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A comparative study on cost and benefit of rice culture and rice-fish culture under
different rates of chemical fertilizer application was carried out in a farmer’s field at
Bangplama district, Suphanburi province. The experiment was done during the second crop,
transplanting rice cultivation. Mixed chemical fertilizer 16-20-0 was applied at the rate of 30
kg/rai on day 7 after transplanting and urea fertilizer 46-0-0 was applied-at 15 kg/rai, 60 days
after seedling, as recommended by the Department of Agriculture. There were 5 treatments:
rice culture with 100% fertilizer application and rice-fish culture with 100, 75, 50 and 25%
chemical fertilizer application, with three replications, 5x5 m’ (25 m?) per plot. Sex reversed
Oreochromis niloticus, 11 cm in length and 25-30 gm in weight, were stocked at 4 fish/m? and
KLG 83055-1-1-1-2-1-4 rice variety was grown at the rate of 6 kg/rai. Rice bran was used as
fish food at the rate of 5% of fish body weight once a day and neem extract 100 cc/40 litres of
water/rai ,was used as pesticides. The production cost and benefit were recorded. Cost-benefit
analysis, net present value, benefit-cost ratio, internal rate of return and sensitivity were
analysed for 1 rai in 10 years period and 12% of discount rate.

The results indicated that there was no difference between rice farming of farmer who
owned and who rented the land. Rice-fish culture with 100% chemical fertilizer
application gave the highest return (8,764.75 baht/rai). The return decreased when the
chemical fertilizer application rate decreased. Rice culture without fish gave the return
4,959.44 baht /rai. The production cost of rice culture without fish was the lowest
(3,025.21 baht/rai) and tended to increase when the chemical fertilizer application rate
increased. The cost-benefit analysis calculated in 10 years at 12% of discount rate
indicated that all treatments provided a profit. The profit from rice-fish culture with 100%
chemical fertilizer application was the highest (38,161.13 baht/rai of NPV, 1.63 times B/C
ratio and 36.43% of IRR). The profit decreased when the chemical fertilizer application
decreased. The profit of rice-fish culture under 25% chemical fertilizer application was the
lowest (8,488.60 baht/rai of NPV, 1.15 times of B/C ratio and 33.83% of IRR). The profit
from rice culture without fish was in the same range as the profit from rice-fish culture
with 75% and 50% fertilizer application. When the production factors changed, the profit
of rice culture without fish and rice-fish culture under 50 and 25% chemical fertilizer
application tended to decrease dramatically to nonprofit, While the profit of rice-fish
culture under 100 and 75% chemical fertilizer application changed but still profitable. The
economic analysis indicated that the chemical fertilizer application could be reduced by
25% (or 75% of normal rate) in rice-fish culture and still, the profit was higher than rice
culture without fish.
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CHAPTER 1
INTRODUCTION

1.1 Background and problems

For the past 3-4 decades, rice monoculture has been the major production system
in the Central Plain of Thailand. Heavy machineries, high yield varieties of rice and
chemical pesticides have been used along with chemical fertilizers to increase rice
yield. According to the Office of Agricultural Economics (1995) (1), the central region
had higher rate of using modern technology but much less planted area than the other

regions (Table 1-1).

Modern technology has led to the higher cost of production. In 1995, the central
region had the total cost of rice production of 3,311.02 baht/rai, which was higher than
of the other regions (Table 1-1). The value of importation of chemical fertilizers and
pesticides of Thailand had also higher rate from 2,736.5 million baht in 1977 to
19,433.10 million baht in 1995 or 12.56% increased per year on average (Table 1-2)
(2,3,4,5,6,7&8).
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Table 1-1 : Rice planted area, productivity and cost by region in 1995.

Items northeast north central’/ south
Total land area (Rais) 105,533,963 | 106,027,680 | 64,196,992 | 44,196,992
Farm holding land (Rais) 57,615,984 | 28,904,863 | 27,547,973 17,202,073
¢ Planted area (Rais) 32,359,069 14,516,384 13,515,044 2,962,506
- Major rice 32,024,711 12,772,740 9,762,606 2,846,934
- Second rice 334,358 1,743,644 3,752,438 115,572
® Production (Tons) 8,587,022 5,857,289 6,610,299 960,871
- Major rice 8,435,539 4,586,988 3,790,644 915,446
- Second rice 151,483 1,270,301 2,819,655 45,425
* Yield per rai (Kgs) 740 1,189 1,220 730
- Major rice 281 453 465 337
- Second rice 459 736 755 393
e Total cost of rice production (Baht/rai) | 2,543.78 3,176.94 3,311.02 2,952.52
- Variable cost 2,199.81 2,748.95 2,870.62 2,546.64
- Fixed cost 343.97 427.99 4404 405.88
e Two wheel walking tractors (Units) 202,769 696,905 376,039 239,980
e Big tractors (Units) 17,418 39,457 87,721 4,245
e  Water pump (Units) 310,160 504,438 1,123,937 99,779
¢ Sprayers with machine operated (Units) 20,563 57,701 304,120 7,795
e Sprayers with hand operated (Units) 2,602,406 3,670,717 2,328,417 1,289,088
e Threshing equipment (Units) 6,365 22,463 36,682 3,017
e Chemical fertilizer (Tons) 80,648 36,635.45 56,951.30 33,259.20

Source : Agricultural Statistics of Thailand, Crop Year 1995/1996. Office of

Agricultural Economics. Ministry of Agriculture & Co-operatives.

