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Abstract 
Mangroves in coastal cities are under threat due to development pressures. 
However, mangrove ecosystems can serve as a potential carbon sink for miti-
gating the impacts of climate change. The main objective of this study was to 
estimate the carbon sequestration potential of mangroves in the Al-Qurm 
natural reserve, Muscat, Oman. The reserve was classified into three distinct 
zones and was estimated through field measurement and remote sensing 
techniques. The study found that each zone sequesters varying levels of car-
bon. The highest mean carbon stock was measured in the landward zone 
(20.2 ± 0.3 kg∙C/m2), followed by the middle zone (8.7 ± 0.4 kg∙C/m2) and 
seaward zone (5.8 ± 0.8 kg∙C/m2), respectively. The carbon sequestration rate 
of the sediment range was between 5.0 g C/m2∙year - 12.5 g C/m2∙year. Nor-
malized difference vegetation index (NDVI) derived from above-ground 
biomass showed a positive relationship (r = 0.73) with biomass measured in 
the field. However, the average above-ground carbon was underestimated 
(6.3 kg∙C/m2) than the above-ground field measurement (7.0 kg∙C/m2). This 
0.82 km2 of the natural reserve was estimated to sequester approximately 9512 
tonnes of carbon equivalent to 0.035 Mt of CO2e. This highlights the impor-
tance of conserving this natural reserve, despite a growing demand for land 
use in and around the reserve for development needs. 
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1. Introduction 

Conservation of mangroves in urban areas has the potential for carbon regula-
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tion. Mangroves can assist to remedy carbon dioxide emissions from accelerated 
residential, industrial, commercial land uses in urban development by seques-
trating and storing carbon for long periods (Fan et al., 2020; Friess et al., 2015). 
They can store large amounts of carbon per unit area (Kandasamy et al., 2021; 
Njana et al., 2015), with the capacity to sink carbon 3 to fivefold compared to 
terrestrial forests (Alavaisha & Mangora, 2016; Tue et al., 2014). In addition, 
they respond very well to a higher concentration of CO2 in the atmosphere. 
Strategies to combat climate change have shifted from reducing emissions to an 
integrated approach that involves the conservation of high carbon storage eco-
systems. Mangrove forests have been identified as an essential sink in climate 
change mitigation strategies. 

Accurate estimation of carbon stocks is necessary before taking any measures 
towards conservation and restoration (Liu et al., 2014). Over the years, there 
have been several studies on carbon sequestration of mangrove wetlands in Chi-
na (Li et al., 2006), Malaysia (Hamdan et al., 2013), India (Manna et al., 2014; 
Patil et al., 2013; Sahu et al., 2016), Indonesia (Winarso et al., 2017), Australia 
(Tran, 2014). However, little is known about the importance of mangrove wet-
lands in hyper-arid regions. The Sultanate of Oman has ratified the United Na-
tions Framework Convention on Climate Change (UNFCCC) and signed the 
2016 Paris agreement. It has initiated measures to achieve the objectives of this 
agreement. Assessing the contribution of the natural ecosystem as a mitigation 
measure has not been explored. Therefore, this study estimated carbon seques-
tration potential by mangroves in the Al-Qurm nature reserve in Muscat city. 
The study estimated above and below-ground carbon stock through field mea-
surement and remote sensing. In addition, organic carbon storage and carbon 
sequestration potential (CSP) of the sediments were quantified. The study results 
may provide useful information to planners and policymakers, emphasizing the 
importance of maintaining and conserving natural vegetation in cities like Mus-
cat. By continuously committing to protect this study site under the law will 
project this nature reserve as a role model for conservation. 

2. Materials and Methods 
2.1. Study Site 

The study area is the Al-Qurm nature reserve, located beside the coastal area of 
the Oman Sea in Muscat Governorate, Oman (Figure 1). This reserve occupies 
171 ha (1.7 km2) of land within the Muscat capital area, which is located at 
58˚32'43.02''E and 23˚36'51.58''N and contains about 82 ha (0.82 km2) of man-
grove vegetation. The Government of Oman designated this reserved area for 
conservation under Royal Degree No. (38/1975). It was also recognized in 2013 
as the first Ramsar site in Oman (MECA, 2014). A single strand of the Avicennia 
marina occupies the vegetation. The soil in the reserve is predominantly sandy 
loam (Cookson & Lepiece, 1997). The tides are semidiurnal, with a mean tide 
height of about 2 m. The mean annual temperature of this area is about 28.2˚C  
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Figure 1. The location of sampling plots in the study area. 
 
for the last 20 years (1995-2013). Precipitation is low, averaging 97.4 mm for the 
same period, and the average of solar radiation is high, with 535 m Wh/sq.cm 
(Public Authority for Civil Aviation, 2017). 

