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Abstract: An evaluation study on the ability of mangrove Sonneratia caseolaris aged 10, 11, and
13 years old in the coastal area of Tien Lang district, Hai Phong city in carbon sequestration in
standing biomass following the guidance of IPCC (2006) was conducted to provide a basis for
assessing the role of Sonneratia caseolaris plantation in greenhouse gas reduction and climate
change response as well as to provide a scientific basis and information for international
negotiations under programs of greenhouse gas reduction such as REDD and REDD' program,;
the study is based on the total and component (leaves, stems, branches and roots) biomass of 72 S.
caseolaris sample trees collected from 9 sample plot (each plot has an area of 100 m?) of
S.caseolaris plantation aged 10, 11 and 13 years old in 2014 - 2015. The results show that carbon
stock in forest biomass reached the highest value in the 13 year-old forest (43.37 tonnes/ha),
followed by the 11-year-old forest with 34.77 tonnes/ha; the lower value was seen in the 10-year-
old forest at 32.69 tons/ha. The 10-year-old forest accumulated 4.81 tonnes/ha/year (corresponding
to 17.65 tonnes of CO,/ha/ year), the figures for the 11-year-old and 13 year-old forests were 5.18
tonnes/ha/year (equivalent to the amount of CO, of 19.01 tons/ha/year) and 5.52 tonnes/ha/year
(equivalent to the amount of CO, of 20.26 tonnes/ha/year) respectively. The amount of carbon
accumulated in forest tree corresponding to the amount of CO, sequestered by forest trees is very
high, which is of significance to reducing the amount of CO, in the atmosphere, contributing to
mitigating greenhouse gas emissions, and responding to climate change. The great ability of
forests to store carbon is a highly important element for the implementation of REDD, REDD"
programs in Viet Nam.
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1. Introduction

Climate change is one of the great
challenges of human beings in the twenty-first
century. One of the solutions to minimize
climate change is reducing emissions from
deforestation in developing countries (REDD)
and reducing emissions from deforestation and
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forest degradation in developing countries, and
the role of conservation, sustainable
management of forests, and enhancement of
forest carbon stocks in developing countries
(REDD"). Viet Nam is among the countries
joining REDD, REDD" programs and required
to needs to calculate its forest carbon stocks
(Nguyen Quang Tan, 2011) [8].

In 2006, IPCC (Intergovernmental Panel on
Climate Change) developed a set of guidelines
for nations to carry out an overall inventory of
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greenhouse gas emissions, including the CO,
emissions from degradation and deforestation.
There are five forest carbon pools that are
identified: 1) above ground biomass (AGB), 2)
below ground biomass (BGB), 3) litter, 4) dead
wood) and 5) soil ( IPCC, 2006) [5]. Currently
in Vietnam, there are limited quantitative
studies of mangrove carbon stocks to assess the
ability of mangroves to create carbon sinks that
follow the approach under the guidance of
international organizations such as IPCC (2006)
and CIFOR (2012).

Hai Phong is a coastal city; it has about
18,280 ha of forest (natural forests 10,773 ha
and planted forests 7,507 ha). Plantations here
are mainly Kandelia obovata, Sonneratia
caseolaris (Ministry of Agriculture and Rural
Development, 2016) [1].

The present study was carried out to
evaluate the role of planted Sonneratia
caseolaris in the coastal area of Tien Lang
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district, Hai Phong city in reducing greenhouse
gases and to provide scientific basis and
information for international negotiations on
programs to cut greenhouse gas emissions, such
as REDD, REDD" in Vietnam.

2. Materials and methods

2.1. Study objects, sites and time

The study was conducted from 2014 to
2016 in a planted Sonneratia caseolaris on mud
flats grown in 2000 (13 year old forest - R13T),
2002 (11 year old forest - R11T), and 2003 (10
year old forest - RI0T) in Dong Hung
commune, Tien Lang district, Hai Phong city
(figure 1). The total area is about 132 ha. The
10-year-old stand has an average density of
1570 trees/ha, 11-year-old forest 1460 trees/ha,
and 13-year-old forest 1490 trees/ha.
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Figure 1. Study site.
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2.2. Study method

2.2.1. Setting sample plots

The 09 sample plots were set up from the
dykes seaward, perpendicular to the seadykes;
being close to the seadyke was the 13 year old

mangrove stand; next come the 11 year old
stand followed by the 10 year old stand. In the
forest of each age, 3 sample plots were
established, 100 m”> (10m x 10m) in size each;
the average distance between plots is 100m
(figure 2).

