
Received: April 23, 2025 – Revised: May 14, 2025-  Accepted: June 1, 2025 - Published online: July 31, 2025  

Page 5310 of 5325 

https://jurnal.usk
.ac.id/riwayat 
 

 
 

 

 

 

 

 

 

 

 

Original Article 

 

Carbon Dioxide (Co2) Sequestration in Mangrove Leaves at Tanjung Rejo 

Village 

 

Alfandi Putra Jaya Dawolo1🖂, Mufti Sudibyo2, Abdul Hakim Daulae3  
1,2,3Medan State University 

Correspondece Author: dwlalfandi392@gmail.com🖂 

 

Abstract: 

The Paluh Getah Mangrove Beach in Tanjung Rejo Village is a highly 

potential mangrove ecotourism site for carbon sequestration. This study 

aimed to assess the biomass content, carbon sequestration level, and 

comparative CO₂ absorption in four mangrove leaf species (Avicennia 

marina, Excoecaria agallocha, Bruguiera gymnorhiza, and Ceriops tagal), as 

well as to analyze the effect of leaf thickness, width, and length on carbon 

uptake levels in Tanjung Rejo Village. Sampling was conducted at three 

stations determined using purposive sampling, each with three replications. 

Mangrove leaves were analyzed in the laboratory using the Walkley and 

Black method to determine carbon content. The results showed that 

Avicennia marina had the highest sequestration potential, followed by 

Bruguiera gymnorhiza, Ceriops tagal, and Excoecaria agallocha. Leaf 

length, width, and thickness measurements among the four species 

indicated variation in their CO₂ absorption capacity.  

Keywords: Biomass, Mangrove, Tanjung Rejo, Carbon Sequestration 

 

Introduction 

          Global warming is one of the major environmental issues facing the world today, 

marked by the increasing average surface temperature of the Earth due to greenhouse 

gas emissions, particularly carbon dioxide (CO₂), from various human activities 

(Azzahra et al., 2020). Mangrove ecosystems are recognized as effective carbon sinks 

that play a crucial role in climate change mitigation through the process of 

photosynthesis, storing carbon within plant tissues and sediments (Alongi, 2012; Donato 

et al., 2011; Kauffman et al., 2011). Numerous studies have demonstrated that mangrove 

forests possess a remarkably high carbon storage capacity, even exceeding that of many 

terrestrial ecosystems (Mcleod et al., 2011; Sanderman et al., 2018; Sillanpää et al., 

2017).  

However, most previous research has focused primarily on carbon storage in 
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mangrove stand biomass and sediments, with relatively little attention given to leaf 

biomass as an important component in carbon estimation (Heriyanto et al., 2016; 

Murdiyarso et al., 2015). Moreover, there is a lack of studies specifically examining 

carbon uptake based on the morphological variations of mangrove leaves such as length, 

width, and thickness which may influence photosynthetic capacity and biomass 

accumulation. Research on differences in carbon uptake among various mangrove leaf 

types is also limited, particularly in the eastern coastal region of Sumatra, such as 

Tanjung Rejo Village, which holds significant potential for mangrove ecosystem 

conservation and management. 

Therefore, this research is essential to address these knowledge gaps by 

examining the biomass and carbon dioxide uptake of four mangrove leaf species 

Avicennia marina, Excoecaria agallocha, Bruguiera gymnorhiza, and Ceriops tagal found 

in the mangrove forest of Tanjung Rejo Village. This study aims to: (1) determine the leaf 

biomass of the four mangrove species; (2) measure the CO₂ uptake level of each leaf 

type; (3) compare the carbon absorption capacity among the different mangrove leaves; 

and (4) analyze the influence of leaf morphological characteristics on carbon uptake. The 

findings of this research are expected to contribute scientifically to the understanding of 

the role of mangrove leaves in climate change mitigation and to serve as a foundation for 

sustainable coastal ecosystem management. 

