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ABSTRACT

This study, conducted in Chachoengsao Province. Central Thailand,

in 1973, concerns agricultural change as an adaptive feedback process.

It examines the responses by rice farmers to serious pest outbreaks

(rice yellow orange leaf virus and rodents), and their adoption and

adjustment of modern technology (new rice varieties, double cropping,

fertilizer, pesticides, and tractors). Improved water control due to

the Greater Chao Phraya Project set the stage for rapid modernization.

Serious crop losses due to YOLV and low rice prices stimulated the

farmers to rapidly adopt modern rice varieties, and a second rice crop

to attempt to recover their losses. Government credit programs also

encouraged the adoption of modern methods. The earliest adopters of

modern varieties and insecticides tended to be farmers with above

average farm size and good water control, while education levels,

religion, observance of traditional ceremonies, and land ownership

were not significantly related to early adoption. Farmers mainly

relied on direct experience and observation of neighbors for information

about new agricultural practices, rather than on mass-media. New

methods were adjusted to the local conditions through a trial-and-

error process, with the relatively successful innovations diffusing

through the region.

In adopting modern rice varieties, farmers used the same strategies

as with local varieties; maintaining a diversity of varieties, combining

varieties to allow flexibility, and regularly exchanging seed with

other farmers. New varieties did not replace local varieties, which



vii

continued to be grown, resulting in an increase in varietal diversity

in the region. Adoption of the early season rice crop led to rodent

outbreaks. and to a resurgence of YOLV, to which the farmers responded

by changing area and varieties planted in following seasons.

Pesticide use by the farmers was largely based on individual trial

and advice from other farmers, rather than on government or commercial

recommendations. Farmers seemed little concerned about safety pre

cautions or about death of non-target organisms, such as fish.

Adaptive processes appeared to have a henefi~iaJ. effect on the

farming system in some cases (such as the selection of rice varieties

to suit local conditions), and a detrimental effect in other cases

(such as pest outbreaks resulting from adoption of the early season

crop, and the ill-effects of j.mproper pesticide use by the farmers).
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PREFACE

This dissertation is the report of research I conducted in Amphoe

Bang Nam Prieo, Changwat Chachoengsao, Central Thailand, between

October 1972 and January, 1974. I was concerned with the process by

which farmers adapt their methods in response to changing conditions,

particularly their responses to pest outbreaks. The period of my

study was an important time because of the rapid changes that

occurred just prior to and during the study. A serious epidemic of

yellow orange leaf virus of rice was followed by rapid adoption of

modern rice varieties, a second rice crop, small tractors, fertilize~,

and pesticides. I was fortunate to be able to document this period

of rapid modernization. In the time since my study, there has been a

widespread realization that it is important to consider the farm-level

conditions and adaptations necessary for the successful introduction

of modern technology. My findings should be useful in suggesting ways

in which new technological advances can be made workable to farmers in

developing nations.

At the time of my research, major, and rapid, economic, social,

and political changes were occurring in the wider world beyond

Thailand. Some of these changes had a direct affect on the farmers,

although they originated far away; other changes occurring as near as

Bangkok had little apparent impact on the farmers.

In 1972 widespread crop failure owing to poor weather conditions

in many parts of the world, followed by a massive U.S. grain sale to
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the U.S.S.R. began a period of rapid global inflation in food prices.

This inflation was accelerated by the OPEC oil embargo of 1973. The

farmers in Bang Nam Prieo were directly affected by the rapid rise in

prices they paid for fertilizer, fuel, labor and other inputs, and by

the increase in prices they received for their rice--the latter

slightly exceeding the former. In little over a year, prices increased

over 100 percent.

The war in Indochina seemed far away from the farmers in Bang

Nam Prieo, although American bombers could be seen flying over the

area on their way to and from air bases in Thailand or bombing missions

to Cambodia.

The American involvement in the war spawned protest movements

among students around the world. In Thailand, the protests were aimed

at human rights injustices, and culminated in the student revolution

of 1973, which overthrew the Thanom-Prapas government, and eventually

caused the closing of American bases and the reduction of American

aid programs, and increased attention to land reform. Paradoxically,

the farmers in Bang Nam ?rie~ appeared little concerned about the

political changes in Bangkok. These things were not felt directly in

the ways that most concerned the farmers. Government, to the farmers,

meant the local officials, to whom they could appeal for help in an

emergency. The national leaders were simply irrelevant to the farmers-

most of whom had only a vague idea as to the names and political

leanings of the heads of government in. Bangkok.



CHAPTER I

INTRODUCTION

I. Research objectives and review of concepts

A. Objectives and research problems

The main objective of my research is to examine the thesis that

agricultural change occurs as an adaptive feedback process. By

"adaptive," I mean that farmers in a region are able to adjust their

farming system in response to changing conditions (socio-economic,

physical, biological, or technological) in ways that increase returns,

reduce losses, or, in times of serious crop loss, improve their chances

for survival. By "feedback process" I mean that the farmers observe

the results of their own farming methods, as well as those of surround

ing farmers, and use this information in deciding how to alter their

practices.

I hypothesize that, faced with the need to make decisions in a

complex and hazardous environment, with incomplete information, farmers

rely on a pragmatic trial and error approach: some farmers in any area

experiment with new methods, or with modifications of existing method~;

those innovations that appear to be relatively successful are con

tinued, and are picked up by additional farmers. As the new methods

begin to spread among farmers over an increasing araa, further

modifications may occur in response to environmental variations. The

new methods may bring about ecological feedbacks, such as p~st out

breaks, to which the farmers may respond by further modifying the

innovations, or by replacing them entirely. I am concerned with the
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aggregate changes occuring in the study area, rather than with in

dividual differences among farmers due to variation in personality or

behavior.

My study focuses on two inter-related aspects of agricultural

change:

1. Adoption and modification of modern agricultural methods by

farmers.

2. Responses to serious pest outbreaks by farmers.

My research approach is a detailed case study of agricultural change

in Central Thailand, using formal interviews with farmers combined with

field observations and measurements of crop pests and yields. Aggregate

changes in agricultural methods, the outcome of decision-making, trial

and-error processes, and diffusion of accepted methods, are analyzed

directly through use of tables, graphs and maps to reveal patterns of

change.

A conceptual model of the adaptive feedback process in regard to

agricultural change and responses by farmers to pest outbreaks and

pesticide hazards is shown in Figure 1.5.

I conducted the field research in Changwa~ (Province) Chachoengsao

in the lowland rice area of the Central Plain of Thailand (Figure 1.1)

from October, 1972 through January 1974. This was an important period

of time because it followed (and partially overlapped) a period of

rapid agricultural change, including adoption of modern rice varieties

(MV), a second, early season, rice crop, small tractors, and increased

use of fertilizer and pesticides. Two major pest outbreaks occurred in

the years before my field work. The first was yellow orange leaf virus

which is transmitted by the green rice leaf hopper (Nephotettix
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virescens, Distant). YOLV caused serious losses to the rice crop from

1965 through 1970, and recurred in 1974 (Lamey, et al., 1967a; Hino,

et al., 1972). The appearance of YOLV infected rice plants is shown

in Figure 1.2. The second pest outbreak, paddy field rodents (in

cluding several species of Rattus, Bandicota, and Mus) occurred from

1970 through 1972, following adoption of the early season rice crop

(Figure 1.3). Losses due to rodents tended to be severe, and many

farmers stopped growing the early season crop (at least for a time)

following loss of the entire crop.

Increasing use of pesticides by the farmers in Chachoengsao (in

response to YOLV, rodents and other pests, and as part of the general

adoption of modern methods) resulted in new types of hazard to which

the farmers had not been previously exposed. Hazards included: (1)

Health hazards to those using pesticides due to unfamiliarity with

safety precautions and potential dangers (Figure 1.4). (2) Pesticide

effects on non-target organisms in the paddy fields and connected water

ways. Fish kills and pesticide residues in fish and other aquatic

organisms used for food by the farmers wer,~ major problems.

Major additional variables that influenced the rice farmers in

Chachoengsao during my study were: other pests (rice stem borers,

bacterial leaf blight and blast were important), unpredictable weather

(wind storms, floods and drought) and economic changes (rapid

inflation). I have attempted to show the extent of these changes,

although it is beyond the §cope of my study to analyze them in detail.

The release of the modern rice varieties by IRRI in the mid-1960s

stimulated a great increase in studies of adoption and diffusion of MV

and the associated technology (Bowers, 1973; Huke and Duncan, n.d.;
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Huke and Sardino, 1982; IRRI, 1975; IRRI, 1978). In Thailand, studies

of innovation adoption have been conducted since the 1950s, when a

long-term study of Bang Chan was begun, and in the 1960s and 1970s,

the Agricultural Economics Department at Kasetsart University sponsored

several studies of the adoption of MV (cited on page 36). Studies of

agricultural change and innovation adoption as adaptive processes

have been conducted by Wolpert (1964), Clarkson (1970), Knight (1971),

Day and Singh (1977), and Calavan (1977).

I have organized my study according to the model of the adaptive

feedback process shown in Figure 1.5. In Chapter II, I describe the

influence of socio-economic conditions on adoption of modern technology

(insecticides and modern rice varieties), and'socio-economic responses

to crop losses. Variables include: social conditions (age structure,

education, religion, traditional observances); information sources

(government programs, other farmers, change agents, mass media, travel);

location (in relation to sources of introduction of new methods); and

economic conditions (farE size, land ownership, land tenure, labor

sources, farm operations other than rice, credit).

Chapter III describes the physical environment as it directly

influences rice cultural practices and adaptive changes by the

farmers. Included are: physical limitations influencing the shift to

modern methods; effects of canals, water control projects, and

irrigation (allowing shift to transplanted rice and modern varieties);

the rice cycle and adoption of modern technology (water pumps, tractors,

planting methods, fertilizer).

Chapter IV focuses on rice varieties and varietal change. Reasons

for the varietal diversity in the study area are analyzed, particularly
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Figure 1.2. A. Appearance of rice field with yellow orange
leaf virus; Bang Nam Prieo, Jan. 1974.

Figure 1.2. B. Normal appearance of rice fields without
yellow orange leaf virus.



A. B.
Figure 1.3. A. Greater Bandicoot (Bandicota indica), dug from bund of paddy field.

B. Rodent damage to rice seedlings.
......
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Figure 1.4. A. Pouring insecticide Azodrin into motor
backpack sprayer; note bare hands.

Figure 1.4. B. Spraying rice field with Azodrin to prevent
rice stem borer. Applicator is walking into
the spray with bare arms, face, and feet.
Bang Nam Prieo, March, 1973

•
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in connection with the rapid adoption of several modern varieties and

continuation of most local varieties. Adoption of the early season

crop, and the responses of the farmers to the resulting rodent

epidemic are also analyzed.

Chapter V discusses the direct responses of the farmers to pest

problems. Included are: causes of crop loss; economic inputs and

returns in relation to crop loss; farmers' perceptions of rice pests

(YOLV, stem borers, and others); pesticide use by the farmers; and

respor.ses to pesticide hazards by the farmers.

In Chapter VI, I summarize the results and discuss the implications

of my research in relation to current research on farming systems and

farm-level studies of pest management and pesticide management.

B. Agricultural change as an adaptive process: review of concepts

1. "Resistance to change" by traditional farmers

In attempting to understand why traditional farmers have often

been cautious in adopting modern technology, some social scientists

have postulated a "peasant mentality" or "view of limited goed" which

predisposes the farmers to act in a manner which appears "irrational"

in terms of economic decision-making (Foster, 1965; Rogers, 1969a,b).

In some cases, the facts that the farmers tend to test new methods

first on marginal land, and to combine local and modern methods, have

been described as "resistance to change." Researchers of this school

have studied personality traits of peasant farmers that might explain

their "culture of poverty"; for example, "lack of innovativeness,"

"fatalism," and "low a~pirational levels" (Robers, 1969b:115). This

viewpoint led researchers such as Rogers (1969b) to consider such
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things as literacy and mass-media communication as being essential in

changing the mentality of traditional farmers, in order to allow

development to take place. Recently, however, this "dominant paradigm"

of innovation diffusion as an essentially one-way process has been

greatly modified by its original proponents (Rogers, 1975:1976). In

most studies of innovation adoption in developing countries, while

government development agents were important in the initial introduction

of the method into the area, the farmers reported that they learned

about the new method from other farmers rather than from mass media

(Rogers, 1976:136). My results also show this pattern.

In my research, I have not attempted to analyze the personality

traits of the farmers, althought I have compared some social attributes

with the earliness of adoption of MV and insecticides. These include:

education, traditional religious observances, mass-media e~osure,

sources of information about farming and participation in government

programs. The Thai farmers show an interesting mixture of traditional

and modern attributes, such as a retention of traditional beliefs in

combination with a high percent literacy.

2. Traditional farmers as rational, "economic decision-makers"

Some researchers in Thailand, such as Kingshill (1965:46)

(who studied a village in Northern Thailand) have concluded that Thai

rice farmers exist independently of the economy of the nation, since

they are able to subsist on the rice and vegetables they grow, the

animals they raise and the fish they catch. A small income is helpful

for supplying the few necessary market items that the farmers need,

according to this view~ but they will not make a serious effort to
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increase their income beyond their basic needs. In contrast to the

"non-material" view is the concept that traditional farmers act in a

rational, economic manner to efficiently allocate resources and

optimize economic returns (Schultz, 1964). According to Schultz,

traditional farmers respond positively to market incentives, and adopt

modern methods when they can do so in ways that efficiently improve

their economic conditions. Many studies of "supply response" and

"production functions" which have related prices of commodities with

change in crop areas have concluded that farmers in developing countries

do respond to market incentives. Behrman (1968), for example, studied

four annual crops in Thailand, including rice, and found a direct

relationship betw~en price in a given year and percent change in planted

area in the subsequent year (Behrman, 1968:290).

In the Central Plain of Thailand, rapia expansion of rice area

followed increased commercialization and foreign trade after the

Bowring Treaty of 1856 (Ingram, 1955). Since then, rice production

has been a commercial venture for the Central Plain farmers, although

they have continued to produce rice and other foods for their own

subsistence. Mean farm size in the study area (as in the entire

Central Plain) is much larger than is necessary for the subsistence

needs of the farmers, nearly 80 percent of the crop being sold. The

Central Thai rice farmers cannot be considered as peasant farmers, in

the sense of producing solely for subsistence needs; but they are

certainly "traditional" in terms of the methods used in rice production

before the recent period of modernization. Even now, they use a

mixture of modified modern methods and traditional methods. If the

farmers in the study area have income beyond costs and subsistence needs,
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they have many ways of using it: building a better house, supporting

their children's education, improving the farm operation (rent more

land, purchase a tractor, etc.), purchasing a boat motor, purchasing

1material goods (radio, generator), conducting "Tham bun" ceremonies,

donating to the temple, gambling, and traveling are some of the

options.

I have not attempted to analyze the data in this study with the

econometric production-function approach. I have, however, examined

the changes in land, labor and access to credit in the study area, and

have attempted to discover the extent to which these changes were

adjustments to economic pressures from crop loss. It is important to

note that the period of initial adoption of modern varieties and double

cropping fell during a time of low, gradually declining rice prices

(Figure 1.17), and economic losses due to YOLV. The increased area

due to the second crop was not the result of increased prices, as the

supply-response model predicts, rather, it was an effort by the farmers

to survive in the face of serious crop losses and low rice prices. It

~ primarily an economic response, however. In 1973, on the other

hand, with rice prices rising rapidly due to inflation, the farmers

rapidly increased the early crop area, even though they had decreased the

early crop area in 1972 due to the rodent outbreak. Even in the face

of high potential risk of crop loss, the price incentive was great

enough to cause the farmers to increase the early crop area.

~erit making.
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3. Technological change initiated by population growth

Boserup (1965:11) hypothesized that population growth is a major

cause of agricultural development. Studies by Vermeer (1970) and

Seavoy (1973) support Boserup's hypothesis. It did n~c appear to be

the case in the area of my study however. Population growth was

occurring in the population as a whole, and the farm families tended to

be fairly large, but the number of farm operators was fairly stable

(Figure 2.2), and the farm size was also stable, or increasing

slightly. The excess population, above that needed to replace farmers

dying or going out of business, were mostly migrating out of the area.

Hired labor was being used more than in the past, but 60 percent of the

farmers felt that hired laborers were less available than previously.

In spite of the stable farm population, rapid adoption of modern

technology was taking place in the area. Rather than fitting more

people on the same amount of land, the farmers maintained large farms

and increased the efficiency of their production by using small

tractors and short-season rice varieties, among other things.

It is possible that a more detailed analysis of the total resource

base and the total population consuming the food produced would show a

relationship between population density and improved technology. For

example, the crop losses would have effectively resulted in less pro

duction per capita. However, decision-making by the farmers is in

fluenced by their profits or losses, not on the food produced per capita.

The government price ceiling placed a barrier between market demand and

rice prices on the farm.
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4. Agricultural change as an ada~tive process

a. Satisficing strategies

In contradistiction to the ideas of Schultz, that farmers act

in a rational way to optimize returns, is the concept that farmers

are generally unable to achieve the best optimal combination of inputs,

due to the complexity of the agricultural system, incomplete knowledge

of the future market, and uncertainties and risks inherent in a growing

crop (such as variable weather or pests). Wolpert (1964) feels that,

given a range of goals from "mere survival" to optimization of income,

the farmers will tend to aim for a middle range, or a "satisficer"

strategy. Optimization requires more information than the farmers are

able to marshall, so they make the best decision they can based on

partial information and past experience ("bounded rationality").

Wolpert's concept is expressed as follows (1964:325).

For our purposes, the satisficer type of approach
appears more appropriate. The farmers of middle Sweden
do not necessarily select the best course of action for
realizing their goals with respect to profit and security
but follow a process of adaptation based upon the feedback
of information. It is proposed that the farmers arrive at
some normal production program for their farm enterprises
based upon their subjective knowledge of alternative courses
of action with respect to technology and selection of enter
prises, their resource position, their aspiration levels and
the pressures and restrictions imposed by institutions. This
normal pattern is maintained as long as returns remain within
a range which is satisfactory to the farmer. When a crisis
occurs, the farmer is jarred out of the previous pattern and
shifts in a direction so that once again, a satisfactory out
come may be expected.

Although Wolpert was studying farmers in a developed nation, the con-

cepts can be readily applied to earlier stages of development.
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b. Adaptive feedback process

The adaptive feedback process refers to the process whereby

existing practices or new introductions are modified to make them

better suited to local conditions. "Better suited" means that the

methods produce results (crop yields, economic returns) that the farmers

subjectively evaluate as being closer to their goals (whether

"survival," "satisficing," or "optimizing") than they could achieve

under previous methods. Ultimately, in a hazardous environment, the

success of a modification is determined by the improved survival ability

it imparts to the farm operation; thus the final test goes beyond

subjective reality to the "absolute" of survival or non-survival.

Individual farmers may try a new method or modify an existing method,

evaluate the outcome and decide whether to continue the changed practice,

further modify it and try it again, or drop it. If a range of methods

exists in an area, or if several farmers try a new method under variable

conditions, group selection can occur, with the farmers comparing their

own outcomes with those of their neighbors. Group selection improves

the efficiency of the adaptive fep.dback process. Following the

trial phase, the methods which produce better results are picked up by

other farmers, and diffuse through the area (the adaptive feedback

process occurs continually however, since the farmers constantly judge

the performance ~f the methods they use). Good examples of the adaptive

feedback process are shown by the shift to transplanting in the study

area, followed by a partial return to broadcasting and by the influence

of water control on adoption of short-statured modern varieties.
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c. Adaptive strategies

Viewing agricultural change as an adaptive process makes it

possible to classify different approaches to change as "adaptive

strategies" (Shimken, 1966; Clarkson, 1968). Use of tha term "stragegy"

implies (i) the setting of goals, (ii) alternative means of achieving

the goals, and (iii) a way of assessing which means of achieving the

goal are most suitable. Researchers generally attempt to assign

probabilities to the various options, using a "game" or "decision-

tree" framework (Knight, 1971; Calavan, 1977). Production functions and

yield response curves are also means of quantifying the outcomes of

various s~rategies (Day and Singh, 1977; Roumasset, 1976).

In my research, I have not attempted to quantify a choice matrix

or decision tree; rather, I have presented the changes in farming

methods as a direct measure of the aggregate decision process of ~he

farmers. For example, changes in the area planted to each variety of

rice over time give a measure of the cumulative values to the farmers

of planting each vari~ty. Whenever possible, I have presented the reasons

given by the farmers for any changes made in agricultural practices,

thus retaining the complexity of the decision-making framework of the

farmers, while indicating any trends or central tendencies that occur.

5. "Adaptation" versus "adjustment"

Most studies of cultural evolution use the term "adaptation" to

refer to any change that improves the efficiency of resource use, or

improves the survival ability of the group. Cohen (1968), for example,

uses the term as follows: "Adaptation in man is the process by which he

makes effective use for productive ends of the energy potential of his
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habitat." (p. 41) and: "At each successive stage of cultural evolution

man is better adapted for the survival of his group--that is, the

survival of his adaptive unit--and in turn, of the species as a whole."

(p. 42). In my study, I have referred to the process of change as "the

adaptive process" or "adaptive feedback processes," and the condition

that undergoes the change as "an adaptation."

In studies of human response to natural hazards (Kates, 1970:2;

Burton, Kates and White, 1978) long-term, evolutionary, adaptive changes

are referred to as "adaptations" (biological or cultural), and short

term regulatory changes as "adjustments." In my study, I could not

easily separate these two terms. For example: Is the selection of

a rice variety with genetic resistance to a pest a biological adaptation

or an adjustment? Is the adoption of the resistant variety by the rice

farmers a cultural adaptation or an adjustment? Both the biological

and cultural changes are evolutionary, as adaptive changes that improve

the survival ability of the rice and the rice farmers, and in that

they involve a shift in the genetic makeup of the rice crop; the changes

can occur very rapidly, however.

c. Adaptive feedback model of agricultural change and responses by

farmers to pest outbreaks and pesticide hazards

An adaptive feedback model, showing the hypothesized trial and

error process as it relates to responses by farmers to pest outbreaks

and pesticide hazards, is shown in Figure 1.5. This model is modified

from the general model of human adjustments to natural hazards developed

by Kates (1970). The hazard adjustment models were originally developed

in connection with studies of geophysical hazards such as floods,
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Physical constraints Farm size
Water availability Land ownership
Land elevation (depth of Availabil i ty of credit

flooding) Labor
J.,

EVALUATION OF TRIAL

Unsatisfactory Satisfactory
Reject. try again, Accept new method
modify and try again

J.
DIFFUSION OF SUCCESSFUL METHODS

(Adaptive Feedback)

ECOLOGICAL FEEDBACK
Change in Agro-Ecosystem:

Further pest'outbreakS (Figure 1.5. B)

Figure 1.5. Adaptive feedback model of agricultural change and responses
by farmers to pest outbreaks and pesticide hazards.
A. Responses to chanbing conditions and new technology
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NATURAL EVENTS SYSTEM HUMAN USE SYSTEM

r-il
Paddy Field Ecosysteml Socio-economic Svstem

~of Rice Farmers"----.Physical and biological
characteristics Social, economic and

cultural conditions

HAZARD OCCURRENCE AND EFFECTS
Ecological Disruptions in Paddy Field Ecosysteml

Pest Outbreaks Pesticide Hazards
Green rice leafhopper Secondary pest outbreaks
(Nephotettix virescens) (pesticide resistance and
Yellow orange leaf virus reduction of natural enemies)
Paddy field rats Heal th hazards
Crop damage and economic loss Effects on non-target

organisms (fish, buffalo)
.L

PERCEPTION AND RESPONSES BY RICE FARMERS
Trial and Error Process:

perception of problem by farmer
Alternative courses of action:

Purposeful Incidental
Direct responses to pest Socio-economic and
and pesticide problems: agricultural changes due
Pest control methods to reduced yields and
Pesticide use or change economic losses:
Change in CUltivation Stop farming, reduce crop
methods and rice varieties area, change enterprise
Reduce crop inputs Defaul t on loans

Reduce crop inputs
Change cropping methods and
rice varieties

J.
EVALUATION OF RESPONSE

(Pest control or agricultural change)

Unsatisfactory Satisfactory

Reject or try again; Accept method
try modified method

j,

DIFFUSION OF SUCCESSFUL METHODS
(Adaptive Feedback)

Ecological feedback may lead
to further pes1: outbreaks in
paddy field ecosystem

Figure 1.5. (Continued) B. Responses by farmers to pest outbreaks and
pesticide hazardS.
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droughts, earthquakes, and volcanic eruptions (Burton, Kates and White,

1968, 1978; Kates, 1970, 1978; White, 1974). The models were readily

adapted to biological events such as pest epidemics and to ecological

hazards such as pesticides, however. Recently an international research

effort on perception and management of pests and pesticides has been

initiated using the models and expertise of natural hazard researchers

(Tait, 1981; Litsinger et al., 1978; Prasadja and Ruhendi, 1981;

Napompeth, 1982).

According to the model (Figure 1.5) hazards occur due to the inter

action of the "natural events system" (the physical and biological

aspects of the rice paddy ecosystem) and the "human use systemrl (the

social, economic and cultural conditions of the rice farmers, and their

agricultural met~ods).

The response to a hazard by individual rice farmers depends upon

their perception of the problem and the availability of alternative

courses of action. Burton, Kates and White (1978:34-42) give a "choice

tree" of alternative ways of adjusting to natural hazards which is

useful in understanding some of the options that a rice farmer might

have when a pest epidemic such as YOLV occurs (Figure 1.6). An

individual farmer would be influenced by cultural and economic con

siderations and by bio-physical constraints in deciding on a course of

action.

II. The case study and the study site

A. The case study: agricultural change and tungro virus

:n South and Southeast Asia, a period of rapid transition from

traditional to modern rice farming methods, widely referred to as the
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"Green Revolution," began in 1965 when the International Rice Research

Institute (IRRI) at Los Banos in the Philippines released the newly

developed rice variety IRS, followed in the next few years by IR8, IR22

and others. These modern varieties (MV) are short stemmed and are

responsive to high levels of nitrogen. They are also photoperiod

insensitive and ripen 3 to 4 months after planting, allowing three rice

crops to be grown in a year. They are susceptible to drought 3nd deep

flooding, and are limited to areas of good water supply and control.

With proper management, the MV have the potential of y1.e1ding several

times mo~e rice per unit area than traditional varieties (IRRI, 1975;

Jennings, 1974).

Adoption of MV and the associated modern methods and inputs in

many parts of South and Southeast Asia was accompanied by an increase

in pest outbreaks which limited the increase in crop yields (Smith,

1972). The pest outbreaks were, in some cases, enhanced by the

susceptibility of the "fL:st generation" MV, and by the changes associ

ated with their adoption (increased use of uigrogen fertilizer and

pesticides and rice double cropping) (Sogawa, 1976; King, 1968;

Kanjanasoon, Kaosiri, and Rintranukoo1, 1968).

Epidemics of tungro virus disease of rice which caused serious

crop losses in several Southeast Asian countries during the 1960s and

1970s are examples of pest outbreaks associated with adoption of Green

Revolution technology (Sogawa, 1976), (Figure 1.7). The virus, first

identified in 1963 at JL~I, is considered to be the cause of the

disease called dwarf or stunt, known in the Philippines since 1941;

me~tek, known in Indonesia since 1859; and penyakit merah, known in

Malaysia since 1934 (Ou, 1972). The disease was discovered in Thailand



Figure 1.7. Outbreaks of tungro virus and related
viruses of rice in Southeast Asia.
Source: Sogawa , 1967: 21
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in 1964 at the experiment station at Bangkhen, near Bangkok, and was

named yellow orange leaf virus (YOLV) (Wathanakul, 1965).

In 1965, YOLV was found in 13 provinces in Thailand and in 1966 it

was reported from 41 provinces, with the most serious outbreak in the

Central Plain, where an estimated 350,000 hectares were severely

diseased and 310,000 hectares were moderately diseased (Lamey, et al.,

1967a; Wathanakul and Weerapat. 1969) (Figure 1.8). The epidemic

continued in 1968 and 1969, causing losses estimated at one-third to

one-half of the rice yield in infected areas (Hino, et al., 1972)

(Figure 1.9). The disease continued to cause losses in 1970, but it

disappeared from 1971 to 1973, and then returned in 1974 and sub

sequent years (Ruay-aree, 1975).

YOLV (and the tungro virus group) is transmitted by the green rice

leafhopper, Nephotettix virescens (Distant; Hemiptera; Cicadellidae)

(Hongsaprug, 1972) and diseasa occurrence depends on leafhopper out

breaks. The leafhopper transmits the virus from the alternate dry

season host, wild rice, to the young stages of the rice plant (Sogawa,

1976:39).

The tungro virus epidemics in several countries of Southeast Asia

are considered to be related to the adoption of the IRRI rice varieties

(Sogawa, 1976:22). Increased use of nitrogen fertilizer and double

cropping of rice have been implicated in outbreaks of ~. virescens

and in subsequent virus occurrences in some areas (Inoue, et al., 1975;

Inoue and Ruay-aree, 1977; Lim, 1972). In Thailand, however, the

situation was different: the farmers did not adopt the IRRI rice

varieties initially 1::ecause they were the short-grained "japonica" type

of rice, while long-grained "indica" varieties are preferred. The YOLV
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Figure l.8. Distribution of yellow orange leaf vir~s
of rice in Thailand (1964-1966).
Source: Wathanakul and Weerapat, 1969
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epidemic of 1965 to 1970 affected the local rice varieties. rather than

modern varieties. Some of the susceptible local varieties had been

selected for good yielding abilities by the Rice Department and dis-

seminated prior to the disease. however.

Thai farmers had not begun growing a second rice crop to any great

extent prior to 1965, although a few varieties of tall, photoperiod-

insensitive varieties were being grown in some areas. One of these

varieties. Leuang Tawng. had been recommended by the Rice Department.

but was withdrawn after it was found to be susceptible to YOLV. Leuang

Tawng was crossed with IRB by the Rice Breeding Division in Bangkhen

in order to develop a short statured. photoperiod-insensitive rice of

the indica type (Jackson. Panichapat. and Awakul. 1969). The selection

trials were attacked by YOLV, resulting in rapid elimination of sus-

ceptible lines. Two lines with resistance to the green leafhopper.

designated RDI and RD3, were released in 1969 (Awakul, 1972a). Rice

farmers in areas with a suitable water regime adopted these varieties

rapidly, partly in response to the YOLV epidemic.

It is possible that the YOLV epidemic was related to increased

use of nitrogen fertilizer and insecticides before the disease outbreak.

The most rapid increase in the use of fertilizer and insecticides

occurred after the YOLV epidemic had begun (Figures 1.10 and 1.11).2

Unfortunately, there are not enough data on leafhopper populations

2Ammonium phosphate imports are a good estimate of fertilizer use
on rice, since it is the main type used for rice. Some of the imports
are stored in warehouses, so fluctuations in imports do not reflect
fluctuations in use, and the three year moving average is a better
approximation of actual use.

The figures fo~ insecticide imports are a poor estimate of use on
rice, since a large amount is used for other crops, malaria control,
household spray and so forth.
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prior to the disease to make definite inferences as to the causes of

the outbreak, and the complexity of the rice ecosystem makes such con

clusions dangerous. However, the general effects of fertilizer and

pesticid~s on pest outbreaks are well documented (Yasumatsu, et al.,

1980).

The resurgence of YOLV in 1974 is considered to be related to

adoption of the early season rice crop, which allowed the virus and

the leafhopper to increase on rice during the dry season (Ruay-aree,

1975). RDI and RD3 were affected by the disease from 1974 on, possibly

due to a genetic change in the leafhopper populations.

The affects of pesticides on non-target organisms such as fish

in the paddy-field ecosystem, have been studied by Areeku1 (1966),

H~kman (1979), Kok and Pathak (1966), Moulton (1973), Podharos (1968),

Yasumatsu and Torii (1968), and Yunus and Lim (1971).

B. The study site

Field research was carried out in Tambol (subdistricts) Bang Nam

Prieo and Phrong Akat of Amphoe (district) Bang Nam Prieo, Changwat

Chachoengsao, an area located about 60 km. east of Bangkok in the

lower part of Thailand's Central Plain (Figures 1.1 and 1.12).

Amphoe Bang Nam Prieo headquarter is located near the northern

edge of the study area, at the intersection of Kh10ng (canal) Saen Saep

and Kh10ng Khwang. Kh10ng Saen Saep is a major transport route between

Bangkok and Mae Nam (river) Bang Pakong. A paved road, Route 304,

connects Bangkok and Changwat Chachoengsao, passing by the Rice

Breeding Division at Bangkhen (source of the RD rice varieties).

A 20 kilometer laterite (all-weather) road connects Amphoe Bang Nam
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Prieo and the Changwat. The Eastern Branch of the railroad runs from

Bangkok to Chachoengsao and then passes through Tambol Phrong Akat.

A station 5 km. east of the Amphoe is accessible by a laterite

road from Bang Nam Prieo (Table 1.1).

A central market and rice mills are located near the Amphoe

offices, at the junction of the Chachoengsao road and Khlong Saen Saep.

Farmers also have access to the large market at Chachoengsao, and to

two smaller markets, Khae Rai on Khlong Saen Saep at the western

border of the study area, and Tha Khai on Khlo~g Khwang south of the

study area near Rou~e 304. Merchants from Bangkok regularly do business

from their boats along Khlong Saen Saep, and passenger boats also run

back and forth irom Bangkok every day.

Table 1.1. Distance from Bangkok to Amphoe Bang Nam Prieo

km.

Khlong Saen Saep:

Railroad:

Road:

Bangkok, Pratu Nam to
Bang Nam Prieo market

Bangkok, Hualampong to
Bang Nam Prieo station

Bangkok, Pratu Nam to
Bang Nam Prieo market

65

80

94

Amphoe Bang Nam Prieo had one agricultural extension agent for 8

tambol at the t~e of my study. A government sponsored agricultural

credit cooperative and a farmers' cooperative were also located near the

Amphoe office.



1l'47'H

~

Khlona Saon Sao

TAMIOl lANG NAM PlI£O

"'",,-, ... ---..... ...

r : I
KU~I...

IIlJOOO'f

t
N

1Il1'll6'f

,
\"-1

'~"-1
'0
'~?

'~I
'~o

---CANAL \~
_ RAILROAD \

- - - - - ROAD(UNPAY£D)

= 10AD(PAY£D)

IJOlIl'N

Figure 1.12. Study site. Amphoe Bang Nam Prieo, Tambol Bang Nam Prieo and
Phrong Akat. Location of markets, rice mills, canals and roads.

W
N



33

The markets, main transportation routes and government offices

were the primary source areas for the introduction of modern agricul

tural methods into the study area.

Bang Chan, the site of a long-term study of innovation adoption

by rice farmers (Goldsen and Ralis, 1957; Janlekha, 1955; Hanks, 1972;

Phillips, 1965) is located on Khlong Saen Saep, 40 km. toward Bangkok

from Bang Nam Prieo (Figure 1.1). Hanks (1972:148, 149) reported on

the effects of the YOLV outbreak on rice farmers in Bang Chan, providing

a basis for comparison with farmers in Bang Nam Prieo.

C. Geographical division of the study area

Initially, I had intended to compare the two Tambol, Bang Nam

Prieo and Phrong Akat, in analyzing agricultural change. During the

study, however, I discovered that these two political divisions did not

adequately reflect the variation within the study area. A more

"natural" division occurred among the major waterways of the area, due

to: (a) Differences in the availability of irrigation water and land

elevations, which were important elements in determining rice cultural

practices and (b) Spatial patterns, such as the spread of innovations

among farmers along each of the canals.

The regions used in my study are shown in Table 1.2 and Figure 1.13.

III. Methods and analysis

A. Research approach and field methods

My approach to the field research was based on the methods and

models developed for the study of human ad~ustments to natural hazards,

as discussed above (Burton, Kates and White, 1968; Kates, 1970). The



Table 1.2. Geographical divisions of the study area

Number of Farmers
Area Canals Tambo1 Villages in Sample

1 Kh10ng Saen Saep east Bang Nam Prieo 3.4.5 15

2 Kh10ng Saen Saep west Bang Nam Prieo 6.7.8.9 16

3 Bung Kh10 Bang Nam Prieo 9.10.11.12 14

4 Khlong Khwang. west bank Bang Nam Prieo 13.14.15.16 13

5 Kh10ng Khwang, east bank Phrong Akat 1.2,3.4.5 16

6 Chuat Ta Si Phrong Akat 6,7,8.9,10 16

7 Kh10ng Ban Mai Phrong Akat 11.12.13,14 20

8 Chuat Plum Phaeo Pha Phrong Akat 15,16.17.18 13

w
~
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primary means of gathering data was through a series of four formal

interviews with a simple random sample of farmers, using survey

schedules (English translations of the survey schedules are included

in Appendix B). The structured interviews were supplemented by informal

interviews with sample farmers, other farmers, local opinion leaders,

and government officials. Field observations and measurements were made

to determine the kinds of pests present, the amount of pest damage to

rice plants, rice yield and pesticide residues in fish. Discussion of

methods used in gathering data in the rice fields are included in the

appropriate sections. Additional information was derived from published

and unpublished records from various departments of the Thai govern

ment (cited where relevant), and from interviews with pest control

specialists and other scientists in Thailand.

In adapting the survey schedules to the particular characteristics

of Thai rice farmers, I utilized survey schedules developed by researchers

studying innovation adoption in the Central Plain of Thailand. (Goldsen

and Ralis, 1957; Greene, 1970; Chungtes and Burton, 1972; Adulavidhaya

et al., 1973; Sriswasdilek et al., 1975). Problems that arise in the

use of interviews and survey schedules to collect data are discussed in

Kearl (1976). By careful use of trial interviews and follow-up inter

views, and by comparison of interview data with data on rice yields and

pest incidence gathered directly from the paddy fields, I was able to

minimize the problems inherent in data collection from interviews.

B. Sample selection and composition

Farmers were selected for interviewing by a simple random sample

(using a random number table) of registration cards at the Tambol
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offices. Sampling should be based on an up-to-date census of the

population being studied. No such ce~sus existed, however, and the

2size (about 150 km. ) and total population (over 2200 households) of

the study area made it impossible to conduct one. The important point

is that the sample be representative of the population. Sources of

possible error included:

a. Households that had not registered

b. Farmers who had moved away or died, but the card wasn't removed.

These two categories could be balanced to some extent by finding

the former location of the missing farmer. and substituting the new

resident. In practice. the locations were difficult to find. so only

a few substitutions could be made.

c. Extended families, with more than one farm operation in a

single household. If the families had separated their farms. they were

treated as two samples, and both were interviewed. Only two cases of

this were found, although many families were composed of married sons

or daughters farming jointly with their parents.

d. Non-farmers. A larger than necessary sample was drawn. and

the non-farmers were discarded. Table 1.3 shows the initial composition

of the sample. which included 280 cards, with 123 rice farmers in the

fin~l sample.

The distribution of sample farmers is shown in Figure 1.14.

Houses. indicated by dots. are fairly evenly distributed along water-

ways. The numbered villages are political divisions, rather than

natural entities, and were not used in the analysis. Rather, farmers

were grouped according to contiguous segments of canals (Figure 1.13).



Table 1.). Co~os~tion of sample drawn randomly from
reg1stration cards in T~bol.

Tambol Tambol
Bang Nam Phrong
Prieo Akat Total

38

Total households registered 9)7

Total cards in sample 126

Person unknown )

Non-farmers: not living here 14

Dead ()

Moved away (11)

Non-farmers; living in area )6

Laborers (1)

Professionals, Govt. (6)

Merchants (4)

Wat (Buddhist temple) (1)

Occupation unknown (7)

Retired, old (4)

Youth (1)

Farmers: no longer rice farm 14

Moved away (5)

Retired (J)

Dead (J)

Changed occupation (J)

Farmers: rice farming 59

Declined interview (1)

Farmers in sample,
; ntery; ewed j§..

1294

254

5

22

( )

(19)

)7

(14)

(4)

(15)

(1)

(2)

(1)

(0)

22

(12)

(4)

(1)

(5)

68

(J)

22)1

280

8

)6

7)

)6

127
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C. Interviews and survey schedules

A series of four interviews was used in order to get to know the

farmers well enough to overcoma possible apprehension on their part.

It was also necessary to become familiar with the problems occurring

in the study area, and to begin to understand the knowledge and points

of view of the farmers regarding their agricultural methods and problems.

This was particularly important in connection with pest problems.

Formal survey schedules were prepared in conjunction with informal

discussions with farmers and Amphoe officials in order to make the

questions as relevant and understandable as possible. Two pretests were

made with a few farmers for each interview, and questions were modified

accordingly. I used open-ended questions initially to attempt to minimize

pre-judging on my part or biasing of responses by the farmers.

Interviews were conducted by agricultural studp.nts from Kasetsart

University. During pre-testing of survey schedules, students were chosen

who were able to establish rapport with farmers, and who recorded the

answers carefully. I was present at many of the interviews, and was

able to correct some initial problems, although I couldn't attend all

the interviews since time considerations made it necessary to conduct

two to four interviews at the S@lle time. Completed surveys were reviewed

with the interviewees on a daily basis, and problems corrected. In a

few cases, it was necessary to re-interview farmers to correct con

fusing or in~omplete information.

Interviews were carried out at the homes of the farmers. Farmers

were informed that their participation would be voluntary. With a few

exceptions, they willingly a~reed to participate, and discussed the

questions enthusiastically with family members and neighbors who stopped
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by. Only four farmers declined to be interviewed, and two farmers

terminated the interview in ~he later rounds, claiming that the

interview wasn't helping them solve their problems. For the most part,

the farmers became friendlier and more informative after they got to

know us. In a few cases, farmers informed ~e later that they had not

been completely honest on the first interview because they owed

money to I.M.C. company and they thought I was the collector. Com

parison of the answers on the first interview with later interviews

(which covered some of the same material in more detail) revealed

inconsistencies which were clarified in the third and fourth rounds.

Such inconsistencies were not common, however.

Since the four interviews took place over a one year period, from

January 1973 to January 1974, the sample size was reduced by attrition.

Two farmers died during this period, two terminated the interview, and

two disappeared. Of the 123 sample farmers, 119 were interviewed on

the second round and 117 on the third round. Only 77 farmers were

interviewed on the fourth round; since harvest was underway at the time

of the interview, farmers were often too busy to talk when I arrived,

and the interview required complete information on crop yields.

D. Analysis of data

Data analysis was through use of tables, graphs and maps to indicate

spatial and temporal patterns of agricultural change. Where appropriate,

statistical tests were used to mak~ comparisons among data groupings.

A problem in analysis of trends over time is that the data became

less accurate with increasing time before present. This is due to:
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1. Imperfect memory of the farmers. Unless one is asking about

a major disaster, the farmers tended to estimate the dates of events

which occurred earlier than about 5 to 10 years before the interview.

For example, year of fertilizer adoption tended to cluster around 10,

15 and 20 years before the interview. Fortunately, pesticide adoption

occurred mainly within the 10 years prior to the interview, and

adoption of modern rice varieties occurred within the prior 5 years.

2. Incomplete sample in the past: As the date of an event moves

into the past, fewer and fewer of the sample farmers were alive and

farming in the study area, and the probability decreases that the

surviving farmers are a representative sample of the population at that

time.

Change in number and percent of sample farmers through time is

shown below. Table 1.4 is based on the reported age of the farmers

and their reported number of years farming in this area. Several

farmers reported that they had farmed here "all their lives." An

arbitrary age of 15 years was used as the beginning of their active

participation in the farming operation.

Table 1.4. Period of time sample farmers have farmed in
the study area

Years prior Number of Percent
to 1973 sample of
(1973 = 0) farmers sanple

0-3 123 100
5 119 97

10 106 86
20 75 61
30 45 36
40 18 15
50 6 5
60 0 0
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The yellow orange leaf virus epidemic occurred from 1965 to 1969,

four to eight years before the study, and 98 percent of the sample

farmers were present during the last year of the epidemic, while 90

percent were present for the entire epidemic. Ninety-seven percent of

the farmers were present during the period of adoption of the modern

rice varieties and early season rice crop.

IV. Summary of agricultural changes in Tambol Bang Nam Prieo

and Phrong Akat: context of pest epidemics and responses

A. Pre-1965:

1. Gradual improvement in water control over several decades due

to canal construction and water control projects in the Central Plain

by the Thai government.

2. Adoption of diesel motors with "rahat" (dragon-bone pumps)

since 1940s (replacing windmill and pedal powered rahat).

3. Shift from broadcast rice to transplanted rice from 1940s

to present.

4. Dissemination of selected local rice varieties by the Rice

Department since the mid-1950s.

5. Adoption of fertilizer and pesticides, 1950s and 1960s.

6. Increasing crop yields (Figures 1.9 and 1.15).

B. 1965-1968

1. YOLV epidemic began in 1965, resulting in crop losses

(Figu~e 1.15).

2. Increasing use of fertilizer and pesticides, stimulated by:

a. Government programs providing low-interest credit.
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b. A major project initiated in Chachoegsao by an American

firm, the International Minerals Company (IMC), providing fertilizer

and pesticides to farmers on credit.

3. Due to crop losses, farmers were unable to repay credit, and

some farmers were unable to continue rice farming.

4. Establishment of government Pest Control Unit in Chachoengsao,

pesticides, sprayers and training programs provided to farmers. !MC

Company also provided pesticides and training. Generally, however,

insecticides were not effective in preventing YOLV transmission by

leafhoppers.

5. Institutional responses:

a. Rice Protection Research Center at Bangkhen began a major

research program on YOLV and N. virescens.

b. The Rice Breeding Division at Bangkhen developed modern

rice varieties, R01 and RD3, with partial resistance to N. virescens.

6. In 1968, the manager of IMC obtained seed of C4-63 (a

Philippine rice variety resistant to YOLV, introduced into Thailand

by the Rice Breeding Division), multiplied seed in the 1968 dry season

and distributed it in the rainy season. Farmers also obtained RD1,

RD3, "Leaung Sampran" (a RD sister line) and C4-63 varieties from trial

farmers in Amphoe Sampran, Nakorn Pathom.

C. 1969-1970

1. YOLV losses were serious in 1969, but much less serious in

1970. Farmers continued to default on loans and go out of business.

2. IMC made a final attempt to recover losses by distributing

RD rice varieties. Farmers weren't familiar with the water depth
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required by the dwarf rice, and results were not good enough to save the

IMC project, which went out of business.

3. The government officially re1e~sed RD1 and RD3 in 1969, and

MV were rapidly adopted by the farmers, following an adjustment period

in which they learned which areas had a suitable depth of flooding for

the dwarf rice.

4. Farmers began growing the second, early season, rice crop

using the photoperiod-insensitive MV, and the second crop diffused

rapidly where irrigation water was "adequate.

5. In 1970, a rodent epidemic began to cause serious losses to

the early season crop.

D. 1971-1972

1. YOLV virtually disappeared although farmers confused other

diseases causing leaf yellowing with YOLV, and continued to report it.

Examples of such diseases were bacterial leaf blight and bacterial leaf

streak, to which RD varieties were susceptible.

2. Rodent" damage was serious in the 1971 early season crop, and

many farmers discontinued the early crop in 1972.

3. Weather problems were serious in 1972. An early flood

destroyed seedlings further reducing the area grow~. A drought caused

delayed planting of the rainy season crop.

4. A period of evaluation and adjustment of modern varieties.

Initially, C4-63 was not popular, due to its characteristic of having

a high proportion of empty grains, resulting in light weight of the

paddy. However, C4-63 is more resistant to bacterial leaf blight,

bacterial leaf streak and blast than the RD varieties, and it began to



47

be adopted more rapidly in 1972 and 1973 than previously. C4-63 also

requires somewhat less fertilizer than RD varieties. Overall, all but

a few farmers increased the area planted to MV, although most of them

continued to plant local varieties as well.

5. A period of rapid inflation began in the latter half of 1972.

During the 1960s, rice prices had remained low, and had even declined

slightly, as a result of the low price of domestic rice set by the Thai

government (the "rice premium" (Sanittanont, 1967; Kridakara, 1970;

Usher, 1978). The low rice prices enhanced the economic difficulties

of the farmers during the YOLV and ro~ent epidemics, and the increase

of government agricultural credit programs was partially an attempt by

the government to return funds to the farmers while keeping rice prices

low for the urban consumers. The global inflationary period that started

in 1972 caused a rapid increase in import and export prices (Figure

1.16) and the rice premium was increased, resulting in doubling of the

rice price to the farmers (Figure 1.17, Table 1.5). Prices of

fertilizer, labor costs, and other prices also doubled (Figure 1.18)

(Siamwalla, 1978).

6. Change to less labor-intensive methods such as a return to

broadcasting of rice and adoption of small paddy-field tractors,

occurred, partly in response to increasing labor costs.

E. 1973 - early 1974

1. No YOLV in 1973, although an outbreak of the green

rice leafhopper occurred. Apparently the YOLV reservoir was not great

enough to allow the leafhoppers to transmit the disease. The area
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Table 1.;. Prices received for paddy rice by farmers in
Tambol Bang Nam Prieo and Phrong ,.itat

Mean price Percent of
~ Season Number received ~ 1970 mean price

(Baht/Kwein)

1968 Ea~~ly 11 87;.0 198.4 10;

1968 Rainy 8; 906.9 212.4 108

1969 Early 34 844 . ., 167.8 101

1969 Rainy 88 866.4 167.7 104

1970 Early 45 838.3 136.4 100

1970 Rainy 103 834.9 162.3 100

1971 Early 49 807.3 154.9 96

1971 Rainy 112 884.; 192.2 106

1972 early 33 1029.; 281.0 123
a

1972 Rainy 209 1370.6 138.7 164

1973 Early a148 1613.3 160.; 193

1973 Rainy a
Modern 66 1~14.5 116.1 217

a
Local 69 1931.8 126.5· 231

a. The number of prices reported is higher than the
number of farmers. since some farmers sold rice
at more than one price.

50



51

planted to the early crop increased, without serious rodent outbreaks.

Weather conditions were generally favorable.

2. Several experimental rice lines, which had not been officially

released by the govern~ent, but had been obtained by the farmers with

the assistance of a Rice Breeding Department official, be8an to diffuse

through the area.

3. A few farmers began planting a third "dry season" rice'

crop.

4. In January, 1974, YOLV was found infesting fields planted to

the early season crop. Leaung Sampran and an unofficial rice variety

were attacked first, followed by infestation of RDl and RD3 (previously

considered to be resistant to the leafhopper vector). My field work

stopped at this time.



CHAPTER II

SOCIO-ECONOMIC CHANGES IN THE STUDY AREA

AND THE ADAPTIVE PROCESS

I. Objectives and socio-economic responses to crop loss

A. Objectives

An examination of the socio-economic conditions in the study area

is the main objective of this chapter for two reasons:

1. The socio-economic conditions provide the framework within

which agricultural change, crop losses and farmer responses take place,

as shown in Figure 1.5. The ability of farmers to absorb crop losses,

and to respond by trying new agricultural methods, is a function of

their socio-economic status.

2. Adjustment of the economic base (land, labor, and capital

investment) is a major part of the adaptive process.

More specific research questions are:

1. What is the influence of socio-economic status and location

on the earliness of adoption of two innovations that are related

to crop loss; insecticides and modern rice varieties?

2. What are the farmers' sources of information about new

farming practices and pest control methods?

3. To what extent have the farmers adjusted their economic resource

base in response to pest outbreaks and economic losses?



B. The adpative process: Socio-economic responses to crop loss

1. Direct, short-term adjustments

a. Seek to reduce losses; adopt pesticides

i. Seek information about causes of pest problems
and methods of pest control

ii. Participate in government pest control program

iii. Conduct religious ceremony to propitiate local
spirits or improve karma

b. Share losses

i. Borrow from relatives, neighbors, merchants, or
government credit program

ii. Default on loans

c. Bear losses

i. Sell buffalo to cover losses

ii. Work as labor~r, or seek temporary work in Bangkok

2. Indirect, longer-term adjustments

a. Reduce inputs

i. Reduce crop area, rent less land

ii. Reduce investment in crop (less fertilizer, etc.)

iii. Reduce hired labor

b. Increase inputs, try new methods to increase yield
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i. Grow early season crop; adopt modern rice varieties

ii. Increase investment, seek new credit sources

c. Diversify farm operation; raise pigs, ducks, chickens

d. Change occupation (serious loss, exhaust other options)

i. Temporarily stop rice farming, seek other work

i1. Move to farnt elsewhere, change to upland farming

iii. Move to city, change occupation



Figure 2.1. A.
L._ ~M17""_

Farmer discussing pectic ide use,
Tambol Phrong Akat
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Figure 2.1. B. Children going to school, Tambol
Phrong Akat
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II. Social Aspects. Communication. and Location

A. Social Aspects

1. Age distribution

The age distribution of the sample households is shown in Figure

2.2. The population pyramid, which only includes the farm population,

can be explained in terms of demographic changes resulting from adoption

of birth control, land availability and out-migration of young adults.

