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ABSTRACT 

A preliminary assessment was done to estimate and compare soil organic carbon in three mangrove stands; two young 
mangrove stands and an older stand. While it was recognized that assessing SOC should constitute and indepth study, 
this exploratory study can be used as a baseline for further advanced research in the field of SOC estimation. Avencianna 
germinans fringes can be found in a contiguous manner along the coastline of Guyana. Some fringes have been naturally 
regenerated, while others replanted with A. germinans as the main species. Three sites were randomly selected from a 
list of sites, but it was ensured that young and mature stands were included in the sample.  The sites selected constituted 
two young stands (3 years) naturally regenerated and a re-planted, and an older stand about 20 years. In each stand, 
five samples were taken at 20 metres along a 100 metre line-transect, running east to west through the stands. Samples 
were prepared and analyzed by Loss on Ignition Method. LOI values ranged from 4.61-2.57%. Organic carbon percent 
was estimated at 58% of LOI values. The percentages obtained were multiplied by published bulk density values to 
estimate carbon to the hectare level. Total SOC stocks up to 30 cm at bulk density of 1.55 g cm3 were 203.92±21.28 (Hope 
RP), 211.99±22.1 (Hope NR) and 123.39±12.8 (Good Faith), while at a bulk density of 1.65 g cm3 total SOC were 
211.99±22.1 (Hope RP), 218.63±22.8 (Hope NR) and 127.21±13.2 (Good Faith).  ANOVA was performed at 95% CI and 
means separation test (LSD) was carried out using Statistix 9 Software on total SOC. The results showed that younger 
mangrove forests have the potential to contain significant stores of carbon. Therefore, mangrove soils can serve as 
potential carbon sinks compared to other forest types in Guyana. Preliminary results of this research can be useful in 
supporting the mangrove restoration along the coast of Guyana, not only for shoreline protection, but for carbon 
sequestration potential. 
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INTRODUCTION 
Mangroves forests are described as intertidal, saline ecosystems dominated by woody vegetation found 
mostly in the tropical and subtropical zones [1]. Mangrove forests contribute significantly to the global 
carbon sequestration, despite that they cover a much smaller area compared to some other forest types. 
Net carbon sequestration is substantial compared to other wetland ecosystems. Therefore, these soils 
have the potential to become important carbon sinks, and provide opportunities for carbon 
sequestration.  More so, SOC was found to increase after replanting of mangrove stands [2]. However, the 
potential of these wetlands as carbon pools has not been given the deserved attention.  Now, carbon 
stored in mangroves forest is being referred to as “blue carbon”. These carbon stores have been said to 
have great potential for generation of carbon credits and “high value” carbon payments in PES projects, 
such as REDD+ [3]. 
These forests are considered highly productive ecosystems, if not the most productive of tropical forest 
ecosystems, provide valuable sea defense services to countries with low lying shorelines, among other 
ecosystems services which include carbon sequestration [4]. Despite the benefits these forests provide, 
they continue to be over-exploited and destroyed. The high levels of degradation can result in actual net 
losses in carbon [5].  Conversion of mangrove forests in Dominican Republic for aquaculture has 
confirmed that removal of these forests can skew the balance of carbon fluxes in these systems, greatly 
reducing carbon potential of soils [6]. As such, it is argued that relevant action is to stop further 
degradation and loss is lacking. Estimating carbon sequestration in these coastal ecosystems may 
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contribute to some motivation to combating such degradation by encouraging recognition of the C 
sequestration potential [7].  
Mangrove fringes are estimated to represent about 1% of Guyana’s forests area, occurring along the 
coastline for about 78km in discontinuous patches. Recognizing the key role of mangrove in coastal 
protection, a mangrove restoration and management project was initiated in 2010 and replanting of 
degraded sites began. About eight (8) areas have been replanted with varying levels of success [8].  
Organic Matter in Mangrove Ecosystems 
Wetlands including coastal wetlands represent the largest component of the terrestrial biological carbon 
pool storing 20-25% of terrestrial soil C despite their relatively small proportion of the world’s total land 
area [9,10,11]). Mangrove forests have been estimated to be large reservoirs of organic carbon, 
potentially having the highest C content of all the soil orders [12]. In Guadeloupe (French West Indies), 
where different species are predominant, high contents of sedimentary organic matter were found total 
organic carbon (TOC) ranging between 18–47%. [13] 
Along the Dominican Republic coast mangroves forests have been reported to contain C stocks of 706 to 
1131 Mg/ha [6]. Organic carbon content of mangrove soils were found to be 50% to 90% of the total 
carbon stock in Belize [14,15], 66-77% of the total ecosystem C stocks with mean soil carbon stocks at 
411 Mg/ha and 414 Mg/ha in Micronesia [16],  0.6 – 31.7%. in India and Sri Lanka, 71–98% and 49–90% 
of total storage in estuarine and oceanic sites, respectively. Soil C concentration (% dry mass) for the 
Indo-Pacific Region was highest in the top metre of the soil profile [17]. Further, soil C concentration was 
greater in oceanic sites compared to estuarine sites. In French Guiana, soil organic carbon of A. germinans 
stands varied from 1 to 2% in the uppermost 10 cm depth and decreased to 0.7% at a depth of 2 m in 
young mangrove stands. Senescent mangrove stands stored eighteen times greater carbon than that of 
younger stands. For all stands TOC declined with depth [18]. In China, mangrove forests were estimated 
to store as much as 6.91 ± 0.57 Tg C, of which 81.74% is in the top 1 m soil [19]. In contrast, it was 
reported that soc in young and mature replanted mangrove forests in the Futian National Nature Reserve, 
Guangdong did not compare to global estimates [20]. The older forests stored higher carbon in soils. Soils 
in replanted mangroves did not increase soc as expected. SOC was reported to be lower in mangroves 
forests than other terrestrial forests types [21].   
Estimates of Carbon stocks of Guyana’s forest types 
The primary focus of studies in Guyana has been on aboveground biomass. Reports on carbon in soils 
have been provided a general estimates of soils under swamp conditions [22,23] (Table 1). The general 
estimates show that peat soils have a much higher carbon stock than other forest types.  Estimates were 
made based on soil carbon content of soil layers and conversion factors from neighboring countries. A 
search of the literature for values specific to coastal mangroves found no published estimates, nor 
quantification of carbon content based on actual soil organic matter quantification.  

