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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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CHAPTER |
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
(COy), 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 10" g.(1), which mostly are organic carbon
approximately 1,462 x 1,576 x 10™ 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 **C 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/halyear (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 km®. 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 km? 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 (Ciess) 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 (Csea/Csoit).
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/Csoit) 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* 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/m® the maximum
average organic carbon was 35 kg. /m? in the wetland area, the lower levels were in
forest and agricultural areas which had organic carbon at 16.9 and 14 kg. /m?
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:
e 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.
e 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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e 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.
e 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.
e 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 CO,. 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:

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

e 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.

e 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.

e Long-term cropping without fertilization practice results to the

reduction of organic matter and organic carbon in soil.
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e 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



Haruthai Tippayachan Literature Reviews / 14

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:

e Soil loss — this results to the reduction of soil fertility, humidity
storage capability, agricultural suitability and permeability.

e 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.

e Water loss due to the compression of soil surface and the decrease
of permeability rate.

e Poisonous chemicals such as heavy metal, pesticide, fertilizer, plant
nutrient flow into the water and cause the water resources contaminated.

e 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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e 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).

e 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).

e 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.

e 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 ........c....... (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 Elzp or Rainfall factor (R), while the rainfall used to calculate
Elso 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 Els, every rainfall

strom, an equation can be written as follows:

n
Elsg = Z Ke*Rago*|3Q/100 ............ (2-3)
i=1
Ke  =210.3+8910G10 (Igm) +vvrerrnnns (2-4)
l3o = Rago/t3o ...................... (2-5)

When El3o = soil erosion of one rainfall (metric ton/hectare * cm/hr)
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Ke = kinetic energy of rainfall per unit (metric ton/hectare /
hectare-cm.)

I3p = maximum intensity in 30 minutes of each rainstorm
(cm./hr)

Razp= maximum rainfall within 30 minutes of each rainstorm
(cm.)

tso = 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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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 = 2.1M** (10) *(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):

LGSR (2-7)
S = 65.41sin°0 + 4.56 5in® + 0.065............ (2-8)
or S= 0.43+0.35 +0.0435%/6.613 .............. (2-9)

When A = 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%

6 = 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 Dbest
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 (km?) Sediment Delivery
Ratio (SDR)

0.05 0.58
0.1 0.52
0.5 0.39
| 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 ~+% 9
Tangtham The North Watershed SDR (%) = 4.635+90.5037Dd —
and 403.6575R/L
Truwattana R?=0.7129 10
(1989) SDR (%) = -20.2867+1.9363
WSC4+27.760Dd
R* = 0.8909 11

SDR (%) = -65.2969+0.9525
WSC3+2.1558WSC4
+0.0266Ra 12

Source: Nipon (7)

Note A = Watershed
Dd = Drainage Density (km./ km?2)
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%%% ............ (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
SDR

Watershed area (hectare)

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.Quw” o (2-15)

When SS = Quantity of suspended solids (ton)
Qw = Quantity of water (million cu. m.)
ab = 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 = kL . (2-16)
When SS = Sediment quantity (ton)
Q = Runoff quantity (m?)

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 V- 15.65A 14 (r=0.95)............ (2-17)
When SS = Suspended solids quantity (ton)
A = Rain support area (km?)

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 = aDa® ........ccceee......(2-18)
When Qs = Annual suspended solids quantity in average
ton/year
DA = Water support area (km?)