A stratified random sampling technique was employed to determine the car-
bon stock (Hamdan et al., 2013; Kovacs et al., 2010; Sahu et al., 2016). The study 
area was classified into 3 categories: seaward zone, middle zone, and landward 
zone, according to the structural appearance of vegetation. Five circular experi-
mental plots per zone were established with an individual plot size of 200 m2. 
The locations of plots were randomly distributed within the accessible area of 
these zones (Figure 1). The coordinates of each plot were determined using a 
Global Positioning System (GPS-Garmin-62s). The diameter at breast height 
(DBH) of tree trunks was measured at 1.3 meters above the ground using a di-
ameter tape. Since Avicennia marina species are multi-stemmed, each stem was 
treated as a separate tree (Clough et al., 1997; Patil et al., 2013). A total of 2754 
stems were measured for DBH in 983 trees. The details of measurements for 3 
zones were presented in Table 1. 

2.2. Above and Below-Ground Biomass 

Above and below-ground biomass were estimated using allometric equations 
developed by earlier researchers (Clough et al., 1997; Comley & McGuinness 
2005; Fromard et al., 1998). To get the best biomass estimation, we used 2 sepa-
rate equations for greater than and less than 4 cm DBH classes, as mentioned 
below. 

2.299AGB 0.1776 D= ∗ , DBH 4 cm>               (1) 
2.1AGB 200.4 D 0.001= ∗ ∗ , DBH 4 cm<             (2) 

1.17BGB 1.28 D= ∗ , DBH 4 cm>                 (3) 

BGB 0.92307 AGB= ∗ , DBH 4 cm<               (4) 
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Table 1. Field data for the three zones. 

Zone 
Total plots 

(n) 
Average DBH (cm) 

Mean ± SE 
Trees 

number 
Number of 

measurements 
Density of 

trees/hectares (ha) 
Total sampled area 

in hectares (ha) 

Landward 5 8.9 ± 0.24 391 854 2390 0.1 

Middle 5 5.3 ± 0.14 353 980 3530 0.1 

seaward 5 4.6 ± 0.13 239 920 18030 0.1 

Total zones = 3 15 6.29 ± 0.17 983 2754 3277 ± 303 0.3 

 
AGB is the above-ground biomass, BGB is the below-ground biomass, and D 

is the trunk diameter (Clough et al., 1997; Comley & McGuinness, 2005; Fro-
mard et al., 1998). Carbon stock was estimated from biomass using global de-
fault factors of 0.48 for AGB and 0.39 for BGB (Adame et al., 2015). Values are 
expressed in a kilogramme of carbon per meter square (Kg∙C/m2). Furthermore, 
this estimated carbon was multiplied by 3.6663 to convert it to CO2 sequestered 
in the entire mangrove ecosystem (Patil et al., 2013). 

The image of the study area with a spatial resolution of 30 m × 30 m using 
path and row for Muscat Governorate of 158 and 43, 44, respectively, were ac-
quired by Landsat 8 through the USGS Earth Explorer (earthexplorer.usgs.gov) 
(Figure 2). It was acquired on the 9th March 2017, corresponding to the period 
of the field measurement. Before calculating the NDVI, the image undergoes 
atmospheric correction to convert digital number values into surface reflectance 
using Environment for Visualizing Image (ENVI 5.0 software). It has been geo-
metrically corrected by NASA using a digital elevation model (DEM). NDVI was 
calculated using the following formula (Manna et al., 2014). 

NDVI NIR R NIR R= − +                       (5) 

where NIR (Near-infrared band), R (Red band). The red band in Landsat 8 is 
band 4 (0.64 - 0.67 µm), and near-infrared is band 5 (0.85 - 0.88 µm). NDVI is 
based on the characteristics that vegetation has noticeable absorption in the red 
region of the electromagnetic spectrum and very strong reflectance in the 
near-infrared spectrum.  

