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     ABSTRACT 
 Soil is a significant source and sink of carbon.  Soil can store carbon in the form of organic 

carbon.  This natural carbon storage is stable and longer than in other sources, but after soil erosion, the 

soil organic carbon (SOC) is reduced because SOC is loss with eroded soil.  The objective of this study 

was to determinate the carbon loss by soil erosion and sediment transport processes of Mae Tang 

watershed (Huay Ma Nai, Huay Mee, Huay Bong, and Huay Tong watershed) in Phrae Province during 

the rainy season from June to October 2005 by using Universal Soil Loss Equation (USLE), Sediment 

Delivery Ratio (SDR) and Carbon Delivery Ratio (CDR).  

 The results of this study in four sub-watersheds were that, the SOC was about 2.06, 2.23, 2.21 

and 1.50 in percentage, respectively or 0.07, 0.08, 0.08 and 0.05 tC/ha/month. The soil loss rates in  

four watersheds were 12.99, 16.99, 11.52 and 50.28 ton/ha/month, respectively. The SDR of four sub-

watersheds were 10.40, 1.11, 2.16 and 0.97 in percentage of eroded soil, respectively. The CDR of four 

sub-watersheds were 2.52, 1.08, 3.09 and 1.09 in percentage of total sediment delivered, respectively. 

The assessment of carbon loss from soil erosion and sediment delivery was 1.06, 0.08, 0.90 and 0.59  

tC/ha/month, respectively.   

 This study resulted from application of USLE and CDR to assess the carbon loss in the 

overall of each watershed. The carbon loss can be recovered by land management and soil and water 

conservation practices. Therefore, these processes can also be used to assess the impact from soil 

carbon loss.  

 
KEY WORDS: UNIVERSAL SOIL LOSS EQUATION (USLE) / SOIL EROSION / 

SEDIMENT DELIVERY RATIO (SDR) /CARBON DELIVERY 
RATIO (CDR) / CARBON LOSS      
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ลุมน้ําแมถาง อําเภอรองกวาง จังหวัดแพร (THE DETERMINATION OF CARBON LOSS 

BY SOIL EROSION AND SEDIMENT TRANSPORT PROCESSES IN MEA 

THANG WATERSHED, RONG KWANG DISTRICT, PHRAE PROVINCE) 
 
หฤทัย ทิพยจนัทร    4637120   ENTM/M 
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บทคัดยอ 
    ดินเปนแหลงเก็บกักและสะสมคารบอนที่สําคัญ สามารถกักเก็บคารบอนที่อยูในดินไวในรูปของ
อินทรียคารบอน แตเมื่อเกิดการชะลางพังทลายของดินมีผลในการเปลี่ยนแปลงปริมาณอินทรียคารบอนที่กักเก็บ
ในดิน เนื่องจากสูญเสียไปพรอมกับหนาดินที่ถูกชะลางออกไปจากพื้นที่ ในการศึกษาครั้งนี้มีวัตถุประสงคในการ
ประเมินการสูญเสียอินทรียคารบอนในดินจากกระบวนการชะลางพังทลายของดินและการพัดพาตะกอนของลุม
น้ําแมถาง (ลุมน้ําหวยหมาไน ลุมน้ําหวยหมี ลุมน้ําหวยบงและลุมน้ําหวยตอง) บริเวณจังหวัดแพร ในชวงฤดูฝน 
ต้ังแตเดือนมิถุนายนถึงเดือนตุลาคม พ.ศ. 2548 โดยใชสมการสูญเสียดินสากล (USLE) อัตราสวนการพัดพา
ตะกอน (SDR) และอัตราสวนการพัดคารบอน (CDR) 
 จากการศึกษาพบวา ลุมน้ําทั้ง 4 ลุมน้ํายอย ไดแก  มีปริมาณอินทรียคารบอนในดินเทากับรอยละ 2.23 
2.21 และ 1.50 ของปริมาณดิน หรือคิดเปน 0.07 0.08 0.08 และ 0.05 ตัน/เฮกแตร/เดือน ตามลําดับ มีอัตราการ
สูญเสียดิน 12.99 16.36 11.52 และ 50.28 ตัน/เฮกแตร/เดือน ตามลําดับ มีอัตราสวนการพัดพาตะกอน  มีคาเทากับ
รอยละ 10.40 1.11 2.16 และ 0.97 ของดินที่สูญเสียไป ตามลําดับ มีอัตราสวนการพัดพาอินทรียคารบอน เทากับ
รอยละ 2.52 1.08 3.09 และ 1.09 ของการพัดตะกอนทั้งหมด ตามลําดับและสามารถประเมินปริมาณอินทรีย
คารบอนที่เกิดการสูญเสียจากกระบวนการชะลางพังทลายของดินและการพัดพาตะกอนไดเทากับ  1.06  0.08 0.90 
และ 0.59 ตัน/เฮกแตร/เดือน ตามลําดับ  และผลการศึกษาครั้งนี้เปนการประยุกตใชสมการสูญเสียดินสากล และ
อัตราสวนการพัดอินทรียคารบอน เพื่อใชเปนแนวทางในการประเมินการสูญเสียอินทรียคารบอนจาก
กระบวนการชะลางพังทลายของดินและการพัดพาตะกอนในภาพรวมเฉพาะแตละลุมน้ําได นอกจากนี้สามารถใช
ปริมาณอินทรียคารบอนที่สูญเสียไปใหกลับคืนสูพ้ืนที่ดวยจากการจัดการพื้นที่โดยใชวิธีอนุรักษดินและน้ําเพื่อ
ปองกันการสูญเสียดิน และสามารถใชประเมินผลกระทบที่เกิดจากการสูญเสียคารบอนที่เก็บกักไวในดินตอไปได 
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CHAPTER I 

INTRODUCTION 

 

 

1.1  Background and Justification 
         Soil is a significant factor in carbon cycle because soil can reduce the 

greenhouse gases in the atmosphere by acting as storage of photosynthesized carbon 

which is accumulated as soil organic carbon.  Carbon is accumulated in the soil also 

becomes organic carbon which is very important to the soil qualification both 

physically, and chemically, especially to the soil structure and permeability, so the soil 

will be fertile. 

 At present soil helps to reduce greenhouse gas, especially Carbon dioxide 

(CO2), resulting to greenhouse effect which makes the earth warmer.  According to the 

study and estimating of the accumulation quantity of organic carbon on earth, it is 

found that land ecology system consists of forest land approximately 3,700 million 

hectare, carbon quantity: 2,200 x 1015 g.(1), which mostly are organic carbon 

approximately 1,462 x 1,576 x 1015 g. (1).  Naturally, the accumulation of carbon in 

the soil will take a long period of time. The studying of soil at Lopburi at different 

depth, it was found that the soil life is over 2,500 years by using 14C method (2).  This 

means soil can store carbon more and longer than any other sources. 

 The quantity of organic carbon accumulation in the soil can be changed in 

many ways.  Soil erosion is a factor that is important to the change of carbon quantity.  

Soil surface and organic carbon is lost in sediment to water resources.  Soil therefore 

lacks of fertility, nutrients, and organic carbon.  The qualification of soil is reduced 

and soil will be eroded continually.  The most study area is watersheds.  Watershed is 

considered as one of ecology system that when there is environmental effect, it can be 

measured at the outlet (3). 

 This research aimed to study the loss of organic carbon in the soil by soil 

erosion in sediment in the area of Mae Thang watershed, Rong Kwang District, Phrae 

Province which is a sub-watershed of Yom Basin (watershed).  
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The study area consists of Huay Mee watershed, Huay Ma Nai watershed, 

Huay Bong watershed and Huay Tong watershed, respectively.  Mae Thang watershed 

has been invaded and the land has been misused for a long time.  Forest land has been 

damaged immensely.  Geographic condition is valley alternated with high mountains 

which causes overland flow.  The amount of sediment in this watershed has been 

studying by dividing into sub-watersheds.  The outcome was different, subject to the 

use of land (3).  In this watershed the ratio of soil loss measured at the outlet is equal 

to 2.5 ton/ha/year (4).  The result is the loss of soil surface and sediment due to soil 

erosion is caused by water.   

Moreover, the soil organic carbon in the soil is lost, which is important to the 

soil fertilization and qualification, so the productivity of soil is also reduced.  It can 

conclude that Mae Thang watershed can represent the sub-watershed of Yom 

watershed in Phrae Province.  This study also includes the monthly quantity of organic 

carbon both in soil and sediment according to the change of land using, as well as, the 

ratio of relationship of organic carbon both in soil and sediment in order to estimate 

the loss of organic carbon by soil erosion to water resources in this area. 

 

1.2 Objectives of the study 
1.2.1  To estimate actual soil loss by using Universal Soil Loss Equation 

(USLE) in the area of Mae Thang watershed, Yom watershed, in Phrae Province. 

1.2.3 To estimate the sediment delivery ratio in the area of Mae Thang 

watershed, Yom watershed, in Phrae Province.  

1.2.4 To study the quantity of organic carbon in that soil and sediment. 

1.2.5 To estimate the soil organic carbon loss by soil erosion and sediment 

transport process in Mae Thang Watershed, Yom Watershed, in Phrae Province.  
 

1.3 Expected Result 
1.3.1 To know the amount of soil loss and sediment delivery in the study 

area. 

1.3.2 To know the amount of organic carbon in soil of soil separate and land 

use. 
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1.3.3 To estimate the soil organic carbon loss in soil by soil erosion and 

sediment delivery. 

1.3.4 To know the carbon delivery ratio: CDR in sediment deliver. 

 

1.4 Scope of Study 

 
1.4.1 Study Area 

 Mea Thang watershed is a sub-watershed in the middle part of Yom 

watershed.  The studying area is a sub-watershed which is 0.93 km2. or around 93 

hectare, equal to 0.03% of the middle part of Yom watershed, and 0.01% of the Yom 

watershed, in Phrae Province.  The studying area is located in the area of research 

station in Yom watershed, the National Park, Wildlife and Plant Conservation 

Department, in Rong Kwang District, Phrae Province, consisting of 4 sub-watersheds, 

e.g. Huay Ma Nai watershed, Huay Mee watershed, Huay Bong watershed, and Huay 

Tong watershed. The sub-watershed is 0.13, 0.01, 0.03 and 0.08 km2 or approximately 

13.25, 9.58, 3.31 and 8.07 hectare, respectively. 

 

1.4.2 Scope of the study 

1) To estimate the actual soil loss of the study area by using the 

Universal Soil Loss Equation and Geographic Information System (GIS). 

2) To study the sediment delivery ratio (SDR) by finding the 

relationship between the suspended solid (SS) and the actual soil loss in each month. 

3) To study the quantity of soil organic carbon in soil (SOC) and 

sediment to stream. 

4) To estimate the soil organic carbon loss (Closs) by soil erosion and 

sediment transport processes. 

5) To study the soil properties both physically and chemically, i.e. soil 

texture, soil structure and soil organic matter. 
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1.5 Conceptual Framework 

To estimate the soil organic carbon loss due to soil erosion and sediment 

transport processes to Mae Thang watershed, we studied soil erosion by using the 

USLE together with GIS in each month and studied sediment delivery ratio (SDR). 

Then studied the quantity of organic carbon in soil and sediment in each month in 

different land use sites, and then estimate the quantity of sediment load at the sites. 

Moreover, estimate soil organic carbon loss in each sub-watershed by using actual soil 

loss, sediment delivery ratio (SDR), organic carbon in soil and sediment. Found the 

relationship between the quantity of organic carbon in soil and sediment and the 

quantity of the soil and sediment organic carbon which was analyzed in the lab.       

(Fig 1-1) 
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1.6 Definition 

 
  Soil Erosion: the process that energy of water, wind, or gravity aggregates the 

soil and move the soil element to sediment in another place. (5) 

 

  Sedimentation: the piling up of solid elements, substances or other elements 

that are eroded. (6) 

 

  Sediment: substances or elements that are moved by water.  It can be natural 

organic or non-organic substance from colloid to big stone, which is divided into 2 

types: 

 

Suspended Solid (SS) : a small sediment that suspends in the water, supported 

by the turbulence of water, and hardly sediment in the stream though the current flows 

slowly. 

 

 Bed Load:  sediment that moves by rolling or sliding along the stream flor. 

 

 Sediment Delivery Ratio: SDR is the ratio between the quantity of sediment 

at a certain point of water stream and quantity of soil on-site erosion above that point. 

(7) 

 

 Organic Carbon: is the organic substance on earth, mostly from living beings 

on the land and in the water.  The overland organic substance is in the form of humic 

which is a component of soil, but in the water it is in the form of solvent, suspending 

substance and sediment that piled up in the stream (8) 

 

 Carbon Enrichment Ratio (CER): is the ratio of carbon quantity in sediment 

calculated from the ratio of carbon in sediment and soil in the watershed (Csed/Csoil).  

This comes from the loss of organic carbon in soil occurred from the soil erosion in 

sediment flowing to water resources. 
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 Carbon Delivery Ratio (CDR): is the carbon quantity in sediment from soil 

erosion, which is the ratio between carbon in sediment and soil in watershed 

(Csed/Csoil) multiplied by the Sediment Delivery Ratio (SDR) occurred by the soil 

erosion. 

 

Organic Carbon Loss: is the organic carbon lost by the soil erosion and 

sediment delivery, by assessing from the quantity of organic carbon in soil, soil loss 

ratio and organic carbon delivery ratio of each watershed. 

 

 

1.7 Study Duration 

Collecting data for 5 months starting from June to October 2005 then studying                   

and analyzing continuously until January 2006. 
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CHAPTER II 

LITERATURE   REVIEWS 

 

 

2.1 Organic Carbon 
 Major carbon pools on earth are classified as follows: pedosphere, atmosphere, 

hydrosphere (9). Carbon on earth, approximately twice of carbon in the atmosphere, or 

three times of carbon suitable for land livings. One third of such carbon is fossil fuels 

which are found in the underground bed. And one twenty-fifth of the carbon is in the 

hydrosphere. Regarding the exchange of carbon between that in pedosphere and in 

atmosphere, the soil will discharge carbon to the atmosphere in the same quantity as 

the plants do. This discharge is 12 times over than that from factories (10). However, 

the change of carbon quantity in pedosphere due to the soil erosion affects the 

reduction of carbon quantity. 

 Carbon in pedosphere is divided into 2 types: inorganic carbon and organic 

carbon. Inorganic carbon is mostly found in the form of CO3
2- and mostly are found in 

the semi arid area. Organic carbon is found in the form of organic matter in soil, 

which is equal to 1.724 times of organic carbon (11). 

 

 2.1.1 Soil Organic Carbon Storing Process 

 

  1) Soil Organic Carbon Storage 

     Organic carbon in pedosphere originates from the decompositions of 

organic matter, which are: the decomposition of plants and animals by 

microorganism’s activity, the decomposition of plants ploughed in the soil or stem 

after harvest as well as the decomposition of animal’s droppings, stable manure added 

in the soil to improve soil’s fertility, etc. 

  After getting into the soil, organic carbon will affect the soil structure.  

This process is very important for carbon storage from atmosphere to pedosphere. It 

begins when the biomass is transformed in the humidity process with the help of 
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microorganism in the soil to decompose the biomass. The organic carbon is compound 

from each step and has different qualification. Some are degradable organic carbon; 

some are inert organic carbon from microorganism underground, which will remain in 

underground for thousands of years. This kind of organic carbon will mix mineral and 

organic matter to be organo-mineral complex, which is stable. So when we mention to 

carbon storage in soil, it means the photosynthesis and process of biomass storage in 

the soil. This is because when the biomass gets into the soil, it is partly the organic 

matter. This significant part can be discharged into the atmosphere as gas.  And the 

rest will be decomposed as organic carbon in the soil. Then the microorganism will 

produce a kind of connecting substance, which can stabilize the soil structure, and the 

microorganism cannot continue any decomposition. If such structure is disturbed for 

example by tillage, the microorganism will continue to decompose. When the organic 

carbon moves to the lower soil layer, it can be found in the deeper soil layer, which 

there is hardly microorganism’s action. This can also increase the volume of carbon 

storage deep in the soil (12). 

 The increase of organic carbon in soil has two effects: improving soil 

properties and environment. These two good effects are the main principle of 

permanent development of soil and water resources, especially good for soil quality in 

terms of increasing plant nutrient, and other physical properties, such as, the soil 

structure, the depth that roots can penetrate, the permeability, and sufficient water 

quantity, etc.   For the environment improvement, it will result to the water quantity 

and atmospheries factor, in the same time the soil will discharge carbon as Green 

House Gases : GHG to the atmosphere via various procedures, such as, soil erosion, 

and human activities, : agriculture, change of land use, and forest cutting, etc. 

 The organic carbon accumulation in soil is assessed by using many 

measurements: for example, by measuring at 1 m. deep as basis. Since there are 

several researchers, the quantity of organic carbon in the assessment is therefore 

different. The most of study area is forest, which is assessed by the type of forest and 

land use in the mountain.  It is found that evergreen forest has the maximum organic 

carbon at 0-25 0-50 and 0-100 cm. depth, the lower are pinery, mix deciduous forest, 

rubber plantation area, slash-and-burn farming and deciduous forest which has the 
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minimum organic carbon The amount of organic carbon is also assessed at various 

depths as follows: 

 Batjes (13) studied about forest soil cover the area of 3,700 hectare, 

and found that organic carbon in soil was 0.157 Pg per hectare. 
 

 The quantity of carbon accumulation in soil in the Kanchanaburi and 

Chiang Mai ecological systems were assessed (14), and found that the soil types have 

been different according to the forest types. The study on carbon accumulation in soil 

by using Black and Walkley Method was varied on the types of forest at 1 m. depth. 

Evergreen forest had maximum carbon accumulation at 237.27 ton per hectare, while 

the lower deciduous forest, tropical evergreen forest and pinery forest had almost the 

same carbon quantity at 148.50 145.25 and 132.05 ton per hectare respectively.  

Deciduous dipterocarp forest had the lowest carbon accumulation at 76.75 ton per 

hectare. The carbon accumulation in soil will be varied upon the type of forest and 

biomass. The forest with the maximum biomass is hill evergreen forest. The carbon 

accumulation is mostly on the top soil layer, and will gradually reduce in the lower 

soil layer. This is because the top soil layer has more remains of plant and covering 

plant with than the lower soil layer. Besides, types of plants, weather conditions and 

soil properties also affect to the carbon accumulation differently. 
 

 Lars (15) studied the soil organic carbon: SOC at 1 m. depth in 

Denmark, by considering the land use and soil structure factors and found that the 

average organic carbon in the study area was 579 x 1012 g C/m2 the maximum 

average organic carbon was 35 kg. /m2 in the wetland area, the lower levels were in 

forest and agricultural areas which had organic carbon at 16.9 and 14 kg. /m2, 

respectively. It could be concluded that the change of land use and the area 

management resulted to the soil organic carbon in that area. 
 

 Gregarich E.G. (16) studied the organic carbon in soil depth level, and 

found that the organic carbon increased with the soil depth.  The lower soil layer had 

organic carbon at 42 g/kg, and was changed to be 25 g/kg after land have been used, 

while the organic carbon at the top soil layer was 27 g/kg, and changed to be 14 g/kg 

after the land was used. 
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 By studying, 5 groups of soil on physical and chemical properties, the 

degradability and change of soil property in the non-invaded land comparing with the 

farming area, it was found that the top soil layer in the forest has more carbon and 

other soil qualities than the agricultural area.  Agricultural activities were the factors 

that reduce the organic carbon in soil surface, therefore, the transformation of forest to 

be agricultural area can change the soil quality and reduce the chemical fertility, 

especially organic matter and organic carbon. Soil is also physically affected by 

tillage, since the soil structure is destroyed which leads to decrease the permeability 

and soil erosion properties and affect to the carbon loss. It is obvious noticed that 

agricultural practice in the forest causes the soil structure and soil pore damages by 

tillage, result to the poor soil drainage property. When the water is over flowed, it will 

certainty cause soil erosion, and will accelerate the soil surface and carbon loss (17). 

 

 2) Signification of Soil Organic Carbon 

        The decomposition of organic matter is the degradation of organic 

substance that is completely transformed. The organic substance covers litter plant and 

animal remains, human and animal’s wastes, including garbage from living products 

which will become as organic matter and other forms of organic carbon in soil. It 

plays an important role for plant growth besides mineral, nutrient, water and air since 

the organic matter controls both chemical and physical properties of soil (18) as 

follows: 

• Soil Color 

      Soil color is changed from brown to black.  Therefore if the soil 

color is more brown than black (except the soil with high manganese), the soil is 

considered having high organic matter. 

• Soil Aggregate 

      Soil aggregate improves the clay to be loosely and loamy. It also 

improves sandy soil to aggregate, hold water and has better soil aeration. It is 

beneficial for plant roots expansion to find mineral widely and reduce soil erosion 

ratio. 
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• Soil pH  

      Organic matter is beneficial in keeping the pH balance in soil and 

resist the pH change of soil, since its organic matter has a lot of cations that can 

absorb a lot of anions, therefore it hardly affects pH balance. Moreover, it helps the 

decomposition process of the significant nutrient for plants. 

• Usage as of Plant Nutrient 

       Soil usually has all of plant nutrients. When the organic matter is 

decomposed by microorganism, these nutrients will be discharged into the soil which 

is useful for plants. 

• Increase Soil Microorganism’s Activity 

      Organic matter and organic carbon is microorganism’s energy 

source.  So the high organic carbon soil will have a lot of microorganism which 

increases the soil microorganism’s activity, and the mineral transformation. 

 

  3)  Soil Organic Carbon Loss 

    Organic matter or humus cannot remain in the soil forever because of 

natural decomposition process when the soil is transformed. The decomposition soil 

organic matter will be lost in CO2. This will gradually reduce the level and quantity of 

organic matter and organic carbon in soil and the reduction is caused by both nature 

and human beings as follows: 

 

• Agriculture: the more tillage, the more organic matter loss. 

• Switching between dry and humid soil: the decomposition of 

organic matter, and organic carbon or humus will be accelerated because the 

microorganism can easily do the activity. 

• Soil erosion in the slope area or unsuitable land use, land without 

canopy and plant (bare land) to protect the soil from rainfall and water flow which 

cause the loss of organic matter and organic carbon in soil. 

• Long-term cropping without fertilization practice results to the 

reduction of organic matter and organic carbon in soil. 
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• Humidity and temperature in the tropical area, especially high 

temperature rapidly reduces the degradability of organic matter, and cause more loss 

of organic matter and organic carbon. 

 

 The loss of organic matter and organic carbon in soil without any 

increase of organic matter, the soil quality will be degraded quickly, and be unsuitable 

for agriculture. To maintain the sufficient organic matter, it is needed to increase 

organic matter into the soil. According to the report, it is found that the soil in the 

Central part is mostly clay, and has been used to grow rice for several generations. 

Therefore, the soil fertility is reduced, and the clay is tightly aggregated, organic 

carbon is lower than 2%. The organic matter should be increased over 4%. For the 

agricultural soil in the Northern part, it is found that the soil is mostly sandy loam, and 

has low organic matter because most of the area is in sloping area. The forests have 

been damaged for agriculture for hundreds of years, so the soil erosion was severe, 

and a lot of organic carbon was lost. The loss of organic carbon is in the form of 

dissolved organic carbon, smaller than 0.45 micron in size (19). This kind of organic 

carbon can be moved down to the soil, and fade out of the ecological system. This 

could conclude that the loss of such carbon plays an important part in the cycle of 

carbon on earth. 

 

2.2 Soil Erosion  
 Soil erosion is a process originated by water energy, wind energy, or 

gravitation that break the soil aggregate, and move the soil particle to sediment again 

(5). Most of soil erosion is caused by two ways: natural soil erosion which is caused 

by water, wind or gravitation, and soil erosion by accelerator or human’s land use 

(20). In Thailand the soil erosion is mostly caused by water because it is located in the 

tropical area (21). 

 

 2.2.1 Process of Soil Erosion 

Soil erosion starts with from the fall of raindrop.  Rain is the main 

factor that breaks the soil and causes water overflow. The density of rainfall results to 
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kinetic energy in the detachment which leads to detaching process. This is called 

Transporting Process. Sediment has been moved to the lower channel and the channel 

will be expanded. The quantity of sediment load depends on the rainfall quantity and 

the water transport capacity, when the sediment load or detached soil is more than the 

transport capacity, there will be deposition. It could be concluded that the soil erosion 

process is a consecutive process that is variable as to the slope, time of rainfall, and 

overflow. The last process is sediment deposition. The soil particle will be precipitated 

due to the gravitation and speed reduction of water current.  The precipitation is a 

factor that differentiates the soil erosion equations, for example, Universal Soil Loss 

Equation: USLE), and the actual sediment. So the Sediment Delivery Ratio: SDR is 

used to assess the actual sediment delivery to solve the problem of sediment 

deposition at the outlet (7). 

 

2.2.2 Factors of Soil Erosion 

Soil erosions around the world are mainly caused by water current. It is 

noticeable can see that soil erosion in each place is different in the quantity because 

water is the main factor that causes the different soil erosion. 

The fundamental factors that affect the soil erosion consist of climate, 

topography, soil, plants and human (22).  It is concluded in the mathematical equation 

as follows: 
 

Erosion = f (C, T, V, S, H) ……………….(2-1) 
   

 When    C = climate 

   T = topography 

   V = vegetation 

   S = soil 

   H = human’s activity  

       Moreover, the soil erosion will be more severe when there are the 

following accelerators: 

- Abnormal rainfall 

- Disturbed forests for slash-and-burn farming 
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- Constructions 

- Constructions of roads and ways 

- Up and down tillage on sloping area 

- Husbandry on the mountains and on high sloping area 

 

2.2.3 Result of Soil Erosion 

 Naturally, soil erosion is usually happen according to the process of 

earth’s surface adjustment at the low speed level. The effect of such natural process is 

suitable for human beings. However, if this process is accelerated by human for 

whatever reason, the damage will be happen and affected the economic and human’s 

life quality(5) as follows:  

  

• Soil loss – this results to the reduction of soil fertility, humidity 

storage capability, agricultural suitability and permeability. 

• Shallow stream due to the sediment deposition in the lower plain 

area this results to the soil’s physical structure, agricultural suitability, and the 

chemical, biological, and physical quality of the stream. 

• Water loss due to the compression of soil surface and the decrease 

of permeability rate. 

• Poisonous chemicals such as heavy metal, pesticide, fertilizer, plant 

nutrient flow into the water and cause the water resources contaminated. 

• Sediment deposition in the reservoir above the dam is increased.  

This affects to the energy use, reduction of fish resources because the sediment has 

protected the sunlight and leads to water pollution phenomena, the public economic 

and social will be disturbed accordingly. 

 

2.2.4 Instruction for Study and Estimation of Soil Erosion 

 The study and estimation of soil erosion begin with the simple 

observation on the change of soil surface level, after that scientific experiments and 

equation had been used to estimate the soil erosion. The study methods are as follows: 
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• Estimation from environmental factors: the soil erosion will happen 

more or less, it is up to the human’s activities rather than nature. When human 

changes the natural conditions for agricultural purpose, the soil is disturbed by tillage 

tools consecutively. So the soil’s consistence strength is also decreased, the soil 

erosion increases. In the area that has a few soil, stones will gradually appear. And in 

the area that has some big old trees, it can be simply estimated the soil delivered 

because we will see roots surfacing from the tree stem due to the severity of soil 

erosion (23). 
 

• Study from the experimental bed: the evolution of the study of soil 

erosion has been made for hundreds of years.  At the beginning soil scientists 

observed the soil erosion at agricultural area which there were traces of soil surface 

delivery every rainfall and overflow. A German soil scientist named Wollny is the 

first person who studied this subject during 1877 – 1895 A.D.  He made an 

experimental bed to study the damaged soil structure due to the raindrop.  He planted 

and tried to use soil covered materials at slopes that affect the overflow and soil 

erosion.  In USA the study began in 1915 in the agricultural and forestry area.  Many 

types of artificial rainfall makers were investigated for study the rainfall characteristic 

that cause soil erosion (20). 
 

• Study in watershed area: the effect of soil erosion can be seen from 

the conditions of water in the stream. Rapp (24) said that the system of soil erosion 

and sediment delivery should be studied together for both natural watershed and 

watershed under various environments.  The study should also include the land use.  

Watershed area is divided into 3 main groups: watershed in mountains: watershed area 

which is the stream origin is covered by several plants, agricultural watershed is the 

watershed used for agriculture, and watershed in town (21).  It is hard to study the soil 

erosion directly from the watershed because there are many factors that can cause the 

soil erosion.  It’s difficult to get the result from unsmooth area and big watershed.   

There are 3 study methods: 
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1) Study from the watershed by classifying the watershed in 

several similar groups, and analyze the value of soil loss of each group per area, then 

sum up to be the soil erosion in watershed area. 

2) Study by calculating the fundamental factor of USLE, which 

will be the estimation of annual sum up. 

3) Study by using the data of sediment delivery from watershed 

got from water measurement station, or calculating by using ready made equation, and 

the result will be analyzed with sediment delivery ratio and physical conditions of 

watershed, so we can know the result of soil erosion in that watershed. 

 

• The study from USLE, the techniques and study methods of soil 

erosion have been developed for a long time in USA.  The equation was first used in 

1940, and has been developed since then.  From the study of Wischmeier and Smith 

(25) the equation has been processed and developed to be USLE.  This is the start of 

using USLE worldwide.  There are 6 factors used for calculation of soil loss as 

follows: 

A = RKLSCP ……………(2-2) 
 

  When   A = soil loss amount per area 

   R = rainfall factor 

   K = soil erodibility factor    

   L = slope length factor 

   S = slope gradient factor 

   C = cropping factor 

   P = soil conservation practice factor 

  

Soil loss equation has been widely used since 1965, and improved 

continuously, until 1978 the variables have been improved for popular use.  It can be 

used to estimate the soil erosion at other places, especially in the area with complete 

data, also used to make a land management plan (5). 

 This equation can be used as an instruction to set a soil conservation 

measure.  For the criteria to be considered, Wischmeier (26) said that the factor of 
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rainfall, soil quality, land use, land slope and methods of conservation must be used 

altogether, especially soil loss due to soil erosion in sheets, and small channel of water 

only.  It is not correct to assess the soil loss through big water channel or assess all 

watershed area. 

 At present the USLE is the best method used to estimate the soil loss 

(27), though it is not quite perfect.  The USLE is used to estimate the soil loss in 

several parts of the world.  Moreover, it is also applied to use with the watershed.  The 

result of estimation will be used for effective land use planning in accordance with 

soil character and arrange a suitable protection for soil erosion. 

 

2.3 Universal Soil Loss Equation: USLE 
Universal Soil Loss Equation consists of 5 factors as fallows: 

 

2.3.1 Rainfall Factor (R-factor) 

R-factor is the long-term annual average of the sum of kinetic 

energy of the maximum rainfall intensity within 30 minutes of each rainstorm, divided 

by 100, which is called EI30 or Rainfall factor (R), while the rainfall used to calculate 

EI30 should be over 1.25 cm. (13 mm.), and each rainstorm should be at least 6 hours 

from the previous rainstorm (26). 

