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ABSTRACT

The objective of this study was to find an appropriate area for cash crops usually
raised by farmers in rainy and dry seasons. The crops in this study were rice, corn, soybean,
groundnut, mungbean, sugar cane, garlic, tomato, and chilli. The study area covered Lam
Takhong, Mun Bon-Lam Sae (Mun Bon and Lam Sae reservoirs), and Lam Phraphlong
Operation and Maintenance Projects. Land quality was assessed by FAO 1985 and Weight-
Score (pre-investigated by Dr.Weerachai Arjharn) Methods, in order to find suitable crops for
each soil series. Then, Genetic Algorithm was employed to find appropriate area for cash
crops. Finally, the results were compared by considering highest profits and lowest nutrient
losses.

The FAO 1985 Method revealed that, in the rainy season, rice, corn, groundnut, and
chilli were suitable for Lam Takhong, Mun Bon-Lam Sae (Lam Sae reservior), and Lam
Praphlong projects. At the same time, rice and groundnut were suitable for Mun Bon-Lam
Sae (Mun-Bon reservior) project. In the dry season, rice and sugar cane were appropriate for
Lam Takhong and Mun Bon-Lam Sae projects while rice, soybean, groundnut, mungbean,
and sugar cane were appropriate for Lam Praphlong project.

However, the Weight-Score Method revealed quite divergent results that, in the rainy
season, rice, corn, soybean, groundnut, and sugar cane were suitable for Lam Takhong
project. Concurrently, rice, corn, and sugar cane were suitable for Mun Bon-Lam Sae project
while rice, corn, soybean, groundnut, mungbean, and sugar cane were appropriate for Lam
Praphlong project. In the dry season, corn, soybean, groundnut, mungbean, sugar cane, and
tomato were suitable for Lam Takhong, Mun Bon-Lam Sae (Mun-Bon reservoir), and Lam
Praphlong. At the same time, corn, groundnut, mungbean, and tomato were suitable for Mun
Bon-Lam Sae (Lam Sae reservior) project.

The results showed that in comparing net profits and nutrient losses in soil obtained
from both two methods, there was an obvious difference in regard to boundary of study area
and soil series because of the differences of existing data. Consequently, all data should be
verified for reliability, accuracy, and currency in order that these data be used effectively in
futures, studies.

KEY WORDS: CASH CROP PLANNING/ GENETIC ALGORITHM/ SOIL
SUITABILITY/ UPPER MUN BASIN/ NAKHON RATCHASIMA
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CHAPTER |
INTRODUCTION

1.1 Background and Significance of the Study

In olden days, human had made their living by hunting and collecting wild
vegetations for foods. Later on, they learned to live together as a group and learned by
observing the seeds that could grow and yield if getting enough of water. Therefore,
human started to cultivate in the nearby residence areas. The discovery of seeds by
archeologist at Tum Pee, Mae Hong Son Province and surrounding areas had led to
the belief that the Thais began their cultivation 8,000-10,000 years ago (Achara
Lekvanich, 1984).

Perhaps, Thai history probably started when Sukhothai was the capital
(1240-1438) (Arthorn Chantawimon, 2003). Cultivation especially rice paddy has
always been the main occupation among Thais. According to the Inscription Stone of
King Ramkamhaeng the Great, cultivation had been mentioned with some evidences
found in irrigation, such as, Dams and water pipe. Until Ayutthaya era and early
Rattanakosin with traditional ruling for 4 major departments, Wieng, Wang, Klang,
Na. Na Department well represented the significance of rice paddy (Achara
Lekvanich, 1984). Presently, cultivation is still one of the major occupations among

others as most population makes living from agriculture.

Thailand occupied total areas of 321 million rais which divided into
agriculture areas of 112,675,375 rais (35% of total area in Thailand) consisted of rice
paddies 58,912,268 rais (52.3% of agriculture area), Para Rubber 9,641,851 rais
(8.6% of agriculture areas) Perennials trees/orchards/forest 13,205,827 rais (11.7% of
agriculture areas) Field crops 21,547,419 rais (19.1% of agriculture areas) Vegetation,

herbs and flowers 1,378,612 rais (1.2% of agriculture areas), meadow 1,199,367 rais
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(1.1% of agriculture areas), fresh water aquatic breeding area 1,225,545 rais (1.1% of
occupied agricultural areas), other areas 5,564,486 rais (4.9% of occupied agricultural
area) (National Statistical Office, 2003)

However, qualified lands available for agriculture are only 34 million rais.
The rest must be improved, maintained and conserved (Pojanee Moncharoen, 2001)
which indicated that capacity of land available for agriculture are much less than
occupied agricultural areas. Beside, increasing population would effect land
utilization since land are limited natural resources. Wrong utilization of land has

resulted in inferior agricultural products and soil deterioration.

Food and Agriculture Organization of United Nation or FAO (1984)
reported that Thailand’s agricultural products per rai had tendency to decline within
both irrigation and rainfed areas caused by soil deterioration and lacking proper land
management. Problems related to reduction in agricultural products are (1) Off season
rainfall (2) Soil deterioration (3) Growing upland crops without proper soil
preservation (4) Inappropriate agricultural system (5) No legal land ownership which
barred farmers from obtaining official agricultural loan (6) No credit available for
investment (7) Missing basic agricultural knowledge (The Thailand Development
Research Institute, 1988).

In fact, soil property suitable for cultivating cash crop in certain area must be
taken into consideration for the maximum utilization and the least soil deterioration

aside from reducing production cost in maintenance.

Nakhon Ratchasima province areas are being used mainly for agriculture.
Major cash crops of Nakhon Ratchasima Province are seasonal paddy rice, cassava,
sugar canes and corns (Nakhonratchasima Provincial Agricultural Extension Office,
2005). Most cultivated crops are grown near water source or easily access to water
source and convenient for crop management. Therefore, water source fertility area is
crucial for cultivation. Mun-Bon Basin that had been chosen to study has the drainage

area of 20,136 square kilometers or 12,585,000 rais with 4 large reservoirs consist of
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Lam Sae, Mun-Bon, Lam Phraphlong and Lam Takhong reservoirs. In this study,
Genetic Algorithm has been used as an instrument to find suitability of cash crops for
area cultivation and comparison with weight-score method that had been presented by
Weerachai Arjharn (2005) in his research study on “Multi-Criteria and Multi-
Reservoir Operating: A Case Study of Upper Mun Basin”.

Genetic Algorithm was developed from random method which based on the
Natural Selection Theory of Charles Darwin (Darwin, 1959). It was done by selecting
sample population through chromosomes and applying Genetic Process to select
surviving species in accordance to the Natural Process (John Holland, 1971),
expecting to yield the highest appropriate value. Details of Genetic Algorithm have

been mentioned in Chapter II.

1.2 Purposes of the Study

The study of “Optimization for Cash Crop Planning Using Genetic
Algorithm: A Case Study of Upper Mun Basin, Nakhon Ratchasima Province” was
conducted for the following purposes:

121 To develop the decision-making process in order to finding
appropriate cash crops for cultivation, such as, crop type, cultivation area, economic
return rate and major soil nutrients loss as fertilizer value.

1.2.2 To compare the finding results with the weight-score method.

1.3 Research Scope

1.3.1 Area of the Study
The studied area consisted of 4 large reservoirs in the Upper Mun Basin in
Nakhon Ratchasima province. There are Lam Takhong, Lam Phraphlong, Mun-Bon

and Lam Sae reservoirs.
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1.3.2 Scope of the Study

Genetic Algorithm was applied to find cash crops such as, rice, corn,
groundnut, mungbean, soybean, tomato, sugar cane, garlic and chilli which were
considered to be appropriate plants to cultivate in the studied area both in rainy and
dry seasons. The physical and chemical of soil properties, such as, temperatures, soil
drainage, effective soil depth, organic matters, available phosphorous, soluble
potassium, cation exchange capacity, base saturation percentage, electrical
conductivity of saturation, soil texture, slope and moisture availability were analyzed.

Socio-economic and other factors apart from above mentioned were excluded.
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Figure 1-1: Theoretical Framework
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1.5 Expected Outcomes and Benefits

To gain ability in order to apply the Genetic Algorithm as instrument or
technique for selecting appropriate cash crops for cultivation under the same

conditions.
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CHAPTER Il
LITERATURE REVIEWS

Literatures related to the research study entitled “Optimization for Cash
Crop Planning Using Genetic Algorithm: A Case Study of Upper Mun Basin, Nakhon

Ratchasima Province”, were reviewed for the following topics:

2.1 Crops Growth

2.2 Factors affected Crops Growth

2.3 Plant Nutrient Loss in Soil

2.4 Soil Quality

2.5 FAO Framework for Land Evaluation
2.6 Weight Score Method

2.7 Genetic Algorithm

2.8 Studied Areas

2.9 Relevant Researches

2.1 Crops Growth

Crops growth is referred to the process for crops to increase their sizes
permanently after receiving foods in order to build new cytoplasm and cell wall for
increasing volume, weight and size.

The surrounding environment suitable for plant growth in association with
time according to sigmoid curve is illustrated in figure 2-1. The first stage,
germination stage, seedling with proper humidity will start sprouting and growing.
The slow growth in the second span is called vegetative growth where speedy growth
occurred at the trunk, branches and leaves. During the third span of reproduction
growth, the plant would reach full growth and start to produce flowers and fruits. The

branches and leaves would stop growing and fall off as soon as the plant started to
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produce flowers. In case of short-lived crops, they would die as soon as their fruits are
ripened. However, growth measurement at this time may be stable as well as
increasing or decreasing only a little depended on total weight of the fallen leaves and

new replacements.

Total Growth
(kilograms)
A
Time
0 > (years)

Figure 2-1: Crops Growth as related to Crops Ages
Source: Wichean Foypikul (1993)

2.2 Factors affected Crop Growth

Control factors on growth are divided into interior factors or heredity and

exterior factors or environment.

2.2.1 Interior Factors or heredity

Heredity has involved with gene in the crops chromosomes which controlled
plant features that contributed to different growth and production. When crops have
been exposed to appropriate exterior factors, genetic would be the determinant factor
for crops capacity.

The current improvement of economic species is done at improvement of

gene for higher quality species, such as, diseases resistance as well as giving more
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products with better quality for consumption. However, improving plant species
should consider the soil fertility because of the plant capability to produce superior
breed that needed more plant nutrients than indigenous species which could quicken
the loss of soil fertility. Therefore, soil maintenance before and after planting is
necessary to retain the soil fertility essential for plant growth, otherwise good species
may be overlooked because they have failed to produce more than regular plant
species. Besides, soil maintenance after planting superior species needs to replenish

essential nutrients loss from removing products from the soils.

2.2.2 Exterior Factors of Surroundings
Many exterior factors or surroundings have effected plant growth. Some

factors could be controlled with agricultural technologies while the others are
uncontrollable. Few factors may be seen clearly the impact toward plant’s growth.

2.2.2.1 Light Force

Crops used light force in photosynthesis to absorb light through
chlorophyll which has been abundant. Light frequency is not crucial factor in
controlling plant growth because the light beam that fell on the leaves would combine
together as white light and absorbing force for 15-27 used in photosynthesis. Then,
the light beam necessary for photosynthesis should be in concentrated level during
sunshine.

2.2.2.2 Temperatures

Temperatures directly affected different processes of plant growth, for
instances, photosynthesis, respiration, transportation, and water absorption as well as
plant nutrients. Moreover, temperatures indirectly affect plant growth, proportionate
factors between air and soil. Insufficient ventilation may interfere with rooting, water
absorption and plant nutrients.

2.2.2.3 Soil Moisture

Total water in the soil is essential to plant’s growth. In another words,
inadequate water would drastically slow down its growth and limit its ability to
produce. Therefore, water has become source of nutrients; hydrogen and oxygen are
crucial for plant growth and other plant processes, such as, being raw material in

producing carbohydrate and sugar which help to retain protoplasm tightness as well as
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being the medium for bringing water and nutrient to nourish different parts of plant.
Without water, division and expansion of cells would decrease.

2.2.2.4 Air in the Soil

Generally, air may perculate in the empty space within soil with the
ratio proportionately balance with amount of water in the soil.

Air components in the soil are mostly nitrogen, oxygen and carbon
dioxide. Quantity of carbon dioxide and oxygen in the soil should vary depending on
plant breathing system, microorganism in the soil, including the ventilation between
the soil surface and air in the soil. Small amount of carbon dioxide in the soil is quite
useful to plant since it has helped to dissolve nutrients beneficial to plant growth. On
the contrary, large volume of carbon dioxide tended to decrease the plant water
absorption and nutrients as well as losing water or nutrient absorption ability which in
turn interfering with cell absorptions.

Oxygen in the soil is helpful to plant growth, as in growing and
spreading of strong roots with lots of small roots that needed for water and nutrient
absorption which depended on energy from taking in oxygen. Moreover, the depletion
of oxygen in the soil has caused some toxic which could meddle with plant growth.

2.2.2.5 Relevant Living Creatures

Living creatures associated with cultivation could be categorized into 4
types as follows:

(1) Parasite are consisted of living creatures when co-existed with
crops would caused decline in plant’s growth. For example, parasite crops which
embedded deep root and grasped water and foods from the host tree. Besides, there
are insects that mainly feast on crops as well as other diseases, including, bacteria,
fungi, nematode and virus that could damage crops.

(2) Competition is defined as: weeds that grasped water, foods and
sunshine, including those being hosts to diseases and insects. Therefore, density of
weeds in the plant beds must be eliminated so that production of main crops could
prominently increase.

(3) Free living which may not effect production of main crops and
sometimes could produce some nutrients for other crops after death, such as, blue

green algae in the rice fields.
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(4) Symbiosis is defined as: living creatures that belonged to this
group. Generally, they have been essential to crops growth by depending on crops
foods and passing synthesis elements to crops. For examples, Bacteria which is
nitrogen fixing bacteria from the air when growing along with beans may cause more
nitrogen reduction.

2.2.2.6 Plant Nutrients

Plant nutrients are composed of types and volume of nutrients essential
to plant growth with different features depending on their types. However, plant
nutrients intake must be at right volume and complete elements. Lacking either one of

them or at less volume would effect the growth of crops

Controlling factors previously-mentioned are only few major factors apart
from others that equally importance. Fewer or excess factors could interfere with

plant products.

2.3 Plant Nutritional Loss in the Soil

Plant nutritional loss in the soil is caused by the following events.

2.3.1 Crop Removal

The main objective of agriculture is to harvest crops for human consumption
which has resulted in destruction of natural cycle of soil’s nutrients from bringing
crops out of the cultivation areas. Hence, nutritional losses in the soil are based on the
volume of harvesting crops, type of crops. Frequent harvest during the year has been
one of the main reasons for poor quality of soil, as being illustrated in the Table 2-1 to
show the amount of nutritional loss for some seasonal vegetation.

Nutritional loss from the soil is much less problem because fertilizer could
be compensated for that loss. As for cash crops commonly grown domestically, the
rate and proportion of fertilizer given to those crops might not be sufficient as

compared to the volume of nutritional loss from harvesting crops.
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Table 2-1: Main Nutrients Volume in taking crops production from Plant Beds

Crops Fresh Production Crops Nutrients (Kilogram /Rai)
(Kilogram/Rai) N P,Os K,O
Garlic*** 2240 13.96 1.51 6.7
Rice* 450 mrrr, 9.2 33
Corn* 5l 39.6 14.4 35.1
Green Peas** 1000 55 4 17
Peanuts* 540 39.6 8.1 21.6
Soybeans* 432 26.1 7.2 RS
Chilli** 1000 24 2.8 26.4
Tomatoes** 1000 ) 0.4 4.2
Sugar** 1000 1.1 0.2 1.1

Source: *  Donahue, et al. (1977) was cited by Yongyouth Osotsapar (1985)
*#%  Canpotex (2004)
*#%  Puanglek Morakul,et al. (1980)

2.3.2 Burning Decay Crops

Burning decay crops is another cause for nutritional loss in the form of gases
during the burning process which widely practicing among Thai farmers as the
common practice for cleaning cultivation plots. It is done by burning dead stumps
which eventually resulted in the destruction of soil fertility. Burning decay crops has
put potassium and raised pH levels in the soil. If the crops are dissolved by
microorganism, the nutrients in the crops decay could be naturally released and the
crops later grown would be used further. Furthermore, the dissolution of crops decay
has given the humus to improve physical quality of the soils that could retain

humidity and better ventilation.
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2.3.3 Leaching

Leaching could be occurred at any time, especially when plant nutrients are
in the form of anion, such as, nitrate. When the water quantity in the soil is more than
the soil can absorb, the excess water may wash away plant nutrient, deep down to the
area where plant roots are unable to reach. Loss of plant nutrients from leaching is
uncertain depended on soil texture; including soil moisture received each time and
soil treatment. Reduction in the loss of nutrients may happen from controlling of

moisture as well as growing crops to cover the surface of the soil.

2.3.4 Soil Erosion

When the surface of the soil is broken and moved out from the area, many
nutrients on the topsoil may be removed from the area as well. Losing topsoil
extended effects toward the reduction of soil fertility, moisture capacity, agricultural
suitability and the rate of absorption through the soil which resulted in low products
and high cost of soil maintenance. Factors contributed to soil erosion are winds,

climates, geographical areas, soils, vegetations and human’s activities.

2.3.5 Volatilization

Volatilization of plant nutrition caused by some undesirable events happened
to the soil, such as, prolong flooding might change plant nutrients essential to crops
into gases and volatize from soil. This could be seen as the loss of nitrogen in the
form of Nj, NO,, N,O or sulfur as hydrogen sulfide (H,S). Furthermore, soil reaction
has caused Volatilization as gases in some plant nutrients, such as, nitrogen in the
form of Ammonium salt changed to Ammonia when the soil turned alkalinity.

Receiving and losing nutrients in the soils as related to the balancing of each

nutrient in the soil are shown in figure 2-2.
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Attached with Air Harvesting
(specifically N) >
> Burning Crops Decay
Came with rain >
(specifically N) Denitrification
gl (specifically N)
Fertilizer
Volatilization
Brought by current (specifically N)
Swept away by current
Decomposition of and >
Minerals Rocks
> Washed Away

Figure 2-2: Receiving and Losing Nutrients in the Soils
Source: Wichean Foypikul (1993)

2.4 Soil Quality

2.4.1 Physical Properties of soil
Physical Properties of soil that could be observed, seen and touched, directly
and indirectly effected crops growth and production are particle size, soil structure
and color, including other properties, such as, bulk density, porosity and water
holding capacity. Generally, soil analysis is done to improve soil for farmers. Most
scholars only analyzed soil texture to estimate the water holding capacity and
ventilation. As for other soil physical properties analysis, it would be considered case
by case. (Pojanee Moncharoen, 2001).
Soil Texture
Soil Texture may be the most important physical property because it
has acted as indicator of soil particles. Most soils are consisted of texture rather
difficult to change under the normal soil utilization in agriculture regardless of how
long the soil has been in used. Although soil texture has no direct effects toward crops
growth and production, it controlled other properties as well, i.e., water and nutrients

absorption for crops and exchange gases.
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2.4.2 Soil Chemical Properties
Soil chemical properties are directly and indirectly affected crops growth

and production which involved the chemical reaction of the soil, such as, soil reaction,
lime requirement, soluble salt, cation exchange capacity and percentage on base
saturation.

2.4.2.1 Soil pH

Soil pH is highly crucial for crops growth because of its contribution to
the soluble plant nutrients in the soil, especially the nutrients least wanted by crops
could dissolve easily when the soil contains pH approximately 5.0-6.5. Elements such
as ferrous, manganese, zinc, copper, boron excluding molybdenum could dissolve
well in alkaline soil and when pH less than 5.0, iron, aluminum and manganese could
dissolve excessively until becoming toxic or damaging crops. If soil is extremely acid
or sour with high sulphur or combination of pyrite, it may have higher acidity than
other type of acid soil.

2.4.2.2 Lime Requirement

Acid soil are caused of problems for growing crops from not being
able to utilize essential nutrients in the soil because some nutrients are in non-usable
forms, such as, phosphorous dictated by ferrous and aluminum. At the same time
ferrous, aluminum and manganese could dissolve excessively until becoming toxic
which could damage crops. Problems-solving must be done by raising pH level in the
soil as much as needed by the crops. It could be done by simple and popular method
through the application of lime in the alkaline state. In chemical reaction, OH of
alkaline would react with H™ in the soluble elements in the soil which in turn raised
pH level until reaching the neutral stage when the both levels of H and OH™ are
equaled. However, excess application of alkaline beyond pH of the soil if higher than
7 may cause excess lime requirement

2.4.2.3 Soluble Salt

Soluble salt is often referred as EC for electrical application
abbreviated from electrical conductivity which has translated as the ability to conduct
electricity of the soil which depended on concentration of some salt or electrolyte.
Therefore, salt or EC is being referred to concentration of salt in the soil which could

stop the crops from growing or perhaps cause death. Danger of salt derived from salty
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condition of the soil that made the plant unable to absorb water and nutrients into the
trunk or absorb much less than needed. If the soluble salt is excessively presented, soil
may drain the water from plant’s root until it has dried out and eventually died.

2.4.2.4 Cation Exchange Capacity or CEC

Cation Exchange Capacity or CEC is referred to amount of CEC that
the soil could absorb. Measurement of CEC is being expressed by mill equivalence
per 100 gm of soil (me./100 gm). CEC of each type of soil depended on type and
amount of colloid in the soil.

CEC is useful for estimate soil properties, such as; soil with high CEC
could capture more cation which has helped to correct soil acidity. Soil with high
CEC needs more lime than soil with low CEC even though both of them may contain
equal pH. Soil with high CEC is usually consisted of clay and more organic matter
which has tendency to be more fertile than soil with low CEC.

2.4.2.5 Base saturation percentage: BS%

Base saturation percentage: BS% gives the indication of the amount of
exchangeable nutrients which are useful for crops in common soil. Soil with high %
BS is more fertile than low % BS soil, with the exception of soil with soluble salt with

higher % BS than usual from having excess soluble cation.

2.4.3 Fertility Properties of Soils
Fertile soil is referred to soil with minerals and crops nutrients available in
proper proportion and well balance or complete crops nutritional need in the right
amount, not excessively until causing damage or too little until becoming deficiency
(Mookda Suksawat, 2001). According to the group committee to build agricultural
subjects under the topic of soil, water and fertilizer (1985), sub-topics are being
presented as follows:
2.4.3.1 Organic Matter
Organic matter are derived from the decaying of crops and animals
carcasses, including human and animals wastes as well as cells of dead
microorganism until becoming humus as part of the soil with high sensitivity and
CEC to absorb water and plant nutrients. Organic materials in the soil are contained 2

parts: Humic substances which have complex molecular structure and non-
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biodegradable microorganisms and non humic substances with simple molecular
structure and biodegradable microorganism, such as, carbohydrate, protein, lipids,
amino acid and organic acid.

Quantity of organic materials in the soil is associated with the quantity
of nitrogen where soil with large quantity of organic materials also contained large
quantity of nitrogen because nitrogen is essential plant nutrient. Quantity of nitrogen
has contributed greatly to crops growth. Since evaluation of quantity of nitrogen in the
soil is rather difficult and time-consuming, the common practice has been the
evaluation from organic materials because it is easier to find quantity of organic
materials in the soil. Analysis of the soil should inform the quantity of organic
materials in percentages.

2.4.3.2 Volume of Phosphorus and Potassium

Phosphorus as plant nutrient is commonly founded in the soil which
usually insufficient for crops and must be replenished by adding fertilizer to the soil.
Therefore, to analyze soil for evaluation of soil fertility is usually conducted by
finding quantity of phosphorous available, meanwhile, phosphorous that is abundantly
available in the soil can be used only in small amount. Analyzing for quantity of
usable plant phosphorus was done by extracting it in the soluble element before
measuring the quantity of extracted phosphorus by using ppm which abbreviated from
part per million.

Potassium (K) needed by crops is in the same amount as nitrogen and
phosphorus. Potassium deficiency has occurred quite often, especially in the
northeastern region where soils are sandy. Analysis for available K or extractable K is
done by extracting soil with some soluble elements before measuring extracted
potassium from the soil in the soluble element, also using ppm to measure.

2.4.3.3 Soil Fertility in the Rice Fields

Soil in the rice fields usually contains excessive water which has
prevented ventilation. Oxygen in the soil is being used by aerobic soil microorganism.
In that condition, when aerobic soil microorganism is starting grow and finally used
up oxygen which is component of many elements, it eventually effects soil fertility,

such as, increasing amount of manganese, ferrous and phosphorous, creating
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hydrogen sulfide as well as losing nitrogen in the form of gas and changing ammonia

to nitrate from losing more nitrogen

2.5 FAO Framework for Land Evaluation

Land assessment which has based on the principles of FAO Framework for
Land Evaluation may be done in 2 forms. The first form, Qualitative Land Evaluation
or Qualitative Land Suitability Classification is only physical evaluation while the
second form, Quantitative Land Evaluation or Economic Evaluation yields results as
products or financial investment and compensation. Because this research has been
done as Qualitative Land Evaluation, the presentation only made in qualitative
evaluation. For the purpose of planning for land use in the level expected to yield
results of Qualitative Analysis, it is necessary to bring in economic and social factors

for one more step evaluation.

2.5.1 Land Use

In order to evaluate land quality, a crucial matter intensely involved should
be Land Use which could be explained in the kinds of land use and land-use
requirements due to this research specified only the use of cash crops. Here, Land Use

is referred to kinds of crops.

2.5.2 Land Utilization Type
Land utilization type is defined as type or system for land utilization that
referred to production stage and operational stage in land utilization in physical,

economy and social.

2.5.3 Land Quality: LQ

Land quality is defined as land properties that contributed to crops’ growth
and crops’ yield. Land quality may consist of single or multiple Land characteristics.
For example, oxygen availability to roots derived from many land characteristics, i.e.,

soil drainage class, depth of water table and period of water logging.
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Land characteristics used for Land evaluation for growing crops based on
the principles of FAO Framework for Land Evaluation has been identified for 25
items. For Thailand, only few had been put in use, partly depended on the readiness of
data and degree of characteristics effected products, including type of crops and land-
use requirements. Soil characteristics are available in 25 items as follows:

1) Radiation regime

2) Temperature regime

3) Moisture availability

4) Oxygen availability to roots

5) Nutrient availability

6) Nutrient retention capacity

7) Rooting conditions

8) Conditions affecting germination

9) Air humidity as affecting growth

10) Condition for ripening

11) Flood hazard

12) Climatic hazard

13) Excess of salts

14) Soil toxicities

15) Pests and diseases

16) Soil workability

17) Potential for mechanization

18) Conditions for land preparation

19) Conditions for storage and processing

20) Conditions affecting timing of production

21) Access within the production unit

22) Size of potential management units

23) Location

24) Erosion hazard

25) Degradation hazard
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2.5.4 Land-use requirement: LUR

In each Land-use requirement, it is not only single crop that needs different
factors and environment but also multiple crops as well. The need for contributed
factors to growth and yield of products may be called “crop requirements”. At the
same time, agriculturist must also consider the demand in machinery, chemical, labor
and funds. These demands are being called “management requirements”. Furthermore,
there is need in one area for sustainable Land-use without damaging land quality or
causing damages to surrounding environment. This demand should increase measures
for Land conservation and needs for water suitable for that area in each alternative for

Land-use. Demand in this area is being called “conservation requirements”.

2.5.5 Identified Appropriate Level of Rating for demand in Land
Utilization Type

Then, demand in Land Utilization Type must refer to the need in land
quality or land characteristics of each crop. Each crop needs land quality for different
growth, such as; suitable temperature for one crop may be set in high rating, on the
contrary, temperature contributed to slow down or stop crop growth would be set at
the lowest rating. Identified rating of land quality had been classified into 4 levels

based on criterion in the form of products and investment as being stated in Table 2-2.

Table 2-2: Tllustration of rating in the form of Products and Investment

Factor rating class % optimum yield Management for products at

80% of optimum yield

S1: Highly suitable Higher than 80 None

S2: Moderately suitable 40-80 Mandatory and practical as well
as being economic feasible

S3: Marginally suitable 20-40 Mandatory and practical and
appropriate for economic in
some case

N: Not suitable Lower than 20 Limitation is quite difficult and
unable to correct with proper

management

Source: Land Development Department (1992)
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2.5.6 Matching for In order to assess suitability between the need of
Land Utilization Type and Land Quality

In the land quality evaluation or evaluated land suitability for crops, the
demand of each crop on land quality per Land unit under the study must be
considered whether Land suitability rating remained at high or low level as illustrated
in figure 2-3. After that, conducting measurement and land evaluation or evaluated
land suitability by applying mathematic calculation on land characteristics and
showing results in numbers before combining numbers with multiplication. Based on
principles of FAO Framework for Land Evaluation, numbers for Land suitability
rating level are being set as follows: S1 =1.0, S2 =0.8, S3 = 0.5, N = 0.0 and also set
Land suitability class in the following sequences: 0.8-1.0 = S1, 0.4-0.8 = S2, 0.2-0.4
=S3 and 0.0-0.2 = N.
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Considering
Land requirement for Pairing Land Quality Soil
Utilization Land LUR with selection for Seri
o LQ eries
type Utilization assessment
Type
Crops Requirement LUR 1 LQ I
LSR 1
| LUR2 LQ2 _|
LSR 2
| LUR3 LQ3 _|
LSR 3
| LUR4 | LQ4 _ |
LSR 4 Soil
18 o Series
Land Crops Suitability
I Management Requirement LUR 5 LQ5
LSR5
Land Management Suitability
Conservation Requirement LUR 6 LQ6
LSR 6

Land Conservation Suitability

Overall Suitability

Figure 2-3: Pairing Suitability Assessment between requirements for Land
Utilization Type and Land Quality
Source: Modified from the Land Development Department (1992)
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2.6 Weight Score Method

Weight Score Method is the method for weighting scores of factors by
experts or scholars in the concerned disciplines for analyzing area capability through

identifying 2 significant components.

2.6.1 Parameter Priorities as to compare overall suitability or significance
elements, using percentages to consider association between factors. Factors without
association or capability should be assigned 0 values and gradually increasing until
reaching the highest level of association with the value of 100. For illustration

purposes in figure 2-4, percentages would be replaced by numbers.

0 1 5 10

None Poor Fair Excellent

Figure 2-4: Appropriated Parameter Scaling or Essential Factors
Source: Sura Pattanakiat (2002)

2.6.2 Parameter Scaling is specified value of level of association between
components or minor factors of major factors to show quantity by using the same
measures for Parameter Priorities.

Calculation of results was done by applying suitability or capability equation
as follows:

Suitability (S) = (RixW)) + (RoxW2)+H(R3xWi)+...+(RxWy)

(Adapted from Sura Pattanakiat, 2002)
Where: W = Scores for suitability of each factor

R = Scores level of factor

n = Number of factors used for the analysis
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For the presentation, scoring was done for each span, using simple statistic
to find the range needed for classifications through the calculation: Range = (highest
value-lowest value)/number of scaling. The calculation of Parameter Priorities and

Parameter Scaling were illustrated in table 2-3.

Table 2-3: Calculation of Parameter Priorities and Parameter Scaling

Factor Factor Condition Parameter Scaling Parameter Priorities Weight Capability
(1) @) (3) ) (5)= (3)x(4)
Factor Condition |, Ry R xW,;
Factor Condition ;, Ry, RxW,
Factor, W,
Factor Condition 3 Ry3 Ry3xW,
Factor Condition 4 Ris RixxW,
Factor Condition ; Ry R, 1xW,
Factor Condition ,, Ry, RyxW,
Factor, W,
Factor Condition 53 Ry; Ry3xW,
Factor Condition ;4 Ry, RyxW,
Factor Condition 3, Ry, R31xW;
Factor Condition 3, R;, R3,xW;
Factor; W;
Factor Condition 53 Rj; R33xW;
Factor Condition 34 Ry, R34xW;

Source: Adapted from Sura Pattanakiat (2002)

2.7 Genetic Algorithm

Genetic Algorithm is the method for selecting the most suitable answer by
using feasibility and Natural Selection of Charles Darwin (Darwin, 1959) Genetic
Algorithm or in abbreviation as GA that had been developed during the 60" decade
and become quite popular from being distributed by John Holland who published the
book called, “Adaptation in Natural and Artificial Systems” for the first time in 1975.

