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Abstract

This study aimed to analyze the ecological factors and morphological traits
of Liberica coffee in Kalipuro District, Banyuwangi Regency. Ecological and
morphological factors were measured, and observations were recorded
accordingly. The observation of significant morphological characters has
been thoroughly conducted. The observed ecological factors were microcli-
mate factors, including altitude, air temperature, humidity, light intensity,
rainfall rate, soil pH, soil temperature, and soil moisture. The Paleontologi-
cal Statistics (PAST) program was used to perform multivariate analysis to
group liberica coffee variants based on morphological traits and physical
factors of the plantation. The study found that physical environmental fac-
tors had a relatively significant influence on morphological variation in each
population. The light intensity and relative humidity were the physical envi-
ronmental factors related to morphological traits, such as leaf shape index,
number of flowers per inflorescence, and leaf surface index based on princi-
pal component analysis (PCA). Unstable weather conditions can influence
environmental factors, which, in turn, can profoundly impact morphological
characteristics, specifically the flowering season. The study revealed a sta-
tistically significant correlation between light intensity and the number of
flowers per inflorescence.
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Introduction

Liberica coffee, scientifically known as Coffea liberica Hiern, is a distinct
coffee variety with numerous variants that can be quite similar. This similar-
ity poses a challenge in accurately classifying the different taxonomic posi-
tions. Despite decades of research on the various infra-species cases of li-
berica coffee, distinguishing between the different variants remains chal-
lenging, as their morphological features are highly variable. Liberica coffee
belongs to the Rubiaceae family species from Africa (1, 2), and it was first
introduced in Indonesia during the Dutch colonial era. Coffea liberica is one
of the main plantations in the agroforestry system maintained by smallhold-
ers in Banyuwangi (3). The long-term introduction period of Liberica coffee
may have led to morphological variations in response to environmental fac-
tors. Liberica coffee can grow in various conditions, including peatlands and
humid environments, and is resistant to pests and diseases. Coffee plants in
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open fields exhibit less optimal growth than those in shad-
ed orchards. To mitigate the effects of direct sunlight on
the coffee plant (4), adding shade plants is essential. Li-
berica coffee, with a relatively larger land cover compared
to arabica coffee (Coffea arabica) and robusta coffee
(Coffea canephora), has a relatively higher carbon stock
potential. The average carbon emission from liberica
coffee plants reaches 23.7 mg CO,/Ha/year (5).

The Coffea liberica plant species encounter issues
with its infraspecific taxa, which require clarification due
to significant variation and morphological inconsistencies
(6). This challenge is attributed to the impact of the envi-
ronment on the plant growth process. Environmental fac-
tors can cause temporary or permanent changes to the
physical characteristics of coffee plants. Such changes
may cause morphological variations that could lead to
speciation or long-term variation. As a result, this research
looks at the environmental factors and physical features of
coffee agroforestry plantations in Kalipuro District, Banyu-
wangi Regency.

Materials and Methods
Study area

This study was conducted from August to November 2022
in coffee-based agroforestry belonging to smallholders in
Kalipuro District, Banyuwangi Regency, East Java, Indone-
sia (Fig. 1). Kalipuro District covers an area of 310.03 km?,
with 4,397 Ha used for coffee plantation (7). Banyuwangi is
well-known for its diverse types of shade trees in its agro-
forestry system, and coffee is the main plantation in this
area (8).
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Fig. 1. Research area map (red filled).

Data Collection

Observations were made in the measurement of ecological
and morphological factors. Observations of significant
morphological characters have been explored (unpub-
lished project). A total of 20 liberica coffee accessions were
observed from 9 liberica coffee plantations in Kalipuro
District. Twenty accessions were grouped based on archi-
tecture and labeled as A, B, C and D accessions based on
branching type. "A" group represents a drooping branch

with a turning upward tip. The "B" group represents the
horizontal branch. The "C" Group represents the drooping
branch (declinate), while the "D" group represents the
leaning up branch (patents). Ecological factors observed
were microclimate factors, including altitude, air tempera-
ture, humidity, light intensity, rainfall rate, soil pH, soil
temperature, and soil moisture. Microclimate factors at
each Liberica coffee plantation location were measured
and subsequently compared between Liberica coffee plan-
tation locations. The elevation was measured using an
essential GPS; the temperature was measured using a
thermometer; the humidity was measured using a psy-
chrometer; and light intensity was measured using a lux
meter. According to the local station, the monthly average
of temperature, relative humidity, and rainfall rate infor-
mation was obtained from the Meteorological, Climatolog-
ical, and Geophysical Agency (BMKG) data. Soil tempera-
ture was measured using a digital thermometer, and soil
moisture and pH were measured using a soil moisture and
pH meter.

