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ABSTRACT

Temanggung possesses unique Arabica coffee accessions with yellow, orange, and purple
ripe fruits. However, their morphological diversity has not yet been documented using
standardized IPGRI descriptors. This study evaluated the morphological diversity of 15 Coffea
arabica accessions with distinct fruit color using 29 qualitative morphological characters. The
results revealed substantial variation among accessions, Shannon—Wiener diversity index (H’)
ranging from 0.000 to 1.679, with an average of 0.721, suggesting overall moderate diversity.
Highly variable traits included young leaf color, shoot color, fruit color, fruit shape, and seed
shape. While characters such as venation pattern, bud wax color, domatia shape, and
inflorescence position were uniform across accessions. Fruit color, the primary distinguishing
trait, exhibited high diversity (H' = 1.552), comprising six distinct categories, with orange being
the most dominant. Fruit color showed substantial variation, but no consistent morphological
pattern was observed across accessions with different fruit colors. Further genetic and
association analyses are needed to clarify the relationship between fruit color and other
qualitative traits. Cluster analysis using the Unweighted Pair Group Method with Arithmetic
Mean (UPGMA) implemented in NTSYSpc version 2.02i grouped the accessions into two major
clusters, with one accession forming a distinct cluster, reflecting its unique morphological
characteristics. The similarity index ranged from 0.27 to 0.75, indicating moderate to high
diversity and the absence of closely identical accessions based on morphological traits. These
findings confirm that observed Arabica coffee accessions from Temanggung possess
considerable morphological variability, providing a valuable genetic resource for selection and
breeding programs.
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ABSTRAK
Temanggung memiliki aksesi kopi Arabika yang unik dengan buah matang berwarna kuning,
oranye, dan ungu. Namun keragaman morfologinya belum didokumentasikan dengan

menggunakan deskriptor berstandar IPGRI. Penelitian ini bertujuan untuk mengevaluasi
keragaman morfologi 15 aksesi Coffea arabica dengan warna buah yang berbeda menggunakan
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29 karakter morfologi kualitatif. Hasil penelitian menunjukkan variasi morfologi yang cukup
besar antar aksesi, dengan indeks keragaman Shannon—-Wiener (H’) berkisar antara 0.000-1.679
dan rata-rata 0.721, yang menunjukkan tingkat keragaman sedang. Karakter dengan keragaman
tinggi meliputi warna daun muda, warna tunas, warna buah, bentuk buah, dan bentuk biji.
Sedangkan, pola venasi daun, warna wax kuncup, bentuk domatia, dan posisi bunga
menunjukkan kondisi yang seragam pada seluruh aksesi. Warna buah sebagai karakter pembeda
utama memiliki keragaman tinggi (H' = 1.552) dengan enam kategori warna, didominasi oleh
warna oranye. Meskipun demikian, tidak ditemukan pola morfologi yang konsisten pada aksesi
dengan warna buah yang berbeda. Oleh karena itu, analisis genetik dan analisis asosiasi masih
diperlukan untuk mengklarifikasi hubungan antara warna buah dan karakter morfologi kualitatif
lainnya. Analisis klaster menggunakan metode Unweighted Pair Group Method with Arithmetic
Mean (UPGMA) dengan aplikasi NTSYSpc versi 2.02i mengelompokkan aksesi menjadi dua
klaster besar, dengan satu aksesi membentuk cluster yang berbeda, mencerminkan karakteristik
morfologi yang unik. Indeks kemiripan berkisar antara 0.27-0.75, menunjukkan keragaman
morfologi sedang hingga tinggi tanpa adanya aksesi yang identik. Temuan ini menegaskan
bahwa aksesi kopi Arabika Temanggung memiliki keragaman morfologi yang tinggi dan
berpotensi menjadi sumber daya genetik yang penting untuk program seleksi dan pemuliaan.

