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ABSTRACT
Mangrove forest is a significant source and store of carbon but change in

the area land use or within mangrove areas creates a change in CO2 emission to
the atmosphere. The objective of this thesis was to study carbon distribution in the
mangrove area and relationship to different land use patterns in the located mangrove
area of Thung Kha Estuary, Chumphon Province. The land use patterns in the study
area were derided into four patterns; mangrove plantation, natural mangrove,
reforestation mangrove and clearing mangrove or shrimp farming. The methodology
was to assess carbon total in combined above ground biomass, and soils, in each of
the land use patterns, both in the rainy season and the dry season. Analysis of physical
and chemical soil properties in each of the land use patterns and assessment of
the carbon emissions at deforestation stage was done by using carbon modeling
by IPCC, 1996.

The results of the study showed that the carbon content in above ground
biomass was relative with the biomass of plants or mangrove production. The carbon
content was the highest in natural mangrove. The carbon content in soils (in A and C
horizon at level of 0-60 cm.), were highest in the regenerated mangrove area at about
177.606 tC/ha while the carbon content in soils in natural mangrove, shrimp farming
and mangrove plantation were 152.718, 151.326 and 124.176 tC/ha, respectively.
It was also found the relative physical and chemical soil properties and percentage of
soil organic matter was the highest in regeneration mangrove area. When the
mangrove area changed from shrimp farming it caused an important impact on soil
reaction (pH), cation exchange capacity (CEC) and electrical conductivity (ECe)
degradation.

KEY WORDS: CARBON / DISTRIBUTION / MANGROVE AREA /
   LAND USE PATTERN
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บทคัดยอ
ปาชายเลน เปนแหลงเก็บกักและแหลงสะสมคารบอนที่สํ าคัญ แตการเขาไปเปลี่ยนแปลง

หรือเขาไปใชประโยชนในพื้นที่ปาชายเลน ท ําใหมีการปลอยกาซคารบอนไดออกไซดสูบรรยากาศ 
การวิจัยในครั้งนี้มีวัตถุประสงคเพื่อศึกษาการกระจายของคารบอนในพื้นที่ปาชายเลน ที่มีรูปแบบ
การใชประโยชนพื้นที่ตางกัน ในบริเวณพื้นที่ปาชายเลนอาวทุงคา จังหวัดชุมพร ซ่ึงพบวา มีรูปแบบ
การใชประโยชนพื้นที่ปาชายเลน 4 รูปแบบหลัก ๆ คือ ปาชายเลนปลูก ปาชายเลนธรรมชาติ ปาชาย
เลนที่ไดรับการฟนฟู และปาชายเลนถูกทํ าลายหรือพื้นที่นากุงราง โดยประเมินหาปริมาณคารบอน 
ที่มีอยูในมวลชีวภาพเหนือพื้นดินและในดิน ในแตละรูปแบบการใชประโยชนพื้นที่ ทั้งในฤดูฝน
และฤดแูลง ตลอดจนวิเคราะหความสัมพันธคุณสมบัติทางกายภาพและทางเคมีของดิน ในแตละรูป
แบบการใชประโยชนพื้นที่และประเมินการสูญเสียคารบอน เนื่องจากการทํ าลายพื้นที่ปาชายเลน 
โดยใชแบบจํ าลองคารบอน IPCC, 1996

ผลการศกึษา พบวา ปริมาณคารบอนที่สะสมอยูในมวลชีวภาพเหนือพื้นดิน มีความสัมพันธ
กับปริมาณมวลชีวภาพหรือผลผลิตของพรรณไม ซ่ึงมีมากที่สุดบริเวณปาชายเลนธรรมชาติ สวน
ปริมาณคารบอนที่สะสมในดิน (ดินชั้น A และ C ทีค่วามลกึประมาณ 0-60 ซม.) มีมากที่สุดในพื้น  
ทีป่าชายเลนที่ไดรับการฟนฟู คือ 177.606 tC/ha สวนพื้นที่ปาชายเลนธรรมชาติ นากุงราง และ      
ปาชายเลนปลูก มคีาเทากับ 152.718, 151.326 และ 124.176 tC/ha นอกจากนี้ยังมีความสัมพันธกับ
คณุสมบตัทิางกายภาพและทางเคมีของดิน ที่พบวา ดินบริเวณปาชายเลนที่ไดรับการฟนฟู มีปริมาณ
อินทรยีวตัถุมากที่สุด และพื้นที่ที่เปลี่ยนสภาพพื้นที่ปาชายเลนเปนนากุง มีผลทํ าใหปฏิกิริยาของดิน 
ความสามารถในการแลกเปลี่ยนประจุบวก และคาการนํ าไฟฟาของดินลดลง
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CHAPTER I

INTRODUCTION

1.1 Rationals

At present, the earth has been challenged with the problem about Climate 

Change. The changes have been occurred by natural any human driving, forces has 

led to temperature increase or Global Warming. The increasing temperature has been 

effected to local climate change and caused natural resources changed such as, died 

fish, melt snow and sea-level rise (ChunChai, 2001). A phoneme non of the earth 

warming and inhabitable, who resulted from Green House Effect. The major Green 

House Gases (GHGs) are carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), 

ozone (O3) and chlorofluoro carbon (CFCs). (Boonyawat and Rattana, 1999).  The 

increasing amount of carbon dioxide in atmosphere has been stated as an important 

factor. The sources of CO2 have come from two major factors; combustion of fossil 

fuels and deforestation (Office of Environmental Policy and Planning, 2001).

Forests have been considered as the principal component of the environment 

and serve as major linked between atmospheric carbon dioxide and carbon in other 

living things has been acted as atmosphere controller word. As souses and sinks of 

carbon, forests. The plants absorb carbon dioxide in the atmosphere, and use it as raw 

material in the photosynthesis process for producing in the organic matter or plant 

biomass. In addition, soils in forest ecosystem could store carbon in the form of soil 

biomass or soil organic matter. Therefore, when forest has been destroyed, carbon 

above ground biomass and soils would be released to the atmosphere in the form of 

carbon dioxide, and the amount of carbon dioxide has been increased accordingly. 

The greater numbers of trees have been reduced, the greater amount of Green House 

Effect would be increased.

The study to carbon absorbed in the forest ecosystem should be studied. As an

alternative to reduce carbon release to atmosphere, IPCC (1990), has predicted that

total carbon of the terrestrial ecosystem is about 2,200 Pg and mostly storage in soils.
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Mangrove forest has been considered as to an important source for absorb

CO2. In 1989, Development and Research Institute of Thailand estimated the yearly

amount of carbon dioxide in mangrove area equal to 77 million ton

(Pattanapholpaiboon, 1999), as ratio per unit of total area mangrove forest in

Thailand. But the high rate of the mangrove destruction has been for our purposes

such as housing infrastructure, industrial complex, salt pan, agriculture, tin mining

and shrimp farming. In 1996, total area of mangrove in Thailand was approximately

1,047,390 Rai or 0.33 percent of total area. The yearly decreasingly rate was

estimated about 35,770 Rai/yr (Aksornkoae, 1999).

From the problems mentioned above and the important of mangrove forest,

this study would concentrate on carbon distribution in mangrove area as an alternative

for reducing carbon emission to atmosphere. Data acquisition from this study would

be advantages for assessment carbon deposit in forest other ecosystems have been

already existed. Besides, gained information would be use as guideline for our

national forest management.

1.2 Objective

The objective was study carbon distribution in mangrove area based on the

principle of land use patterns and also to calculated total carbon in mangrove

ecosystem of Thung Kha estuary, Chumphon province.

1.3 Research Concept

Carbon distribution in mangrove areas was studied in 4 difference land use

patterns namely; mangrove plantation, natural mangrove area, mangrove

reforestation and clearing mangrove as shrimp farming. Biomass production in each

the land use patterns (above ground biomass, roots and litter production) were also

calculated.  Assessment the amount of carbon contents in biomass, soil carbon and

physical and chemical of soil properties in each land use patterns were analysis.

Estimated of carbon emission to atmosphere form deforestation has been done by

using the carbon modeling (Figure 1-1).
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Figure 1-1 Research Concept for the Study on Carbon Distribution in Mangrove Area
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1.4 Scope of the Study

1.4.1 Study Area:

Mangrove area along Thung Kha estuary, Amphur Mueang,

Chumphon Province, southern of Thailand was selected as the study area. The

selection was based on its land use patterns; mangrove plantation, natural mangrove,

regeneration mangrove and clearing mangrove area as shrimp farming areas.

1.4.2 Scope of Studies:

1.4.2.1 Estimation of carbon in each land use patterns both above

ground biomass and under ground biomass

1.4.2.2 Estimation of total carbon in mangrove study area

1.4.2.3 Analysis to physical and chemical of soil properties

1.4.2.4 Assessment the amount of carbon emission to atmosphere from

deforestation and land use changes by carbon modeling.

1.5 Time Study

Time frame to study carbon distribution in mangrove study area. Rainy season

and dry season was scheduled for conducting the research work.

1.6 Expected Results

1.6.1 To know the carbon distribution in each land use patterns of mangrove

study area including the total carbon in each particular area.

1.6.2 To know the amount of carbon emission to atmosphere according to the

land use changes in mangrove and deforestation area.

1.6.3 To know the differences amount of carbon in each land use patterns and

the differences of soil physical and chemical properties of the study area.
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CHAPTER II

LITERATURE REVIEW

2.1 Climate Change

Climate change represents a significant issue confronting the global

community in recent years. This sentiment was reinforced by the 1997 Kyoto Protocol

to the United Nations Framework Convention on Climate Change – a legally binding

document requiring commitments by industrialized countries to reduce their collective

emissions of greenhouse gases by 5.2% compared to the year 1990 (Wan Razaili and

John Tay, 2000). Before the industrial revolution (1750-1800), the amount of CO2 in

the atmosphere was about 270 part per million (ppm.), and it has increased

substantially to the present level of 356 ppm., that projected to double by 2100. As the

amount of greenhouse gases increase, additional heat will be trapped in the

atmosphere causing the phenomena called “Climate Change”, also known as “Global

Warming” or the “Greenhouse Effect”. There is a substantial amount of uncertainty

regarding how the climate would change, however, IPCC (1990) and the UN Climate

Change Convention (1996) have predicted the following; that to refer a studied in

Cheneswasde (1998)

•  An increase in global mean temperature was about 2 °C by the year 2100,

for mid range IPCC scenario of 1.5-4.5 °C.

•  Regional temperature changes may differ substantially from the change in

the global mean. However, not yet possible to describe how wit certainty.

•  The projected sea-level rise is estimated to range form 15 to 95 cm., with

the best estimate of 50 cm. by the year 2100. Sea-level rise would continue to rise

even though the global climate and the mean temperature would have stabilized.

• As a consequence of possible changes in the temperature and water

availability, a substantial fraction (a global average of one third, varying by region

from one seventh to two thirds) of the existing forest areas of the earth will undergo

major changes in broad vegetation types.
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•  Developing countries will most likely be more seriously affected by climate

change than developed countries. They may also have fewer options for adapting.

IPCC (2001), Climate changed was occurred by natural change or human

activity, which has led to compose in atmosphere and climate change from past time.

This conclusion was the earth temperature increase about 0.6±0.2°C. In 2100, the sea

level model increase average 0.09-0.88 meter by Habiba Gity (2001)

2.2 Greenhouse Gases

The natural greenhouse gases (GHGs) are vapor (H2O), carbon dioxide (CO2),

ozone (O3), methane (CH4) and nitrous oxide (N2O). The total gases about 1

percentage in atmosphere and enough for “Greenhouse Effect” that led to temperature

increase for life but human activities are increase greenhouse gases. The combustion

of fossil fuels, natural gas and deforestation are causes of CO2 emission. CH4 and N2O

produced from the agriculture sector, especially rice cultivation and cattle. In addition,

the industrial process emission chlorofluro-carbons (CFCs), hydrochlorofluoro-

carbons (HCFCs), hydrofluoro-carbons (HFCs), and perfluorinated-carbons (PFCs).

There are changed to absorb heat in atmosphere and increase greenhouse gases

(Boonpragob, 1996; Phoomijumnung, 2001)

While the tree growth and forest ecosystem can be absorb CO2 for produce

biomass. This process carbon sequestration that efficiency only process can be reduce

CO2. Greenhouse gases had long life time and radiation effect, that also known as

Global Warming Potential (GWPs). GWP defines the warming effects caused by a

unit mass of a given gas relative to that of carbon dioxide. (Boonpragob, 1996)

2.2.1 The Greenhouse Gas Inventory

Boonpragob (1996), studies to assess emission greenhouse gases in

Thailand by gas type.  Three most important greenhouse gases are carbon dioxide

(CO2), methane (CH4), and nitrous oxide (N2O). The emission of theses gases were:

•  Carbon dioxide 182 million metric ton

•  Methane 5.6 million metric ton

•  Nitrous oxide 0.04 million metric ton
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The consideration to the taking Global Warming Potentials (GWPs),

the contribution of these three in term of CO2 equivalent or GWPs, was equivalent to

total carbon dioxide of 332 million metric ton. The present of total emission gases

about 55, 41 and 4 presented (Table 2-1).

Table 2-1 Total Emission of the three most Significant Greenhouse Gases,

Incorporating GWPs and Shares of the Warming Effect

Gas Emission GWPs CO2 Equivalent Presentage of Total Emission

CO2

CH4

N2O

182

5.6

0.04

1

24.5

320

182

137

13

55

41

4

Source: Boonpragob, 1996

2.2.2 Land Use Change and Forest

Land used change and forestry involved both emission and

sequestration of greenhouse gases that is CO2. Carbon contents are biomass or content

in tree wood and carbon storage in soil organic matter.  When deforestation, carbon

will be released to atmosphere from carbon dioxide condition. The products of woody

biomass are used for construction, furniture, burning of fuel wood and paper as well

as from deforestation. Sequestration of carbon occurs by plantation and regeneration

is caused of forest. Biomass in forest change, deforestation and regeneration forest

carbon dioxide emission about 87.7, 32.7 and 26.1 million metric ton by balance CO2.

(Boonpragob, 1996). Siripong and Sugimoto (1996), found problem from forest

change or deforestation could be climate change.