 

Methods 

This study is a descriptive quantitative research aimed at calculating biomass 

and estimating carbon dioxide (CO₂) uptake from several mangrove leaf species 

based on their morphological characteristics. The research was conducted from 

March to April 2025 in the Mangrove Coastal Area of Paluh Getah, Hamlet XIV, 

Tanjung Rejo Village, Deli Serdang Regency, North Sumatra. Species identification 

and laboratory analyses were carried out at the UPTD Laboratorium Lingkungan, 

Dinas Lingkungan Hidup dan Kehutanan of North Sumatra Province. 

Figure 1.  

RESEARCH LOCATION. SOURCE: ALFANDI (2025). 

 

x
x
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The population in this study consisted of leaves from four mangrove species: 

Avicennia marina, Excoecaria agallocha, Bruguiera gymnorhiza, and Ceriops 

tagal. The samples used were mature leaves collected through purposive sampling 

during two time intervals morning (08:00–12:00 WIB) and afternoon (16:00–17:00 

WIB). Data collection involved several stages, including leaf sampling, measurement 

of light intensity using a lux meter, leaf color assessment using a Leaf Color Chart 

(LCC), leaf drying in an oven at 104°C for 9 hours, and weighing of dry mass using an 

analytical balance. Organic carbon analysis was conducted using the Walkley and 

Black method, employing reagents such as 1 N K₂Cr₂O₇, H₂SO₄, (NH₄)₂Fe(SO₄)₂, 

diphenylamine, and distilled water, along with standard laboratory equipment such 

as burettes, Erlenmeyer flasks, droppers, and stands.  

Leaf biomass was determined from the dry weight, calculated by converting 

from moisture content. The organic carbon content was then determined using the 

Schumacher formula and converted into biomass carbon content. The final analysis, 

which estimated CO₂ sequestration, was performed by multiplying the biomass 

carbon content by the molecular mass conversion factor of CO₂ to carbon atoms, 

following the formula from Heriyanto and Subiandono (2012). The data were 

analyzed descriptively to identify differences in CO₂ uptake capacity among the 

mangrove leaf species and to assess the influence of leaf morphology on this capacity. 

 

 

Result and Discussion 

1. Light Intensity 

The differences in light intensity are closely related to the position of the sun 

and the canopy density at each station. Sunlight plays a vital role in the 

photosynthesis process, which in turn influences the ability of leaves to absorb 

carbon dioxide. In the morning, optimal sunlight allows photosynthesis to proceed at 

maximum efficiency, potentially contributing to increased carbon uptake by leaves 

during this period (Hermansyah, 2023). Additionally, variations in light intensity 

among mangrove species suggest that crown structure and leaf density can 

significantly affect the amount of light received directly by each species. 

 

Table 1.  

LIGHT INTENSITY (LUX) 

 

Light 

Inte

nsity 

(×10

0) at 

Each 

Stati

on 

 

Time 

Leaf Type 

Avice

nnia 

mari

na 

Excoe

caria 

agallo

cha 

Brugui

era 

gymno

rhiza 

Cer

iops  

tag

al 

I 

 

II 

Morn

ing 

 

After

noon 

624,3

3 

181,6

7 

443,0

728,0

0 

95,33 

705,33 

102,33 

229,67 

189,33 

241,33 

180,33 

236,67 

576

,33 

126,

33 

551,

x
x
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III 

Morn

ing 

After

noon  

Morn

ing 

Sore 

0 

299,0

0 

645,6

7 

152,6

7 

732,0

0 

97,33 

196,67 00 

130

,67 

578

,33 

130

,67 

 

Avicennia marina and Excoecaria agallocha consistently exhibited higher light 

intensity values compared to Bruguiera gymnorhiza and Ceriops tagal, which is 

likely due to their leaf morphology and branch positioning that are more exposed to 

sunlight. 