Kata kunci: Fenotip, kopi Arabika, lokal, plasma nutfah, variasi morfologi

INTRODUCTION outcrossing, meiotic recombination, and
segregation, while environmental factors
Arabica coffee (Coffea arabica L.) is an mainly influence phenotypic expression
important  plantation  crop  species (Busch et al., 2022).
originating from the Rubiaceae family which Despite its limitations, Arabica coffee
is thought to originate from natural has many benefits, including as a specialty
hybridization between Coffea canephora x coffee beverage that is widespread and
Coffea eugenioides (Salojarvi et al., 2024). popular in various countries (Abdelwahab
Karyotypically, Arabica coffee is an et al., 2024). Arabica coffee also has health
allotetraploid organism with a chromosome benefits, because it contains beneficial
profile of 2n = 4x = 44 (Geleta et al., 2012), compounds such as Kahweol, Cafestol,
although both original parents have diploid Caffeine, Trigonelline, and Chlorogenic acid
(2n) chromosomes. Arabica coffee is a self- which are useful as antioxidants, anti-
pollinating  plant  (autogamous);  this inflammatories, nerve health, and even
condition has an effect on the small amount recreational functions (Kobylinska et al.,
of genetic variation produced by Arabica 2025), so that utilization and development
coffee naturally (Campuzano-Duque & Blair, become important.
2022), posing challenges for breeding and Indonesia, particularly Temanggung
genetic improvement. However, genetic Regency, Central Java, is a major Arabica
variation remains essential for germplasm coffee-producing region in Indonesia,
conservation, cultivar development, and especially for the export market
adaptation to environmental changes. (Ashardiono & Trihartono, 2024), producing
Although self-pollinating plants generally coffee of distinctive quality from the
exhibit limited genetic variability, greatest highlands of Mount Sindoro (3,153 m) and
possibility of genetic variation can arise Mount Sumbing (3,371 m), including a
through spontaneous mutations, occasional tobacco-like aftertaste attributed to
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intercropping with tobacco. However,
Robusta production substantially exceeds
Arabica in Temanggung (8,368.96 tons
versus 626.09 tons in 2024) (BPS Kabupaten
Temanggung, 2025), resulting in a research
focus skewed toward Robusta despite the
higher market value and export demand for
Arabica (Mendes et al., 2024)

Phenotypic variation in local Arabica
coffee constitutes a critical basis for crop
with
using

improvement, beginning

morphological characterization
qualitative traits to assess diversity and
identify potential genotypes (Malek et al.,
2014). Qualitative traits, being controlled by
few major genes and minimally influenced
by environmental factors, provide reliable
information for distinguishing accessions
(Yirgu et al., 2022). This study therefore
applied standardized IPGRI descriptors to
ensure consistency and comparability with
other coffee germplasm studies, although
confirmation of genotypic differences
ultimately requires molecular analysis..
Fruit

morphological

color represents a key

marker of  economic
importance in coffee. While ripe coffee
cherries are typically red (Osorio Pérez et
al., 2023), mutations can alter this color to
yellow, as observed in the Yellow Bourbon
cultivar from Brazil (Romano et al., 2022),
resulting  from a double-recessive
Xanthocarpa gene that inhibits red pigment
accumulation (Hu et al., 2022) without
altering the overall genome, instead
affecting the pigment biosynthesis pathway
in the fruit skin (Zhang et al.,, 2024).
However, the relationship between fruit
color variation and qualitative
morphological traits, as well as its link to
genotypic differentiation, remains poorly

understood.
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Preliminary field exploration by the
research team in major Arabica-growing

areas of Temanggung identified local
accessions with yellow, orange, and purple
ripe fruits that have not yet been
systematically characterized using
standardized IPGRI  descriptors. The
association between fruit color and

qualitative morphological traits remains
unclear, limiting the utilization of local
germplasm for breeding and conservation.
This study therefore aims to characterize
the morphological variation of Coffea
arabica accessions with differing fruit
colors, hypothesizing that yellow-, orange-,
exhibit
differences

and purple-fruited accessions

significant  morphological

reflecting underlying phenotypic diversity.

MATERIALS AND METHODS

Time and Location of Research

Exploration and characterization were
carried out from August 2025 to January
2026. Fifteen coffee accessions were found
and directly observed at the origin locations
of the accessions in five sub-districts in
Temanggung Regency, namely Tlogomulyo
(TGL), Candiroto (CDR), Ngadirejo (NGD),
(BNS), (BIN). The
plantation/land used was owned by local

Bansari and Bejen
farmers and also several coffee agroforestry
managed by LMDH (Lembaga Masyarakat
Desa Hutan).

Tools and Materials

The tools used in this study include a
ruler, arc ruler, tweezers, razor blade,
magnifying glass, GPS, altimeter, digital
camera with a macro lens, and
morphological descriptor book published by
IPGRI Plant

Resources Institute for Coffee spp., 1996). A

(International Genetic



total of 15 Arabica coffee accessions
bearing non-red ripe fruits were identified
during the preliminary field exploration and
included in this study. These accessions
represent the entire population of non-red
fruit accessions encountered during the
survey. Each accession corresponded to a
single individual plant identified in the field.

The accessions comprised Arabica coffee
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plants bearing yellow, orange, purple, or

other non-red ripe fruits and were
identified through a preliminary field survey
conducted in coffee plantations. The limited
number of accessions reflects the rarity of
naturally occurring non-red ripe fruit
phenotypes in the surveyed Arabica coffee
populations. Details and origin of accessions

can be seen in Table 1.