The emission og greenhouse gases is increased from human activity

into atmosphere by industrial process (use and don’t use energy). In 1990, IPCC

Working Group I prediction amount of gases concentration (CO2, CH4, CFCs, N2O)

absorbed in atmosphere about 56%, 15%, 24% and 5% by total human activity in

agriculture and land use sector.
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2.3 Carbon Dioxide (CO2)

Carbon dioxide has a chemical formula of CO2, a qualification of inert gas, no

color and smell and over weight 1.5 kilogram of the air, that no toxic but could be

pushed O2 out of air.  CO2 is important greenhouse gas, make to global temperature

increased. The concentration of CO2 balance when amount of CO2 use and occur that

equal, but at present, CO2 emission over rate. The predicted CO2 increased 0.5% per

annual in atmosphere. The most amount of CO2 used in the photosynthesis process by

the plants. Normally, amount of CO2 is in atmosphere about 350 ppm. and life cycle

500 years (Cheneswasde, 1998).  At present, has 356 ppm. increased 26% from is

since the middle of 19th  century (Boyle and Lavkulich, 1997) (Figure 2-1). Because

now the organic matter has been burned much more than in the past time and over

plant is capability to used it in the photosynthesis process. IPCC (1990), The

evergreen forest in the tropical region has been recognized as a greatly absorbed CO2

area unfortunately, this important source of the world has been mostly destroyed.

Figure 2-1 Concentration of CO2 Increased in the Future

2.4 Carbon Cycle

The nutrient dynamics in terrestrial ecosystem are mostly opened system. But

for the carbon cycle is a closed dynamic system. Carbon pools exchanged into CO2 in

the total terrestrial ecosystem. In atmosphere, the concentration of CO2 is about

0.032% by volume or total carbon about 1.5 kilograms by weight or amount of 320
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ppm. (Reanphanit, 1991). The temporal changes in the carbon pools of forest

ecosystems are driven mainly by the dynamics of the living biomass. The vegetation

absorbed CO2 over 60% in the photosynthesis process and released to atmosphere by

respiration process. When they dead, decomposition by micro-organisms finally,

changed to CO2 and uptake to atmosphere by respiration. Carbon cycle in the

terrestrial ecosystem is liked to the cycle of the essential nutrients. Consequently,

forest ecosystem carbon uptake and storage should be tightly constrained by the

availability of these nutrients. In particular, both vegetation and soil micro-organism

must maintain a nutritional balance. The tropical forest of the world, carbon storage in

the vegetation is over 60% but only 33% is in soil organic carbon (Townesned and

Rastetter, 1996).

2.5 Carbon Dynamics and Stores in Forest Ecosystem

Houghton (1997), found (refer in FAO, 2001), that the terrestrial ecosystems

are important for carbon cycle. The exchanges of carbon between vegetation

structure, soils and atmosphere are about 125 GtC, and 2.5 GtC by exchanging

between the global and atmosphere. Forest ecosystem can be exchanged carbon about

80% and this ecosystem serves as source and sink of carbon and CO2 emission.

Sahunaru (1995), found that very few deliberated studies have been done about the

carbon cycle in forest ecosystem, when compared with other organic carbon

distribution in forest ecosystem such as soils carbon, carbon in leaves, wood, and soil

in the A horizon of the forest types. The spruce forest in clod zone, wide leaves forest

in warming zone and evergreen forest in tropical zone have organic carbon about 225-

272 tons/ha. However, the forest with its annual temperature average rather high, less

carbon is deposited in soil.

Michael and David (1994), found that the global carbon stores in forest

ecosystem about 348 GtC in plants and 478 GtC in soils. The important source is th

tropical forest, 60% in vegetation and 40% in soils by the total carbon. Forest

ecosystem can be compartmented in to the three major carbon pools; live biomass,

detritus and in soils. Unless, Habiba Gitay (2001), found that the carbon exchange is

the interaction between forest ecosystem (carbon cycle) and carbon in atmosphere.
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Factors related to carbon storage in forest are climate, soil texture, forest

management, frequency of destroy and human activities. Carbon is accumulated

storage in forest ecosystem by absorbed CO2 in atmosphere and stored in biomass.

Carbon content in living biomass is in stems, branches, leave, roots and detritus of

organic carbon in soils and total forest productions (Figure 2-2). However, biomass of

plants and soils are important sources of carbon storage and emission to atmosphere.

For the studies by Dixon (1994) referred in FAO (2001), the difference of temperature

had influence relative between production and organic matter reduced in soils. In high

latitude, more organic matter is deposited in soil than lower area. It is explained that

because of the deposit ratio more than digestion ratio. In the low latitude, the

digestion organic matter in soils is very quickly and nutrient dynamic in forest

ecosystem made to less carbon deposit in soils.

      Figure 2-2 Carbon (C) cycle in the Forest System

      Source: Michael Apps and Vavid Price, 1996

2.6 Biomass Measurement

Normally, the biomass estimates by oven-dry weight. Anyhow it is very

difficult to measured in the field. Then fresh weight is measured and a few samples
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of areas. The small plants, is measured with a 1 × 1m. spacing by using biomass of

clipped quardart and measured fresh weight, take some samples to dry in the oven at

70 °C. until constant of dry weight, calculated dry weight per unit. For big tree,

diameter is measured incoperation with equation package to estimate the biomass of

there are many specific aquations to estimate biomass term in each tree components

(stem, branches, leaves and root). Biomass estimation utilized the relationships that

can often be made between tree weight and other growth parameters, which can be

measured over a large sample area. Such relationships, term of allometry, formulate

the relation between the weights of two different parts of an organism, x and y where

x as length of stem and y as dry weight in each tree components. Data distribution is

observed in order to get an appropriate equation to test allometric term (Sahunaru,

1995).

 2.7 Mangrove Forest
Jurupphat (1999) stated mangroves are very valuable resources amoung

various significant natural resources in the world. But it does not mean that mangrove

forest is existed in every country. Most tropical countries are originally covered with

mangrove vegetation. In Thailand, mangrove occur on the sheltered muddy shores

and low-lying bogs of river and stream estuaries at levels between low and high tides,

along the banks of the Gulf of Thailand and on the west and east coasts of the

peninsula. The best develop natural mangrove forests remain only along the west

coasts of the peninsula. Mangroves are very important economic values in the past,

present and more value in the future, that said mangroves are high values than

terrestrial ecosystem when compared per unit.

Junchai (1993), defined mangroves or mangrove forest are plant community

and occur on the coastal zone, stream estuaries or gulf in the tidal areas or mangroves

forest mean the plant community had various species, various family and green

leaves. Aksornkoae (1999), defined mangroves are group of plant community occur

on the muddy shores. In Thailand, called mangrove forest as Rhizophora forest

because it has a dominant of Rhizophora species.
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2.7.1 Mangrove Region

In general, mangroves are mainly restricted to the tropical region, but

some mangrove formations are also found in the subtropical region. The replete of

mangroves have various species type and found in the South Asia, especially,

Indonesia, Malaysia, Burma and Thailand (Aksornkoae, 1999). Jurupphat (1999),

defined distribution of mangroves in the tropical regions and occur on muddy or

sandy mud in the coastal zone, river or stream estuaries and tidal action, that the area

of no strong wave and storm. The geographical distribution of mangrove vegetation in

two main areas: the Indo-Pacific region and the region of western Africa and the

Americas.

2.7.2 Distribution of Mangroves in Thailand

In Thailand, mangrove forest areas are distribution on the east and west

coasts of the peninsula but mostly found on the west coast region about 934,220 Rai

(149.4752 ha.) or 89.2%, especially on the east coast of the Gulf of Thailand and on

the west coast of Andaman sea. The east region found about 79,112 Rai or 7.5% and

along the upper part of the Gulf of Thailand found about 34,056 Rai or 3.3% of the

total mangrove in Tahiland (Aksornkoae, 1999).

2.7.3 The Significant and Value of Mangrove

Aksornkoae (1999) stated mangroves are very important resources and

they play a very significant role in human life as a source of fuel, food and also the

economy of Thailand. Three values of mangroves are forestry, fisheries and

conservation of environmental balance. Forestry values are charcoal, firewood, pole

Tannin extraction, wood distillation, wood-chips, medicines, construction materials

and land use for agriculture. Fisheries values are important as food sources, shelters

and nurseries, capture fisheries and maintaining a natural ecological balance.

Conservation of environment values are linked between terrestrial ecosystem and

marine ecosystem to be sources of aquatic animals and wild animals, especially, bird

species and food resources for living organism in mangrove forest.
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2.7.4 Standing of Biomass of Mangroves

The estimation of the standing biomass is very important for mangrove

management. Biomass included the total weight of stems, leasves, twigs, flowers,

fruits and roots, both above and under ground surface. However, most studies

investigate only the roots above ground surface, because of the difficulties involved in

measuring underground root. Biomass along with DBH and hight increment, is and

indicator of growth productivity. It varies with species as well as with the location of

the stand. Very few studies have been carried out on the standing biomass of the

mangroves and most of them have been performed by direct weight. In Tahiland,

Aksornkoae et al., (1987), studied the biomass of various mangrove vegetation zone

in Ranong Province and found that the surface biomass of the Rhizophora zone was

highest, i.e., 710.63 tonnes dry wt./ha. The value for the Bruguiera zone was 243.75

tonnes dry wt./ha., for the Sonneratia zone was  128.75 tonnes dry wt./ha. and the

Xylocarpus zone was 20.0 tonnes dry wt./ha. A part from the under ground root

biomass it is hardly to study. For the litter production in the mangrove area, most

studies in region of the world are 1×1 m.2 for the litter fall and difference of the

location. The litter fall rate depends upon plants species, standing density, biomass of

difference part of the tree and seasonal conditions, such as flowering and fruit falling.

It was found that litter fall was highest during the dry season (Aksornkoae, 1999;

Khooha, 1983).

2.7.5 Mangrove Soils

 Mangrove soils are formed by the accumulation of derived from

coastal or river banks erosion, or eroded soils from higher areas transported down

along rivers and canals. Some may originate from the sedimentation of colloidal

materials and particulate. Sediment that has accumulated along the coast and in

mangroves had different characteristics, depending on their origin. The degradation of

organic matter deposited through time is also part of mangrove soils. The mangrove

soils were classified into 3 major groups as follows; (Aksornkoae, 1999; Eiumnoh,

1995).
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Group 1: Soils in the group 1 are new soils. Their physical

characteristics have not yet fully developed. Only the A and C horizons can be

observed in a cross-section of the soil profile. In the C horizon, the soil has not clear

structure. In some areas, soil of the C horizon may occur in association with different

parent materials. Generally, on top of the soils are darker in color than sub-soils are

usually green or blue in color.

Group 2: Soils in the group 2 are more developed, and are mostly

found in upper areas with occasional floods. Physical and chemical characteristics of

soils in the group 2 are different from those in group the 1. Soils in the group 2 are

original soil structure of Angular Structure. The top soils are dark clay and are 10-30

cm. in depth with relatively high organic matter content; lower soils, have lighter

color.

Group 3: Soils in group the 3 are organic soils. Mangrove soils in this

group contain a high percentage and high organic matter and have a deep profile. The

organic soil layer comprises of in completely degraded organic materials. Top soils

are dark gray to grayish-brown in color.

2.7.6 Mangrove Situation in Southern, Thailand

Mangrove forest areas have been sensitive to changed when disturbed

or effected from activity, So that used mangrove areas were changed mangrove

situation (Phintukanok, 1993). In Thailand, the ninth of total mangrove area in

Southeast Asia and the third of destroyed, lesser than Philippines and Vietnam (Forest

Industrial Organization, 1996). The survey record mangrove situation in southern,

Thailand by Phatong (1998) found that in 1961, there were 2,091,250 Rai of

mangrove forest. Thirty-five years later, the mangrove area has been reduced to

1,00,460 Rai or 48.32%. Average of mangrove area reduced approximately 28,870

Rai/year or reduced 1.38%/year. The cause of mangrove areas has been reduced,

people increased.
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2.8 Respected of Research

At present, the scientific believed to the 6 major carbon pools, namely;

atmosphere, ocean, forest, living, soils and litter fall, coal and oil (Boyle and

Lavkulich, 1997). But the deforestation had been emission of CO2 increased in

atmosphere, which has led to greenhouse effect or global warming. In Thailand, the

organization and the other of an agency were studied to carbon sink and carbon

emission from forest in each area, namely;

Junmahasatain and Phopinit (2001), studied to carbon deposit in soil in forest

ecosystems in Thailand was carried out in Kanchanaburi and Chiangmai Province.

The cover areas were set in various forest ecosystems including the Mixed Deciduous

Forest (MDF), Dry Dipterocarp Forest (DDF), Dry Evergreen Forest (DEF), Pine

Forest (PF) and Teak Plantation (TP) found that the carbon deposit in soil in different

forest types showed that the carbon deposit at 1 m.  depth from the soil surface was

the highest in Hill Evergreen Forest with the average value of 237.27 t/ha The lesser

contents of carbon deposit were found in MDF, DEF, and PF with the carbon deposit

at 148.50, 145.25 and 132.05 t/ha, respectively. DDF had lower carbon deposit than

that found in the natural forest with the average value of 76.75 t/ha. The deposit

carbon in TP in Kanchanaburi was averaged at 167.9 t/ha, which was comparatively

high and almost same amount of that found in the other forest type as mentioned

above. The distribution of carbon on soil profile was reflected to the plant community

and climatic condition at each site.

Roiamphang and groups (2001), studied to carbon sequestration in the forest

found that CO2 uptake of various forest tree species was a part of the climate change.

Diurnal photosynthesis of various tree species in the mixed deciduous and dry

dipterocarp forests in Kanchanaburi Province was measured. The dirinal

photosynthesis of the studied species had similar but the various in maximum

photosynthesis, mean photosynthesis and daily mean net photosynthesis between

species were evident. Overall, dry dipterocarp and mixed deciduous tree species

showed similar photosynthetic performance. Chukrasia velutina had the greatest

photosynthetic capacity among the mixed deciduous species, and Croton

oblongifolius among the dry dipterocarp species.
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Viriyabuncha and Vacharangkura (2001), studied to the evaluation system for

carbon storage in forest ecosystems in Thailand (I. Aboveground biomass). The study

sites were set in western and northern Thailand, Net Primary Production (NPP) was

estimated for various types/stages of forest stands. The aboveground biomass in forest

at Arawan national park, Khanchanaburi Province, average value of 4.35 to 330.57

t/ha. When compared to various forest types found that the old-growth of mixed

deciduous forest were higher biomass than logged forest and secondary forest.