The regression model between field calculated above-ground biomass for all 
ground plots, and NDVI was established. Then, the derived equation from this 
relationship was utilized to predict the above-ground biomass and eventually 
above-ground carbon. Data of tree biomass AGB and BGB were statistically 
analyzed using Minitab 14 statistical software. One-way analysis of variance 
(ANOVA) was used to compare the 3 zones for AGC and BGC. Pearson’s corre-
lation was used to compare AGB results from field measurements and NDVI 
from remote sensing data. 

2.3. Sediment Investigation 

From the circular plots established for tree biometric measurement, 2 sediment 
samples were collected apart at a depth of 0 - 30 cm from each plot. The soil pa-
rameters, namely Total Organic Carbon (TOC) and bulk density, were analyzed  
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Figure 2. Landsat 8 image of study area. 
 
using standard methods. TOC was analyzed using a TOC analyzer (SHIMADZU). 
Bulk density was calculated using the following equation. 

Bulk density = oven-dried weight/augur volume (πr2h), where π = pi = 3.14, r 
= radius of augur = 1.25 cm, h = height of soil sample in the augur (30 cm) (Sa-
hu et al., 2016). 

Soil organic carbon per hectare was calculated using the following formula. 
Soil organic carbon (t/ha) = bulk density (g/cm3) * soil depth (cm) * organic 

carbon (%) (Sahu et al., 2016). 
Then, the amount was converted to kg/m2 by dividing the result over ten. The 

carbon sequestration rate (CSR) was estimated based on soil bulk density (SBD), 
sedimentation rate (R) and soil organic carbon concentrations (%): CSR 
(g∙C/m2∙year) = SBD × SOC percentage × R, where R = (the global mean = 2.8 
mm/year). CSP (carbon sequestration potential) (Gg C/year) was calculated as 
follows: CSP = CSR × A, where A is an area occupied by mangroves (Eid et al., 
2016). 

2.4. Total Ecosystem Carbon Storage 

The amount of carbon storage (kg∙C/m2) in the Al-Qurm Nature Reserve (QNR) 
was estimated by summing up the above-ground carbon (AGC) and be-
low-ground carbon (BGC) and soil carbon stocks. The total carbon stock of the 
mangrove forest of QNR was scaled up by multiplying the overall mean ecosys-
tem carbon stock for the 3 zones with the total area occupied with mangroves 
(0.82 km2). It was converted to carbon dioxide (CO2) equivalents (CO2e) by us-
ing a factor of 3.67 (Sahu et al., 2016). 

3. Results and Discussion 

The distribution of the DBH class showed a slightly reverse-J-shaped pattern 
that indicates an uneven age stand structure (Figure 3). This result was similar  
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Figure 3. Frequency distribution of DBH in three zones. 
 
to Avicennia marina forests in Taiwan (Fan, 2008) and United Arab Emirates 
(Alsumaiti, 2014), suggesting active regeneration in these populations. The re-
sults from this study show that 26% of measured stems have a diameter of less 
than 4 cm, half (51%) ranging from 4 - 7.9 cm, 17 % from 8 - 11.9 cm, and only 
6% of measured stems have a diameter greater than 12 cm. This study was con-
sistent with Fan (2008) study in Taiwan, where he found that few trees with 
DBH greater than 12 cm for the same species. A study by Alsumaiti (2014) 
found that in the neighboring United Arab Emirates, there were few trees with 
DBH greater than 20 cm. However, there was a typical DBH distribution be-
tween the 3 zones. The highest percentage (60.7%) of <4 cm DBH was found in 
the seaward zone. Most DBH class between 4 - 7.9 cm were measured in the 
middle zone (43.8%) and 8 - 11.9 cm in the landward zone (69.6%). The re-
maining DBH classes above 12 cm were predominantly (89.4%) found in the 
landward zone. This indicates that most mature trees are located in the landward 
zone. This might be due to the enriched sediments in the landward zone, adapt-
ing a more robust roots, which enable more mechanical support to their 
above-ground weight.  