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 (km?) Equation

300 — 800 SS =1.0528 x 10°Q""™ (19)
800 - 1,600 SS = 1.227 x 10°Q*#7" (20)
1,600 — 4,000 SS = 1.0026 x 10%Q*™"  (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 watershedsthere 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/ km?/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/m?. The organic carbon in solid sediment was around 116 +18.1
g C/kg, which was 114.4 g C/m?-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/m?-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 I
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
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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

Elgo = (3 Ke*Raso*somax )/100 voveeveevnen. (3-1)
i=1

Ke =210.3+8910010 (lem)  cvvevvreereeenannn. (3-2)
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l30max = Rago/tgo ...................... (3-3)

N
R = i; 1(E | 30) ....................... (3-4)

When

Els, = rainfall erosivity at one time (ton’/hectare *cm/hr)

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

I3omax = maximum rainfall intensity in 30 minutes of each rainstorm
(cm/hr)

Razo = amount of rainfall in 30 minutes with the most intensity in
30 minutes per rainstorm (cm.)

tsp = 30 minutes of period with maximum rainfall intensity per
storm

R = monthly rainfall (ton’/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
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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 = (nf223)™ oo (395)
S= 65.415sin%0 + 4.56 5in + 0.065................ (3-6)
Or S= (0.43 +0.3s + 0.043s%)/6.613 .............. (3-7)

When

Am = 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 atslope level <1 percent

6 = 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.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Technology of Environmental Management) / 41

Table 3-2 Soil Loss Rate in Thailand

Soil Loss rate
Soil Erosion level Tons/ rai lyr 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.......iiiiiiiieie e (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.
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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 vivevivrrurrerennns. (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 : CDRotal
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.

CDRyoa1 = 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)
CDRyia = Total of Carbon Delivery Ratio



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Technology of Environmental Management) / 45

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).

When
A = Soil Loss rate (tons / hectare / month)
CDR = Carbon Delivery Ratio
C il = Soil organic Carbon (%)

Css = 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 Elsp,
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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 Els 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 Elzg
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 Elsy 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 l30max 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 22:18 235 538.45 6.5 35.00
4 25/7/2005 11:18 17:30 18.5 439.79 145 63.77
5 4/8/2005 17:54 18:24 20.5 550.31 195 107.31
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 21.0 514.98 155 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 12:12 335 T774.75 125 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: l3omax = maximum rainfall intensity in 30 minutes of each day (cm/hr)
E = summary of rain Kinetic energy in one day (KE*Rainfall (mm)

R-faCtOI' = (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 Elz, 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 Elzp 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 Elzy 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 Elz, was between
34.08 m-ton/hectare.

Table 4-2 Rainfall Amount and Rain Erosivity factor of Huay Mee watershed

Rainfall Period Rainfall E l30max 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
3 718/2005 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 {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 75 34.27
8 9/9/2005 3:24 18:24 30.0 767.72 17.0 130.51
9 10/9/2005 1:18 12:12 335 774.75 125 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: lsomax = 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* l30max)/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 Elsp, equivalent to 0.05 m-ton/hectare. In July the average
rainfall amount was 18.5 mm. and the rain erosivity factor or Els, 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 El3, 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 Elsp 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 Elzy was between 34.077 m-

ton/hectare.

Table 4-3 Rainfall Amount and Rain Erosivity factor of Huay Bong watershed

Rainfall Period Rainfall E l30max 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 18.5 439.79 145 63.77
3 4/8/2005 17:54 18:24 20.5 550.31 195 107.31
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 45 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 12:12 335 T74.75 125 96.84
10 12/9/2005 11:24 15:54 19.5 4384.87 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 16:36 155 320.90 4.0 12.84
14 28/9/2005 0:06 4:36 425 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 20.5 524.26 175 34.08

Note. lzomax = 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* l3omax)/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 Elsg, 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 Elzy 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 Elzy 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 Elz, 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 Elgg

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.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Technology of Environmental Management) / 51

Table 4-4 Rainfall Amount and Rain Erosivity of Huay Tong watershed

Rainfall Period Rainfall E l30max 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 22:18 235 538.45 6.5 35.00
3 25/7/2006 11:18 17:30 18.5 439.79 145 63.77
4 4/8/2005 17:54 18:24 20.5 550.31 195 107.31
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 55 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 21.0 514.98 155 79.82
12 1/9/2005 0:06 5:18 23.0 456.88 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 4:36 425 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: l3omax = 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* I3pmax)/100