    To fix the location or measure to protect the sediment delivery, 

each soil loss by every rainfall strom has to calculate. The result from USLE is usually 

different from the actual value (25). To calculate the soil erosion or EI30 every rainfall 

strom, an equation can be written as follows: 

 

 

    EI30  =  ∑ Ke*Ra30*I30/100   …………(2-3)     

 

    Ke = 210.3+89log10 (Icm)    …………(2-4) 

 

    I30 = Ra30/t30          ………………….(2-5)           

 

When  EI30 = soil erosion of one rainfall (metric ton/hectare * cm/hr) 

n 

i=1 
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  Ke   =  kinetic energy of rainfall per unit (metric ton/hectare /  

   hectare-cm.) 

I30 = maximum intensity in 30 minutes of each rainstorm 

(cm./hr) 

Ra30= maximum rainfall within 30 minutes of each rainstorm 

(cm.) 

  t30 = 30 minutes that has the maximum intensity of each  

 rainstorm  

 

2.3.2 Soil Erodibility Factor (K-factor) 

Wischmeier and Smith (26) said that the soil erodibility is different 

from the soil erosion. The soil erosion either high or low depends on the slope of area, 

the rainfall erosivity, soil texture and covered vegetation, as well as land management, 

rather than its original character. However, it can be said that in the same condition a 

kind of soil can be eroded easier than another kind.  The difference in erosion is 

resulted from its original character. This character is called the soil erodibility. The 

characters of soil relevant to the soil erodibility are: size and structure, texture, organic 

matter, permeability, clay particle, and soil depth.  The soil erodibility is assessed by 

experiment, which means the soil loss ratio per unit of soil erosion in the trial bed 

which size is 72.6 ft. long, and 9% of slope, tillage up-down along the slope for 2 

years consecutively to prevent the vegetation during the time of soil loss 

measurement.  The trial bed will be ploughed and prepared like corn bed and then 

ploughed as required.  This is to prevent any vegetation and the tightened soil surface.   

To assess K from the trail bed, it takes a lot of time, tools and cost, so 

Wischmeier (28) tried to find the soil erodibility by using 5 qualifications of soil: 

percentage of silt + very find sand, percentage of sand, percentage of organic matter, 

soil structure, and permeability.  These qualifications are relevant significantly to the 

soil erodibility, and used to make a nomograph. (Fig 2-1) 
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Source: Wischmeier (28) 

Fig 2-1 K – factor (Nomograph) 

 

For the soil that consists of silt and very fine sand (size 0.05 to 0.10 

mm.) less than 70%, we can find the soil erodibility from the nomograph by using the 

following equation (29) 

 

100K = 2.1M1.14 (10) -4 (12-a) + 3.25 (b-2) + 2.5 (c-3) ….. (2-6) 

 

 When    M = (% silt + fine sand) (100 - % clay) 

    a   = % organic matter 

    b   = represent the soil structure  

    c   = rate of permeability 

 

2.3.3 Topographic Factor (LS-factor) 

Topography is a factor that affects the soil erosion because it will 

promote the gravitation to influence the soil erosion.  The two main points are : slope 

and slope length. Slope length and slope gradient affect the ratio of soil erosion (27). 

If the slope gradient is more deep angle and slope length is more wide, it can cause 

more soil erosion and overland flow (30). 
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According to the study of relationship between the slope and slope 

length, and the soil loss in standard experimental bed, the ratio of soil loss in different 

slopes, and slope lengths can be used to make a slope effect chart, which is easily to 

find LS. LS is the ratio of soil loss per area unit between soil loss in the slope area, 

and slope length. This factor is assessed separately in the research. The USLE is also 

used together with LS-factor. These factors can be assessed by using the following 

equations (26): 

 

      L  =  (λ/22.3)m    …………………………….(2-7) 

 

    S =  65.41 sin2θ + 4.56 sinθ + 0.065…………(2-8) 

 

   or         S =  0.43 + 0.3s + 0.043s2/6.613   …..………(2-9)  

   When   λ    =  slope length of the area (m) 

     m    =  powered value which are: 

     =  0.5  at the slope level > 5% 

     =  0.4  at the slope level 3.5-4.5% 

     =  0.3  at the slope level 1-3% 

     =  0.2  at the slope level < 1% 

     θ  = angle of the slope 

      s = percentage of the slope 

 

2.3.4 Cropping Management Factor (C-factor) 

C of the same plant, but in different area may be different, although it 

is in the same period of the year.  This is because of the different rainfall intensity.  To 

set the C-factor of any plants in each local area, it is necessary to have knowledge 

about the rainfall and scattered rain of that area in several period in one year, and 

understand the efficiency of the plant as well as the litter covering the soil (5) 

Naturally the efficiency of covered vegetation on controlling soil 

erosion in the USLE is influenced by components of plant interception, litter floor, 

and cultivated floor or plant components.  The correct C factor should come from the 
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natural experiment under natural plants and rainfalls, and different planting methods 

(26). 

For C-factor, Wischmeier (31) assessed C-factor of the best 

management and most perfect forestry, C is 0.001, and for undisturbed forestry, C-

factor is around 0.0001-0.009, grass field and deserted land are around 0.003 – 0.45, 

depending on litter, vegetation covered area, and height of tree shading. C-factor for 

grass field and deserted land has hardly been studied on experimental beds, especially 

Thailand.  In USA the average approx. 0.02 is always used for general grass field (5).  

Besides a lot of people have assessed plant management factor, for example, Pornchai 

(32) who studied the covered vegetation, and management for coffee farm in the hill 

evergreen forest in Chiang Mai, Wanlert (33) studied the covered vegetation and 

management for Thai Green Hibiscus Pod in Khon Kaen by using equation of soil loss 

in each rainstorm, and average in annual which was 0.31. While Surajit (34) studied 

C-factor of rice after rice farming by disposing the litter from the bed and leave the 

litter in beds which was 0.8 and 0.62.  And only one rice farming which was 0.68. 

Wasuthep (35) studied and found C-factor of upland rice cropping after upland rice 

cropping in Lampang Provice. C-factor excluding rice and with litter in the beds were 

0.83 and 0.42 respectively. But if planting rise followed by soybean, C-factor were 

0.72 and 0.48. However, when studying in the same manner in Chiang Mai, C-factor 

are 0.76, 0.53, 0.64 and 0.51 respectively.  Department of Land Development has used 

the study of plant management both local and overseas to apply for the mentioned 

factor to be suitable for land use (36). 
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Table 2-1 Cropping Management Factor (C-factor) and Conservation Practice 

Factor (P-factor) for the North of Thailand 
 

Land Uses C-factor P-factor 

Rice field 0.280 0.1 

Crop 0.474 1.0 

Corn 0.502 1.0 

Bean 0.406 1.0 

Soy bean  0.421 1.0 

Mango  0.015 1.0 

Tamarind 0.150 1.0 

Bamboo 0.020 1.0 

Rotation crop 0.250 1.0 

Grass land 0.100 1.0 

Intergraded farming   0.225 1.0 

Evergreen forest 0.003 1.0 

Deciduous forest 0.048 1.0 

Agroforestry plantation 0.088 1.0 

Natural grassland 0.015 1.0 

Bamboo forest 0.150 1.0 

Source: Department of Land Development (36) 

 

2.3.5 Conservation Practice Factor (P-factor) 

The water and soil conservation measurement, such as, slope 

ploughing, contour cultivation can reduce the soil loss (37). Conservation practice 

factor is the ratio of soil loss in a conservation method and soil loss in tillage slope 

area under the same circumstance, but different technical practice, i.e., contour 

cultivation, strip cropping, contour strip cropping and terracing (38). P-factor is 

divided into 4 systems: 
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1) Contouring agriculture 

2) Control the planting row and adjust ditch level  

3) Contour strip cropping 

 

Wischmeier and Smith (26) described that forestry soil covered with 

high organic matter, the value of organic matter and conservation factor is 0.7 and for 

plants with no conservation system in every slope, the P-factor is 1. 

 

Table 2-2   Conservation Practice Factor (P-factor) 

 

P-factor  

Slope (%) Contouring Contour Strip Cropping Terracing 

2-7 0.5 0.25 0.5 

8-12 0.6 0.30 0.6 

13-18 0.8 0.40 0.8 

19-24 0.9 0.45 0.9 

Source: Arnoldus (39) 

 

2.4 Sediment Delivery Ratio: SDR 
 

 2.4.1 Sediment Delivery Ratio: SDR 
 Sediment is caused by soil erosion. The precipitation is the last 

process of soil erosion. The precipitation shallows streams, reduces stream capacity, 

and leads to overflow. The precipitation is also occurred by several factors: size of 

sediment, current speed. The quantity of sediment depends on the power of runoff on 

sediment delivery, so the soil quantity in watershed area that depends on transport 

capacity of overland flow. Eroded soil will be precipitated in that watershed. Only 

some parts that water can take to the stream and become sediment in runoff.  The ratio 

of the measured sediment at a place of the stream and on-site erosion is called 

Sediment Delivery Ratio: SDR (7). The soil erosion can be assessed by the USLE. 
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The Sediment Delivery Ratio is up to the following factors: size of watershed, slope, 

and height of watershed and length of main stream. 

 

SDR = Total annual sediment(S) * 100 ………….. (2-8) 

            Annual rate of soil erosion (A) from USLE 

 

When    A     =    rate of soil erosion (ton/year) 

 

Table 2-3 Relationship between Watershed and SDR 
 

Watershed (km2) Sediment Delivery 

Ratio (SDR) 

0.05 0.58 

0.1 0.52 

0.5 0.39 

1 0.35 

5 0.25 

10 0.02 

50 0.14 

100 0.13 

500 0.08 

1,000 0.06 

Source: Kirkby and Morgan (40) 

 

 From Table 2-3 it appears that the small watershed’s SDR is higher than that 

of large watershed. So some eroded soil surface will be settled precipitate at lower 

slope. For large watershed the sediment will occur along the stream which has fewer 

slopes than small watershed at the stream origin (7). Refer to SDR in Thailand as 

studied; SDR is relevant to the physical conditions of watershed as Table 2-4. 
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Table 2-4 Relationship between SDR and Physical Factor and Sediment Delivery 

Factor in Thailand 
 

Researchers Watershed Equation Form Equation

Srison (1984) The North East Watershed SDR (%) = 2952.35A – 1.05 9 

Tangtham 

and 

Truwattana 

(1989) 

The North Watershed SDR (%) = 4.635+90.5037Dd – 

                  403.6575R/L  

                   R2 = 0.7129 

SDR (%) = -20.2867+1.9363 

                   WSC4+27.760Dd 

                    R2 = 0.8909 

SDR (%) = -65.2969+0.9525  

                   WSC3+2.1558WSC4 

                   +0.0266Ra                  

 

 

10 

 

 

11 

 
 
 
      12 

Source: Nipon (7) 

Note  A  = Watershed 

Dd = Drainage Density (km./ km2.) 

R/L = Rate of Level 

WSC3 =  Watershed Class 3 (%) 

WSC4 =  Watershed Class 4 (%) 

 Ra  = Rainfall per annum (mm.) 

 

 Dunne (23) has analyzed SDR from several kinds of watershed by estimating 

from the following equation: 

 

  SDR = 36a-0.2% ………… (2-13) 

 

 When a = Watershed (hectare) 

  SDR = Sediment Delivery Ratio (%) 

 

From the equation (2-13) Sediment Delivery Ratio can be assessed as to the 

equation 2-14 as below: 
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Amount of Sediment  = (SDR x A)/100 ton per hectare ……(2-14) 

 

  When   A  = Watershed area (hectare) 

  SDR  = Sediment Delivery Ratio (%) 

 

 2.4.2 Methods of Assessing Sediment Delivery 

  Use of watershed area is not only the cause of loss of soil surface, 

water, and fertility, but also the origin of sediment in rivers, canals, streams, brooks, 

and reservoirs. Since the soil loss and sediment are natural consecutive process, the 

amount of sediment depends on several factors.  Stream power is one factor that 

delivers sediment, so as the soil in watershed that depends on transport capacity to 

deliver sediment of overland flow to the stream. A part of soil will be eroded and 

precipitate in that stream, and become sediment in runoff (7). Methods of assessing 

amount of sediment can be divided into 3 methods: 

 

1) Direct Method 

This method is used when the location of study area is in the same 

location or near the hydrological observation station that measures sediment quantity.  

Suspended solids quantity will be measured at the crossed stream.  The result will be 

used to create the relationship between quantity of sediment and water in equation.  

This method is popular (41). 

 

SS = a.Qw 
b ……………. (2-15) 

 

When SS = Quantity of suspended solids (ton) 

 Qw = Quantity of water (million cu. m.) 

 a.b = Fixed coefficient of relationship 

 

From the equation (2-15) when input water quantity and fixed 

coefficient, we will know the quantity of sediment from the graph of overflow in years 

as required. This result will be used to assess total sediment quantity flowing in the 

stream.  This is an easy method to assess the sediment quantity, but in mathematics 
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simulation for that area only. Since a and b is fixed coefficient of relationship between 

suspended solids quantity and analyzed water quantity, so it cannot be used for other 

streams (42).  The relationship of water quantity in stream and sediment quantity in 

stream has been studied in many streams. 
 

 Supat (43) estimated the sediment quantity from factors of 

biophysical science of Chee watershed, and found that water quantity in the stream 

was more relevant to the sediment quantity than other all factors.  The equation is as 

follows: 

 SS  = 2.45 x 10-5 Q 1.0773 …………..(2-16) 

 

When SS = Sediment quantity (ton) 

 Q = Runoff quantity (m3) 

 

 For Yom watershed, it has been studied and analyzed on the 

relationship between suspended solids quantity in average per year and rain support 

area.  This was to analyze and find an equation to assess suspended solids quantity of 

this watershed.  The data of monthly suspended solids quantity from 4 stations has 

been collected, and the equation is as follows (44): 

 

  SS = 15.65A 1.2 (r = 0.95)………… (2-17) 

 

When SS = Suspended solids quantity (ton) 

 A = Rain support area (km2) 

 

2) Hydrological Method or Indirect Method 

 This method is suitable for use in the study area that is not in the 

same location or near the hydrological observation station.  This method is used to 

assess the sediment quantity by getting the data of sediment from several hydrological 

stations in the same location or near the study area, and the data should be consecutive 

to create the relationship between sediment quantity and water support area. 
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 To do the regression analysis of relationship between annual 

suspended solids quantity in average and rain support area, the following equation of 

regression is used: Equation to forecast the sediment quantity 

 

 Qs = a.Dab ………………….(2-18) 

 

When Qs = Annual suspended solids quantity in average 

    ton/year 

 DA = Water support area (km2) 

 a, b = variable coefficient 

 

From the equation (2-18) when input catchment area, and fixed 

coefficient, the sediment quantity will be known by the size of water support area in 

study area.  The result will be used to assess all sediment quantity in the stream of 

study area.  It is also used to determine the Dead Storages and life time of reservoir or 

to design on hydrology for sediment as required. 

From the relationship between sediment quantity and catchment 

area, many watersheds have been studied, especially Thailand, 25 main watersheds 

has been found for suspended solids.  There are many researchers assessing the 

suspended solids in the watershed area. (45) Estimated the runoff and suspended 

solids in the micro-watersheds of Songkram watershed and figured out the equation of 

relationship of area as to the Table 2-5. 
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Table 2-5 Relationship between Suspended Solid and Water Quality in Songkram 

Watershed  
 

Area (km2.) Equation 

300   –    800                 SS  = 1.0528 x 102Q0.7017         (19) 

800    –  1,600                 SS  =  1.227 x 102Q0.8472           (20) 

1,600 –  4,000                  SS  =  1.0026 x 102Q1.0107        (21) 

Source: Yenruthai (45) 

 

3) Assessment from the USLE 

In order to analyze the soil surface erosion and estimate the 

sediment quantity, all factors will be used in the Universal Soil Loss Equation: USLE 

and SDR like the study of Dunne (23) 

 

2.5 Relevant Research 
 

2.5.1 Study of Organic Carbon in Sediment 

 Carbon loss is mostly caused by delivery of dissolved organic carbon 

and suspended organic carbon into water resources (46). Organic carbon is a part of 

organic matter that was changed and piled up and accumulated in the sediment.  It is 

held by elements.  When the organic matter is decomposed, it will generate organic 

carbon. This organic carbon is easily oxidation, so it is used as energy power.  To 

study organic matter, there are many methods as follows: 

 The studied the carbon quantity which is a component of Dissolved 

Organic Carbon : DOC, or carbon quantity which is a component of Particulate or 

Suspended Organic Carbon: POC or SOC, and used Black and Walkley Method to 

study the organic carbon in several water resources, for example, the organic carbon in 

the Songkhla Lake in 1982 was found at 0.42 – 3.5% and it is also found that the 

organic carbon in sediment of estuarine is very high, which means the organic carbon 

flowed from the river to the lake(46). 
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 Morever, (47) studied the organic matter in water and sediment in the 

Muey Watershed, Tak Province.  By using Black and Walkley Method to study the 

organic matter in sediment, it was found that the organic matter in water and sediment 

was in the range of 0.84 – 236.10 mg/l or 0.1 – 8.40 %. Significant factors that 

affected the quantity of organic carbon in water and sediment are water quantity, 

current speed, land use, watershed’s drainage efficiency, size of watershed, and soil 

properties, etc. 

 

2.5.2 Assessment of soil organic carbon loss due to soil erosion and 

sediment transport   

Organic carbon plays an important role in the soil, so the soil can 

support and remains its biological productivity, and protect the environment. For 

agriculture, the organic carbon is not only the nutrient source for plantation, but also 

improves the soil quality, especially the soil structure.  Soil can absorb more water, 

has better aeration. The surface overflow and soil erosivity are reduced.  But after 

human’s land use, and inappropriate cropping, it leads to soil erosion and loss of 

organic carbon. 

 Manu (48) studied the amount of organic carbon in suspended solids 

which were flowed to the main watersheds in Thailand.  He assessed the organic 

carbon which was delivered and precipitated in Chao Phraya watershed and other 

micro-watersheds by analyzing the concentration of organic carbon in suspended 

solids. It was found that the main watersheds in Thailand had the highest organic 

carbon in suspended solids which is the Chao Phraya watershed, measured at the 

Hydrological Meteorological Station, Chainat Province. The next ranks were: Ping 

watershed, Mool watershed, Kong watershed which had the suspended solids 240,176 

207,588 164,518 and 78,022 ton/year, respectively. The high amount of sediment in 

Chao Phraya watershed was affected by the accumulation of sediment from micro-

watersheds: Ping, Wang, Yom, and Nan. For the rest of watersheds there was not 

much sediment delivery. Total organic carbon delivery in the country was not less 

than 1,054,237 ton per year. If it did not include Chao Phraya watershed, that had the 

highest sediment load, Ping watershed had the highest sediment, then Ton Lake, Nan, 

Bangpakong, Prachinburi, Mae Kong and Chee watersheds which had 6,124 3,854 
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2,467 2,439 1,877 1,359 and 723 km/ km2/year, respectively. From the study, it was 

also indicated that the factors that affected the organic carbon loss in suspended solid 

delivery were slope topography and land use. Moreover, the soil in some watersheds is 

salty which could cause dispersion, and might affect the potential of storing organic 

carbon. 

Abdul (49) studied the runoff, soil loss and soil nutrient of a small 

watershed in Bangladesh which area was 1 hectare.  The cropping in the area is mixed 

perennial trees. The study period was 1 year. The watershed has been divided into 3 

parts: top, middle and bottom. The Revised Universal Soil Loss Equation: RUSLE 

was used to study the soil loss. It was found that the ratio of soil loss was 41.1 Mg/ha-

yr and Sediment Delivery Ratio (SDR) was 0.57. The study on nutrient loss was 

focused on organic matter, necessary and unnecessary nutrient.  From the study of 

organic matter loss, it was found that the soil organic matter at 0-10 cm. depth was 

3.8%, and soil loss in sediment was 945 km./hectare and organic matter amount 1.9%. 

The loss of organic matter and nutrient were also relevant to the ratio of soil loss, 

which would increase according to the increase of soil loss ratio. 

Antonio (50) studied the organic carbon from soil erosion in the 

forestry area in Canary Island, Spain, and assessed the organic carbon loss caused by 

water.  By using the USLE, it was found that the ratio of soil loss was 9.6 ton per 

hectare per year.  Black-Walkley Method was used to analyze the amount of organic 

carbon.  The amount of organic carbon at 0-5 cm. depth was around 120 ±1.5 g C/kg, 

which was 2.4 kg/C/m2.  The organic carbon in solid sediment was around 116 ±18.1 

g C/kg, which was 114.4 g C/m2-yr. The concentration of organic carbon of runoff 

was 12±13.6 mg/l, in which the dissolved organic carbon was 1.03 g C/m2-yr.  The 

ratio of organic carbon in soil and in sediment and soil organic carbon and runoff were 

0.97 and 0.06 respectively. It could be concluded that the loss of organic carbon from 

soil erosion more than the loss of organic carbon of runoff. This was because the ratio 

of measured carbon loss was less, but the loss of organic carbon in sediment was 

more. 

Gregorich (16) studied the dispersion and carbon loss by erosion and 

sediment delivery, and found that the soil erodibility reduced the accumulation of 

organic carbon by the duration of land use.  The USLE was used to find the ratio of 
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soil erodibility and the organic matter by the depth, types, and duration of land use for 

corn, soybean, and cereal cropping for 23, 57 and 74 years.  For 74 years of land use, 

the soil loss was 54%, carbon loss was 49 Mg/ha, when comparing to 23 years of land 

use, the soil loss was 28%, carbon loss was 15 Mg/ha.  It could be concluded that the 

long term land use would affect the soil and carbon loss. Besides, there were other 

factors resulting to carbon loss, such as, temperature, rain, soil texture and soil 

erodibility, etc. 

Lal and Polyakov (15) studied the model of organic matter’s 

movement that was affected by the soil erodibility caused by water.  The study area 

was used for corn and soybean cropping.  By using the USLE to study the soil loss, it 

was found that the ratio of soil loss was 10 ton hectare/year. The organic carbon loss 

was at 0-30 cm., equivalent to 19% and the ratio of increased organic matter was 1.7.  

The organic carbon loss was assessed from the relationship of soil loss ratio 

(ton/hectare-yr), the concentration of carbon loss (%) and Sediment Delivery Ratio: 

SDR, which were related in straight-line equation. This could conclude that the soil 

erodibility was the accelerator of organic carbon loss by using model and forecast. 

Mike (51) studied the relationship of soil erodibility and carbon loss 

in soil of Tutara Watershed which study area covered 2,963 hectare, and lake area was 

179 hectare.  They studied the carbon loss from soil collapse, and soil erodibility by 

relating the erodibility, sediment delivery and carbon quantity.  It was found that the 

ratio of carbon loss in soil by measuring the carbon in sediment in the lake is 0.94 

±0.23 Mg C/ha-yr, which came from two sources: soil erodibility 0.44 ±0.17 Mg 

C/ha-yr and soil collapse 0.5±0.15 Mg C/ha-yr.  Sediment Delivery Ratio: SDR was 

0.56.  The study result could be used to build a model to forecast and assess the soil 

carbon quantity. 

Sharma and Rai (52) studied the stream flow, sediment and carbon 

delivery from Himalayan watershed in India, covered the area of 3,014 hectare, 

consisting of 5 micro-watersheds. The land use was different and divided into 9 

groups.  The land has been used for forestry, agriculture, cropping, and gardening.  

The land was also used for agroforestry. The study was done in 3 seasons: summer, 

rainy and winter. The study was focused on the concentration of sediment by 

collecting the sample of water from each micro-watershed.  By using Black-Walkley 
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Method to study the carbon quantity, it was found that the ratio of soil surface loss of 

all watersheds was between 6-7 ton/ ha/year.  The carbon was lost in organic carbon 

833 ton/year, and dissolved organic carbon 2,025 ton/year and around 90% results 

from the open farming after harvest, soil loss and different quantity of carbon in soil 

according to the land use, and different covering. It was also found that the soil loss 

carbon had relationship with each other. 
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CHAPTER III 

MATERIALS AND METHODS 

 

 

3.1 Materials 
 

1) Mae Thang Watershed’s Topography Map in 2006, at scale of 1: 5,000 and 

contour interval at 5 meters from the Institute of Research for Development: IRD.   

2) Phrae Province’s soil Map in 1977, at scale of 1: 50,000 from the 

Department of Land Development  

3) Mae Thang Watershed’s Land use Map of in 2006, at scale of 1:50,000 of 

the Institute of Research for Development : IRD 

4) Geographical Positioning System (GPS) 

5) Computer equipments with GIS software, i.e. Arcview 3.3, and ERDAS 

Imagine 8.6 

6) Equipments for soil and sediment sampling 

 

3.2 Methods and Data Analysis 
To assess the soil organic carbon loss caused by soil erosion in the form of 

sediment reaching to the stream, the study was conducted by assessing the soil loss 

(A) by using Universal Soil Loss Equation (USLE) in each month together with 

topographic information. The factors of soil erosion: Rain fall Factor (R-factor), Soil 

Erodibility factor (K-factor), Topographic factor (LS-factor), Cropping Management 

factor (C-factor), and Conservation Practice factor (P-factor), to take add consider by 

using GIS analysis to find the relationship of each factor. Then the amount of 

sediment reaching to stream by using the relationship of amount of sediment and soil 

loss calculated from soil loss equation. 

 To assess the loss of organic carbon, the amount of organic carbon both in the 

soil and sediment in each month, then analyzed the relationship of organic carbon 



Haruthai Tippayachan                                                                                    Materials and Methods / 36

amount naturally flowing to water resources with the organic carbon amount form the 

laboratory analysis. 

 

3.2.1 Data Collection 

 The data is divided into 2 types: 

1) Data from relevant units:  

- Geographic information from Department of Environmental 

Quality Promotion, in 2001, at scale of 1:50,000, consisting of contouring layer, 

stream routes, traffic routes, and village locations. 

- Soil Data from soil map at scale of 1:50,000, from Land 

Development Department. 

- Data of suspended solid amount from the sediment amount of 

Huay Mee, Huay Ma Nai, Huay Bong, Huay Tong watershed, in the area of Yom 

Watershed Research Station, The National Park, Wildlife and Plant Conservation 

Department, Rong Kwang District, Phrae Province, data collected during year 2003-

2004. 

- Data of runoff at Yom watershed Research Station, The 

National Park, Wildlife and Plant Conservation Department, Rong Kwang District, 

Phrae Province, data collected during year 2003-2004. 

 

2) On-site Data 

- Sample of soil in the area of Mae Thang watershed (Huay Mee, 

Huay Ma Nai, Huay Bong and Huay Tong watersheds) was used to analyze in the 

laboratory soil texture, soil structure and amount of soil organic matter. Soil was 

collected at the depth of 0-30 cm. from the soil surface at 4 sub-watersheds. 

- Sample of soil in the area of Huay Mee watershed, Huay Bong 

watershed and Huay Tong watershed was analyzed for the amount of soil organic 

carbon, collected from 0-30 cm. depth at slope levels: upper, middle, and lower 

pattern of slope gradiant. 

- Sample of sediment in Huay Mee watershed, Huay Ma Nai 

watershed, Huay Bong watershed and Huay Tong watershed was analyzed for soil 

texture and organic carbon. 
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- Data collection about the amount of suspended solid (SS) in 

water resources at Huay Mee watershed, Huay Ma Nai watershed, Huay Bong 

watershed and Huay Tong watershed. 

- Data of rainfall from statistics getting from rain recording gauge 

at Yom watershed Research Station, the National Park, Wildlife and Plant 

Conservation Department from June – October 2005. 

- Investigation, and examination for correctness of the data of 

land use in the studied area to substitute in the USLE : Cropping Management Factor 

(C-factor) and Conservation Practice Factor (P-factor)  

 

3.2.2 Data Analysis 

Details about data analysis were as follows: 

 

3.2.2.1 Soil Loss Analysis 

 The analyze about soil loss by using relevant data was studied to 

find the fundamental factor of USLE detail below: 

 

1) Rainfall Factor (R-factor) 

The amount of rain storm and rainfall distribution, which set 

the energy of soil erosion, and the sediment delivery ratio were applied to find the 

average rainstorm, The data was collected from rain recording gauge, on the condition 

that the rain should fall after the last rainfall at least half an hour, and the rain intensity 

should be over 1.25 cm. (13 mm.). Then the rain intensity per rainstorm was used to 

substitute in the equation 3-1. The result would be the factor of rainfall erosivity 

(equation 3-4), and used to create a map of monthly rainfall erosivity of the studied 

area by using spatial analysis module of Arcview 3.3 

 

   EI30 =  ( ∑ Ke*Ra30*I30max )/100  ……………..(3-1) 

 

   Ke   = 210.3+89log10 (Icm)       …..……….…….(3-2) 

    

 

n 

   i= 1 
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   I30max  = Ra30/t30                       …………….…...(3-3) 

 

   R   = ∑ (EI 30)           ….………….……(3-4) 

     

When   

 EI30   =  rainfall erosivity at one time (ton2/hectare *cm/hr) 

 Ke    =  kinetic energy flux per rainstorm (ton2/hectare-cm.) 

I30max = maximum rainfall intensity in 30 minutes of each rainstorm    

           (cm/hr) 

Ra30 = amount of rainfall in 30 minutes with the most intensity in  

           30  minutes per rainstorm (cm.) 

t30 =  30 minutes of period with maximum rainfall intensity per 

           storm  

R  =  monthly rainfall (ton2/hectare*cm/hr) 

n =  number of rainstorm in each month 

N  =  number of rainstorm per month 

 

2) Soil Erodibility Factor (K-factor) 

  The soil erodibility was studied by five properties: the 

summation of silt and very fine sand particle percentage, percentage of sand particle, 

percentage of soil organic matter, soil structure, and soil permeability rate (7). In this 

study the mentioned data of soil series was used as a factor by using nomograph.       

K value was used to plot in a map to show the factor of soil erodibility in each month.  

 

3) Topographic Factor (LS-factor) 

  To find the factor of landscape or slope length and slope 

gradient, Geographic map from geographic information system of Phrae Province was 

applied, since every 5 m. of each contour interval was set up in a Digital Elevation 

Model: DEM by using ERDAS IMAGINE 8.6 to calculate the slope length and the 

slope gradient. The slope length would be used to substitute in the equation 3-6 to 

draw a map of slope length factor. The slope factor could be found from the 

percentage of slope gradient for use in the equation 3-6 (26).  The slope was classified 

i= 1 

N
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by the classification of Land Development Department to find LS-factor and draw a 

map of slope gradient for using in the equation of USLE. 