The effects of birth control are shown by the reduced proportion of

infants and childran in the 0 to 4 years old age group. The reduction

in births might also be influenced by the increased movement from the

area of farmers' married sons and daughters seeking work in Bangkok or

elsewhere, as shown by the rapid decline in proportion of 20 to 29 years

old males and females. The fairly constant proportion of 30 to 64

year age groups reflects a stable situation regarding land availability.

One or two married sons or daughters generally farm with their pareuts

for several years ~ntil land becomes available or the parents become

too old to farm. Then the children "sepa::ate" from the parents and

farm on their own. The process is one of gradual transference of land

as the elderly landholders retire or die, with landholdings remaining

in fairly large units, rather than an equal division of land among all

the children. Variation in land area through time reflects economic

pressures,as discussed later, rather than land division by inheritance.

Young adults (15 to 25 years of age) represent an important labor source

on the farms, but the rapid decrease of individuals above 20 years old

is an indication of the out-migration of those who do not replace their

elders on the farm.
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The large family size (average 7 individuals/family) reflects the

importance of family labor in rice growing, although economic and cul

tural changes are influencing family size, as shown by the declining

birth rate. The reduced family size will have a major impact on farm

labor in the luture.

2. Education

In the past, schools were often not available to the farm children,

and the Wat (Buddhist temples) provided a few years of education. At

the present time, four years of elementary education are compulsory, and

there are adequate schools in the study area. The next three years are

provided by a school at the Amphoe center. However, many children from

outlying areas are unable to make the journey on a daily basis. Higher

grades (8-12) are available in Chachoengsao, but a relatively small

proportion of the rural children could take advantage of it, since they

would have to board in town.

A high proportion of the farmers in the study area are literate;

82 percent of the sample (Table 2.1). Of the 18 percent who are

illiterate~ 16 percent have a family member who is literate, so only

2 percent of the households are entirely illiterate. One would expect

literacy to be important in terms of one of the themes of this study,

safe and proper use of pesticides; and the ability to read the label

on the pesticide container sho~ld be an important consideration to the

farmers. In fact, the labels are often written in language the farmers

~annot understand, and the farmers often prefer to gain their knowledge

from other farmers or from experience. Literacy has traditionally been

valued in rural Thailand, as it allows individuals to read religious
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Table 2.1. Years of education of farm operators and

house~old members

Farm Operator; Highest household member
Years Percent including farm operator;
education of fartlls Percent of farms

0, illiterate 18.3 2.5
0, literate 3.3 0

Wat (temple 9.2 0
1 0.8 0
2 5.8 0
3 13.3 5.8
4 46.7 71.1
5-7 2.5 10.7
8-12 0 9.1
12+ 0 0.8

Mean years 2.5 4.7
sample no. 120 .121
median 3.0

chants on ceremonial occasions. This, however, requires some ability

to read Pali and Khmer scripts (mostly by monks) which is learned in

the temple rather than the school.

The median years of formal schooling of the farmers is 3.0 (con-

sidering a wat education as equivalent to 1 year), and only 2.5 per-

cent of the sample farmers had more than four years. The mean education

level of the most educated household members is 4.7 years, reflecting

the increased availability of schools. Only 11 percent of the house-

holds had a family member at home with 5 to 7 years of school, 9

percent had a resident with 8-12 years, and one percent (one household)

had a college graduate. These figures do not include family members who

have left the household, however, which would include most of those with

higher levels of education.
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Table 2.2 shows the variation in education levels among the eig~t

geographical areas. There is no significant diff~rence in mean educa

tion level of the farmers among the eight areas. Comparing the maximum

level of education in the households, the means of Saen Saep East and

Khlong Ban Mai are significantly higher than that of Plum Phaeo Pha at

the 90 percent level. Generally, the area near the Amphoe headquarters

(Saen Saep East) has slightly higher levels than other areas, with the

exception of Kh10ng Ban Mai where levels equal those of Sacn Saep East.

The higher education level of Khlong Ban ~~i residents is probably due

to the presence of a whistle stop on the railway line, which is adjacen:

to Khlong Ban Mai, making travel to Cbachocngsao and Bangkok relativ~ly

easy.

There is very little difference in mean education level between

the Buddhists and Moslems, as shown in Table 2.2.

3. Religion

Religion and traditional beliefs maintain a strong role in Thai

society, even among those who have adopted modern technology. The

farmers jn the study are 81 percent Buddhist and 19 percent Moslem.

The Moslems are located entirely in the northwest corner of Tambol Bang

Nam Prieo in villages 7 through 11 along Khlong Saen Saep and Bung

Khlo (geographical areas 2 and 3 in my analysis) (Figure 2.3). They

are the farthest extension of a Moslem population extending to the

eastern edge of Bangkok, originating from Malays of Patani who were

re-settled along the Saen Saep Canal in the l830s and l840s following

a war in the South.
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Table 2.2. Years uf education and practice of traditional ceremonies

Farmerl Highesta Number ofb
years years school tradi'tional
school in household ceremonies

n x s.d. x s.d. n x s.d.

1. 5aen 5aep East 14 ;.0 2.0 S.8* 2.8 14 ;.7 1.8
2. 5aen 5aep West 16 2.8 1.7 4.9 2.9 2 ;.0 0
; . Bung Khlo 14 2.; 1.9 4.1 0.7 6 S.O 1.8
4. Khlong Khwang West 1; 2.9 1.7 4.2 0.9 12 4.7 1.4
S. Khlong Khwang East lS 2.8 1.8 4.S 0.9 lS 4.7 1.8
6. Chuat Ta 5i lS 1.7 1.6 4.; 1.; 16 ,.8 1.7
7. Khlong Ban Mai 20 ;.0 1.4 S.8* ;.4 20 ;.2 1.9
8. Plum Phaeo Pha 1; 2.2 1.7 ;.;* l·S 1; 4.S 1.7

Moslems (total ) 2; 2.4 1.9 4.4 2.0
Buddhists (total) 97 2.6 1.7 4.8 2.S 98 ;.9 1.8

Total 120 2.6 1.7 4.7 2.4 98 ;.9 1.8

Famong areas= 1.14 F = 2.00 F = 2.74
.90F7.112 = 1.78 .90F7.112= 1.78 .97SF6,91= 2.S7
Accept Ho Reject Ho Reject Ho

(* = sig. diff. )

a. Years of school of the household member with the highest education.
b. Number of traditional ceremonies observed, out of 8 (Table 2.).).
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Apart from the differences in belief, the Moslem area did not show

significant differences in rice farming methods from the Buddhists.

Those Moslems living along the Saen Saep canal, with adequate irrigation

water, and influence from the transport route to Jangkok. were among the

early adopters of new technology. Those living along Bung Khlo were

late adopters, because the canal was only deepened in 1973, and the area

was relatively isolated (similar to the Buddhist area along Plum Phaeo

Pha in the southwest corner of the study area).

The role of religion among Thai villagers, particularly in regard

to fatalism and Buddhist precepts, is discussed by Ayabe (1964),

Ingersoll (1966), and Pfanner and Ingersoll (1962).

The general belief is that a person's status in life, or "karma,"

results from the balance of good and bad deeds, not only in the present

life but in past lives as well. Therefore, it is desirable to try to

improve one's karma by making merit (through formal offerings and acts

of kindness) and by striving to obey the Buddhist precepts. Bad luck,

such as a pest outbreak in a farmer's rice field, might be considered

to be the result of the farmer's karma, but such a view would not be an

excuse to resign one's self to fate. The general view toward karma is,

rather, pragmatic and positive; karma might impose certain limits, but

it is up to each individual to overcome adversity by using whatever

resources are available. The farmer might spray the field with pesti

cide, to counter the immediate problem, and have a merit ceremony to

improve the overall situation. The fact that the use of pesticides

seems to violate the Buddhist precept against killing has not been a

major deterrent to their adoption by the farmers in Bang Nam Prieo,
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one rationalization being that by increasing rice yield, they are

supporting the lives of more humans.

Buddhism in Thailand has been termed "animistic" Buddhism, animism

referring to the belief that all objects, non-living as well as living,

have spirits or forces which mus~ be respected and placated, and which

can be influenced through supernatural means. Many such means are avail

able in rural (and ~rban) Thailand, including astrology, palmistry, the

use of mediums and spirit doctors, and propitiatory ceremonies and

offerings. As with karma, animistic beliefs and practices did not

interfere with what is basically a pragmatic approach toward life by

the farmers (at least in regard to t~e agricultural methods I observed).

Table 2.3 lists some of the more common ceremonies that are related

directly to the rice cycle, and gives the percent of the farmers who

said that they still observe the ceremonies and the percent who have

discontinued them. These and other agricultural ceremonies and beliefs

are discussed in detail by Anuman (1961) and Ayabe (1959).

The greatest percent of farmers (93 percent) observe the rice

goddess (Mae Po Sop) ceremonies. Offerings (Figure 2.4) consist of

foods that a pregnant woman usually eats, and the rice goddess is con

sidered to be "pregnant" with the growing rice crop. If the rice goddess

is happy, it is believed that the rice plants will be strong and yield

well. After the harvest, some of the rice heads are tied in a bundle

and brought to the threshing fleor to represent the rice goddess ("yok

na"), and after the harvest they are placed in the rice storage, to be

planted the following year, thus returning the rice goddess to the

next crop.



64

Table 2.3. Participation in traditional ceremonies and customs

Percent
farmers Percent

Ceremony or custom n observeda discontinued

1. Plant rice on an auspicious dayb 105 52.3 8.6

2. Offering to spirit of the placec 105 43.8 7.6
(Chao Thi Chao Thang)

3. Offering before transp13nting
or broadcasting riced 105 21.0 6.7

4. Offering to the rice goddease 105 93.2 0
(Mae Po Sop)

5. Ceremony and offering at the
threshing floor (Yok Na) 109 74.8 2.9

6. Ceremony and offering at
harvest f (Lak Lan) 109 30.1 2.9

7. Rain making ceremony
(includes Moslems) 121 17.9 22.0

8. Offering to guard against
pestsg 121 52.1 3.4

aOne through 6 do not include Moslems, since their religion for
bade them from these practices, but 7 and 8 were observed by them.

bFarmers reported: Friday is considered good luck, since the name
of Friday (wan suk) is similar to suk meaning luck. The day of the
Royal plowing ceremony is auspicio~ If you start on month 6, waxing
moon, 12 Kumphapan 7, will get more panicles.

cAn offering of flowers joss sticks and candles.

dSome farmers stopped doing it because it is too expensive.

~ay ora:tges, sugarcane, and bananas in paddy field, use a candle
for offering.

f Harvest on Friday; select an auspicious day fo~ harvest. One
farmer stopped because it is a big affair, costly.

gOne farmer made an offering to prevent rats, it didn't help.
Offering for army worm (Khwai Phra In = buffalo of Indra).



A. B.

Figure 2.4. A. Offering to Mae Po Sop, the Rice Goddess, hung on a pole
with a flag (center of photo); local windmill (left).

B. The offering; foods, incense sticks, flower leis.

•
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With adoption of modern methods, the traditional ceremonies are

beginning to decline, as shown by the percent of farmers who have

stopped observing them. In some cases, the grandparents continue the

ceremonies, but the younger generations do not pay much attention to

them. Some farmers said that ce=emonies requiring offerings of food

and inviting guests are too costly, indicating the general trend toward

a more commercial and individualistic approach to rice growing.

There is a significant difference in observances of traditional

beliefs among areas, as shown in Table 2.2 (F test). However, the q

test does not show significant differences between any two areas,

indicating that the diffe~ences are in the overall distribution.

4. Education and traditional beliefs versus adoption

of new practices

In terms of·my research objectives, two questions are most

relevant: (1) Do farmers with more education tend to adopt new prac

tices earlier than those with less (or no) education? and (2) Do farmers

who are more "traditional," in terms of observing more traditional

religious ceremonies, tend to adopt new practices later than the others?

First, I checked whether a negative relationship existed betw~en

years of education and number of traditional observances. As shown in

Table 2.4, there appear to be slight.ly more traditional observances

among those with no education and fewer among those with more than four

years, but the differences are not statistically significant.

I compared educatiofi and traditional ceremonies with mean years

of adoption of two new practices: modern rice varieties and insecti

cides. I selected these two practices because they had been adopted
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Table 2.4. Years of education versus traditional ceremonies

(Only Buddhists included)

Years of Number of religious

school, ceremonies (Table 2.3)

farmer n x s.d.

0 19 4.3 2.0

1,2 17 3.8 1.6 F = 0.56

3,4 56 4.0 l.~ .90F3,9l • 2.15
5+ 3 3.0 1.0

Total 95 4.0 Accept H (means are equal)
0

by nearly all of the farmers within a fairly shore period prior to my

study; modern varieties within six years and insecticides within 15

years. Most of the insecticide adoption occurred prior to introduction

of MV. I eliminated from the analysis those farmers who had begun

farming within the main period of adoption.

Tables 2.5 and 2.6 show no significant difference in earliness of

adoption of modern varieties or insectic~des due to years of education

or to traditional beliefs. It seems likely that the economic situation

of the farmers, the physical constraints in the paddy fields, and the

effect of location with respect to the Amphoe office and market centers

are more important in explaining differences in adoption rates, end

these variables will be examined later.

Moslem farmers shoy a significantly later mean year of adoption of

modern varieties than Buddhist farmers. The reason, however, is most

likely not due to religious differences, but to the location of the

Moslem farmers along Bung Khlo which is far from the center of intro-

duction of modern varieties, as I shall discuss later.
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Table 2.5. Education versus adoption of modern rice varieties
and insecticides

Years of
school.
farmer n

Adoptton of modern
rice varietiesl
years bafore.1973

x s.d. n

Adoption of insecticidesl
years before 1973

X s.d.

F = 2.00

.90F2.105= 2.36

1.; 27
1.0 17
1.5 (3,4,5) 64
1.2

0 27 3.0
1,2 17 3.1
3.4 67 ;.4
5+ 3 ;.7

Total 114 ;.;
F = 0.69

.90FJ.llO= 2.10

1.4 108

5·0
5.9
6.2

5.8

2.9
3.0
;.8

Accept Ho
(no significant difference

l\ccept Ho .
among the means)

Table 2.6. Traditional religious ceremonies versus adoption of
modern rice varieties and insecticides

18 6.3 ;.6
5; 6.2 ;.2
18 5.5 J.O

89 6.1. ;.2

F = .008

Accept H"

(Only Buddhist farmers)
Adoption of insecticides

. let73 = 1
n x s.d.

F = 1. 78

.90F2.91= 2.;7

~rumber of Adoption of modern
ceremonies varieties,~97J = 1
practiced n x s.d.

0-2 20 ;.; 1.6
3-5 54 ;.7 1.2
6-8 20 ;.2 1.4

Total 94 ;·5 1.;

Accept Ho

Buddhists 94 ;·5 1.; Ho : No difference between mean
adoption years. Moslems and

Moslems 2J 2.4 1.; Buddhists.

Total 1.4
F = 1.0.87 .99Fl.1l5= 6.87117 ;.;
Reject Ho
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B. Information Sources

1. Sources of information about farming and participation

in government programs

In the formal interview, several questions related to sources of

information about farming. When asked who they talk to about farming

methods and problems, 34 percent of the farmers said no one, 56 percent

said a neighbor or relative, 6 percent said a government official. and

one percent said a merchant. When asked specifically if they had

gotten advice about improving rice yield from particular sources, 68

percent answered none, 17 percent said a farmers' co-op, 14 percent

said a government official, 6 percent said a merchant (2 percent named

IMC company), and one percent said a schoolteacher.

A more detailed question about awarene3S of, and participation in

government programs to improve rice yield gave the results in Table 2.7.

Table 2.7. Government programs to improve rice yield

Sample number: 121

Rice yield contest

Rice demonstration area

M1!ltiply new varieties of seed

Rice training course

Promotion of second rice crop

Credit for fertilizer, pesticides

Government agent talked to farmers
about improving yield

Company program to improve yield
(IMe company)

None

Aware of
program

percent

9

o
32

7

21

47

7

2

25

Participated
in program

percent

2

o
15

5

9

35

3

2

45
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Three-quarters of the farmers were aware of government programs,

and 55 percent had participated in one or more programs. Most of those

who participated had obtained credit from a government co-op or credit

group. 35 percent (a larger number actually used government credit

sources, 52 percent). Fifteen percent had multiplied new rice varieties.

and less than 10 percent had participated in other programs.

A larger proportion of farmers were aware of. and had participated

in government pest control programs, as shown in Table 2.8.

Table 2.8. Government pest control programs

~le number: 121

Rodent control program

Sent agent to spray pests

Di~tributed pesticides

Loaned sprayers

Training program in pest control

Pamphlets on pest control

None

Aware of
program

percent

52

16

73

79

18·

7

8

Participated
in program

percent

42

7

58

47

13

5

23

Over 90 percent of the farmers were aware of some government pest

control program, and three-fourths of them had participated in one or

more programs. Fifty-eight percent had received pesticides from the

government, 47 percent had borrowed government pesticide &prayers, and

42 percent had received rodenticides. Thirteen percent had received

training in pest control, but only 5 percent had received pamphlets

about pest control.
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The above tables show that the most widespread government programs,

and those which had attracted the most farmer participation, were those

frcm which they derived direct material benefit; loans, pesticides, rice

seeds. Training programs and verbal or written information were not

very popular with the farmers, and they often said that they knew more

about rice growing than the government agents, who only had book

knowledge.

2. Geographic variation in farmer participation in government programs

An important question in terms of innovation adoption, adjustment

to crop losses, and the adaptive process has to do with the variation

of government influence among the geographic areas. Table 2-9 gives

the percent of the farmers in each area who participated in government

programs.

Comparing the percent membership in farmer's credit cooperatives

by area with the overall percent membership, the X2 goodness of fit

test shows a significant difference among areas at the 99 percent

level. Khlong Ban Mai and Plum Phaeo Pha have the lowest percent

membership, 35 and 23 percent respectively, while the rest of the areas

have about 50 to 60 percent membership.

Percent participation in pest control programs varies significantly

among areas at the 90 percent level, using the X2 goodness of fit test.

Plum Phaeo Pha and Saen 5aep West have about 60 percent participation,

the low range, while Bur.g Khlo has 86 percent and Saen 5aep East has

93 percent participation, the high range.

F!um Phaeo Pha and Bung Khlo have the lowest percent participation

in rice iIIl?rovement programs, 38 and 36 percent respectively, while

Khlong Khwang East and Chuat Ta 5i have the hishest, 87 and 62 percent.



Table 2.9. Farmer participation in governm~nt extension programs

Member Participated Received advice Participated
of coop in rice about rice in govt.
or credit improvement improvement pest control
g:-oup program from govt. program

n s. " " "1. Saen Saep East 15 46.6 42.8 53 92.8
2. Saen Saep West 16 50.0 43.8 31 62.5
3. Bung Khl0 14 50.0 35.7 21 85.7
4. Khlong Khwang West 13 53.8 53.8 31 69.2
5. Khlong Khwang East 15 60.0 86.7 13 66.7
6. Chuat Ta Si 16 56.2 62.5 27 75.0
7. Khlonz Ban Mal 20 35.0 50.0 22 80.0
8. Plum Phaeo Pha 13 23.1 38.5 15 61.5

Total 122 46.7 52,,1 32 74.4

X 2 = 26.8 2 X 2 = 14.0X. = 44.3
.99"X..

2 = 18.5 .999'X.
2 = 24.3 •90'X.2 = 12.0

Reject Ho Reject Ho Reject Ho

'"N
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Generally, those areas nearer to the Amphoe office or the road had

higher percentages of farmers taking part in government programs (Saen

Saep East, Khlong Khwang, Chuat Ta Si), and the areas farther away had

the lowest percentages (Plum Phaeo Pha, Bung Khlo) , although some ex

ceptions occurred (Bung Khlo with pest control programs).

3. Mass-media exposure

How important are mass-media as sources of information about

farming? Ninety-two percent of the farmers in the sample owned a radio,

and 6 percent owned a television (n-121) with no major differen~es in

radio and television ownership among areas. Eighty-eight percent

listen to the radio nearly every day, 69 percent said they listen to

agricultural prog1:ams, and 60 percent reported that they listen to

programs on pest control. The programs most commonly listened to were

an agricultural extension program from Kasetsart University and

"Bunsong, II a popular commercial pesticide promotion program. Only one

third of the farmers could remember which programs they listened to,

however, indicating that the radio was not considered to be an important

source of information about farming by most farmers.

Newspapers and magazines were not commonly read by the farmers,

since they are mainly available at the market centers. Only 3 percent

of the farmers said that they read newspapers nearly every day, and 24

percent read them a few times a month. Twenty-eight percent read a

newspaper a few times a year, and 45 percent never read them. Only

4 percent of the farmers said that they read magazines a few times

a year, and 96 percent never read them. Since most farmers are literate,

it is interesting that most of them don't read newspapers very often.
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Farmers along Bung Khlo and Khlong Khwang West re~orted considerably

lower levels of listening to agricultural programs on the radio and

reading the newspaper than farmers in the other areas (48 percent

versus 70-80 percent for agricultural programs, and 15 pe4cent versus

26-32 percent for newsyaper).

In reviewing a large number of studies of innovation adoption,

Rogers (1976:136) found that in most t~aditional cultures, peers or

government development agents were named predominantly by the farmers

as sources of information about new farming methods, as opposed to the

mass media. Rogers felt that this was because the mass media seldom

contained information about new methods that was specific enough for

the farmers to use. The evidence from the present study indicates that

the farmers prefer to see the results of new methods directly, either

by trying them out themselves, or by observing a neighbor or local

leader who is trying the new method, before deciding whether or not to

adopt. This is the trial and error process by which new methods become

adjusted to local conditions.

4. Travel

Travel gives farmers an opportunity to see different farming

methods and to look over new products in stores and markets. Farmers

in the study area travel regularly, as shown in Table 2.10.

All of the sample farmers except one traveled to Bang Nam ~rieo

and Chachoengsao at least a few tines a year, and three quarters of them

visited Bangkok at least ~ few times a year. About half of the farmers

along Saen Saep East, Khlong Khwang and Chuat Ta Si visited Bang Nam

Prieo at least a few times a month, while less than 20 percent of the



Table 2.10. Travel to administrative and urban areas

Percent of farmers in each area who travel tOI
Bang Nam Prieo Chachoengsao Bangkok

n la 2b 3c 1 2 3 1 2 3

1. Saen 5aep East 14 S7 43 0 7 93 0 0 64 36
2. Saen 5aep West 16 12 88 0 0 100 0 12 81 6
3. Bung Kh10 14 0 100 0 7 93 0 7 78 14
4. Kh10ng Khwang

West 13 54 46 0 1S 77 8 0 8S 1S
S. Kh10ng Khwang

East 1S 40 60 0 0 100 0 0 60 40
6. Chuat Ta 5i 16 62 38 0 12 88 0 0 81 19
7. Khlong Ban Mai 20 20 7S S 40 60 0 .. 6S 30J

8. Plum Phaeo Fha 13 IS 8S 0 38 62 0 0 77 23

Total 121 ~2 67 1 21 78 1 3 74 23

a. One = A few to several times a month.
b. Two = A few to aeveral times a year.
c. Three = Never

75
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farmers living farther away visited it that often. Forty percent of

the farmers along Khlong Ban Mai and Plum Phaeo Pha traveled to

Chachoengsao at least a few times a month.

C. Location Effects: Routes of Entry of Modern Methods

and Influencp- of Market Regions

The Amphoe office for Amphoe Bang Nam Prieo is located near the

northern border of the study area, next to the common border of Tambol

Bang Nam Prieo and Tambol ~hrong Akat. Since the canals extend out

ward from the Amphoe office in a fan-like pattern, agricultural

innovations introduced by the government near the Amphoe would be

expected to show a regular diffusion pattern outward along the canals.

This ideal situation is only partially realized, however, due to several

factors that alter the location at which innovations are introduced and

the pattern of their spread. Some important examples are:

1. The Chachoengsao-Bang Nam Prieo road. Farmers located near the

road have easier access to the outside, and are accessible to change

agents (government officials and representatives of agricultural

businesses such as the IMC company), so farmers near the road tend to

adopt innovations earlier than those farther from it.

2. Farmers living near the periphery of the study area have access

to outside sources of innovation. On the western border, the Saen Saep

Canal is a direct route to ~angkok. To the south, farmers along Khlong

Khwang also have access to Bangkok via the Bangkhen-Chachoengsao high

way. In the southeast part of Tambol Phrong Akat, farmers along Chuat

Ta Si, Khlong Ban Mai and Chuat Plum Phaeo Pha have access to
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Chachoengsao along those canals. A railway station exists between

Khlong Ban Mai and Chuat Plum Phaeo Pha, giving direct access to

Chachoengsao· and Bangkok. Prior to construction of the Chachoengsao

Bang Nam Prieo road, about 10 years before my study, new methods tended

to enter the area from the peripheral routes, rather than from the

Amphoe headquarters.

3. Physical constraints. Prior to the deepening of Bung Khlo

and Chuat Plum Phaeo Pha-Khlong Phrong Kathin in 1973, these areas were

unable to grow the early season rice crop due to lack of irrigation

water.

4. Market regions. Four markets supply most of the agricultural

needs and credit to' the farmers in the study area; Bang Nam Prieo,

Chachoengsao, Khae Rai and Tha Khai (Figure 2.5). These centers are

also the location of rice mills to which the rice is sent after harvest,

and an additional rice mill exists in Tambol Phrong Akat at the inter

section of Khlong Ban Mai and Chuat Plum Phaeo Pha. The effect of

the four market centers is to segment the two tambo1 into four market

regions. Merchants travel along the canals in large boats, bringing

fertilizer and other supplies to the farmers, and picking up the rice

at the end of the season. A few merchants also travel along the Saen

Saep Canal from Minburi and Bangkok, doing business with a few farmers.

Farmers also travel to the market centers to purchase supplies. Since

the markets serve as centers from which new agricultural inputs, ~uch

as pesticides, new rice varieties, farm implements and other modern

innovations are available, the effect of the four market regions is to

serve as four centers of diffusion. Bang Nam Prieo still retains the
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strongest influence, however, since it is also the site of the Amphoe

headquarters, the source of government-sponsored agricultural programs.

As Figure 2.5 shows, government-sponsored credit, fertilizer and

pesticides are available throughout the study area, through the tambo1

headmen, the village chiefs, and several agricultural cooperatives.

These government sources also serve to spreac ney technology from the

Changwat and Amphoe to the outlying regions.

The net effects of the different centers of diffusion on the

spread of new methods will be more apparent wt~n adoption of specific

agricultural practices are discussed in Chapters III, IV, and V.

III. Economic Aspects

A. Farm Size and Land Ownership

The ability of farmers to control their land and manage it

effectively is basic to successful agriculture. In this section I

will examine the patterns of farm size and land tenure in more detail,

particularly as they relate to the process of change; adoption of new

technology and the ability of the farmers to adjust their land area

in response to crop losses, economic difficulties or other changed

circumstances.

1. Land conformation

Virtually all of the land in Tambol Bang Nam Prieo and Phrong

Akat is divided into narrow strips which front on canals or natural

waterways, as shown in Figures 2.6 and 2.7. (About 1/20 of the land

divisions are shown on the maps.) Typically, individual landholdings

are about 50 to 100 meters wide and 500 to 1500 meters long. The land
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Figure 2.6. Representative land holdings, showing relationship of
farms to canals and natural waterways; Ta.D"ool Bang
Nam Prieo
Sourcez U.S. Navy. 1967. Aerial photographs Vl VAP
61 4964, 0003-0005; Vl VAP 61 4880, 00218-00220
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Figure 2.7. Representative land holdings, ~howing relationship of
fares to canals and r.atural waterways; Tambol Phrong
Akat
Source: U.S. Navy, 1967. Aerial photographs Vl VAP
61 4964, 0003-0005; Vl VAP 61 4880, 00218-00220
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was divided in this fashion at the time the canals were dug. during the

last century. All of the farmers who live along the main waterways

therefore have independent access to irrigation water. The triangular

areas between the canals do not have access to irrigation water. and

the farmers in those areas can grow only rainfed or flood irrigated

rice. Since the linear fields do not follow the topography. farms are

likely to have both low and high areas, making it necessary to grow

rice varieties of different stalk lengths in many areas.

2. Land use

The percent of total land of the sample farmers allocated for

various uses is shown in Table 2.11. Between 75 and 90 percent of the

land is used for rice and the X2 test does not show significant dif

ferences among areas. Since the area designated "unaccounted and

rented out" is probably also rice land. the percent of rice land is

most likely around 90 percent for all of the geographic areas. From

3 to 10 percent of the land is used for house lots and activities other

than rice growing: fruit trees. gardens, fish ponds. threshing floors.

animal pens. storage areas and so forth. Fallow land unsuitable for

agriculture makes up the remaining 1.5 to 6 percent of the land, mostly

lowlying land along natural waterways.

The areas of lowlying land are greatest along the Saen Saep canal,

making up 5-6 percent of the total area there and ab~ut 2 percent

elsewhere. House lots are largest along Chuat Ta Si and Khlong Ban

Mai, where the canals are broad, natural distributaries.



Table 2.11. Land Use in Tambo1 Bang Nam Prieo and Phrong Akat
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Total Percent Percent Percent
land Percent area in fallow, unaccounted
area area in house lot ponds, & rented

n rai rice garden, infertile out
etc.

1. Saen Saep
East 14 913 87.8 8.3 4.7 0

2. Saen Saep
West 15 786 80.0 5.7 6.1 8.2

3. Bung Kh10 14 948 84.0 6.2 1.6 2.6

4. Kh10ng Khwang
West 12 431 90.5 3.2 2.1 0

5. Kh10ng Khwang
East 16 1154 89.7 5.8 1.4 4.6

6. Chuat Ta Si 14 842 79.4 10.0 2.2 8.3

7. Kh10ng Ban
Mai 20 1416 78.6 9.3 2.2 9.8

8. Plum Phaeo
Pha 13 893 75.7 6.9 1.8 15.6

Total 118 7383 .82.8 7.5 2.7 6.6

X2. = 3.15

2. = 12.090X 7

Accept H : Percent area in rice among ar~as0 is equal
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3. Land fragmentation

Nearly half of the sample farmers have two or more plots of land

(Table 2.12). Land fragmentation is the most prevalent along Khlong

5aen 5aep and Bung Khlo, where three plots are common, and about a

quarter of the plots are over one kilometer from the farmhouse. This

pattern reflects the scarcity of land in the area. Along Khlong

Khwang West, Chuat Ta 5i and Khlong Ban Mai most of the landholdings

are in single parcels, probably because in these areas there is only

a single rank of plots extending back from the canal. Farms along

Khlong Khwang East and Plum Phaeo Pha are evenly divided between one

plot and two plots.

Greater land fragmentation, while making the farming operation

more complex and harder to manage, also brings the farmer into contact

with more neighborin6 farmers, and increases the potential for exposure

to new agricultural methods.

Table 2.12. Land Fragmentation

Percent of farmers with: Percent of
plots over

1 2 3 4 1 kilometer
n plot plots plots plots from house

1. 5aen 5aep East 15 6.7 73.3 13.3 6.7 24.3

2. 5aen 5aep Wst 15 46.7 33.3 20.0 0 30.8

3. Bung Khlo 13 53.8 23.1 15.4 7.7 22.2

4. Kh10ng Khwang
West 13 83.3 16.7 0 0 7.1

5. Kh.Long Khwang
East 16 47.1 52.9 0 0 20.0

6. Chuat Ta 5i 12 83.3 16.7 0 0 6.7
7. Kh.Long Ban Mai 19 78.9 21.1 0 0 4.3
8. Plum Phaeo Pha 13 46.1 46.1 7.7 0 0
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4. Farm size distribution and land ownership

The distribution of farm sizes according to the percent of farms,

percent of rice lanG and percent of land owned or rented in each size

class is given in Table 2.13 and Figure 2.8.

Table 2.13. Distribution of Farm Size (rice area), 1973

Number Percent Percent Area, Percent Percent Percent
of of owned. rice of total of area of area

Size farms farms part land area owned rented
or all

raia rai

0- 9.9 3 2.4 0 14 0.2 0 0.2

J.O- 19.9 7 5.7 1.6 93 1.3 0.4 0.9

20- 29.9 10 8.1 0.8 219 3.2 0.1 3.1

30- 29.9 18 14.6 1.6 573 8.2 1.8 6.4

40- 49.9 19 15.4 7.3 796 11.5 2.7 8.8

50- 59.9 18 14.6 4.9 944 13.6 1.7 11.9

60- 69.9 10 8.1 2.4 607 8.7 1.7 7.0

70- 79.9 9 7.3 4.1 635 9.1 3.0 6.1

80- 89.9 Q 7.3 3.2 737 10.6 3.5 7.1.,

90- 99.9 6 4.9 1.6 540 7.8 1.4 6.4

100-109.9 3 2.4 1.6 307 4.4 1.3 3.1

110-119.9 1 0.8 0 110 1.6 0 1.6

120-129.9 3 2.4 2.4 365 5.3 2.2 3.1

130-139.9 2 1.6 0.8 264 3.8 0.4 3.4

140-149.9 1 0.8 0.8 140 2.0 1.4 0.6

150-159.9 4 3.2 1.6 606 8.7 2.9 5.8

Total 123 100 35.0 6950 100 24.6 75.4

aOne neetare - 6.25 rai
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The frequency polygon of the percent of farms per size class

(Figure 2.8A) shows a skewed normal curve, with the peak at the low

end (60 r~i or less), and a long tail in the large size classes. The

polygon of land area per farm by size class shows a broader curve,

with a large proportion of land in the larger size classes. This is

demonstrated in Tables 2.14 and 2.15, in which the farm sizes are

classed into four groups by size and three groups by percent of land

owned. About 60 percent of the farms are in the lower two size

classes (less than 60 rai), which include 38 percent of the land,

while the upper two size classes contain 40 percent of the farms and

62 percent of the land.

Average farm sizes in Thailand tend to be larger than in other

parts of Southeast Asia, and farming methods tend to be less labor

and management intensive (see, for example, Barker and Herdt, 1978).

Table 2.14. Percent of Farms, Classified by Size and Percent of
Land Owned

Percent of total farms

87

Farm size Own 0-24% Own 25-74% Own 75-100%
rai n of land of land of land Total

1-29.9 7.0 13.8 0.8 1.6 16.3

30-59.9 55 34.2 6.5 4.1 44.7

60-99.9 33 15.4 8.2 3.2 26.8

100+ 15 6.5 5.7 0 12.2

Total 123 69.9 21.2 8.9
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Table 2.15. Percent of Total Land Area Classified by Farm Size
and Percent of Land Owned

Percent of total farms

Farm size
rai n

Own 0-24%
of land

Own 25-74%
of land

Own 75-100%
of land Total

1-29.9 20 3.9 0.4 0.4 4.7

30-59.9 55 25.5 4.9 2.9 33.2

60-99.9 33 20.1 10.6 4.1 34.8

100+ 15 14.7 12.6 0 27.3

Total 123 64.2 28.5 7.3

5. Farm size and land ownership by location

Mean farm size varies considerably among the eight geographic

areas in Tambol Bang Nam Prieo and Phrong Akat. Table 2.16 and Figure

2.9 show the variation in mean farm size, and the significantly dif-

ferent mean farm sizes are also shown. The mean farm size for the

total area in 1973 was 62 rai and the mean rice area (actually farmed

by the sample farmers) was 53 rai. Khlong Khwang East, Saen Saep East,

Bung Khlo, and Khlong Ban Mai have mean rice areas higher than the over-

all mean: 56 to 61 rai. Khlong Khwang West and Saen Saep West have

mean farm sizes quite a bit lower than the average: 35 and 44 rai,

respectively. The other areas are close to the overall mean.

Land ownership also varies a great deal among areas. The highest

percent ownership occurs along the Saen Saep canal, where 50 to 69

percent of the farmers own some land. Lowest ownership is along Khlong

Kh~ang West, with no farmers owning land (the land is Royal property),



Table 2.16. Comparison of farm size and land ownership among regions

Percent Percent
of area farm4rs

TCltal farm Planted owned by own part
size (rai) to rice (rai) farm or all of

n x s.d. ie s.d. operator their land

1. Saen Saep East 1; 64.9 16.1 60.5 14.6 39.0 69

2. Saen Saep West 16 52.7 25.1 44.4 22.0 32.4 50

3. Bung 10110 14 67.1 36.5 58.6 28.4 16.0 29

4. Khlong Khwang 13 35.3 10.2 34.7 11.6 0 0
West

5. Khlong Khwang 16 72.1 ,,·6.7 61.2 46.4 24.5 38
East

6. Chuat Ta 5i 16 59.5 32.3 48.9 31.8 13.3 12

7. Khlong Ban Mai 20 70.7 43.9 56.3 29.3 29.9 35

8. Plum Phaeo Pha 13 68.I 53.0 52·5 32.8 27·5 38

Total 123 61.9 J6.8 53.3 24.6 35

5ignific~~t differences among means. farm size

SSE SSW BK KKW KKE CTS KBM PPP
SSE
SSW *
BK *
KKW * * *
KKE * * *
CTS * * *
KBM * * *
PPP * * *

* = reject null hypothesis q> .95Q8,115= 4.36

Tukey test, using Honest Significant Difference
between means: HSD = 6.76

89
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and Chuat Ta 5i, with 12 percent of the farmers owning land. The

other areas have between 30 and 40 percent of the farmers owning part

or all of their land.

A more detailed breakdown of farm size classes and ownership

classes by region are given in Table 2.17 and Figure 2.9. Table 2.17

gives the percent of the farms in each area according to two ownership

~ategories (0-24 percent and 25-100 percent) and two size classes

(1-59.9 rai and 60+ rai). Saen Saep East has the largest proportion

of farms in the large size and high ownership category: 47 percent.

Kh10ng Khwang East and Khlong Ban Mai also have a fairly high propor-

tion of farms in tbe highest category. Ownership and farm size are

lowest in Kh10ng Khwang West, where all of the farms are in the lowest

Table 2.17. Farm Size Classes and Ownership Classes by Area, 1972

Percent of farms, by area

Ownership Ownership
0-24% 25-100%

Farm size, rai Farm size, rai
n 1-59 60 1-59 60

1- 5aen Saep East 15 20 13 20 47

2. Saen Saep West 16 39 19 37 6

3. Bung Kh10 14 43 43 7 7

4. Khl.ong Khwang West 13 100 0 0 0

5. Kh10ng Khwang East 16 50 19 6 25

6. Chuat Ta Si 16 56 38 0 6

7. Kh.long Ban Mai 20 50 15 5 30

8. Plum Phaeo Pha 13 31 31 31 8
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category. Khlong Khwang East. Chuat Ta Si and Khlong Ban Mai have

about half of the farms in the lowest size and ownership category.

Ownership is low along Bung Khlo. with 86 percent of the farms in the

0-24 percent ownership class. while Plum Phaeo Pha has 62 percent of

its farms in the low ownership class.

6. Farm size. land o~~ership and location in relation to

adoption of modern varie~ies and insecticides

In terms of my research goals. the questions of most interest are:

What are the relationships between farm size and ownership and earli

ness of adoption of new practices?; How does the geographic variation

in farm size and ownership relate to innovation adoption? and How

does farm size and ownership affect the ability of the farme~s to adjust

to changing circumstances or crop losses (the adaptive process)?

Tables 2.18 and 2.19 show the mean year of adoption of modern

rice varieties and insecticides according to farm size and ownership

classes. For insecticides. there were no significant differences in

earliness of adoption according to ownership or farm size. although the

general trend was for earlier adoption among the larger farms and

higher ownership categories. For adoption of modern varieties. large

farms had a significantly higher adoption rate than small farms. but

there was no significant difference between the ownership classes. As

with insecticides. the earliest adoption occurred among the farmers in

the highest farm size and ownership class. It seems logical to conclude

that the farmers with larger farms and higher percent ownership have

greater economic security. which allows them to take a chance on new

methods.
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Table 2.18. Mean years of insecticide adoption; comparison by farm
size and peroent land ownership

Insecticide adoptiona years before 1973

Farm size
(rice area)

rai

percent land ownersb~

Q tg 2#;'. ? 5-100%.
n x n x

Farm size
total

n x
1-59.9

60+

Ownership
Total

51

25

76

5.?

5.8

5.8

12

19

31

4.?

7.4

6.4

63

44

107

5.6

6.5

5·9

No difference in means between farm size classes.

F =1.98; .90Fl,lO) = 2.77 accept HOI

No difference in means between ownership classes.
F = 0.48 Accept Ho2
Differences between means of column (or raw) one equal
differences be~ween means of column (or row) two.
F = 2.7) Accept Ho)

Table 2.19. Mean years of modern rice variety adoption; comparison
by farm size and percent land ownership

Modern variety adoptionl years before 1973

Percent land ownership Farm sizeFarm size 0 to 24% 25 to 100% Total(rice area)
rai n x n x n x

1 - 59.9 56 ).2 15 2.5 71 ).0

60+ 26 ).) 20 4.1 46 3.6

Ownership
Total 82 ).2 )5 3.4 117 ).)

HOI No difference in means between farm size classes.

F = 5.92 ; .975Fl,ll)= 5.2) reject HOI

Ho2 No difference in means between ownership classes.
F = 0.4) : .90Fl,ll)= 2.76 accept Ho2

Ho) Difference~ between means in column 1 equal differences
in means between column 2 (or differences in row 1
equal dif£erences in row 2).

F = 12.71 999Fl 11)= 11.5 reject HO). .
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Table 2.20 shows the mean years of adoption of modern varieties

and insecticides by area. For modern varietieo, earliest adoption

occurr.ed along Chuat Ta Si, Saen Saep East and Khlong Khwang East, and

latest adoption occurred along Bung Khlo and Plum Phaeo Pha. Differ

ences in mean year of adoption were significant for several areas, as

shown in Table 2.20. Earliest adoption of insecticides also occurred

along the Saen Saep canal, Khlong Khwang East and Chuat Ta Si, and

latest adoption also occurred along Bung Khlo and Plum Phaeo Pha.

Differences in mean adoption year of insecticides were only statis

tically significant between the two extreme values, however (Khlong

Khwang East and Plum Phaeo Pha).

Comparing the earliness of adoption with farm size and ownership .

in the different areas does not show a consistent pattern (Figure 2.9).

Saen Saep East shows early adoption, and it also has the higheGt

proportion of large farms and land ownership. Bung Khlo ,and Plum Phaeo

Pha, however, have a fairly high proportion of large farms (50 and 39

percent, respectively), but late adoption. Saen Saep West and Khlong

Khwang West have the lowest proportion of large farms, but an inter

mediate adoption time.

The adoption times show a consistent pattern when the sources of

the innovations and the spatial diffusion pattern are considered.

Saen Saep East is adjacent to the Amphoe office and Bang Nam Prieo

market, and Khlong Khwang West and Chuat Ta Si are next to the Bang Nam

Prieo-Chachoengsao road. The new practices diffused from these areas.

Bung Khlo and Plum Phaeo Pha are farthest from the sources of innovation,

and had the latest adoption times.
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Table 2.20. Number of Years Farmers have Used Modern Varieties and
Insecticides, by Area

Modern variety Insecticide
adoption: years adoption: years
before 1973 before 1973

n x s.d n x s.d.

1. Saen Saep East 14 3.6 1.4 12 7.4 4.4

2. Saen Saep West 16 2.9 1.6 15 7.6 6.5

3. Bung Kh10 14 1.5 1.5 13 4.6 3.5

4. Kh10ng Khwang West 13 2.9 1.4 13 5.3 2.7

5. Khl.ong Khwang East 15 3.2 1.0 12 8.0 3.0

6. Chuat Ta Si 13 4.8 2.0 13 6.0 2.3

7. Kh10ng Ban Mai 19 3.1 1.0 19 5.6 2.8

8. Plum Fhaeo Pha 13 2.6 1.4 13 3.7 1.8

Total 111 3.3 1.4 110 6.0 3.8

For the mean year of adoption of modern varieties, the following

significant differences between areas occurred, using the Tukey test:

.99q8,109= 5.15

eTS . SSW • BK , KKW KKE , KBM , PPP.
q = 6.34 , 11.38 , 6.00, 5.31 , 5.82, 6.94

BK SSE , KKE KBM

q = 6.95, 5.21 5.62

The rest of the comparisons did not show significant differences

at the 95 percent or 90 percent levels.

For insecticide adoption, the only significant difference occurs

between Kh10ng Khwang East and Plum Phaeo Pha: q = 4.07;

.90Qa,102= 3.97.

Although the differences in mean adoption times are not statis-

tica1ly significant for all of the areas, the consistent trends for
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both modern varieties and insecticides give strong circumstantial

evidence for the influence of diffusion from centers of introduction.

The mean distance of the sample farmers from the Amphoe head-

quarters in the eight areas is shown in Table 2.21.

Table 2.21. Mean Distance to Amphoe Headquarters of Sample Farmers

Mean distance
!o Amphoe, km,

n x s.d.

1- Saen Saep East 15 3.8 1.1

2. Saen Saep West 16 8.4 1-6

3. Bung Khlo 14 9.9 0.8

4. Khlong Khwang West 13 5.0 1.5

5. Khlong Khwang East 16 4.5 2.8

6. Chuat Ta Si 16 5.5 2.1

(distance to road) 16 1.7 2.8

7. Khlong Ban Mai 20 7.9 2.1

8. Plum Phaeo Pha 13 9.2 1.9

B. 1. Land Tenure

Over 90 percent of the farmers in the sample rent at least part

of their land, and we have seen that among the larger farms, adoption

rates of modern varieties are higher for those who own over 25 percent

of their land: although there is no difference in adoption rates among

the smaller farms. Land tenancy has generally been considered to act

as an obstacle to agricultural development, so I will look more closely

at the land rental situation in the study area to find out how it

might influence the farmers' ability to adopt new practices or adjust

to crop losses.
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Location of landlords.

Table 2.22 shows the location and type of landlord in Bang Nam

Prieo and Phrong Akat.

Table 2.22 Location and Type of Landlord

No. Percent

1- Local landlord 64 59.8
(within Chachoengsao Province)

A. Relative (7) (6.5)
B. Buddhist temple (4) (3.7)
C. Other (53) (49.5)

Non-local landlord 43 40.2

A. Royal property (22) (20.5)
B. Other (21) (19.6)

Total renters 107 100

Sixty percent of the landlords are from Chachoengsao Province. Of

the non-local landlords, half of the rental units are royal property

(20 percent of the total), and half are private owners. Types of

land ownership are clustered, as shown in Figure 2.10. Private, non-

local ownership is mostly located along the Bang-Nam Prieo-Chachoengsao

road and adjacent areas along Chuat Ta Si and Khlong Ban Mai. Royal

lands are situated on the west bank of Khlong Khwang, where they com-

prise 100 percent of the land, and in the center of Khlong Ban Mai.

These lands were ceded by the Crown in 1894 as part of a grant to the

official who oversaw the construction of Khlong Khwang (Tanabe, 1978:

76). The rest of the area is mainly rented from local landlords or is

owned by the farm operator.
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Type ~: rent

Rental fees are of two kinds: cash and payment in rice. With

only a few exceptions, rental rates are a fixed amount per year (set

at the beginning of the rainy season rice crop) rather than being a

percentage of the total production. Thus, fear of higher rent is not

an obstacle to the adoption of a second rice crop or highar yielding

varieties. The exceptions are cases in which the landlord is lenient

and reduces the rent when the yield is poor.

As shown in Table 2.23 and Figure 2.11, rent is predominately

paid in rice except for the area of royal lands, where it is entirely

paid in cash. The rantal rates are highest along the Saen Saep canal,

and the east bank of Khlong Khwang, which are areas of mostly local

landlords, and least along Khlong Ban Mai and Plum Phaeo Pha. The

general trend is a gradual decrease in rental from the northwest to

the southeast, with statistically significant differences among the

extremes.

For cash rental, the important difference is between rent from

the royal lands and rent from other landlords. Twenty-two farmers

rented royal lands, and the mean annual rent was 12.6 Baht/rai (s.d.

1.50). Nine farmers paid cash rent to other landlords, and the mean

was 42.4 Baht/rai (s.d. 18.2).

There was no significant difference between the amount of rice

rent paid to local landlords versus non-local landlords; Non-local:

n = 22; x= 5.8; s.d. = 1.06: local: n = 62; x= 5.6; s.d. = 1.4.



Table 2.23. Type and amount of land rent

% Rental in rice Rental in cash
n own mean annual mean annual

all % thanll;/rai s.d. % Baht/rai s.d.

1. Saer. Saep East 1.5 6.7 80 6.2 1.7 13
53.5 a 20.7

2. Saen Saep West 16 31.2 .56 6.4 1..5 12

3. Bung Khl0 14 0 64 5·.5 0.9 36 21.7 10.0

4. Khlong Khwang 13 0 0 100 12.9 0.7
West

.5. Khlong Khwang 16 6.2 69 6.6 1 . .5 38 19.3 1.5.1
East

6. Chuat Ta Si 16 6.2 7.5 5.8 0.8 19

7. Khlong Ban Mai 20 5.0 85 .5.2 0.8 10 1l.7b 2.1

8. Plum Phaeo Fha 13 7.7 85 4.7 0.6 1.5

Total 123 8.1 66 .5.7 1.3 28

a. There were only .5 cash renters along Khlong Saen Saep.
2 each from Saen Saep East and West and 1 from Chuat Ta Sir
so I combined them in figuring the mean annual rent.

b. There were 2 cash renters each from these three areas.
so I combined them to find the mean annual rer. t .

100



A. Percent of farmers in each
area paying rent in rice.

12 I 13 l'
/----17 - - 7 / /

/ 36 / 100 / /
/ // ,

/ / 38' 19
/ ,

B. Percent of farmers in each
area paying rent in cash.

C. Mean annual rent in ricel
thang/rai. 4..... N

~
O. Mean annual rent in cashl

Baht/rai.

Figure 2.11. Kind and amount of land rent among regions

~
o
~



102

Amount of rent

The critical question in terms of the amount of rent paid is:

What proportion of the farm income and rice yield goes for rent?

Since rental rates are based on the land area rather than the

crop yield, the proportion of income from the rice crop paid for rent

(or the value of the portion of the rice crop which goes to the land

lord) depends on the crop yield and the prevailing rice price. Crop

yields vary considerably from season to season and from farmer to

farmer depending on the physical, biological and cultural conditions.

Average annual yields in the study area ranged from 25 to 36 thang/rai.

Rice prices also fluctuate throughout the year, and they more than

doubled due to inflation in 1972-73. From 1968 to 1971, prices averaged

around 850 Baht/kwein (1 kwein = 100 thang), and they increased to

1850 Baht/kwein in 1973 (low 550, high 2100).

Average rental paid in rice varied from 4.7 to 6.6 thang/rai

(extreme range from 3 to 9). Average cash rent varied from 12 to 54

Baht/rai (extremes from 10 to 70).

As Tables 2.24 and 2.25 show. rental in rice could vary from 15 to

30 percent of the rice yield under average conditions, while the value

of cash rent could vary from 5 to 25 percent at the low rice price,

and from 2 to 10 percent at the high rice price. The advantage of

cash rental increases with a rising rice price, since the proportionate

value of the cash paid declines, whereas the value of the in-kind rice

rent increases. It is likely that landlords adjusted both the in-kind

and cash rental amounts after the inflationary period.
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Table 2.24. Rent Paid in Rice: Percent of Total Yield and Cash Value

Percent of total yield Cash value of rice
paid for rent paid for rent (per rai)

Amount of
rent, paid Yield (thang/rai) Price of rice (Baht/kwein)
in rice 20 25 30 35 850 1850 2100(thans/rai)

% % % % ~ ~ ~

3 15 12 10 8 25.5 55.5 63.0

5 25 20 17 14 42.5 92.5 105.0

7 35 28 23 20 59.5 129.5 147.0

9 45 36 30 26 76.5 166.5 189.0

Table 2.25. Rent Paid in Cash: Percent of Cash Value of Crop

Percent of cash value of crop paid in cash rent

Rice price (~/kwein): 850 1850

Rice yield (thang!rai): 25 35 25 35

Cash value (i!rai) : 212.5 297.5 462.5 647.5

% % % %

Rent paid in cash:
(i!rai) 12 6 4 2 2

25 12 8 5 4

50 24 17 11 8

70 33 24 15 11

These tables are b~sed on a single rent payment per year from the

annual rice crop. Farmers can decrease the percent of their yield paid

in rent by growing a second rice crop, for which they do not pay

additional rent.
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2. Change in land tenure

Change in land tenure for Amphoe Bang Nam Prieo before and after

the yellow orange leaf virus outbreak is shown by agricultural, censuses

conducted in 1963 and 1978 (Table 2.26).

