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Abstract
Background Climate change is a global concern caused by increasing concentrations of carbon dioxide in
the atmosphere, with many detrimental consequences. A potential approach to counter acting the effects
of climate change is to actively remove carbon dioxide from the atmosphere. the biomass without
damaging the vegetation.

Results Based on the allometric equation, the biomass has the highest value in wadi El-Gimal for the
growth stages sapling, there for the largest number of sapling found in this area. Carbon sequestration in
four different locations of Avicennia marina was estimated. The highest carbon storage in stands of Abu
Ghuson was 30 kg/hectare than in these in other sites. the carbon dioxide absorption of trees in Sharm
El-Bahary was higher than in the other studied sites is 24.8kg/hectare.

Conclusion These estimates suggest high Biomass and carbon sequestration potential despite the
relatively small area of the Avicennia marina along the Red Sea Coast.

1. Introduction
Wetlands have a vital role in carbon dioxide sequestration, the major greenhouse gas in the atmosphere
(Choi and Wang 2004). Conversion of wetlands to agricultural and other developmental purposes in
several parts of the world should be banned, as wetlands will become a significant source of atmospheric
CO2 (Whiting and Chanton 2001). Wetland ecosystems are the greatest sinks for carbon comparing with
all the terrestrial ecosystems. While wetlands comprise some 5–8% of the terrestrial land surface (Mitsch
and Gosselink 2007), about 20–30% of the total global soil carbon pool (about 25 × 1011 Mega gram) is
stored in them (Lal 2008).

Mangroves, found in various tropical and sub-tropical coastal regions, possess unique ecosystems
(Santini et al., 2015). They exhibit adaptability to a wide range of salinity levels (Noor et al., 2015). These
ecosystems offer numerous advantages to both the environment and human beings (Kauffman et al.,
2011). Recently, mangroves have gained recognition for their ability to store carbon and sequester carbon
dioxide (CO2) from the atmosphere (Noor et al., 2015 and Ilman et al., 2016). The amount of carbon
stored in mangrove forests surpasses that of terrestrial forests by two to three times (Tue et al., 2014). In
comparison to many terrestrial systems, mangroves can store substantial amounts of carbon per unit
area (Njana et al., 2015). As a result, mangrove forests play a significant role in the global carbon budget
(Eid and Shaltout, 2016). Avicennia marina is one of the many species of mangroves and is widely
distributed across multiple regions of the world (Reef et al., 2015).

Few studies have been conducted on the carbon sequestration potential of Avicennia marina in Egypt,
along the northern coast of Red Sea, where the mean carbon stored was estimated as 85 Mg C ha− 1,
while the mean carbon sequestration potential was 0.061 Mg C ha− 1 year − 1 (Eid and Shaltout 2016).
Stored carbon in mangrove vegetation on Gulf of Aqaba–Egypt was estimated as 109.3, 41.9 and 70.3
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Mg C ha − 1 for mangroves at intertidal, shoreline and salt plain habitats, respectively (Mashaly et al.,
2016). Mangrove and other coastal ecosystems on the Gulf of Aqaba had carbon sequestration potential
of 2.4, 0.545,1.04, 0.14 and 0.81 Mg C ha − 1 year − 1 for mangrove of intertidal, shoreline, salt plains,
mudflats and hypersaline ecosystems, respectively (El-Hussieny and Ismail 2017).

Present work is a complementary task to fill the gap in the estimation of carbon pool and carbon
sequestration potential of mangrove ecosystem covering its geographical range along the Red Sea coast
of Egypt. This provides one of the pioneer estimates for carbon sequestration potential of Avicennia
marina, estimate the above-ground and root biomass and C-stocks to understand the blue carbon
potential of the mangroves.

2. Materials and methods
2.1. Study area

The Red Sea coast of Egypt extends in SE–NW orientation for about 830 km, in addition to about 870 km
of coastline of Suez and Aqaba Gulfs. This made the total length of Egyptian coasts along the Red Sea,
including both Gulfs, is about 1700 km that almost equals the total eastern coastline of Red Sea in Saudi
Arabia (Saifullah 1994 and El-Hussieny 2011). Four main locations encompass the entire coastlines of
the Egyptian Red Sea, representing the natural variation of Avicennia marina populations subjected to
different physiographic, climatic and human impact conditions were selected for this study (Shawky,
2021). The first transect was in Sharm El-Bahry (south El-Qusair), the second in Wadi El-Gimal (south
Marsa Alam), the third Wadi Al-Qu’lan (north Hamata) and the fourth in Sharm El-Madfa’a (south
Shalatein) shown in (Fig. 1).

Figure 1. Four Locations of Mangrove stands along the Red Sea coast, Egypt.