Note : 1/ The Central = central and eastern regions
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Table 1-2 : Value of chemical fertilizers and pesticides imported to

Thailand, 1977-1995.

year Value (Million baht) % increasing per year“
1977 2,736.50 -
1978 2,937.50 7.35
1979 3,972.00 35.22
1980 4,224.70 6.36
1981 5,180.50 22.62
1982 4,724.60 -8.80
1983 6,232.50 31.92
1984 6,162.60 -1.12
1985 6,748.50 9.51
1986 6,678.61 - -1.04
1987 6,698.52 0.30
1988 | 10,073.96 50.39
1989 13,034.20 29.39
1990 14,351.80 10.11
1991 13,138.20 -8.46
1992 15,862.50 20.74
1993 16,740.60 5.54
1994 16,752.90 0.07
1995 19,433.10 16.00
Average 12.56

Source : Department of Business Economics. Trade Statistic and Economic Indicators

of Thailand 1981-1996.

Note : 1/ Calculation

There has been a significant increase of chemical fertilizer application in rice
production between 1977 to 1995, from 370,000 to 1,501,896 tons or 4% increased per

year on average (Table 1-3) (9).
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Table 1-3 : Quantity of chemical fertilizers used in rice production of Thailand

during 1977-1995.

Year Dry season (Tons) Wet season(Tons) Total(Tons)
1977 265,662 - 104,338 370,000
1978 291,365 128,635 420,000
1979 300,000 178,500 478,500
1980 320,000 100,940 420,940
1981 340,055 154,092 494,147
1982 373,851 169,453 - 543,304
1983 466,454 202,490 668,944
1984 443,808 204,125 647,933
1985 413,929 196,071 610,000
1986 447,857 212,143 660,000
1987 459,240 180,760 640,000
1988 ' 611,000 241,000 852,000
1989 857,820 252,980 1,110,800
1990 739,400 260,600 1,000,000
1991 720,800 130,400 851,000
1992 709,000 279,000 988,000
1993 1,133,073 228,364 1,361,437
1994 1,233,943 161,909 1,395,852
1995 1,270,867 231,029 1,501,896

Source : Office of Agricultural Economics, 1996.

In spite of using higher quantity of chemical inputs, rice yield of Thailand did not
show a dramatic increase. In fact, rice yield per a million ton of chemical fertilizer
application has decreased obvidusly. Moreover, using more chemical inputs has also
deteriorated soil fertility and other physical properties. Consequently, farmers needed
to apply more and more chemical inputs and increase their total production cost (Table
1-4) (10&11). The present economic crisis of Thailand does not allow farmers to cope

with high expenses on high yielding rice varieties, chemical fertilizers, pesticides and
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other heavy machineries. Rice monoculture is no longer a sustainable production

system. Other alternatives need to be sought of. In order to reduce the application rates

of chemical fertilizers and pesticides in ricefield, rice-fish culture is viewed as one of

possible alternatives.

Table 1-4 : Rice yield of Thailand and the rate of chemical fertilizer application

in paddy field during 1979-1995.

Year | Quantity of chemical Rice yield Rice yield/ 1 million ton of
fertilizer used in paddy | (million tons)Z/ chemical fertilizer
field (million tons)” (million tons)y
1979 0.48 17.50 36.46
1980 0.42 15.80 37.62
1981 0.50 17.40 34.80
1982 0.54 17.80 32.96
1983 0.67 16.90 25.22
1984 0.65 19.50 30.00
1985 0.61 19.90 32.62
1986 0.66 20.26 30.70
1987 0.64 18.87 29.48
1988 0.85 18.04 21.22
1989 1.11 21.26 19.15
1990 1.00 20.60 20.60
1991 0.85 17.19 20.22
1992 0.99 20.40 20.61
1993 1.36 19.92 14.65
1994 1.40 18.92 13.51
1995 1.50 19.88 13.25
Source : 1/. Office of Agricultural Economics,1996.

2/. Office of Agricultural Economics,1996.

3/. Calculation.
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Rice-fish culture has been promoted in Thailand by the Department of Fisheries
since 1948 (12). This has been practiced in Ubonratchatani since 1984 (13). In 1991,
its has been promoted throughout the northeastern region, e.g., Tung Kula Ronghai
Project, Rainfed Agricultural Development Project, Northeastern Fiéheries Project and
National Inland Fisheries Project (14). The technique has also been practiced in the
north and the central areas including Suphanburi province at Suphanburi Rice
Experiment Station in 1989. The experiment was undertaken in 4.5 rai of rice
cultivated area and 0.75 rai of ditch area. Various rice varieties, e.g., RD.15, Dok Mali
105 and Pathumthani 60 and three species of fish, i.e., Oreoéhromis niloticus,
Cyprinus carpio and Puntius gonionotus were selected for the experiment. In the
initial study, number of fish released was 1,000 fish/rai. The chemical fertilizer was
used at the minimum quantity while there was no use of chemical pesticide. The
primary result showed an increase of both rice and fish yields (15). Fish was able to
help control plant diseases and eliminate pests. The movement of fish also stirred
water and soil which helped add dissolved oxygen needed for the development of the
root system of rice. Besides, fish feces were rich of nitrogen and organic nutrients
which were essential for rice growth (12). A long period of rice-fish culture definitely
increases soil fertility continuously and also improves the physical characteristics of
soils (16). However, rice-fish culture has not been widely practiced among Suphanburi

farmers because the data on rice and fish yields were not available for comparison.