Table 2.26. Change in Land Owned and Rented Between 1963 and 1978
in Amphoe Bang Nam Prieo

Number of Ao:-ea of
Landholdings Landholdings Average

% % % % area/landhold:
Total owned rented Total rai owned rented rai

1963 6247 40.0 60.0 268.600 51.3 48.7 43.0

1978 6056 30.5 68.8 272.700 30.9 68.7 45.0

Percent
change -3.1 -9.5 +8.8 +1.5 -20.4 +20.0 +4.6

Sources: Thailand. National Statistical Office. 1969. p. 48;
Thailand. National Statistical Office. undated 1978
Agricultural Census Report. pp. 9. 10.

The general trend is toward a decrease in land ownership by farmers

and an increase in rental; the number of landholdings own~d decreased

10 percent and the area owned decreased 20 percent during the 15 year

period, with corresponding increases in tenancy.

The total number of landholdings decreased 3 percent while the

total area of landholdings increased 1.5 percent. resulting in an

increase in average farm size of nearly 5 percent. The ganeral shift

toward increasing tenancy is due to several factors. but the economic

difficulties of the farmers brought about by the low rice premium.
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coupled with several years of crop losses due to YOLV and rodents. and

the inflation of 1972-73 were certainly major causes.

The change in area rented and owned as reported by the sample

farmers for the five years prior to my study, is shown in Table 2.27.

Table 2.27. Change in Land Rented and Owned Among Sample Farmers
1969-1973

Number % Area %
rai

Total 116 6572

Sold land 1 0.9 45 0.7

Bought land 2 1.7 72 1.1

Net ownership change +1 +0.9 +27 +0.4

Rented less land 12 10.3 390 5.9

Rented more land 17 14.7 765 11.6

Net rental change +5 +4.4 +375 +5.7

There is a net incr-ease in land ownership of 0.4 percent and in

land rental of 5.7 percent. The sample does not include farmers who

ceased farming however. so the net incre~se by the sample farmers is

partly due to the absorption of the land of the farmers who left by .

those who remained.

Short-term change in the amount of land planted to rice is an

important means by which farmers are able to adjust to economic

difficulties due to crop loss or other causes. Farmers may stop

renting a portion of their holdings for a period of time. and then re-

rent it. or find other land when they are able to afford it. Table
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2.28 shows the increase and decrease in area planted from 1971 through

1973.

TablE 2.28. Change in Area Planted to Rice, 1971-1973

1972 to 1973 1971 to 1972

Increased Decreased Increased Decreased
n n % area n % area n % area n % area

1. Saen Saep East 15 1 2.6 4 5.1 a a
2. Saen Saep West 16 3 5.0 2 3.9 1 2.9 1 2.9

3. Bung Kh10 14 1 2.0 7 19.8 1 3.0 a
4. Kh10ng Khwang

West 13 1 4.3 2 5.8 1 2.9 0

5. Kh10ng Khwang
East 16 6 14.5 4 6.9 0 3 5.1

6. Chuat Ta Si 16 5 24.6 6 14.6 1 2.4 3 10.0

7. Khlong Ban Mai 20 5 5.2 10 17.9 3 7.3 1 1.9

8. Plum Phaeo Pha 13 4 23.1 4 16.1 2 10.3 1 3.7

Total 123 26 9.8 39 12.0 9 3.5 9 3.0

The net amount of land planted to, rice remained nearly the same,

with areas decreased balancing areas increased. The smallest changes

occurred along Khlong Saen Saep, where available land is relatively

scarce. This is also true of Kh10ng Khwang West, which is Royal

property. Other areas showed fairly sizable changes in rice area from

1972 to 1973.

Table 2.29 lists the reasons given by farmers for changing the

area of land rented. Economic reasons were the most common reasons

for increasing or decreasing land area, followed by availability of
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labor, availability of land, physical problems with land (no water,

too far), and new farming techniques.

Table 2.29. Reasons Given by Farmers for Changing Area Rented

Number of
responses

Rented more land

Want more rice production, want more profit:

Had a good yield, have enough money:

Need more yield to pay debt:

Increase in rice price:

More labor available:

Have more children:

Land available, land not used, other farmer stop:

New technique, bought tractor:

Rent land for planting dry season crop:

Total number rented more land:

Rented less land

Landowner took back, didn't allow further rent:

Land not available:

No money:

Low rice yield:

High costs, low rice price:

Not enough workers:

Unable to work (health):

Not enough water:

Field too far:

Total number rented less land:

3

4

1

4

7

1

2

2

1

22 (n = 121)

4

1

3

3

3

2

1

2

1

14 (n = 121)
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C. Farmers Who Stopped Farming and/or Moved Away

I was not able to get an exact measure of the proportion of farmers

who had stopped f~~no c= moved out of the study area due to crop

losses. I did ask the sample farmers how many of their neighbors had

moved, and the reasons. Table 2.30 and Figure 2.12 show the percent

of sample farmers who reported that one or more neighbors stopped

farming or moved. Several farmers reported that 10 or more neighbors

had moved, and it is very likely that there was overlap between reports.

The table, which covers the period up to 5 to 10 years prior to the

field work, shows that 55 percent of the sample farmers reported that

neighbors had moved. Nearly half of those who had to give up farming

did so due to low rice yields caused by rats or diseases. An

additional 25 percent had to stop due to economic difficulties, in

cluding low prices for their rice (low rice yields lead to economic

losses, naturally, but this group reported economic problems from

causes other than crop loss).

Farmers along Saen Saep and Bung Krllo reported that most farmers

moved due to a lack of available land. Rat and disease problems were

greatest in the center of the study area, around Khlong Khwang, Chuat

Ta Si and Khlong Ban Mai.

Over half of those who left moved to Bangkok to find other types

of work. Most of the rest moved southeast, where there was work around

the u.S. bases, and where expansion of upland crops was occurring.

About 20 percent of the farmers said that neighbors left due to

personal reasons, such as marrying outside the area. Three individuals

left because they were suspected of being robbers or murderers, and one



Table 2.30. Percent of farmers reporting neighbors moved or stopped farming

Reported Reasons nei"ghbors moved (% of column 2) Lack Personal INeighbor a . d b . d cE .
moved or Low y~el I Low y~el I conom~cl Unable to family marry,
stopped pests water, land price, debt rent land labor change job

n n % % % % % % %

1. Saen Saep iast 14 ? 50 14 0 29 14 0 43
2. Saen Saep West 15 10 67 10 10 20 40 0 30

3. Bung Kh10 14 5 36 0 0 40 60 0 0
4. Khlong Khwang

West 12 11 92 82 9 2? 0 9
5. Khlong Khwang

East 16 11 69 55 0 18 0 0 9
6. Chuat Ta Si 14 5 36 80 20 20 0 0 0
7. Khlong Ban Mai 19 ? 37 86 0 14 0 14 0
8. Plum Phaeo Pha 12 8 61 )8 0- )8 0 0 25

Total 116 64 55 47 5 25 12 ) 16--
a. Includes "yellow orange leaf", "stem borer", rats, and unspecified pest problems.
b. Includes flood, drought and high land.
c. Includes low rice price, debts, unable to borrow mor.ey (those reporting solely economic

reasons, rather than economic difficulties due to pest problems).

.-.
o
\0
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farmer had to give up farming because his water buffalo was stolen.

Raids by groups of robbers from other areas are not uncommon and

represent one type of response to a period of economic difficulties.

D. Labor

1. Family labor in relation to farm size

By a perverfion of order, the Siamefe condemn ~heir

women to all labours which require ftrength, and which
fatigue: while this indolent people flumber in liftlefs
eafe, the laborious women cultivate the earth, cut wood,
and get in the harvefts. (Turpin, 1777 [in Pinkerton,
1811, p , 576])

In Thailand, as in many traditional societies, all of the family

members who are physically able participate actively in the farm work.

Exchange work with other farmers and hired labor are important supple-

ments to family labor in rice cultivation in Bang Nam Prieo and Phrong

Akat. As with other aspects of the agricultural system, economic and

cultural forces are causing changes in the relative importance of these

three labor sources. The ability of the farmers to manipulate the

labor sources advantageously is an important part of the adaptive pro-

cess. This is particularly true in regard to adoption of new technology,

,.;hich alters the amount and timing of labor inputs, and in response to

economic pressures such as crop losses and inflationary trends. These

changes are discussed in more detail in the appropriate sections of the

text, while general patterns of labor use and change are presented

here.

The relationship between the number of w~rking age (15-65 year

old) i~dividuals per family and the rice area cultivated is shown in

Table 2.31 and Figure 2.13. Fifty-six percent of the farms have 5 to
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Table 2.31. Population Distribution in Relation to Rice Area

Number of Percent Number of Percent Rice area Percent
individuals of farm working age of farm cultivated of farm
per family families individuals families per working families

per family age family
(15-65 yrs. old) member (rai)

1 0.8 1 0.8 0-4 4.9

2 1.6 2 20.5 5-9 25.4

3 4.1 3 16.4 10-14 31.1

4 9.0 4 23.8 15-19 16.4

5 12.3 5 23.0 20-24 12.3

6 12.3 6 9.0 25-29 3.3

7 16.4 7 3.4 30-34 4.1

8 13.1 8 2.5 35-39 2.5

9 10.7 9 0.8 40-44 0.8

10 9.2

11 2.5

12 4.1

13 2.5

14 0.8

14 rai (6.25 rai = 1 hectare) per working age individual, and 29 per-

cent have 15 to 24 rai per worker. Only 11 percent of the farms have

25 or more rai per worker, reflecting the economic pressures against

depending too heavily on hired labor. Five percent of the farms had

4 rai per worker or less, indicating that there is a critical farm

size below which farmers have difficulty staying in business or pro-

viding the basic food needs of their families.

Correlation of rice land per farmer with number of working age

individuals per farm gives a correlation coefficient r = 0.55, in-

dicating a moderate correlation.
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Farmers are able to adjust their rice area by changing the

amount of land they rent (a reduction in area being easier than an

increase). or by renting out or selling land they own. as discussed

previously.

There are no significant differences at the 90 percent level among

the eight areas as to the number of working age individuals per family

(the mean was 4/fami1y. ranging from 3.6 in Chuat Ta 5i to 4.8 in Bung

Kh1o). or the rice area per worker (mean. 13 rai; range from 10 rai

i~ Khlong Khwang West to 16 in Saen 5aep East). as shown in Table 2.32.

Table 2.32. Distribution of Family Labor in Relation to Rice Area

Working age Rica area cultivated (1973)
individuals/ per working age
family family member
- s.d. - s.d.n x x

1. 5aen 5aep East 15 4.4 1.7 16.3 8.2

2. 5aen 5aep West 16 3.8 1.5 14.3 8.3

3. Bung Kh10 14 4.8 1.6 12.4 5.8

4. Khlong Khwang West 13 3.8 1.5 10.0 3.1

5. Khlong Khwang East 16 4.3 2.0 14.1 8.6

6. Chuat Ta 5i 16 3.6 1.1 14.7 9.~

7. Khlong Ban Mai 19 3.9 1.7 15.8 7.9

8. Plum Phaeo Pha 13 4.1 1.9 13.1 6.4

Total Area 122 4.0 1.6 13.9 7.4

F = 0.94 F = 1.04

90F 7.114 = loTI 90F7. 114 = 1. 77

Accept -H Accept H : x are =
0 0
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2. Labor sources and shift from exchange to hired labor

Family members work on all aspects of the rice crop, while exchange

labor and hired labor are used almost entirely for three jobs which

require a lot of work in a short time: preparing seedlings for trans

planting, transplantin~ and harvesting. About 50 percent of the farmers

used exchange labor for one or more of these jobs (Tables 2.33 r 2.35),

while 80 percent used hired labor (many farmers used both). Family

labor and hired labor are being used more than in the past, while

exchange labor is declining (Table 2.34). Forty-six percent of the

farmers said they use more family labor now than five years ago, and

44 percent said they used more hired labor. Sixty-four percent said

that they use less exchange labor than five years ago, however.

The switch from exchange to hired labor is part of the general

trend toward modernization, with increasing reliance on economic

decision-making by individual farmers, and less on the social inter

dependence of the traditional system.

The increased use of hired labor occurred in spite of two opposing

forces: decreasing availability of laborers and increasing labor costs.

Fewer laborers were available because of the e~gration of those look

ing for work elsewhere.

Increasing reliance on family labor is a response to the expense

and scarcity of hired labor, and the farmers were also changing farming

methods to make them less labor intensive (changing from transplanting

to broadcasting rice, for example).

Variation in the use of exchange labor exists among the eight

areas, as shown in Table 2.35. Along Kh10ng Saen Saep, 20 to 30



Table 2.3). Sources of labor used in growing rice
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1. Use family
labor only

Preparing
seedlings
for tr~splant

" (n=121)

17.9

Transplanting
% (n=121)

8.1

Harvesting
% (n=121)

9.8

2. Use family
+ exchange labor 20.3

3. Use family
+ hired labor 41.5

4. Use family
+ exchange
+ hired labor 20.)

5. Use some exchange
(#2 + #4) 40.6

6. Use some hired
(#3 + #4) 61.8

17.1

29.)

46.4

74.8

13.0

52.8

24.4

77.2

Table 2.)4. Changes in sources of labor used in growing rice;
farmers opinions on present labor use versus 5 years ago

Hired Exchange Family Availability Cost
labor labor . labor of laborers

" n=1l6 " n=116 " n=115 " n=116 " n=1l7
1. More now 44.0 12.9 46.1 24.1 98.3

2. Same )1.9 19.0 33.0 18.1 0.8

3. Less now 14.7 63.8 20.9 57.8 0.8

4. Don't use 9.5 4.3 0



Table 2.35. Use of family, exchange, and hired labor for rice crop
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n

apercent farmers
using exchange
labor

apercent farmers bperce~t
using hired using only
labor family labor

1. Saen Saep
East 15

2. Saen Saep
West 16

3. Bung Khlo 14

4. Khlong Khwang
West 13

5. Khlong Khwang
East 16

6 Chuat '!'a Si 16

7 Kh10ng Ban j'[ai 20

8. Plum Phaeo Pha 13

Total 123

20.0

26.7

50.0

5J.8

56.2

56.2

75.0

54.5

48.8

93.3

75.0

71.4

67.5

81.2

90.0

76.9

81.3

o

12.5

7.1

o

6.2

12.5

o

o

4.9

a. rhese categories are not mutually exclusive. as many
farmers use both exchange labor and hired labor.

b. All of the farmers use family labor. but those shown here
used no exchange or hired labor.
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percent of the farmers exchange labor, whereas along Khlong Ban Mai

75 percent exchange and 50 to 60 percent of the farmers in the rest

of the areas do so. These differences among areas are significant at

the 99.9 percent level, using the X2 test. There is no significant

difference among areas in use of hired labor, however. Possible reasons

for the differences are: (1) farmers along Khlong Saen Saep are closer

to the modernizing influences of the Amphoe and Bangkok; (2) Khlong

Saen Saep has a greater area of deepwater rice, which is mainly

broadcast; (3) farmers along Saen Saep were the first to shift to

broadcasting modern rice varieties and local non-floating varieties,

thus reducing the labor required in planting. The higher percentage of

exchange labor along Khlong Ban Mai is harder to explain, since the

area is progressive in other ways. Hired labor is used by 90 percent

of the farmers along Khlong Ban Mai, for example. Perhaps other social

functions have maintained their influence; for example, group work

efforts were important times of courtship in the past.

3. Off-farm work

Seventeen (14 percent) of the sample farmers did outside work in

addition to their own farm work. Seven of them worked as laborers on

other rice farms, three worked as carpenters, one as a watchman and

one as a general laborer. One of the sample farmers was also a merchant

in Chonburi, and one was a livestock dealer. Except for these ~NO,

off-farm work did not bring a significant amount of income into the

farming operations. However, for a few of the smallest farms, the

outside work was an important supplement. One of the original sample

farmers had stopped farming temporarily due to crop losses, and worked
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for a few years aG a laborer. He had saved enough money to begin

farming again in 1973.

Thirty-four farmers (28 percent) had a family member who worked

off the farm and occasionally sent money back home. The amouut of money

returned in this manner was generally not adequate to have any important

impact on the farming operation. For small farmers, or those who had

lost money on their rice crop, the supplementary money would help them

to survive until they could get better results on their rice crop.

E. Other Farm Enterprises: Crops and Livestock

In the study area, as in much of the low-lying flood plain of

Central Thailand, rice is grown as a monoculture. However, most of the

farmers raise fruits, vegetables, and livestock for their own use, and

surplus may be sold. A few farmers raise livestock for sale on a

larger scale, mostly hogs, ducks and chickens. Buffalo can be con

sidered as part of the capital investment of the rice farmers, but they

may also be raised for sale, or they may be sold to pay debts in

response to crop loss. A few sample farmers sold buffalo in 1972 in

order to buy an "iron buffalo" (a small paddy tractor).

Table 2.36 shows the percent of farmers in each area engaging in

farm enterprises in addition to rice during 1972 and the percent of

the total farm i~come derived from the other enterprises. Although 65

percent of the farmers grow fruit and vegetables for their own use,

only 12 perc~nt sold theGe items, and the ircome amounted to less than

one percent of the total farm income. On two of the smallest farms,

sale of fruit and vegetables was a significant proportion of the farm

income. Fifteen percent of the farmers sold buffalo during 1972, and



Table 2.;6. Farm enterprises in addition to rice

Fruit, .Buffalo Hogs. ducks, Total, by
vegetables chickens, fish area
%of % of % of % or % of % of % of % of
farms total farms total farms total farms total

farm farm farm farm
n income income income income

1- Saen 5aep
East 15 7 0.2 7 0.5 40 10.0 40 10.7

2. 5aen 5aep
West 16 12 0.7 19 5.4 ;1 ;.4 50 9.5

;. Bung Khlo 14 7 0.2 21 ;.8 7 1.1 ;6 5.1

4. Khlong Khwang
\'lest 1; 15 0.2 8 5·9 2; 6.2 ;8 12.;

5· Khlong Khwang
East 16 ;1 0.6 12 1.6 ;1 9.1 56 11.;

6. Chuat Ta 5i 16 6 0.1 ;1 5.7 56 5.7 81 11.5

7. Khlong Ban
Mai 20 15 0.; 15 1.4 70 12·5 80 14.2

8. Plum Phaeo
Pha 1; 0 0 8 0.; 77 9.7 77 10.0

Total 12) 12 0.) 15 2.7 4; 9.5 58 12.5
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3 percent of the farm income was derived in this way. For seven farms

(6 percent) the sale of buffalo was a substantial proportion of the

farm income, and was a response to losses from rice.

Nearly all of the farmers raise small animals for their own use,

and 43 percent of the farmers sold hogs, ducks, chickens, eggs or fish,

adding 10 percent to the total farm income. Small livestock raising

contributed a substantial (over 25 percent) part of the farm income for

16 farms (13 percent). A recent development is the raising of chickens,

ducks and pigs on contract with merchants from Bangkok or Chachoengsao.

Large flocks of ducklings, as many as 10,000 to 20,000 are delivered by

the merchant at the beginning of the dry season. Children are usually

hired to herd the ducks, which move through the dry paddy fields in the

vicinity of low, marshy areas, eating insects, weeds and rice grains lost

during harvest. Hog raising is important along Chuat Ta Si, Khlong

Ban Mai and Plum rhaeo Pha, while no hogs are raised by the Moslems due

to their religious ban on pork.

Diversification of the farm enterprises would seem to be an

important way in which the farmers could reduce the risk from their

reliance on rice as a sole crop. Three farmers in my original sample

had converted completely to raising poultry as a result of losses from

paddy rats and YOLV. Some other sample farmers began raising small

animals in addition to their rice crop, and, as shown by Table 2.37,

15 percent of the farms derived 25 percent or more of their income from

raising livestock. For these farms, adoption of commercial livestock

production was an important means of absorbing potential losses from

rice. Rice remains the predominant cash crop, however, and given the
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Table 2.37. Distribution of Farma by Percent of Farm Income
Derived from Enterprises Other than Rice

Percent of farm income
from fruit, vegetables
or Lfves tock

o
0.1- 9

10 -24
25 -49
50 -74
75 -100

n

51
35

8
15
o
4

Percent
of farms

41.5
28.5
6.5

12.2
o
3.2

relative low returns from rice growing compared to some other farm

enterprises, a logical question is: Why haven't the farmers switched

to other enterprises on a larger scale than at present1

First, the heavy clay soil of the area is not well suited to other

crops, although in Damnoen Saduak, near Bangkok, intensive vegetable

growing is done on clay soils which have been ridged and fertilized.

Farmers in Bang Nam Prieo are apparently not receptive to such intensive

methods. A number of farmers who went out of business due to rice

losses did move away to upland areas to try their hand at other field

crops, as mentioned already.

Fish raising in paddy fields was widely promoted in Thailand

during the 1960s, and in Amphoe Bang Pakong, south of Chachoengsao,

farmers began raising fish in paddies, and a large area then converted

entirely to fish culture rather than rice growing. l This change was

lInformation on fish ra1s1ng is from interviews with the head
of the fishery unit in Chachoengsao and farmers in Bang Pakong and
Bang Nam l-rieo.
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enhanced by a high price for fish, and by rice losses due to YOLV.

Farmers who tried to continue growing rice suffered serious losses due

to rodents, which were attracted to the remaini~g rice fields. Farmers

also found it difficult to control the water properly to combine fish

raising with rice growing. In Bang Nam Prieo, the opposite trend

occurred. Fish raising declined as a result of increased use of

pesticides on rice. An area northwest of the study area was formerly

an important center for fish raising, but very few farmers have con

tinued to raise fish. Only 6 percent of the sample farmers raised fish

in ponds, and these are used for home consumption, only two farmers

having sold any.

Raising of livestock requires investment of time and money, and is

also subject to market fluctuations, and most farmers simply prefer to

stay with rice, which they know best.

F. Food Sources: Foods Raised, Purchased or Gathered

Patterns of utilization of various food SGurces gives an idea of

the extent to which the farmers are self-sufficient, and changes in

these patterns indicate some of the economic and ecological changes

which are occurring. There are three sources of foods: those grown or

raised by the farmers, purchased from markets or boats which travel

along the canals, and caught or gathered from rice fields and waterways.

All of the farmers keep part of the rice crop for family consumption,

but in 1972, 32 percent had to purchase additional rice to eat. In most

cases this was because the farmer had to sell the rice crop to pay debts

or to get money to invest in the next crop, and the proportion of

farmers purchasing rice for food is increasing (Table 2.38)
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About two-thirds of the farmers raised fruit and vegetables for

food, and about 90 percent also bought these foods. Vegetables were

purchased on a regular basis, while fruits were purchased only occasion

ally or a few times a year for special events. Ninety-two percent of

the farmers raised chickens and ducks to eat, and only 10 percent bought

these foods, mostly on rare occasions. Beef or pork was purchased by 95

percent of the farmers, mostly a few times a month or a few times a

year. Although 37 percent of the farmers raised pigs to sell, only

7 percent used the pigs they raised as food for their own families.

Only 5 percent of the farmers raised fish for food, whereas 88

percent bought fish occasionally, and virtually all of them caught fish

from the rice paddies and waterways (only one farmer said that he

didn't have time to catch fish) (Table 2.39). Two-thirds of the farmers

caught fish regularly (nearly every day or several times a month).

Eighty percent of the farmers said that fish were harder to catch than

they had been five years previously, and 35 percent said that they

bought more fish now than five years ago.

Waterplants were gathered regularly by 98 percent of the farmers,

and raised for food by 31 percent. Shrimp and frogs were caught for

food by.ne~rly half of the farmers, and one-third of them caught paddy

field rats for food. These animals are seasonally abundant in the

rice paddies. Crabs were eaten by only 15 percent of the farmers,

although they were sometimes caught and fed to ducks. Only 3 percent

said that they ate birds--a surprisin~ly low figure, since birds are

common in the rice fields.



Table 2.)8. Foods purchased and raised for family consumption

Raised for Purchased for consumption Now. compared to 5 yrs. ago
consumption 1'0 'tal la 2b )c buy mora same bUy less

% % % % % % % %
(n=118) (n=1l7)

1. Rice 100 )2 1 8 2) 18 10 )
2. Vege-

tables 6) 89 24 46 19 29 52 8
). Fruit 69 93 1 )6 56 26 62 5
4. Chickens.92 10 0 2 8 6 4 0

ducks
5. Beef. 7 95 5 54 )6 24 58 12

pork
6. Fish 5 88 10 46 )2 )5 )4 8
7. Shrimp 0 8 0 2 6 ~ ) 1"'
8. Water··

~'Ni th vegetables)plants )1

a. Purchase nearly every day.
b. Purchase a few times a month.
c. Purchase a few times a year.

Table 2.)9. Foods caught or gathered for family consumption

Total How often gathered
Now, compared wi th 5 years ago
Easier Harder Useusing la 2° )c to find~ to find More ~ame Less

% % % % % % % % % %
(n=1l7) (% of users) (% of total)

1. Fish 99 )5 31 )) 10 11 78 )9 25 )6
2. Water-

plants 98 71 21 7 1) 59 28 ?) 61 14
). Shrimp 46 8 6 )2 10 9 81 8 16 21
4. Frogs 47 2 7 )8 5 24 71 6 16 25
5. Rats )4 5 5 2) 15 18 67 4 8 22
6. Crabs 15 2 2 11 1) 31 56 ) 4 8
7. Birds )

a. Nea.c1y every day
b. Several times a month
c. Several times per season (seasonally abundant)
Comments: Fewer fish because of pesticide use.

Catch crabs to prevent them from eating rice, feed to
No rat outbreak this year.
Fewer crabs because of pesticides.

125
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About 25 to 35 percent of the farmers said that they bought more

of the commonly eaten foods than in the past and 21 to 36 percent said

that they used fish and other animals from the fields less often than

before. Seventy to 80 percent said that these animals were harder to

find than before. with pesticide use being given as the most common

cause.

The trend is quite clearly toward increasing reliance on purchased

foods, and less utilization of naturally occurring foods (which seem to

be on the decline in any case). As discussed previously, there is some

tendency toward diversification in the raising of chickens. ducks and

pigs, and the first two form an important part of the farmers' diet.

G. Credit

1. Sources of credit

Rice farmers in Bang Nam Prieo have several potential sources of

credit. though the options for a farmer without collateral and with a

history of non-payment of debts are limited. The sources utilized by

the farmers in the sample in the 1972 rainy season are shown in

Table 2.40.

Interest rates charged by merchants are much higher than rates

charged by government agencies. The merchants' rates are also much

more variable, ranging from 1 percent per month to 8 percent per month,

with the majority being inthe 3-5 percent range~ Goverment rates are

set at 1 percent per month.

Fifty-two percent of the farmers used short-term credit in the

1972 rainy season crop, and 67 percent used longer-term credit.
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Table 2.40. Sources of Credit. 1972 Rainy Season

Source of credit
or loan

Total in sample

Commercial:
merchant
rice mill
landlord
moneylender

Number of Percent of Average
farmers farmers interest

per month

123

58 47 3%

Government
Farmers' group
Agricultural cooperative
Agricultural bank & coop.

Neighbor

Relative

Total use credita

Didn't use credit

34

14

8

101

22

28

11

6

82

18

1%

3%

0.8%

aSeveral farmers used credit from more than one source, so the
total users of each source add up to more than 101.

2. Uses of credit

The purposes for which farmers borrowed money in the 1972 rainy

season are shown in Table 2.41.

Most of the short-term credit was used for crop inputs during the

growing season. and all of this type of credit was from non-government

sources. The longer-term loans were generally on an annual (or longer)

basis. and were used for larger farm investments, such as machinery. as

well as for fuel, fertilizer, and pesticides. A larger proportion of

the farmers used long-term loans for household expenses (36 percent),
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Table 2.41. Uses of Credit and Loans, 1972 Rainy Season

n % of farmers (n ~ 123)

Short-term credit 69 56

Fertilizer 51 46
F~l 13 10
Household, food 11 9

Long-term loan 82 67

Farm investment 77 63
(machinery, fuel,
fertilizer, etc.)

Household expenses 45 36
Repay loan 1 1

reflecting a shortage of money for basic needs, as well as the increasing

dependence of the farmers on market goods.

Since a large percentage of the farmers are dependent on credit

and loans for growing the rice crop, critical points to examine in regard

to the research themes are: To what extent have the farmers been able to

use credit to absorb the shock of crop losses? How has the overall

availability of credit been affected? How do land ownership, land area

and geographic location relate to credit availability?

3. Government credit sources

Three main sources of government credit existed in Amphoe Bang Nam

Prieo in 1972-73:

a. The Agricultural Cooperative (Sahakon Kan Kaset), under the

Department of Cooperatives, Ministry of Agriculture;

b. The Farmers' Groups (Somakom Klum Chao Na), under the Extension

Department of the Ministry of Agriculture;
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c. The Bank for Agriculture and Agricultural Cooperatives

(Thanakan phua Kan Kaset lae Sahakon Kan Kaset), a public company

supported by the Ministry of Finance.

Credit cooperatives were begun by the Thai government in 1912.

A few farmers along the Saen Saep Canal who reported membership in a

credit cooperative for 20 to 30 years had belonged to one of these

original cooperatives. These original credit cooperatives did not have

much impact, and they had become moribund by the 1950s. In 1960, they

were re-organized on a larger scale and re-vitalized as the Agricultural

Cooperative with a grant from U.S.A.I.D. Chachoengsao Province was one

of the first areas to organize in 1960, and the Agricultural Cooperative

in Bang Nam Prieo was begun in 1968 (Thailand, National Institute of .

Development Administration, 1968). The purposes of the Agricultural

Cooperative are: First, sell fertilizer, pesticides and small farm

implements (tractor, pump) on credit (up to one year). Second, loan

money to farmers (up to three years). Third, rice marketing. This was

a new project which had not gotten under way at the time of my study.

In Janaury, 1973, there were 17 Agricultural Cooperative groups

with 545 members in Amphoe Bang Nam Prieo (about 9 percent of the

farmers), with one group each in Tambol Bang Nam Prieo and Phrong Akat.

The credit and loans from the Agricultural Cooperative are based

on property and group responsibility. Farmers who own land could

borrow up to 20,000 Baht; those who rent their land could borrow up to

5,000 Baht, but a landowner had to take responsibility for the loan. The

head of the Cooperative group takes responsibility for each member, and

the whole group also takes responsibility for each member. The money
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borrowed is supposed to be used only for agricultural expenses. If the

farmers could not pay back the loan, they could pay the interest (12%/,
year) and get an extension of one year. In 1971 about 60 percent of the

farmers could not pay back their loans due to crop loss (rats, stemborer

and rice diseases) and the low rice price. Two farmers who could not

pay were sent to court. 2 Since only 35 percent of the farmers in the

study area own land (Table 2.13), the accessibility of Agricultural

Cooperative loans is limited, and would tend to give an advantage to the

larger landowners.

The second source of government credit is the Farmers' Groups.

These were begun by the Rice Department as a meens of promoting better

rice growing methods by the farmers, and were switched to the Extension

Department at the time of my field work. There were 18 Farmers' Groups

in Amphoe Bang Nam Prieo in 1973, with three in Tambol Bang Nam Prieo

(117 members) and one in Phrong Akat (18 members).3

The Farmers' Groups were organized between 1962 and 1967 in the

study area. The Extension Department began loaning money in 1967, and

had loaned a total of 800,000 Baht in the Amphoe as of 1972. Interest

is l2%/year, and the farmers' group members take responsibility for

2Information from interviews with the heads of the Agricultural
Cooperatives in Chachoengsao, November 30, 1972, and Bang Nam Prieo,
January 7, 1973.

3Information on Farmers' Groups ~as derived from interviews
with the Amphoe agricultural officer on May 8, 1973, and the
Changwat agricultural officer on January 16, 1973.
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each loan to an individual in the group. Farmers could borrow more

money if they paid back part of their former loan. Many farmers could

not pay back their loans in 1969. 1970 and 1971 due to crop loss by

rodents and other ric~ pests. and the Extension Department had stopped

supporting the second rice crop program for farmers who had not paid

back their loans.

The third government credit source, the Bank of Agriculture and

Agricultural Cooperatives, is a government-supported enterprise; that

is. it is organized as a business with financial support and partial

ownership by the Ministry of Finance. 4 On the level of the farmers.

however. it is organized as a cooperative. The Bank for Agriculture

also supplies the money used for loans by the other Agricultural Co-

operative in Bang Nam Prieo (discussed above). The Bank for Agriculture

only supplies money, not fertilizer and marketing. Farmers do not need

to own land to borrow money. but they are required to organize as a

group. and the group takes responsibility for each loan. The program

was started in 1968 in Bang Nam Prieo. and in 1972 there were 1,423

members (23 percent of the farmers in the Amphoe) who borrowed 7

million Baht.

Short-term loans, up to 3000 Baht, are given for one year at 12

per~ent interest. with a six month extention for crop 105$. Longer term

loans of up to 7000 Baht are given on a yearly basis, and the farmers

can extend the loan for three times of one year each as long as they pay

4Information on the Bank for Agriculture and Agricultural Cooper
atives is from an interview with the head of the program in Bang Nam
Prieo on January 3. 1973.
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the interest. If a farmer doesn't pay back the loan, the group must

meet with the Bank agents and arrange for re-payment. If they still

don't pay, they are threatened with court action, but this had not

happened as of 1973. In 1972, 60 percent of the farmers couldn't pay

back their loans due to crop loss by rodents and the low rice price.

The amount of money loaned by the B~nk for Agriculture and Agri

cultural Cooperatives is much larger than that loaned by the other two

sources, and represents a major influence on the credit patterns for the

farmers in the area. The government credit programs were greatly

strengthened in the latter part of the 1960s, partly as an indirect way

of returning money to the farmers that was derived from the low rice

premium (domestic rice price set by the government) in relation to export

prices. Rather than risk the ire of the urban rice consumers that would

have resulted had it allowed the rice price to rise to the international

market levels, the government attempted to compensate the farmers through

credit programs. A second major reason for the credit programs was to

help the farmers overcome the losses due to the YOLV and rodent epi

demics of the 1960s.

The availability of relatively inexpensive credit was undoubtedly

important in helping some of the farmers through the period of low

price and crop loss. To get a better idea of the relationships between

credit availability, government credit sources and crop losses I will

examine credit use and change in more detail.
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4. Membership in government credit organizations: relation to

location, land ownership, and land area

Table 2.42 shows the percent of sample farmers who have belonged,

or presently belong, to a government credit organization. From 50 to

60 percent of the farmer.s have been members of a government credit

organization in all the areas except Khlong Ban Mai and Plum Phaeo Pha,

where 35 percent and 23 percent, respectively, of the farmers have been

members (see Table 2.9 for X2 test). Mean length of membership varies

from 2.7 to 4.6 years in all the areas except for Saen Saep West, where

the me2n of 9.2 years reflects the presence of three farmers who be-

longed to one of the early credit groups, as mentioned previously.

Table 2.42. Percent of Farmers Belonging to Government Cooperative
or Farmer's Group and Mean Years of Membership

Number % of Mean years
n belong farmers b~long (members only)

x s.d.

1. Saen Saep East 15 7 47 3.5 1.2

2. Saen Saep West 16 8 50 9.7 9.2

3. Bung Kh10 14 7 50 4.6 1.0

4. Khlong Khwang West 13 7 54 3.6 1.0

5. Khlong Khwang East 15 9 60 3.2 0.5

6. Chuat Ta Si 16 9 56 2.9 0.7

7. Khlong Ban Mai 20 7 35 4.0 0.9

8. Plum Phaeo Pha 13 3 23 2.7 1.5

Total 122 57 47 4.5
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Table 2.43 gives a comparison of land ownership class and member-

ship in a government credit organization. Half of the farmers who own

o to 24 percent of their land have obtained government credit, while 39

percent of those owning 25 to 100 percent of their land have done so.

Lack of land ownership is obviously not a deterrent to borrowing from a

government credit group.

Land area is more important than land ownership in relation to the

ability of the farmers to obtain government loans, as indicated by

Table 2.44. Only 26 percent of the farmers in' the 1-29 rai land class

had obtained government loans, whereas 45 to 58 percent of the farmers

in the larger size classes had done so.

Table 2.43. Land Ownership versus Membership in Government Credit Group

Perce!lt of Number of Percent of
land owned n members members in ownership class

1. 0-24 84 42 50

2. 25+ 38 15 39

Total 122 57 47

Table 2.44. Land Area versus Membership in Government Credit Group

Land area Number of Percent of
rai n members members in land area class

1. 1-29.9 19 5 26
2. 30-59.9 55 25 45
3. 60-99.9 33 19 58
4. 100+ 15 8 53

Total 122 57 47
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In Table 2.45, the use of government and private sources of loans

and credit are compared according to the area of rice land farmed.

Proportionately half as many farmers with under 60 rai used government

credit sources as did those with over 60 rai. The smaller farmers were

more dependent on relatives and neighbors for loans than the larger

farmers, but merchants we~e the source of credit for the largest per-

centage of both smaller and larger farmers.

Table 2.45. Sources of Credit versus Land Area, 1972 Rainy Season

Used loan Credit source (% of column 2)
Area of rice or credit Government Merchant Other
land (rai) n n %

1. 1-29.9 20 18 90 22 67 28
2. 30-59.9 55 46 84 22 80 24
3. 60-99.9 33 24 73 42 61 9
4. 100+ 15 13 87 46 85 15

Over half of the farmers used credit from more than one source;

22 percent from a g~vernment source and a merchant and 31 percent from

two or three merchants or from a me~chant and a neighbor or relative.

5. Availability of credit

The farmers gave the responses in Table 2.46 when asked whether it

has become easier or harder to get credit and loans than in the past.

Sixtv-nine percent of the farmers said that it is harder to get

credit now than in the oast, while 20 percent said there is no change

and 5 percent said that it is easier. While these results show clearly

the trend toward increasing difficulty in obtaining credit, there were

differences among the eight areas. Farmers along Saen Saep Canal had



Table 2.46. Availability of credit and loans;
farmers opinions on changes

Credit and loans
Harder Easier
than No than
before change before

n. " " %

1. 5aen 5aep East. 31 45 35 6
5aen 5aep West

81 42. Bung Khlo 27 15
Khlong lOlwang w.

3. lOllong lOlwang E. 32 91 9 0
Chuat Ta si

4. lOllong Ban Mai 33 69 20 5
Plum Phaeo Pha
Total 123 69 20 5

Reasons for changes in availability of credit

136

Harder to get credit or loans

Low rice yield
Lenders afraid farmer can't repay
Farmer couldn't repay old loan
Merchants don't like to give credit

because government loans available
No property for collateral, neighbors

can't back up loan
Higher interest rates
Don't know

No change in credit or loans

Depends on ~he farmer. if he repays
loan. the merchant trusts him

Depends on the merchant
No answer
Credit from farmers' group

Easier to get credit or loans

Easier if repay former loan
Merchants come to house
Member of farmers' group
Higher prices for rice

n = 85
% of 85
22
33
33

13
6

1
1

n = 24
% of 24

50

8
38

4

n = 6
number
J
2
1
1
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the le&st cifficulty in getting credit (45 percent said credit is

harder to get, and 35 percent said no change). Along Bung Khlo, Khlong

Khwang and Chuat Ta S~, 80 to 90 percent of the farmers found credit

harder to get. This pattern may be partly due to the greater disease

and rodent losses along the latter canals in the past.

Twenty-two percent of the farmers who had a harder time getting

loans said low yield due to crop losses was the reason. A third of

the farmers said that merchants were afraid that they wouldn't repay

their loans, and a third said that they had not been able to repay

their former loans. These categories were not mutually exclusive, so

the figure of about 60 percent of the farmers being unable to repay

their loans, as given by the heads of the A2ricultural Cooperative and

the Bank for Agriculture are borne out by the responses of the farmers.

Thirteen percent of the farmers said that the merchants did not want

to lend them money because credit was available from government sources~

This is an important point, indicating that even with their high rates

of interest, the merchants would prefer to let the government take the

risk cf giving loans or credit to the farmers. Only 6 percent of the

farmers could not get credit because of lack of collateral or lack of

neighbors with whom to form a credit group.

Most of the farmers who said that their ability to get credit is

the same or better gave as the reason that they were able to repay loans,

and could be trusted by the merchants.

The increasing difficulty in gettin2 credit does not appear to

differ among the farmers on the basis of land area, as shown in Table

2.47. About the same proportion of farmers in all the grouDs reported
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that credit is becoming harder to get (6l to 75 percent), and about the

same proportion reported no change (18 to 25 percent).

Table 2.47. Land Area versus Availability of Credit

Credit Credit
Area of Harder than No Easier than Don't
rice land in the past change in the past 1';now
(rai) n % % % %

l. 1-29.9 20 75 25 0 0

2. 30-59.9 55 71 18 7 4

3. 60-99.9 33 61 21 3 15

4. 100+ 15 73 20 0 7

IV. Summary

Description of Socio-Economic Characteristics

The farmers in Tambol Bang Nam Prieo and Phrong Akat were, by

1973, well on their way in the transition from a traditional to a modern

socio-economic system (by whatever arbitrary standards these terms are

defined). Eighty-two percent of the farmers were literate. while 98

percent of the farm families had at least one literate family member.

The farmers had a mean of 2.6 years education, and the mean highest

education level of the farm families was 4.7 years. Eighty-one percent

of the sample farmers were Buddhist, and 19 percent were Moslem, with

no differences in mean education levels betwee~ members of the two

religions. There was no difference in education levels of farmers

among the eight geographical divisions of the study area, althoueh farm
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children who lived near the Amphoe and the Phrong Akat railroad station

had. significantly higher education levels than those from other areas.

Traditional beliefs and ceremonies are still practiced, with over 90

percent of the Buddhist farmers observing one or more animistic customs.

The Effects of Socio-Economic Characteristics and Location on Adoption

of Modern Varieties and Insecticides

Among the farmers in Tambo1 Bang Nam Prieo and Phrong Akat, early

adoption of modern varieties and insecticides appears to be related to

three main variables:

1. Farm size. Farmers with above the mean farm size (60 rai or

more) showed a significantly earlier adoption time than those below

the mean. Land ownership was not as important as farm size in influencing

earliness of adoption, small farmers who owned 25 percent or more of their

land showed a slower mean adoption time than those owning under 25 per

cent~ while for large farmers, the reverse relationship existed.

2. Location. Farmers living nearer the source of introduction of

new methods adopted them earlier than those living farther away. While

this relationship seems obvious, it is important to account for it

before considering the effects of other variables on earliness of

adoption.

3. Physical constraints, primarily water control and availability of

irrigation water, discussed in the following chapter.

Other social va~iab1es did not appear to be i~ortant in explaining

differences in adoption time of modern varieties or insecticides. These

variables included: education levels, traditional religious practices,
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participation in government credit programs and participation in govern-

ment pest control programs. Difference which occurred in adoption

times between Buddhists and Moslems, and between those who participated

in government programs and those who did not, can be largely explained by

location and environmental variables. In most cases, farmers who par

ticipated in government programs had adopted modern varieties and

insecticides prior to their participation.

Farmers tended to participate more in government programs which

offered material assistance, such as credit, free pesticides or seed

multiplication, rather than those which offered information and advice.

Most of the farmers sought advice about farming problems and methods by

talking with neighbors, rather than with government officials.

Changes in Socio-Economic Conditions and the Relations~ips to Crop

Losses and Adaptive Processes

Farmers used several means of adjusting to changed conditions:

1. The area of land rented was often increased or decreased in

response to changes in availability of labor (especially family labor)

and to economic vicissitudes. In cases of serious economic problems

(which were in many cases due to crop losses by pests) farmers stopped

farming, either temporarily or permanently, and sought other work. Land

owners had the additional option of selling land, and the long-term trend

in Amphoe Bang Nam Prieo was toward decreasing land ownership and

increasing tenancy.

2. Credit. Many farmers had difficulty in repaying loans and

credit due to crop losses. Inability to repay loans serves to spread

the crop loss to other segments of the economy, but if the problem
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continues, farmers are unable to get credit and go out of farming, and

businesses may fail (IMC for example). The Thai government expanded

its credit programs in the late 1960s, and this became an important

credit source for many farmers.

3. Some farmers diversified into products other than rice. The

main alternative farm operation in the study area was the raising of

small livestock: pigs, chickens and ducks.



CHAPTER III

THE PHYSICAL ENVIRONMENT AND RICE CULTIVATION

I. Objectives

The interactions between the physical environment in Bang Nam Prieo

(the "natural events system" in Figure 1.5) and the methods used in

rice cultivation (the "human use system") are the central focus of this

chapter, for two main reasons:

1. The physical va~iables are the basis of the rice production

system and provide the constraints (yield limitations, timing of

planting and harvesting) within which the system operates. The tradi

tional rice system is strongly adapted to -the physical variables, both

in the biological adaptations of the rice varieties and in the cultural

practices of the farmers. In my analysis, I have included those physical

variables which directly influence the changing farming practices of the

farmf!.rs: seasoual rainfall, water availability in canals, land elevation,

and soil.

2. Changes in the physical environment, due to canal construction

and water control projects, permitted the farmers to shift toward modern

farming methods (transplanted rice, pump irrigation, fertilizer,

pesticides, modern varieties, an early season rice crop). Examination

of the adoption a~d adjustment of these modern methods is a central

theme of th~ next three chaptp-rs.

The central research questions are:

How have the farmers responded to the changing environmental

conditions in attempting to improve their yields and economic situation,
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or in attempting to reduce crop losses. In what ways have the farmers

adjusted the new methods in attempting to make them better adapted to

the local conditions?

II. Agricultural Change and the Adaptive Process

in Relation to Water Control

Traditional rice culture in Central Thailand is, by necessity,

highly adapted to the seasonal monsoon and flooding cycles both in the

biology of the rice plants and the cultural practices of the farmers.

To term the traditional system "stable" would be misleading, if stability

is defined as a predictable rice yield. The unpredictability of flooding

and drought meant that some crop loss occurred every year, and that

serious losses often occurred. Imp,roved water control over the past

150 years (but achieved to a large extent in the past SO years) has

made the flow of water in the rivers and canals somewhat more stable.

This has, in turn, allowed farmers with higher land to shift to trans

planted local varieties, and, on the highest land, to adopt modern

varieties in the rainy season. Dam construction allowed retention of

water which is released in the dry season, allowing the adoption of the

early season crop (although that was not the purpose for which the

water was originally intended). In each case of change in varieties,

planting methods, or seasons. the change depended on: (1) an improvement

in water control, and (2) a trial and error process whereby the new

varieties or methods were adjusted to the land height and water avail

ability.
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A. Canals and water control projects

Prior to the construction of canals in the lower Central Plain,

and the p.xpansion of rice farming in the region in the latter half of

the nineteeth century, little is known of the agriculture that might

have occurred in the study area. Travelers to Ayutthaya in the

seventeenth and eighteenth centuries described floating rice cultivation

in the surrounding deep-water areas (de la Loubere, 1693; Turpin, 1771,

see frontispiece).

On the terraces surrounding the central plain, and on the natural

levees of the rivers, where flooding was not too deep, transplanted

rice in bunded fields was grown.

It is generally considered that the lower areas of the delta were

uncultivated wastelands until the late nineteenth century (Tanabe, 1978:

42; Hanks, 1972:73). It should be noted that such opinions are based

on an absence of information, rather than on positive evidence. If

agriculture did exist in the Bang Nam Prieo area before the nineteenth

century, it would, of necessity, have been the same type of floating

rice cultivation found near Ayutthaya and in other parts of mainland

Southeast Asia with perhaps some transplanted rice on the higher land

near the Bang Pakor.g River. As shown by Figure 3.2, the land in the

vicinity of Bang Nam Prieo lies in the low point of a depression

extending from Bangkok to the Bank Pakong River. Before the construction

of canals, the area was drained by winding natural distributaries,

shown in Figure 3.4. Dating from the completion of the Saen Saep Canal

in 1845 or 1850, the history of rice farming in the area has been

primarily one of gradual improvements in water control. Water control

is far from complete, but it has allowed the transformation of rice
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culture into the system described in this chapter. The change is from a

system based almost entirely on biological adaptations of the rice plant

to one based increasingly on cultural adaptations.

The water control projects which have benefitted the Bang Nam

Prieo area extend over the entire east bank of the Chao Phraya River

delta. Major construction works are listed below, and are shown in

Figures 2.3 and 3.3.

1. Early canal construction and settlement: 1830s. to 1914.

a. The Saen Saep Canal was begun in 1832 or 1837, and completed

in 1845 or 1850 (the dates are ambiguous in the original records)

(Hanks, 1972:72). During this period, the use of Chinese wage labor

for canal construction was begun, replacing the former corvee labor

(Tanabe, 1978:48). The purpose of the canal was primarily military:

to connect Bangkok with the Bang Pakong River and allow easier access to

the areas of Cambodia that were under Thai suzerainty. Whether or not

the area was farmed before, it was soon settled along the banks of the

canal. D. o. King, who traveled along the Saen Saep Canal on a trip

from Bangkok to Cambodia in 1860, reported that the canal was "made

through a flat alluvial country devoted entirely to the culture of rice"

(King, 1860:177).

b. Khlong Nakhon Nuangkhet, Khlong Prawet Buriram, and Khlong

Preng-Khlong Khwang. Before construction of these canals in the 1870s

and 1880s, government officials and royalty claimed large tracts of

land along new canals, discouraging peasants from settling since they

weren't certain of getting a land title, and stifling the growth of rice
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production on which government revenues were based (Tanabe, 1978:59).

Rice exports began to increase rapidly in the l870s (Ingram, 1955:37-38),

and the government issued new policies to encourage settlement by rice

farmers, and to increase revenues. Khlong Nakhon Nuangkhet, completed

in 1877, and Khlong Prawet Burirom, finished in 1880, were the first

canals covered by the new regulations which provided for the distribution

of land to peasants according to their ability to cultivate it (Tanabe,

1978:60). Those who settled along the canals were also supposed to

contribute labor or capital to the canal construction. Khlong Nakhon

Nuangkhet connected the Saen Saep Canal with Chacho~ngsao, providing

easier access from the rice producing areas to Bangkok. Khlong Prawet

Burirom, which connected Bangkok with the Bang Pakong River south of

Chachoengsao also had four branch canals extending to the Saen Saep or

Nakhon Nuangkhet Canals. One of these branch canals was Khlong Preng

Khlong Khwang, extending through the study area to Amphoe Bang Nam

Prieo. It was begun in 1887 and completed around 1894. One of its

functions was to supply fresh water to K~long Prewet Burirom to control

the intrusion of saline water in the dry season (Tanabe, 1978:6li).

Royal officials received land grants along the west bank of Khlong

Khwang, the origin of the royal lands that still exist there.

c. The Rangsit Project. Beginning with this project in 1888,

which is located to the northwest of the study area (in the area labelled

"5. Pasak Project" on Figure 3.3), the Thai government began to give

concessions to private individuals or companies for canal construction,

allowing them to sell the land along the canal to the peasants (or

others), and to collect tolls on boats using the canal. The practice
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led to large-scale absentee landlordship, which still typifies the lower

central plain, including Bang Nam Prieo. The large Rangsit canal had

locks at either end, allowing, for the first time, some control of

irrigation and drainage water.

2. The Royal Irrigation Department projects; 1914 through World War II~

In 1903 Van der Heide developed a plan for major water control and

irrigation works for the entire Central Plain region (Van der Heide,

1903). Nothing was done about this scheme until 1914, with the organiza

tion of the Department of Irrigation. A British engineer from India,

Thomas Ward, developed a plan for building a number of smaller-scale

projects which could be combined into a single system at some time in

the future (Kaida, 1978:216). Several of these projects directly

affected the flow of water to the Bang Nam Prieo area.

a. The South Pasak Project. Improvement of the Rangsit canal

system, drawing water from the Rama IV Dam on the Pasak River. Locks

and regulators were built in the main canals to allow navigation,

irrigation and drainage.

b. The Nakhon Nayok Project. Just north of the study area, this

project is fed by the Prachin River, a tributary of the Bang Pakong

River.

c. The Chieng Rak-Khlongdan Project. This project included

irrigation works on the east bank of the Chao Phraya, and, of greatest

importance for the Bang Nam Prieo area, construction of canals, coastal

embankments, locks and water regulation devices to prevent salt water

incursion.
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3. The Greater Chao Phraya Project: 1950 to present.

Beginning in 1950, major water-works have been constructed which

have begun to integrate water flow throughout the Central Plain.

a. The Chainat barrage was completed in 1957. It controls the

entire system by spreading the water of the Chao Phraya River to five

trunk canals.

b. The trunk canals and laterals. The five trunk canals include

the Suphan and Noi rivers, which were deepened, the Chainat-Ayutthaya

canal, built along the natural levees of the Chao Phraya River bank,

and two canals built along the margins of the delta; the Makhan Tao-U

Thong Canal and the Chainat-Pasak Canal. The last canal carries water

to the Rama IV dam, and a continuation brings it to the East bank

area, immediately north of Bang Nam Prieo.

