 
Many primary branches with many secondary branches, (4) Many primary branches with 
many secondary and tertiary branches

Angle of insertion of primary branches (AB) (1) Drooping, (2) Horizontal, (3) Semi-erect

Stipule form (SF) (1) Roundish, (2) Ovate, (3) Triangular, (4) Deltate, (5) Trapeziform, (6) Other

Young leaf colour (YLC) (1) Greenish, (2) Green, (3) Brownish, (4) Redish brown. (5) Bronze, (6) Other

Leaf shape (LS) (1) Obovate, (2) Ovate, (3) Elips, (4) Lanceolate, (5) Other

Leaf apex shape (LAS) (1) Round, (2) Obtuse, (3) Acute (< 90°), (4) Acuminate, (5) Apiculate, (6) Spatulate, (7) Other

Leaf petiole colour (LPC) (1) Green, (2) Dark Brown, (3) Other

Young shoot colour (YSC) (1) Green, (2) Dark brown, (3) Other

Fruit colour (FC) (1) Yellow, (2) Yellow-orange, (3) Orange, (4) Orange-red, (5) Red, (6) Red-Purple, (7) Purple, 
(8) Purple-violet, (9) Violet, (10) Black, (11) Other

Fruit shape (FS) (1) Roundish, (2) Obovate, (3) Ovate, (4) Elips, (5) Oblong, (6) Other

Seed shape (SoS) (1) Roundish, (2) Obovate, (3) Ovate, (4) Elips, (5) Oblong, (6) Other

Leaf length (LL) Average of 5 mature leaves at longest part (SI unit: mm)

Leaf width (LW) Average of 5 mature leaves measured at widest part (SI unit: mm)

Fruit length (FL) Average of 5 mature fruits measured at the largest part (SI unit: mm)

Fruit width (FW) Average of 5 mature fruits measured at the widest part (SI unit: mm)

Seed length (SL) Average of 5 mature seeds (SI unit: mm)

Seed width (SW) Average of 5 mature seeds (SI unit: mm)

Seed thickness (ST) Average of 5 mature seeds (SI unit: mm)

Inflorescence on old wood (IO) (0) Absent, (1) Present

Number of flowers per axil (NF) Average of 10 axil, if there is no blooming flower part then null (0)

Number of petals (NP) Average 10 flowers, if there is no blooming flower part then null (0)

Number of stamens (NS) Average 10 flowers, if there is no blooming flower part then null (0)
Source: IPGRI and UPOV [22, 23]

Table 2  Criteria of correlation coefficient values
Range Level of Correlation
Positive sign Negative sign
0.80 to 1.00 -0.80 to -1.00 Very strong

0.60 to 0.79 -0.60 to -0.79 Strong

0.40 to 0.59 -0.40 to -0.59 Moderate

0.20 to 0.39 -0.20 to -0.39 Weak

0.00 to 0.19 -0.00 to -0.19 Very weak
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Descriptive statistic
Variability is a fundamental tool for measuring the com-
position of accession populations. Table  4 presents the 
phenotypic variance for all accessions across morpho-
logical characters. The data demonstrate all quantitative 
characters have a narrow variation (σ2 ≤ 2 × SD σ2).

Correlation altitude and the morphological characters of 
liberoid coffee
This study found that liberoid coffee in West Java, grown 
at diverse altitudes, exhibits numerous morphological 

variations. Figure 2 shows the correlation matrix of alti-
tudes and their morphological characteristics using pear-
son and spearman correlations. The Pearson Correlation 
analysis results indicate that most morphological traits 
have a weak to moderate relationship with altitude, with 
some negative correlations for reproductive variables 
such as flower, petal, and stamen number. On the other 
hand, vegetative and fruit size traits tend to show more 
variable correlations, but not all are significant or strong. 
This pattern indicates that the relationship between alti-
tude and morphology is not entirely linear and may be 

Table 3  Distribution of 74 accessions
Accessions Li-

beroid 
type

Origin of Accession (Altitude) Agronomic Practice

LB1 to LB10 Liberica The collection of Industrial and Beverage 
Crop Research Institute, Sukabumi (490 
masl)

Clonal material from Liberoid meranti clone series (LIM 1 and LIM 2), collection 
field with plant maintenance regularly such as fertilization and pest & disease 
control

LB11 Liberica The collection of Industrial and Beverage 
Crop Research Institute, Sukabumi (479 
masl)

Liberica collection code: Liberika S19, collection field with plant maintenance 
regularly such as fertilization and pest & disease control

EB1 & EB2 Excelsa The collection of Industrial and Beverage 
Crop Research Institute, Sukabumi (480 
masl)

Collection field with plant maintenance regularly such as pruning, fertilization, 
and pest & disease control

JMP1 to 
JMP7

Liberica Jampang District, Sukabumi (136 masl) Farmer-maintained population, old coffee field without pruning. Weeding 
iregularly

JS1 Liberica Jatinangor District, Sumedang (790 masl) Clonal material, collection field with plant maintenance regularly such as prun-
ing, fertilization, and pest & disease control

JS2 & JS3 Liberica Jatinangor District, Sumedang (790 masl) Collection field (Collected from Kalimantan), maintenance without pruning 
and weeding regularly

SP1 to SP20 Excelsa Two different fields (10 accessions per 
field), Sukawangi Village, Pamulihan District, 
Sumedang (950 masl)

Farmer-maintained population, old coffee field near residential area without 
pruning. Plant maintenance regularly such as fertilization and plant & diseases 
control.

TS1 to TS7 Excelsa Gunungmanik, Tanjungsari District, Sumed-
ang (870 masl)

Farmer-maintained population, old coffee field with plant maintenance such 
as pruning and weeding.

SS1 to SS10 Excelsa Sukabakti Village, Sukasari District, Sumed-
ang (900 masl)

Farmer-maintained population from bare-root seedling, coffee field near 
residential area with fertilization regularly.

CDK1 to 
CDK10

Excelsa Cipasung Village, Darma District, Kuningan 
(760 masl)

Farmer-maintained population, coffee field near residential area with plant 
maintenance regularly such as pruning, fertilization, and pest & disease control.

MB1 to MB4 Excelsa Mekarbakti Village, Pamulihan District, 
Sumedang (900 masl)

Farmer-maintained population, old coffee field near residential area without 
pruning and weeding iregularly. Excelsa coffee as shading plants.

Abbreviation: LB Liberica Balittri, EB Excelsa Balittri, JMP Jampang, SP Sukawangi, Pamulihan, JS Jatinangor, Sumedang, TS Tanjungsari, Sumedang, SS Sukabakti, 
Sukasari, CDK Cipasung, Darma, Kuningan, MB Mekarbakti, Masl  meters above sea level

Table 4  Descriptive statistics and variance of quantitative characters
Traits Min Mean Max SD σ2 2 × SD Note
Leaf length 100 249.90 350 40.69 12.76 81.38 Narrow

Leaf width 67.80 235.00 126.12 28.39 10.66 56.77 Narrow

Fruit length 10.43 16.93 28 3.57 3.78 7.14 Narrow

Fruit width 9.2 14.28 22 2.66 3.26 5.33 Narrow

Seed length 8.6 12.49 19.2 2.61 3.23 5.23 Narrow

Seed width 5.10 16.20 8.82 2.14 2.93 4.29 Narrow

Seed thickness 3.50 19.10 7.37 4.46 4.22 8.92 Narrow

Number of flowers per axil 0 1.52 11.6 2.94 3.43 5.88 Narrow

Number of petals 0 0.73 6.57 1.84 2.71 3.68 Narrow

Number of stamens 0 0.63 6.5 1.63 2.55 3.25 Narrow
Min Minimum, Max Maximum, SD Standard deviation, σ2  Variance
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influenced by other factors. Furthermore, the inconsis-
tent variation in correlation values ​​between variables also 
suggests that the linearity assumption of Pearson correla-
tion may not always be met for all data.