For this reason, this study focuses on the comparison of cost and benefit of rice-
fish culture under different application rates of chemical fertilizer and neem extract
used as natural pesticides. The study tends to determine whether rice-fish culture can
help reduce chemical fertilizer application without decreasing rice yield as well as

farmers’ income.
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The expected outcome will be useful for promoting rice-fish culture in the central
region of Thailand. In addition, this example of integrated farming practice, if
economically feasible, will help decrease farmers’ production cost and improve the

overall environmental quality.

1.2 Objective of the study

To compare the cost-benefit of rice-fish culture under different rates of chemical

fertilizer application.

1.3 Scope of the study

1.3.1 Conditions of experimen;[

The experiment was conducted in Bangplama district, Suphanburi province,
Thailand. The experimental plots were on Ayuthaya soil series, plain area, clayey soil
with moderate fertility. Rice was transplanted on the experimental plots, with 20x20
cm spacing, during March-June, 1998.

1.3.2 Controlled variables

1. Sex reversed Oreochromis niloticus was used for the experiment. The fish

were stocked at the rate of 4 fish/m’. The fish were 11 c¢m in length, 25-30 gm in

weight, and 2 months old. Fish were procured from the Genetic Fisheries Division,

Department of Fisheries.
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2. KLG 83055-1-1-1-2-1-4 rice variety derived from Suphanburi Rice
Experiment Station was used for the experiment. The maturity period was about 120
days.

3. Neem extract purchased from commercial source was used f01; the
experiment at the rate of 100 cc/40 litres of water/rai.

4. The experiment period was about 4 months in second rice cropping period
(March to June).

5. The experimental plots were irrigated and water was maintained at 30 cm
deep. |

6. Rice bran was used for fish feeding at the rate of 5% of fish body weight.

1.3.3 Factor variables

Rice and rice-fish culture were comparatively investigated using the amount of
chemical fertilizer recommended by the Department of Agriculture. Two types of
chemical fertilizer were applied to all experimental plots : 16-20-0 and 46-0-0.
Chemical fertilizer application rates were varied from 100, 75, 50 and 25%.

1.3.4 Cost-benefit analysis included :

1. Cost

Total costs = Fixed costs(cash + non cash) + Variable costs(cash + non
cash)

Fixed costs = Land taxes, land rent, opportunity cost and depreciation cost

Variable costs = Labor cost for land preparation until harvesting and material
costs

2. Benefit

Total benefits = Total yield x Price/unit
Total yield = Productivity of rice and fish

Net profits = Total benefit - Total cost
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Economic analysis included:
1. Net Present Value (NPV)
2. Benefit Cost Ratio (B/C ratio)
3. Internal Rate of Return (IRR)

4. Sensitivity Analysis

1.4 Expected outcome

1. To provide the basic estimation on the cost-benefit of rice-fish culture in the
central region of Thailand under different rates of chemical fertilizer application.

2. To provide the decision supporting data for farmers on the reduction of
chemical fertilizer application by rice-fish culture.

3. To provide the information for the agricultural extension offices for rice-fish
culture promotion in order to reduce the quantity of chemical fertilizer application.

4. To promote the rice-fish culture as the appropriate technology for agricultural

and environmental management.
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CHAPTER 1II
LITERATURE REVIEW

2.1 Rice production system in the central region of Thailand

The central region of Thailand has been almost completely under the irrigation
system development. Rice cultivation characteristics are generally transplanting and
broadcasting cultivation. Rice yield can be successfully increased because factors of
production can be easily controlled (17).

In transplanting cultivation, rice sprouts are sown in mud field. They are then
transplanted in prepared field. Water is the main physical factor that is necessary for
rice root development.

In broadcasting cultivation, rice seeds are broadcasted in the field. This cultivation
practice depends on both rainfall and irrigation.

1. For rainfed crops, rice seeds are broadcasted in dry field and then
developed to be seedlings after the rain falls. |
2. For irrigated crops, rice seeds are broadcasted in prepared mud field.
Water supply is controlled. |
Under complete irrigation system, rice is cultivated twice a year in the Central :

wet season (May - November) and dry season (November - April).
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2.2 Rice production factors

Each step of rice production depends on several factors and costs (18). In 1996,
the Suphanburi Rice Experiment Station (19) studied the second rice production cost

of farmers in Suphanburi province. The result of this study is shown in Table 2-1.

Table 2-1 : Activities and costs of second rice production in Suphanburi

province, 1996.
Activities Costs
(Baht/rai)

1. Land preparation

1.1 Burning straw 5

1.2 Ploughing 120

1.3 Harrowing 100

1.4 Grading ground of surface soil 150
2. Seedling preparation ’ 169.50
3. Labor cost for sowing 35
4. Labor cost for rice repairing 5
5. Chemical pesticide spraying

5.1 Chemical pesticide 203

5.2 Labor 245
6. Prevention of snail

6.1 Francydran chemical 36

6.2 Labor 5
7. Prevention of rat

7.1 Sing phosphile chemical 1.00

7.2 Labor 2.50
8. Water pumping management 226
9. T application of chemical fertilizer

9.1 16-20-0 110

9.2 46-0-0 35

9.3 Labor 15
10. 2™ application of chemical fertilizer

10.1 16-20-0 233.75

10.2 46-0-0 43.75

10.3 Labor 29.25
11. Threshing 420
12. Land rent 630
14. Interest rate(12%) 42.30

Total costs 2,862.05

Source : Jittaldakorn et al.,1996.
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The total costs of second rice production was 2,862.05 baht/rai. Major items were
for land preparation, chemical pesticide spraying, chemical fertilizer application,
threshing and land rent. Especially, the production cost of chemical fertilizer and
pesticide management was 914.75 baht/rai or 32% of total production cost. Income
derived from rice selling was 4,200 baht/rai and the farmer’s net profit was 1,337.95
baht/rai.