The process of GA was copied from natural selection that could be
explained as the replacement of interesting problems by string of numbers or in

biology as chromosomes. Each chromosome contained gene which was replaced by
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Decision Variable. In the first place, gene would be randomly selected to choose the
population size. Later, each chromosome had been evaluated for Objective Function
for fitness which represented the value of suitability of chromosomes before entering
the process of GA through selection to find origin of species. It had been followed by
crossover and mutation to obtain offspring with mixed traits from parents and the
variation of gene that eventually resulted in the new specie. New offspring were
subjected to fitness of chromosomes and replace old chromosomes with the
chromosomes of offspring with the best fitness. This process was only one generation.
GA would repeat the process until arriving at the required numbers and answers.
Answers came from the best chromosome within the same group by being able to use
Objective Function to evaluate the answer whether or not desirable as well as
conducting Sensitivity Analysis of Probability of Crossover, Probability of Mutation
and Population Size to appropriately solving problems. The cycle of Genetic

Algorithm was presented in the figure 2-5.

Chromosomes

1. Selection

v

3. Replacement Original Species
(Parents)

2. crossover and mutation

New Species
(Offspring)

Figure 2-5: Genetic Algorithms Cycle
Source: Srikaew (2002)

Since GA worked from the principle of probability as previously mentioned,

the genetic selection process which consisted of selection, crossover and mutation was
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controlled by the probability of chromosomes being selected for the next generation.

The genetic selection process would be stated in the next section.

2.7.1 Selection Operation
Selection Operation is represented by the selection of the best chromosomes
from total population. This is the selection of chromosomes that strong enough to
survive and become the original breed for the next generation. Chromosomes with
good fitness are likely selected. Selecting process is being controlled by probability of
selection as previously-mentioned. There are many methods available for selection as
being explained as follows:
2.7.1.1 Proportional Selection
This method would select chromosomes proportionately from fitness
of chromosomes. Chances for chromosomes to be selected stated in the proportion
between fitness of chromosomes in that generation together with total value in that

generation and total of all fitness as the following equation:

=

Figure 2-6: Equation for Proportional Selection
Source: Goldberg (1989)
Where: P; =Opportunity to get Chromosome 1
fi =Fitness value of Chromosome i

n =Total population size

Equation revealed that each chromosome could become the origin of
species with different rates. Chromosomes with high fitness would have more

probability of getting selected than chromosomes with low fitness.

2.7.1.2 Rank Selection
This method has proven to be the best method to preserve in the
subsequent generation by arranging fitness of each chromosome to find the order of r

with the best fitness. By giving n equal to total chromosomes, n would have the



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. on Env. and Res.) / 27

highest numbers while chromosomes with the least fitness would be the first to get

select as illustrated in the following equation:

25

=1
Figure 2-7: Equation for rank selection
Source: Michalewicz (1992)
Where: r =Order number

f; =Fitness value of Chromosome i

2.7.1.3 Tournament Selection

In this method, each chromosome in the current population would be
duplicated and made into 2 copies before random sampling chromosomes in pair.
Chromosomes with better fitness were selected and grouped into the next generation
while the chromosomes with less fitness were removed. If the random sampling for
pairing chromosomes appeared to have equal fitness, the process must be repeated.

After the selection process had been done, next step was to crossover
gene before mutation which would be explained in the topic 2.7.2 and 2.7.3,

respectively.

2.7.2 Crossover Operation
The method involved recombination operator by exchanging gene between 2
chromosomes that had already been selected previously. Crossover resulted in new
chromosomes with mixed gene of the parents. Crossover was controlled by the
probability of crossover which remained at 0.5 to 1.0. According to Goldberg (1989)
and Michalewicz (1992), crossover was categorized into 3 types.
2.7.2.1 One-point crossover
One-point crossover is randomly selection of a location of crossover so
that chromosomes of next generation could be exchanged by using randomly selected
location as dividing point to exchange chromosomes of the parents. A selected

location for crossover is being illustrated in the figure 2-8.
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2.7.2.2 Two-point crossover

Two-point crossover is randomly selection of 2 locations of crossover
so that chromosomes of next generation could exchange by using 2 randomly selected
locations as dividing points to exchange chromosomes of the parents. Two-point
crossover would yield subsequent chromosomes with better diversity than one-point
crossover. Example of two-point crossover is also being illustrated in the figure 2-8.

2.7.2.3 Uniform crossover

In uniform-point crossover, there are many locations selected for
exchanging of subsequent genes which resulted in new kind of gene with former
chromosomes. Uniform crossover has yielded chromosomes of next generation with
more diversities than the other two methods previously mentioned. Example of

uniform crossover is also being illustrated in the figure 2-8.

One-point crossover
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Figure 2-8: Type of Crossover
Source: Wardlaw & Sharif (1999)
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2.7.3 Mutation Operation

It is the step for gene variation or so-called “Bit Mutation” which would
cause diversity among population. This step is being controlled by probability of
mutation. Prior to this step, the value of gene was presented as binary. Somehow,
mutation operation could be done by changing 0 to 1 or 1 to 0 as illustrated in the

figure 2-9.

Old Chromosomes [0 0 1 1 0% !

New Chromosomes 1 1 0 0 1 1 1 KoF 1

Figure 2-9: Bit mutation on the 4™ bit of the chromosomes
Source: Srikaew (2002)

Because the current gene could be true value, Michalewitz had identified Bit
mutation into 3 types. They were 1) Uniform Mutation with changing in value of gene
to specified range. 2) Modified Uniform Mutation with changing in value of gene to
one stable value and 3) Non-uniform Mutation with gradually reducing value as
contrast to increasing generation. Non-uniform Mutation gave better results than
Uniform Mutation and Modified Uniform Mutation because the results derived from

both methods could effect Bit mutation.

Generally, finding optimization problem must identify Objective Function
for maximization or minimization depended on type of responds needed for certain
questions with some constraints for performing tasks that may be seen through

penalty function quite significant for finding the best results under limited conditions.

2.8 Studied Areas

Mun Basin is located at Lower Northeastern Region with the total basin of
69,700 square meters or 43,562,500 rais, covering areas of 10 provinces. They were

Buri Ram, Surin, Nakhon Ratchasima, Si Sa Ket, Khon Kaen, Maha Sarakham, Roi
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Et, Yasothorn, Amnat Charoen and Ubon Ratchathani. Mun Basin originated from
mountain ridges on the south of Nakhon Ratchasima that had flown into Mekong river
at Khong Chiam sub district with 31 sub-basins where 9 of them were founded in
Nakhon Ratchasima. Those sub-basins were Lam Sa Thaet, Lam Choengkrai, Lam
Takhong, Lam Phraphlong, Upper Mun, Lam Sae, Lam Plai Mat, Lam Chakkarat
and Lower Mun sub basins. Mun Basin featured steep banks from more to less as well
as front size of the basin was too small from the start to the end of the river with the
total length of 909 kilometers.

The studied areas consisted of the irrigation areas of 4 large scale reservoirs
around Upper Mun Basin of Nakhon Ratchasima, as being illustrated in the figures

2-11.

2.8.1 Lam Takhong Operation and Maintenance Project
Lam Takhong Operation and Maintenance Project occupied 183,316 rais
which contained 164,186 rais of irrigation areas that covered 5 districts of Sikhio,
Sung Noen, Kham Thale So, Mueang and Chaloem Phra Kiat (Regional Irrigation
Office 8, 2004A).
2.8.1.1 Geographical Features
Lam Takhong’s headwaters were founded between Dong Phraya Yen
and San Kampaeng ridges with steep slope and narrow plain along the riverbanks.
Water has flown through Kaenlun and Tan Saed mountains at Sikhio district where
Lam Takhong Dam is located. The flat lands on both sides of riverbanks are extended
along the areas of Sung Noen, Kham Thale So, Mueang and Chaloem Phra Kiat
districts before flowing into Mun River. Lam Takhong is measured 220 kilometers in
length. The area before Lam Takhong has passed through Kham Thale So district
before flowing separately into the left bank or the north at Ban Kongrae. It has the
length of 35 kilometers and the ridges almost parallel to Lam Takhong, passing
through Mueang district of Nakhon Ratchasima and joining again with Lam Takhong
at Bankan phom, Chaloem Phra Kiat, continuing with the current for another 3

kilometers before flowing into Mun river.
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2.8.1.2 Climatic Features

Climate around Lam Takhong basin is under the influence of
Southeastern and Northern monsoons with rainy, cool and summer seasons. Aside
from receiving influences from monsoons, depression has contributed to weather
changes in the east during September and October which caused heavy rain in the
depression areas.

2.8.1.3 Agriculture

Rice farming is done in the irrigation areas where rice is grown mostly
during the rainy season as well as growing soybeans, groundnuts, corns and
vegetables after harvesting rice when water is adequately available. Farmers who
lived outside irrigation area must really on rainfall in cultivation by growing glutinous
rice for household consumption and regular rice for export. The other important cash

crops are cassava, sugar cane and jute.

2.8.2 Mun Bon-Lam Sae Operation and Maintenance Project
Mun Bon-Lam Sae Operation and Maintenance Project are designed as the
reservoirs for irrigation which consisted of 2 giants Dams, Mun Bon Dam has block
the Upper Mun Basin at Ban Mun Bon, Chorakhehin, Khonburi district, Nakhon
Ratchasima province. It could hold 141 million cubic meters of water for some
agricultural areas near the left bank of Mun Basin in Konburi district, Chokchai sub
district, Pakthongchai sub district in the total 105,986 rais. Lam Sae Dam at Ban
Khokbaibua, Khokkrachai sub district, Konburi district, Nakhon Ratchasima has 275
million cubic meters to be reserved for agriculture area near the right bank of Mun
river at Konburi area district, Chokchai district in total of Lam Sae 52,900 rais.
Therefore, the whole irrigation areas have been currently counted as 158,886 rais
(Regional Irrigation Office 8, 2004B).
2.8.2.1 Geographical Features
Geographical features are steeped, leading to central plain at the north
while the south plains are highly steeped because of San Khampaeng ridges. The
areas around both riverbanks of Mun river at the end of the Dam are rather flat and

slightly elevated beyond Mun river as high and low areas.
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2.8.2.2 Climatic Features

Climate features are under the influence of summer monsoons with
rainy season starting from the middle of May or the beginning of June to the end of
October. It has received influences from the South Eastern monsoon caused by
depression from South China Sea when flown in. Winter has started from the end of
October to the middle of February which should receive influence of Northeast
monsoon of China. Summer has started from the middle of February to the end of
May which may cause by Southeast Monsoon from South China Sea and Gulf of
Thailand.

2.8.2.3 Agriculture

During rainy season, most farmers grow rice and the seedlings
normally start from June to September. Harvesting begins at the end of November to
January with the average production at 750 kilograms per rai.

During dry season, most farmers have preferred to grow the cereal
crops, such as, mungbeans, groundnuts, and corns by starting to grow in January to

April.

2.8.3 Lam Phraphlong Operation and Maintenance Project
Lam Phraphlong Sub Basin is located at the lower part, diagonally opposite
to the east of Mun Basin and the south adjacent to the Bantud mountain ridge. It is
indicated the boundary lines separated between Lam Phraphlong Sub Basin and
Nakhonnayok Basin that originated Lam Phraphlong Basin. The east of Lam
Phraphlong connected to upper Mun Sub Basin and the west located next to Lam
Takhong Sub Basin. The North also connected to Lam Takhong Sub Basin and upper
Mun Basin where Lam Phraphlong Sub Basin joined in with Mun river in the upper
Mun Sub Basin.
2.8.3.1 Geographical Features
Geographical features are consisted of lower basin as the highly steep
mountains and level down into high plains. The upper areas are plains alternated with

low hills, declining to the northeast.
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2.8.3.2 Climatic Features

Basin’s climates have been under the influence of Southwest monsoon.
The average annual rainfall is at 1,093.42 millimeters with the highest volume of
rainfall in September while monthly temperature and relative humidity averaging
approximately 27.09 Celsius and 74.20 percents, respectively.

2.8.3.3 Agriculture

In the irrigation areas, farmers are preferred to grow rice during the
rainy season and soybeans, groundnuts, babied corns and other vegetables during the
dried season. For non-irrigation areas, crop planning must depend on rainfall for
cultivation. Most of farmers grow gluttonous rice for household consumption and

regular rice for exports. Most important crops are cassava, sugar cane and jute.

2.9 Relevant Researches

Weerachai Arjharn (2005) had studied the capability of production 10 cash
crops by selecting from the widely species planting in the area. Those crops were rice,
corns, peanuts, soybeans, mungbeans, long beans, tomatoes, mangoes, sugar canes
and other vegetables. The study was a partial sector of the research in Multi-criteria
and Multi-reservoir Operating: A case study of Upper Mun Basin.

The studied areas consisted of irrigation area of Lam Takhong, Lam
Phraphlong, Mun-Bon and Lam Sae reservoirs. Weerachai had studyed production
capability in 3 areas (1) Soil (2) Land usage (3) Agriculture.

To study soil, Weerachai had reviewed data and information regarding soil
resources and lands from reports of the Land Development Department, Ministry of
Agriculture and Cooperatives within the scale of 1:50,000. He had used the land units
from Nakhon Ratchasima province to assess the soil suitability toward growing crops
based on FAO framework, 1976. Findings revealed that land assessment involved 13
factors which were temperature, moisture availability, soil drainage, organic matter,
available-phosphorous, soluble potassium, soil reactions, cation exchange capacity,
base saturation percentage, soil texture, effective soil depth, slope and stoniness. After

identifying factors for soil analysis that effected crops growth, the experts had
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assigned Parameter Priorities and Scaling of the factors to assess level of soil
appropriateness through equation Suite;= (WS)pH(WS)pH(WS)ps+...H(WS)p,

Where: Suit.; = total scores to consider soil appropriateness for growing
crops type ci, W = parameter priorities, S = parameter scaling and F = parameter
consideration. Afterward, data would be overlapped to get rid of unnecessary data on
non-agricultural areas for soil level appropriated for growing cash crops.

For land utilization, secondary data was collected by the Land Development
Department, Ministry of Agriculture and Cooperatives, using the scale of 1:100,000
during the year 2004-2005. Fields studied was conducted for checking accuracy of
data of current land utilization in different areas of such project and adjusting land
utilization to concur with field results along the routes with the studied accessibilities.
Then including the map for the final utilization land use map areas of such project
was modified map to be the most accurately.

Studying agriculture to collect relevant secondary data had been included the
survey and collection of data from farmers, group of farmers and the lead farmers in
the Basin. It was accompanied with relevant results in different areas to support
education and analysis as the development for appropriate agriculture by concluding
the studied topics in the current plant’s production, conditions. It was also including
the current production’s problems and agricultural trends for future development
projects as well as system for growing crops and crops with area capacity, soil data

and soil suitability levels for growing each plant.

Biwas, et al. (2005) applied technique in fuzzy goal programming with the
plan to utilize land in agricultural system to increase proper volume of production
annually. The study was conducted at Nadia, the area located in West Bengal, India to
compare between the fuzzy goal programming (FGP) and the existing plan. Fuzzy
goal programming had 5 goals which were (1) Land utilization (2) Productive
resource, sub-divided into a) Machine-hour goal (b) Man-power requirement (c)
Water consumption (d) Fertilizer requirement (3) Cash expenditure (4) Production
achievement and (5) Profit. Crops for studied were Jute, Sugarcane, Aus, Aman, Boro,
Wheat, Mustard and Potato. Results of the study had shown that applying Fuzzy goal
programming (FGP) gave better products than existing technique. FGP had helped to
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lessen the difficulty in calculations as well as improving to reduce complication in

further selection of variables.

Vornveerukorn Veerajit (2004) had analyzed the appropriated areas for
growing Logan, using remote sensing data and multiple criteria evaluation of
Chiangmai and Lumphun provinces. Landsat data of 2 intervals, on December 24",
2002 and March 5™, 2003, were used to search for actual area for growing Logan.
Then area appropriateness were analyze through multiple measures by applying
Geographic Information Systems; GIS and data from the Land Development
Department, selecting only measures effected Logan production. Measures were
divided into 2 parts which were crops and management appropriateness. Crops
appropriateness were 1) Soil fertility identified as Nitrogen, Phosphorous and
Potassium 2) Soil depth 3) Soil drainage 4) Temperature 5) Usable water identified as
annual rainfall, distance from main water source, distance from underground water
and scope of irrigation. Management appropriateness were 1) Distance from
purchasing point 2) Distance from main road 3) Slope levels with drawback factors,
such as, Forestry areas, Water sources areas, Communities areas and infrastructure.
Measures were taken for further evaluation through designed questionnaires for 30
expert farmers in growing Logan with weighting of each measure to set up the
significant level of measures for compilation of results from the GIS system in order
to construct the map of the areas appropriated for growing Logan. Finally, the map of
result and the map for Logan derived from Satellite pictures were taken for analysis
together through overlapping to find out the appropriateness of the actual areas for
growing Logan and the areas under evaluation. Since the soil quality gave different
effects to Logan trees, some limitations could be improved while the others could not.
Therefore, soil evaluation in this study was prepared for 9 models to find out
differences of evaluation through these areas: 1) Giving priorities to all measures 2)
Giving priorities of measures based on farmer’s opinion 3) Evaluation based on 2 and
solving problems of usable water 4) Evaluation based on 2 and solving problems of
soil drainage 5) Evaluation based on 2 and solving problems of soil nutrients 6)
Evaluation based on 2 and solving problems of usable water and soil drainage 7)

Evaluation based on 2 and eradication of soil drainage 8)Evaluation based on 2 and
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solving problems of soil drainage and soil nutrients 9) Evaluation based on 2 and
solving problems of usable water and soil drainage and soil nutrients. After
comparison by overlay analysis between evaluation map of the soil in the model 8 and
the map for growing Logan from satellite maps, findings revealed that evaluation
results were almost similar. It could be mentioned that the present areas for growing
Logan was highly suitable because farmers had improved soil quality with better
drainage and nutrients by applying appropriate amount of fertilizer. Furthermore,
landuse map analysis results indicated that there still have had high suitable areas for
growing Logan. These data have been beneficial for zoning landuse appropriated for
growing Logan which might result in better quality Logan production and increased
the competitiveness the certain crop production system of Chiangmai and Lumphun

provinces.

Agrell, et al. (2004) had developed Decision support systems to plan the
land utilization under the concept of ago-ecological zone and economic compensation
from land utilization. Scope of analysis variable of ago-ecological zone model (AEZ)
would be more transparent if there had been the bondage between the appropriated
levels of multicriteria. This exploration would directly help to analyze trading as well
as the system support for decision to involve data on Bungoma derived from primary
data of Kenya, including the use of climatic and soil characteristic and socio-
economic data. In this analysis, objective criterions were applied, they were (1)
Finding the maximum energy from foods (2) Finding the maximum energy from
foods with the coefficient coincided with products (3) Finding the maximum self-
sufficiency ratio (4) Finding the maximum expected gross value of the output (5)
Finding the minimum expected production costs (6) Finding the maximum expected
net revenue (7) Finding the minimum amount of arable land used for agricultural
production (8) Finding the minimum area actively used for harvesting (9) Finding the
minimum total soil loss and (10) The maximum soil loss in each cell least damage.
This method was proven and accepted as channel to generate income and profit from
cultivation as well as being the appropriate method for countries with difficult

decision-making and adapting for economy and environmental protection.
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Itoh, et al. (2003) had studied model for planning cultivation under
uncertainty in agricultural management which mostly corrected by the application of
linear programming. In many cases coefficient of profit from agricultural products
was uncertain due to the effects of climate. Often, linear programming model and
stable value of coefficient failed to explain the surroundings of decision making
appropriately. Therefore, Itoh and Associates decided to present model of planning
cultivation together with the uncertainty of climate by using fuzziness and
randomness. The study based on the assumption that crops available referred to n
would yield profit c;; for the possibility of p; in an area. Decision variable was the size
of cultivation area x; and working hours per an area w; of plant j. Then, the limitation
of cultivation area for planting all n should not exceed the total areas (L) and total
working hours of all areas must be less than the available hours (W). Function target
referred to maximize profits which could be expressed in the following equation:
Maximize R depended on x;txp*+x3+...+x, < L, wixjtwoXo+wsxs+...twpx, < W,

U, (CnXitepXotCsXst...HCinXn) = P1, K, (C21X1TCXoTCo3X3T...TConXn) > P2,
K, (C31X11TC3XotC33X3t.. . tCanXn) = P35..., K (CiX1HCmaXo+tCm3X3t...tCmnXn) > Pm,
having pi+potpst+...¥pm = 1 and p_ () as membership function of the fuzzy

constraint C form experimenting with this method which was more appropriated for

farm scale than regional scale. Further studies were conducted.

Munthana Tipvareerom (2002) had studied land utilization for agriculture
and land suitability for cultivating cash crops; Case study Klong Yang sub district,
Sawankalok district, Sukhothai province through aerial photos in 2 time spans, during
1975 to 1996 and 1996 to 2001 from farmers and concerned parties. It was done to
find the change in land utilization in agriculture both in types and quantity of crops to
apply the design of land utilization as the model for agriculture depended on the
frequency of land utilization. The distance from community approximately based on
the concept of Von Thunen to separate boundaries for agriculture into 4 areas. In the
first area, crops were grown further from community approximately 1.0-1.5
kilometers. In the second area, fruit trees and short-lived crops fields were grown

once further from community approximately 1.5-3.0 kilometers. As for third area,
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short-lived crops fields were grown twice. Rice paddies and orchards were located
further from community approximately 3.0-5.0 kilometers and the fourth area for
alternated growing between long-lived and short-lived farm crops further away from
communities as much as possible. Future expectation for land utilization in agriculture
had forecasted the tendency to expand the cultivation area for growing cash crops
which might not match the land capability. Therefore, applying Geographical
Information Technology to help analyze land suitability for growing 6 cash crops
from the needs of farmers and land utilization policies of Sawankalok district by
selecting the current grown cash crops, such as, mangoes, soybeans, mungbeans and
sugar canes as well as cash crops under the government’s promotion for future growth,
such as, cottons and corns for animals. Analysis through Geographical Information
System started by improving data base on existing Geographical Information System
and adding extra data on sub district, including observation and field questioning. The
data for analysis came from soil series map to consider soil texture, drainage, pH and
land fertility. Geographical map helped to consider the slope and geographical
features. Irrigation map was being used for areas inside and outside irrigation, basin
map used for consideration of the basin quality, forestry map used to study the
conservation areas and administration map used for consideration about the
boundaries in sub districts and villages areas. In this study, soils were variable in the
analysis as well as the needs for each plant. Therefore, there should be weighting on
quality of each soil. To analyze area suitable for cultivation of cash crops with the
application of Geographical Information System, suitability areas were classified into
5 levels: extremely suitable, most suitable, fairly suitable, least suitable and not
suitable at all. Findings suggested that percentages for the most suitable area for
cultivation of mangoes, soybeans, mungbeans, sugar canes, cottons and corns for
animals were 66.42, 9.67, 27.29, 66.90, 39.62 and 27.27 percentages, respectively.
The percentages for areas very suitable for cultivation of mangoes, soybeans,
mungbeans, sugar canes, cottons and corns for animals were 0, 27.29, 39.62, 9.65,
27.29 and 49.28 percentages, respectively. The percentages for areas fairly suitable
for cultivation of mangoes, soybeans, mungbeans, sugar canes, cottons and corns for
animals were 9.65, 67.72, 9.67, 13.78, 9.67 and 13.78 percentages, respectively. The

percentages of area least suitable for cultivation of mangoes, soybeans, mungbeans,
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sugar canes, cottons and corns for animals were 23.11, 0, 23.10, 9.35, 23.10 and 9.35
percentages, respectively. The percentages for areas not at all suitable for cultivation
of mangoes, soybeans, mungbeans, sugar canes, cottons and corns for animals were

0.32,0.32,0.32, 0.32, 0.32 and 0.32 percentages, respectively.

Caldiz, et al. (2002) studied on the complex system to grow potatoes in the
agricultural area of Argentina to increase future potatoes production by expanding the
cultivation areas through the application of GIS and Simulation model. The study
method of field survey was used to find factors involved with the complex production
system which were factors specified products, factors limited products, reduction of
products before analyzing products by applying GIS and Simulation model. The final
step was to develop strategies of system to grow potatoes. Finding from the field
study had shown the factors which limited the growth of potatoes involved with day
length, incoming radiation, temperature, carbon dioxide concentration and growers.
Significant factors needed for good production were water and nutrients and the
factors while factors reducing productions were diseases, weeds and pests. Awareness
of these factors helped to facilitate the GIS process for being the instrument
effectively managed and arranged data as well as making map as desired. Simulation
model had contributed to forecast of products and supported decision-making. From
applying GIS and Simulation model, Caldiz and Associates could demonstrate results
in mapping to show the production capability from soil features and climates, leading
to strategic development for increasing production of potatoes. Findings that quality
of potatoes was essential part in production and depended on exterior features and
virus-free. Diseases were the cause of species inferiority and reduction in products.
Since most germinated potatoes came from various places, selection of incoming and

new species was crucial for future strategies.

Ahamed, et al. (2000) had analyzed area suitability for cultivation through
the application of GIS-based fuzzy membership model in the area of Kalyanakera as
the sub-watershed at Karrataka in India. This study had cited FAO framework 1976
for arranging class. The suitability in cultivation was divided into 2 classes. First, the

class suitability for planting (S) with 3 sub-classes, S1 for extremely suitable, S2 for
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medium suitability, S3 for least suitability and unsuitable for planting (N) with 2 sub-
classes, N1 for temporary suitable and N2 for permanently suitable. Crops used for
the study were rice, millets and peanuts. Parameters were soil and geographical
parameters, such as, texture-surface, texture-subsurface, drainage, gravel-surface,
gravel-subsurface, CEC, base saturation and slope. Methods to study data and the
importance of 9 parameters and measures for suitability were done by applying fuzzy
logic and GIS through analysis and calculation. Calculation was done in 2 steps: (1)
Arranging crops suitability (2) Calculation for maximum suitability in all 3 crops.
Results could be seen in the map and graph (a) Map to exhibit suitability level toward
cultivation of each plant without giving importance scoring. (b) Map to show
appropriate level for cultivation of each plant with the use of importance of scoring
together with map to specified maximum suitability. (¢) Map to show suitability level
for cultivation of each plant with and without importance of scoring and (e) the

highest suitability cross-classification.

Jatukorn Sridit (1996) had studied the adaptation of geographic information
systems for designing cultivation system and evaluation of agricultural products in the
rainfed areas of Ban Rai Pan Din Thong, Kao Hinyoi Sub District, Panom Sarakam
District, Chachoengsao Information Technology had been used throughout the study
by dividing into 3 steps which were collecting data, feeding data and managing and
analyzing data. Collecting data were done for primary data in economic and social
from conducting survey of farmer’s land utilization. Secondary data consisted of
physical features of the area and information on cash crops from government agencies.
Both data served as the basis for designing cultivation system comprised of selection
of suitable crops for the area and the needs of farmers, crop pattern or crop calendar,
designing of cultivation system which had been evaluated prior to questioning the
farmer on the acceptance of the designed cultivation system.

Limiting factors and designing of cultivation based on the following: 1)
Factors influenced or limited the selection, such as, land and crops and the needs of
farmers as well as considering 25 factors in the land evaluation manual were the
criterion which must contribute to crops or land utilization, critical value found in the

cultivation area. Practical data were collected to derive at 6 factors, such as,
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temperatures, moisture essential to crops, oxygen availability to root, nutrient
availability, rooting and soil leaching 2) Factors limited the design of cultivation
which divided into growing period, time span suitable for growing and water quantity
3) Designing the cultivation system for pattern or agricultural calendar and
conservation of soil and water. Results from the study were divided into 2 parts: 1)
Structure of data base for areas, such as, land maps, maps showing the land
occupation of the farmers. As for data attributes , such as, farmers, soils, climates and
6 groups of cash crops, for instances, field crops, rice, fruits, vegetables, crops for
animals and fast growing crops. 2) Cultivation system derived from analysis through

designed data base.

Chumsri (1989) had studied Agro-Ecological zoning in the southeast coast
of Thailand using climatic and soil data. The study was conducted in 6 provinces of
Chachoengsao, Chanthaburi, Chonburi, Prachinburi, Rayong and Trat. Cash crops
selected for the study based on 2 criterions. First, what type of majority crops grown
in the area and benefits from cash crops of Thailand. Therefore tapioca, cottons,
soybeans, peanuts, corns, millet, pineapples and sugar cane were picked. After
selecting cash crops, zoning cultivation was arranged from climatic factors, for
instances, amount of rainfall, temperatures, wind speed, moisture and sunshine period
were accounted for in order to build the map to find climate suitable for cultivation.
As for soil factors, soil structure, depth of soil layers, soil drainage and sloping had
been used for building map appropriated for cultivation. Afterward, both maps were

overlapped to find the appropriated areas for growing all 8 crops.

Bhaktikul & Wardlaw (2004) had studied on the Application of Genetic
Algorithms for Irrigation Water Scheduling by first applied with Pugal Irrigation
System which was part of Indira Gandhi Nahar Pariyojana Project (IGNP) of India.
The experimenting irrigation consisted of main canal with flowing rate of 24 m’/s
where 3 supporting small canals had the flowing rate of 12 m’/s. This model
employed GA model which stressed on moisture at the plant’s root by finding value
of the least volume of water that might be generated from larger canal to smaller canal

with controlling moisture in the soil above the withering stage of the plant. The
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experimenting plant was dry beans with growing duration of 100 days and the target

m n
equation was Minimize z = Zthj +R,P, +R,P, where x; = for volume of water
j=1 t=l

generated for irrigation at t from canal at j, t = number of time period, j = number of
canals at j, n = total times, m = total canals, R; and R, = penalty factor.

However, soil moisture might be above the withering stage of the plant and
volume of water in the main canal might be more than small canal. Decision variables
were the opening and closing of water. The study had been conducted for cases where
water was both sufficient and insufficient. Findings from case of sufficient water that
all 3 canals could generate water equally as well as soil moisture remaining between
field capacity and withering stage of crops. As for case of insufficient water, all 3
canals could generate water equally but soil moisture remained somewhere else. After
experimenting with canals in Pugal System, the system was tested with water
generation system of the entire project of Indira Gandhi Nahar Pariyojana, in
comparison with the local method of Warabandi. Finding revealed that water

generation by Genetic Algorithm worked as equal as the traditional method.

Bhaktikul & Wardlaw (2004) had conducted the research on arranging water
generation through comparison between Genetic Algorithm and Linear Programming
by dividing Linear Programming into 2 cases. First case was studied and compared
with the research of Professor Reddy and Associates (Reddy, et al., 1999). Problem
occurred on the management as related to different needs and times for water
generation among canals but only one big canal with capacity of 22.6 m’/s. This
research had been tested with irrigation system called, Hetao Irrigation Project In the
Republic of China at Mongolia by arranging water generation to 117 small canals
where each canal was given time for water generation and the capacity of each canal
was different, starting from 0.4-3.0 m’/s. Linear Programming method of Professor
Ready and Associates employed 12 equations which were quite complicated methods.
However, Bhaktikul and Wardlaw used Genetic Algorithm to search for the best
period to start generate water for each canal. With only one equation, the lowest value
of differences between total volumes of water needed when the small canal open for

water generation and actual volume of water generated from big canal which could be
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n m 2
expressed in the following equation: Minimize z = Z“[Qi - Z(qijIFLAGij) J+R1P1

i=0 j=1
Where: Q;= volume of actual water generated from large canal (m’/s), qij = capacity
of small canal (m’/s), IFLAG = open (1) or close (0), m = number of small canal, n =
number of time period, R; = penalty factor (weighting factor) for penalty function.
Decide factor was opening and closing water in each canal. The crucial equation
involved in the overall capacity of small canal must not exceed the actual volume of
water generated from large canal. Parameter of GA in this study was probability of
crossover = 0.95, number of mutation per chromosome = 0.15 and generation = 1800.
Results from applying Genetic Algorithm after comparison with Linear Programming
revealed that GAs could generate actual water with 25 second to receive program
while Linear Programming gave the total value for volume of water generated for
small canal exceeded the volume of water remained in the large canal.

