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Introduction

A forest is an ecosystem contribute to

Abstract: The Unesa Campus Forest is one of the green open spaces that has
the to play a significant role in mitigating climate change through carbon
storage and sequestration. However, information on the carbon storage capacity
and CO:2 absorption of local tree species in this area is still limited. This study
aims to analyze the carbon stock and CO» absorption in C. cainito and M. kauki
in the Unesa campus forest and their relationship with morphological and
physiological characteristics as well as physical and chemical parameters of the
environment carbon stocks and CO, absorption in C. cainito and M. kauki in
the Unesa campus forest and to examine their relationships with morphological
and physiological characteristics, as well as with physical and chemical
environmental parameters. The study employed a total census and purposive
sampling method, with analysis of the relationship between variables using
Pearson's correlation test. The results showed that M. kauki has higher carbon
stock and CO: absorption capacity than C. cainito. Carbon stock was positively
correlated with height, circumference, diameter, and leaf area of C. cainito and
M. kauki. Meanwhile, chlorophyll content for did not significantly affect
carbon stock. The physicochemical parameters of the environment in this study
supported the growth of both plant species.

Keywords: Carbon stock, CO, absorption, campus forest, morphological
characters, physiological characters.

Greenhouse gas emissions in the period 2000-
2030 are expected to increase by 50%, with
sustained impacts (Chataut et al, 2023).

carbon storage and climate regulation and
provide benefits such as groundwater protection,
flood prevention, maintenance of soil fertility,
reduced runoff, and reduced erosion and
sedimentation rates (Fathoni et al., 2021). About
31% of the world's total land area is forested,
which contribute significantly to absorbing
carbon dioxide (COz). Carbon dioxide (CO2) is
the largest contributor to greenhouse gas
emissions. Every year, about 9 gigatons (Gt) of
carbon is released into the atmosphere through
human activities (Nayak et al., 2022). Excess
carbon disrupts the energy balance between the
Earth and the atmosphere, leading to global
warming and greenhouse gas emissions.

This article is licensed under a Creative Commons Attribution 4.0

International License.

Greenhouse gases can cause climate change
phenomena, climate change is also caused by
illegal burning and illegal logging (Rakuasa,
2022). Climate change can lead to extreme
weather, including floods, storms, and droughts.
The problem of climate change can be mitigated
by plants' role as CO; sinks.

In Indonesia, forest areas cover more than
half of the country's land area and play a crucial
role in mitigating climate change. At the local
level, the city of Surabaya has limited forest
areas, including the forest on the campus of
Surabaya State University, which covers an area
of = 759,333 m?. The campus forest can be used
as a conservation forest and support education in
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the campus area. Campus forests are made as an
effort to prevent pollution, oxygen providers, and
global warming, and play an active role as the
most effective carbon sink, so as to reduce the
increase in carbon emissions in the atmosphere.
Various tree species have been identified in the
forest on the Surabaya State University campus,
including Chrysophyllum cainito and Manilkara
kauki. The are plants from the Sapotaceae family,
with dense leaf structures and extensive root
systems. These trees can absorb carbon dioxide
(COz;) from the atmosphere  through
photosynthesis and store it as biomass, namely
trunks, leaves, roots, and fruit. According to
Kanwal et al. (2024), plants are an important
component in CO, absorption because plants in
forests absorb CO, through photosynthesis and
store it as organic matter in plant biomass.
Research on carbon stocks has been
conducted, including research by (Reza et al.,
2024) with 12 plant species as carbon stocks in
the chlorophyll forest park, Kendal Regency, one
of which is Manilkara kauki, and the results
showed that the biomass contained was 3.06
tons and CO, uptake was 4.49 tons per year.