2.2. Methodology

Studying carbon sequestration requires fieldwork to estimate both above- and belowground biomass. Due
to the surrounding environment, work in mangrove forests is largely inaccessible, making fieldwork and
sampling a tedious task (Patil et al., 2014). Over the past few years, forest ecologists have developed
various methods for estimating forest biomass (Komiyama et al., 2008). One of these methods is the use
of allometric equations. This method has been widely used by researchers as a non-destructive method
to estimate mangrove biomass (Komiyama et al., 2008 and Fromard et al., 1998). The estimation also
relies on the measurement of tree characteristics such as trunk diameter (Fayad et al., 2016).

2.2.1. use of allometric equations

A non-destructive method based on stem DBH (i.e., allometric equations) was used to estimate above-
and below-ground biomass and thus carbon stocks. The basic theory of allometric relationships is that in
many organisms, the growth rate of one part is proportional to the growth rate of another part.
Relationships using diameter at breast height (DBH) have been developed by many researchers to predict



Page 4/11

the above-ground biomass of mangroves in many parts of the world (Clough et al., 1997 and Saenger &
Snedaker, 1993).

2.2.2. Calculation of above ground biomass. Tree biomass was calculated using the Allometric
Coefficient Value formula (a and b). To calculate the upper biomass based on tree species, a calculation
formula that has been widely used by previous researchers was used, starting with felling and weighing
trees (Kittredge, 1944). The formula is as follows:

Where: Y is the Biomass, a and b constant and D is the Diameter

2.2.3. Calculation of above ground carbon

a. Calculation of above ground carbon

Calculation of above ground carbon using the following formula:

where: Cb = carbon content of biomass, expressed in kilograms (kg), B = total biomass expressed in
kilograms (kg), %C organic: the percentage value of carbon obtained from the results of carbon
measurements (Shawky, 2021).

b. Calculation of total carbon dioxide (CO2) sequestration.

Carbon dioxide sequestration was calculated based on the mass ratio of the photosynthetic reaction
equation:

 

Based on the photosynthetic reaction equation above, to produce 180 grams of biomass (C6H12O6) it
takes about 264 grams of CO2. Therefore, CO2 sequestration can be determined by the formula:

3. Results and discussion

3.1. Biomass
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Biomass is the mass of living organisms consisting of plants and animals that inhabit an area (Santosa
et al., 2014). There are two types of biomass: aboveground biomass and belowground biomass. Biomass
values were calculated using allometric equations. The biomass calculations were performed using the
non-destructive method, a method that measures the biomass without damaging the vegetation. Based
on the allometric equation, the stored biomass was found to be influenced by factors of vegetation
diameter and density (Pratama and Sribudiani, 2016). The result in (Fig. 2) showed that highest value of
Biomass recorded in wadi El-Gimal for the growth stages sapling, there for the largest number of sapling
found in this area.

Figure 2. Above ground biomass of Avicennia marina at different localities.

3.2. Carbon stocks
Carbon is one of the elements stored on the soil surface as biomass of living plants, dead plant residues,
and soil organic matter (Uthbah et al., 2017). Once the average biomass content has been determined, the
next step is to determine the carbon stock value. The carbon stock value is obtained by multiplying the
biomass content by the percentage value of carbon content. The results in (Table 1) showed that the that
the highest carbon stock in the site of Abu Ghuson was 30 kg/hectare (Prahara et al., 2015). the diameter
of the trees is small so that the carbon stocks is also small. In addition, the tree level also has a high
biomass value. Adinugroho et al., (2012) stated that the larger the diameter of the trees that made up a
stand with a large number of individuals and composed of species that had high wood density, the
potential for biomass and carbon content was also greater. Hikmatyar et al., (2016) stated that the larger
the diameter of the tree, the more carbon would be absorbed. Tree stand biomass greatly affects the
stored carbon potential.

3.3. Carbon sequestration
The carbon dioxide absorption is determined by comparing the formula for the photosynthetic process
with the conversion factor for carbon dioxide absorption, which is1.4667, and multiplying it by the
biomass. The carbon dioxide absorption can be seen in (Table 1). The results show that the carbon
dioxide absorption of trees in Sharm El-Bahary was higher than in the other studied sites is
24.8kg/hectare. This is due to the large diameter of the tree trunks and the fact that most of the results of
photosynthesis are stored in the tree trunks. Carbon dioxide sequestration is determined based on
biomass and tree age. The larger the diameter of the tree, the greater the amount of carbon dioxide
absorbed. This is related to the results of photosynthetic processes in the form of cellulose and wood
constituents, which increase the weight of organic matter and allow for horizontal and vertical growth.
The same is also said by (Baderan, 2017) that the increase in tree diameter is due to the accumulation of
biomass converted from CO2, which increases as atmospheric CO2 is absorbed by the tree. The same
opinion is also expressed by Darmawan and Siregar in (Manafe et al., 2016).
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Table 1
Total above ground biomass, carbon stock, annual carbon sequestration of Avicennia marina at different

localities.
Sites Aboveground

Biomass (kg/m3)
Belowground
Biomass (kg/m3)