 
Table 1. Estimations of carbon stocks in Guyana’s forests [22]. 

Forest Type Soil Carbon 
(t C/ha) 

Carbon in Biomass 
(t C/ha) 

Total carbon 
(t C/ha) 

Mixed forests on brown sands  163  171 334 
Mixed forests on lateritic soils  136 150 286 

mixed forests on loamy soils  65-163 195 260-358 
swamp forests on peat/pegasse  each 10 cm = 240 163  400-650 

high white sand forests  141 165 306 

low white sand forests (dakama)  98 60 158 

 
MATERIALS AND METHODS  
Study Sites 
Three sites sample sites were selected along the coast of Guyana within Region # 4 and 5. Two sites were 
located along the coastline of Hope Village and the third at Good Faith. The sites located at Hope 
represent a naturally regenerated mangrove fringe and a replanted stand. These sites are more or less the 
same age, approximately 3 years old.  Good faith represents a much older stand, about 40 feet from the 
shoreline. It’s distance and elevation does not allow it be inundated by the normal tidal regime. All sites 
sampled are dominated by black mangroves and soil composition is clay [8].  
Soil Sampling 
Five cores were taken 10 metres apart, along a 100 metre transect. Cores were taken at two depths; 0-15 
cm and 15-30 cm using a soil corer, placed into Ziploc bags and taken to the Guyana Sugar Corporation 
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Inc. Laboratory for preparation and analysis by Loss on Ignition (LOI). Each sample was air dried, then 
ground using a mortar and pestle before being sieved using a 2-mm sieve. Sub-samples of ±10g of sieved 
soil were oven-dried for 24 hours at 1050C and weighed. Oven dried samples were ignited in a Muffle 
furnace at 500oC for 8 hours and reweighed Recorded weights were inputted into Eqn 1 to obtain LOI 
values [24]. 

��� 1: ���� �� �������� (%) = 100 x
 (mass of ovendry soil −  mass of ignited soil)

mass of oven dry soil
 

Total carbon (t/ha) was estimated using Equations 2-4 [25; 24]. Bulk density range of 1.55-1.65 gm-3 

established for clay soils were used [26, 27]. Organic carbon (%C) was obtained by multiplying LOI values 
by 58% [24].  
Eqn 2: Volume of soil (m3) =104 (m²) x depth of soil sampled (m). 
Eqn 3: Mass of soil (t/ha) = volume of soil (m3) x bulk density (t m-3). 
Eqn 4: Total SOC (t C/ha) = mass of soil (t/ha) x organic carbon (%C) 
 
RESULTS  
Results for organic carbon % for sediments are presented in Table 1. Organic carbon ranged from 4.61-
2.57%, with the lowest being the older stand. No differences were noted of organic carbon % between the 
two soil depths for each site. 

