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Phenotypic Diversity in First Plagiotropic Branch of Caffeine-
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Coffee has caffeine content that may be beneficial for health in the appropriate dosage use. Robusta coffee
has a higher caffeine content compared to other types of coffee. Robusta coffee is the most widely cultivated
type of coffee in Indonesia as it is more tolerant of certain pests and is suitable for the climate in Indonesia.
Supporting the germplasm diversity management, identification of robusta coffee diversity is essential, both
in terms of phenotypic and genotypic characters. This research has been conducted as a comprehensive part
of phenotyping identification of robusta coffee populations in Gunung Betung, Bogorejo, Pesawaran,
Lampung. This investigation has aimed to determine the diversity of robusta coffee phenotypes according to
leaf width on plagiotropic branches. Samples were taken using purposive sampling method on 30 individual
robusta coffee plants. Identification has been done based on leaf morphology, width of the first leaf on the
first plagiotropic branch. Leaf width can be utilised as an indicator to identify different robusta coffee varieties
or genotypes. The phenotypic character of the width of the first leaf on the first plagiotrope branch is crucial
because this branch is the first point where the crop shows an early response to its environment, which may
include factors such as light, water, and nutrients. Leaf width has been measured directly in the field using a
standardised measuring instrument on the widest part of the first leaf on the lowest plagiotrope branch. The
results have demonstrated significant diversity, with a range of leaf widths varying from 6.0 cm to 15.0 cm
with an average of 9.21 cm. This variation has indicated the existence of genetic diversity based on phenotypic
characters among members of the robusta coffee population at Gunung Betung, Bogorejo, Pesawaran.

1. INTRODUCTION The robusta coffee plant exhibits stem

Robusta coffee (Coffea canephora) is an
economically

dimorphism, characterised by branches that grow
upwards (orthotropic) and branches that grow
sideways (plagiotropic). On plagiotropic branches,

significant ~ coffee  species . .
g P the internode distance can reach 8-15 cm (van

worldwide, accounting for approximately 20% of
the total coffee trade in the global market
(Roonprapant et al., 2021). Indonesia is one of
the largest coffee-producing countries in the
world, with the majority of its coffee plantations
dominated by robusta coffee (Rosiana et al.,
2018). Lampung, Indonesia is known as one of
the largest coffee-producing regions in the
country, with plantation areas exceeding 155,017
hectares (BPS, 2022).

Steenis et al., 2008). These horizontally growing
plagiotropic branches play a crucial role as sites for
flower and fruit emergence (Pohlan and Janssens,
2010).

Robusta coffee leaves are broad and elongated,
measuring between 20-30 cm in length and 10-16
cm in width. They are dark green with a glossy,
thick surface and a stiff, rough texture, indicating
adaptation to hot and humid environments. The
robusta coffee leaves are also more resistant to
diseases and insects due to their thick texture and
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higher caffeine content, unlike other coffee types
such as arabica, which are more susceptible to
diseases like leaf rust. This resistance is one reason
why robusta coffee is more widely cultivated in
Indonesia (Rahayu, 2016).

One of the most abundant compounds in coffee
is caffeine, an alkaloid derivative of xanthine
(purine base) naturally found in coffee (Fatoni,
2015). The caffeine content in coffee has health
benefits such as stimulating the nervous system,
relaxing smooth muscles, particularly bronchial
smooth muscles, and stimulating cardiac muscles,
thereby enhancing stamina. It can be used as a
supplement and in medications. However,
excessive caffeine consumption, overdose, can
cause nervousness, restlessness, insomnia, nausea,
and seizures. The maximum allowable caffeine
intake in food and beverages is 150 mg/day and 50
mg/serving (Maramis et al., 2013). The caffeine
content in raw robusta coffee beans is higher
compared to raw arabica coffee beans and other
coffee types.

Robusta coffee is the most widely cultivated
coffee in Indonesia, including in Lampung,
particularly in Bogorejo, Gunung Betung.
Characterising local Lampung robusta coffee plants
is crucial as it helps inventory and determine the
genetic diversity of local robusta coffee.
Morphological characterization allows for the
identification of traits, variability, and relationships
among coffee plants (Zasari et al.,, 2023).
Information on the genetic diversity of local robusta
coffee is useful for improving and increasing
production, quality, and mapping coffee breeding
programs, especially in Lampung province.