Table 1. Information and detail on observed coffee accessions

Accession Code Known Origin Location Coordinates A(I:T:glﬁ)e
1-P.Violet-BJN Identified in red population 7°10'03.90"S 110°01'51.88"E 1073
2-P.Violet-BIN Identified in red population 7°10'14.06"S 110°01'50.35"E 1086
3-Orange-TGL Yet unknown 7°21'31.01"S 110°06'03.91"E 1550
4-Yellow-TGL Introduction* 7°21'46.73"S 110°06'36.01"E 1439
5-Orange-CDR Introduction* 7°15'27.80"S 110°00'28.94"E 1458
6-Purple-CDR Yet unknown 7°15'19.60"S 110°00'34.26"E 1395
7-Orange-CDR Yet unknown 7°15'20.15"S 110°00'28.58"E 1397
8-Orange-CDR Identified in red population 7°16'24.65"S 110°00'08.75"E 1783
9-Orange-NGD Yet unknown 7°15'37.48"S 110°00'41.89"E 1409

10-Orange-NGD Introduction* 7°15'50.82"S 110°00'36.64"E 1490

11-Orange-BNS Grows not on coffee plantation 7°17'26.75"S 110°01'09.00"E 1783

12-P.Violet-BNS Yet unknown, self-seeding 7°17'21.64"S 110°01'35.32"E 1593
13-Orange-BNS Yet unknown 7°18'00.02"S 110°01'43.22"E 1586
14-Violet-BNS Seed from the parents (red) 7°17'20.04"S 110°01'34.43"E 1593
15-Orange-BNS Grows not on coffee plantation 7°17'21.64"S 110°02'10.09"E 1383

Explanation: BJN: Bejen, TGL: Tlogomulyo, CDR: Candiroto, NGD: Ngadirejo, BNS: Bansari. The meaning of
the accession code is: accession number-ripe fruit color-sub-district abbreviation. *: Historical
origin was obtained from farmer interviews and field records. Some parent plants were
reportedly introduced from outside Temanggung as red-fruited Arabica coffee, whereas the
non-red fruit phenotype was observed only after long-term cultivation or subsequent seed

propagation under local conditions.

Research Method
This
descriptive study that focuses on the

research is an exploratory
findings of Arabica coffee accessions with
uncommon ripe fruit colors (yellow, orange,
and provides
the

characteristics of

and purple) descriptive

information of gualitative
morphological each
accession. The research was conducted by
directly observing qualitative morphological
characters and documenting each group of
characters obtained. Following the UPOV
(2008)

guidelines, morphological
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characterization was conducted on 15

Arabica coffee accessions, each
represented by a single plant grown from
seed. For each qualitative character,
observations were made on 20 randomly
selected organs (e.g., leaves, flowers, fruits,
or seeds, depending on the character
assessed) from the same plant. These
observations served as subsamples to
the

assessment and were not considered

improve reliability of character

biological replicates.