In second case, Wardlaw and Bhaktijul (2004) had studied problems of
generating water in a shift by comparing Genetic Algorithms method with Mixed
Integer programming of Anwar & Clarke (2001), using data and questions of
Suryavanshi & Reddy (1986) which stated that there were 8 canals, having time
period as the tube that contained maximum capacity of canals at 3 liters per second.
Each canal had time period indicated water needs and starting time for water
generation. Target function set for 6 days (1 time period) to find out the sequence of
water generation with the least value of need for water generation of the large canal.
Results of the study by Anwar & Clarke (2001) found that the needs for water from
large canal were 90 liters per second, having all 8 small canals line up into 3 groups
and each group generate water at 30 liters per second. Furthermore, Wardlaw &
Bhaktikul (2004) conducted the study by changing information of period time for 6
days as 600 units. The previous needs for water in decimal were categorized into the
number. Each small canal generated water with capacity of 30 liters per second. When
generating water, it must always fill the canal and the capacity of the large canal was
fixed at 90 liters per second. Then arranging the order of each canal with in 1 time
period by aiming at the lowest value of differences between the need to generate
water for small canal and the actual volume of water from large canal when the water

was full. The next equation deal with finding the lowest value of differences between
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starting time for every canals’ needs of water and time derived from the complete
model as being written in the following equation: Minimize z =

n

2

i=0

Q—g(quFLAGij1+§‘RSTj —ASTJ.‘ by Where: Q = volume of actual water
= =i

generated from the large canal (m’/s), q; = capacity of small canals (m’/s), IFLAG; =
fee for opening (1) or closing (0) canal, m = numbers of total canals, n = numbers of
total time steps, AST; = numbers derived from model of canal j, RST; = starting time
to catch water from canal j. The decided variable was the opening water time for each
canal. The limitation appeared in the overall results from the needs for water at time
step from any small canals which might not exceed any actual water volume
generated by large canal.

Results of the study suggested that small canal could generate water 3
groups at the same time by having the total desired capacity at 90 liters per second,
getting the best time for catching water as well as Mixed Integer programming with
mush easier target function and less time-consuming for running program.
Differences in time to catch water were 4.73 days as equal to results from Mixed

Integer programming.

Bhaktikul & Wardlaw (2001) had studied the Application of Genetic
Algorithm for Water Allocation in an Irrigation System at Bali Island, Indonesia that
had used the Tukad Ayung Irrigation system which caused water deficiency and
complications from having 69 canals with 56 connection points. There were 10 sites
to catch the water for the system, 13 projects needed water and 13 sites for water
flowing out from the system. In this study, GA was being compared with Quadratic
Programming that Wardlaw and Barnes (1998) previously studied. The main purpose
of GA was to find the lowest value of differences which could balance between the
need for water usage and volume that generated into the system when there had been
water deficiency and insufficient for the need as being presented in the equation as
Minimise Z = Zn:(di(_i—xi)erRlPl +R,P, +R,P, +R,P, Where: d; = the need for

i=l i
water of canal i, x; = Water generation at canal i, n = Number of canals, R;-R4 =

penalty factor
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The drawbacks in this study were each canal must have the flow rate under
its own capacity and each node must have node balance as well as amount of water
generated must not exceed the need and global water balance. The decided variable
was the flow rate in that joined between nodded. Results of the study indicated the

GA and Quadratic Programming gave almost similar results.

Camacho, et al. (2001) studied on Seasonal furrow irrigation model with
Genetic Algorithms (OPTIMEC) to analyze and find irrigation calendar for the
maximum profit in cultivation in the irrigation area of Cordoba, south of Spain
located in the center of the valley of Guadalquivir river, using the model of
OPTIMEC in the study by covering 4 areas which were soil moisture model,
irrigation hydraulic model, crop yield model and economic module. The most
interesting area for Camacho and Associates was economic module where Standard
Scheduling and Optimized scheduling with GAs technique had been studied and

compared.

Economic Optimization had Objective Function which was Maximum NP =
YP.-f. when NP = net profit (¢/ha), Y = agricultural products (kg/ha), P, = selling

price of products (¢/kg) and f; = cost for irrigation (¢/ha) that could be calculated from

Ke

the equation f; = Z(V P, +V,.P + VpiPp) + ESMDK where V,; = amount of water

wit w
T

being used (m’/ha), Vi = amount of water used for percolation (m’/ha), P,, = cost of
water being used (¢/m’), Pr = cost of water for rinsing (¢/m”), P, = cost of water used
for percolation (e/m’), MO; = labor cost for each irrigation (¢/ha), K. = total number
of irrigation in the season, ESMD = moisture level in the soil below the acceptable
level and K = penalty cost for irrigation problems in this study. Desirable answers
contained 3 decision variables which were R as the random variable that controlled
situation in irrigation, having value equal to 0 or 1 to replace distribution or non-
distribution of water along irrigation canals, H; represented moisture level in the soil
or mm while Q referred to flowing rate of water in irrigation or 1/s. All 3 variables
represented the irrigation designs in each week (gene). This study had set the duration

for corn planting at 21 weeks with H; value between 10-115 mm and Qo value
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between 0.5-2.6 1/s (value span of Hr identified with actual work and scope of Qg
identified with limitation in soil erosion).

Parameters value of GAs equaled to population size = 500, generation = 70,
mutation probability = 0.5 and crossover probability = 1, K = 6e/mm, cost of water =
0.006-0.12 &/m’, cost of run-off and percolation = 0-0.06 &/m’. Results from this
model were products = 11,857 kg/ha with product prices = 160 g/ha and profits =
1,626 ¢/ha.

As for Standard Scheduling, Camacho and Associates had chosen primary
conditions for analyzing in order to set up the flowing rate in the irrigation definitely
at 2 1/s and only irrigated when the moisture in the soil remained at or higher than
SMD with hypothesis of requirement level in filtrated depth (H;) = 0.9 SMD mm. The
water cost in this education = 0.006 &/m> which equaled to normal price in the area
without cost calculation of run-off and percolation. Therefore, results from this model
had yielded products = 10,215 kg/ha, product prices = 90 €/ha and profits = 1,449 ¢/ha.

Results from the study suggested Economic Optimization which was given
more production, productions prices and profits than Standard Scheduling that could
not calculate environmental impact resulted from run-off and deep percolation losses.
It was quite different from applying Economic Optimization with GAs technique in
costs and returns calculation from total irrigation, adding the penalty term into the
cost equation of irrigation to compensate for environmental impacts caused by run-off
and deep percolation losses for more accurate and appropriate results than applying

Standard Scheduling analysis.

Kumar, et al. (1999) adapted genetic algorithms as the best method for
power generation from water. He had conducted the study at Hiraakud reservoir in
India which was the reservoir constructed for controlling flood as well as providing
benefits in irrigation and energy. The main objective of this study was to find the
highest value of water power within a year, enabled to express in the following
12

equation: Maximize Z ZZ:Pt . Where: Z as the highest value of petroleum power
t=1

within a year (kilowatt), t represented time (month) while P referred to power

generation per unit for 30 days by assigning P = 2725 RPh. RP referred the released
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volume of water for monthly power production (Mm®) and h represented height (m).
Here, the decided variable was the volume of monthly released water for production
with the limitation that the volume should not exceed the supporting capability of
windmill. The power generated in each month must not be less than the power used
by the Dam. At the same time, volume of water for irrigation should be higher than
the least wanted irrigation in each month but lower than the most wanted irrigation to
support monthly cultivation while the monthly reserved water must remained under

the maximum capacity of reservoir. Therefore, Fitness Function was represented by F;
k

=f(x) + € 25;(¢ j)2 by giving F; as Fitness, f(x) as Objective Function, € valued at-
=

1 for the highest value and +1 for the lowest value, §; represented Penalty co-efficient
and o; represented the amount of violation.

As for experimentation with this model, feasibility test for crossover values
of 0.80 and 0.85 was performed as well as mutation values of 0.005, 0.006 and 0.007.
Later, GA Parameters was being tested by allowing 4 levels of water flowing. They
were lower than 40 percents of average water flowing, higher than 40 percents of
average water flowing, level of average water flowing and higher than 20 percents of
average water flowing. Results from experimentation suggested the feasibility for
crossover at 0.80 and mutation at 0.006 for maximum power generation. After
experimentation by GA Parameters by allowing the flow of waters at 4 levels, result
conclusion revealed that after distributing water from the reservoir according to the
needs, it still capable of generating maximum power to support each level of water

flowing into the reservoir.

Somruethau Tasaduak (2004) had studied the area planning for cultivation
based on availability of water by applying Genetic Algorithm at Lam Phraphlong
Water Distribution and Maintenance Project at Lam Phraphlong and Lam Samlai
reservoirs. The study divided into 3 cases consisted of years of dry season, normal and
excess water. This study employed irrigation data requirement for crops by
calculating from evapotranspiration and effective rainfall as net irrigation requirement.
Furthermore, maintenance data for reservoir which contained information on the

highest-lowest water levels, town and industrial need for water, volume of water flow
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into the reservoir, including characteristic curve activities and rule curve graphs as
well as economic data. The gross irrigation requirement data for plant and data on
water volume for reservoirs maintenance was input for Genetic Algorithms process,
aiming at maximize profits that could be written in the following equation as Max B =

> EY. x (Pi -C, )>< A, . Where: Max B = maximize profits of the project area (baht).

EY; = productions of each plant (kilogram/rai), P; = price of each plant
(baht/kilogram), C; = capital investment for production of each crops (baht/kilogram),
A; = area for growing each crops (rai) and N = number of growing crops. However the
number of growing crops must not exceed the total area of the project as well as each
and gross irrigation requirements must be well kept under the capacity of the canal
and the volume could not go over gross irrigation requirement. When the GAs process
had been carried out, results would yield proper area to maximize profits from
cultivation in the project area and maintenance data of the reservoir, such as, weekly
gross irrigation requirement and remaining water in the reservoir at the end of each

month.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. on Env. and Res.) /51

CHAPTER I
RESEARCH METHODOLOGY

The research study entitled “Optimization for Cash Crop Planning Using
Genetic Algorithm: A Case Study of Upper Mun Basin, Nakhon Ratchasima
Province” was conducted to develop decision-making process to find suitable cash
crops for cultivation. Regarding crop types, cultivation areas, maximum economic
return rate and loss of major nutrients in term of fertilizer and results comparison
through weight-score method that presented by Weerachai Arjharn (2005) in the
research study on “Multi-Criteria and Multi-Reservoir Operating: A Case Study of

Upper Mun Basin”. Research procedure were as follows:

3.1 Materials and Equipment
3.2 Methods

3.1 Materials and Equipment

Materials are consisted of the following items:

3.1.1 Hardware
3.1.1.1 Computer Pentium M processorl300MHz RAM 256 MB
3.1.1.2 Printer

3.1.2 Software
3.1.2.1 Microsoft Visual C++
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3.2 Methods

3.2.1 Data Collection

3.2.1.1 Data and process carried out by Weerachai Arjharn (2005)
regarding the appropriate soil layers for crop cultivation as well as parameter priorities
and parameter scaling of 10 crops, such as, rice, corns, soybeans, mungbeans,
groundnuts, yard-long beans, tomatoes, mangoes, sugar cane and vegetables were
studied. Parameter priorities and parameter scaling were enabled to set measures for
soil layers suitable for cultivating 10 crops in accordance with FAO 1976 as being
illustrated in the appendix A.

3.2.1.2 Secondary data was collected on land use and soil series of the
study area from Land Development Department associated with considered factors in
order to find soil layers suitable for cultivating 9 cash crops according to FAO 1985.
Those factors were temperature, soil drainage, soil depth, organic matters, available
phosphorous, soluble potassium, cation exchange capacity, base saturation percentage,
electrical conductivity of saturation, soil texture, slope and moisture availability as
illustrated in the appendix A.

Land quality (apart from factors mentioned in Table A-7 to A-15) on
potential for mechanization and land fertility were studied the detail of assessment was
shown as follows:

Potential for mechanization was done with the application of matrix
through both land characteristics: slope and texture. Illustration in Table 3-1, scores 2-
3 were assigned for S1, 4 for S2, and 5-6 for S3.

Table 3-1: Finding suitability level of potential for mechanization through matrix from

slope and texture

Texture | Sand, Loamy sand | Sandy loam, Sandy clay loam, Silty clay, Clay
Loam, Silt loam, Sandy clay,
Clay loam, Silty clay loam

Slope(%0) €] (2) (©)
<2 (1) 2 3 4
2-5 (2) 3 4

>5 (3) 4 5 6
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Soil Fertility was studied by giving scores based on 5 levels of soil
qualifications: OM, BS, CEC, Available-P and Available-K as shown in Table 3-2.
Combining total scores of 5 soil qualifications together if the scores were less than 7, it
was considered as low fertility, scores range 8-12 represented medium fertility and

scores higher than 13 indicated highly fertility.

Table 3-2: Soil Chemical Properties and Soil Fertility

oM BS CEG Available-P Available-K Soil Fertility
(%) (%) (meq/100 soil)  (ppm) (ppm) Level
<15(1) <35(1) <10 (1) <10 (1) <60 (1) Low (S1)
15-35(2) 35-75(2) 10-20 (2) 10-25 (2) 60-90 (2) Moderate (S2)
>3.5 (3) >75 (3) >20 (3) >25 (3) >90 (3) High (S3)

Source: Land Development Department (1980)

Rainfall data used in the study was the averaged rainfall of 30 years
derived from Royal Irrigation Department (Office of Hydrology and Water
Management) and Meteorological Department as shown in the appendix A. However,
data in some months were missing due to errors of recorders and broken recording
instruments. Therefore, data series were recovered by the simple linear regression
model.

3.2.1.3 Data collection on investment cost, production cost and
production price of 9 cultivation crops (baht/kilogram) from Agricultural Information
Technology Center, 2001 shown in the appendix A.

3.2.1.4 Data collection on major nutrient loss from removing 9
agricultural productions from the cultivating area. The data were derived from a
secondary source as demonstrated in Table 2-1 in Chapter II.

3.2.1.5 Data collection on fertilizer costs (formula 46-0-0, 0-46-0 and
0-0-60), were 12.85, 16.4, and 11.15 bath/kilogram provided by the Agricultural
Economic Office. These data were used for price comparison on major nutrient loss

from the soil by applying Genetic Algorithm and weight-score method.
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3.2.2 Studied on soil layer suitable for cash crops

3.2.2.1 Soil database, gathered by Land Development Department in
the geographic information system, was analyzed by overlaying among irrigation
boundary and land use in 2001. Derived result was shown in types of soil series and
their area in each irrigation project.

3.2.2.2 Suitable factors and levels for growing each crop:
temperature, moisture availability, oxygen availability, rooting condition, nutrient
availability, nutrient retention, excess of salts, potential for mechanization and erosion
hazard were compared with soil quality for each set of land needed in order to study
whether land suitability rating was at high or low level as illustrated in figure 2-3.

3.2.2.3 Land suitability rating was assessed for overall Land
suitability by mathematical calculation of land characteristics based on FAO 1985.
The values of Land suitability rating were identified as follows: S1 = 1.0, S2 = 0.8, S3
= 0.5, N = 0.2 and value of Land suitability class as follows: > 0.8 = S1, 0.4-0.8 = S2,
0.2-0.4 = S3 and <0.2 = N. Then took the Land suitability rating substituted with the
number based on FAO 1985 and multiplied all numbers together. The results were
compared with Land suitability class to derive the overall Land suitability class for
cultivation of each crop in each soil series. Afterward, crop selections for Land
suitability class of S1 and S2 were conducted for assessing effectiveness of Genetic

Algorithm.

3.2.3 Studied on land suitability for cash crops by Genetic Algorithm

Land suitability volume was studied for cultivating 9 cash crops in each soil
series and assessing effectiveness of Genetic Algorithm by calculating major nutrient
loss from soils in term of fertilizer cost.

Knowing the Land suitability for each crop, the selection of suitable crops for
each soil series obtaining from 3.2.2.3 were input for GA process to find area
suitability for cultivating each crop in order to gain highest maximum benefit and the
least nutrient loss by the following formula:

2
m n 2
MaxZ=(Z(Z Prod, (P, —C; A, = > N,;Prod F A, B +R,P,
k=0

=0 \i=0
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Where: MaxZ = Maximize profit (baht)
Prodi = i Crop production (kilogram/rai)
Pi = i Crop price (baht/kilogram)
Ci = i Crop investment cost (baht/kilogram)
Ajj = 1 Crop cultivation of j soil series (rai)
Nxi = Major nutrient loss during the production harvesting
Fx = Fertilizer price of major nutrient (baht/kilogram)
i = Crop type
n = Number of crops
] = Type of soil series
k = Nitrogen, Phosphorous and Potassium, respectively.
R1 = Penalty factor (weighting factor) for the penalty function
Py = Penalty function

Limitation involved with the cultivation area of each soil series that should not exceed
total number of soil series. It could be expressed in the following formula:

Where: MaxS; = Total areas of 1% soil series,
MaxS, = Total areas of 2" soil series,
MaxS; = Total areas of 3" soil series, ...,
MaxS, = Total areas of m"soil series

If R, = ZAij > MaxS; (More planting areas of each soil series than total
i=1

area of soil series) P, = Z(ZA” -~ Maxsjj

=1 \i=1

Where: MaxS; = Total area of soil series j
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m = Number of soil series

Decision parameter was the cultivation area

3.2.4 Compare results from FAO 1985 method with results from
Weight-score method by Genetic Algorithm
Derived results from FAO 1985 after comparison with results from

application of Weight-score by Genetic Algorithm were shown in Chapter 1V.
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CHAPTER IV
RESULTS AND DISCUSSION

Research results carried out according to research methodology as mentioned
in Chapter I11 were presented into 4 main parts as follows.

4.1 Suitable soil for growing cash crops

4.2 Suitable lands for growing cash crops with Genetic Algorithm application

4.3 Maximum profits comparison with Genetic Algorithm application

4.4 Discussion for Weight-Score Method

4.1 Suitable Soil for Growing Cash Crops

4.1.1 Soil series in the study area

The GIS Soil data base compiled by the Land Development Department was
analyzed by overlay with soil data base together with the Irrigation Project boundary
maps of 3 projects and the land utilization maps. Soil series suitable for agricultural

activities of the studied areas were analyzed and the results were shown on Table 4-1.

Table 4-1: Soil series and their number of area within the study area

Irrigation Project Soil Series Areas (rai) Irrigation Area (%)

Lam Takhong Operation and Borabue 189.39 0.13

Maintenance Project Hin Son 81.62 0.05
Kula Ronghai 1,352.73 0.91
Khorat 834.74 0.56
Lom Sak 7,042.65 4.72
Nam Phong 49.72 0.03
Phimai 105,508.95 70.67
Ratchaburi 28,421.12 19.04

Roi Et 2,163.85 1.45
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Table 4-1: Soil series and their number of area within the study area (Continued)

Irrigation Project Soil Series Areas (rai) Irrigation Area (%)

Lam Takhong Operation and Renu 32.62 0.02

Maintenance Project Samo Thod 76.86 0.05

(Continued) Sikhio 0.74 0.00
Sung Noen 1,671.11 1.12
Satuk 439.1 0.29
Warin 1,156.67 0.77
Yasothon 279.42 0.19
total areas 149,301.29 100.00

Mun Bon-Lam Sae Operation

and Maintenance Project

- Mun Bon reservoir Borabue 177.12 0.31
Khorat 6,300.99 11.06
Nam Phong 23241 0.41
Ratchaburi 37,448.70 65.71
Roi Et 5,238.56 9.19
Satuk 7,441.51 13.06
Warin 3.64 0.01
Yasothon 147.36 0.26
total areas 56,990.29 100.00

- Lam Sae reservoir Buri Ram 940.04 0.71
Chok Chai 39.4 0.03
Chum Saeng 5,073.07 3.81
Khorat 7,176.64 5.39
Nakhon Pathom 1,084.71 0.82
Phon Ngam 187.66 0.14
Ratchaburi 46,522.43 34.97
Roi Et 11,424.74 8.59
Sung Noen 15,801.89 11.88
Surin 7,350.04 5.52
Satuk 26,012.71 19.55
Warin 4,108.73 3.09
Watthana 5,856.09 4.40
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Table 4-1: Soil series and their number of area within the study area (Continued)

Irrigation Project Soil Series Areas (rai) Irrigation Area (%)
- Lam Sae reservoir Yasothon 1,460.59 1.10
(Continued) total areas 133,038.74 100.00
Lam Phraphlong Operation and  Borabue 3.4 0.00
Maintenance Project Chum Saeng 6,925.28 6.27
Kamphaeng Saen 14,944.82 13.53
Khorat 7,868.45 7.12
Lat Ya 168.08 0.15
Nam Phong 1,146.53 1.04
Nakhon Pathom 4,921.63 4.46
Phimai 864.7 0.78
Ratchaburi 46,566.11 42.16
Roi Et 13,858.14 12.55
Renu 1,046.73 0.95
Sikhio 332.33 0.30
Satuk 4,779.25 4.33
Tha Tako 7/ 0.06
Warin 5,788.72 5.24
Yasothon 1,177.10 1.07
total areas 110,462.97 100.00

Ratchaburi and Phimai soil series were mostly found because they are in
flood plain areas located on both side of rivers in the study area. Since it usually
floods in rainy season and clay sediment is flown over both of the river banks.
Therefore, the both mentioned soil series which originated from clay sediment were
found plentiful in the area.

GIS data could also be applied to use in this study. The soil series of all 3

Operation and Maintenance Projects had been illustrated in figure 4-1 to 4-3.
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4.1.2 Suitability Assessment between demands of land utilization and
land quality

Taking physical and chemical data of soil series in the study area (as shown
in Table A-17) to analyze the suitable range level of land quality of cash crops. Take
data in Table A-18 to Table A-26 to pair to derive soil series suitable for growing 9
types of cash crops as shown in Table A-30 to A-34. Then suitable areas were
selected for growing at levels S1 and S2 as shown in Table 4-2. The differences of
soil factors in rainy season and dry season were soil drainage and moisture
availability. Since there had been management activities in the area in dry season
therefore, the value of soil drainage should be up 1 more level 1. The quantity of

irrigation water released for agricultural was used for the moisture availability.

Table 4-2: Suitable crops for cultivation in each project

suitable crops

Irrigation Project Soil Series rainy season dry season
Lam Takhong Operation and Borabue groundnut sugar cane
Maintenance Project Hin Son corn, groundnut sugar cane
Kula Ronghai - -
Khorat groundnut sugar cane
Lom Sak rice, groundnut rice, sugar cane
Nam Phong - -
Phimai rice sugar cane
Ratchaburi rice sugar cane
Roi Et rice, groundnut rice, sugar cane
Renu rice sugar cane
Samo Thod - sugar cane
Sikhio corn, groundnut sugar cane
Sung Noen corn, soybean, groundnut,  soybean, groundnut,
sugar cane, chilli munghbean, sugar cane
Satuk groundnut sugar cane
Warin groundnut sugar cane
Yasothon groundnut sugar cane
Mun Bon-Lam Sae Operation and Borabue groundnut sugar cane
Maintenance Project Khorat groundnut sugar cane

- Mun Bon reservoir

Nam Phong




Patpida Patcharanuntawat Results and Discussion / 64

Table 4-2: Suitable crops for cultivation in each project (Continued)

suitable crops

Irrigation Project Soil Series rainy season dry season

- Mun Bon reservoir Ratchaburi rice sugar cane

(continued) Roi Et rice, groundnut rice, sugar cane
Satuk groundnut sugar cane
Warin groundnut sugar cane
Yasothon groundnut sugar cane

- Lam Sae reservoir Buri Ram rice sugar cane
Chok Chai - -
Chum Saeng rice rice, sugar cane
Khorat groundnut -
Nakhon Pathom rice rice, sugar cane
Phon Ngam groundnut -
Ratchaburi rice sugar cane
Roi Et rice, groundnut rice, sugar cane
Sung Noen corn, soybean, groundnut,  soybean, groundnut,

sugar cane, chilli munghbean, sugar cane

Surin corn, groundnut sugar cane
Satuk groundnut -
Warin groundnut -
Watthana rice, groundnut rice, sugar cane
Yasothon groundnut -

Lam Phraphlong Operation Borabue groundnut sugar cane

and Maintenance Project Chum Saeng rice rice, sugar cane

Kamphaeng Saen

corn, soybean, groundnut,
sugar cane, chilli

soybean, groundnut,
mungbean, sugar cane

Khorat groundnut sugar cane

Lat Ya groundnut sugar cane
Nam Phong - -

Nakhon Pathom rice rice, sugar cane
Phimai rice sugar cane
Ratchaburi rice sugar cane

Roi Et rice, groundnut rice, sugar cane
Renu rice sugar cane
Sikhio corn, groundnut sugar cane
Satuk groundnut sugar cane

Tha Tako rice, groundnut rice, groundnut,

mungbean, sugar cane

Warin groundnut sugar cane
Yasothon groundnut sugar cane
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Kula Ronghai, Nam Phong, and Chok Chai soil series are not suitable for
planting because Kula Ronghai soil series is sandy loam on top soil and clayey dense
soil at the lower level. It is poorly drainage with high sodium chloride accumulation
and very low in nutritional fertility. Nam Phong soil series is deep soil profile. Its
texture is sandy with excessively drained therefore the soil is easy to be short of
water. Its fertility is low and structureless. For Chok Chai soil series, the fertility is
also low. Soil water is easy to be deficient if there is shortage of rainfall for long
duration with less essential moisture for crops.

Khorat, Satuk, Phon Ngam, Warin, and Yasothon soil series in the area of

Lam Sae reservoir were altogether not suitable for cultivating crops in the dry season.
However, all the same soil series in other areas demonstrated good results for crop
cultivation. Therefore, soil series might not be a critical factor for crop cultivation. On
the other hand, water amount that was irrigated from Lam Sae reservoir was found
inappropriate and might be a critical factor in this circumstance.

Unlike in the rainy season, Samo Thod soil series in the area of Lam
Takhong Operation and Maintenance Project is appropriate for sugar cane cultivation
in the dry season. This is due to differences between scores of soil drainage and
moisture availability factors. The score of soil drainage is higher in the dry season
than in the rainy one because of better area management. For the moisture
availability, precipitation in the rainy season is not enough to the need of sugar cane at
that time. In the dry season, moisture availability from the irrigation meets water
demand of crop. Therefore, Samo Thod soil series is more suitable for cultivating

sugar cane in the dry season than in the rainy season.
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4.2 Suitable Area for Growing Cash Crops with Genetic Algorithm Application

4.2.1 Suitable area for growing cash crops after land suitability
assessment by FAO 1985

After deriving soil suitability for growing cash crops, data from soil series,
data of the areas in each soil series and variables from equation

2
m n 2
MaxZ:LZ(ZProdi(Pi —Ci)Aij—ZNkiProdiFkAijJ] +R,P,, as being explained

=0 \i=0 k=0
in Chapter 111 applied into GA model to derive at the following results.

4.2.1.1 Suitable area for growing cash crops

In each project, certain cash crops should be grown for maximum
profits and minimum soil nutrients loss.

a) Lam Takhong Operation and Maintenance Project

In the dry season, rice and sugar cane should be grown with
171,949,156.11 baht in profits, while 24,047,301.92 baht, 6,287,841.15 baht and

16,273,729.75 baht were resulted for nitrogen, phosphorous and potassium losses,

respectively. Rice, corn, groundnuts and chilli should be grown in rainy season with
561,826,923.26 baht in profits, 62,678,866.98 baht, while 2161397144 baht and

745991472 baht were calculated for nitrogen, phosphorous and potassium losses,

respectively.

b) Mun Bon-Lam Sae Operation and Maintenance Project

The area at Mun-Bon reservoir, in the dry season, could grow rice and
sugar cane which might yield 67,636,190.27 baht in profit, while 10,093,134.78 baht,
2,744,784.70 baht, and 6,144,854.04 baht were resulted for nitrogen, phosphorous and
potassium losses, respectively. Rice and groundnut should be grown in rainy season
with 82,526,677.82 baht in profits, while 21,254,383.32 baht, 7,182,270.11 baht, and
3,141,602.74 baht were resulted for nitrogen, phosphorous and potassium losses,
respectively.

The area at Lam Sae reservoir, in the dry season, could grow rice and
sugar cane which might yield 123,531,542.20 baht in profit, while 24,207,803.71 baht,
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7,419,117.93 baht, and 9,313,998.49 baht were resulted for nitrogen, phosphorous and
potassium losses, respectively. Rice, corn, groundnut and chilli should be grown in
rainy season with 3163774573.08 baht in profits, while 5999942584 baht,

16,386,910.22 baht, and 26,694,718.72 baht were resulted in nitrogen, phosphorous

and potassium losses, respectively.

c) Lam Phraphlong Operation and Maintenance Project

In the dry season, rice, soybean, groundnut, mungbean and sugar cane
should be grown with 135,758,659.11 baht in profits, while 26,913,064.53 baht,
8,153,208.21 baht, and 10,869,123.74 baht were resulted in nitrogen, phosphorous
and potassium losses, respectively. Rice, corn, groundnut and chilli should be grown
in rainy season with 298691158149 baht in profits, while 5432899056 baht,

14,969,286.30 baht, and 22575,751.98 baht were resulted in nitrogen, phosphorous

and potassium losses, respectively.
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Details of suitable areas for growing cash crops at Irrigation Area of 3
Operation and Maintenance Projects in dry and rainy seasons were shown in Table 4-

4 and 4-5, respectively.