Previous research on robusta coffee was
conducted in Brazil by Vitéria et al (2024) to obtain
leaf area data from robusta coffee plants which also
recorded the width of robusta coffee leaves on
plagiotropic branches, similar research has never
been conducted in Bogorejo, so the potential genetic
variation of robusta coffee in the area is still not
widely known.

Leaves on plagiotropic branches often exhibit
more distinct morphological variations compared to
leaves on orthotropic (vertical) branches. These
variations can include leaf shape, size, and colour,
reflecting phenotypic differences. To predict
genetic diversity, leaves are the plant tissue where
nutrient concentration contributes most
significantly to diversity among genotypes (Santos

et al., 2021). Leaves on plagiotropic branches are
more exposed to environmental conditions such as
light and humidity, so adaptive changes in these
leaves can reflect specific genetic adaptations to
particular environments. According to research
(Randriani et al., 2014), a small number of
innovative farmers who have rehabilitated coffee
plants using plagiotropic bud grafting techniques
from selected genotypes will see faster flowering
and fruiting.

The genetic diversity of robusta coffee is
influenced by two factors: genotype and phenotype.
Phenotype is the result of a complex interaction
between genotype and environment, which can be
observed physically. Two organisms with the same
genotype can have different phenotypes if grown in
different environmental conditions. The physical
appearance of an organism includes body structure,
size, shape, and colour. Utilising plant genetic
resources requires knowledge of superior plant
genetic material, with the presence of superior
genotypes obtained through exploration and
characterization of cultivated plants (Zasari et al.,
2023). Characterization of coffee accessions,
clones, and/or varieties is generally based on the
morphological or phenotypic traits of the plants
(Haniefan & Basunanda, 2022). Morphological
differences are the most easily observed traits,
especially in mature plants. Morphological
characterization is wuseful for collecting or
assembling coffee plant germplasm (Ramadiana et
al., 2018).

Morphological descriptors serve as a reference
for identifying plant morphological characteristics
according to established criteria. These descriptors
facilitate the identification of morphological traits
in plants, such as coffee plants. Specific
morphological descriptors for coffee plants have
been published by Internassional Plant Genetic
Resources (IPGRI, 1996).

2. METHODS

This research was conducted from May to June
2024. Data collection was carried out using
purposive sampling with exploration and
characterization methods on 30 coffee plants in the
coffee plantation area of Bogorejo, Gedong Tataan,
Pesawaran, Lampung (Figure 1). The location of the
studied coffee plantation is at an altitude of 360 m
asl.
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-5.423741, 105.119003

Figure 1. Research site, robusta coffee (Coffea
Canephora) at Bogorejo, Gedung Tataan,
Pesawaran Lampung.

Purposive sampling is a technique for

deliberately selecting sample locations based on
specific criteria or considerations. (Dananjaya,
2020). In this study, 10 plants each were taken on
the right and left outer lanes, and 10 plants on the
centre lane of the plantation (Figure 2). A total of 30
samples were then characterised based on IPGRI
guidelines.
Figure 2. Sampling site for 30 individuals robusta
coffee (Coffea Canephora). The green-coloured
squares indicate the coffee plants in the studied
plantations.
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Samples were taken using purposive sampling
from 30 individual robusta coffee plants out of the
total population. Identification was based on leaf
morphology, with a specific focus on the width of
the first leaf on the first plagiotropic branch (IPGRI,
1996). Measurements were conducted by measuring
the widest part of the first leaf on the first
plagiotropic branch of the coffee tree using a ruler.
(Akpertey et al., 2019).

Figure 3. Measurement of leaf width robusta coffee
(Coffea Canephora)

3. RESULTS AND DISCUSSION

Randriani et al. (2014) examined leaf width in a
plant  positively  correlated  with  fruit
production/tree/year. A  positive correlation
between leaf width and fruit production has also
been observed in several other plant species. The
more extensive a leaf is, the greater the area of the
leaf is likely to be. This causes the chloroplasts it
contains to multiply. This condition has
implications for the increase in photosynthesis that
occurs, so that it can show a positive correlation for
fruit production in these plants.