Nunagam (1999), studied to carbon deposit in plantation and soil properties at

research station, Nakornratchasrima Province, study in 8 type species; Pterocarpus

macrocarpus, Xylia kerrii, Dalbergia conchinchinensis, Acasia auriculaeformis,

Acacia mangium, Eucalyptus canmaldulensis, Sorghum propinguum, Imperata

cylindrica found that the carbon deposit was the highest in Acacia mangium. While

the carbon deposit was lowest in Imperata cylindrica.

A very few study to carbon sequestration in mangrove, In Thailand, the first

study by Aksornkoae et al (1991) refer to Puangjit (1999), that studied to

photosynthesis and biomass production in mangrove forest at Amphur Chaoam,

Phetchaburi Province, found that the photosynthesis of different in Rhizophora

mucronata and Rhizophora apiculate.

Unless, Jintana and Nobutaaka (1995), experiment on gas exchanged in

mangrove forest in Phangnga Bay, Phangnga Province, found that during the daytime,

CO2 flux was usually downward from the atmosphere, a net absorbtion of CO2. It

changed direction during the night-time so that was a net output of CO2. Then studied

to CO2 fixation and storage in Coastal ecosystems’ project in Chumphon Province,

that 1,208 tonnes/ha was stored in mangrove ecosystem, among which carbon content

in mangrove mud layer summed to 281 tonnes/ha (Matsui, 1999).

2.9 Study Area

This case study was conducted in mangrove plants communication of Thung-

Kha estuary, Chumphon province located half way down the Gulf Thailand, between

latitude 10 °C 15’ N to 10 °C 30’ N and longitude 99 °C 07’ E to 99 °C 22’E
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2.9.1 Geography

Sawee-Thung Kha estuary, located in the western coastal zone.

Western part, the Tanounwsri mountain is boundary and this area was rather high and

down to the slope eastern part. Short streams; Dansawee, Thung Kha and Sawee river

are runoff to sea at Thunh Kha estuary, which is inunduated located coastal zone, tidal

flood. The soil materials are fine originated from sea and brackish sediment. Soils,

therefore are were clay mud, sandy clay mud and gray clay. The vegetations in

mangrove forests are destroyed for shrimp farming (Awakait, 1993).

2.9.2 Climate

The climate of Chumphon province, located in southern Thailand on

east coast, is based on two major wind systems, the northeast monsoon and the

southwest monsoon. The climate has mainly season; rainy season extends from May

to mid-October, influence form the southwest monsoon, very rainfall and dry season

extends from mid-October to February or occasionally to mid-March, influence from

the northeast monsoon. (Awakait, 1993; Sarigabutr, 1982)

2.9.3 Mangrove Condition of Thung Kha Estuary

From field study report by the Faculty of Environment and Resource 

studies (2000) it reported the mangroves condition of Thung Kha estuary were quite 

complete area with various of dominant mangrove plant species. Plant species were 

Rhizophora apiculate, Aegialites rotundifolia and Nypa fruticans. This mangrove 

forest was trend to depreciate in the future because people in the nearby location were 

going to attack some part of mangrove areas for other activities, infrastructure and 

road construction.
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CHAPTER III

MATERIALS AND METHODS

3.1 Materials for Study

 The information for this study were collected from the secondary data and 

field survey the detail was as the following;

3.1.1 Information Data

The information for this study were;

1) The interpreted information was transferred onto topography map, 

sheet 4829 (IV), series L7017, scale 1:50,000 Chumphon Province, in 1973.

2) The secondary data on topography and climate were from the report 

of Awakait (1993) and Sarigabutr (1992), land use patterns in the study area from 

satellite imagery by Surachia, (2000).

3) Carbon information in each forests type such as carbon deposit in 

soil in the forest ecosystems in Thailand by Junmahasatain and Phopinit (2001), 

studied about the evaluation system for carbon storage in forest ecosystems in 

Thailand (above ground biomass) by Viriyabuncha and Vacharangkura (2001),  and

the study about the carbon sequestration in the forest by Roiamphang and groups 

(2001).

3.1.2 Materials

3.1.2.1 Material for Field Survey;

1) Topographic Map at the scale of 1:50,000 sheet 4829(IV), 

series L7017 Chumphon Province, in 1973.

2) LANDSAT TM-5 Geocoded at the scale of 1:50,000 sheet 

4829(IV), Chumphon Province, in 2002.

2) Geographic Positioning System (GPS)

3) Compass
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4) Hyga Hypsometer

5) Diameter Tape

6) Camera

3.1.2.2 Material for Samples Collection
1) Auger

2) Litter Basket

3) Spade and Knife

4) Plastic bag

5) Note book

3.1.2.3 Method for Sample Analysis

Materials and Chemical substance for sample analysis were 

show in Table 3-1

Table 3-1 Samples Analysis Method

Analysis Method

1.  Soils Particle

2.  Soil Bulk Density; Db

3.  Soil Reaction; pH

4.  Organic Matter; %OM

5.  Cation Exchange Capacity; CEC

6.  Electrical Conductivity; ECe

7.  Organic Carbon in plants; %OC

Hydrometer Method  (Monjaren (nd.), Land Develop 

Department)

Db  =  Dry Soil Mass/Volume of Soil (g/cm3)

Peech Method, 1996 (Monjarean and Sangaunsup, 2001, Land 

Develop Department)

Walkley & Black Method, 1947

Buchner funnel filtration (Ammoniumaceate 1N)

Teamrut and et.al, 2000

Kuttakoon, 1987
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3.1.3 Step of Research

The secondary data as mentioned in 3.1.1 were collected and land use 

patterns had been selected to be the study area. Study site and sample plots were 

selected to be the soil and biomass study plots including with carbon analysis for both 

in soil and all part of mangrove trees.

Soil samples were collected at A and C horizons for physical and 

chemical analysis including the carbon concentration in both biomass.
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3.2 Methods and Data Analysis

To study the carbon distribution in mangrove area in each the land use patterns 

were as the following;

3.2.1 Collection and Preparation the Secondary Data

Collected secondary data were physical and biological data in case 

study such as the topographic, climate, land use patterns and situation of mangrove 

forest. The others data were measurement of carbon, method for analysis soil 

properties, the estimation of biomass and carbon modeling. In this studied, the 

researcher used the 1996 IPCC Revised Guideline and COPATH Model, that were 

applied for assessed to the greenhouse gases from the forest conversion in Thailand  

(Phungprayoon, 1998 and Pumijumnong, 2001).

3.2.2 Study of Land use Patterns

To study the land use patterns, the collected of secondary data about 

land use changes and field ground truth survey were done in order to get the fact 

finding in real time. The land use patterns were divided into 4 patterns; mangrove 

plantation area, natural mangrove area, reforestation mangrove area and clearing 

mangrove area as shrimp farming.

3.2.3 Set Sample Plot, Field Survey and Sample Collection

3.2.3.1 Set the Sample Plot

Randomly of 3 sample plots in each the land use pattern of 

mangrove area and set samples site 10×10 m2.  Therefore total of 12 sample plots for 

study of plant community and samples collection.

3.2.3.2 Forest Survey

The numbers of total trees in each sample (trees/Rai) were 

counted, diameter was measured at 20 cm. above the still root for Rhizophora sp.

(Havanon, 1995) and at breast height (DBH) for other species, which was obtained by 
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using a diameter tape, measured for the total height by using a regular meter and 

photograph plants community in each sample plots.

3.2.3.3 Samples Collection

Two times were done for sample collections in rainy season 

and dry season. Samples collection were component of;

1)  Soil Sample   
Collection of soil samples in each sample plot, soils 

samples were collected at A horizon. (from soil surface to the depth 30 cm.) and C 

horizon (approximately depth to 30-60 cm.). Since of soils in mangrove area was 

nearly formed soils and not well developed and found only in the major soils of A and 

C horizons. A horizon was soil surface and darker in color than sub-soils. C horizon 

was usually green or blue in color (Aksornkoae, 1999).

2)  Vegetation Sample

Collection the parts of tree in above ground biomass 

were stems, branches, leaves, and litter fall in each sample plot and in each land use 

patterns, for shrimp farming was not collected.  The litter fall was collected by 1×1 m2 

by litter basket, four frames height 7.5 cm. and set the nilon net of below contained 

litter fall. Setting the litter basket in each sample plot and above the highest tidal level 

for 1 month in each the season.

Collection of roots were done at A and C horizons and

the collected soil sample or nearby area.

3.2.4.  Samples Analysis

3.2.4.1 Soil Sample

Prepared soil sample for analysis, dried in the oven at 105 °C

until dry weight and grind sample until as powder that could passed though a sieve 20

net size meg. The samples, then were taken to analysis as the following;

1) Physical Properties Analysis

The physical factors analysis were soil texture, soil bulk 

density (Db), and N-value.
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2) Chemical Properties Analysis

The chemical factors analysis were soil reaction (pH), 

%organic matter (%OM), %organic carbon (%OC), cation exchange capacity (CEC), 

and electrical conductivity (ECe).

3.2.4.2 Vegetation Sample

Vegetation samples for analysis stems, branches, leaves, roots 

and litter fall were dried in the oven at 70 °C, for 24 hours or until sample weight was 

constant and grind sample until as powder that could passed though a sieve net sized

40 meg. Before the sample analysis, dried in the oven at 70 °C, 4 hours long time and 

waiting until it cold in dessicator. Sample analysis was done by titration.

3.2.4.3 Estimation of Biomass and Litter Production

This study used the indirect method of biomass estimation,

such as the relationship equation of allometric term y  =  a × xh . The allometric 

equation relation between diameter square, height (D2H) and biomass of parts of the 

tree refer to the study by Havanon (1995), at Ranong Province, which as

Log WS   =   1.795775 + 0.781617 log D2H     R2  =  0.9730

Log WB   =   1.370237 + 0.794675 log D2H     R2  =  0.8870

Log WL   =   1.761708 + 0.640305 log D2H     R2  =  0.8093

Log WR   =   1.946335 + 0.749048 log D2H     R2
  =  0.8199

Log WT   =   2.358828 + 0.746504 log D2H     R2
  =  0.9003

Where as:

Log WS   =   Stems Biomass (kg.)

Log WB   =   Branches Biomass (kg.)

Log WL   =   Leaves Biomass (kg.)

Log WR   =   Roots Biomass (kg.)

Log WT   =   Total Above Ground Biomass (kg.)

         D    =   Diameter of Breast Height (cm.)

         H    =   Total Height (m.)
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The litter production was dried until sample weight was 

constant and then, the sample was calculated for the total production (t dry wt/Rai/yr).

  3.2.5 Data Analysis

Data from field experiment and from statistic analysis were compared 

to observe the differences as the following;

3.2.5.1 Carbon Concentration; the carbon concentration were 

calculated from;

1)  Vegetation : Calculated by using carbon concentration in 
various parts of tree, following equations

CS = WS × [Conc.CS]

CB = WB × [Conc.CB]

CL = WL × [Conc.CL]

CR = WR × [Conc.CR]

CF = WF × [Conc.CF]

CPlant   = CS + CB + CL + CR + CF

Where as:

CS = Carbon Concentration in Stems (t/Rai)

CB = Carbon Concentration in Branches (t/Rai)

CL = Carbon Concentration in Leaves (t/Rai)

CR = Carbon Concentration in Roots (t/Rai)

CF = Carbon Concentration in Litter Fall (t/Rai)

CPlant = Total Carbon Concentration in Plant (t/Rai)

Conc.C= Carbon Concentration in a parts of tree

2) Soil : Calculated  by multiply the carbon concentration at A 

and C  horizon (Volume of Percentage) and soil bulk density (gm/cm3) and the 

thickness of each layer of the  soil profile. The total carbon in soil was the sum of 

carbon in A horizon and C horizon (t/ ha.). The equations were as follows as;
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CA = [Conc. CA] × DbA × The Thickness of Soil Layer

CC = [Conc. CC] × DbC × The Thickness of Soil Layer

CSoil = CA + CC

Where as: 

CA = Carbon in Soil of A horizon (t/ha)

CC = Carbon in Soil of C horizon (t/ha)

Db = Soil Bulk Density (g/cm3)

CSoil = Total Carbon in Soil of A-C horizon (t/ha)

3) Total carbon in mangrove area: The total carbon in 

mangrove area was the sum of the carbon concentration in vegetation and soil. The 

equation  was;

CTotal = CPlant + CSoil

3.2.5.2 Comparison the difference between physical and chemical soil 

properties in each land use patterns in mangrove area.

3.2.5.3 Statistic Analysis by Duncan’ New Multiple Range Test was 

used to distinguish significant differences between individual means, the land use 

patterns of treatment and 3 replications per 1 land use pattern.

  3.3 Carbon Modeling

The researcher used the 1996 IPCC Revised Guideline and COPATH Model, 

that were applied for assessed to the greenhouse gases from the forest conversion in 

Thailand (Phungprayoon, 1998; Pumijumnong, 2001). The study aimed to study the 

Global Climate Change that used this Model to do research in Thailand.