Table 4-4: Suitable area for growing cash crops in the dry season after land suitability
assessment by FAO 1985

Irrigation Project Soil Series Crop Areas (rai Suitable Area (%)
Lam Takhong Operation Borabue sugar cane 189.39 0.13
and Maintenance Project Hin Son sugar cane 81.62 0.06
Khorat sugar cane 834.74 0.56

Lom Sak rice 7042.65 4.76

Phimai sugar cane 105508.95 71.34

Ratchaburi sugar cane 28421.12 19.22

Roi Et rice 2163.85 1.45

Renu sugar cane 32.62 0.02

Samo Thod sugar cane 76.86 0.05

Sikhio sugar cane 0.74 0.00

Sung Noen sugar cane 1671.11 1.13

Satuk sugar cane 439.10 0.30

Warin sugar cane 1156.67 0.78

Yasothon sugar cane 279.42 0.19

total 147,898.84 100.00

Mun Bon-Lam Sae Operation

and Maintenance Project

- Mun Bon reservoir Borabue sugar cane 177.12 0.31
Khorat sugar cane 6,300.99 11.10
Ratchaburi sugar cane 37,448.70 65.98
Roi Et rice 5,238.56 9.23
Satuk sugar cane 7,441.51 13.11
Warin sugar cane 3.64 0.01
Yasothon sugar cane 147.36 0.26

total 56,757.88 100.00
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Table 4-4: Suitable area for growing cash crops in the dry season after land suitability
assessment by FAO 1985 (continued)

Irrigation Project Soil Series Crop Areas (rai Suitable Area (%)
- Lam Sae reservoir Buri Ram sugar cane 940.04 1.00
Chum Saeng rice 5073.07 5.39

Nakhon Pathom rice 1084.71 1.15

Ratchaburi sugar cane 46522.43 49.46

Roi Et rice 11424.74 12.15

Sung Noen sugar cane 15801.89 16.80

Surin sugar cane 7350.04 7.81

Watthana rice 5856.09 6.23

total 94,053.01 100.00

Lam Phraphlong Operation Borabue sugar cane 3.40 0.00
and Maintenance Project Chum Saeng rice 6644.39 6.08
sugar cane 222.44 0.20

Kamphaeng Saen soybean 4105.21 3.76

groundnut 5979.33 5.47

mungbean 636.23 0.58

sugar cane 4220.08 3.86

Khorat sugar cane 7868.45 7.20

Lat Ya sugar cane 168.08 0.15

Nakhon Pathom rice 4342.44 3.98

sugar cane 541.41 0.50

Phimai sugar cane 864.70 0.79

Ratchaburi sugar cane 46566.11 42.64

Roi Et rice 12159.57 11.13

sugar cane 1698.33 1.56

Renu sugar cane 1046.73 0.96

Sikhio sugar cane 332.33 0.30

Satuk sugar cane 4779.25 4.38

Tha Tako rice 41.87 0.04

groundnut 14.13 0.01

sugar cane 15.59 0.01

Warin sugar cane 5788.72 5.30

Yasothon sugar cane 1177.10 1.08

total 109,215.89 100.00
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Table 4-5: Suitable area for growing cash crop in rainy season after land suitability
assessment by FAO 1985

Irrigation Project Soil Series Crop Areas (rai Suitable Area (%)
Lam Takhong Operation and Borabue groundnut 189.39 0.13
Maintenance Project Hin Son corn 81.62 0.06
Khorat groundnut 834.74 0.56

Lom Sak rice 7042.65 4.76

Phimai rice 105508.95 71.38

Ratchaburi rice 28421.12 19.23

Roi Et rice 2163.85 1.46

Renu rice 32.62 0.02

Sikhio corn 0.74 0.00

Sung Noen chilli 1671.11 1.13

Satuk groundnut 439.10 0.30

Warin groundnut 1156.67 0.78

Yasothon groundnut 279.42 0.19

total 147,821.98 100.00

Mun Bon-Lam Sae Operation

and Maintenance Project

- Mun Bon reservoir Borabue groundnut 177.12 0.31
Khorat groundnut 6,300.99 11.10

Ratchaburi rice 37,448.70 65.98

Roi Et rice 5,238.56 9.23

Satuk groundnut 7,441.51 13.11

Warin groundnut 3.64 0.01

Yasothon groundnut 147.36 0.26

total 56,757.88 100.00

- Lam Sae reservoir Buri Ram rice 940.04 0.71
Chum Saeng rice 5,073.07 3.82

Khorat groundnut 7,176.64 5.40

Nakhon Pathom rice 1,084.71 0.82

Phon Ngam groundnut 187.66 0.14

Ratchaburi rice 46,522.43 35.00

Roi Et rice 11,148.13 8.39

groundnut 248.29 0.19
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Table 4-5: Suitable area for growing cash crop in rainy season after land suitability
assessment by FAO 1985 (continued)

Irrigation Project Soil Series Crop Areas (rai Suitable Area (%)
Sung Noen chilli 15,801.89 11.89

Surin corn 5,336.13 4.01

groundnut 1,984.06 1.49

Satuk groundnut 26,012.71 19.57

Warin groundnut 4,108.73 3.09

Watthana rice 5,575.39 4.19

groundnut 279.30 0.21

Yasothon groundnut 1,460.59 1.10

total 132,939.77 100.00

Lam Phraphlong Operation Borabue groundnut 3.40 0.00
and Maintenance Project Chum Saeng rice 6925.28 6.34
Kamphaeng Saen chilli 14,944.82 13.68

Khorat groundnut 7868.45 7.20

Lat Ya groundnut 168.08 0.15

Nakhon Pathom rice 4921.63 4.50

Phimai rice 864.70 0.79

Ratchaburi rice 46566.11 42.61

Roi Et rice 13,826.20 12.65

Renu rice 1046.73 0.96

Sikhio corn 332.33 0.30

Satuk groundnut 4779.25 4.37

Tha Tako rice 71.70 0.07

Warin groundnut 5788.72 5.30

Yasothon groundnut 1177.10 1.08

total 109,281.10 100.00

4.2.1.2 Sensitivity Analysis

In problem-solving with Genetic Algorithm, steps for crossover and
mutation were rather sensitive. Therefore, sensitivity to crossover had to be analyzed
as well as sensitivity to mutation to find suitable probability of crossover and

probability of mutation for solving the problem. Besides, population size was affected
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toward problem-solving because small number of population size could result in
crossover that covered whole search space after few trials. With excess population
size, it might take longer time in calculation, therefore, sensitivity to population size
had to be done together,

a) Sensitivity to Crossover

Analysis of Sensitivity to Crossover was started by considering the
probability of 0.5-1.0 and continuingly added values of 0.05. Then, Crossover
Probability that yield maximum fitness value was selected. In the dry season,
Crossover Probability of Lam Takhong Operation and Maintenance Project and Mun
Bon-Lam Sae Operation and Maintenance Project (Mun-Bon reservoir and Lam Sae
reservoir) and Lam Phraphlong Operation and Maintenance Project were valued at
0.8, 0.75, 0.6 and 0.95, respectively. Findings Sensitivity to Crossover in dry season
were shown in figure 4-4 to figure 4-7. In the rainy season, the values of Lam
Takhong Operation and Maintenance Project, Mun Bon-Lam Sae Operation and
Maintenance Project and Lam Phraphlong Operation and Maintenance Project were
valued at 0.55, 0.7, 0.8 and 0.75, respectively. Findings Sensitivity to Crossover in

rainy season were shown in figure 4-8 through 4-11.

Sensitivity to Crossover
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. 290 1 /\//\
g y
2.88
2.87
2.86

05 055 06 065 07 075 08 085 09 09 1

Crossover Probability

Figure 4-4: Sensitivity to Crossover of Lam Takhong reservoir in the dry season after
land suitability assessment by FAO 1985
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Figure 4-5: Sensitivity to Crossover of Mun-Bon reservoir in the dry season
after land suitability assessment by FAO 1985
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Figure 4-6: Sensitivity to Crossover of Lam Sae reservoir in the dry season

after land suitability assessment by FAO 1985
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Sensitivity to Crossover
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Figure 4-7: Sensitivity to Crossover of Lam Phraphlong reservoir in the dry season
after land suitability assessment by FAO 1985
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Figure 4-8: Sensitivity to Crossover of Lam Takhong reservoir in rainy season
after land suitability assessment by FAO 1985
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Sensitivity to Crossover

6.9

. /T
V

Fitness 6.5
(xlol5) 6.4 -
85 7
6.2
6.1

05 055 06 065 07 075 08 085 09 0.95 1

Crossover Probability

Figure 4-9: Sensitivity to Crossover of Mun-Bon reservoir in rainy season
after land suitability assessment by FAO 1985
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Figure 4-10: Sensitivity to Crossover of Lam Sae reservoir in rainy season
after land suitability assessment by FAO 1985



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. on Env. and Res.)/ 77

Sensitivity to Crossover
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Figure 4-11: Sensitivity to Crossover of Lam Phraphlong reservoir in rainy season
after land suitability assessment by FAO 1985

b) Sensitivity to Mutation

Analysis of sensitivity to Mutation was started by considering the
probability of 0.01-0.29 and continuingly added values of 0.02. Then, Mutation
Probability that yield maximum fitness value was selected. In the dry season,
Mutation Probability of Lam Takhong Operation and Maintenance Project, Mun Bon-
Lam Sae Operation and Maintenance Project (Mun-Bon and Lam Sae reservoirs) and
Lam Phraphlong Operation and Maintenance Project were valued at 0.23, 0.23, 0.25
and 0.23, respectively. Findings Sensitivity to Mutation in the dry season were shown
in figure 4-12 to figure 4-15. In the rainy season, Mutation Probability of Lam
Takhong Operation and Maintenance Project, Mun Bon-Lam Sae Operation and
Maintenance Project (Mun-Bon and Lam Sae reservoirs) and Lam Phraphlong
Operation and Maintenance Project were valued at 0.29, 0.09, 0.27 and 0.29,
respectively. Findings Sensitivity to Mutation in rainy season were shown in figure 4-
16 to figure 4-109.
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Figure 4-12: Sensitivity to Mutation of Lam Takhong reservoir in dry season

after land suitability assessment by FAO 1985
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Figure 4-13: Sensitivity to Mutation of Mun-Bon reservoir in dry season

after land suitability assessment by FAO 1985
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Sensitivity to Mutation
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Figure 4-14: Sensitivity to Mutation of Lam Sae reservoir in the dry season
after land suitability assessment by FAO 1985
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Figure 4-15: Sensitivity to Mutation Lam Phraphlong reservoir in dry season
after land suitability assessment by FAO 1985
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Figure 4-16: Sensitivity to Mutation of Lam Takhong reservoir in rainy season

after land suitability assessment by FAO 1985
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Figure 4-17: Sensitivity to Mutation of Mun-Bon reservoir in rainy season
after land suitability assessment by FAO 1985
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Figure 4-18: Sensitivity to Mutation of Lam Sae reservoir in rainy season
after land suitability assessment by FAO 1985
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Figure 4-19: Sensitivity to Mutation of Lam Phraphlong reservoir in rainy season
after land suitability assessment by FAO 1985
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c) Sensitivity to Population Size

In dry season, population size of Lam Takhong Operation and
Maintenance Project, Mun Bon-Lam Sae Operation and Maintenance (Mun-Bon
reservoir and Lam Sae reservoir) and Lam Phraphlong Operation and Maintenance
Project were valued at 900, 200, 400 and 720, respectively. Findings Sensitivity to
population size in dry season were shown in figure 4-20 to figure 4-23. In rainy
season population size of Lam Takhong Operation and Maintenance Project, Mun
Bon-Lam Sae Operation and Maintenance (Mun-Bon reservoir and Lam Sae
reservoir) and Lam Phraphlong Operation and Maintenance Project were valued at
400, 300, 1000 and 760, respectively. Findings Sensitivity to Population Size in dry

season were shown in figure 4-24 to figure 4-27.

Sensitivity to Population Size
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Figure 4-20: Sensitivity to Population Size of Lam Takhong reservoir in dry season

after land suitability assessment by FAO 1985
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Figure 4-21: Sensitivity to Population Size of Mun-Bon reservoir in dry season

after land suitability assessment by FAO 1985
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Figure 4-22: Sensitivity to Population Size of Lam Sae reservoir in dry season

after land suitability assessment by FAO 1985
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Figure 4-23: Sensitivity to Population Size of Lam Phraphlong reservoir in dry season

after land suitability assessment by FAO 1985
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Figure 4-24: Sensitivity to Population Size of Lam Takhong reservoir in rainy season

after land suitability assessment by FAO 1985
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Figure 4-25: Sensitivity to Population Size of Mun-Bon reservoir in rainy season
after land suitability assessment by FAO 1985
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Figure 4-26: Sensitivity to Population Size of Lam Sae reservoir in rainy season
after land suitability assessment by FAO 1985
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Figure 4-27: Sensitivity to Population Size of Lam Phraphlong reservoir in rainy
season after land suitability assessment by FAO 1985

The analysis of the sensitivity values of each project were analyzed and
divided into two growing seasons owing to the difference of chromosome length.
Consequently, crossover probability, mutation probability, and population size values
could not be included to analyze.

4.2.2 Suitable area for growing cash crops after land suitability

assessment by weight-score

4.2.2.1 Suitable area for growing cash crops

In each project, certain cash crops should be grown for maximum
profits and minimum soil nutrients loss.

a) Lam Takhong Operation and Maintenance Project

In dry season, corn, soybean, groundnut, mungbean, sugar cane and
tomato should be grown with 30,367,430,022.86 baht in profits, while 33,854,618.66
baht, 7,892,946.77 baht, and 33,810,533.77 baht were resulted in nitrogen,
phosphorous and potassium losses, respectively. Rice, corn, soybean, groundnut,
mungbean and sugar cane should be grown in rainy season with 293,944,374.76 baht
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in profits, while 72,395,722.78 baht, 25,540,437.57 baht, and 10,148,815.40 baht
were resulted in nitrogen, phosphorous and potassium losses, respectively.

b) Mun Bon-Lam Sae Operation and Maintenance Project

The area at Mun-Bon reservoir, in dry season, could grow corn,
soybean, groundnut, mungbean, sugar cane and tomato which might vyield
907,941,481.01 baht in profit, while 18,472,041.78 baht, 5,420,832.09 baht, and
15,106,918.87 baht were resulted in nitrogen, phosphorous and potassium losses,
respectively. Rice, corn and sugar cane should be grown in rainy season with
137,828,137.10 baht in profits, while 32,538,600.10 baht, 12,110,969.08 baht, and
9,627,385.85 bhaht were resulted in nitrogen, phosphorous and potassium losses,
respectively.

The area at Lam Sae reservoir, in dry season, could grow corn,
groundnut, mungbean and tomato which might yield 833,862,800.12 baht in profit,
while 9,963,113.28 baht, 2,460,103.14 baht, and 9,706,181.14 baht were resulted in
nitrogen, phosphorous and potassium losses, respectively. Rice, corn and sugar cane
should be grown in rainy season with 83,643,571.29 baht in profits, while
20,521,066.89 baht, 7,394,418.00 baht, and 3,219,166.00 baht were resulted in
nitrogen, phosphorous and potassium losses, respectively.

c) Lam Phraphlong Operation and Maintenance Project

In dry season, corn, soybean, groundnut, mungbean, sugar cane and
tomato should be grown with 1147069462.36 baht in profits, while 19,749,605.85
baht, 5,920,175.04 baht, and 18,213,380.27 baht were resulted in nitrogen,
phosphorous and potassium losses, respectively. Rice, corn, soybean, groundnut,
mungbean and sugar cane should be grown in rainy season with 157,420,096.85 baht
in profits, while 34,356,974.44 baht, 11,832,072.68 baht, and 7,927,304.09 baht were

resulted in nitrogen, phosphorous and potassium losses, respectively.
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Details of suitable areas for growing cash crops at Irrigation Area of 3
Operation and Maintenance Projects in dry and rainy seasons were shown in Table 4-

7 and 4-8, respectively.

Table 4-7: Suitable areas for growing cash crops in dry season within the study area
after land suitability assessment by weight-score

rrigation Project Soil Series Crop Areas (rai Suitable Area (%)
Lam Takhong Operation Chatturat corn 770.83 0.40
and Maintenance Project Hin Son corn 13.25 0.01
soybean 26.84 0.01

sugar cane 3485 0.18

Khorat corn 6439.89 3.37

Lom Sak cormn 1370.49 0.72

tomato 1745.37 0.91

Nam Phong sugar cane 3140.76 1.65

Phimai corn 5426.03 2.84

tomato 112098.47 58.72

Ratchaburi corn 3264.33 1.71

tomato 28395.35 14.87

Roi Et corn 2460.45 1.29

groundnut 2354.92 1.23

Renu corn 97.1 0.05

Sikhio corn 1499.94 0.79

groundnut 124.04 0.06

mungbean 72.97 0.04

Sung Noen corn 11308.07 5.92

groundnut 674.42 0.35

Satuk corn 782.32 0.41

groundnut 80.71 0.04

mungbean 55.69 0.03

Warin corn 4803.75 2.52

groundnut 1657.71 0.87

Yasothon corn 1832.16 0.96
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Table 4-7: Suitable areas for growing cash crops in dry season within the study area
after land suitability assessment by weight-score (continued)

Irrigation Project Soil Series Crop Areas (rai Suitable Area (%)
Lam Takhong Operation and Yasothon groundnut 41.09 0.02
Maintenance Project mungbean 22.15 0.01
(continued) total 190,907.60 100.00

Mun Bon-Lam Sae Operation

and Maintenance Project

- Mun Bon reservoir Borabue corn 86.04 0.09
groundnut 0.72 0.00

Buri Ram corn 49.74 0.05
tomato 475.78 0.47

Chum Saeng corn 329.16 0.33
tomato 4262.76 4.25

Khorat corn 8319.18 8.29
groundnut 1493.1 1.49

Nam Phong sugar cane 49.21 0.05
Nakhon Pathom  corn 192.66 0.19
soybean 657.51 0.66

mungbean 147.73 0.15

sugar cane 80.86 0.08

Ratchaburi corn 910.01 0.91
tomato 36336.38 36.20

Roi Et corn 8890.85 8.86
groundnut 44.85 0.04

Sung Noen corn 345.74 0.34
groundnut 4512.77 4.50

mungbean 7077.37 7.05

Surin corn 2634.76 2.62
groundnut 111.35 0.11

Satuk corn 11625.12 11.58
groundnut 7392.96 7.36

mungbean 1043.43 1.04
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Table 4-7: Suitable areas for growing cash crops in dry season within the study area
after land suitability assessment by weight-score (continued)

Irrigation Project Soil Series  Crop Areas (rai Suitable Area (%)
- Mun Bon reservoir Watthana corn 0.52 0.00
(continued) tomato 0.19 0.00
Warin corn 1596.88 1.59
groundnut 1380.01 1.37
mungbean 27.14 0.03
Yasothon corn 303.33 0.30
groundnut 1.43 0.00
mungbean 1.57 0.00
total 100,381.11 100.00
- Lam Sae reservoir Borabue tomato 36.97 0.07
Phon Ngam  corn .33 0.00
Ratchaburi ~ tomato 34590.47 62.66
Roi Et corn 1478.44 2.68
groundnut 717.77 1.30
Renu corn 2863.6 5.19
Sung Noen  corn 397.23 0.72
groundnut 28.64 0.05
mungbean 6.48 0.01
Surin corn 376.94 0.68
Satuk corn 6380.19 11.56
groundnut 1558.18 2.82
mungbean 51.39 0.09
Watthana tomato 4342.96 7.87
Warin corn 1184.85 2.15
Yasothon corn 1099.74 1.99
groundnut 72.31 0.13
mungbean 14.63 0.03
total 55,202.12 100.00
Lam Phraphlong Operation and Borabue corn 6.45 0.01
Chum
Maintenance Project Saeng tomato 4187.93 3.77
Kamphaeng

Saen corn 7896.67 7.12
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Table 4-7: Suitable areas for growing cash crops in dry season within the study area
after land suitability assessment by weight-score (continued)

Irrigation Project Soil Series  Crop Areas (rai Suitable Area (%)
Kamphaeng
Lam Phraphlong Operation and Saen sugar cane 7428.46 6.69
Maintenance Project Khorat corn 8163.01 7.36
(continued) groundnut 716.33 0.65
Nam Phong  sugar cane 1877.61 1.69
Nakhon
Pathom corn 603.21 0.54
soybean 4.78 0.00
mungbean 6.11 0.01
sugar cane 4918.58 4.43
Phimai tomato 749.08 0.68
Ratchaburi ~ tomato 47106.01 42.45
Roi Et corn 12951.13 11.67
soybean 447.37 0.40
Renu corn 731.11 0.66
Sikhio corn 210.46 0.19
Sung Noen  corn 3806.54 3.43
groundnut 32.55 0.03
mungbean 10.23 0.01
Satuk corn 1865.05 1.68
groundnut 462.19 0.42
Warin corn 6776.04 6.11

total 110,956.90 100.00
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Table 4-8: Suitable areas for growing cash crops in rainy season within the study area
after land suitability assessment by weight-score

Irrigation Project Soil Series  Crop Areas (rai Suitable Area (%)
Lam Takhong Operation and Chatturat corn 770.83 0.40
Maintenance Project Hin Son corn 175.5 0.09
soybean 15.3 0.01

mungbean 0.6 0.00

sugar cane 218.56 0.11

Khorat corn 3403.66 1.78

groungnut 1224.06 0.64

sugar cane 1811.87 0.95

Lom Sak rice 3170.74 1.66

Nam Phong  sugar cane 3140.76 1.64

Phimai rice 117575.15 61.52

Ratchaburi  rice 31692.48 16.58

Roi Et rice 4873.49 2.55

Renu rice 97.1 0.05

Sikhio corn 985.74 0.52

groundnut 712.66 0.37

Sung Noen  corn 6328.73 3.31

groundnut 5625.53 2.94

Satuk corn 618.03 0.32

groundnut 336.71 0.18

Warin corn 2777.43 1.45

groundnut 879.47 0.46

sugar cane 2769.41 1.45

Yasothon corn 853.15 0.45

groundnut 324.94 0.17

sugar cane 722 0.38

total 191,103.90 100.00
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Table 4-8: Suitable areas for growing cash crops in rainy season within the study area
after land suitability assessment by weight-score (continued)

Irrigation Project Soil Series  Crop Areas (rai Suitable Area (%)
Mun Bon-Lam Sae Operation and Borabue corn 88.43 0.08
Maintenance Project Buri Ram rice 777.23 0.72
Chum
- Mun Bon reservoir Saeng rice 4912.77 4.55
Khorat sugar cane 10071.65 9.33
Nam Phong  sugar cane 72.9 0.07
Nakhon
Pathom sugar cane 1088.45 1.01
Ratchaburi  rice 39565.74 36.66
Roi Et rice 9270.96 8.59
Sung Noen  corn 12347.79 11.44
Surin corn 5816.25 5.39
Satuk corn 20575.44 19.06
Watthana rice 0.73 0.00
Warin sugar cane 3035.89 2.81
Yasothon sugar cane 310.47 0.29
total 107,934.70 100.00
- Lam Sae reservoir Borabue rice 36.97 0.07
Phon Ngam  corn 1.33 0.00
Ratchaburi  rice 34590.47 62.60
Roi Et rice 2227.67 4.03
Renu rice 2863.6 5.18
Sung Noen  corn 440.25 0.80
Surin corn 376.94 0.68
Satuk corn 8000.3 14.48
Watthana rice 4342.96 7.86
Warin sugar cane 1184.85 2.14
Yasothon sugar cane 1188.91 2.15

total 55,254.25 100.00
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Table 4-8: Suitable areas for growing cash crops in rainy season within the study area
after land suitability assessment by weight-score (continued)

Irrigation Project Soil Series Crop Areas (rai Suitable Area (%)
Lam Phraphlong Operation and Borabue corn 6.45 0.01
Maintenance Project Chum Saeng rice 4187.93 3.77
Kamphaeng Saen corn 2850.65 2.57

soybean 20.61 0.02

mungbean 35.42 0.03

sugar cane 12409.79 11.18

Khorat corn 1186.82 1.07

sugar cane 7689.8 6.93

Nam Phong sugar cane 1877.61 1.69

Nakhon Pathom corn 111.49 0.10

soybean 42.89 0.04

mungbean 31.87 0.03

sugar cane 5355.14 4.82

Phimai rice 749.08 0.67

Ratchaburi rice 47106.01 42.43

Roi Et rice 13414.53 12.08

Renu rice 7B, 0.66

Sikhio corn 210.46 0.19

Sung Noen corn 3869.04 3.49

Satuk corn 2370.43 2.14

Warin corn 585.74 0.53

groundnut 49.62 0.04

sugar cane 6114.96 551

total 111,007.45 100.00

From Table 4-1, 4-4, 4-5, 4-7, and 4-8, it is found that the areas of each area
under the same project are not equal. Table 4-1 presents the whole areas in irrigation
area where have not passed soil quality assessment process. In other words, Table 4-4
and 4-5 show the areas where have passed soil quality assessment process (FAO

1985). However, some soil series of Table 4-4 and 4-5 are not appropriate to plant any
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crops; therefore, the areas are smaller than the areas of Table 4-1. Table 4-7 and 4-8
present the distinct different areas compared to Table 4-1, 4-4, and 4-5 since data

come out from weight-score method that they have not been modified.

4.2.2.2 Sensitivity Analysis

a) Sensitivity to Crossover

In dry season, Crossover Probability of Lam Takhong Operation and
Maintenance Project, Mun Bon-Lam Sae Operation and Maintenance Project (Mun-
Bon reservoir and Lam Sae reservoir) and Lam Phraphlong Operation and
Maintenance Project were valued at 0.5, 0.8, 0.65 and 0.55, respectively. Findings
Sensitivity to Crossover in dry season were shown in figure 4-28 to figure 4-31. In the
rainy season, the values of Lam Takhong Operation and Maintenance Project, Mun
Bon-Lam Sae Operation and Maintenance Project (Mun-Bon reservoir and Lam Sae
reservoir) and Lam Phraphlong Operation and Maintenance Project were valued at
0.85, 0.5, 0.5 and 0.65, respectively. Findings Sensitivity to Crossover in rainy season

were shown in figure 4-32 through 4-35.
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Figure 4-28: Sensitivity to Crossover of Lam Takhong reservoir in dry season

after land suitability assessment by weight-score
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Sensitivity to Crossover
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Figure 4-30: Sensitivity to Crossover of Lam Sae reservoir in dry season

after land suitability assessment by weight-score

Copyright by Mahidol University
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Sensitivity to Crossover

12
10

8
Fitness
(x10")

Figure 4-31: Ser oir in dry season after

. 8.60
Fitness 4.

(x 1016) 8.56
8.54
8.52
8.50
8.48

05 055 06 065 07 075 08 08 09 09 1

Crossover Probability

Figure 4-32: Sensitivity to Crossover of Lam Takhong reservoir in rainy season

after land suitability assessment by weight-score
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Figure 4-34: Sensitivity to Crossover of Lam Sae reservoir in rainy season

after land suitability assessment by weight-score
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Figure 4-35: Sensitivity to Crossover of Lam Phraphlong reservoir in rainy season

after land suitability assessment by weight-score

d) Sensitivity to Mutation

In dry season, Mutation Probability of Lam Takhong Operation and
Maintenance Project, Mun Bon-Lam Sae Operation and Maintenance Project (Mun-
Bon and Lam Sae reservoirs) and Lam Phraphlong Operation and Maintenance
Project were valued at 0.19, 0.09, 0.23 and 0.27, respectively. Findings Sensitivity to
Mutation in dry season were shown in figure 4-36 to figure 4-39. In the rainy season,
Mutation Probability of Lam Takhong Operation and Maintenance Project, Mun Bon-
Lam Sae Operation and Maintenance Project (Mun-Bon and Lam Sae reservoirs) and
Lam Phraphlong Operation and Maintenance Project were valued at 0.27, 0.27, 0.27
and 0.21, respectively. Findings Sensitivity to Mutation in rainy season were shown in
figure 4-40 to figure 4-43.
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Sensitivity to Mutation
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Figure 4-37: Sensitivity to Mutation of Mun-Bon reservoir in dry season
after land suitability assessment by weight-score
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Sensitivity to Mutation
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Figure 4-39: Sensitivity to Mutation Lam Phraphlong reservoir in dry season

after land suitability assessment by weight-score
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Figure 4-41: Sensitivity to Mutation of Mun-Bon reservoir in rainy season

after land suitability assessment by weight-score
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Figure 4-43: Sensitivity to Mutation of Lam Phraphlong reservoir in rainy season

after land suitability assessment by weight-score
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e) Sensitivity to Population Size

In dry season, population size of Lam Takhong Operation and
Maintenance Project, Mun Bon-Lam Sae Operation and Maintenance (Mun-Bon
reservoir and Lam Sae reservoir) and Lam Phraphlong Operation and Maintenance
Project were valued at 360, 400, 740 and 500, respectively. Findings Sensitivity to
Population Size in dry season were shown in figure 4-44 to figure 4-47. In rainy
season Population Size of Lam Takhong Operation and Maintenance Project, Mun
Bon-Lam Sae Operation and Maintenance (Mun-Bon reservoir and Lam Sae
reservoir) and Lam Phraphlong Operation and Maintenance Project were valued at
820,400, 500 and 740, respectively. Findings Sensitivity to Population Size in dry

season were shown in figure 4-48 to figure 4-51.

Sensitivity to Population Size

=

O RPN WA UUTOoO N O O© O

Fitness
(x10)

100 200 300 360 400 500 600 700

Population Size

Figure 4-44: Sensitivity to Population Size of Lam Takhong reservoir in dry season

after land suitability assessment by weight-score
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Figure 4-46: Sensitivity to Population Size of Lam Sae reservoir in dry season

after land suitability assessment by weight-score
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Figure 4-47: Sensitivity to Population Size of Lam Phraphlong reservoir in dry season
after land suitability assessment by weight-score
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Figure 4-48: Sensitivity to Population Size of Lam Takhong reservoir in rainy season

after land suitability assessment by weight-score
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Figure 4-50: Sensitivity to Population Size of Lam Sae reservoir in rainy season

after land suitability assessment by weight-score
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4.3 Maximum Profits Comparison by Genetic Algorithm Application

Taking the alternatives derived from weight-score into the GA model to find

maximum profits and the minimum soil nutrients losses. Then, comparing alternatives

resulted from the method of FAO 1985 that had already passed GA model, results

were shown in Table 4-11 and 4-12.

Table 4-11: Comparison of maximum profits and soil nutrients losses with the

application of FAO 1985 and weight-score in the dry season

Irrigation Project

maximum profits (baht)

nutrient loss (baht)

FAO1985 weight-score FAO1985 weight-score
Lam Takhong Operation and
Maintenance Project 171,949,156.11  3,036,743,002.86 46,608,872.82 75,558,099.20
Mun Bon-Lam Sae Operation and
Maintenance Project
- Mun Bon reservoir 67,363,190.27 907,941,481.01 18,982,773.52 38,999,792.74
- Lam Sae reservoir 123,531,542.20  833,862,800.12 40,940,920.13 22,129,397.56
Lam Phraphlong Operation and
Maintenance Project 135,758,659.11  1,147,069,462.36 45,935,396.48 43,883,161.16

Table 4-12: Comparison of maximum profits and soil

application of FAO 1985 and weight-score in rainy season

nutrients losses with the

Irrigation Project

maximum profits (baht)

nutrient loss (baht)

FAO01985 weight-score FA01985 weight-score
Lam Takhong Operation and
Maintenance Project 561,826,923.26 293,944,374.76 91,752,753.14 108,084,975.75
Mun Bon-Lam Sae Operation and
Maintenance Project
- Mun Bon reservoir 82,526,677.82 137,828,137.10 31,578,256.17 54,276,955.03
- Lam Sae reservoir 3,163,774,573.08 83,643,571.29 103,081,054.78  31,134,650.89
Lam Phraphlong Operation and
Maintenance Project 2,986,911,581.49 157,420,096.85 91,874,028.84 54,116,351.21

Findings from research results indicated that the comparison study could not

be done completely due to limitation of area and type of crops. In another words, the

total number of the study area derived from overlaying data of GIS was not equaled
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with the number mentioned in Weerachai Arjharn is research. Besides, type of studied
crops in such research had some differences in this study.

Therefore, comparing area in the same ratio was an alternative to solve
problems in area differences. Besides, actual cultivation data in the study area in the
year 2004 was collected to represent actual cultivation. Table 4-13 showed actual
cultivation area during the year 2004 which was done with FAO 1985 and weight-
score. Table 4-14 displayed cultivation area in the rainy season.

As for actual cultivation area in the year 2004, areas at Mun Bon and Lam
Phraplong reservoirs had negative values because cultivation areas covered more than
irrigation areas but not more than the entire area projects. Table 4-15 had shown
comparison in the cultivation areas, economic return rate and cost for soil nutrients
loss in the dry season. It had displayed 9 types of crops for this study. Findings
indicated that profits from land quality assessment with the application of weight-
score through Genetic Algorithm yielded the most profits and least fertilizer costs.
Table 4-16 had shown comparison in the cultivation areas, economic return rate and
cost for soil nutrient loss in the rainy season.

Findings indicated that profits from land quality assessment with the
application of FAO 1985 through Genetic Algorithm yielded the most profit. On the
contrary, the application of weight-score through Genetic Algorithm gave the least
fertilizer cost. Tables 4-15 and 4-16 indicated that it was not possible to decide which
method between FAO 1985 and weight-score had given maximum profits. This
depended on crop prices in the market and crops data to be used with Genetic
Algorithm.
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4.4 Discussion for Weight-Score Method

From Table 4-11 and Table 4-12 exhibited comparison of maximum profits
and soil nutrients loss from FAO 1985 and weight-score in dry and rainy seasons.
Findings suggested that it was rather difficult to select between both methods in dry
and rainy seasons since both methods yielded different values in profit maximization
in each project. However, one thing that had resulted from assessment of appropriated
level for growing crops by weight-score contained few errors. According to results
comment, crops were divided into 4 groups: rice, field crops (corn, soybean,
mungbean, groundnut, and sugar cane), vegetables (tomato, vegetables and yard-long
bean) and fruits (mango). Similar soil series were grouped together to make it easy for
results commentary. Table 4-17 displayed commentary results of soil suitability level

for growing crops by weight-score as follows:
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

5.1 Results Conclusion

From the study on optimization for cash crop planning for Mun-Bon Basin,
derived by overlaying soil data base with the Irrigation Project boundaries of the
Office of Irrigation No. 8, Nakhon Ratchasima found that there had 26 soil series,
while, only 22 soil series were found in the study area from documents revision. The
differences that missed were Chok Chai, Kula Ronghai, Lat Ya, Samo Thod and Tha

Tako soil series and soil series from Chatturat was added up.