Based on the 30 individual robusta coffee plants
whose leaf widths were measured (Table 1), they
were grouped into three size ranges: 6 to 9 cm, 9.1
to 12 cm, and 12.1 to 15 cm, with 14, 13, and 3
plants in each range, respectively. The widest leaf
measured 15 cm, the smallest 6 cm, with an average
size of 9.21 cm. The size range of 12.1 to 15 cm had
the fewest individuals, only 3, compared to the other
two ranges, which had nearly the same number of
individuals, 14 and 13, respectively.
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Table 1 : Robusta leaves” width (N=30)

No  \or®  wWidth Leaf (cm)
1 Individu 1 12.5
2 Individu 2 7
3 Individu 3 9.5
4 Individu 4 6
5 Individu 5 9.5
6 Individu 6 115
7 Individu 7 7
8 Individu 8 6.5
9 Individu 9 125
10 Individu 10 11
11 Individu 11 10
12 Individu 12 10
13 Individu 13 9.8
14 Individu 14 7.5
15 Individu 15 7
16 Individu 16 15
17 Individu 17 6.5
18 Individu 18 9
19 Individu 19 9
20 Individu 20 8
21 Individu 21 9.6
22 Individu 22 6.2
23 Individu 23 10.9
24 Individu 24 6.5
25 Individu 25 10.7
26 Individu 26 11
27 Individu 27 7.9
28 Individu 28 10.7
29 Individu 29 7
30 Individu 30 11.1
Rerata 9.21

According to van Steenis et al. (2008), the
leaves of robusta coffee on plagiotropic branches in
Indonesia generally have a width between 10 to 16
cm. In comparison, the plagiotropic leaves of
robusta coffee in Bogorejo have a smaller size
range, between 6 to 15 cm. External factors such as
light, water, nutrients, and variety can cause
differences in the leaf size range of robusta coffee
in Indonesia.

When comparing the average width of
plagiotropic robusta coffee leaves in Bogorejo with
a study on the leaf width of robusta coffee in Brazil
conducted by da Vitoria et al. (2024), the average
width in Bogorejo is significantly larger at 9.21 cm,
whereas the average width in Brazil is only 5.79 cm.
External factors including light, water, nutrients,
and variety cause differences in leaf width.

External factors that affect plant growth,
including the physical appearance of the plant, can
be environmental stress. Environmental stress

significantly influences a plant's physiology and its
physical  characteristics,  highlighting  the
importance of regular assessments across pertinent
categories (Van Leeuwen, 2009). The effect of light
on the morphological growth of leaflets can be
correlated with the amount of canopy cover in the
plant. The investigation regarding the impact of
canopy stratification was conducted by Castellarin
et al. (2007), who documented a reduction in the
leaf layer count attributable to hydric stress, albeit
exclusively during the terminal phase of the
vegetative season. The research underscored that
while the quantity of leaves remained constant, their
dimensions underwent alterations, potentially
leading to discrepancies in size at the canopy tier.

It is also commonly recognized that plants
display unique functional traits and utilise diverse
strategies for growth and adaptation to their
environments. Previous investigations conducted
by Qin et al. (2024) suggested that variations in life
history strategies among leaf habits may be
elucidated through the interactions between traits
and environmental factors. Moreover, the findings
presented by Zheng et al. (2024) indicated that
consistent trait-trait associations can be discerned in
images of coarse resolution; however, trait-trait
associations at local scales demonstrate
insensitivity to wide-ranging abiotic and biotic
influences.

Leaf width in plants certainly affects the rate of
photosynthesis. According to Adams & Terashima
(2018), leaves are organs optimised to capture
sunlight and safely use that energy through
photosynthesis to drive plant productivity. Leaves
that do not grow optimally will hinder the plant’s
ability to produce secondary metabolites, such as
caffeine (Putri, 2022).

The relationship between environmental factors
has both physiological and morphological
functions. Plants respond to specific needs during
their life cycle if the growing environment is not
supportive. This is evident from morphological and
physiological changes. Even with the same
genotype, plants will appear different in different
environments. Genotypic variation occurs due to
small, imperceptible shifts from one individual to
another (Muhsanati, 2012). Sudden changes in
environmental factors, such as temperature, relative
humidity, solar radiation, and wind, will result in
short-term responses. However, if these changes
persist over one or more developmental periods,
plants will gradually alter their physiological
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processes. Genetic diversity based on phenotypic
characteristics is necessary for the identification of
robusta coffee varieties or genotypes in the
Bogorejo, Gunung Betung.

4. CONCLUSIONS

The plagiotropic leaves of robusta coffee in
Bogorejo tend to be small compared to other
locations in Indonesia. This variation indicates
genetic  diversity based on  phenotypic
characteristics among the robusta coffee population
in Bogorejo, Pesawaran, Lampung.
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