To address these limitations, the analysis was supple-
mented with Spearman Rank Correlation, which does 
not rely on the assumptions of normality and linearity. 
The Spearman Rank Correlation results show a pattern 
that is generally consistent with Pearson correlation, par-
ticularly regarding the direction of the relationship (posi-
tive/negative), although with slightly different correlation 
strengths. This consistency confirms that the findings of 
the relationship between altitude and several morpho-
logical traits are quite robust, although not always strong. 
However, both approaches also indicate that altitude is 
not the sole determinant of morphological variation, so 
the possibility of confounding factors such as differences 
in agronomic practices between locations still needs to 
be considered in interpreting the results.

Principal component analysis
PCA of the morphological traits results seven princi-
pal components (PCs) with eigenvalues greater than 1, 
accounting for a cumulative 71.889% of the total varia-
tion among the 74 Liberoid coffee accessions, as detailed 
in Table 5. This suggests a high degree of morphological 
diversity in the coffee accessions studied. The first princi-
pal component (PC1) accounted for 29.62% of the varia-
tion. It was primarily influenced by YLC, LAS, YSC, FL, 
FW, SL, SW, ST, IO, NP, and NS. The second principal 
component (PC2) contributed 9.578% of the variation 
and was influenced by NS. PC3 explained 9.267% of the 
variation, mainly affected by OA, BH, SF, and SS. The 
fourth principal component (PC4) accounted for 7.523% 

and was influenced by LAS LL, while PC5 accounted 
for 6.323% and was influenced by HoP and YSC. PC6 
contributed 5.306% influenced by LS and FC; and PC7 
explained 4.272% with the influence by NF. Generally, 
quantitative traits contributed more significantly to the 
observed morphological diversity among the 74 Liberoid 
coffee accessions as detailed in Table  5, with each pre-
senting a unique coefficient value.

PCA biplot featuring the distribution of accessions is 
shown in Fig.  3, capturing 39.2% of the total variation 
(PC1 = 29.62%; PC2 = 9.58%). The accessions in the PCA 
biplot were separated into four large groups. Group 1 
consisted of accessions MB (MB1-MB4), TS2, TS3, TS5, 
TS7, SS6-SS8, CDK2-CDK5, and CDK8. Group 3 con-
sisted of accessions JMP3-JMP6, LB4, LB7, LB10, LB11, 
EB1, and EB2. Group 4 included JS1, JMP1, JMP2, JMP7, 
LB1-LB3, LB5, LB6, LB8, and LB9. The remaining acces-
sions were included in group 2. Based on the compari-
son of each accession, accession JS1 was distinct from 
the other accessions, while SS3 and SS5 clustered closely, 
reflecting high similarity. The following are other tightly 
grouped accessions, such as TS4 and SS10; TS6 and SS3; 
LB1, LB2, and LB5. A large cluster including excelsa 
accessions (CDK, MB, SS, SP, and TS) and 2 liberica 
accessions (JS2 and JS3).

The direction of the morphological character vector 
determines the links between accession groups and spe-
cific morphological characters. The closer an accession 
is to a particular character, the higher the character in 
that accession. HoP, BH, OA, LL, LW, and LS are related 
to Group 1; Group 2 has a strong influence on charac-
ters AB, FS, and LPC, notably SP4 with AB character; 
EB1 and EB2 in group 3 are adjacent to the NP and NS 

Fig. 2  Heatmap correlation matrix of altitude and morphological characters. A Pearson Correlation, B Spearman Correlation
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Table 5  Eigenvalue, variabilty, total variation, and loading factor in each PC
PC1 PC2 PC3 PC4 PC5 PC6 PC7

Eigenvalue 7.109 2.299 2.224 1.806 1.517 1.273 1.025

Variability (%) 29.620 9.578 9.267 7.523 6.323 5.306 4.272

Cumulative % 29.620 39.198 48.465 55.988 62.311 67.617 71.889

Loading factor

  Habit of plant 0.000 0.483 0.047 -0.118 -0.637 -0.001 0.205

  Overall appearance -0.221 0.191 0.670 0.001 0.171 0.133 -0.064

  Branching habit -0.267 0.206 0.611 -0.019 -0.175 -0.012 0.323

  Angle of insertion of primary branches -0.205 -0.462 -0.218 -0.217 0.440 -0.020 0.055

  Stipule form 0.304 0.150 0.550 0.251 0.216 -0.255 0.088

  Young leaf colour -0.547 0.099 0.253 0.414 -0.091 -0.178 -0.020

  Leaf shape -0.127 0.158 0.260 0.059 0.069 0.759 -0.060

  Leaf apex shape 0.639 -0.048 0.233 0.496 -0.103 -0.084 0.086

  Leaf petiole colour -0.348 -0.139 0.367 -0.285 0.359 -0.154 0.017

  Young shoot colour -0.524 0.073 0.200 0.077 0.471 -0.185 -0.212

  Fruit colour 0.056 -0.371 0.121 -0.233 0.057 0.524 0.044

  Fruit shape -0.481 -0.456 0.337 -0.050 -0.270 0.196 -0.096

  Seed shape 0.221 -0.472 0.530 0.246 0.016 0.042 0.091

  Leaf length -0.264 0.386 -0.253 0.677 0.225 0.178 0.078

  Leaf width -0.487 0.330 -0.257 0.446 0.257 0.247 -0.158

  Fruit length 0.859 -0.291 0.073 0.139 0.001 0.103 -0.019

  Fruit width 0.839 -0.254 0.076 0.186 -0.043 0.029 -0.018

  Seed length 0.860 -0.189 -0.053 0.269 0.028 0.091 -0.061

  Seed width 0.806 -0.176 -0.029 0.088 0.024 -0.102 -0.257

  Seed thickness 0.915 0.048 -0.042 0.080 0.051 -0.069 0.035

  Inflorescence on old wood 0.679 0.305 -0.167 -0.146 0.163 0.270 0.305

  Number of flowers per axil 0.481 0.244 0.016 -0.227 0.452 -0.040 0.562
  Number of petals 0.636 0.489 0.236 -0.309 0.075 0.024 -0.357

  Number of stamens 0.615 0.501 0.224 -0.298 0.048 0.003 -0.386
Values in bold > 0.5 (Positive sign) or <-0.5 (Negative sign) are contribute to PCs

Fig. 3  Biplot PCA of 74 Accessions. LB = Liberika Balittri; EB = Excelsa Balittri; JMP = Jampang, Sukabumi; SP = Sukawangi, Pamulihan; JS = Jatinangor, 
Sumedang; TS = Tanjungsari, Sumedang; SS = Sukabakti, Sukasari; CDK = Cipasung, Darma, Kuningan, MB = Mekarbakti, Sumedang
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characters; LB9 in group 4 has a strong influence on FL 
and FW characters.

Correlation analysis based on angle vector relationship 
showed significant positive relationships among several 
traits. Character leaf length was positively correlated 
with leaf width and the habit of the plant. Young leaf 
colour showed a significant correlation with young shoot 
colour and leaf petiole colour. Fruit size (FL and FW) and 
seed size characters (SL, SW, and ST) showed positive 
correlations with each other. Likewise, inflorescences on 
old wood were significantly correlated with the number 
of petals, flowers, and stamens.