The main trunk ~anals and laterals were completed in 1962, and

construction of a ditch network to bring the water to the farmers was

begun in 1963.

Two large dams on tributaries of the Chao Phraya River, north of

the Central Plain, also help to control floods, and release water in

the dry season for navigation, irrigation and saline water intrusion

control: the Phumipol dam on the Ping River completed in 1964 and the

Sirikit dam on the Nan River, completed in 1972.

B. Physical limitations influencing rice culture in Tambol Bang Nam

Prieo and Phrong Akat

1. Deep-water areas. In the rainy season, floodwaters move through the

study area from the north and northwest toward the south and southeast.

Areas along the Saen Saep Canal and Bung Khlo have low-lying land along
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natural waterways that were cut off by canal construction (Figure 3.4).

Floating rice is still grown in thes~ areas. The modern, short-statured

rice varieties cannot be grown in the rainy season in the Saen Saep

West and Bung Khlo areas due to water depth. These areas are also more

susceptible to flood damage at times of excessive flooding, such as

occurred in 1972 (Table 3.1). Generally, however, the benefits of

additional water outweigh the problems of occasional flooding, and

average yields tend to be higher along the Saen Saep Can~l. Higher land

rent and scarcer land reflect the more desirable growing conditions.

2. The early rice crop. The Saen Saep area has an advantage in the dry

season of ~eceiving the irrigation water from the north earlier than

the areas further to the southeast. Farmers along the Saen Saep were

able to begin growing the early season rice crop using local varieties

of photoperiod-insensitive rice before the introduction of modern

varieties in 1968. The farmers nearer to the source use the irrigation

water first, and the amount left over is sometimes not adequate for the

farmers along Kh1cng Ban Mai anc Plum Phaeo Pha. The reduced water

flow allows the additional problems of saline water intrusion (moving

in from the Bang Pakong River to the east and southeast) and acid water.

The acid water comes about due to leaching of water from the acid-sulfate

soil in the dry season (the name of the area "Bang Nam Prieo" means

"place of sour water"). Adequate irrigation water ~lushes·out the

acidity, but the areas to the southeast which receive less water

suffer from this problem in the dry season.
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Table ).1. Percent of sample farmers reporting physical limitations
affecting rice culture, by region

No Storm. Lack water Lack water
problem wind, Flood Rainy Dry Saline Acid

n rain season season water water

(1972 )
1. Saen Saep

15 )) 7 40 20 I) 20East 7

2. Saen Saep
16 19 6 69 50 12West 0 0

). Bung Khlo 14 7 4) 4) 86 7 7 o

4. Khlong Khwang
1) )1 2) )8 )1 2)West 0 2)

5. Khlong Khwang
16 )8 )1 6East 19 19 25 12

6. Chuat Ta Si 16 )1 19. 6 )8 )1 25 0

7. Khlong Ban
40Mai 20 10 0 )0 10 15 0

8. Plum Phaeo
Pha I) 2) 15 0 62 0 )1 8

'rotal 12) 28 19 24 41 15 15 6

I-'
VI
.J:'-
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3. Type of canal. The two man-made canals, Saen Saep Canal and Khlong

Khwang, are narrow and deep~ with the soil from the canals piled along

both sides as levees, upon which the houses are constructed. These

canals have an adequate flow of water all year long for irrigation and

navigation. The remaining canals are broad, shallow natural distribu

taries that have been deepened somewhat (Figure 3.1). In the dry season,

the water flow is reduced to a trickle in the center of these waterways,

and the amount is often inadequate for irrigation and travel. Two of

these waterways, Bung Kh10 and Chuat Plum Phaeo Pha-Kh10ng Phrong Kathin

were only deepened in 1973, and the early season crop was not possible

prior to the deepening.

An additional problem along the natural waterways is that in the

dry s~ason floating grasses and aquatic plants, such as water hyacinth,

grow in the low, marshy areas. When the water begins to rise at the

beginning of the flooding season, these plants break loose and float along

the canals, eventually causing ':weed-jams" that impede navigation. The

marshy areas also serve as centers for the survival of rice pests and

their predators and parasites over the dry season (Figure 3.5).

4. Rainfed rice areas. Two areas are cut off from any of the main

canals and have no source of irrigation water. One is on Phraek Bua,

between Khlong Khwang and Khlong Saen Saep. The other ~s along the Bang

Nam Prieo-Chachoengsao road. Farmers in these areas are dependent on

rainfall and natural flooding of water for their rice crop, and agricul

ture in these areas is probably much like it was prior to canal con

struction in the Central Plain. Only three of the sample farmers live

in these areas.
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Figure 3.5.A. Canal being choked by floating mats of
grass.

Figure 3.5.B. In low, marshy areas such as thi8, wild
rice, rice pests, and the natural enemies
of the rice pests survive the dry season.
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C. Effects of canals and water control projects on the study area

The net effect of the water control projects has been a gradual

improvement in the stability of water flowing through the Bang Nam

Prieo area, although the recurrent floods and droughts attest to the

incomplete status of the system. The improvements allowed several

changes to take place in the rice culture of Bang Nam Prieo:

1. A switch from broadcast to transplanted rice. Transplanted

rice is more responsive to fertilizer, leading to fertilizer adoption

in the area.

2. Supplementary irrigation in the rainy season, depending on

water availability, and done on an individual basis by the farmers using

"rahat" (dragon-bone pumps) or "shrimp-tail pumps. II

3. Control of saline water intrusion in the dry season.

4. Irrigation water for the early season crop. The water control

projects actually were not intended to supply water for growing rice

in the dry s~ason. However, it was necessary to provide a flow of wat~r

iu the dry season to allow navigation and prevent salt water intrusion

in the river mouths. This flow provided a certain amount of water which

farmers located near the water gates could use in the dry season.

Amphoe Bang Nam Prieo is one such area, and farmers quickly adopted

the early season crop when the photoperiod-insensitive rice varieties

became available. Farmers closer tQ the source of water were able to

use the water first, however, while the fa~mers farther away often

were left without enough wat~r tu irrigate the early crop. Use of the

water for irrigation also counteracts the original goal, allowing saline

water to intrude in the areas closer to the river.
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III. Rice Cultivation

A. Rainfall and the rice cycle

Rice cultivation in Central Thailand is dependent on two sources

of water: 1rainfall and irrigation from rivers and canals. Traditional

rice varieties, and the cultivation cycle, are well adapted to the

seasonal patterns of these two water sources. Central Thailand is in

the zone affected by monsoonal air circulation, with nearly all of the

annual rainfall concentrated in the summer months, from May through

October (Figure 3.6 shows the monthly rainfall for Bang Nam P~ieo for

five years, and the average rainfall for a IS-year period for Bangkhen).

Rains are irregular during the first part of the rainy season, but

become more frequent in the latter part. Low-lying areas are flooded

during the latter half of the rainy season, and the flood water subsides

in November and December.

Traditional rice varieites are adapted to the rainfall and flooding

cycle in three main ways: (1) They can withstand a fair affiount of

drought in the period of irregular rain, (2) certain varieties, termed

floating rice, can grow rapidly when gradual flooding occurs. These

varieties are grown in the deep water areas, and (3) most traditional

varieties are sensitive to short day length for initiation of flowering,

so they mature at the beginning of the dry season. The photoperiod-

sensitivity means cnat the rice matures at a given time, regardless of

planting date (within broad limits), so the farmers have some leeway

lA discussion of the water balance versus water requirements of
rice in Central Thailand is included in Appendix C:
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in planting dates and can plant when weather conditions are favorable.
~

During the vegetative stage. these varieties can tolerate quite a bit of

damage (drought. pests) without an effect on the final growth and

heading stages (Oka. 1975).

The cultivation cycle is determined by the onset of the rainy

season. which allows the farmers to till the moist soil. and by the

biological characteristics of the rice plant. which determine when and

where it can be planted and when it is ready for harvest. Figures 3.7

and 3.8 show the close relationship between the cultivation cycle for

local rice varieties and the rainy season. According to Janlekha

(1955). different rice varieties in Bang Chan varied in their critical

day length response. so that farmers could combine early~ medium-and

late ripening varieties and space out their labor at harvest. In Bang

Nam Prieo, however. I found no significant differences in the aggregate

range of harvest dates reported for the local rice varieties, although

individual farmers nearly always reported different dates for the

varieties they grew. The farmers did match the local varieties to the

depth of flooding, using floating rice in the deepest areas and shorter

varieties elsewhere. Deep water rice varieties generally ripen later

than those adapted to shallower water, since the ripening process has

been selected over a long period to coincide with the subsiding flood

waters.

In spite of the biological and cultural adaptations to the rainfall

and flooding patterns, serious drought and floods regularly cause damage

to the rice crop in Central Thailand. According to the water measure-

ment gauge established in the Chao Phraya river at Ayutthaya in 1831,

some drought occurred 60 times in a period of 126 years, and serious
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floods occurred four times (Kaida, 1978). In the present century,

serious drought occurred in 1919 and 1939 and severe flooding took place

in 1917, 1942 and 1957 (Figures 1.9, 1.15). However, some crop loss

due to drought or flooding occurs nearly every year. Figure 3.6 shows

the large degree of variation in monthly rainfall from year to year in

Bang Nam Prieo.

The rice cycle of the traditional rainy season rice crop is closely

attuned to the pattern of rainfall and flooding, as shown in Figure 3.7.

During the dry season, the farmers burn the stubble in the paddy fields.

This practice helps to control some insect pests and diseases of rice,

but the main reason is to remove the straw to make plowing easier. When

the rainy season begins, the ground becomes moistened and the farmers

repair the bunds around the fields and plow, harrow and puddle the

land. Rice may be broadcast directly into the fields from May through

September. This method was originally used throughout the Central

Plain, and it is still used in the deep water areas where floating rice

is grown. Where the water is shallower and better controlled, the

farmers plant seedbeds during June and July, and transplant the

seedlings in July and August. In 1972, an early flood destroyed the

seedbeds, and then a drought delayed planting until October. During the

early part of the rainy season, irrigation is necessary to supplement

the irregular rainfall. During the growing season, the farmers may use

fertilizer where the rice appears to need it, and control pests and

weeds where necessary. Harvesting of the rice takes place in December

and January, when the flood water recedes. Threshing takes place from

January into March, and the farmers often leave the rice shocks in the
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fields for a few weeks until they are ready to thresh it, since there is

no rain to worry about in the dry season.

The traditional cycle of the rice crop went through a major change

with the introduction of modern, photoperiod-insensitive rice varieties

in the late 1960s. Whereas the period spent on each job tended to be

focused for the traditional rice varieties, the work cycle for the

modern varieties is more spread out, and the early crop overlaps the

rainy season crop. For the farmers, this means that several jobs are

occurring at almost the same time, requiring more work and more

planning to ensure that labor will ~e available when needed. For the

rice plants, several stages of growth are present in adjacent fields,

causing important alterations in the life cycles of rice pests and the

other organisms in the paddy field ecosystem.

B. Adoption and use of water pumps

Water pump use in Tambol Bang Nam Prieo and Phrong Akat preceded

the present era of modernization. The "rahat" or "dragon-bone pump"

has been used in the area for at least 50 years (according to one of

the sample farmers), and probably longer. The rahat is most likely

of Chinese origin, possibly introduced by the Chinese laborers who were

brought in to dig the canals in the Central Plain. It is composed of a

wooden trough through which wooden paddles are moved on an endless

chain, also of wood (Figure 3.9). Originally, the rahat was powered

either by foot-pedals or by windmills. ~hai windmills are distinctive,

having long, narrow blades that are light enough to respond to modarate

breezes, but do not present a large surface area which would be
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susceptible to damage by the occasional strong storm winds (Figure

3.10A). They are similar to the windmills used to raise water in the

salt flats along the coast, just south of the study area. The windmills

were replaced by small diesel engines, beginning around the time of

World War II (some of these durable, low-compression engines were

still operating at the time of my study--Figure 3.9A). Figure 3.11

shows the cumulat~ve number of fa~imers using rahat pumps and rahat

pump motors. Over 80 percent of the farmers have used rahat pumps

since the 1940s (the figures were corrected for the decreasing number

of sample farmers in the past, shown in Table 1.4). For earlier periods,

the data are probably not a reliable estimate of rahat use.

Beginning around 1963, the "shrimp-tail pump" was introduced into

the area (Figure 3.10B). Shrimp-tail pumps consist of a metal tube

through which water is forced by a reversed boat propeller at the end of

a long drive shaft. They can be driven by a boat motor or a small

tractor motor, as in Figure 3.10B. The shrimp-tail pumps have the

advantage of being easily transportable, whereas the rahat are not.

Ninety-eight percent of the sample farmers used water pumps at the

time of the study, only two farmers having land that was completely rain

and flood irrigated (Table 3.2). Ninety percent used rahat pumps, and

32 percent used shrimp-tail pumps (22 percent used both types). Only

two farmers still depended on windmills to power their rah~t pumps (a

disadvantage of the windmills, aside .from their dependence on adequate

wind, is the danger of the whirling blades, which are nearly invisible).

•
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Figure 3.9. B. Dragon bone pump ("rahat"); locally
manufactured using wooden paddles, chain,
and trough.
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None of the farmers in the study area used hand-irrigation methods,

such as baskets on ropes or poles, that are used in other parts of

Thailand. The large farm sizes would most likely make hand-irrigation

ineffective even without the alternative systems, and, as mentioned

before, the rice varieties traditionally planted were biologically

adapted to drought and flooding conditions.

Table 3.2. Use of water pumps, 1973

Use Use Use rahat Use shrimp-
n pump rahat motor tail pump

% % % %

1- 5aen 5aep, 31 100 81 81 26
East & West

2. Bung Khlo,
Khlong Khwang 27 96a 85 85 30
West

3. Khlong Khwang
94bEast, Chuat 32 97a 97 22

Ta 5i

4. Khlong Ban Mai, 33 100 91 88b 48
Plum Phaeo Pha

Total 123 98 89 87 32

aOne farmer in each of these areas has land which is irrigated only
by rain and gravity flooding.

b each of these areas still uses a windmill to power theOne farmer in
rahat pump.
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C. Land preparation

Preparation of the rice fields for planting involves:

1. Burning the rice stubble in the dry season.

2. Repairing the bunds and cleaning the irrigation and drainage ditches.

3. Pumping water into the fields to soften the soil for tillage before

the early season crop, and, if necessary, the rainy season crop.

4. Plowing, harrowing and puddling.

Farmers vary the land preparation practices from place to place and

from year to year. They may choose not to do anyone of the above jobs.

Major changes in labor requirements occurred with the adoption of the

early season crop and small tractors. The jobs which are most relevant

to my study are discussed below.

1. Burning the rice stubble

Burning of the fields in the dry season is a common practice

throughout Southeast Asia, the main purpose being to remove plant

material that would interfere with cultivation (Figure 3.l2A). Rice

pests are also controlled to some extent by burning of the stubble,

although many species have developed adaptations that permit them to

evade or avoid being eliminated. Some species of stem borer, for

example, move into the rice root during the dry season. Other insects

and diseases survive in wild rice and weeds in marshy areas (Figure 3.5).

In the study area, 97 percent of the farmers burn the stubble.

Those who stopped burning did so because the stubble of the modern rice

varieties is short enough not to impede tillage, or because with double

cropping the land was too wet.
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Burning the rice stubble in the dry season.
Farmer's daughter plowing the rice field with a local tractor.
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2. Repairing the bunds

When the rain has softened the soil of the bunds somewhat, the

farmers slice off the edges that have slumped into the field and pile

the material on the top of the bund. The holes made by rodents and

crabs are also filled, and the animals dug out and killed. Grasses and

other weeds growing on the bunds are also discouraged for a time by the

digging. The bunds are places where rice pests can survive the effects

of tillage o~ the rice fields, and later re-infest the growing rice

plants. Parasites and predators of the rice pests can also survive

along the bunds, however.

3. Plowing, harrowing and puddling

All of the farmers till their rice fields, although a large amount

of variation exists among farmers in the number of times they till.

An earlier method of land preparation, the use of buffalo to churn the

soil by trampling, which was apparently common in the central plain until

the beginning of the present century (Hill, 1977:19), is no longer used

in the study area. Plowing, harrowing and puddling are substitutable

to some extent, and in the 1972 rainy season, 7 percent of the farmers

did not plow, 6 percent did not harrow and 10 percent did not puddle,

while in the 1973 dry season, 10 percent did not plow, 9 percent did

not harrow and 26 percent did not puddle. The main function of plowing

is to break up the hard, blocky soil and turn under weeds and debris

(Figure 3.12B), while harrowing smooths the surface and pulls up weeds,

and puddling smooths and compacts the surface (to reduce downward per

colation of water) and further eliminates weeds (Figure 3.13).
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A gradient occurs in the study area in the number of times the

farmers plow, harrow and puddle: p1o~:ing is done the greatest number

of times in the northwest and the least in the southeast, while harrowing

and puddling show the reverse trend. Table 3.3 shows the mean number of

times the farmers did each of these operations in the two Tambol.

Although some farmers reported varying the number of times they harrow

and puddle according to the amount of weeds, it is hard to account for

the differences between the Tambo1 on this basis, since weeds are present

throughout. A more logical explanation has to do with the use of

tractors. As Table 3.4 shows, about 40 to 50 percent of the farmers in

Bang Nam Prieo use tractors for tillage, whereas 60 to 70 percent use

them in Phrong Akat. The small tractors are faster than buffalo, and

can be operated by young persons (Figure 3.12), while the large buffalo

require an adult to manage. The trend, therefore, is to increase the

amount of tillage that can be easily done by tractor.

Table 3.4 gives a more detailed breakdown of tractor and buffalo

use for each of the eight areas (1-4 are in Bang Nam Prieo, 5-8 in

Phrong Akat). The pattern follows the Tambo1 boundarie.s except for two

areas: Saen Saep East in Bang Nam Prieo has a high percentage of

tractor use (87 percent), and Plum Phaeo Pha in Phrong Akat has a low

percentage (46 percen::). Unfortunately for the "tractor theory," mean

tillage times in these two areas do not correlate with tractor use, but

do fit the Tambol averages:

Saen Saep East: plow, 1.7; harrow, 3.5; puddle, 1.9

Plum Phaeo Pha: plow, 1.4; harrow, 4.6; puddle, 2.7

Another possible explanation might relat~ depth of flooding with

tillage (inversely), since Bang Nam Prieo has deeper flooding than
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A. Mean number of times performing each operation
Rainy season Early season

Plow Harrow Puddle Total Plow Harrow Puddle T~tal
n x x x x n x x x x

. Tambol Bang....
Nam Prieo' 57 1.8 3.4 1.7 6.8 46 1.4 3·2 1.7 6.3

2. 'rambol
Phrong Akat 60 1.4 4.6 2.1 8.1 40 1.1 4.4 2.0 7·5

Total 117 1.6 4.0 1.9 7·5 86 1.2 3·8 1.9 6.9

B. Percent of farmers using a tractor for 'each operation

Plow Harrow Puddle Total
n ,. ,. ,. %

1- Tambol Bang
Nam Prieo 58 49 52 43 60

2. Tambol
Phrong Akat 65 71 72 60 75

Total 123 61 63 52 68

Table 3.4. Percent of farmers using tractors and buffalo f or each farm
operation, by region

Plow Harrow Puddle Haul rice Thresh 'l'otal
n %T %B %T %B %T %B %T %B %T %B %T %B

1. 5aen 5aep East 15 87 86 80 50 73 29 20 86 20 80 87 93
2. 5aen 5aep West 16 ;1 75 31 62 25 56 12 88 12 88 50 81
3· Bung Khl0 14 36 100 36 93 21 93 0 100 0 100 36 100
4. Khlong Khwang

West 13 46 77 62 54 54 31 15 85 31 69 69 85
5. Khlong Khwang

East 16 75 SO 81 27 56 13 38 80 75 25 81 87
6. Chuat Ta si 16 87 56 88 31 81 38 31 69 69 38 94 70
7. Khlong Ban Mai 20 70 85 70 30 65 30 20 80 70 40 75 85
8. Plum Phaeo Fha 13 46 77 46 46 31 38 31 77 46 54 46 92

Total 123 61 79 65 56 54 37 22 83 42 60 68 85

:r = tractor, B = buffalo
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Phrong Akat. However, tillage is completed before the flooding occurs,

and the same tillage patterns occur in the early season crop between the

two regions.

D. Adoption of tractors and iron farm implements

Two kinds of small tractors are commonly used in the study area:

The first type looks like a garden tractor with large metal-cleated

wheels (Figures 3.12, 3.13), and the second type, called a "puddle

tractor" is propelled by a large, cylindrical, paddle-wheel on the front

end. Both types are made in Thailand. One sample farmer owned a large

imported tractor, and this was the only large tractor among the sample

farmers. Most of the farmers who use tractors also use iron plows and

harrows. A few farmers had begun using tractors by 1964, but the

period of rapid adoption began in 1968, simultaneously with adoption of

MV and the early season rice crop (Figure 3.14). This also coincided

with the latter part of the YOLV epidemic, when the farmers were pre

sumably having serious economic problems.

Table 3.5 shows the percent of farmers who own buffalo, tractors and

farm implements (the percent vwnership is a bit lower than the percent of

users, since quite a few farmers rented tractors or buffalo). Buffalo

ownership remained high in all the areas (73 to 93 percent), in spite of

tractor ownership. The reason is probably partly due to the recent

introduction of tractors, but more likely there are still advantages to

having buffalo: the tractors can't be used in deep-water areas, or

during floods; tractors break down and require fuel, and the buffalo are

more dependable and sturdy; the buffalo represent a liquifiable asset

L~ times of economic hardship; certain jobs are done more efficiently by
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Table ).5. Percent ownership of buffalo, tractors, and modern implements, and
mean years use modern farm implements, by region

Iron plow
Buffalo Tractor and harrow Fanning mill

Years Years Years
Own Number Own use Own use Own use

n % x % x % x % x
1. Saen Saep

6'/ 4.5 3.8 86East 15 9) 2·5 '/9 1'/.7
2. Saen Saep

16 2.6 60West rt 19 ).2 )) 2.8 12.6
r. Bung Khlo 14 9) 2.5 29 ).4 21 )·7 71 17.1
4. Kh10ng Khwang

46 4.4 6'/West 1) 85 2.2 ).5 25 1).3
5. Kh10ng Khwang

16 4.1 4.3 67East 73 1.7 5£. 'lJ 13.9
6. Chuat Ta S1 16 80 2.) 69 4.1 85 ).'/ 46 '/·5
'/. Kh10ng Ban

4.8Mai 20 85 2.1 75 '/9 5.1 68 11.5
8. Plum Phaeo

46Pha 1) 92 2.4 4.2 67 4.5 5R 11.1

Total 12) 85 2.) 52 'Ll 64 4.0 "1 1).0

....
-...:
00
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buffalo (hauling rice from the fields while they are still partially

flooded). The rapid increase in tractor use attests to the advantages

of the tractor, however.

E. Rice planting methods

There is considerable variation in the methods used in planting rice

in the study area. Since the density of the rice plants and the timing

and method of planting affect pest populations, it is important to look at

planting methods. particularly from the viewpoint of the adaptive process

and the perception of the farmers concerning the relative merits and

problems of the various methods.

Following are some of the aspects of rice planting that'offer

choice to the farmers:

1. Time of planting

2. Broadcasting seed directly into the field versus

Transplanting (single transplanting is used here).

3. Type of seedbed: a. narrow, raised ridges

b. flat, non-raised.

4. Number of days the seedlings ~emain in the seedbed.

5. Spacing of the hills during transplanting and

Number of rice plants per hill.

The changes from broadcasting to transplanting and back to broad

casting, and the switch from ridged to flat seedbeds show spatial

diffusion patterns, indicating adaptive responses by the farmers. The

next three aspects listed show a great deal of individual variation among

farmers, with no consistent spatial variation. Timing is an important

part of the operation and of the adaptive process.
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1. Time of plant.ing

In rice trials at experiment stations in Thailand, it was found

that local, photoperiod-sensitive rice varieties could produce much

higher yields than they ordinarily gave under field conditions (Tak~hashi

et al., 1967). The higher yields resulted from: (a) delaying the

transplanting t~e, which shortened the growing period, and; (b)

improving the fertilizer dressing method.

Table 3.6 gives the mean rice yields by month of transplanting for

10 varieties tested at Bangkhen experiment station, and the mean yields

of transplanted local varieties in my study area.

Table 3.6. Rice yields versus month of transplanting, local rice
varieties: Bangkhen experiment station compared with
farmers' yields in Tambol Bang Nam Prieo and Phrong Akat

Rice yields: thang/raib

Bangkhenc BNP & PA, 1973
d

Month (10 LV) (all LV)a x s.d. s.d.transplanted n x

April, May, June 7 36.4 11.6

July 10.5 20.2 36 38.7 7.4

August 29.9 19.9 52 35.2 8.4

September S2.8 20.1 S 42.2 12.9

October 41.0 13.4

Fertilizer 12 kg/rai each Mean: Z.S kg/rai
N PZOS,KZO N,PZO S

aAt Bangkhen, the rice was transplanted on the first day of the month.
In BNP and PA, rice was transplanted during the entire month.

bI converted the Bangkhen figures from kg/ha to thang/rai using 1000
kg/ha = 1S.8 thang/rai.

c Source of Bangkhen data: Montrakun and Suwanwaong, 1971, p. 35.

dDat a included only those varieties which were transplanted on a definite
date.
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Rice yields at Bangkhen differed significantly between months, with

July very low (10 t/r), August about average for local varieties (30

t/r), and September high (53 t/r). By contrast, in the study area,

yields did not vary significantly according to month transplanted, and

were moderately high in all months (25 to 42 t/r). During 1973 there

were no serious problems due to water or pests, and the yields were

fairly high for local varieties, compared with other years.

Why did the yields show a strong response to transplanting date at

Bangkhen, and little or none in the farmers' fields?

i. At Bangkhen, the later transplanting resulted in shorter

plants, since the growing period was shortened. The shorter growth form

had less lodging than the taller early plants, the leaves had better

exposure to the sun, and there were more tillers (since later tillers

were not killed by shading) (Koyama and Chammak, 1973:23). The shorter

plants had a higher nitrogen and phosphorus content and an increased

number of panicles. A direct relationship exists between nitrogen

absorbed by the plant up to flowering stage and the number of grains

produced per unit area (Koyama and Chanmak, 1973:25). Grain weighed

less with later transplantingk however.

ii. The yields in ~he farmers' fields were moderately high even

though the mean level of fertilizer was 1/5 that used at Bangkhen. With

lower fertilizer levels, the early plants would tend to grow more

slowly and have fewer lodging problems than the early plants at the

experiment station.

iii. The shorter growth form of late plants would not necessarily

be an advantage- in the farmers' fields, where the plant height of local

varieties is adapted to the depth of flooding.
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The farmers vary the planting time from year to year, due to

weather conditions (such as the 1972 drought, whi~h delayed planting

into October), and if they had found the later planting to be

advantageous, it is likely that the mean planting time would have

shifted into September. Such was not the case, however.

In the study area, local varieties were transplanted almost

entirely during July and August (Figure 3.8 , Table 3.7). The reason

for transplanting at that time is that the fields begin to flood in

September, so if the farmers waited too long, the water would be too

deep for the seedlings. Modern varieties can only be grown on the higher

land, and this allowed some of the farmers to transplant MV in September

and October (Table 3.7).

Broadcasting of local varieties, which occurred mainly in the deep

water areas of Bang Nam Prieo, began earlier, in May and June. Again,

the timing was dictated by the earlier flooding of the deep water

areas, and the floating rice varieties are biologically adapted to the

longer growing seasor., as discussed earlier.

Other than the differences in time of planting due to land eleva

tion, there were no significant differences in planting time among rice

varieties or between the two Tamhol, as shown by Table 3.7. As men

tioned earlier, however, individual farmers tended to plant and harvest

different varieties at different times in order to space out labor

requirements.

The early season rice crop was broadcast from February through

April and transp·lanted from February through May (Figure 3.8 , Table

3.8). Broadcasting, which was mostly done in Bang Nam Prieo, began

about a month ahead of transplanting (coinciding with planting of the
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Table 3.7. Percent of the farmers transplanting and broadcasting
each rice variety, by monthl rainy season rice crop

percent of farmers planting, by variety

A. Bang Nam Prieo n Apr May Jun Ju1 Aug Sep Oct
1. MV I Broadcasj:

RD1 8 a a 12 a 75 0 12
04-63 15 a 0 7 7 67 20 0
Leuang Sampran, RD3 10 a a 0 . a 100 0 0

Total 33 0 0 6 3 79 9 3
2. MV. Transplant

n01 6 a 0 0 17 50 33 0
04-63 5 a 0 0 20 60 0 20
Leuang Sampran, RD3 12 0 0 8 25 67 0 0

Total 23 a 0 4 22 61 9 4
;. LV: Broadcast

Khao Semr- 19 0 10 21 42 21 5 0
Khao 500 0
Puang Nahk 0
Other LV 21 5 24 24 24 19 5 0
Total 40 2 18 22 32 20 5 0

4.. LV. Transplant
Khao Setth.l. 37 a 0 5 43 49 ; 0
Khao 500 10 a 0 0 40 60 0 0
Puang Nahk 7 0 0 14 28 57 0 0
Other LV 40 0 0 0 38 58 5 0
Total 94 a 0 3 39 54 2 0

B. Phrong Akat
L MV. Broadcast

Rbi 4 a 0 a 25 50 25 0
C4-63 6 a a a 0 67 33 0
Leuang Sampran,RD3 5 a 0 a 20 40 40 0

Total 15 a 0 a 13 53 33 0
2. MV. Transplant

RDl 48 a 0 4 25 42 14 14
C4-6; 22 a 0 4 14 45 18 18
Leuang Sampran,RD3 10 0 0 0 10 60 30 0

Total 80 0 0 4 20 45 18 14
3. LV. Broadcast

Khao Setth~ 1 0 0 100 0 a 0 0
Khao 500 1 0 0 100 0 0 0 0
Puang Nahk 0
Other LV 0
Total 2 0 0 100 0 a 0 a

4. LV. Transplant
Khao Setthi 10 0 0 0 90 10 o 0
Khao 500 39 0 0 0 44 49 a 0
Puang Nahk 21 0 0 5 38 48 10 0
Other LV 27 0 0 4 33 48 15 0
Total 97 0 0 2 44 44 7 0

C. Total Area

1. MYI Broadcas't 48 0 0 '+ 6 71 17 2

2. MYI Transplan't 103 0 0 4 20 48 16 12

3. LVI Broadcas't 42 2 17 26 31 19 5 0
4. LV. Transp.lant 191 0 a 3 42 49 6 0



Table 3.8. Percent of the farmers transplanting and broadcasting
each rice variety, by month; early season rice crop

Percent of farmers
planting, by variety

A. Bang Nam prieo n Feb Mar Apr May

1- Broadcast
RDl 11 36 36 27 0
C4-63 14 28 50 21 0
Leuang Sampran 4 0 50 50 0
and RD3
Total 29 28 45 28 0

2. Transplant
RDl 10 0 cO 40 0
C4-63 27 4 41 52 4
Leuang Sampran 18 0 33 56 11
and RD3
Other 2 (2 )
Total 57 2 38 49 5

B. Phrong Akat
1. Broadcast

RDl 8 12 25 62 0
C4-63 1 (1)
Leuang Sampran 1 (1)
and RD3
Total 10 10 20 60 10

2. Transplant
RDl 28 18 14 46 21
C4-63 11 0 18 .54 27
Leuang Sampran 6 33 17 33 17
and RD3
Other 1 (1 )
Total 46 15 15 48 22

C. Total Area

1- Total Broadcast 39 23 38 36 2
2. Total- Transplant 103 8 30 48 14
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seedbeds). There were no major differences among rice varieties in

dates of planting. Comparing the two Tambol, transplanting was somewhat

more spread out in Phrong Akat, and this is a reflection of the land and

water. Some farmers in Phrong Akat planted earlier to take advantage

of the irrigation water before it was used by farmers upstream. Others

planted later to take advantage of the beginning of the rainy season,

since the higher land would flood later than the lower land in Bang Nam

Prieo.

Planting of the early season crop tended to be concentrated with

75-80 percent of the planting occurring in two months, March and April.

This allowed the farmers to take advantage of the start of the rains,

and to harvest just before planting the rainy season crop.

Farmers just to the south of the study area had begun triple

crop~ing, planting the dry season crop in December or January. The

four month cycle of the modern rice allows triple cropping, if the land

elevation and the water availability are suited to it. A problem of

iron toxicity in the rice soil can occur if it is not allowed to dry

occasionally, however. Only two .of the sample farmers had adopted

triple cropping at the time of my study.

2. Changes in rice planting methods: broadcasting versus transplanting

Although historical evidence is lacking, it is likely that initially

most of the rice in the study area was broadcast, with the possible

exception of higher land areas in the ea,t. As discussed earlier, the

gradual improvement in water control allowed the farmers to switch to

trans~lanted rice. At the time of my study, two-thirds of the farmers

said that they had always transplanted their rice (Table 3.9), and 12



Table 3.9. Percent of farmers transplanting and broadcasting rice, and
change in methods

Transplant. Uses both Broadcast in Recently changed
did not use methodfl, past, changed to broadcasting,
broadcasting depends on to transplant at least partly
in the .past land height

n n " n " n " n "
1. Saen Saep East 15 12 80.0 1 6.7 2 13.) 6 40.0
2. Saen Saep West 16 2 12.5 8 50.0 6 37.5 2 12.5
3. Bung Khl0 14 7 50.0 1 1.1 6 42.8 ) 21.4
4. Khlong Khwang 13 10 .76.9 1 7.1 2 15.4 5 38.5

West
5. Khlong Khwang 16 12 75.0 1 6.2 3 18.8 2 37.5

East
6. Chuat Ta Si 16 13 81.2 2 12.5 1 6.2 2 12.5
1. Khlong Ban Mai 20 16 80.0 0 0 4 20.0 4 20.0
8. Plum Phaeo Pha 13 10 16.9 1 7.7 2 15.4 0 0

Total 123 82 66.1 15 12.2 26 21.1 24 19.5

....
co
0\
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percent combined transplanting with some broadcasting in low-land areas.

Along Saen Gaep West and Bung Khlo. where deeper flocding occurs, a

large proportion of the farmers had used b~oadcasting in the past or

combined the methods. Almost all of the farmers who broadcast had

changed to transplanting their rice by the time of my study, except for

the low areas planted to floating rice (Figure 3.15).

Transplanting allows better control of weeds, and transplanted rice

varieties tend to have better yielding capabilities than floating rice

varieties. Table 3.10 shows the reasons given by the farmers for

changing; 90 percent said transplanting gave better yields, 10 percent

said transplanted rice had less damage due to weeds and rats, 5 percent

said it used less seed, and 5 percent followed other farmers. Trans

planting requires a lot of labor, and 75 percent of the farmers hired

workers to assist with preparing the seedlings and transplanting them.

Farmers along the Saen Saep Canal and Bung Khlo continued to broadcast

part of their rice land, in the deep-water areas.

Beginning in 1971, a reverse change, from transplanting back to

broadcasting, diffused through the study area. The return to broad

casting was initiated on modern rice varieties by the former headmaster

of the Bang Nam Prieo 'secondary school, whose farm is located on the

Saen 5aep canal near the Amphoe office. In 1972, the innovation spread

rapidly along 5aen 5aep, Bung Khlo and Khlong Khwang, and in 1973, farmers

along Chuat.Ta 5i aud Khlong Han Mai had begun to adopt broadcasting

(Figure 3.15). The area changed was highest with modern varieties, but

some farmers also began changing their local rice area back to broad

casting (Table 3.11).
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Table 3.10. Reasons given by farmers for changing rice planting methods

Change from broadcasting to transplanting (1 to 30 years previously)

1. Higher yield 90%

2. Less weeds and rat damage 10

3. Less seed used 5

4. Follow other farmers: 5

Total responses: n = 20 (some farmers gave more than one reason)

Change from transplanting to broadcasting (1 to 3 years previouslv)

1. Broadcasting is less expensive 37%

2. More convenient, less work, faster 26

3. Just tryout, see how well it works 26

4. Heard that panicle comes out faster 5

5. Better results 5

Total responses: n = 19

Plant both transplanted and broadcast rice

1. Depends on the depth of flooding (land height),
broadcast near river and distributary (bung),
floating rice 45%

2. Depends on rainfall and seasonal flooding; more
water, transplant; less water, broadcast: modern
varieties 9

3. Try broadcasting, less expense 45

Total responses: n = 11



Table J.11. Percent of rice area broadcasted, comparing LV with MV, and rainy season with
early seas~n rice crops, by region

Rainy season crop Early season crop
Broadcast, Planted LV area, Planted MV area, Total Broadcast,
percent to LV, percent to MV, percent early percent

Total total percent broad- percent broad- seasor. early
~~ area tot. area cast tot. area cast ~~ea

n rai % % % % % n rai "1. Saen Saep
East 14 7J4 J9 55 26 45 55 1) J5J 54

2. Saen Saep
West 15 627 37 94 32 6 100 12 198 22

3. Bung Khlo 14 803 IJ 9J 8 7 81 9 118 31
4. Khlong Khwang

West 12 413 1) 57 2 43 28 9 162 12
5. Khlong Khwang

East 16 974 19 44 5 56 30 14 341 46
6. Chuat Ta Si 14 6011 4 39 1 61 5 1) 243 0
7. Khlong Ban

Mai 19 996 0.2 67 0 3J 0.6 9 233 24
8. Plum Phaeo

Pha 13 778 0.6 66 1 J3 0 5 103 8

,ff Total 117 59JO 15 64 10 J6 24 84 1994 25

......
co
\0



A, Change from broadcasting
to transplanting rice.
~ears before 1973

C,Percent local rice area and
modern rice area broadcast
1973 rainy season crop.

• I 141<m. •

B; Change from transplanting
to broadcasting rice.
Years before 1973 (1973 = 1)

...........
/

I
D. Diffusion of changel

+-- Broadcast to transplant
.---- Transplant to broadcast

o Origin of innovaticn

Figure 3.15. Change from broadcasting to transplanting rice, and return to
broadcasting ......
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The main reasons given for the change were that broadcasting is

less expensive (37· percent) and easier or faster (26 percent) than

transplanting (Table 3.10). Twenty-six percent of the farmers said that

they were just trying broadcasting to see how well it worked, and 10

percent said the panicle comes out faster, or they got better results.

Of the farmers who used both transplanting and broadcasting, about half

used broadcasting in deep water areas (those who had continued to broad

cast the floating rice varieties), and the rest were broadcasting modern

varieties in shallow-water areas (9 percent), or were trying out broad

casting to reduce expenses (45 percent).

The reason for the change is clearly a response to economic con

ditions by the farmers. The cost of preparing the seedbed end hiring

labor for preparing the seedlings and transplanting them is a large

proportion of the cost of growing rice. Modern varieties also require a

larger investment in fertilizer than local varieties. The MV, however,

give a yield equal to or higher than the LV, even when the MV are broad

cast (Table 3.12). Yields of broadcast LV were significantly lower than

transplanted LV (28 versus 37 thang/rai). The difference reflects the

fact that the broadcast LV were mainly planted in the deep-water areas.

For the MV, yields were not significantly different between broadcast

and transplanted areas (39 versus 40-41 thang/rai). The farmers, there

fore, could save money by broadcasting modern varieties without having

a noticeable decline in yield.

The rapid shift to broadcasting that was underway at the time of

my field work illustrates the adaptive process: the farmers readily

adopted modern varieties, which could (with additional fertilizer

application), give a higher yield than local varieties. Rather than



Table 3.12. Comparison of yields from broadcast versus transplanted ricea

1973 rainy season cropb 1973 early season cropc

LV Yield MV yield MV yield
'fi;hang;trai) (thang/rai) (thang;trai)

n x s.d. n x s.d. n x s.d.

16 28.2 11.3 21 38.8 13.8 13 38.6 8.4

If6 37.2 8.0 17 40.3 14.5 28 40.8 11.9

10 32.7 10.0 5 33.4 14.1 16 38.7 9.4

1. Broadcast
area

2. Transplanted
area

3. Farmer used
both methods
(didn't sep
arate yields)
Total 72 34.6 9.8

F = 6.12

.99F2,69= 4.95

Reject Ho

4) 38.8 13.9

F = 0.63

.90F2,40= 2.44

Accept Ho

57 39.7 10.4

F = 0.30

.90F2,54= 2.70

Accept Ho

a. Comparisons based on areas with high proportion of broadcast rice,
Kh10ng Saen Saep, Khlong Khwang, and Bung Kh10.

b. Means for the rainy season crop were computed on a varietal basis,
so the number of observations equals the number of varieties, rather than
the number of farmers.

c. Means for the early season crop were not separated by variety, so the
number of observations equals the number of farmers.

I-'
W
N
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using the intensive methods required by transplanting, however, the

farmers chose to reduce labor costs by changing back to the broad

casting method. To some extent, the weed and pest problems that reduce

the yields of broadcast rice could be controlled by use of pesticides

and herbicide3 (technology that was not available in the earlier period

of broadcasting local rice). In 1980, the Thai Government b~gan a

program of encouraging rice farmers to use direct seeding of sprouted

rice seed as a more economical method than transplanting--lO years

after the farmers in Bang Nam Prieo (Thailand, Rice Division, 1981).

3. Type of seedbed: shift from ridged to flat seedbeds

Two types of seedbed are used in Tambol Bang Nam Prieo and Phrong

Akat: flat seedbeds and those with soil built up into broad ridges

(Figure 3.16). The ridged seedbeds allow for more intensive management

than the flat beds, which are little more than thickly planted broadcast

fields. As with the switch from ~ransplanting back to broadcasting,

the farmers were shifting from ridged seedbeds to flat seedbeds. Table

3.13 and Figure 3.17 show the pattern of types of seedbed and the

progressive change , which began about 20 years before the stuay ~t.'" 'tHE;''' " .

western margin of the area, and moved along the canals. All of the

farmers in the western region used flat seedbeds, about 80 to 90 percent

in the central area, and only 15 percent in the southeast.

The reasons for the shift are given in Table 3.14. Thirty-four

percent of the farmers had always used flat seedbeds, and 28 percent

had not changed from using ridged beds. Thirty-two percent had changed

to flat beds, while none had changed from flat to ridged and 6 percent

use both methods, depending on conditions at time of planting.



Figure 3.16. A. Flat seedbeds.

Figure 3.16. B. Narrow, raised seedbeds.
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Table 3.13. Farmers changing from ridged to flat seedbeds

Percent of Changed from ridged
farmers to flat seedbeds
using flat Number Years ago
seedbed raported changed

n % n x s.d.
1. Saen Saep , !'fElst end;

Bung Khlo; Khlong 36 100 11 12.0 5·0Khwang,south end.

2. Saen 5aep, middle;
Khlong Khwang, 32 87.5 17 5·1 2.4
north end.

3· Saen Saep, east end;
Chuat ra 5i, Khlong 28 82.1 8 2.1 1.1
Ban Mai, Plum Phaeo
Pha, north ends.

4. Chuat Ta si , Khlong 27 14.8 1
Ban Mai, Plum Phaeo
Pha. south ends.

Table 3.14. Type of seedbed and reasons for changing

n
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Flat seedbed, didn't change
Narrow ridge, didn't change
Changed: flat to ridged

Changed: ridged to flat
Alternate, uses both{depends on

season, weather)
Total responses
Reasons for changing

Flat seedbed is easier
Flat seedbed takes less time
Flat seedbed uses less seed
Flat seedbed takes less area
Flat seedbed gives a better result

Ridged seedbed allows better care
Follow other farmer
Total responses (some farmers
gave more than one reason)

41
33
o

39

7
120

13
17

5
5
6

1

....1
48

(n= 39)

34.2
27.5
o

32.5

5.8

33.)
43.6
12.8
12.8
15.4

2.6
2.6



B. percent of farmers in each
area using flat seedbeds.

, , ?:]\~I.\ ,,;t,\
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A, Change from ridged to flat
seedbeds. Years before 1973,

C. Main areas of flat and ridged
seedbeds, b = farmer used both,
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b

b
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b

D, Diffusion
ridged to

Figure 3,17, Distribution of flat and ridged seedbeds, and change from flat
to ridged seedbeds
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Seventy-seven percent of the farmers changed because flat beds are

easier to make and take less time. Other reasons were: flat seedbeds

use less seed (13 percent). take up less area (13 percent) and give

better results (15 percent).

As with the change to broadcasting. the shift to flat seedbeds is

a change to a less labor and management intensive method because it is

easier and saves time and money.

4. Days in the seedbed

Variation of opinion exists among the farmers as to the best length

of time to leave the rice seedlings in the seedbed before they are

ready to transplant. Most farmers gave a range of time. with leeway

for weather. growth rate of the seedlings and varietal differences. For

local rice varieties. almost all of the farmers reported a time range of

one to one-and-one-half months. with 30 days and 40 days being foci.

Twenty-five to 30 days was the time range given by 3/4 of the farmers

for modern rice varieties as shown in Table 3.15.

5. Plant spacing and rice yield: plants/hill and hills/unit area

Rice yield is a function of the number of paniclp.s per unit area

(each tiller has a single panicle). spikelets per panicle, filled grains,

and grain weight (Fukui and Takahashi. 1971:518). Comparing high yields

(3-4 ton/Ra, or about 47-63 thang/rai) with low yields (under 3 tons/

Ha) in farmers' fields in Central Thailand, Fukui and Takahashi (1971:

528-530) found that the greatest effect on yield was due to increased

spikelets per meter2, rather than to filled grains or grain weight.

The largest influence on spikelets per meter2 was the number of

panicles/m2, which was determined by panicles/hill and hills/m2.



Table 3.15. Rice seedlings; days in seedbed

Local varieties Modern varieties
Days ina Days in
seedbed n % seedbed n %

25 1 1 18-25 14 21
30-35 37 54 25-30 49 74
35-45 41 59 3(1-40 3 4
45-60 3 4
Total 69 Total 66

a. Farmers reported ranges of values, so some overlap
occurs among categories.

Reasons given by farmer~ for time of seedlings in
seedbed

1. Depends on seedling growth.
2. Depends on rice variety.
3. Tried different lengths of time, got better

results from older seedlings.
4. Heard that 30 days in seedbed increased tillering.
5. Depends on water; not enough rain, leave in

seedbed longer.
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2Increasing both panicles/hill and hil1s/m resulted in increased yield.

Different rice varieties varied in their responses to planting density,

however, and plants also responded differently on soils of different

fertility. Rice varieties with profuse ti1lering tend to do better with

wider spacing.

Tests on recommended local rice varieties at Bangkhen produced

higher yields with closer spacing (20X20cm, compared with 30X30 and

40X40). At Cbainat experiment station, where soils have higher natural

fertility, there was no correlation between spacing and yield

(Montrakun and Suwanwaong. 1971:32).

Comparison of number of seed1ifigs per hill with yield gave the best

results with two seedlings (Montrakun and Suw~nwaong, 1971:34), but

three or more were better for low ti1lering varieties.

Plant spacing can also h~ve an affect on disease. Shukla (1981:

585) found a lower incidence of tungro virus in closely spaced plants

(lOX10 or 10X15 cm) than in more widely spaced ones (20X20 cm). He

felt that larger plants were more apt to become infected because of the

larger surface area for transmission by the vector, since only one

infection is needed for the entire plant to become infected. Other types

of disease agents, such as bacteria and fungus, may be favored by closer

planting, however.

Montrakun and Suwanwaong (1971:32) observed that rice farmers in

Thailand determine the optimal distance between hills through years of

experience, tending to space hills farther apart on so~ls of lower

fertility.

Farmers in the study area reported a wide range of values for both

seedlings per hill and spacing of hills, as shown in Tables 3.16 and



Table 3.16. Number of rice seedlings transplanted per hill

Average
Seedlings Number of seedlings
per hill responses per hill n % .
1-3 2 2-2.5 6 5
2-3 4 3-3.5 17 14
2-4 2 4-4.5 41 34
2 or more 1 5-5.5 16 13
3 2 6-6.5 10 8
3-4 13 7-10 5 4
3-5 9 Depends on
3-6 2 worker 19 16
3-7 1 Depends on
3-10 1 land 1 1
4 4 More is
4-5 26 better 1 1
4-6 2 Couldn't say 4 3
4-7 1 Total 119under 5 2
5 3
5-6 9
5-7 3
5-10 1
5-15 1
6 1
6-7 4
7 1
under J.O 1
10 1
Depends on

worker 19
Depends on
land 1

More is
better 1

Total 119
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Table ).17. Spacing of rice plants

Spacing Number of Average
reported responses spacing n %

l/hand (lS-20cm) 4 lS-20cm 19 16
4-5Iarm (lS-20cm) 4 20-25om )0 2S
lS-18cm 3 2S-30cm 39 33
18-20cm 4 Depends on
4/arm (18-20cm) 4 worker 29 24-

Depends on
20cm 21 land 2 2
3-4/arm (20-25om) 2 Total 119
20-25om 6
22-2Scm 1
2Scm 6
3/arm (2S-28cm) 16
2S-30cm 7
2/arm <:3 Scm) 2
Depends on worker 29
Depends on land 2

Total 119

201
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Figure 3.18. A. Preparing seedlings for transplant.

Figure 3.18. B. Transplanting rice.
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3.17 (see Figure 3.17). There was little or no pattern of variation

in planting density. Seedlings per hill ranged from 1 to 10, with a

mean of 4.5. Farmers in Bang Nam Prieo used a slightly higher number of

seedlings than those in Phrong Akat (4.8 versus 4.2). Spacing of

hills also showed considerable variation, ranging from about 15 to 35

cm (these are estimates, since many farmers reported "one/hand,"

"four/arm," etc.). Sixteen percent of the farmers reported 15 to 20

cm, 25 percent said 20 to 25 cm, and 33 percent said 25 to 30 cm (over

lapping values made it impossible to have exclusive categories). Twenty

four percent left the spacing to the workers, and 17 percent left the

plants per hill to the workers.

In their answers to open-ended questions about reasons for plant

spacing, none of the farmers indicated that they perceived, a relationship

between plant spacing and rice yield or disease incidence. None of the

farmers reported having changed the rice spacing for any reason, although

two farmers said that they varied spacing and plants per hill depending

on land. None of the farmers reported varying planting density due to

rice varietal differences, although I did not ask them specifically if

they used different spacings for any varieties.

It is possible that a more detailed analysis of planting density

would reveal that the farmers had arrived at some optimal density based

on varieties or soil fertility. I did not attempt such a detailed

analysis, and the most I can conclude is that the farmers tend to use

planting densitites that fall within a range of 15 to 30 cm, skewed

toward the higher end of the range, and that the number of seedlings per

hill tends toward a nermal distribution, centered on 4 to 5.



204

F. 1. Soil and fertilizer

Soil in the study area is fairly uniform, being composed of deep,

poorly drained clays which form deep cracks in the dry season (Figure

3.19). Three soil series are represented: Chachoengsao clay occupying

about 85 percent of the two Tambol, Bang Nam Prieo about 10 percent, and

Bangkok Clay about 5 percent (Figure 3.20). These soils are Typic

Tropaquepts derived from brackish water sediments above marine deposits

on former tidal flats (Van Der Kevie and Yenmanas, 1972). They are

moderately fertile, particularly when compared with the less fertile

soils in ether parts of the Central Plain. Base saturation is medium to

high, and cation exchange capacity is high (Table 3.18). Bang Nam Prieo

and Chachoengsao clays are acid sulphate soils, and fertility is reduced

by the low pH. According to Van Der Kevie and Yenmanas (1972:89) the

response of these soils to fertilizer is low unless lime is added. Lime

is expensive, however, and farmers haven't adopted it in spite of training

programs by the Extension Department in Amphoe Bang Nam Frieo, although

they have adopted fertilizer use.

Available potassium is very high, but phosphorus and nitrogen

levels are low. Traditional rice varieties are adapted to the low levels

of nitrogen and phosphorus, and have been grown for perhaps hundreds of

years on the same land with only natural sources of nutrients. Nitrogen

fixing organisms are a major source of nitrogen in the flooded rice

paddies. Fertilizer trials in farmers' fields by the Rice Department

show that yields can be increased 60-70 kg/rai by addition of nitrogen

and phosphorus, and phosphorus alone has a greater effect than does
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Figure 3.19. A. Rice field in the dry season, showing
shrinking and cracking of the clay soil.