 

                                      L  =  (λm/22.3)m    ……………………………..(3-5) 

 

     S =  65.41 sin2θ + 4.56 sinθ + 0.065…………...(3-6) 

 

  Or          S =  (0.43 + 0.3s + 0.043s2 )/6.613   …………..(3-7) 

 

  When   

   λm   =  Slope Length (m.) 

    m    =  powered raise  

    equal to 0.5 at slope level > 5  percent 

    equal to  0.4  at between slope level 3.5-4.5 percent 

    equal to  0.3  at between slope level 1-3 percent 

    equal to  0.2  at slope level < 1  percent 

     θ   =  angle of slope  

      s   =  slope gradient (%) 

 

4) Cropping Management Factor (C-factor) and Conservation 

Practice Factor (P-factor)  

  To study the plant management factor and soil erosion 

control factor, we used the data from map of land use which classified the land use by 

investigating the study area monthly during the study period was applied.  The data 

about the land use of and Conservation Practice factor were also verified for the 

correctness by interviewing farmers for data adjustment to be the data close to the 

actual value.  Then classification of land use with the factor C of Department of Land 

Development (33), was compared to drew a map of plant management data layer. 

For the Conservation Practice factor (P-factor), to create a 

layer, it was conducted by importing map of land use from field survey and data from 

farmers in the study area, compared with P-factor of planting system from the table of 
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P-factor of Land Development Department (33). For the area without soil and water 

conservation practices, all P-factors were set as 1 in order to get the actual soil loss. 
 

Table 3-1 Cropping Management Factor (C) for the North of Thailand 
 

Land uses  C-factor 
Rice field 0.280 

Crop 0.474 

Corn 0.502 

Bean 0.406 

Soybean  0.421 

Mango  0.015 

Tamarind 0.150 

Bamboo 0.020 

Rotation Crop 0.250 

Grass land 0.100 

Intergraded Farming   0.225 

Evergreen Forest 0.003 

Deciduous Forest 0.048 

Agroforestry Plantation 0.088 

Natural Grassland 0.015 

Bamboo Forest 0.150 

Source : Department of Land Development (33) 

 

Data of five factors were imported and edited into the map 

(from item 1.1 – 1.4), by using overlay technique together with USLE (26) to analyze 

the soil loss data by Arcview 3.3 program.  

 Then the soil loss was classified into five levels by the 

severity soil erosion levels according to the specification of Land Development 

Department as details of , each level can be shown the ratio of soil loss in table 3-2. 
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Table 3-2 Soil Loss Rate in Thailand  
 

Soil Loss rate 

Soil Erosion level Tons/ rai /yr Tons/ hectare /yr 

1 Very Slight  < 2.00 < 6.25 

2 Slight 2.01-5.00 6.25 – 31.25 

3 Moderate 5.01-20.00 31.25 – 125.00 

4 Severe 20.01-100.00 125.00 – 625.00 

5 Very Severe > 100.00 > 625.00 

Source: Department of Land Development (53) 

 

3.2.2.2 Sediment Delivery Ratio: SDR 

 To find the sediment delivery ratio, we can find from the ratio 

between SS investigated at the 5 specified studying areas (Fig 3-1): 4 sites at the sub-

watershed, i.e., Huay Mee watershed, Huay Ma Nai watershed, Huay Bong watershed, 

Huay Tong watershed, and another point that at the outlet of the 4 watershed, and 

amount of soil loss in the watershed (A) (7). 

 

 

  %SDR = SS/A x 100………………………………(3-8) 

 

When 

  SDR  = Sediment delivery ratio in percentage 

  SS  = Quantity of suspended solid (ton per hectare) 

  A = Quantity of soil loss (ton per hectare) 

 

For the data of SS per rainstorm in each month, the SS collected 

by automatic SS collector that had been set to collect water at specified level at each 

site. The water sample was collected for 1 litter, and filtered by filter paper no. 40 with 

its weight was exactly known, then dried and weighted again. Weights was compared 

with at 105°C dried oven at 24 hours (52).  
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3.2.2.3 The Study of Amount of Carbon in Soil and Sediment 

 

1) The Amount of Organic Carbon in Soil 

Collect the sample of soil according to the classification and 

use in the studying area by using soil cylinder, consisting of 1 set of soil and its use as 

agricultural area, i.e. corn, soybean after planting corn.  Soil will be collected at 0-30 

cm. deep in each site, and three parts according to the slope gradient. The studying 

area has three clear slope gradients, so it is divided into: top gradient (hilly to steep 

slope respectively, slope > 20 %), middle gradient (Undulating and Rolling slope) and 

lower gradient (flat or nearly level). Soil will be collected for 2,000 g. (50) from each 

gradient, three samples for each watershed, total 12 sites (Fig 3-1). Sample of soil will 

be collected monthly through all the semester.  In this study we analyzed the amount 

of organic carbon in the soil by using Walkley-Black method (54). The sample of soil 

from each point will be used to study the soil qualification relevant to the soil 

consistence strength, e.g. soil texture, soil structure, permeability, and amount of 

organic carbon. 

 

Table 3-3 Range of slope gardient 
 

Slope (%) Slope Type Range of slope 

0 - 5 Flat or Nearly level 1 

5 - 10 Undulating 2 

10 - 20 Rolling 3 

20 - 30 Hilly 4 

> 30 Steep 5 

Source: Department of Land Development (55) 

 

2) The Amount of Organic Carbon in Sediment 

Soil sampler was used to collect the sediment from the 

sediment tank at each weir in the studying area approximately 5-10 cm. depth, three  

site at each weir, then mix together, and take it out around 1,000 g., dry at room 

temperature, sieved by a sieve size of 0.2 mm., and keep it in the polyethylene bottle 
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size 100 mm., approximately 50 g. (47), analyze the organic carbon in sediment by 

using Walkley-Black method (54).  The sample of sediment will be collected after 

dredging the sediment from check dam at each study area. 

 

  
               Fig 3-1 Suspended Solid Soil and Sediment Sampling site in the study area 
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3.2.2.4 Carbon Enrichment Ratio: CER 

 The monthly amount of organic carbon in soil (Csoil) according 

to land use, and monthly amount of organic carbon in sediment (Csed) at each study 

area was calculated to find the carbon enrichment ratio: CER. This ratio was 

calculated from the investigated organic carbon by the equation 3-11.     

 
 

  CER  =   Csed    …………………(3-11) 

                Csoil         

 

When    

 CER  = Carbon Enrichment Ratio 

   Csed  = The amount of Organic Carbon in Sediment (%) 

 Csoil =  The amount of Organic Carbon in Soil (%) 

 

3.2.2.5 Carbon Delivery Ratio : CDRtotal 

 Carbon delivery ratio is the ratio of organic carbon in sediment 

(Csed) and the organic carbon in soil (Csoil) which are investigated in each month or 

CER multiplied by the SDR as  the equation 3-12. 

 
 

                         CDRtotal =   Csed  x  SDR…………(3-12) 

                                                        Csoil 

 

When    

 SDR  = Sediment delivery ratio 

 Csed  =  The amount of Organic Carbon in Sediment (ton) 

 Csoil =  The amount of Organic Carbon in Soil (ton) 

  CDRtotal  = Total of Carbon Delivery Ratio  
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3.2.2.6 The Assessment of Organic Carbon Loss  

After the analysis of the amount of soil loss (A), SDR and 

Carbon Delivery Ratio: CDR, we studied the organic carbon loss by erosion and 

sediment transport process was deter minded by the equation 3-13 (modified from 

(15) and (51). 

 

  Closs=Csoil x A x CDR …………………(3-13) 

  

When 

   A           =  Soil Loss rate (tons / hectare / month) 

  CDR      =  Carbon Delivery Ratio  

   C soil     = Soil organic Carbon (%) 

   C loss    = Organic Carbon Loss in Sediment (tons /hectare /month) 
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CHAPTER IV 

RESULTS 

 

 
        Studied watersheds, Huay Mee watershed, Huay Ma Nui watershed, Huay 

Bong watershed and Huay Tong watershed, are sub-watersheds located within Mae 

Tang watershed. The data were collected and analyzed consecutively for 5 months, 

starting from May to October 2005. The results were written. 

 

4.1 The Assessment of Soil Loss by USLE 
 To assess the soil loss of 4 sub-watersheds : Huay Ma Nai watershed, Huay 

Mee watershed, Huay Bong watershed and Huay Tong watershed, we have gathered 

relevant data were gathered to find the fundamental factor of USLE. The study began 

from June to October, 2005.  The result was as follows: 

 

 4.1.1 Rainfall Erosivity Factor (R-Factor) 

 Since rain is a factor that results to soil erosion, the size of raindrop, 

amount and rain intensity also affect the soil erosion. The area of Mae Tang watershed 

in this study is totally 93.16 hectare.  The study area of 4 sub-watersheds is 33.21 

hectare.  There was one type-recording rain gauge for collected rainfall.  The amount 

of rainfall erosivity factor is used to formulate according to the equation 3-1 to 

equation 3-4 to find the rainfall erosivity factor of each watershed per month.  For the 

analysis of the rainfall erosivity, the data of rainfall from June to October, 2005 was 

used to calculate, and the result was as follows: 

 

 1) Huay Ma Nai watershed 

    According to the rainfall erosivity factor in Table 4-1, it was found 

that the rainfall during the end of June to early of October.  The data of rainstorm that 

affected runoff and suspended solid was collected for 21 days.  In June there was one 

rainfall, and the average rain was 0.5 mm. and the rain erosivity factor or EI30, 
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equivalent to 0.05 m-ton/hectare. In July there were 3 rainfall stroms, and the average 

rain was 21.7 mm. The rain erosivity factor or EI30 was between 35.0 – 65.77 m-

ton/hectare. In August and September, there were 8 rainfall stroms per month.  In 

August the average rainfall amount was 18.1 mm. and the rain erosivity factor or EI30 

was between 3.53 – 107.31 m-ton/hectare.  In September the average rainfall amount 

was 28.38 mm. and the rain erosivity factor or EI30 was between 34.07 m-ton/hectare. 
 

Table 4-1 Rainfall Amount and Rain Erosivity factor of Huay Ma Nai watershed 
Rainfall Period Rainfall  E I30max R-factor 

Storm Date start end (mm) (m-ton/ha) (cm/hr) (m-ton/ha) 

1 23/6/2005 0:06 0:54 0.5 9.18 0.5 0.05 

2 13/7/2005 0:06 21:30 23.0 520.90 10.5 54.69 

3 24/7/2005 5:18 22:18 23.5 538.45 6.5 35.00 

4 25/7/2005 11:18 17:30 18.5 439.79 14.5 63.77 

5 4/8/2005 17:54 18:24 20.5 550.31 19.5 107.31 

6 5/8/2005 17:18 18:18 5.0 100.80 4.0 3.53 

7 7/8/2005 15:42 18:24 16.0 359.28 8.0 28.74 

8 12/8/2005 7:30 21:42 29.0 540.62 4.5 24.33 

9 14/8/2005 15:42 18:12 12.0 259.22 7.5 19.44 

10 17/8/2005 8:36 14:48 16.0 304.33 4.5 13.69 

11 27/8/2005 20:48 23:42 25.0 594.36 16.5 98.07 

12 31/8/2005 14:00 19:18 21.0 514.98 15.5 79.82 

13 1/9/2005 0:06 5:18 23.0 456.88 7.5 34.27 

14 9/9/2005 3:24 18:24 30.0 767.72 17.0 130.51 

15 10/9/2005 1:18 12:12 33.5 774.75 12.5 96.84 

16 15/9/2005 15:36 16:30 19.0 489.35 16.5 80.74 

17 19/9/2005 0:30 13:42 54.0 1,182.91 15.0 177.44 

18 27/9/2005 1:42 2:54 15.0 384.61 7.5 28.85 

19 28/9/2005 0:06 4:36 42.5 1,051.62 20.0 210.32 

20 29/9/2005 11:30 13:12 10.0 258.60 6.5 16.81 

21 3/10/2005 16:27 17:09 20.5 524.26 17.5 34.08 

Note:   I30max = maximum rainfall intensity in 30 minutes of each day (cm/hr) 

             E = summary of rain kinetic energy in one day (KE*Rainfall (mm)  

          R-factor = (E* I30max)/100 
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 2) Huay Mee watershed 

     According to the analysis of rain erosivity factor in Table 4-2, it was 

found that rain fell during the end of June to early of October. The data of rainstorm 

that affected runoff and suspended solid was collected for 16 days.  In July there was 

one rainfall strom, and the average rainfall amount was 18.5 mm. and the rain 

erosivity factor or EI30, equivalent to 63.77 m-ton/hectare. In August there were 5 

rainfalls, and the average rain was 18.7 mm.  The rain erosivity factor or EI30 was 

between 13.70 - 107.31 m-ton/hectare.  In September, there were 9 rainfall stroms and 

the average rainfall amount was 27.4 mm. The rain erosivity factor or EI30 was 

between 16.81 - 210.32 m-ton/hectare.  In October there was one rainfall stroms and 

the average rainfall amount was 20.5 mm. and the rain erosivity or EI30 was between 

34.08 m-ton/hectare. 
 

Table 4-2 Rainfall Amount and Rain Erosivity factor of Huay Mee watershed 
Rainfall Period Rainfall  E I30max R-factor 

storm Date start end (mm) (m-ton/ha) (cm/hr) (m-ton/ha) 

1 25/7/2005 11:18 17:30 18.5 439.79 14.5 63.77 

2 4/8/2005 17:54 18:24 20.5 550.31 19.5 107.31 

3 7/8/2005 15:42 18:24 16.0 359.28 8.0 28.74 

4 12/8/2005 7:30 21:42 29.0 540.62 4.5 24.33 

5 14/8/2005 15:42 18:12 12.0 259.22 7.5 19.44 

6 17/8/2005 8:36 14:48 16.0 304.33 4.5 13.69 

7 1/9/2005 0:06 5:18 23.0 456.88 7.5 34.27 

8 9/9/2005 3:24 18:24 30.0 767.72 17.0 130.51 

9 10/9/2005 1:18 12:12 33.5 774.75 12.5 96.84 

10 12/9/2005 11:24 15:54 19.5 484.87 16.5 80.00 

11 15/9/2005 15:36 16:30 19.0 489.35 16.5 80.74 

12 19/9/2005 0:30 13:42 54.0 1,82.91 15.0 177.44 

13 27/9/2005 1:42 2:54 15.0 384.61 7.5 28.85 

14 28/9/2005 0:06 4:36 42.5 1,051.62 20.0 210.32 

15 29/9/2005 11:30 13:12 10.0 258.60 6.5 16.81 

16 3/10/2005 16:30 17:49 20.5 524.26 17.5 34.08 

Note:   I30max = maximum rainfall intensity in 30 minutes of each day (cm/hr) 

             E = summary of rain kinetic energy in one day (KE*Rainfall (mm))  

          R-factor = (E* I30max)/100 
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 3) Huay Bong Watershed 

      According to the analysis of rain erosivity factor in Table 4-3, it is 

found that rain fell between the end of June to early of October. The data of rainstorm 

that affects runoff and suspended solid was collected for 16 days.  In June and July 

there was one rainfall stroms per month.  In June the average rain was 0.5 mm. and the 

rain erosivity factor or EI30, equivalent to 0.05 m-ton/hectare.  In July the average 

rainfall amount was 18.5 mm. and the rain erosivity factor or EI30 was between 63.77 

m-ton/hectare.  In August, there were 4 rainfalls stroms and the average rainfall 

amount was 20.4 mm. and the rain erosivity factor or EI30 was between 13.70 - 107.31 

m-ton/hectare.  In September there were 9 rainfall stroms, and the average rainfall 

amount was 24.9 mm. and the rain erosivity factor or EI30 was between 7.62 - 210.32 

m-ton/hectare. And in October there was one rainfall strom. And the average rainfall 

amount was 20.5 mm. and the rain erosivity factor or EI30 was between 34.077 m-

ton/hectare. 
 
 

Table 4-3 Rainfall Amount and Rain Erosivity factor of Huay Bong watershed 
Rainfall Period Rainfall E I30max R-factor 

Storm Date start end (mm) (m-ton/ha) (cm/hr) (m-ton/ha) 

1 23/6/2005 0:06 0:54 0.5 9.18 0.5 0.05 

2 25/7/2005 11:18 17:30 18.5 439.79 14.5 63.77 

3 4/8/2005 17:54 18:24 20.5 550.31 19.5 107.31 

4 7/8/2005 15:42 18:24 16.0 359.28 8.0 28.74 

5 12/8/2005 7:30 21:42 29.0 540.62 4.5 24.33 

6 17/8/2005 8:36 14:48 16.0 304.33 4.5 13.69 

7 1/9/2005 0:06 5:18 23.0 456.88 7.5 34.27 

8 6/9/2005 11:12 12:18 7.5 169.32 4.5 7.62 

9 10/9/2005 1:18 12:12 33.5 774.75 12.5 96.84 

10 12/9/2005 11:24 15:54 19.5 484.87 16.5 80.00 

11 15/9/2005 15:36 16:30 19.0 489.35 16.5 80.74 

12 19/9/2005 0:30 13:42 54.0 1,182.91 15.0 177.44 

13 20/9/2005 2:36 16:36 15.5 320.90 4.0 12.84 

14 28/9/2005 0:06 4:36 42.5 1,051.62 20.0 210.32 

15 29/9/2005 11:30 13:12 10.0 258.60 6.5 16.81 

16 3/10/2005 16:38 17:37 20.5 524.26 17.5 34.08 

Note:   I30max = maximum rainfall intensity in 30 minutes of each day (cm/hr) 
             E = summary of rain kinetic energy in one day (KE*Rainfall (mm)) 

         R-factor = (E* I30max)/100 
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 4) Huay Tong watershed 

      According to the analysis of rain erosivity factor in Table 4-4, it was 

found that rain fell between the end of June to early of October. The data of rainstorm 

that affected runoff and suspended solid was collected for 21 days.  In June there was 

one rainfall strom, and the average rainfall amount was 0.5 mm. and the rain erosivity 

factor or EI30, equivalent to 0.05 m-ton/hectare.  In July there were 2 rainfall stroms, 

and the average rainfall amount was 21.0 mm. and the rain erosivity factor or EI30 was 

between 18.5 - 23.5 m-ton/hectare.  In August, there were 8 rainfall stroms and the 

average rainfall amount was 18.3 mm. and the rain erosivity factor or EI30 was 

between 8.66 - 107.31 m-ton/hectare.  In September there were 9 rainfall stroms, and 

the average rainfall amount was 27.4 mm. and the rain erosivity factor or EI30 was 

between 16.809-210.324 m-ton/hectare. And in October there was one rainfall strom. 

And the average rainfall amount was 20.5 mm. and the rain erosivity factor or EI30 

was between 34.077 m-ton/hectare. 

 The annual rainfall isohyetal map of 4-sub watershed was separated monthly 

from July to September as shown in Fig 4-1 to 4-3. In June and October had only one 

rain storm, so there was shown in rainfall isohyetal map. 
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Table 4-4 Rainfall Amount and Rain Erosivity of Huay Tong watershed 
 

Rainfall Period Rainfall E I30max R-factor 

Strom Date start end (mm) (m-ton/ha) (cm/hr) (m-ton/ha) 

1 23/6/2005 0:06 0:54 0.5 9.18 0.5 0.05 

2 24/7/2005 5:18 22:18 23.5 538.45 6.5 35.00 

3 25/7/2006 11:18 17:30 18.5 439.79 14.5 63.77 

4 4/8/2005 17:54 18:24 20.5 550.31 19.5 107.31 

5 7/8/2005 15:42 18:24 16.0 359.28 8.0 28.74 

6 12/8/2005 7:30 21:42 29.0 540.62 4.5 24.33 

7 14/8/2005 15:42 18:12 12.0 259.22 7.5 19.44 

8 17/8/2005 8:36 14:48 16.0 304.33 4.5 13.69 

9 19/8/2005 0:00 1:30 7.0 157.46 5.5 8.66 

10 27/8/2005 20:48 23:42 25.0 594.36 16.5 98.07 

11 31/8/2005 14:00 19:18 21.0 514.98 15.5 79.82 

12 1/9/2005 0:06 5:18 23.0 456.88 7.5 34.27 

13 9/9/2005 3:24 18:24 30.0 767.72 17.0 130.51 

14 10/9/2005 1:18 12:12 33.5 774.75 12.5 96.84 

15 12/9/2005 11:24 15:54 19.5 484.87 16.5 80.00 

16 15/9/2005 15:36 16:30 19.0 489.35 16.5 80.74 

17 19/9/2005 0:30 13:42 54.0 1,182.91 15.0 177.44 

18 27/9/2005 1:42 2:54 15.0 384.61 7.5 28.85 

19 28/9/2005 0:06 4:36 42.5 1,051.62 20.0 210.32 

20 29/9/2005 11:30 13:12 10.0 258.60 6.5 16.81 

21 3/10/2005 16:31 17:04 20.5 524.26 17.5 34.08 

Note:   I30max = maximum rainfall intensity in 30 minutes of each day (cm/hr) 

            E = summary of rain kinetic energy in one day (KE*Rainfall (mm)  

         R-factor = (E* I30max)/100 
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Fig 4-1 The annual rainfall isohyetal map of 4 sub-watersheds in July 2005  
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Fig 4-2 The annual rainfall isohyetal map of 4 sub-watersheds in August 2005 
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Fig 4-3 The annual rainfall isohyetal map of 4 sub-watersheds in September 2005 
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 4.1.2 Soil Erodibility Factor (K-factor) 

 For the study about soil erodibility factor, 5 characteristics of soil were 

used: the percentage of silt and very fine sand, sand, organic matter in soil, soil 

structure, and soil permeability (7). The different characteristics cause different soil 

erosion.  This was the specific characteristic that affects the monthly soil erosion.  In 

this study the nomograph is used to find the soil erodibility factor of each watershed. 

Since the soil of these 4 sub-watersheds is the same soil series, Li Series, the sample 

of soil was collected to find the above mentioned 5 soil properties from May to 

October 2005.  Each watershed was divided into 3 parts: upper, middle and lower 

parts with topographic feature.  Each part has slope length between 0-5%, between     

5-20% and over 20%, respectively.   

  When considering the soil properties from Appendix table C-1 to 

Appendix table C-4, which is the soil erodibility factor of each watershed per month, 

it was found that there were 2 stable factors: structure and permeability.  So the 

variable of soil erodibility factor (K-factor) depended on another 3 characteristics of 

soil as below: 
 

1) The percentage of silt with very fine sand at Huay Ma Nai 

watershed, according to the analysis, was 5.58 – 51.10% (Appendix Table C-1).  The 

maximum was at 5-20% of slope length in August while the minimum was also at 5-

20% of the slope length, but it was found in June.  The percentage of silt with very 

fine sand of Huay Mee watershed was between 3.46 – 51.72% (Appendix Table C-2).  

The maximum was at 5-20% of slope gradient in July while the minimum was at 0-5% 

of slope gradient in October.  Huay Bong watershed has the percentage of silt with 

very fine sand between 25.15 - 50.72% (Appendix Table C-3). The maximum and 

minimum were at 5-20% of slope gradient and was found in July and in September, 

respectively. Huay Tong watershed has the percentage of silt with very fine sand 

between 25.10 – 50.78% (Appendix Table C-4).  The maximum and minimum were at 

0-5% of the slope gradient in October and September, respectively. The land was used 

for soybean plantation.  
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2) The analysis about the percentage of sand in Huay Ma Nai 

watershed was between 0.52 – 48.44 % (Appendix Table C-1). The maximum was at 

0-5% of slope gradient of October.  The minimum was at over 20% of slope gradient 

in August.  According the result of analysis, the percentage of sand in Huay Mee 

watershed was between 2.00 - 60.24% (Appendix Table C-2).  The maximum was at 

over 20% of slope gradient in October. The minimum was at 5-20% of slope gradient 

in June.  The percentage of sand in Huay Bong was between 1.44 – 37.45% 

(Appendix Table C-3).  The maximum was at over 20% of slope gradient in October.  

The minimum was at 0-5% of slope gradient in July.  The percentage of sand in Huay 

Tong was between 0.304 – 28.72 % (Appendix Table C-4).  The maximum and 

minimum were at 5-20% of slope gradient in June and September respectively, and 

the land was used for soybean plantation. 

 

  
 

Fig 4 –4 Hydrometer method for texture analysis  
 
 

 
 

Fig 4-5 The analysis of organic matter in laboratory 

 

3) The percentage of soil organic matter has been analyzed with 

Walkley-Black Method (54).  The study has been made monthly, and each watershed 

was divided into 3 parts of slope, the same as above mentioned. The analysis found 

that Huay Ma Nai watershed had soil organic matter between 2.57 to 4.9% (Appendix 
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Table C-1).  The maximum point was at over 20% of slope gradient in May, and there 

was no maize plantation.  The land was rather bare with some ground covered. The 

minimum point was at over 20% of slope gradient in June.  

 The soil organic matter in Huay Mee watershed was between 1.21 – 

4.45% (Appendix Table C-2).  The maximum point was at 0-5% of slope gradient in 

August and in this period the maize was about 3 months old and its leaves and stems 

are rather densely.  The minimum was at over 20% of slope gradient in June, which 

was the period of soil preparation and the maize was planted.  

 The soil organic matter in Huay Bong watershed was between 1.32 to 

5.30% (Appendix Table C-3).  The maximum was at 0-5% of slope gradient in 

September, which the maize was about 4 months old, and harvested, and maize, stalks 

were left to increase soil organic matter. The minimum was at over 20% of slope 

gradient in the same month.  

 The organic matter in Huay Tong watershed was between 0.96 to 

4.02 % (Appendix Table C-4).  The maximum was at over 20% of slope gradient in 

October and it was the soybean plantation.  The minimum was at 5-20% of slope 

gradient in September, which land was used for maize plantation, and the maize was 4 

months old which some were harvested.   

 The organic matter at over 20% of slope length of each watershed 

was likely to decrease from May to August, and started to increase in some sample 

positions in September and October.  The organic matter at less than 5% of slope 

gradient of each watershed was likely to increase from May to August, and started to 

decrease in some watersheds in September and October. 

 The physical characteristics, such as, water holding capacity and soil 

structure, the soil permeability is very fast (>25.0 cm/hr) and there are 2 soil structures 

in the study area: Granular which is unsmooth soil lumping together, almost round, so 

the soil has many pores space, loamy, usually found on the upper soil, especially soil 

with a lot of organic matter.  Another soil structure is Sub-angular blocky.  This kind 

of structure cannot be seen clearly.  Its shape is almost round. 

 All of the above mentioned characteristics of soil in each study area 

was taken to find the soil erodibility (K-factor) by analyzing from nomograph, the 

result was as follows: 
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  From the table of soil erodibility (K-factor) in the study area separated 

monthly for each sub-watershed (Fig 4-6 to 4-10), the soil in 4 sub-watersheds is the 

same series, Li, but the land use was different, so the soil erodibility was also different 

in each month for each sub-watershed.  It was found that the soil erodibility of Huay 

Ma Nai watershed was between 0.06 – 0.36 (Table 4-5).  The minimum soil 

erodibility was at 0-5% of slope gradient in October.  The level of soil erodibility is 

low which was 2.19 hectare or 18.56% of this watershed area, and the maximum was 

at 5-20% of slope in August.  The level of soil erodibility was very high which was 

8.06 hectare or 68.31% of this watershed area.  

  The soil erodibility of Huay Mee watershed was between 0.07 – 0.45 

(Table 4-5).  The minimum soil erodibility was at 0-5% of slope gradient in October. 

The level of soil erodibility was low which was 9.41 hectare or 98.02% of this 

watershed area, and the maximum was at 5-20% of slope gradient in September.  The 

level of soil erodibility was very high and the area was at 0-5% of slope gradient.  

  The soil erodibility in Huay Bong watershed was between 0.05 – 0.28 

(Table 4-5). The minimum soil erodibility was at 0-5% of slope gradient in 

September.  The level of soil erodibility was low, which was 0.57 hectare or 17.81% 

of this watershed area.  The maximum soil erodibility was at 0-5% of slope gradient in 

June.  The level of soil erodibility was high, which was equivalent to the area with low 

soil erodibility in this watershed.   

  The soil erodibility of Huay Tong watershed was between 0.06 – 0.34 

(Table 4-5). The lowest soil erodibility was at 0-5% of slope gradient in August.  The 

level of soil erodibility was low, which was equivalent to 0.69 hectare or 9.7% of the 

watershed area.  The maximum soil erodibility was at over 20% of slope in August.  

The level of soil erodibility was high, which was 0.77 hectare or 10.85% of this 

watershed area. 

 From the soil erodibility of each watershed in this study, it was found 

that most of the lowest soil erodibility was at flat area level (less than 5% of slope 

gradient) and the highest soil erodibility was at undulating to hilly level (more than 

5% of slope gradient). The soil erodibility in high slope gradient was higher than the 

soil erodibility at flat area since soil erosion and the sedimentation of soil had more 

soil organic matter. 
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Table 4-5 The soil erodibility factor of 4 sub-watersheds between May to October 

2005 

K – factor* 

Month Soil sample site 1 2 3 4 

 Upper slope 0.19 0.30 0.21 0.26

May Middle slope 0.28 0.31 0.23 0.15

 Lower slope 0.30 0.25 0.22 0.20

 Upper slope 0.09 0.19 0.10 0.16

June Middle slope 0.12 0.16 0.19 0.18

 Lower slope 0.07 0.11 0.28 0.21

 Upper slope 0.14 0.17 0.16 0.20

July Middle slope 0.15 0.10 0.20 0.22

 Lower slope 0.18 0.11 0.05 0.23

 Upper slope 0.12 0.09 0.13 0.34

August Middle slope 0.36 0.13 0.20 0.10

 Lower slope 0.11 0.08 0.03 0.06

 Upper slope 0.21 0.38 0.09 0.22

September Middle slope 0.32 0.45 0.20 0.18

 Lower slope 0.27 0.29 0.05 0.25

 Upper slope 0.16 0.24 0.24 0.29

October Middle slope 0.09 0.07 0.21 0.31

 Lower slope 0.06 0.14 0.27 0.32

 Upper slope  0.17

October Middle slope  0.14

(Soybean) Lower slope  0.18
 

Note:   * Estimate from nomograph (28) 
 

 1 = Huay Ma Nai watershed 

       2 = Huay Mee watershed 

      3 = Huay Bong watershed 

      4 = Huay Tong watershed 
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Fig 4-6 The soil erodibility factor of 4 sub-watersheds in June 2005 
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Fig 4-7 The soil erodibility factor of 4 sub-watersheds in July 2005 
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Fig 4-8 The soil erodibility factor of 4 sub-watersheds in August 2005 
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Fig 4-9 The soil erodibility factor of 4 sub-watersheds in September 2005 
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Fig 4-10The soil erodibility factor of 4 sub-watersheds October in 2005 
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 4.1.3 Topographic Factor (LS-factor) 

  Topographic map from topography information system were used to 

study the factor of landscape or slope length and slope gradient of the study area, Mae 

Tang Watershed. The 4 sub-watersheds were used as model to set up DEM: Digital 

Elevation Model from contour line every 5 m. of interval by using ERDAS IMAGINE 

8.6 software to calculate the slope length and the slope gradient. The slope length was 

used to substitute in the equation 3-5 to draw a map of data of slope length factor. The 

slope gradient could be found from the percentage of slope gradient which was 

substituted in the equation 3-6 (26). The slope was classified by using the 

classification system of Land Development Department (55) to find LS-factor. The 

result was as follows:  

  From Table 4-6, the slope gradient in the study area could be divided 

into 5 levels start with 0-5% to over 30% (55).  Most of the area in Huay Ma Nai 

watershed had between 10-20% of slope gradient, and the land was rolling terrain 

slope, which was equivalent to 6.82 hectare or 58.79% of the watershed.  The high 

slope gradient (over 20% slope), and the land was hilly and steep covering, which was 

equivalent to 2.19 hectare or 18.84% of this sub-watershed. 