The amount of CO2 emission from forest conversion/forest clearing, the 

calculation was separated into of 5 parts as the following;
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1) Carbon emission from on-site burning of clear forest can be estimated from;

Crbn = ∑[Ac × BB × FBn × FOn × C]

Where as:

Crbn = Carbon emission from on-site burning of clear forest (ktC/yr)

Ac = Area of forest conversion (kha)

BB = Biomass stocks in forest before clear forest (tC/ha)

FBn = Biomass stocks on-site burning forest

FOn = Carbon oxidation on-site burning forest (Default Fraction = 0.9)

C = Carbon biomass stocks (Default Fraction = 0.9)

2) Carbon emission from off-site burning of clear forest can be estimated from;

Crbf = ∑[Ac × BB × FBf × FOf × C]

Where as:

Crbf = Carbon emission from off-site burning of clear forest (ktC/yr)

Ac = Area of forest conversion (kha)

BB = Biomass stocks in forest before clear forest (tC/ha)

FBf = Biomass stocks off-site burning forest

FOf = Carbon oxidation off-site burning forest)

C = Carbon biomass stocks (Default Fraction = 0.5)

3) Carbon emission from on-site decomposed of clear forest can be estimated from;

Crdn = ∑[Ac × BB × FDn × C× FCd]

Where as:

Crdn = Carbon emission from on-site decomposed of clear forest (ktC/yr)

Ac = Area of forest conversion (kha)

BB = Biomass stocks in forest before clear forest (tC/ha)

FDn = Biomass stocks on-site decomposed of forest

C = Carbon biomass stocks (Default Fraction = 0.5)
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FCd = Carbon emission from decomposed of biomass,

Decomposed Ratio on-site in forest types, Thailand = 0.49

4) Carbon emission from off-site decomposed of clear forest can be estimated from;

Crdf = ∑[Ac × BB × FDf × C× 0.02]

Where as:

Crdf = Carbon emission from off-site decomposed of clear forest (ktC/yr)

Ac = Area of forest conversion (kha)

BB = Biomass stocks in forest before clear forest (tC/ha)

FDf = Biomass stocks off-site decomposed of forest

C = Carbon biomass stocks (Default Fraction = 0.5)

0.02 = Decomposed Ratio off-site,

Carbon emission per year = 2% total Carbon stocks

Note:

From Phungprayoon (1998) studied about the assessment of the greenhouse gases 

from the forest conversion in Thailand and found that the dry weight of biomass after 

deforestation was as well as the following;

FBf = 50.38

FDf = 40.41

FDn = 9.22

FBn = - (non on-site burning of clear forest)

5) Carbon emission from soils can be estimated from;

CRs = ∑[Ac × SC× FCr]

Where as:

CRs = Carbon emission from soils (ktC/yr)

Ac = Area of forest conversion (kha)

SC = Carbon stocks in soils before clear forest (tC/ha)

FCr = Carbon emission from soils (Default Fraction = 0.5)
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The equation of 1-4, calculated CO2 from forest conversion or deforestation in 

a part of above ground biomass as;

CO2fc = [Crbn + Crbf + Crdf +Crdn] × (44/12)

Where as:

CO2fc = CO2 emission to atmosphere (ktCO2/yr)

44/12 = Carbon changed to CO2

CO2 emission from soils as;

CO2sc = CRs × (44/12)

Where as:

CO2sc = CO2 emission to atmosphere (ktCO2/yr)

44/12 = Carbon changed to CO2

Then total CO2 emission to atmosphere form forest conversion

CO2Total = CO2fc + CO2sc
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CHAPTER IV 

RESULTS AND DISCUSSION 
 
 
 
 The study on carbon distribution was carried out in the mangrove area of 

Thung Kha eatuary, Chumphon province. Consideration was based on the differences 

of land use patterns and seasons. The results as were follow; 

 

4.1 General Characteristics of The Study Area 
 
 Mangrove area of Thung Kha estuary at Mu Ko Chumphon marine national 

park, located half way down the Gulf of Thailand’s western shore comprises part of 

Amphur Patew, Amphur Sawee, Amphur Thung Tako, to be Amphur Lang Suan, and 

Amphur Mueang, Chumphon province. It was designated the 20th Marine National 

Park of Thailand on February 24, 1999, and covers an area of 317 km2 or 198,125 

Rai. It consists of river mounts, bay, beaches, dense mangrove forest and islands, 

most of which are small, as well as beach forest (Figure 4-1). 

 

 

         Figure 4-1 Mu Ko Chunmphon Marine National Park 
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Figure 4-2 LANDSET–5(TM) for Classification of Land use Pattern in 

Mangrove Area of Thung Kha Estuary, at the scale of 1:50,000 (2002) 
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 Mangrove area of Thung-Kha estuary, located at Amphur Mueang, covered an 

area of 40 km.2 or 25,000 Rai and 200 m. distance from the coastal. The condition of 

the forest was still superb and it was a vitally important spawning ground for marine 

life. The dominant species were Rhizophora mucronata, Rhizophora apiculate, 

Avicennia alba, Avicennia officnalis, Sonneratia alba, Xylocarpus granatum, 

Excoecaria agallocha, Ceriops taga, Ceriops decandra (Royal Forest Department, 

n.d.).  

 

4.2 Land Use Pattern in Mangrove Area and Silvicultural of Plants 
 
 Land use patterns in mangrove area of Thung-Kha estuary consisted of 4 

patterns, are mangrove plantation, natural mangrove, reforestation mangrove, and 

mangrove clearing (shrimp farming).  

 

 4.2.1 Mangrove Plantation 
 
  Mangrove plantation, located at the coastal area and were planted in 

the year 1992 so that these plantations have been plantd for is 10 year. The most 

dominant species were Rhizophora mucronata and Rhizophora apiculate occupied the 

area of 84.79% and 15.21% respectively. Plant density was about 528 tree/Rai, the 

area of diameter at the breast height was 5.52 cm. and the total average height was 

5.38 m. (Figure 4-2). 

    

   Figure 4-3 Ten years Mangrove Plantation  
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 2.4.2 Natural Mangrove Forest 
 
  The status of the natural mangrove forest was still superb starded  next 

to the area of mangrove plantation. Various tree species could be fource in this area. 

The most dominant species were Rhizophora mucronata cources the area about 

54.11%, Rhizophora apiculate about 26.84%. Besides, Excoecaria agallocha, 

Lumnizera litorea and Xylocarpus granatum were also found in the study area. Plant 

density was about 944 tree/Rai, the average diameter at the breast height was 5.82 cm. 

and the average of total height was 7.11 m. (Figure 4-3). 

 

 
       Figure 4-4 Natural Mangrove Forest 
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 4.2.3 Reforestation Mangrove 
 
  Mangrove forest rehabilitation could be naturally reforested and by 

human planted. Reforestation by human was planted during 1997 (5 years ago) 

located to the natural mangrove forest. Between natural and reforested mangrove 

forest, a waterway for boat and local people especially the fisherman to access to the 

sea was constructed.  The most dominant species was Rhizophora mucronata and 

percentage of pure stands of this species was 87.53%. Besides, found Rhizophora 

apiculate, Bruguiera parviflora and Sonneratia alba were also found. Plant density 

was about 528 tree/Rai, the average diameter at the breast height was 3.12 cm. and the 

average of total height was 2.57 m. (Figure 4-4). 

  

 

    Figure 4-5 Five years Regeneration Mangrove Forest 
   

 
 

   

 

 

 

 

 



 
 
Fac. of Grad. Studies, Mahidol Univ.                  M.Sc.(Technology of Environmental Management) / 35 
 
 

 

 4.2.4 Clearing Mangrove Forest 
   
  There has been many deserted shrimp farming more than 10 years in 

the destroyed mangrove area. Actually, these areas were former the mangrove forest 

connected to terrestrial land. People living nearby turned that natural mangrove forest 

into shrimp farming. The edges of these destroyed areas were filled up to prevent 

water intrusion into their shrimp farming therefore after these farms were deserted the 

areas were inundated during high tide only. At present, such destroyed areas still have 

not yet rehabilitated (Figure 4-5). 

 

 
         Figure 4-6 Shrimp Farming Area 

 
 
 
 4.2.5 Silvicultural Characteristics of Plants 
 
  The silvicultural characteristics of plants in the sample plot in each 

land use patterns found that the highest growth rate of plants was in natural mangrove 

forest, the average high and diameter at breast height were more than plants in 

mangrove plantation and reforestation mangrove. The highest of plant density was 

also in the natural mangrove area. The plant densities in mangrove plantation and in 

rehabilitated area were equal (Table 4-1). 

 

 



 
 
Kumnoung  Jindanuch                                                                                      Results and Discussion / 36  

   

Table 4-1 Silvicultural Characteristics of Plants in Sample Plot 
 

Land use Patterns in 

Mangrove Area 

Age 

(year) 

Density 

(Trees/Rai) 

Average 

Height (m.) 

Average Diameter at 

Breast Height  (cm.) 

 

1. Mangrove Plantation 

2. Natural Mangrove 

3. Reforestation Mangrove 

4. Abandoned Shrimp Farming 

 

10 

- 

5 

- 

 

528 

944 

528 

- 

 

5.38 

7.11 

2.57 

- 

 

5.52 

5.82 

3.12 

- 

 
 
 
4.3 Mangrove Productivity  
  
 The study about mangrove productivity in sample plot was considered in 3 

parts; above ground biomass, root biomass and litter production as the following; 

(Table 4-2). 

 

 4.3.1 Above Ground Biomass  
 
  The estimation of above ground biomass in each the tree components 

in mangrove plants, found that the highest above ground biomass in natural mangrove 

area about 12.93 t/Rai or 80.81 tons/ha. In the ten year mangrove plantation and five 

year reforestation, the above ground biomass were 5.43 t/Rai (33.93 t/ha) and 1.43 

t/Rai (8.94 t/ha), respectively. In all land use patterns the highest biomass was found 

in stems and lesser in leaves and branches, respectively. The stems biomass in 

mangrove plantation, natural mangrove and reforestation mangrove were 4.29, 1.78 

and 0.49 t/Rai or 26.81, 11.13 and 3.06 t/ha, respectively. The branches biomass were 

1.73, 0.71 and 0.16 t/Rai or 10.81, 4.45 and 1.00 t/ha, respectively and leaves biomass 

were 1.83, 0.80 and 0.24 t/Rai or 11.44, 5.00 and 1.50 t/ha, respectively (Table 4-2). 
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Table 4-2 Biomass and Litter Production of plants in Sample Plot 
 

Above Ground Biomass (t/Rai) Land use Patterns in 

Mangrove area 
Stems Branches Leaves Roots Total 

Litter Production 

(tonnes/Rai/year) 
 

 

1. Mangrove Plantation 

2. Natural Mangrove 

3. Reforestation Mangrove 

4. Abandoned Shrimp Farming 

 

1.78 

4.29 

0.49 

- 

 

0.71 

1.73 

0.16 

- 

 

0.80 

1.83 

0.24 

- 

 

2.13 

5.08 

0.52 

- 

 

5.43 

12.93 

1.43 

- 

 

2.23 

2.56 

1.54 

- 

 
 
 
  The estimation of prop root biomass found that the highest was in the 

natural mangrove forest at about 5.08 t/Rai or 31.75 t/ha and lesser amounts were in 

mangrove plantation and reforestation mangrove forest at about 2.13, 0.52 t/Rai or 

13.31 and 3.25 t/ha, respectively. 

  Very few studies regrading mangrove productivity in natural mangrove 

forest and mangrove plantation were studied. Most studies were about Rhizophora 

mucronata’s above ground biomass in mangrove plantation forest. Tragoonsiriphanit 

(1993), studied about mangrove productivity at the Botanieal Garden Mangrove, 

Amphur Laaon, Ranong Province, found the total above ground biomass of eight year 

growth of Rhizophora mucronata approximately 32.41 tonnes/ha which were nearly 

the same finding in this study. But comparing with the study about the growth and 

biomass of Rhizophora mucronata and Rhizophora apiculate planted on abandoned 

mining area by Havanond et al, (1995), found that the above ground biomass of 

Rhizophora mucronata at 10 year growth was 3.13 t/Rai or 19.56 t/ha. Such results 

showed that Rhizophora mucronata could grow better in natural mangrove soil than 

abandoned mining area. 

  Consideration about the above ground biomass of a plant components, 

the highest was in roots and lesser biomass were in stems, leaves and branches, 

respectively. For the study area, roots were the most growth development but the 

value of root biomass and stem biomass were almost the pame. Besides, it was found 

that leaves had more development than branches. There were resulted from soil 

properties, nutrients, organic matter in that area. The mentioned factors were 
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influences to mangrove plants in this studied area and the root biomass was more 

development than  other part. 

 
 Note: The estimation of plant biomass in mangrove forest, the researcher took 

the allometic equation term from the other’s study about Rhizophora mucronata at the 

same or closely age, Because Rhizophora mucronata was the dominant species in the 

study area. The estimation of under ground root biomass was not been studied 

because of the difficulties in measuring under ground root and very few studies 

regrarding Rhizophora apiculate.  

 

 4.3.2 Litter Production From Litter Fall 
 
  The litter fall rate depends upon plant species, standing density, 

biomass of different parts of the tree, and seasonal conditions, such as flowering and 

fruit falling. It was found that litter fall was highest during the dry season 

(Aksornkoae, 1998). The estimation of litter production in each land use patterns in 

mangrove area for the period of sample collection found that, litter fall in dry season 

was much more than rainy season.  

 

 

  Figure 4-7 Litter Basket Used for Litter Fall Collection 
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  The highest litter production was in natural mangrove area and lesser 

in mangrove plantation and reforestation mangrove forest approximately 2.56, 2.23 

and 1.54 tonnes dry wt./Rai/year or 13.94, 16.00, 9.63 tonnes dry wt/ha/year, 

respectively. The findings were consistent with plant silvicultural characteristics that 

was plant density and biomass in all parts in natural mangrove forest was more than 

the others, then the litter production was also higher than other forest. 

 

4.4 Physical and Chemical of Soil Properties in Mangrove Area of 
Thung Kha Estuary  
 
 The study of physical and chemical of soil properties in mangrove area of 

Thung-Kha estuary in each the land use patters were resulted as follow;   

 

 4.4.1 Physical Soil Properties 
 
  The factors of soil physical properties were soil texture, soil bulk 

density; Db and N-Value (Table 4-3) 

 
  4.4.1.1 Soil Texture 

   The relative size of the soil particles is expressed by the term 

texture, which refers to the fineness or coarseness of the soil. More specifically, 

texture is the relative proportions of the different size groups or separates; sand, silt 

and clay particle. But soils type depends upon group of dominant particle in soils 

(Phanichsukpattana, 1997).  The results of soil texture analysis found that soil texture 

in mangrove plantation and abandoned shrimp farming were loamy soils grouped in A 

horizon and C horizon. While soil texture in natural mangrove forest was clayey soils 

grouped in A horizon and C horizon, as well as soil in A horizon of reforestation 

mangrove area. For C horizon, soil texture was loamy soils.  