Figure 3.19. B. Rice field soil in the dry season.
Rice grains (upper center) have fallen
from rice shocks.
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Table 3.18. Characteristics of soil series in the study
area; top 30 cm. of soil

Bangkok Bang Nam Chachoengsao
Clay Prieo Clay Clay

Available 6-10 3-6 3-6
phosphorus (mod. low) (low) (low)
(ppm of P)

Available over 120 over 120 over 120
potassium (very high) (very high) (very high)
(ppm of K)

pH 4.5-8.0 4.0-6.0 4.5-5.5

Organic matter 1.0-1. 5 1. 5-2.5 2.5-3.5
(percent carbon (mod. low) (medium) (mod. high)
x 1. 724)

Base saturation over 75 35-75 35-75
(percent) (high) (medium) (medium)

Cation exchange over 30 20-,30 20-30
capacity (very high) (high) (high)
(meq/100gm)

Source: Van Der Devie and Yenmanas, 1972
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nitrogen alone (Fukui and Takahashi, 1969:303).1 Local varieties of rice

are not adapted to high levels of nitrogen. however, and tend to lodge

if too much fertilizer is used.

2. Problems of fertilizer use

Apart from direct econo~ic problems related to costs and returns

from fertilizer use there are physical and biological problems which

might influence farmers' decisions about fertilizer use. The question

which is relevant to my study is: To what extent do the farmers adjust

th~ use of fertilizer in attempting to better suit it to the local

conditions. or in responding to changing conditions? Or. stated another

way: What variables influence the farmers' choices as to the kind.

amount and timing of fertilizer application?

Main categories of physical and biological problems are: (Yamada,

1975:185)

1. With adequate water control, flood or drought can neutralize

the effects of fertilizer on crop yield.

2. Local varieties are highly efficient at using the low levels of

nutrients found in un-fertilized soil, and application of excessive

nit~'ogen causes rapid vegetative growth and lodging. Modern varieties

are selected specifically for short-stature to prevent this problem, and

are therefore more efficient at converting nutrients into grain.

3. Nitrogen fertilizer increases the incidence of pests, such as

rice blast and stem borer (Kanjanasoon. Kaosiri and Rintranukool, 1968).

~esults of yield trials testing levels of fertilizer are discussed
in Appendix D.
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3. Fertilizer adoption and use

Many farmers in Bang Nam Prieo and Phrong Akat reported that they

have used fertilizer as long as it has been available in the market or

as long as they have farmed, as early as 30 years previously. Figure

3.21 shows the cumulative percent of the sample farmers adopting

fertilizer over time. By 1965, 75 percent of the farmers were using

fertilizer on the local rice varieties, although the amounts used on the

local rice varieties at that time was probably not great (in 1972, farmers

were applying 10 to 20 kg/rai or less of ammonium phosphate on local

varieties). From 1965 to 1969, during the YOLV epidemic. farmers adopting

fertilizer increased from 75 to 95 percent of the total. This increase

was probably somewhat stimulated by the IMC company, which began selling

fertilizer to the farmers on credit in 1965.

After the introduction of modern rice varieties in 1969, fertilizer

adopters 'increased to 98 percent by 1972. The major change following

adoption of MV was in the quantity of fertilizer used, since MV require

a higher level of fertilizer than local varieties.

Table 3.19 shows the mean amount of fertilizer used and the mean rice

yields in 1972 and 1973. In the 1972 rainy season, fertilizer use on the

modern varieties was only about a third higher than on local varieties

(18 and 13 kg/rai, respectively), while yield was significantly higher

with modern varieties (35 versus 24 thang/rai). The lower yields of the

local varieties were due mainly to weather conditions; an early flood

followed by a drought which delayed planting into October. The modern

varieties, with a shorter growing period and non-sensitivity to photo

period permitted the farmers to overcome somewhat the losses to the

local varieties. The low level of fertilizer use on the modern



210

100

80

'" 60
ClC...
~
Ill:
-<...
0 4 0..
Z...
v
ClC...
Q" 20

'73'68'63'58'53
O'----:--......'-----......-----'------'-----'-----~

1943

Figure ;.21. Fertilizer adoption; cumulative percent of farmers
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Table ).19. Correlation of fertilizer application and rice yield

Local varieties Modern varieties
Fertilizer Yield Corr. Fertilizer Yield Corr.
(kg/rai) (thang/rai) coeff. (kg/r-ai) (thang/rai) coeff.

n it s.d. ie s.d. r n x s.d. x s.d. r

19'12 rainy 122 12.8 10.) 24.4 10.7 0.2) 70 17.6 11.7 )4.6 14.0 0.26
season

1973 early 0 80 29.1 10.7 36.8 11.3 0.17
season

,

1973 rainy 56 12.8 9.3 35.4 7.9 0.26 46 26.4 l7.J 37.7 10.7 0.15
season

N
I-'
I-'
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varieties was due to losses caused by the weather conditions (many

farmers lost their initial seedbeds or broadcast fields due to the flood

and dro~ght, and had to invest additional money in re-planting), and to

the rapid inflation that began in the fall of 1972 (Figure 1.16).

In 1973, weather conditions were generally good, and there were no

serious pest problems. Fertilizer use on the modern varieties was twice

that on local varieties (26-29 kg/rai on MV and 13 kg/rai on LV), while

yields were not significantly different (37 thang/rai for MV, 35 t/r

for LV). The fact that the yields of the MV were not significantly

higher, in spite of the higher fertilizer use, indicates that amounts

of fertilizer application were not high enough to have a large affect

on yields, and this is supported by the low correlation coefficients

of fertilizer use versus yield (0.15 to 0.26). Factors other than

fertilizer use (such as pest losses) were important in limiting yields,

even during the favorable conditions of 1973.

In spite of the low correlation coefficients between fertilizer,use

and rice yield, the farmers were continuing to adopt fertilizer use and

to increase the amount of fertilizer applied up until the time of my

study. Since fertilizer cost is a major expense, it seems that the

farmers felt that they were deriving enough benefit from fertilizer to

justify its use. In many cases, the farmers applied fertilizer when or

where the rice was not growing well. This localized use was averaged out

in figuring the per/rai fertilizer application, since it was not possible

to separate fertilizer use and rice yield for a portion of the farmers'

fields.

Fertilizer is used by 98 percent of the sample farmers, although

levels of application are low compared with recommended values and
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compared with other countries in tropical Asia. Reasons for the low

levels are most likely that the risks of crop loss due to drought, flood,

or pests are too great to permit the farmers to invest too heavily in

the crop. Only a few farmers indicated that they had observed a relation

ship between pest incidence and fertilizer use, and as many felt that

fertilizer decreased pests as felt that it increased them.

Three quarters of the farmers used two or more fertilizer applica

tions, and nearly half applied fertilizer to later stages of plant growth,

prior to heading; a practice which has been shown to increase panicle

formation and yields.

4. Brand and formulation of fertilizer

Fertilizer used on rice in Thailand is nearly all ammonium

phosphate, but a wide variety of formulations and brand names are avail

able. (Tables 3.20,3.21). Fertilizer companies package the imported

fertilizer in strong plastic bags, which the farmers favor because they

can be used for other purposes (although the bags and packaging adds to

the price).

Fertilizer bags varied in size, 40, 45, or 50 kilograms. Formula

tions varied from 16-20-0 (NPK) to 23-23-0, the most common being

16-20-0, 18-22-0 and 20-20-0. About 10 brand names, from various sources,

were available in the study area. Farmers tended to identify the

fertilizer by the picture on the bag, rather than by the formulation,

reporting that they used "cowhead fertilizer,!: "dragon bone fertilizer,"

etc. To get the information about the formulation and bag size, I asked

to see the bag from the fertilizer that was used. To further confuse

the situation for the farmers, some brand names included several
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Table 3.20. Percent of farmers using various fertilizer formulations
1973 rainy season

Percent of Percent of farmers using (n=56)
farmers using Weight of fertilizer bag

Formulation (n-90) 40 kg. 45 kg. 50 kg.

15-15-15 1

16-20-0 32 11 16

18-20-0 7 2 2

18-22-0 44 39 5 2

20-20-0 18 19

21-0-0 1 2

23-23-0 4 2

Total 107a 52 44 lj

a Some farmers used more than one formulation

Table 3.21. Brand names, formulations and bag weights of fertilizer
available to farmers

40 kg. 45 kg. 50 kg.

Metrophos, 16-20-0 18-22-0 18-22-0
"cowhead" 18-20-0

18-22-0

Farmer group 16-20-0 (?)
"dragon bone"

"Two sickle" 16-20-0 18-20-0
20-20-0

"leaf brand" 21-0-0

"red bird" 16-20-0

Norsk Hydro 20-20-0
"viking ship" 23-23-0

Metesan-summit 16-20-0
"ammo-phos"

HOECHST 15-15-15
"Complesol" 16-20-0

"compound fertilizer" 20-20-0
"rice panicle" 16-20-0 (?)
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different formulations and bag sizes. Metrophos "cowhead" brand, for

example, marketed 16-20-0, 18-20-0 and 18-22-0, and the latter was in

40, 45 and 50 kg. bags.

For farmers applying fertilizer by. weight, 25 kg/rai would amount

to 4 kg of nitrogen at 16 percent, 4.5 kg at 18 percent and 5 kg at

20 percent. It is likely that at this low level of nitrogen, the slight

variation in the amount applied is less important than other variables

(timing of application, pest incidence, and water. control, for example).

5. Choice of kind of fertilizer

Farmers gave the following answers to the question: Have you

changed the brand of fertilizer you use? If yes, why did you change?

Table 3.22. Change of fertilizer brand

Percent of
Response farmers

(n==122)
Missing answer: 1

Doesn' t use fertilizer

Has not changed br2nd

Has changed fertilizer brand
aReasons for change (percent of those who changed brand,

1. Use whatever is available from merchants and market;
including restricted choice due to availability of
credit.

2. Other brand has lower price

3. Try to find a brand that gives better results.
(Tryout; old brand gave poor results, new brand
better, some kinds make soil hard)

4. Follow neighbor, advice from other farmer.

5. Heard advertising on radio.

a Some farmers gave more than one reason.

2

4

94

n == 115)

77

3

18

7

2
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Some explanation of Table 3.22 is necessary: First, the question

referred to the fertilizer brand, rather than the formulation, because

the pre-test determined that virtually none of the farmers understood

the meaning of the formulation, but that they did consider the brand to

be important. Second, although the formulation might vary within one

name brand, or might be the same between two name brands, the actual

difference in nutrient content among the commonly available brands was

probably not great enough to make a significant difference in crop

yields under field conditions (amount and timing of application being

more critical variables).

Ninety-four percent of the farmers indicated that they had changed

the brand of fertilizer they used, but of these, 77 percent did so

because of limited availability of brands in the market, or because they

used whatever fertilizer was available on credit. Thirty percent of the

farmers who changed brands did so because of personal c~oice (7 percent

had chosen to change at one time, and changed due to credit or market

constraints at another). Three percent changed because they could get

a lower priced brand. The other 27 percent changed brands because they

·thought that the new brand ~ould give them better results, or they wished

to try and see if they would get improved yields. Eighteen percent tried

out a new brand because they were dissatisfied with the old one, and some

of these farmers said they could not see any difference in results. The

remaining 9 percent fcllowed the advice or experience of ethers,

cent changing because of ad7ice or observation of other farmers, and 2

percent because of radio advertisements.

The important points to be brought out are, first, that most of the

farmers do not have much choice of fertilizers, and second, that a fair
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proportion of the farmers experimented with new brands and assessed the

results, whether or not there was actually a difference in nutrient

content between the brands tried, and that other farmers followed what

they perceived as a superior brand used by another farmer.

6. Changes in fertilizer application

Changing the fertilizer application is one way in which the farmers

can adjust to pest problems, crop losses, varietal differences and

variable soil fertility. Trial of different levels of fertilizer would

allow the farmers to determine by trial and error the optimal amount to

use according to the conditions in their fields.

Table 3.23 gives the responses of the farmers to the questions

about whether they used more or less fertilizer in the past, and the

reason for changing. Thirty-three percent said they had not changed the

amount of fertilizer used, 29 percent had increased the amount, and 46

percent had decreased the amount (10 percent had increased or decreased

depending on conditions). Two percent had stopped using fertilizer due

to disease problems. Of the reasons for increasing fertilizer use, 18

percent (of the total sample) said they used more where there was poor

soil or poor rice growth, 3 percent said to reduce YOLV or stem borer,

2 percent said to try it out, and 2 percent said they used more in the

dry season. The reasons for decreasing fertilizer use were: 22 percent

because of high price and difficulty in getting credit, 15 percent where

soil was good and the rice grew well, 8 percent used less due to diseases

or rat damage, and 4 percent because the rice did no better or did worse

with more fertilizer.

Only one farmer said that he had used less fertilizer on any rice

variety in answer to the open-ended question above. When the farmers
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Sample number:

Didn't use fertilizer
Didn't change the amount of fertilizer used
Increased amount of fertilizer

Where poor growth, poor soil
To reduce YOLV. stem borer
Tryout
Head of irrigation group
Follow neighbor
More in dry season

Decreased amount of fertilizer
High price, couldn't get credit
Less where good growth, good soil
Disease, rat damage
Rice worse, didn't increase yield
Less in rainy season
Only in seedbed
Hade soil harder
C4-63 rice uses less
Not available in market
Enough water, don't need

Stopped using fertilizer due to disease

(Thirteen farmers (10%) reported both increasing
the amount of fertilizer they used at different

Used more fertilizer on any varieties of rice

Sample number

Didn't use fertilizer
Same amount on all varieties
More on RD varieties
More on local varieties
Only grow one variety
Don't know
More on all varieties

123

1
IiI
36

(22)
( 4)
( 3)
( 1)
( 1)
( 2)
56

. (27)
(19)
(10)
( 5)
( 2)
( 2)
( 1)
( 1)
( 1)
( 1)

2

and decreasing
times)

123

1
28
61
13

4
5
1

0.8
33.3
29.3
17.9

3.2
2.4
0.8
0.8
1.6

45.5
22.0
15.4
8.1
4.1
1.6
1.6
0.8
0.8
0.8
0.8

1.6

%

0.8
22.7
49.6
10.6
3.2
4.1
0.8
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were asked whether they used more fertilizer on any varieties of rice,

however, 23 percent said they used the same amount, 50 percent used more

on RD varieties, and 11 percent used more on local varieties.

The responses to the above questions indicate that a fairly large

proportion of the farmers do vary the amount of fertilizer they use in

relation to conditions in their fields and to varietal differences: 21

percent increased fertilizer and 30 percent decreased it for these

reasons. Economic difficulties were a major reason for reduced fer

tilizer use, while adoption of RD varieties was responsible for the

greatest amount of increased use.

7. Number and timing of fertilizer applications

Tables 3.24 and 3.25 give the number and timing of fertilizer appli

cations. In both the rainy and dry seasons, the frequency of farmers

using fertilizer one, two or three times forms a normal distribution:

about a quarter used one application, 40 to 50 percent used two applica

tions and a quarter used three applications. Thirty-six percent used

fertilizer in the seedbed, 60 percent used it one to two weeks after

transplanting, 45 percent after 3-4 weeks, 19 percent after 1~-2 months,

and 28 percent after 3-4 months or just before heading. Eleven percent

varied the timing of application depending on growth and pest problems.

These results indicate that nearly half of the farmers apply

fertilizer at later stages in the growth of the rice plants, which

should result in more efficient use of nitrogen by the plants. A major

reason for the later use, on ~he part of the f.armers, is that it allows

them to observe the growth of the plants and to apply fertilizer selec

tively where growth is poor, or to omit the additional applications

entirely if it looks like the plants have serious pest or other damage.



Table 3.24. Fertilizer USel timing and number of applications, 1973 rainy season

Perce~t of farmers a n=118

Didn't use Time of
fertilizer, Time of additional applicationsl numbers refer to applic-

Initial rertilizer or used one the times of application in the vertical column ationsl
application application II 12 11 14 11 211.312.112.412 s h, 511.2,111.2,412 2,4 Total

Didn't use fert. 1 - - - - - - - - - - - - - 1
I, Used in seedbed 4 - - - - - - - - - - - - - 36
2, One-2 weeks after 7 10 - - - - - - - - - - - - 59

transplanting or
broadcasting

3, 3-4 weeks after 10 6 8 - - - - ... - - - - - - 45
transplanting or
broadcasting

4. 1.5-2 months after 2 1 2 2 - 2 1 4 - - - - - - 19
planting

5. 3-4 months after 1 1 7 3 2 4 0 3 1 - 1 1 1 1 28
planting, before
heading, when water
subsides

6. Depends on growth, 1 1 3 2 0 1 1 0 0 2 0 0 0 0 11
when plants show
yellowing, disease

7. When money available 0 0 0 1 0 Q 0 0 0 0 0 0 0 0 1

Total a number of Nonea 1 Twoa 49 Threea 22 Foura 3
application One a25

N
N
o



Table 3.25. Number of fertilizer applications

221

Number of Rainy season Dry season
applications No. % No. %

0 1 0.8 0 0

1 30 25.4 21 28.7

2 58 49.1 31 42.4

3 26 22.0 21 28.7

4 3 2.9 0 0

Sample number 118 73

Time of application No. %

O. Didn't use fertilizer 1 0.8

i. In seedbed 42 35.6

2. 1 to 2 weeks after
transplant or 70 59.3
broadcast

3. 3 to 4 weeks after
planting 53 44.9

4. 1. 5-2 months after
planting 35 32.4

5. 3-4 months or just
before heading 33 27.9

6a. Depends on growth 10 8.5

6b. Depends on insects,
disease 3 2.5

7. Depends on money 1 0.9

Sample number 118
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Flooding conditions impose a constraint on later fertilizer appli

cations, since the floodwaters wash the fertilizer away. In areas with

out good water control, the farmers have to wait until the water recedes

before applying fertilizer, and this may not coincide with the panicle

primordia initiation stage of the rice plants.

G. Rice harvesting, threshing and winnowing

All of the rice harvesting is done by hand using rice sickles

(Figure 3.22). Harvesting requires a large amount of labor, and 77 per

cent of the farmers used hired labor for the job, while 37 percent used

exchange labor and 10 percent used only family labor (Table 2.33).

Labor can be spread out by harvesti~g different varieties at different

times, and 85 percent of the farmers did so.

Following harvest, the bundles' of rice are often left in the field

for a few weeks during the dry season. Then the bundles are hauled to

the threshing floor in boats or on sledges, and piled up to await

threshing. Sometimes, the threshing floor is made in the field, since

it consists of an area of packed earth. With the early season crop and

the use of short-season modern varieties in the rainy season, many

farmers have constructed roofed threshing sheds so that the threshing will

not be delayed by rain.

Threshing is done by walking buffalo over the rice, either the

buffalo only, ·or pulling a roller (Figure 3.23A). Recently, farmers are

substituting tractors for the buffalo, and they drive the tractor over

the rice (Figure 3.23B).

Table 3.4 shows the percentage of farmers using tractors to thresh

rice, with 0 to 30 percent using tractors in Tambol Bang Nam Prieo and
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Figure 3.22. A. Harvesting rice.

B.

B. Hauling rice to the threshing floor.
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50 to 75 percent doing so in Phrong Akat. Only one farmer had tried a

mechanical harvestor at the time of my study, and he had not continued

to use it.

Winnowing is done by tossing the grain into the air, by standing on

a platform and letting it fall through the air, or by use of mechanical

fanning mills.' Sixty percent of the farmers owned fanning mills in 1972,

and most of them had been used for over 10 years. The fanning mills

were run by a hand crank or by small gasoline motors.

After winnowing, the grain is piled in conical mounds to await the

arrival of the merchant, or until the farmer takes it to the rice mill.

If the farmer owes money to a merchant, chances are that the merchant

will be ready to collect the rice as soon as it is ready. In 1972 and

1973, the rice price was rising, and the farmers were delaying the

rice harvest to get as much advantage as possible. Some of the farmers

had sheds in which to store the rice, and for those farmers who do not

have to sell it right away to pay loans, a large advantage is derived

by saving it until the off-season when the price is generally higher.

It is likely that rice losses are high during the harvesting,

transporting, threshing and storage processes, but I did not attempt to

estimate these losses during my study. I observed rice grains scattered

on the ground at the places rice shocks stood in the fields (Figure

3.19B). Rodents, birds and insects consume rice in the fields and at

the threshing and storage areas. Post-harvest losses did not seem to

concern the farmers as much as perceived damage to the growing rice

crop.
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IV. Summary

A. Effect of the physical environment on rice cultivation

Rice cultivation in the study area is strongly influenced by, and

adapted to, the physical environment. Local rice varieties are adapted

to depth of flooding by height and to ~he period of the rains and floods

by sensitivity to photoperiod, which triggers ripening. Floating rice

is broadcast in the areas of deepest flocding and other local varieties

are transplanted in shallower areas. Short-statured modern varieties

can be planted in the rainy season in the areas of higher land. The

lowest land occurs along the Saen Saep canal, in the northwest corner

of the study area, and the highest is along Khlong Ban Mal and Plum

Phaeo Pha in the southeast corner. Canal construction and gradual

improvement of water control over the past 150 years has allowed the

farmers to switch to trans~lanted rice over most of the study area.

Recently, however, there has been some return to broadcasting in order

to reduce labor costs, particularly with MV.

A few farmers along the Saen Saep Canal planted local photoperiod

insensitive varieties at the beginning of the dry period in the past.

The introduction of photoperiod-insensitive MV in 1968-69 allowed rapid

expansion of the early season crop. prior to the beginning of the rainy

season crop. Farmers in the northwest and central areas have first

access to the irrigation water for the early season crop: and those in

the southeast often do not have enough irrigation water. With reduced

flow in the canals, caused by irrigation of the early crop, problems of

saline water intrusion and leaching of acid water from the soil occurs

in the southeast area.
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B. Rice cultivation practices, adoption of new methods, and

adaptive processes

Most of the farmers burn the rice stubble in the fields during the

dry season, in order to make tillage easier. This practice also may

help control some diseases and insect pests. Tillage for the early

season crop occurs from February through April, and for the rainy season

it takes place from May throcgh August. Many farmers plow two times,

harrow four or five times and puddle two times. The high amount of

tillage is done to break up the blocky clay soil, to remove weeds, and to

create a smooth, impervious soil layer. Eighty-five percent of the

farmers own water buffalo. and continue to use them for part of the

tillage and threshing, but since 1968 adoption of small tractors has

rapidly occurred. In 1973, 52 percent of the farmers owned tractors and

two-thirds used them for tillage (many renting or borrowing them).

Steel plows and harrows were adopted along with the tractors. Tractors

are faster than buffalo and can be operated more easily by women and

youth. Buffalo are still needed for working in more deeply flooded

areas, and for doing heavier jobs, but the numbers are declining and will

probably continue to do so.

Rice fields are irrigated by water pump for the early season, and

water is pumped to supplement rainfall and flood irrigation in the rainy

season. Rainfall alone probably supplies half or less of the water

necessary for the rice crop, and the rainy season crop requires both

rainfall and irrigation from the canals. Ninety-eight percent of the

farmers used water pu;nps, and local "rahat," or dragon bone pumps, have

been used for as long as the oldest farmers could remember. Initially,

rahat were powered by windmills or foot pedals, but since World War II,
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low-compression diesel motors have been used. Presently, only one or

two farmers do not have pump motors, although several farmers use wind

mills to supplement the motor. Shrimp-tail pumps were introduced in

1965, and have been adopted by one-third of the farmers. Shrimp-tail

pumps are easier to transport than rahat, although rahat are more

efficient in terms of quantity of water moved.

Farmers in the study area have been gradually shifting from ridged

to flat seedbeds, the latter being easier and cheaper to construct,

although the ridged beds offer better control of water and pests. As

with the shift back to br~adcasting, the shift to flat seedbeds is

primarily an economic measure, and the strategy seems to be to use the

minimum amount of labor and management necessary to maintain yields at

an acceptable level, rather than to use more intensive methods which

would allow yields to increase, but would require increased investment

in the crop. Crop losses due to pests and other economic pressures (low

rice prices, increasing labor costs) would tend to favor the less labor

intensive methods. Pesticides, which are relativ~ly cheaper than labor,

substitute to some extent for the pest contrGl advantages of trans

planting and ridged seedbeds.

Although experiments with local rice varieties have shown that

yields can be increased significantly by later transplanting, closer

spacing and using fewer seedlings per hill, the farmers continue to plant

earlier, use wider spacings and plant several seedlings per hill. The

earlier planting is clearly an adaptive strategy based on the time of

flooding in the fields. September planting gave the highest yields at

the experiment stations, but in the farmers' fields, waiting until

September increases the chances that the seedlings will be damaged by
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flooding, and that the rice will not grow tall enough for the deep water

areas. Therefore, transplanting takes place mostly in July and August.

Since the farmers use low levels of fertilizer, the early transplanting

does not cause the losses due to lodging that occurred at the experiment

station.

Spacing of hills and number of plants per hill vary widely among

farmers, with some tendency toward wider (30 em) spacing and four. to five

plants per hill. Field studies of the components of rice yield have

shown that yields are highest if the number of panicles per unit area

are at a maximum which occurs with closer spacing (although varietal

differences and soil fertility must be taken into account). Uisease

incidence is also influenced by spacing of the rice plants, with some

diseases enhanced by close spacing and others, such as tungro virus,

apparently enhanced by wider spacing. It may be that the farmers have

arrived at optimal spacings and optimal number of seedlings per hill,

balancing (through experience) soil fertility, varietal differences,

pests, and yields; however, my analysis was not detailed enough to

determine whether or not this was the case. About a quarter of the

farmers simply leave the spacing up to the hired workers.

Almost all of the farmers use fertilizer, but the amount used was

much lower than recommended amounts, and the rice yields did not show a

noticeable correla~ion with amount of fertilizer. Other limitations on

crop yield, such as drought, floods and pests intervene to reduce the

correlation of fertilizer use and rice yield. The high probability of

crop loss also makes it risky for the farmers to invest in higher

fertilizer inputs. Difficulty of obtaining credit due to past crop
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losses also contributes to low fertilizer use. To what extent is it

possible to view the levels of fertilizer use as the outcome of an

adaptive process? This is a difficult question to answer, since so many

variables influence fertilizer use. The farmers must feel that fertil

izer gives them some improvement in yield, or they wouldn't continue to

put money into it. The low levels used indicate that the farmers seek

to gain some benefit f~om fertilizer, while keeping potential monetary

losses at a minimum.

Only a few farmers felt that fertilizer had an effect on disease or

pest incidence (either to increase or decrease the pests). About 15

percent of the farmers used more or less fertilizer according to the

soil fertility and growth of the rice. Nearly a quarter of them reduced

fertilizer use due to high price and difficulty in getting credit. Three

quarters of the farmers used more than one fertilizer application, and the

later applications are good in terms of supply nutrients when the plant

can utilize them more efficiently for grain production, and the farmers

can also save money by withholding later applicatons if serious crop

loss occurs.



CHAPTER IV

RICE VARIETIES; DIVERSITY, ADAPTIVE CHANGES,

AND RESPONSES TO PEST .OUTBREAKS

I. Objectives

1. Review the evidence for the age and varietal changes in

the rice ecosystem of Central Thailand.

2. Examine the spatial diversity and temporal changes in rice

varieties in the study area in order to better understand

the adaptive strategies and complex decision making by

the rice farmers.

3. Analyze the process of adoption of modern rice varieties

and resulting changes in local rice varieties, and, in

particular, to examine the reasons given 'by the farmers

for changing rice varieties.

4. Examine the adoption of the early season crop in relation

to the rodent outbreak, and look at the ways the farmers

adjusted the area planted to the early crop in response to

the rodent outbreak.

II. Age of Rice Culture in the Central Plain

and Varietal Changes

A. Age of Rice Culture

Recently, archaeological evidence from Northeast Thailand has

indicated that swidden wet rice culture existed there at least as

early as 3500 B.C., and that wet rice cultivation in fixed fields
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probably existed since about 1500 B.C. (Figure 4.1).1 There is no

evidence of early rice cultivation from Central Thailand t however t

leading many authorities to conclude that it did not exist there. The

lack of evidence could be due to the absence of archaeological activity

in the Central Plaint and to the burial of early sites by alluvium

plus their masking by the recent civilizations there (such as

Dvaravati)t rather than to the absence of rice cultivation--only

further archaeological work can resolve this issue. The finding of

sedentary Villages at Kok Charoen and Chansen on the alluvial terraces

marginal co the Central Plaint in ecological settings conducive to

wet rice cultivation t gives circumstantial evidence for rice culture

perhaps as early as 1000 B.C. t but no direct evidence was found.

Since the sixth century A.D. t rice hulls from temples indicate a

shift from round gained rice (presumably upland rice and glutinous wet

rice) to slender grained rice (lowland t indica-type rice) in Central

Thailand (Appendix E). Most of the sites are from the areas marginal

to the Central Plaint however t so the evidence does not preclude the

possibility of lowland rice cultivation in the deep water areas of

the Central Plain itself.

B. History of Rice Cultivation in the Chachoengsao Area

The evidence for the expansion of rice cultivation in the lower

Central Plain as the result of the Bowring Treaty of 1855 t concurrently

with canal construction and water control t was reviewed in Chapter III.

lA more detailed review of the research on early rice cultivation
in Thailand is given in Appendix E.
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It has been assumed by some authors that the lowland rice area was

sparsely settled by shifting cultivator~ prior to canal construction.

Hanks (1972:73. 74) states that the Thai preferred to live on river

banks. and avoided the savanna-like flood plains such as occurred at

Bang Chan. Hanks makes much of the dense grasses which blocked boat

passage. the large snakes. crocodiles. tigers and herds of wild

elephants. He states that "A few Khmer-speaking hunters. who settled

long enough to grow patches of rice. moved about in the great expanse.

but their groups probably rarely exceeded 10 to 15 households as com

pared with the hundreds in Thai villages that dotted the shores of the

Chao Phraya River." (Hanks. 1972:73). Hanks does not give a source

for his information. but his source for the settlement of Bang Chan

by the Thai in the l850s was "a woman of 90. nearly senile • • "

(p. 74). whose father had settled there. Hanks takes exception to

King. who traveled along the Saen Saep canal from Bangkok to Cambodia

in 1860. and reported that the area was "devoted entirely to rice"

(King. 1860). Hanks claims that "Beyond the sight of this traveler,

who sat under a rattan awning at the bottom of a sampan, lay the

broad shadeless savannah [sic]" (Hanks, 1972:74). It seems odd to

assume, as Hanks does. that a traveler in an area which was little

known in the West at that time, would not have stirred from his boat

to view the surroundings.

A second traveller, J. Thompson, who traced King's journey in

January, 1866, states that "It was harvest time, and the vast plains

of Sansep district were covered with a golden crop of rice.", con

firming King's observations (Thompson, 1875:119).
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Although there is no evidence to confirm or deny Hanks' view of

the lower Central Plain as a "wilderness" prior to the construction of

Saen Saep canal, it would seem to be as logical to assume that there

were sedentary rice farming villages as that there were not. The soil

retains its fertility with cultivation, and the waterways were rich

with fish, so there would have been no need for the farmers to practice

shifting cultivacion, or to follow wild game.

The region around Chachoengsao was a major producer of rice by

the l870s (Tanabe, 1978). There is no historical evidence, as far as

I can determine, about the agricultural productIon in earlier times.

The town of Chachoengsao is thought to have been built in 1549, during

the Ayutthaya period. It is possible that it is the site of an older

Khmer town, since the name "Chachoengsao" is derived from the Cambodian

naI:1e "Chathrungsao." meaning "deep canal," possibly referring to the

Bang Pakong River (Phuwanetnarinthararit, 1981:25-27). The area was

near enough to the region of Cambodia to have suffered from wars

between the two countries. In 1570, the Cambodians raided the area,

and took people from Chachoengsao and surrounding towns. By 1592,

however, the population was large enough that King Naresuan considered

it one of the main areas for conscripting soldiers for the war against

Cambodia (Ibid.). In Thailand, it hardly needs mentioning, a large

population meant a local rice supply, since subsistence rice farming

was the main food source.

The Chachoengsao area was known for the large amount of fish it

proJuced, and for the rice fields, vegetable gardens and orchards on

both sides of the river (but, unfortunately, this information is not
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dated). Chachoengsao was a~ ocean port until the river became silted

up due to deforestation upstream (F.A.O., 1972:25). With the proximity

of an ocean port, it is possible that there might have been an incen

tive for some commercial rice growing in the area even before 1855,

since Thailand did export some rice to China and other nearby countries

prior to the Bowring Treaty (Ingram, 1955:9). Whether or.not this was

the case, commercial rice growing definitely expanded in the area after

the Bowring Treaty and canal construction took place.

C. Modernization and Varietal Changes

1. Dissemination of selected local varieties

In 1950, Love, a plant breeder from Cornell University, began a

major program with the Rice Division in Thailand. The main goal of

this program was the reduction of rice varieties by selection of the

highest yielding local varieties, which would be disseminated by the

extension agents (Dasananda, 1960). Varieties were selected that

would do well under a range of environmental conditions, to allow them

to be planted over a fairly wide area. In Thailand as a whole, 2,138

varieties were selected from over 66,000 local varietal comparisons

for testing at experiment stations (since the initial selections were

made independently in each province, the actual number of varieties

represented is less than the figures shown, as many varieties are found

at several locations). One hundred and six varieties were selected

for regional trials, and 20 of these were selected for dissemination;

three each in the North and Northeast, nine in the Central region and

five in the South. The nine recommended varieties in the Central

Region were selected from 21,211 il1itial varietal comparisons.
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Following the dissemination of the selected local varieties in

1955, a serious outbreak of a fungus disease, ri.ce blast (Pyricularia

oryzae) occurred, and it was discovered that many of the recommended

varieties were susceptible to the disease (Hashioka, 1963; Ou, 1961).

It is not clear to what extent the farmers had adopted the recommended

varieties prior to the disease outbreak, however. Based on evidence

from Bang Nam Prieo, it appears that although some farmers had tried

and adopted the selected varieties, most of them continued to grow

popular., non-recommended, local varieties.

Only one of the recommended local varieties, Puang Nahk was

grown to any extent by the farmers in the study area. There are

several varietal lines of Puang Nahk. Puang Nahk 16 produced the

highest yields among local varieties in experiment station tests at

Bangkhen, and it has good grain quality. It is strongly photoperiod

sensitive, and late maturing. Puang Nahk is highly susceptible to

blast, and moderately resistant to bacterial leaf blight (Hashioka.

1963:6; Weerapat, Chantarasnit and Purivirodkul, 1972:4). Puang Nahk

16 was used in crosses with the Indonesian variety Sigadis (which is

resistant to YOLV, blast and bacterial leaf blight), beginning in 1965,

and several promising lines with disease resistance were selected.

One (or more) of these hybrid lines was introduced into the study

area, and was being adopted by the farmers under the name "Puang

Nahk" at the time of my study (Figure 4.9). It is also possible that

a few farmers continued to grow the initially recommended Puang

Nahk variety, in spite of its susceptibility to blast.
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Other recommended local varieties which continued to be grown

in the study area included Leuang Ra Hang, Khao Tah Hang, Nang Mon

and Khao Dawk Mali (termed Hom Mali by the farmers). These varieties

all showed susceptibility to blast, but a few farmers continued to

grow them (Table 4.5).

The greatest proportion of the farmers continued to grow two non

recommended, but locally popular, varieties; Khao Setthi and Khao 500

(Table 4.5).

2. Rice breeding and the dissemination of modern varieties

The program of active breeding of new rice varieties, in con

trast with the selection of high-yielding local varieties, began in

the mid-1960s in Thailand. As mentioned in the preceding section,

one strategy was the cross-breeding of local Thai varieties and disease

resi.stant foreign varieties such as Sigadis, to produce disease

resistant, call, photoperiod-sensitive varieties with desirable grain

quality. The other strategy was to cross a local photoperiod

insensitive variety, Leuang Tawng, with the semi-dwarf "miracle rice"

from IRRI, IR8, to produce the HRD" variet:ies.

RD varieties: RDI and RD3 are semi-dwarf, photoperiod-insensitive

varieties derived from a cross made in 1966 between IR8 and Leuang

Tawng. IRS is a japonica-type (short grain) semi-dwarf yariety

developed by IRRI, and Leuang Tawng is a tall, indica-type (long

grain) Thai variety which is photoperiod-insensitive. RDI andRD3

have indica type grain. As discussed earlier, the selection trials

were infected by YOLV, the lines which survived the disease and had
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the other desirable qualities were field tested, and the seed was

multiplied by farmers in Amphoe Sampran, Changwat Nakhon Pathom.

RD3 and a sister line which was not officially released, but which

was widely grown under the name "Leuang Sampran," were first grown in

Amphoe Sampran in 1967, and RDl was first grown there in 1968. 2 Farmers

from Bang Nam Prieo got seed from the farmers in Amphoe Sampran at the

start of the 1968 rainy season.

RDl and RD3 were officially released in mid-1969. RDl has a

yellow grain hull color and a medium length, dark green flag leaf

(extending 5-10cm above the panicle), while RD3 has a dark brown hull

and a long, green flag leaf (extending 15-20cm above the panicle) which

remains erect (Jackson, Panichapat and Awakul, 1969:91-92) RD3

produced better yields than RDl at low fertilizer levels, and it showed

more vigorous growth in its early stages. It was recommended because

it was tnought it would do better than RDl under low management

practices (Ibid.:89). Leuang Sampran is similar to RD3 in leaf

appearance and hull color, but the flower occurs near the level of

the leaf in Leuang Sampran and below the leaf in RD3. Farmers in the

study area tended to confuse these two varieties. These varieties

all have a growing season of 120 to 130 days.

RDl, RD3 and Leuang Sampran were considered by the Rice

Breeding Division to be resistant to YOLV (Ibid.:92; Awakul, 1972b:

2Information about the dissemination of RD varieties was derived
from interviews with Dr.' Ben Jackson a~d Khun Worawit Panichapat of
the Rice Breeding Division, and with Pu Yai Suway, the second farmer
to grow the RD varieties in Amphoe Sampran in early 1968.
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188), although they we~e actually partially resistant to the vector,

the green rice leafhopper. These varieties are susceptible to

bacterial leaf blight, bacterial leaf streak and blast (Jackson,

Panichapat and Awakul, 1969:92), and Leuang Sampran may be more

susceptible than ROl.

Farmers in Bang Nam Prieo called Leuang Sampran "Leuang Tawng,"

"Leuang Nakhon Pathom," "Leuang Tia" (short yellow), and "Khao Leuang"

(yellow rice). R03 was also referred to as "Leuang Tawng" (yellow

gold, referring to the hull color), "Leuang Tia," and "Leuang Tai

Bai" (yellow, long leaf). The local photoperiod-insensitive variety

officially named Leuang Tawng was also grown in the area, and an

additional question was necessary to separate "tall Leuang Tawng"

from "short Leuang Tawng." Leuang Sampran and RD3 could not be

readily separated in all cases~ and it is likely that the category

Leuang Sampran in my tables contains some RD3 rice.

C4-63 , C4-63G: C4-63 is a rice variety developed by the

Philippine government from a cross between Peta, a tungro virus

resistant variety, and BP176. C4-63 is not a dwarf rice, although it

is shorter than local. Thai varieties, and it cannot withstand deep

water. It has good resistance to yellow orange leaf virus, bacterial

leaf blight and blast (Jackson, pers. corom.). There are two types

of C4-63; red base and green base (C4-63G). The height and ripening

date are different for the two types. They are photoperiod

insensitive. C4-63 has a high proportion of empty heads, and therefore

the unmilled grain is lighter in weight than other varieties, and

brings a lower price. It has good eating quality however.
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C4-63 was first introduced into Thailand in 1966 by Dr. Ben

Jackson, a Ford Foundation plant breeder working with the Rice Breeding

Division. Seed was first multiplied by farme~s in Suphanburi. Mr.

Bill Brooks, manager for the IMC (International Minerals Company)

project in Chachoengsao, went to the Rice Breeding Division looking

for rice varieties resistant to YOLV, and in 1968 he bought C4-63

seed from farmers in Suphanburi, multiplied it in the dry season and

sold it to farmers in the Chachoengsao area along with fertilizer,

insecticides and credit in the 1968 rainy season. A few farmers

called C4-63 "IMC" rice.

Farmers in Amphoe Sampran, Nakorn Pathom province, began

planting C4-63 in 1968, and in 1969 farmers from Bang Nam Prieo went

and bought seed from them, which they began to call "Khao Sampran"

(white Sampran) in distinction to "Leuang Sampran" (yellow Sampran),

the RD sister line. The Agricultural Cooperative distributed C4-63

to farmers in 1969.

Farmers called C4-63 "CC" or "TC" (Si is the Thai word 'four');

"Khao Sampzan ;" "IMC" and "Khao Ta Ruang" (the latter is the name of

a farmer who was an early adopter). Several farmers were aware that

all these names referred to C4-63 rice. Some farmers shortened the

name of C4-63 to "Sampran," and this term was also used for Leuang

Sampran. In all but a few cases, additional information and seed

identification allowed me to separate these two varieties (Table 4.2).

An additional name was "Kon Chut," referring to C4-63G, which has a

spot on the grain.
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The farmers did not distinguish between the two types of C4-63 in

the surveys, and I was not aware of the distinc tion early enough to

separate them through additional questions.

A few farmers along Saen Saep West grew a rice variety that they

called "IR8" or "Khao Philippine." I collected seed from one of these

farmers, and determined that it was actually C4-63 (Table 4.2). It

is unlikely that any farmers were growing IR8 rice, since the japonica

grain type is difficult to market in Thailand. (Two sample farmers

tried IR8 and rejected it for this reason.)

RD5: RD5 was derived from a cross between Puang Nahk, a local

variety recommended by the Rice Department, and Sigadis, an Indonesian

variety resistant to tungro virus. RDS is semi photoperiod-sensitive

and is taller than the semi-dwarf varieties. It does better in the

rainy season than the early season. It is resistant to YOLV, bacterial

leaf blight and blast.

This variety was released in 1974, but I obtained one kilogram

of seed from the Rice Breeding Division in the 1973 early season, and

gave it to one of the sample farmers. By the 1973 rainy season, three

additional sample farmers had begun growing this variety.

RD5 is less responsive to fertilizer than RDI and RD3, and over

36 to 9 kg/rai of nitrogen will cause it to lodge.

3Information about RDS is from Sanga Duangratana of the
Rice Breeding Division.



243

Mixture of rice seed and confusion of names: Problems for the

farmers, and for data analysis, resulted from the multiplicity of

names and from the fact that the seed used by the farmers was often

not pure. Most seeds were obtained by saving seed from the previous

crop, by'exchanging seed with a neighbor, or by purchase from another

farmer (Table 4.1). Rice varieties often were not separated at harvest

time, and the seed of different varieties could become mixed. I

collected seed of MV from 75 rice samples, three of which were mixtures;

two of C4-63 and Leuang Sampran and one of C4-63 and RDI (Table 4.2).

These varieties grow to different heights and have different ripening

times, so the farmers were well aware of the problem, and would

replace the mixed seed with a new source when necessary. Several

farmers along Saen Saep dropped RDI after trying it because the seed

they had was mixed.

Table 4.1. Sources of .ri~e seed or seedlings, 1973 rainy season

Used own Exchanged Bought Bought non- Government
Variety n seed locally locally locally agent

% % % % %

MV
RDI 56 69.9 16.1 16.1 0 1.8
C4-63 40 50.0 37.5 20.0 2.5 0
Leuang 24 75.0 4.2 20.8 8.3 0

Sampran
RD3 7 42.9 28.6 28.6 0 0
Other RD 3 33.3 0 66.7 0 0

LV
Khao 45 93.3 4.4 6.7 0 0

Setthi
Khao 500 45 86.7 8.9 4.4 0 0
Puang Nahk 28 82.1 14.3 3.6 0 0

Other local '77 66.3 23.4 13.0 0 1.3
("-'30 var's.)
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Table 4.2. Samples of rice seed checked for variety and j

purity.

Varietal names used by farmer

RDl RD3 Leuang C C4-63 Khao f "RD4"n RD5i

Sample -'L .JL Sampran
# Sampran

_#-# # _JL
29a 51 29 23 29 11::' 146
35 130 30 32 30 139 19342a 191 57 35 11150 Leuang 82 37 10852 Tai Bai 93-1 40 14753 2f 100 4251 132 45 Khao Tad7)

la
2a 198 48

1 0 Leuangd 53 Luang

146 57 110g
141 T"awng 64 118
191 (short) 17 14-3 g
192 50 79 14-0
198 79 S3 e 14-7
178 83 105
213 208 82
217 14-0 Kon Chut
218 Leuar,g d 17£236
237 Na Prang
24-1 205 "IRS"
260 16QT
261

Seed are the variety named unless noted below.
a. Amylose ~ontent outside of range for RD1.
b. RD3
c. Seed can't be distinguished from RD3. could be Leuang Sampran or RD3.
d. Could be Leuang Sampran or RD3.
e. Seed mixed with Leuang Sampran.
f. C4-63
g. C4-61 mixed with RD1.
h. Possibly unofficial1y released experimental lines
i. RD5 .
j. Seed were checked by Dr. Ben Jackson, Rice Breeding Division,

Bangkhen, Thailand.
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Seed of C4-63 were readily distinguished from those of RD

varieties, allowing the assignment of seed named "Khao Sampran,"

"Khao Ta Ruang," "Kon Chut," and "IR8" to the variety C4-63. RDI seed
.

could also be distinguished from the other RD varieties, but some

experimental lines had seed which could only be separated from RDI by

the test for amylose (Table 4.4). RD3 and Leuang Sampran seed could not

be distinguished by appearance, and seed named "Leuang Tawng" (short)

could belong to either of these varieties. In some cases I separated

these two varieties by field check, but in several cases, the data

remained ambiguous.

Unofficially released lines: Unofficially released lines were

either obtained by the farmers from the Rice Breeding Division's

station at Bangkhen, or were given directly to the farmers by Worawit

Panichapat, a rice breeder working for the Rice Breeding Division.

Experimental lines given to farmers in or near the study area are

listed in Table 4.3. Several sample farmers were growing these or

other lines, and they referred to them simply as "Khao Kaset"

(Agriculture Department rice, the same name used for RD rice in Thai),

or by a number, such as "RD5," "RD4" or ROZ." These are spurious

numbers since the Rice Department had released the even numbered lines

as names of glutinous varieties, not grown in Bang Nam Prieo.

In order to separate the unofficial rice lines from the RO

varieties, I took samples of rice seed from 25 farmers and had them

analyzed for amylose content. Five of the samples were outside the

range of amylose normal~y found in RDI (Table 4.4). Three of the



Table 4.3. Experimental lines of rice unofficially distributed to farmers
in Bang Nam Prieo. Phrong Akat. and adjacent Tambo1

Location Date Rice line

T. Bang Nam Prieo. about Line 147: IR 661 X Khao Dawk Mali
Village 8 1972

T. Phrong Akat. about Line 147: IR 661 X Khao Dawk Mali
Village 7 1972

T. Phrong Akat 1972 Line 147.
Vil1a,ge 7 Line 65: IR 661 X RD1

T. Phrong Akat 1972 Lines JJ. 57: IR 661 X RD1
Village 7

T. Phrong Akat 1972 Line 252-1: IR 661 X ROl, F1 X IR 661
Village 8 Line 15J: IR 661 X Khao Dawk Mali

T. Saladaeng. Village 19 about Line 252
1972

T. Don Chim Phli about Line 252
1972

T. Mon Thong. Village 5 ? Lines 3J. J8. 65: IR 661 X RD1
Line 15J

T. Mon Thong. Village 19 ? Lines 57. 252. 147

T. Mon Thong ? Lines 252-1. 147 .

T. Mon Thong ? Lines 252-1. JJ. 153

Source: panichapat. Worawit. Unpublished notebooks.
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Table 4.4. Analysis of amylose con~ent from rice varieties
termed "RD1" by farmers

247

Sample
number

.1 (1117)
j5
50
54
7j
81

111
lj2
142
147
151
178
191
19j
198
21j
217
218
2j6
2j7
241
254
260
261
267

Percent a
amylose

26.7*
jO.4*
25.6*
24.2
jO.4
27.8
29.9*
26.j
29.9
jO.4
28.7
28.j
27.8*
25.6
27.5
27.j
29.5
jO.4
27.5
28.j
29·5
29.9
jO .I~

29.5
28.j

Experimental lines b
grown by farmers
indicated

"RD4"

"RD5"

"RD4"
"RD2"

"RD5", Puang Nahk
hybrid

a. RDl contains jO! 2 percent amylose. Samples with an
asterisk are questionable as being RD1.

b. The rice varieties given in quotation marks are the
names given by the farmers for unofficially released
experimental lines. Since most of the farmers growing
these unofficial lines also were the ones with RDl
having atypical amylose content, the most likely
explanation is that the RDl was mixed with seed from
these lines.

c. Tests for amylose content were conducted by Kruawan
Attaviriyasook of the Rice Breeding Division, Bangkhen,
Bangkok, Thailand.
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five samples came from farmers who were growing unofficially released

lines, and one was from a neighbor of one of the three. The fifth

sample was not traceable, due to an erroneous sample number (it is

probably a line called "RD4" from sample Ill). Based on the results

of the amylose test, it is likely that a few farmers reported rice as

RDI that was actually another line, although some farmers were aware

that their rice was not the officially released ROI variety.

The fairly recent introduction of these lines (within one year

prior to my study), and the fact that most of the aberrant values of

amylose content could be accounted for, are good evidence that the

unofficial lines had not yet become very widely disseminated, and that

nearly all of the rice termed "RDl" by the farmers was, in fact, the

RDI variety.

III. Varietal Diversity and the Adaptive Process

A. Adaptive Strategies, Varietal Diversity and Change

In order to understand the pattern of varietal diversity in the

study area, and adoption of new varieties and shifts in local

varieties, it is necessary to consider the farmers' perceptions of the

positive and negative qualities of each variety. In the following

section, I present the patterns of rice diversity and change, and then

give the reasons for the changes as reported by the farmers. What

emerges is a picture of complex decision making by the farmers. No

single rice variety incorporates all of the features that the farmers

would like. Often desirable features are balanced by undesirable ones;

for example, RDI gives a high yield, but is susceptible to several
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diseases, while C4-63 has a lower yield potential, but is resistant

to the diseases. Since the farmers cannot predict when the diseases

will occur, they tend to plant some combination of both varieties.

Spatial variation in land elevation and temporal variation in

weather conditions, water availability, pest incidence, and economic

conditions tend to favor a strategy that allows for flexibility.

}~intaining a diversity of varieties allows the farmers to reduce their

risk and uncertainty about future conditions. Whether or nct this

strategy is "optimizing" or "satisficing," it is certainly a good

gambling strategy, and if Thai farmers are to be successful (i.e., to

survive), they need to be" good gamblers. In addition to maintaining

spatial diversity, the farmers regularly exchange rice seed with other

farmers. This is because the farmers believe that growing the same rice

will result in declining yield after a few years. The seed exchanged

may actually be the same variety of rice, however.

B. Varietal Diversity in the Study Area

At the time of my study, more than 30 local varieties of rice

were being grown in Tambol Bang Nam Prieo and Phrong Akat (Table 4.5)

and over 10 additional local varieties had been grown in the previous

five years (Table 4.6). Beginning in 1968, at least six modern rice

varieties were introduced into the area, and eight to 10 additional

experimental lines had been obtained by the farmers. As shown in

Tables 4.5 an~ 4.7 and in Figure 4.2 the spatial diversity of rice

varieties was not as great as the total numbers imply, however. In

the 1973 rainy season, three varieties covered nearly 60 percent of

the total area; one modern variety, RD1, and two local varieties,

Khao Setthi and Khao 500, each planted to about 20 percent of the
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area. Three additional varieties covered another' 22 percent;

one government-recommended local variety, Puang Nahk, and two modern

varieties, C4-63 and Leuang Sampran. The remaining 20 percent of the

area contained about 30 local varieties and over three modern

varieties, with no variety planted to more than 2.3 percent of the

total area. About 10 varieties of floating rice covered, in total,

less than 2 percent of the area, being used only for deep water

areas. Some other varieties, such as black glutinous rice and

fragrant rice, are used for special purposes. Many varieties were

planted by only one or two farmers.

The early season crop does not have as great a number of rice

varieties as the rainy season crop, and the spatial distribution is

even more skewed, as shown by Table 4.7 and Figure 4.2A. ROl was

planted to over 40 percent of the area in the 1973 early season, and

C4-63 covered a third of the area, together making up three quarters

of the total. Leuang Sampran and R03 accounted for another 20 percent,

and the small area remaining was planted to several newly released or

unofficially released varieties. Less than one percent of the area

was planted to two local dry season varieties, "Leuang Sung" (probably

Leuang Tawng) and Leuang Khamin.