Several morphological traits were significantly ob-
served in the previous study (1). The quantitative and qual-
itative characteristics are based on the Descriptor for
Coffee (Coffea spp. and Psilanthus spp.) by IPGRI. Mean-
while, only leaf length (LL), leaf width (LW), and number of
flowers per inflorescence represent reliable variables dur-
ing the multivariate analysis. Leaf surface index (LL x LW)
and leaf shape index (LL/LW) were calculated from leaf
length and leaf width ratio (1). Leaf measurements were
taken on an average of 5 mature leaves, observed on those
more than three nodes from the terminal bud, and meas-
ured from petiole to leaf apex. The number of flowers per
inflorescence was calculated as the average of 10 axils,
randomly selected from different nodes. The assessment
method used refers to the Descriptor for Coffee (Coffea
spp. and Psilanthus spp.) by the International Plant Genet-
ic Resources Institute (IPGRI) (9).

Data Analysis

Data analysis was conducted to determine the effect of the
environment on the morphological characteristics of
liberica coffee in different populations. Multivariate princi-
pal component analysis (PCA) biplot and cluster analysis
were performed using the Paleontological Statistics (PAST)
program to determine the grouping of liberica coffee vari-
ants based on morphological characters and physical envi-
ronmental factors of liberica coffee plantations. Addition-
ally, correlation analysis using the Pearson correlation
coefficient (Eqn. 1) was obtained to measure the strength
of the linear relationship between environmental factors
of liberica coffee plantations and the morphological char-
acteristics of liberica coffee accessions.

XV = E‘Eu[fi—xzm:—mz
I (xi-x)? (yi-F)

Where x; and y; are the samples, while ¥ and ¥ are  the
means of x; and y;, respectively. The r value ranges from +1
to -1, where +1 indicates a positive correlation, 0 means no
correlation, and -1 indicates a negative correlation (10).
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Results and discussion

Ecological Factors of Liberica Coffee Plantations in
Kalipuro District

Several coffee agroforestry plantations in Kalipuro District
use Liberica and robusta coffee as main crops (Fig. 2). The
coffee agroforestry system in Kalipuro District utilized food
crops as a multi-cropping on the land. The crops frequent-
ly planted in this agroforestry area are coconut, banana,

Fig. 2. Coffee-based agroforestry in Kalipuro District.

multi-level crops to improve land use (11, 12). Coffee
plants often used as main plantations by smallholder
farmers are robusta and liberica coffee. Farmers prefer
Robusta coffee because of its resistance to leaf rust dis-
ease, relatively easy maintenance, and higher production
(13). Meanwhile, Liberica coffee has been cultivated due to
the potential for solid bark utilization commonly used in
grafting methods with other types of coffee, i.e., robusta
coffee. This utilization allows coffee grafting individuals to
survive during dry periods because of liberica coffee's
strong bark, adaptability to unfavorably environmental
conditions, and more resistance to leaf rust disease than
robusta coffee (14).

The physical environmental conditions of liberica
coffee plantations consist of Bulusari 1 (B3 and B4), Bu-
lusari 2 (D1 and D2), Gombengsari 1 (A1, B5, C1, C2, and
C3), Gombengsari 2 (C4 and C5), Gombengsari 3 (A2 and
B2), Papring 1 (A3), Papring 2 (A5), Secang (A4), and
Telemung (B1, D3, D4, and D5) population in Kalipuro Dis-
trict did not show much difference since the observed
plantations are still in the same region. The number in the
population name indicated the different plantations of
Liberica coffee. Liberica coffee plantations in Kalipuro Dis-
trict are distributed 100-500 m above sea level. The alti-
tude of coffee-based agroforestry plantations indirectly
affects seasonal microclimate change because of the cano-
py from the shading plant. Shade also modifies environ-
mental conditions such as coffee physiology, productivity,
water, and soil (15). Based on the physical environmental
parameters of liberica coffee plantations, it is known that
the soil temperature does not vary between populations.
However, there are soil moisture variations in liberica
coffee plantation areas (Fig. 3). Soil moisture ranges from
1% to 10%, with the lowest soil moisture found in the A3
accession plantation area. In contrast, the highest soil
moisture was found in the A4 plantation area. Both acces-
sions are located in the same area, namely the Papring
population. However, they come from different farmland.
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Fig. 3. Temperature (°C) and soil moisture (%) parameters of liberica coffee plantations in Kalipuro District.