The total above-ground biomass in this study was about 218.0 kg/m2, and the 
total above-ground carbon was approximately 105.0 kg∙C/m2 (Table 2). Plot 
number one of the landward zones has the highest value of AGB estimation 
(28.7 kg/m2) and AGC of 13.8 kg∙C/m2, while seaward plot 5 has the lowest value 
of AGB (4.1 kg/m2) and AGC (2.0 kg∙C/m2). The overall average in this study 
(14.5 kg/m2) was comparable with the result in Egypt by Mashaly et al. (2016), 
East Coast of India by Sahu et al. (2016). It was slightly higher than results ob-
tained by Dodd et al. (1999) in the neighboring United Arab Emirates and high-
er than the result estimated by Parvaresh et al. (2012) in Iran and Abohassan  
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Table 2. Vegetation biomass (kg/m2) and carbon storage (kg C/m2) partitioned between 
shoots (aboveground carbon, AGC) and roots (belowground carbon, BGC) in three 
zones. 

Zone 
AGB 

Aboveground 
biomass 

AGC 
Aboveground 

carbon 

BGB 
Belowground 

biomass 

BGC 
Belowground 

carbon 

Average landward 27.6 13.3 14.3 5.5 

Average middle 9.5 4.6 8.1 3.1 

Average seaward 6.5 3.1 5.7 2.2 

Total (15 study plots) 217.9 104.7 154.8 60.4 

Overall average 14.5 7.0 9.4 3.6 

 
et al. (2012) in the Kingdom of Saudi Arabia. In contrast, it is lower than the re-
sult calculated by Tran (2014) in Australia. Abohassan et al. (2012) mentioned 
that the global estimation for mangrove biomass is in the range of 0.68 - 43.6 
kg/m2, where Avicennia marina fell in the lower range < 21.8 kg/m2. However, 
an AGB 34.1 kg/m2 for Avicennia marina forest was reported by Komiyama et al. 
(2008). The result of this study on Avicennia marina single stand of mangrove 
was within the range of 0.68 - 43.6 kg/m2 but less than 21.8 kg/m2. These bio-
mass variations are influenced by factors such as tree height, geographical loca-
tion, density, growth forms, and age of the mangrove plant community. 
One-way analysis of variance (ANOVA) was used to test the above-ground bio-
mass between zones and illustrated in Figure 4. It showed a significant differ-
ence (P < 0.001) in the mean AGB between the 3 zones. The average AGB and 
AGC content can be ordered as follows: landward > middle > seaward. The 
range of overall AGB in this study was 4.1 - 28.7 kg/m2 and AGC 2.0 - 13.8 
kg∙C/m2. Komiyama et al. (2008) reported that the AGB of Avicennia sp. tends 
to be relatively low in stands near the sea and increases inland. 

Few allometric equations are available to estimate the BGB and eventually 
BGC for mangroves. This is mainly due to difficulties of complete extraction of 
roots from sediments and challenges associated with sampling in intertidal ha-
bitats (Abohassan et al., 2012; Komiyama et al., 2008). According to Abohassan 
et al. (2012), Avicennia marina roots are concentrated at the top 30 cm below the 
ground and spreading around the tree. The available allometric equations gener-
ated by Comley and McGuinness (2005) used in this study to estimate BGB 
found a strong relationship between DBH and BGB for Avicennia marina (r = 
0.9). 

The total BGB in the study sites was estimated to be about 155.0 kg/m2 and 
BGC 60.0 kg∙C/m2 (Table 2). Plot number 5 of the landward zone has the high-
est value of BGB estimation (14.7 Kg/m2) and BGC (5.7 kg∙C/m2), while seaward 
plot 5 has the lowest value of BGB (4.2 kg/m2) and BGC (1.6 kg∙C/m2). Studies 
related to BGB of mangroves are limited globally, and most of these studies were 
conducted in Australia (Abohassan et al., 2012). The overall average in this study  
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Figure 4. Analysis of variance of AGB between the three zones (P < 0.001). 
 