The lognormal distribution shown by the rice varieties is typical

of the distribution found in complex systems, for example, population

distribution among species in ecosystems. It results from the inter

action of several variables which compound to produce a multiplicative

effect on the varieties or species (May, 1976, p. 152). With the rice

varieties, the distribution is the result of decision-making and the
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Table 4.5. Ri7e varietias grown in the study area; 1973
runy season

A. Local varieties Farmers Area
planting planted
n % rai %

Total 117 5808
1. Khao Setthi 49 41.9 1076 18.5
2. Khao 500 46 39.3 1024 17.6
3. Puang Nahk 29 24.8 474 8.2
4. Khao Kaw Diew 7 5.6 136 2.3
5. Leuang Ra Hang 3 2.6 120 2.1
6. Leuang Tia, Khao Tia, b 6 5.1 113 2.0

Leuang Nak, Leuang Tia Nak
7. Khao Tah Hang 7 5.6 101 1.7
8. Khao Met Lek, Met Lek Sung:> 4 3.4 62 1.1
9. Leuang Kwai La, Leuang Khrai Li' 5 4.3 93 1.6

10. Leuang Sung, Khao Leuang 5 4.3 94 1.6
(::: Leuang Tawng)

Nab 1611. Leuang Na Phi, Leuang Sung 2 1.7 0.2
Phi

12. P1uk Sek 7 5.6 52 0.9
13. Leuang Hom, Leuang Ta Homb 2 1.7 45 0.8
14. Khao Chao Fa 3 2.6 43 0.7
15. Khao P1a Lai 3 2.6 37 0.6
16. Leuang La 1 0.8 20 C.3
17. Leuang Yak 1 0.8 17 0.3
10. Leuang Ku 2 1.7 18 0.3
19. Leuang Hom Mali 1 0.8 5 0.1
20. Samoe Bao (floating rice) b 3 2.6 12 0.2
21. Khao Nang Ngam, Loi Nang Ngam 3 2.6 10 0.2

(floating rice)
22. Khao Loi (floating rice) 1 0.8 8 0.1
23. Leuang Kao Bao (floating rice) 1 0.8 12 0.2
24. Thong Ma Eng (floating rice) 2 1.7 9 0.1
25. Ta Phao Thong (floating rice?) 1 0.8 20 0.3
26. Nang Phaya (floating rice) 1 0.8 3 0.05
27. Nang Mon (floating rice?) 1 0.8 2 0.03
28. Leuang Ai Huan (floating rice?) 1 0.8 3 0.05
29. Khac Chuchat 1 0.8 14 0.2
30. Khao Boonma 1 0.8 40 0.7
31. Khao Nhieu (glutinous rice) 3 2.6 4 0.1
32. Bang Phra 1 0.8 10 0.2

Total lo::al rice 107 91.4 3691 63.6
Total floating rice 114 2.0
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Table 4.5. (continued) Rice varieties grown in the study
area, 1973 rainy season

B. Modern varieties Farmers Area
planting planted
n % n %

Total 117 5808
1. HDl 62 53.0 1147 19.7
2. C4-63 ("Khao Sampran", 43 36.8 469 8.1

"Khao Ta Ruang")
21.43. Leuang Sampran ("Leuang Tawng" , 25 348 6.0

"Leuang Nakorn Pathom" ,

4.
"Leuang Na Pnng" )

6.~RD3 7 122 2.1
5· RD5 3 2.6 19 0.3
6. "RD4" 1 0.8 12 0.2

Total modern varieties 98 83.8 2117 36.4

a. Since these are the names used by the farmers, one rice
variety often has more than one name, and the same name
may be used for more than one variety.

b. These names may refer to more than one variety.
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Table 4.6. Additional rice varieties grown by farmers
in the study area in previous years

1. Khao Insee (local photoperiod-insensitive variety)
~. Leuang Khamin (local photoperiod-insensitive variety)
). Phan Muang ("local variety")
4 • Khao Ban Na
5. Leuang Sothorn
6. Leuang Fai La
7. Khao Nhieu,Dam (black glutinous rice)
~. Sam Ruang (floating rice)
9. Pluk Dek (= Pluk Sek ?)
10. Leuang Pratarn
11. Leuang On
12. Khao Tan Tawan

Table 4.7. Rice varieties grown in the 197) early season
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Farmers
planting
n %

Area
planted
n %

Total 84
1. RDl ("Khao Kaset") 45
2. C4-6) ("Khao Sampran". "IMC". 40

"Khao Ta Ruang". "Kon Chut".
"IR8". Khao Philippine")

). Leuang Sampran ("Leuang 19
Tawng". "Le~ang Tia". "Leuang
Nakorn Pathom" )

4. RD) ("Leuang Tawng". "Leuang 8
T::.i Bai")

5. RD5 1
6. "RD". "RD2". "RD5" (unoffic- 4

ially released lines)
7. Leuang Sung (= Leuang Tawng). 2

Leuang Khamin

5).6
47.6

22.6

9·5

1.2
5.8

2.4

17)7
752 4).)
576 JJ.2

2)2 1).)

104 6.0

1 0.1
50 2.9

11 0.6
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trial and error process by the rice farmers in response to physical,

biological, socio-economic and cultural variables. Thus, the spatial

patterns of the rice varieties can be considerej as a physical expression

of the adaptive process. A detailed examination of the changes in rice

varieties through time should give some insight into the strategies used

by the farmers in responding to crop losses, or in seeking to arrive

at satisfactory means of reducing risks and increasing profits (or, at

least, of improving their chances of survival).

1. Varietal diversity by region, 1973 rainy season

Table 4.8 and Figures 4.3, 4.4 and 4.5 show the percent of the

rice area by variety in each of the eight geographic regions for the

1973 rainy season crop. The rice varieties show regular, contagious

type distribution patterns, which are indicated clearly in Figures 4.4

and 4.5. Such patterns could result from an "ink-blot" type of

diffusion, if the varieties had been introduced rece~tly (within the

past few years). This is not the case for the local varieties, and

even the modern varieties have diffused over the entire area since

their introduction. As I will show later, the diffusion pattern tends

to be more like a "leap-frog" than an "ink-blot." Another possible

explanation for the patterns is that they are the result of the adaptive,

trial-and-error process, with the farmers selecting by experience those

varieties that satisfy the range of conditions in each area, and then

adjusting the area planted to each variety according to their experience

with past (or projected future) fluctuations and trends ~n climate,

pest incidence, input costs, rice prices, and so forth. In an uncertain

environment, it makes sense to diversify, and the farmers use this



Table 4.8. Percent area in each region planted to diffnrent rice varieties,
1973 rainy season

Total Total
Total Modern RDl C4-63 Leuang RD) Other Local Khao Khao Puang Other local
area var's. Sampran MV var's setthi 500 Nahk varieties
rai " " " " " " " " " " " no.

1. Saen Saep 780 46.6 15.0 27.5 3.) 0 0.7 5).4 25.0 3.2 9.6 15.5 7
East

2. fJaen Saep 650 9.7 4.2 5.5 0 0 0 90.) 49.7 0 0.5 40.0 15
West

). Bung Kh10 800 6.9 2.0 1.8 3.2 0 0 9).1 43.9 19.1 0 )0.0 9

4. Khlong Khwang 407 43.3 15.2 7.4 17.6 0.2 2.9 56.7 29.6 9.2 9.5 8.4 6
West

5. Kh10ng Khwang 908 57.1 22.8 14.4 1).2 6.6 0 43.9 11.1 8.3 12.9 10.6 6
East

6. Chuat Ta Si 582 62.2 41.0 2.7 14.6 ).8 0 38.8 8.2 14.2 12.0 ).4 3

7. Kh10ng Ban 965 34.0 24.1 5.7 4.1 0 0 66.0 4.1 36.6 15.6 9.9 5
Mai

8. Plum Phaeo 788 34.3 31.5 2.4 0 0 0.4 65.7 0 37.9 0.5 27.3 7
Pha
Total 5880 36.3 19.5 8.8 6.2 1.4 0.) 63.7 20.0 17.4 7.8 18.4

N
VI
0\



LSP = Leuang Sampran
I)""". S = Khao Setthi

PN = Puang Nahk
500 = Khao .509
c4 = C4-6;

nOL = Number of other
local varieties
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Figure 4. J. Percent of rainy season rice area in each region planted to each varietYl
1973 rainy season
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strategy in maintaining a diversity of varieties both spatially and

temporally (regularly exchanging seed with neighbors. for example).

I will first examine the patterns to see what they seem to

indicate. and then see how the varieties have changed through time.

and finally. look at the reasons given by the farmers for changing

varieties.

The two most popular local varieties. Khao Setthi and Khao 500

show a complementary pattern. with Khao Setthi planted to about half

of the land in the northwest corner. Khao 500 planted to 40 percent

of the southeast area. and a combination of the two in between. Khao

Setthi is adapted to grow in deeper water than Khao 500, so the dis

tribution is largely a reflection of water depth. Puang Nahk makes up

10 to 16 percent of the area in the central locations, where it competes

with Khao Setthi and Khao 500. Puang Nahk (actually, a Puang Nahk

Sigadis hybrid) was introduced near the road in 1967 or 1968. and has

slowly increased in area, showing a gradual diffusion pattern. Several

other local varieties were planted on a total of 30 to 40 percent of

the land at the two ends of the study area, and on only 3-16 percent

in the center. For the western regions, this is partly due to the

floating rice area. Several non-floating varieties were also planted

there, however, as is also true of the eastern area.

Modern varities took up only 7-10 percent of the land in Saen

Saep West and Bung Khlo, where deep flooding limited their planting in

the rainy season. In the middle four locations, the MV covered 40-60

percent of the area, reflecting generally good water control. In

Khlong Ban Mai and Plum Phaeo Pha, MV were plated on about a third of
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the area, possibly due to the greater drought potential of the higher

land in those locations.

RDI covered about 25-40 percent of the area in the four locations in

Tambol Phrong Akat. and 15 percent or less of the area in Tambol Bang

Nam Prieo. C4-63 was planted on less than 10 percent of the area in

all the locations except Khlong Khwang East and Saen Saep West. where

it covered 14 percent and 28 percent of the land. Leuang Sampran and

RD3 together covered about 20 percent of the area in three central

locations (Chuat Ta Si and Khlong Khwang East and West). and 0 to 4

percent in the remaining locations.

The popularity ~f C4-63 and Leuang Sampran in the central locations

is not readily explained by physical variables. and must have a more

complex cause.

Another aspect of varietal diversity which shows an interesting

pattern is the equitability, or evenness among varieties. In the outer

regions, one or two varieties cover half to two-thirds of the land,

while of the remaining 10 to 17 varieties each covers a small area.

Varietal diversity is high, but equitability is low. In the central

regions, the area is more evenly divided among four to seven varieties

which cover about 80 percent of the land, while five to 10 varieties

cover the rest. Varietal diversity is still high, and equitability

is also high.

A possible explanation is that for the outer regions, the physical

limitations (deep water in the west, higher land in the east) "distort" ...

the distribution toward the one or two best-adapted varieties, with

several other specially adapted varieties filling in the marginal areas

(floating rice, drought resistant varieties, etc.). In the central
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region, with more moderate water conditions (or, more likely, with the

equal possibility of either flooding or drought), the farmers combine

the varieties to try to improve yields (increase MV area) while

avoiding losses (planting several varieties with different character

istics).

2. Varietal diversity: 1973 early season

The distribution of varieties among geographic areas in the 1973

early season is shown in Table 4.9 and Figures 4.6 and 4.7. The

general patterns are similar in some respects to those of the rainy

season crop, although only the photoperiod-insensitive modern varieties

are represented.

RDl was planted on 100 percent of the early season land in Plum

Phaeo Pha. and the area decreased toward the west, where it was partly

replaced by C4-63. In Bung Khlo and Khlong Khwang West, Leuang Sampran

and C4-63 almost completely replaced RDI. C4-63 covered one-third to

two-thirds of the land in the five western regions, and only a few per

cent to none in the eastern three. Leuang Sampran was popular in Bung

Khlo, where it was planted to 55 percent of the area, and it made up

11 to 25 percent of the area in three central regions, and slight to

zero percent of the rest. RD3 was concentrated along Khlong Khwang,

on about 14 percent of the area. and Saen Saep East.

Availability of irrigation water can explain the greater amount

of land planted to the early crop in the northern and central regions,

but variation in water cannot explaL~ the pattern of distribution of

individual varieties, since all of the MV have similar water require

ments and inability to withstand flooding or drought.



Table 4.9. Percen~ area in each region planted to different rice
varieties; 1973 early season

Total Leaung Other
area ROl C4-63 s7ran R03 varieties
rai " " %. "

1. 5aen 5aep East 366 27.7 66.8 5.5 0 0

2. 5aen 5aep West 194 34.7 38.8 1.5 10.7 7.5 ("IR8 "ROS" )

3. Bung Kh10 118 5.1 35.7 54.9 4.; 0

4. Kh010ng Khwang 162 3.7 57.4 24.7 14.2 0
West

S. Kh10ng Khwang 354 ;2.2 36.7 11.3 14.1 5.6 (ROS."RO")
East

6. Chuat Ta 5i 252 62.7 3.2 21.4 2.0 10.7 ("ROS")

7. Kh10ng Ban Mai 2)1 96.5 3.5 0 0 0

8. Plum Phaeo Pha 106 100 0 0 0 0

Total 1756 44.5 34.2 12.3 5.9 3.0
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3. Varietal diversity by farm

Varietal diversity tends to be high on individual farms, as well

as over the whole area. Table 4.10 gives the percent of farme~s

growing various combinations of local and modern varieties in the 1973

rainy season. Eighty-six percent of the farmers grew two or more

varieties, with three quarters growing two, three or four varieties.

The greatest proportion of farmers combined one or more MV with one or

more LV (70 percent), while 11 percent grew only MV and 19 percent

grew only LV. In the 1973 early season crop, two-thirds of the

farmers grew only one variety, with 43 percent growing one RD variety

and 23 percent growing only C4-63. Twenty-seven percent combined one

or more RD varieties with C4-63 (Table 4.11).

Figure 4.8 shows the varietal diversity in the fields of two

sample farmers, which I mapped as part of the rice loss and yield

study (discussed in Chapter V). Farmer number 219 had planted 19 rai

to RDl, 6 rai to Puang Nahk and 5.5 rai to Khao 500 (mostly in

another location). Farmer number 231 planted two modern varieties

(RD1, 15 rai and C4-63, 2 rai) and three local varieties (15 rai each

to Puang Nahk, Khao 500 and Leuang Hom). These two maps give a good

illustration of the diversity typically found on individual farms, and

this diversity is increased when the adjacent farms are considered.

The main questions to be examined here are: Why do the farmers

maintain a diversity of rice varieties? What factors influence the

farmers' decisions as to what varieties to grow and how much area to

plant to each variety? To what extent are the farmers influenced by

pest incidence in their choice of varieties?
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Table 4.10. Diversity of rice varietiesJ 1973 rainy season

Percent of farmers growing the combinations
of modern and local rice varieties shown (n=117)

No MV 1 MV 2MV MV Percent of farmers
planting:

No LV 7.7 2.6 0.8
1 variety: 13.7

1 LV 6.0 14.5 4.3 5.1 2 varieties:22.2

2 LV 5.1 18.8 12.8 2.6 3 varieties: 29. 9

6.0 2.6 6.0
4 varieties:22.2

3 LV 0
5 varieties:12.0

4 LV 1.7 3.4 0 0

Table 4.11. Diversity of rice varieties; 1973 early season

Percent of farmers growing the combinations shown (n=86),
No RD 1 RD 2 RD 3 RD Percent of farmers

No C4-63 planting:
4).0 5.8 0

1 variety 66.2
C4-63 2).2 18.6 4.6 1.2 2 varieties: 25.6
~euang Sung 1.2 1.2 1.2 0 ) varieties: 5.8

+ C4--6) 4 varieti.es: 2.4

a. "Leuang Sung" is the name used for local photoperiod-insensitive
varieties. including Leuang Tawng. Leuang Khamin. and Khao Insee
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Some of the reasons for planting several rice varieties were

explained by a farmer living on Khlong Khwang, who planted two MV

(RDI and C4-63) and three LV (Puang Nahk, Khao Setthi, and Met Lek

Sung) in 1973. The first reason is to allow ripening at different

times, to save labor costs. Second, LV use less fertilizer than MV.

Third, to experiment and compare the results of the different

varieties. Fourth, because he likes variety "Growing rice is like

eating food, several dishes are better than just one." Fifth, because

there are· floods in some years (three or four times in the past 15

years), so he must have some area planted to the taller local varieties

(about 40 percent of his land). Finally, because diseases attack

different varieties in different years. If a variety is infected by

a disease, he reduces the area planted to that variety in the following

season--then, another variety has a disease, so he has to constantly

compare varieties and adjust the areas planted to each variety. In

the past ~his farmer had dropped one local variety (Khao PIa Lai)

because it was susceptible to stemborer, and he had switched from

Leuang Tawng to RDI in the early season because RDI had a higher yield.

In the 1973 early season, he planted RDl, C4-63 and Leuang Sampran in

order to compare the results from the three varieties. He also went

to Bangkhen in 1973 and got seeds of the new variety RD5 prior to its

release by the government. He had tried Khao 500 in the 1971 rainy

season, and had replaced it with the "new" Puang Nahk variety in

the 1973 rainy season. This case illustrates quite well the general

situation in the area; successful rice farming requires a diversity

of rice varieties, to adjust to a variable and uncertain physical and

biological environment, and to efficiently allocate input costs and
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labor utilization. Constant comparison of varieties and regular

change in varieties allows for response to changing pest incidence.

The system can be "fine-tuned" to an extent by varying the area

planted to each variety.

4. Area planted versus farmers' opinions on the qualities

of the various rice varieties

Tables 4.12 - 4.14 compare the percent of the farmers planting

each rice variety and the percent of the area planted in the 1973

rainy season crop with the farmers' opin~ons about the qualities of

the varieties. The questions about the farmers' opinions were asked

at the end of the 1972 rainy season, before the farmers had begun the

1973 crop (questions 1-15 on the first interview; see Appendix B).

Since these are opinion questions (i.e., "Of the rice varieties you

know about" which gives a better yield in the rainy season?), they

are subj~ct to problems of subjective interpretation. Each farmer,

for example, will know about some of the rice varieties, but probably

not about all of them. The farmers could give more than one answer to

each question (since they generally grow more than one variety, this

makes sense). The data are presented by Tambol, which roughly

correspond to the areas of concentration of the main varieties (Figures

4.3, 4.5).

Table 4.12 can be considered as a decision framework for a "game"

of selecting the best combination of varieties, with no single variety

being better in all the qualities, or under all of the possible

environmental conditions. The question did not include physical

variables, such as water depth, but the farmers obviously took these

into account in listing the varieties which gave a better yield.



Table 4.12. Farmers' opinions about rice varieties versus area planted l

Tambol Bang Nam Prieo
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1973 rainy
s&ason

1. " farmers
planting

2. " area
planted

n

55

2637
(rail

RDl C4-63 LSP,RD3 K.Setthi

" "" "29.1 34.5 30.9 70.9

8.4 11.1 4.7 37.5

K.500

"20.0

8.2

Puang
Nahk

"14.5

4.4

Other
LV

"58.2
24.8

4. Better
quality

5. Better pricec

6. Fewer pestsd

7. More pestse

Farmers' opinions

3. Better yieldb 57

57

57

57

57

8.8 5.2

3.5 22.8

7.0 0

7.0 14.0

8.8 0

o

1.8

5,3

3.5

5.3

49.1

68.4

38.6

35.1

22.8

7.0

1.8

49.1

5.)
8.8

7.0

3.5

7.0

l.8

5.)

24.5a

7.0

7.0

12.3

24.6

Many farmers listed more than one variety for each question
a. Twelve" said floating rice gave a better yield.
b. Don't know 1.7". All varieties same,S.)". Yield depends on farmer, 5.3"
c. Price depends on the merchant and grain weight, 8.8"
d. Don't know, 19.3". All varieties same, 14.0". Depends on farmer,year,5.)~
e. Don't know, 15.4". All varie~ies same, 10.8". Depends on fal~er,year,5.3%

I'able 4.1). Ratio of farmers' opinions about rice to area planted;
Tambol Bang Nam Prieo

Puang Other
RDl C4-6) LSP,RD3 K. Setthi K. 500 Nahk LV

1. Better yield/area 1.05 0.47 0 l.Jl 0.85 1.59 0.99
2. .. quality/area 0.42 2.05 0.)8 1.82 0.22 0.80 0.28

3. .. price /area 0.83 0 1.13 l.0) 5.99 1.59 0.28
4. Fewer pests/area 0.8) 1.26 0.74 0.94 0.65 0.41 0.50

5· More pests/area 1.05 0 1.1) 0.61 1.07 1.20 0.99



Table 4.14. Farmers' opinions about rice varieties versus area planted;
Tambol Phrong Akat
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Puang Other
197:3 rainy n RDl C4-63 LSP,RD3 K. Setthi K. 500 Nahk LV

" % % " % % "
1. % farmers 62 74.2 43.5 22.6 14.5 58.1 30.6 35·5

,tlanting
6.82. area 3243 28.6 10.1 10.3 25.0 10.5 13.2

planted (rai)

Farmers' opinions, 1972

3. Better yield
b

65 32.3 0 0 15.4 35.1 27.7 10.8

4. Better 65 16.9 12.3 4.2 15.4 26.1 3·1 38.5a
quality

655. Better price 23.1 0 3.1 3.1 69.2 1.5 4.6

6. Fewer pestsC 65 16.9 1.5 1.5 3.1 20.0 9.2 3.1

7. More pestsd 65 13.8 1.5 1.5 13.8 13.8 3·1 21.5

a. Hom Mali, 20.01 Khao Ta Hang, 14.0"
b. Don't know, 3.1%1 All varieties same, 4.6%
c. Don't know, 10.8"1 All varieties same, 33.8%1 Depends on farmer, year, 3.0%
d. Don't know, 3.1%1 All varieties same, 33.8%1 Depends on farmer, year, 3.0%

Table 4.15. Ratio of farmers' opinions about rice varieties to area
planted; Tambol Phrong Akat

puang Other
RDl C4-63 LSP,RD3 K. Setthi K. 500 Nahk LV

1. Better yield/area 1.13 0 0 1.50 1.40 2.64 0.82
;2. .. quality/area 0.59 1.8. 0.42 1.50 1.04 0.30 2.92
J. .. price/area 0.81 0 0.31 0.30 2.79 0.14 0.35
4.Fewer pests/area 0.59 0.22 0.15 0.30 0.80 0.88 0.23
S.More pests/area 0.48 0.22 0.15 1.34 0.55 0.30 1.63



273

It is interesting that the percent of the farmers planting each

variety is much higher than the percent reporting better yields for the

respective varieties. There is a fairly close match between the

percent of the total area planted to each variety and the percent of

farmers reporting better yield, however. This relationship is shown

by the ratios in Tables 4.13 and 4.15, which are close to unity for

percent reporting better yield versus area planted. This gives an

indication that area planted does reflect the aggregate decision-making

by the farmers. In the cases in which the ratio of better yield/area

planted is below one, the varieties have a higher ratio on other

characteristics. For example, C4-63 is not considered to give a better

yield by most farmers (it produces empty kerna1s, which lower the

weight), but it has good eating quality ?nd resistance to pests. Khao

Setthi is considered by more farmers to have better eating quality,

while Khao 500 is perceived as getting a better price (many farmers in

Bang Nam Prieo who did not plant Khao 500 were aware that it brought

a good price, most likely because it has a heavy grain).

C. Varietal Change and Adoption of Modern Varieties

The percent of farmers adopting modern rice varieties in the rainy

season, and the changes in the percent planting the main local varieties,

is shown in Tables 4.16 and 4.17, and in Figure 4.9. Adoption of

modern varieties began in 1968, and the percent of farmers adopting

them increased rapidly, to 82 percent in 1973, a period of only six

years. This rapid acceptance of varieties which were very different

from the local varieties, in their short stature, their short growing

season, and photoperiod-insensitivity, is quite remarkable.



Table 4.16. Adoption of modern rice varieties in the rainy season

Grow
Grow only Other
modern modern Leuang modern
var's. var's. RD1 C4-6) RD) Sampran var's.

Year n % % % % % % %

1967 67 0
1968 117 5.1 0 2.6 1.7 0 0 2.6
1969 117 15.4 1.7 11.1 6.0 2.6 0.8 0.8
1970 119 30.2 3.4 22.7 11.8 7.6 2.5 ).3
1971 120 54.1 6.7 41.7 14.2 7.5 3.) ).)

1972 122 68.0 1.6 44.) 19.7 7.4 11.5 4.9
1973 118 82.2 7.7 53.0 36.8 6.0 21.4 3.4
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Table 4.17. Change in percent of farmers growing local rice varieties

Grow Grow
local only Khao Khao Puang Other local
var's. local Setthi 500 Nahk varieties

Year n % % % % % %

1967 67 100 100 64.2 37.3 1.5 37.3
1968 79 100 94.9 63.) )8.0 2.5 )2.9
1969 110 98.2 84.6 62.7 )6.4 5.5 39.0
1970 116 96.6 69.7 52.6 44.0 18.1 34.5
1971 119 93.3 45.8 59.7 29.4 12.6 28.6
1972 123 98.4 )2.0 5).7 )4.1 26.0 )5.8
197) 117 91.4 19.3 41.9 )9.) 24.8 46.1
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Of the non-adopters, most were unable to grow the MV because of

low land (13 percent), and most of these were along Saen Saep East

(Table 4.18). Five percent of the farmers did not grow MV in the 1973

rainy season for economic reasons (high cost of fertilizer), or because

of dissatisfaction with yield (1 percent). Including the early

season, only four farmers (3.2 percent) had not adopted MV by 1973.

RDl was the most popular MV, and adoptors increased rapidly

until 1971, and then more slowly. Fifty-three percent of the farmers

were growing RDl in the 1973 rainy season. C4-63 was adopted more

gradually until 1972, then more rapidly, and 37 percent had adopted

it by 1973. Leuang Sampran was adopted mostly after 1971, while RD3

remained at a low level. These patterns reflect the qualities of the

varieties, as the farmers became aware of them: ROl, gives a good

yield, but requires more fertilizer than C4-63, and is susceptible to

diseases; C4-63 was unpopular at first, due to its empty grains, but

is resistant to diseases.

One of the most interesting aspects of the adoption of MV was the

fact that the farmers did not stop growing the local varieties.

Rather, they "packed" more varieties into the same area. Only 8

percent of the farmers had dropped the LV and were growing only MV.

The percent of the farmers growing Khao Setthi declined from 64 percent

in 1967 to 42 percent in 1973. Khao 500 remained at about 40 percent,

while Puang Nahk actually increased from 2 percent in 1967 to 25

percent in 1973. About 30 to 40 percent of the farmers continued to

grow other local varieties (the high figure of 46 percent in 1973 is

due to more detailed questions about minor varieties). The major

changes were in the percent of the area planted to the various



~rable 4.18. Non-adoption of modern rice varieties in the rainy season, 1973

Non-adopters Reasons for non-adoption
n n % Low land Economic Low yield

1. Saen Saep East 14 2 14.3 1 1 0

2. Saen Saep West 15 11 73.) 11 0 0

3. Bung Kh10 14 3 -21.4 2 1 0

4. Khlong Khwang West 12 1 8.3 1 0 0
5. Khlong Khwang East 16 2 12.5 0 1 1
6. Chuat Ta Si 14 0 0 o 0 0
7. Khlong Ban Mai 20 1 5.0 0 1 0
8. Plum Phaeo Pha 13 1 7.7 0 1 0

Total 118 21 17.8 15 12.7% 5 4.2% 1 0.8%
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varieties, as the MV and Puang Nahk were planted on land formerly

planted to Khao Setthi, Khao 500 or other local varieties.

Varietal diversity increased, with the addd t for, of the MV to the

spectrum of local varieties, and the "reduction of varieties" that was

the goal of the rice breeders (and the bane of the ecologists) did not

occur. It would be interesting to find out what happened after 1973-

did the diversity remain high, combining both local and modern

varieties?--or, did a few modern varieties become dominant, to the

exclusion of local varieties? I would predict that the former

situation occurred, and that diversity of modern varieties continued

to increase as newer generations of MV were released by the Rice

Division. Under the variable conditions faced by the farmers, their

strategy of combining several varieties and of regularly switching seed

would continue to make better sense than the strategy of the rice

breeders (recently, following the 1968 southern corn leaf blight

epidemic, plant breeders have begun to realize that it is better to

maintain a diversity of varieties, in terms of reduced probability of

a major crop loss due to a pest outbreak on a susceptible variety)

(Tatum, 1971).

1. Reasons given by the farmers for changing rice varieties

Tables 4.19, 4.20, and 4.21 summarize the responses of the farmers

to the open-ended question: Each time you changed rice varieties, what

was the reason? The responses do not show the overall changes, since

the farmers did not always give a reason for every varietal change, but

the general trends are clearly shown.

A fairly high proportion of the farmers said they added a modern

variety to try somethin6 new, or because their neighbor had grown it



Table 4.19. Reasons for changing rice varieties (summary)

Varieties addeda V'arieties droppeda

Total Total Total Total
modern lucal modern local
varieties varieties varieties varieties
n " n % n % n %

(n""107) (n=107) (n:071) (n=71)1. Try new
variety 26 24.) 11 10.)

2. Resultsl yield, 19 17.8 22 20.6 7 9.8 48 67.6
pests. quality

). Land. water ) 2.8 15 14.0 2 2.8 0 0
4. Economic 2 1.9 5 4.7 ) 4.2 ); 1.4
5. Plant type ) 2.8 1 0.9 2 2.8 8 11.)

and growth
Total 5) 49.5 54 50.5 14 19.7 57 80.)

a. The numbers represent the number of varieties changed for which
the farmers gave reasons. Some farmers changed mere than one
variety, or gave more than one reason for changing. and some
farmers added a new variety without dropping a variety. The
numbers therefore represent the reasons 1£E changing. rather
than the exact amount of change.

230



Table 4.2Q·. Reasons for changing rice varieties I varieties added

25 23

12 11

2

oo
o2

3o
1

2

o

o
12

o

2

4

9

2

Leuang Other MV
RDl c4 63 Sampran "RD2" Leuang Khao Khao Puang Floating Other

Reason • - and RD3 RD'i Sung Setthi 500 Nahk rice local Total
Variety added n n n n n n n n n n' n "

A. Experiment
1. Try new 6

variety
2. Follow 1

neighbor

B. Better results
3. Better yield 1
4. Less disease, 2

pests
5. Better weight, 1

quality
C. Land, water
6. Deep water 0
1. High land 1
8. Resist dro'ight 1

use less water
D. Economic
9. Good price 1
10. US~ti less 0

ff1rtilizer
E. Plant type,

growth

4
1

o

o
o
1

o
1

3
o

o

o
o
o

o
o

1
o

o

o
o
o

o
o

o
o

o

1
o
o

o
f)

6
1

o

4
o
o

3
o

1
o

1

1
o
o

1
o

6
4

o

3
o
o

1
o

o
o

o

5
o
o

o
o

1
1

1

1
o
o

o
o

29 21
9 8

2 2

15 14
1 1
2 2

6 6
1 1

11. Doesn' t
shatter

12. Short
season

o

o

o

2

o

1

o

o
o

o

o

o

o

o

o

o

o

o
1

o

1 1

3 3

Total 20 20 10 3 2 16 5 19 5 1 101

a. "Leuang Sung" includes local non-photoperiod sensitive varieties Leuang Tawng, Leuang Khamin
and Khao lnsee.

b. Floating rice varieties; Nang Ngam, Samoe Baa, Bunma, Ban Na, Khao Mon, Sam Ruang
c. Local rice varietiesl Hom Mali, Met lek, Tia Nak, Suchat, Fai La

N
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Table 4.21- Reasons for changing rice varietiesl varieties dropped

--
Other

Leuang Other IIIV Floating local
Sampran Leuang Khao Khao Puang Rice vars.

Reason RDJ c4-/}J and RDJ Sung Setthi 500 Nahk (6 var-, ) (5) Tot.
variety dropped n n n n n n n n n n n !
A. Poor results
1. Low yield 0 1 0 0 B 0 4 1 0 3 11 24
2. Pests, J 0 0 0 Il 5 11 1 2 1 JJ 46

diseases
3. Low weight 1 2 0 0 1 0 1 0 0 0 5 1

empty seed
B. Land, water
4. Lack water 1 0 0 0 0 0 0 0 0 0 1 1
5. Can't stand 0 0 1 0 0 0 0 0 0 0 1 1

rain
C. Economic

6. Use too much 2 0 0 0 0 0 0 0 0 0 2 J
fertilizer

.,. Low price 0 0 0 0 0 0 0 0 0 1 1 1
B. Lack money 1 0 0 0 0 0 0 0 0 0 1 1

D. Plant. type,
growth

9. Long season 1 0 0 0 0 1 0 0 1 0 3 4
10. Uneven 1 0 0 0 0 0 0 0 0 1 2 J

r Ipendng
11. Hard to harvest, 0 0 0 0 2 0 0 0 0 1 3 4

lodges, tall
stubble

12. Shatters 0 0 0 0 0 1 0 0 0 0 1 1
13. Hard to pull

seedlings 0 0 0 0 0 0 0 0 0 1 1 1
Total 10 3 1 0 15 ., 16 2 3 14 '71

Additional responses
1. Only have these varieties, no other seed to change: 6 responses
2. Alternate every year, good to change regularlYI J

N
00
N
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(24 percent). Eighteen percent adopted an MV because they got better

yields or had fewer pest problems. For the local varieties, 21 percent

of the farmers had added an LV becasue of better yield or fewer pests,

but 68 percent had dropped an LV because of poor results, poor yield

or pest problems.

2. Trial, rejection, and adoption of modern varieties

The process of adoption of new varieties is not simply a matter

of adding something new. Rather, it is part of the continuous process

of shifting varietie~, comparing p~rformance, evaluating results, and

then deciding whether to drop or to try again all of the varieties

which the farmers have at their disposal. Table 4.22 shows the aggre

gate adoption process for MV, with the percent of farmers who tried,

rejected, and adopted each variety. In the rainy season crop, 10 to

20 percent of the farmers who tried MV rejected them or stopp.ed

growing them for one or more seasons. About 3 percent of those

farmers later re-adopted the variety. For the early season crop, the

percent who rejected or stopped using the variety for'at least one

season was higher; 10 to 40 percent. Three to 20 percent re-adopted

the varieties, however. The reason for the higher figure for the early

season is the rodent outbreak, which I will discuss later.

The reasons for dropping the MV are shown in Table 4.23, which

gives a more complete accounting than Table 4.21. The reasons in

Table 4.23 support the argument given earlier for the rates of

adoption of RDI versus C4-63. Farmers dropped RDI because of pe~t

problems and fertilizer requirements. C4-63 was dropped because of

low yield, low weight, empty grains and low price.



Table 4.22. Trial and rejection of modern varieties

Try for Reject
one or or stop
more one or . Total
seasons more Re- adopt,

I. Rainy season seasons adopt 1973
n % % % %

A. Bang Nam Prieo

1. Total :nodern var's. .58 75.9 13.7 3.4 65.5
2. RDl .58 39.6 18.9 3.4 24.1
3. 04-63 58 43.1 12.0 3.4 24.1
4. Leuang Sampran, RD3 58 34.5 6.8 0 27·5

B. Phrong Akat

1. Total modern var's. 65 96.9 6.2 3.1 93.8
2. RDl 65 86.2 10.7 1.5 76.9
3. 04-63 65 47.7 1:;.9 3.::' 36.9
4. Leuang Sampran, RD3 65 38.5 20.0 3.0 21.5

II. Early season

A. Bang Nam Prieo

1. Total modem var's. 58 81.0 24.2 19.0 75.9
2. RDl .58 44.8 20.7 5.2 29.3
3. 04-63 58 67.2 15.5 3.4 55.2
4. Leuang Sampran, RD3 58 43.1 15.5 5.2 22.8
5. Local variEties .58 34.5 31.0 0 3.4

B. Phrong Akat

1. Total modern var's. 65 75.4 35.4 24.6 64.6
2. RDl 65 66.1 :37 .0 18.5 47.7
3. 04-63 65 26.1 15.4 7.7 18.5
4. Leuang Sampran, RD3 65 26.1 10.8 3.0 18.5
5. Local varieties 65 26.2 26.2 0 0
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I'ab1e 4.23. Reasons for dropping modern rice varieties and local
photoperiod-insensitive varieties

Leuang
RD1 C4-63 Sampran Leuang

Reasons for + RD3 Sung Total
n % n % n % n % n %dropping

A. Poor results
1. Low yield 0 4 15 2 18 8 47 14 18
2. Pests 11 46 1 4 6 54 6 35 24 31
3. Low weight 0 14 54 0 0 14 18

empty grains
B. Land, water

4. Low, uneven 2 8 1 4 1 9 0 4 5
land

C. Economic
5. Low price 0 5 19 0 1. 6 6 8
6. Uses too much

fertilizer 4 17 0 0 0 4 5
D. Plant type,

growth
7. Uneven 4 1.7 0 0 0 4 5

heading
48. Poor 1 0 1 9 0 2 2

germination
9. Lodges, 0 0 0 2 12 2 2

long stubb1a
910. Sharp blade 0 0 1 0 1 1

11. Too many 0 1 4 0 0 1 1
leaves

412. Low til1er- 1 0 0 0 1 1
ing

4E. Try another 1 0 0 0 1 1
variety

24 26 78Total 11 17

a. The numbers represent the reasons given by the farmers for
dropping a variety. Some farmers gave more than one reason
for dropping a variety, so the table doesn't show the exact
amount of change.

b. Leuang Tawng, Leuang Khamin and Khao Insee
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3. Adoption and diffusion of RDl

The adoption of RDl rice is shown in Figure 4.10, and the sources

of the RDl seed are shown in Figure 4.11. The earliest introduction of

RDl seed occurred near the road and the Amphoe office, and the general

pattern of diffusion appears as a regular. movement outward from those

locations. The actual pattern is more complex. The variety rapidly

spread to the edges of the two Tambol in a "leap-frog" fashion, and

then spread to the farmers adjacent to the early adopters. Sources

of seed in the peripheral areas were often from outside the study area,

and there were multiple introductions of seed.

Following the initial trial phase, a number of farmers stopped

growing RDl for one or more seasons. In some areas, such as along

Saen Saep East, the RDl seed became mixed with another variety, so that

it had uneven growth and ripening, and most of the farmers rejected the

mixed seed. Many of the farmers along Khlong Khwang and Saen Saep West

switched from RDl to Leuang Sampran or C4-63 in 1972 and 1973 because

of disease problems with the RDl rice. In the western area, the

reverse trend occurred, with several farmers trying C4-63 and dropping

it due to its empty grains. By 1973 and 1974, however, C4-63 was

beginning to diffuse back into that area due to its disease

resistance.

D. The Early Season Crop: Adoption, Change and the Rodent Outbreak

A few farmers along the Saen Saep Canal had grown a dry season

crop using local photoperiod-insensitive varieties for several years

prior to the YOLV epidemic. The varieties used were Leuang Tawng,

which was recommended by the government, Leuang Khamin, and Khao Insee.



A. 1968 B. 1969 C.1970

D.1971 E.1972 F.1973

e = First trial in the early season
r = First trial in the rainy season
• = Continued growing RJl
x = Stopped growin5 RDl for two or more seasons

Figure 4.10. Adoption. diffusion, and rejection of RDl rice variety
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Figure 4.11. Sources of seed of RD1 introduced into
the study area.
G = Government; M = Merchant
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Farmers to the north of the study area had previously planted these

varieties directly following the rainy season rice crop. in the deep

water areas which retained moisture into the dry season. and could be

readily irrigated. After 1968. the number of farmers planting the

early season crop increased rapidly. and the time of planting changed

to the period prior to the rainy season crop (as discussed in

Chapter III). From 1968 to 1970. many farmers adopted the local

photoperiod-insensitive varieties for the early season crop. getting

the seed from the farmers to the north (Table 4.24. Figure 4.12). This

occurred even though the MV were becoming available. and in spite of the

fact that the LV were susceptible to YOLV. This was most likely due

to the unfamiliarity of the farmers with the short stature of the MV.

As more farmers tried the MV. the LV were gradually dropped. and only

a few farmers still planted them by 1973.

Adoption of the early season crop progressed rapidly, with less

than 10 percent of the farmers planting it in 1968, and over half in

1971. The main impetus for this rapid spread of the early season

crop was that. the photoperiod-insensitive varieties allowed the farmers

to attempt to make up the losses they had suffered due to YOLV, as

mentioned earlier. Of course, the conditions had already been

established for the early crop by the dam and water control projects

of the government. By 1974, 80 percent of the farmers had begun grow

ing the early crop. As shown in Table 4.25, most of the farmers who

had not adopted the early crop by 1973 lacked water for irrigation.

Beginning in 1969, an outbreak of rodents began to cause serious

damage to the early season crop. Some farmers lost the entire

crop to rodents. It is very likely that the early season crop was



Table 4.24. Adoption of modern rice varieties in the early season crop

-
Growa

Loca1 P Other
early Modern Leuang modern
season var's. var's RDl C4-6) RD) Sampran var's.

n % % % % % % % %

1967 67 4.5 4.5 0
1968 117 6.8 6.8 2.6 2.6 0 0 0 0
1969 117 21.4 12.8 10.) 6.8 7.7 0 4.'2 0.8
1970 119 )8.6 22.7 25.2 14.) 11.8 1.7 4.2 ).4
1971 120 5).) 13.) 47.5 )5.8 19.2 7.5 2.5 0.8
1972 121 )8.0 5.0 )6.4 18.2 14.0 5.8 4.1 ).J
197) 12) 68.2 1.6 68.2 )6.6 32.5 6.5 15.4 6.5
1974 75 130.0 0 80.0 49.) 46.7 8.0 9.) 8.0

a. Since many farmers grow more than one variety, the percentages for each
variety add up to more than the percent growing the early season crop.

b. Local varieties include Leuang Tawng, Leuang Khamin, and Khao Insee.
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Table 4.25. Non-adoption of the early season rice crop

Reasons for non-adoption (n)

Lack Canal Economic, Lack
Non- water, just can't workers,
adopters high deep- afford too old,

n n !.. land ened pump no time

1. Saen Saep East 15 0 0
2. Saen Saep West 16 3 18.8 0 0 1 2

3. Bung Kh10 14 5 35.7 3 4 1 0
4. Kh10ng Khwang West 1) 4 )0.7 4 0 0 0
5. Kh10ng Khwang East 16 1 6.2 1 0 0 0
6. Chuat Ta Si 16 ) 18.8 2 0 0 1
7. Khlong Ban Mai 20 8 40.0 6 0 1 1
8. Plum Phaeo PhR 1) '7 53.8 6 6 , 0I -

Total 12) 31 25.2 22 17.8% 10 8.1% 4 3.2% 4 3.2%

N
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responsible to a large extent for the rodent outbreak (although direct

evidence is lacking), for two reasons; first, the fields of growing

rice would attract rodents from surrounding dry fields, locally in

creasing the breeding populations, and, second, the reproductive cycle

of some species is determined by the availability of food, so the early

crop allowed more generations of rodents. The actual situation was no

doubt more complex, since several species of rodents were present in

the paddy fields (Rattus rattus, Rattus argentiventer, Bandicota

indica, Rattus exulans, and Bandicota bengalensis being the main ones;

Ratanaworabhan and Shuyler, 1971:68).

The rodent epidemic in~reased in seriousness from 1969 through

1972, as shown in Table 4.26 and Figures 4.13, 4.14 and 4.15. The

rainy season crop also suffered losses, but the most serious losses

occurred in the early crop. Forty percent of the farmers suffered

serious loss (a yield of 0-20 thang/rai) in 1971 and 1972. The

most damage tended to be concentrated in the areas in which the early

crop was recently adopted. Saen Saep Canal, with a longer history of

an early crop than other areas, had the least damage. In 1972, 40

percent of the farmers who had previously planted the early season

stopped because of the rodent epidemic (Table 4.26, Figures 4.12,

4.14).

In spite of the continued heavy rodent damage in the 1972 early

crop, there was a large increase in the number of farmers planting

the early crop in 1973. What is the explanation for this seemingly

contradictory behavior by the farmers? It was probably due to a

combination of events: (1) The farmers suffered crop losses in the

1972 rainy season crop due to drought and flood, and needed the early
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1968 61 6.6 6.6
1969 81 4.9 4.9
1970 101 19.8 15.8
1971 111 30.6 24.3
1972 123 1).0 5.7
1973 77 7.8 0
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crop to repay their debts, even thou5~1 it was risky. (2) Rodent damage

had declined in the 1972 rainy season, and the farmers might have been

encouraged by that (Table 4.26, Figure 4.15). (3) Probably the most

important, the rice price had begun to rise rapidly in mid-l972

(Figure 1.17) and the farmers were willing to risk a possible loss for

a higher potential gain.

Besides changing the area planted to the early crop, the farmers

used rodenticides (which were distributed by the government) nnd traps

to combat the rodents. Paddy field ~odents are also a food source for

the farmers (Table 2.39), and they can be sold in the markets in

Bangkok.

IV. Summary

Positive evidence for the age of rice cultivation in the Central

Plain comes only from the accounts of European travellers and from Thai

government records. For the area of my study, such records go back

only a little over 100 years. Whether the rice culture existed in

the area for a long time, or whether it diffused into the area fairly

recently, the diversity of rice varieties and their degree of adapta

tion to the physical and biological conditions indicate a long evolu

tionary history of the rice ecosystem. Adaptive strategies of the

rice farmers also reflect a long history of close association with rice

growing under the conditions of the region, but it is not possible to

say whether these practices developed in situ, or diffused into the

area with the rice at a more recent time. Such strategies include:

the planting of many rice varieties, each suited to a particular range

of environmental conditions; combining varieties in ways that allow
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flexibility under unpredictable conditions; and regularly exchanging

rice seed with other farmers, providing temporal diversity.

From the 1950s, the Rice Department in Thailand attempted to

increase production by selecting the highest yielding local varieties

and disseminating pure seed of these varieties in order to "reduce

varietal diversity." Selected varieties were discovered to be

susceptible to diseases such as blast and yellow orange leaf virus,

necessitating withdrawal of the recommended varieties and selection

of resistant varieties. Farmers in Bang Nam Prieo apparently did not

adopt the recommended varieties to any great extent, preferring to

grow the popular local varieties Khao Setthi and Khao 500.

Beg~~ing in the mid~1960s, the Rice Breeding Division started

developing new rice varieties, crossing Thai varieties with foreign

varieties. One such cross, between the high yielding local variety

Puang Nahk 16 and the disease resistant Indonesian 7ariety Sigadis

resulted in a tall, photoperiod-sensitive variety that was adopted in

the study area since 1967 under the name "Puang Nahk." The short

statured, photoperiod-insensitive "m" varieties were released in 1969,

but farmers in Bang Nam Prieo had begun growing these varieties and

C4-63 , a MV from the Philippines, in 1968.

The MV rapidly diffused through the study area, and almost all of

the farmers had adopted one or more of these varieties by 1973, six

years after their initial introduction. Fewer than 10 percent of the

farmers were growing solely MV, however. Virtually all of the LV

continued to be grown, and the MV were "packed into" the existing rice

area, resulting in an increased diversity of rice varieties. Rather

than indicating a "resistance to change" on the part of the farmers,
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the combination of LV and MV was a continuation of the same adaptive

strategies used previously by the farmers. Rapid acceptance of the MV

was due primarily to their short growing season, allowing a faster

return on investment. and to their photoperiod-insensitivity, allowing

the farmers to grow a second. early season crop to recover losses due

to the YOLV epidemic. Area planted to the various modern and local

rice varieties was closely related to the farmers' opinions about the

relative qualities of the varieties. indicating that the area planted

to each variety was the result of complex decision-making and the

adaptive process.

Reasons given by the farmers for changing rice varieties included:

(1) Simply to try something new. or to follow the· other farmers; (2)

good or bad yields, pest incidence, (3) problems with the physical

environment in relation to the height or growing conditions necessary

for the variety, (4) economic reasons, such as requiring more fertilizer

or receiving a lower price, (5) other characteristics of the rice

variety. such as sharp leaves, tall stubble. etc.

The primary reason for non-adoption of MV in the rainy season was

deep flooding (low land). followed by economic reasons. Lack of

irrigation water was the main reason for non-adoption of the early

season crop, followed by economic reasons. These results show the

importance of the physical environment in the adoption of MV and the

early season crop, followed by economic considerations, as I have also

demonstrated in Chapters II and III.

Adoption of the early season crop was followed by a serious rodent

outbreak, which caused many farmers to drop the early crop in 1972.

However, the rapid rise in the rice price in 1972 and 1973, in
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conjunction with flood and drought damage to the 1972 rainy season

crop, resulted in a large increase in the number of farmers planting

'the 1973 early season crop. This trend was assisted by the deepening

of two canals, Bung Khlo and Plum Phaeo Pha, allowing adoption of the

early season crop throughout the study area. The rodent outbreak did

not continue in 1973, and by 1974, 80 percent of the farmers had adopted

the early season crop.



CHAPTER V

DIRECT RESPONSES TO PEST PROBLEMS

AND PESTICIDE HAZARDS

I. Objectives

The primary objective of this chapter is to examine the direct

responses by the rice farmers to rice pest problems and to pesticide

hazards. This requires, first, an understanding of what the farmers

consider to be "losses" to their rice crop, as compared with yield levels

with which they are satisfied. Some idea of the farmers' perceptions of

crop losses can be gained by comparing the causes of loss reported by

the farmers with the yields they received. It is also important to

look at the economic aspects, the costs of growing the rice crop and the

value of the crop, to find out the yield·levels below which the farmers

lose money.

Second, it is necessary to study the responses of the farmers to

specific pests, such as YOLV, to find out how well they understand the

causes of the pest problems and the methods of controlling them. There

are several relevant questions:

A. How well do the farmers understand the causeR of pest damage

to the rice plants? For example: Do they relate the "white head"

symptom with the stem borer that causes it? Are they able to correctly

identify plants with YOLV. and do they know that the virus is transmitted

by the green leafhopper?

B. What are the types and amounts of pesticides used by the

farmers, and how do they decide which ones to use? What factors
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influence the farmers' decisions about pesticides? For example: Do

they use pesticides as a prophylactic, or do they wait until after

the pest appears and damage occurs before using pesticides?

Third, it is important to find out what hazards are occurring as a

result of pesticide use, and how the farmers are responding to the

hazards. Main categories of potential hazards are: (A) Health hazards

to the farmers or othe~s coming into contact with the pesticides, (B)

Effects on other organisms in the rice fields, such as death of fish

or water buffalo, (C) Build-up of pesticide residues in food-webs, and

the possibility that the farm families ingest pesticide residues when

they use fish or other organisms from the rice fields and the inter

connected waterways for food, (D) Resurgence of pest populations

following pesticide use, due to reduction of the natural enemies of the

pests (predators and parasites), or the build-up of resistance to the

pesticides by the pests. I was able to gather information on the first

three hazard categortes, but not on the last category.

A.l. Disposition, costs and value of the rice crop

The disposition of the total rice crop for the 1972 rainy season

and the 1973 early season is shown in Table 5.1. Sixty-six percent of

the rainy season crop and 83 percent of the early crop were sold

immediately after harvest. About 7-8 percent of each crop was stored,

or not accounted for by the farmer. Some of the stored rice was being

kept until the price went up, and the rest must have been used to pay

rent and debts. Eight percent of the rainy season crop was used to pay

in-kind rent, and another 4 percent was owed for rent. Rent payments

were almost entirely made from the rainy season crop, no doubt due to
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the tradition of collecting rent after the rainy season harvest. About

10 to 12 percent of each crop was saved for food. Two to three percent

was saved for seed for the next crop. and two percent was used to pay

debts. Only a small amount was reported as used for religious offerings,

but it is likely that a portion of the unaccounted rice was used for that

purpose. Table 5.1 shows the combination of commercial rice growing

with the continuing reliance of the farmers on their rice crop for sub-

sistence.