According to the Agricultural Economics Office (1996) (20), the production cost
for second rice was 2,081.24 baht/rai. The production cost ovf chemical fertilizer and
pesticide management was 482.63 baht/rai or 23% of total production cost, income
was 3,303.81 baht/rai and the farmer’s profit was 1,222.57 baht/rai. However,
Sinthanaporn (1998) (21) reported the farmer have not gained profit from rice farming

activities. In Chachoengsao province, the farmer had debt as equal as 2,076 baht/rai.

2.3 Chemical fertilizers and pesticides application in paddy field

2.3.1 Chemical fertilizer application
Most of chemical fertilizers applied into ricefields are of 2 types (22) :

1. Single fertilizer consists of one major element, i.e. nitrogen (N),
phosphorus (P) and potassium(K) (18). Especially, 45% nitrogen urea fertilizer is
popularly used in paddy field. The amount of 100 kg of urea fertilizer gives 45 kg of
nitrogen element (N) (23).

2. Mixed fertilizers, such as 16-20-0 and 18-22-0, provide nitrogen and

phosphorus elements (23).
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In addition, organic fertilizer is used for soil improvement such as blue-green

algae which can be used as substitutes of nitrogen fertilizer. However, this technology

is still limitedly used (24).

2.3.2 Chemical pesticide application

Diseases and pests of rice plant are major causes affecting about 15-20% of rice

productivity. At present, many types of chemical pesticides are applied (Table 2-2).

Table 2-2 : Chemical pesticides applied in paddy field.

No. Common Commercial name Type of diseases and pests
name
1. Kasugamycin | Kasumin 2% WP Blast diseases
2. Maneb Manzate D 80% WP | Sheath roof disease
or Maneb 80% WP

3. Validamycin Validacin 3% EC Sheath Blight disease

4. Carbofuran Furadan 3% G Rice stem borer, Brown planthopper,
Whitebacked  planthopper, Rice
green leathopper, Rice gall midge
and Golden Apple Snail

5. Cartap Padan 4 G Rice stem borer and Golden Apple
Snail

6. Carbaryl Seven 85% Rice thrips, Rice green leathopper,
Rice hisba, Rice caseworm and Rice
leaf folder

7. Malathion Malathion 57 EC Rice thrips, Rice swarming
caterpillar, Rice hispa, Rice
caseworm and common armyworm

8. Metaldehyde Anglo slug 5% Golden Apple Snail

granular bait

Source : Tongdeetae, 1996 (25).
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2.3.3 Consequences of chemical fertilizer and chemical pesticide application

In 1995, Bangplama district, Suphanburi province has faced with soil fertility
depletion because of double cropping (26). Also, there has been frequent use of
chemical pesticides. Rice productivity dropped. Especially in 1990 (January to July),
the brown planthopper epidemic destroyed a total area of 52,529 rai, 28% of paddy
field area in Bangplama district. Moreover, the occurrence of toxic accumulation
affected both farmer’s health and environment quality. Accordingly, effects of toxic
chemicals on aquatic animals in paddy field were reported in Suphanburi province
(27).

Sangwanit (1988) (27) collected examples of aquatic animals including fish, crab
and snail for investigating toxic substances. The result showed a high quantity of
chemical pesticide residues in aquatic animals which is Organochlorine chemical
pesticide group, e.g., Heptachlor, Dieldrin, Endrin and DDT. This chemical pesticide
group is highly toxic, slowly dissolvable and increasingly accumulated in aquatic
animals in a long period. Moreover, aquatic animals will increasingly receive toxic

substances from food chain in ecosystem (Table 2-3).
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Table 2-3 : Pesticide residues found in aquatic animals in paddy field Suphanburi

province, 1988.
Aquatic animal Finding species Toxic substance Quantfty accumulated in aquatic
Samples animals (ppm)
Fish Anabas testudineus | Heptachlor ND-0.009
Notopterus notopterus | Aldrin, Endrin ND-0.002, ND-0.026
Trichogaster microlepis | DDT ND-0.009
Crab Paralaubuca riveroi Dieldrin, DDE, TDE | ND-0.061, ND-0.050, ND-0.045
Snail Sinotaia ingallsiana BHC, ND-0.018,
Heptachlor expoxide | ND-0.004

Source : Sangwanit, 1988.

Note : ND = Non Detectable

A comparison of various pesticides toxicity on Orechromis niloticus after
exposure for 48 hr was reported (28). Table 2-4 shows a comparison on various
pesticides’ toxicity. The LCsy value on Orechromis niloticus indicates the toxicity of
each substance. In comparison among pesticides, neem seed extract, a natural pesticide
is less toxic than the others since its LCsq value is highest (1,040.5 mg/litre). That
means neem seed extract can be used at a concentration of 1,040.5 mg/litre in order to
kill half of the amount of Orechromis niloticus after 48 hr exposure. The toxicity of

other chemical pesticides is very high even at a low concentration.
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Table 2-4 : Comparison of various pesticides’ toxicity on Oreochromis niloticus

after 48 hr exposure.