was 9.4 kg/m2. This value was close to the reported values from subtropical and 
hypersaline Australian environments Tran (2014) and slightly higher than the 
value recorded by Abohassan et al. (2012) in Saudi Arabia. In Kenya, the value of 
4.1 kg/m2 was estimated, which is lower compared to this study. While in Ma-
hanadi mangrove wetland, on the east coast of India, the value ranges between 
3.3 - 10.4 kg/m2 (Sahu et al., 2016). Globally, the BGB of the Avicennia marina 
ranges from 1.5 - 16.6 kg/m2 (Abohassan et al., 2012). The results from this study 
fall within this range. One-way analysis of variance (ANOVA) was used to test 
the below-ground biomass between zones and illustrated in Figure 5. It showed 
a significant difference (P < 0.001) in the mean BGC between the 3 zones. The 
average BGB and BGC content can be ordered as follows: landward > middle > 
seaward. The range of overall BGB in this study was 4.2 - 14.7 kg/m2 and BGC 
1.6 - 5.7 kg∙C/m2. 

Table 3 shows a comparison of mean AGB and BGB in geographically neigh-
boring arid countries. Estimates in this study are the highest. This can be attri-
buted to Al-Qurm nature reserve's legal protection as a protected area, devoid of 
any human exploitation. 

As reflected in the form of the Shoot/Root (T/R) ratio of the Avicennia mari-
na, the above-ground and below-ground biomass varied between 1.0 - 2.1 
(Figure 6). Komiyama et al. (2008) reported that the T/R ratio of mangrove fo-
rests varied between 1.1 - 4.4 and for Avicennia marina between 0.9 - 2.8. The 
tree biomass distribution between above and below-ground showed variation 
between zones. In seaward and middle zones, about 40% of the biomass was be-
low-ground and 60% above-ground. However, there was a shift in the landward 
zone, with 70% of the biomass in the above-ground and only 30% in the be-
low-ground (Figure 7). Mangroves, in general, tend to allocate higher biomass 
to the root system. 
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Figure 5. Analysis of variance of BGB between the three zones (P < 0.001). 
 

 

Figure 6. Shoot to root ratio for Avicennia marina in the plots of study area. 
 
Table 3. Biomass of Avicennia marina in the arid regions of neighboring countries. 

AGB (kg/m2) BGB (kg/m2) Study site Reference 

1.5 6.8 KSA Abohassan et al. (2012) 

13.0 8.8 Egypt Mashaly et al. (2016) 

1.7 - Iran Parvaresh et al. (2012) 

9 - UAE Dodd et al. (1999) 

1.3 - UAE Alsumaiti (2014) 

14.5 9.4 
This study (Al-Qurm 

nature reserve), Oman 
- 
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Figure 7. Biomass distribution between AGB and BGB. 
 

Pearson correlation coefficient (R) and coefficient of determination (R2) was 
calculated between estimated AGB and BGB (Figure 8). The correlation coeffi-
cient was 0.98, which indicates a strong positive correlation between AGB and 
BGB, explaining 96 % of the variance.  

In estimating above-ground biomass using remote sensing, NDVI was used 
following the earlier studies (Hamdan et al., 2013; Manna et al., 2014; Patil et al., 
2013; Winarso et al., 2017). A scatter plot between NDVI estimate and AGB 
calculated in the field was compared. The Pearson correlation coefficient and 
coefficient of determination were calculated to be 0.73 and 0.54, respectively 
(Figure 9). The R-value indicates a moderate positive correlation. A regression 
equation was utilized to predict the AGB and amount of AGC that Avicennia 
marina could sequester. The maximum AGB predicted by the NDVI model was 
22.5 kg/m2 (10.8 kg∙C/m2), which was lower than the result obtained from field 
measurements of 28.7 kg/m2 (13.8 kg∙C/m2). However, the overall average of 
AGB for the 3 zones was 14.5 kg/m2 (7.0 kg∙C/m2) and 13.1 kg/m2 (6.3 kg∙C/m2) 
from the field measurement and NDVI. In this study, it was slightly an underes-
timation of field biomass. In a similar study, NDVI underestimated the AGB 
since it was based only on the spectral response from the canopy of vegetation 
(Hamdan et al., 2013; Patil et al., 2013). The results from this study is consistent 
with the result obtained by Wicaksono et al. (2017), which found moderate rela-
tion between AGB and NDVI (R2 = 0.54), while Winarso et al. (2017) found a 
low correlation (R2 = 0.31) between NDVI and field biomass. Alternatively, 
Manna et al. (2014) obtained good correlations R2 = 0.72, R = 0.68, respectively. 
Hamdan et al. (2013) mentioned that using one vegetation index can signifi-
cantly underestimate the biomass, so they suggested using more vegetation in-
dices besides NDVI to overcome this problem. However, the difference in NDVI 
and field biomass between the 3 zones in this study was comparable, except for 
the middle zone (Figure 10). During field measurements, trees in landward and  
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Figure 8. Relationship between AGB and BGB. 
 