Table 5.1. Disposition of the rice produced in the study area

Amount Percent of
1972 rainy season crop (kwein) total production

1. Total production 1823

2. Sold 1205 66.1

3. Stored, unaccounted for 152.5 8.3

4. Rent paid 154 8.4
(additional rent owed, 75)

5. Food 222 12.2

6. Seed 48 2.6

7. Pay debt 37.5 2.0

8. Religious offering 4 0.2

1973 early season crop

1. Total production 645

.2. .sold 532 82.6

3. Stored, unaccounted for 43 6.7

4. Rent 1 0.1

5. Food and seed 69 10.7

Costs of growing the rice crop are s~mmarized as percent of the

total value of the crop in Table 5.2. The mean costs and the values

of the rice crops are compared on a regional basis in Tables 5.3 and 5.4.
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Table 5.2. Costs of growing the rice crop as a percent of the total
value of the crop (per rai)

Mean total Fertil-
value costs Rent Labor izer Fuel Seed IJ;lterest Pesticides
(Baht) % % % % % % % %

1- 1972 rainy
season 368.9 43.5 14.4 10.1 7.2 4.9 3.0 2.7 0.8

2. 1973 early
season 581.1 33.6 9.2 13.6 6.1 2.0 1.6 1-2

Economic comparisons were complicated because of the rapid inflation

that took place during 1972 and 1973 (Figures 1.17 and 1.18). Decision

making by the farmers during this time was influenced by the increasing

prices of imported goods, such as fertilizer and pesticides, which more

than doubled in cost. Costs of labor and interest rates charged by

private lenders also increased. Rice prices rose even faster than the

prices of imports. It would be possible to apply a "deflator," to con-

vert costs to a constant value (Figure 1.18). However, the farmers did

not have the ase of such a deflator, and made their decisions based on

the actual prices of materials. Thus, the rising rice price would be

an incentive to try to increase yields through the use of more

fertilizer, pesticides, etc. Prices of these items were also rising,

however, requiring increased credit from a merchant or credit agency

to purchase them. The farmers would have had to increase their indebted-

ness during crop growth, in the hope that the rice price would con~inue

to rise.
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Costs which were not included in the economic analysis were: the

value of family and exchange labor, depreciation on capital investment,

and cost of maintaining water buffaloes. The high variances of the

costs indicate a large amount of variation among individual farmers in

the money spent for various inputs. The mean values show fairly con

sistent trends throughout the study area, however. Rent was the highest

cost. amounting to one-third of the total costs. Since most rent was

paid in kind, the cash value of the rent was increasing rapidly with the

rise in rice price. Cost of hired labor amounted. to nearly one quarter

of the total. Fertilizer and fuel costs make up a substantial part of

the variable costs at 17 percent and 11 percent respectively. Nzxt is

seed. which is mostly saved from the preceding crop. or exchanged with

other farmers. I figured the value of the seed at the price received by

each farmer for the present crop. since the seed used is replaced by

additional seed saved from the harvest for the future crop. Seed

amounted to 7 percent of the total costs. followed by interest on loans

and credit: at 6 percent of the total. The above costs made up over 98

percent of the toal. and the remaining 1.8 percent was spent for pesti

cides. Pesticide costs did not include the value of pesticides given

out free by the government--but, the amounts of free pesticides would

not have increased the costs more than one or two percent.

For the early season crop, which did not include rent, since rent

was almost entirely paid from the rainy season crop, the main differences

were in slightly lower percent of the total paid for labor, and a higher

percent for fertilizer.

Total costs in the rainy season were lowest along Khlong Khwqng

West, due to low rental rates on the Royal land, and along Bung Khlo,



Table 5.3. Value and direct costs of the 1972 rainy season rice crop. compared among regions

A. Value
Total directbPrice received

Total valuea Net ValueCby farmers Average costs
for rice sold yield per rai per rai per rai
i s.d. i s.d. i s.d. i s.d. i s.d.

n (Baht) (thanYral) (Baht) (Baht) (Baht)
1. SSE,SSW

j
31 1318.4 98.4 21.1 10.1 )69.8 1)1.) 168.4 59.1 201.4 145.)

2. DK,KKW 21 1359.6 61.4 21.) 9.8 291.1 1)8.0 122.2 38.9 168.9 141.)
). KKE,CTS )2 1)52.2 18.0 29.4 10.5 )95.9 141.1 183.6 91.8 212.2 118.2
4. KBM.PPP )3 1318.8 14).9 29.2 8.9 405." 142.2 162.0 82.4 24).1 154.6

Total 123 1361.6 102.4 21.0 10.2 368.9 146.3 160.5 15.9 208.4 131.6

B. DirEct costs (Baht/rai)
Perti- Insect-i Herb- Rodent- i

Rentd ~abore llzer ~e1f Seedg Interesth icide !cide icide
n i s.d. x s.d. i s.d. x s.d. x s.d. x s.d. i s.d. x s.d. i s.d.

1. )1 52.4 42.4 45.5 32.2 25.520.0 16.1 15.5 1).0 6.6 10.) 15.2 1.0 1.5 1.62.8 0.5 0.5
2. 21 )3.2 24.1 32.3 26.9 19.) 16.2 12.) 8.1 11.2 6.4 13.3 12.9 0.1 1.2 0.4 0.9 0.6 2.0
3. 32 60.3 38.4 40.9 40.2 30.1 35.9 24.2 27.0 10.3 2.4 10.9 9.6 3.8 9.1 0.4 0.5 0.1 0.2
4. 33 63.2 69.1 30.6 21.2 29.8 21.2 18.4 11.5 9.5 1.9 6.8 1.4 2.8 5.9 0.4 1.2 0.4 0.9

Tot 123 53.2 41.0 37.3 29.3 26.6 23.8 18.0 16.e 11.0 4.3 10.1 10.5 1.9 5.5 0.1 1.6 0.4 1.1

a. Melm or-average yIeld tIaies avera-ge prIce receIved by each farmer.
b. Direct costs listed below. totaled for each farmer and averaged.
c. Total value per rai minus direct costs per rai.
d. Annual rent. The value of rent paid ~n rice was figured at the price received by each farmer

for the present rice crop.
e. Cost of hired labor. Family and eXchange labor not included.
f. Pue1 cost includes fuel used for tractor. water pump and boat motor.
g. Value of seed saved from the previous crop figured at the price received for the present crop.
h. Interest for 6 months (the length of the rainy season crop) at the rate reported by each farmer.

Interest was based on total loans and credit. including credit for capital investment and
for family living expenses. The interest values are therefore overestimated somewhat.

i. Value of insecticides and rodenticides do not include the amounts given by the guvernment.
j. SSE.SSW = Saen Saep East/Saen Saep West I BK,KKW = Bung Kh1o/Kh10ng Khwang West,

KKE.CTS = Kh10ng Khwang East/Chuat Ta Sil KBM,PPP = Kh10ng Ban Mai/P1um Phaeo Pha w
o
"-J



Table 5.4. Value and direct costs of the 1973 early season rice crop, compared among regions

A. Value

n

1. SSE,SSW
i

25
2. BK,KKW 18
). KKE,CTS 26
4. KBM,PPP 1)

Total 82

Price received Average Total valuea Total directb Net valuec
by farmers yield per rai costs per rai
for rice sold _ _ I!er rai _
x s.d. x s.d. x s.d. x s.d. x a s d ,
(Baht) _(thang/ral) (Baht) (Baht) (Baht) .
1676.2 111.2 45.1 9.9 757.0 173.6 192.0 63.9 564.9 18).8
1540.0 63.1 )5.6 10.1 550.) 163.) 189.5 77.2 )60.8 189.2
1583.2 103.8 )).6 10.2 510.) 194.9 207.) 57.0 )28.6 19).7
16)).2 175.8 26.6 8.8 427.2 162.5 183.1 47.1 25l.ij 1)).1

1609.9 124.8 )6.4 11.8 581.1 21).0 195.0 62.2 )95.5 21).6

B. Direct costs (Baht/rat)

h Rodent_h
d FertH- e t

Interest
g Insect-. Herb-

Labor her Fllel Seed !cide !cide !cide
!L i s.d. i s.d. i s.d. i s.d. x s.d. x s.d. x s.d. x s.d.

1.SSE,SSW 25 54.2 )4.0 81.4 3).0 29.) 24.8 1).6 6.9 9.2 10.0 0.7 1.0 2.0 2.0 0.6 1.)
2.BK,KKW 16 40.4 )9.6 69.) 27.4 49.6 46.4 1).) 1.0 11.6 1).1 5.8 10.6 1.1 2.1 0.4 1.0
).KKE,CTS 27 60.2 )6.6 85.6 )2.9 33.1 24.6 9.9 5.1 8.) 6.9 7.4 9.4 1.4 1.4 0 0
4.KBM,PPP 1) 51.1 24.1 75.9 26.7 )4.4 22.4 6.6 ).1 9.9 14.8 8.0 1.4 0.4 0.1 0.2 0.5

Total 83 53.7 35.9 79.3 31.3 35.6 30.5 11.4 6.3 9.5 10.6 5.2 9.6 1.51.8 0.3 0.9

a. Mean of averageyIeId time~average price received by each farmer.
b. Direct costs listed below, totaled for each farmer and averaged.
c. Total value per rai minus direct costs per rai.
d. Cost of hired labor. Family and exchange labor not included.
e. Fuel cost includes fuel used for tractor, water pump an~ boat motor.
f. Moet seed was saved from the previous crop. Value figured at the price received for the

present crop. .
g. Interest for 4 months (the length of the early crop) at the ra~e reported by each farmer.

Interest on total loans and credit, includes capital' investment and family living expenses.
h. Value of insecticides and rodenticides given by the government not included.
i. SSE,SSW =Saen Saep East/Saen Saep Westl BK,KKW =Bung Khlo/Khlong Khwang Westl

KKE,CTS =Khlong Khwang East/Chuat Ta Sil KBM,PPP =Khlong Ban Mal/Plum Phaeo Pha w
o
00
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which had low fertilizer, fuel. and interest costs. Highest costs

occurred along Chuat Ta Si and Plum Phaeo Pha. with hiah rental, fertili

zer and fuel costs, and along Saen Saep West, with high labor costs.

Costs did not differ a great deal among areas in the 1973 early season.

2. Yield levels at which economic loss occurs

It is possible to get a general idea of the level of crop yield

below which the farmers will lose money on the crop by plotting the

"net value" of the crop versus the yield, and determining the point at

which the least squares line ,intersects the yield axis (Figures 5.1

and 5.2). These figures do not show correlation and regression in the

statistical sense, since the value of the crop is a function of the

yield. They are useful, however, in showing the effect of variable

costs on the value of the crop, as indicated by the large standard

deviation on the net value.

For both the rainy season and early season crops, the yield below

which the farmers would, on the average lose money is about 10 thang!

rai. Howevez, the profit margin is low at yields below 20 thang/rai

(especially since part of the value is made up of rice used for food,

which therefore does not help pay fo~ the monetary expenses of growing

the crop).

B.1. Rice yields

Mean rice yields as reported by the farmers in the study area are

shown in Table 5.5. The frequency distributions of the reported yields

are shown in Figures 5.3 and 5.4. The mean yields of the MV in the rainy

~eason were fairly consistent during the six years they had been grown,

ranging from 31 to 39 thang/rai (about 2 to 2.5 tons/hectare). Except
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Table 5.5. Comparison of rice yields among locationsl local versus modern varieties

A. Rainy season (yields in thang/rai)

19731 LV 12131 MV 12721 LV 12721 MY 19711 LY 19711 MY
0 it s.d. 0 x s.d. 0 x s.d. 0 x s.d~ 0 it s.d. n it a.d,

1. SSE,SSWa 20 36.2 9.4 12 41.9 11.9 30 24.9 11.3 15 30.9 16.5 29 26.1 9.4 12 37.2 8.7

2. BK, KKW 13 35.3 6.9 13 35.0 11.1 27 20.2 11.3 9 29.3 15.0 2'. 20.7 9.2 9 35.3 10.8

3. KKE,CTS 14 33.1 7.4 11 34.6 9.5 31 26.0 10.4 20 )3.2 14.1 26 20.4 13.8 i7 34.6 13.3

~. KBM,PPP 1'7. 33.8 7.3 16 36.8 10.3 33 26.0 8.7 19 41.0 13.9 31 18.7 9.8 12 34.7 19.4

Total 64 34.7 7.9 52 37.0 10.6 121 21•• 5 10.5 63 34.4 15.2 110 21.5 10.9 50 35.4 13.4

1970. LV 1970. MV 12691 LV 12691 MV 12681 LV 12681 MV
n it s.d. 0 it s.d. 0 x s.d. 0 x s.d. 0 x s.d. 0 x s.d.

1. SSE,SSW 27 25.1 9.6 6 )0.2 15.5 23 26.5 8.0 4 )8.0 4.0 19 28.8 8.1 3 32.3 7.5
2. Bit, KKW 24 21.6 6.2 3 36.7 5.8 19 21.9 6.7 0 16 22.4 7.2 0
3. KKE,CTS 21 24.,5 17.7 9 32.8 16.5 17 20.5 11.4 5 37.6. 21.8 12 22.0 12.2 1 60.0
4. KBM,PPP 26 18.J 8.9 5 26.9 14.4 22 18.8 8.4 0 11 20.9 9.3 0

Total 98 22.3 11.3 23 31.3 14.3 81 22.1 9.0 9 37.8 15.5 64 23.8 9.6 4 39.2 15.1

B. Early season

1913 !972 !971· !970 !969 1968
0 it s.d. 0 x B.d. 0 x s.d. 0 x s.d. 0 x s.d. 0 i s.d.

1. SSE,SSW 25 45,1 9.9 18 32.6 12.0 22 34.7 11.6 13 38.2 12.9 6 37.6 11..5 2 39.0
2. BIt, KKW 18 35.5 10.2 8 18.8 17.8 10 21.7 20.7 8 29.3 18.4 1 40.0 0
3. K1m,CTS 26 33.6 10.2 8 14.9 15.5 19 23.8 23.0 16 33.3 14.5 6 36.7 11.1 2 43.3
4. KBM,PPP 13 26.6 8.8 8 10.6 14.1 12 9.6 16.3 8 25.3 16.1 3 27.0 28.6 0

Total 82 36.4 11.7 42 22.4 16.6 63 24.6 19.7 45 30.8 16.6 16 35.4 14.7 4 41.2 8.2

a. Saeo Saep East, Saeo Saep Westl Bung Khl0, Kh10ng Khwang Westl
Chuat Ta Sil Khlong Ban Mai, Plum Phaeo Pha

Khloog Khwang East, W
I-'
N
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for 1973. mean yields of the LV were also consistent, from 22 to 25

t/r (1.4 to 1.6 T/ha). In 1973, with good growing conditions and no

serious pests, the LV yielded in the MV range, 35 tiro For all of the

other years, the LV yields were significantly lower than those of the

MV. The higher yields of the MV were undoubtedly a major factor in

their rapid adoption by the farmers. For the MV, yields were not

significantly different among geographic areas. The LV had signifi

cantly higher yields along the Saen Saep canal than along Khlong Ban

Mai and Plum Phaeo Pha from 1968 through 1971, reflecting the water con

ditions. In 1972, when a drought and flood occurred, and in 1973, the

LV showed no significant differences among areas.

Mean yields were more variable in the early season, ranging from

22 to 36 thang/rai (Table 5.5). The low yields in 1971 and 1972 were

mainly due to the rodent epidemic. From 1969 to 1973, yields were

significantly higher along the 5aen Saep canal than along Khlong Ban

Mai and Plum Phaeo Pha. This was due to, first, greater access to

irrigation water along the Saen Saep, and, second, to the rodent

epidemic.

2. Rice yields and causes of crop loss

Table 5.6 shows the percent of farmers reporting crop loss accord

ing to cause of loss and yield for the 1972 rainy season. Twenty-five

percent of the farmers reported loss due to flood, drought or storm

damage. and most of these farmers had a crop yield below 20 thang/rai.

Thirty-six percent reported crop loss due to pests (insects. diseases

or rodents), and of these farmers. 25 percent had yields in the 20 to

39 thang/rai range. The average rice yields of the farmers reporting



Table 5.6. Causes of crop loss, 1972 rainy season

Percent of farmers reporting; n-123
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rice yield by
Yield category; thang/rai cause of crop loss

Cause of loss 0-19 20-29 30-39 40+ Total n x s.d.

% % % % % (thang/rai)
Flood, drought,

wind storm 17.1 7.3 0 0.8 25.2 30 16.3 8.3

Insects, diseases,
rodents 8.1 11.4 14.6 2.4 36.5 37 26.9 8.9

Not enough money for
fertilizer inputs 1.6 1.6 4.9 0 8.1 10 27.4 8.0

No problem, no answer 0.8 17.9 18.7 5.7 43.1 44 31.6 7.4

Responses by specific cause

n % (of 123)

Flood 23 18.7
Drought 16 13.0
Wind storm 1 0.8
Rodents 17 13.8
Disease, YOLV 19 15.4
Stem borer,

white head 23 18.7
Leafhopper 2 1.6
Caterpillar 4 3.2
Lack fertilizer 6 4.9
No money 2 3.2
Sick, couldn't work 3 2.4



317

loss due to pests was only slightly lower than the average yields of

the farmers who didnot report any problem (27 thang/rai versus 32 t/r).

These relationships are alAo shown in Figure 5.5 in which c~op yields

and cause of crop loss are plotted against the costs of fertilizer,

pesticides, hired labor and fuel. It is evident from Figure 5.5 that

there was no correlation between crop yields and input costs in the 1972

rainy season. This was partly due to the effects of the drought and

flood, but even if the low yields due to drought and flood are removed,

the correlation remains low. Comparison of rice yields with amount of

fertilizer applied per rai also showed low correlation. The fact that

the rice yields did not differ greatly between farmers reporting losses

due to pests and those not reporting losses indicates two points: (1)

No pest was serious enough to cause a considerable or widespread crop

loss, as had occurred in previous seasons with rodents and YOLV, and

(2) pests existed at "normal" levels, meaning that they did not depress

crop yields much below levels usually achieved. Variation in pest

reports from farmer to farmer appeared to be mainly due to the awareness

or sensitivity of the farmers to the pests, and to the goals of

individual farmers for crop yields (farmers who had high yield goals

would tend to be more aware of low levels of pests than farmers satis

fied with average or low yields).

In the 1973 early season, yields along Saen Saep averaged almost

twice those along Kh10ng Ban Mai and Plum Phaeo Pha (45 vs. 27 thang/rai)

while in the central locations, yields were intermediate (35 thang/rai)

(Table 5.7). Pests appeared to be largely responsible for the

differences. Thirty to 50 percent of the farmers along Kh10ng Ban Mai

and Plum Phaeo Pha reported moderate to serious losses due to weeds,
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Table 5.1. Rice yields and causes of crop damage, 1913 early season

rice yield. b
Total by cause of

SSE,SSW BK.KKW KKE,CrS KBM.PPP area crop loss
n x s.d.

1. Rice yield. n 25 18 26 13 82
thanyrai it 45.1 35.5 33. 6 26.6 )6.4

s.d. 9.9 10.2 10.2 8.8 11.7

an 25 18 21 14 84
Cause of loss " " ,; " "2. Weeds 12.0 21.8 18.5 42.8 22.6 18 32.9 12.8

3. Rodents 4.0 16.1 3.1 7.1 7.1 7 38.6 1.8

4. Stem borers 12.0 16.1 35.3 50.0 26.2 19 31.4 12.8

.'i. Leaf eating
4.0 5.6 0 0 2.4caterpillars

6. Other insectsC 0 0 1.4 14.3 4.8

7. Diseases 0 0 31.0 28.6 16.7 13 29.5 14.7

a. Percent of farmers in each area reporting moderate to serious loss.
b. Average rice yields of farmers reporting moderate to serious loss for

each pest.
c. Army worm. grasshopper I leafhopper. thrips. rice bug. "moth".

IN....
.\0
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stem borers and diseases, compared to zero to 12 percent along Saen

Saep. Again, the percent of farmers reporting pest losses in the

central area was intermediate.

C. Pests and pesticides, 1973 early season

Table 5.8 gives a detailed list of the pests reported by the

farmers in the 1973 early season, and the pesticides used for each

pest. Nearly 80 percent of the farmers reported a weed problem (the

figure is higher than in the previous table, which included only moder-

ate to serious damage), and 68 percent used herbicide, 2,4-D marketed

under several brand names being the most widely used type. Thirty

percent of the farmers said ~odents were a problem, and 21 percent

used rodenticides, zinc-phosphide and parathion-methy1.with bait being

commonly used.

Nine types of insects were named by the farmers (most of the

common names include more than one species), but only two types were

widely reported, stem borer by 55 percent, and leaf eating and rolling

caterpillars by 21 percent. Eight insecticides were used against the

insect pests, with three kinds being the most popular, gamma-BHC

(lindane) used by a third of the farmers, and azodrin and "Boonsong

bomb" (no ingredients listed) each used by 11 percent. Twenty-six

percent used gamma-BHC for stem borers, but the rest of the insecticide

use was scattered, with less than 5 percent of the farmers using anyone

kind against a particular pest. A few farmers used herbicide and

rodenticide for insects, but in case of the latter chemical,

parathion-methyl is an insecticide as well as a rodenticide.



Table 5.8. Pests and pesticide use reported by farmersl 1973 early season

Percent of farmers using each pesticide (n = 84)
Reported Used "Doon- "Esso"
problem r st

-
Herb- Rodent- Gamma- Azo- Para- Bid- song Sevin Mala- End- "skull &

n "
cide icide icide BHC drin thion rin bomb" thion rin bones" Fuel

1. Weeds 66 78.6 66.7 66.7
2. Rodents 25 29.8 21.4 21.4

Insects
3. stem bore~ 46 54.8 41.7 1.2 26.2 4.8 1.2 1.2 2.4 4.8
4. Leaf eating 18 21.4 20.2 2.4 2.4 2.4 1.2 4.8 1.2 4.8 1.2

caterpillars
8 1.2b5. Grasshoppers 9.5 7.1 1.2 1.2 1.2 1.2 1.2

6. Armyworm 3 '3.6 3.6 1.2 1.2 1.2
7. Leafhoppara 4 4.8 3.6 1.2 1.2 1.2
8. Thrips 2 2.4 1.2 1.2
9. Adult stem- 2 2.4 1.2b 1.2

borer (moth)
lO.Aphid 1 1.2 1.2
11. Rice bug 1 1.2 1.2

Diseases
or symptoms
12. Dry leaf, 23 27.4 16.7 4.8 3.6 1.2 1.2 1.2 2.4

dead plant
4.8 4.813. Yellow, 15 17.8 1.2 1.2 1.2

red leaf
11.,.. White head 5 6.0 1.2 1.2
15. Leaf spot, 6 7.1 4.8 2.4 2.4 1.2

leaf streak
16. Total pest_a

69.) 6.0icide use 23.8 33.) 10.7 2.4 10.7 1.2 1.2 3.6 1).1 1.2

a. Some farmers used the same pesticide for more than one pest, so the total pesticide use adds

b.
up to less than the pesticide use for each pest.
Methyl parathion, packaged as a rodenticide, is also an insecticide. l,..;

c. Blank space = thd pesticide was not reported for that pest N....
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It was impossible in this study to determine exactly what caused

the symptoms listed as "diseases or symptoms." "Dry leaf, dead plant"

and "yellow or red leaf" were the most commonly reported symptoms, 27

and 18 percent (respectively) of the farmers reporting them. These

symptoms, and "white head," can result either from stem borer injury

or from several diseases or physiological disorders. The farmers did

use insecticides in an attempt to overcome the abnormal conditions (one

farmer used a herbicide). Whether or not the compound was effective,

the farmers often expressed the view that it was better to try something

rather than to do nothing. The trial process was an important means by

which the farmers learned which insecticides were effective or damaging,

although such experimentation is a dangerous way to learn.

D. Rice yield samples from farmers' fields, 1973 rainy season

In order to check the rice yields and the pest incidence in the

farmers' fields, I made regular surveys during the 15 months I spent

in the area. Pests were surveyed by sweep net collections and by sticky

traps in the fields. Damage to the rice was estimated by counting the

injured tillers in sample areas , Yield samples were taken from a sub-

sample of fields.

The results of the yield samples of RDI rice in four farmers' fields

2are included in Tabla 5.9. Four samples, each 9 m were taken from each

field. The locations of the samples were selected through use of a

random number table, applied to the coordinates of the field borders

(Figure 4.8 shows the locations of the yield samples for two farmers).

Pest damage to the rice plants was assessed during the growth of the

rice and at harvest. The yield samples were dried and weighed by Mr.

Kitcha Suwuttho, of the Rice Breeding Division, Bangkhen.



Table 5.9. Yield samples and pest incidence in farmer's fields

A. Rice yield and use of pesticides

Sample number of farmer

323

1. Yield reported by
farmer. thang,!rai

(variation due to
imprecise area)

2. Yield from s~le.

mean. thang,/rai
s.d.

3. Hills/m2

4. Tillers/hill
S. Fertilizer. N(kg,!rai)

P20 S
..

6. Gamma-BHC (kyrai)
7. Azodrin (spot applic.)
8 • Herbicide

102

38-45

41..4
2.8
4.8
6.8

3.0-3.5
4.0-4.4

0.5
+

+

218

33-40

37.0
4.2
3.4

11.1
5.4
5.4

seedbed
+

+

219

36

42.6
7.4
4.0

13.4
6.2
6.2
2.5
+
+

228

23-27

23.1
2.6
3.5
7.3
2.2

2.8
where pest
a
a

Percent of tillers

0.5 4.8 2.1 3.4
a 0 l.0 0.2
1.2 a 0.3 0
a 0.8 0.2 a

!!.:-£auses of damage to plants.
1. Stem borer (dead

hearts, white heads)
2 • Rat damage
3. False smut
4. Mealy bug
5. Plants stunted, panicles

not fully excised
(cause not determined) 13.2

6. Bacterial leaf blight 0
1.3 a

100.0 0
(dead leaves)

o
o

c. Pest incidence reported by the farmers
Seriousness of damagea

l. Stem borer 1 1
2. Dry leaf, white head 3
3. Caterpillar ate 1 2

seedlings
4. Weeds 2 1
S. Red stem and sheath 3
6. Black grain 1

a. 1 =slight damage, 2 = moderate damage, 3 = serious damage
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The yield samples were all within the range of yields reported by

the farmers. Variation existed in the yield estimate by the farmer

because the area planted was not known precisely. Three of the farmers

had yields of about 40 thang/rai, and one had a yield of 23 thang/rai.

Generally. inputs of ferti1izp.r and insecticides were higher for the three

2higher yielding fields. and ti11ers/m also tended to be higher.

The pests reported by the farmers correlated fairly well with the

pests that I recorded in the field. Stem borers were not very serious,

with less than 5 percent of the tillers showing damage; the farmers also

reported slight stem borer incidence. Two farmers said that caterpillars

damaged the seedbed. which I did not check. One farmer (#102) said that

there was a serious problem of dry leaves and white heads; I found that

the plants had a disease which caused stunting of the plants and incom-

p1ete emergence of the panicles. The plant pathologists at the Rice

Protection Research Center at Bangkhen were unable to identify the cause

of the problem. I found only 13 percent of the tillers infested, but

the farmer reported over 50 percent damage. The yield was not depressed

below the average for RD1 however. One other field (#218) had a

bacterial leaf blight infection. and 100 percent of the plants in the

sample had dead leaves. although the plants matured and gave an average

yield. The farmer reported a serious problem of "red stem and sheath."

referring to the bacterial leaf blight. In both of the above cases.

the farmers reported serious loss based on their observation of damaged

plants. The farmer who had a lower input in the crop (#228) did not

report any serious problems. and I did not observe any serious pest

problems either. The low yield was apparently due to a generally lower

level of management.
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III.A. Farmers' perceptions of rice pests

It was a fairly simple matter to find out the farmers' awareness

of those pests that they could observe directly feeding on the rice

plants. If the farmers reported rodents, grasshoppers or leaf eating

caterpillars, there was little chance for confusion in understanding

what they were referring to. By asking for the symptoms, I was able

to determine when the farmers were referring to small insects such as

rice hispa and thrips ("eat the surface of the leaf, and makes it

white"), and aphids ("suck the rice stem and leaves"). In the latter

case, there was a chance of confusing aphids and leafhoppers, both

termed "plia" by the farmers; the leafhoppers, however, are called "plia

chakachan," and only a few farmers reported either of these pEists.

A second group includes pests that are not directly visible, or

require some special knowledge to identify. Examples are stem borers,

YOLV, and other diseases. The farmers can see the symptoms, but may

not know exactly what is causing them. Asking the farmer to describe

the symptoms was not much help, since a symptom such as "yellow

leaves" could be caused by a number of things. I used some additional

methods to try to clarify the farmers' understanding of these pests: I

walked through the rice fields with several farmers, and asked them what

they called plants with stem borer and various disease symptoms, what

they thought caused the symptoms and what they did about each problem;

I showed a few farmers pictures of rice pests and diseased p~ants,

asking the same questions (I dropped this method, since the farmers

had difficulty relating the pictures to their experience); and, finally,

I showed rice plants with YOLV and stem borer to a subsample of 25
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farmers asking the same questions. (Figures 5.8 to 5.11; Tables

5.14 to 5.16).

B. Yellow orange leaf virus

Responses to the YOLV epidemic are a central theme of my research,

and the indirect responses by the farmers due to low yields and economic

losses have been detailed previously. Now, I will examine in more

detail the direct perception of the farmers of YOLV, their understanding

of its etiology, and their direct responses to it.

1. SYmptoms: Four or five days after infection, susceptible plants

begin to show lighter color between the veins on new leaves; stunting

begins at about 9 days, and the leaves turn yellow, starting at the

tips; by two weeks, the lower leaves are yellow, bend downward, and

begin to die; (Figure 5. 6A) • This period is termed the "shock phase."

Following the shock phase, most rice varieties appear to recover. This

is the "masked phase." Growth resumes, and the leaves are a darker green

than normal, and show some mottling (Wathanakul, 1969). This apparent

recovery is an important aspect of YOLV, since the farmers may interpret

it as the result of apply insecticide or fertilizer during the shock

phase. The local Thai varieties commonly show masking, but the suscept

ible modern varieties do not. Plants mature, but have delayed flowering

and uneven ripening, and yields are reduced 40 percent or more in

susceptible varieties (Wathanakul et al., 1971). The modern varieties

that were infected with YOLV in Bang Nam Prieo showed stunting, yellow

leaves and non-excertion of the panicle through the final growth stages

(Figure 5.6B). Cold weather, sunlight, and low nitrogen levels

result in more pronounced symptoms according to Sogawa (1976), and all
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A. B.

Figure 5.6. A. Yellow orange leaf virus; young rice plant showing severe
stunting and yellow-orange leaves.

B. Yellow orange leaf virus; plant at heading stage showing
stunting, yellow leaves, and incomplete emergence of panicles.
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of these conditions existed in the dry season crop in Bang Nam Prieo,

which showed severe yellowing and stunting.

The'symptoms that the farmers reported as occurring with YOLV

(actually, the conditions grouped by the farmers under the term "rok

bay si ~," or "orange leaf disease") are listed in Table 5.10. Ninety

percent of the farmers reported yellow, red, or orange leaves or a com

bination of these colors. This is understandable, since the name of the

disease implies yellow or orange leaves. Forty-five percent said the

plants were stunted, or grew slowly; 42 percent said the plants wilted,

the leaves dried, and then died; and 20 percent said the head came out

partially or not at all. All of the above symptoms could be due to

YOLV, or could be caused by other diseases or physiological damage.

Eleven percent of the farmers said stem borer was a symptom (or

cause) of "orange leaf disease." Some other symptoms could also be due

to stem borer, such as white head and rotten base. Some other symptoms

are due to other causes; black grain could be due to false smut, and

leaf spots are caused by several diseases as well as by insect damage.

From the symptoms reported, it is clear that the farmers were using a

broader definition of "orange leaf disease" than was intended by the

scientific term "yellow orange leaf virus"; the latter term was only

rarely used by the farmers, however. Individual farmers differed as to

which symptoms they considered to belong to "orange leaf disease."

The inclusion by the farmers of more than YOLV in their orange leaf

disease was further confirmed when I asked them whi~h years the disease

had occurred. Fifty percent said they had observed the disease between

1970 and 1973, the period during which YOLV had disappeared from the

area. Another 8 percent said it occurred both before and after 1970.



Table 5.10 a
S}~toms of YOLV reported by farmers
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n Percent

1. Total sample number 122
2. Never had YOLV 11 9.0
3. Had YOLV (used to figure percent for symptoms) 111
4. Yellow, red or orange leaf 100 90.1
5. Dries, wilts and dies 47 42.3
6. Growth slow, stunted 50 45.0
7. No head, head not fully excerted 22 19.8
8. Stem borer inside plant or at base 12 10.8
9. Rotten base, stem 8 7.2

10. Reduced tillering 7 6.3
11. White head, empty grain 3 2.7
12. Black grain 2 1.8
13. Uneven ripening 3 2.7
14. Plant stiff, leaves curled 5 4.5
15. Spots on leaf 3 2.7
16. The whole field has it 3 2.7
17. lbe whole hill dies 3 2.7
18. Recovers after apply fertilizer 1 0.9
19. Yellows after apply fertilizer 1 0.9
20. green-red-green-orange-die 1 0.9
21. Yellow, stunted until head 2 1.8

~ost of the farmers reported more than one symptom, so the totals
are larger than 100 percent.

A disease that the farmers included in the term "orange leaf

disease" is bacterial leaf streak (Xanthomonas translucens or X.

oryzicola), which causes yellow or orange stripes on the leaves

(Figure 5.7A). RD rice varieties were susceptible to this disease,

and accounted for some of the reports of orange leaf disease after 1970.

The RD rice varieties were also susceptible to rice blast

(Pyricularia oryzae), which causes dead leaves and rotting nodes

(Figures 5.7B and 5.10). Bacterial leaf blight (Xanthomonas oryzae)

also infected RD varieties, and the hybrid Puang Nahk line was also

susceptible to this disease. which caused leaves to die from the



Figure 5.7. A. Bacterial leaf streak symptoms.

Figure 5.7. B. Rice blast symptoms in seedlings.

330
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margins (Figure 5.9). The farmers called rice plants with dead leaves

"bay hang" (dry leaf), and the above diseases plus YOLV, stem borer and

several other diseases or physiological disorders could have resulted

in the symptoms described by the farmers.

2. Transmission and life cycle: Survival of YOLV requires:

a. Alternate host plants in the dry season. Wild rice, Oryza rufipogon

(-Q. perennis, O. fatua, and Q. sativa form spontanea), which grows all

year long in the deep water areas near canals and bung of the Central

Plain, was the main alternative host prior to adoption of the early

season crop (Hino, et al. 1972). Double and triple cropping allow the

virus to maintain a reservoir in cultivated rice all year long.

b. A vector population large enough to ensure transmission of the virus.

The green rice leafhopper, N. virescens is the main vector. This leaf

hopper is also almost entirely restricted to wild and cultivated rice.

Expansion of the early season crop allowed leafhopper populations to

increase in the off-season. In 1973, leafhopper populations were high,

but apparently the virus reservoir was low; in 1974, however, both leaf

hopper and virus reached high levels, and the disease spread rapidly in

the dry season and early season crops.

c. Susceptible rice plants at the right stage. YOLV is a "non

persistent" or "transitory" virus, in that it only remains in the vector

a short time (Ling and Tiongco, 1979). Transmission therefore depends

on the continued existence of susceptible rice seedlings available for

infection. Adoption of photoperiod-insensitive modern varieties allowed

the farmers to space out their planting times. allowing the co-existence

of several growth stages of rice, and permitting transmission of the
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virus (Inoye and Ruay-Agree, 1977). This problem had been foreseen by

plant pathologists. but apparently not by the plant breeders, at the

time the modern varieties were developed and released.

3. Control of yellow orange leaf virus: Recommended methods

for controlling tungro and YOLV include (Heinrichs. 1979; Kiritani.

1979):

a. Chemical control of the green rice leafhopper

b. Use of rice varieties resistant to the leafhopper and/or virus

c. Change agricultural practices to reduce the leafhopper population or

to prevent transmission of the virus, by changing planting date.

simultaneous planting. or eliminating the dry season crop.

In order for insecticides to be effective in preventing the leaf

hopper from transmitting the virus. it is necessary to prevent a

viruliferous population from moving into the seedbed or rice field.

This requires knowledge by the farmers of the transmission cycle of the

virus. and regular. prophylactic spraying before either the infected

leafhopper or virus occur in the field. In Thailand, recommended control

is to spray Sevin every 7 to 10 days in the seedbed, and twice after

transplanting (Wongsiri. et al., 1971). None of the farmers was using

this method at the time of my research, although the virus had not

occurred for a few years, so they had no great incentive to do so.

When I asked the farmers how YOLV was spread among the rice plants,

only one farmer out of 122 answered' that it was due to the leafhopper

(Table 5.11). Nine percent said they had never had YOLV in their

fields. Seventy-eight percent didn't know (perhaps they didn't under

stand the question). Four percent thought it was transmitted by stem
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Tabye 5.11. Farmers' understanding of YOLV transmission

1. Total sample number

2. Never had YOLV
3 • Don't know
4. Stem borer
5. Leafhopper
6. Root doesn't grow, plant rots
7. Saline water
8. Spread by water, because never change water
9. Running water and wind

10. Due to sunlight
11. In the seed
12. Something spreads it, even grass has it
13. It isn't spread, it comes some years
14. Caused by too much fertilizer

n

122

Percent
of total

9.0
77.9
4.1
0.8
0.8
0.8
1.6
0.8
0.8
0.8
0.8
0.8
0.8

borers. The remaining 8 percent gave several answers: water, wind,

sun, salinity, seed, fertilizer, it just comes some years. Some of

these answers refer to other causes of leaf yellowing, such as salinity,

wind, rapid water currents, and stem or root rot. The responses in-

dicate that some farmers are astute observers of conditions in the rice

fields, but that they have little knowledge of the transmission cycle

of the virus.

Methods of controlling YOLV (or, rather, "orange leaf disease")

used by the farmers are shown in Table 5.12. Forty-eight percent of the

farmers had tried insecticides. but only 20 percent said they worked

partly or totally. Twenty percent tried gamma-BRe, the rest used liqued

concentrate insecticides. Fifteen percent of the farmers tried in-

creasing fertilizer, and 10 percent thought the rice improved afterwards.
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The fertilizer would assist the apparent recovery of the plants as they

entered the masked phase of the disease. Three farmers tried decreasing

Table 5.12. Methods used to control YOLV by the farmers

22 19.8
12 10.8
10 9.0

11 9.9
2 1.8

0 0

Partial or
total success

n %
Tried method

n %

L Had YOLV 111

2. Tried insecticide 53 47.7
gamma-BHC 22 ·19.8
"skull and bones, chemical"a 31 27.9

3. Changed fertilizer
Increased 15 13.5
Decreased 3 2.7

4. Pulled out diseased plants,
replaced them 1 0.9

aInsecticide names reported by the farmers. Since they had used the
insecticides in the past, I Nas unable to determine the kind from
the container.

bpulling and replacing plants didn't work because the new plants
couldn't catch up.

the amount of fertilizer, and two of them felt it helped counter the

disease.

Table 5.13 shows the rice varieties changed by the farmers due to

YOLV, or similar symptoms due to other causes. This table does not

indicate the true extent of varietal change, since the major change,

adoption of modern varieties and the early season crop occurred as an

indirect effect of YOLV, and many farmers added the new varieties with-

out dropping the old ones.
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Table 5.13. Farmers who changed rice varieties as direct response
to "yellow orange leaf virus"a

Total number reporting change (some farmers changed more than one
variety. and some continued growing or re-adopted the variety
reported as "changed from"): 33 (27%) n OIl 122

c % c %Changed from n Changed to n

Khao 500 18 14.8 Khao 500 2 1.6

Khao Setthi 6 4.9 Khao Setthi 4 3.3

Puang Nahk 0 0 Puang Nahk 9 7.4

RDl 2 1.6 RDl 7 5.7

C4-63 0 0 C4-63 5 4.1

RD3 0 0 R~~ 2 1.6'.oJ')

"Leuang Sung"b 2 1.6 IILeuang SungII 1 0.8

Sam Ruang 1 0.8 Chao Fa 1 0.8

Kun La 1 0.8 Pluk Sek 1 0.8

Leuang Pratarn 1 0.8 Leuang Sampran 1 0.8

Leuang On 1 0.8 Total 33 27.0

Khao Ta Hang 1 0.8 From LV to MV: 12 9.8
Leuang Tia 4 3.3 From LV to LV: 19 15.6
Hom Mali 2 1.6 From MV to MV: 2 1.6

Total 39 32.0 From MV to LV: 0 0

aThe farmers reported rice with other causes of red or yellow leaves
as having yellow orange leaf disease. including bacterial leaf blight.
bacterial leaf streak. and others.

bllLeuang Sung" includes Leuang Tawng. Leuang Khamin and Khao Insee.

cThe IIchanged fromll and "changed to" columns are independent.
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Ten percent of the varieties changed were from a LV to a MV, and

16 percent were LV to another LV. The highest number of farmers, 15

percent dropped Khao 500, and 5 percent dropped Khao Setthi. A few

farmers added these two varieties. Nine other varieties were dropped

by one or more farmers, and eight varieties were added. Puang Nahk,

ROI and C4-63 were added by the highest number of farmers (9, 7 and 5,

respectively), in accord with the general increase in these varieties.

C. Stem borers

Four species of stem borer commonly occur in rice in Thailand:

Chilotraea polychrysa (Meyr.), Tryporyza incertulas (Walk.), Chilo

suppressalis (Walk.), and SeRamia inferens (Walk.) (Wongsiri, et al.,

1971, p , 41). Adults are small moths, called "chi E khao" by the farmers

(Figure 5.9G). The first three species lay eggs on the rice leaf, while

Sesamia lays its eggs between the leaf sheath and stem. Some farmers

said tha~ the moths sucked the sap from rice leaves, causing white leaves

and empty grains. Actually, the moths feed only on nectar, and the

farmers had probably observed moths on leaves with damage caused by

thrips, hispa, or microorganisms, and attributed the damage to the

moths. Only a few farmers related the adult stem borers with the larvae

in the rice plant. After emerging, the tiny larvae feed for a short

while on the leaf sheath and stem, and then chew a small hole in the

rice stem, and enter the stalk. The general name used by the farmers

for the stem borer larvae is "non kaw," but they use other names for

various stages of the larvae, and some farmers considered the different

stages to be different pests. Tne larvae eating the leaf sheath ~ere

called "r.on kin kap" (worm eats sheath), those eating into the base of
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the plant, "non kin khan" (worm eating base), and the larvae inside the

stalk, "non kin say" (worm eating inside) or "non kin ton" (worm eating

the stem). Some farmers distinguished the different species of borer

(Figure 5.9D) as "black mouthed" or "black headed" worm, "striped worm,"

and "pink worm," and some called the larger instars "~yaaw" (long

bodied worm). Some farmers thought that the worms eating the base and

roots (non kaw and non kin khan) were different from those eating the

stem (non kin say). They often reported that non kaw lived in the soil,

and ate the base of the plant; therefore, gamma-BHC, which was broadcast

on the soil or in the water, was for controlling the non kaw in the

soil, while a foliar spray, such as Azodrin or methyl-parathion, was

used for controlling the worm eating inside the plant. The hole made

by the larvae entering the stem allows stem rot to infect the stem

turning it brown or black (Figure 5.9B), and many farmers named rotten

stem and roots as symptoms of non kaw and non kin khon. Disease pro

ducing organisms can cause the same symptoms, and when shown a picture

of rotte~ nodes caused by rice blast (Figure 5.l0B), some farmers thought

it was caused by non kin khon (Table 5.14). Sometimes, the small red

larvae of a fungus gnat can be found feeding on the rotten plant, and a

few farmers thought the larvae were the cause of non kaw.

Larvae feeding inside the stalks cause the leaves to turn yellow,

and then to brown at death. If the larva enters a young plant, the

shoot dies, producing a "dead heart," and if the larva enters in the

booting stage, the heade, have white, empty panicles, called "white

heads" (Figures 5.7C, E, F). Farmers often call plants with stem

borer symptoms: "rok non kaw" (stem borer disease). Some farmers thought

this disease was due to a worm in the soil, which could not be found in



338

the plant, while others said that it was due to stem borer in the rice

plant. The reason for the confusion is that diseases or physiological

problems can cause similar symptoms, so the symptom may occur without

the stem borer. Conversely, stem borers may occur in a plant with a

disease. Further examination of the farmers' perceptions of diseases

helped to clarify their understanding of the relation between stem

borer and disease symptoms.

D. Perceptions of stem borer, YOLV, and other disease symptoms

Table 5.14 shows the responses of six farmers who were shown the

pictures of stem borer and disease symptoms (Figures 5.8 to 5.10). Five

of the farmers correctly identified the picture of tungro virus (the

same disease as YOLV) as "orange leaf disease." The farmers were not

able to relate the enlarged pictures of green leafhopper with the tiny

leafhoppers with which they were familiar.

Five farmers identified stem borers and stem borer entry/exit ho~es

by pictures correctly. Three of the farmers called the picture with

yellow leaves due to stem borer as "orange leaf disease," while one

farmer said the symptoms were due to stem bor~r. Four farmers recognized

enlarged pictures of stem borers correctly, and the other two thought

they were armyworms. Four farmers said the picture of a white head

was the symptom of stem borer damage, and two simply gave their term for

white head, "leep," meaning empty grains.

Two farmers called the picture of leaves with dead margins "bay

hang," meaning dry leaf, and one said this problem would not affect the

yi~ld. Two farmers thought the dry leaves were due to stem borer, and

two didn't know what the problem was. Five farmers said that the neck



Table 5.14. Farmers' responses to pictures of stem borers and
disease symptoms
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1- Figure 5.6c-A: Picture of rice plants with tungro virus symptoms
n

"Orange leaf disease" 4
"Disease, head doesn't come out" 1
"Don't know" 1

2. Figure 5.6c-B: Picture of green rice leafhopper, enlarged

None of the farmers could identify the enlarged picture,
and some of them asked if it was a new kind of a rice
pest. The reason was that the farmers were not familiar
with the idea that the photo-enlarged insects were the
same as those in their fields.

3. Figure 5.7A: Stem borer larvae in rice stem

Stem borer 5
"Non kaw" (stem borer) (2)
"Non kin say" (worm eats inside) (2)
''Non kin khan" (worm eats base) (2)
"Can't tell" 1

4. Figure 5.7B: Stem borer exit holes

Stem borer 5
"Non kaw" (1)
''Non kin khan" (3)
IINon kin kap" (worm eats sheath) (1)
"Can't tell" 1

5. Figure 5.7C: Rice plant with yellow leaves due to stem borer

"Orange leaf disease"
Stem borer ("non kin khan")
Don't know

3
1
1

6. Figure 5.7D: Stem borer larvae, 4 species, enlarged

~orms 2
Stem borer 4
"Non kin khan" (2)
''Non kin say" (1)
"Non hua dam" (black headed worm) (1)
"Non pak dam" (black mouth worm) (1)



Table 5.14 (continued) Farmers' responses to pictures of stem borers
and disease symptoms

n

7. Figure S.SE: Dead heart due to stem borer

"Dry leaf" (shown to only one farmer)

8. Figure S.8F: White head
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''Leep'' (white head)
Caused by stem borer
IlNon kaw"
''Non kin"
"Non kin kap"

2
4

(2)
(1)
(1)

9. Figure 5.9: Rice plant with bacterial leaf blight.

Dry leaf
"Bay hang. p1a mai, doesn't affect

Stem borer
''Non kaw eats sheath"
''Non kaw eats base"

Don't know

2
yie1d"

2
(1)
(1)
2

10. Figure S.10A: Rice blast. neck rot symptoms. similar to rot
due to stem borer exit hole

Caused by worm
''Non kin khan"
''Non''
Don't know, possibly worm

5
(3)
(2)
1

11. Figure S•lOB : White head due to rice blast, same appearance as
white head due to stem borer and other causes

White head ("1eep ") 3
Caused by worm 2
Don't know 1

Questions accompanying pictures: (n = 6)

1. What do you call the worm that eats inside the rice stem?

Worm ("non"), don't know name 5
(The farmers use the term "worm that eats inside")
''Non kaw" 1
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Table 5.14 (continued) Farmers' responses to pictures of stem borers
and disease symptoms

2. Is the worm that eats inside the rice plant the same as "rok
non kaw" (stem borer disease)?

Different 3
Same as "non kaw" 2

"rok non kaw" is caused
by "nen kaw" (1)

"Don't know if rok non kaw is
caused by a worm" (1)

Don't know 1

3. Is "rok non kaw" caused by a worm you can see?

Don't know
(But, all of the farmers said
Yes, caused by worm in stem

"same as non kaw"

4
"non kaw eats the base and nodes"

2

4. Is yellow orange leaf virus ("rok bay si sam" = orange leaf
disease) the same as "rok non kaw" (stem borer disease)? n = 4

Different 4

5. Is "rok bay hang" (dry leaf disease) the same as "rok non kaw"?
n = 4

Different 4
"rok non kaw causes short plant and the head doesn't come out,
rok bay hang doesn't cause short plant, the head comes out" (2)

(These farmers were explaining the difference between dead
heart symptoms due to stem borer and dead leaves due to
disease)

"Pull the shoot, if it comes out easily, caused by stem borer,
if not, due to disease"
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Figure 5.8. A. Rice tungro virus symptoms; picture
shown to farmers.
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Figure 5.8. B. Green rice leafhopper (N. virescens),
enlarged; pictures shown to farmers.
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rot and white head symptoms caused by rice blast disease were due to

"worm" damage, and three of them said stem borer. One farmer said that

he could tell if the symptoms were caused by stem borer by pulling the

flag leaf, to see if it was loose (the correct way of differentiating

blast from stem borer damage).

When I asked four of the farmers more detailed questions about

stem borer versus "orange leaf disease" and "dry leaf disease," they

all answered that these are different.

Twenty-five farmers were shown four rice plants (Figure

5 .11A-D) • The plants were all the same modern variety, Leuang Sampran.

Three plants had YOLV, at three growth stages: a young plant prior to

heading, a plant at early heading, and a nearly mature plant. The

fourth plant showed stem borer damage, with white heads and leaves

slightly yellowed. The rssults are shown in Table 5.15. In order to

understand the farmers' responses, it is important to point out that,

prior to this intervie~ in early 1974, YOLV had just re-infected the

area. In the earlier"YOLV epidemic, the disease had only infected local

rice varieties, and the symptoms had appeared in the early stages of the

rice plants. The modern varieties had been resistant to YOLV previously.

Just before the resurgence of YOLV, a period of much colder than usual

temperature occurred, with readings in the low 50's (OF). Therefore,

the farmers were responding to YOLV symptoms under conditions that

differed from their previous experience.

For the young plants with YOLV, nearly 40 percent of the

farmers said yellow leaf (actually "orange leaf") disease, and slightly

above 40 percent said the symptoms were due to stem borer. About 8

percent said the cold weather caused the symptoms, and some of them
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explained that the modern varieties could not stand cold weather. Only

4 to 8 percent said they didn't know the cause of the symptoms. For

the mature YOLV plant, nearly 40 percent said the cause was stem borer,

and only 4 percent said yellow leaf disease. Twenty-seven percent said

cold weather caused the symptoms, and 23 percent said they didn't know

or hadn't seen the symptoms before. Nine percent thought drought caused

the symptoms.

Table 5.15. Farmers' responses to rice plants with YOLV and
stem borer symptoms

A B C D
YOLV YOLV Stem borer YOLV

Responsesa Pre-heading Heading White heads Mature plant

n 25 23 25 22

1- Don't know, never 8.0 4.3 8.0 22.7
saw before

2. Stem borer 28.0 34.8 84.0 22.7

3. Yellow leaf or dry 16.0 8.7 4.0 13.6
leaf due to stem
borer

4. Yellow leaf or dry 36.0 39.1 0 4.5
leaf disease

5. Due to cold weather 8.0 8.7 4.0 27.3
(cause yellow leaf
Sj&llptoms)

6. Stunted plant 4.0 4.3 0 0

7. Drought 0 0 0 9.1

a farmers giving each response, based on a sub-Figures are percent of
sample of 25 farmers.
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Eighty-eight percent correctly named stem borer as the cause of the

plant with white heads, and one of the farmers said "yellow leaf due

to stem borer." Eight percent said they didn't know the cause of the

white heads, and one farmer said the cause was cold weather.

These results show that most of the farmers can correctly identify

stem borer symptoms, but that a f~i=ly u1gh prof~~tion tend to also

include disease symptoms under the "stem borer" category.

Table 5.16 shows the methods used by the subsamp1e of 25 farmers

to control YOLV and stem borer. Of the 92 percent of the farmers who

said they had experienced YOLV in the past, 52 percent said that

chemical controls were not effective against it, and 40 percent said

that chemical controls could help. Twelve percent said chemical con

trols wouldn't work against stem borer, and 88 percent s~id chemical

controls worked. A higher proportion of the farmers used alternative

control methods for YOLV than for stem borer. Twenty percent changed

the rice variety in response to YOLV, 12 percent changed to a later

transplanting date, and 4 percent (one farmer) each tried changing

rice seed, changing the water in the field. and making a religious

offering. For stem borer, one farmer dried the field (to apply gamma

BHC), and one made a religious offering. These results show that the

farmers have a general awareness that chemical insecticides are not

as effective against YOLV as against stem borer, and that alternative

methods are necessary.