  The results of statistic analysis found that the percentage of sand (% 

sand) and clay in A horizon had statistic significance. While the percentage of sand, 

silt and clay in C horizon had non statistic significance. 
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Figure 4-8 Comparing the Soil Particles in A horizon in each Land use Patterns  

 

 

Figure 4-9 Comparing the Soil Particles in C horizon in each Land use Patterns  
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  4.4.1.2 Soil Bulk Density; Db 

   The statistic test found that soil bulk density in A and C 

horizons, in rainy and dry seasons were statistic significant. The results of soil bulk 

density analysis in A horizons, in each land use patterns found that was the range 

value from 0.93 to 1.37(gm/cc) in rainy season and were between 0.73 to1.31 

(gm/cc)in dry season. In C horizon, the soil bulk density was between 0.89 to 1.23 

(gm/cc) in rainy season and werefrom 0.73 to 1.44 (gm/cc) in dry season.  

   It was also found that total of soil bulk density in rainy and dry 

seasons were not much difference. From the analysis the total of soil bulk density in 

mangrove plantation and abandoned shrimp farming were more than in natural 

mangrove and regeneration mangrove forest in A and C horizon. The average value 

was over 1 both in rainy and dry seasons, on the other hard, soil bulk density in natural 

mangrove and reforestation mangrove forest were low. Generally, soil bulk density 

would be increased proportion to the depth of soil profile, but the results of this study 

found that soil bulk density in A and C horizons were nearly the same values. It was 

explained that because of the rapid growth of root and the high fertile in organic soils 

in natural mangrove and reforestation mangrove areas.  

     The soil bulk density in natural mangrove and reforestation 

mangrove areas was consistent with the result of the study by Aksornkoae (1975), 

found that soil in natural mangrove forest at Amphur Takoapa, Pang-nga Province, 

Amphur Muang, Krabi Province and Amphur Kantang, Trang Province, that the soil 

bulk density values were  0.78, 0.67 and 0.97 (gm/cc), respectively.  

Figure 4-10 Comparing the Soil Bulk Density in each Land use Patterns  
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  4.4.1.3 N-Value 

   The N-Value was the value of physical soil strength. It was the 

relative among soil moisture or water content in soil, soil texture (%sand, %silt and 

%clay particle) and percentage of organic matter in soil. The N-Value would be 

increased according to percentage of soil moisture and decreased when the percentage 

of clay and organic matter in soil were increased. The results of statistic analysis found 

that the N-Value in A and C horizons, in rainy season were not statistic significances, 

but in dry season were statistic significances. In rainy season, the N-Value was 

between 0.26 to 0.48 in A horizon and between 0.31 to 0.78 in C horizon while in dry 

season, the values were 0.68 to 1.81 in A horizon and 0.62 to 1.88 in C horizon 

(Appendix C). 

Figure 4-11 Comparing the N-Value in each Land use Patterns  
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 4.4.2 Chemical Soil Properties  
 
  The factors of chemical soil properties were soil reaction, pH, %organic 

matter, %OM, cation exchange capacity, (CEC) and electrical conductivity (ECe) 

(Table 4-4). 

 
  4.4.2.1 Soil Reaction; pH 

   Soil reaction or acid-base condition of soil was significant for 

plant growth in a certain way owing to either a depressed solubility of some elements 

or to increased solubility of others and activity of micro-organism in soil. The results 

of the statistic analysis found that the soil reaction in rainy and dry season and both A 

and C horizon were statistically significant difference, except C horizon in dry season 

was no statistically significant difference. The analysis found that in rainy season, in A 

horizon, soil reaction was 4.61 to 7.70 and C horizon was 5.41 to 7.62. While in dry 

season, soil reaction was 4.76 to 7.66 in A horizon and 4.95 to 6.23 in C horizon. Soils 

in mangrove plantation area both in A and C horizons were slightly acid or neutral 

condition, in rainy and dry seasons, while the other areas were acidity condition both 

in A and C horizons too.  The soil reaction in abandoned shrimp farming area was the 

highest acidity. Comparing the soil reaction between rainy and dry seasons in each 

land use patterns, the values were almost the pame 

   Figure 4-12 Comparing the Soil Reaction in each Land use Patterns  
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   Comparison the results found from this studied with the study 

on impact of shrimp farming on mangrove soil properties by Narongrit (1993), 

explained that soil reaction decreased after natural mangrove area changed to shrimp 

farming. And if the shrimp farming was abandoned for some time the soil reaction 

would be reduced. Because the clearing of vegetation in mangrove area was to open 

the area to be protected and from the tidal flood sediment in such area was burned and 

the pyrite in soil was oxidation formed up the exchanged sulfur acid process caused 

the reaction in soil decreased. This study was consistent with the result of the study by 

Narongrit (1993), found that soil in shrimp farming was more acidity than other areas. 

Aksornkoae (1975), reported that in natural mangrove forest at Amphur Khung, 

Chuntaburi Province, soil surface reaction was 5.5, which the values were closely to 

the soil in natural mangrove and reforestation mangrove areas in this study. 

 
  4.4.2.2 Percentage of Soil Organic Matter; %OM 

   Generally, there are two major sources of the soil organic 

matter in mangrove areas. The first one is autochthonous sources such as 

phytoplankton, diatoms, bacteria, algae on tree or roots and other plants in mangroves. 

This category also includes dead organisims and their excreta. The second source of 

organic detritus is allochthonous sources such as particulates from river runoff, soil 

particles from coastal and upland erosion, dead plants and animals in coastal zone or 

the sea (Aksornkoae, 1998). The results of the statistic test at A and C horizon both in 

rainy and dry seasons were statistically significant difference. The average value of  

organic matter in A horizon was higher than C horizon in rainy season while in dry 

season organic matter in C horizon higher was than A horizon, except the mangrove 

plantation area the percentage of organic matter in A horizon was lower than C 

horizon in rainy season. In dry season, the percentage of organic matter in C horizon 

was lower than A horizon and the mangrove plantation area was the lowest the value 

was between 2.39 to 2.96% and closely to the value of abandoned shrimp farming, 

value from 2.72 to 4.77%. The highest organic matter was in reforestation mangrove 

area about 5.59 to 6.35% closely to the value of natural mangrove area about 4.00 to 

6.02%. It was implied that, the located of the reforestation and natural mangrove 

forests were more fertile than mangrove plantation and abandoned shrimp farming.  
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Figure 4-13 Comparing the Percentage of Organic Matter in each Land use Patterns  

 
 
   Narongrit (1993), explained that organic matter in soil in 

shrimp farming was lower than the natural mangrove area in each depth of soil 

profiles. Because clearing the mangrove forest as shrimp farming had opened the area 

to be base land and destroy root and litter fall that were sources of soil organic matter. 

Therefore, organic matter in soil was decreased. 

         
  4.4.2.3 Cation Exchange Capacity; CEC 

   Cation exchange capacity or the capacity of total cation 

exchanged of soil could be absorbed, the factor for cation exchange capacity; type and 

percentage of clay mineral (the fineness soil have been CEC more than coarseness 

soil), the percentage of organic matter in soil, soil reaction exchanged. (Morncharean 

and Sangunsup, 2001). The results of the statistic test found that the cation exchange 

capacity, in rainy and dry seasons and both A and C horizons were statistically 

significant difference. The highest of cation exchange capacity in soil of the 

reforestation mangrove area, was about 23.69 to 29.78 (me/100gm. soils) while in 

natural mangrove forest, mangrove plantation and shrimp farming were about 8.85 to 

12.16, 2.87 to 9.05 and 2.72 to 10.29 (me/100gm. soils), respectively. The highest 

cation exchange capacity was in reforestation mangrove area because it has higher 
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percentage of clay mineral and higher percentage of organic matter than the other 

areas. The average value of cation exchanged capacity in rainy season was higher than 

in dry season.  

 

Figure 4-14 Comparing the Cation Exchange Capacity in each Land use Patterns  

 
 
 
   Aksornkoae (1975) explained about the cation exchange 

capacity in soil of natural mangrove area, at the level depth 0 to 60 cm., the value was 

from 10.95 to 11.20 (me/100gm. soils) which the value was close to the result in this 

study.  

 
  4.4.2.4 Electrical Conductivity; ECe 

   The measurement of the electrical conductivity has been 

measured salt in soil. Electrical has a great influence on tidal change, type and 

constant of soils, distribution of rain, the level of under ground water, wind power, 

plants and soils cover from river runoff and relative with type and percentage of clay 

mineral and percentage of organic matter (Dongmainum et al, 1995). The results of 

the electrical conductivity analysis found that the average value in dry season was 

higher than rainy season and in C horizon was more than A horizon. The highest 
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electrical conductivity was in reforestation mangrove area about 6.87 to 10.67 

(millimole/ cm.) and closed to the value in natural mangrove area about 6.67 to 9.67 

(millimole/ cm.). While the electrical conductivity in mangrove plantation area and 

abandoned shrimp farming were 3.60 to 5.67 and 5.17 to 6.67 (millimole/cm.), 

respectively. The statistic test found that there were statistically significant differences 

in rainy season, both in A and C horizon and non significant in A horizon in dry 

season while significant in C horizon. 

 

Figure 4-15 Comparing the Electrical Conductivity in each Land use Patterns 

 
 
4.5 Carbon Content in Plant and Soil 
 
 The carbon content in plant samples and soil samples were analysis in 3 land 

use patterns; mangrove plantation, natural mangrove and reforestation mangrove area. 

For soil samples, not only soil in land use patterns, but also soil sample in shrimp 

farming was analyzed. 

 

 4.5.1 Carbon Content in Plant 
 

Electrical Conductivity; ECe

0

2

4

6

8

10

12

A/Rain C/Rain A/Dry C/Dry

Soil Horizons/Seasons

m
ill

im
ol

e/
cm

.

Mangrove Plantation

Natural Mangrove

Reforestation Mangrove

Abandoned Shrimp Farming



 
Kumnoung  Jindanuch                                                                                      Results and Discussion  / 50                        
    

   

  The carbon content in plants was separately considered in each part of 

tree components; stems, branches, leaves, roots and litter product. The analysis results 

of carbon concentration as percentage of organic carbon was show in Table 4-5 

Table 4-5 Carbon Content in each Part of Tree Components 
 

Carbon Concentration (%) Land use Patterns in 

Mangrove Area 

Season 

Stems Branches Leaves Roots Litter Average 

 

Rain 

 

49.33 

 

48.62 

 

47.88 

 

47.78 

 

47.28 

 

48.18 

 

1. Mangrove Plantation 

 

Dry 

 

48.31 

 

46.84 

 

46.00 

 

46.41 

 

45.16 

 

46.54 

 

 

47.36 

 

Rain 

 

47.90 

 

47.14 

 

49.43 

 

47.89 

 

45.50 

 

47.57 

 

2. Natural Mangrove 

 

Dry 

 

49.26 

 

48.03 

 

45.44 

 

49.28 

 

43.99 

 

47.20 

 

 

47.39 

 

Rain 

 

47.01 

 

47.07 

 

49.33 

 

43.92 

 

46.94 

 

46.84 

 

3. Reforestation Mangrove 

 

Dry 

 

49.54 

 

48.03 

 

46.44 

 

43.73 

 

43.85 

 

46.32 

 

 

46.58 

 

Average 

 

48.56 

 

47.62 

 

47.42 

 

46.50 

 

45.45 

 

47.11 

 
 
 
   The average value of statistic test found that the percentage of 

carbon concentration in stems and leaves were not statistically significant while 

carbon concentration was statistically significant with branches, litter fall and roots at 

48.56, 47.62, 47.42,46.50 and 45.45%, respectively. The average values of carbon 

concentration in each tree components were nearly the same. The carbon deposited in 

biomass of mangrove plantation, natural mangrove and reforestation mangrove forests 

showed that the average value were 3.68, 6.19 and 1.38 t/Rai or 23.00, 38.69 and 8.63 

t/ha, respectively (Table 4-6). 
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Table 4-6 Carbon Content in Biomass 
 

Carbon Content (t/Rai) Land use Patterns in 

Mangrove Area Stems Branches Leaves Roots Litter Total 

 

1. Mangrove Plantation 

2. Natural Mangrove 

3. Reforestation Mangrove 

4. AbandonedShrimp Farming 

 

0.87 

2.08 

0.24 

- 

 

0.34 

0.83 

0.08 

- 

 

0.38 

0.88 

0.12 

- 

 

1.06 

1.25 

0.24 

- 

 

1.03 

1.15 

0.70 

- 

 

3.68 

6.19 

1.38 

- 

 
Average 

 

 
1.06 

 
0.42 

 
0.46 

 
0.85 

 
0.96 

 
3.75 

 
 
 
 4.5.2 Carbon Content in Soil 
 
  Carbon content in soil has been relative with percentage of organic 

matter in soil (1.724 × %Organ Carbon = %Organic Matter). Carbon content in soil 

was cansidered in the two sectors; in A horizon (soil surface to depth level 30 cm.) 

and C horizon (the depth level from 30 cm. to 60 cm.). Carbon concentration analysis 

was in the form of percentage of organic carbon pattern as same as plant samples 

analysis. The average value of statistic test found that the percentage of carbon 

concentration in A and C horizons were statistically significant both in rainy and dry 

seasons. Besides the average values were very close. For the relationship between 

%organic matter and %organic carbon, it was found that the area with high organic 

matter would have high level of organic carbon too. The results was also found that 

the percentage of organic carbon in reforestation mangrove and natural mangrove 

areas were higher than in the mangrove plantation and abandoned shrimp farming in 

both A and C horizons and in both two seasons. The carbon concentration in soil of 

reforestation mangrove, natural mangrove, mangrove plantation and shrimp farming 

areas were 3.24 to 3.68, 2.32 to 3.49, 1.37 to 1.72 and 1.58 to 2.77%, 

respectively(Table 4-4). 
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Figure 4-16 Comparing the %Organic Carbon in each Land use Patterns 

 
 
  The results of this study indicated that the carbon content in mangrove 

plantation, natural mangrove, reforestation mangrove and shrimp farming areas of A 

horizon were 59.05, 70.31, 94.46 and 80.04 t/ha, respectively. In C horizon were 

65.13, 82.41, 83.15 and 71.29 t/ha, respectively. For the total carbon content in A - C 

horizons of soil profile in mangrove plantation, natural mangrove, reforestation 

mangrove and shrimp farming areas were 124.18, 152.72, 177.61 and 151.33 t/ha, 

respectively (Table 4-7). The everage carbon concentration in soil in the study area 

was 124.18 -177.61 t/ha.  