For the total area of the Irrigation Project boundaries, the study revealed the
total of 429,418.38 rais while the total area of the Irrigation Project boundaries from
documents revision were 474,558.03 rais. It was explained that because GIS data
acquired from the Office of Irrigation No0.8, Nakhon Ratchasima was modified
resulted in the differences in size of the areas and soil series. The acquired soil series
data then were assessed for land quality by the method of FAO 1985 and Weight-
Score, findings indicated that application of FAO 1985 in the study area in the dry
season was the most suitable for growing rice and sugar cane. As for rainy season,
rice and groundnuts should be grown. For Weight-Score, dry season was suitable for

growing tomatoes and corns while rice and corns should be grown in rainy season.

Taking the results from land quality assessment from both mentioned
methods to the GA model as an instrument or technique in finding the suitable area
for optimizing cash crop planning. Results from both methods, compared and
illustrated as profit and nutrient loss in the soil in the form of fertilizer’s value, were
very different. This was due to differences in 1) area sizes used in both methods,

varying with profit derived from the model, 2) soil series, 3) yields, and 4) costs of
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crops. After solving the area size problem by comparing both areas in the same
proportion, the study found that, around the 4 reservoirs in the dry season, the FAO
1985 method showed lower profit and higher nutrient loss than the Weight-Score
method. Around the same reservoirs in the rainy season, the FAO 1985 method,
showed higher profit and nutrient loss than the Weight-Score method. However, profit
values calculated from both methods were still much different because GA would
select the highest-profit crop if there were several appropriate crops in a soil series.
Therefore, profit and nutrient loss values depended on crop types from the land

quality assessment

Weight-Score method has not yet set any standard measurement for scoring,
but depended on experts’ decision, therefore selecting diversified experts should be
more beneficial than using experts in single discipline, in order to avoid bias. For
FAO 1985 method, the Land Development Department has already modified to be

suited for Thailand by giving criteria for standard scores.

5.2 Recommendations

1. Regarding land quality assessment, the researcher used the land quality
assessment manual for cash crops that was prepared by the Land Development
Department. Consulting with soil expert, Mr. Charlie Navanugraha, findings revealed
that land assessment by the Land Development Department contained some
weaknesses and could be applied for the assessment of land quality at the certain
level. The weaknesses consisted of the following areas.

- Root penetration by the Land Development Department divided into 4
classes based mainly on the soil texture, it has been suggested that, the classes of soil
texture should be set up as follows.

Class1  sand, loamy sand (coarse texture)
Class 2  sandy loam, sandy clay loam, loam, silt loam, sandy clay,
clay loam, silty clay loam (medium texture)

Class 3  silty clay, clay and class2 with skeletal and graverly
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Class 4 silt, heavy clay with over 70% of clay (finer texture)

Explanation: Class1 is for crop with easily burrow root
Class 2 s for crop with fairly burrow root
Class 3 s for crop with small burrow root

Class 4 s for crop with difficult burrow root

For the root penetration factors, the researcher applied soil depth factors
instead of soil texture factors. The depth of soil has been considered to be more
relevant with the depth of root’s penetration to find foods and to attach the trunk than
soil texture.

- Regarding the potential for mechanization, the assessment was done

with the application of matrix, mainly in character is ties of slope and soil texture to
find the suitable potential for mechanization as being shown in the appendix.
- For soil drainage of sow rice, suitability of rice field should be

arranged as follows:

S1 for very poorly drained and poorly drained
S2 for somewhat poorly drained

S3 for moderately well drained

S4 for well drained, excessively drained

2. Program Observation

- Number of gene in each chromosome should be the gene used in GA

process. At the beginning, the researcher used the same number of gene as equaled as
number of plants’ species multiplied with the number of soil series. Gene that was
obtained could be both suitable and non-suitable in the growing process which deviate
the rightness of GA process. Therefore, only gene that passed the suitability
assessment in growing crops based on principles of FAO 1985 were applied.

- At the initial, one soil series probably suited for planting more than 1

crop species, therefore the area for planting for each soil series should not exceed the
total area of that soil series. In the experiment, the researcher had written the code in

the initial step by randomly assigning gene value from 0 to the total areas of each soil
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series. Findings indicated that after summing the areas in the same soil series together,
the total was over the actual value. Therefore, the new code was written by randomly
selected 1% gene. Then, next gene would have random value between 0 to the area of
that soil series minus with the area that randomly selected the first time. This
experiment would reduce number of errors resulted from the excess land value.

3. Model using in this research could calculate the fertilizer and nutrients
loss values according to planting. Therefore, this data should be useful for planning to
conserve and protect soil after crops harvesting.

4. In the future, this research should be applied to be used within the
studied cultivation area. The results of socio-economic and water management factors
derived from the study should be adjusted according to the real practice which
resulted to the useful of this research.

5. Program interface is recommended to established for data access and
data entry which would be convenience and less errors.

6. Data at various agencies should be regularly and collected systematically
which could be benefit for other researches as well.

7. There should be standard criteria in identifying appropriate variables
used in the land quality assessment of both FAO 1985 and Weight-Score methods for
Thailand.

8. There should be agencies verifying the reliability, accuracy, and
currency of variables and data before using them in both FAO 1985 and Weight-Score
methods.

9. There should be agencies establishing national standard metadata in
order to safely employ the data without confused, such as the area size from either
FAO 1985 or Weight-Score methods.
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APPENDIX A

Table A-1: Data of average monthly rainfall of 30 years since 1975-2004 (Unit: MM)

station  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
25013 7.11 18.22 32.38 56.23 14354 108.20 117.40 15525 21113  132.53 20.59 3.11
25062  4.28 11.62 34.17 50.67 139.05 82.43 76.69 11324  187.84 12391 20.29 1.83
25072 4.47 13.13 37.93 72.37 138.00 80.70 82.29 102.82  203.91 14571 24.12 231
25093  3.63 12.69 35.08 72.25 146.04 11748 126.11 158.32 219.20  149.35 30.19 3.08
25102 228 11.86 28.40 68.48 129.66 91.55 101.62 12440 21409 130.24 18.89 2.28
25112 2.79 16.07 46.85 63.24 99.10 76.93 77.07 113.57 17756  117.34 30.38 2.93
25541 821 24.71 47.34 76.31 125524 68.13 81.18 103.52 209.98  146.91 26.39 2.47
431004 3.34 11.65 37.51 50.97 139.17 82.23 76.03 113.56 195.76  123.99 20.28 1.83
431005 2.29 11.74 32.20 65.42 129.91 91.57 101.54 124.64 21536  131.91 19.04 2.56
431006 2.86 16.04 46.85 63.54 99.28 76.92 76.47 115.18 177.63  118.52 30.38 2.99
431201 6.46 18.24 32.48 57.90 143.23 108.20 ~ 117.47 15537 211.13 132.36 22.39 3.12
431401 3.64 12.69 35.18 72.27 146.41 117.47  126.10 158.34 219.24  149.32 29.86 3.12
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Table A-2: Volume of water released at Lam Phraphlong reservoir for agriculture
(Unit: Million m®)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1976 0.00 4.26 5.18 6.04 6.64 14.28 26.99 17.34 14.22 15.73 6.09 1.67

1977 286 7.76 7.10 9.69 3.97 11.93 11.02 20.98 15.70 15.34 17.79 1.96

1978 0.14 2.68 2.01 4.05 0.80 0.90 4.80 9.88 14.25 14.76 20.06 0.23

1979 111 515 5.33 9.02 8.42 2.38 10.00 21.39 9.04 11.14 15.44 0.14

1980 0.76 0.74 1.82 1.45 1.06 4.68 18.95 18.17 1.82 3.70 10.97 0.00

1981 111 8.60 10.33 11.55 12.30 8.44 7.02 19.92 18.71 12.54 11.34 0.08

1982 058 0.13 2.37 2.29 0.87 0.46 17.16 16.28 6.16 8.59 14.63 0.19

1983 0.21  6.05 9.30 11.73 8.58 2.59 12.63 1244 2051  13.18 7.49 1.30

1984 054 848 1182  12.05 9.50 5.81 1354  20.04 1869 1733 2011 2.17

1985 044 741 1422 8.88 1235 1543 1588 20.09 16.10 18.67  14.65 0.83

1986 0.54 6.53 8.64 7.54 13.08 1551 18.08  16.07 1812 1324 18.74 6.07

1987 034 480 1738 13.03 12,65 1255  12.88 5.26 1842 1476  11.58 1.18

1988 0.77 433 1543 1458 8.19 1095 1339  19.04 1377 1797  18.09 3.09

1989 0.78 8.06 18.63 1829  13.13 6.55 6.37 1817 1782 1335 1555 3211

1990 1.05 3.84  13.38 6.59 0.43 5.18 plzaveN J bl 6.35 16.57  77.70 3.09

1991 173 1480 1451 1489  16.58 1.58 1491  20.08 19.93 2152  17.99 0.38

1992 3.60 1545 2243 2136 1848 2.88 0.86 1327 2032 19.08  16.88 21.83

1993 030 2.99 3.04 1.30 2.57 7.47 19.15 20.49 17.48  17.00 18.57 2.98

1994 193 3.56 1.48 3.49 2.70 1032 31.27 19.66 19.39 1834 2272 5.19

1995 049  3.66 2.47 1.97 6.99 5.16 19.00 17.16 18.26 1144 15.73 0.02

1996 1.79  4.03 9.51 4.72 6.34 21.13 21.67 2237 2411 6.08 6.90 0.68

1997 0.00 455 11.29 9.00 11.18 7.65 12.47 26.75 19.65 12.45 17.15 0.77

1998 256  2.70 1.56 1.44 1.29 0.59 9.79 1710 2075 1219 13.56 0.38

1999 298 0.04 2.44 0.00 0.91 10.42 21.52 25.78 13.01 2471 10.90 0.00

2000 0.00 7.94 13.44 1453 2236 2.05 9.24 1582 21.26 8.08 18.33 0.00

2001 0.00 1253 9.91 19.69 16.85 3.04 6.07 19.99  20.73 15.03 4.28 1.36

2002 0.65 0.20 2.16 0.74 4.24 1.75 14.92 19.54 18.99 23.71 8.24 0.31

2003 055 10.86 12.58 17.71 15.98 10.48 16.60 2266  22.03 16.72 13.63 0.11

2004 144 1223 16.67 17.57 12.84 11.98 27.97 26.33  27.36 25.59 9.76 0.03

2005 0.02 0.02 0.06 0.47 0.07 0.05 1.18 2.07 13.63 23.67 12.24 0.19

avg. 098 581 8.88 8.86 8.38 7.14 14.27 18.06 16.89 15.42 16.24 2.94
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Table A-3: Volume of water released at Lam Takhong reservoir for agriculture (Unit:

Million m®)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1989 3.85 1358 951 932 11.05 2159 37.67 49.30 5830 5191 3569 2.56
1990 109 6.61 389 608 548 871 1367 1411 1863 4798 31.35 7.03
1991 6.39 1293 595 856 10.74 10.02 2469 36.44 3891 4939 3523 1.99
1992 3.68 17.30 533 10.10 8.02 10.16 2430 3861 40.58 51.25 23.15 3.04
1993 1.04 111 157 097 300 264 197 164 1768 12.09 10.72 6.28
1994 413 637 169 305 514 243 2303 2187 3142 2731 2872 5.76
1995 1.48 191 327 393 364 503 1597 2513 33.14 44.88 2276 2.53
1996 352 801 459 623 888 1566 17.76 28.80 39.06 4577 21.77 0.13
1997 516 976 6.45 11.04 1279 16.41 2407 2377 34.82 4395 2332 540
1998 6.54 11.39 303 280 334 832 765 1881 1955 16.63 11.27 0.50
1999 072 299 145 222 623 11.17 1162 16.66 21.12 3482 1439 152
2000 6.88 592 231 495 1065 19.17 2857 27.32 2360 37.58 21.29 0.7
2001 594 840 6.67 822 1090 12.67 19.12 2960 29.96 21.76 10.69 0.59
2002 477 590 166 396 221 751 1144 1408 18.00 22.15 14.08 0.86
2003 832 796 449 649 437 919 1360 1512 17.44 2375 1298 1.16
2004 1157 522 529 1023 9.97 1407 1629 1447 1917 1936 745 0.16
avg. 469 783 420 613 728 10.92 1821 2348 2884 3441 2030 250
Table A-4: Volume of water released at Mun-Bon reservoir for agriculture (Unit:
Million m®)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1996 - - - 0.63 - 242 019 421 198 035 251 022
1997 140 071 267 363 228 240 1926 1751 1382 13.89 14.15 0.38
1998 300 669 525 222 251 318 1511 244 701 355 514 -
1999 0.67 - 1.25 055 - 007 724 979 472 279 022 -
2000 - 286 562 383 283 074 17.62 2038 1151 13.01 7.37 0.03
2001 - 6.03 840 11.30 431 - 6.10 13.15 1659 9.36 3.50 -
2002 1.17 169 206 315 023 024 559 1587 641 738 581 045
2003 045 543 7.87 1067 468 034 824 1005 1450 830 6.45 -
2004 - - - - 7.58 - 6.47 936 10.39 15.64 12.28 0.52
2005 0.05 057 0.99 - - - 375 811 - 6.24 152 276
avg. 0.67 240 341 360 244 094 896 11.09 869 805 589 044
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Table A-5: Volume of water released at Lam Sae reservoir for agriculture (Unit:

Million m®)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1999 - - - - - - - - 1097 19.65 3.61 -
2000 - 821 480 775 417 1315 6243 6345 7057 43.36 19.05 -
2001 641 863 10.72 8.05 2483 1836 49.86 4050 46.51 2842 3.01 -
2002 189 002 072 231 - - 1763 32.11 1898 19.34 10.84 1.17
2003 0.98 12.82 13.09 1356 13.10 - 17.77 24.05 36.06 28.36 17.93 -
2004 - - 510 0.90 - - 9.60 20.18 25.22 4091 29.91 -

2005 228 1106 3.86 178 4.00 - : - - - - -

avg. 165 582 547 490 659 450 2247 2576 29.76 2572 12.05 0.17
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Figure A-1: Location of Rainfall Monitoring Station for measuring rainfall used for

finding average rainfall
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Table A-7: Suitability level of range in soil quality for rice (sowing rice paddies)

LAND-USE FACTOR RATING

REQUIREMENT S1 S2 S3 N
TEMPERATURE
- Mean temp. in growing 22-30 31-33 34-35 >35
period (°C) 21-20 19-18 <18
MOISTURE
AVAILABILITY 160-300 >300 <160
- Annual rainfall (mm./month) 1200-1800 >1800 <1200

Irrigation water (mm./crop)
OXYGEN AVAILABILITY

- Soil drainage (class) very poorly somewhat moderately well drained,

drained, poorly drained  well drained excessively
poorly drained drained

EXCESS OF SALTS

- EC. Of saturation <2 2-5 5-8 >8

(mmho/cm.)

ROOTING CONDITION

- Effective soil depth (cm.) >50 25-50 15-25 <15

EROSION HAZARD

- Slope (%) <2 2-5 6-12 >12

Table A-8: Suitability level of range in soil quality for corn

LAND-USE FACTOR RATING
REQUIREMENT S1 S2 S3 N
TEMPERATURE
- Mean temp. in growing 20-25 26-31 32-35 >35
period (CC) 23-20 19-16 <16
MOISTURE
AVAILABILITY 450-600 >600 <450

- Annual rainfall (mm./month)
Irrigation water (mm./crop)

OXYGEN AVAILABILITY

- Soil drainage (class) well drained, moderately somewhat very poorly

excessively well drained poorly drained  drained, poorly
drained drained

EXCESS OF SALTS

- EC. Of saturation <2 2-4 4-8 >8

(mmho/cm.)

ROOTING CONDITION

- Effective soil depth (cm.) >100 50-100 25-50 <25

EROSION HAZARD
- Slope (%) <2-5 6-12 13-20 >20
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Table A-9: Suitability level of range in soil quality for soybean

LAND-USE FACTOR RATING
REQUIREMENT S1 S2 S3 N
TEMPERATURE
- Mean temp. in growing 21-30 31-32 33-35 >35
period (°C) 20-18 17-13 <13
MOISTURE
AVAILABILITY 600-1500 >1500 <600
- Annual rainfall
(mm./month)/ Irrigation water
(mm./crop
OXYGEN AVAILABILITY
- Soil drainage (class) well drained, moderately somewhat very poorly
excessively well drained  poorly drained drained,
drained poorly drained
EXCESS OF SALTS
- EC. Of saturation <2 2-4 4-8 >8
(mmho/cm.)
ROOTING CONDITION
- Effective soil depth (cm.) >100 50-100 25-50 <25
EROSION HAZARD
- Slope (%) <2-5 6-12 13-20 >20
Table A-10: Suitability level of range in soil quality for groundnut
LAND-USE FACTOR RATING
REQUIREMENT S1 S2 S3 N
TEMPERATURE
- Mean temp. in growing 22-30 31-33 34-35 >35
period (°C) 21-19 18-15 <15
MOISTURE
AVAILABILITY 400-800 >800 <400
- Annual rainfall
(mm./month)/ Irrigation water
(mm./crop)
OXYGEN AVAILABILITY
- Soil drainage (class) well drained, moderately somewhat very poorly
excessively well drained ~ poorly drained drained,
drained poorly
drained
EXCESS OF SALTS
- EC. Of saturation <3 3-4 4-6 >6
(mmho/cm.)
ROOTING CONDITION
- Effective soil depth (cm.) >50 30-50 20-30 <20
EROSION HAZARD
- Slope (%) <2-5 6-12 13-20 >20
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Table A-11: Suitability level of range in soil quality for mungbean

LAND-USE FACTOR RATING
REQUIREMENT S1 S2 S3 N
TEMPERATURE
- Mean temp. in growing 20-30 31-32 33-35 >35
period (°C) 19-17 16-15 <15
MOISTURE
AVAILABILITY 400-600 >600 <400

- Annual rainfall
(mm./month)/ Irrigation water

(mm./crop)

OXYGEN AVAILABILITY

- Soil drainage (class) well drained, moderately somewhat very poorly
excessively well drained  poorly drained drained,

drained poorly drained

EXCESS OF SALTS

- EC. Of saturation <2 2-4 4-8 >8

(mmho/cm.)

ROOTING CONDITION

- Effective soil depth (cm.) >50 30-50 15-30 <15

EROSION HAZARD

- Slope (%) <2-5 6-12 13-20 >20

Table A-12: Suitability level of range in soil quality for sugar cane

LAND-USE FACTOR RATING

REQUIREMENT Sl S2 3 N
TEMPERATURE
- Mean temp. in growing 24-27 28-31 32-35 >35
period ("C) 23-19 18-15 <15

MOISTURE

AVAILABILITY 1600-2500 1200-1600 900-1200 <900
- Annual rainfall 2500-3000 3000-4000 >4000
(mm./month)/ Irrigation water
(mm./crop)
OXYGEN AVAILABILITY
- Soil drainage (class) well drained, somewhat poorly drained very poorly

excessively poorly drained, drained
drained moderately
well drained

EXCESS OF SALTS
- EC. Of saturation <25 2.5-9 9-11 >11
(mmho/cm.)
ROOTING CONDITION
- Effective soil depth (cm.) >100 50-100 25-50 <25

EROSION HAZARD
- Slope (%) <2-5 6-12 13-20 >20
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Table A-13: Suitability level of range in soil quality for garlic

LAND-USE FACTOR RATING
REQUIREMENT S1 S2 S3 N
TEMPERATURE
- Mean temp. in growing 18-20 21-24 25-30 >30
period (°C) 17-15 14-12 <12
MOISTURE
AVAILABILITY 300-600 250-300 200-250 <200
- Annual rainfall
(mm./month)/ Irrigation water
(mm./crop)
OXYGEN AVAILABILITY
- Soil drainage (class) moderately well - somewhat very poorly
drained, poorly drained drained,
well drained, poorly drained
excessively
drained
EXCESS OF SALTS
- EC. Of saturation <2 2-4 4-8 >8
(mmho/cm.)
ROOTING CONDITION
- Effective soil depth (cm.) >100 50-100 25-50 <25
EROSION HAZARD
- Slope (%) <2 2-12 13-20 >20
Table A-14: Suitability level of range in soil quality for tomato
LAND-USE FACTOR RATING
REQUIREMENT S1 S2 S3 N
TEMPERATURE
- Mean temp. in growing 18-25 26-28 - >28
period ("C) 17-15 - <15
MOISTURE
AVAILABILITY 400-600 >600 <400
- Annual rainfall
(mm./month)/ Irrigation water
(mm./crop)
OXYGEN AVAILABILITY
- Soil drainage (class) moderately well - somewhat very poorly
drained, poorly drained drained,
well drained, poorly drained
excessively
drained
EXCESS OF SALTS
- EC. Of saturation <2.5 2.5-5.0 5.0-7.5 >7.5
(mmho/cm.)
ROOTING CONDITION
- Effective soil depth (cm.) >50 30-50 20-30 <20
EROSION HAZARD
- Slope (%) <2 2-12 13-20 >20
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Table A-15: Suitability level of range in soil quality for chilli
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LAND-USE FACTOR RATING
REQUIREMENT S1 S2 S3 N

TEMPERATURE
- Mean temp. in growing 24-30 31-35 36-40 >40
period (°C) 23-20 19-15 <15

MOISTURE

AVAILABILITY 800-1200 >1200 <800
- Annual rainfall
(mm./month)/ Irrigation water
(mm./crop)
OXYGEN AVAILABILITY
- Soil drainage (class) well drained, moderately somewhat very poorly
excessively well drained poorly drained drained,
drained poorly drained

EXCESS OF SALTS
- EC. Of saturation <2 2-4 4-8 >8
(mmho/cm.)
ROOTING CONDITION
- Effective soil depth (cm.) >100 50-100 25-50 <25
EROSION HAZARD
- Slope (%) <2-5 6-12 13-20 >20

Table A-16: Data on cost, production, average price and production per rai of cash

crops
FHANY Aunu Hanan sAnde Wandneo 13
wn/nn.) mn./19) W1/nn.) (nn.)
i 6.84 440 10.67 450
SRPITRITER 6.06 671 8.92 450
7 Tna 3.31 598 4.59 1512
Fandea 7.98 237 10.8 432
§ade 10.96 256 13.9 540
Fuden 10.23 113 13.69 1000
8o 0.4 9270 0.52 1000
N3N 5.84 2652 21.06 2240
uIVoINA 2.66 4000 7.93 1000
Win 6.57 4000 54.19 1000
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Table A-17: Land quality assessment results for cash crops in rainy season
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Land LUT temp. soil rooting  fertilizer EC  annual slope weight Funm
Unit drainage  condition rainfall ~ potential for ~ erosion  score ey
mechanization  hazard
Bb rice 1.00 0.20 1.00 0.50 1.00 0.80 1.00 0.80 0.06 N
corn 0.80 1.00 1.00 050 1.00 0.80 1.00 1.00 0.32 S3
soybean 1.00 1.00 1.00 050 1.00 050 1.00 1.00 0.25 S3
groundnut  1.00 1.00 1.00 0:50 s 00" Spd-00 1.00 1.00 0.50 S2
mungbean  1.00 1.00 1.00 0.50 1.00 - 1.00 1.00 - -
sugar cane  1.00 1.00 1.00 0.50 1.00 0.50 1.00 1.00 0.25 S3
garlic 0.50 1.00 1.00 0.50 1.00 0.20 1.00 0.80 0.04 N
tomato 0.80 1.00 1.00 0.50 1.00 - 1.00 0.80 - -
chilli 1.00 1.00 1.00 050 1.00 0.0 1.00 1.00 0.25 S3
Br  rice 1.00 1.00 1.00 080 1.00 0.80 0.80 1.00 0.51 S2
corn 0.80 0.50 1.00 0.80 100 0.80 0.80 1.00 0.20 S3
soybean 1.00 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.16 N
groundnut  1.00 0.50 1.00 080 1.00 1.00 0.80 1.00 0.32 S3
mungbean  1.00 0.50 1.00 0.80 1.00 - 0.80 1.00 - -
sugar cane  1.00 0.80 1.00 0.80 1.00 0.50 0.80 1.00 0.26 S3
garlic 0.50 0.50 1.00 0.80 100 0.20 0.80 1.00 0.03 N
tomato 0.80 0.50 1.00 0.80 1.00 - 0.80 1.00 - -
chilli 1.00 0.50 1.00 0.80 1.00 050 0.80 1.00 0.16 N
Ci rice 1.00 0.50 1.00 050 1.00 0.80 0.50 0.80 0.08 N
corn 0.80 0.80 1.00 0.50 1.00 0.80 0.50 1.00 0.13 N
soybean 1.00 0.80 1.00 0.50 1.00 0.50 0.50 1.00 0.10 N
groundnut 1.00 0.80 1.00 0.50 1.00 1.00 0.50 1.00 0.20 S3
mungbean  1.00 0.80 1.00 0.50 1.00 - 0.50 1.00 - -
sugar cane  1.00 0.80 1.00 050 1.00 0.50 0.50 1.00 0.10 N
garlic 0.50 1.00 1.00 050 1.00 0.0 0.50 0.80 0.02 N
tomato 0.80 1.00 1.00 0.50 1.00 - 0.50 0.80 - -
chilli 1.00 0.80 1.00 050 1.00 050 0.50 1.00 0.10 N
Cs rice 1.00 1.00 1.00 0.80 1.00 0.80 1.00 1.00 0.64 S2
corn 0.80 0.20 1.00 0.80 1.00 0.80 1.00 1.00 0.10 N
soybean 1.00 0.20 1.00 0.80 100 050 1.00 1.00 0.08 N
groundnut  1.00 0.20 1.00 0.80 1.00 1.00 1.00 1.00 0.16 N
mungbean 1.00 0.20 1.00 0.80 1.00 - 1.00 1.00 - -
sugar cane  1.00 0.50 1.00 0.80 1.00 0.50 1.00 1.00 0.20 S3
garlic 0.50 0.20 1.00 0.80 1.00 0.20 1.00 1.00 0.02 N
tomato 0.80 0.20 1.00 0.80 1.00 - 1.00 1.00 - -
chilli 1.00 0.20 1.00 0.80 1.00 0.50 1.00 1.00 0.08 N
Hs rice 1.00 0.20 1.00 1.00 1.00 0.80 0.80 0.50 0.06 N
corn 0.80 1.00 1.00 1.00 1.00 0.80 0.80 0.80 0.41 S2
soybean 1.00 1.00 1.00 1.00 1.00 0.0 0.80 0.80 0.32 S3
groundnut  1.00 1.00 1.00 100 1.00 1.00 0.80 0.80 0.64 S2
mungbean  1.00 1.00 1.00 1.00 1.00 - 0.80 0.80 - -
sugar cane  1.00 1.00 1.00 1.00 1.00 0.50 0.80 0.80 0.32 S3
garlic 0.50 1.00 1.00 1.00 1.00 0.20 0.80 0.80 0.06 N
tomato 0.80 1.00 1.00 1.00 1.00 - 0.80 0.80 - -
chilli 1.00 1.00 1.00 1.00 1.00 0.50 0.80 0.80 0.32 S3
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Table A-17: Land quality assessment results for cash crops in rainy season

(continued)
Land LUT temp. soil rooting  fertilizer EC  annual slope weight Funam
Unit drainage  condition rainfall ~ potential for ~ erosion  score mngauy
mechanization  hazard
Ki rice 1.00 1.00 1.00 050 080 0.80 1.00 1.00 0.32 S3
corn 0.80 0.20 1.00 050 0.80 0.80 1.00 1.00 0.05 N
soybean 1.00 0.20 1.00 050 080 0.50 1.00 1.00 0.04 N
groundnut 1.00 0.20 1.00 0.50 0.80 1.00 1.00 1.00 0.08 N
mungbean 1.00 0.20 1.00 0.50 0.80 - 1.00 1.00 - -
sugar cane  1.00 0.50 1.00 050 0.80 0.50 1.00 1.00 0.10 N
garlic 0.50 0.20 1.00 050 080 0.20 1.00 1.00 0.01 N
tomato 0.80 0.20 1.00 050 0.80 - 1.00 1.00 - -
chilli 1.00 0.20 1.00 050 0.80 050 1.00 1.00 0.04 N
Ks  rice 1.00 0.20 1.00 1.00 1.00 0.80 0.80 0.80 0.10 N
corn 0.80 1.00 1.00 1.00 1.00 0.80 0.80 1.00 0.51 S2
soybean 1.00 1.00 1.00 1.00 1.00 0.50 0.80 1.00 0.40 S2
groundnut 1.00 1.00 1.00 1.00 1.00 1.00 0.80 1.00 0.80 S2
mungbean  1.00 1.00 1.00 1.00 1.00 - 0.80 1.00 - -
sugar cane  1.00 1.00 1.00 1.00 1.00 0.50 0.80 1.00 0.40 S2
garlic 0.50 1.00 1.00 1.00 1.00 0.20 0.80 0.80 0.06 N
tomato 0.80 1.00 1.00 1.00 1.00 - 0.80 0.80 - -
chilli 1.00 1.00 1.00 1.00 1.00 0.50 0.80 1.00 0.40 S2
Kt rice 1.00 0.20 1.00 0.50 1.00 0.80 0.80 0.80 0.05 N
corn 0.80 1.00 1.00 0.50 1.00 0.80 0.80 1.00 0.26 S3
soybean 1.00 1.00 1.00 050 1.00 0.50 0.80 1.00 0.20 S3
groundnut  1.00 1.00 1.00 050 1.00 1.00 0.80 1.00 0.40 S2
mungbean  1.00 1.00 1.00 050 1.00 - 0.80 1.00 - -
sugar cane  1.00 1.00 1.00 050 1.00 0.50 0.80 1.00 0.20 S3
garlic 0.50 1.00 1.00 050 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 - 0.80 0.80 - -
chilli 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
La rice 1.00 1.00 1.00 0.80 1.00 0.80 1.00 1.00 0.64 S2
corn 0.80 0.50 1.00 0.80 100 0.80 1.00 1.00 0.26 S3
soybean 1.00 0.50 1.00 0.80 1.00 0.50 1.00 1.00 0.20 S3
groundnut  1.00 0.50 1.00 0.80 1.00 1.00 1.00 1.00 0.40 S2
mungbean  1.00 0.50 1.00 0.80 1.00 - 1.00 1.00 - -
sugar cane  1.00 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.32 S3
garlic 0.50 0.50 1.00 0.80 1.00 0.20 1.00 1.00 0.04 N
tomato 0.80 0.50 1.00 0.80 1.00 - 1.00 1.00 - -
chilli 1.00 0.50 1.00 0.80 1.00 0.50 1.00 1.00 0.20 S3
Ly  rice 1.00 0.20 1.00 050 1.00 0.80 0.80 0.80 0.05 N
corn 0.80 1.00 1.00 050 1.00 0.80 0.80 1.00 0.26 S3
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
groundnut  1.00 1.00 1.00 0.50 1.00 1.00 0.80 1.00 0.40 S2
mungbean 1.00 1.00 1.00 0.50 1.00 - 0.80 1.00 - -
sugar cane  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 - 0.80 0.80 - -
chilli 1.00 1.00 1.00 050 1.00 0.50 0.80 1.00 0.20 S3
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Table A-17: Land quality assessment results for cash crops in rainy season

(continued)

Land LUT temp. soil rooting  fertilizer EC  annual slope weight Funam

Unit drainage  condition rainfall ~ potential for ~ erosion  score mngauy

mechanization  hazard

Ng  rice 1.00 0.20 1.00 050 1.00 0.80 0.80 0.50 0.03 N
corn 0.80 1.00 1.00 050 1.00 0.80 0.80 0.80 0.20 S3
soybean 1.00 1.00 1.00 050 1.00 0.50 0.80 0.80 0.16 N
groundnut 1.00 1.00 1.00 0.50 1.00 1.00 0.80 0.80 0.32 S3
mungbean 1.00 1.00 1.00 0.50 1.00 - 0.80 0.80 - -
sugar cane  1.00 1.00 1.00 050 1.00 0.50 0.80 0.80 0.16 N
garlic 0.50 1.00 1.00 050 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 050 1.00 - 0.80 0.80 - -
chilli 1.00 1.00 1.00 050 100 050 0.80 0.80 0.16 N