Visual interpretation of the PCA biplot is exploratory 
in nature and needs to be supported by inferential test-
ing. The PCA biplot provides an initial indication of a 
pattern of separation between groups, but cannot be used 
as strong statistical evidence. Therefore, to strengthen the 
claim of differences between Liberica and Excelsa, the 
analysis was supplemented with a Multivariate Analy-
sis of Variance (MANOVA) test. The MANOVA results 
indicated significant differences between groups based 
on the combination of analyzed variables (p < 0.001), 
thus statistically supporting the separation previously 
observed in the PCA biplot (Table 6). This finding indi-
cates that variation between groups significantly affects 
the overall dependent variable. Therefore, further analy-
sis (univariate or post hoc test) is necessary to identify 
which variables contribute most to these differences.

The results of Tukey’s post hoc test showed that most 
variables were able to differentiate clusters significantly, 
indicated by different letters in each cluster (Table  7). 
Cluster 1 generally had the highest values, especially for 
leaf length, fruit length, fruit width, seed length, seed 

width, and seed thickness, and were significantly dif-
ferent from the other clusters. Cluster 2 tended to be 
in the middle position, but for several variables such as 
seed width and thickness, it showed the lowest values. 
Meanwhile, cluster 3 generally had the lowest values, 
especially for reproductive characters such as number 
of petals, number of flowers per axil, and number of sta-
mens, which were significantly different from the other 
two clusters. However, there were variables that did not 
show significant differences between clusters, such as 
leaf length (p = 0.092). Overall, these results confirm that 
cluster separation is supported by significant differences 
in most morphological characters, especially in the size 
of fruit, seeds, and reproductive organs.

Cluster analysis
The grouping of liberoid coffee accessions is shown in 
the dendrogram (Fig.  4). A total of 74 accessions were 
grouped using Ward’s method, yielding three main 
groupings. The dissimilarity values ​​from the Ward model 
can be used in an alternative interpretation. Based on the 
cutpoint of 113.98, the three main groupings were iden-
tified. Group 1 has 22 accessions (JMP1, JMP2, JMP3, 
JMP4, JMP5, JMP6, JMP7, LB1, LB2, LB3, LB4, LB5, LB6, 
LB7, LB8, LB9, LB10, EB1, EB2, LB11, JS1, and MB2), 
Group 2 has 24 accessions (SP1, SP2, SP3, SP4, SP5, 
SP11, SP12, SP13, SP14, SP15, SS3, CDK1, CDK3, CDK4, 
CDK5, CDK6, CDK7, CDK8, CDK9, CDK10, JS2, MB1, 
MB3, and MB4), and Group 3 has 28 accessions. The data 
show Euclidean distances ranging from 0.743 to 14.209. 
The smallest Euclidean value is between accessions SP18 
and SP19, while the maximum value is between acces-
sions JS1 and MB3.

Multitrait genotype-ideotype distance index for liberoid 
coffee
A Multitrait genotype-ideotype distance index (MGIDI) 
analysis identified the top 15% of accessions and evalu-
ated their morphological characters. In this study, we 
projected selection differentials into factor analysis (FA), 

Table 6  Manova result using different statistical test
Test Value F Hypothesis 

df (df1)
Error 
df 
(df2)

Sig.

Pillai’s Trace 1.028 6.659 20 126 < 0.001

Wilks’ Lambda 0.087 14.769 20 124 < 0.001

Table 7  Average of quantitave characters for each cluster from cluster analysis of the coffea liberica
Cluster 1 (n = 22) Cluster 2 (n = 24) Cluster 3 (n = 28) F (Anova) Sig

Leaf length (LL) 237.94a 246.49a 262.21a 2.404 0.092

Leaf width (LW) 103.59a 130.81b 139.79b 14.343 < 0.001

Fruit length (FL) 21.25b 15.01a 15.17a 60.487 < 0.001

Fruit width (FW) 17.46b 12.81a 13.04a 56.191 < 0.001

Seed length (SL) 15.60b 11.20a 11.15a 54.952 < 0.001

Seed width (SW) 11.15b 7.95a 7.72a 36.879 < 0.001

Seed thickness (ST) 13.64b 5.10a 4.39a 206.814 < 0.001

Number of petals (NP) 2.23b 0.21a 0a 14.416 < 0.001

Number of flowers per axil (NF) 3.63b 1.36a 0a 12.426 < 0.001

Number of stamens (NS) 1.89b 0.2a 0a 12.395 < 0.001
Different letters denote significant differences among clusters (Tukey post-hoc test, p = 0.5)
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accession ranking, and a strengths-and-weaknesses view 
of selected accessions. The selection differential for 24 
morphological characters into FA groups is shown in 
Table  8. The factor analysis grouping is determined by 
eigenvalues greater than 1, yielding 7 factors. FA1 con-
tributes to the characteristics of leaf apex shape, seed 
shape, fruit size (length and width), and bean size (length, 
width, and thickness), while FA2 has the characteristics 
of NP and NS. This interpretation continues for the other 
FAs. This interpretation continues for the other FAs.

Figure 5A shows the ranking of 74 accessions based 
on MGIDI index values. Accessions selected based on 
this index are shown in red, and the red circle in the 
center indicates the boundary of the entire accession. 
The selected accessions were 11, in ascending order: 
LB11, JMP6, EB1, EB2, TS6, TS5, CDK7, TS7, LB5, 
TS4, and SP16. Next, the 11 accessions were presented 
with strengths and weaknesses based on the contribu-
tion value of each FA to MGIDI (Fig. 5B). In this study, 
LB11 showed strengths in the related characters in FA1, 
such as LAS, SS, FL, FW, SL, SW, and ST; but showed 
weaknesses in the related traits in FA4 and FA6, namely 
LL and LW in FA4, and LS and FC in FA6. On the other 
hand, EB2 had a lesser impact on related characters in 

FA1 (with a high contribution to the MGIDI) but this 
accession had better performance than the 10 selected 
accessions in FA2. CDK7 shows the poorest performance 
for FA3, particularly for the character of overall appear-
ance (OA), brancing habit (BH), stipule form (SF), and 
young leaf colour (YLC). FA4 has a high contribution 
ranking to the MGIDI in accession TS7. Furthermore, 
CDK7 had the highest contributed ranking to FA5 and 
FA6 among the chosen accessions. Generally, the contri-
bution of FA7 to the MGIDI was small, suggesting that 
the 11 selected accessions had desired characters in FA7, 
such as fruit shape (FS), inflorescence on old wood (IO), 
and number of flowers (NF).

Discussions
The liberoid coffee plantations were managed with vari-
ous agronomic practices (Table 3). Liberoid coffee acces-
sions are often in-situ plantations, either cultivated by 
smallholder farmers with unknown plant ages. The farm-
ers in Sumedang decided not to take down their Excelsa 
coffee trees and didn’t replace them with other crops. 
Farmers in Jampang, Sukabumi, have also preserved the 
old Liberica coffee trees. Despite the fact that the acces-
sion in several fields is ancient, the liberoid coffee is still 

Fig. 4  Cluster analysis of 74 accessions

 



Page 10 of 14Wahyudin et al. BMC Plant Biology          (2026) 26:845 

productive. In addition, the Excelsa coffee farmers in 
Cipasung, Kuningan, have independently selected parent 
trees as sources for propagation. There are also Liberoid 
coffee fields that are part of the collection field with 
under proper maintenance.

Based on this brief description, various liberoid cof-
fee germplasm in West Java is still being preserved using 
various agronomic practices. Liberoid coffee is planted 
in certain areas of West Java in mixed fields with other 
commercial coffee species (arabica and/or robusta). 
This model field also occurs among farmers in Uganda 
who maintain mixed Robusta-Excelsa coffee fields [30]. 
Proper in situ preservation can be an option for obtaining 
accessions for ex situ conservation and other develop-
ment, such as agronomic & plant breeding purpose [2].