Seadyke

100m 100m
R13T

100m 100m
RIIT b ¢ .............................

100m 100m
R10T

Note: Standard plot (10m x 10m)

Figure 2. Experimental setting for sampling.

2.2.2. Biomass sampling and analyzing

Research on tree biomass is the basis for
determining the carbon content of the trees.
Tree biomass includes above ground biomass
(leaves, stems, branches ...) and below-ground
biomass (roots) [4, 9].

A total of 4 tree biomass samplings were
taken in 2 years (2014-2016). For each
sampling, two trees of medium size in each
sample plot were cut; all the roots were also
digged out. A total number of sample trees is
72.

Each sample tree was divided into parts:
stems, branches, leaves and roots. Fresh weight
of each tree part was scaled, based on which the
fresh weight of the tree was calculated. For
each tree part, 100 g of fresh sample was taken,
and dried at 105°C for stems and branches and
at 85°C for the other parts until the constant dry
weight.

Tree biomass is the total dry weight of tree
parts of individual trees; mangrove stand
biomass is the individual tree's biomass
multiply stand tree density.

2.2.3. Analysis and calculation of carbon content

Carbon content (%) in the tree was
determined by Chiurin method. The total
number of samples for carbon content analysis
is 72 sample trees * 4 tree parts (leaves, stems,
branches and roots)/sample tree = 288 samples

Carbon accumulated in each part of plant
was determined by the carbon content (%) and
dry weight of each part of the tree. The total
carbon accumulated in a tree is determined by
total carbon content of above-ground parts
(leaves, stems, branches...) and below-ground
part (roots) of the tree.

The carbon stock of a mangrove stand was
determined based on average carbon content of
individual trees and tree density.
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The carbon stock in biomass helped infer
the corresponding CO, absorbed by standing
trees generating which is calculated by carbon
accumulated in trees (ton/ha) x 3.67 (3.67 is the
constant applied to all types of forests) (Nguyen
Hoang Tri, 2006) [10], (Kaffman JB, et al.) [6].

2.2.3. Statistical analysis and data processing

All data collected were processed by
mathematical statistical method such as
determination of mean value, standard deviation,
and errors within the confidence interval.

3. Results and discussion

3.1. Amount of carbon in above, below ground
and total biomass of Sonneratia caseolaris
trees aged 10, 11, and 13 years old

Plant/tree biomass is the content of organic
matters that are accumulated in plant tissues,
such as stems, branches, leaves, roots ...,
through photosynthesis process [4]. Biomass is
also called as the content of organic carbon
accumulated in trees/plants. From the results of
our research on biomass, we can identify
amount of carbon accumulated in tree biomass.

Amount of carbon accumulated in above-
ground biomass (leaves, branches, stems),
below-ground biomass (roots) and the total
biomass of the trees increased with tree age;
amount of carbon accumulated in biomass was
the highest in the 13 year old forest followed by
the 11 year old forest and then 10 year old
forest (table 1).

Table 1. The amount of carbon accumulated in parts of Sonneratia caseolaris trees
aged 10, 11, and 13 years old

) Leaves (kg/tree)  Stems (kg/tree) Branches (kg/tree) Root (kg/tree) Carbon

Tree Planting accumulated
e e Biomass Carbon Biomass Carbon Biomass Carbon Biomass Carbon 1 11ees
content content content content (kg/tree)

10 2003 0.54 0.29 19.81 9.93
11 2002 0.63 0.33 23.42 11.68
13 2000 2.86 1.46 27.64 13.58

1432 6.97 7.23 3.63 20.82
1598  7.83 7.87 3.98 23.82
19.05  9.38 8.76 441 29.10

The average amount of carbon in the 10-
year-old tree was 20.82 kg/tree, followed by the
11-year-old trees with 23.82 kg/tree and the
highest was seen in 13-year-old trees with
29.10 kg/tree. The study results are consistent
with the rules of growth and development of
plants, i.e. tree biomass increases with tree age.

Amount of carbon in biomass of above
ground parts and below ground part was not
even. For above-ground parts of trees, the
carbon was mainly accumulated in tree stems
(9.93 to 13.58 kg/tree), followed by that of
branches (6.97 to 9.38 kg/tree), the figure for
leaves was 0.29 to 1.46 kg/tree. Amount of
carbon in root biomass did not vary much
among different tree ages.