Np  rice 1.00 1.00 1.00 1.00 1.00 0.80 1.00 1.00 0.80 S2
corn 0.80 0.20 1.00 1.00 1.00 0.80 1.00 1.00 0.13 N
soybean 1.00 0.20 1.00 1.00 1.00 0.50 1.00 1.00 0.10 N
groundnut 1.00 0.20 1.00 1.00 1.00 1.00 1.00 1.00 0.20 S3
mungbean  1.00 0.20 1.00 1.00 1.00 - 1.00 1.00 - -
sugar cane  1.00 0.50 1.00 1.00 1.00 0.50 1.00 1.00 0.25 S3
garlic 0.50 0.20 1.00 1.00 1.00 0.20 1.00 1.00 0.02 N
tomato 0.80 0.20 1.00 1.00 1.00 - 1.00 1.00 - -
chilli 1.00 0.20 1.00 1.00 1.00 0.50 1.00 1.00 0.10 N

Pm rice 1.00 1.00 1.00 0.80 1.00 0.80 0.80 1.00 0.51 S2
corn 0.80 0.20 1.00 0.80 1.00 0.80 0.80 1.00 0.08 N
soybean 1.00 0.20 1.00 0.80 1.00 0.50 0.80 1.00 0.06 N
groundnut  1.00 0.20 1.00 0.80 1.00 1.00 0.80 1.00 0.13 N
mungbean  1.00 0.20 1.00 0.80 1.00 - 0.80 1.00 - -
sugar cane  1.00 0.50 1.00 080 1.00 0.50 0.80 1.00 0.16 N
garlic 0.50 0.20 1.00 0.80 1.00 0.20 0.80 1.00 0.01 N
tomato 0.80 0.20 1.00 0.80 1.00 - 0.80 1.00 - -
chilli 1.00 0.20 1.00 0.80 1.00 0.50 0.80 1.00 0.06 N

Png  rice 1.00 0.20 1.00 050 1.00 0.80 0.80 0.80 0.05 N
corn 0.80 1.00 1.00 050 100 0.80 0.80 1.00 0.26 S3
soybean 1.00 1.00 1.00 050 1.00 0.50 0.80 1.00 0.20 S3
groundnut  1.00 1.00 1.00 050 1.00 1.00 0.80 1.00 0.40 S2
mungbean  1.00 1.00 1.00 050 1.00 - 0.80 1.00 - -
sugar cane  1.00 1.00 1.00 050 1.00 0.50 0.80 1.00 0.20 S3
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 - 0.80 0.80 - -
chilli 1.00 1.00 1.00 050 1.00 0.50 0.80 1.00 0.20 S3

Rb  rice 1.00 1.00 1.00 0.80 1.00 0.80 0.80 1.00 0.51 S2
corn 0.80 0.20 1.00 0.80 100 0.80 0.80 1.00 0.08 N
soybean 1.00 0.20 1.00 0.80 1.00 0.0 0.80 1.00 0.06 N
groundnut 1.00 0.20 1.00 0.80 1.00 1.00 0.80 1.00 0.13 N
mungbean 1.00 0.20 1.00 0.80 1.00 - 0.80 1.00 - -
sugar cane  1.00 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.16 N
garlic 0.50 0.20 1.00 0.80 1.00 0.20 0.80 1.00 0.01 N
tomato 0.80 0.20 1.00 0.80 1.00 - 0.80 1.00 - -
chilli 1.00 0.20 1.00 0.80 100 050 0.80 1.00 0.06 N
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Table A-17: Land quality assessment results for cash crops in rainy season

(continued)
Land LUT temp. soil rooting  fertilizer EC  annual slope weight Funam
Unit drainage  condition rainfall ~ potential for ~ erosion  score mngauy
mechanization  hazard
Re  rice 1.00 1.00 1.00 0.80 1.00 0.80 1.00 1.00 0.64 S2
corn 0.80 0.50 1.00 080 1.00 0.80 1.00 1.00 0.26 S3
soybean 1.00 0.50 1.00 0.80 1.00 0.50 1.00 1.00 0.20 S3
groundnut 1.00 0.50 1.00 0.80 1.00 1.00 1.00 1.00 0.40 S2
mungbean 1.00 0.50 1.00 0.80 1.00 - 1.00 1.00 - -
sugar cane  1.00 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.32 S3
garlic 0.50 0.50 1.00 0.80 1.00 0.20 1.00 1.00 0.04 N
tomato 0.80 0.50 1.00 0.80 1.00 - 1.00 1.00 - -
chilli 1.00 0.50 1.00 0.80 1.00 0.50 1.00 1.00 0.20 S3
Rn  rice 1.00 1.00 1.00 050 1.00 0.80 1.00 1.00 0.40 S2
corn 0.80 0.50 1.00 050 1.00 0.80 1.00 1.00 0.16 N
soybean 1.00 0.50 1.00 0.50 1.00 0.50 1.00 1.00 0.13 N
groundnut 1.00 0.50 1.00 0.50 1.00 1.00 1.00 1.00 0.25 S3
mungbean  1.00 0.50 1.00 0.50 1.00 - 1.00 1.00 - -
sugar cane  1.00 0.80 1.00 0.50 1.00 0.50 1.00 1.00 0.20 S3
garlic 0.50 0.50 1.00 050 1.00 0.20 1.00 1.00 0.03 N
tomato 0.80 0.50 1.00 0.50 1.00 - 1.00 1.00 - -
chilli 1.00 0.50 1.00 0.50 1.00 0.50 1.00 1.00 0.13 N
Sat rice 1.00 0.50 1.00 0.80 1.00 0.80 0.50 0.80 0.13 N
corn 0.80 0.80 1.00 0.80 1.00 0.80 0.50 1.00 0.20 S3
soybean 1.00 0.80 1.00 0.80 1.00 0.50 0.50 1.00 0.16 N
groundnut  1.00 0.80 1.00 0.80 1.00 1.00 0.50 1.00 0.32 S3
mungbean  1.00 0.80 1.00 0.80 1.00 - 0.50 1.00 - -
sugar cane  1.00 0.80 1.00 080 1.00 0.50 0.50 1.00 0.16 N
garlic 0.50 1.00 1.00 0.80 1.00 0.20 0.50 0.80 0.03 N
tomato 0.80 1.00 1.00 0.80 1.00 - 0.50 0.80 - -
chilli 1.00 0.80 1.00 0.80 1.00 0.50 0.50 1.00 0.16 N
Si rice 1.00 0.20 1.00 0.80 1.00 0.80 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 0.80 100 0.80 0.80 1.00 0.41 S2
soybean 1.00 1.00 1.00 0.80 1.00 050 0.80 1.00 0.32 S3
groundnut  1.00 1.00 1.00 0.80 1.00 1.00 0.80 1.00 0.64 S2
mungbean  1.00 1.00 1.00 0.80 1.00 - 0.80 1.00 - -
sugar cane  1.00 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.32 S3
garlic 0.50 1.00 1.00 0.80 1.00 0.20 0.80 0.80 0.05 N
tomato 0.80 1.00 1.00 0.80 1.00 - 0.80 0.80 - -
chilli 1.00 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.32 S3
Sn rice 1.00 0.20 1.00 0.80 1.00 0.80 1.00 0.80 0.10 N
corn 0.80 1.00 1.00 080 100 0.80 1.00 1.00 0.51 S2
soybean 1.00 1.00 1.00 0.80 1.00 0.50 1.00 1.00 0.40 S2
groundnut  1.00 1.00 1.00 0.80 1.00 1.00 1.00 1.00 0.80 S2
mungbean 1.00 1.00 1.00 0.80 1.00 - 1.00 1.00 - -
sugar cane  1.00 1.00 1.00 0.80 1.00 0.50 1.00 1.00 0.40 S2
garlic 0.50 1.00 1.00 0.80 1.00 0.20 1.00 0.80 0.06 N
tomato 0.80 1.00 1.00 0.80 1.00 - 1.00 0.80 - -
chilli 1.00 1.00 1.00 0.80 1.00 0.50 1.00 1.00 0.40 S2
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Table A-17: Land quality assessment results for cash crops in rainy season

(continued)

Land LUT temp. soil rooting  fertilizer EC  annual slope weight Funam

Unit drainage  condition rainfall ~ potential for ~ erosion  score mngauy

mechanization  hazard

Su  rice 1.00 0.20 1.00 0.80 1.00 0.80 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 080 1.00 0.80 0.80 1.00 0.41 S2
soybean 1.00 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.32 N
groundnut 1.00 1.00 1.00 0.80 1.00 1.00 0.80 1.00 0.64 S2
mungbean 1.00 1.00 1.00 0.80 1.00 - 0.80 1.00 - -
sugar cane  1.00 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.32 S3
garlic 0.50 1.00 1.00 0.80 1.00 0.20 0.80 0.80 0.05 N
tomato 0.80 1.00 1.00 0.80 1.00 - 0.80 0.80 - -
chilli 1.00 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.32 S3

Suk  rice 1.00 0.20 1.00 050 1.00 0.80 0.80 0.80 0.05 N
corn 0.80 1.00 1.00 050 1.00 0.80 0.80 1.00 0.26 S3
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
groundnut 1.00 1.00 1.00 0.50 1.00 1.00 0.80 1.00 0.40 S2
mungbean  1.00 1.00 1.00 0.50 1.00 - 0.80 1.00 - -
sugar cane  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
garlic 0.50 1.00 1.00 050 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 - 0.80 0.80 - -
chilli 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3

To rice 1.00 1.00 1.00 1.00 1.00 0.80 1.00 1.00 0.80 S2
corn 0.80 0.50 0.80 1.00 1.00 0.80 1.00 1.00 0.26 S3
soybean 1.00 0.50 0.80 1.00 1.00 0.50 1.00 1.00 0.20 S3
groundnut  1.00 0.50 1.00 1.00 1.00 1.00 1.00 1.00 0.50 S2
mungbean  1.00 0.50 1.00 1.00 1.00 - 1.00 1.00 - -
sugar cane  1.00 0.80 0.80 1.00 1.00 0.50 1.00 1.00 0.32 S3
garlic 0.50 0.50 0.80 1.00 1.00 0.20 1.00 1.00 0.04 N
tomato 0.80 0.50 1.00 1.00 1.00 - 1.00 1.00 - -
chilli 1.00 0.50 0.80 1.00 1.00 0.50 1.00 1.00 0.20 S3

Wa rice 1.00 1.00 1.00 1.00 1.00 0.80 0.80 1.00 0.64 S2
corn 0.80 0.50 1.00 1.00 1.00 0.80 0.80 1.00 0.26 S3
soybean 1.00 0.50 1.00 1.00 1.00 050 0.80 1.00 0.20 S3
groundnut  1.00 0.50 1.00 1.00 1.00 1.00 0.80 1.00 0.40 S2
mungbean  1.00 0.50 1.00 1.00 1.00 - 0.80 1.00 - -
sugar cane  1.00 0.80 1.00 1.00 1.00 0.50 0.80 1.00 0.32 S3
garlic 0.50 0.50 1.00 1.00 1.00 0.20 0.80 1.00 0.04 N
tomato 0.80 0.50 1.00 1.00 1.00 - 0.80 1.00 - -
chilli 1.00 0.50 1.00 1.00 1.00 050 0.80 1.00 0.20 S3

Wn  rice 1.00 0.20 1.00 050 1.00 0.80 0.80 0.80 0.05 N
corn 0.80 1.00 1.00 050 1.00 0.80 0.80 1.00 0.26 S3
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
groundnut  1.00 1.00 1.00 0.50 1.00 1.00 0.80 1.00 0.40 S2
mungbean 1.00 1.00 1.00 0.50 1.00 - 0.80 1.00 - -
sugar cane  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 - 0.80 0.80 - -
chilli 1.00 1.00 1.00 050 1.00 0.50 0.80 1.00 0.20 S3




Patpida Patcharanuntawat

Appendix /150

Table A-17: Land quality assessment results for cash crops in rainy season

(continued)

Land LUT temp. soil rooting  fertilizer EC  annual slope weight Funam

Unit drainage  condition rainfall ~ potential for ~ erosion  score mngauy

mechanization  hazard

Yt rice 1.00 0.20 1.00 050 1.00 0.80 0.80 0.80 0.05 N
corn 0.80 1.00 1.00 0.50 1.00 0.80 0.80 1.00 0.26 S3
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
groundnut 1.00 1.00 1.00 0.50 1.00 1.00 0.80 1.00 0.40 S2
mungbean 1.00 1.00 1.00 0.50 1.00 - 0.80 1.00 - -
sugar cane  1.00 1.00 1.00 050 1.00 0.50 0.80 1.00 0.20 S3
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 - 0.80 0.80 - -
chilli 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3

Table A-18: Lam Phraphlong reservoir land

in the dry season

quality assessment results for cash crops

Land LUT temp. soil rooting  fertilizer EC irr. slope weight uaw
Unit drainage  condition water  potential for ~ erosion  score ey
mechanization  hazard
Bb  rice 1.00 0.50 1.00 050 1.00 0.50 1.00 0.80 0.10 N
corn 0.80 1.00 1.00 050 1.00 0.50 1.00 1.00 0.20 S3
soybean 1.00 1.00 1.00 050 1.00 0.50 1.00 1.00 0.25 S3
groundnut  1.00 1.00 1.00 050 1.00 0.50 1.00 1.00 0.25 S3
mungbean  1.00 1.00 1.00 050 1.00 0.50 1.00 1.00 0.25 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 1.00 1.00 1.00 0.50 S2
garlic 0.50 1.00 1.00 050 1.00 0.20 1.00 0.80 0.04 N
tomato 0.80 1.00 1.00 050 1.00 0.20 1.00 0.80 0.06 N
chilli 1.00 1.00 1.00 050 1.00 0.20 1.00 1.00 0.10 N
Cs  rice 1.00 1.00 1.00 0.80 1.00 0.50 1.00 1.00 0.40 S2
corn 0.80 0.50 1.00 0.80 1.00 050 1.00 1.00 0.16 N
soybean 1.00 0.50 1.00 0.80 1.00 0.50 1.00 1.00 0.20 S3
groundnut 1.00 0.50 1.00 0.80 1.00 0.50 1.00 1.00 0.20 S3
mungbean 1.00 0.50 1.00 0.80 100 0.0 1.00 1.00 0.20 S3
sugar cane  1.00 0.80 1.00 0.80 1.00 1.00 1.00 1.00 0.64 S2
garlic 0.50 0.50 1.00 0.80 1.00 0.20 1.00 1.00 0.04 N
tomato 0.80 0.50 1.00 0.80 1.00 0.20 1.00 1.00 0.06 N
chilli 1.00 0.50 1.00 0.80 1.00 0.20 1.00 1.00 0.08 N
Ks  rice 1.00 0.50 1.00 1.00 1.00 050 0.80 0.80 0.16 N
corn 0.80 1.00 1.00 1.00 100 0.50 0.80 1.00 0.32 S3
soybean 1.00 1.00 1.00 1.00 1.00 0.50 0.80 1.00 0.40 S2
groundnut 1.00 1.00 1.00 1.00 1.00 0.50 0.80 1.00 0.40 S2
mungbean 1.00 1.00 1.00 1.00 1.00 0.50 0.80 1.00 0.40 S2
sugar cane  1.00 1.00 1.00 1.00 1.00 1.00 0.80 1.00 0.80 S2
garlic 0.50 1.00 1.00 1.00 1.00 0.20 0.80 0.80 0.06 N
tomato 0.80 1.00 1.00 1.00 100 0.20 0.80 0.80 0.10 N
chilli 1.00 1.00 1.00 1.00 1.00 0.20 0.80 1.00 0.16 N
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Table A-18: Lam Phraphlong reservoir land quality assessment results for cash crops

in the dry season (continued)

FUANW

Land LUT temp. soil rooting fertilizer EC  annual slope weight
Unit drainage  condition rainfall potential for erosion score ngay
mechanization  hazard

Kt rice 1.00 0.50 1.00 0.50 1.00 0.50 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.16 N
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
groundnut  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
mungbean  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 1.00 0.80 1.00 0.40 S2
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 050 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 0.50 1.00 0.20 0.80 1.00 0.08 N

Ly  rice 1.00 0.50 1.00 0.50 1.00 0.50 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.16 N
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
groundnut  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
mungbean  1.00 1.00 1.00 050 1.00 0.50 0.80 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 1.00 0.80 1.00 0.40 S2
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 0.50 1.00 0.20 0.80 1.00 0.08 N

Ng  rice 1.00 0.50 1.00 0.50 1.00 0.50 0.80 0.50 0.05 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 0.80 0.80 0.13 N
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 0.80 0.16 N
groundnut  1.00 1.00 1.00 0.50 1.00 0.50 0.80 0.80 0.16 N
mungbean  1.00 1.00 1.00 050 1.00 0.50 0.80 0.80 0.16 N
sugar cane  1.00 1.00 1.00 (. BU—=4I800 1.00 0.80 0.80 0.32 S3
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 050 1.00 0.20 0.80 0.80 0.06 N

Np  rice 1.00 1.00 1.00 1.00 1.00 0.50 1.00 1.00 0.50 S2
corn 0.80 0.50 1.00 1.00 1.00 0.50 1.00 1.00 0.20 S3
soybean 1.00 0.50 1.00 1.00 1.00 0.50 1.00 1.00 0.25 S3
groundnut  1.00 0.50 1.00 1.00 1.00 0.50 1.00 1.00 0.25 S3
mungbean  1.00 0.50 1.00 1.00 1.00 0.50 1.00 1.00 0.25 S3
sugar cane  1.00 0.80 1.00 1.00 1.00 1.00 1.00 1.00 0.80 S2
garlic 0.50 0.50 1.00 1.00 1.00 0.20 1.00 1.00 0.05 N
tomato 0.80 0.50 1.00 1.00 1.00 0.20 1.00 1.00 0.08 N
chilli 1.00 0.50 1.00 1.00 1.00 0.20 1.00 1.00 0.10 N

Pm  rice 1.00 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.32 S3
corn 0.80 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.13 N
soybean 1.00 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.16 N
groundnut  1.00 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.16 N
mungbean  1.00 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.16 N
sugar cane  1.00 0.80 1.00 0.80 1.00 1.00 0.80 1.00 0.51 S2
garlic 0.50 0.50 1.00 0.80 1.00 0.20 0.80 1.00 0.03 N
tomato 0.80 0.50 1.00 0.80 1.00 0.20 0.80 1.00 0.05 N
chilli 1.00 0.50 1.00 0.80 1.00 0.20 0.80 1.00 0.06 N
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Table A-18: Lam Phraphlong reservoir land quality assessment results for cash crops

in the dry season (continued)

FUANW

Land LUT temp. soil rooting fertilizer EC  annual slope weight
Unit drainage  condition rainfall ~ potential for ~ erosion  score neay
mechanization  hazard
Rb  rice 1.00 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.32 S3
corn 0.80 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.13 N
soybean 1.00 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.16 N
groundnut  1.00 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.16 N
mungbean  1.00 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.16 N
sugar cane  1.00 0.80 1.00 0.80 1.00 1.00 0.80 1.00 0.51 S2
garlic 0.50 0.50 1.00 0.80 1.00 0.20 0.80 1.00 0.03 N
tomato 0.80 0.50 1.00 0.80 1.00 0.20 0.80 1.00 0.05 N
chilli 1.00 0.50 1.00 0.80 1.00 0.20 0.80 1.00 0.06 N
Re  rice 1.00 1.00 1.00 0.80 1.00 0.50 1.00 1.00 0.40 S2
corn 0.80 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.26 S3
soybean 1.00 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.32 S3
groundnut  1.00 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.32 S3
mungbean  1.00 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.32 S3
sugar cane  1.00 1.00 1.00 0.80 1.00 1.00 1.00 1.00 0.80 S2
garlic 0.50 0.80 1.00 0.80 1.00 0.20 1.00 1.00 0.06 N
tomato 0.80 0.80 1.00 0.80 1.00 0.20 1.00 1.00 0.10 N
chilli 1.00 0.80 1.00 0.80 1.00 0.20 1.00 1.00 0.13 N
Rn  rice 1.00 1.00 1.00 0.50 1.00 0.50 1.00 1.00 0.25 S3
corn 0.80 0.80 1.00 050 1.00 0.50 1.00 1.00 0.16 N
soybean 1.00 0.80 1.00 0.50 1.00 0.50 1.00 1.00 0.20 S3
groundnut  1.00 0.80 1.00 050 1.00 0.50 1.00 1.00 0.20 S3
mungbean  1.00 0.80 1.00 050 1.00 0.50 1.00 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 1.00 1.00 1.00 0.50 S2
garlic 0.50 0.80 1.00 0.50 1.00 0.20 1.00 1.00 0.04 N
tomato 0.80 0.80 1.00 0.50 1.00 0.20 1.00 1.00 0.06 N
chilli 1.00 0.80 1.00 050 1.00 0.20 1.00 1.00 0.08 N
Si rice 1.00 0.50 1.00 0.80 1.00 0.50 0.80 0.80 0.13 N
corn 0.80 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.26 S3
soybean 1.00 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.32 S3
groundnut  1.00 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.32 S3
mungbean  1.00 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.32 S3
sugar cane  1.00 1.00 1.00 0.80 1.00 1.00 0.80 1.00 0.64 S2
garlic 0.50 1.00 1.00 0.80 1.00 0.20 0.80 0.80 0.05 N
tomato 0.80 1.00 1.00 0.80 1.00 0.20 0.80 0.80 0.08 N
chilli 1.00 1.00 1.00 0.80 1.00 0.20 0.80 1.00 0.13 N
Suk  rice 1.00 0.50 1.00 0.50 1.00 0.50 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.16 N
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
groundnut  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
mungbean  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 1.00 0.80 1.00 0.40 S2
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 0.50 1.00 0.20 0.80 1.00 0.08 N
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Table A-18: Lam Phraphlong reservoir land quality assessment results for cash crops

in the dry season (continued)

FUANW

Land LUT temp. soil rooting fertilizer EC  annual slope weight
Unit drainage  condition rainfall ~ potential for ~ erosion  score neay
mechanization  hazard
To  rice 1.00 1.00 1.00 1.00 1.00 0.50 1.00 1.00 0.50 S2
corn 0.80 0.80 0.80 1.00 1.00 0.50 1.00 1.00 0.26 S3
soybean 1.00 0.80 0.80 1.00 1.00 0.50 1.00 1.00 0.32 S3
groundnut  1.00 0.80 1.00 1.00 1.00 0.50 1.00 1.00 0.40 S2
mungbean  1.00 0.80 1.00 1.00 1.00 0.50 1.00 1.00 0.40 S2
sugar cane  1.00 1.00 0.80 1.00 1.00 1.00 1.00 1.00 0.80 S2
garlic 0.50 0.80 0.80 1.00 1.00 0.20 1.00 1.00 0.06 N
tomato 0.80 0.80 1.00 1.00 1.00 0.20 1.00 1.00 0.13 N
chilli 1.00 0.80 0.80 1.00 1.00 0.20 1.00 1.00 0.13 N
Wn  rice 1.00 0.50 1.00 0.50 1.00 0.50 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.16 N
soybean 1.00 1.00 1.00 050 1.00 0.50 0.80 1.00 0.20 S3
groundnut  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
mungbean  1.00 1.00 1.00 050 1.00 0.50 0.80 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 1.00 0.80 1.00 0.40 S2
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 050 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 0.50 1.00 0.20 0.80 1.00 0.08 N
Yt rice 1.00 0.50 1.00 0.50 1.00 0.50 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 050 1.00 0.50 0.80 1.00 0.16 N
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
groundnut  1.00 1.00 1.00 050 1.00 0.50 0.80 1.00 0.20 S3
mungbean  1.00 1.00 1.00 050 1.00 0.50 0.80 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 (. BO 41800 1.00 0.80 1.00 0.40 S2
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 0.50 1.00 0.20 0.80 1.00 0.08 N

Table A-19: Lam Takhong reservoir land quality assessment results for cash crops in

the dry season

Land LUT temp. soil rooting  fertilizer EC irr. slope weight Hunw
Unit drainage  condition water  potential for ~ erosion  score Mneay
mechanization  hazard

Bb rice 1.00 0.50 1.00 0.50 1.00 0.50 1.00 0.80 0.10 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 1.00 1.00 0.20 S3
soybean 1.00 1.00 1.00 0.50 1.00 0.50 1.00 1.00 0.25 S3
groundnut  1.00 1.00 1.00 0.50 1.00 0.50 1.00 1.00 0.25 S3
mungbean  1.00 1.00 1.00 0.50 1.00 0.50 1.00 1.00 0.25 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 1.00 1.00 1.00 0.50 S2
garlic 0.50 1.00 1.00 0.50 1.00 0.20 1.00 0.80 0.04 N
tomato 0.80 1.00 1.00 0.50 1.00 0.20 1.00 0.80 0.06 N
chilli 1.00 1.00 1.00 0.50 1.00 0.20 1.00 1.00 0.10 N
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Table A-19: Lam Takhong reservoir land quality assessment results for cash crops in

the dry season (continued)

Land LUT temp. soil rooting  fertilizer EC irr. slope weight Hunw
Unit drainage  condition water  potential for ~ erosion  score ey
mechanization  hazard
Hs rice 1.00 0.50 1.00 1.00 1.00 0.50 0.80 0.50 0.10 N
corn 0.80 1.00 1.00 1.00 1.00 0.50 0.80 0.80 0.26 S3
soybean 1.00 1.00 1.00 1.00 1.00 0.50 0.80 0.80 0.32 S3
groundnut  1.00 1.00 1.00 1.00 1.00 050 0.80 0.80 0.32 S3
mungbean  1.00 1.00 1.00 1.00 IN00 0150 0.80 0.80 0.32 S3
sugar cane  1.00 1.00 1.00 1.00 1.00 1.00 0.80 0.80 0.64 S2
garlic 0.50 1.00 1.00 1.00 1.00 0.20 0.80 0.80 0.06 N
tomato 0.80 1.00 1.00 1.00 1.00 0.20 0.80 0.80 0.10 N
chilli 1.00 1.00 1.00 1.00 1.00 0.20 0.80 0.80 0.13 N
Ki rice 1.00 1.00 1.00 0.50 0.80 0.50 1.00 1.00 0.20 S3
corn 0.80 0.50 1.00 0.50 0.80 0.50 1.00 1.00 0.08 N
soybean 1.00 0.50 1.00 0.50 0.80 0.50 1.00 1.00 0.10 N
groundnut  1.00 0.50 1.00 0.50 0.80 0.50 1.00 1.00 0.10 N
mungbean  1.00 0.50 1.00 0.50 0.80 0.50 1.00 1.00 0.10 N
sugar cane  1.00 0.80 1.00 0.50 0.80 1.00 1.00 1.00 0.32 S3
garlic 0.50 0.50 1.00 0.50 0.80 0.20 1.00 1.00 0.02 N
tomato 0.80 0.50 1.00 0.50 0.80 0.20 1.00 1.00 0.03 N
chilli 1.00 0.50 1.00 0.50 0.80 0.20 1.00 1.00 0.04 N
Kt rice 1.00 0.50 1.00 0.50 1.00 0.50 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.16 N
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
groundnut 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
mungbean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 1.00 0.80 1.00 0.40 S2
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 0.50 1.00 0.20 0.80 1.00 0.08 N
La rice 1.00 1.00 1.00 0.80 1.00 0.50 1.00 1.00 0.40 S2
corn 0.80 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.26 S3
soybean 1.00 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.32 S3
groundnut 1.00 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.32 S3
mungbean  1.00 0.80 1.00 0.80 1.00 050 1.00 1.00 0.32 S3
sugar cane  1.00 1.00 1.00 0.80 1.00 1.00 1.00 1.00 0.80 S2
garlic 0.50 0.80 1.00 0.80 1.00 0.20 1.00 1.00 0.06 N
tomato 0.80 0.80 1.00 0.80 1.00 0.20 1.00 1.00 0.10 N
chilli 1.00 0.80 1.00 0.80 1.00 0.20 1.00 1.00 0.13 N
Ng rice 1.00 0.50 1.00 0.50 1.00 0.50 0.80 0.50 0.05 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 0.80 0.80 0.13 N
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 0.80 0.16 N
groundnut  1.00 1.00 1.00 0.50 1.00 0.50 0.80 0.80 0.16 N
mungbean  1.00 1.00 1.00 0.50 1.00 0.50 0.80 0.80 0.16 N
sugar cane  1.00 1.00 1.00 0.50 1.00 1.00 0.80 0.80 0.32 S3
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.06 N
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Table A-19: Lam Takhong reservoir land quality assessment results for cash crops in

the dry season (continued)

Land LUT temp. soil rooting  fertilizer EC irr. slope weight Hunw
Unit drainage  condition water  potential for ~ erosion  score ey
mechanization  hazard
Pm rice 1.00 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.32 S3
corn 0.80 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.13 N
soybean 1.00 0.50 1.00 0.80 1.00 050 0.80 1.00 0.16 N
groundnut  1.00 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.16 N
mungbean  1.00 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.16 N
sugar cane  1.00 0.80 1.00 0.80 1.00 1.00 0.80 1.00 0.51 S2
garlic 0.50 0.50 1.00 0.80 1.00 0.20 0.80 1.00 0.03 N
tomato 0.80 0.50 1.00 0.80 1.00 0.20 0.80 1.00 0.05 N
chilli 1.00 0.50 1.00 0.80 1.00 0.20 0.80 1.00 0.06 N
Rb rice 1.00 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.32 S3
corn 0.80 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.13 N
soybean 1.00 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.16 N
groundnut  1.00 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.16 N
mungbean 1.00 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.16 N
sugar cane  1.00 0.80 1.00 0.80 1.00 1.00 0.80 1.00 0.51 S2
garlic 0.50 0.50 1.00 0.80 1.00 0.20 0.80 1.00 0.03 N
tomato 0.80 0.50 1.00 0.80 1.00 0.20 0.80 1.00 0.05 N
chilli 1.00 0.50 1.00 0.80 1.00 0.20 0.80 1.00 0.06 N
Re rice 1.00 1.00 1.00 0.80 1.00 0.50 1.00 1.00 0.40 S2
corn 0.80 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.26 S3
soybean 1.00 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.32 S3
groundnut 1.00 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.32 S3
mungbean 1.00 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.32 S3
sugar cane  1.00 1.00 1.00 0.80 1.00 1.00 1.00 1.00 0.80 S2
garlic 0.50 0.80 1.00 0.80 1.00 0.20 1.00 1.00 0.06 N
tomato 0.80 0.80 1.00 0.80 1.00 0.20 1.00 1.00 0.10 N
chilli 1.00 0.80 1.00 0.80 1.00 0.20 1.00 1.00 0.13 N
Rn rice 1.00 1.00 1.00 0.50 1.00 0.50 1.00 1.00 0.25 S3
corn 0.80 0.80 1.00 0.50 1.00 0.50 1.00 1.00 0.16 N
soybean 1.00 0.80 1.00 0.50 1.00 0.50 1.00 1.00 0.20 S3
groundnut 1.00 0.80 1.00 0.50 1.00 0.50 1.00 1.00 0.20 S3
mungbean  1.00 0.80 1.00 0.50 1.00 0.50 1.00 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 1.00 1.00 1.00 0.50 S2
garlic 0.50 0.80 1.00 0.50 1.00 0.20 1.00 1.00 0.04 N
tomato 0.80 0.80 1.00 0.50 1.00 0.20 1.00 1.00 0.06 N
chilli 1.00 0.80 1.00 0.50 1.00 0.20 1.00 1.00 0.08 N
Sat  rice 1.00 0.80 1.00 0.80 1.00 0.50 0.50 0.80 0.13 N
corn 0.80 1.00 1.00 0.80 1.00 0.50 0.50 1.00 0.16 N
soybean 1.00 1.00 1.00 0.80 1.00 0.50 0.50 1.00 0.20 S3
groundnut  1.00 1.00 1.00 0.80 1.00 0.50 0.50 1.00 0.20 S3
mungbean  1.00 1.00 1.00 0.80 1.00 0.50 0.50 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.80 1.00 1.00 0.50 1.00 0.40 S2
garlic 0.50 1.00 1.00 0.80 1.00 0.20 0.50 0.80 0.03 N
tomato 0.80 1.00 1.00 0.80 1.00 0.20 0.50 0.80 0.05 N
chilli 1.00 1.00 1.00 0.80 1.00 0.20 0.50 1.00 0.08 N
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Table A-19: Lam Takhong reservoir land quality assessment results for cash crops in

the dry season (continued)