 
Table 1. Soil Organic Carbon % at the three sites for depths 0-15 and 15-30 cm 

 
Soil Depth (cm) 

Hope (RP) Hope (NR) Good Faith 

   

 % Mean % Mean % Mean 

0-15 4.40 4.23 2.57 

15-30 4.13 4.61 2.57 

 
Table 2. Total Soil Organic Carbon (t/ha) for depths 0-15 cm and 15-30 cm assessed using the low end 

and high end bulk density range for clay soils. 
 
Depth (cm)` 

Hope (RP) Hope (NR) Good Faith Hope (RP) Hope (NR) Good Faith 
Bulk density (1.55 g cm3) Bulk density (1.65 g cm3) 
      

  Mean Mean Mean  Mean Mean Mean 

0-15 104.84±10.9 101.47±10.5 61.75±6.4 108.81±11.3 104.65±10.9 63.65±6.6 

15-30 99.08±10.3 110.52±11.53 61.64±6.4 102.18±10.6 113.98±11.8 63.56±6.6 

Total 203.92±21.28a 211.99±22.1a 123.39±12.8b 211.99±22.1a 218.63±22.8a 127.21±13.2b 

 
Total soil organic carbon stocks at a depth of 30 cm ranged between 203.92-211.99 t/ha and 211.99-
218.63 t/ha for Hope (RP) and Hope (NR) respectively (Table 2). Good Faith had significantly less carbon 
(p<0.05) at a range of 123.39-127.21 t/ha compared with the two other sites. Unlike reported increases 
in organic carbon storage with depth, only one stand exhibited this trend which is the naturally 
regenerated site. Overall, it can be clearly seen that the naturally regenerated stand had higher carbon per 
hectare than both the regenerated and mature stand.  
 
DISCUSSION 
In this preliminary study, organic carbon percentage were close to values reported for French Guiana 
[18], but well below values for stable mangrove swamp of Guadeloupe [13], Belizean peat soil [14,15] and 
Indo-Pacific Region [17]. However, these mangroves are much older, and on stable soil, of peat like 
formations.  Nevertheless, the SOC estimates in this study for the young mangrove stands were higher 
than those estimated for organic carbon stocks for most other forest types in Guyana.  Despite the results 
of this study being exploratory in nature, it can provide an estimate of the potential of mangrove fringes 
in Guyana. From the results, it is clear that mangroves are high potential areas of soc.  
The results of this research showed that young old mangrove stands dominated with A. germinans along 
the coast of Guyana have the potential to store high amounts of organic carbon in soils, as the two 
younger stands interfacing with the sea stored significantly higher organic carbon in soils, as much as two 
times than the older stand. Possibly, high productivity in these stands and input of organic matter from 
the sediment loads are the principle factors for this as suggested by [18] confirming the important role of 
ex-situ contributions in these systems.   
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This preliminary assessment has shown that despite the area occupied by mangroves being small 
compared to the other forest formations of Guyana, their potential to store carbon in soil is substantial.  
Thus, replanting of mangrove stands can be beneficial not only for protection against wave intensity, but 
also for carbon sequestration. This gives added impetus for its current and continued protection, as well 
as value.  
 
CONCLUSION AND RECOMMENDATIONS 
Despite the small extent of mangrove forests, these ecosystems can have a significant impact on the 
carbon cycle, storing higher amounts of carbon in soil/sediment.   
It can be assumed that the sediment deposition cycle influencing coastlines in Guyana may contribute in 
some way to organic matter input, however, to what extent has not been studied. Older mangrove stands 
also have the potential to store carbon in soils comparably to other forest types in Guyana.  
I would recommend that these preliminary results be used as a guide for further research work in this 
area. 
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Appendix A 
LOI Values for three sites sampled 

Site Depth (cm) LOI % 
1 0-15 7.71 
1 0-15 7.13 
1 0-15 7.8 
1 0-15 8.15 
1 0-15 7.11 
2 0-15 6.36 
2 0-15 7.08 

2 0-15 6.71 
2 0-15 8.19 
2 0-15 8.11 
3 0-15 4.14 
3 0-15 4.3 
3 0-15 4.17 
3 0-15 5.7 

3 0-15 3.87 
1 15-30 7.8 
1 15-30 7.57 
1 15-30 8.35 
1 15-30 6.8 

1 15-30 5.07 
2 15-30 8.26 
2 15-30 8.2 
2 15-30 7.11 
2 15-30 8.03 
2 15-30 8.1 
3 15-30 3.73 
3 15-30 5.21 
3 15-30 3.75 
3 15-30 5.65 
3 15-30 3.8 
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