 

Figure 9. Relationship between measured AGB and NDVI. 
 
seaward zones are closer to each other compared to the middle zone. Also, the 
trees in the middle zone were observed to have a more dead branches. These 
may be the reason for an overestimation of biomass from NDVI in the middle 
zone. 
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Figure 10. Average AGB from field measuremnt and NDVI. 
 

Table 4 provides results of different sediment parameters in Al-Qurm Nature 
Reserve. Sediment organic carbon stored in the upper 30 cm depth of the sedi-
ment was in the range of 0.25 - 2.62 kg/m2, with an average of 0.95 kg/m2. The 
highest value was recorded in the landward plot, and this plot had the highest 
value of below-ground biomass. However, the lowest was recorded in the sea-
ward plot, which also had the lowest biomass. These results demonstrate that 
biomass of mangroves is correlated with the amount of sediment organic carbon 
(SOC) in these habitats. The landward zone has a mean SOC of 1.36 ± 0.58 
kg∙C/m2, followed by the middle zone (0.97 ± 0.49 kg∙C/m2) and seaward zone 
(0.52 ± 0.24 kg∙C/m2) respectively. The SOC pool shows variation between these 
3 zones. The carbon sequestration rate (CSR) of mangrove was found to be in 
the range of 5.0 g∙C/m2∙year - 12.5 g∙C/m2∙year. Based on the area of mangroves 
in Al-Qurm Nature Reserve (0.82 km2) and CSR, the total carbon sequestration 
potential (CSP) was calculated as 0.007 Gg∙C/year. Statistical analysis using the 
one-way ANOVA showed a significant difference (P < 0.001) in the mean of se-
diment organic carbon (SOC) between the 3 zones (Figure 11).  

The overall average of total organic carbon (TOC g/kg) and sediment organic 
carbon kg/m2 (SOC) in this study was 3.6 g C/kg and 0.95 kg∙C/m2, respectively. 
Considering the entire sediment profile (0 - 30 cm), the average SOC pool in the 
mangrove (0.95 kg∙C/m2) was lower than the average reported by Kauffman et al. 
(2011) for mangrove sediments from Micronesia (12.1 kg∙C/m2 at 100 cm 
depth); Eid et al. (2016) for mangrove sediments from the Kingdom of Saudi 
Arabia (17-kg C/m2 at 40 cm depth); Eid and Shaltout (2016) for mangrove se-
diments from Egypt (8.6 kg∙C/m2 at 40 cm depth); Liu et al. (2014) for mangrove 
sediments from China (11.8 kg∙C/m2 at 100 cm depth). A comparison between 
this study and similar research in neighboring countries is presented in Table 5. 
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Figure 11. Analysis of variance of soil organic carbon between the three zones (P < 
0.001). 
 
Table 4. Soil parameters in Al-Qurm nature reserve (mean ± SD). 

parameters seaward middle landward 

Bulk density (g/cm3) 0.85 ± 0.04 0.87 ± 0.03 0.93 ± 0.03 

Soil organic carbon (Kg C/m2) 0.52 ± 0.24 0.97 ± 0.49 1.36 ± 0.58 

TOC (Total Organic Carbon) % 0.21 ± 0.100 0.37 ± 0.19 0.48 ± 0.20 

TOC (Total Organic Carbon) g/kg 2.07 ± 0.98 3.69 ± 1.85 4.84 ± 1.98 

 
Table 5. Average of total organic carbon (TOC) g C/kg and soil organic carbon (SOC) 
pool kg∙C/m2 in this study compared with those estimated by researchers in neighbouring 
countries and around. 