Table 2. Morphological characters and scoring
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Plant Part  No. Character Scoring
Vegetative 1. Appearance [1] Elongated Conical, [2] Pyramidal, and [3] Bushy
2. Development [1] Monopodial and [2] Sympodial
3. Primary Branch Angle Insertion [1] prooplng, [2] Horizontal or Spreading, and [3]
Semi-Erect
. [1] Round, [2] Ovate, [3] Triangular, [4] Deltate, [5]
4. Stipule Shape Trapeziform, [6] Splited, and [7] Others
[1] Greenish, [2] Green, [3] Brownish, [4] Reddish
5. Young Leaf Color Brown, [5] Bronze, [6] Purple, [7] Yellow, [8] Orange,
and [9] Others
[1] Obovate, [2] Ovate, [3] Elliptic, [4] Lanceolate, [5]
6. Leaf Shape Undulate, and [6] Others
[1] Round, [2] Obtuse, [3] Acute, [4] Acuminate, [5]
7 Leaf Apex Shape Apiculate, [6] Spatulate, and [7] Others
8. Leaf Petiole Color [1] Green, [2] Dark Brown, [3] Purple, and [4] Others
[1] Light Green, [2] Green, [3] Dark Green, [4] Yellow,
9. Shoot Color [5] Orange, [6] Brown, [7] Dark Brown, [8] Light Purple,
[9] Dark Purple, and [10] Others
[1] Light Green, [2] Green, [3] Dark Green, [4] Yellowish
10. Mature Leaf Color Green, [5] Yellow, [6] Purple, and [7] Others
11, Venation Pattern [1] . Arcuate, [2] Cross-Venulate, [3] Pinnate, [4]
Reticulate, and [5] Others
12. Bud Wax Color [0] Absent, [1] Clear Shiny, [2] Yellowish, and [3] Others
13. Domatia Pilosity [1] Seldom, [2] Intermediate, and [3] Congested
14, Shape of Domatia [1] Pocket, [2] Tuft, [3] Tuft-Pocket, [4] Pit-Type, and
[5] Others
15. Domatia Position [1] Axillary and [2] Extra-Axillary
Generative  16. Inflorescence Position [1] Axillary and [2] Terminal
17. Inflorescence in Old Wood [0] Absent and [1] Present
18. Anther Insertion [1] Excluded and [2] Included
19.  Stigma Position Toward Anther  [1] Excluded, [2] Parallel, and [3] Included
20. Flower Petal Color [1] White and [2] Yellowish White
21. Corolla Tube Color [1] White, [2] Yellow, and [3] Pink
[1] Yellow, [2] Semi-Orange Yellow, [3] Orange, [4]
22. Fruit Color Reddish Orange, [5] Red, [6] Purplish Red, [7] Purple,
[8] Purple Violet, [9] Violet, [10] Black, and [11] Others
. [1] Roundish, [2] Obovate, [3] Ovate, [4] Elliptic, [5]
23. Fruit Shape Oblong, [6] Upside Down Heart, [7] Others
24, Fruit Ribs [0] Absent and [1] Present
25. Endocarp Texture [1] Coriaceous, [2] Sub-Coriaceous, and [3] Others
I [1] Not Marked, [2] Marked but Not Prominent, [3]
26. Fruit Disc Shape Prominent (Cylindrical), and [4] Beaked
27. Calyx Limb Persistance [0] Absent and [1] Present
[1] Yellow, [2] Brownish Yellow, [3] Orange, [4] Brown,
28. Seed Color [5] Purplish Brown, and [6] Others
29, Seed Shape [1] Round, [2] Obovate, [3] Ovate, [4] Elliptic, [5]

Oblong, and [6] Others

Morphological characterization consists of

29 morphological characters that are
adapted to the descriptor book by
International Plant Genetic Resources
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Institute or IPGRI (1996) for Coffea spp.,
consisting of stem, leaf, flower, fruit and
seed characteristics. The morphological
characters obtained from the observed



plants will then be converted into a
numerical scoring (e.g., 1, 2, 3, 4, and so on)
toindicate the differences in each character
group. When variation occurred among the
observed organs within an accession, the
most frequently occurring character was
recorded as the representative score,
following the UPOV descriptor guidelines.
The observed morphological characters and

scoring information can be seen in Table 2

Research Stages

The study began with a survey and
exploration of coffee accessions across
Arabica centers in

major production

Temanggung, combining purposive,
exploratory, and key informant survey
methods to gather information from
farmers. Field surveys targeted plantations
above 1,000 masl known to harbor Arabica
coffee with unusual ripe fruit colors,
covering eight sub-districts in total. No non-
red fruited accessions were found in
Kledung, Bulu, or Parakan. Overall, the
survey encompassed 31 plantations across
15 villages, comprising 24 farmer-owned
plantations and seven managed by the
Forest Institution
(LMDH).

Surveys were conducted during August—

Village Community

September, coinciding with the harvest
(generative) season in Temanggung, to
facilitate observation and data collection of
accessions with non-red ripe fruit colors.
Verification of Arabica coffee accessions
(1)

information from farmers, (2) examination

involved three approaches: direct

of cultivation origin, species identity, and
official cultivar description tables/vouchers
(3)

morphological observations to differentiate

where available, and preliminary

coffee species. Collected accessions were
labeled with passport codes following the
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format accession number—ripe fruit color—
sub-district abbreviation, and each was
based
predetermined qualitative morphological

subsequently  evaluated on

traits.

Analysis Method

Data analysis involved converting observed
morphological characters into nominal
(multi-state) scores to enhance grouping
accuracy across traits. Invariant qualitative
characters were excluded prior to cluster
analysis, as they did not contribute to
discrimination among accessions; only
polymorphic characters were used to
construct the similarity matrix and perform
clustering. A similarity matrix was
generated from the qualitative data using
the Simple Matching (SM) coefficient via
the SIMQUAL procedure, then subjected to
hierarchical cluster analysis using the
Unweighted Pair Group Method with
Arithmetic Mean (UPGMA) to construct a
phenogram based on average linkage
among accessions. Goodness-of-fit of the
UPGMA phenogram was evaluated using
the

(CCC), measuring agreement between the

cophenetic correlation coefficient
original similarity matrix and the cophenetic
matrix derived from the dendrogram.
Cluster analysis was performed using
NTSYSpc, series 2.02i (Rohlf, 1992).
Phenotypic diversity was assessed based
on the frequency and distribution of each
qualitative character category using the