Carbon Stock
(kg/hectare)

Carbon Dioxide (CO2)
sequestration (kg/hectare)

Sharm
El-
Bahary

17.08 3.08 28.0 24.9

Wadi El-
Gimal

15.33 5.68 25.9 22.3

Abu
Ghuson

17.06 3.32 30.0 24.8

Sharm
El-
Madfaa

14.08 2.99 23.9 20.4

Conclusion
This paper examines the carbon sink potential of Avicennia marina along the Red Sea Coast, Egypt. It
estimates the biomass and carbon content of the mangrove vegetation in stand of Abu Ghuson has the
highest carbon stock due to the largest number of trees in the site. The study suggests that the mangrove
trees along the Red Sea Coast have a high potential for carbon sequestration.

Declarations
Authors‘ contributions 

ASA and DC.: data collection and organization, formal analysis, writing (the original draft). CAK: data
collection and methodology, organizing, formal analysis, and writing. AA: reviewing, and editing the
manuscript. JCS contributes to the comments, editorial and writes a manuscript. AB. edited and reviewed
the manuscript, proofread it for the final submission, and is the senior author. DZ. is co-initiator of the
study, developed the research question, made significant contributions to, data collection, analysis, and
write-up. All authors contributed to the writing of the manuscript. This is original research that has not
previously been published and is not under consideration for publication elsewhere. All authors
contributed to the writing of the manuscript. 

Funding 

There are no any funding resources for this study. 

Data Availability 

The attached supplementary file contains all data. 



Page 7/11

Ethics approval and consent to participate 

Not applicable. 

Consent for publication 

Not applicable. 

Competing interests 

The author declares no competing interests. 

Ethical guidelines 

Not applicable. 

Author details 

1Department of Science, University of Technology and Applied Sciences, P.O.: 10 - Postal Code: 329,
Rustaq, Oman, 

2Department of Ecology and Ranges, Desert Research Center, P.O.: 1753, Cairo, Egypt. 

References
1. Adinugroho WC, Indrawan A, Supriyanto S, Arifin HS. Kontribusi system agroforestri terhadap

cadangan karbon di Hulu DAS Kali Bekasi J. Hutan Trop. 1. Jurnal Hutan Tropis. 2012;1(3):242–9.

2. Baderan DWK. Kerapatan, Nilai Biomassa dan Serapan Karbon Spesies Ceriops tagal (Perr.) CB Rob
di Wilayah Pesisir Tabulo Selatan Provinsi Gorontalo. Seminar Nasional Pendidikan Biologi dan
Saintek II; 2017. pp. 180–7.

3. Choi Y, Wang Y. Dynamics of carbon sequestration in a coastal wetland using radiocarbon
measurements. Glob Biogeochem Cycles. 2004;18:1–12. https://doi.org/10.1029/2004G B0022.

4. Clough BF, Dixon P, Dalhaus O. (1997). Allometric relationships for estimating biomass in
multistemmed mangrove trees. Aust J Bot, (6):1023–31.

5. Eid EM, Shaltout KH. (2016). Distribution of soil organic carbon in the mangrove Avicennia marina
(Forssk.) Vierh. along the Egyptian Red Sea Coast. Regional Studies in Marine Science, 3: 76–82.

6. El-Hussieny SA. (2011). Ecological study of mangrove forests (Avicennia marina (Forssk.) Vierh.) in
South Sinai, Egypt. Dissertation, Mansoura University.

7. El-Hussieny SA, Ismail MI. Role of Avicennia marina (Forssk.) Vierh. of South Sinai, Egypt in
atmospheric CO2 sequestration. Int J Sci Res. 2017;6:1935–46.

8. Fayad I, Baghdadi N, Guitet S, Bailly JS, Hérault B, Gond V, El Hajj M, Minh DH. Aboveground biomass
mapping in French Guiana by combining remote sensing, forest inventories and environmental data.



Page 8/11

Int J Appl Earth Observation Geoformation. 2016;52:502–14.

9. Fromard F, Puig H, Mougin E, Marty G, Betoulle JL, Cadamuro L. Structure, above-ground biomass
and dynamics of mangrove ecosystems: new data from French Guiana. Oecologia. 1998;115(1):39–
53.

10. Ilman M, Dargusch P, Dart P. A historical analysis of the drivers of loss and degradation of
Indonesia’s mangroves. Land Use Policy. 2016;54:448–59.

11. Kauffman JB, Heider C, Cole TG, Dwire KA, Donato DC. (2011). Ecosystem Carbon Stocks of
Micronesian Mangrove Forests. Wetlands, (2):343–52.