porang (Amorphophallus sp.), durian, legumes, and coffee
with a random mixture planting pattern. The agroforestry
system in the tropics and subtropics has been applied
since the 1980s, and it was inventoried by ICRAF, using

The differences occurred due to weather conditions
at the moment of data collection. The weather conditions
at the data collection were sunny, and in the few days be-
fore data collection, there were no rain occurrences, so the
soil conditions turned out to be quite dry. Soil pH levels at
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the location of liberica coffee plantations in Kalipuro Dis-
trict ranged from 6.67 to 7.8 (Fig. 4), with the lowest pH in
the B1 coffee accession plantation area. In contrast, the

with low photosynthetic efficiency due to photorespira-
tion. So coffee plants need shades to optimize plant
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Fig. 4. Soil pH parameter of liberica coffee plantations in Kalipuro District.

highest pH was found in the A3 and A5 accession planta-
tions. The suitability level of pH for coffee land is specified
based on four levels, including highly suitable (5.5-6), suit-
able (6.1-7.0), marginally suitable (7.1-8.0), and unsuitable
(>8) (16). According to these guidelines, soil pH in the li-
berica coffee plantations in Kalipuro District is considered
to be at suitable to a marginally suitable level. However,
other physical environmental parameters, such as light
intensity, were known to have variations. The light intensi-
ty of the liberica coffee plantations was recorded, ranging
from 100-1400 lux (Fig. 5). The interaction between light
intensity and coffee plants affects their successful coffee
growth and production. Coffee plants represent C3 plants

with the level of shade on the plant and thus indirectly
affects stomatal conductance and photosynthetic rate
(17). Shade plants are sensitive to reduced light and signif-
icantly affect root, leaf, and shoot growth parameters that
are inadequate to adequate light intensities (18).

Light intensity and solar irradiance duration are
correlated with the relative humidity of the liberica coffee
plantation site. The relative humidity of Liberica coffee
plantation sites in the Kalipuro District ranges from 84 to
100 percent (Fig. 5), with the highest relative humidity of
Liberica coffee plantation sites reaching 100% or almost
100%. The lowest relative humidity was found in the ac-
cession A2 plantation site. Relative humidity in the Liberica
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Fig. 5. Relative humidity (%) and light intensity (lux) parameters of liberica coffee plantations in Kalipuro District.
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plantation site is almost the same. Here the cause of the
average temperature in the plantation site is relatively
similar, and there is no wide variation. The relative humidi-
ty is related to the amount of moisture in the air depend-
ing on the ratio of the water vapor fraction in the mixture
to the water vapor fraction in the saturated mixture at the
same temperature and pressure. It was analyzed based on
the wet and dry air temperatures - the smaller the gap be-
tween dry and wet bulb temperature, the greater the rela-
tive humidity. The wet-bulb temperature depends on the
moisture content in the air in conjunction with the dry-
bulb temperature to determine the humidity (19). Air tem-
perature and humidity have a strong relationship and in-
verse trend. An increased trend in the air temperature
leads to a decreasing trend in relative humidity. The asso-
ciation between variables is valid for the other way round
(20). The increasing relative humidity also positively corre-
lated with the increasing rate of photosynthesis because
as the relative humidity increases, stress to the water con-
tent on the leaf surface decreases and triggers an increas-
ing stomatal conductance so that the CO, concentration in
the leaves is also high (21).

According to the secondary data information ac-
quired from the Indonesian Meteorology, Climatology, and
Geophysics Agency (BMKG), it was found that the average
air temperature and relative humidity of the liberica coffee
plantation sites did not vary during the data collection
period from August to November (Fig. 6). The air tempera-
ture average ranged from 26.49°C to 27.26°C. The relative
humidity values of the liberica coffee plantation sites
ranged from 77.83% to 82.97%, with the highest relative
humidity occurring in October and the lowest relative hu-
midity occurring in August. There were variations in rain-
fall rate during the sampling period of liberica coffee. The
highest rainfall occurred in October, while the lowest was

in August. Environmental conditions with high rainfall on
coffee plantations can negatively affect the coffee plants.
Rainfall may indirectly affect coffee yields. The high rainfall
rate can affect plants by damaging and disrupting the
flowering process. Heavy rainfall might cause coffee flow-
ers to fall off, so the growth of the coffee cherries is a fail-
ure. Previous research states that the wet period signifi-
cantly affects the growth of coffee cherries and beans, but
the excessive rain intensity may negatively impact the
flowering coffee plants. Rain that occurred for 4-5 consec-
utive days during the flowering period could lead to fruit-
ing failure (22).