The difference in phenotypic variance is due to envi-
ronmental conditions unique to each accession loca-
tion. Environmental factors that can affect this include 
adaptability, uncontrolled conditions, and variation in 
accessions at the same location [16]. These factors could 
not affect the genotype in the coffee plant [13]. Narrow 
phenotypic variance on Table 4 tends to indicate geno-
typic homogeneity. Environmental factors affect vegeta-
tive growth, inflorescence, and bean development. The 
morphology of coffee can be influenced by exogenous 
factors, such as field altitude. The Pearson correlation 
analysis shows a significant negative correlation between 
the altitude of the coffee field and traits related to fruit 
and seed size (Fig. 2). This indicates that Liberoid coffee 
produces relatively large fruit and seeds at low altitudes. 
Altitude contributes to variances in coffee plant qual-
ity and shape in Brazil [31]. According to Pangestika et 
al., field location affects coffee plant morphology and 
adaptability [12]. Land altitude affects both macro- and 
microclimates, which, in turn, alter coffee morphological 
traits [32]. Consequently, flowering did not occur simul-
taneously across all locations. Several Liberoid accretions 
found tend to exhibit fluorescence on old wood. This 
characteristic enables branches that have already pro-
duced fruit to continue producing fruit the next season. 
Arabica coffee shows similar characteristics in inflores-
cence on old wood, but Liberica coffee possesses plagio-
tropic branches that can develop orthotropic branches, 
serving as a differentiator [33].

The vegetative and generative characters of liberoid 
coffee may be influenced by phenotypic plasticity. Phe-
notypic plasticity refers to phenotypic variation in 
response to environmental conditions, especially in cli-
mate instability [34, 35]. Morphological characters with 
no significant correlation with altitude indicating have 
little phenotypic plasticity. The lack of phenotypic plas-
ticity signifies inadequate adaptation to altitude [12]. 
Meanwhile, wide phenotypic plasticity demonstrate to be 
essential under various altitude conditions.

The diversity of accession based on the observation 
dataset can be explained by the PCA (Table 5 and Fig. 3). 
This method can reduce the data dimensions to principal 
components (PC). The PCs from PC1 to PC7 have eigen-
values greater than 1, indicating that the components 

Table 8  Selected differentials of accessions from 24 
morphological characters
Characters Factor Goal Xo Xs Selection 

differential
Leaf apex 
shape (LAS)

FA1 100 3.784 4.000 0.216

Seed shape 
(SS)

FA1 100 3.784 4.000 0.216

Fruit length 
(FL)

FA1 100 16.926 17.890 0.964

Fruit width 
(FW)

FA1 100 14.278 15.055 0.778

Seed length 
(SL)

FA1 100 12.490 13.865 1.375

Seed width 
(SW)

FA1 100 8.816 9.695 0.878

Seed thickness 
(ST)

FA1 100 7.371 9.470 2.099

Number of 
petals (NP)

FA2 100 0.732 2.015 1.284

Number of 
stamens (NS)

FA2 100 0.628 1.618 0.990

Overall appear-
ance (OA)

FA3 100 2.378 3.000 0.622

Brancing habit 
(BH)

FA3 100 2.986 3.273 0.286

Stipule form 
(SF)

FA3 100 2.662 2.909 0.247

Young leaf 
colour (YLC)

FA3 0 2.743 2.364 -0.380

Leaf length (LL) FA4 100 249.896 286.455 36.559

Leaf width (LW) FA4 100 126.116 151.509 25.393

Habit of plant 
(HoP)

FA5 0 2.189 1.909 -0.280

Angle of inser-
tion of primary 
branches (AB)

FA5 0 2.095 2.000 -0.095

Leaf petiole 
colour (LPC)

FA5 0 1.297 1.182 -0.115

Young shoot 
colour (YSC)

FA5 100 1.743 2.000 0.257

Leaf shape (LS) FA6 100 2.851 3.091 0.240

Fruit colour 
(FC)

FA6 100 4.986 5.000 0.014

Fruit shape (FS) FA7 0 2.959 2.455 -0.505

Inflorescence 
on old wood 
(IO)

FA7 100 0.392 0.545 0.154

Number of 
flowers per axil 
(NF)

FA7 100 1.522 2.555 1.033

Xo  original population mean, Xs  the mean of selected accessions
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influence accession groups. Two sizable groups comprise 
the majority of the accession diversity in Fig. 3. Coffee 
groups with accession codes from Sukabumi (EB, LB, and 
JMP) and Liberica Sumedang (JS1) are not closely related 
to excelsa accessions from Sumedang or Kuningan. In 
contrast, the excelsa accession codes from Sumedang (SS, 
SP, TS, MB) and Kuningan (CDK) show a very tight rela-
tionship. Furthermore, the Biplot PCA results indicate 
the presence of separated groups. We found accessions 
that we consider liberica type, but are included in the 
excelsa group, namely accessions JS2 and JS3. We discov-
ered accessions that we thought liberica but got placed 
in the excelsa category in group 2, notably accessions JS2 
and JS3. Similarly, excelsa EB2 and EB3 were among the 
several sukabumi origin in group 3. The overlapping plot 
PCA findings between Liberica and Excelsa were also 
evident in different characters, such as pollen and floral 
metrics [36, 37]. Natural plant characters involved in the 
overlap of Liberoid coffee [38]. In addition, overlapping 
may occur due to environmental sensitivity and plant age 
[39].

Biplot graphs can also be used to evaluate the cor-
relation between characters. Characters that overlap 
around an angle of 0° show a high positive correlation, 
but characters that are opposite (> 90°) have a negative 
correlation [17, 40]. For example, quantitative traits of 
fruit and seeds show a strong positive correlation, par-
ticularly between fruit length and width. Meanwhile, one 

of the negative correlations that formed an 180° angle 
was found between fruit length and the colour of young 
leaves. The dimensions of the fruit and seeds are linked: 
as the fruit becomes larger, so do the seeds [41]. Besides 
the correlation of characters in the PCA vector, we show 
a correlation heatmap (Fig. 2).

The diversity of accessions can be projected using clus-
ter analysis. Accessions with Euclidean distances less 
than 0.75 indicate small dissimilarities and a near rela-
tionship [42, 43]. Both SP18 and SP19 exhibit similar 
morphological appearances, as indicated by their quan-
titative and qualitative characteristics (Euclidean dis-
tance = 0.743). There are several accessions at the same 
field site with a large dissimilarity, for example, between 
CDK5 and CDK8 (Euclidean distance = 8.339). This dem-
onstrates that the same agronomic practice can result in 
distinct relationship patterns.A large dissimilarity score 
suggests considerable variations between groups (Fig. 4). 
Some old coffee trees endured regional extinctions and 
considerable changes in distribution patterns, yet their 
genetic diversity was preserved. Even when the parent 
tree’s genetic origin is unknown, natural selection of old 
trees can retain or even increase genetic diversity [44]. 
Genetic diversity in metapopulations of old trees endures 
despite long-term environmental changes [45]. The geog-
raphy of the coffee field also contributed to the genetic 
level [46]. Accessions with high levels of genetic variety 
are more likely to be used in plant breeding programs 

Fig. 5  MGIDI Interpretation for selection accession. A Accession ranking based on the MGIDI Value, showing the best accessions start from red circle as a 
cutpoint. B Strengths and weaknesses view of the selected accession, the characters near to the inner edge have more contribution of factor
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because their genetic diversity can yield offspring with 
superior qualities [47].

The MANOVA results in this study indicate signifi-
cant multivariate differences between groups, confirming 
that the combination of dependent variables simultane-
ously differs between groups. The MANOVA approach 
is important because it captures the combined effects of 
multiple variables simultaneously, reducing the risk of 
Type I errors due to repeated testing [48]. Furthermore, 
recent research has highlighted more flexible MANOVA 
methods for high-dimensional data or when the assump-
tion of normality is not met, for example, using the geo-
metric median and bootstrapping [49, 50]. Thus, the 
multivariate significance obtained not only confirms the 
findings of patterns of differentiation between groups but 
is also consistent with modern multivariate analysis prac-
tices that are robust to assumption violations.