In general, amount of carbon in above-
ground biomass of trees was higher than in
below-ground biomass. The present results are
similar to those of my previous study on the
content of carbon accumulated in trees of K.
obovata aged 10, 11, and 13 years old and
planted along the coast of Tien Hai district,
Thai Binh province (Nguyen Thi Hong Hanh,
2015) [3]; the conclusion was also that carbon
accumulation in tree biomass increased with the
forest ages and the content of accumulated
carbon was higher in above-ground biomass
than in below ground biomass of trees.
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3.2. Carbon stock in above-ground, below-
ground and total biomass of S. caseolaris
stands aged of 10, 11, and 13 years old

It can be seen that similar to the carbon
accumulation in tree, amount of carbon in

above-ground and below-ground biomass of
S.caseolaris stands generally increased with
stand age (table 2).

Table 2. The content of carbon accumulated in above-ground and below-ground biomass
and total biomass of S.caseolaris forest (ton/ha)

Above ground Below ground Total
Stand Density
age (trees/ha) Biomass Carbon Biomass Carbon Biomass Carbon
content content content

10 5.70

1570 5443+224 2699+1.03 11.35+0.59 65.78 £2.62 32.69+1.18
year 0.31
1460 58444256 2896+1.19 11494051 S1F  60.04+2.85 3477+ 130
year 0.27
13 1490 73.99+£2.92 36.80+1.43 13.06+0.60 6.57+ 87.05+3.15 43.37+1.51
year 0.27

Table 2 shows that the cumulative amount
of carbon in above-ground biomass of the 10
year old stand was the lowest, followed by the
11-year-old stand and the highest was observed
in the 13-year-old stand, being 26.99 tons/ha;
28.96 tons/ha and 36.80 tons/ha respectively.

The carbon accumulated in below-ground
biomass of the S.caseolaris stand aged 13 years
was the highest at 6.57 tons/ha, followed by the
11-year-old forest with 5.81 tons/ha; the lowest
was seen in the 10-year-old forest with 5.70
tons/ha.

Overall, the cumulative carbon in below
ground biomass in the mangrove stands
changed insignificantly, from 0.11 ton/ha to
0.76 ton/ha. However, the carbon accumulated
in above-ground biomass of the population has
increased markedly, from 1.96 tons/ha to 7.84
tons/ha. This proves that when the trees aged
from 10 to 13 years old, they grew mostly in
biomass of leaves, branches and stems. On the

other hand, the 10-year-old trees had closed
canopy of 95%, prioritizing the development of
leaf biomass, increasing the biomass of the CO,
assimilation organs. As for 11 and 13 years old
forests that have completely closed canopies,
natural thinning has occurred intensively; and
there have been fewer branches and leaves; the
trees have grown strongly in height due to
competition in natural light.

The result also indicated that the amount of
cumulative carbon in above-ground biomass
was higher than that in below-ground biomass
(Figure 3). Amount of carbon in above-ground
biomass of S.caseolaris stands aged 10, 11, and
13 years was 4 to 5 times higher than that in
below-ground biomass of the forest. The
amount of carbon in above-ground biomass of
the forest aged 13 years was 36.80 tons/ha
while it was only 6.57 tons/ha in below ground
biomass.
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Figure 3. Amount of carbon in above-ground and below-ground biomass
of S. caseolaris mangroves aged 10, 11, and 13 years.

The comparison of the amount of carbon
accumulated in total biomass of S. caseolaris
stands with that of mixed species stands of K.
obovata and S. caseolaris [3] indicates that at
the same age of 10,11 and 13 years, the amount
of carbon accumulated in biomass of
S.caseolaris plantations was higher. The carbon
accumulated in biomass of the mixed plantation
aged 10 years was 22.36 tons/ha while the
plantation of S.caseolaris aged 10 years was
32.69 tons/ha. Nguyen Hoang Tri (1996) also
concluded that at the same age, S. caseolaris
trees have much greater biomass than K.
obovata trees [9]; therefore, although the
density of mixed spesies stands aged 10 years
old (8784 trees/ha, including 8400 K.obovata
trees and 384 S. caseolaris trees) was higher
than that of the S.caseolaris stand aged 10 years
old (1570 trees/ha), the number of S. caseolaris
trees in the mixed species stand was less than in
the S.caseolaris stands. Thus, the carbon
content in biomass of S.caseolaris was higher
than that of mixed species mangroves.

From the evidence above, it can be
remarked that the amount of carbon
accumulated in mangroves depends on tree
species, age, and planted tree density. The
carbon accumulated in biomass of S. caseolaris

mangroves was higher than that of mixed
species mangroves consisting of K. obovata and
S. caseolaris; this demonstrates the role of S.
caseolaris mangroves in carbon accumulation,
contributing to reducing greenhouse gas
emissions.