 

2. Moisture Content in Mangrove Leaves 

Water content in leaves is a crucial parameter for determining a plant's 

physiological capacity, including its efficiency in photosynthesis, respiration, and 

transpiration. The water content data for four mangrove species across three 

different stations and two observation times (morning and afternoon) revealed 

considerable variation. Bruguiera gymnorhiza recorded the highest water content at 

67.53% in Station III during the morning, followed by Ceriops tagal (64.75% in 

Station I, afternoon), and Avicennia marina (64.38% in Station II, morning). In 

contrast, the lowest water content was found in Excoecaria agallocha at Station III in 

the morning, measuring only 59.25%. 

 

Tabel 2.  

MOISTURE CONTENT OF FOUR MANGROVE LEAF SPECIES (%) 

 

Stat

ion 

 

Time 

Leaf Type 

Avice

nnia 

mari

na 

Excoec

aria 

agallo

cha 

Brugui

era 

gymno

rhiza 

Ceri

ops 

tag

al 

I 

 

II 

 

III 

Morni

ng 

After

noon 

Morni

ng 

After

noon 

Morni

ng 

After

noon 

61,91 

60,69 

64,38 

63,87 

63,79 

65,41 

60,92 

60,34 

61,15 

61,46 

59,25 

60,40 

62,38 

63,85 

61,55 

66,87 

67,53 

62,09 

64,

60 

64,7

5 

62,6

6 

64,1

6 

63,7

3 

64,

01 

 

The high water content observed in Bruguiera gymnorhiza can be attributed 

to its leaf morphology, which tends to be broader and thicker, allowing it to retain 

water for longer periods within its mesophyll tissue. Leaves with higher water content 

typically exhibit good turgidity, enabling the stomata to remain open for optimal gas 
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exchange and photosynthesis. This condition aligns with the previously presented 

CO₂ uptake data, where Bruguiera gymnorhiza also showed high absorption values, 

particularly at Station III. On the other hand, the low water content in Excoecaria 

agallocha may indicate a limited capacity for water storage, potentially due to its 

thinner leaf structure and higher cuticle content, which can increase the rate of 

transpiration. This low water content is also correlated with the lower CO₂ uptake 

observed in this species, as discussed earlier. 

The differences in water content between morning and afternoon also reflect 

changes in environmental conditions such as temperature, humidity, and light 

intensity. In general, leaf water content tends to decrease slightly in the afternoon, as 

seen in Avicennia marina at Station I (morning: 61.91% → afternoon: 60.69%) and 

Ceriops tagal at Station III (morning: 63.73% → afternoon: 64.01%). However, not 

all species followed this downward trend, indicating that each species exhibits a 

distinct physiological response to diurnal environmental changes. Overall, leaf water 

content serves as an important indicator of plant physiological health and 

environmental adaptation, particularly within the dynamic conditions of mangrove 

ecosystems. Species with higher water content generally have a greater CO₂ uptake 

capacity, as it supports more efficient photosynthetic activity. 

 

3. Leaf Dimensions 

Leaf size exhibited a relatively consistent pattern, with Avicennia marina 

generally having the largest dimensions, particularly in terms of leaf thickness and 

width. The highest recorded thickness was observed in Avicennia marina at Station 

III in the afternoon (1.05 mm), while the lowest thickness was found in Excoecaria 

agallocha at Station I in the morning (0.48 mm). Similarly, the longest leaf was also 

recorded in Avicennia marina at the same location (9.13 cm). The greatest leaf width 

was observed in Avicennia marina at Station III in the morning (5.40 cm), whereas 

the smallest leaf width was found in Excoecaria agallocha at Station II in the 

morning (3.27 cm). 

 

Table 3.  