Toxicity | Common name | Target LCsp value Maximum rate of
series (mg/ 1 litre of water) application
' (mg/ 1 litre of water)
1 Cyfluthrin insect 0.010 50.00
2 Fenvalerate 2 0.058 200.00
3 Cypermethrin ? 0.150 250.00
4 Cabophenothion ? 0.217 718.50
5 Mevinphos ? 0.777 480.00
6 Chlofuazuron v 0.799 100.00
7 Mancozeb fungi 1.436 1,200.00
8 Phomothion insect 5.926 1,237.50
9 Thephubenzuron (§ 7.031 100.00
10 Methyl parathion = 8.531 1,000.00
11 Dimethoate S 43.660 200.00
12 Diflubenzuron 4 66.511 500.00
13 Monocrotophos ? 251.574 600.00
14 neem seed extract ” 1,040.500 33,000.00

Source : Agricultural Toxic Substance Division, 1995.

Note : LCsy = Median Lethal Concentration

Not only misuse and overuse of chemical fertilizer have no benefit for ricefield

but also lead to high cost of production. Only 30-50% of hitrogen and 20-30% of

phosphorus can be absorbed by rice plant for growth (29). The rest of chemical

fertilizer may leach in the soil or is absorbed by weeds. So the overuse of chemical

fertilizer is not beneficial to rice culture (23).

Disadvantages of overuse of chemical fertilizers and pesticides are increase of

farmers’ debt, harmful effects on farmers’ health, pest resistance and plant disease
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epidemic, deterioration of natural resources and ecosystems, toxic residues in aquatic

organisms, and low quality of agricultural products (Fig.2-1).

Soil, water, air /@E@
and food ~ Chemical fertilizer L/
Abnormality of plant

\Chemical pesticide [
N

_Low quality of food

Fig. 2-1: Effects of chemical fertilizer and pesticide application for

Toxic to farmer’s
health
and consumer

monoculture (30).
Source : Non-government organization of the central and northern regions, 1992.
Application of chemical fertilizer and pesticides can be reduced to an appropriate

quantity and substituted by natural products ,e.g., neem seed extract which is cheap

and safe for farmers, environment, natural enemies (31).
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2.4 Rice-fish culture system

Rice-fish culture has been introduced to many countries of Asia such as
Indonesia, Philippines, China and Thailand since 1948 (12). The system was practiced
for the first time in Ubonratchathani province in 1984 (13). Soil characteristics of the
northeastern region are saline, silty-sand or laterite, low fertility, and the irrigation
system is inadequate, agriculture in most areas is rain dependent. Shortage of rainfall
occasionally causes the decreased yield and increase of farmer’s debt. In order to solve
these problems and to increase the protein food source, the ‘Department of Fisheries
promotes rice-fish culture. In 1985, rice-fish culture has been introduced to the area of
14,902.76 rai of 3,733 farmers in the northeastern region (32). Rice yield was 8,069.80
tons, the value was 21.6 million bahts. Rice-fish culture has been practiced in
Khonkaen, Mahasarakham, Ubonratchathani, Sisaket and Kalasin provinces. At
present, it has been more widely spread in the northern and the central areas. The
experiments of the Department of Fisheries and Department of Agriculture have
suggested patterns, methods and techniques for rice-fish culture system that farmers
can adopt as follows.

2.4.1 Site selection for rice-fish culture

Criteria for selecting appropriate sites (12&33) are as follows.

1. The site should have or should be near the water source such as reservoir,
swamp, canal, for convenient water supply. In case of rainfed area, water should be
stored in the field for at least 90 days during the period of rice-fish culture.

2. The site should be safe from flood and the water level should be controlled
at least 30 cm in height.

3. Soil properties should be clay and extra absorption.

4. The site should locate near the farmer’s residence..
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2.4.2 Pattern of rice-fish culture

Size of field

Normally, an appropriate size of the rainfed rice growing plot is about 5 rai or
larger in order to gain a high net return (12&34). Theref.ore, fmers should start with a
smaller plots at the beginning of rice-fish farming and extend to larger areas when they
have adequate experience (35&36).

Paddy field preparation

Sripitakkiat (37) divided rice-fish field preparation into 3 categories.

1. Three sided dikes and 1 highest side is open, which is appropriate for the
mountainous slope and rainfed rice area.

2. Four sided dikes. This pattern is usually found in the central area and many
irrigated areas.

3. Refuge pond, dug about 50-100 m in depth at the lowest part of the field. This

pond is a refuge for fish.

Ratanawaraha and Sangpeth (34) reported that four patterns have been used for

land preparation in rice-fish farming (Fig. 2-2).
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U: <—Dike
.

\Nursery pond
Paddy field

Ditch, about 0.8 m width and 0.5-1.0 m depth.

Pattern 1. Rice plot with 4 sided dikes, 2 ditches and 1 nursery pond.

—Dike

Paddy field

Ditch’ about 0.8 m width and 0.5-1.0 m depth.

Pattern 2. Rice plot with 4 side surrounded dikes and surrounded ditch.