3.3. Ability of S. caseolaris mangroves to form
biomass carbon sinks

To assess the ability of mangrove forests
to create biomass carbon sinks, we evaluated
changes in carbon stocks by following equation
(IPCC, 2006) [5].

A, - At
tz _tz

AB

Where: AB: carbon credits for a period of
time

At;: carbon stock measured at time t,

At,: carbon stock measured at time t,

From the results of the study in 2014 and
2015 on the carbon stock in tree and stand
biomass of S.caseolaris mangroves aged 10, 11
and 13 years old, we evaluated their ability to
create carbon sinks with the results are shown
in table 4.
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Table 4. Changes of carbon stocks in above, below ground and total biomass
of pure S. caseolaris mangroves aged 10, 11, and 13 years

13 year-old stand

11 year-old stand 10 year-old stand

Change of

Carbon stock carbon stock

carbon CO,

Cumulative Equivalent

Cumulative Equivalent
carbon CO,

Cumulative Equivalent
carbon CO,

2014 34.14 125.29
. 2015 39.42 144.67
Carbon in
Carbon
above-ground accumulated
biomass ceumuiate 5.28 19.38
after one year
(ton/ha/year)
2014 6.44 23.63
. 2015 6.70 24.59
Carbon in
Carbon
below-ground accumulated
biomass 0.26 0.95
after one year
(ton/ha/year)
2014 40.61 149.04
. 2015 46.13 169.30
Carbon in
Carbon
total forest accumulated
biomass umu 5.52 20.26
after one year
(ton/ha/year)

26.54 97.40 24.96 91.60
31.39 115.20 29.01 106.47
4.85 17.80 4.05 14.86
5.64 20.70 5.32 19.52
5.97 2191 6.07 22.28
0.33 1.21 0.75 2.75
32.18 118.10 30.28 111.13
37.36 137.11 35.09 128.78
5.18 19.01 4.81 17.65

Table 4 shows that the amount of carbon in
above-ground biomass increased significantly
after 1 year; this is of significance in creating
carbon credits; the figures for the 10, 11 and
13-year-old stands were 4.05 tons/ha/year
(corresponding to the amount of CO, of 14.86
tons/ha/year  absorbed by trees), 4.85
tons/ha/year (equivalent to 17.80 tons/ha/year
of CO,), and 5.28 tons/ha/year (equivalent to
19.38 tons/ha/year of CO,) respectively.

Similarly, the amount of carbon in below-
ground biomass also increased by a certain
amount after one year; the figure for the 10 year
old stand was 0.75 tons/ha/year (equivalent to
2.75 tons of COy/ha/year), 11-year-old stand
0.33 tons/ha/year (equivalent to 1.21 tons of
COy/ha/year), the 13-year-old stand 0.26
tons/ha/year (equivalent to 0.95 tons of
COy/ha/year). Therefore, the 10-year-old stand
had a higher content of carbon in below-ground
biomass than the 11 and 13 year-old stands; this
could be explained that the 10-year-old trees are

in the stage of growth and development. The
13-year-old trees started showing signs of
slower growth, so the carbon content in root
biomass was lower than that of trees aged 10
and 11 years.

Every year, S.caseolaris  mangroves
accumulated additional quantities of carbon in
tree biomass, which is significant in generating
carbon credits to participate in REDD’
program; the 10 years old stand sequestered an
additional amount of 4.81 tons/ha/year
(equivalent to the amount of CO, of 17.65
tons/ha/year), the stand aged 11 years old
accumulated an additional amount of 5.18
tons/ha/year (equivalent to 19.01 tons/ha/ year
of CO,), and the stand aged 13 years old an
additional amount of 5.52 tons/ha/year
(equivalent to the amount of CO, of 20.26
tons/ha/year).

The amount of carbon stored in mangrove
trees is corresponding to a large amount of CO,
absorbed by trees; this can significantly reduce
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the amount of CO, in the atmosphere,
contributing to reducing greenhouse gas
emissions and climate change response [2, 7,
10]. The great ability of mangroves to
accumulate carbon is an important element for
the implementation of REDD, and REDD®
programs in Viet Nam.