Haruthai Tippayachan Results / 52

2016800 2017000

2016600

o
Q
=
0
"l
[=]
™

2016200

2016000

646400 646600 646800 647000 N 047200 647400
Legend et L0 21,
Rainfall(mm)
B 19-24.11 [ ] 44.55-49.66 [ | Boundary

I 2411-2922 [ ] 49.66-54.77
I 2022-3433 [ | 54.77-59.88
I 3433-39.44 [ | 59.88-64.99
[ ]39.44-4455

Fig 4-1 The annual rainfall isohyetal map of 4 sub-watersheds in July 2005

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Technology of Environmental Management) / 53

2016800 2017000

2016600

(=]
=}
T
w0
-
(=]
™

2016200

2016000

646400 646600 646800 647000 \ 647200 647400
80 0 80 160 240
Legend == ——__ LUl
Rainfall(mm)

Bl 52.01-89.78 [ 120.88 - 128.66 [ | Boundary

B 59-78-97.56 [ ] 128.66 - 136.43
I 97.56- 10533 [ | 136.43 - 144.21
I 105.33-113.11 [ ] 144.21- 151.98
[ 113.11-120.88

Fig 4-2 The annual rainfall isohyetal map of 4 sub-watersheds in August 2005

Copyright by Mahidol University



Haruthai Tippayachan Results/ 54

2017000

2016800

=]
(=]
o
0
—
[=]
™

2016200 2016400

2016000

046400 6466000 6460800 647000 N 047200 647400
80 0 80 160 240
Liegend == —=__ N

Rainfall(mm)
B 225-230 B 250-255 I:l Boundary
B 230-235 [ ] 255-260
B 235-240 [ ]260-265
B 240-245 [ | 265-270
[ ] 245-250

Fig 4-3 The annual rainfall isohyetal map of 4 sub-watersheds in September 2005

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Technology of Environmental Management) / 55

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 4-5 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 isalmost 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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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 | 0.12 117 012 | 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 | 1759 | 2.67 | 27.24 | 0.64 | 19.84 | 2.17 | 30.56
> 30 Steep 0.15 1251008 0.79| 0.12| 359 | 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
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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 - - 128 13.33 - - 135 16.70
Banana 0.09 0.64 0.29 3.06 - - 0.06 0.76
Deforest 165 1244 - - 0.89 26.92 0.81 10.02
Fallow 7.81  58.95 7.78 81.18 243 7344 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 2752 0.20 2.06 0.00 0.09 1.24 1537
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 - - 135 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 3276
Deforest 1.65 12.44 - - 0.89 26.92 0.81 10.02
Fallow 0.21 1.55 - - 0.15 441 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 0.09 124 1537
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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Fig4-16 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 - - 135 16.70
Banana 0.09 0.64 029 3.06 - - 0.06 0.76
Corn 7.61 57.40 7.78 81.18 214 64.71 2.64 32.76
Corn/Soybean - - - - - - 0.09 1.09
Deforest 165 12.44 - - 0.89 26.92 0.81 10.02
Fallow 021 155 - - 0.27 8.19 117 1451
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 0.09 124 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 - - l=28==_1.3+33 - - 135 16.70
Banana 0.09 0.64 0.29 3.06 - - 0.06 0.76
Corn 7.61 57.40 7.78 81.18 214  64.71 2.64 3276
Corn/Soybean - - - 0.13 3.78 0.09 1.09
Deforest 165 1244 - - 0.89 26.92 0.81 10.02
Fallow 0.21 1.55 - - 0.15 441 117 1451
Grass 0.06 0.45 0.03 0.35 - - 0.08 1.04
Mango garden - - - - - - 0.10 1.18
Tamarind garden 3.65 2752 0.20 2.06 0.00 0.09 1.24 1537
Total 13.25 100.00 9.58 100.00 3.31 100.00 8.07 100.00
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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 4-16 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) (m?%s) (m®) a b c
23/6/2005 05 0.73 1,184.22 1.30 154 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 20.5 251 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 33.70 291
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