4——Dike

Paddy field

Ditch’ about 1.0 m width and 0.5-1.0 m depth.

Pattern 3. Rice plot with 4 sided dikes and 1 ditch.

—Dike with extra height

Paddy field

Pattern 4. Rice plot with 4 sided dikes with extra height.

Fig. 2-2 : Patterns of rice-fish farming.

Pattern 1 with a nursery pond is popular in the northeastern region because it is

easy to catch fish and water is maintained throughout the dry season. However, for the
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central area where there is complete and sufficient irrigation system, this pattern is too
expensive. Patterns 2 and 3 are appropriate but ditching cost is very high. Pattern 4
which has no ditch in the field, is suitable for the flooded area, but not appropriate for

the Central which is plain area.

Most of the central area is paddy field and is suitable for rice-fish farming. Four
sided dikes pattern is the most popular, providing that the height of dikes should be
added to 50 cm in order to prevent seepage of water. Ditch is dug‘about 80 cm wide
and 50-80 cm deep near the edge of the dike. At the corner, a compile pond is dug near
the inlet or farmer’s home (33). Bamboo screens or plastic nets should be installed to
prevent fish escape through irrigation and drainage holes (37).

2.4.3 Fish species

Fish species appropriate for rice-fish culture should have some characteristics
(12,33&37) as follows.

1. tolerate to shallow and turbid water,

2. tolerate to high or varied temperatures throughout the day,

3. tolerate to the fluctuation of dissolved oxygen,

4. have rapid growth rate and compatible to short period of rice growth (about
120 days),

5. feed on natural food and supplementary food available locally,

6. have least damage on dikes and rice seedlings,

7. widely distribute in many agricultural areas,

8. edible and locally acceptable as local protein food source with good taste.

Fish species recommended for rice-fish culture are such as Oreochromis niloticus,

Cyprinus carpio, Puntius gonionotus, Aristichthys nobilis and Hypophthalmichthys
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molitrix (12&37). These fish species feed on natural food, both phytoplankton and
zooplankton. Each fish species has its own characteristics and there are advantages and

limitations in each fish species (33&37).

Oreochromis niloticus

Advantages: Widely distributed, able to inhabit both freshwater and brackish
water. Oreochromis niloticus shows rapid growth rate, tolerate to wide range of
environmental conditions and easily breed.

Limitations: Fully mature at the age of 4 months, breed and give great number of
fingerlings, causing high density. This problem can be solved, if farmers use the sex-

reversed Oreochromis niloticus, their size would be appropriate by the catching time.

Cyprinus carpio

Advantages: Its stirring behavior helps add dissolved oxygen for the growth and
development of rice plant. And also, it helps reduce diseases, pests and caterpillars of
crabs and shells. }

Limitations: Its stirring behavior, destroys the dikes, causing fish escape and water
leakage, damage to rice plant’s roots and water turbidity. This affects the decrease in

the photosynthesis of phytoplankton and decrease of natural food for fish.

Puntius gonionotus
Advantages: The fingerlings feed on both phytoplankton and zooplankton.
Adulted fish feed on larger plants and animals such as algae and weed.

Limitations: The fish destroy rice stems, leaves, ears.

Aristichthys nobilis and Hypophthalmichthys molitrix
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Advantages: Feed on both phytoplankton and zooplankton.

Limitations: Heavy-eating habits, supplement food required.

Among the recommended fish species, Oreochromis niloticus is widely accepted
due to the following reasons:
1. tolerant to shallow water (as to 30 cm deep), varied temperatures, turbid water
and the fluctuation of oxygen,
2. easy to raise with natural food available in ricefield,
3. causing least damage to rice plants,
4. rapid growth rate, short generation time and compatiblé to rice growing period,
5. local fish species and easily breed.
2.4.3.1 Sizes, stocked density and releasing period
Normally, fish are released at about 5-7 cm in size when they are able to feed
on natural food and escape from predators. Stocking density is 400-800 fish/rai at
which the growth rate of fish is highest (12&37). Mang-umphan and Promya (38)
investigated various rates of Oreochromis niloticus released into ricefield of about 25
m?. The results revealed that the releasing rate of 4 fish/m* (6,400 fish/rai) gave the
maximum rice yield at 4.53 kg/25 m® (289.92 kg/rai). The stocking density of 4
fish/m® is an appropriate rate and fingerlings are normally released after 15-20 days of
rice transplanting to allow the root of rice seedlings fully develop (12).
2.4.3.2 Fish food and feeding method
Natural food is generally available in the field but it may not be enough for
fish feeding. So supplementary food can be chosen as follows (12,37&39).
1. Locally available food given at the edge of dike are such as rice bran,

termites, chopped vegetables, weeds, algae and bean.
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2. Compost which contain layers of the stack, dry weed, farmyard manure, is
heaped at the compilation pond in the field corner. This was confined by bamboo
screen. Occasionally, excrement of animal is also broadcasted into ricefield.

3. Fish are fed with commercial pellet food once a day at the rate of 3-5% of
body weight.

This experiment used rice bran for fish feeding once a day at the rate of 5%
of body weight.

2.4.4 Rice varieties for rice-fish culture

Rice varieties recommended by the Department of Agricultural Extension vary
with localities. Each rice variety has different characteristics that suit each
environment. Rice stem should be strenuous and high. The maturity period should be
at least 120 days (12).