MGIDI is the latest analytical approach for selecting 
genotypes or accessions in plant breeding programs. The 
MGIDI analysis has been used for various crops, includ-
ing rice mutants, coffee, and wheat [18, 20, 28]. MGIDI 
was able to project genotypes and evaluate characters 
using factor analysis (FA) and genotype-ideotype dis-
tance [51]. The characters reached the 100% selection 
goal indicating the effectiveness of MGIDI for consider-
ing agronomic characters (Table 8). Barajehfard et al. 
confirmed the seletion goal results highlight the index 
ability to prioritize genotype [52]. This approach also 
facilitates interpretation of the accessions indicated by 
the MGIDI index.

According to the accession ranking results, 11 liberoid 
coffee accessions were selected (Fig. 5A). Liberica acces-
sion LB11 exhibited the most characteristic features of 
the entire liberoid group. Meanwhile, EB1 performed the 
best in the excelsa group when compared to other excelsa 
accessions. The selected accessions are further charac-
terized using a strengths-and-weaknesses analysis that 
describes the contribution of each factor in the radar plot 
(Fig. 5B). The strengths and weaknesses view provided 
an ideal guidance for selecting accession [53, 54]. The 
smaller the proportion explained by a factor (the closer 
it is to the outer edge), the closer the characters in that 
factor are to the ideal accession [18]. Meanwhile, the cut-
point lines reflect the average performance in factor con-
tribution. If the contribution is below average, this shows 
the weakness of accession [55]. FA1 had a higher ranking 
than cutpoint at LB11, JMP6, JS3, TS2, TS4, TS5, EB1, 
and TS6, indicating that these accessions had better per-
formance of leaf apex shape, seed of shape, fruit length, 
fruit width, seed length, seed width, and seed thickness. 
Conversely, TS7, CDK7, and EB2 demonstrated below-
average contribution, indicating their weaknesses in 
FA1. Through this strategy, researchers can target the 

development of the characteristics they want more accu-
rately [19, 20, 28].

The current finding has limitations, including the lim-
ited floral organ seen in liberoid coffee accessions and 
DNA variations. Plant phenotypic variation is typically 
identified using fruit and seed characteristics [41, 56, 57]. 
In fact, floral traits are also critical to differentiate cof-
fee species, including liberoid coffee types [36, 37]. For 
example, floral characters include corolla shape, flower 
colour, and number of petals, which should be observed 
in future research. The Liberica type has up to 10 petals, 
while the Excelsa type has an average of 5 [37]. Gene-
level studies (e.g. molecular marker) may better differ-
entiate liberoid coffee types. This advice can provide 
additional reasons to identify accessions representing 
liberoid coffee types and for hybridization purposes in 
the future. Furthermore, agroecological and yield com-
ponents should be included to better document the rep-
resentative of liberoid coffee fields and to capture the 
interaction between genotype and environment, spe-
cifically in West Java, Indonesia. In addition, this study 
was conducted over a single growing season, which lim-
its the ability to fully separate genetic differences from 
environmental influences such as altitude, climate, and 
cultivation practices. Traits like leaf and fruit size, seed 
dimensions, and reproductive features are particularly 
sensitive to environmental variation, and genotype-by-
environment (G×E) interactions could not be captured. 
Nevertheless, the results provide an initial overview 
of phenotypic trends and multivariate patterns among 
Liberica and Excelsa accessions. Future multi-season tri-
als would allow more accurate separation of genetic and 
environmental effects, strengthen confidence in genotype 
evaluation, and better inform both breeding and conser-
vation efforts.

Conclusions
Based on the explanation above, liberoid coffee has 
been well maintained in West Java, Indonesia. The Pear-
son correlation showed that variations in the altitude of 
the coffee field also influenced morphological charac-
ters. Analysis using the phenotypic variance approach 
obtained a wide range of morphological diversity, gen-
erally represented in qualitative characters. The find-
ings from PCA and cluster analysis provide evidence 
that certain accessions exhibit distinct morphological 
characters. These approaches also found that there were 
intersections between different liberoid groups, which 
showed morphological similarities. Liberica accession 
JS2 has similarities with the excelsa group. In addition, 
analysis using the MGIDI approach identified 11 selected 
accessions from a total of 74. The best accessions using 
this approach was LB11, JMP6, TS5, TS2, TS7, EB1, TS4, 
TS6, SP16, CDK7, and JMP1. These results provide a 
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preliminary foundation for understanding liberoid coffee 
in West Java, supporting further development of agro-
nomic practices and plant breeding.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​7​0​-​0​2​6​-​0​8​6​3​7​-​0.

Supplementary Material 1.

Acknowledgements
The authors would like to express thanks to the maintainers/farmers, who 
gave permission to conduct accession observations at their coffee farms, 
especially to the Industrial and Beverage Crop Research Institute/BRMP for 
providing facilities for observing accession in their collection field, Sukabumi, 
West Java. Likewise, Dr. Dadang Sumardi from Institut Teknologi Bandung 
has granted permission to observe the accession of JS2 and JS3, and to 
have Ashabi Lidhea as an assistant collecting data. This publication charge is 
funded by Unpad through the Indonesian Endowment Fund for Education 
(LPDP) on behalf of the Indonesian Ministry of Higher Education, Science and 
Technology and managed under the EQUITY Program (Contract No. 4303/ B3/
DT.03.08/2025 and 3927/UN6.RKT/HK/07.00/2025).

Authors’ contributions
Conceptualization: Yudithia Maxiselly; Methodology: Yudithia Maxiselly, 
Abdilah Azzam Wahyudin; Formal analysis and investigation: Abdilah Azzam 
Wahyudin; Writing - original draft preparation: Abdilah Azzam Wahyudin, 
Yudithia Maxiselly, Haris Maulana; Writing - review and editing: Intan Ratna 
Dewi Anjarsari, Citra Bakti, Yani Maharani, Dwi Novanda Sari, Zar Ni Zaw; 
Funding acquisition: Yudithia Maxiselly; Resources: Yudithia Maxiselly; 
Supervision: Yudithia Maxiselly, Haris Maulana, Intan Ratna Dewi Anjarsari, Citra 
Bakti.

Funding
Open access funding provided by University of Padjadjaran. This research was 
funded by the Ministry of Education, Culture, Research, and Technology of the 
Republic of Indonesia (Kemdikbudristek) through BIMA with contract number: 
1710/UN6.3.1/PT.00/2025.

Data availability
The data presented in this study are available upon request from the 
corresponding author.

Declarations

Ethics approval and consent to participate
Not applicable. This study did not involve human participants or animals.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 26 January 2026 / Accepted: 23 March 2026

References
1.	 Halim-Lim SA, Wan-Mohtar WAAQI, Surapinchai S, Azizan NAZ. Optimum 

condition of roasting process of Liberica coffee towards the local and inter-
national preference. Food Res. 2022;6:115–23. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​6​6​5​​6​/​​f​r​.​2​0​1​
7​.​6​(​3​)​.​3​4​0.

2.	 Davis AP, Chadburn H, Moat J, O’sullivan R, Hargreaves S, Lughadha N. High 
extinction risk for wild coffee species and implications for coffee sector 
sustainability. Sci Adv. 2019;2019:eaav3473. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​2​6​​/​s​​c​i​a​d​v​.​a​a​
v​3​4​7​3.

3.	 Wafaretta E, Ananda OT. Unlocking the Potential of Liberica Coffee for Coffee 
Tourism in Poncokusumo, East Java from Panelist Perceptual. J coffee Sustain. 
2025;02:38–47. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​7​7​​6​/​​u​b​.​​j​c​s​​.​2​0​2​​5​.​​0​2​.​0​1​.​0​4.