  Comparing this result with the study by Junmahasatain and Phopinit 

(2001), the carbon deposit in soil in the forest ecosystem in Thailand was carried out 

in Kanchanaburi and Changmai provinces. The results found that the carbon deposited 

in soil at level of 1m. depth from soil surface in the Dipterocarp Forest, Deciduous 

Forest, Dry Evergreen Forest and Teak Plantation  in Kanchanaburi provinc were 99.0 

to146.23, 108.6 to 287.79, 200.00 and 108.4 to 217.0 t/ha, respectively. While the 

carbon content in soil in Deciduous Forest, Deciduous Forest, Hill Evergreen Forest 
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and Pine Forest Changmai province were 41.26 to 49.19, 108, 127.2 to 305.95 and 

61.16 to 203.85 t/ha, respectively. The result of analysis could be explained that soil 

in mangrove forest rather high in carbon accumulation than other forest types. 

Table 4-7 Carbon Content in Soil 
 

Carbon Content (t/ha) Land use Patterns in 

Mangrove Area A Horizon C Horizon Total A-C Horizon 

 

1. Mangrove Plantation 

2. Natural Mangrove 

3. Reforestation Mangrove 

4. Abandoned Shrimp Farming 

 

59.05 

70.31 

94.46 

80.04 

 

65.13 

82.41 

83.15 

71.29 

 

124.18 

152.72 

177.61 

151.33 

 
Average 

 
75.97 

 
75.50 

 
151.46 

 
 
 
 4.5.3 Carbon Content in Mangrove Ecosystem of Thung Kha Estuary   
 
  Information from LANDSAT-5(TM) Geocoded at the scale of 

1:50,000 was used for classification the land use patterns in mangrove area of Thung 

Kha Estuary (2002) (Figure 4-2).  The total area was about 35.518 km2 and divided 

into mangrove plantation, natural mangrove forest, reforestation mangrove forest (add 

to degenerate mangrove area) and shrimp farming, with the total areas of each landuse 

patterns as 0.200, 16.394, 4.077 and 14.847 km2, respectively. 

  For the information about carbon content in the above ground biomass 

and in soil (items 4.5.1 and 4.5.2), could be calculated for carbon content in mangrove 

ecosystem of Thung Kha Estuary. The carbon content in the above ground biomass in 

mangrove plantation, natural mangrove forest and reforestation mangrove forest were 

valued 0.460, 63.428 and 3.518 ktC, respectively. For carbon content accumulated in 

soil in mangrove plantation, natural mangrove forest, reforestation forest and 

abandoned shrimp farming were 2.484, 250.369, 72.412 and 244.620 ktC, 

respectively (Table 4-8). 
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Table 4-8 Carbon Content in Mangrove Area of Thung Kha Estuary 
 

Carbon Content (ktC) Land use Patterns in 

Mangrove Area 

Area* 

(km2) Above ground Biomass Soil 

Total 

(ktC) 

 

1. Mangrove Plantation 

2. Natural Mangrove 

3. Reforestation Mangrove 

4. Abandoned Shrimp Farming 

 

0.200 

16.394 

4.077 

14.847 

 

0.460 

63.428 

3.518 

- 

 

2.484 

250.369 

72.412 

244.620 

 

2.944 

313.797 

75.93 

244.620 
 

Total 
 

35.518 
 

67.406 
 

569.885 
 

637.291 
 
*Source: Satellite imagery interpretation from LANDSAT- 5 (TM), 2002 
 
 
  From the table 4-9, the mangrove ecosystem of Thung  Kha could 

accumulated of the total carbon about 637.291 ktC, in with above ground biomass 

was about 67.406 ktC and in soil sector about 569.885 ktC. 

 

4.6  The Prediction to Carbon Emission By Carbon Modeling 
 
 The results of carbon content in plant and soil as in forest ecosystems 

mentioned in 4.5 were concluded into 2 parts. The first one was in biomass (in wood 

component) and the second was in soil horizon (soil carbon). Therefore, when the 

forest was deforested, the carbon accumulated in the forest was released to 

atmosphere in the form of CO2.   

  For the natural mangrove area, the carbon accumulated in biomass and soil 

was calculated by Carbon Modeling as showed in Appendix B.  

 

 4.6.1 Carbon Loss form The Above Ground Biomass 

 
  From the study about the geography of mangrove area of Sawee-Thung 

Kha, Chumphon province by Surachai (2000), the study was done by using GIS. The 

data about administration boundary, road, river-stream, stone-soil type, land use 

pattern in mangrove area, land use map for the years 1973, 1987, 1993 and 1998. In 

1989 analyzed arial mangrove map and LANDSAT images years 1987, 1993 and 
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1998 were in corporate with GIS and found that the with in range 5 years (1993-

1998), the agriculture area, abandoned land and shrimp farming were 1.7%, 3.5% and 

5%, respectively. Total areas decreased areas was approximately 2,500 Rai or 408 ha. 

 

Table 4-9 Carbon Loss from Land Change or Deforestation 
 

Land use Patterns in 

Mangrove Area 

Carbon Loss 

(ktC) 

CO2 Emission 

(ktCO2/yr) 

 

1. Carbon emission from on-site burning of clear forest 

2. Carbon emission from off-site burning of clear forest 

3. Carbon emission from on-site decomposed of clear forest 

4. Carbon emission from off-site decomposed of clear forest 

 

- 

0.7475 

0.0745 

0.0133 

 

 

3.0628 

 

5. Carbon emission from soils 
 

31.1549 
 

144.2346 

 

Total 

 

31.9902 

 

177.2947 

 
Note: Showed the calculated method in Appendix B 

 
 
  From the total decreased mangrove area 2,550 Rai or 408 ha, carbon 

loss from above ground biomass was approximately 0.835 ktC/yr or CO2 emission 

from above ground biomass was approximately 3.0628 ktCO2/yr (Table 4-9). 

 

 4.6.2 Carbon Loss from Soils 
 
  The amount of carbon accumulated in soil in natural mangrove area 

was 152.75 t/ha (Table 4-7). Therefore, when the area was decreased 408 ha, the 

carbon loss was approximately 31.1549 ktC/yr or CO2 emission from soils 

approximately 114.2346 ktCO2/yr (Table 4-9) 

 

  The assess of carbon emission from mangrove area of Thung Kha 

estuary, found that the decreased area of 2,550 Rai resulted to total carbon loss 

31.9902 ktC/yr or total CO2 emission 117.2947 ktCO2/yr.  
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CHAPTER V

CONCLUSION, COMMENT AND RECOMMENDATION

The study on carbon distribution in mangrove area of Thung Kha estuaty, had 

results, comment and recommendation as the following;

5.1 CONCULSION

This chapter had 3 components, they were forests, soils and the amount of 

carbon in the study area and were explained as follow;

5.1.1 Forests

There had 4 patterns about land use change or land use patterns in 

mangrove area of Thung Kha estuary. They were ten years mangrove plantation 

located near coastal zone, next were natural mangrove area, five years reforestation 

mangrove area and abandoned shrimp farming, respectively. The dominant species 

were Rhizophora mucronata and Rhizophora apiculate but mostly Rhizophora 

mucronata. Abandoned shrimp farming more than 10 years were also found. In 

addition the highest mangrove productivity and litter production were mostly found in 

natural mangrove forest.

5.1.2 Soils

The characteristic of soils in mangrove area of Thung  Kha estuary, the 

soil textures in mangrove plantation abandoned shrimp farming were loamy soils. 

Soils in natural mangrove area and the top soil in reforestation mangrove area were 

clayey soils while the lower soil was loamy. The soil bulk density in mangrove 

plantation and abandoned shrimp farming was higher (Db > 1) than soil in natural 

mangrove and reforestation mangrove (Db < 1) areas. Soils reaction; pH were 

moderately to slightly acidity. But in abandoned shrimp farming was more acidity 
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than other areas. Percentage of organic matter, was high in reforestation mangrove 

and natural mangrove forest while in mangrove plantation and abandoned shrimp 

farming were at the least level.

The cation exchange capacity, the electrical conductivity, and 

percentage of organic were found high in reforestation and natural mangrove forests 

while in mangrove plantation and abandoned shrimp farming were low. This findings 

could be explained that the soils in reforestation and natural mangrove areas were 

fertile with high organic matter in soils and related with the cation exchange capacity, 

the electrical conductivity and percentage of clayey soils.

In conclusion, the physical and chemical of soil properties in the study 

area were differences according to season. Anyhow, the trend depended upon the land 

use patterns.

5.1.3 Amount of Carbon

The amounts of accumulated carbon in any parts of trees (stems, 

branches, leaves, roots and litter fall), were nearly the same amounts. Beside it was 

found that in the area of high mangrove productivity, the carbon concentration was 

also high. In natural mangrove forest, mangrove plantation and reforestation area, the 

above ground biomass were approximately 6.19, 3.68 and 1.38 t/Rai (38.69, 23.00 

and 8.63 t/ha), respectively. Carbon content in soils at depth level from surface to 30 

cm. (A horizon) and depth 30 to 60 cm. (C horizon) found that the values in 

reforestation mangrove, natural mangrove, abandoned shrimp farming and mangrove 

plantation were areas approximately 177.61, 152.72, 151.33 and 124.18 t/ha, 

respectively. The amounts of carbon losses from deforestation (2,500Rai); the above 

ground biomass were 0.8353 ktC/yr or CO2 emission 3.0628 ktCO2 /yr, carbon loss 

from soil was 31.9902 ktC/yr or CO2 emission 144.2346 ktCO2 /yr. The total carbon 

loss was 31.9902 ktC/yr or CO2 emission of 177.2947 ktCO2 /yr, respectively.

The conclude of carbon distribution in mangrove area of a part of 

above ground biomass (carbon content in stems, branches, leaves prop roots and litter 

fall) and under ground biomass (under ground root) and soil carbon. Such as when 
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land use change, namely in to land use, approve area or cutting tree. These case made 

to carbon loss from above ground biomass and soil and emission of CO2 increased to 

atmosphere.

5.2 COMMENT

5.2.1 This study does not estimate of the plant volume so dcarbon accumulated 

in wood has been not calculated but carbon content in the above ground biomass from 

each part of plant components was conducted. This will result in an error in the 

amount of carbon.

5.2.2 The calculation of mangrove production in sample plot, the researcher 

has taken the allometric equation from other studies used in the calculation. So the 

results might be error. Because of the difference of environmental factors, geography, 

climate and other factors have influences to the growth of plants in mangrove area.

5.3 RECOMMENDATION

5.3.1 For this study, the allometric equation used for estimation the biomass 

was intiated to estimate the biomass for other mangrove area and ages of plants were 

different from the study site. Besides, such equation was for estimation only 

Rhizophora mucronata. It is recommened that plant in the study area should be cut 

and weighted in order to get actual biomass.

5.3.2 Since the under ground root biomass and not study, but carbon content of 

under ground root was estimated. From the studied carbon content value it was 

introduced to estimate the carbon content in prop root. Although the amount of carbon 

concentration in each part of plant was found not much difference values but the real 

experiment should be studied.

5.3.3 Decreased range of 5 years (1993 – 1998) of mangrove area of Thung 

Kha estuary was used to estimate. At present, this area maybe changed from past. So 

for further, study yearly land use should be used for estimation.

5.3.4 The amount of carbon calculated from this study was the carbon content 

during the time of sample collection. Because carbon in mangrove area was relative to 
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biomass, while the carbon content in above ground biomass and soil carbon were 

influenced on the amount of litter decomposition and animal excretion in mangrove 

forest including organic matter from tides or river runoff. So the amount of carbon has 

been easily changed.

   5.3.5 The study carbon distribution in mangrove area of Thung  Kha estuary is 

a part of total mangrove area in Thailand and land use patterns in each other area 

maybe difference. The results of this study is expected to be used as a guideline for 

studying carbon distribution in other mangrove areas and other forest type

5.3.6. This study found that the carbon content accumulated in mangrove area 

but has been carbon content accumulated in other forest in Thialnd. So to know the 

total carbons content, forest areas and gained information can be pooled to assess the 

carbon emission and trend to climate change in the future

5.3.7 From this study, that it revealed about deposit carbon/released carbon 

and increasing trend of CO2 from forest changes. Besides CO2, there has been other 

gases cause greenhouse effect. So these results provides advantages future for 

assessment of other gases emission according to the forest change.

5.3.8 The results could be a guideline for management and conservation 

planning for the sustainable mangrove resource utilization and be database for further 

study about carbon distribution in mangrove area in the future.
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ทรัพยากรธรรมชาติชายเลนแหงชาติ สํ านักงานคณะกรรมการการวิจัยแหงชาติ.

โสภณ  หะวานนท และมงคล  ไขมุกด. 2540. โกงกาง : ทรัพยากรที่มีคุณคาของปาชายเลน. ศูนย
วจิยัปาชายเลน จังหวัดระนอง สํ านักวิชาการปาไม กรมปาไม. กรุงเทพมหานคร.

สํ านักงานนโยบายและแผนสิ่งแวดลอม. 2544. การเปลี่ยนแปลงสภาพภูมิประเทศ (Climate 
Change). กระทรวงวิทยาศาสตรเทคโนโลยีและส่ิงแวดลอม. กรุงเทพมหานคร.

เสรมิพงศ  นวลงาม. 2542. บทบาทของการปลูกสรางสวนปาตอการเก็บกักคารบอนและคุณสมบัติ
ของดินบางประการที่สถานีวิจัยและฝกอบรมการปลูกสรางสวนปา จังหวัดนครราชสีมา. 
รายงานการสัมนา. ภาควิชาวนวัฒนวิทยา คณะวนศาสตร มหาวิทยาลัยเกษตรศาสตร.
(เอกสารอัดสํ าเนา).

ศุภมาศ  พนชิศกัดิพ์ฒันา. 2540. ภาวะมลพิษของดินจากการใชสารเคมี. ภาควิชาปฐพีวิทยา คณะ
เกษตร มหาวิทยาลัยเกษตรศาสตร. สํ านักพิมพมหาวิทยาลัยเกษตรศาสตร.