¢ = 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 12" 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) (m¥/s) (m?) 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 30.0 130  1,242.96 1.04 1.30 0.13
10/9/2005 335 1.85  1,508.55 0.96 1.44 0.15
12/9/2005 19.5 112 912.00 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 205 1.50 643.89 1.04 0.67 0.07

Note: a = Suspended Solid (mg/l)
b = Suspended Solid (ton); (a*Runoff)/1,000

¢ = 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 4" the amount of suspended solid was the highest. In September 9 samples
were collected, and on September 29™ 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) (m¥s) (md) 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 23.0 154  1,260.94 1.96 2.47 0.77
6/9/2005 9 0.57 24.49 1.05 0.03 0.01
10/9/2005 335 1521 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 54.0 294  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 425 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
¢ = 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 4", the amount of suspended solid was the highest. In

September nine samples were collected, and on September 19" 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 235 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 7.85 111
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 23.0 093  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 335 186  4,046.56 2.93 11.87 1.67
12/9/2005 195 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 54.0 292 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 42.5 135  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 205 1.02 268.32 3.64 0.98 0.14

Note: a = Suspended Solid (mg/l)

b = Suspended Solid (ton); (a*Runoff)/1,000

¢ = Suspended Solid (ton/ha); b/watershed area
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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. 1t 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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Fig4-24 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. 1t 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.
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Fig 4-26 The land use of Huay Mee watershed in August 2005
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Fig4-27 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
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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
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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.

Fig4-30 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
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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:

e 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 3 October,

the amount of organic carbon in suspended solid were the highest.

e 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.
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Fig 4-32 The suspended solid sampling in study area

e 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.

e 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

%0C ton ton/ha | %OC ton ton/ha | %0OC 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 - - -| 394 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 - - - - - -] 122 0.192 0.0271
25/7/05 | 3.20 0.276 0.024| 3.13 0.075 0.008 | 248 0.090 0.0282 | 1.15 0.109 0.0153
4/8/05 | 2.74 3.117 0269 | 3.61 0.017 0.002 | 232 0.054 0.0168 | 1.11 0.096 0.0135
5/8/05 | 2.93 0.083 0.007 - - - - - - - - -
7/8/05 | 217 0864 0.074| 291 0.005 0.001| 248 0.014 0.0044| 0.93 0.056 0.0079
12/8/05 | 2.81 5272 0454 | 272 0006 0.001 | 282 0.045 0.0142 | 0.96 0.075 0.0106
14/8/05 | 1.29 0.012 0.001 | 236 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| 270 0.012 0.0039 | 0.99 0.003 0.0004
19/8/05 - - - - - - - - -| 115 0.002 0.0003
27/8/05 | 0.71 0.240 0.021 - - - - - -| 097 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 | 274 0.068 0.0211| 0.95 0.038 0.0054
6/9/05 - - - - - -| 3.15 0.001 0.0003 - - -
9/9/05 | 3.89 3476 0.300| 322 0.042 0.004 - - -| 148 0.008 0.0011
10/9/05 | 2.87 0545 0.047 | 299 0.043 0.004 | 3.15 0.003 0.0010 | 1.73 0.206 0.0290
12/9/05 - - 0.000| 292 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| 531 0.156 0.016 | 296 0.045 0.0142 | 2.27 0.097 0.0137
20/9/05 - - - - - -| 348 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| 365 0.124 0.013| 2.62 0.004 0.0013| 129 0.038 0.0053
29/9/05 | 141 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 = (%0OC*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:

e 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.

e 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.