Meanwhile, research was conducted (Madaputri,
2020) regarding plant carbon stocks located in
the Malang city forest. 41 species were found,
and one of them was Chrysophyllum cainito,
which resulted in 8.93 kg of biomass and 4.47 kg
of carbon stock. However, studies conducted by
Reza et al (2024) and Madaputri (2020)
generally focus on biomass estimation without
considering morphological and physiological
factors such as leaf area and chlorophyll content,
which play a direct role in the photosynthesis
process. In addition, within the Surabaya State
University campus forest, there is no accurate
information on carbon stocks in C. cainitoand
M. kauki. Thus, there is a research gap regarding
the integration of morphological and
physiological parameters in the analysis of
carbon stocks at the urban campus forest scale.
Based on the above background, this study
aims to analyze carbon stocks in Star Apple
(Chrysophyllum cainito) and Javanese Sapodilla
(Manilkara kauki) in the Surabaya State
University campus forest and the influencing
factors. The benefits of this research are that it
can support sustainable forest and land
management and contribute to climate change
mitigation through carbon storage in the city of
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Surabaya. This research can also support the
achievement of the world's Sustainable
Development Goals (SDGs), especially SDG 13
on climate action and SDG 15 on terrestrial
ecosystems.

Materials and Methods

Study Site and Research Design

This study is a descriptive-exploratory
quantitative study that aims to analyze carbon
stocks and CO: absorption in two plant species,
namely Star Apple (Chrysophyllum cainito) and
Javanase Sapodilla (Manilkara kauki). The
research was conducted from September-
December 2024 and October-November 2025 in
the Forest Area of Unesa, Lidah Wetan.
Chlorophyll content analysis and leaf area
measurements were carried out at the IsDB
Biology Research Laboratory, Faculty of
Mathematics and Natural Sciences, Surabaya
State University.

Population and Sampling

The population consists of all C. cainito
and M. kauki individuals growing in the study
area. A total census method was applied to
measure carbon stocks and CO; absorption data
with the aim of producing the most accurate data
possible. There were 16 C. cainito and 42 M.
kauki individuals (58 trees in total) in the study
area. Leaf samples for leaf area and chlorophyll
content analysis were collected using purposive
sampling at two observation stations per species
(Figure 1). Leaves were taken from three canopy
positions (base, middle, and top), resulting in 36
leaf samples.

Morphological and Physiological
Measurements

The morphological parameters measured
included tree height, trunk circumference, trunk
diameter, and leaf area. Tree height was
measured from ground level to the highest tip
using the Smart Measure application, while trunk
circumference was measured at a height of 1.3 m
above ground level and converted to diameter at
breast height (DBH). Leaf area was measured
from samples collected at three canopy positions.
The physiological parameters such as
chlorophyll content was measured using a
Mapada UV-VIS spectrophotometer. Each leaf
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sample was crushed to approximately 0.1 g using
a mortar and pestle, extracted by mixing with 1
ml of 96% alcohol, and then filtered through filter
paper to obtain the filtrate. Chlorophyll content
in C. cainito and M. kauki leaf filtrates was
measured using a spectrophotometer at 649 nm
and 665 nm. Followed by calculating the
absorbance value of chlorophyll a, chlorophyll b,
and total chlorophyll using the Wintermans and
De Mots formula as follows:

Chlorophyll a = 13.7 x OD 665 — 5.76 OD 649
(mg/L)
Chlorophyll b = 25.8 x OD 649 — 7.7 OD 665
(mg/L)
Total chlorophyll =20.0 x OD 649 + 6.1 OD 665
(mg/L)

Description:
OD = wavelength (nm)

Environmental Parameters

Measurement of physicochemical
parameters was carried out at the observation
location, using several research points.
Measurements of physico-chemical parameters
were carried out in the air and soil which
included light intensity, temperature, humidity,
pH, and COs,. In air measurements, light intensity
was measured using a lux meter (LX-101AS),
while temperature; humidity; and CO. were
measured with an Air Quality Monitor TVOC
PM2.5. In soil measurements, pH and humidity
were measured using a soil tester (3-in-1 Soil
Moisture Meter), while temperature was
measured using a soil thermometer.

Figure 1. Sampling site
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Biomass, Carbon Stock, and CO: Absorption

Biomass measurement is based on the
formula proposed by (Ketterings et al., 2001), as
follows:

BK=0.11 x p x D2.62

Description:

BK = tree biomass (Kg)

D = diameter (1.3 m)

p = specific gravity of wood (kg/m3); Weight
data can refer to the Indonesian Wood Atlas or
Global Wood Density Data.