THICKNESS (MM), LENGTH (CM), AND WIDTH (CM) 

 

Statio

n 

 

Time 

 

Leaf 

Size 

Leaf Type 

Avicennia 

marina 

Excoecari

a 

agallocha 

Bruguiera 

gymnorhi

za 

Ceriops 

tagal 

 

 

I 

 

Mornin

g 

 

Afterno

on 

Thicknes

s 

Length 

Width 

Thicknes

s 

Length 

Width 

1,00 

8,97 

4,50 

0,91 

8,43 

4,43 

0,48 

8,50 

3,40 

0,45 

8,13 

3,27 

0,90 

7,30 

3,57 

0,81 

7,50 

3,97 

0,77 

8,50 

3,87 

0,74 

7,50 

4,13 
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II 

 

Mornin

g 

 

Afterno

on 

Thicknes

s 

Length 

Width 

Thicknes

s 

Length 

Width 

0,94 

7,93 

4,30 

1,00 

8,83 

4,37 

0,44 

8,13 

3,00 

0,46 

8,13 

3,40 

0,90 

7,97 

4,50 

0,77 

7,83 

4,00 

0,78 

7,40 

4,00 

0,77 

8,00 

3,63 

 

 

III 

 

Mornin

g 

 

Afterno

on 

Thicknes

s 

Length 

Width 

Thicknes

s 

Length 

Width 

1,01 

8,83 

4,70 

0,85 

9,37 

4,53 

0,51 

7,23 

3,17 

0,44 

8,10 

3,33 

0,88 

7,90 

3,90 

0,86 

7,80 

3,80 

0,79 

7,23 

4,27 

0,67 

8,23 

3,83 

This indicates that Avicennia marina is morphologically better adapted to capturing 

sunlight and conducting photosynthesis efficiently, particularly in environments 

with high light intensity. The variation in leaf size also reflects differing adaptive 

strategies among species. Broader and thicker leaves allow for greater 

photosynthetic efficiency, while smaller and thinner leaves tend to reduce water loss 

through transpiration and are more suited to environments with higher water stress 

(Zheng et al., 2019). 

 

4. Carbon Dioxide (CO₂) Uptake 

The potential for carbon dioxide (CO₂) uptake by mangrove leaves showed 

significant variation across species, sampling times, and station locations. This 

measurement was conducted by considering total leaf biomass, organic carbon 

content, and the conversion of carbon into CO₂. 

 

Table 4.  

CO₂ UPTAKE POTENTIAL OF AVICENNIA MARINA LEAVES 

 

Sta

tio

n 

 

Tim

e 

Tot

al 

Bio

mas

s 

(g) 

Org

ani

c 

Car

bon 

(%) 

 

Org

anic 

Car

bon 

fro

m 

Bio

mas

s 

(g) 

CO₂ 

Upt

ake 

Pote

ntial 

(mg

) 

I 

 

II 

 

Mor

ning 

After

noon 

Mor

ning 

22,6

1 

19,2

2 

24,9

9 

39,0 

± 

1,03 

38,4 

± 

0,91 

886,

31 ± 

20,7

2 

734,

2 ± 

3251,

01 

±76,

20 

2690

,91 ± 

x
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III 
After

noon 

Mor

ning 

After

noon 

24,7

2 

25,8

4 

23,7

7 

40,

2 ± 

1,24 

40,

0 ± 

0,91 

42,2 

± 

0,34  

42,4 

± 

0,91 

17,61 

1004

,41 ± 

26,1

3 

988,

797 

± 

22,6

5 

1089

,33 

± 

9,91 

100

6,88 

± 

23,3

7 

63,9

5 

3677,

66 ± 

99,7

8 

3626

,35 ± 

84,2

8 

3992

,72 ± 

33,8

0 

3690

,44 ± 

87,18 

 

Table 5.  

CO₂ UPTAKE POTENTIAL OF EXCOECARIA AGALLOCHA LEAVES 

 

Sta

tio

n 

 

Tim

e 

Tot

al 

Bio

mas

s 

(g) 

Org

ani

c 

Car

bon 

(%) 

 

Org

anic 

Car

bon 

fro

m 

Bio

mas

s 

(g) 

CO₂ 

Upt

ake 

Pote

ntial 

(mg

) 

I 

 

II 

 

III 

Mor

ning 

After

noon 

Mor

ning 

After

noon 

Mor

ning 

After

noon 

7,55 

7,88 

7,75 

7,79 

7,58 

7,78 

19,2 

± 

1,03 

20,

4 ± 

0,6 

25,2 

± 

0,6 

25,8 

± 

1,03 

33,0 

± 

1,03 

33,6 

144,

96 ± 

7,84 

158,

573 

± 

8,21 

195,

3 ± 

4,65 

200,

977 

± 

8,09 

250,

133 

531,5

7 ± 

29,7

6 

581,3

7 ± 

29,57 

715,7 

± 

17,52 

786,

44 ± 

104,

81 

916,6

3 ± 
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± 

0,6 

± 

7,87 

261,

40 ± 

4,66 

29,0

4 

957,

05 ± 

16,41 

 

 

Table 6.  