In rice-fish culture, rice can be both transplanted and broadcasted, but
transplanting is more acceptable because it is easier for fish to search for food. If
farmer chooses broadcasting cultivation, a channel in ricefield should be provided for
fish movement or the fish stocking rate should be decreased.

2.4.5 Additional care and maintenance

The Department of Fisheries (12) recommended that rice-fish culture should be
maintained as follows.

1. Before fish release into the field, the enemies of fish such as striped snake,
snake, frog, and rat should be eradicated.

2. Level of water should be controlled at least at about 30 cm until harvesting.

3. The height and strength of rice plot dike should be inéreased and continuously
examined.

4. Chemical pesticides should not be used in rice-fish culture. Natural substances,

€.g. neem extract, which are not toxic to fish should be used as replacement.
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5. Chemical fertilizer, if necessary should be applied with caution. Prior to use, it
should be dissolved in water and then sprayed into the field.

6. Before rice-fish cultivation about 1-2 weeks, the ditch which is dug should be
exposed to the sunlight in order to eliminate disease. Lime could be used for soil
improvement.

7. The morning or evening is an appropriate time for releasing fish. Fish’s bag
should be floated in the water in the field for thirty minutes to allow fish to adjust to
the field temperature.

2.4.6 Advantages of rice-fish culture (12)

1. Farmers can use their land for the maximum benefit from both rice and fish
production. The economic efficiency of ricefield as well as farmers’ income can be
increased.

2. Farmers can save both material and labor cost because fish help eradicate pests
and weeds in the field.

3. The movement of fish stirs water and enhances the development of root system
of rice.

4. Fish feces are full of nitrogen, organic matter and essential minerals which are
useful and important for rice growth and can replace or reduce the amount of chemical
fertilizer applied in ricefield.

5. In the long term, rice-fish culture can help increase rice productivity by

improving soil properties and fertility.
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2.5 Effects of rice-fish culture on ricefield ecosystem

The intensive use of technology in paddy field of the central area has adverse
effects on ricefield ecosystem and the overall environment (40). Rice-fish culture can
help decrease the use of synthetic pesticides and fertilizers and provide advantages
including changes in soil properties and farmer’s good health (40&41).

2.5.1 Changes in soil properties

The Department of Fisheries (12) suggested that rice-fish culture in a long
continuously period could help increase soil fertility.

Changes in soil properties after rice-fish culture were observed in China (42).

The results of soil analysis in many periods were shown in Table 2-5.

Table 2-5 : The soil properties after rice-fish culture in China during 1983-1986.

Season Soil Activities O.M. | TotalN Total P K
sampling | (%) | (%) | P,0s(%) | (ppm)

Majorrice | Surface Rice only 3.748 0.219 1.20 91
Rice with fish 3.896 0.226 1.19 86
Major rice | Ditch Rice only 3.928 0.228 1.29 172
Rice with fish 4272 0.272 1.53 334

Second rice | Surface Rice only 3.677 0.205 0.12 88
Rice with fish 3.849 0.198 0.14 172
Second rice | Ditch Rice only 4.107 0.239 0.13 157
Rice with fish 4.825 0.289 0.15 192

Source : Central Laboratory ,Fujian Academy of Agricultural Sciences, 1995.

Note : O.M. = Organic Matter, Total N = Total Nitrogen , Total P = Total Phosphorus, K = Potassium

Table 2-5 shows that the soils under rice-fish culture have higher organic matter

content than normal rice cultivation. Similarly, 3 major nutrients (N,P and K) of rice-
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fish culture are higher than the rice cultivation. An increase of soil fertility in rice-fish

culture will lead to an increase of rice productivity.
Chen Huarong (43) studied the organic matter in rice-fish culture in China during
1984-1987 and indicated that rice-fish culture was an efficient way to enhance organic

matter enrichment (Table 2- 6).

Table 2-6 : Organic matter in experimented rice-fish culture in China during

1984-1987.
Year Treatment % O.M.
1984 Control (before fish stocking) 4.101
1985 1* year of rice-fish culture 4.848
1986 2" vear of rice-fish culture 5.014
1987 3" year of rice-fish culture 5.269

Source : Chen Huarong, Yunnan Academy of Agricultural Sciences, 1995.

Li Xieping, Wu Huaixun and Zhang Yongtai (44) observed the significant
improvement of soil fertility in the rice-fish culture from 1985 to 1987. The percentage
of organic matter in soil increased from 2.0 to 2.4% while the total nitrogen increased
from 0.14 to 0.16%. Wu Langhu (45) carried out the comparative studies on organic
matter and nitrogen content in ricefield and rice-fish culture during 1982 to 1985. This
study demonstrated that the organic matter and nitrogen mineral of rice-fish culture
were higher than the rice cultivation. Wang Zaide, Wang Pu and Jie Zengshun (46)
reported that there was an increase in the content of organic matter and nitrogen
mineral. The soil fertility of ricefield could be increased by rice-fish culture and finally

resulted in an increase of rice productivity.
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In rice-fish culture, chemical pesticides are substituted by natural pesticides such

as neem and lemon grass extracts. Various reports confirm that these extracts are able

to drive pests, stop growing rates of caterpillars and decrease the percentage of egg

hatchability (47&48). Furthermore, there is no side-effect on natural enemies of pests,

farmer’s health and environment. Total production cost is also lowered. In Thailand, a

survey of 250 government hospitals and health centers revealed that some 5,500

people were admitted because of pesticide poisoning in 1985 alone. Among those, 384

people died (49). The symptoms of those who suffered from the toxicity of chemical

pesticides were shown in Table 2-7.