Then, from the results of the biomass
obtained, it is used in the calculation of carbon
stocks because SNI 7724: 2011 states that the
percentage of carbon in wood, litter, and dead
wood is 47%. So the estimation of carbon stocks
used the following formula:

C=47% x BK

Description:
C = carbon content (Kg)
BK = tree biomass (Kg)

To determine the estimation of CO2
uptake, we can use the relative atomic mass ratio
of C with the following formula:

CO, =C x3.67

Description:

3.67 equivalent number or conversion of
element C to CO,

C = carbon content (Kg)

Data Analysis

Research data on  morphological
characteristics (height, circumference, diameter,
and leaf area), chlorophyll content, carbon stock,
and environmental physical and chemical
parameters were analyzed using Pearson
correlation tests in IBM SPSS Statistics 23 to
assess correlations. Before analysis, statistical
assumptions were evaluated, including normality
(Shapiro—Wilk test). Pearson's correlation was
applied only if the data met the assumption of
normality. If normality was not met, Spearman's
rank correlation was used as a nonparametric
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alternative.  Statistical  significance = was
determined at a 95% confidence level (o = 0.05).
If p < 0.05 then the correlation is
positive/significant. If p > 0.05, then the
relationship between variables is not significant.

Results and Discussion

In this study, several data points were
obtained in accordance with the research
objectives. The data are: morphological and
physiological characteristics, biomass, carbon
stock, CO, absorption, and environmental
physical and chemical parameters of
Chrysophyllum cainito and Manilkara kauki in
Unesa campus forest.

Morphological Characteristics and
Physiological Characteristics in C. cainito and
M. kauki

Morphological characteristics such as
height, around, diameter, and leaf area.
Meanwhile, physiological characteristics include
chlorophyll content. Table 1. Shows the height,
around, and diameter values for the species C.
cainito and M. kauki in the Unesa Campus Forest
Area. The data shows that M. kauki has more
dominant growth than C. cainito, as seen from its
greater height, around, and diameter. This can be
influenced by the ability of plants to adapt to the
environment. Leaf area in C. cainito and M.
kauki species at two observation stations, where
the value of leaf area at the base is greater than
the middle and shoot. The largest leaf area in C.
cainito is in station Il while in M. kauki is in
station I (Table 2). Leaf area differences can be
influenced by the availability of nutrients in the
environment.

Physiological characteristics in the form of
chlorophyll content presented in Figure 2.
Shows varying chlorophyll levels in C. cainito
and M. kauki species with a total of 36 samples.
Chlorophyll measurements in three parts, namely
the base, middle, and shoot, show that the
chlorophyll level is highest at the base, followed
by the middle, and lowest at the tip. This applies
to both species at station I and station II. At
station I, the total chlorophyll content at the base
of C. cainito was 39.02 mg/L. Meanwhile, at
station I, it was 32.02 mg/L. At station I, the total
chlorophyll content of the base of M. kauki was
30.03 mg/L. Meanwhile, at station II, it was
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32.77 mg/L. Overall, C. cainito had a higher
chlorophyll content than M. kauki. The
difference in chlorophyll content is thought to be
influenced by variations in light intensity, the
availability of nutrients, especially nitrogen and
magnesium, and the physiological age of the
leaves.

Table 1. High, Around, and Diameter of C. cainito

and M. kauki
Species High Around Diameter
(cm) (cm) (cm)
C. cainito 333+ 72 29,50+ 9,40+
11,79 3,75
M. kauki 632+ 356 43,68+ 14,31+
13,38 4,26
Table 2. Leaf area of C. cainito and M. kauki
Station Species Base Middle  Shoot
(ecm?) (cm?) (cm?)
1 54.00+ 51.60+ 4330+
C. 20.78 10.19 9.87
2 cainito 8530 7720+ 7320+
8.45 12.23 7.32
1 7280+ 58.70+ 4690+
M. 9.60 5.12 4.51
2 kauki 6140+ 5280+ 41.80+
13.60 13.11 13.44
17.16
18 = 15.22
316 )57 12,51
w14 12 11.75 :
En
= 10 7.98| [ 8-5 8.81
_!:: 3 ﬂ m 6.7 6.7
S 6 3.97
= 4
0 L =] L]
O O ¥ O 0O 22 0O 0 ¥ 0O 0 =
EEEEFEEREET
Station 1 Station 2 Station 1 Station 2
C. cainito M. kauki