12. Kittredge J. Estimation of the Amount of Foliage of Trees and Stands. J For. 1944;42:905–12.

13. Komiyama A, Ong JE, Poungparn S. (2008). Allometry, biomass, and productivity of mangrove
forests: A review. Aquat Bot, (2): 128–37.

14. Manafe G, Kaho MR, Risamasu F, Adisucipto J. Estimasi Biomassa Permukaan Dan Stok Karbon
Pada Tegakan Pohon Avicennia Marina Dan Rhizophora Mucronata Di Perairan Pesisir Oebelo
Kabupaten Kupang. J Bumi Lestari. 2016;16:163–73.

15. Mashaly IA, Hegazy AK, Aal MA, El-Hussieny SA. (2016). Habitat based estimate of carbon content in
mangrove Avicennia marina (Forssk.) Vierh. of South Sinai, Egypt. IOSR Journal of Environmental
Science, Toxicology and Food Technology (IOSR-JESTFT)e-ISSN: 2319–2402, p- ISSN: 2319–
2399.Volume 10, Issue 11 Ver. II (Nov. 2016), PP 08–14.

16. Mitsch WJ, Gosselink JG. Wetlands. 4th ed. New Jersey: Wiley; 2007.

17. Njana MA, Eid T, Zahabu E, Malimbwi R. Procedures for quantification of belowground biomass of
three mangrove tree species. Wetland Ecol Manage. 2015;23(4):749–64.

18. Noor N, Shaukat SS, Naseem S. Evaluation of Elemental Composition of Avicennia marina and
Associated Soil, Karachi Coast, Pakistan. J Coastal Res. 2015;32(5):1142–8.

19. Patil V, Singh A, Naik N, Unnikrishnan S. Estimation of Carbon Stocks in Avicennia marina Stand
Using Allometry, CHN Analysis, and GIS Methods. Wetlands. 2014;34(2):379–91.

20. Prahara A, Hardiansyah G, Widhanarto GO. Studi Potensi Biomassa dan Karbon pada Tegakan
Hutan di KPHP Model Sungai Merakai Kabupaten Sintang Provinsi Kalimantan Barat. J Hutan
Lestari. 2015;3:173–83.

21. Pratama R, Sribudiani ESR. Pendugaan Kandungan Karbon Di Atas Permukaan Tanah Pada
Kawasan Arboretum Universitas Riau. J Jom Faperta. 2016;3(1):1–5.

22. Reef R, Markham HL, Santini NS. Lovelock CE. The response of the mangrove Avicennia marina to
heterogeneous salinity measured using a split-root approach. Plant Soil. 2015;393(1–2):297–305.

23. Saenger P, Snedaker SC. (1993). Pantropical trends in mangrove above-ground biomass and annual
litterfall. Oecologia, (3):293–9.

24. Saifullah SM, Shaukat SS, Shams S. Population structure and dispersion pattern in mangrove of
Karachi. Pakistan J Aquat Bot. 1994;47(94):329–40. https://doi.org/10.1016/0304-.



Page 9/11

25. Santini NS, Reef R, Lockington DA. (2015). Lovelock CE. The use of fresh and saline water sources
by the mangrove Avicennia marina. Hydrobiologia, (1): 59–68.

26. Santosa I, Sugardiman RA, Wibowo A, Rachman S, Tosiani A, Darmawan IWS, Lugina M, Agus F,
Dariah A, Maswar M. (2014). Pedoman Teknis Penghitungan Baseline Emisi dan Serapan Gas
Rumah Kaca Sektor Berbasis Lahan. 120 p.

27. Shawky RA. Distribution and Population Structure of Avicennia marina (Forssk.) Vierh in Relation to
the Environmental Gradient along the Red Sea Coast of Egypt. Ekologia Bratislava. 2021;40(1):48–
53.

28. Tue NT, Dung LV, Nhuan MT, Omori K. Carbon storage of a tropical mangrove forest in Mui Ca Mau
National Park, Vietnam. CATENA. 2014;121:119–26.

29. Uthbah Z, Sudiana E, Yani E. (2017). Analisis Biomasa Dan Cadangan Karbon Pada Berbagai Umur
Tegakan Damar (Agathis dammara (Lamb.) Rich.) Di KPH Banyumas Timur Scr. Biology, 4: 119–24.

30. Whiting GJ, Chanton JP. Greenhouse carbon balance of wetlands: methane emission versus carbon
sequestration. Tellus B Chemical and Physical Meteorology. 2001;53:521–8.
https://doi.org/10.3402/tellus b.

Figures



Page 10/11

Figure 1

Four Locations of Mangrove stands along the Red Sea coast, Egypt.
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Figure 2

Above ground biomass of Avicennia marinaat different localities.