 

Table 4-6 The slope gradient in the 4 sub-watersheds 
  
    Huay Ma Nai Huay Mee Huay Bong Huay Tong 

Slope (%) Slope Type Area  Area  Area  Area  

    (ha)  (%) (ha)  (%) (ha)  (%) (ha)  (%) 

0 - 5 Flat or Nearly level 1.48 12.76 1.10 11.20 0.36 11.25 0.57 8.03

5 – 10 Undulating 1.13 9.72 0.12 1.17 0.12 3.83 0.16 2.22

10 - 20 Rolling 6.82 58.79 5.91 60.31 2.00 62.50 4.16 58.59

20 - 30 Hilly 2.04 17.59 2.67 27.24 0.64 19.84 2.17 30.56

> 30 Steep 0.15 1.25 0.08 0.79 0.12 3.59 0.07 1.02
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  Most of the area in Huay Mee watershed was 10-20% slope, with 

rolling terrain, the same as Huay Ma Nai watershed, which was equivalent to 5.91 

hectare or 60.31% of this watershed. The high slope area, over 20% of slope gradient, 

was hills and mountains covered area was around 2.75 hectare or 28.03% of this sub-

watershed.   

  Huay Bong watershed, most of the area was 10-20% slope gradient, 

with rolling terrain, the same as the 2 mentioned watersheds, covered the area was 

around 2 hectare or 62.50% of this watershed.  The high slope area, over 20%, was 

hills and mountains covered area was around 0.76 hectare or 23.43% of this sub-

watershed.   

  Huay Tong, most of the area was between 10-20% of slope gradient, 

with rolling terrain, the same as Huay Ma Nai watershed covered the area around 4.16 

hectare or 58.59% of this sub-watershed.  The area with over 20% slope gradient was 

hills and high mountains and covered the area around 2.24 hectare or 31.58% of this 

sub-watershed. The slope gradients (%) as shown in Fig 4-11 were used to calculate 

the LS-factor as shown in Fig 4-12.  Besides, from the LS-factor between 0.48 to 3.76 

(Fig 4-13) the 4 sub-watersheds were in the range 0.47 – 0.48. It meant that the area 

had narrow to narrowest slope length which was around 12-30 m. 

  According to the study of LS-factor of 4 sub-watersheds, it was found 

that the value was between 0.05 – 5.01 and it could be noted that in most of the study 

area the value was between 0.05 – 0.41 (Fig 4-14). 
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Fig 4-11 The Slope Gradient in the study area of 4 sub-watersheds 

> 30% 

Slope gradient 
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Fig 4-12 The S-factor in the study area of 4 sub-watersheds 
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Fig 4-13 The L-factor in the study area of 4 sub-watersheds 
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Fig 4-14 The LS-factor in the study area of 4 sub-watersheds 
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4.1.4 Cropping Management Factor (C-factor) and Conservation Practice 

Factor (P-factor)  

  To study the plant management factor and soil erosion control factor, 

the data from maps of land use which classified the land use by site surveying were 

used to the study area monthly for 6 months, and questioning farmers from May to 

October 2005, and found that the land use of these 4 sub-watersheds was similar, such 

as, 

  From the survey and land use classification in May, it was found that 

the land in Huay Ma Nai, Huay Mee, Huay Bong, and Huay Tong watershed mostly 

were abandoned land, with scattered grass or small plants covering all area, equivalent 

to 7.81, 7.78, 2.43 and 3.90 hectare or 67.34%, 79.36%, 75.97% and 54.97% of each 

watershed, respectively (Table 4-7).  The area has been prepared for the next of maize 

plantation. For other crops, such as tamarind orchard, mango orchard, grass land and 

forestation area were scattered within the study area. The depreciated forest was the 

permanent unused land. Previously it had been used for agricultural area, such as, 

maize plantation. Bamboo and banana usually grow along the water line before 

flowing into the check dam of each sub-watershed. Maize was planted in the study 

area from June. The maize plantation was in the abandoned land and unused space in 

the tamarind orchard. 

 

 

 
  

Fig 4-15 Soybean plantation at Huay Bong watershed in October 2005  
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Table 4-7 Land use in 4 sub-watersheds in May 2005 
 

  Areas    

Land use  Huay Ma Nai  Huay Mee Huay Bong Huay Tong 

  Hectares % Hectares % Hectares % Hectares % 

Abandoned tamarind           - - - - - - 0.53 6.58 

Bamboo - - 1.28 13.33 - - 1.35 16.70 

Banana 0.09 0.64 0.29 3.06 - - 0.06 0.76 

Deforest 1.65 12.44 - - 0.89 26.92 0.81 10.02 

Fallow 7.81 58.95 7.78 81.18 2.43 73.44 3.90 48.36 

Grass land 0.06 0.45 0.03 0.35 - - 0.08 1.04 

Mango orchard - - - - - - 0.10 1.18 

Tamarind orchard 3.65 27.52 0.20 2.06 0.00 0.09 1.24 15.37 

Total 13.25 100.00 9.58 100.00 3.33 100.00 8.07 100.00 
 

 

 

Table 4-8 Land use in 4 sub-watersheds in June, July and August 2005 
 

  Areas  

Land use  Huay Ma Nai Huay Mee Huay Bong Huay Tong 

  Hectares % Hectares % Hectares % Hectares % 

Abandoned tamarind          -        - - - - - 0.53 6.58 

Bamboo - - 1.28 13.33 - - 1.35 16.70 

Banana 0.09 0.64 0.29 3.06 - - 0.06 0.76 

Corn 7.61 57.40 7.78 81.18 2.27 68.49 2.64 32.76 

Deforest 1.65 12.44 - - 0.89 26.92 0.81 10.02 

Fallow 0.21 1.55 - - 0.15 4.41 1.26 15.60 

Grass 0.06 0.45 0.03 0.35 - - 0.08 1.04 

Mango orchard - - - - - - 0.10 1.18 

Tamarind orchard 3.65 27.52 0.20 2.06 0.00 0.09 1.24 15.37 

Total 13.25 100.00 9.58 100.00 3.31 100.00 8.07 100.00 
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  Land use in abandoned land during June, July and August were the 

same, mainly for maize plantation. However, the age of each maize plantation was 

different, which affected to the C-factor. From Table 4-9 and Table 4-10 the land use 

in September and October mostly were not different and maize at the age of between 

3-4 months old could be harvested.  In September, more soybean was planted in some 

abandoned land in Huay Tong watershed, which occupied 0.088 hectare or 1.24% of 

this watershed.  In October, in Huay Bong watershed some maize were harvested and 

green bean was planted for 0.125 hectare or 3.91% of this watershed.  The rest of 

maize waiting for harvesting was 2.142 hectare or 66.94% of this watershed (Fig 4-17 

to 4-19). 
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Fig 4-16 Land use in 4 sub-watersheds in May 2005 
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Table 4 –9 Land use in 4 sub-watersheds in September 2005 
 
  Areas  

Land use  Huay Ma Nai Huay Mee Huay Bong Huay Tong 

  Hectares % Hectares % Hectares % Hectares % 

Abandoned tamarind - - - - - - 0.53 6.58 

Bamboo - - 1.28 13.33 - - 1.35 16.70 

Banana 0.09 0.64 0.29 3.06 - - 0.06 0.76 

Corn 7.61 57.40 7.78 81.18 2.14 64.71 2.64 32.76 

Corn/Soybean - - - - - - 0.09 1.09 

Deforest 1.65 12.44 - - 0.89 26.92 0.81 10.02 

Fallow 0.21 1.55 - - 0.27 8.19 1.17 14.51 

Grass 0.06 0.45 0.03 0.35 - - 0.08 1.04 

Mango garden - - - - - - 0.10 1.18 

Tamarind garden 3.65 27.52 0.20 2.06 0.00 0.09 1.24 15.37 

Total 13.25 99.99 9.58 99.98 3.31 99.91 8.07 100.00 

 
 
 

Table 4-10 Land use in 4 sub-watersheds in October 2005 
 

  Areas  

Land use  Huay Ma Nai Huay Mee Huay Bong Huay Tong 

  Hectares % Hectares % Hectares % Hectares % 

Abandoned tamarind                  - - - - - - 0.53 6.58 

Bamboo - - 1.28 13.33 - - 1.35 16.70 

Banana 0.09 0.64 0.29 3.06 - - 0.06 0.76 

Corn 7.61 57.40 7.78 81.18 2.14 64.71 2.64 32.76 

Corn/Soybean  - - - 0.13 3.78 0.09 1.09 

Deforest 1.65 12.44 - - 0.89 26.92 0.81 10.02 

Fallow 0.21 1.55 - - 0.15 4.41 1.17 14.51 

Grass 0.06 0.45 0.03 0.35 - - 0.08 1.04 

Mango garden - - - - - - 0.10 1.18 

Tamarind garden 3.65 27.52 0.20 2.06 0.00 0.09 1.24 15.37 

Total  13.25 100.00 9.58 100.00 3.31 100.00 8.07 100.00 
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Fig 4 -17 Land use in 4 sub-watersheds in June, July and August 2005 
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Fig 4 -18 Land use in 4 sub-watersheds in September 2005 
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Fig 4 -19 Land use in 4 sub-watersheds in October 2005 
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 The types of land use had been used to compare with the small plant 

covering and C-factor of Land Development Department (Table 4-11) and create the 

base map of cropping management factor which was used to study the soil erosion in 

this study (Fig 4-21 to 4-23). The monthly land use survey in the maize plantation area 

was done. Maize was planted in each watershed in same period mostly in June and the 

covering soil by maize at the different age would affect to the C-factor differently.  

The covering depended on the growing step and timing (55).   
 

Table 4–11 Cropping Management Factor (C-Factor) for this study  
 

Land use C-factor 

Abandoned tamarind orchard 0.25 

Bamboo 0.02 

Banana 0.15 

Maize* 0.241,0.253 and 0.050 

Maize/Soybean 0.39 

Deforest 0.25 

Fallow 0.25 

Fruit orchard 0.25 

Grass 0.1 

Longan orchard 0.15 

Mango orchard 0.15 

Tamarind orchard  0.15 
 

 Source : Department of Land Development (55) 

 Note    * Arranged by aging (start–1 month, 1–2 month and 2 month–harvested) 
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 From the survey and questioning farmers in the study area regarding 

maize planting during May to October, it was found that there was no any 

measurement for soil and water conservation to control soil erosion 4 sub-watersheds. 

Tillage and planting were done along the slope length, so soil was easily eroded.  

Therefore the P-factor of this study was 1. 

 

 

 
 

Fig 4-20 Tillage along the slope as soil preparation for maize plantation in the early of 

June 2005 
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Fig 4-21 C-factor of 4 sub-watersheds in June, July and August 2005 
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Fig 4-22 C-factor of 4 sub-watersheds in September 2005 
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Fig 4-23 C-factor of 4 sub-watersheds in October 2005 
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 Fig 4–16 to 4-19 shown the land use of 4 sub-watersheds in each 

month. It was found that the C-factor Huay Ma Nai watershed and Huay Mee 

watershed in June, July, August, September and October were between 0.02 – 0.25. 

The C-factor for Huay Bong watershed in June, July, August and September was 

between 0.02 – 0.25 and was between 0.02 – 0.39 in October. For Huay Tong 

watershed in June, July and August the C-factor was between 0.02 – 0.25 and was 

between 0.02 – 0.39 in September and October. (Fig 4-21 to 4-23) 

 

 4.1.5 The assessment of soil loss by using Universal Soil Loss Equation 

(USLE)  

  The analysis of monthly soil loss in Mae Tang watershed by studying 

from 4 sub-watersheds: Huay Ma Nai, Huay Mee, Huay Bong and Huay Tong 

watersheds from June to October 2005.  The soil loss has been studied from importing 

5 factors in the format of map (item 1.1 – 1.4) by using Overlay Technique.  The 

Spatial Data of 5 factors were calculated by multiplying factors in USLE (26), and it 

was used to analyze the soil loss by using GIS.  The analysis of monthly soil loss was 

the sum of soil loss of grid in each study area. 
 

  From the monthly assessment of soil loss in study area, the soil loss 

could be divided into five levels according to the classification of soil loss by 

Department of Land Development (53) as to the Table 3-2.  The result of studying 4 

sub-watersheds was as follows: 
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Table 4-12 Actual Soil Loss (on-site erosion) of Huay Ma Nai, Huay Mee, Huay 

Bong and Huay Tong watersheds from June to October 2005 
 

 Soil Loss (ton/hectare/month) 

Month Huay Ma Nai Huay Mee Huay Bong Huay Tong

June 0.03 0.10 0.21 0.14

July 9.80 9.26 11.92 45.50

August 29.86 26.99 28.76 66.89

September 25.08 44.28 13.79 130.99

October 0.17 1.18 2.89 7.84

Note: calculate by using Universal Soil Loss Equation (USLE) and GIS 

 

1) Huay Ma Nai watershed 

   In this study, the soil erosion had been studied monthly for 5 

months. The ratios of soil loss were different in each month as the Table 4-12. 

According to the study, the soil loss area in Huay Ma Nai was 4,692 grids, which the 

monthly soil loss could be found in the range of very slight to slight. In June the soil 

loss was about 0.03 ton/ hectare which was very slight. In July, August and September 

the soil loss were 9.80, 29.86 and 25.08 ton/hectare, respectively that were slightly 

rate. In October the soil loss was 0.17 ton/hectare which is very slight. 

 

2) Huay Mee watershed 

In this study, the soil erosion had been studied monthly, for 5 

months and the rates of soil loss were different. According to the study, the soil loss 

area in this watershed was 4,785 grids, which the monthly soil loss could be found in 

the range of very slight to moderate. In June the soil loss was 0.10 ton /hectare which 

was very slight.  In July the soil loss was at the slightly rate at 9.28 and in August the 

soil loss was 26.99 ton/hectare. In September the soil loss was 44.28 ton/hectare 

which was moderate. In October the soil loss was 1.18 ton/hectare which was very 

slight (Table 4-12). 
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3) Huay Bong watershed 

 In this study, the soil erosion had been studied monthly, For 5 

months and the rates of soil loss were different. According to the study, the soil loss 

area in this watershed was 1,350 grids, which soil loss could be found in each month 

in the range of very slight to moderate. In June and July the soil loss were 0.21 and 

11.92 ton per hectare which were very slight. In August the soil loss was 28.760 ton 

per hectare which was slight. In September the soil loss was 13.79 ton per hectare 

which was moderate. In October the soil loss was 2.89 ton per hectare which was very 

slight (Table 4-12). 

 

4) Huay Tong watershed 

In this study, the soil erosion had been studied monthly, For 5 

months and the ratios of soil loss were different (Table 4-12). According to the study, 

the soil loss area in this watershed was 2,726 grids, which soil loss could be found in 

each month in the range of very slight to moderate. In June and July the soil loss were 

0.14 and 45.50 ton/hectare which were moderate. In August the soil loss was 66.89 

ton/hectare which was moderate, the same as July. In September the soil loss was 

130.91 ton/hectare which was severe. In October the soil loss was 7.84 ton/hectare 

which was slight. 
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4.2 Sediment Delivery Ratio: SDR 
         The study about suspended solid according to monthly storm of rainfall and 

amount of soil loss in the watershed (A) could be estimated from the sediment 

delivery ratio among the suspended solid (SS) at the 4 sample points in the study areas 

of the sub-watersheds. The result estimated by using the equation 3-9 (7). 
 

4.2.1 The Amount of Suspended Solid 

  The study of suspended solid according to monthly storm of rainfall in 

each sub-watershed from June 15 to October 20, 2005 were done by collecting water 

sample before flowing check dam and sediment of each watershed. The estimated 

values in each month of each sub-watershed were different depending on the amount 

of rainfall, runoff at each check dam and sediment of each watershed. Moreover, the 

land use of each watershed in various periods also affected to the amount of 

suspended solid. The result of study was as follows: 

 

1) Huay Ma Nai watershed 

The study of suspended solid amount from soil erosion according to 

storm rainfall; the data of suspended solid amount were collected total 12 times, 

divided by monthly storm rainfall.  The analyzed suspended solid amount was in the 

range of 0.7 – 11.3 mg/l, equivalent to 0.07 – 187.55 ton (Table 4-13).  On June 23, 

only one sample was collected, which has the highest amount of suspended solid.  In 

July 3 samples were collected, while 8 samples were collected in August and 

September. On September 29, the amount of suspended solid was the lowest.  In 

October, one sample was collected.  Furthermore, from June to October, the amount of 

suspended solid in each month was 1.15, 5.31, 4.29, 1.52 and 0.06 ton per hectare, 

respectively. 
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Table 4-13 Rainfall, runoff and suspended solid of Huay Ma Nai watershed from June 

15 to October 20, 2005 
 

Rainfall  Discharge Runoff  Suspended Solid 

Date (mm)  (m3/s) (m3) a b c 

23/6/2005 0.5 0.73 1,184.22 1.30 1.54 0.13 

13/7/2005 23.0 1.69 709.38 8.85 6.28 0.54 

24/7/2005 23.5 1.70 27,678.72 6.14 16.88 1.46 

25/7/2005 18.5 1.09 12,252.24 0.70 8.61 0.74 

4/8/2005 20.5 2.51 14,747.04 7.71 113.64 9.80 

5/8/2005 5.0 0.69 2,366.64 1.20 2.83 0.24 

7/8/2005 16.0 0.99 7,765.68 5.14 39.88 3.44 

12/8/2005 29.0 2.83 92,814.96 2.02 73.26 6.32 

14/8/2005 12.0 0.80 1,011.78 0.96 0.97 0.08 

17/8/2005 16.0 0.86 7,594.02 1.23 9.30 0.80 

27/8/2005 25.0 1.93 4,745.34 7.10 33.70 2.91 

31/8/2005 21.0 0.99 1,427.04 6.98 9.96 0.86 

1/9/2005 23.0 1.14 9,951.36 2.72 27.10 2.34 

9/9/2005 30.0 2.69 19,383.12 4.60 89.25 7.69 

10/9/2005 33.5 2.96 12,128.98 1.57 19.00 1.64 

15/9/2005 19.0 0.99 408.62 1.40 0.57 0.05 

19/9/2005 54.0 1.72 735.99 1.42 1.04 0.09 

27/9/2005 15.0 0.90 904.96 1.63 1.47 0.13 

28/9/2005 42.5 1.64 1,335.93 1.64 2.19 0.19 

29/9/2005 10.0 0.79 91.47 0.72 0.07 0.01 

3/10/2005 20.5 1.39 411.51 1.64 0.67 0.06 

Note: a = Suspended Solid (mg/l)  

  b = Suspended Solid (ton); (a*Runoff)/1,000 

  c = Suspended Solid (ton/ha); b/watershed area 

 

 2)   Huay Mee watershed  

     The study of suspended solid amount from soil erosion per storm 

rainfall was done by collecting the data of suspended solid amount at 16 times 

according to the monthly storm rainfall. The analyzed amount of storm rainfall was in 

the range of 0.30 – 1.58 mg/l, equivalent to 0.01 – 3.40 ton (Table 4-14). One sample 

was collected on July 25 which has the highest amount of suspended solid, while 5 
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samples were collected in August, and on August 12th the amount of suspended solid 

was the lowest.  In September 9 samples were collected, and one sample was collected 

in October. Moreover, in each month from July to October, the amount of suspended 

solid was 0.22, 0.03, 0.12 and 0.07 ton per hectare, respectively. 

  

Table 4-14 Rainfall, runoff and suspended solid of Huay Mee watershed from June 15 

to October 20, 2005 
 

Rainfall Discharge Runoff Suspended Solid 

Date (mm) (m3/s) (m3) a b c 

25/7/2005 18.5 0.92 1,510.30 1.58 2.39 0.24 

4/8/2005 20.5 0.98 406.55 1.16 0.47 0.05 

7/8/2005 16.0 0.76 495.99 0.36 0.18 0.02 

12/8/2005 29.0 0.88 712.71 0.30 0.21 0.02 

14/8/2005 12.0 0.63 401.70 0.52 0.21 0.02 

17/8/2005 16.0 0.78 496.11 0.56 0.28 0.03 

1/9/2005 23.0 0.82 662.54 1.01 0.67 0.07 

9/9/2005 30.0 1.30 1,242.96 1.04 1.30 0.13 

10/9/2005 33.5 1.85 1,508.55 0.96 1.44 0.15 

12/9/2005 19.5 1.12 912.00 0.52 0.47 0.05 

15/9/2005 19.0 1.01 457.68 0.42 0.19 0.02 

19/9/2005 54.0 2.66 2,083.64 1.41 2.94 0.30 

27/9/2005 15.0 0.99 928.51 0.31 0.29 0.03 

28/9/2005 42.5 2.28 3,276.43 1.04 3.40 0.35 

29/9/2005 10.0 0.54 29.00 0.45 0.01 0.00 

3/10/2005 20.5 1.50 643.89 1.04 0.67 0.07 

Note: a = Suspended Solid (mg/l)  

 b = Suspended Solid (ton); (a*Runoff)/1,000 

 c = Suspended Solid (ton/ha); b/watershed area 

 

 3)  Huay Bong watershed 

       The study of suspended solid amount from soil erosion per storm 

rainfall was done by collecting the data of suspended solid amount at 16 times 

according to the monthly storm rainfall. The analyzed quantity of storm rainfall was in 

the range of 0.47-4.27 mg/l, equivalent to 0.02 – 3.63 ton (Table 4-15). In June and 
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July only one sample was collected, while 4 samples were collected in August, and on 

August 4th, the amount of suspended solid was the highest. In September 9 samples 

were collected, and on September 29th the amount of suspended solid was the lowest.  

In October one sample was collected. Moreover, in each month from June to October, 

the amount of suspended solid was 0.01, 1.13, 0.39, 0.17 and 0.16 ton/hectare, 

respectively. 
   

Table 4-15 Rainfall, runoff and suspended solid of Huay Bong watershed from June 

15 to October 20, 2005 
 

Rainfall  Discharge Runoff  Suspended Solid 

Date (mm)  (m3/s) (m3) a b c 

23/6/2005 0.5 0.46 15.04 1.27 0.02 0.01 

25/7/2005 19.5 0.92 934.11 3.89 3.63 1.13 

4/8/2005 20.5 1.85 544.67 4.27 2.32 0.73 

7/8/2005 16.0 0.79 558.13 1.02 0.57 0.18 

12/8/2005 29.0 1.84 1,764.76 0.91 1.61 0.50 

17/8/2005 16.0 0.79 756.18 0.61 0.46 0.14 

1/9/2005 23.0 1.54 1,260.94 1.96 2.47 0.77 

6/9/2005 7.5 0.57 24.49 1.05 0.03 0.01 

10/9/2005 33.5 1.21 26.18 4.00 0.10 0.03 

12/9/2005 19.5 1.19 313.13 1.67 0.52 0.16 

15/9/2005 19.0 1.17 101.17 1.29 0.13 0.04 

19/9/2005 54.0 2.94 2,193.12 0.70 1.54 0.48 

20/9/2005 15.5 1.16 58.41 0.53 0.03 0.01 

28/9/2005 42.5 2.40 68.98 2.27 0.16 0.05 

29/9/2005 10.0 0.79 77.07 0.47 0.04 0.01 

3/10/2005 20.5 1.14 404.87 1.24 0.50 0.16 

Note: a = Suspended Solid (mg/l)  

 b = Suspended Solid (ton); (a*Runoff)/1,000 

 c = Suspended Solid (ton/ha); b/watershed area    
 

 4)  Huay Tong watershed 

  The study of suspended solid amount from soil erosion per storm of 

rainfall was done by collecting the data of suspended solid amount at 21 times 

according to the monthly storm rainfall. The analyzed amount of storm rainfall was in 
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the range of 1.37 - 13.5 mg/l, equivalent to 0.17 – 15.75 ton (Table 4-16). One sample 

was collected in June and two samples in July. Eight samples were collected in 

August, and on August 4th, the amount of suspended solid was the highest. In 

September nine samples were collected, and on September 19th the amount of 

suspended solid was the lowest. In October one sample was collected.  Moreover, in 

each month from June to October, the amount of suspended solid was 0.02, 1.78, 0.47, 

0.44 and 0.14 ton/hectare, respectively. 
 

Table 4-16 Rainfall, runoff and suspended solid of Huay Tong watershed from June 

15 to October 20, 2005 
Rainfall  Discharge Runoff  Suspended Solid 

Date (mm)  (m3/s) (m3) a b c 

23/6/2005 0.5 0.46 24.68 6.72 0.17 0.02 

24/7/2005 23.5 1.69 2,201.10 7.15 15.75 2.22 

25/7/2006 18.5 1.30 823.11 11.53 9.49 1.34 

4/8/2005 20.5 1.30 635.89 13.50 8.58 1.21 

7/8/2005 16.0 0.90 597.40 10.09 6.03 0.85 

12/8/2005 29.0 1.76 1,693.63 4.64 7.85 1.11 

14/8/2005 12.0 0.96 335.23 7.51 2.52 0.35 

17/8/2005 16.0 0.82 88.45 3.48 0.31 0.04 

19/8/2005 7.0 0.62 22.32 7.46 0.17 0.02 

27/8/2005 25.0 0.75 94.00 10.52 0.99 0.14 

31/8/2005 21.0 0.79 56.81 6.30 0.36 0.05 

1/9/2005 23.0 0.93 1,353.02 2.99 4.05 0.57 

9/9/2005 30.0 0.96 103.46 5.06 0.52 0.07 

10/9/2005 33.5 1.86 4,046.56 2.93 11.87 1.67 

12/9/2005 19.5 1.03 704.52 2.20 1.55 0.22 

15/9/2005 19.0 1.02 164.75 3.06 0.50 0.07 

19/9/2005 54.0 2.92 3,139.86 1.37 4.30 0.61 

27/9/2005 15.0 0.90 528.18 4.80 2.53 0.36 

28/9/2005 42.5 1.35 1,100.77 2.67 2.94 0.41 

29/9/2005 10.0 0.81 34.94 3.56 0.12 0.02 

3/10/2005 20.5 1.02 268.32 3.64 0.98 0.14 

Note: a = Suspended Solid (mg/l)  

 b = Suspended Solid (ton); (a*Runoff)/1,000 

 c = Suspended Solid (ton/ha); b/watershed area    



Haruthai Tippayachan                                                                                                              Results /                                   92

4.2.2 Sediment Delivery Ratio: SDR 

From the study of suspended solid amount (ton) of each watershed 

from June to October 2005, the rainfall in each month was different, so the amount of 

suspended solid in watersheds (Table 4-17) and the amount of soil loss from soil 

erosion in the watershed (Table 4-12) were used to find the sediment delivery ratio.  

The result was as Table 4-18. 

 

Table 4-17 Suspended solid (ton/ha) of each watershed from June to October 2005 
 

  Suspended Solid (ton/ha) 

Month Huay Ma Nai  Huay Mee Huay Bong Huay Tong 

June 0.13  - 0.01 0.02 

July 2.74 0.22 1.14 3.55 

August 24.44 0.14 1.55 3.75 

September 12.13 1.09 1.57 4.00 

October 0.06 0.07 0.16 0.14 

total 39.50 1.52 4.42 11.46 

 

 

Table 4-18 The Percentage of Sediment Delivery Ratio (%SDR)* of each watershed 

from June to October 2005 
 

  Watershed 

Month Huay Ma Nai  Huay Mee Huay Bong Huay Tong 

June 36.41 - 0.89 2.27 

July 2.41 0.25 2.98 1.10 

August 7.06 0.05 1.69 0.79 

September 4.17 0.25 3.55 0.43 

October 2.95 3.88 1.70 0.25 
 

Note * %SDR = (Suspended Solid (ton/ha) / Soil loss rate (ton/ha))*100 
 

 According to the sediment delivery ratio of each sub-watershed in table 

4-19 we found that Huay Ma Nai watershed had sediment delivery ratio (SDR) from 
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June to October 2005 at 36.41, 2.41, 7.06, 4.17 and 2.95% of eroded soil, respectively. 

Huay Mee watershed had sediment delivery ratio (SDR) from July to October 2005 at 

0.25, 0.05, 0.25 and 3.88% of eroded soil, respectively.  

  In Huay Bong watershed, the sediment delivery ratio from June to 

October 2005 was 0.89, 2.98, 1.69, 3.55 and 1.70% of eroded soil, respectively. 

Moreover the sediment delivery ratio from June to October 2005 of Huay Tong was 

2.27, 1.10, 0.79, 0.43 and 0.25% of eroded soil, respectively. 

 

4.3 Organic Carbon in Soil and Sediment 
 

4.3.1 The Amount of Organic Carbon in Soil 

The study of organic carbon amount  in soil in 4 sub-watersheds, i.e., 

Huay Ma Nai, Huay Mee, Huay Bong and Huay Tong watershed was determined by 

using Walkley-Black Method (54). The study was done monthly and the study area of 

each sub-watershed was divided into three parts: upper, middle and lower parts. The 

slope gradient of each part was separated into between 0-5%, between 5-20% and 

more than 20%. The sample was collected from May to October 2005. The analyzed 

result was as follows: 

 

1) Huay Ma Nai watershed 

  The study about the organic carbon amount in soil by collecting soil 

at the depth of 0-30 cm of three parts, the result was found between 1.49 to 2.87% 

(Appendix Table C-7). The upper part had the highest amount of organic carbon. In 

May the slope was more than 20% and no maize planting, the area was rather bare and 

covered by some weed. The upper part had the lowest organic carbon amount. In June 

the slope was more than 20%, and the soil was prepared for maize planting as shown 

in Fig 4-24. It was found that the amount of organic carbon in soil at the upper part 

was likely to decrease in June and increase from July to October (Fig 4-25). 
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Fig 4-24 The land use of Huay Ma Nai watershed in May 2005 
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Fig 4-25 Soil organic carbon of Huay Ma Nai watershed in May – October 2005 

 

2)  Huay Mee watershed 

  The study about the organic carbon amount in soil by collecting 

the soil at the depth of 0-30 cm. of 3 parts was between 0.70 to 2.58% (Appendix 

Table C-8). The lower part had the highest amount of organic carbon and was found 

that in August at the slope ranged from 0-5% and the maize was around 3 months old 

as shown in Fig 4-26. The upper part had the lowest organic carbon amount. In June 

the slope was more than 20%, and the soil was prepared for maize planting as in Fig 

4-27.  It was also found that the amount of organic carbon in soil at the upper part was 

likely to decrease in June and increase from July to the early of October, the same as 

Huay Ma Nai watershed. 