Figure 2. Chlorophyll content in C. cainito and M.
kauki

Analysis of morphological characteristics,
including height, around, diameter, and leaf area,
in C. cainito and M. kauki showed differences,
even though both species grow in the same
environment at the Unesa Campus Forest. There
were 16 individuals of C. cainito and 42
individuals of M. kauki. Table 1 shows that the
average height, around, and diameter of M. kauki
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are higher than those of C. cainito. This may be
influenced by the age of the plants, as younger
trees have smaller heights, circumferences, and
diameters than mature or older trees (Aldafiana
& Murniyati, 2021). In addition, differences in
height, width, and diameter can be influenced by
the ability of plants to adapt to abiotic
environmental components (Pascalino et al.,
2024). M. kauki has a higher ability to adapt to
abiotic environmental components than C.
cainito.

The leaf area measured at the base, middle,
and tip differs between the two species. Based on
Table 2, in both C. cainito and M. kauki, the base
of the leaf has the largest area, followed by the
middle and the smallest at the shoot. The base has
a larger leaf area because it is closer to transport
tissues such as xylem and phloem and to the
stem, resulting in a more optimal nutrient supply
and larger leaf growth. In addition, cell growth is
more active at the base of the leaf than in the
middle and tip, so that cells divide more actively
and the leaf develops more. Morphologically, the
leaf area at the base has a larger structure than the
middle and tip because it contributes to an
increase in surface area for light and gas
absorption, as well as increasing efficiency in the
transpiration process (Rusdiana et al., 2021) and
(Indah, 2021). Overall, C. cainito has a larger
average leaf area than M. kauki. A smaller leaf
area may be caused by low water availability (Jia
& Wang, 2021).

Looking at physiological characteristics in
the form of chlorophyll content shown in Figure
2, measurements of leaf chlorophyll content were
taken at the base, middle, and shoot of both
species. In both C. cainito and M. kauki, the
highest leaf chlorophyll content was found at the
base of the leaf, followed by the middle and the
lowest at the shoot of the leaf. The chlorophyll
content at the base is higher because, in general,
the leaves at the base are the oldest, so the cells
have had more time to accumulate chlorophyll.
Leaves at the base with high chlorophyll content
also have a higher CO; absorption capacity than
young leaves or leaves at the tip. Overall, the
chlorophyll content of C. cainito is higher than
that of M. kauki. The higher chlorophyll content
in C. cainito is due to its larger leaves, which
contain more mesophyll cells, leading to greater
chlorophyll accumulation. Chlorophyll content is
closely related to CO., biomass, and carbon
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stocks. The higher the chlorophyll content in the
leaves, the greater the plant's ability to absorb
CO: through photosynthesis, which produces
biomass. The greater the biomass formed, the
higher the carbon stock stored in the plant.
Chlorophyll is the main pigment in a plant that
performs photosynthesis (Simkin et al., 2020).

The morphological and physiological
differences between C. cainito and M. kauki
indicate species-specific growth strategies that
influence biomass accumulation potential.
Scientifically, these findings reinforce the
concept that structural characteristics such as
height, diameter, and leaf area are fundamental
predictors of biomass and carbon storage
capacity in tropical tree species. Ecologically, the
dominance of M. kauki in growth parameters
suggests that this species may contribute more
significantly to carbon sequestration and long-
term carbon storage in the Unesa Campus Forest
ecosystem.