4.	 Cramer PJS. A review of literature of coffee research in Indonesia. Costa Rica: 
Inter-American Institute of Agricultural Research; 1957.

5.	 Mukhoyyaroh NI, Hakim L, Azrianingsih R. Distribution of the Old Individual of 
Coffea liberica in Kalipuro District: A Preliminary Survey for Coffee Landscape 
Preservation in Banyuwangi Regency. In: AIP Conference Proceedings. Ameri-
can Institute of Physics. 2024. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​6​3​​/​5​​.​0​1​8​4​5​1​9.

6.	 Davis AP, Kiwuka C, Faruk A, Walubiri MJ, Kalema J. The re-emergence of 
Liberica coffee as a major crop plant. Nat Plants. 2022;8:1322–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​4​7​7​-​0​2​2​-​0​1​3​0​9​-​5.

7.	 Lee KWT. Liberica Coffee Development and Refinement Project in Sarawak 
Malaysia. Proc West Mark Ed Assoc Conf. 2023;89:15. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​i​​
c​c​2​0​2​3​-​1​4​8​4​9.

8.	 Lachenmeier DW, Schwarz S. Digested civet coffee beans (Kopi luwak)—
an unfortunate trend in specialty coffee caused by mislabeling of coffea 
liberica? Foods. 2021;10. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​f​​o​o​d​s​1​0​0​6​1​3​2​9.

9.	 Davis AP, Kiwuka C, Faruk A, Mulumba J, Kalema J. A review of the indigenous 
coffee resources of Uganda and their potential for coffee sector sustainability 
and development. Front Plant Sci. 2022;13. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​p​l​s​.​2​0​2​2​.​
1​0​5​7​3​1​7.

10.	 Hafif B, Ferry Y, Martono B, Harni R, Sasmita KD, Saidi BB, et al. Liberica coffee 
as an alternative cropping system for sustainable farming on Indonesian 
Peatlands. Int J Agricultural Biol Eng. 2024;17:180–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​5​1​6​​5​/​​
j​.​i​​j​a​b​​e​.​2​0​​2​4​​1​7​0​1​.​7​8​9​6.

11.	 Wibisono MG, Asdak C, Wawan, Dwiratna S. Unlocking the sustainability 
potential of Liberica coffee (Coffea liberica) in Riau’s tropical peatlands: Strate-
gic insights from Rangsang Island, Indonesia. Sustainable Futures. 2025;10. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​s​f​t​r​.​2​0​2​5​.​1​0​1​1​8​7.

12.	 Pangestika IW, Susilowati A, Purwanto E, Gunawan. Relationship between 
altitudes, morphological traits, and biochemical compositions of Coffea 
canephora Pierre ex A. Froehner in Temanggung, Indonesia. E-J Menara 
Perkebunan. 2025;93:39–56. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​2​3​0​​2​/​​i​r​i​​b​b​.​​j​u​r​.​​m​p​​.​v​9​3​i​1​.​6​2​1.

13.	 Maxiselly Y, Atiningsih FG, Rasiska S, Hutapea D, Bakti C, Wahyudin AA, 
et al. Morphological diversity of arabica coffee (Coffea arabica) by in-situ 
exploration in three agroecosystems West Java, Indonesia. Coffee Sci. 
2025;20:e202345.

14.	 Mukhoyyaroh NI, Azrianingsih R, Hakim L. Ecological factors and morphologi-
cal traits of Coffea liberica Hiern in Kalipuro District, Banyuwangi Regency. 
Plant Sci Today. 2024;11:527–36. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​4​7​1​​9​/​​p​s​t​.​2​9​3​9.

15.	 Budiasih R, Mustopa AS, Julianti A. Identifikasi dan Karakterisasi Morfologi 
Tanaman Kopi (Coffea Sp.)Beserta Kekerabatannya di Kawasan Gunung 
Manglayang Timur Petak 9b Kab. Sumedang Jawa Barat. Jurnal Greenation 
Pertanian dan Perkebunan. 2024;2:55–71.

16.	 Maxiselly Y, Bakti C, Murgayanti, Ernah, Wahyudin AA, Prayoga MK, et al. Rela-
tionship analysis and genetic diversity of tea Camellia sinensis germplasm 
from illegitimate seeds based on morphological characters. Biodiversitas. 
2024;25:3486–95. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​0​5​​7​/​​b​i​o​d​i​v​/​d​2​5​0​8​2​0.

17.	 Nurhasanah N, Maulana H, Aziza V, Suganda T, Hindersah R, Concibido V, et 
al. Morphological characterization and ethnobotanical assessment of indig-
enous butterfly pea (Clitoria ternatea) in Northern Maluku, Indonesia. Genet 
Resour Crop Evol. 2026;73:90. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​0​7​2​2​-​0​2​6​-​0​2​7​1​9​-​6.

18.	 Pour-Aboughadareh A, Poczai P. Dataset on the use of MGIDI index in screen-
ing drought-tolerant wild wheat accessions at the early growth stage. Data 
Brief. 2021;36:107096. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​d​i​b​.​2​0​2​1​.​1​0​7​0​9​6.

19.	 Debnath P, Chakma K, Bhuiyan MSU, Thapa R, Pan R, Akhter D. A novel multi 
trait genotype ideotype distance index (MGIDI) for genotype selection in 
plant breeding: Application, prospects, and limitations. Crop Des. 2024;3. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​c​r​​o​p​d​​.​2​0​2​​4​.​​1​0​0​0​7​4.

20.	 Nasution KY, Melati P, Dewi AK, Maryono MY, Dwimahyani I, Solim MH, et al. 
Yield Stability and Multitrait Selection of Advanced Mutant Rice Genotypes 
Across Diverse Environments in Indonesia. Adv Agric. 2025;2025. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​​1​1​5​5​​/​a​​i​a​/​9​0​9​2​5​8​8.

21.	 Suhendra D, Karjunita N, Kumala Sari W. Exploration and Morphological 
Characterization of Aren (Arenga pinnata Merr) Plants in Luhak District, 50 
Kota Regency. JERAMI: Indonesian J Crop Sci. 2023;5:56–67. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​2​5​0​7​​7​/​​j​i​j​​c​s​.​​5​.​2​.​​1​6​​-​2​7​.​2​0​2​3.

22.	 IPGRI. Descriptors for Coffee (Coffea spp. and Psilanthus spp). Rome: Interna-
tional Plant Genetic Resources Institute; 1996.

23.	 UPOV.Coffee: Guidelines for the conduct of tests for distinctness, uniformity, 
and stability. Geneva: International Union for Protection of New Varieties of 

https://doi.org/10.1186/s12870-026-08637-0
https://doi.org/10.1186/s12870-026-08637-0
https://doi.org/10.26656/fr.2017.6(3).340
https://doi.org/10.26656/fr.2017.6(3).340
https://doi.org/10.1126/sciadv.aav3473
https://doi.org/10.1126/sciadv.aav3473
https://doi.org/10.21776/ub.jcs.2025.02.01.04
https://doi.org/10.1063/5.0184519
https://doi.org/10.1038/s41477-022-01309-5
https://doi.org/10.1038/s41477-022-01309-5
https://doi.org/10.3390/icc2023-14849
https://doi.org/10.3390/icc2023-14849
https://doi.org/10.3390/foods10061329
https://doi.org/10.3389/fpls.2022.1057317
https://doi.org/10.3389/fpls.2022.1057317
https://doi.org/10.25165/j.ijabe.20241701.7896
https://doi.org/10.25165/j.ijabe.20241701.7896
https://doi.org/10.1016/j.sftr.2025.101187
https://doi.org/10.1016/j.sftr.2025.101187
https://doi.org/10.22302/iribb.jur.mp.v93i1.621
https://doi.org/10.14719/pst.2939
https://doi.org/10.13057/biodiv/d250820
https://doi.org/10.1007/s10722-026-02719-6
https://doi.org/10.1016/j.dib.2021.107096
https://doi.org/10.1016/j.cropd.2024.100074
https://doi.org/10.1016/j.cropd.2024.100074
https://doi.org/10.1155/aia/9092588
https://doi.org/10.1155/aia/9092588
https://doi.org/10.25077/jijcs.5.2.16-27.2023
https://doi.org/10.25077/jijcs.5.2.16-27.2023