  Soil sample site 
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Fig 4-26 The land use of Huay Mee watershed in August 2005 
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Fig 4-27 Soil organic carbon of Huay Mee watershed in May – October 2005 

 

3)  Huay Bong watershed 

    The study about the organic carbon amount in soil by collecting 

the soil at the depth of 0-30 cm. of three parts, the result is the amount of organic 

carbon was between 0.77 to 3.08% (Appendix Table C-9).  The lower part had the 

highest amount of organic carbon. In September at the slope gradient was between 0-

5% and the maize was around four months old which was and the harvest period as 

Fig 4-28. In this month, the upper part had the lowest organic carbon amount and the 

slope gradient was more than 20%. The amount of soil organic carbon at the upper 

   Soil sample site 
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part was likely to decrease in June and increase from July to October, the same as 

Huay Ma Nai watershed, as Fig 4-29. 

 

 

      
 

Fig 4-28 The land use (maize flied) of Huay Bong watershed in September 2005 
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Fig 4-29 Soil organic carbon of Huay Bong watershed in May – October 2005 

 

4)  Huay Tong watershed 

 The study about organic carbon amount in soil by collecting the soil 

at the depth of 0-30 cm. of 3 parts, the result is the amount of organic carbon was 

between 0.56 to 2.33% (Appendix Table C-10).  In October, the upper part with more 

slope had the highest amount of organic carbon content and it was soybean plantation 

area. In September at the slope gradient in the middle part was between 0-5% of slope 

  Soil sample site 
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gradient and the maize was around four months old, and some parts were under 

harvest as Fig 4-30, had the lowest organic carbon.  The soil organic carbon amount at 

the upper part tended to decrease in June and began to increase from July to the early 

of October, the same as above sub-watershed as Fig 4-31. 

 

 
 

 Fig 4-30 The land use (soybean) of Huay Tong watershed in October 2005 
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Fig 4-31 Soil organic carbon of Huay Tong watershed in May – October 2005 

 

4.3.2 The Amount of Organic Carbon in Sediment 

 The study about the amount of organic carbon in sediment of 4 sub-

watersheds, i.e., Huay Ma Nai, Huay Mee, and Huay Bong, and Huay Tong 

watersheds was divided into 2 parts: the study of the amount of organic carbon in 

  Soil sample site 
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suspended solid and in sediment in water. The study was done in June to October 

2005, by using Walkley-Black Method (54). The result of study was as follows: 

 

1) The Amount of Organic Carbon in Suspended Solid 

 The study of the organic carbon amount in suspended solid was 

conducted along with the sample collection of suspended solid in each sub-watershed 

(Fig 4-32). The result was as follows: 
 

• Huay Ma Nai watershed 

    The amount of organic carbon in suspended solid was studied 

for 12 times, divided by storm rainfall in each month.  The analysis the amount of 

organic carbon in suspended solid was in the range of 0.64 – 4.92%, equivalent to 0.01 

– 5.27 ton (Table 4-19), or equivalent to the organic carbon amount in suspended solid 

0.001 – 0.45 ton/ hectare. On June 23, the amount of organic carbon in suspended 

solid was conducted only once a month and was found at the lowest the study was 

done 3 times in July, 8 times in August and September, and 1 time in the 3rd October, 

the amount of organic carbon in suspended solid were the highest.  
 

• Huay Mee watershed 

  The amount of organic carbon in suspended solid was studied 

for 16 times, divided by storm rainfall in each month. The analysis of amount of 

organic carbon in suspended solid was in the range of 2.36 – 7.76%, equivalent to 

0.001 – 0.16 ton (Table 4-19), or equivalent to the organic carbon amount in 

suspended solid 0.0001 – 0.02 ton/hectare. The study was done 1 time in July, 5 times 

in August, 9 times in September and 1 time in October. On August 14, 2005 the 

amount of organic carbon in suspended solid was the lowest and highest on September 

29.  

 

 



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

99

 
 

Fig 4-32 The suspended solid sampling in study area  

 

• Huay Bong watershed 

The amount of organic carbon in suspended solid was studied 

for 16 times, divided by storm rainfall in each month. The analysis of organic carbon 

amount in suspended solid was in the range of 2.32-3.99%, equivalent to 0.001 – 0.09 

ton (Table 4-19), or equivalent to the organic carbon amount in suspended solid 

0.0002 – 0.03 ton/ hectare.  The study was done 1 time both in June and July, 4 times 

in August, 9 times in September and one time in October. On August 8 2005 the 

amount of organic carbon in suspended solid was the lowest and highest on September 

29, 2005. 
 

• Huay Tong watershed 

  The amount of organic carbon in suspended solid was studied 

for 21 times, divided by storm rainfall in each month.  The analysis of organic carbon  

amount in suspended solid was in the range of 0.26 - 2.27%, equivalent to 0.002 – 

0.21 ton (Table 4-19), or equivalent to the organic carbon amount in suspended solid 

0.0003 – 0.03 ton/ hectare. The study was done one time in June, two times in July, 8 

times in August, nine times in September and one time in October. On August 7, 2005 

the amount of organic carbon in suspended solid is the lowest and highest on 

September 19, 2005. 
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Table 4-19 The amount of Organic Carbon in Suspended Solid of each watershed in 

June – October 2005 
 Organic Carbon 

Date Huay Ma Nai  Huay Mee Huay Bong Huay Tong 

 %OC ton ton/ha %OC ton ton/ha %OC ton ton/ha %OC ton ton/ha 

 1 2 3 1 2 3 1 2 3 1 2 3 

23/6/05 0.64 0.086 0.007 - - - 3.94 0.001 0.0002 1.18 0.002 0.0003 

13/7/05 2.66 0.167 0.014 - - - - - - - - - 

24/7/05 2.49 4.232 0.365 - - - - - - 1.22 0.192 0.0271 

25/7/05 3.20 0.276 0.024 3.13 0.075 0.008 2.48 0.090 0.0282 1.15 0.109 0.0153 

4/8/05 2.74 3.117 0.269 3.61 0.017 0.002 2.32 0.054 0.0168 1.11 0.096 0.0135 

5/8/05 2.93 0.083 0.007 - - - - - - - - - 

7/8/05 2.17 0.864 0.074 2.91 0.005 0.001 2.48 0.014 0.0044 0.93 0.056 0.0079 

12/8/05 2.81 5.272 0.454 2.72 0.006 0.001 2.82 0.045 0.0142 0.96 0.075 0.0106 

14/8/05 1.29 0.012 0.001 2.36 0.005 0.001 - - - 0.94 0.024 0.0033 

17/8/05 1.17 0.109 0.009 2.86 0.008 0.001 2.70 0.012 0.0039 0.99 0.003 0.0004 

19/8/05 - - - - - - - - - 1.15 0.002 0.0003 

27/8/05 0.71 0.240 0.021 - - - - - - 0.97 0.010 0.0013 

31/8/05 2.75 0.274 0.024 - - - - - - 1.07 0.004 0.0005 

1/9/05 2.34 0.635 0.055 3.47 0.023 0.002 2.74 0.068 0.0211 0.95 0.038 0.0054 

6/9/05 - - - - - - 3.15 0.001 0.0003 - - - 

9/9/05 3.89 3.476 0.300 3.22 0.042 0.004 - - - 1.48 0.008 0.0011 

10/9/05 2.87 0.545 0.047 2.99 0.043 0.004 3.15 0.003 0.0010 1.73 0.206 0.0290 

12/9/05 - - 0.000 2.92 0.014 0.001 3.07 0.016 0.0050 1.50 0.023 0.0033 

15/9/05 3.28 0.019 0.002 5.02 0.010 0.001 3.65 0.005 0.0015 1.39 0.007 0.0010 

19/9/05 4.48 0.047 0.004 5.31 0.156 0.016 2.96 0.045 0.0142 2.27 0.097 0.0137 

20/9/05 - - - - - - 3.48 0.001 0.0003 - - - 

27/9/05 3.81 0.056 0.005 4.99 0.014 0.001 - - - 1.09 0.028 0.0039 

28/9/05 1.83 0.040 0.003 3.65 0.124 0.013 2.62 0.004 0.0013 1.29 0.038 0.0053 

29/9/05 1.41 0.001 0.0001 7.73 0.001 0.0001 3.99 0.001 0.0004 1.66 0.002 0.0003 

3/10/05 4.92 0.033 0.003 3.63 0.024 0.002 3.44 0.017 0.0054 1.19 0.012 0.0016 

Note: 1 = %OC; Organic carbon concentration in suspended solid (g/l) 

 2 = (%OC*Discharge)/1,000 

 3 = OC (ton)/watershed area 
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2) The amount of organic carbon in bed load sediment 

  The study of organic carbon at the bed load studied for every 

sediment dredging from sediment dam of each watershed. Since the amount of each 

storm was different, the number of dredging in each watershed was also different.  

The study was done from June to October 2005. The result was as follows: 
 

• Huay Ma Nai watershed, 

  The amount of organic carbon in bed load sediment was studied 

for eight times. The analysis of organic carbon amount was in the range of 0.59-2.87 

% (Table 4-20), that collected two times in July. On July 29, 2005 the amount of 

organic carbon was the highest that collected two times in August and three times in 

September. On September 12, 2005 organic carbon amount was the lowest. The study 

of organic carbon amount in bed load sediment was done 1 time in October. 
 

• Huay Mee watershed 

 The amount of organic carbon in bed load sediment was 

studied for seven times. The analysis of organic carbon amount was in the range of 

0.99-3.20 % (Table 4-20), that collected in one time in July. On July 22, 2005 the 

amount of organic carbon was the highest, the sample was collected 2 times in August 

and 3 times in September. The study of organic carbon amount in bed load sediment 

was made one time in October, and on October 4, 2005 the amount of organic carbon 

in water was the lowest. 
 

• Huay Bong watershed 

  The amount of organic carbon in bed load sediment was studied 

for eight times. The analysis of organic carbon amount was in the range of 0.86 - 3.53 

% (Table 4-21). The sample was collected one time in June, one time in July, two 

times in August, three times in September, and one time in October. On August 11, 

2005 the amount of organic carbon in bed load sediment was the lowest and was 

found at the highest level on October 5, 2005.  
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• Huay Tong watershed 

 The organic carbon amount in bed load sediment was studied 

for eleven times. The analysis of organic carbon amount in water was in the range of 

0.61 - 3.25% (Table 4-21), that the sample was collected one time in June and two 

times in July. On July 22, 2005 the amount of organic carbon in bed load sediment 

was the highest. The samples of sediment in water were also collected three times in 

each month of August and September. On August 15, 2005 the amount of organic 

carbon in water was the lowest, and the study of organic carbon amount was done one 

time in October. 

 

Table 4-20 The organic carbon in bed load sediment of Huay Ma Nai and Huay Mee 

watersheds in June – October 2005 
 

Watershed 

Huay Ma Nai  Huay Mee 

OC (%) OC (ton) texture  OC (%) OC (ton) texture  

Date 1 2 3 1 2 3 

22/7/2005 1.05 0.03 clay 3.20 0.01 silty clay 

29/7/2005 2.87 0.20 clay -  -  -  

11/8/2005 -  - -  3.08 0.01 silty clay 

13/8/2005 0.92 0.11 clay loam 1.29 0.05 clay loam 

20/8/2005 0.61 0.05 clay loam -  - -  

2/9/2005 -  0.15 -  1.69 0.07 clay 

3/9/2005 2.48 0.35 clay -  -  -  

11/9/2005 -  -  -  2.72 0.11 clay loam 

12/9/2005 0.59 0.08 clay  -  - -  

20/9/2005 0.85 0.06 clay  -  - -  

22/9/2005 -  - -  1.29 0.05 silt loam 

4/10/2005 0.78 0.13 

sandy clay 

loam 0.98 0.03 

sandy clay 

loam 
 

Note: - not collected 

          1 = %OC; Organic carbon concentration in bed load 

  2 = (%OC*Discharge)/1,000 

  3 = Analysis texture with Hydrometer Method  
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Table 4-21The organic carbon in bed load of Huay Bong and Huay Tong watersheds 

in June – October 2005 
 

watershed 

Huay Bong Huay Tong 

Date 

  

OC (%) 

1 

OC (ton) 

2 

texture  

3 

OC (%) 

1 

OC (ton) 

2 

texture  

3 

29/6/2005 1.75 0.05 clay 0.61 0.02 clay loam 

22/7/2005 -  -  -  3.25 0.02 silty clay 

29/7/2005 2.61 0.08 clay 1.07 0.18 clay 

11/8/2005 0.86 0.03 clay 0.63 0.12 clay 

15/8/2005 0.92 0.03 clay loam 0.61 0.09 clay 

20/8/2005 -  - -  - - - 

2/9/2005 -  -  -  - -  - 

3/9/2005 2.23 0.03 clay loam 2.10 0.13 clay 

4/9/2005 - -  -  - -  - 

11/9/2005 -  -  -  - - - 

12/9/2005 3.03 0.14 clay loam -  -  -  

21/9/2005 -  -  -  1.24 0.32 clay 

22/9/2005 2.09 0.24 clay loam -  - -  

5/10/2005 1.19 0.04 sandy clay loam 0.96 0.16 sandy clay loam 
 

Note:  - not collected 

          1 = %OC; Organic carbon concentration in bed load sediment 

  2 = (%OC*Discharge)/1,000 

  3 = Analysis texture with Hydrometer Method  

 

 Besides studying of organic carbon amount in bed load sediment, the 

amount of bed load sediment, size and texture of sediment particle in bed load 

sediment were also studied the Appendix Table C-6 shown detail separately the 

composition of 4 sub-watersheds are the mixing of stones, gravels, and soil. The 

amount was different subject to the amount of rain and runoff in each rainstorm. 
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4.3.3 Carbon Enrichment Ratio; CER 

According to the monthly study of soil organic carbon of each 

watershed and the amount of organic carbon in sediment, it was used to calculate the 

sum of organic carbon amount in suspended solid and in sediment for each time. The 

result derived from the real examination and the analysis of each study area, to be 

averaged as the monthly values, and then it was used to find the carbon enrichment 

ratio for each month from June to October 2005.  The study result was as follows: 

 The Carbon Enrichment Ratio: CER of Huay Ma Nai watershed from 

July to October 2005 were 0.85, 0.54, 0.70 and 0.46, respectively. The result tended to 

decrease. The CER from July to October 2005 of Huay Mee watershed were 1.03, 

0.72, 0.91 and 0.99, respectively. 

 The CER of Huay Bong watershed from June to October 2005 were 

2.62, 1.98, 1.56, 0.95 and 0.71, respectively. The CER of Huay Tong watershed from 

June to October 2005 were 1.04, 1.16, 1.63, 0.83 and 0.60, respectively. The CER of 

these two watersheds tended to decrease similarly (Table 4-22). 

 

Table 4-22 The Carbon Enrichment Ratio (CER) of each watershed from June to 

October 2005 
 

   Carbon Enrichment Ratio (CER ; Csed/Csoil) 

Month Huay Ma Nai  Huay Mee Huay Bong Huay Tong 

  a b c a b c a b c a b c 

June 0.32 -  -  - - - 1.82 0.81 2.62 0.69 0.35 1.04

July 0.50 0.35 0.85 0.45 0.46 1.03 0.96 1.01 1.98 0.61 1.11 1.16

Aug 0.34 0.12 0.54 0.40 0.31 0.72 1.15 0.40 1.56 0.69 0.76 1.63

Sep 0.48 0.21 0.70 0.69 0.30 0.91 0.55 0.42 0.95 0.43 0.47 0.83

Oct 0.59 0.09 0.46 0.60 0.16 0.99 0.54 0.19 0.71 0.32 0.25 0.60
 

Note :   a = Carbon in suspended solid (%) / Carbon in soil (%) 

 b = Carbon in bed load (%) / Carbon in soil (%) 

 c = Carbon in suspended solid and bed load (%) / Carbon in soil (%) 
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4.4 Carbon Delivery Ratio: CDRtotal 

          According to the study of Carbon Enrichment Ratio: CER was the ratio of the 

amount of sediment organic carbon  (Csed) and soil organic carbon of each watershed 

per month, from June to October 2005, which was used to study with Sediment 

Delivery Ratio (SDR), it became the Carbon Delivery Ratio: CDR as to the equation 

3-13.   

 

Table 4-23 The percentage of Carbon Delivery Ratio (%CDRtotal)* of each watershed 

from June to October 2005 
 

  Watershed 

Month Huay Ma Nai  Huay Mee Huay Bong Huay Tong 

June - - 2.33 2.37

July 2.04 0.25 5.88 1.28

August 3.79 0.04 2.64 1.29

September 2.90 0.23 3.39 0.36

October 1.34 3.84 1.21 0.15
 
Note: * %CDRtotal = (CER*SDR)*100 
 

 The Carbon Delivery Ratio (CDR) of Huay Ma Nai watershed from July to 

October 2005 were 2.04, 3.79, 2.90 and 1.34%, respectively (Table 4-23). The CDR of 

Huay Mee watershed in the same period was similar to that of Huay Ma Nai 

watershed, which were 0.25, 0.04, 0.23 and 3.84%, respectively (Table 4-23). 

 From June to October, 2005, the CDR to Huay Bong watershed were 2.33, 

5.88, 2.64, 3.39 and 1.21%, respectively (Table 4-24). The CDR of Huay Tong 

watershed were 2.37, 1.28, 1.29, 0.36 and 0.15%, respectively (Table 4-23). 

 Besides, the study about the Carbon Delivery Ratio of 4 sub-watersheds, found 

that from August to October the organic carbon delivery ratio was high. The 

watershed with the highest organic carbon delivery ratio was Huay Bong watershed. 
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4.5 The Assessment of Organic Carbon Loss  

 The analysis of actual or on-site soil loss (A), Sediment Delivery Ratio (SDR) 

and Carbon Delivery Ratio (CDRtotal) from June to October, 2005 of these 4 sub-

watersheds: Huay Ma Nai, Huay Mee, Huay Bong and Huay Tong watersheds, were 

studied and assessed the loss of organic carbon due to the soil erosion and sediment 

transport processes as to the equation 3-14 (modified from Mike (15) and Lal (51), the 

result was as follows: 

 

Table 4-24 The Soil Carbon Loss rate: Closs* (ton/ha/month) of each watershed from 

June to October 2005 
 

 Watershed 

Month Huay Ma Nai Huay Mee Huay Bong Huay Tong 

June - - 0.01 0.01

July 0.38 0.06 1.81 1.12

August 2.32 0.02 1.70 1.25

September 1.53 0.22 0.91 0.54

October 0.01 0.01 0.08 0.02

Note: * Closs = Csoil (%) * A (ton/ha) * CDRtotal  
 

  The Soil Carbon Loss (Closs ) from July to October 2005 of Huay Ma Nai 

watershed were 0.38, 2.32, 1.53 and 0.01 ton/ha/month, respectively (Table 4-25) 

while the organic carbon loss of Huay Mee watershed in the same period as Huay Ma 

Nai watershed were 0.06, 0.02, 0.22 and 0.01 ton/ha/month, respectively. 

 From June to October 2005 the organic carbon loss of Huay Bong watershed 

were 0.01, 1.81, 1.70, 0.91 and 0.08 ton/ha/month, respectively. While the organic 

carbon loss of Huay Tong watershed were 0.01, 1.12, 1.25, 0.54 and 0.02 

ton/ha/month, respectively. From the assessment of organic carbon loss of the 4 sub-

watersheds, it was found that the organic carbon in 4 watersheds was highly lost 

during August and September. During June and October the organic carbon loss in 

these watersheds was not so much. The watershed with the highest organic carbon loss 

was Huay Tong watershed, followed by Huay Ma Nai watershed. 
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CHAPTER V 

DISCUSSIONS 

 

 
 The study of 4 sub-watersheds: Huay Ma Nai, Huay Mee, Huay Bong and 

Huay Tong watersheds, which were sub-watersheds of Mae Tang watershed, located 

in Phrae Province, which was sub-watershed of Yom watershed.  These 4 sub-

watersheds occupied the area about 33.21 hectare. The assessment of the organic 

carbon loss in soil from soil erosion and sediment transport in each sub-watershed 

were studied. The soil loss assessment was done by using Universal Soil Loss 

Equation: USLE, the sediment delivery ratio and carbon delivery ratio, including 

organic carbon in soil and sediment,  it was found that the organic carbon loss in this 

assessment was higher than the organic carbon measured in the lab by using Walkley 

and Black Method (54). 

 

5.1 The Assessment of Soil Loss by USLE 

 The soil loss rate of 4 watersheds in this study was from 0.03 – 130.99 

ton/hectare/month, ranging from slight to severe level.  The values were different in 

each watershed because of the following 5 factors: 

 
1) Rainfall Factor (R-Factor) 

 Because of the size of this watershed was not so large, there was only 

one climate station, and one water level gauge to collect the data of rainfall, and 

suspended solid from the runoff during the study period. Therefore the field data we 

have got was not much. Besides, the number of rainstorm was different in each 

watershed and due to the defective water level gauge, the number of rainstorm was 

different, which resulted to the rainfall factor of each rainstorm in each month.  The 

rainfall factor (R-factor) was the sum of all rainfalls of each watershed each month 
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from June to October, 2005. This study found that the low rainfall factor (R-factor) in 

June, the soil loss amount in each watershed was at the slightly level (less than 6.25 

ton/hectare/year) and the high rainfall factor (R-factor) was from August to 

September, the soil loss rate in each watershed was also high too.  

 

  2)  Soil Erodibility Factor (K-factor) 

 The Soil Erodibility Factor (K-factor) of these 4 sub-watersheds was 

studied from four soil properties: structure, texture, permeability and amount of 

organic matter.  The soil erodibility factor of 4 watersheds ranged from 0.05 – 0.45.  

In the area with greater than 5% of slope gradient or undulating to steeps terrain, the 

soil erodibility was higher than the area with less gradient 5% of slope or nearly level. 

This was because of the 4 soil properties. 

 For the percentage of silt and very fine sand in 4 sub-watersheds, it 

tended to decrease from May, considering from Appendix Table of C-1 to C-4.  If the 

percentage was high, the soil erodibility was also high because of the very fine sand 

particle was round, and there was a little contact surface, so it holds each other rather 

than other substances (57).  When the rain falls, the soil particle was detached and 

easily moved.  The broken soil separate would fill in the pores between the soils 

particle, which would reduce the soil permeability and cause land overflow.  

Therefore, the soil with high percentage of silt and very fine sand particle, soil 

erodibility was also high (28).  For the soil that had high percentage of sand particle, 

soil erodibility was low because the soil separate was big, so the pore space was also 

big which increases the soil permeability.  The big soil particle was had transported by 

water (22). 

 The amount of organic matter in the area with over 20% of slope gradient 

in each watershed tended to decrease from May to August, and started to increase in 

September and October (Fig 5-1).  This was because there was sedimentation from 

last month or the plantations in the study area also support to increase the organic 

matter.  The amount of soil organic matter in the area with less than 5% of slope 

gradient in each watershed tended to increase from May to August and started to 

decrease in some watersheds in September and October (Fig 5-2) 
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Fig 5-1 The soil Organic Matter (%) of each watershed from June to October 2005 

(more than 20% of slope gradient)  
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Fig 5-2  The soil Organic Matter (%) of each watershed from June to October 2005 

(less than 5% of slope gradient) 

 

 Soil with high organic matter seemed to have low soil erodibility (K-

factor) because the organic matter made the soil particle had stable lumping and 
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became big soil aggregate, which was endurable and increases the pores, so the soil 

permeability was better, and had higher erodibility.  The organic matter also increased 

the water holding capacity because the organic matter had small particles and was 

very fine so its specific surface was large and could hold more water (18). 

 Physical characteristics, such as, water holding capacity and soil 

structure, the soil infiltration of study area was considered at the very rapid (>25.0 

cm/hr) (36).  If the soil had rapid permeability, the soil erodibility (K-factor) would be 

low because when the water flows underground, and easily infiltrates into the surface.  

This would open the soil surface which allows more water to flow into the ground. 

This would reduce the land overflow (58). There were two soil structures in the study 

area.  Mostly every watershed in June would be sub-angular blocky because of the 

tilled soil surface, and it would be granular from August because soil had more 

organic matter which affects the soil structure. For this study found also that the high 

soil erodibility (K-factor), soil loss rate was severe level like Huay Tong watershed 

which had the highest soil erodibility that was average 0.18. So it had too much soil 

loss (251 ton/hectare). 

 

3)  Topographic Factor (LS-factor) 

 The slope gradient and slope length in study area was relevant to the 

topographical conditions and for 4 sub-watersheds in each month were the same.  

According to the slope gradient and slope length in the study were, it could be 

concluded that the general conditions of Mae Tang watershed was at nearly level up to 

hilly and steep level.  The difference of slope gradient was high, which had a lot of 

influences to the soil loss.  In this study found that the soil loss rate in 5 month of 

Huay Tong watershed was about 251.38 ton/hectare which was severe level because it 

had more than 2.24 hectare or 30% of this watershed were that was high slope 

gradient area (more than 20% of slope gradient) like the study of Zingg (59), found 

that the more slope gradient, the more soil erosion and overland flow. 

 

 



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

 

111

4) Cropping Management Factor (C-factor) and Conservation Practice 

Factor (P-factor)   

 For the study about Cropping Management Factor and Conservation 

Practice Factor in the study area which was the factor of land use, was studied the 

plant management continually for 5 months, and the result was different depending on 

the plant covering, which value range was 0.05 – 0.39.  Especially, the study had 

divided the plant management of maize into ages starting from 1 month to harvest.  It 

could be seen that the lowest factor of plant management was in the period of 4-month 

maize to harvest.  This meant the soil had been covered more densely than other land 

use.  So if the cropping management factor was low, the soil erosion level was also 

slight. For the conservation practice factor (P-factor), there was no soil and water 

conservation measure to control the soil erosion, so the value in every month should 

be 1 for all sub-watersheds 
 

 From the study of soil loss of 4 watersheds, comparing with 5 factors that 

affected to the soil loss, it was found that the rainfall erosivity factor, length of slope 

factor, slope factor, and the conservation practice factor of 4 watersheds were not 

much different. But for another 2 factors: soil erodibility factor and cropping 

management factor, depended on the land use or land cover of each sub-watershed in 

study area.  The soil loss rate of in Huay Ma Nai watershed was lower than the other 

watersheds because the topography in this watershed was nearly level to undulating 

covering.  It used to be fruit orchard and the rest of land was deforested area more 

than the other watersheds.  So the ground covered was rather than used due to the 

dense of crown cover and lower plantation which could reduce the soil erosion. This 

watershed had more soil loss than the other watersheds, i.e., Huay Tong watershed 

which land was high to very high hilly. The land was used for many purposes, such as, 

fruit orchard, deforestation and unoccupied land with ground cover.   
When comparing with the study of (3), it was found that in 2001 the soil loss 

of 4 sub-watersheds: Huay Ma Nai, Huay Mee, Huay Bong, and Huay Tong 

watersheds were 42.17, 18.68, 6.49 and 25.70 ton/hectare/year, respectively, which 

was lower than the soil loss amount in this study.  This was because in 2001 the land 

was used for agriculture, especially for crop, less than the study year.  No maize 
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plantation, so there was no tillage by tractor.  There was only soybean plantation and 

some area were lift as deforestation, fruit orchard and grass land more than the study 

year, especially in Huay Bong watershed, there was tamarind orchard 93% of the area 

and soybean plantation 6% of this area.  Not only the different effect caused by land 

use during these 2 study years, it also found that the number of days and the amount of 

rainfall in 2001 were less than that in the study year. 

 For the moderate level of soil erosion, there should be a measure to 

protect or reduce the soil erosion, especially the land use.  In the study area, almost all 

of the deteriorated forest had been changed to agricultural area. The land use should 

be improved according to the potential of that area.  The forest in high slope land 

should be conserved and the agricultural area should be limited.  Moreover, in the 

agricultural area there should be some measures to reduce the soil erosion, because in 

the study area most of the people ploughed and planted along the slope, and the plants 

which were the field crop had short life.  So after harvest the soil surface was no 

covered with crop until next planting.  In fruit orchard, most of the land was high 

slope hill and there was no protection in fruit planting to protect the soil erosion, like 

field crop practice.  Therefore, there should be the contour plantation, tillage and 

planting along the level or step, etc. to reduce the rainfall erosivity, the speed and 

distribution of land overflow.  Though some area the soil erosion was very slight to 

slight level, there should be measure to protect or reduce the soil erosion.  The 

agricultural should be limited forest enrichment and to prevent the illegal wood 

cutting to open land as new plantation area should be prohibited.  There should be the 

forest substitution program to recover the forest. 

 

5.2 Sediment Delivery Ratio: SDR 
 

 1)  The Amount of Suspended Solid 

 

  1.1)  Huay Ma Nai Watershed 

     According to the analysis of relationship between amount of runoff 

(m3) and suspended solid per storm of rainfall (ton) of Huay Ma Nai watershed in fig 
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5-3  by creating the relationship in simple linear regression, and from the value of 

correlation, it could be seen that the amount of runoff and suspended solid per storm 

rainfall had statistically significant relationship at 95% level of reliability, and the 

coefficient of correlation, r was equal to 0.9150 and the coefficient of determination, 

r2 was equal to 0.8372 as  the equation 5-1. 

 

   S = 0.0009 Q1.1291      ………….5-1 

 when  

   S = Suspended Solid (ton) 

   Q = Amount of Runoff (m3) 

   R2 = 0.8372 
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Fig 5-3 Relationship between runoff (m3) and suspended solid per storm rainfall (ton) 

of Huay Ma Nai watershed from June 15 to October 20, 2005 

 

 1.2)  Huay Mee watershed 

 From the analysis of relationship between amount of runoff (m3) and 

suspended solid per storm of rainfall (ton) of Huay Mee watershed in fig 5-4 by 

creating the relationship in simple linear regression, and from the value of correlation, 

it found that the amount of runoff and suspended solid per storm of rainfall had 

statistically significant relationship at 95% level of reliability, and the coefficient of 
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correlation, r) was equal to 0.9335 and the coefficient of determination, r2) was equal 

to 0.8715 as to the equation 5-2. 