Land LUT temp. soil rooting  fertilizer EC irr. slope weight Hunw
Unit drainage  condition water  potential for ~ erosion  score ey
mechanization  hazard
Si rice 1.00 0.50 1.00 0.80 1.00 0.50 0.80 0.80 0.13 N
corn 0.80 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.26 S3
soybean 1.00 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.32 S3
groundnut  1.00 1.00 1.00 0.80 1.00 050 0.80 1.00 0.32 S3
mungbean  1.00 1.00 1.00 0.80 IN00 0150 0.80 1.00 0.32 S3
sugar cane  1.00 1.00 1.00 0.80 1.00 1.00 0.80 1.00 0.64 S2
garlic 0.50 1.00 1.00 0.80 1.00 0.20 0.80 0.80 0.05 N
tomato 0.80 1.00 1.00 0.80 1.00 0.20 0.80 0.80 0.08 N
chilli 1.00 1.00 1.00 0.80 1.00 0.20 0.80 1.00 0.13 N
Sn rice 1.00 0.50 1.00 0.80 1.00 0.50 1.00 0.80 0.16 N
corn 0.80 1.00 1.00 0.80 1.00 0.50 1.00 1.00 0.32 S3
soybean 1.00 1.00 1.00 0.80 1.00 0.50 1.00 1.00 0.40 S2
groundnut  1.00 1.00 1.00 0.80 1.00 0.50 1.00 1.00 0.40 S2
mungbean 1.00 1.00 1.00 0.80 1.00 0.50 1.00 1.00 0.40 S2
sugar cane  1.00 1.00 1.00 0.80 1.00 1.00 1.00 1.00 0.80 S2
garlic 0.50 1.00 1.00 0.80 1.00 0.20 1.00 0.80 0.06 N
tomato 0.80 1.00 1.00 0.80 1.00 0.20 1.00 0.80 0.10 N
chilli 1.00 1.00 1.00 0.80 1.00 0.20 1.00 1.00 0.16 N
Suk  rice 1.00 0.50 1.00 0.50 1.00 0.50 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.16 N
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
groundnut 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
mungbean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 1.00 0.80 1.00 0.40 S2
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 0.50 1.00 0.20 0.80 1.00 0.08 N
Wn  rice 1.00 0.50 1.00 0.50 1.00 0.50 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.16 N
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
groundnut 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
mungbean  1.00 1.00 1.00 0.50 1.00 050 0.80 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 1.00 0.80 1.00 0.40 S2
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 0.50 1.00 0.20 0.80 1.00 0.08 N
Yt rice 1.00 0.50 1.00 0.50 1.00 0.50 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.16 N
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
groundnut  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
mungbean  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 1.00 0.80 1.00 0.40 S2
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 0.50 1.00 0.20 0.80 1.00 0.08 N
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Table A-20: Mun-Bon reservoir land quality assessment results for cash crops in the

dry season
Land LUT temp. soil rooting  fertilizer EC irr. slope weight Hunw
Unit drainage  condition water  potential for ~ erosion  score ey
mechanization  hazard
Bb rice 1.00 0.50 1.00 0.50 1.00 0.50 1.00 0.80 0.10 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 1.00 1.00 0.20 S3
soybean 1.00 1.00 1.00 0.50 1.00 0.50 1.00 1.00 0.25 S3
groundnut  1.00 1.00 1.00 050 1.00 0.50 1.00 1.00 0.25 S3
mungbean  1.00 1.00 1.00 050 1.00 0.50 1.00 1.00 0.25 S3
sugar cane  1.00 1.00 1.00 050 1.00 1.00 1.00 1.00 0.50 S2
garlic 0.50 1.00 1.00 050 1.00 0.20 1.00 0.80 0.04 N
tomato 0.80 1.00 1.00 050 1.00 0.20 1.00 0.80 0.06 N
chilli 1.00 1.00 1.00 0.50 1.00 0.20 1.00 1.00 0.10 N
Kt rice 1.00 0.50 1.00 050 1.00 0.50 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.16 N
soybean 1.00 1.00 1.00 050 1.00 0.50 0.80 1.00 0.20 S3
groundnut ~ 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
mungbean  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 1.00 0.80 1.00 0.40 S2
garlic 0.50 1.00 1.00 050 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 0’507 1400 SO0 0.80 1.00 0.08 N
Ng rice 1.00 0.50 1.00 050 1.00 0.0 0.80 0.50 0.05 N
corn 0.80 1.00 1.00 0,50 1.00 0.50 0.80 0.80 0.13 N
soybean 1.00 1.00 1.00 050 1.00 0.50 0.80 0.80 0.16 N
groundnut 1.00 1.00 1.00 0.50 1.00 0.50 0.80 0.80 0.16 N
mungbean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 0.80 0.16 N
sugar cane  1.00 1.00 1.00 0.50—=41800/ BIR0 0, 0.80 0.80 0.32 S3
garlic 0.50 1.00 1.00 050 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 050 100 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 050 100 0.20 0.80 0.80 0.06 N
Rb rice 1.00 1.00 1.00 0.80 100 050 0.80 1.00 0.32 S3
corn 0.80 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.13 N
soybean 1.00 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.16 N
groundnut 1.00 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.16 N
mungbean  1.00 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.16 N
sugar cane  1.00 0.80 1.00 0.80 100 1.00 0.80 1.00 0.51 S2
garlic 0.50 0.50 1.00 0.80 100 0.20 0.80 1.00 0.03 N
tomato 0.80 0.50 1.00 0.80 100 0.20 0.80 1.00 0.05 N
chilli 1.00 0.50 1.00 0.80 100 0.20 0.80 1.00 0.06 N
Re rice 1.00 1.00 1.00 0.80 1.00 0.50 1.00 1.00 0.40 S2
corn 0.80 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.26 S3
soybean 1.00 0.80 1.00 0.80 100 0.50 1.00 1.00 0.32 S3
groundnut  1.00 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.32 S3
mungbean  1.00 0.80 1.00 0.80 100 0.50 1.00 1.00 0.32 S3
sugar cane  1.00 1.00 1.00 0.80 100 1.00 1.00 1.00 0.80 S2
garlic 0.50 0.80 1.00 0.80 100 0.20 1.00 1.00 0.06 N
tomato 0.80 0.80 1.00 0.80 1.00 0.20 1.00 1.00 0.10 N
chilli 1.00 0.80 1.00 0.80 100 0.20 1.00 1.00 0.13 N




Patpida Patcharanuntawat

Appendix /158

Table A-20: Mun-Bon reservoir land quality assessment results for cash crops in the

dry season (continued)

Land LUT temp. soil rooting  fertilizer EC irr. slope weight Hunw
Unit drainage  condition water  potential for ~ erosion  score ey
mechanization  hazard
Suk  rice 1.00 0.50 1.00 0.50 1.00 0.50 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.16 N
soybean 1.00 1.00 1.00 050 1.00 050 0.80 1.00 0.20 S3
groundnut  1.00 1.00 1.00 050 1.00 0.50 0.80 1.00 0.20 S3
mungbean  1.00 1.00 1.00 050 1.00 0.50 0.80 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 050 1.00 1.00 0.80 1.00 0.40 S2
garlic 0.50 1.00 1.00 050 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 050 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 0.50 1.00 0.20 0.80 1.00 0.08 N
Wn  rice 1.00 0.50 1.00 050 1.00 0.0 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.16 N
soybean 1.00 1.00 1.00 050 1.00 0.50 0.80 1.00 0.20 S3
groundnut  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
mungbean  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 1.00 0.80 1.00 0.40 S2
garlic 0.50 1.00 1.00 050 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 0’507 1400 SO0 0.80 1.00 0.08 N
Yt rice 1.00 0.50 1.00 050 1.00 0.0 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 050 1.00 0.50 0.80 1.00 0.16 N
soybean 1.00 1.00 1.00 050 1.00 0.0 0.80 1.00 0.20 S3
groundnut 1.00 1.00 1.00 0.50 1.00 0.0 0.80 1.00 0.20 S3
mungbean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.50—=41800/ SR 0, 0.80 1.00 0.40 S2
garlic 0.50 1.00 1.00 050 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 050 100 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 050 100 0.20 0.80 1.00 0.08 N

Table A-21: Lam

Sae reservoir land quality assessment results for cash crops in the

dry season
Land LUT temp. soil rooting  fertilizer EC irr. slope weight Huaw
Unit drainage  condition water  potential for ~ erosion  score ey
mechanization  hazard
Br rice 1.00 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.32 S3
corn 0.80 0.80 1.00 0.80 1.00 0.50 0.80 1.00 0.20 S3
soybean 1.00 0.80 1.00 0.80 1.00 0.0 0.80 1.00 0.26 S3
groundnut  1.00 0.80 1.00 0.80 1.00 0.50 0.80 1.00 0.26 S3
mungbean 1.00 0.80 1.00 0.80 1.00 0.50 0.80 1.00 0.26 S3
sugar cane  1.00 1.00 1.00 0.80 1.00 0.80 0.80 1.00 0.51 S2
garlic 0.50 0.80 1.00 0.80 1.00 0.20 0.80 1.00 0.05 N
tomato 0.80 0.80 1.00 0.80 1.00 0.20 0.80 1.00 0.08 N
chilli 1.00 0.80 1.00 0.80 1.00 0.20 0.80 1.00 0.10 N
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Table A-21: Lam Sae reservoir land quality assessment results for cash crops in the

dry season (continued)

Land LUT temp. soil rooting  fertilizer EC irr. slope weight Hunw
Unit drainage  condition water  potential for ~ erosion  score ey
mechanization  hazard
Ci rice 1.00 0.50 1.00 0.50 1.00 0.50 0.50 0.80 0.05 N
corn 1.00 0.80 1.00 0.50 1.00 0.50 0.50 1.00 0.10 N
soybean 1.00 0.80 1.00 0.50 1.00 050 0.50 1.00 0.10 N
groundnut  1.00 0.80 1.00 0.50 1.00 0.50 0.50 1.00 0.10 N
mungbean  1.00 0.80 1.00 0.50 1.00 0.50 0.50 1.00 0.10 N
sugar cane  1.00 0.80 1.00 0.50 1.00 0.80 0.50 1.00 0.16 N
garlic 0.80 1.00 1.00 0.50 1.00 0.20 0.50 0.80 0.03 N
tomato 1.00 1.00 1.00 0.50 1.00 0.20 0.50 0.80 0.04 N
chilli 1.00 0.80 1.00 0.50 1.00 0.20 0.50 1.00 0.04 N
Cs rice 1.00 1.00 1.00 0.80 1.00 0.50 1.00 1.00 0.40 S2
corn 0.80 0.50 1.00 0.80 1.00 0.50 1.00 1.00 0.16 N
soybean 1.00 0.50 1.00 0.80 1.00 0.50 1.00 1.00 0.20 S3
groundnut  1.00 0.50 1.00 0.80 1.00 0.50 1.00 1.00 0.20 S3
mungbean  1.00 0.50 1.00 0.80 1.00 0.50 1.00 1.00 0.20 S3
sugar cane  1.00 0.80 1.00 0.80 1.00 0.80 1.00 1.00 0.51 S2
garlic 0.50 0.50 1.00 0.80 1.00 0.20 1.00 1.00 0.04 N
tomato 0.80 0.50 1.00 0.80 1.00 0.20 1.00 1.00 0.06 N
chilli 1.00 0.50 1.00 0.80 1.00 0.20 1.00 1.00 0.08 N
Kt rice 1.00 0.50 1.00 0.50 1.00 0.50 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.16 N
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
groundnut 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
mungbean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 0.80 0.80 1.00 0.32 S3
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 0.50 1.00 0.20 0.80 1.00 0.08 N
Np rice 1.00 1.00 1.00 1.00 1.00 0.50 1.00 1.00 0.50 S2
corn 0.80 0.50 1.00 1.00 1.00 0.50 1.00 1.00 0.20 S3
soybean 1.00 0.50 1.00 1.00 1.00 0.50 1.00 1.00 0.25 S3
groundnut 1.00 0.50 1.00 1.00 1.00 0.50 1.00 1.00 0.25 S3
mungbean  1.00 0.50 1.00 1.00 1.00 050 1.00 1.00 0.25 S3
sugar cane  1.00 0.80 1.00 1.00 1.00 0.80 1.00 1.00 0.64 S2
garlic 0.50 0.50 1.00 1.00 1.00 0.20 1.00 1.00 0.05 N
tomato 0.80 0.50 1.00 1.00 1.00 0.20 1.00 1.00 0.08 N
chilli 1.00 0.50 1.00 1.00 1.00 0.20 1.00 1.00 0.10 N
Png  rice 1.00 0.50 1.00 0.50 1.00 0.50 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.16 N
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
groundnut  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
mungbean  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 0.80 0.80 1.00 0.32 S3
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 0.50 1.00 0.20 0.80 1.00 0.08 N
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Table A-21: Lam Sae reservoir land quality assessment results for cash crops in the

dry season (continued)

Land LUT temp. soil rooting  fertilizer EC irr. slope weight Hunw
Unit drainage  condition water  potential for ~ erosion  score ey
mechanization  hazard
Rb rice 1.00 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.32 S3
corn 0.80 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.13 N
soybean 1.00 0.50 1.00 0.80 1.00 050 0.80 1.00 0.16 N
groundnut  1.00 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.16 N
mungbean  1.00 0.50 1.00 0.80 1.00 0.50 0.80 1.00 0.16 N
sugar cane  1.00 0.80 1.00 0.80 1.00 0.80 0.80 1.00 0.41 S2
garlic 0.50 0.50 1.00 0.80 1.00 0.20 0.80 1.00 0.03 N
tomato 0.80 0.50 1.00 0.80 1.00 0.20 0.80 1.00 0.05 N
chilli 1.00 0.50 1.00 0.80 1.00 0.20 0.80 1.00 0.06 N
Re rice 1.00 1.00 1.00 0.80 1.00 0.50 1.00 1.00 0.40 S2
corn 0.80 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.26 S3
soybean 1.00 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.32 S3
groundnut  1.00 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.32 S3
mungbean  1.00 0.80 1.00 0.80 1.00 0.50 1.00 1.00 0.32 S3
sugar cane  1.00 1.00 1.00 0.80 1.00 0.80 1.00 1.00 0.64 S2
garlic 0.50 0.80 1.00 0.80 1.00 0.20 1.00 1.00 0.06 N
tomato 0.80 0.80 1.00 0.80 1.00 0.20 1.00 1.00 0.10 N
chilli 1.00 0.80 1.00 0.80 1.00 0.20 1.00 1.00 0.13 N
Sn rice 1.00 0.50 1.00 0.80 1.00 0.50 1.00 0.80 0.16 N
corn 0.80 1.00 1.00 0.80 1.00 0.50 1.00 1.00 0.32 S3
soybean 1.00 1.00 1.00 0.80 1.00 0.50 1.00 1.00 0.40 S2
groundnut 1.00 1.00 1.00 0.80 1.00 0.50 1.00 1.00 0.40 S2
mungbean 1.00 1.00 1.00 0.80 1.00 0.50 1.00 1.00 0.40 S2
sugar cane  1.00 1.00 1.00 0.80 1.00 0.80 1.00 1.00 0.64 S2
garlic 0.50 1.00 1.00 0.80 1.00 0.20 1.00 0.80 0.06 N
tomato 0.80 1.00 1.00 0.80 1.00 0.20 1.00 0.80 0.10 N
chilli 1.00 1.00 1.00 0.80 1.00 0.20 1.00 1.00 0.16 N
Su rice 1.00 0.50 1.00 0.80 1.00 0.50 0.80 0.80 0.13 N
corn 0.80 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.26 S3
soybean 1.00 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.32 S3
groundnut 1.00 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.32 S3
mungbean  1.00 1.00 1.00 0.80 1.00 0.50 0.80 1.00 0.32 S3
sugar cane  1.00 1.00 1.00 0.80 1.00 0.80 0.80 1.00 0.51 S2
garlic 0.50 1.00 1.00 0.80 1.00 0.20 0.80 0.80 0.05 N
tomato 0.80 1.00 1.00 0.80 1.00 0.20 0.80 0.80 0.08 N
chilli 1.00 1.00 1.00 0.80 1.00 0.20 0.80 1.00 0.13 N
Suk  rice 1.00 0.50 1.00 0.50 1.00 0.50 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.16 N
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
groundnut  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
mungbean  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 0.80 0.80 1.00 0.32 S3
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 0.50 1.00 0.20 0.80 1.00 0.08 N
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Table A-21: Lam Sae reservoir land quality assessment results for cash crops in the

dry season (continued)

Land LUT temp. soil rooting  fertilizer EC irr. slope weight Hunw
Unit drainage  condition water  potential for ~ erosion  score ey
mechanization  hazard
Wa rice 1.00 1.00 1.00 1.00 1.00 0.50 0.80 1.00 0.40 S2
corn 0.80 0.80 1.00 1.00 1.00 0.50 0.80 1.00 0.26 S3
soybean 1.00 0.80 1.00 1.00 1.00 0.0 0.80 1.00 0.32 S3
groundnut  1.00 0.80 1.00 1.00 1.00 050 0.80 1.00 0.32 S3
mungbean  1.00 0.80 1.00 1.00 IN00 0150 0.80 1.00 0.32 S3
sugar cane  1.00 1.00 1.00 1.00 1.00 0.80 0.80 1.00 0.64 S2
garlic 0.50 0.80 1.00 1.00 1.00 0.20 0.80 1.00 0.06 N
tomato 0.80 0.80 1.00 1.00 1.00 0.20 0.80 1.00 0.10 N
chilli 1.00 0.80 1.00 1.00 1.00 0.20 0.80 1.00 0.13 N
Wn  rice 1.00 0.50 1.00 0.50 1.00 0.50 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.16 N
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
groundnut  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
mungbean  1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 0.80 0.80 1.00 0.32 S3
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 0.50 1.00 0.20 0.80 1.00 0.08 N
Yt rice 1.00 0.50 1.00 0.50 1.00 0.50 0.80 0.80 0.08 N
corn 0.80 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.16 N
soybean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
groundnut 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
mungbean 1.00 1.00 1.00 0.50 1.00 0.50 0.80 1.00 0.20 S3
sugar cane  1.00 1.00 1.00 0.50 1.00 0.80 0.80 1.00 0.32 S3
garlic 0.50 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.03 N
tomato 0.80 1.00 1.00 0.50 1.00 0.20 0.80 0.80 0.05 N
chilli 1.00 1.00 1.00 0.50 1.00 0.20 0.80 1.00 0.08 N
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Table A-22: Land suitability standard to cultivate rice by weight-score method

Aumniia tade HwiIIA AnNdIAYy szAUANMHINzaNveatady
Amilu AN manzan
Viwitn wanzaud  thunang fion Taimanza
[GHITSIEY) (AEUUU3) (ASUUU2) (AEunU1)
Qi qungiman 031 C 0.00 22-30 31-33 34-35 >35
23-19 21-20 19-18 <18
mmﬂffyu ﬂ?mm{vﬁaqgwwﬂ@‘n mm. 1.50 700-800 550-700 400-550 <400
qhﬂfﬁqﬁﬂsigﬁu hou 1.50 3.5-4.5 3,5 2555 >2>55
anwdhalszTonl  msszuiaiivesiu Az 0.50 mamn Aot a fun
V9I0ONTFIIU
nIviEnuess N AnwAnvesau cm 0.50 >50 25-50 15-25 <15
Li{aﬁu BT 0.50 Loam, Silt, Sandy Clay ~ Sandy NS0
Silty Clay Loam Loam N899
Loam, ileia
Silt Loam,
,Clay Loam
Anvgavauysal P ppm 0.50 >25 10-25 <10
MIPATATIA
RRV(RF] K ppm 0.50 >60 30-60 <30
nazauiuy oM % 0.50 >3 1-3 <1
VDIFINDINIT pH 0.50 5.6-7.3 7.4-7.8 7.9-8.4 >8.4
CEC meqg/100gs 0.50 >15 5-15 <5
BS % 0.50 >50 <35-50 <35
EC mmho/cm. 0.50 <2 2-5 5-8 >8
fnenIn ANNAATU % 1.00 0-1 0-1 1-3 >3
msl3in3eing Bmaduluduguan % 1.00 0-1 1-5 5-15 >15
saniminuas
ASUUU 10.00 31-40 21-30 11-20 0-10
2 v
wneig  1/Qungiluiundn e iy

Y

2 /azuuusin mihminvesililsgudieszaudosazuunvesilede
K{ Aa =~ o o 9

31-40 AgUUU MINEDINAUTANUMINEANINTMTU1gnUN7

21-30 Azuuy winedenaulianuminzaviunasdmsulgndn

a 9 o @ 9
11-20 AgHUU WN'IEJﬁ\‘]ﬁ@Hﬁﬂ’J'HJLW?J'I&ﬁ?JH@ﬂﬁﬂfii“ﬂﬂ@,ﬂﬂﬂ'}

a

=2 A 1= 9 @ 9
0-10 AZLIUU ﬁiJWEJi‘I\'iTIﬂuulﬁJiJﬂ’JHJLWJJW?HJ?H‘I’T'i‘]JﬂQﬂ"UTJ
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Table A-23: Land suitability standard to cultivate corn by weight-score method

AumwiiaY tode HiIIa ANudIAEY szAUANMHINZaNveaifady
fAondu mInzan MINZaN
Vimiin manzand  thunans o Tadminzan
(AEunU4) (AEUUU3) (AEUUU2) (AgunU1)
QUi Qmﬁ@‘ﬁmfﬁ'a 0371 C 0.00 24-27 28-31 32-35 yenmile
23-19 18-15 NNFN
mm“f‘;u 1{19]1&!51?;8518?] mm. 1.50 1600-2500 1200-1600 900-1200 <900

2500-3000 3000-4000 >4000
%
anudutszlond  msszinmivesdu T 1.00 A faAun fouted 1 182170

VDIDINFHIIU

mIniaEnuess N amAnvesdu cm 1.00 >100 50-100 25-50 <25
gﬁy'g)ﬁu ¥ia 1.00 Loam, Silt, Loamy Silty Clay n599
Silt Clay Sand N31899
Loam,Silt mile13a
Loam,
Sandy Clay
Loam
,Clay Loam
Anwgawauysal P ppm 0.50 >25 6-25 <6
M39ATATIA
91113 K ppm 0.50 >60 30-60 <30
uazanniuiy OM % 0.50 >2.5 1-2.5 <1.5
YDIBINDINIT pH 0.50 5.6-7.3 74-7.8 7.9-8.4 >8.4
CEC meqg/100gs  0.50 >15 5-15 <5
BS % 0.50 >75 <35-75 <35
EC mmho/cm. 0.50 <25 2.5-95 9-11 >11
Anonin ANVAINTY % 1.00 0-5 5-12 12-20 >20
mslfin3eing Usmaiuluduguan % 1.00 0-1 1-5 5-15 >15

Y
sanhminuay

ASUUY 10.00 31-40 21-30 11-20 0-10

I
A

WK 1. /gauvgilununAnyde Iy
Y
2 /nziuusin miminvesililsgudieszaudosazuunvesilede
£ Aa =~ o v 9
31-40 AzuuN vdINANNANUMINEaNINd 1T UgnU1d Tna
21-30 Azuuy winedsnaulianumanzauiunandmsulgndn Tna
11-20 Azuuy nuedanauianungaudosdmsuigndninae

=2 Aa 12 9 12 Y
0-10 ALLUY °Vi3J1Elﬂ\‘11’1ﬂ1!lliJ1Jﬂ’NiJLﬁNW%ﬁMﬁWHiUﬂQﬂ"lﬂ’ﬂWﬂ
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Table A-24: Land suitability standard to cultivate soybean by weight-score method

ﬂmmwﬁﬁu adu e Ta ANNMAY szAUAMMHINz ANV afady
Aanilu wnzaN HNZaN
Vihmiin wanzaud  thunans fion iz
(AZMU4) (AZHUU3) (AZHUU2) (AzHUu1)
Qungl qmﬁgﬁmﬁlﬂ 2971 C 0.00 21-30 31-32 33-35 >35
23-19 20-18 17-13 <13
ATAL Ynanhshamzdgn mm. 150 450700 450-300 300-350 <300
Ay
sz Toand mssznmiesau anne 1.00 & Dadun @ Dadun doused 127 4132
V9I0ONFIIU nn
MsvdEnuess N AnuEnvesiu cm 1.00 >100 50-100 25-50 <25
gffaﬁu %iiq 1.00 Silt Loam, Loamy Sandy Clay  nsaa
,Clay Loam  Sand Loam N8990
Anuganauysal P ppm 0.50 >25 6-25 <6
M3gatATIg
91113 K ppm 0.50 >60 30-60 <30
nazaMuiuy oM % 0.50 >2.5 1-2.5 <15
VDIFNDINT pH 0.50 5.6-7.3 7.4-7.8 7.9-8.4 >8.4
CEC meq/100gs 0.50 >20 5-20 <5
BS % 0.50 >50 <50
EC mmho/cm. 0.50 <2 2-4 4-8 >8
fnonn ANNAATU % 1.00 0-5 5-12 12-20 >20
mslfinTeaing WFmaiuluduguan % 1.00 0-1 1-5 5-15 >15
sanhmiuag
AZLUUU 10.00 31-40 21-30 11-20 0-10
a A A= A 1w
UV 1./qmﬁgmﬁluwuwﬁﬂmamnmﬂu

2 /nziuusin miminvesililsgudieszaudosazuunvesilede

Y

31-40 Azuuu vinedenaulanurnzaunnd s vlgnaamaes

= d‘a = o [ u‘/ =
21-30 AgLUU WNWEJ‘O\‘]‘V]@H?J?]’N?JMIJWﬁﬂJﬂ1uﬂﬁNﬁ1ﬂiUﬂQﬂﬂ’JH’iﬁ@\‘i

= d‘Q = Y o [ e’/ A
11-20 AZLUY ﬁNWﬂﬂQﬂﬂuuﬂ?’]MlﬁN’WﬁMn@ﬂﬁ"lﬂﬁﬂﬂ@jﬂﬂ')!ﬁﬁﬂﬂ

a

= A 1= 9 [ o =
0-10 AZLIUY wmammu”lmmmmmzﬁummuﬂgﬂmmam
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Table A-25: Land suitability standard to cultivate groundnut by weight-score method

uMniaY tade HwiIIA AnNdIAYy szAUAMMHINZ AN TadY
Aoy gy WAy
v, ~ y ,
simiain winzaud  thunas Yioe Nimanzau
[GHITSIEY) (AZUUU3) (AEUUU2) (AguUU1)
QN qungiimio 03 C 0.00 22-30 31-33 34-35 >35
21-19 18-15 <15
anudesmsihluggnia
ﬂ’J1i,|‘§u ﬂgn mm. 1.50 400-600 350-400 300-350 <300
5 2 E a as o L9 A
anuilulszloni  maszunerivesau iz 1.00 A DeAnn AoudA ) 10NN
V0I0NFIIU
MsnEIENveTIN  ANWANYeAY cm 1.00 >50 30-50 20-30 <20
ioau ¥iin 1.00 Silty Clay Sandy Clay  ClayLoam  n3aa
Loam, Loam 31099
Silt Loam, Sandy 1witleava
Loam
Anugananysel P ppm 0.50 >16 3-16 <3
M3IQATATIA
01113 K ppm 0.50 >30 <30
nazanuiluity oM % 0.50 >15 0.5-1.5 <05
VOIFINDINT pH 0.50 5.6-7.3 7.4-7.8 7.9-8.4 >8.4
5.1-5.5 5.0-4.5 <45
CEC meq/100gs 0.50 >20 5-20 <5
BS % 0.50 >50 <50
EC mmho/cm. 0.50 <2 3-4 4-6 >6
fnonw ANNAATU % 1.00 0-5 5-12 12-20 >20
mslfiaToaing Painluduguay % 1.00 0-1 1-5 5-15 >15
aviniay
ASLUUU 10.00 31-40 21-30 11-20 0-10
v v
a = AR A 1 ' o
UV 1./’qmﬁaﬂiuWUﬂﬂﬂBWﬂ@ﬁ%ﬂWﬂu

Y

2 /azinuusin miiinvesililsgudieszaudosazuunvesilede

31-40 azuuu inedenaulanumnzaunnd s ulgnaaada

=3 d‘a = ) [ q'/ a
21-30 AgLUU wmammuummmmxﬁuﬂmﬂmmmwﬂqﬂmam

= d‘Q = Y o [ v A
11-20 AZLUY ﬁNWﬂﬂQﬂﬂuNﬂTﬁJlﬁN’WﬁMn@ﬂﬁ"ﬁ"iﬁUﬂ@jﬂﬂ?ﬁﬁﬂ

a

0-10 Azuuy nunedanau ullianungaudmsvilgnoiada
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Table A-26: Land suitability standard to cultivate mungbean by weight-score method

uMniaY tode HwiIIa anNdIAYy szAUANMHINZ AN TadY
Aoy gy WAy
v, ~ y ,
simiain winzaud  thunas Yioe Nimanzau
[GHITSIEY) (AZUUU3) (AEUUU2) (AguUU1)
Qi qungiman 031 C 0.00 20-30 31-32 33-35 >35
19-17 16-15 <15
anudesmsihluggnia
mm«f;u ﬂgn mm. 1.50 350-500 250-350 200-250 <200
5 2 E a asa L9 A
anuilulszloni  masznerivesau iz 1.00 A DeAnn AoudA 1m0 10N
V0I0NFHIIU
MINEIENveTIN  ANWANYeIAY cm 1.00 >50 30-50 15-30 <15
iioau ¥iin 1.00 Silt Clay Sandy Clay  Sandy N9
Loam, Loam Loam
Silt Loam, NI
Clay Loam wileada
Anwgavawysal P ppm 0.50 >10 3-10 <3
MIgATATIA
91113 K ppm 0.50 >30 <30
nazauiuy oM % 0.50 >25 1-2.5 <1
VDITINDINT pH 0.50 6.1-6.5 6.6-7.8 7.9-8.4 >8.4
5.1-6.0 4.5-5.0
CEC meq/100gs 0.50 >15 5-15 <5
BS % 0.50 >35 <35
EC mmho/cm. 0.50 2 2-4 4-8 8
fnonn ANNAATU % 1.00 0-5 5-12 12-20 >20
maldinsoing Painluduguay % 1.00 0-1 1-5 5-15 >15
vy
ASLUUU 10.00 31-40 21-30 11-20 0-10
v v
a = AR A 1 ' o
UV 1./QNﬁQMiHWUﬂﬂﬂBWQ@?TW]"Iﬂu

Y

2 /azinuusin miiinvesililsgudieszaudosazuunvesilede
2 Aa a 9 2 v A
31-40 Azuuu INgdINALANUMINZaNInd M ugndaed
=3 d‘a = ) [ u‘/ =
21-30 Aguuu vieasnaulaNungamhunandmsulgnaae
= d‘Q = Y o [ e’/ =
11-20 AzuUU MnedInAuiA NIz aNtosdmTulgnaaved

a

= A 1= 9 [ U A
0-10 AZLIUY wmammu”lmmmmmzﬁummuﬂgﬂmmm



Fac. of Grad. Studies, Mahidol Univ.