Page 14 of 14Wahyudin et al. BMC Plant Biology          (2026) 26:845 

Plants; 2008. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​u​​p​o​v​​.​i​n​​t​/​d​o​​c​u​​m​e​n​​t​s​/​​d​/​u​p​​o​v​​/​t​g​​-​d​o​​c​u​m​e​​n​t​​s​-​e​n​-​t​g​
2​4​9​.​p​d​f

24.	 Anderson RL, Bancroft TA. Statistical Theory in Research. New York: McGraw-
Hill; 1952.

25.	 Meghanathan N. Assortativity Analysis of Real-World Network Graphs based 
on Centrality Metrics. Comput Inform Sci. 2016;9:7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​5​3​9​​/​c​​i​
s​.​v​9​n​3​p​7.

26.	 Kassambara A, ggcorrplot. Visualization of a Correlation Matrix using ggplot2. 
R package version 0.1.4.999. 2022. ​h​t​t​p​​s​:​/​​/​g​i​t​​h​u​​b​.​c​​o​m​/​​k​a​s​s​​a​m​​b​a​r​a​/​g​g​c​o​r​r​p​l​o​
t. 

27.	 Vasquez SI, Welker CAD, Solís Neffa VG, Peichoto MC. Morphometric analysis 
of the Saccharum complex (Poaceae, Andropogoneae). Plant Syst Evol. 
2022;308:10. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​6​0​6​-​0​2​1​-​0​1​8​0​1​-​z.

28.	 Maxiselly Y, Maulana H, Chiarawipa R, Salsabila M, Rosniawaty S, Bakti C et 
al. Multivariate Approach to Determine Best Combination of Harvesting 
Technique and Soaking Time Based on Bean Morphological Characteristics of 
Arabica Coffee (Coffea arabica L.). Adv Agri. 2025;2025. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​5​
5​​/​a​​i​a​/​5​5​1​9​8​9​7.

29.	 Olivoto T, Lúcio AD. metan: An R package for multi-environment trial analysis. 
Methods Ecol Evol. 2020;11:783–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​2​​0​4​1​-​2​1​0​X​.​1​3​3​8​4.

30.	 Davis AP, Warham E, Moat J. Underutilised coffee species and their uptake in 
a changing world. Agric Dev. 2025;49:15–9.

31.	 Barbosa JN, Borem FM, Cirillo MA, Malta MR, Alvarenga AA, Alves HMR. Coffee 
Quality and Its Interactions with Environmental Factors in Minas Gerais, Brazil. 
J Agric Sci. 2012;4. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​5​3​9​​/​j​​a​s​.​v​4​n​5​p​1​8​1.

32.	 Prastowo E, Arimarsetiowati R. Morphological Variations of Robusta Coffee 
As a Response to Different Altitude in Lampung. Pelita Perkebunan (a Coffee 
Cocoa Res Journal). 2019;35:103–18. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​2​3​0​​2​/​​i​c​c​​r​i​.​​j​u​r​.​​p​e​​l​i​t​​a​p​
e​​r​k​e​b​​u​n​​a​n​.​v​3​5​i​2​.​3​7​8.

33.	 Nugroho D. Budidaya Kopi Liberika (Coffea liberica var Liberica) di Kabupaten 
Tanjung Jabung Barat, Jambi. Warta Pusat Penelitian Kopi dan Kakao di 
Indonesia. 2015;27:9–14.

34.	 Sommer RJ. Phenotypic Plasticity: From Theory and Genetics to Current and 
Future Challenges. Genetics. 2020;215:1–13. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​5​3​4​​/​g​​e​n​e​​t​i​c​​s​.​
1​2​​0​.​​3​0​3​1​6​3.

35.	 dos Santos CS, de Freitas AF, da Silva GHB, Pennacchi JP, Figueiredo de Car-
valho MA, Santos M, de O, et al. Phenotypic Plasticity Index as a Strategy for 
Selecting Water-Stress-Adapted Coffee Genotypes. Plants. 2023;12:4029. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​p​​l​a​n​t​s​1​2​2​3​4​0​2​9.

36.	 Chong SML, Constantino-Santos DM, A, Cao E. P. Pollen morphometrics of 
four coffee (Coffea sp.) varieties grown in the Philippines. Philippine J Crop 
Sci. 2014;39:1–7.

37.	 Dani, Purwoko BS, Wahyu Y, Syukur M. Syafaruddin. Floral phenology and 
morphometric analysis of three commercially grown coffea species. SABRAO 
J Breed Genet. 2023;55:2105–14. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​4​9​1​​0​/​​s​a​b​​r​a​o​​2​0​2​3​​.​5​​5​.​6​.​2​
2.

38.	 Lagman M. Variability in Philippine Coffea liberica Provides Insights into 
Development Amidst a Changing Climate. MDPI AG; 2023. p. 27. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​​3​3​9​0​​/​i​​c​c​2​0​2​3​-​1​4​8​5​2.

39.	 N’Diaye A, Poncet V, Louarn J, Hamon S, Noirot M. Genetic differentiation 
between Coffea liberica var. liberica and C. liberica var. Dewevrei and com-
parison with C. canephora. Plant Syst Evol. 2005;253:95–104. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​0​0​7​​/​s​​0​0​6​0​6​-​0​0​5​-​0​3​0​0​-​1.

40.	 Maulana H, Maxiselly Y, Yuwariah Y, Ruswandi D. Heritability and Selection 
Using GGE Biplots and the Sustainability Index (SI) of Maize Mutants under 
Different Cropping Systems in Upland. Sustainability. 2023;15:6824. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​s​​u​1​5​0​8​6​8​2​4.

41.	 Bollen R, Kambale JL, Tas AS, Katshela BN, Tshimi EA, Wyffels F, et al. Agro-mor-
phological characterization of robusta genotypes from the INERA Yangambi 
coffee collection, DRC. Coffee Sci. 2025;20. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​5​1​8​​6​/​​.​v​2​0​i​.​2​3​7​
9.

42.	 McGarigal K, Cushman SA, Stafford S. Multivariate statistics for wildlife and 
ecology research. New York: Springer Science & Business Media; 2000.

43.	 Anindita PA, Putri TK, Ustari D, Maulana H, Rachmadi M, Concibido V, et al. 
Dataset of agromorphological traits in early population of turmeric (Curcuma 
longa L.) local accessions from Indonesia. Data Brief. 2020;33. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​0​1​6​​/​j​​.​d​i​b​.​2​0​2​0​.​1​0​6​5​5​2.

44.	 Verbylaitė R, Pliūra A, Lygis V, Suchockas V, Jankauskienė J, Labokas J. Genetic 
Diversity of Five Broadleaved Tree Species and Its Spatial Distribution in Self-
Regenerating Stands. Forests. 2023;14:281. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​f​​1​4​0​2​0​2​8​
1.

45.	 Milesi P, Kastally C, Dauphin B, Cervantes S, Bagnoli F, Budde KB, et al. Resil-
ience of genetic diversity in forest trees over the Quaternary. Nat Commun. 
2024;15:8538. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​4​6​7​-​0​2​4​-​5​2​6​1​2​-​y.