 

   S = 0.0001 Q1.2379    …………..5-2 

  

when  

   S = Suspended Solid (ton) 

   Q = Amount of Runoff (m3) 

   R2 = 0.8715 
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Fig 5-4   Relationship between runoff (m3) and suspended solid per storm rainfall 

(ton) of Huay Mee watershed from June 15 to October 20, 2005 

 

 1.3)  Huay Bong watershed 

 From the analysis of relationship between amount of runoff (m3) and 

suspended solid per storm of rainfall (ton) of Huay Bong watershed in fig 5-5 by 

creating the relationship in simple linear regression, and from the value of correlation, 

it could be that the amount of runoff and suspended solid per storm of rainfall had 

statistically significant relationship at 95% level of reliability, and the coefficient of 

correlation, r) was equal to 0.9173 and the coefficient of determination, r2) was equal 

to 0.8415 as to the equation 5-3. 
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   S = 0.0014 Q0.9968   …………..5-3 

  

when  

   S = Suspended Solid (ton) 

   Q = Amount of Runoff (m3) 

   R2 = 0.8415 
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Fig 5-5   Relationship between runoff (m3) and suspended solid per storm rainfall 

(ton) of Huay Bong watershed from June 15 to October 20, 2005 

 

  1.4)  Huay Tong watershed 

 From the analysis of relationship between amount of runoff (m3) and 

suspended solid per storm of rainfall (ton) of Huay Tong watershed in fig 5-6 by 

creating the relationship in simple linear regression, and from the value of correlation, 

it could be seen that the amount of runoff and suspended solid per storm of rainfall 

had statistically significant relationship at 95% level of reliability, and the coefficient 

of correlation, r) was equal to 0.9173 and the coefficient of determination, r2) was 

equal to 0.8593 as to the equation 5-4. 

 

   S = 0.0092 Q0.8911    …………..5-4 
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when  

   S = Suspended Solid (ton) 

   Q = Amount of Runoff (m3) 

    R2 = 0.8593 
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Fig 5-6   Relationship between runoff (m3) and suspended solid per storm rainfall 

(ton) of Huay Tong watershed from June 15 to October 20, 2005 

 

 According to the study of monthly amount of suspended solid in each 

watershed, and the study of the correlation of relationship between runoff (m3) and the 

amount of suspended solid per storm of rainfall (ton), it was found that all 4 

watersheds had statistically significant relationship at the 95% level of reliability.  The 

runoff affected the amount of suspended solid, which caused by water taking the 

suspended solid from the watersheds.  In 2003, there was the study on the same topic 

(3), it was mentioned that the amount of suspended solid of the 4 watersheds had 

statistically significant relationship at 99% of reliability.  This could be concluded that 

the runoff affected the amount of suspended solid, as same result as this study.  

However, since the tools used for sample collection for this study in some watershed 

was improperly, so the data of suspended solid amount and water level in some 

monthly storm rainfall were not complete.  This resulted to the value of correlation.  
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The amount of suspended solid in each watershed was also related to the land use, 

which was changed from the year 2002.  Especially Huay Bong watershed, the land 

use was changed from destructive forest and fruit orchard to maize plantation.  The 

area of maize plantation was 2.14 hectare which was less than the study area in this 

year 0.14 hectare.  And the amount of suspended solid in Huay Bong watershed in 

2002 was 0.71 ton/hectare (3), which was less than the study area in this year.  This 

was because of the change of land use in the study area. 

 Moreover, there were also the study of relationship between the amount of 

stream water and suspended solid like this, such as, the study of Yenruthai (45).  It 

was found that from the assessment of sediment amount in Si Yad watershed, Amphur 

Sanam Chai Khet, Chachengsao Province, the amount of stream had relationship with 

the amount of suspended solid reaching to the stream.  This was analyzed in 

mathematical model.  From the correlation in the study, it indicated that the suspended 

solid had statistically significant relationship with the amount of stream water at 94% 

of reliability level.  The amount of suspended solid was derived from many factors. 

Supat (43) estimated the amount of sediment by considering the biological factor of 

Chee watershed, and found that the water amount in stream had more relationship 

with the amount of suspended solid than other factors. 

 

 2)  Sediment Delivery Ratio: SDR 

  According to the sediment delivery ratio to each sub-watershed (Table 4-

19), it found that 4 watersheds were rather small because they were sub-watersheds, so 

the sediment delivery ratio was high (7).  Comparing among these 4 sub-watersheds, 

we found that Huay Ma Nai watershed had more sediment delivery ratio than the other 

watersheds, which was 2.41 – 36.41%.  The ratio might be relevant to the conditions 

of this watershed.  From the study of (3), it was found that Huay Ma Nai had many 

branches and high slope gradient, so the amount of suspended solid was also high.  

But some parts of this watershed was less slope gradient than the other watersheds, so 

more suspended solid was flowed into it.  Moreover, the sediment delivery ratio also 

decreased in July, which was probably caused by the small rainfall in June.  So there 

was less land overflow and some sediment was left in the area.  The ratio began to 
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decrease from August.  This means that the sediment delivery was caused by ground 

covers. In October, the maize fully grew, more old leaves and stems fell on the 

ground.  This could help to reduce the erosivity and sediment delivery.   

 Huay Mee watershed was smaller than Huay Ma Nai watershed, and the 

sediment delivery ratio was lower, which ranged from 0.05 – 3.88%. Considering the 

sediment delivery ratio of this watershed in 4 months, it was found that it increased 

since September.  This could because the land was covered densely by plants and 

lower plants, but in October there was only one rainfall, so the sediment delivery ratio 

was higher than that in other months, which amount of sediment was 3.88% of all 

actual soil loss in this area.  This can be seen from the accumulation or sedimentation 

before the sediment transported into the weir in July to September, so the sediment 

delivery ratio was low, and high in October.  Most of the area in this watershed was 

undulating and hilly, so there was sedimentation along the way to the water.   

  In Huay Bong watershed, the sediment delivery ratio was from 0.89 – 

3.55%.  This watershed was the smallest sub-watershed.  Its area was 3.31 hectare.  So 

the sediment delivery ratio was more than that in Huay Mee and Huay Tong 

watershed. The sediment delivery ratio of this watershed was the highest because 

Huay Bong had too much rainfall and runoff. The sediment delivery ratio of Huay 

Tong was 0.25 – 2.27%, which tended to decrease.  It meant the sediment decreased 

from all soil eroded from the area.  This was because the land used as fruit orchard 

was around its branches so this could help to reduce the amount of sediment along the 

way to the water resource in each month. 

 

5.3 Organic Carbon in Soil and Sediment 
 

 1)  Organic carbon in soil 

   From the study of soil organic carbon in 3 parts according to the slope 

gradient of each sub-watershed, it was found that the amount of soil organic carbon in 

more than 5% of slope gradient area was decrease in June, and began to increase from 

July to October.  For the nearly level slope (<5% of slope gradient) area, the amount 

of soil organic carbon tended to increase in each sub-watershed. 
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 The amount of soil organic carbon in Huay Ma Nai watershed was quite 

high.  This could be seen in May, which had no plantation, there were grass and small 

plants covering, so the soil color was brown to black.  The soil structure was round, 

and most of soil texture was clay which had fine texture, and clay with silt which had 

good permeability and soil with small particle had much specific surface.  So the 

amount of organic matter and organic carbon was high (18).  The amount of soil 

organic carbon in more than 5% of slope gradient area in June decreased from May.  

In more than 5% of slope gradient area of this month, the amount of soil organic 

carbon was the very high, comparing with the standard value (60).  It was considered 

that this area had high organic carbon content.  Since the end of May to June was the 

time to prepare for maize plantation, the soil would be forked and ploughed, so there 

was no ground cover to protect the soil erosion during land overflow.  In the next 

month the amount of soil organic carbon tended to increase because there was no land 

and maize disturbance except by rain and runoff.  Maize has been grows monthly, so 

the leaves and stems covering land were different according to the age of maize, they 

could help to reduce the attack of rainfall energy, soil erosion and the soil organic 

carbon flowing along with runoff.  The amount of soil organic carbon in the area with 

less than 5% slope of gradient in each month tended to increase because it came from 

soil erosion in the more slope gradient area, and the covering of maize that grew in 

each month. The organic carbon amount decreased from May obviously, when 

comparing to the standard value (60).   

 Generally, Huay Mee watershed had the percentage of silt particle more 

than Huay Ma Nai watershed, which texture was clay with silt and clay loam (Appendix 

Table C-8).  So the amount of soil organic carbon in May was less than the month 

without any cultivation.  The amount of soil organic carbon with more than 5% slope of 

gradient tended to decrease from May, and increase in the area with less than 5% slope 

of gradient.  The amount of soil organic carbon in different slope gradient was similar to 

Huay Ma Nai watershed.  But in the area with less than 5% slope of gradient in 

September and October, the amount decreased because some maize plantation was 

going to be harvested, and the area was left empty.  This resulted to the soil erosion 
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when it was rained and runoff because there was no ground cover to reduce the attack of 

rain and overland flow. 

In Huay Bong watershed, most of area was started more maize 

plantations for this year.  The soil texture in the watershed mostly was silty clay, and 

the amount of organic carbon was rather high when comparing with the standard value 

(60).  So the soil structure was granular that was good permeability.  The amount of 

soil organic carbon with more than 20% slope in June was quite different from other 

watersheds.  It increased from May due to the reclaimation and to preparation for 

maize plantation in next month. Maize starting to plant in June, the amount of soil 

organic carbon also increased and decreased for the area with more than 5% slope 

gradient. In September the area with more than 20% of slope gradient, the amount of 

soil organic carbon was rather low, comparing with the standard value (60) because in 

this month the maize was harvested and the land was prepare for soybean cultivation.  

In the area with less than 5% of slope gradient, after the maize harvesting, corncob 

was left and preparing to plant soybean, when it rained, there was land overflow on 

corncob and soybean would reduce the rainfall energy and runoff, the amount of soil 

organic carbon also increased. 

Huay Tong watershed, most of soil texture was silty clay, and the amount 

of soil organic carbon was rather high when comparing with the standard value (60).  

The slope of 3 parts (less than 5%, between 5-20%, and more than 20% of slope 

gradient) in May and June tended to decrease.  In July, the area with more than 20% 

slope gradient, the amount soil organic carbon was decreased and increased in some 

area with less than 5% of slope gradient because of the amount of soil organic carbon 

received from soil erosion from more slope gradient covering.  In September and 

October the amount of organic carbon increased since the maize had not been 

harvested and there were ground covers with maize in this sub-watershed.  So the 

covering of maize and ground coverwas densely. 

In conclusion this study found that not only the different soil organic 

carbon due to the land use and ground covers in each month, the conditions of 

landfrom also affected to the amount of soil organic carbon, which was the same as 
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Gregorich (16).  He found that the amount of soil organic carbon depended on the 

slope gradient and soil texture. 

 

2) Organic carbon in sediment 

 

 2.1)  Organic carbon in suspended solid 

 The amount of organic carbon in suspended solid (%) or the 

concentration of organic carbon in suspended solid in Huay Ma Nai, Huay Mee, Huay 

Bong watersheds were not quite relevant to the amount of suspended solid.  From Fig 

5-7 to 5-10, it could be seen that when the amount of suspended solid increased, the 

organic carbon content was low.  This was probably because some parts were still able 

to dissolve or non-stable, so they could be easily delivered from watershed like the 

study of Moore (18). But in Huay Tong watershed, the concentration of organic 

carbon and the amount of suspended solid were relevant. In the Fig 5-6, it was noticed 

that when the amount of suspended solid increased, the concentration of organic 

carbon also increased. Because of the sediment had small particle, which means 

diameter was about 10-4 cm (16). Most of them were clay particle suspend on the 

water, which caused high specific surface. The particle of organic carbon could catch 

a lot of particle of suspended solid tightly and which was calculated in percentage of 

organic carbon in the suspended solid flowed off watersheds (16).  From this study it 

was also found that the topographic conditions with different slope and land use in 

each watershed also affect the organic carbon content in suspended solid.   
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 Fig 5-7  The Suspended Solid (ton) and Organic Carbon content in Suspended  Solid 

(%) of  Huay Ma Nai watershed in June – October 2005 
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 Fig 5-8  The Suspended Solid (ton) and Organic Carbon content in Suspended  Solid 

(%) of  Huay Mee watershed in June – October 2005 
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 Fig 5-9  The Suspended Solid (ton) and Organic Carbon content in Suspended  Solid 

(%) of  Huay Bong watershed in June – October 2005 
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Fig 5-10 The Suspended Solid (ton) and Organic Carbon content in Suspended   Solid 

(%) of Huay Tong watershed in June – October 2005 
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  From Fig 5-11, it was shown that mostly in Huay Ma Nai 

watershed the amount of rainfall affected to the amount of organic carbon in 

suspended solid of each storm rainfall.  When there was a lot of rainfall, the amount of 

organic carbon in suspended solid was also high, the same as Gregorich (16).  He 

found that the distribution and amount of organic carbon in suspended solid depend on 

the amount of rainfall and soil texture.  However, there had some rainfalls that did not 

coincide with this conclusion for example, rainfall period 4 to 7, the amount of 

organic carbon in suspended solid was high because at the end of June to the early of 

August it was the period that maize was at one month old.  Its leaves and stem were 

not densely and the land condition was rolling to steep terrain. When there was land 

overflow, the soil surface would be eroded immensely.  For the rainfall period 18 and 

19, there was a lot of rainfall, but the amount of organic carbon in suspended solid 

was low because at the end of September, maize was ripe and 4 months old, ready for 

harvest.  In this period its leaves and stems including the ground covering were 

densely. This reduced the attack of rainfall energy and overland flow, and protected 

the soil erosion and loss of organic carbon.   

 For Fig 5-12 and 5-14 demonstrated the amount of suspended solid 

and the amount of rainfall of Huay Mee and Huay Tong watershed which had similar 

topographic condition with Huay Ma Nai watershed, but difference in usage.  This 

resulted to the amount of organic carbon in suspended solid because in Huay Mee 

watershed there were more bamboos and bananas than any other watersheds.  So the 

amount of organic carbon and organic matter was high.  Besides, the maize plantation 

was also more than that in other watersheds.  Therefore, the soil erosion and loss of 

organic carbon in soil was high.  This resulted to the higher or highest amount of 

organic carbon in suspended solid when comparing with the standard value (60). 

Regarding the first storm rainfall of Huay Bong watershed (Fig 5-

13), though the amount of rainfall was not much, but the amount of organic carbon in 

suspended solid was high when comparing with the standard value (60).  This was 

because the land was for plant maize planting at in the end of June, it was the start 

time for maize planting and the maize was one month old, its leaves and stems were 

not densely.  Though it rains a little, there was soil erosion and high loss of soil 
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organic carbon, the same as (48).  He had studied the amount of organic carbon in 

suspended solid flowed off main watersheds in Thailand, and found that the land 

conditions and use affected to the loss of organic carbon in suspended solid. 
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  Fig 5-11  The Organic Carbon in Suspended Solid, Suspended Solid and Rainfall of  

Huay Ma Nai watershed in June – October 2005 
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 Fig 5-12   The Organic Carbon in Suspended Solid, Suspended Solid and Rainfall of    

Huay Mee watershed in June – October 2005 
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  Fig 5-13  The Organic Carbon in Suspended Solid, Suspended Solid and Rainfall of 

Huay Bong watershed in June – October 2005 
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  Fig 5-14  The Organic Carbon in Suspended Solid, Suspended Solid and Rainfall of 

Huay Tong watershed in June – October 2005 
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 2.2)  Organic Carbon in bed load sediment 

  According to the study of amount of organic carbon in bed load 

sediment of 4 sub-watersheds, when comparing with the amount of organic carbon in 

bed load sediment and the standard value (60), it was found that the bed load sediment 

organic carbon was rather high. This could be explained the researcher because we did 

not collect the sample of organic carbon in bed load sediment at every time we 

collected the suspended solid collected.  The samples were collected only 2-3 times 

per month depending on time and rainfall.  So there was the accumulation of organic 

carbon from soil and litter flowing into sediment in the water, and the organic matter 

in sediment had been decomposed by livings and microorganism in the water. This 

was resulted to the amount of organic carbon in bed load sediment (61).  It was 

obviously noticed that the bed load sediment organic carbon in Huay Mee’s 

watershed, which bamboos and bananas planted along at the brook were more than 

any other sub-watershed (16.03%).  So the amount of organic matter and organic 

carbon in soil was high.  When there was runoff, the leaves also flown into the water 

and increased the amount of organic carbon in sediment of this watershed.  Moreover, 

it was also found that the ratio of soil particle also affected to the amount of organic 

carbon in the bed load sediment, Since the ratio of clay particle had the organic carbon 

at rather high to high level, comparing with the standard value (60).  Because the clay 

particle had anion and small in size so the specific surface was high. This caused the 

adheresive  strength hold with organic carbon particle tightly (22).  The particle of 

organic carbon then could hold with the particle of suspended solid well and tightly. 

  

5.4 Carbon Enrichment Ratio; CER  
 The amount of organic carbon in suspended solid was sum up with the organic 

carbon content in bed load sediment, for the carbon enrichment increase ratio.  From 

Table 4-23, it was found that the increase of carbon enrichment ratio in suspended 

solid was higher than the organic carbon increase ratio in bed load sediment because 

the particle of suspended solid was small, diameter of the particle was more than 10-4 

cm, and mostly were clay particle (61) which had good absorption of cation particle.  
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The increase of organic carbon in suspended solid and in bed load resulted to the 

decrease of carbon enrichment ratio of each sub-watershed in each month. 

 Regarding the carbon enrichment increase ratio in June of Huay Ma Nai 

watershed and Huay Mee watershed, the bed load sediment could not be collected.  So 

there was no value of carbon enrichment.  The carbon enrichment ratio of Huay Mee 

watershed during September and October increased from August. Because the 

reduction of organic carbon in soil decreased due to the rain and overland flow, the 

carbon enrichment increased due to the decomposition of living beings and 

microorganism in water resource. The increase of organic carbon in suspended solid 

due to was the sediment delivery from the previous month. 

  From Table 4-23, it was found that the carbon enrichment ratio of each sub-

watershed tends to decrease in each month. The highest carbon enrichment ratio in 

Huay Bong Watershed was 2.62 in June.  This meant that in this month there was 

much more organic carbon in sediment than in soil because Huay Bong watershed had 

new area for maize plantation, comparing to the year 2002, which had only 2.14 

hectare for maize plantation (3).  When there was rainfall and runoff, the soil surface 

with organic carbon was eroded into the water, this resulted to the decrease of organic 

carbon amount and increase of organic carbon accumulated in the water.  In October, 

Huay Ma Nai Watershed had the lowest carbon enrichment ratio at 0.46.  It could be 

explained that the amount of organic carbon in sediment was much less than in soil.  

Since during such month, plant and ground cover were densely.  Miaze were at 4-

month old, which were fully growth and was ready to harvest.  It could reduce the 

attack of rainfall energy and land overflow, and protect the soil surface erosion that 

had organic carbon.  So the organic carbon in soil was more than that in sediment.  

The carbon enrichment nearly to 1 could be found in Huay Tong watershed in June 

and Huay Mee watershed in July, at 1.04 and 1.03, respectively.  It could be 

concluded that the carbon enrichment in sediment and in soil were similar.  From the 

study of Lal and Polyakov (15) who had studied on the field crop plantation area 

indicated that the increase of carbon enrichment was 1.7. Since that the soil organic 

carbon was reaching to the stream from soil erosion which was caused by water. 
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5.5 Carbon Delivery Ratio: CDRtotal 
  From the Table 4-24, the carbon delivery ratio of 4 watersheds increased when 

there was more rainfall and runoff. It tended to increase in August and September 

which had the most rainfall in this study area.  The carbon delivery ratio of Huay Ma 

Nai watershed was between 1.34 – 3.79%.  The carbon delivery ratio of this watershed 

was likely to decrease because the amount of organic carbon in sediment increased. 

The highest sediment organic carbon in this watershed was 3.79% of the sediment 

delivery in August which had the highest carbon delivery ratio.  And in October the 

carbon delivery ratio was the lowest, 1.34% of the delivered sediment.  This was 

because this month had more organic carbon in soil and sediment than other months.  

The organic carbon in sediment in October was low because plants and ground cover 

fully grew, so they could help to reduce the erosion and sediment delivery from land 

overflow.  

   The ratio of carbon in sediment in Huay Mee watershed was between 0.04 – 

3.84% of the delivered sediment.  The highest organic carbon in sediment in this 

watershed was in October, which was different from Huay Ma Nai watershed because 

the organic carbon in sediment in this watershed was rather high, and the carbon 

delivery ratio was the highest, so it resulted to more delivered organic carbon from 

soil surface.  For Huay Bong watershed, the carbon delivery ratio was between 3.83 – 

18.83%.  The highest organic carbon in sediment was in July and the lowest carbon 

delivery ratio was in October, similar to Huay Ma Nai watershed. 

 For Huay Tong watershed, the carbon delivery ratio was between 1.06 – 

16.83%.  The highest and lowest carbon delivery ratio of this watershed was in June 

and October, respectively.  The carbon delivery ratio of this watershed was relevant to 

the carbon delivered to the strem and the increase of organic carbon content in 

sediment that decreased evidently.  This was caused by many factors such as the 

increased of organic carbon in soil from the ground covers which could help to reduce 

the soil erosion, so the organic carbon in sediment was decreased.  On the other 

words, the sediment delivery was obstructed by the undulating or hilly and ground 

covers that caused the sedimentation of eroded soil before reaching to the stream.  It 
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could be concluded that this watershed had more mentioned factors than other 

watersheds, so there was sedimentation before transporting into the stream. 

 

5.6 The Assessment of Organic Carbon Loss (Closs) 

 From the assessment of soil organic carbon loss from the soil erosion and 

sediment delivery, the study found that the organic carbon loss ratio of Huay Ma Nai 

was between 0.01 – 2.39 ton/hectare/month.  The highest organic carbon loss ratio 

was in August because in this month the soil loss and the sediment delivery ratio were 

the highest.  In October the organic carbon loss ratio was the lowest because the land 

of this watershed had been used for orchard and crop, especially the maize that fully 

grew and the ground covered densely.  Therefore, the organic matter and organic 

carbon in soil increased.  Besides, it could help to reduce the rainfall energy and 

overland flow, so the loss of organic carbon and soil surface also decreased.   

 For Huay Mee watershed, the organic carbon loss was between 0.01 – 0.21 

ton/hectare/month.  In September the organic carbon loss ratio was the highest.  The 

high organic carbon loss was caused by high rainfall per month, so the soil loss was 

rather higher than that in the other months, and from the study the amount of organic 

carbon in suspended solid and bed load sediment was also high.  It could be concluded 

that the soil organic carbon was lost with the eroded soil by water.  The lowest organic 

carbon loss in this watershed was in October, which was similar to Huay Ma Nai 

watershed.   

 For Huay Bong watershed, the organic carbon loss ratio was between 0.01 – 

1.81 ton/hectare/month.  In July, the organic carbon loss was the highest because of 

the high sediment delivery ratio and carbon delivery ratio.  Considering the amount of 

organic carbon in sediment, it was the highest in this month comparing with that in 

other months.  The lowest organic carbon loss in this watershed was in June, since 

there was only one storm rainfall so the soil surface was not much eroded by the 

runoff.  The sediment delivery ratio was different from that in July and October, 

which had the same amount of rainfall as in June, but the organic carbon loss was 

more.  This was probably because the amount of sediment and particle of organic 
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carbon of last month became sedimentation and then accumulated with the eroded soil 

in this month before flowing to the water resource.   

  Huay Tong watershed had the organic carbon loss between 0.01 – 1.25 

ton/hectare/month.  In August and June the organic carbon loss was the highest and 

lowest respectively, which were the same as the other watersheds.  But in August this 

watershed had the highest organic carbon loss among the 4 watersheds.  This was 

because of the road improvement in the area the land above this watershed therefore, 

the organic carbon from erosivity and sediment delivery were the highest.  The 

organic carbon loss in the study of Huay Ma Nai, Huay Bong and Huay Tong 

watersheds tended to increase in August and began to decrease until the lowest in 

October.  This was because the ground covers as well as the plantation and ground 

coverthat were more and more densely.  Moreover, the factors that affected to the lost 

organic carbon were rainfall, landform, soil erosion and sediment delivery to the water 

resource.  

From the comparison of organic carbon loss of the 4 sub-watersheds, it was 

found that Huay Bong watershed had the highest organic carbon loss by soil erosivity 

and sediment delivery because it was the smallest watershed, and the land was hardly 

used for plantation, equivalent to 0.09% of this watershed.  The land was used for 

maize plantation 66.94% of the area, which was the second to Huay Mee watershed.  

But Huay Mee watershed had more bamboos and bananas along the stream and could 

help to reduce some soil and organic carbon loss, therefore, the organic carbon was 

lost by the soil erosivity and sediment delivery at the lowest.  Comparing with the size 

of land, this watershed was bigger than Huay Mee and Huay Tong watershed.  This 

was another reason that the organic carbon loss in this watershed was lower than that 

in another 2 watersheds.  Huay Ma Nai watershed had more organic carbon loss than 

Huay Mee and Huay Tong watersheds.  These 2 watersheds were smaller, so the 

organic carbon loss should be higher because Huay Ma Nai watershed had more sub-

watersheds than the other 2 watersheds and it could hold more delivered organic 

carbon.  This was similar to the study of Manu (48) saying that the amount of organic 

carbon in sediment in Chao Phraya Watershed was high because of the accumulation 

of sediment of sub-watersheds: Ping, Wang, Yom, and Nan.  Mostly, the organic 
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carbon loss of Huay Ma Nai, Huay Bong, and Huay Tong watersheds in this study 

tended to decrease in August and continued lower in October.  This was because the 

covering plant both the plantation and ground coverbecame more and more densely.  

Other factors such as rainfall, geographical conditions and soil loss, including the soil 

delivery, also affected to the organic carbon loss. 

The resulted of the relationship between the ratio of organic carbon loss and 

soil loss by using the simple linear regression for the 4 sub-watersheds (Huay Ma Nai 

watershed, Huay Mee watershed, Huay Bong watershed and Huay Tong watershed) 

the coefficient of determination, r2 were 0.9935, 0.8827, 0.9331 and 0.7810 

respectively.  According to the correlation, the ratio of organic carbon loss and soil 

loss were seemingly related (Appendix Fig C-1 to C-4), similar to the study of carbon 

loss by soil erosivity and sediment delivery of many researchers, such as Gregorich 

(16), Abdul (49) and Sharma and Rai (52).  They said that the amount of organic 

matter loss and nutrition were related to the soil loss ratio which would increase 

according to the increased soil loss.  And most of assessed organic carbon was higher 

than the organic carbon in sediment that was checked because the real soil loss or the 

real sediment delivery would be partly sediment or accumulated in the watershed. This 

also affected to the amount of organic carbon in sediment which was less than the 

assessment.  

 For the assessment of organic carbon loss, the assessed amount of organic 

carbon was mostly higher than the actual amount.  The assessment of each watershed, 

which was different from the actual value, was as follows: Huay Ma Nai watershed 

was 0.28 – 1.73 ton per hectare, Huay Mee watershed was 0.01 – 0.15 ton per hectare, 

Huay Bong watershed was 0.01 – 1.75 ton per hectare, and Huay Tong watershed was 

0.05 – 1.16 ton/hectare/month. For the actual soil loss or sediment delivery in the area, 

there was some sedimentation in the watershed depending on the type of land use, and 

topographic conditions, so the actual amount of organic carbon loss was lower than 

the assessed value. Comparing the amount of organic carbon loss assessed by using 

the equation 3-14 with the amount of on-site organic carbon loss by using T-test at the 

reliability level 95%, it was found that both values in each month of each watershed 

were not different (Appendix Table C-11 to C-14).  The assessments of carbon loss in 
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this study were assessed from soil organic carbon content, soil loss rate and carbon 

delivery ratio that each watershed had different values. For Huay Ma Nai, Huay Mee, 

Huay Bong and Huay Tong watersheds, the assessed organic carbon loss were 5.17, 

0.59, 7.06 and 2.19% of the erode soil in each watershed in the rainy season, 

respectively.  
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CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 
 

 

 According to the study and assessment of the amount organic carbon loss due 

to soil erosion and sediment transport processes in the study area, Huay Ma Nai, Huay 

Mee, Huay Bong, and Huay Tong watersheds which are the sub-watersheds of Mae 

Tang watershed, Rong Kwang District, Phrae Province. The datas were collected and 

analyzed for 6 months continually, starting from May to October, 2005.  The study 

had been concluded as follows: 

 

6.1 Conclusion 
 

         6.1.1 The Assessment of Soil Loss by USLE 
 

     To assess the soil loss of 4 sub-watersheds, the relevant data to find the 

basic factor of USLE, and the GIS in 5 x 5 grid were done and found that the amount 

of soil loss, under USLE assessment of the 4 watersheds during the rainy season from 

June to October 2005, was rather higher than the actual sediment in the watershed.  

The estimated soil loss were very slight (less than 6.25 ton/ ha/year) to severe (125.00 

– 625.00 ton/ ha/year) level.   
In the study period, the soil loss rate in 5 month of 4 sub-watersheds 

was follows: the average soil loss rate of Huay Ma Nai, Huay Mee, Huay Bong and 

Huay Tong watershed was 12.99, 16.36, 11.52 and 50.28 ton/ha/month, respectively. 

According to the study, it was found that Huay Tong watershed was the 

highest soil loss level because the landform conditions are steeper slope than other 

watersheds that are hilly and moderately steep (more than 20% of slope gradient) 

covering. Besides, there were much more fallows area more extended area than that of 

other watersheds, equivalent to 1.17 hectare or 16.49% within this watershed. 

The soil loss level tended to be severely and increase during August 

and September which was the highest rainfall amount (269.5 mm).  Therefore, runoff 
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and overland flow increased.  However the estimated soil loss was higher than the 

actual sediment reaching from watershed area since the sediment was tapped on the 

ground before reaching to the stream. Moreover, plantation and other ground covers 

also important factors reduced the rainfall energy and runoff as well as increasing the 

soil organic matter and soil organic carbon which consequently improve soil 

permeability and soil erodibility. Soil loss amount in the watershed was thus reduced. 

 

6.1.2 Sediment Delivery Ratio 

 

1) The Amount of Suspended Solid 

 Base on the study of suspended solid amount of 4 watersheds, 

during June to October 2005, it was found that the average suspended solid of Huay       

Ma Nai,  Huay Mee,  Huay Bong and Huay Tong watershed were 6.92, 0.39, 0.85 and 

2.02 ton/ha/month, respectively. Huay Ma Nai watershed had the highest suspended 

solid, followed by Huay Tong, Huay Bong and Huay Mee watershed, respectively. 

Regarding the relationship in simple linear regression between 

runoff (m3) and suspended solid (ton), it indicated that the amount of runoff and 

suspended solid per storm rainfall had statistically significant relationship at the 99% 

level of reliability.  So the suspended solid from the 4 watersheds could predict base 

on the amount of storm rainfall in each watershed. The differences of the amount of 

rainfall, which could be seen that every watershed was high suspended solid in 

September due to the rainfall (269.5 mm).  This caused a large quality of overland 

flow, which resulted in the soil surface erosion and the land degradation of those 

watersheds.  