e 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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e 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
sandy clay sandy clay
4/10/2005 0.78 0.13 loam 0.98 0.03 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 (%) | OC (ton) texture OC (%) | OC (ton) texture
1 2 3 1 2 3
29/6/2005 145 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 = %O0C; Organic carbon concentration in bed load sediment
2 = (%0OC*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 - - - - - 1182081262 |0.69|035]1.04
July 0.50/035|085|045|046|1.03|09 101|198 |0.61|111]|1.16
Aug 0.3410.12|054]040]031]0.72|1.15|0.40|1.56 | 0.69 | 0.76 | 1.63
Sep 048 |10.210.70 | 0.69 | 0.30 | 091 |055|042|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 (%)

¢ = Carbon in suspended solid and bed load (%) / Carbon in soil (%)
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4.4 Carbon Delivery Ratio: CDRotal

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 (%CDR)* 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: * %CDRta = (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 (CDRy) 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: Cjoss* (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: * Cjoss = Cs0il (%) * A (ton/ha) * CDRgtal

The Soil Carbon Loss (Ciess ) 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



Haruthai Tippayachan Discussions / 110

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.
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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

(m®) and suspended solid per storm of rainfall (ton) of Huay Ma Nai watershed in fig



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Technology of Environmental Management) / 113

5-3 Dby 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,

r? was equal to 0.8372 as the equation 5-1.

S$=0.0009Q"™ ...cei.... 5-1

when
S = Suspended Solid (ton)
Q = Amount of Runoff (m®)

R*=0.8372
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Fig 5-3 Relationship between runoff (m®) 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 (m®) 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, r?) was equal
to 0.8715 as to the equation 5-2.

S=0.0001 Q*#° ... 5-2

when
S = Suspended Solid (ton)
Q = Amount of Runoff (m?)
R*-=0.8715
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Fig 5-4 Relationship between runoff (m®) 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 (m®) 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, r?) was equal
to 0.8415 as to the equation 5-3.
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S$=0.0014 Q%% ... ... 5-3

when
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Q = Amount of Runoff (m®)
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Fig 5-5 Relationship between runoff (m?) 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 (m®) 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, r?) was

equal to 0.8593 as to the equation 5-4.

S$=0.0092 Q% ... 5-4
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when
S = Suspended Solid (ton)
Q = Amount of Runoff (m?)

R*=0.8593
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Fig 5-6 Relationship between runoff (m®) 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 (m®) 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™ 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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Fig5-7 The Suspended Solid (ton) and Organic Carbon content in Suspended Solid
(%) of Huay Ma Nai watershed in June — October 2005
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Fig5-8 The Suspended Solid ton) and Organic Carbon content in Suspended Solid

(%) of Huay Mee watershed in June — October 2005
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Fig5-9 The Suspended Solid ton) and Organic Carbon content in Suspended Solid
(%) of Huay Bong watershed in June — October 2005

%0C ss(ton)
250 T - 18

T+ 16

2.00 +
14

T12

150 +
110 —=—%0C

—&— ss(ton)

1.00 +

0.50 +

0.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

rain strom

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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Fig5-11 The Organic Carbon in Suspended Solid, Suspended Solid and Rainfall of
Huay Ma Nai watershed in June — October 2005
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Fig5-12 The Organic Carbon in Suspended Solid, Suspended Solid and Rainfall of
Huay Mee watershed in June — October 2005
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Fig5-13 The Organic Carbon in Suspended Solid, Suspended Solid and Rainfall of
Huay Bong watershed in June — October 2005
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Fig5-14 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
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: CDRya

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



Haruthai Tippayachan Discussions / 130

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 (Cess)

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, r* 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/ halyear) 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 (m®) 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 Solil

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: CDRgtal

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 Nali,
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.
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Area (Hectares)

Huay Ma

Land use Nai Huay Mee Huay Bong Huay Tong  Mae Thang
Abandoned
tamarind - - - 0.53 131
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 L 375 9.58 3.31 8.07 93.01
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APPENDIX B
Walkley and Black Method

REAGENTS
1. Potassium Dichromate: K,Cr,07
2. Ferrous Ammonium Sulfate: Fe(NH,4),(SO4),6H,0
3. Sulfuric Acid: H,SO,