46.	 Wafaretta E, Jatmiko YD, Sunarharum WB, Hakim L. Coffea liberica leaf and 
tree architecture model of confusing accession in Poncokusumo, Malang 
District, East Java, Indonesia. Biodiversitas. 2023;24:3073–80. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​3​0​5​​7​/​​b​i​o​d​i​v​/​d​2​4​0​5​6​3.

47.	 Junior ADS, Gomes CN, Albuquerque DP, da Silva Oliveira FA, Gomes JL, de 
Melo L, del RS, et al. Estimation of genetic parameters and use of selection 
indices in the identification of superior sweet potato genotypes. Euphytica. 
2025;221:60. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​0​6​8​1​-​0​2​5​-​0​3​5​1​3​-​8.

48.	 Pérez-Cova M, Platikanov S, Stoll DR, Tauler R, Jaumot J. Comparison of multi-
variate ANOVA-based approaches for the determination of relevant variables 
in experimentally designed studies. Molecules. 2022;27(10):3304. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​3​3​9​0​​/​m​​o​l​e​c​u​l​e​s​2​7​1​0​3​3​0​4.

49.	 Cheng G, Lin R, Peng L. High-dimensional multivariate analysis of variance via 
geometric median and bootstrapping. Biometrics. 2024;80(3):ujae088. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​b​​i​o​m​t​c​/​u​j​a​e​0​8​8.

50.	 Baumeister M, Ditzhaus M, Pauly M, Quantile-based MANOVA. A new 
tool for inferring multivariate data in factorial designs. J Multivar Anal. 
2024;199:105246. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​m​v​a​.​2​0​2​3​.​1​0​5​2​4​6.

51.	 Sitepu AF, Yenni Y, Sujadi. Multi-character selection for identifying superior oil 
palm cultivar using MGIDI. IOP Conf Ser Earth Environ Sci. 2024;1308:012001. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​8​​/​1​​7​5​5​​-​1​3​​1​5​/​1​​3​0​​8​/​1​/​0​1​2​0​0​1.

52.	 Barajehfard M, Fazli M, Fooladvand M, Salami M, Stevanato P, Heidari B. Selec-
tion for high-yielding sugarcane ideotypes and multi-trait selection via MGIDI 
across different harvesting periods improves sugar quality and yield. Sci Rep. 
2026;16:4165. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​9​8​-​0​2​5​-​3​4​2​3​2​-​8.

53.	 Olivoto T, Diel MI, Schmidt D, Lúcio AD. MGIDI: a powerful tool to analyze 
plant multivariate data. Plant Methods. 2022;18:121. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​
1​3​0​0​7​-​0​2​2​-​0​0​9​5​2​-​5.

54.	 Pallavi M, Prasad BPM, Shanthi P, Reddy VLN, Kumar ARN. Multi trait geno-
type- ideotype distance index (MGIDI) for early seedling vigour and yield 
related traits to identify elite lines in rice (Oryza sativa L). Electron J Plant 
Breed. 2025;15:120–31. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​7​9​9​​2​/​​2​0​2​4​.​1​5​0​1​.​0​2​0.

55.	 Ahsan AFMS, Alam Z, Ahmed F, Akter S, Khan MAH. Selection of waterlogging 
tolerant sesame genotypes (Sesamum indicum L.) from a dataset using the 
MGIDI index. Data Brief. 2024;53:110176. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​d​i​b​.​2​0​2​4​.​1​1​
0​1​7​6.

56.	 Zasari M, Kartika K, Altin D. Eksplorasi-Karakterisasi Morfologi Kopi Robusta 
Lokal di Pulau Bangka. Jurnal Agrikultura. 2023;34:200–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​
4​1​9​​8​/​​a​g​r​​i​k​u​​l​t​u​r​​a​.​​v​3​4​i​2​.​4​3​1​7​9.

57.	 Wicaksono INA, Randriani E, Dani, Santoso TJ. Superior morphological char-
acteristics of Kobura promising Robusta coffee clones from South Sumatera 
Province. IOP Conf Ser Earth Environ Sci. 2022;974:012088. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​
1​0​​​8​8​​/​1​​​7​5​5​-​​1​​3​1​​5​​​/​9​​7​4​/​1​/​0​1​2​0​8​8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.upov.int/documents/d/upov/tg-documents-en-tg249.pdf
https://www.upov.int/documents/d/upov/tg-documents-en-tg249.pdf
https://doi.org/10.5539/cis.v9n3p7
https://doi.org/10.5539/cis.v9n3p7
https://github.com/kassambara/ggcorrplot
https://github.com/kassambara/ggcorrplot
https://doi.org/10.1007/s00606-021-01801-z
https://doi.org/10.1155/aia/5519897
https://doi.org/10.1155/aia/5519897
https://doi.org/10.1111/2041-210X.13384
https://doi.org/10.5539/jas.v4n5p181
https://doi.org/10.22302/iccri.jur.pelitaperkebunan.v35i2.378
https://doi.org/10.22302/iccri.jur.pelitaperkebunan.v35i2.378
https://doi.org/10.1534/genetics.120.303163
https://doi.org/10.1534/genetics.120.303163
https://doi.org/10.3390/plants12234029
https://doi.org/10.3390/plants12234029
https://doi.org/10.54910/sabrao2023.55.6.22
https://doi.org/10.54910/sabrao2023.55.6.22
https://doi.org/10.3390/icc2023-14852
https://doi.org/10.3390/icc2023-14852
https://doi.org/10.1007/s00606-005-0300-1
https://doi.org/10.1007/s00606-005-0300-1
https://doi.org/10.3390/su15086824
https://doi.org/10.3390/su15086824
https://doi.org/10.25186/.v20i.2379
https://doi.org/10.25186/.v20i.2379
https://doi.org/10.1016/j.dib.2020.106552
https://doi.org/10.1016/j.dib.2020.106552
https://doi.org/10.3390/f14020281
https://doi.org/10.3390/f14020281
https://doi.org/10.1038/s41467-024-52612-y
https://doi.org/10.13057/biodiv/d240563
https://doi.org/10.13057/biodiv/d240563
https://doi.org/10.1007/s10681-025-03513-8
https://doi.org/10.3390/molecules27103304
https://doi.org/10.3390/molecules27103304
https://doi.org/10.1093/biomtc/ujae088
https://doi.org/10.1093/biomtc/ujae088
https://doi.org/10.1016/j.jmva.2023.105246
https://doi.org/10.1088/1755-1315/1308/1/012001
https://doi.org/10.1088/1755-1315/1308/1/012001
https://doi.org/10.1038/s41598-025-34232-8
https://doi.org/10.1186/s13007-022-00952-5
https://doi.org/10.1186/s13007-022-00952-5
https://doi.org/10.37992/2024.1501.020
https://doi.org/10.1016/j.dib.2024.110176
https://doi.org/10.1016/j.dib.2024.110176
https://doi.org/10.24198/agrikultura.v34i2.43179
https://doi.org/10.24198/agrikultura.v34i2.43179
https://doi.org/10.1088/1755-1315/974/1/012088
https://doi.org/10.1088/1755-1315/974/1/012088

	﻿Exploration and morphological variation of liberoid coffee (﻿Coffea liberica﻿) germplasm as a basis for genetic resource conservation
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study area
	﻿Materials
	﻿Procedure
	﻿Data analysis

	﻿Results
	﻿Current status of liberoid coffee cultivation in West Java
	﻿Descriptive statistic
	﻿Correlation altitude and the morphological characters of liberoid coffee
	﻿Principal component analysis
	﻿Cluster analysis
	﻿Multitrait genotype-ideotype distance index for liberoid coffee

	﻿Discussions
	﻿Conclusions
	﻿References