Shannon—Wiener diversity index (H'), which

also identifies low-variability
(homogeneous) characters of limited
selective value versus high-variability

(diverse) characters contributing most to
overall variation and thus holding greater
breeding potential. The Shannon Diversity
Index formula is:



S
H = —Z Pi In (pi)
i=1

where Pi is the proportion of accessions
in a given character category, Ni is the
number of accessions per category (or
is the
natural logarithm, and In Pi weights the

observed individuals/organs), In

informational value of each character
category. Based on H' values, diversity is
classified as low (H' < 0.5), medium (0.5 < H'
< 0.75), or high (H' > 0.75) (Azam et al.,
2023; Maxiselly et al., 2025).

RESULTS AND DISCUSSION

Morphological Variation Based on
Qualitative Traits
Plant  characterization based on

morphology is an initial activity for
germplasm conservation and accession
selection with the aim of differentiating
between genotype as well as for practical
purposes in the form of selection for plant
breeding. Collecting coffee plants of the
but

variations is an important thing in the initial

same species having genotypic

process of plant breeding, because in this

way, breeders can obtain parental

candidates that genetically possess many
both
agronomically and for other developments.

choices of profitable traits,

Therefore the morphological variations
seen in Arabica coffee accessions become
very valuable initial information/database.

In the context of genetics, qualitative
traits are phenotypic characteristics that
occur as discrete categories rather than
continuous measurements. Compared with
guantitative traits, qualitative traits are
generally less influenced by environmental
conditions and often have a stronger
genetic basis (Jling et al.,, 2025). Many
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qualitative traits, such as color and shape,
are predominantly controlled by one or a
few major genes, although the genetic
architecture may vary among traits and
species. Consequently, differences in
qualitative morphological traits can provide
useful information for distinguishing
accessions and may indicate underlying
genetic variation (Andini et al., 2025).
However, these traits alone are insufficient
to confirm genotypic differences, which
require validation using molecular or other
15 Arabica

accessions obtained were analyzed using

genetic analyses. coffee
the Shannon-Wiener diversity index using
29 qualitative characters (Table 3), showing
varying frequencies for each observed
character, evidenced by the varying H' index
categories ranging from none, low,
medium, to high.

The observed variation in qualitative
morphological characters among the 15
Arabica coffee accessions with vyellow,
orange, and purple fruit colors provides
evidence of phenotypic
Thus,

accessions exhibiting unique phenotypic

preliminary
differentiation among accessions.
characteristics can be prioritized for
subsequent molecular characterization to
verify their underlying genetic variation.
Each
information for identification and selection
(Govindaraj et al., 2015). Based on H', the

index range is the lowest at 0.000, which

existing variation is important

means there is no variation at all, to the
highest index of 1.679, which means a very
high variation in morphological characters,
indicating the presence of morphological
characters that do not vary at all, such as
venation patterns, bud wax color, domatia
shape, domatia position, and inflorescence
well as

position, as very diverse

morphological characters such as young leaf



color, young shoot color, fruit color, and
fruit shape. The average H' index for 29
characters is 0.721, which means that
overall it is classified as a
moderate/medium  diversity  category.
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Overall, there are 12 characters in the high
category, 9 characters in the medium
category, 2 characters in the low category,
and 6 characters with no diversity.

Table 3. Diversity of morphological characters and Shannon-Wiener index (H')

Plant Part Character

Sub-Character N H’ Criteria

Vegetative
Appearance

[1] Elongated conical
[2] Pyramidal
[3] Bushy

0.892 High

Development

[1] Monopodial

[2] Sympodial 0.673 Medium

Primary branch angle
insertion

WO (N N -

[2] Horizontal or
spreading 0.500 Medium
[3] Semi-erect

[EEN
N

Stipule shape

[2] Ovate

[3] Triangular
[4] Deltate

[5] Trapeziform

1.245 High

Young leaf color

[1] Greenish
[3] Brownish
[5] Bronze
[6] Purple
[8] Orange

1.338 High

Leaf shape

[2] Ovate
[3] Elliptic
[4] Lanceolate

1.010 High

Leaf apex shape

[3] Acute
[4] Acuminate
[5] Apiculate

1.010 High

W oo PR WOPRAERPRENDBENINBENN

Leaf petiole color

[1] Green
[3] Purple

[EEY
S

0.245 Low

shoot color

[1] Light green
[2] Green
[3] Dark green
[4] Yellow
[6] Brown
[7] Dark brown
[9] Dark purple