Correlation of Morphological Trait and Ecological Factors
in Liberica Coffee Plantation

The morphological variation of Liberica coffee varieties is
correlated with the physical environmental conditions of
liberica coffee plantations, as indicated by the leaf shape
index, relative humidity, number of flowers per inflo-
rescence, light intensity, and leaf surface index. These vari-
ables are correlated after a multivariate analysis has been
generated. From 20 accessions in 9 plantations, the li-
berica coffee leaf shape index ranged from 1.69 to 2.49,
with the highest leaf shape index belonging to the D1 ac-
cession at Bulusari 2 plantation, while the lowest shape
index belonging to C3 and A5 accession at Gombengsari 1
and Papring 2 plantations, respectively. At the same time,
the leaf area index ranged from 313.79 cm? to 721.00 cm?,
with the lowest value attributed to C4 accession at the
Gombengsari 2 plantation. In contrast, the highest value
was recorded for B3 accession at Bulusari 1 Plantation.
The environmental conditions, including light intensity
and temperature, can be the growth factors. A previous
study declared that along with the increase in light intensi-
ty, mesophyll cell surface area, volume per leaf surface
area, leaf thickness, and density increased (23). However,
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Fig. 6. Monthly average of temperature (°C), relative humidity (%), and rainfall rate (mm) of liberica coffee plantations in Kalipuro District.

Plant Science Today, ISSN 2348-1900 (online)




MUKHOYYAROH ET AL

cell number and size are leading factors that determine
leaf size under the coordination of both factors and corre-
late to sunlight conditions (24). Another important mor-
phological variable in this study was the number of flowers
per inflorescence. The number of flowers per inflorescence

cent variance refers to multivariate variance analysis or
total variability generated by the model. The model gener-
ated 57.43%, indicating the total percent of variance

Table 1. Leaf and flower morphological trait.

of liberica coffee varied from 0 to 26 flowers per inflo- Leaf LeafArea  Numberof
rescence. Null data found in several accessions at different Plantation Acces- Shape Index Flower per
. . . . sion 2 Inflo-
plantations was due to heavy rain and wind, which caused Index (cm?) rescence
the flowers on the accessions to fall off entirely. During the
. . Bulusari 1 B3 2.12 721.00 16.20
flowering stage, flower bud atrophy is commonly caused
by a drastic change in temperature or a sudden relief of Bulusari 1 B4 2.24 451.17 0.00
water stress, such as the first rain in the rainy season. Alt- Bulusari 2 D1 2.49 348.67 0.00
hough wate.r is essential in this stage, heavy rainfall may Bulusari 2 D2 505 482.50 13.60
cause an episode of acute flower atrophy (25).
. . . Gombengsari 1 Al 2.05 615.79 16.00
The environmental conditions of the plantation .
area are predicted to have influenced some morphological ~ GomPengsaril BS 201 48569 20.80
characters. Among these variables, it is known that the Gombengsari 1 1 1.88 480.39 22.60
correlation between significant variables only exists be- Gombengsari 1 ) 201 432.13 15.20
tween light intensity and the number of flowers per inflo- )
. . Gombengsari 1 C3 1.69 570.85 16.60
rescence, which has a correlation value of 0.52 (p < 0.05).
In contrast, the other variables have a correlation value of Gombengsari 2 c4 2.15 313.79 9.20
less than 0.5 with a significance value greater than 0.05 Gombengsari 2 cs 2.23 587.66 9.80
(Table 1). From this cgrrelatlon of light mansﬂy and Fhe Gombengsari 3 " 179 625.65 13.60
number of flowers per inflorescence, a positive correlation
data shown in Table 1 was obtained. The correlation be- Gombengsari 3 B2 2.20 343.13 0.00
tween the data is optimized by selecting the principal Papring 1 A3 245 568.16 13.80
components (PCs). PC reduction is implemented to pro- Papring 2 A5 1.69 569.66 10.60
vide the best data summary by geometrically reducing the
. . Secang A4 1.87 467.84 8.60
data to lower dimensions (26).
o . . Telemun B1 1.95 612.80 17.60
The principal component analysis (PCA) and biplot &
of the morphological traits and physical environmental Telemung D3 228 606.47 26.00
factors (Fig. 7) of the liberica coffee plantation in the Telemung D4 2.07 592.62 19.60
Kalipuro District revealed that the relevar.1t variables ha?ve Telemung D5 190 479.67 20,40
57.43% of the total percentage as shown in Table 2, which
is cumulative of two first reliable PC (PC 1 and PC 2). Per- Average 205 521.19 13.51
Lt e e
Relative humidty
Paping 1 1
Bulusari 2 ) o of flowersinfiorescence .
oysq{ *
Bulusa \ ,_,__,—ktemw‘“mw"
z A e
§ 300 225 150 o7 @ Gombedgsaris__ 075 RS 225 300 375
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Fig. 7. Principal component analysis (PCA) of morphological traits and environmental factors of liberica coffee plantation.
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Table 2. Correlation of morphological characters and physical environmental factors.