4. Conclusions

In the present condition, carbon stock in
biomass of S.caseolaris mangroves increased
with increasing stand age, reaching the highest
value in the 13-year-old stand with 43.37
tons/ha (the accumulated carbon in above-
ground and below-biomass of the forest was
36.80 tons/ha and 6.57 tons/ha respectively.
Next came the 10-year-old stand with 32.69
tons/ha (content of carbon accumuled in above-
ground and below-ground biomass of the forest
was 2699 tons/ha and 5.70 tons/ha
respectively) and the 11-year-old stand with
34.77 tons/ha (content of carbon accumuled in
above-ground and below-ground biomass of the
forest was 28.96 tons/ha and 5.81 tons/ha
respectively).

Annually, S.caseolaris mangroves
accumulated an additional amount of carbon in
trees biomass, which is significant in generating
carbon credits; the 10-year-old stand added an
cumulative amount of 4.81 tons of
carbon/ha/year (corresponding to the amount of
CO, of 17.65 tons/ha/year); the mangroves aged
11 years accumulated additional 5.18 tons of
carbon/ha/year (equivalent to the amount of
CO, of 19.01 tons/ha/year), and the mangroves
aged 13 years 5.52 tons of carbon/ha/year
(equivalent to the CO, amount of 20.26 tons/
ha/year).

The carbon accumulated in mangrove trees
was corresponding to the great amount of CO,
absorbed by trees; this is of significance in
reducing the amount of CO, in the atmosphere,
contributing to mitigating greenhouse gas
emissions and climate change response. The
high ability of mangroves to accumulate carbon

is an important element for the implementation
of REDD, REDD" programs in Viet Nam.
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Nghién ciru, danh gia kha niang tao bé chtra Cacbon trong sinh
khoi ctia Ring ngap man trong thuan loai ban chua
(Sonneratia caseolaris) ven bién huyén Tién Lang,

thanh phd Hai Phong

Nguyén Thi Hong Hanh

Truong Dai hoc Tai nguyén va Méi truong Ha Noi, 414 Phu Dién, Ha Néi, Viét Nam

Tém tit: Dé c6 co s¢ danh gid vai tro cua ring ngdp man tréng thuan loai ban chua (Sonneratia
caseolaris) 10, 11, 13 tudi ven bién huyén Tién Lang, thanh phé Hai Phong trong viée giam khi nha
kinh, Gmg phé véi bién d6i khi héu, ddng thoi cung cp co so khoa hoc cho viéc dam phan qudc té
trong cac chuong trinh thyc hién cat giam khi nha kinh nhu REDD; REDD, chiing t6i nghién ctru;
danh gia kha nang tao bé chira cacbon trong sinh khéi cua ring theo hudng dan cua IPCC (2006), dua
trén s6 liéu sinh khéi cua 72 cay ban chua duoc thu thép tai 9 6 ti€u chuin (mdi 6 tiéu chudn c6 dién
tich 1a 100 m?®) cua ring 10 tudi, 11 tudi va 13 tudi (24 ciy/rimg) va phan tich ham lwong cacbon trong
cac bo phan 14, than, canh, ré ciia 72 cdy (twong tng v&i 288 mau) trong hai nam tir 2014 - 2015. Két
qua nghién ctru cho thay, lugng cacbon tich lily trong sinh khdi cta rimg dat gia tri cao nhét 1a ring 13
tudi voi 43,37 tan/ha, tlép theo 1a rimg 11 tudi voi 34,77 tAn/ha, thip nhat 1a rimg 10 tudi véi 32,69
tan/ha. Hang ndm, rung trong thuan loai ban chua tich lity thém mét lwong cacbon trong sinh khdi cay
va rimg, diéu nay c6 y nghia quan trong trong viéc tao tin chi cacbon, rung 10 tudi tich liy 4,81
tdn/ha/nam (twong ung voi lwong CO, 14 17,65 tAn/ha/nam), rung 11 tudi tich liy 5,18 tAn/ha/nam
(twrong tmg vdi lugng CO, 1a 19,01 tén/ha/nam) rimg 13 tudi tich lily 5,52 tin/ha/ndm (twong tng véi
lugng CO, 1a 20,26 tan/ha/nam) Luong cacbon tich liy trong cdy rimg tuong tmg voi lugng CO, do
cay rung hép thu 1a rat 16n, diéu nay co y nghia lam giam lugng CO, trong bau khi quyén, gop phan
giam khi thai nha kinh, Gmg pho véi bién d6i khi hau. Kha ning tich lily cacbon cao cua rimng 1 yéu t6
quan trong dé thyc hién cac chuong trinh REDD, REDD" tai Viét Nam.

Tir khoa: Sonneratia caseolaris, cacbon tich iy, khi nha kinh, rimg ngap man, tin chi cacbon.