1.679 High

Mature leaf color

NP R R WNOR|-

[2] Green
[3] Dark green
[6] Purple

[EEN
N

0.628 Medium

[EEN

Venation pattern

[EEN
w

[3] Pinnate 0.000 None

Bud wax color

[EEN
(2}

[1] Clear shiny 0.000 None

Domatia pillosity

u

[1] Seldom
[2] Intermediate
[3] Congested

()}

1.085 High

IS

Shape of domatia

[4] Pit-type

[E
(2]

0.000 None

Domatia position

[E
(2]

[1] Axillary 0.000 None

Generative  Inflorescence position

[1] Axillary

[E
(2]

0.000 None

Inflorescence in old wood

(o]

[0] Absent 0.691 Medium
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[1] Present
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~

Anther insertion

[1] Excluded

[E
(2]

0.000 None

Stigma position toward
anther

[1] Excluded
[2] Parallel
[3] Included

[S2 Vo)

0.853 High

[EEN

Flower petal color

[1] White
[2] Yellowish-white

[
S

0.245 Low

[EEY

Corolla tube color

[1] White
[2] Yellow

[3] Pink

[y
[y

0.730 Medium

Fruit color

[1] Yellow

[2] Semi-orange yellow
[3] Orange

[7] Purple

[8] Purple violet

[9] Violet

1.552 High

Fruit shape

[1] Roundish
[2] Obovate
[4] Elliptic
[5] Oblong

1.078 High

Fruit ribs

[0] Absent
[1] Present

0.673 Medium

O |k, WNOFRPWEFEOWR(FP W

Endocarp texture

[1] Coriaceous
[2] Sub-coriaceous

[
N

0.500 Medium

Fruit disc shape

[1] Not marked

[2] Marked but not
prominent

[3] Prominent

A~ NNwW

1.340 High

[0}

(cylindrical)

[4] Beaked

Calyx limb persistance

[0] Absent
[1] Present

0.691 Medium

N 00|~

Seed color

[1] Yellow
[3] Orange
[4] Brown

=
[EEY

0.730 Medium

Seed shape

[1] Round
[2] Obovate
[3] Ovate
[4] Elliptic
[5] Oblong

1.459 High

w wo Rk, Ww

2

Explanation: N: Number of sub-morphological characters found in accessions, H’: Shannon-Wiener index,
and sub-morphological characters that not listed in the table are characters that were not

found in the observed accessions.

One of the morphological characters
that was focused on, or became a marker of
accession in this study, namely fruit color,
showed a relatively high H' value of 1.552,
with 1 accession being yellow, 3 accessions
being semi-orange vyellow, 6 accessions
being orange, 1 accession being purple, 3
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and 1
accession being violet. Fruit color is a
qualitative trait (Huang & Hsieh, 2017).
Based on previous research studies, Genes

accessions being purple violet,

influencing fruit color may function as
regulators of gene expression, particularly

in metabolic pathways responsible for



pigment accumulation in the fruit skin, and
fruit color is often determined by one or a
few major genes acting synergistically
& Perata, 2021).
fruit color

underlying genetic variation (Shu et al.,

(Gonzali Therefore,

variation in may reflect
2023). This result suggests that there is no
specific pattern of other characters that
depend on the color of the coffee fruit.
Thus, the color characteristics of coffee
cherries can generally be used as an initial
indication to differentiate coffee plant
accessions.

No consistent morphological pattern
was observed among accessions with
different fruit colors, indicating that fruit
color variation was not accompanied by
obvious differences in the qualitative
morphological traits evaluated (Li et al.,
2018). This is consistent with the concept
that pigment-related genes often regulate
metabolic without

specific pathways

significantly affecting other phenotypic

characters. Several gualitative
morphological characters, including leaf
venation pattern, bud wax color, domatia
shape, and inflorescence position, showed
no variation among the 15 Arabica coffee
accessions. The uniformity of these traits
suggests that they are highly conserved
within the evaluated germplasm and
therefore contribute little to distinguishing
accessions. In contrast, variation observed
in  other qualitative traits reflects
phenotypic diversity among accessions. The
origin of this variation was not investigated
in the present study and may be associated
with multiple evolutionary or breeding
including

processes, mutation,
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recombination, occasional outcrossing, or
the
planting materials.