Leaf surface index

Leaf shape index

Number of flowers per

inflorescence Light intensity

Relative humidity

Leaf surface index 0.39

Leaf shape index

Number of flowers per inflorescence 0.22
Light intensity 0.24 -0.04
Relative humidity 0.02 0.15

0.39 0.30 0.94
0.76 0.86 0.52
0.90

0.97

0.03

Note: [ ] correlation value, 77 significant value (p)

described by factors used in the component analysis.
Therefore, other variables outside the model could de-
scribe the remaining percentage. PCA is widely used to
analyze data distribution based on matrix correlation or
covariance. The cumulative percent variance in PCs should
have at least 70% variability, but in practice, the total per-
centage of variance is possibly lower than that (27). De-
spite the relatively low percentage, the first two eigenval-
ues accurately represent the entire data. Experience has
repeatedly shown that the top two eigenvalues represent
most of the influence or variance contained in the data
(28). Furthermore, the results of the PCA indicate low vari-
ation and high similarity between factors. By reducing the
variables, PCA retains the primary information contained
in the original data. The principal components can be de-
termined based on eigenvalue>1, the eigenvector repre-
senting a dataset's data distribution, the cumulative per-
cent of the variance, and the scatter plot (29, 30). The max-
imum total of eigenvalue is two from the first two PCs.
(Table.3.) Eigenvalues indicate the relative importance of
the corresponding eigenvectors. Meanwhile, eigenvectors
indicate the variance's magnitude and direction, arranged
according to the respective eigenvalues, from the largest
to the smallest (28).

Table 3. PCA eigenvalue and percent of variance.

PC Eigenvalue % Variance
1 1,66 33,17

2 1,21 24,26

3 0,95 19,08

4 0,69 13,70

5 0,49 9,78

The short length of the biplot's green line in PCA
indicates spatial variation. The shorter the arrow, the
smaller the spatial variation. Biplot is one of the most in-
formative graphical representations in a multivariate da-
taset, with arrows representing the variable marker (27).
Based on this data, the most negligible variation is shown
by relative humidity. Biplot analysis showed that liberica
coffee plants distributed in the right quadrant are distinc-
tive from liberica coffee plants distributed in the left quad-
rant (Fig. 7), which is reflected by the negative correlation
of the variables. Branching types of liberica coffee plants
labeled alphabetically from A to D did not affect the mor-

phological variation nor the physical environment of the
liberica coffee plantation location. All branching types are
dispersed based on principal component analysis. The
influence of the physical environment of the liberica coffee
plantation in Kalipuro District showed that several popula-
tions overlap due to physical environmental factors and
the morphology of liberica coffee. Principal component
analysis showed that liberica coffee from Telemung plan-
tation was characterized by a high number of flowers per
inflorescence, light intensity, and leaf surface index, which
contrasts with the liberica coffee plantation population in
Secang, which is known to be negatively correlated with
these two variables as well as other variables. The Liberica
coffee population in the Gombengsari 1 plantation is char-
acterized by relatively low levels of all morphological vari-
ables and physical environmental factors indicated by the
position of coffee plants in the Gombengsari 1 plantation,
which is in the center of the quadrant. The closer to the
center of the quadrant, the smaller the variable values.