Table 2-7 : The effects of pesticides on human after chronic exposure.

System Effects Critical signs and Source
symptoms/laboratory
findings
Eye Pterygium Vascular membrane on eye,
decreased visual acuity -
Skin Eczema Lichenification and fissuring Morgan(1982)& WHO(1982)
Nail destruction EPA findings & Hock(1987)
Respiratory Bronchial asthma Wheezing cough, Morgan(1982) &
(pulmonary tract) bronchospasm dyspnea Nemery(1987)
Cardiovascular Electrocardiograph Morgan(1982)
(EKG) changes, -
high blood pressure
Gastrointestinal Chronic gastritis Epigastric pain, WHO(1982)
tract nausea, vomiting
Kidneys Asymptomatic Albuminuria, hematuria, WHO(1982) & Hock(1987)
urinary elevated blood, urea
abnormalities nitrogen(BUN), creatinine

Source : Rola and Pingali, 1993(50).
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Rola and Pingali (1993), cited by Pretty (49) calculated the costs of health
problems, caused by pesticide exposure in order to examine the economics of various
pest control strategies. From this calculation, the cost of health for normal ricefield
was higher than the natural pest controlled in ricefield that has no cost of health. The
results indicated that the natural pest control was the best choice for farmers.

2.5.3 Change in the ricefield practice

In Bangladesh (49), rice yield increased when farmers practically combined rice-
integrated pest management with fish culture (10 - 24% increased from natural
practice). Moreover, farmers were able to increase net returns from fish harvesting. See

also Table 2-8.

Table 2-8 : Change of rice yield in various rice farming in Bangladesh, 1993.

Change in Rice yields Food and income
Farmer trained in: pesticide use(as % | (as % of normal from fish
of normal practice) practice)
Normal practice 100% 100% No
IPM only 24% 110% No
Rice-fish culture 0 117% Yes
IPM and rice-fish culture 0 124% Yes

Source : Kamp et al(1993), cited by Pretty, 1995.

The combination of integrated pest management (IPM) with rice-fish culture was
able to reduce chemical pesticide uses and could have further beneficial impacts on
human health and wild fish populations. Similarly, the aim of this research focused on
a comparative study on cost-benefit of rice-fish culture under the different chemical

fertilizer rates using neem extract as pest controlling agent.
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2.6 Theory of production

Because of limited natural resources, production factors must be appropriately
managed. The entrepreneur aims at the maximum profit or the minimum cost. They
generally face with several questions involved the basic economic system. Those
questions (51&52) are as follows.

What? For resource allocation, a producer needs to determine what to produce
and how much to produce. |

How? Most goods can be produced by using different production processes. The
suitability of production methods is considered at first. Not only technical methods
(material management) are used, but also organization methods (labor, capital
management) are considered.

For whom? Each productivity must be specific for each consumer group.

For this study, rice-fish culture must use appropriate resources and methods
because farmer also aims at the maximum profit or the minimum cost.

2.6.1 The concept of production theory

The production economics is clarified according to the concepts of costs and
outputs that response to inputs. The production factors must be used to maximize
profit and/or to minimize costs. The production factors can be changed as well as
productivity (53&54). Therefore, the principles of production economics should be
extremely useful for the farm manager who is seeking profit and efficiency. This is an

input-output relationship that is written as a symbol of production function(51&55).

Q = f(XI, X2, X3, ""xn)
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where Q is output and x;, ---,X, are different inputs that take part in the production of
Q. The functional symbol “f” signifies the form of the relationship that transforms
inputs into output.

Production function shows an input-output relationship, many inputs, €.g., labor,
materials, land and capital are served to produce an output (rice and fish yields). For
each input, it is used in an appropriate ratio for process of production. If one input
factor is overused, outputs are still constant or declining but production cost is
increasing. Rice-fish culture must use an appropriate ratio of production factors. There
are many production factors which can be classified as follows.

2.6.2 The factors of production

The factors of production can be classified into four groups (51,56&57):

1. Land is a natural resource that includes inside and outside properties of soil.
Because of the difference of soil properties including fertility, the differences of
quantity and type of soil. The return of land uses is land rent.

2. Labor is an important factor that is necessary for land preparation until
harvesting. The return of labor is hired labor.

3. Capital is a major factor for purchase of materials and farm management (land
preparation until harvesting). The return of capital is interest.

4. Entrepreneur is an initiator, owner of enterprise or manager. Entrepreneur will
make the decision about the use of appropriate resources and method for production
process. The return is profit.

All four factors are used for rice-fish culture. The details are as follows:

2.6.3 Cost of production

The cost of production can be classified into two categories:
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1. Fixed costs : occur instantaneously and constantly over the production period,
whether goods are produced or not. Farmers must pay fixed costs during the
production period (58). In rice-fish culture, fixed costs are :

1. Land taxes (for land owner),

2. Interest,

3. Depreciation of machines and equipments,
4. Opportunity cost or land rent.

2. Variable costs : occur when farmers start the production process.

1. labor costs for land preparation until harvesting, including both hired labor
and in-house labor.
2. Material costs e.g., plant and animal varieties, chemical fertilizers and
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