4. o-phenanthroline

SOLUTIONS
1. 1IN Potassium Dichromate: a. Weigh 49.04 g potassium dichromate
(previously dried for 2 hours at 105°C) 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 (3/10% 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

% silt+% very

Month Soil sample site fine sand % sand % OM structure permeability
Upper slope 37.36 18.36 4.94  Granular Rapid
May Middle slope 34.43 21.29 432  Blocky Rapid
Lower slope 33.01 24.11 3.68  Blocky Rapid
Upper slope 25.12 12.44 257  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 25.09 296  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 0.52 291 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



Haruthai Tippayachan

Appendix / 158

Appendix Table C-2 Soil Properties in Huay Mee watershed from May to October,

2005
% silt+% very % %

Month Soil sample site 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 24.04 252  Blocky Rapid
Upper slope 40.20 10.00 1.21  Blocky Rapid
June Middle slope 48.20 2.00 291  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 35.68 424  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

% silt+ % %

Month Soil sample site % very finesand 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 47.88 856  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 1944 412 Granular Rapid
July Middle slope 50.72 9.64 4.45 Blocky Rapid
Lower slope 46.92 044 477 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 40.31 236  4.67 Granular Rapid
Upper slope 28.35 204 132 Blocky Rapid
September Middle slope 25.15 34.24 344 Granular Rapid
Lower slope SRS 2124 530 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

% silt+ % %

Month Soil sample site % very finesand sand OM structure permeability
Upper slope 47.95 2149 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 28.72 294 Granular Rapid
Lower slope 35.30 21.72 281  Blocky Rapid
Upper slope 46.64 856 2.84 Granular Rapid
July Middle slope 51.44 856 3.28 Blocky Rapid
Lower slope 57.64 556 3.85 Granular Rapid
Upper slope 52.46 6.10 195 Blocky Rapid
August Middle slope 50.26 0.30 262 Granular Rapid
Lower slope 42.06 230 293 Granular Rapid
Upper slope 40.00 25.88 2.34 Blocky Rapid
September Middle slope 33.60 19.48 096 Blocky Rapid
Lower slope 42.00 1468 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 1493 224  Blocky Rapid
Upper slope 43779 19.73  4.02 Granular Rapid
October Middle slope 46.79 0.73 2.75 Blocky Rapid
Soybean Lower slope 50.78 1.73 248 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 (%)
weight | >20 >10 >4 >2 <2 % % %
Date sample | (ton) mm mm mm mm mm | sand silt clay texture
29/6/05 w3 3.09 0.00 | 2.62 7.82 | 12.39 | 78.05 | 18.95 38.58 | 42.46 clay
w4 397 | 1497 | 551 8.64 | 15.08 | 68.03 | 32.15 31.78 | 36.06 | clay loam
22/7/05 wl 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
w4 0.73 3.51 | 13.96 | 26.38 | 32.14 | 51.10 | 12.81 41.15 | 46.04 | silty clay
29/7/05 wil 6.90 | 0.00 197 | 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
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 | 1549 | 11.61 | 13.71 | 13.58 | 57.23 | 19.15 38.38 | 42.46 clay
13/8/05 wl 11.78 | 0.00 | 10.69 | 22.73 | 25.84 | 64.06 | 22.24 42.76 | 35.00 | clay loam
w2 3.83 | 0.00 | 11.85 | 21.87 | 69.24 | 0.00 | 42.24 23.96 | 33.80 | clay loam
15/8/05 w3 381 | 0.00 | 2.30 | 11.57 | 23.50 | 63.78 | 32.44 30.56 | 37.00 | clay loam
w4 14.07 | 20.66 | 15.02 | 15.61 9.55 | 44.32 | 22.24 35.96 | 41.80 clay
20/8/05 wil 7.64 | 0.00 | 7.40 | 19.27 | 16.68 | 60.35 | 22.15 41.58 | 36.26 | clay loam
w4 6.02 | 38.28 | 3.86 | 13.75 | 13.58 | 56.04 | 28.00 0.52 | 71.48 clay
2/9/05 w2 413 | 0.00 | 0.77 | 26.22 | 25.44 | 47.77 | 28.00 28.72 | 43.28 clay
w4 18.28 | 10.66 | 15.46 | 25.82 | 16.61 | 48.75 | 42.60 23.12 | 34.28 | clay loam
3/9/05 wl 14.17 | 0.00 | 851 | 24.63 | 16.48 | 57.33 | 35.86 20.14 | 44.00 clay
w3 140 | 938 | 524 | 9.70 | 21.66 | 61.15 | 26.06 40.94 | 33.00 | clay loam
11/9/05 w2 4.23 0.00 | 2.87 | 22.30 | 25.11 | 59.07 | 32.08 28.64 | 39.28 | clay loam
w4 21.44 | 8.95 | 11.20 | 14.40 | 14.56 | 50.90 | 41.88 15.64 | 42.48 clay
12/9/05 wl 13.38 154 | 7.01 | 2162 | 21.05 | 48.79 | 26.62 30.98 | 42.40 clay
w3 4.46 0.00 | 2.33 | 16.71 | 27.34 | 55.17 | 24.22 43.78 | 32.00 | clay loam
20/9/05 wl 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
22/9/05 w2 4.09 | 28,51 | 12.93 | 19.30 | 18.74 | 43.84 | 14.42 67.63 | 17.94 | siltloam
w3 1141 | 30.32 | 6.36 | 11.71 | 17.04 | 51.85 | 22.42 39.38 | 38.20 | clay loam
4/10/05 wl 16.56 | 18.60 | 21.25 | 20.56 | 12.93 | 39.49 | 66.08 7.52 | 26.40 SCL
w2 3.16 | 27.15 | 8.46 | 22.96 | 18.56 | 47.62 | 60.88 6.86 | 32.26 SCL
5/10/05 w3 3.44 | 16.14 | 6.65 | 10.06 | 20.20 | 54.24 | 57.28 5.24 | 37.48 SCL
w4 16.49 | 30.56 | 12.62 | 14.10 | 13.20 | 52.00 | 61.08 6.24 | 32.68 SCL
Note: w1l =Huay MaNai w2= Huay Mee w3 =Huay Bong w4 = Huay Tong
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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 (Cjess)
and measure organic carbon (Csq) in Huay Ma Nai watershed by using T-test