Liberica coffee plants in the left quadrant were
characterized by low levels of all variables, except for
those in Papring 1, Bulusari 1, and Bulusari 2 plantations,
characterized by higher leaf shape index and relative hu-
midity. However, some liberica coffee plants in Bulusari 1
and Bulusari 2 plantations were characterized by low lev-
els of all observed variables. Meanwhile, coffee plants in
Gombengsari 3 and Papring 2 plantations were negatively
correlated with relative humidity and leaf shape index. The
smaller the angle between variables, the more positively
correlated they are. The larger the angle formed between
the two variables, the more the correlation between the
two variables becomes negative. A positive correlation was
formed between the leaf shape index and the microcli-
mate factor of relative humidity. In conditions with high
humidity, the leaves do not require water efficiency mech-
anisms as in high light intensity conditions, which makes
the leaves maintain the water content by adapting to the
smaller leaf shape to reduce evaporation. The variable
number of flowers per inflorescence positively correlates
with light intensity and altitude. One of the factors for suc-
cessful flowering is sunlight; under these conditions, flow-
ers can bloom sufficiently, and the possibility of flower
failure becomes small. In conditions with low irradiation
accompanied by heavy rains, it can interfere with the flow-
er blooming and cause shedding. Under low precipitation,
rainfall could affect flowering and fruit sets as well as pho-
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tosynthesis disruption. High-intensity rainfall will cause
flower-dropping during the blossom period (31)

The microclimatic factors that affect the growth and
morphology of Liberica coffee plants in Kalipuro District
could be related to the location's altitude, which ranges
from 100 to 500 masl, which indirectly impacts the physi-
cal environment of the Liberica coffee plantation. Light
intensity and relative humidity are two environmental fac-
tors that positively correlate with the plants' morphologi-
cal characteristics. The intensity and duration of light ex-
posure can affect the physiology of coffee plants. Besides
the microclimate factors, internal factors can influence the
growth and morphological characteristics of the plants
(32). Additionally, shade plants around coffee plants can
impact the surrounding microclimate. High shade density
can decrease the light intensity received by coffee plants,
resulting in high relative humidity, while low shade density
can increase light intensity and decrease relative humidity.

Coffea liberica Clustering Based on morphological traits
and physical environmental factors of liberica coffee
plantation

The study conducted a cluster analysis to group liberica
coffee variants based on their physical environmental con-
ditions and morphological characters. The analysis re-
vealed that at a distance of 100, there were 12 clusters,
with only two large clusters and the rest being small clus-
ters consisting of 1 accession (Fig. 8). The accessions A4
[16], B4 [2], B5 [6], C1 [7], and C2 [8] formed one cluster,
while accessions A3 [15], C5 [11], C3 [9], A1 [5], and B2 [13]
clustered in another. The remaining accessions formed
their clusters. At a more considerable distance of 200, the
grouping was divided into 6 clusters. Cluster 1 consisted of
only D3 [18] accessions, while the next cluster included
accessions A5 [14], B1 [17], and D5 [20]. The majority of
Liberica coffee accessions clustered in one large cluster
consisting of accessions D2 [4], A2 [12], A4 [16], B4 [2],

B5 [6], C1 [7], C2 [8], A3 [15], C5 [11], C3 [9], Al [5], and B2
[13]. The last cluster comprised accessions C4 [10] and D1
[3]. The study found that accessions D3 [18], D4 [19], and
B3 [1] were consistently different from other accessions
based on their morphological characters and physical en-
vironmental conditions. The leaf surface index of these
accessions was relatively higher than that of other acces-
sions. The clustering system involved many factors, and
even if one variable showed no difference between acces-
sions, multifactor considerations could still show different
clustering results. The greater the Euclidean distance, the
greater the similarity between accessions in influencing
factors. The clustering system considered the distance
between two variables by considering the relationship
between angle and distance, similar to the Pythagorean
principle (33-35).

Conclusion

The study of Liberica coffee plantations in Banyuwangi
revealed that environmental factors, such as light intensity
and relative humidity, significantly impacted the plants'
morphological variation, including leaf shape index, num-
ber of flowers per inflorescence, and leaf surface index.
Unstable weather can also influence environmental fac-
tors, temporarily affecting morphological traits. A statisti-
cal analysis found that only two variables significantly cor-
related throughout the data set. Specifically, light intensity
and the number of flowers per inflorescence were the only
factors that exhibited a noteworthy correlation.
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