CO₂ UPTAKE POTENTIAL OF BRUGUIERA GYMNORHIZA LEAVES 

 

Sta

tio

n 

 

Tim

e 

Tot

al 

Bio

mas

s 

(g) 

Org

ani

c 

Car

bon 

(%) 

Org

anic 

Car

bon 

fro

m 

Bio

mas

s 

(g) 

CO₂ 

Upt

ake 

Pote

ntial 

(mg

) 

I 

 

II 

 

III 

Mor

ning 

After

noon 

Mor

ning 

After

noon 

Mor

ning 

After

noon 

19,2

5 

16,5

2 

20,8

1 

18,1

0 

17,5

9 

21,9

6 

44,6 

± 

0,91 

44,2 

± 

0,91 

44,8 

± 

0,6

9 

45,0 

± 

0,6 

45,1 

± 

0,75 

45,0 

± 

0,6 

858,

55 ± 

17,6

4 

718,

25 

±14,

89 

932,

28 

±14,

41 

814,

5 ± 

10,8

6 

793.

30 ± 

13,2

8 

988.

19 ± 

13,17 

3147,

75 ± 

63,8

8 

2634

,05 ± 

55,67 

3416,

32 ± 

55,57 

2984

,71 ± 

41,87 

2907

,59 ± 

48,11 

3623

,21 ± 

48,3

3 

 

Table 7.  

CO₂ UPTAKE POTENTIAL OF CERIOPS TAGAL LEAVES 

 

Sta

tio

 

Tim

e 

Tot

al 

Bio

Org

ani

c 

Org

anic 

Car

CO₂ 

Upt

ake 
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n mas

s 

(g) 

Car

bon 

(%) 

bon 

fro

m 

Bio

mas

s 

(g) 

Pote

ntial 

(mg

) 

I 

 

II 

 

III 

Mor

ning 

After

noon 

Mor

ning 

After

noon 

Mor

ning 

After

noon 

12,7

5 

12,4

8 

13,4

8 

12,6

0 

13,2

7 

12,9

2 

37,2 

± 

1,03 

37,8 

± 

0,6 

39,8 

± 

0,34 

40,

2 ± 

0 

41,6 

± 

0,34 

42,2 

± 

0,6

9 

474,

3 ± 

13,2

5 

471,

74 ± 

7,49 

536.

49 ± 

4,67 

506,

62 ± 

6,96 

552,

02 ± 

4,60 

545.

22 ± 

4,47 

1737,

98 ± 

49,5

6 

1726,

83 ± 

27,9

6 

1965,

37 ± 

17,08 

1857,

80 ± 

0 

2024

,72 ± 

16,53 

1993,

01 ± 

20,0

3 

 

Table 8. 

CO₂ UPTAKE POTENTIAL OF LEAVES IN THE PALUH GETAH MANGROVE 

COAST 

Sta

tio

n 

Tim

e 

Mangrove Species 

Avic

enni

a 

mari

na 

Excoe

caria 

agall

ocha 

Brugui

era 

gymno

rhiza 

Cer

iop

s 

tag

al 

I 

 

II 

 