M.Sc. (Inf. Man. on Env. and Res.)/ 167

Table A-27: Land suitability standard to cultivate sugar cane by weight-score method

Aumniia tade HwiIIA AnNdIAYy szAUAMMHINZ AN TadY
Amilu AN manzan
Viwitn wanzaud  thunang Tioy Thimianzan
[GHITSIEY) (AEUUU3) (AEUNU2) (AguUU1)
Qi Qmwgﬁmﬁsj 0971 C 0.00 24-27 28-31 32-35 uanMile
23-19 18-15 NFN
mm«f;u ﬂ?mmif‘wﬁaqmwﬂ@‘n mm. 1.50 500-800 400-500 300-400 <300
anudhalszTonl  msszuiaivesdu anng 1.00 @ DaAun Aoudngd Aot [CRRGRITN)
V9I0ONTFIIU
mIvieEnuessIn  Anwdnvesan cm 1.00 >100 50-100 25-50 <25
L'ifaau ¥ia 1.00 Loam, Silt, Sandy Sandy 379
Silt Clay Clay Loam Loam N31099
Loam, mile1ia
Silt Loam,
,Clay Loam
mmqummﬁ P ppm 0.50 >25 6-25 <6
MIYATATIA
RRV(RF] K ppm 0.50 >60 30-60 <30
nazauiuiy oM % 0.50 >2.5 1-2.5 <15
VOIFINDINIT pH 0.50 5.6-7.3 7.4-7.8 7.9-84 >8.4
CEC meq/100gs 0.50 >15 3-15 <3
BS % 0.50 >50 <50
EC mmho/cm. 0.50 <2 2-4 4-8 >5
fngnIn ANNAATU % 1.00 0-5 5-12 12-20 >20
m3l3inseing maduluduguan % 1.00 0-5 1-5 5-15 >15
saniminuas
ASUUU 10.00 31-40 21-30 11-20 0-10
a A A 11w
U 1./@“&!1(7{]11111 NANHINDIUNINUY

Y
o o [ 4 v Y
2./AZUUUTIN INUIN ﬂﬂl@\‘l‘ﬂi]i]ﬂﬂmﬂ’Jﬂﬁgﬂﬂﬂﬁlﬁlﬂguuuﬂlﬂﬂﬂﬂﬂﬂ

31-40 azuuu nueieiauiinnunzavund msulgnina Tna

21-30 Azuuy vinedenaulianuminzauiunandmsulgndn Tna

{a Y o w Y
11-20 AzuuY wnedanauiia Uz auiosdmsulgndininag

a

=2 A 1 9 v 9
0-10 ALIUU ﬂiJWEJﬂW]ﬂullﬂJﬂJﬂ’ﬂiJm;ﬂ%ﬁﬂJﬁTﬁi‘U‘ﬂQﬂﬂJTJIWﬂ
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Table A-28: Land suitability standard to cultivate tomato by weight-score method

uUMNAAY tade wiheda ANNEIAY szAUAMMHINzaNveafady
A«
Aily HINZa Hnzaw
" o 5 ,
Wmiin mnzaad  thunang vioe Timianzan

(PZUUU4) (PZUUU3) (AzHUU2) (A1)

qaungi qunigiinge 84mM C 0.00 18-25 26-28
23-19 18-15
v o
anuaeamsilu
AN ggmailgn mm. 1.50 450-600  400-450 350-400 <350
anuiudszlond  mIsszueivesdu anng 1.00 @ Dafnn Aoudnad 1m0 182110

V0I00NFHIIU

msvdeEnuessn  AnuAnvesdu cm 1.00 >100 50-100 25-50 <25
iffodu ¥iip 1.00 Loam, Silt,  Sandy Clay  Sandy 13579
Silt Clay Loam Loam N899
Loam, miloaia
Silt Loam,
,Clay
Loam
Anvgavawysal P ppm 0.50 >25 6-25 <6
MIPATATIA
RRNIRE) K ppm 0.50 >60 30-60 <30
nazauiuny oM % 0.50 >2.5 1-2.5 <1.5
YOITINOINT pH 0.50 5.6-6.5 6.6-7.8 7.9-8.4 >8.4
5.1-56.5 4.5-5.0 <45
CEC meq/100gs 0.50 >15 5-15 <5
BS % 0.50 >35 <35
EC mmho/cm. 0.50 <2.5 2.5-5 5-7.5 >7.5
fnenIn ANUAATY % 1.00 0-5 5-12 12-20 >20
m3l3in3eing Bmaduluduguan % 1.00 0-1 1-5 5-15 >15

ahiiniay
ASUUU 10.00 31-40 21-30 11-20 0-10

v
A

weig  1./guugilunundnyide iy
Y
2 /aziuusin mihminvesililsgudieszaudosazuunvesilede
= Aa ~ o w A
31-40 AgUUYN MINEDINAUTANUMINE AT MU gauzvaImA
21-30 azuuu ninedsnauiianumrmnzaniunandmsuilgmlgnuzwems

2 Aa a 9 o v A
11-20 AgHUU wmamm@uummmmzﬁuuaﬂamwﬂgﬂﬂgﬂmmamﬁ

KX aa 1 o o A
0-10 AZILUU ﬁﬂJ"]FJE]\WIWLﬂNNﬁfJ’]NmN’]xﬁN@’Wﬂ?Uﬂ@“ﬂﬂQﬂﬁ\lﬁimﬂLVlﬂ
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Table A-29: Land suitability standard to cultivate yard-long bean by weight-score

method
uMniaY tade Hiwia ANy szAUAMMHINzaNveatfady
Aanilu HAZaN HANZaN
Thviain wangaaud  thunane 1io8 Tininzan
[GHOTTEY] (AZUUU3) (AEUUU2) (AEUnU1)
QN qungiinde 09 C 0.00 18-20 21-24 25-30 >30
17-15 14-12 <12
v s
anudesmstilu
ANVAU q@maﬂgn mm. 1.50 350-500 250-350 200-250 <200
5 2 4 a a oA VY oA
anuilulszloni  msszuieiivesau ang 1.00 A D9AuN AOUIA Gk GRITR0
V0I0NFIIU
MHEIENveTIN  ANNANYEIRY cm 1.00 >100 50-100 25-50 <25
iiafAu ¥7ia 1.00 Loam, Silt, Loamy Sandy Clay  n3ae
Silt Clay Sand Loam N899
Loam, ,Clay Loam
Silt Loam, Silty Clay 11iieIda
mmqmﬁmysfﬁ [ ppm 0.50 >15 6-15 <6
M3IQATATIA
91113 K ppm 0.50 >30 <30
wazanuiluiiy OoMm % 0.50 >25 1-2.5 <1
VOIFINDINIT pH 0.50 5.6-7.3 7.4-7.8 7.9-8.4 >8.4
CEC meq/100gs 0.50 >15 5-15 <5
BS % 0.50 >35 <35
EC mmho/cm. 0.50 <2 2-4 4-8 >8
AneNIN ANVAIATU % 1.00 0-5 5-12 12-20 >20
maldingoeing WEmaiuluduguan % 1.00 0-1 1-5 5-15 >15
Ny
AZLUUU 10.00 31-40 21-30 11-20 0-10
2 v
a = A R A 1 ' o
HHYLYIR 1./qmwgﬂuwuwﬂﬂmamnmﬂu

Y

2 /nzinuusin miminvesililsgudieszaudosazuunvesileds

= d‘a = <) [ U v
31-40 Azuuy vgdInaNlANuMINEaNINNd I Ulgnd e
21-30 Az vetenauiianumngavihunandmivilgnaiilnen
11-20 pzuuy nueianaulnnungauiosdmsuilgnaailne

=2 Aa 1= <) (2 U o
0-10 AZLUY WiJ'l‘('Jﬂ\W]ﬂuthiJﬂ'ﬂiJlﬁiﬂgﬁiJﬁ'l"rTﬁ“lJ“]J@,ﬂﬂ'JP\lﬂEJ'l'J
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Table A-30: Land suitability standard to cultivate mango by weight-score method

ammwﬁﬁu tode wiheda ANNMAY szAUAMMHINZ AN IadY
Aol wanzaN HNZaN
Vhwiin wanzaud  thunang fio Taimanzan
(Aznuud)  (AzUUU3) (AZHUU2) (A1)
Qungl qmﬁgﬁmﬁlﬂ 031 C 0.00 24-27 28-30 31-35 >35
23-20 19-13 <12
mm&]%u ﬁlwlumﬁ‘aswﬂ mm. 1.00 1200-1800 1800-2000 2000-3800 >3800
1000-1200 800-1000 <800
anwihlszloni  msszuiaiwesdu iz 1.00 @ DaAun @ DeAun Aouingad a1 faian
V9I0ONTFIIU 110
nIvieEnUess I Awdnvesdn cm 1.50 >150 100-150 50-100 <50
lfaﬁu ¥R 1.00 Loam, Silt, Sandy Clay Clay N30
Silty Clay Loam, N899
Loam, Sandy
Silt Loam, Loam
,Clay Loam
Anwgavauysal P ppm 0.50 >15 6-15 <6
MIATATIA
RRVGRE] K ppm 0.50 >60 30-60 <30
nagAniuiiy OM % 0.50 >25 125 <15
VOIFINDINT pH 0.50 5.6-6.5 6.5-7.8 7.9-8.4 >8.4
5.1-5.5 4.5-5.0 <45
CEC meq/100gs 0.50 >10 5-10 <5
BS % 0.50 >35 <35
EC mmho/cm. 0.50 <2 2-3 3-5 >5
fingnn ANVAIATY % 1.00 0-5 5-12 12-20 >20
m3ldinsoing waiinluduguay % 1.00 0-1 1-5 5-15 >15
sanminuas
AZLUUU 10.00 31-40 21-30 11-20 0-10
A A A A 1w
U181 1./qmﬁguiuwuﬂﬂﬂymmnmﬂu

9

2 /nzuuusin nnhwinvesililvgudisszaudosazuuuvesilede

31-40 AZUUY HUBDIN

a

AU

uaNurNzauNd s Ulgnuzaag

=< d’Q = o % 1
21-30 AgLUU “I/ill1Elﬂ\‘1‘VIﬂl.lllﬂ’JUJL‘ViﬂJWﬁiJ‘]hUﬂﬁNﬁTHﬁ‘U‘]J'sj.ﬂiJZN’N

=R Aa A Y o [ 1
11-20 AZHUY TiiJWEJﬂQ“VIﬂM‘JJﬂ?TJJLWJJWﬁ‘JJufJ‘EJﬁ’WWi‘]J‘]JQﬂiJSﬁJ’N

0-10 Azuvy vunedanau lulianuminzaudmiulgnuzig
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Table A-31: Land suitability standard to cultivate vegetable by weight-score method

Aumniia tade HwiIIA AnNdIAYy szAUAMMHINZ AN TadY
Amilu AN manzan
Viwitn wanzaud  thunang fion Thimianza
[GHITSIEY) (AEUUU3) (ASUUU2) (AguuU1)
QN qungiimio 03 C 0.00 15-20 21-23 24-25 >25
12-14 11-10 <10
mmé’mmaﬁyﬂquma
mm«f;u ﬂgn mm. 1.50 400-600 350-450 230-350 <250
anwihalszloni  msszuneivesiu anng 1.00 @ DaAwn Aoudned 187 1IN
VDI0ONFIIU
msndednuessin  AnuAEnvesdn cm 1.00 >100 50-100 25-50 <25
oA ¥iin 1.00 Loam, Silt, Loamy Sandy N9
Silt Clay Sand Clay Loam  n5189@
Loam, ,Clay Loam itleaTa
Silt Loam, Silty Clay
Anwgavawysal P ppm 0.50 >15 6-15 <6
MIQATATIA
01113 K ppm 0.50 >30 <30
sagAniuiiy OM % 0.50 >2.5 1-2.5 <1
VOIFINDINT pH 0.50 6.1-6.5 6.6-7.8 7.9-8.4 >8.4
5.1-6.0 4.5-5.0 <45
CEC meq/100gs 0.50 >15 5-15 <5
BS % 0.50 >35 <35
EC mmho/cm. 0.50 <2 2-4 4-8 >8
fingnn ANVAATY % 1.00 0-5 5-12 12-20 >20
mslfiaToaing Pswaiinludugay % 1.00 0-1 1-5 5-15 >15
sanfmninuas
AZLUUU 10.00 31-40 21-30 11-20 0-10

v

A A A A 1o
ﬂﬂ\lﬁlﬂlﬁﬁ! 1./Qﬂ!ﬁ@lﬂiuwu%ﬁﬂy']ﬂ@?'llﬂ1ﬂu

2 /nzinuusin miniinvesililsgaudieszaudosazuunvesilede

{a o o @ 9
31-40 Azuuy nueienaulianurInzavnd msulgndn (new azii)

21-30 Azuuu nuetsnaudinnungavilhunadwsulgndn (vow azil)

11-20 AzuuY vnedanauiinnumnzaudosdmsulgnin (vow azii)

a

0-10 Azuuw wanedenau lilinnungaudmsulgndn (new azii)
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APPENDIX B

Appendix /172

IsunsulunismiunfvanzanlunisUgnivairsugialilinasnddney 4 Tiad A

1. input.net

dulasniiuasaullagelda1uanslu Objective Function

input data 284 input.net (fusail

Areas of Soil Series (rai)
3.40 6925.28 1494482 7868.45 168.08 4921.63 864.70 46566.11
Cost (B/kg)
0.4 6.06 0.4 7.98 10.96 10.23 0.4 0.4
Product (kg/rai)
9270 671 9270 237 256 113 9270 9270
Average Cost (B/kg)
0.52 8.92 0.52 10.80 13.90 13.69 0.52 0.52
Nitrogen loss (kg/rai)
0.00110 0.07400 0.00110 0.06042 0.07333 0.05500 0.00110 0.00110
Phosphorus  loss (kg/rai)
0.00020 0.02044  0.00020 0.01667 0.01500 0.00400 0.00020  0.00020
Potassium  loss (kg/rai)
0.00110 0.00733  0.00110 0.03125 0.04000 0.01700 0.00110  0.00110
2. Areas.dat

Areas.dat 141 sub-routine @a initial, Areas.dat a¥RNNTLALANTIUBINLN L1406

a 1 dl % d‘ =< dl ' a ?:/ dl o ] { Y 1 1 dl
AzIARUTNNTRENgATNNINTgR TulAATIARUTIL lieTiN13gen gene Tt/ lutae

Al luwsazgamu
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0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

3.40

6925.28

6925.28

14944.82

14944.82

14944.82

14944.82

7868.45

3. network.DEM
ulnaduaasnsanumanizansesnisgnivaluusazgamu

4.

input data 289 network.DEM 114593

O ~NO O, WN PR

OOk OO0 o

O OO OO0 OoOooo|N

OO O0OO0OO0Or OO0O|Ww

OO O0OO0OOr OO~

O OO OO o oju

PR RPRRPRRPRRRo

O O OO O © OCAl

O OO OO0 O OoO|mw

O OO O OO O oo

l

—»  TANT

UIUBUANY
ey
mygnusiay

AR

THAYAAY anumnzawlumsigniiy
0 = limnzanlumagnive
1 = mngaulumsilgnivey
InputFile.out

dulasnlflunnsugneuaans program 189a1nM1n1s run program La5a@iuan
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Source Code

#include <stdio.h>
#include <conio.h>
#include <math.h>
#include <stdlib.h>
#include <string.h>
#include <process.h>
#include <time.h>

#define POPSIZE 500
#define INTERVAL 300
#define DELTA 0.00001
#define PrintMENU 0
#define NSOIL 14
#define NCROP 9
#define LENGTH 35
#define NCOST 12.85
#define PCOST 16.40
#define KCOST 11.15
int RandInt(int,int);

float
void
void
void
void
void
void
void
void
void
int
int
int
int
int
double
float
float
float
float

float

double

RandReal(float,float);

Read_inputfiles();

SwaplIntValues(int *, int *);

SwapRealValues(float *, float *);

nrerror(char *messg);

initial();

objective();

Tournament();

UniCrossMate();

ModMutate();

MaxGEN;

gen,R,inc,sumGen,index;

cindx[NSOIL][NCROP];
aindex[POPSIZE][LENGTH],num_crop[NSOIL];

Pl

ftnss[POPSIZE+1],0LD_minftnss,bestfit;

NofMu, PXOVER,;

lower[LENGTH],upper[LENGTH];

Pmutate, DELTA_ftnss;
initial_pop[POPSIZE][LENGTH],pop[POPSIZE][LENGTH],
ppop[LENGTH], mated_pop[POPSIZE][LENGTH];
AofSS[NSOIL],Cost[LENGTH],Product[LENGTH],AvCost[LENGTH],
Nloss[LENGTH],Ploss[LENGTH],Kloss[LENGTH];
psumprofit,psumnutrient_cost,psumN_cost,psumP_cost,psumK_cost,
psumareas[NSOIL],psumConstr,bestobj;

FILE *f1, *f2,*f3;

void main(void)

{

clock t start, finish;
float duration, TotalTime ;
TotalTime = 0.0f;

if(1(f1 = fopen("InputFile.out","w")))
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{
printf("can't open file InputFile.out\n™);
exit(1);

}
Read_inputfiles();
srand(1);
inc = 100;
MaxGEN = 15000;
PXOVER = 0.55f;
NofMu = 0.27f;
R = 1;
index = 0;
OLD_minftnss = 100.0f;
DELTA_ftnss = 100.0f;
bestfit = 1000000000000000.0f;

ftnss[POPSIZE] 100000000000000000000.0f;

start = clock();
initial );

for(gen = 0;gen<=MaxGEN;gen++)

objective();if(index == 999)break;
Tournament();

UniCrossMate();

ModMutate();

if(((gen+1)%INTERVAL) = = 0)

{
DELTA_ftnss =(float)fabs((double)((OLD_minftnss-ftnss[POPSIZE])/ftnss[POPSIZE]));
OLD_minftnss = ftnss[POPSIZE];

¥
¥

finish = clock();

duration = (float)(finish-start)/ CLOCKS_PER_SEC;
TotalTime = (float)(Total Time+duration);
printf("Time = %5.2f seconds\n",duration);
fprintf(f1,"Time = %5.2f seconds\n",duration);

(void) fclose(f1);
JEFFERER Main Program End **x*xx**/

void Read_inputfiles(void)
{

int ii,j,i;

int nc;

char title1[80],title2[80];
char inputfile[20],networkfile[20];

if(1(f2 = fopen("'Projfile.Ist","r")))
{
nrerror("Project file can not be opened") ;

/* now read the data file names */
fgets(inputfile, 20, f2) ;
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fgets(networkfile,20,f2);
for(ii = 0; ii < 20; ii++)

if(inputfile[ii] = = \n') inputfile[ii] = \0';
if(networkfile[ii] == "\n") networkfile[ii] = "\0";

¥
(void) fclose(f2) ;

/**************************************/

/* Now read input data */
if(!(f2 = fopen(inputfile,"r")))
{

nrerror(™ input file can not be opened™) ;

}

fgets(titlel, 80, f2);

fputs(titlel, f1);
for(j = 0; j < NSOIL; j++) fscanf(f2,"%f",&AofSSIj]);
fscanf(f2,"\n");
for(j = 0; j < NSOIL; j++) fprintf(f1,"%210.2f",AcfSSI[j]);
fprintf(f1,"\n");

fgets(titlel, 80, f2);

fputs(titlel,f1);
for(l = 0;I<LENGTH;l++) fscanf(f2,"%f",&Cost[l]);
fscanf(f2,"\n");
for(l = 0;I<LENGTH;I++) fprintf(f1,"%6.2f",Cost[l]);
fprintf(f1,"\n");

fgets(titlel, 80, f2);

fputs(titlel,f1);
for(l = 0;I<LENGTH;l++) fscanf(f2,"%f", &Product[l]);
fscanf(f2,"\n");
for(l = 0;I<KLENGTH;l++) fprintf(f1,"%210.2f", Product[l]);
fprintf(f1,"\n");

fgets(titlel, 80, f2);

fputs(titlel,f1);
for(l = 0;I<LENGTH;l++) fscanf(f2,"%f ", &AvCost[l]);
for(l = 0;I<LENGTH;I++) fprintf(f1,"%10.2f *, AvCost[l]);
fprintf(f1,"\n");

fgets(titlel, 80, f2);

fputs(titlel,f1);
for(l = 0;I<KLENGTH;l++) fscanf(f2,"%f ", &NIloss[l]);
for(l = 0;I<KLENGTH;I++) fprintf(f1,"%210.5f ", Nloss[l]);
fprintf(f1,"\n");

fgets(titlel, 80, f2);

fputs(titlel,f1);
for(l = 0;I<LENGTH;I++) fscanf(f2,"%f ", &Ploss][l]);
for(l = 0;I<LENGTH;I++) fprintf(f1,"%10.5f ", Ploss[1]);
fprintf(f1,"\n");

foets(titlel, 80, f2);



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. on Env. and Res.)/ 177

fputs(titlel,f1);
for(l = 0;I<LENGTH;I++) fscanf(f2,"%f ", &Kloss[I]);
for(l = 0;I<LENGTH;l++) fprintf(f1,"%210.5f ", Kloss[l]);
fprintf(f1,"\n");

(void)fclose(f2);

[FrFFFExEXEX read networkfile *F*x*x* ihalakaiele
if(1(f2 = fopen(networkfile,"r")))
{

nrerror(" network file can not be opened") ;

}

foets(title2, 80, f2);
fputs(title2,f1);
for(i = 0;i<NCROP;i++)

fscanf(f2,"%3d",&nc);
fprintf(f1,"%3d",nc);
}

fscanf(f2,"\n");
fprintf(f1,"\n");

for(j = 0;j<NSOIL;j++)
{

fscanf(f2,"%d",&nc);
fprintf(f1,"%d",nc);

for(i = 0;i<NCROP;i++)
fscanf(f2,"%3d",&cindx[j][i]);

fprintf(FL,"%3d" cindx[j][i]);

}
fscanf(f2,"%3d",&num_crop[j]);

fprintf(f1,"%3d",num_crop[jl);

fprintf(f1,"\n");
fscanf(f2,"\n");

}
(void) fclose(f2) ;
JEFFExRExRC|ose Read_inputfiles herg*******/

[***** Routine to print error message *****/
void nrerror(char *messg)

{

puts(messg) ;
exit(1) ;
}

/******************************************/

float RandReal (float lower,float upper)

float val;
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float nb = (upper - lower );
val = (float)(rand()%21000/1000.0*nb + lower);
return ((float)val);

¥

/******************************************/

int RandInt (int lower,int upper)

int val;

int nb = (upper - lower);

val = (rand()%nb + lower);

return val,
/******************************************/
void initial()

int p,l,j,num;

float  initAreg;
if(!(f3 = fopen("Areas.dat","r")))
!
printf(“can't open soil series areas.dat\n");

exit(1);
}

for(l = 0;I<LENGTH;l++) fscanf(f3,"%f%f",&lower[l],&upper[l]);

for(p = 0;p< POPSIZE;p++)

1=0;
if(l = = 0&&I<LENGTH)
{
for(j = 0; jJ< NSOIL ; j++)
initArea = upper|[l];
for(num = 0;num<num_crop[j];num++)
{
initial_pop[p][I] = RandReal(lower[l],initArea);
initArea = initArea - initial_pop[p][l];
pop[p][l] = initial_pop[p][I];
I =1+1;
}
}
}
}
if( PrintMENU = =1)
{

fprintf(f1,"Areas of Soil Series\n");

for(l = 0;I<LENGTH;I++) fprintf(f1,"%15.2f%15.2f\n",lower[l],upper[I]);

fprintf(f1,"Gen.0\n");
fprintf(f1,"Initial Population\n™);
for(p = O;p< POPSIZE;p++)

Appendix /178



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. on Env. and Res.)/ 179

fprintf(f1,"%3d)", p+1);
for(I =0; IKLENGTH ; I++)

fprintf(f1,"%15.2f", pop[p][]);
}
fprintf(f1,” \n");
}/end if printmenu

(void)fclose(f3);
}H/end initial loop

/******************************************/

void objective()

double profitfPOPSIZE][LENGTH],sumprofitfPOPSIZE];

double nutrient_cost[POPSIZE][LENGTH],sumnutrient_cost[POPSIZE];
double N_Cost[POPSIZE][LENGTH],sumN_cost[POPSIZE];

double P_Cost[POPSIZE][LENGTH],sumP_cost[POPSIZE];

double K_Cost[POPSIZE][LENGTH],sumK_cost[POPSIZE];

double obj[POPSIZE],minftnss;

float  sumareas[POPSIZE][NSOIL];

double constr[NSOIL],sumConstr[POPSIZE];

int p,lj.i,a;

for(p = 0; p< POPSIZE; p++)

ftnss[p] = 0.0f,
sumConstr[p] = 0.0f;
sumprofit[p] = 0.0f;
sumN_cost[p] = 0.0f;
sumP_cost[p] = 0.0f;
sumK_cost[p] = 0.0f;
sumnutrient_cost[p] = 0.0f;

Pmutate = (float)(NofMu/LENGTH);
for(l = 0;I<LENGTH;l++)

{
profit[p][l]
sumprofit[p]

(Product[1T*pop[p][1]*(AvCost[I]-Cost[1]));
(sumprofit[p]+profit[p][I]);

N_Cost[p][l]
P_Cost[p][l]
K_Cost[p][!]

((double)(Nloss[I]*Product[I]*NCOST*pop[p][]));
((double)(Ploss[I]*Product[I]*PCOST*pop[pl[]));
((double)(Kloss[I]*Product[lI]*KCOST*pop[p][!]));

sumN_cost[p]
sumP_cost[p]
sumK_cost[p]

sumN_cost[p]+N_Cost[p][l];
sumP_cost[p]+P_Cost[p][l];
sumK_cost[p]+K_Cost[p][l];

nutrient_cost[p][l] = N_Cost[p][1]+P_Cost[p][I]+K_Cost[p][];
sumnutrient_cost[p] = sumnutrient_cost[p]+nutrient_cost[p][l];

} //end of I loop
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a=0;
if(a==0 && a<LENGTH)
for(j = 0;j<NSOIL;j++)
{
sumareas[p][j] = 0.0f;
for(i = 0;i<num_crop[j];i++)

sumareas[p][jl = (float)(sumareas[p][j]+pop[pl[al);
a=atl;

}
if(sumareas[p][j]>AofSS][j])
{
constr[j] = (double)R*(pow((sumareas[p][j]-AofSSI[j]),2));
else
{
constr[j] = 0.0f;

sumConstr[p] = constr[j]+sumConstr[p] ;
Hlend of j = soils loop

obj[p] = ((double)pow((sumprofit[p]+(1/sumnutrient_cost[p])),2));
ftnss[p] = (1/obj[p]) + sumConstr[p];

if(bestfit > ftnss[p])

{
bestfit = ftnss[p];
bestobj = obj[pl;
psumN_cost = sumN_cost[p];
psumP_cost = sumP_cost[p];
psumK_cost = sumK_cost[p];
psumprofit = sumprofit[p];
psumConstr = sumConstr[p];

psumnutrient_cost sumnutrient_cost[p];

a=0;
if(a==0 && a<LENGTH)
for(j = 0;j<NSOIL;j++)
{
sumareas[p][j] = 0.0f;

for(i=0;i<num_crop[j];i++)

sumareas[p][j] = (float)(sumareas[p][j]+pop[pl[al);

a=at+l;

¥
psumareas[j]=sumareas[p][j];

X

for(I=0;I<LENGTH;I++)
ppop[l] = pop[p][l];

¥
}/end of p loop

if (gen = = MaxGEN || DELTA _ftnss <= DELTA)
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index = 999;
fprintf(f1,"Soil areas#\n");
for(l = 0;I<LENGTH;l++)

fprintf(f1,"%210.2f" ,ppop[l]);
}
fprintf(f1,"\n");

fprintf(f1," bestobj = %16.2f\n",bestobj);
for(j = 0;j<NSOIL;j++)

fprintf(f1," psumareas of soil %d = %16.2f\n" j+1,psumareas]j]);

}

fprintf(f1," psumprofit = %216.2f\n",psumprofit);

fprintf(f1," psumN_cost = %16.2f\n",psumN_cost);
fprintf(f1,” psumP_cost = %16.2f\n",psumP_cost);
fprintf(f1," psumK_cost = %16.2f\n",psumK_cost);

fprintf(f1," psumnutrient cost = %11.2f\n",psumnutrient_cost);

fprintf(f1,"PX %4.2f Mu %4.2f MaxGEN %4d gen %3d POPSIZE %3d bestobj %10.2f R
%5d psumConstr %7.2f ", PXOVER, NofMu, MaxGEN, gen, POPSIZE, bestobj,R,psumConstr);

printf("PX %4.2f Mu %4.2f MaxGEN %4d gen %3d POPSIZE %3d bestobj %10.2f R %5d
psumConstr %7.2f \n", PXOVER, NofMu, MaxGEN, gen, POPSIZE, bestobj, R, psumConstr);

}

minftnss = ftnss[0];
for(p=0; p<POPSIZE; p++)
{
if(ftnss[p] < minftnss) minftnss = ftnss[p];
if(ftnss[p] < ftnss[POPSIZE]) ftnss[POPSIZE] = ftnss[p];

printf("%5d %16.2f %25.2f\n",gen+1, bestobj, psumConstr);
}

//*********************************************************************//

void Tournament()

{

int ii,jj,mem,l;

for(mem=0; mem < POPSIZE; mem-++)

{
ii = RandInt(0,POPSIZE-1);
ji = RandInt(0,POPSIZE-1);

if(ftnss[ii] <= ftnss[jj])
{
for(I1=0; IKLENGTH; I++)

{
mated_pop[mem][I] = poplii][l];

}
if(ftnss[ii] > ftnss[jj])
{
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for(I=0; IKLENGTH,; [++)

{
mated_pop[mem][l] = pop[jjl[l];

}
if ( PrintMENU = = 1)

fprintf(f1,"\n After Tournament Selection \n");
for(mem=0; mem<POPSIZE; mem++)

fprintf(f1,"%3d)", mem+1);
for(l = 0; ISLENGTH; I++)

fprintf(f1,"%15.2f",mated_pop[mem][l]);
}
fprintf(f1,"\n");

}
fprintf(f1,"end\n");
fprintf(f1,"\n");

}

}/ end of tournament

/*********************************/

void UNIXOVER(int i1, int i2)

{
int kk,1/* bindex[LENGTH]*/;

for(I= 0; I<LENGTH; I++)

kk = rand()&01;
if(kk = = 1) SwapRealValues(&mated_pop[il][l],&mated_pop[i2][l]);
}
}

/**********-k*****-k*********************/

void UniCrossMate()
{

int mem, num_select,one,l;
float Prob_X;
num_select = 0;

for (mem = 0; mem< POPSIZE ; mem++)
{
Prob_X = rand()%1000/1000.0f;
if (Prob_X < PXOVER)
{
++num_select;
if(num_select%?2 = = 0)

UNIXOVER(one,mem);
}

else one = mem;
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¥
¥

if(PrintMENU = = 1)

fprintf(f1,"AFTER CROSSOVER\n");
for(mem = 0; mem<POPSIZE; mem++)
{

fprintf(f1,"%3d)", mem+1);

for(I =0; | < LENGTH; I++)

fprintf(f1,"%215.2f", mated_pop[mem][l]);
}
fprintf(f1,"\n");

}
fprintf(f1,"end\n");
}

¥

/******************************/

void ModMutate()
{8
int mutant;
intp,l;
doubler;

for (p = 0;p<POPSIZE;p++)

for(l = 0;I<LENGTH;l++)
{
r = rand()%21000/1000.0;
if(r<Pmutate)
{
mutant = rand()&01;
if(mutant==1)

{

mated_pop[p][l] = (mated_pop[p][I] + inc);
}
else
{

mated_pop[p][l] = (mated_pop[p][!] - inc);
}

}
fscanf(f3,"%f%f",&lower[l],&upper]l]);
if(mated_pop[p][I]>upper[I])

{

mated_pop[p][I] = upper[l];

if(mated_pop[p][l]<lower[l])
{

mated_pop[p][l] = lower[l];

}
for(l = 0; I< LENGTH; I++)
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pop[p][l] = mated_pop[p][l];

}
if (PrintMENU = =1)
{
fprintf(f1,"\nMutated Population \n™);
for(p=0;p<POPSIZE;p++)
fprintf(f1,"%3d)", p+1);
for(I = 0; ISLENGTH; I++)
fprintf(f1,"%15.2f",pop[pl[]);
}
fprintf(f1,"\n");
}
fprintf(f1,"end\n");
fprintf(f1,"\n");
3

}

/***-k******-k****************************/

/I Routine to swop value
void SwaplIntValues(int *x, int *y)
{

int temp;

temp = *x;

*X:*y;

*y=temp;

/***************************************l

void SwapRealValues(float *xx, float*yy)

{

float temp;

temp = *xx;

XX = *yy;

*yy = temp;
}

/***************************************/
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