Carbon Stocks and CQO; Absorption in C.
cainito and M. kauki

Calculations of biomass value, carbon
stock, and CO, absorption are based on
allometric equations. Based on Table 3, biomass,
carbon stock, and CO, absorption vary in value.
M. kauki has higher biomass, carbon stock, and
CO; absorption values than C. cainito. The
carbon stock value of C. cainito is in the low
category, while that of M. kauki is in the medium
category. Based on Figure 3, carbon stock is
directly proportional to CO; absorption, the
greater the carbon stock, the greater the CO,
absorption. These differences in biomass value,
carbon stock, and CO, absorption can be
influenced by stem diameter, plant age, wood
density, and vegetation density.

Table 3. Biomass, carbon stocks, and CO, absortion
of C. cainito and M. kauki

Carbon CO:
Biomass Stock absorption
Species  (Kg. tree. (Kg C. (Kg COn.
1 year!)  tree.’l. tree. ..
year™) year™)
C. cainito 38,51+ 18,10+ 65,36+
41,86 19,67 72,92
M. kauki 116,41+ 54,71+ 200,76+
101,49 47,70 175,12
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Figure 3. Carbon Stock Diagram versus CO,
Absorption

Table 3 shows that the carbon stock in C.
cainito is lower than that in M. kauki. In C.
cainito, the stored carbon stock is in the low
category, while in M. kauki it is in the medium
category. This is influenced by tree biomass. The
size of this biomass is influenced by stem
diameter, which plays an important role in
calculating the biomass value. The larger the
stem diameter of a tree, the greater its biomass
value (Sribianti et al., 2022). This statement
aligns with the study results: the average stem
diameter of M. kauki is 14.31 cm, larger than that
of C. cainito (9.40 cm).

The difference in wood density between
the two species also affects the carbon stock
produced (Isnaeni et al., 2019). The wood density
of C. cainito is 0.740 kg/m3, while that of M.
kauki is 0.830 kg/m3. Wood with high density
has a structure that can store large amounts of
carbon, thereby increasing the species' total
carbon stock (Lestari et al., 2024). In addition,
carbon stocks are also influenced by vegetation
density. This is in line with the opinion of Dini et
al., (2022), which states that dense vegetation can
increase  carbon  reserves and  carbon
sequestration. This opinion is consistent with
research results showing that the number of M.
kauki individuals is greater than that of C. cainito
42 M. kauki individuals were found, compared
with 16 C. cainito individuals. CO, absorption is
directly proportional to carbon stocks in plants,
as shown in Figure 3. The greater the CO;
absorption, the greater the carbon stocks formed
in plants (Yaqin et al., 2022). This statement is in
line with the results of the study, where CO,
absorption in M. kauki is greater than in C.
cainito, so that the carbon stock in M. kauki is
greater than in C. cainito. CO, absorption is
influenced by photosynthesis and by factors such
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as light intensity, temperature, leaf area, water
availability, growth phase, and age, which can
affect plants' ability to absorb CO» (Kareninsekar
& Insafitri, 2020).

The results of this study indicate that the
carbon stock values of both species are consistent
with the results of previous studies conducted by
Reza et al. (2024) and Madaputri (2020), where
carbon stock values fall into the low to moderate
category. The higher carbon stock and CO:
absorption in M. kauki confirm the importance of
wood diameter and density in carbon
accumulation. These findings reinforce the
carbon estimation approach at the species level.
Ecologically, M. kauki can be prioritized in urban
forest carbon management strategies.

Relationship between Morphological and
Physiological Characteristics and Carbon
Stock in C. cainito and M. kauki

Pearson's correlation test was conducted to
determine the relationship between
morphological and physiological characteristics
and carbon stock. Based on Table 4, it shows that
morphological characteristics such as height,
around, diameter, and leaf area have a positive
correlation or are significantly related to carbon
stock because the significance value is <0.05.
Height, circumference, and diameter have perfect
Pearson's  correlation  coefficient  values.
Meanwhile, physiological characteristics such as
chlorophyll content have a correlation are not
significantly related to carbon stock because the
significance value is >0.05. The Pearson
correlation coefficient value of chlorophyll
content with carbon stock is in the very strong
negative correlation range.