องคการอตุสาหกรรมปาไม. 2539. ปาไมกับสิ่งแวดลอม. เนื่องในโอกาสครบรอบ 48 ป แหงการ
สถาปนาองคการอตุสาหกรรมปาไม มิถุนายน 2539.โรงพิมพดอกเบี้ย. กรุงเทพมหานคร.

อานุช แกววงศ. 2541. การเปลีย่นแปลงพื้นที่ปาไมในประเทศไทย. เอกสารประกอบการสัมนา
โครงการสหวิทยาการบัณฑิตศึกษา สาขาวิทยาศาสตรส่ิงแวดลอม ภาคตนปการศึกษา
2541-2542  เรือ่งการเปลี่ยนแปลงของโลก กรณีศึกษา : การเปลี่ยนแปลงการใชที่ดิน    และ
ส่ิงปกคลมุดินในประเทศไทย วันที่ 5 ตุลาคม 2541 ณ หองวนศาสตร 50 ป คณะวนศาสตร
มหาวิทยาลัยเกษตรศาสตร.

อัมพันธ  พนิธกุนก. 2536. ความเสี่ยงในการนํ าพื้นที่ปาชายเลนมาใชประโยชน. การสัมมนาระบบ
นเิวศปาชายเลนแหงชาติ คร้ังที่ 8 “การจัดการทรัพยากรปาชายเลนแบบยั่งยืน” The Eight 
National on Mangrove Ecology “Sustainable Mangrove Resources Management”.
ระหวางวันที่ 25-26 สิงหาคม 2536 ณ โรงแรมวังใต จังหวัดสุราษฎรธานี. คณะกรรมการ
ทรัพยากรธรรมชาติปาชายเลนแหงชาติ สํ านักงานคณะกรรมการวิจัยแหงชาติ.
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ตารางที่ 1 เปรียบเทียบความแตกตางของคาเฉลี่ยของปริมาณเปอรเซ็นตทราย (%Sand) เปอรเซ็นตทรายแปง 
(%Silt) และเปอรเซ็นตดินเหนียว (%Clay) ของดินชั้น A โดยวิธี Duncan’ s New Multiple Rang Test  
 
ตารางวิเคราะห ANOVA 
 
%Sand  

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 1593.229 531.076 6.413 .016 
ภายในกลุม 8 662.500 82.812   

รวม 11 2255.729    
 
%Silt  

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 103.567 34.522 1.291 .342 
ภายในกลุม 8 213.995 26.749   

รวม 11 317.562    
 
%Clay  

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 957.699 319.233 5.860 .020 
ภายในกลุม 8 435.818 54.477   

รวม 11 1393.517    
 
ตารางวิเคราะห Duncan’ s New Multiple Rang Test 
 

ดินชั้น A รูปแบบการใชประโยชนพื้นท่ี 
ปาชายเลน %Sand* %Siltns %Clay* 

1.  ปาชายเลนปลูก 
2.  ปาชายเลนธรรมชาติ 
3.  ปาชายเลนที่ไดรับการฟนฟู 
4.  นากุงราง 

59.05b 

44.88ab 

32.38a 

60.72b 

13.65a 

19.12a 

18.88a 

12.68a 

27.28a 

36.00ab 

48.73b 

26.60a 

หมายเหตุ :  ns  ไมมีความแตกตางกันทางสถิติ 
       *  มีความแตกตางกันอยางมีนัยสําคัญทางสถิติ ที่ระดับความเชื่อมั่น 95 เปอรเซ็นต (α.05) 
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ตารางที่ 2 เปรียบเทียบความแตกตางของคาเฉลี่ยของปริมาณเปอรเซ็นตทราย (%Sand) เปอรเซ็นตทรายแปง 
(%Silt) และเปอรเซ็นตดินเหนียว (%Clay) ของดินชั้น C โดยวิธี Duncan’ s New Multiple Rang Test  
 
ตารางวิเคราะห ANOVA 
 
%Sand  

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 652.083 217.361 1.308 .337 
ภายในกลุม 8 1329.167 166.146   

รวม 11 1981.250    
 
%Silt  

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 127.854 42.618 .480 .705 
ภายในกลุม 8 709.850 88.731   

รวม 11 837.704    
 
%Clay  

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 322.396 107.465 .940 .465 
ภายในกลุม 8 914.162 114.270   

รวม 11 1236.557    
 
ตารางวิเคราะห Duncan’ s New Multiple Rang Test 
 

ดินชั้น C รูปแบบการใชประโยชนพื้นท่ี 
ปาชายเลน %Sandns %Siltns %Clayns 

1.  ปาชายเลนปลูก 
2.  ปาชายเลนธรรมชาติ 
3.  ปาชายเลนที่ไดรับการฟนฟู 
4.  นากุงราง 

50.72a 

48.22a 

54.88a 

67.38a 

17.08a 

15.51a 

18.77a 

10.07a 

32.18a 

36.00a 

26.35a 

22.55a 

หมายเหตุ :  ns  ไมมีความแตกตางกันทางสถิติ 
       *  มีความแตกตางกันอยางมีนัยสําคัญทางสถิติ ที่ระดับความเชื่อมั่น 95 เปอรเซ็นต (α.05) 
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ตารางที่ 3  เปรียบเทียบความแตกตางของคาเฉลี่ยของคาความหนาแนนรวมของดิน (Soil Bulk Density; Db) 
ของดินชั้น A และดินชั้น C ในฤดูฝน โดยวิธี Duncan’ s New Multiple Rang Test  
 
ตารางวิเคราะห ANOVA 
 
ดินชั้น A 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 .389 .130 11.824 .003 
ภายในกลุม 8 8.780E-02 1.097E-02   

รวม 11 .477    
 
ดินชั้น C 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 .243 8.090E-02 3.058 .092 
ภายในกลุม 8 .212 2.645E-02   

รวม 11 .454    
 
ตารางวิเคราะห Duncan’ s New Multiple Rang Test 
 

ชั้นดิน รูปแบบการใชประโยชนพื้นท่ี 
ปาชายเลน A* C* 

1.  ปาชายเลนปลูก 
2.  ปาชายเลนธรรมชาติ 
3.  ปาชายเลนที่ไดรับการฟนฟู 
4.  นากุงราง 

1.37b 

0.94a 

0.93a 

1.37a 

1.23b 

0.91ab  
0.89a 

1.13ab 

หมายเหตุ :  ns  ไมมีความแตกตางกันทางสถิติ 
       *  มีความแตกตางกันอยางมีนัยสําคัญทางสถิติ ที่ระดับความเชื่อมั่น 95 เปอรเซ็นต (α.05) 
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ตารางที่ 4  เปรียบเทียบความแตกตางของคาเฉลี่ยของคาความหนาแนนรวมของดิน (Soil Bulk Density; Db) 
ของดินชั้น A และดินชั้น C ในฤดูแลง โดยวิธี Duncan’ s New Multiple Rang Test  
         
ตารางวิเคราะห ANOVA 
 
ดินชั้น A 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 .764 .255 13.953 .002 
ภายในกลุม 8 .146 1.826E-02   

รวม 11 .910    
 
ดินชั้น C 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 1.010 .337 57.726 .000 
ภายในกลุม 8 4.667E-02 5.833E-03   

รวม 11 1.057    
 
ตารางวิเคราะห Duncan’ s New Multiple Rang Test 
 

ชั้นดิน รูปแบบการใชประโยชนพื้นท่ี 
ปาชายเลน A* C* 

1.  ปาชายเลนปลูก 
2.  ปาชายเลนธรรมชาติ 
3.  ปาชายเลนที่ไดรับการฟนฟู 
4.  นากุงราง 

1.29b 

0.73a 

0.88a 

1.31b 

1.44c 

0.73a 

0.74a 

1.04b 

หมายเหตุ :  ns  ไมมีความแตกตางกันทางสถิติ 
       *  มีความแตกตางกันอยางมีนัยสําคัญทางสถิติ ที่ระดับความเชื่อมั่น 95 เปอรเซ็นต (α.05) 
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ตารางที่ 5  เปรียบเทียบความแตกตางของคาเฉลี่ยของคาความออน/แข็งของดินเลน (N-Value) ของดินชั้น A และ
ดินชั้น C ในฤดูฝน โดยวิธี Duncan’ s New Multiple Rang Test  
 
ตารางวิเคราะห ANOVA 
 
ดินชั้น A 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 .102 3.416E-02 1.789 .227 
ภายในกลุม 8 .153 1.909E-02   

รวม 11 .255    
 
ดินชั้น C 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 .338 .113 1.783 .228 
ภายในกลุม 8 .506 6.325E-02   

รวม 11 .844    
 
ตารางวิเคราะห Duncan’ s New Multiple Rang Test 
 

ชั้นดิน รูปแบบการใชประโยชนพื้นท่ี 
ปาชายเลน Ans Cns 

1.  ปาชายเลนปลูก 
2.  ปาชายเลนธรรมชาติ 
3.  ปาชายเลนที่ไดรับการฟนฟู 
4.  นากุงราง 

0.26a 

0.48a 

0.43a 

0.48a 

0.31a 

0.52a 

0.78a 

0.55a 

หมายเหตุ :  ns  ไมมีความแตกตางกันทางสถิติ 
       *  มีความแตกตางกันอยางมีนัยสําคัญทางสถิติ ที่ระดับความเชื่อมั่น 95 เปอรเซ็นต (α.05) 
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ตารางที่ 6  เปรียบเทียบความแตกตางของคาเฉลี่ยของคาความออน/แข็งของดินเลน (N-Value) ของดินชั้น A และ
ดินชั้น C ในฤดูแลง โดยวิธี Duncan’ s New Multiple Rang Test  
 
ตารางวิเคราะห ANOVA 
 
ดินชั้น A 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 2.346 .782 5.118 .029 
ภายในกลุม 8 1.222 .153   

รวม 11 3.569    
 
ดินชั้น C 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 3.186 1.062 10.186 .004 
ภายในกลุม 8 .834 .104   

รวม 11 4.020    
 
ตารางวิเคราะห Duncan’ s New Multiple Rang Test 
 

ชั้นดิน รูปแบบการใชประโยชนพื้นท่ี 
ปาชายเลน A* C* 

1.  ปาชายเลนปลูก 
2.  ปาชายเลนธรรมชาติ 
3.  ปาชายเลนที่ไดรับการฟนฟู 
4.  นากุงราง 

0.80a 

1.81b 

1.02a 

0.68a 

0.62a 

1.71b 

1.88b 

0.99a 

หมายเหตุ :  ns  ไมมีความแตกตางกันทางสถิติ 
       *  มีความแตกตางกันอยางมีนัยสําคัญทางสถิติ ที่ระดับความเชื่อมั่น 95 เปอรเซ็นต (α.05) 
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ตารางที่ 7  เปรียบเทียบความแตกตางของคาเฉล่ียของปฏิกิริยาของดิน (Soil Reaction; pH) ของดินชั้น A และ
ดินชั้น C ในฤดูฝน โดยวิธี Duncan’ s New Multiple Rang Test  
 
ตารางวิเคราะห ANOVA 
 
ดินชั้น A 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 14.593 4.864 17.292 .001 
ภายในกลุม 8 2.250 .281   

รวม 11 16.844    
 
ดินชั้น C 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 7.412 2.471 4.398 .042 
ภายในกลุม 8 4.495 .562   

รวม 11 11.906    
 
ตารางวิเคราะห Duncan’ s New Multiple Rang Test 
 

ชั้นดิน รูปแบบการใชประโยชนพื้นท่ี 
ปาชายเลน A* C* 

1.  ปาชายเลนปลูก 
2.  ปาชายเลนธรรมชาติ 
3.  ปาชายเลนที่ไดรับการฟนฟู 
4.  นากุงราง 

7.70c 

6.21b 

5.83b 

4.61a 

7.62b 

6.50ab 

6.68ab 

5.41a 

หมายเหตุ :  ns  ไมมีความแตกตางกันทางสถิติ 
       *  มีความแตกตางกันอยางมีนัยสําคัญทางสถิติ ที่ระดับความเชื่อมั่น 95 เปอรเซ็นต (α.05) 
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ตารางที่ 8  เปรียบเทียบความแตกตางของคาเฉล่ียของปฏิกิริยาของดิน (Soil Reaction; pH) ของดินชั้น A และ
ดินชั้น C ในฤดูแลง โดยวิธี Duncan’ s New Multiple Rang Test  
 
ตารางวิเคราะห ANOVA 
 
ดินชั้น A 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 14.490 4.830 9.934 .004 
ภายในกลุม 8 3.890 .486   

รวม 11 18.380    
 
ดินชั้น C 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 2.757 .919 .498 .694 
ภายในกลุม 8 14.753 1.844   

รวม 11 17.510    
 
ตารางวิเคราะห Duncan’ s New Multiple Rang Test 
 

ชั้นดิน รูปแบบการใชประโยชนพื้นท่ี 
ปาชายเลน A* Cns 

1.  ปาชายเลนปลูก 
2.  ปาชายเลนธรรมชาติ 
3.  ปาชายเลนที่ไดรับการฟนฟู 
4.  นากุงราง 

7.66b 

5.94a 

5.27a 

4.76a 

6.23a 

5.48a 

5.20a 

4.95a 

หมายเหตุ :  ns  ไมมีความแตกตางกันทางสถิติ 
       *  มีความแตกตางกันอยางมีนัยสําคัญทางสถิติ ที่ระดับความเชื่อมั่น 95 เปอรเซ็นต (α.05) 
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ตารางที่ 9 เปรียบเทียบความแตกตางของคาเฉลี่ยของเปอรเซ็นตอินทรียวัตถุในดิน (%Organic Carbon; %OM) 
ของดินชั้น A และดินชั้น C ในฤดูฝน โดยวิธี Duncan’ s New Multiple Rang Test  
 
ตารางวิเคราะห ANOVA 
 
ดินชั้น A 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 26.541 8.847 12.383 .002 
ภายในกลุม 8 5.716 .714   

รวม 11 32.257    
 
ดินชั้น C 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 25.600 8.533 10.003 .004 
ภายในกลุม 8 6.824 .853   