Location TOC SOC Depth (cm) Reference 

Red Sea coast, Kingdom of Saudi Arabia 16.1 9.2 50 Shaltout et al. (2020) 

Red Sea coast, Egypt 15.7 8.6 40 Eid & Shaltout (2016) 

Arabian Gulf, United Arab Emirates 
 

10.2 - 15.6 100 Schile et al. (2017) 

North east Coast, Qatar 
 

5.0 100 Chatting et al. (2020) 

Jask area, Iran  6.0 42 Etemadi et al. (2018) 

Al-Qurm nature reserve, 
Oman Sea coast, Sultanate of Oman 

3.5 0.95 30 This study 

 
The mean carbon stock in landward zone was 20.2 ± 0.3 kg∙C/m2 (vegetation 

18.8 ± 0.1 kg∙C/m2 and sediment 1.4 ± 0.3 kg∙C/m2); for middle zone was 8.7 ± 
0.4 (vegetation 7.7 ± 0.3 kg∙C/m2 and sediment 1.0 ± 0.2 kg∙C/m2) and for sea-
ward, it was 5.8 ± 0.8 kg∙C/m2 (vegetation 5.3 ± 0.7 kg∙C/m2 and sediment 0.5 ± 
0.1 kg∙C/m2). The total mean carbon stock, including above-ground biomass, 
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below-ground biomass and sediment carbon stock of Al-Qurm Nature Reserve 
(QNR), was estimated to be 11.6 ± 1.7 kg∙C/m2, equivalent to 42.6 kg CO2/m2. 
The mean carbon stock in the landward zone being higher than the seaward and 
middle zone may be due to freshwater discharge via land into the sea. The car-
bon stock is distributed predominantly on the above-ground biomass (60%), 
followed by below-ground (32%) and sediment (8%). The total area of Al-Qurm 
Nature Reserve (QNR) is 0.82 km2. The value of the mean stock was extrapolated 
and estimated that a substantial sink capacity of 9512 t of C (0.0095 Mt) is 
equivalent to 0.035 Mt of CO2e. These estimates suggest the high carbon storage 
and carbon sequestration potential of Al-Qurm Nature Reserve (QNR), besides 
the provision of other ecosystem services. 

Bulmer et al. (2016) estimated the mean carbon stock of temperate Avicennia 
marina mangroves in New Zealand to have 11.7 kg∙C/m2 ± 1.7 kg∙C/m2 for 
above-ground below-ground and sediments at 100 cm depth. This result was 
similar to the result obtained from this study (11.6 ± 1.7 kg∙C/m2). Although 
Oman is located in an arid and semi-arid region, mangrove trees can sequester 
and store a higher amount of carbon dioxide from the atmosphere. The limita-
tion of the study is that it focused only on 0 - 30-cm sediment for the SOC pool. 
However, several studies have reported that sediment organic carbon (SOC) may 
extend up to several meters in depth (Bouillon et al., 2003; Lallier-Verges et al., 
1998; Twilley et al., 1992). Thus, actual mangrove ecosystem carbon stock may 
be much higher than the value estimated in this study. 

4. Conclusion 

There is a clear distinction in DBH distribution among the 3 zones. The 3 strati-
fied zones, landward, middle, seaward, showed a significant difference in their 
capacities to sequester carbon in their above and below-ground biomass. The 
landward zone has the highest value of above-ground, and below-ground carbon 
since more mature trees with a high circumference is found in this zone despite 
lower tree density. In contrast, the seaward zone has the lowest value for both 
above and below-ground carbon. There was a strong relationship between 
above-ground carbon and below-ground carbon. The regression model that ob-
tained the relationship between field measurements and Normalized Differential 
Vegetation Index was moderate (R = 0.53). However, the above-ground biomass 
was marginally an underestimate compared to the field measurement. Sediment 
organic carbon showed a significant difference between zones with the highest 
value found in landward, positively correlated with the above-ground biomass. 
Generally, the SOC pool is relatively low in the Al-Qurm nature reserve, as this 
study sampled only the upper 30 cm of the sediment. This relatively low value 
might not reflect the actual amount since many research worldwide found more 
organic carbon in the sediment at higher depths. The carbon sequestration ser-
vice of this small nature reserve is believed to serve as an impact evidence for the 
decision makers to sustainably conserve this unique habitat against all pressing 
developmental needs in the future. 
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