Paired Samples Test

Paired Differences

95% Confidence
Interval of the

Std. Error Difference
Mean |Std. Deviation| Mean Lower Upper t df Sig. (2-tailed)
Pair1 closs - csed| .767500 .785788 | .392894 | -.482864 |2.017864 1.953 3 .146

a.group = 1.00

Appendix Table C-12 The comparison between determinate organic carbon (Cjess)

and measure organic carbon (Csgq) in Huay Mee watershed by using T-test

Paired Samples Test

Paired Differences

95% Confidence
Interval of the

Std. Error Difference
Mean |Std. Deviation | Mean Lower Upper t df Sig. (2-tailed)
Pair 1 closs - csed | .054000 .064327 | .032164 | -.048359 | .156359 1.679 192

a. group = 2.00

Appendix Table C-13 The comparison between determinate organic carbon (Cjoss)

and measure organic carbon (Csq) in Huay Bong watershed by using T-test

Paired Samples Test

Paired Differences
95% Confidence
Interval of the
Std. Error Difference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair 1 closs - csed | .835600 .837904 | .374722 | -.204795 | 1.875995 2.230 .090

a. group = 3.00

Appendix Table C-14 The comparison between determinate organic carbon (Cjoss)

and measure organic carbon (Cseq) in Huay Tong watershed by using T-test

Paired Samples Test

Paired Differences
95% Confidence
Interval of the
Std. Error Difference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair1 closs - csed | .500000 567859 | .253954 | -.205090 | 1.205090 1.969 120

a. group = 4.00
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