รวม 11 32.424    
 
ตารางวิเคราะห Duncan’ s New Multiple Rang Test 
 

ชั้นดิน รูปแบบการใชประโยชนพื้นท่ี 
ปาชายเลน A* C* 

1.  ปาชายเลนปลูก 
2.  ปาชายเลนธรรมชาติ 
3.  ปาชายเลนที่ไดรับการฟนฟู 
4.  นากุงราง 

2.39a 

5.60b 

6.35b 

4.72b 

2.96a 

5.52b 

5.96b 

2.72a 

หมายเหตุ :  ns  ไมมีความแตกตางกันทางสถิติ 
       *  มีความแตกตางกันอยางมีนัยสําคัญทางสถิติ ที่ระดับความเชื่อมั่น 95 เปอรเซ็นต (α.05) 
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ตารางที่ 10 เปรียบเทียบความแตกตางของคาเฉลี่ยของเปอรเซ็นตอินทรียวัตถุในดิน (%Organic Carbon; 
%OM) ของดินชั้น A และดินชั้น C ในฤดูแลง โดยวิธี Duncan’ s New Multiple Rang Test  
 
ตารางวิเคราะห ANOVA 
 
ดินชั้น A 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 14.047 4.682 6.022 .019 
ภายในกลุม 8 6.221 .778   

รวม 11 20.267    
 
ดินชั้น C 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 21.096 7.032 23.528 .000 
ภายในกลุม 8 2.391 .299   

รวม 11 23.487    
 
ตารางวิเคราะห Duncan’ s New Multiple Rang Test 
 

ชั้นดิน รูปแบบการใชประโยชนพื้นท่ี 
ปาชายเลน A* C* 

1.  ปาชายเลนปลูก 
2.  ปาชายเลนธรรมชาติ 
3.  ปาชายเลนที่ไดรับการฟนฟู 
4.  นากุงราง 

2.75a 

4.00ab 

5.59b 

3.20a 

2.61a 

6.02c 

5.67bc 

4.77b 

หมายเหตุ :  ns  ไมมีความแตกตางกันทางสถิติ 
       *  มีความแตกตางกันอยางมีนัยสําคัญทางสถิติ ที่ระดับความเชื่อมั่น 95 เปอรเซ็นต (α.05) 
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ตารางที่ 11 เปรียบเทียบความแตกตางของคาเฉล่ียของคาความสามารถในการแลกประจุบวก (Cation Exchange 
Capacity; CEC) ของดินชั้น A และดินชั้น C ในฤดูฝน โดยวิธี Duncan’ s New Multiple Rang Test  
 
ตารางวิเคราะห ANOVA 
 
ดินชั้น A 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 1062.054 354.018 15.648 .001 
ภายในกลุม 8 180.990 22.624   

รวม 11 1243.044    
 
ดินชั้น C 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 752.033 250.678 16.970 .001 
ภายในกลุม 8 118.173 14.772   

รวม 11 870.207    
 
ตารางวิเคราะห Duncan’ s New Multiple Rang Test 
 

ชั้นดิน รูปแบบการใชประโยชนพื้นท่ี 
ปาชายเลน A* C* 

1.  ปาชายเลนปลูก 
2.  ปาชายเลนธรรมชาติ 
3.  ปาชายเลนที่ไดรับการฟนฟู 
4.  นากุงราง 

4.50a 

12.16a 

29.71b 

10.29a 

9.05a 

8.85a 

27.49b 

9.79a 

หมายเหตุ :  ns  ไมมีความแตกตางกันทางสถิติ 
       *  มีความแตกตางกันอยางมีนัยสําคัญทางสถิติ ที่ระดับความเชื่อมั่น 95 เปอรเซ็นต (α.05) 
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ตารางที่ 12 เปรียบเทียบความแตกตางของคาเฉล่ียของคาความสามารถในการแลกประจุบวก (Cation Exchange 
Capacity; CEC) ของดินชั้น A และดินชั้น C ในฤดูแลง โดยวิธี Duncan’ s New Multiple Rang Test  
 
ตารางวิเคราะห ANOVA 
 
ดินชั้น A 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 1182.324 394.108 130.607 .000 
ภายในกลุม 8 24.140 3.018   

รวม 11 1206.464    
 
ดินชั้น C 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 699.818 233.273 15.505 .001 
ภายในกลุม 8 120.363 15.045   

รวม 11 820.181    
 
ตารางวิเคราะห Duncan’ s New Multiple Rang Test 
 

ชั้นดิน รูปแบบการใชประโยชนพื้นท่ี 
ปาชายเลน A* C* 

1.  ปาชายเลนปลูก 
2.  ปาชายเลนธรรมชาติ 
3.  ปาชายเลนที่ไดรับการฟนฟู 
4.  นากุงราง 

2.87a 

11.65b 

27.78c 

4.11a 

8.92ab 

10.50b 

23.69c 

2.72a 

หมายเหตุ :  ns  ไมมีความแตกตางกันทางสถิติ 
       *  มีความแตกตางกันอยางมีนัยสําคัญทางสถิติ ที่ระดับความเชื่อมั่น 95 เปอรเซ็นต (α.05) 
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ตารางที่ 13  เปรียบเทียบความแตกตางของคาเฉลี่ยของคาการนําไฟฟาของดิน(Electrical Conductivity; ECe) 
ของดินชั้น A และดินชั้น C ในฤดูฝน โดยวิธี Duncan’ s New Multiple Rang Test  
 
ตารางวิเคราะห ANOVA 
 
ดินชั้น A 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 22.217 7.406 8.885 .006 
ภายในกลุม 8 6.668 .834   

รวม 11 28.885    
 
ดินชั้น C 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 15.804 5.268 3.766 .059 
ภายในกลุม 8 11.191 1.399   

รวม 11 26.995    
 
ตารางวิเคราะห Duncan’ s New Multiple Rang Test 
 

ชั้นดิน รูปแบบการใชประโยชนพื้นท่ี 
ปาชายเลน A* C* 

1.  ปาชายเลนปลูก 
2.  ปาชายเลนธรรมชาติ 
3.  ปาชายเลนที่ไดรับการฟนฟู 
4.  นากุงราง 

3.60a 

6.67b 

6.87b 

6.67b 

4.73a 

7.33b 

7.23b 

5.32ab 

หมายเหตุ :  ns  ไมมีความแตกตางกันทางสถิติ 
       *  มีความแตกตางกันอยางมีนัยสําคัญทางสถิติ ที่ระดับความเชื่อมั่น 95 เปอรเซ็นต (α.05) 
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ตารางที่ 14  เปรียบเทียบความแตกตางของคาเฉลี่ยของคาการนําไฟฟาของดิน(Electrical Conductivity; ECe) 
ของดินชั้น A และดินชั้น C ในฤดูแลง โดยวิธี Duncan’ s New Multiple Rang Test  
 
ตารางวิเคราะห ANOVA 
 
ดินชั้น A 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 22.750 7.583 2.579 .126 
ภายในกลุม 8 23.520 2.940   

รวม 11 46.270    
 
ดินชั้น C 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 53.560 17.853 4.318 .044 
ภายในกลุม 8 33.080 4.135   

รวม 11 86.640    
 
ตารางวิเคราะห Duncan’ s New Multiple Rang Test 
 

ชั้นดิน รูปแบบการใชประโยชนพื้นท่ี 
ปาชายเลน Ans C* 

1.  ปาชายเลนปลูก 
2.  ปาชายเลนธรรมชาติ 
3.  ปาชายเลนที่ไดรับการฟนฟู 
4.  นากุงราง 

5.67a 

7.67a 

8.50a 

5.17a 

5.67a 

9.67bc 

10.67c 

6.40ab 

หมายเหตุ :  ns  ไมมีความแตกตางกันทางสถิติ 
       *  มีความแตกตางกันอยางมีนัยสําคัญทางสถิติ ที่ระดับความเชื่อมั่น 95 เปอรเซ็นต (α.05) 
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ตารางที่ 15  เปรียบเทียบความแตกตางของคาเฉลี่ยเปอรเซ็นตอินทรียคารบอน (%Organic Carbon; %OC ) 
ของดินชั้น A และดินชั้น C ในฤดูฝน โดยวิธี Duncan’ s New Multiple Rang Test  
 
ตารางวิเคราะห ANOVA 
 
ดินชั้น A 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 8.928 2.976 12.370 .002 
ภายในกลุม 8 1.925 .241   

รวม 11 10.853    
 
ดินชั้น C 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 8.627 2.876 10.004 .004 
ภายในกลุม 8 2.299 .287   

รวม 11 10.926    
 
ตารางวิเคราะห Duncan’ s New Multiple Rang Test 
 

ชั้นดิน รูปแบบการใชประโยชนพื้นท่ี 
ปาชายเลน A* C* 

1.  ปาชายเลนปลูก 
2.  ปาชายเลนธรรมชาติ 
3.  ปาชายเลนที่ไดรับการฟนฟู 
4.  นากุงราง 

1.37a 

3.25b 

3.68b 

2.74 

1.72a 

3.21b 

3.46b 

1.58a 

หมายเหตุ :  ns  ไมมีความแตกตางกันทางสถิติ 
       *  มีความแตกตางกันอยางมีนัยสําคัญทางสถิติ ที่ระดับความเชื่อมั่น 95 เปอรเซ็นต (α.05) 
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ตารางที่ 16  เปรียบเทียบความแตกตางของคาเฉลี่ยเปอรเซ็นตอินทรียคารบอน (%Organic Carbon; %OC ) 
ของดินชั้น A และดินชั้น C ในฤดูแลง โดยวิธี Duncan’ s New Multiple Rang Test  
 
ตารางวิเคราะห ANOVA 
 
ดินชั้น A 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 4.739 1.580 6.036 .019 
ภายในกลุม 8 2.094 .262   

รวม 11 6.833    
 
ดินชั้น C 

ความผันแปร df Sum of Squares Mean Square F Sig. 
ระหวางกลุม 3 7.118 2.373 23.594 .000 
ภายในกลุม 8 .805 .101   

รวม 11 7.923    
 
ตารางวิเคราะห Duncan’ s New Multiple Rang Test 
 

ชั้นดิน รูปแบบการใชประโยชนพื้นท่ี 
ปาชายเลน A* C* 

1.  ปาชายเลนปลูก 
2.  ปาชายเลนธรรมชาติ 
3.  ปาชายเลนที่ไดรับการฟนฟู 
4.  นากุงราง 

1.59a 

2.32ab 

3.24b 

1.85a 

1.51a 

3.49c 

3.29bc 

2.77a 

หมายเหตุ :  ns  ไมมีความแตกตางกันทางสถิติ 
       *  มีความแตกตางกันอยางมีนัยสําคัญทางสถิติ ที่ระดับความเชื่อมั่น 95 เปอรเซ็นต (α.05) 
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การคํานวณการปลดปลอยคารบอน 
 
1.  ปริมาณคารบอนที่ปลอยจากการเผาชีวมวลเหนือพื้นดิน ในพื้นที่ปาไม 
 Crbn = Σ[Ac × BB × FBn × FOn × C] 
  = Σ[(408 h/yr) × (80.8125 tC/ha) × (0) × (0.9) × (0.5)] 
  = 0 ktC/yr 
 
2.  ปริมาณคารบอนที่ปลอยจากการเผาชวีมวลเหนือพื้นดิน นอกพื้นทีป่าไม 
 Crbf = Σ[Ac × BB × FBf × FOf × C] 
  = Σ[(408 h/yr) × (80.8125 tC/ha) × (50.38) × (0.9) × (0.5)] 
  = 0.7475 ktC/yr 
 
3.  ปริมาณคารบอนที่ปลอยจากยอยสลายชีวมวลเหนือพื้นดิน ในพืน้ที่ปาไม 
 Crdn = Σ[Ac × BB × FDn × C × FCd] 
  = Σ[(408 ha/yr) × (80.8125 tC/ha) × (9.22) × (0.5) × (0.49)] 
  = 0.0747 ktC/yr 
 
4.  ปริมาณคารบอนที่ปลอยจากการยอยสลายชีวมวลเหนือพื้นดนิ นอกพื้นที่ปาไม 
 Crdf = Σ[Ac × BB × FDf × C × 0.02] 
  = Σ[(408 h/yr) × (80.8125 tC/ha) × (40.41) × (0.5) × (0.02)] 
  = 0.0133 ktC/yr 
 
5.  ปริมาณคารบอนที่ปลอยจากดิน 
 CRs = Σ[Ac × SC × FCr ] 
  = Σ[(408 h/yr) × (152.75 tC/ha) × (0.5)] 
  = 31.1549 ktC/yr 
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6.  ปริมาณกาซ CO2 ที่ปลดปลอยสูบรรยากาศ จากการเผาและการยอยสลายของชีวมวลเหนือ
พื้นดิน ทั้งในและนอกพื้นทีป่าไม 
 CO2fc = [Crbn + Crbf + Crdf + Crdn] × (44/12) 
  = [(0 ktC/yr) + (0.7475 ktC/yr) + (0.0745 ktC/yr) + (0.0133 ktC/yr)]  
   × (44/12) 
  = [(0.8353 ktC/yr)] × (44/12) 
  = 3.0628 ktCO2/yr 
 
7.  ปริมาณกาซ CO2 ที่ปลดปลอยสูบรรยากาศ จากดิน 
 CO2sc = CRs × (44/12) 
  = (31.1610 ktC/yr) × (44/12) 
  = 114.1549 ktCO2/yr 
 
8.  ปริมาณกาซ CO2 ทั้งหมดที่ปลอยสูบรรยากาศ จากการทําลายพื้นทีป่าไม/ตัดถางตนไม  
 CO2Total =  CO2fc + CO2sc 
  = 3.0628 ktCO2/yr + 114.1549 ktCO2/yr 
  = 177.2947 ktCO2/yr  
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	CHARACTERISTRIC OF N-VALUE
	
	
	Unripe2.0Slush with some water, easily pour from a fist without squeezing
	Nearly unripe2.0-1.4Soft mud, easily pour from a fist with slight squeezing
	Haft ripe1.4-1.0Soft soil, with some consistency and pour from a fist by strong squeezing
	Nearly ripe1.0-0.7Soil with consistency, a little will pour from a fist by strong squeezing
	Ripe0.7-0.4Very consistency when it is wet and can be hard when it dry, it will not pour from a fist by strong squeezing
	Very ripe0.4very consistency when it is wet and very hard when it is dry