Table 4. Pearson Correlation of Morphological and
Physiological Characteristics with Carbon Stock in
C. cainito and M. kauki

Parameters C(l)’re:eliz:;;:m Sig. (2-tailed)
High 0,721 0,00
Around 0,954 0,00
Diameter 0,955 0,00
Leaf area -0,547 0,00
Chlorophyll -0,123 0,489
Based on the results of Pearson's

correlation statistical test, it was found that
carbon stocks in C. cainito and M. kauki had a
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positive  correlation  with  morphological
characteristics, but a correlation not significance
with physiological characteristics, as shown in
Table 4. Morphological characteristics such as
height, around, diameter, and leaf area were
positively correlated with carbon stocks with a
significance value of <0.05 and a perfect Pearson
correlation coefficient value of 0.81-1.00.
Morphological relationships such as height,
around, and diameter showed that the greater the
height, around, and diameter, the greater the
carbon content in the plant. As a tree grows taller,
its volume and biomass also increase. Taller trees
tend to have longer trunks, larger crowns, and
more wood tissue, so the amount of carbon stored
in the biomass is greater (Sardi et al, 2021).
Meanwhile, the around value is directly
proportional to the diameter. The larger the stem
diameter, the greater the biomass value, with a
higher DBH indicating an older tree and, of
course, a larger carbon stock (Erfanifard et al.,
2025).

Other morphological traits, such as leaf
area, are positively correlated with carbon stocks.
Leaf area is a key biophysical parameter for
determining photosynthesis, respiration, and
transpiration (Duan et al., 2019). Leaf area is
positively related to carbon stocks because the
larger the leaf area, the greater the tree's
photosynthetic capacity. Larger leaves are able to
capture more sunlight and absorb more CO.,
thereby increasing biomass production. This
biomass serves as a carbon storage site. The
assimilation of leaf area and the efficiency of the
photosynthesis process are interpreted as
biomass accumulation (Marquez-Prieto et al.,
2022). The resulting biomass accumulation is
directly proportional to the carbon content in
plants.

The relationship between physiological
characteristics, namely chlorophyll content, is
correlated not significance with carbon stocks.
Irsadi et al, (2022) stated that chlorophyll
content describes photosynthetic capacity, but
does not directly indicate the amount of carbon
stored in the form of biomass. In addition to
chlorophyll, carotenoids also regulate carbon

stocks and storage by influencing the rate of
photosynthesis (Lulu et al., 2024). C. cainito and
M. kauki are also fruiting plants, where much
carbon is allocated to fruit formation, resulting in
relatively lower chlorophyll levels and inhibited
vegetative growth.

The significant positive correlation
between morphological parameters and carbon
reserves reinforces the allometric theory, which
states that tree size variables are reliable
predictors of biomass and carbon accumulation.
Scientifically, these results justify the use of
height, circumference, and diameter as practical
indicators for rapid assessment of carbon
reserves in urban forests. On the other hand, the
insignificant relationship between chlorophyll
content and carbon stocks indicates that short-
term physiological properties do not directly
reflect long-term carbon storage. Ecologically,
this suggests that forest carbon management
strategies should prioritize structural growth
rather than focusing solely on physiological
optimization. These findings contribute to
improving the carbon monitoring framework in
small-scale tropical forest ecosystems.

Measurement of Environmental Physical-
Chemical Parameters in C. cainito and M.
kauki

Measurements of environmental physical
and chemical parameters are conducted in the air
and soil. Based on Table 5, the results show that
environmental conditions are relatively constant
and there are no significant differences between
the two stations for each species. Statistical
testing using Pearson's correlation was also
conducted to determine the relationship between
environmental physical and chemical parameters
and carbon stocks. Based on Table 6, it shows
that light intensity, air temperature, air humidity,
pH, soil temperature, and soil moisture are
positively correlated or significantly related to
carbon stocks with a significance value of <0,05
and are included in the perfect correlation.
Meanwhile, environmental CO, is not
significantly related to carbon stocks with a
significance value of >0,05.