introduction of genetically distinct

Cluster Analysis Based on Qualitative
Morphology

Based on observations and information
obtained, the 15 accessions observed came

from different sources. Based on
information obtained from farmers, a small
parent plants had originally been

introduced from outside Temanggung as
red-fruited Arabica coffee. The non-red fruit
phenotypes were reported to have
appeared only after long-term cultivation in
Temanggung or in subsequent generations
the
mechanisms underlying these phenotypic
in the

present study. Most of the accessions were

propagated by seed. However,

changes were not investigated

identified only after reaching the fruiting
red-fruited
Arabica coffee populations, whereas others
originated from seed propagation of
Arabica coffee plants that did not exhibit

stage within predominantly

non-red ripe fruits. Several biological
processes may explain the observed
phenotypic variation, including
spontaneous mutation, meiotic

recombination during sexual reproduction,
occasional outcrossing, or the introduction
of genetically distinct planting materials.
Although Coffea arabica is predominantly
self-pollinating, natural cross-pollination
has been reported to occur at relatively low
4-10%)

(Unigarro et al., 2025), which may also

frequencies (approximately

contribute to morphological variation.
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Figure 1. Phenogram of 15 Arabica coffee accessions

Cluster analysis is needed to determine
the similarities and differences between
each accession. From the similarity analysis,
it can also be understood how closely
related one accession is to another
accession. Cluster analysis can also show
patterns between accessions based on
morphological  characteristics.  Several
accessions with high/close morphological
similarities will be grouped into the same
cluster or even sub-cluster, and accessions
with distant similarities will be grouped into
different clusters. Based on the phenogram
formed (Figure 1), it can be understood that
there are 2 large clusters, where cluster 1
consists of 14 accessions, while cluster 2
only contains 1 accession, namely 12-
P.Violet-BNS, while the rest are included in
cluster 1. Indicates that accession 12-
P.Violet-BNS has the most distinct
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gualitative morphological characters. 5 sub-
groups/sub-clusters were formed based on
similarity, namely sub-cluster 1 consisting of
1-P.Violet-BJN, 4-Yellow-TGL, 2.P.Violet-
BIN and 14-Violet-BNS. subcluster 2
consisting of 5-Orange-CDR, 7-Orange-CDR,
11-Orange-BNS, and 5-Orange-BNS.
subcluster 3 consisting of 10-Orange-NGD
and 13-Orange-BNS. sub-cluster 4 only
consisting of accession 6-Purple-CDR. sub-
cluster 5 consisting of 3-Orange-TGL, 8-
Orange-CDR, and 9-Orange-NGD.

The phenogram formed shows that each
accession shows moderate to high
morphological diversity, when expressed in
an index, the similarity between accessions
(when each is compared) can be observed
in the similarity matrix table (Table 4). The
similarity range is only between 0.27 - 0.75
so that the existing diversity is quite



significant, indicating that there are no
accessions with a similarity of more than
0.75 or none that are exactly the same. An
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The UPGMA
phenogrm showed a cophenetic correlation
coefficient (CCC) of 0.796, indicating an

most similar accessions.

example of an accession with a very low acceptable agreement (Mohammadi &
similarity of 0.27 is between accessions 6- Prasanna, 2003) between the original
Purple-CDR and 12-P.Violet-BNS. while similarity matrix and the clustering

examples of accessions with a high
similarity of 0.75 are between 2-P.VioletBJN
and 14-Violet-BNS also 8-Orange-CDR and
9-Orange-NGD. The lowest index of 0.27
indicates the highest divergent/diversity,
while the highest index of 0.75 indicates the

maximum similarity index, which shows the

structure represented by the dendrogram.
The cluster analysis shows that the diversity
of coffee accessions that have vyellow,
orange, and purple fruit colors is quite high
because the similarity index value is quite
low at 0.27 (Hopkins & Gerber, 2017).

Table 4. Similarity matrix of 15 Arabica coffee accessions

Acc. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 1.00

2 0.62 1.00

3 048 048 1.00

4 0.68 0.65 0.41 1.00

5 0.62 048 048 0.62 1.00

6 0.58 041 048 0.55 058 1.00

7 0.65 062 058 058 0.68 0.68 1.00

8 0.51 058 051 048 065 044 065 1.00

9 034 055 058 041 058 037 048 0.75 1.00

10 048 055 058 055 058 058 055 065 058 1.00

11 051 062 065 055 062 048 065 058 051 062 1.00

12 034 048 048 031 031 027 031 044 055 044 058 1.00

13 062 062 055 065 062 058 068 062 048 072 062 044 1.00

14 068 0.75 048 068 058 058 072 062 048 062 055 037 0.65 1.00

15 055 055 058 055 068 055 068 065 055 062 072 041 0.65 055 1.00

Explanation: Acc: Accession, 1: 1-P.Violet-BJN, 2: 2-P.Violet-BJN, 3: 3-Orange-TGL, 4: 4-Yellow-TGL, 5: 5-
Orange-CDR, 6: 6-Purple-CDR, 7: 7-Orange-CDR, 8: 8-Orange-CDR, 9: 9-Orange-NGD, 10: 10-
Orange-NGD, 11: 11-Orange-BNS, 12: 12-P.Violet-BNS, 13: 13-Orange-BNS, 14: 14-Violet-
BNS, and 15: 15-Orange-BNS.