III 

Mor

ning 

After

noon 

Mor

ning 

After

noon 

Mor

3251,

01 

±76,

20 

2690

,91 ± 

63,9

5 

3677

531,5

7 ± 

29,76 

581,3

7 ± 

29,57 

715,7 

± 

17,52 

314

7,75 

± 

63,

88 

263

4,0

5 ± 

55,6

173

7,9

8 ± 

49,

56 

172

6,8

3 ± 

27,
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ning 

After

noon 

,66 ± 

99,7

8 

3626

,35 ± 

84,2

8 

3992

,72 ± 

33,8

0 

3690

,44 ± 

87,1

8 

786,4

4 ± 

104,8

1 

916,6

3 ± 

29,04 

957,0

5 ± 

16,41 

7 

341

6,32 

± 

55,5

7 

298

4,71 

± 

41,8

7 

290

7,59 

± 

48,1

1 

362

3,21 

± 

48,

33 

96 

196

5,3

7 ± 

17,

08 

185

7,8

0 ± 

0 

20

24,

72 

± 

16,

53 

199

3,0

1 ± 

20,

03 

 

 

The highest CO₂ uptake potential was recorded in Avicennia marina at Station III in 

the morning, with a value of 3992.72 ± 33.80 mg. This value was significantly 

higher than those of the other species, indicating that Avicennia marina has an 

optimal capacity for CO₂ absorption. This result is consistent with its larger and 

thicker leaf morphology, as previously discussed. In contrast, the lowest CO₂ uptake 

potential was observed in Excoecaria agallocha at Station I in the morning, 

amounting to 531.57 ± 29.76 mg. This species demonstrated a low carbon uptake 

capacity, which aligns with its smaller leaf size and lower organic carbon content. 

For Bruguiera gymnorhiza, the highest uptake was found at Station II in the 

morning, reaching 3416.32 ± 55.57 mg, while the lowest was recorded at Station I in 

the afternoon. This indicates that the sampling time influences uptake capacity, 

with morning conditions generally resulting in higher values compared to the 

afternoon (Nugroho, 2021). Meanwhile, Ceriops tagal exhibited its highest CO₂ 

uptake at Station III in the morning, at 2024.72 ± 16.53 mg, and the lowest at 

Station I in the afternoon, at 1726.83 ± 27.96 mg. Although its values were lower 

than those of Avicennia marina and Bruguiera gymnorhiza, Ceriops tagal still 

showed a consistent trend of increasing carbon uptake from Station I to Station III. 

 

 

 

 

 

 

 

 

x
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Figure 2.  

AVERAGE CO₂ UPTAKE 

3488,18

748,127

3118,94

1884,29

Average CO₂ Uptake₂ 

Avicennia marina Excoecaria agallocha Bruguiera gymnorhiza Ceriops tagal

 
 

 

When compared across stations, Station III generally exhibited the highest carbon 

uptake, particularly in the morning, with Avicennia marina showing dominant 

performance. This may be influenced by the environmental conditions at Station III, 

which are more favorable for leaf development and biomass accumulation such as 

higher light intensity, humidity, and salinity. Overall, the results of the study 

indicate that species type, leaf size, and growth location significantly affect the CO₂ 

uptake potential (Zheng et al., 2019). Avicennia marina proved to be the most 

efficient species in absorbing CO₂, reinforcing its vital role in climate change 

mitigation within mangrove ecosystems. 

 

5. CO₂ Uptake, Light Intensity, Leaf Thickness, Leaf Length, and Leaf 

Width 

CO₂ uptake capacity is not influenced by a single factor alone, but rather 

results from the interaction of multiple variables, including leaf morphological traits 

and surrounding environmental conditions. Light intensity exhibited a fluctuating 

pattern, with the highest value recorded at Station III in the morning (548.16 lx) 

and the lowest at Station I in the afternoon (148.16 lx). This pattern appears to align 

with the CO₂ uptake values, where higher light intensity is generally associated with 

increased CO₂ absorption. This relationship can be explained by the process of 

photosynthesis, which directly depends on the availability of light as an energy 

source. 

 

Figure 3.  

COMPARISON OF AVERAGE CO₂, LIGHT INTENSITY (LX), LEAF 

THICKNESS (MM), LEAF  LENGTH (CM), AND LEAF WIDTH (CM) UPTAKE OF 

FOUR MANGROVE SPECIES ACROSS THREE STATIONS AND TWO DIFFERENT 

TIMES. 