Table 5. Physics Chemical Parameters C. cainitoand M kauki

C. cainito

M. kauki

Parameters Station I

Station II

Station I Station 11
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Air

Ligh intensity (Lux) 4010+ 0 9720+ 0 3881,4+1735,34  4416,8 +2000,29
Temperatur (°C) 33+0 33+0 33,3+0,52 33,5+0,51
Humidity (%) 76+ 0 79+0 83,4+4,01 75,7 +£5,82
CO; (°ppm) 461 +0 467+ 0 514,7 £ 15,79 495,7+21,43
Soil

pH 8+0 8+0 8+0 9+0
Humidity (%) 60+0 60+0 48 £24.6 28 £20,3
Temperatur (°C) 31+0 28+ 0 29+ 1,48 30,4 + 1,08

Table 6. Pearson Correlation of Environmental
Physical and Chemical Parameters with Carbon
Stock in C. cainito and M. kauki

Pearson Sig. (2-
Parameters Correlation tailed)
Air
Ligh intensity -0,362 0,039
Temperatur 0,446 0,009
Humidity 0,637 0,00
CO; 0,500 0,783
Soil
pH 0,562 0,001
Humidity -0,732 0,00
Temperatur 0,580 0,00

Measurements of environmental physical
and chemical parameters at two stations for each
species showed that environmental conditions
did not differ significantly, as shown in Table 5.
Measurements of physical and chemical
parameters were taken in the air and soil. The
light intensity for both species was in accordance
with the quality standards for tropical plants
(500-10000 lux) (Yasmin et al., 2023). This light
intensity was sufficient for photosynthesis
because these species are tolerant to partial
shade. Low light intensity negatively affects
photosynthesis, resulting in low carbon stocks.
High light intensity increases photosynthesis and
respiration rates, resulting in rapid plant biomass
formation. The air temperature for both species is
above the average optimal range (25-30°C) (PP
No. 41 of 1999), but it is still within the range
considered feasible for adaptive tropical plants.

The air humidity for both species is in line
with the plant quality standard of 60-80%, which
is ideal for supporting tropical plant growth.
According to Krause at al., (2025) Excessively
high or low air humidity has a negative impact on
forest carbon stocks because it reduces nutrient
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absorption in plants. The CO; levels for both
species meet the quality standards, ranging from
350-1000 ppm. This CO; level is high enough to
support photosynthesis rates. The pH values for
both species are too alkaline relative to the
requirements of C. cainito and M. kauki, which
prefer neutral or more acidic pH levels. The pH
quality standard for tropical plants ranges from
6.6 to 7.5 (Juliyanto et al., 2022), so the pH of
both species exceeds the optimal range. The soil
moisture of both species is adequate for the
growth of plants that require moist soil, but not
waterlogged. Meanwhile, the soil temperature of
both species is suitable for supporting plant
growth, ranging from 20-35°C (Kumar et al,
2021). Soil temperature affects the activity of
microorganisms that decompose organic matter,
and the optimal temperature can increase carbon
uptake by increasing the accumulation of organic
carbon in the soil.

Based on the results of Pearson's
correlation test in Table 6, it shows that light
intensity, air temperature, air humidity, pH, soil
temperature, and soil moisture are positively
correlated with carbon stocks. This indicates that
improvements in these physical and chemical
environmental conditions are followed by an
increase in carbon stocks in the ecosystem.
However, CO, levels show no significant
correlation with carbon stocks. This negative
correlation may occur because areas with high
carbon stocks tend to have lower environmental
CO; levels, as plants actively absorb CO, for
photosynthesis. Conversely, when carbon stocks
are low, the ability of vegetation to absorb CO-
decreases, causing CO; concentrations in the
environment to increase (Solomon et al., 2024).

The significant influence of environmental
factors on carbon stocks highlights the
interaction between abiotic conditions and
carbon dynamics. Ecologically, maintaining
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optimal environmental quality is essential for
preserving the function of campus forests as
carbon sinks.

Conclusion

Based on the study results, it can be
concluded that the carbon stock and CO;
absorption of M. kauki are higher than those of C.
cainito. Carbon stock is positively correlated
with  morphological  characteristics  and
correlated not  significantly related to
physiological characteristics. The physical and
chemical parameters of the environment are
sufficient to support the growth of both species.
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