Implications for Plant Breeding Based on
Biodiversity

Variations in the qualitative morphology
of plants are an indication of genotypic
(Yeshitila et al., 2024)
biodiversity in plant species is a profitable

diversity and
resource for plant breeding programs
(Salgotra & Chauhan, 2023). This is a

solution to the genetic limitations of

intervention is needed, especially in plant
breeding to obtain Arabica coffee cultivars
with more profitable and adaptive traits.
Based on the similarity index obtained, it
can be understood that the 15 Arabica
coffee  accessions  obtained show
differences from each other so that they are
potential candidates for further evaluation
the

in breeding programs. Moreover,

Arabica coffee to produce variations accessions obtained, although they show
naturally, because of its autogamous variations, but are in the same species,
reproductive system, so that human generally compatible for crossing (Tounekti
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et al., 2017). However, the selection of
parental combinations should be carefully
considered. Crosses between parents with
relatively similar morphological
characteristics may be advantageous for
maintaining desirable traits and may be
associated  with

higher compatibility,

whereas crosses involving more
morphologically divergent parents may
provide greater opportunities to generate
phenotypic variation in the progeny.

Nevertheless, the relationship between

morphological divergence, Cross
compatibility, and progeny variation should
be interpreted with caution, as these
aspects are influenced by multiple genetic
and biological factors (JM et al., 2015;
Atmoko et al., 2026).

15 coffee accessions exhibited quite
diverse qualitative morphological character
variations, such as fruit color, young leaf
color, and stigma position towards anther
(Figure 2). The ripe color of the fruit in
Arabica coffee apparently influences the
beneficial agronomic properties, Previous
studies have shown that yellow color is able
to produce higher sugar content than other
colors (Hernandez-Alcantara et al., 2023).
The sugar content in the coffee fruit/cherry
will be able to influence the taste of the
coffee, sugar content influences flavor
indirectly by acting as a precursor in
Maillard reactions during roasting, leading
to the formation of key aroma and taste
compounds that determine coffee quality

especially those processed using natural
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(dried with fruit skin) processes (Baptistella
et al.,, 2024). Although sugar content and
sensory quality were not evaluated in the
present study, variation in fruit color may
have potential implications for future
research especially on the sensory quality of
coffee.

The

diversity of Coffea arabica is an important

high qualitative morphological
component in plant breeding programs.
Qualitative traits are generally controlled by
one or a few key genes, thus serving as
relatively useful preliminary descriptors for
accession differentiation. The presence of
morphological  variations, such as
fruit

characteristics, and plant architecture, is

differences in color, leaf
predicted reflects differences in genotypes
that can be utilized in selection and crossing
processes. High diversity increases the
opportunity to identify superior accessions
with desired traits, while broadening the
genetic base for breeding programs.
Furthermore, the use of genetically diverse
parents has the potential to produce
segregant populations with a wider range of
phenotypes, increasing the likelihood of
obtaining new superior varieties. Therefore,
the morphological diversity observed in
Arabica coffee germplasm represents a
valuable for

resource breeding,

conservation, and the development of
varieties that are adapted to diverse
environmental conditions and meet market

demands.



Figure 2. Variations in morphological characteristics: fruit color A: yeIIo, B: semi-orange
yellow, C: orange, D: purple, E: purple violet, and F: violet. Young leaf color G: greenish, H:
brownish, and I: purple. Stigma position toward anther J: excluded, K: parallel, and L: included

CONCLUSION

Fifteen Coffea arabica L. accessions
with  distinct  fruit color from
Temanggung exhibited average
moderate  (H’=0.721)  qualitative
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morphological diversity. Fruit color,
the primary distinguishing trait,
showed high diversity (H' = 1.552),
comprising six ripe fruit color
categories, with orange being the
dominant phenotype.



2. Cluster analysis grouped the 15
accessions into two major clusters with
similarity coefficients ranging from
0.27 to 0.75, while accession 12 (12-
P.Violet-BNS) formed a distinct branch,
indicating its unique qualitative

Andini,

morphological characteristics.

3. The observed morphological diversity
represents a valuable resource for
accession identification, germplasm
conservation, and the selection of
promising breeding materials, which is
important for breeding programs
aimed at developing superior and
environmentally adaptive Arabica
coffee cultivar. Accessions with ripe
fruit colors other than red also provide
promising material for future research,
particularly in molecular
characterization, environmental
adaptation, and sensory quality
evaluation.
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