 

2) Sediment Delivery Ratio : SDR 

The study about sediment delivery in Huay Ma Nai, Huay Mee, 

Huay Bong and Huay Tong watershed, indicated some variation of sediment delivery 

ratio in each month. The average percentages of sediment delivery ratio of all 4 sub-

watersheds from June to October 2005 were 10.40, 1.11, 2.16 and 0.97% of eroded 

soil in each watershed, respectively.  The sediment delivery ratio of Huay Ma Nai 
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watershed was the highest, followed by Huay Bong, Huay Mee, and Huay Tong 

watersheds, respectively. 
Considering about watershed area, it was found that each sub-

watershed was rather small in size, so the sediment could transport to stream channel 

and to the outlet than the larger watershed. It was noticeable that the sediment delivery 

ratio of Huay Bong watershed, which covered the area of 3.31 hectare, was higher 

than that of Huay Mee, and Huay Tong watersheds, which covered the area of 9.58 

and 8.07 hectare. 

Since the sediment delivery ratio depended on many factors: size of 

watershed, topographic conditions, land use and waterway system of that watershed, 

including the length and density of watercourse in the watershed. Each watershed thus 

has it own SDR values. 

 

6.1.3 The Amount of Organic Carbon in Soil and Sediment 

 

1) The Amount of Organic Carbon in Soil 

The amount of organic carbon in soil of the 4 sub-watersheds 

(Huay Ma Nai, Huay Mee, Huay Bong and Huay Tong watershed ) from May to 

October 2005 collected from 3 slopes gradient i.e., less than 5%, between 5-20% and 

more than 20% of slope are different, subject to each study area.  The average soil 

organic carbon of respective watershed was 2.06, 2.21, 2.23 and 1.50%, respectively. 

Comparing to the amount of organic carbon in soil of the 4 sub-watersheds, it was 

found that the average organic carbon in soil of Huay Bong watershed was the highest, 

followed by Huay Mee, Huay Ma Nai, and Huay Tong watershed, respectively. 

The monthly amount of soil organic carbon content for each 

watershed could be classified as rather low to high.  The soil organic carbon in the low 

slope gradient (less than 5% of slope) area tended to increase while the soil organic 

carbon in the high slope gradient (more than 20% slope) area tended to decrease. This 

meant that the land or topographic conditions affected to the amount of soil organic 

carbon. The low slope area had less soil organic carbon than the high slope area, 

which could be seen from Huay Tong watershed which occupied the maximum slope, 

had the least average soil organic carbon content. In June the areas of all watersheds 
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were opened and prepared for cultivation, so the soil organic carbon gradually 

decreased from May. 

The soil organic carbon is also different because of the amount of 

rainfall, soil texture, land use and plants types as well as the soil erosion in each 

month. From the study, it was revealed that soil with more clay particle also contain 

the high organic carbon. As Huay Tong watershed had the highest soil loss rate, 

followed by Huay Mee, Huay Ma Nai, and Huay Bong watershed, respectively.  This 

soil organic carbon was thus reduced when the soil loss rate in watershed increased. 

 

2) The Amount of Organic Carbon in Sediment 

  Based on the study of organic carbon amount in sediment both in 

suspended solid and bed load sediment of the 4 sub-watersheds (Huay Ma Nai, Huay 

Mee, Huay Bong and Huay Tong watershed) from June to October 2005, it was found 

that the amount of organic carbon ranged from rather low to high, and it was different 

in each month. The average amount of organic carbon in sediment of each watershed 

was 4.03, 6.01, 4.87 and 2.31%, respectively.  Huay Mee watershed had the maximum 

concentration of organic carbon in sediment, followed by Huay Bong, Huay Ma Nai 

and Huay Tong watersheds, respectively. 

Regarding organic carbon in sediment in each watershed, it was 

different due to soil erosion rate, rainfall, runoff and sediment delivery to watersheds, 

including the land use and plants type covering the land.  The amount of organic 

carbon in sediment depend on the soil texture, accumulation of soil organic carbon 

and litter that flowed and became sediment into the stream, and the organic matter in 

the sediment decomposed by living and microorganism in the water.    

 Besides, 80% of the area in Huay Mee watershed was use for 

maize, bamboo and banana plantations which biggest land use comparing with and 

was resulted to the highest organic carbon in sediment. Therefore, this watershed had 

not any forest area to store the organic carbon within this watershed area, therefore 

amount of organic carbon eroded by rain and runoff. 
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3) The Carbon Enrichment Ratio 

The tendency of Carbon Enrichment Ratio: CER (which was 

enrichment of organic carbon both in the suspended solid and sediment) in Huay Ma 

Nai, Huay Mee, Huay Bong, and Huay Tong watersheds from June to October 2005, 

the tendency was decreased.  

 The average CER monthly in the respective watershed was 0.63, 

0.91, 1.57 and 1.05, respectively. The watersheds with the highest carbon enrichment 

increase ratio was Huay Bong watershed, followed by Huay Tong, Huay Mee, and 

Huay Ma Nai watersheds, respectively and mostly were caused by the increase of 

organic carbon in suspended solid because of the finer of suspended solid sediment 

has larger surface area to absorb organic carbon particle than those in on-site soil 

erosion particles. 

 For the first period, found during June to August CER was greater 

than 1, it meant that soil organic carbon was transported to be the organic carbon in 

sediment. In the second period, from September, though the rainfall was higher than 

the first period, the plant covers were densely, so organic matter and organic carbon 

were increased. The CER was lower than 1 because of the plant covers were increased 

soil organic carbon content and the erode soil was piled up before reaching to the 

stream.   

 

6.1.4 Carbon Delivery Ratio: CDRtotal 
 

     Carbon Delivery Ratio (the total amount of soil organic carbon that 

transported to the stream in form sediment of each watershed) in  Huay Ma Nai, Huay 

Mee, Huay Bong and Huay Tong watershed from June to October 2005 was about 

2.52, 1.08, 3.09 and 1.09% of delivered sediment, respectively. The highest CDR of 

organic carbon delivery ratio of Huay Bong watershed, fallowed by Huay Ma Nai, 

Huay Tong and Huay Mee watershed, respectively. Refer to the highest average of 

organic carbon delivery ratio of Huay Bong watershed, it could be seen that the carbon 

enrichment ratio increase in this watershed was also high. 
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  The Carbon Delivery Ratio was the specific value of each watershed 

and the results were also found that the CDR had many factors affected to different 

ratio such as rainfall, runoff, plant covers, landform and the sediment transport of each 

watershed. According to the study, Huay Mee watershed was the lowest carbon 

delivery ratio because this watershed is covering with 88.72% of undulating to hilly 

terrain which the eroded soil was deposited or the sediment was piled up along the 

way before reaching to the streams. 

 Moreover the size of watershed was affecting to the CDR like Huay 

Bong watershed is the smallest watershed (3.31 hectare), the organic carbon delivery 

was the highest.  

 

6.1.5 The Determination of Carbon Loss by soil erosion and sediment 

transport processes 
 

 The assessments of carbon loss in this study were assessed from soil 

organic carbon content, soil loss rate and carbon delivery ratio, the value was from the 

processes of soil erosion and sediment transport. 

 From the assessment of organic carbon loss in soil by soil erosion and 

sediment delivery of Huay Ma Nai, Huay Mee, Huay Bong and Huay Tong watershed 

from June to October 2005, it tended to increase in the first 3 months, and then 

decreased until the lowest in October in all watersheds.  

  The average organic carbon loss of the respective watersheds was 1.06, 

0.08, 0.90 and 0.59 ton/ha/month, respectively.  The results were found that Huay 

Bong watershed had the maximum organic carbon loss, followed by Huay Ma Nai, 

Huay Tong, and Huay Mee watershed, respectively. Therefore, the land within Huay 

Bong watershed had been opened and prepared area for maize plantation more than 

last year about 2 hectares (the maize plantation area in this year is 70.85%), the 

structure of soil organic carbon particle was destroyed and can be decomposed by 

microorganisms in soil so these soil organic carbon particles was delivered easily. 

  For the monthly organic carbon amount assessment in 4 sub-

watersheds, were different due to the rainfall amount in each area. September is 

supported to be the month which had the maximum rainfall, 269.5 mm. resulted to 
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overland flow, soil erosion and organic carbon loss. Moreover land use was also 

affected to soil organic carbon that increase soil erodibility, soil permeability and 

finally resulted to soil organic carbon loss. 

 The assessment of organic carbon loss was mostly higher than the actual 

carbon loss in sediment because in the actual soil loss or sediment transportation, 

some was precipitated or piled up on the ground within that watershed area before 

transported to the stream.  This resulted to the actual amount of organic carbon in 

sediment that is lower than the assessed value.  Comparing the amount of accessed 

organic carbon loss with the actual amount of organic carbon in sediment by using T-

test, it was found that there was no difference. The studies equation or Carbon 

Delivery Ratio (CDR) of each watershed could be applied to predict the organic 

carbon loss by soil erosion and sediment transport processes in the overall of each 

watershed.  This was because the amount of soil organic carbon could be measure 

easier than the organic carbon in sediment. Regarding the amount of actual carbon in 

sediment, it was increased according to the decomposition of organic matter in 

sediment by microorganisms.  Moreover, the recovery of lost organic carbon amount 

in the watershed by soil erosion could be done to apply land management practices 

with soil and water conservation measurement. Therefore, the soil would be more 

erodibidity to prevent the soil and organic carbon loss from the watershed.  This 

measure also could be used to assess the impact from soil carbon loss. 
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6.2 Recommendation 
 

1) Soil erodibility in this study is divided from nomograph of soil in study 

area, which has some deviation.  For next study, it is suggested to use other equations 

that would be divided for Thai soil in order to get more actual value. 

 2) The USLE has been used to assess the soil loss in this study.  However 

factors applied as reference are from international and domestic documents, such as 

K-factor. Therefore, the estimated value from the USLE would be over or under 

estimate compounds than the actual value. 

 3) To study the amount of organic carbon in sediment, we should collect the 

data of bed load sediment as soon as collecting the sample of suspended solid in each 

rainstorm in order to get the most actual and accurate value of delivered organic 

carbon. 

 4) The amount of organic matter and organic carbon in this study, analyzed by 

using Walkley-Black Method that could measure the amount organic matter at 6% and 

organic carbon 58% of the measured organic matter.  For next study, it is suggested to 

measure the amount of organic matter and organic carbon by heat or CHN to burn out 

carbon from the sample without contamination from other substances which affect the 

measured organic matter and organic carbon.  Therefore the value will close to the 

actual amount in the sample of organic matter and organic carbon. 

 5) This study should be apply a guideline for determining carbon loss due to 

soil erosion and sediment transport processes, the results should be utilized for land 

management and reduce Green House Gas (GHG) from the lost of soil carbon in the 

future. 

 

 



Haruthai Tippayachan                                                                                                    Bibliography /                        142

 

BIBLIOGRAPHY 
 
1. ICCP. A more Detialed Analysis of the Carbon Budge and its change during 

the Past 20 years. ICCP Special Report on Land Use, Land-use Change and 

  Forestry. 2001. 

2. Dabbakula, M., P. Moncharoen, K. Yoothong, P.Vijarnsorn, L. Moncharoen and H. 

Eswaran. Mirovariability of Vertiols. Deparment of Land Development 

Report, Bangkok, Thailand. 1993. 

3. สมจิตต กาติ๊บ. การประเมินการสูญเสียดินในพื้นท่ีลุมน้ําขนาดเล็ก โดยใชแบบจําลอง GATES 

Model. วิทยานิพนธปริญญามหาบัณฑิต, คณะเกษตรศาสตร บัณฑิตวิทยาลัย 
มหาวิทยาลัยเกษตรศาสตร. 2547. 

4. Maglinao, A.R. et al. The Management of Soil Erosion Consortium Project : A 

Case of Integrated Natural Resource Management Research. From Soil  

Resource to land and water Management : Harmonizing People and 

Nature. IWMI – ADB Project Annual Meeting and 7th MSEC Assembly. 2003 

5. นิพนธ ตั้งธรรม. การควบคุมการชะลางพังทลายของดิน. มหาวิทยาลัยเกษตรศาสตร. 2527. 
6. วัฒนชัย ดํารงหาญวิทย. การคาดคะเนปริมาณการชะลางพังทลายของดิน ในจังหวัดเชียงใหม 

โดยใชสมการสูญเสียดินสากล. วิทยานิพนธปริญญามหาบัณฑิต, คณะวนศาสตร บัณฑิต
วิทยาลัย มหาวิทยาลัยเกษตรศาสตร. 2528. 

7. นิพนธ ตั้งธรรม. แบบจําลองคณิตศาสตรการชะลางพังทลายของดินและมลพิษตะกอนในพื้นท่ี
ลุมน้ํา. ภาควิชาอนุรักษวิทยา คณะวนศาสตร มหาวิทยาลัยเกษตรศาสตร. กรุงเทพฯ. 
2545. 

8. Eswaran, H.E., Van den Berg and Reich,P. Organic carbon in soil of the world. 

Soil Sci. Amer. J. 1993; 57: 194. 

9. Lal. R., J.M. Kimble and R. Follett. Pedosheric Processes and the carbon cycle. 

Advances in Soil Science. CRC Press. Boca Raton, Boston New York, 

Washington and London. 1998. 

10. Schlesinger, W.H. Biogeochemistry : An Analysis of Global Change. Academic 

Press. New York. 1991. 

 



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

143

11. Paul, E.A., R.F. Folett, S.W. Leavitt, A. Halvorson, G.A. Peterson and D.J. Lyon. 
Radiocarbon dating for determination of soil organic matter pool size and 
dynamics. Soil Sci. Am. J. 1997. 

 
12. Lal. R., J.M. Kimble and R. Follett. Pedospheric Processes and the carbon 

cycle. Soil Science. CRC Press. Boca Raton, Boston, NY, 1998.   
 
13. Batjes, N.H. Total carbon and nitrogen in the soils of the world. European J. of 

Soil Sci. 47 : 151-163. 1996. 
 
14. สิริรัตน จันทรมหาเสถียร และศิริภา โพธ์ิพินิจ. การประเมินการสะสมคารบอนในดินในระบบ

นิเวศปาไมของประเทศไทย. เอกสารประกอบการประชุมวิชาการประจําป 2544 วิกฤต
ส่ิงแวดลอม, งานวิจัยและทิศทางของประเทศไทย. คณะสิ่งแวดลอมและทรัพยากร
ศาสตร. กรุงเทพฯ. 2544. 

 
15. Lal. R. and  Polyakov, V. Modeling soil organic matter dynamics as affected by 

soil water erosion. Jour. of  Environment International. 2004. 
 
16. Gregorich E.G., K.J. Greerb, D.W. Andersonb and B.C. Liangc. Carbon 

distribution and losses: erosion and deposition effects. Jour. of Soil & 
Tillage Research. 1998. 

 
17. พนัส บูรณศิลปน. เกษตรกรรมจะถูกปฏิวัติอีกคร้ัง. วารสารวิทยาศาสตรและเทคโนโลยี 

ฉบับที่ 16. 2544. 
18. นิวัติ เรืองพานิช. หลักการจัดการลุมน้ํา. ภาควิชาชีววิทยาปาไม คณะวนศาสตร 

มหาวิทยาลัยเกษตรศาสตร. กรุงเทพฯ. 2547. 
 
19. Moore, T.R. Dissolved Organic Carbon : Controls on sources, sinks and fluxs 

and its role in the soil carbon cycle. Abstract Volume : International 
Symposium on Carbon Sequestration in soil. Ohio, USA. 1996.  

 
20. Hundson, N.W. Soil Conservation. London : B.T. Bastsford, Ltd. 1971 
 
21. สมเจตน จันทวัฒน. การอนุรักษดินและน้ํา เลมท่ี 1: การพังทลายของดิน. ภาควิชาปฐพีวิทยา 

คณะเกษตร มหาวิทยาลัยเกษตรศาสตร. 2522 
 
22. Baver, L.D. Soil Physic. 3rd ., John Wiley and Sons, Inc., New York. 1965. 
 
23. Dunne, T. Studying patterns of soil erosion in Kenya. Soil conservation and 

management in developing countries. 1977. 
 



Haruthai Tippayachan                                                                                                    Bibliography /                        144

24. Rapp, A. Soil erosion and reservoir sedimentation case studies in Janzania.  
Soil conservation FAO Soil Bull.  1977    

 
25. Wischmeier, W.H. and D.D. Smith. Predicting Rainfall Erosion Losses from 

Cropland in the East of Rocky Mountain : Guideline for Selection of 
Practics for Soil and Water Conservation. Agricultural Handbook. 1965. 

 
26. Wischmeier, W.H. and D.D. Smith. Predicting Rainfall Erosion Losses – A 

Guide to Conservation Planning. Agricultural Handbook. 1978. 
 

27. สมเจตน จันทวัฒน. การอนุรักษดินและน้ํา เลมท่ี 2: การพังทลายของดิน. ภาควิชาปฐพีวิทยา 
คณะเกษตร มหาวิทยาลัยเกษตรศาสตร. 2526. 

 
28. Wischmeier, W.H., G.B. Johnson and B.V. Cross. A Soil Erodibility Nomograph 

for Farmland and Constrution Sites. J. Soil and Water Cons. 1971. 
 
27. Wischmeier, W.H. and J.V. Mannering. Relation of Soil properties to its 

Erodibility. Soil Science Soc. Amer. Proc. 1969. 
 
30. สมยศ กิจคา. การอนุรักษดินและน้ําบนพื้นท่ีภูเขา. กรมปาไม กระทรวงเกษตรและสหกรณ. 

2521. 
 
31. Wischmeier, W.H. Relation of Field – plots Runoff to Management and 

Physical factor. Soil Science Soc. Of Amer. Proc. 1975. 
 

32. พรชัย ปรีชาปญญา. การสูญเสียดินและน้ําจากการประยุกตระบบวนเกษตร : การศึกษาเฉพาะ
กรณีการทําสวนกาแฟในปาดิบเขาท่ีดอยปุย เชียงใหม. วิทยานิพนธปริญญามหาบัณฑิต, 
คณะวนศาสตร บัณฑิตวิทยาลัย มหาวิทยาลัยเกษตรศาสตร. 2527. 

 
33. วันเลิศ วรรณปยะรัตน. การประเมินคาปจจัยความคงทนตอการถูกชะลางพังทลายตอดิน

ยโสธรและปจจัยการจัดการพืชสําหรับปอแกวตนเขียวในสมการสูญเสียดินสากลที่อําเภอ
เมือง จังหวัดขอนแกน.วิทยานิพนธปริญญามหาบัณฑิต, คณะวนศาสตร บัณฑิตวิทยาลัย 
มหาวิทยาลัยเกษตรศาสตร.  2529. 

 
34. สุรจิตต ชัยศิริ ไพรวรรณ วัฒนานุกุลกิจ และสุธัม ปลัดสงคราม. การศึกษาสมการสูญเสียดินใน

ประเทศไทย ตอนท่ี 1 : การศึกษาการสูญเสียดินที่เกิดจากการปลูกพืชระบบตางๆกัน. 
รายงานวิชาการประจําป 2525 กองบริรักษที่ดิน กรมพัฒนาที่ดิน กระทรวงเกษตรและ
สหกรณ. กรุงเทพฯ. 2525. 



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

145

35. วาสุเทพ กาญจนกุล พัชรา เทพา ไพวัลย วัฒนานุกิจ และสวัสดิ์ บุญลี. การถูกชะลางพังทลาย
ของดินบางชนิดและการศึกษาการสูญเสียดินท่ีเกิดจากการปลูกพืชระบบตางๆกันในจังหวัด
ลําปาง. รายงานวิชาการกองอนุรักษดินและน้ํา. กรมพัฒนาที่ดิน กระทรวงเกษตรและ
สหกรณ. กรุงเทพฯ. 2530. 

36. กรมพัฒนาที่ดิน. การชะลางพังทลายของดินในประเทศไทย ระดับประเทศ ระดับภาค. กรม
พัฒนาที่ดิน. กระทรวงเกษตรและสหกรณ. กรุงเทพฯ. 2543. 

37.กรมพัฒนาที่ดิน. การชะลางพังทลายของดินในประเทศไทย. กรมพัฒนาที่ดิน. กระทรวง
เกษตรและสหกรณ. กรุงเทพฯ. 2524. 

38. พิณทิพย ธิติโรจนะวัฒน. การศึกษาเปรียบเทียบการสูญเสียดินระหวางสมการสูญเสียดินสากล 
(USLE) กับแปลงทดลอง. วิทยานิพนธปริญญามหาบัณฑิต, คณะสิ่งแวดลอมและ
ทรัพยากรศาสตร บัณฑิตวิทยาลัย มหาวิทยาลัยมหิดล.  2536. 

39. Arnoldus, H.M.J. Methodology Used to Determine the Maximum Potential 
Average Annual Soil Loss Due to Sheet and Rill Erosion in Morocco. 
Assessing Soil Degradation. FAO Rome. FAO Soil Bullentin. 1977. 

 
40. Srison, W. A study of sediment quantities and its impact on strongge capacity 

of Nong Han Reservoir in Sakol Nakhon. M.Ed. Thesis, Srinakha rinmirot 
university. Bangkok. 1984. 

 
41. Pickup, G. Hydrology and sediment models. Modeling Geomographlogical 

System. John Wiley and Sons, Chichester. 1988. 
 
42. Naden, P.S. Models of transport in natural streams. Modeling 

Geomographlogical System. John Wiley and Sons, Chichester. 1988. 
 

43. สุพัฒน ปกษาจันทร. ผลกระทบของปจจัยทางชีวภาพตอปริมาณน้ําท่ีและตะกอนแขวนลอยใน
ลุมน้ํ าชี .  วิทยานิพนธป ริญญามหาบัณฑิต ,  คณะวนศาสตร  บัณฑิตวิทย า ลั ย 
มหาวิทยาลัยเกษตรศาสตร. 2533. 

44. สํานักงานคณะกรรมการพัฒนาการเศรษฐกิจและสังคมแหงชาติ. งานศึกษาขอมูลและพัฒนา
ลุมน้ํายม. กรุงเทพฯ. 2537. 

45. เย็นฤทัย จงถนอม. การคาดคะเนปริมาณตะกอนของลุมน้ําสงคราม. ปญหาพิเศษปริญญาโท. 
มหาวิทยาลัยเกษตรศาสตร. กรุงเทพฯ. 2535.  

46. เพราพรรณ แสงสกุล. ปริมาณอินทรียคารบอนในตะกอนของทะเลสาบสงขลา. เอกสาร
วิชาการ ฉบับที่ 2. สถาบันเพาะเลี้ยงสัตวน้ําชายฝง. 2528.  

 



Haruthai Tippayachan                                                                                                    Bibliography /                        146

47. สุทธิพงศ เสถียรนพเกา. ปริมาณสารอินทรียในน้ําและดินตะกอนบริเวณลุมน้ําเมย จังหวัด
ตาก. วิทยานิพนธปริญญาวิทยาศาสตรมหาบัณฑิต (วิทยาศาสตรส่ิงแวดลอม), โครงการ 
สหวิทยาการระดับบัณฑิตศึกษา มหาวิทยาลัยเกษตรศาสตร.  2535. 

48. มนู ศรีขจร. การศึกษาระบบขอมูลทรัพยากรธรรมชาติในพื้นท่ีลุมน้ํา  เพื่อเสนอแนะแนวทาง
ในการจัดการลุมน้ําและการอนุรักษดินและน้ํา. รายงานกองอนุรักษดินและน้ํา กรมพัฒนา
ที่ดิน. 2540. 

49. Abdul Gafura et. al.  Runoff and losses of soil and nutrients from small 
watersheds under shifting cultivation (Jhum) in the Chittagong Hill. 
Journal of Hydrology. 2003. 

 
50. Antonio Rodrı´ et al. Forms of eroded soil organic carbon in andosols of the 

Canary Islands (Spain). Jour. of Geoderma .  2004. 
 
51. Mike Page et. al.  Erosion-related soil carbon fluxes in a pastoral steepland 

catchment, New Zealand. Jour. of Agriculture, Ecosystems and Environment. 
2004. 

 
52.Sharma P. and  S.C. Rai. Streamflow, sediment and carbon transport from a  
 Himalayan watershed. 2003. 
 
53. กรมพัฒนาที่ดิน. การชะลางพังทลายของดินในประเทศไทย. กรมพัฒนาที่ดินกระทรวงเกษตร

และสหกรณ. กรุงเทพฯ. 2545. 
 
54. Walkley, A. and I.A. Black. Chromic acid tritration method for determination 

of soil organic matter. Soil Science. Amer. Proc. 1965. 
55. กรมพัฒนาที่ดิน. การใชสมการการสูญเสียดินสากลและมาตนการการอนุรักษดิน. กรมพัฒนา

ที่ดิน. กระทรวงเกษตรและสหกรณ. กรุงเทพฯ. 2526. 

56. พิณทิพย ธิติโรจนะวัฒน. การประยุกตใชสมการสูญเสียดินสากล (USLE) ในพื้นท่ีลุมน้ํา . 
เอกสารวิชาการ. กลุมวิจัยตนน้ํา สํานักอนุรักษและจัดการตนน้ํา กรมอุทยานแหงชาติ สัตว
ปา และพันธุพืช. 2546.  

57. ปราโมทย ยาใจ. การประยุกตใชระบบสารสนเทศภูมิศาตรในการคาดคะเนปริมาณการชะลาง
พังทลายของดินในบริเวณพื้นท่ีโครงการพัฒนาดอยตุง โดยใชสมการสูญเสียดินสากล. 
วิ ท ย า นิ พ น ธ ป ริ ญญ า มห า บั ณฑิ ต ,  คณ ะ เ ก ษ ต ร ศ า ส ต ร  บั ณฑิ ต วิ ท ย า ลั ย 
มหาวิทยาลัยเกษตรศาสตร. 2536. 

 



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

147

58. วัฒนชัย ดํารงหาญวิทย. การคาดคะเนปริมาณการชะลางพังทลายของดินในจังหวัดเชียงใหม 
โดยใชสมการสูญเสียดินสากล. วิทยานิพนธปริญญามหาบัณฑิต, คณะวนศาสตร บัณฑิต
วิทยาลัย มหาวิทยาลัยเกษตรศาสตร. 2528. 

 
59. Zingg, A.W. Degree and length of land slope as it effects soil loss in runoff. 

Agr. Eng. 1940.  
 
60. เอิบ เขียวร่ืนรมย. คูมือการสํารวจดิน. มหาวิทยาลัยเกษตรศาสตร. กรุงเทพฯ. 2542. 
 
61. ภัทราวุธ ไทยพิชิตบูรพา. การศึกษาสารแขวนลอย อัตราการตกตะกอน ดินตะกอนพื้นทองน้ํา

และปจจัยแวดลอมท่ีเก่ียวของ ในพื้นท่ีอางเก็บน้ําเขื่อนปาสักชลสิทธ์ิ. วิทยานิพนธปริญญา
มหาบัณฑิต, คณะประมง. บัณฑิตวิทยาลัย มหาวิทยาลัยเกษตรศาสตร. 2548. 