 

x
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However, anomalies such as the observation at Station II in the morning 

where light intensity was 485.16 lx, yet CO₂ uptake reached 2443.76 mg suggest 

that, in addition to light, leaf morphological factors also play a crucial role. At this 

point, the leaf thickness was 0.76 mm, length 7.85 cm, and width 3.95 cm, which are 

relatively optimal compared to other sites. Leaves with appropriate thickness and 

size provide sufficient surface area for light capture and efficient gas exchange, 

thereby supporting maximum photosynthetic activity. Leaf length and width also 

contribute to CO₂ uptake capacity. For instance, although light intensity at Station 

III in the afternoon was lower than in the morning, its CO₂ uptake was higher. This 

is likely supported by the longer (8.37 cm) and wider (3.87 cm) leaves, which 

increase the absorption surface and enable efficient light capture and gas exchange 

to continue optimally. In general, a positive relationship can be observed between 

light intensity and leaf morphological dimensions with CO₂ uptake. This aligns with 

fundamental principles of plant physiology, which state that optimal photosynthesis 

is achieved through sufficient light availability and leaf structures that support 

efficient gas diffusion (Nugroho, 2021). 

 

6. Correlation of Carbon Dioxide (CO₂) Uptake with Leaf Type 

Analysis of the four mangrove leaf species revealed significant differences in 

their ability to absorb carbon dioxide. Avicennia marina recorded the highest 

average CO₂ uptake at 3488.18 mg, followed by Bruguiera gymnorhiza (3118.94 

mg), Ceriops tagal (1884.29 mg), and the lowest in Excoecaria agallocha (748.13 

mg). These differences are closely related to the distinct physiological and 

morphological characteristics of each species. Avicennia marina, for instance, is 

well known for its strong adaptive capacity to high salinity and intense light 

conditions, as well as for its leaf structure that is highly efficient in conducting 

photosynthesis. Its leaves are typically thicker and possess stomata that are more 

responsive to changes in humidity and temperature. These traits support high 

photosynthetic activity and elevated CO₂ uptake. Bruguiera gymnorhiza also 

demonstrated high uptake potential, likely due to its broader leaves, which enhance 

gas exchange capacity. In contrast, Excoecaria agallocha exhibited the lowest CO₂ 

x
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uptake, possibly due to its relatively small and thin leaf structure, along with limited 

adaptability to high light intensity. 

Figure 4.  

COMPARISON OF AVERAGE CO₂ UPTAKE OF FOUR MANGROVE 

SPECIES ACROSS THREE STATIONS AND TWO DIFFERENT TIMES. 

 

 When analyzed in relation to location and time, all species generally 

exhibited higher CO₂ uptake in the morning compared to the afternoon, although 

this trend is not absolute. For example, at Station III, Avicennia marina 

consistently maintained high uptake levels both in the morning (3992.72 mg) and 

afternoon (3690.44 mg), demonstrating its stable physiological efficiency. This 

correlation suggests that certain mangrove species have greater potential in their 

role as carbon sinks (Sutaryo, 2009). Therefore, this information can be utilized in 

mangrove conservation and rehabilitation strategies that prioritize carbon 

sequestration capacity focusing on species proven to be the most efficient, such as 

Avicennia marina and Bruguiera gymnorhiza. 

Conclusion 

The amount of biomass in the four mangrove leaf species varied across 

stations and sampling times. The highest biomass was recorded in Avicennia marina 

leaves at Station III in the morning, with a total of 25.84 grams, while the lowest 

was found in Excoecaria agallocha leaves at Station I in the morning, totaling 7.55 

grams. The highest carbon dioxide (CO₂) uptake was also observed in Avicennia 

marina, with a maximum value of 3992.72 ± 33.80 mg at Station III in the morning. 

In contrast, the lowest uptake was recorded in Excoecaria agallocha at Station I in 

the morning, with a value of 531.57 ± 29.76 mg. 
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