 
 
 
 
 
 



Haruthai Tippayachan                                                                                                         Appendix /  148

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

APPENDIX  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



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

149

 
APPENDIX A 

ลักษณะพื้นท่ีศึกษา 
 

1. ลักษณะทางภูมิศาสตร 
 

ลุมน้ํายอยของลุมน้ําแมถางจํานวน 4 ลุมน้ํา ไดแก ลุมน้ําหวยหมี ลุมน้ําหวยหมาไน 
ลุมน้ําหวยบง และลุมน้ําหวยตอง ตั้งอยูในเขตตําบลบานเวียง อําเภอรองกวาง จังหวัดแพร ระหวาง
ละติจูดที่ 18 องศา 15 ลิปดา เหนือ และลองจิจูดที่ 100 องศา 25 ลิปดา ตะวันออก หางจากอําเภอ
เมืองจังหวัดแพร ประมาณ 18 กิโลเมตร ถึงทางหลวงจังหวัดหมายเลข 1312 จากบานหวยซึมผาน
สามแยกปากทางบานหวยออยจนถึงทางแยกเขาสถานีวิจัยลุมน้ํายมประมาณ 16 กิโลเมตร ตอจาก
สถานีไปเปนทางลูกรังถึงพื้นที่ศึกษา ประมาณ 13 กิโลเมตร โดยมีขนาดพื้นที่ของลุมน้ํายอย
ประมาณ 0.13, 0.10, 0.03 และ 0.08 ตารางกิโลเมตร หรือประมาณ 13.25, 9.58, 3.31 และ 8.07 เฮค
แตร 

 
2. ลักษณะภูมิประเทศ 

 

 พื้นที่สวนใหญเปนเทือกเขาและภูเขาสูง มีแนวแคบๆ ของพื้นที่คอนขางราบเรียบ
เปนที่ตั้งของหมูบาน  
 
3. ลักษณะภูมิอากาศ 

 

ลักษณะภูมิอากาศทั่วไปของลุมน้ํายอยของลุมน้ําแมถาง เปนบริเวณที่มีภูมิอากาศ
แบบรอนชื้น ลักษณะภูมิอากาศแบงออกเปน 3 ฤดูกาล คือ ฤดูรอน ฤดูฝนและ ฤดูหนาว โดยฤดูรอน
เร่ิมตั้งแตเดือนกุมภาพันธถึงเดือนพฤษภาคม ฤดูฝนเริ่มตั้งแตปลายเดือนมิถุนายนถึงตนเดือนตุลาคม 
จะมีลมมรสุมตะวันตกเฉียงใตพัดพาเอาไอน้ําและความชื้นเขามา โดยในชวงเดือนสิงหาคมอาจจะมี
ฝนตกหนัก สวนฤดูหนาวเริ่มตั้งแตเดือนพฤศจิกายนถึงเดือนมกราคม เปนชวงของลมมรสุม
ตะวันออกเฉียงเหนือ ซ่ึงพัดพาความหนาวเย็นและแหงแลงมาจากสาธารณรัฐประชาชนจีน ทําให
พื้นที่หนาวเย็นและแหงแลง มีฝนตกในปริมาณที่นอยมากจนถึงไมมีฝนตกเลย 

ขอมูลลักษณะภูมิอากาศในชวงเดือนมิถุนายน ถึง เดือนตุลาคม พ.ศ. 2548 ซ่ึงเปน
ชวงที่ทําการศึกษา ที่รวบรวมไดจากสถานีตรวจวัดภูมิอากาศของพื้นที่ศึกษา (ภาพที่ 4-2) สามารถ
สรุปได ดังนี้ 
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    1. อุณหภูมิ อุณหภูมิสูงสุดเฉลี่ย 34.0 องศาเซลเซียส เดือนเมษายนมีอุณหภูมิ
สูงสุด คือ 38.0 องเซลเซียส อุณหภูมิต่ําสุดเฉลี่ย 20.5 องศาเซลเซียส เดือนพฤศจิกายนมีอุณหภูมิ 
ต่ําสุด คือ 15.7 องศาเซลเซียส อุณหภูมิรายปเทากับ 27.0 องศาเซลเซียส 

    2. ปริมาณน้ําฝน ปริมาณน้ําฝนรวมในชวงเดือนมิถุนายน ถึง เดือนตุลาคม 993.0 
มิลลิเมตร  

    3. ความเร็วลม ความเร็วลมในชวงเดือนมิถุนายน ถึง เดือนตุลาคม เฉลี่ย 6.6 
กิโลเมตรตอวัน ความเร็วลมสูงสุดในชวงเดือนพฤษภาคม คือ 7.7 กิโลเมตรตอวันและต่ําสุดในชวง
เดือนพฤศจิกายน คือ 5.5 กิโลเมตรตอวัน 

    4. ความชื้นสัมพัทธ ความสัมพัทธเฉลี่ยในชวงในชวงเดือนมิถุนายน ถึง เดือน
ตุลาคม 77.1 เปอรเซ็นต ความชื้นสัมพัทธเฉลี่ยสูงสุด คือ 95. 7 เปอรเซ็นต ความชื้นสัมพัทธเฉลี่ย
ต่ําสุดคือ 54.6 เปอรเซ็นต 
 
4. ลักษณะทางธรณีวิทยา 

 

เนื่องจากภูมิประเทศของลุมน้ํายอยของลุมน้ําแมถาง เปนภูเขาและเทือกเขาสูง
สลับซับซอน วัตถุตนกําเนิดดินสวนใหญเปนพวกวัตถุสลายตัวอยูกับที่ของหินและเศษหินของหิน
ตะกอนและหินแปร ประกอบดวยหินแคลไซต คลอไรตควอตซ ซีสตสีเขียว สลับกับหินดินดานเนื้อ
ทัฟฟสีเขียวถึงสีเทาแกมมวง หินทราย หินปูน และหินแอนดีไซด ซ่ึงเปนหินที่สลายตัวไดดีปาน
กลาง ใหดินเหนียวสีน้ําตาลและสีน้ําแดง (3) 

 
5. ลักษณะทางปฐพีวิทยา 

 

 จากการศึกษาแผนที่ชุดดินในพื้นที่ศึกษาและศึกษาสมบัติของดินในเดือนพฤษภาคม 
พ.ศ. 2548 พบวา ชุดดินที่พบในบริเวณพื้นที่ทั้ง 4 ลุมน้ํายอยของลุมน้ําแมถาง มี 1 ชุดดิน คือ         
ชุดดินล้ี (Li) โดยมีลักษณะเนื้อดินสวนใหญเปนดินเหนียวปนกรวด (กรวดมากกวา 35 %) และดิน
รวนเหนียวปนกรวดมีสีน้ําตาลเขม หรือน้ําตาลเขมปนแดง มีโครงสรางของดินเปนแบบกอนกลม
ทึบ (Granular) เปนโครงสรางที่เปนกอนดินที่มีผิวไมสม่ําเสมอประกอบกันเปนกอนคอนขางกลม
ทําใหดินมีรูพรุน รวนซุยมักเกิดในดินชั้นบน โดยเฉพาะผิวดินที่มีอินทรียวัตถุปนอยูมาก และมี
สัมประสิทธิ์การนําน้ําของดินที่อ่ิมตัวดวยน้ําตลอดชั้นหนาตัดดินเร็วมาก (มากกวา 25 เซนติเมตรตอ
ช่ัวโมง) (36) 
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Appendix Fig A-1 Boundary of study area 

 

นาน 

ลําปาง 

อุตรดิตถ 
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6. ลักษณะทางกายภาพของลุมน้ําท่ีใชในการศึกษา 
 

         ลุมน้ํายอยที่ทําการศึกษาประกอบดวย 4 ลุมน้ํายอย (ภาพที่ 4-4) ไดแก  
 

1) ลุมน้ําหวยหมาไน  มีพื้นที่ลุมน้ําทั้งหมดประมาณ 0.13 ตารางกิโลเมตร หรือ
คิดเปนประมาณ 13.25 เฮคแตร โดยมีรูปรางลุมน้ําคอนไปทางสี่เหล่ียม (rectangular shaped) ลําธาร
มีลักษณะเปนสายสั้นๆ แบบกิ่งไม (dendritic pattern) ความหนาแนนของลําธารเทากับ 94.83 ลําธาร
ตอตารางกิโลเมตร ลุมน้ํามีการระบายน้ําคอนขางดี ความหนาแนนในการระบายน้ําเทากับ 6.53 
กิโลเมตรตอตารางกิโลเมตร มีทิศทางการไหลของน้ําจากทิศเหนือลงสูทิศใต เปนลําธารทีมีน้ําไหล
เกือบตลอดปโดยน้ําจะแหงในฤดูแลง พื้นที่ตั้งอยูในระดับความสูง 395 ถึง 480 เมตร จาก
ระดับน้ําทะเลปานกลาง วัตถุตนกําเนิดดินสวนสวนใหญเปนพวกวัตถุสลายตัวอยูกับที่หรือ
เคลื่อนยายมาเปนระยะทางใกลๆโดยแรงโนมถวงของโลกของหินหรือเศษหินพวกหินตะกอนและ
หินแปร (residuum and colluvium material) ซ่ึงสลายตัวไดดีปานกลาง ใหดินเหนียวสีน้ําตาลและสี
น้ําตาลแดง ไดแก  ชุดดินล้ี (Li)  
 

2) ลุมน้ําหวยหมี มีพื้นที่ลุมน้ําทั้งหมดประมาณ 0.10 ตารางกิโลเมตร หรือคิดเปน
ประมาณ 9.58 เฮคแตร โดยมีรูปรางลุมน้ําคอนไปทางสี่เหล่ียม (rectangular shaped ) ลําธารมี
ลักษณะเปนสายสั้นๆแบบกิ่งไม  (dendritic pattern) ความหนาแนนของลําธารเทากับ 91.84  ลําธาร
ตอตารางกิโลเมตร ลุมน้ํามีการระบายน้ําคอนขางดี ความหนาแนนในการระบายน้ําเทากับ 10.04
กิโลเมตรตอตารางกิโลเมตร มีทิศทางการไหลของน้ําจากทิศเหนือลงสูทิศใต เปนลําธารที่มีน้ําไหล
เกือบตลอดปโดยน้ําจะแหงในฤดูแลง ลุมน้ําหวยหมีนี้ตั้งอยูในระดับความสูง 395 ถึง 480 เมตรจาก
ระดับน้ําทะเลปานกลาง วัตถุตนกําเนิดดินสวนใหญเปนพวกวัตถุสลายตัวอยูกับที่ หรือเคล่ือนยาย
มาเปนระยะทางใกลๆ โดยแรงโนมถวงของโลกของหินหรือเศษหินพวกหินตะกอนและหินแปร
(residuum and colluviummaterial) ใหดินเหนียวสีน้ําตาลและสีน้ําตาลแดง ไดแก ชุดดินล้ี (Li)  
 

3) ลุมน้ําหวยบง มีรูปรางลุมน้ําคอนไปทางสี่เหล่ียม(rectangular shaped) ลําธารมี
ลักษณะเปนสายสั้นๆ แบบกิ่งไม(dendritic pattern) ความหนาแนนของลําธารเทากับ 93.75 ลําธาร
ตอตารางกิโลเมตร ลุมน้ํามีการระบายน้ําคอนขางดี ความหนาแนนในการะบายน้ําเทากับ 8.69
กิโลเมตรตอตารางกิโลเมตร และการระบายน้ําทาจะไหลลงสูลําธารสายหลัก (main stream)โดยตรง
ภายในระยะเวลาอันสั้น มีทิศทางการไหลของน้ําจากทิศระวันตกลงสูทิศตะวันออก เปนลําธารที่มี
น้ําไหลเกือบตลอดปโดยน้ําจะแหงในฤดูแลง พื้นที่ตั้งอยูในระดับความสูง 385 ถึง 435 เมตรจาก
ระดับน้ําทะเลปานกลาง มีพื้นที่ลุมน้ําทั้งหมดประมาณ 0.03 ตารางกิโลเมตร หรือคิดเปนประมาณ 
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3.31 เฮคแตร วัตถุตนกําเนิดดินสวนใหญเปนพวกวัตถุสลายตัวอยูกับที่หรือเคลื่อนยายมาเปน
ระยะทางใกลๆโดยแรงโนมถวงของโลกของหินหรือเศษหินพวกหินตะกอนและหินแปร(residuum 
and colluvium material) ซ่ึงสลายตัวไดดีปานกลาง ใหดินเหนียวสีน้ําตาลและสีน้ําตาลแดง ไดแก 
ชุดดินล้ี (Li)  
 

4) ลุมน้ําหวยตอง มีพื้นที่ลุมน้ําทั้งหมดประมาณ 0.08 ตารางกิโลเมตร หรือคิด
เปนประมาณ 8.07 เฮคแตร โดยมีรูปรางลุมน้ําคอนไปทางสี่เหล่ียม(rectangular shaped) ลําธารมี
ลักษณะเปนสายสั้นๆแบบกิ่งไม(dendritic pattern)ความหนาแนนของลําธารเทากับ 70.42 ลําธารตอ
ตารางกิโลเมตร ลุมน้ํามีการระบายน้ําคอยขางดี ความหนาแนนในการระบายน้ําเทากับ 11.30 
กิโลเมตรตอราตางกิโลเมตร และการะบายน้ําทาจะไหลลงสูลําธารสายหลัก (mainstream)โดยตรง
ภายในระยะเวลาอันส้ัน มีทิศทางการไหลของน้ําจากทิศตะวันออกลงสูทิศตะวันตก เปนลําธารที่มี
น้ําไหลเกือบตลอดปโดยน้ําจะแหงในฤดูแลง วัตถุตนกําเนิดดินสวนใหญเปนพวกวัตถุสลายตัวอยูที่
และ/หรือเคลื่อนยายมาเปนระยะทางใกลๆ โดนแรงโนมถวงของโลกของหินหรือเศษหินพวกหิน
ตะกอนและหินแปร(residuumssd colluvium mateial) ซ่ึงสลายตัวไดดีปานกลาง ใหดินเหนียวสี
น้ําตาลและสีน้ําตาลแดง ไดแก ชุดดินล้ี (Li)  

 



Haruthai Tippayachan                                                                                                         Appendix / 154 
 

Appendix Table A-1  การใชประโยชนที่ดินโดยรวมของพื้นที่ทั้ง 4 ลุมน้ํายอยที่ใชในการศึกษา
และลุมน้ํา   แมถาง ในเดือนกันยายน พ.ศ. 2548 
 

Area (Hectares) 

Land use 

Huay Ma 

Nai Huay Mee Huay Bong Huay Tong  Mae Thang

Abandoned 

tamarind - - - 0.53 1.31

Bamboo - 1.28 - 1.35 8.89

Banana 0.09 0.29 - 0.06 0.74

Corn 7.61 7.78 2.14 2.64 60.57

Corn/Soybean - - - 0.09 0.53

Deforest 1.65 - 0.89 0.81 7.23

Fallow 0.21 - 0.27 1.17 3.86

Fruit garden - - - - 0.09

Grass 0.06 0.03 - 0.08 0.42

Longan garden - - - - 0.35

Mango garden - - - 0.10 0.26

Tamarind 

garden 3.65 0.20 0.00 1.24 8.77

Total 13.25 9.58 3.31 8.07 93.01
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APPENDIX B 

Walkley and Black Method 

 
REAGENTS 

 1. Potassium Dichromate: K2Cr2O7 

 2. Ferrous Ammonium Sulfate: Fe(NH4)2(SO4)26H2O 

 3. Sulfuric Acid: H2SO4 

 4. o-phenanthroline 

 

SOLUTIONS  

 1. 1N Potassium Dichromate: a. Weigh 49.04 g potassium dichromate 

(previously dried for 2 hours at 1050C) into a 1 liter volumetric flask. Dissolve and 

dilute to volume with deionized water and mix well.  

 2. 0.5N Ferrous Ammonium Sulfate 

a. Slowly add 20 ml sulfuric acid to a 1 liter volumetric flask containing 

800 ml deionized water. 

 b. Add 196.1 g ferrous ammonium sulfate. Dissolve, dilute to volume with 

deionized water, and mix well. 

 c. Prepare daily. 

 3. 0.025M o- phenanthroline Indicator: 

  Dissolve 1.48 g o-phenanthroline and 0.7g ferrous sulfate in 100 ml. 

deionized water. 

 

PROCEDURE 

 1. Weigh 1.00 g air-dried soil into a 250 ml. Erlenmeyer flask. 

 2. Add 10 ml. of 1N potassium dichromate solution. 

 3. Add 15 ml. sulfuric acid and mix by gentle rotation for 1 minute, taking care 

to avoid throwing soil up onto the sides of the flask. Let stand for 30 minutes. 

 4. Dilute to 100 ml. with deionized water and 4 drops of o- phenanthroline 

indicator. 
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 5. Titrate with 0.5N ferrous ammonium sulfate solution until the color changes 

at the end point from dark green to red.  

 6. Record volume of ferrous ammonium sulfate solution used. (ml)  

 8. Prepare and titrate a blank (without soil) in the same manner to determine 

the normality of ferrous ammonium sulfate solution. 

  

CALCULATION 

 

  % Organic Carbon =  ( B-T )/ B) x (100/77)  x (3/103) x 100  x 10 

              X 

  when 

    S  = sample titration 

    B  = blank titration 

    X =  weight of soil sample (g) 
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APPENDIX C 

 
Appendix Table C-1 Soil Properties in Huay Ma Nai watershed from May to 

October, 2005 

Month  Soil sample site 

% silt+% very 

fine sand % sand % OM structure permeability 

  Upper slope 37.36 18.36 4.94 Granular  Rapid 

May Middle slope 34.43 21.29 4.32 Blocky Rapid 

  Lower slope 33.01 24.11 3.68 Blocky Rapid 

  Upper slope 25.12 12.44 2.57 Blocky Rapid 

June Middle slope 5.58 38.86 3.33 Blocky Rapid 

  Lower slope 22.50 12.13 4.64 Blocky Rapid 

  Upper slope 21.71 25.09 2.96 Blocky Rapid 

July Middle slope 32.06 18.36 3.35 Blocky Rapid 

  Lower slope 41.86 12.16 3.38 Blocky Rapid 

  Upper slope 42.76 0.52 2.91 Blocky Rapid 

August Middle slope 51.10 13.18 3.31 Blocky Rapid 

  Lower slope 46.76 9.52 4.39 Granular  Rapid 

  Upper slope 34.48 18.24 3.28 Granular  Rapid 

September Middle slope 32.28 24.04 3.30 Blocky Rapid 

  Lower slope 22.08 40.44 4.28 Blocky Rapid 

  Upper slope 34.16 27.44 3.88 Granular  Rapid 

October Middle slope 24.18 28.04 3.80 Granular  Rapid 

  Lower slope 11.78 48.44 3.83 Blocky Rapid 
 

Note: * Upper slope = more than 20% slope 

         Middle slope = between 5 – 20% slope 

  Lower slope = less than 5% slope 
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Appendix Table C-2 Soil Properties in Huay Mee watershed from May to October, 

2005 

Month  Soil sample site 

% silt+% very 

fine sand 

% 

sand 

% 

OM structure permeability 

  Upper slope 37.39 28.00 3.55 Granular  Rapid 

May Middle slope 58.48 1.64 3.50 Granular  Rapid 

  Lower slope 37.88 24.04 2.52 Blocky Rapid 

  Upper slope 40.20 10.00 1.21 Blocky Rapid 

June Middle slope 48.20 2.00 2.91 Blocky Rapid 

  Lower slope 51.60 5.20 4.30 Granular  Rapid 

  Upper slope 50.72 3.44 3.83 Blocky Rapid 

July Middle slope 51.72 2.44 3.95 Granular  Rapid 

  Lower slope 46.12 10.44 4.32 Granular  Rapid 

  Upper slope 25.80 26.56 3.93 Granular  Rapid 

August Middle slope 35.80 23.16 4.05 Granular  Rapid 

  Lower slope 29.00 21.96 4.45 Granular  Rapid 

  Upper slope 31.80 30.82 3.38 Blocky Rapid 

September Middle slope 38.20 35.68 4.24 Blocky Rapid 

  Lower slope 34.00 27.68 3.42 Granular  Rapid 

  Upper slope 3.46 60.24 3.84 Blocky Rapid 

October Middle slope 26.26 34.24 3.93 Granular  Rapid 

  Lower slope 26.26 21.24 2.73 Blocky Rapid 
 

Note: * Upper slope = more than 20% slope 

         Middle slope = between 5 – 20% slope 

  Lower slope = less than 5% slope 
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Appendix Table C-3 Soil Properties in Huay Bong watershed from May to October, 

2005 

Month  Soil sample site 

% silt+ 

% very fine sand 

% 

sand 

% 

OM structure permeability 

  Upper slope 44.80 11.64 3.77 Blocky Rapid 

May Middle slope 32.00 30.64 4.32 Granular  Rapid 

  Lower slope 47.88 8.56 4.33 Granular  Rapid 

  Upper slope 36.19 17.84 4.02 Granular  Rapid 

June Middle slope 41.08 16.44 3.82 Blocky Rapid 

  Lower slope 44.39 22.64 3.38 Blocky Rapid 

  Upper slope 44.12 19.44 4.12 Granular  Rapid 

July Middle slope 50.72 9.64 4.45 Blocky Rapid 

  Lower slope 46.92 0.44 4.77 Granular  Rapid 

  Upper slope 45.31 10.36 3.03 Granular  Rapid 

August Middle slope 41.51 17.16 3.87 Blocky Rapid 

  Lower slope 40.31 2.36 4.67 Granular  Rapid 

  Upper slope 28.35 2.04 1.32 Blocky Rapid 

September Middle slope 25.15 34.24 3.44 Granular  Rapid 

  Lower slope 35.15 21.24 5.30 Granular  Rapid 

  Upper slope 26.26 37.45 3.83 Blocky Rapid 

October Middle slope 29.46 37.44 3.48 Granular  Rapid 

  Lower slope 46.06 21.24 3.78 Blocky Rapid 

 
Note: * Upper slope = more than 20% slope 

         Middle slope = between 5 – 20% slope 

  Lower slope = less than 5% slope 
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Appendix Table C-4 Soil Properties in Huay Tong watershed from May to Oct, 2005 

Month  Soil sample site 

% silt+ 

% very fine sand 

% 

sand 

% 

OM structure permeability 

  Upper slope 47.95 21.49 3.30 Granular  Rapid 

May Middle slope 35.08 18.36 3.26 Blocky Rapid 

  Lower slope 39.00 21.29 3.04 Granular  Rapid 

  Upper slope 41.78 8.64 3.03 Blocky Rapid 

June Middle slope 25.10 28.72 2.94 Granular  Rapid 

  Lower slope 35.30 21.72 2.81 Blocky Rapid 

  Upper slope 46.64 8.56 2.84 Granular  Rapid 

July Middle slope 51.44 8.56 3.28 Blocky Rapid 

  Lower slope 57.64 5.56 3.85 Granular  Rapid 

  Upper slope 52.46 6.10 1.95 Blocky Rapid 

August Middle slope 50.26 0.30 2.62 Granular  Rapid 

  Lower slope 42.06 2.30 2.93 Granular  Rapid 

  Upper slope 40.00 25.88 2.34 Blocky Rapid 

September Middle slope 33.60 19.48 0.96 Blocky Rapid 

  Lower slope 42.00 14.68 2.66 Blocky Rapid 

  Upper slope 34.70 29.00 2.04 Blocky Rapid 

October Middle slope 50.18 16.73 2.37 Blocky Rapid 

  Lower slope 52.38 14.93 2.24 Blocky Rapid 

  Upper slope 43.79 19.73 4.02 Granular  Rapid 

October Middle slope 46.79 0.73 2.75 Blocky Rapid 

Soybean Lower slope 50.78 1.73 2.48 Blocky Rapid 
 

Note: * Upper slope = more than 20% slope 

         Middle slope = between 5 – 20% slope 

  Lower slope = less than 5% slope 
 
Appendix Table 3-5 The level of K-factor to erodibility  
 

K-factor Level 
< 0.04 Very low 

0.04 – 0.08 Low 
0.08 - 0.17 Moderate 
0.17 – 0.35 High 

> 0.35 Very High 
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Appendix Table C-6 The Quality and soil particle of bed load from June to Oct 05 
 

Particle (ton) Particle (% ) 

Date sample 

weight 

(ton) 

>20 

mm 

>10 

mm 

>4 

mm 

>2 

mm 

<2  

mm  

%  

sand 

% 

silt 

% 

clay 

  

texture 

w3 3.09 0.00 2.62 7.82 12.39 78.05 18.95 38.58 42.46 clay 29/6/05 

  w4 3.97 14.97 5.51 8.64 15.08 68.03 32.15 31.78 36.06 clay loam 

w1 3.13 0.00 12.83 13.97 48.98 68.81 0.94 43.06 56.00 silty clay 

w2 0.18 0.00 14.17 49.04 43.09 46.85 3.01 54.15 42.84 silty clay 

22/7/05 

  

  w4 0.73 3.51 13.96 26.38 32.14 51.10 12.81 41.15 46.04 silty clay 

w1 6.90 0.00 1.97 12.16 19.85 71.97 28.66 33.50 37.84 clay 

w3 3.18 0.00 7.23 32.62 20.11 59.09 18.94 36.62 44.44 clay 

29/7/05 

  

  w4 16.98 20.37 7.52 21.58 13.31 55.65 41.14 22.06 36.80 clay 

11/8/05 w4 19.57 15.49 11.61 13.71 13.58 57.23 19.15 38.38 42.46 clay 

w1 11.78 0.00 10.69 22.73 25.84 64.06 22.24 42.76 35.00 clay loam 13/8/05 

  w2 3.83 0.00 11.85 21.87 69.24 0.00 42.24 23.96 33.80 clay loam 

w3 3.81 0.00 2.30 11.57 23.50 63.78 32.44 30.56 37.00 clay loam 15/8/05 

  w4 14.07 20.66 15.02 15.61 9.55 44.32 22.24 35.96 41.80 clay 

w1 7.64 0.00 7.40 19.27 16.68 60.35 22.15 41.58 36.26 clay loam 20/8/05 

  w4 6.02 38.28 3.86 13.75 13.58 56.04 28.00 0.52 71.48 clay 

w2 4.13 0.00 0.77 26.22 25.44 47.77 28.00 28.72 43.28 clay 2/9/05 

  w4 18.28 10.66 15.46 25.82 16.61 48.75 42.60 23.12 34.28 clay loam 

w1 14.17 0.00 8.51 24.63 16.48 57.33 35.86 20.14 44.00 clay 3/9/05 

  w3 1.40 9.38 5.24 9.70 21.66 61.15 26.06 40.94 33.00 clay loam 

w2 4.23 0.00 2.87 22.30 25.11 59.07 32.08 28.64 39.28 clay loam 11/9/05 

  w4 21.44 8.95 11.20 14.40 14.56 50.90 41.88 15.64 42.48 clay 

w1 13.38 1.54 7.01 21.62 21.05 48.79 26.62 30.98 42.40 clay 12/9/05 

  w3 4.46 0.00 2.33 16.71 27.34 55.17 24.22 43.78 32.00 clay loam 

20/9/05 w1 7.54 32.64 5.64 20.38 18.82 42.10 19.80 31.52 48.68 clay 

21/9/05 w4 25.98 22.25 11.96 13.49 17.28 53.84 35.28 22.24 42.48 clay 

w2 4.09 28.51 12.93 19.30 18.74 43.84 14.42 67.63 17.94 silt loam 22/9/05 

  w3 11.41 30.32 6.36 11.71 17.04 51.85 22.42 39.38 38.20 clay loam 

w1 16.56 18.60 21.25 20.56 12.93 39.49 66.08 7.52 26.40 SCL 4/10/05 

  w2 3.16 27.15 8.46 22.96 18.56 47.62 60.88 6.86 32.26 SCL 

w3 3.44 16.14 6.65 10.06 20.20 54.24 57.28 5.24 37.48 SCL 5/10/05 

  w4 16.49 30.56 12.62 14.10 13.20 52.00 61.08 6.24 32.68 SCL 

 
Note :    w1  = Huay Ma Nai     w2 =  Huay Mee   w3 = Huay Bong     w4 = Huay Tong 



Appendix Table C-7 The soil Organic Carbon in Huay Ma Nai watershed from May 

to October, 2005 

Month  Soil sample site Texture Organic Carbon (%)  
  Upper slope clay 2.867 

May Middle slope clay 2.506 
  Lower slope clay 2.135 
  Upper slope clay 1.492 

June Middle slope clay 1.930 
  Lower slope clay 2.691 
  Upper slope clay 1.716 

July Middle slope clay 1.940 
  Lower slope silty clay 1.960 
  Upper slope clay 1.687 

August Middle slope silty clay loam 1.921 
  Lower slope silty clay 2.545 
  Upper slope clay 1.900 
September Middle slope clay 1.914 
  Lower slope clay loam 2.485 
  Upper slope clay 2.252 

October Middle slope clay 2.204 
  Lower slope clay loam 2.223 

 

Note: * Upper slope = more than 20% slope 

        Middle slope = between 5 – 20% slope 

 Lower slope = less than 5% slope 
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Appendix Table C-8 The soil Organic Carbon in Huay Mee watershed from May to 
October, 2005 
 

Month  Soil sample site Texture Organic Carbon (%) 
  Upper slope clay loam 2.057 

May Middle slope silty clay loam 2.028 
  Lower slope clay loam 1.462 
  Upper slope silty clay 0.702 

June Middle slope silty clay 1.687 
  Lower slope silty clay 2.496 
  Upper slope silty clay 2.223 

July Middle slope silty clay 2.291 
  Lower slope silty clay 2.506 
  Upper slope silty clay 2.281 

August Middle slope silty clay 2.350 
  Lower slope clay 2.584 
  Upper slope clay loam 1.959 
September Middle slope clay loam 2.458 
  Lower slope clay 1.986 
  Upper slope sandy clay loam 2.229 

October Middle slope clay loam 2.277 
  Lower slope clay 1.585 

 

Note: * Upper slope = more than 20% slope 

        Middle slope = between 5 – 20% slope 

 Lower slope = less than 5% slope 
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Appendix Table C-9 The soil Organic Carbon in Huay Bong watershed from May to 

October, 2005 

Month  Soil sample site Texture Organic Carbon (%) 
  Upper slope silty clay  2.185 

May Middle slope clay loam 2.504 
  Lower slope silty clay 2.513 
  Upper slope silty clay 2.330 

June Middle slope silty clay 2.214 
  Lower slope clay loam 1.962 
  Upper slope silty clay  2.388 

July Middle slope silty clay  2.581 
  Lower slope silty clay 2.765 
  Upper slope silty clay 1.759 

August Middle slope silty clay 2.243 
  Lower slope silty clay 2.707 
  Upper slope clay 0.766 
September Middle slope clay 1.995 
  Lower slope clay 3.075 
  Upper slope clay loam 2.219 

October Middle slope clay loam 2.017 
  Lower slope clay loam 2.190 

 

Note: * Upper slope = more than 20% slope 

        Middle slope = between 5 – 20% slope 

 Lower slope = less than 5% slope 
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Appendix Table C-10 The soil Organic Carbon in Huay Tong watershed from May to 

October, 2005 
 

Month  Soil sample site Texture Organic Carbon (%) 
  Upper slope clay  1.911 

May Middle slope clay 1.892 
  Lower slope clay 1.765 
  Upper slope clay 1.755 

June Middle slope clay 1.706 
  Lower slope clay 1.628 
  Upper slope clay 1.648 

July Middle slope silty clay 1.901 
  Lower slope silty clay 2.233 
  Upper slope silty clay 1.131 

August Middle slope silty clay  1.521 
  Lower slope silty clay  1.697 
  Upper slope silty clay 1.356 
September Middle slope clay 0.559 
  Lower slope clay 1.542 
  Upper slope silty clay  2.334 

October Middle slope silty clay 1.595 
  Lower slope silty clay 1.441 

 
Note: * Upper slope = more than 20% slope 

        Middle slope = between 5 – 20% slope 

 Lower slope = less than 5% slope 
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Appendix Fig C-1 The relationship between organic carbon loss rate and soil loss rate 

in Huay Ma Nai watershed from June to October, 2005 
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Appendix Fig C-2 The relationship between organic carbon loss rate and soil loss rate 

in Huay Mee watershed from June to October, 2005 
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Appendix Fig C-3 The relationship between organic carbon loss rate and soil loss rate 

in Huay Bong watershed from June to October, 2005 
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Appendix Fig C-4 The relationship between organic carbon loss rate and soil loss rate 

in Huay Tong watershed from June to October, 2005 
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Appendix Table C-11 The comparison between determinate organic carbon (Closs) 

and measure organic carbon (Csed) in Huay Ma Nai watershed by using T-test  

Paired Samples Testa

.767500 .785788 .392894 -.482864 2.017864 1.953 3 .146closs - csedPair 1
Mean Std. Deviation

Std. Error
Mean Lower Upper

95% Confidence
Interval of the

Difference

Paired Differences

t df Sig. (2-tailed)

group = 1.00a. 
 

 
 
Appendix Table C-12 The comparison between determinate organic carbon (Closs) 

and measure organic carbon (Csed) in Huay Mee watershed by using T-test  

Paired Samples Testa

.054000 .064327 .032164 -.048359 .156359 1.679 3 .192closs - csedPair 1
Mean Std. Deviation

Std. Error
Mean Lower Upper

95% Confidence
Interval of the

Difference

Paired Differences

t df Sig. (2-tailed)

group = 2.00a. 
 

 
 
Appendix Table C-13 The comparison between determinate organic carbon (Closs) 

and measure organic carbon (Csed) in Huay Bong watershed by using T-test  

Paired Samples Testa

.835600 .837904 .374722 -.204795 1.875995 2.230 4 .090closs - csedPair 1
Mean Std. Deviation

Std. Error
Mean Lower Upper

95% Confidence
Interval of the

Difference

Paired Differences

t df Sig. (2-tailed)

group = 3.00a. 
 

 
 
Appendix Table C-14 The comparison between determinate organic carbon (Closs) 

and measure organic carbon (Csed) in Huay Tong watershed by using T-test  

Paired Samples Testa

.500000 .567859 .253954 -.205090 1.205090 1.969 4 .120closs - csedPair 1
Mean Std. Deviation

Std. Error
Mean Lower Upper

95% Confidence
Interval of the

Difference

Paired Differences

t df Sig. (2-tailed)

group = 4.00a. 
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