It is also important to note that the farmers included other

diseases and, to some extent, stem borer under the category "yellow, or

orange leaf disease." Fifty-six percent said that YOLV had occurred

between 1970 and 1973, when it had virtually disappeared.
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C. Steml borer symptoms; leaves D. YOLV, plant nearly mature;
slightly yellow, plant not leaves slightly yellow, plant
stunted, panicles fully stunted, panicles'not fully
emerged, spikelets empty emerged, no white heads
(white heads)

Figure 5.11 (continued) Rice plants with stem borer damage and YOLV, shown to farmers. w
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Table 5.16. Control of "yellow leaf disease" and stem borer, by
subsample of 25 farmers shown plants

"yellow leaf or
orange leaf dis." Stem borer

n % n %

25 25

l. Didn't have 2 8.0 0

2. Chemical control
doesn't work 13 52.0 3 12.0

3. Uses chemical control 10 40.0 22 88.0
Gamma-BHC 6 24.0 19 76.0
Azodrin 0 4 16.0
"Boonsong bomb" 1 4.0 2 8.0
Other insecticides, 5 20.0 9 36.0

name not known
Malathion 0 1 4.0
Parathion 0 1 4.0

4. Change rice variety 5 20.0 0

5. Change rice seed 1 4.0 0

6. Dried field, changed 1 4.0 1 4.0
water in field

7. Transplanted later 3 12.0 0

8. Offering (religious) 1 4.0 1 4.0

9. Disease occured 1970 14 56.0
or more recently

.351
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IV. Pesticide Use and Responses to Pesticide Hazards

A. Adoption of insecticides and herbicides

Until about 10 years before the time of my study. less than 10

percent of the farmers used insecticides and/or herbicides (Figure

5.12). From 1963 to 1967. insecticide use increased gradually to

about 25 percent of the farmers, while herbicide use stayed at around

10 percent. After 1967. insecticide use increased very rapidly, to

adopters by 1973. Herbicide use increased somewhat less rapidly. with

60 percent of the farmers adopting it by 1973.

The earliest adopters of both insecticides and herbicides tended

to be located near the western and southern boundaries of the study

area. Prior to the construction of the road from Chachoengsao to Bang

Nam Prieo. innovations entered the area along the canals from Bangkok

or Chachoengsao (Figures 5.13. 5.14). Construction of the road was

followed by increased influence of Bang Nam Prieo and of the road it

self as centers of diffusion. Bang Nam Prieo market served as a source

of pesticides for farmers living within 6 to 8 kilometers, and beyond

that distance, the farmers used the peripheral markets at Khae Rai,

Tha Khai and Chachoengsao (Figure 5.15). Tne Amphoe agricultural

officer and the government credit organizations distributed pesticides

throughout the area, however.

There are several possible causes for the rapid adoption of

pesticides after 1967. The time span corresponds ~ith the period of

rapid adoption of other modern innovations: modern rice varieties

(Figure 4.9), the early season crop (Figure 4.12), and small tractors

(Figure 3.14). Fertilizer use also increased, although the percent of
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B. 1965-1967

D. 1971-1973

. , ,1
'4 k... N

A. 1964 and earlier

c. 1968-1970

Figure 5.13. Adoption and diffusion of insecticide use by farmers! years before 1974
Zero = non-adopter
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A. 1967 and earlier

C. 1970-1971

B. 1968-1969

D. 1972-1913
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4.... N

Figure 5.14. Adoption and diffusion of herbicidesl years before 1974
Zero =non-adopterl X = tried and rejected
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B :: Bang Nam Prieo market
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farmers using it was already high prior to 1967 (Figure 3.21). This

period of rapid adoption occurred during and just after the serious

YOLV outbreak. and it took place in spite of low and declining rice

prices. as shown previously. Rather than acting as a constraint on the

adoption of new methods. the YOLV epidemic served as a stimulus. The

Thai government rapidly developed the RD rice varieties. and the IMC

company. along with Thai government agents. actively promoted the RD

and C4-63 varieties. Both IMC and the Thai government also promoted

insecticide use. and the crop losses made the farmers receptive to

methods that offered a chance to overcome the problem. The government

also promoted increased credit through farmers' cooperatives for pur

chase of the new inputs.

In response to the YOLV epidemic and the rodent outbre~k that

followed adoption of the early season crop. the government established a

pest control unit in Chachoengsao. and made free pesticides available

to the farmers. along with extension training programs at the Amphoe

office. While the training programs may not have had much direct

effect on pesticide use by the farmers. the availability of free

pesticides and low-interest credit certainly had a major impact

(Tables 2.7,8, and 9 show the proportion of farmers who received

information about pest control and free pesticides from the govern

ment). Figure 5.15 shows the sources of pesticides used in the 1972

rainy season, with 23 percent of the farmers receiving free insecticides

or rodenticides from the government. The recipients were scattered

throughout the study area, and government sources included the village

headman, the tambol head, the Amphoe agricultural officer, and the

pest control unit at Chachoengsao. The predominant view expressed by
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the farmers was that the government was responsible for countering pest

outbreaks by giving free pesticides. On a few occasions, farmers had

gone to the amphoe to report a pest problem, and the agricultural

officer had told them that the problem was not serious enough to warrant

pesticide use, or that pesticides would not solve the problem. The

farmers told me that they thought the agricultural officer didn't want

to help them, or didn't know about pests.

B. Methods of pest control other than pesticides

Table 5.17 shows the proportion of the farmers using methods other

than pesticides for control of insects and weeds. About half of the

Table 5.17. Methods of pest control other than pesticides

Didn't Stem Leaf cat. Other
n % work borer Armyworm insects

1. Total used 60 48.8 (percent of total 'sample, n = 123)
alternate method

2. Dried field 19 15.4 3.2 7.3 2.4 1.6

3. Flooded field 8 6.5 4.1 0.8 5.7 0

4. Used more 15 12.2 4.1 6.5 0.8 0
fertilizer

5. Used less 6 4.9 1.6 1.6 0.8 0
fertilizer

6. Plant later 2 1.6 0.3 0.8 0 0.8

7. Plant earlier 1 0.8 0 0 0 0.8

8. Change rice 20 16.3 2.4 5.7 0 2.4
varieties

9. Hand weed 67 54.7
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farmers had tried some alternative method of insect control, mainly against"

stem borer. Methods included drying the field, flooding the field,

increasing or decreasing fertilizer, planting earlier or later, and

changing rice varieties. Most farmers reported that the methods didn't

work, or were only partially successful.

Hand weeding, generally using a knife or machete, was used by 55

percent of the farmers, often as a supplement to herbicides. Tilling

was another way of reducing weeds prior to planting. Most farmers dug

or trapped rodents, as well as using rodenticides. Three farmers used

electric fences to kill rodents.

C.l. Perception and use of pesticides by the farmers

The questions I will examine here relate to the farmers' under

standing of pesticides and their methods of pesticide ,use. First, it

is necessary to know what pesticides are used by the farmers. Table

5.18 shows the percent of farmers in each region who used each of the

pesticides available in the 1973 rainy season (also, see Table 5.8).

In as many cases as possible, pesticide names and formulations were

checked by looking at the pesticide container, if it was kept by the

farmer. About 20 percent of the farmers did not have the pesticide

containers for liquid concentrate formulations, and these are listed

under the names used by the farmers; "skull and bones" or "100%."

Herbicides, rodenticides, and crabicides have not been broken down by

type of chemical. Only a few farmers used rodenticides and crabicides,

and parathion-methyl was the most common chemical used, with zinc

phosphide also being used for rodents. Herbicides were marketed under

a large number of brand names (a list of compounds available in the

market is included in Appendix F), but the most widely used compound
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Table 5.18 Percent of farmers using pesticides, by region

SSE,ssw8 BK,KKW KKE,CTS KBM,PPP Total

Sample number: n

Herbicides, % usea

Gamma-BhC:

Parathion:b

Azodrin:

"Skull and bones,c 100%"

"Boonsong bomb, d
wonder bomb"

Endrin

Bidrin

Malathion

Sevin

Rodenticidese

Crabicidesf

29

72.4

58.6

24.1

o
20.7

o

o
o
o
o

10.3

10.3

25

48.0

72.0

32.0

4.0

36.0

8.0

12.0

o
4.0

4.0

8.0

o

30

40.0

56.7

20.0

20.0

16.7

13.3

3.3

3.3

o
o
o
a

33

42.4

60.6

12.1

33.3

6.1

39.4

o
9.1

o
o
a
o

117

50.4

60.7

20.4

15.4

18.8

16.2

3.4

3.4

0.8

0.8

4.3

2.6

a 2,4-D; 2,4,5,-T; and MCPA are the main kinds used.
bParathion and parathion-methyl
cNames used by farmers for liquid concentrate pesticides.

Included are the insecticides for which I could not determine
the name.

~oonsong bomb does not list ingredients.

e Rodenticides used were mainly parathion-methyl and zinc phosphide.

fCrabicides used were mainly parathion-methyl.

gSSE,SSW = Saen Saep East, Saen Saep West
BK,KKW = Bung Khlo, Khlong Khwang West
KKE, CTS = Khlong Khwang East, Chuat Ta Si
KBM, PPP = Khlong Ban Mai, Plum Phaeo Pha
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was 2,4-D, with a few farmers using MCPA. About 50 percent of the

farmers used herbicides in the 1973 rainy season, with the highest use

along the S&en Saep Canal (72 percent}, and 40 to 50 percent elsewhere.

Eight insecticides were used in 1973, but the use was concentrated

on four compounds: gamma-BHC (Lindane), used by 60 percent of the

farmers, parathion and parathion-methyl by 20 percent, azodrin by 15

percent and "wonder bomb" (a product of the Boonsong company which does

not have ingredients listed) by 16 percent. The products called "skull

and bones" are probably mostly parathion and azodrin, the most popular

liquid concentrate formulations. Four other chemicals, endrin, bidrin,

malathion and sevin (carbaryl) were each used by only a few farmers.

Insecticides show some interesting patterns of use. The log

normal distribution shown by the percent of the farmers using the

various compounds is similar to the log-normal distribution of rice

varieties (Figure 4.2), implying a strong selective pressure toward

certain insecticides by the farmers (assuming equal availability in

the markets). Spatial distributions are also skewed for some compounds.

Parathion and azodrin show a complementary pattern, parathion use being

highest in Tambol Bang Nam Prieo and declining toward the east, and

azodrin showing the reverse pattern. Wonder bomb also shows a regular

increase in use from zero along Saen Saep to 40 percent along Khlong

Ban Mai and Plum Phaeo Pha. These patterns are also similar to those

shown by rice varieties, particularly RD-l and C4-63 (Figures 4.6,

4.7 ), implying a similar aggregate selection process by the farmers

(again, assuming equal availability of the insecticides in the four

markets, an assumption borne out by my inspections of the markets).

Gamma-BRC, the most popular insecticide, does not show any major
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differences in percent users among the areas, however. About half of

the farmers used both gamma-BHC and one or more liquid concentrates.

while 10 percent used only gamma-BHC.

2. Sources of information about pesticides

The sources of information about the kind of pesticide to use.

the method of using pesticides and safety precautions reported by the

farmers is shown in Table 5.l9A. The highest proportion of the farmers

said they learned about pesticide type and method of use from neighbors

(45 and 39 percent). Nearly 30 percent said they found out which

pesticide to use and how to use them by trying them out. About 16

percent got information from a government officer or from a merchant.

Only a few said they got the information from the pesticide label or

from a pamphlet.

A higher percent of the farmers said they learned about safety

precautions by trial (42 percent). and 18 percent learned from neighbors.

Slightly more of the farmers said they got safety information from the

government or merchants (11 percent each). and 10 percent relied on the

pesticide label.

I checked pesticide containers to see whether they had directions

and safety precautions in Thai on the label. and the results are listed

in Table 5.l9B. Most of the liquid concentrate formulations did have

both directions for use and safety instructions in Thai. Boonsong bomb

had directions for use, but no safety precautions or ingredients.

Gamma-BRC. in the granule form for broadcasting. was often sold in con

tainers without labels. and this was also true of herbicides sold in

the granular form. Unlike the liquid concentrates. these compounds were

sold in bulk. generally in paper bags.



Table 5.19. Sources of information about methods of pesticide use and
safety precautions

A. Information sources named by the farmers

n = 121 Kind of Method of Safety
pesticide using precautions
to use pesticide

" " "1. Never used 8 •.3 8.3 8.3
pesticide

45.42. Neighbor 38.8 18.2
3. Try and see

results 27.3 28.9 42.1
4. Merchant 9.9 7.4 10.7
5. Government 6.6 8.3 10.7
6. Pesticide label 2·5 4.1 9.9
7. Pamphlet 0 6.6 0
8. Radio 0.8 0 0.8
9. Soldier, other 0 0 4.9

people
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B. Information on pesticide container

Number of No label Directions Safety precaut-
containers on container in Thai ions in Thai
checked n n n

Herbicides 11 2 7 5

Gamma-BHC 8 J 0 0

Parathion 15 0 14 14

Azodrin 6 0 6 6

Boonsong bomb 8 0 8 0
(ingredients
not listed)

Endrin 3 0 3 3

Bidrin 3 0 3 3
Sevin 1 0 1 0
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3. Farmers' knowledge of pesticide names and ingredients

As with fertilizer use, the farmers' understanding of the chemicals

they use for pest control is pragmatic, based on what they can observe

directly. The use names for pesticides based on the type of formula

tion (liquid concentrate. wettable powder or granulated) and the picture

on the container. Lack of knowledge about the actual brand name or

chemical content does not mean that the farmers are not knowledgeable

about how each compound works in the field. since results can be seen

almost immediately.

The general Thai terms for pesticides are "E kha ma1aeng" (medicine

that kills insects), "E kha E" (medicine that kills weeds), and "E

kha nu" (medicine that kills rats).. This terminology is important, in

that it implies that pesticides are like medicine, a beneficial substance

used to cure a disease, albeit dangerous medicines with the power to

kill.

The names reported by the farmers for the pesticides they used in

1972 and 1973 are shown in Table 5.20. Names reported in the first and

second interviews are compared, and more farmers knew the brand names

and chemical names in the second interview than in the first, most likely

due to the influence of the interview--detailed questions about pesti

cide use would certainly encourage some of the farmers to find out more

about the things they were using.

The name preferred by most of the farmers for gamma-BHC was "cock

roach feces (ya khi mang sat), due to the appearance of the granules.

Since the granules were formulated for broadcasting with fertilizer,

several farmers called the chemical "fertilizer" (this may explain why

several farmers said they increased fertilizer use in order to control



Table 5.20. Farmers' knowledge of pesticide names

First Second
interview interview
n s n "1. Gamma-BHC

a. Number usedz 66 34
b. Qidn' t kngw name

(~)
87.9 29 85.3

"cockroach feces" (62.1) (25) (73.5)
"fertilizer" ( 8) (12.1) ( 2) ( 5.9)
"granules" ( 5) ( 7.6) ( 1) ( 2.9)
"broadcast" ( 3) ( 4.7) ( 0) ( 0 )
"white powder" ( 1) ( 1.5) ( 1) ( 2.9)

c. Named. jlHC 8 12.1 5 14.7
2. Other insecticides

(liquid concentrate)
a. Number used * 118 44
b. pidn't kngw name 85 72.0 16 36.4

"skull and bones" (46) 09.0) ·(10 ) (22.7)
"chemical" (25) (21.2) ( 4) ( 9.1)
"spray" ( 7) ( 5.9) ( 2) ( 4.5)
"government" ( 7) ( 5.9) ( 0) ( 0 )
"poison" ( 0) ( 0 ) ( 1) ( 2.3)

c. Knew brand name 29 24.5 15 34.1
"Ozo, 100%" ( 9) ( 7.6) ( 3) ( 6.8)
"Boonsong bomb, (12) (10.2) (10) (22.7)
wonder bomb"

"Bayer" ( 3) ( 2.5) ( 1) ( 2.3)
"Endrex" ( 1) ( 0.8) ( 3) ( 6.8)
"Shell" ( 2) ( 1. 7) ( 0)
"Esso" ( 2) ( 1. 7) ( 1) ( 2.3)

d. Knew chemical name 4 3.4 13 29.5
Azodrin ( 2) ( 1.7) ( 9) (20.4)
Bidrin ( 0) ( 2) ( 4.5)
Parathion ( 1) ( 0.8) ( 0)
Malathion ( 0) ( 1) ( 2.3)
Sevin ( 0) ( 1) ( 2.3)
DDT ( 1) .8) ( 0)

3. Herbicides
a. Number used 72 48
b. Didn·t know name 68 94.4 38 79.2

"cheau.caI h (48) (66.7) (21) (43.8)
"red leaf" (17) (23.6) (14) (29.2)
"black leaf" ( 2) ( 2.8) ( 1) ( 2.1)
"man with hat" ( 1) ( 1.4) ( 1) ( 1.4)

c. Knew brand name 5 6.9 10 20.8
d. Named insecticide 1 1.4 0

* Some farmers used more than one insecticide, so the
numbers represent percent of total insecticide use.

365
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rice stem borers). Twelve percent of the farmers in the first round,

and 15 percent in the second round named the compound as "BRe."

Insecticides marketed as liquid concentrates were harder for the

farmers to identify precisely, since there are a large number of brand

names available. The farmers simplify the situation by classifying all

the compounds with the universal poison symbol as "skull and bones"

(hus kra10t). Other names were "liquid spray," "chemica1" and "govern

ment" (referring to the source). 'Twenty-four percent knew a brand name

and 3 percent knew the chemical name in the first round, but this

increased to 34 percent and 30 percent, respectively, in the second round.

Some brand names, like "Bayer," "Shell," and "Esso," are used on many

different pesticides, and would be misleading to a farmer who wished to

get the same chemical again. Some companies take advantage of the

farmers' propensity to identify a symbol on the container. Boonsong,

with an airplane dropping a bomb for "wonder bomb" is one example. "Ozo

100%" (parathion-methyl) is aimed at farmers who want their pesticide

strong (apparently, they do not realize that the strength is diluted

when they add the concentrate to water).

Most of the farmers identified herbicides by the picture on the

package, "red leaf" (2,4-D) being the most prevalent type used.

Seven percent of the farmers gave a brand name on the first round, and

the number increased to 21 percent on the second round. None of the

farmers could name the active ingredient of the herbicide they used.

One farmer said he used an insecticide (sevin) as a herbicide, and

another farmer said he used "red leaf" herbicide for insect problems.
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4. Reasons for choosing insecticides

Table 5.21 gives the results of the question "Why did you choose

the kind· of insecticides you use?". Slightly over half of the farmers

said they tried the insecticide(s). and it worked in killing insects.

or was better than other kinds they had tried. Nearly a quarter said

they got advice from a neighbor, or simply followed what other farmers

were using. About 10 percent each answered that they used what the

government gave them, or w1:latever was available in the market. Only 4

percent said they got advice from merchants about the best kind to use,

and one farmer used a kind advertised on the radio (Boonsong bomb).

Three farmers chose a kind that was easy to apply, and only one farmer

selected a type that was not harmful ~o humans (DDT). In the latter

case, the farmer said that if pests were serious, he switched to a

stronger insecticide, however. One farmer said he could tell the

insecticide he used was effective because even the fish died when he

used it.

The above results illustrate the importance to the farmers of

direct trial and observation of insecticides, either independently, or

through observation of neighbors; the "trial and error" and "aggregate

decision-making" processes.

The farmers preferred to see immediate results from the insecticides

they used, selecting fast-acting, highly toxic types such as parathion

and azodrin rather than safer types such as bidrin, malathion and sevin.

Fifteen percent of the farmers (19 out of 123) said they changed to a

stronger, more concentrated type to get better results.. The high

proportion using the slower acting systemic and fumigant, gamma-BRC,

used a different rationale, however, believing that the liquid
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Table 5.21. Reasons for using particular insecticides

n Percent

Advice from merchant

Heard about it on radio

1. Total respondents

2. Tried. worked good. better than
other kind

3. Follow neighbor. relative

1.0

51.6

23.2

9.5

8.4

4.2

1.0

3.2

49

22

9

8

4

1

3

1

95

with fertilizer

humans (DDT--but. if
use stronger kind)

Easy to apply.

Not harmful to
pests serious.

4. From government

5. Whatever is available in market

6.

7.

8.

9.

Additional responses:

"It's good--eveu the fish die"

"It kills pests quickly. but its dangerous"

concentrate. which they sprayed on the foliage. would not be effective

against stem borers. which occur inside the plant. Some farmers said

the strongest insecticides. such as parathion-methyl. were best because

"even the stem borers came out of the plant" when they used it.

One reason that the farmers like to see direct results from pesti-

cides is that occasionally. fraudulent compounds. such as flour. have

been marketed as pesticides.

5. Methods of pesticide use

An important question is: "What methods do the farmers use in

applying pesticides to their fields?". Proper application is essential
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if pesticide use is to effectively control pests while minimizing

dangerous aspects.

Rodents and crabs were mostly controlled through the use of baits

containing rodenticides or crabicides. Herbicides and insecticides were

mainly applied as granular formulations, which were broadcast by hand

with fertilizer, or as liquid concentrates which require dilution and

application by some type of sprayer. Farmers disliked wettable powder

formulations, since they were harder to mix than the liquid concentrates.

In a few cases, the farmers mixed the wettable powder with fertilizer

and broadcast it, as with granular formulations. The compounds formu-

lated as granules for broadcasting were gamma-BHC (which sometimes also

contained MIPC, a carbamate insecticide) and 2,4-D. About half of the

farmers used this type of application (Table 5.22). About 80 percent of

the farmers used sprayers to apply liquid concentrate formulations.

Table 5.22. Methods of applying pesticides

Sample number = 123 ~ Percent

Broadcast by hand, with 61 49.6
fertilizer (gamma-BHC
and herbicides)

Bicycle-pump sprayer 54 43.9

Pressure cylinder SO 40.6

Motor operated sprayer 27 22.0

Didn't use pesticides 10 8.1

Hand-operated '~icycle pump" sprayers were used by 44 percent, pressure

sprayers by 41 percent, and motor operated sprayers by 22 percent.

Sprayers were available from the government for the farmers to borrow,
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through the village headman or the tambol chief. A few farmers said

they diluted the liquid concentrate in a pail of water and splashed it

on the rice plants by hand. and one farmer said he poured the concentrate

directly into the water of the field and used a scoop to splash it over

the plants.

Tables 5.23 and 5.24 show the frequency and pattern of insecticide

applications. Nearly a quarter of the farmers said they used insecti

cides on a regular schedule. whether or not pests were present--that is.

they used the chemicals as a prophylactic. The remaining farmers used

insecticides when they observed insects or damaged plants. with 9 per

cent using both methods. Sixteen percent of the farmers seldom used

insecticides. for various reasons; only when pests were serious. or

because they couldn't afford to buy the chemicals (most of these farmers

also said they used insecticides when they observed insect problems. or

when free insecticides were available from the government). Five

percent of the farmers said they only used insecticides when the govern

ment gave them free. and 8 percent had never used insecticides (all but

two of the latter farme.rs adopted insecticides during my study). The

frequency of pesticide use indicates that. although over 90 percent of

the farmers had adopted insecticides by 1973. most of them were still

using the compounds in a fairly restricted fashion.

In Table 5.23. the type of pesticide application is broken down

according to type of chemical. For most of the insecticides, over

half of the farmers using them applied them over the entire field

(blanket application), the rest using spot applications where they

observed pests. Gamma-BEe ~~s used by the highest proportion of the

farmers (63%), and two-thirds of the farmers using gamma-BHC broadcast



Table 5.2). Frequency and timing of insecticide use

!L percents-
1. Total respondents 121
2. Use on a regular schedule, 28 2).1

whether or not pest is present
). Use when observe insects 93 76.8

(Both #) and #4) (11) (9.1)
4. Tried insecticides, but seldom 20 16.5

use them
Reasons I Only if insects serious (8) (6.6)

Expensive, no money (6) (5.0)
Only use in seedbed (2) (1.6)
Poison, afraid of harm () (2.5)
Only use gamma-BHC, "sku11"(2) (1.6)
Fertilizer reduces insects (1) (0.8)

5. Use only if free from government 5 4.1
Reasons I Lack money, small farm (2) (1.6)

Tried, no success (1) (0.8)
6. Have never used insecticides 8 6.6

Reasons I Insects not serious (J) (2.5)
Expensive, no money (J) (2.5)
Broadcast rice, use (1) (0.8)
fertilizer only

a. Categories are not mutually exclusive, so totals add
to over 100%.

Table 5.24. Number and type of pesticide applications

371

n = 84 Blan- Spot Seedbed Once Twice Three+ketn %

"
% % % % %

Herbicides 21 25 10 16 1 17 5 1

Gamma-BHC 5) 6) 4) 20 17 48 10 6
Parathion 16 19 11 8 4 11 7 1
Azodrin 12 14 10 5 1 12 0 2
"Boonsong 17 20 10 11 4 11 6 4

bomb"
"Skull" 14 17 1) 4 2 2 1) 0
Bidrin 5 6 4 2 0 4 1 1
Endrin :3 4 2 1 2 1 2 0
Malathion 1 1 0 1 0 0 1 0
Sevin 1 1 0 1 1 0 1 0
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it over the entire field with fertilizer. Seventeen percent of the

farmers used gamma-BHC in the seedbed, while only a few farmers

reported using other insecticides in the seedbeds. About three quarters

of the farmers used a single application of gamma-BHC and herbicide.

With liquid concentrate insecticides, farmers tended to combine blanket

spraying with additional spot applications where necessary.

Government and commercial recommendations generally have called

for the use of insecticides and herbicides as blanket applications at

regular intervals. In the case of some pests, such use may be justified.

For example, to break the transmission cycle of YOLV, it is necessary to

spray the seedbed with sevin to prevent the build-up of the green leaf

hopper. In the long run, however, blanket use of insecticides on a

calendar basis is apt to result iu increased pest outbreaks due to the

development of resistance and the reduction of the predator and para

site populations. At the time of my study, the rice farmers were

shifting toward more intensive use of pesticides, with an increasing

proportion of the farmers changing from occasional spot application

based on their perception of pests to blanket application at regular

intervals, supplemented by additional spot applications.

6. Levels of pesticide use

Table 5.25 gives the average amounts of pesticides used in the

different parts of the study area, as grams per rai. This tabulation

should be considered as a rough approximation of the actual intensity

of use. Whensver possible, I recorded the necessary information from

the pesticide container, but in many cases, the container had been

discarded. Generally, the levels of pesticide were low. compared with
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Table 5.25. Levels of pesticide used by region; 1973 rainy seasona

117 a.i.
S9
70 52
58
71

306 18
431

24
111 0;6
170

18
74 41
82
22

103
139

19
71
93

4
19 4
16

4
53
38

1
29

1
50

Total

o

o

13
81

110
o

3
63

fa zr:
65 49
66
20

516 31
625

4
13 6
11

11
44 25
52

2
120

KBM,PPP

o

o

1
22

30 a.i.
12
84 63
56
17

285 17
350

6
46 23
57

6
84 47
49

5
66
44

4
42
44

1
33 7

KKE.OTS

o

1
29

1
50

3
14 3

BK.KKW

o

6
41
20
o

o

o

o

29 a~l.
21
56 42
28
18

154 9
232

8
70 35
80
o

SSE.SSW

nx
s.d.

n
x

s.d.
!).
x
n
i

n
x

s.d.
n
i

s.d.
!).
x

s.d.

n
n
x

s.d.
!).
x

s.d.
n
x

s.d.

Malathitlr19ns/ral.

Sevin
(gms/rai)

"skull"
(gms/rai)

Azodrin
(gms/rai)

Bidrin
(gms/rai'

Gamma-BHC
(gms/rai)

"bomb"
(gms/rai)

Endrin
(gms/rai)

Parathion
(gms/rai)

Herbicides
(gms/rai)

a. For comparative purposes, pesticides were averaged on a "per rai"
basis, although about 20-60 percent of the farmers used spot
applications (depending on the compound). Therefore, the actual
concentrations at the place of application would be higher than
shown here. The figures shown are for the total amount of material
applied, followed by es'timated aCtive ingredieh'~s. Compounds
varied in amount of active ingredient among brand names. The
commonly used types were,
Gamma-BHCI 6% active ingredient
Parathion, parathion-methyl, 50% (some brands listed "100%" as a

sales gimmick, but had lower levels of active ingredient)
Azodrin, 56~ a.i.
Boonsong bombl no active ingredients listed
Endrinl 20% a.i.
Sevinl 85% a. s ,
Herbicides I 2,4-D, 70-80%a.i.1 MCPA, 25% a.i.
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recommended amounts. For example. the recommended level of gamma-BHC

is 2 kg/rai of 6 percent granules. while the average rate used by the

farmers was 150 to 500 grams/rai. Herbicides were also used at low

rates. Liquid concentrate formulations tended to be used as spot

applications. so the average per rai estimates would be low. Levels of

application in seedbeds. or in spots in the fields. could be high enough

to disrupt the populations of natural enemies of the rice pests. how

ever.

Comparing regions. Khlong Ban Mai/Plum Phaeo Pha had the highest

levels of gamma-BHC and Boonsong bomb. and this most likely was due to

the higher levels of stem borer reported in that area. Farmers in the

Bung Khlo/Khlong Khwang West area used much higher levels of the

strong poisons. parathion and azodrin. than farmers in the other areas.

Saen Saep had the lowest levels of pesticide use, and also the

farmers reported the least pests, and the rice yields were the highest

in the 1973 rainy season.

D.l. Pesticide hazards and responses reported by the sample farmers

A high proportion of the farmers using insecticides reported that

problems had occurred (Table 5.26). Eighty-six percent observed fish

dying after using insecticides, and most farmers said this happened

every time they used insecticide. One sample farmer lost a water

buffalo because it drank water from a field that had been sprayed,

and two other farmers reported that neighbors had lost water buffalo

for this reason. Only three farmers said that they changed insecticides

due to fish kills (in two of these cases. the farmers changed to an

equally toxic compound). and three farmers had stopped using
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Table 5.26. Pesticide hazards and responses reported by farmers

n Percent

1- Total sample 119

2. Use insecticides (before 1973) 109 91.5

3. Observed fish killed after using 94 86.2 (% of users)
insecticides

4. Water buffalo died (two cases 3
from neighbors)

5. Changed insecticide due to fish kill 3 2.8

6. Stopped using insecticide due to 3 2.8
fish kill

7. Farmer felt sick. dizzy, or had a 65 59.6
... headache while using insecticide

8. Farmer died from insecticide 3
(tumored from surrounding area.
none of the sample farmers)

9. Changed insecticide due to feeling sick 2 1.8

10. Stopped using insecticide due to
feeling sick 1 0.9

11- Hired workers to apply insecticide 2 1.8
because of feeling sick

insecticides due to fish kills. Farmers were apt to consider the fish

kills as evidence that the insecticide was effective in doing its job

of killing insects. Most farmers were careful to keep water buffalo

away from sprayed fields.

Sixty percent of the farmers reported that they had felt sick or

dizzy or had a headache when applying pesticides. Three farmers had

heard of someone in the general area who had died due to pesticide

exposure. Nine farmers (8% of the insecticide users) had gone to the

health clinic or to a doctor because of feeling sick from insecticide

exposure. As with the fish kill, the farmers did not seem to take the
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problems of their own exposure to insecticides very seriously. Eighty-

seven percent said that they used safety precautions (Table 5.27). but

these were generally minor. Forty-six percent paid attention to the

wind direction while spraying. Thirty-seven percent said they covered

their nose or face with a cotton cloth. to keep the dust. spray or fumes

Table 5.27. Safety precautions reported by the farmers using pesticides

n Percent

1. Total respondents 114

2. Used safety precautions 99 86.8

3~ Spray according to wind direction 52 45.6

" Cover nose. face with cloth 42 36.8"'t.

5. Use only a small amount. not strong kind 4 3.5

6. Keep away from children 3 2.6

7. Apply in the morning. when no wind 2 1.8

8. Hire others to spray 2 1.8

9. Bathe after spraying I 0.9

out. None of the farmers reported wearing coverings for their feet,

legs. arms or hands--important items. since they walk in the water while

applying the chemical. In a few cases. the farmers actually splashed

a dilute mixture of liquid insecticide (azodrin) onto the seedbed with

their bare hands. Only 3 percent of the farmers said they stored

pesticides where children could not reach them. Just two farmers had

changed insecticides because they had felt sick when using them. and

only one had stopped using an insecticide for this reason.

The general impression is that the farmers are very nonchalant in

their use of pesticides. Given that many of the chemicals used are
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highly toxic to humans (parathion, endrin), it is surprising that more

deaths have not occurred. It is possible that deaths have occurred

but have been attributed to some other cause.

2. Use of fish killed by pesticides or exposed to pesticide

residue for food

The use of fish and other foods from rice fields and adjacent

waterways was discussed in Chapter II, and is shown in Table 2.39.

Ninety-nine percent of the farmers catch fish for food, and 80 percent

of them catch the fish from. rice paddies and adjacent ditches. A

third of the farmers said they catch fish for food nearly every day,

a third catch fish several times a month, and a third.catch fish several

times per season, according to abundance. Shrimp and frogs are caught

for food by about half of the farmers, and paddy field rats are used

by a third of them. These figures indicate the importance of these

animals from the rice fields in the diets of the farm families. The

questions of interest to my research are: Do the farmers knowingly use

fish killed by pesticides for food? How long after using pesticides

do they begin catching live fish from their rice fields for food?

What pesticide residues are they likely to be subjected to when eating

fish from fields on which they applied pesticides? Have the farmers

changed the kinds or amounts of pesticides they use as a result of fish

kills in paddy fields?

The answers to these questions are given in Table 5.28. Eleven

percent of the farmers said that they often used dead fish. for food,

and 7 percent said they sometimes or rarely uaed them. The remaining

82 percent said they never used the killed fish for food. A few farmers
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thought the killed fish were all right to eat if they were deep-fried

in oil.

Table 5.28. Use of fish from sprayed field and fish killed by
pesticide for food

1. After using pesticide, how 'long before you catch fish from
the rice field?

n Percent

Total respondents
Don't catch fish
Within one day
Two days to one week
Over one week to one month
Over one month to two months
Two to three months

After rain, new water in field
After fish stop dying
After ~ hour, catch fish and put in

good water, edible
Only catch at harvest time
Fish are hard to find because of

insecticide use

73
18
14

4
6

18
5

5
2

1
1

1

25.6
19.2
5.5
8.2

24.6
6.8

6.8
2.7

1.4
1.4

1.4

2. Have you seen fish die after using pesticides in your rice field?

n Percent

Total respondents
No, don't use kind of pesticide

that kills fish
Yes
Yes, on other farms

3. Do you use fish killed by pesticides for food?

75

9
63

3

12.0
84.0
4.0

n Percent

Total respondents
Often, every time, "not dangerous"
Sometimes
Rarely (once or twice)
Never

73
8
1
4

60

10.9
1.4
5.5

82.2
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When asked how long after using pesticides they waited before

catching fish from the rice fields, 19 percent of the farmers said they

could catch fish the ~ame day, 15 percent said a month or less, 25

percent said from one to two months, and 7 percent said two to three

months. Some of the farmers thought the fish were all right to catch

after rain or floods brought new water to the fields. Although there is

quite a bit of variation in farmers' opinions as to how soon the fish

are all right to catch (and eat), it is significant that such a large

proportion thought that fish killed by pesticides or caught soon after

pesticide use were all right to eat. In a few cases, the farmers said

they sold the fish in the market from the fields on which they had

applied pesticides.

Residues of long-lasting compounds, such as lindane (Gamma-BHC)

build up in the food-webs of the paddy field, and bio-accumulate in

fish, so that the residue may be present after one or two months, as

shown in the following section.

3. Insecticide residue in fish from rice fields

In order to get an indication of the build-up of insecticide

residues in fish from rice fields, I collected fish from one rice

field over a period of 7 months and had them tested for residues.

Table 5.29 summarizes the results of the tests. Since the number of

fish collected was low, and the conditions were not controlled, these

results should be considered as preliminary.

Fish were collected from the field or from the irrigation/drainage

ditch adjacent to the field. They were immediately placed in glass jars

and frozen in dry ice. They were kept frozen and taken to the Pesticide



Table 5.29. Fish from paddy fields tested for insecticide residuesa

Insecticide Date of Date Time since Fish species Number
Sample used by last sample insecticide or sample of
number farmer application co11ect~~(LapplicatiQ!L_cOmpo~itign specim~ns Length

G-BHC em.
A-I Lindane latter 20/XU/ 1lll"ll1n 2 soil 4-

(Gamma-BHC) half/ 1972 months
1 kg/rai X/1972

Residue
G':BHC. DDT
None detected

~. testudineus I

A-2

A-3

A-4

B-2

A-5

A-6

A-,/

A-8

."

Parathion 1/I/1973 5/I/1973
. (Folidol

E-6oS)
250cc •• 50" cone ••
spot sprayed
Lindane ·X/1972 plUS 5!1/19?J
2kg/rai 511/19'/3

Puntius 1
3avanicus

Anabas I
testudineus

Ophiocepha1us 1
striatus

Trichogaster 1
trichopterus

Parathion
4 days soil 4

G-BHC
Z';""5'Jiionths (same as above)
plus same
day

..1'.:.. Javanfcua 2

!. trichopterus 3

13

9

17

7.5

11.5
9

6.5.
6.0
6.5
8.5

G-BHC Parathion
------ none det.

5.9Jppm

none det •

0.003ppm

none det.

A-9

A-10

18/1/19'7) Parathion O. striatus
17 days
ll-BHC
3 months
plus 2 weeks

!'. javanicus

1

I

5.50ppm

1.86ppm

A-11 !. testudineus 1 5. 84ppm

w
00
o



Table 5.29. (continued) Fish from paddy fields tested for insecticide residues

Insecticide Date of Date Time since Number
sam~le used by last sample insecticide of
num er farmer application collected application Fish species ·specimens Length Residue

Q::!!!!Q... Parathion

A-12 Parathion 1/1/1973 2/11/1973 Parathion a. testudineus 2 10.5 6.5?ppm.
one month- 10.0

Gamma-MC 5/1/1973 G-BHC
J:"5iiionths
plus one
month

A-13 .. .. .. " .!:. pectoralis 1 11.0 none det.

A-14
above plus

26/U/19?J 2/111/1973 G-BHC 10.0 0.4l2pplIIG-BHC, 3kg a. testudineus 2
apot li:3Iiionths 8.5
allplication plus

2 months

A-IS .. .. .. .. Q. striatus 1 18.0 none det.

A-16 all above .. 3l/Ul/ G-BHC a. testudineu'J 1 - 0;38lppm
1973 '5.'5iiio nth s

plus DDT3 months
A-I? " .. " .. 1 . pectoralis 1 12.5 0.38lpPIII 0.322ppm

A-18 .. " .. .. ! . ~richopterus 1 - none det.

SM-l,2,) all above .. l2/VU/ 9 months Q.. striatus J - none det.
19'73 plus

6.5 months

a. All fish were collected from the same paddy field or from the adjacent irrigatioq/drainage ditch.
The samples were immediately placed in glass jars and frozen in dry ice.
Tests for pesticide residue were conducted by Miss Supranee Srisombat at the Pesticide Testing
Laboratory of the Department of Agriculture, Bangkhen, Bangkok, Thailand.

w
ex>....



382

Testing Laboratory of the Department of Agriculture at Bangkhen, Thailand.

Tests were conducted by Miss Supranee Srisombat.

Five species of fish were collected, but it was not possible to

collect all five species on each of the collection dates. The five

species are: Anabas testudineus (climbing perch, pIa maw), Ophiocephalus

striatus (pla chawn, an airbreather), Puntius javanicus (pIa tapien),

Trichogaster trichopterus (pIa kadi), and T. pectoralis (pla salit).

All of these species are used as food by the Thai. Since the fish are

able to move into and out of the fields in interconnecting water

channels, and in the case of the airbreathers, to migrate overland on

moist ground, it is not possiole to know exactly how long the fish I

collected had actually spent in the rice field.

Soil samples were collected on two dates, and were also frozen and

tested for insecticide residues.

Insecticides used in the field were Lindane (Gamma-BHC) and

Parathion. Lindane was broadcast in the form of granules (6% Dol

granule). It had been used by the farmer for several years. It had

been broadcast by the farmer on the previous rice crop at a rate of

I kg/rai, two months prior to my first fish sampling, and again at the

time of the second sampling, at a rate of 2 kg/rai. With 6" of water,

this rate of 6 percent G-BHC amounts to ~ 2 ppm. A small amount of

lindane was used as a spot application on areas with stem borer damage

one week before the fifth fish sampling. Parathion was spot sprayed

on areas of the field showing insect damage four days prior to my second

fish sample.

The time of the collection of fish samples, from mid-December to

mid-July coincided with the dry season and the start of the rainy season.
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No parathion was detected in any of the samples. This was pre

dictable. since parathion breaks down rapidly. Lindane remains in the

environment for a longer period. The first sample of fish and soil

showed no detectable levels of lindane. which had been applied during

the flooding season two months earlier. The second sample. taken on

the same day lindane was applied. showed a high level in the soil

(5.93 ppm). a low level in T. trichopterus (0.003 ppm). and none

detectable in two other fish species. The third sample. two weeks after

the previous sample. showed high levels of lindane in three fish

species (0. striatus.!. javanicus. and!. testudineus). and none

detectable in!. pectoralis. The fourth sample. two weeks later showed

a high level in A. testudineus and none in T. pectoralis. The fifth

fish sample. two months after the second lindane application and one week

after the spot application showed a moderate residue in A. testudineus

and none detectable in O. striatus. A month later. A. testudineus

and T. pectoralis still showed moderate levels of lindane. while 1.

trichopterus showed none. The final sample. 6.5 months after the second

lindane application, showed no detectable residue in O. striatus. the

only species collected.

These results. although subject to the limitations discussed above.

do appear to indicate a build-up of lindane in the food-web of the rice

field during the first month after application. and gradually declining

residues over the next two months. There is certainly enough evidence

to indicate that people using fish from the rice fields for food would

be exposed to lindane residues.
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V. Summary

A. Costs. yields and losses

About 70 percent of the total rice crop was sold directly after

harvest. and another 8 percent was stored for sale later. Rent

payments accounted for another 8-9 percent of the total crop. Twelve

percent was used for food. and 3 percent was saved for seed. The

farmers were clearly growing rice as a commercial operation. while main

taining a degree of self sufficiency.

Costs of growing the rice crop amounted to about 40 percent of the

total value of the crop. Rent was the largest expense. at 14 percent of

the rainy season crop value. Labor and fertilizer each cost about 10

percent. seed and interest each about 2 to 3 percent. Pesticides were

the lowest input cost. only about 1 percent of the crop value.

For both the rainy season and early season crops. the farmers

suffered economic losses when yields were less than about 10 t/r

(thang/rai). and some farmers lost money. or had a very low profit.

at yields below 20 t/r.

From 1968 through 1972. yields of local rice varieties averaged 20

to 25 t/r. while modern varieties averaged 30 to 40 t/r in the rainy

season and about 20 to 30 t/r in the early season. The lower yields

of MV in the early season were due mainly to the rodent epidemic.

In ~972. low yields in the rainy season were due to bad weather

conditions; flood. drought and wind storm. During 1973. there were no

very stressful weather phenomena or pest outbreaks, and both the LV

and MV averaged about 35 t/r for both seasons. Comparing regions of

the study area, farmers along the Saen Saep canal tended to
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consistently get yields 5 to 10 t/r higher than those in the southeast,

due to better water conditions and fewer pest problems. In the 1972

rainy season, however, the lower-lying Saen Saep area was more

seriously damaged by flooding.

The most serious yield losses, with yields below 20 t/r, were due

to the rodent outbreak in the early seasons of 1970-1972, and to the

flood and drought in the 1972 rainy season. The YOLV epidemic occurred

too long before my field work (prior to 1970) to allow the farmers to

remember crop yields with any accuracy. During my field work, the

yields of the farmers reporting losses due to insects and diseaseD were

not significantly lower than the average yields for all fields. The

most likely explanation is that insect and disease incidences were

at normal (en4emic) levels. Field checks of rice fields showed that,

generally, less than 5 percent of the tillers showed damage by any

particular pest. Exceptions were fields with diseases, such as

bacterial leaf blight, in which nearly all the plants showed disease

symptoms (dead leaves), but the yields were not seriously depressed.

The return of YOLV in 1974 did cause serious crop losses after my

study was completed.

B. Farmers' perceptions of pests

For those pests that the farmers could observe directly, it was

fairly easy to identify the pests. This category includes: weeds,

reported by 80 percent of the farmers in the 1973 early season; rodents,

30 percent; leaf eating caterpillars and armyworms, 25 percent; grass

hoppers, 10 percent; leafhoppers, 5 percent; and other insects, 1-2

percent.
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The second category of pests includes those for which the cause

of injury to the rice plant is either not apparent, or requires special

knowledge to identify. Farmers named these pests according to the plant

symptoms: 55 percent named stem borer in the 1973 early season; "dry

leaf, or dead plant" were named by 27 percent; "orange, yellow, or red

leaf disease" by 18 percent, "white head" by 6 percent, and "leaf spot

or streak" by 7 percent.

Detailed questioning of some farmers, using pictures of rice pests

or pest symptoms, infected plants, and direct field observation, in

dicated that, while their knowledge of the biology of the causal

organisms was limited, their pragmatic understanding of the pests was

quite good. Most farmers had learned, through trial or from·neighbors,

that pesticides could control stem borers bu~ not rice diseases. A

few farmers continued trying insecticides and herbiciq~s for plants

with disease symptoms, however, indicating a continuing trial process.

Most farmers said that pesticides would not work against YOLV, or

"orange leaf disease." Slightly under half of the farmers had tried

insecticide for YOLV, but only 20 percent thought the insecticides

worked at least partly. Only one farmer was aware that YOLV is trans

mitted by a leafhopper, having received the information from the IMC

company agent. Most farmers had not used the recommended repeated

calendar sprayings of Sevin to defeat the transmission of YOLV by the

leafhopper. Only one farmer had used the recommended spraying, and he

said that it was not effective in preventing YOLV. Nearly a third of

the farmers said they had changed rice varieties as a result of YOLV

(or, "orange leaf disease"). This figure does not reflect the total
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chan~e in varieties that occurred as an indirect response to YOLV. how-

ever, as discussed previously.

c. Pesticide adoption and use

Prior to 1967, fewer than 25 percent of the farmers used insecti

cide. and under 10 percent used herbicides. Insecticide adoption

increased rapidly after 1967, with over 90 percent adopters by 1973.

Herbicide adoption was somewhat slower, increasing to 60 percent

adopters by 1973. Eighty percent of the farmers had adopted rodenti

cides by early 1973.

Possible reasons for the rapid pesticide adoption after 1967

include: (a) part of the general trend toward modernization. which

included MV, early season crop, small tractors, and increased fertili

zer use; (b) indirect influence of the YOLV epidemic, which provided

the stimulus for increased government and private (IMC) promotion of

pesticide use through free pesticides (government) and sprayers, and

training programs; (c) increased government credit through farmer

cooperatives for purchase of pesticides and other inputs.

About half of the farmers had tried some alternative method of

controlling pests, including: hand weeding. drying or flooding fields.

increasing or decreasing fertili~c=. changing planting dates. changing

rice varieties, and digging or trapping rodents. Seed treatment and

rogueing of diseased plants had been tried by only a few farmers,

without success.

Farmers generally did not know the brand names or ingredients of

the pesticides they used, although they had good practical knowledge

of the direct action of the pesticides derived from personal experience
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and information from neighbors. The most widely used insecticide was

lindane (gamma-BHC), used for stem borers, as a granule broadcast

with fertilizer. Farmers called gamma-BHC "cockroach feces," from the

appearance of the granules. Many farmers thought that stem borers lived

in the soil, and bit the base of the rice plant, so soil application

of gamma-BHC would control them (actually, the compound acts as a

fumigant and systemic). The farmers called liquid concentrate formula

tions "skull and bones," from the poison symbol, or "100 percent."

Farmers preferred the strong, rapid acting insecticides, with parathion

methyl and azodrin being the most favored compounds. Many farmers

also used a widely advertised product called "Wonder bomb," which did

not list ingredients on the label. Slower acting insecticides, such as

malathion and sevin, were not popular even though they are safer in

terms of effects on humans and other non-target species like fish.

The farmers generally expressed the view that fish kills were proof

of the effectiveness of the insecticide--only a few farmers stopped using

a compound because they were not satisfied with the types that did not

produce rapid results. Information from government sources, merchants,

or pesticide labels was used by only 20 to 30 percent of the farmers

in choosing pesticides and in finding out methods of use and safety

precautions. Sixty to 70 percent used direct experience or advice from

other farmers in pesticide choice and methods of use.

D. Pesticide hazards, and farmer responses

Although nearly all of the farmers who had used pesticides reported

that they had observed fish kills, and although 60 percent said that

they had felt sick while using pesticides, safety precautions were
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minimal. Only a few farmers changed pesticides, or stopped using a

pesticide, due to these hazards. Safety precautions included covering

the face with a cloth and watching the wind direction. I regularly

observed farmers spraying compounds such as parathion-methyl and

azodrin without covering their faces, arms, legs, or feet, and walking

in the spray drift as they sprayed (Figure 1.4). Three farmers (2

percent) had heard of someone dying due to pesticides, but it is likely

that the actual number is higher, since people who die are not

generally checked for pesticide residues in Thailand.

About a third of the farmers said they used fish from fields within

a month after applying pesticides, and 20 percent used fish within one

day. Twelve percent said they used fish killed by pesticides for

food, while 85 percent said they never used such fish for food. A few

of the farmers sold fish killed by pesticides in the market. Limited

data on insecticide residues from fish in paddy fields indicated a

build-up of gamma-BHC in the fish, but not of parathion. Although

levels of pesticide use were generally below recommended amounts,

amounts were high enough to cause ecological disruptions and health

hazards. The farmers were generally not concerned about these

problems, however.



CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

1. Conclusions

In my research I examined the thesis that agricultural change

occurs as an adaptive feedback process, by which farmers adjust their

farming methods through a trial and error process, with methods that

appear relatively more successful (as judged by the farmers) spreading

to additional farmers (Figure 1.5). I examined the adaptive feedback

process by analyzing the spatial and tempor~l patterns of change, and

by comparing the actual changes with the reasons for making the

changes as reported by the farmers. Two main espects of agricultural

change served as the foci of my study:

1. Adoption and adjustment of modern agricultural methods by

farmers, and

2. Responses by farmers to serious pest outbreaks (yellow orange

leaf virus and paddy field rodents), and to pesticide hazards.

I now summarize my results and discuss the implications of my

f~dings in relationship to my model of agricultural change.

A. Influence of socio-economic variables on adoption of mode=n rice

varieties and insecticides

Earliness of adoption of modern rice varieties and insecticides

was mainly related to three variables; one of which is economic and

two physical.
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1. Above average farm size (over 60 rai),

2. Location in relation tothe source of introduction (nearness

to the Amphoe office, roads, and markets),

3. Water control, and availability of irrigation water in

relation to land elevation.

~ocio-economic variables that did not appear to be related to

earliness of adoption included: education, religion (Buddhist versus

Moslem), observance of traditional ceremonies, participation in govern

ment credit and pest control programs, and percent of land owned versus

rented (farmers with above average land area who owned over 25 percent

of their land showed the earliest adoption, but small farmers who

owned over 25 percent of their land showed later adoption than small

farmers who owned less than 25 percent).

B. Sources of information about new farming methods

The farmers relied mainly on neighbors or direct experience as

sources of information about new farming methods. Fewer farmers relied

on government agents or commercial sources for farming information,

although these were important means of initial introduction of new

technology into the area. Mass media were not important as sources of

farming information, although most farmers owned transistor radios

(television, newspapers and magazines were not common, except in the

markets). The most likely explanation is that the mass media does not

generally present information about farming in ways that are useful to

the farmers (with the possible exception of commodity price information

on the radio).
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C. Socio-economic responses to crop losses and economic problems

From 1965 through 1972, the farmers in the study area experienced

serious economic problems due to crop loss (YOLV from 1965 to 1970,

rodents from 1969 to 1972, and flood and drought in 1972) in con

junction with a low and declining rice price due to the government

price ceiling. This period was also the time of the most rapid adoption

of modern farming methods by the farmers (pesticides, fertilizer, small

tractors, modern rice varieties, and the early season rice crop).

The economic problems appeared to give the farmers a strong incentive

to adopt new farming methods as a means of attempting to recover from

their losses. Although the earliest adopters tended to be large

farmers in favorable locations with water control, rapid diffusion of

new methods through the study area was greatly influenced by the

farmers' responses to crop losses.

Additional socio-economic responses to the crop losses included:

1. Increasing reliance on government sources of credit, ac

companied by defaults on loans. This trend was encouraged by increased

availability of credit through government cooperatives, and reluctance

by merchants to loan money to farmers who had defaulted on loans.

2. Change in land, labor, and capital investment. Farmers

adjusted the area of land they owned or rented in response to economic

problems. Agricultural census figures for Amphoe Bang Nam Prieo show

that be~ween 1963 and 1978, average farm size increased 5 percent, the

percent of farmers renting land increased nearly 10 percent, and the

percent of total area rented increased 20 percent.
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Farmers relied increasingly on family labor and hired labor,

rather than on exchange labor for their rice operation. The main

changes in capital investment were toward increased investment in

modern machinery (tractors, pump motors) and farm buildings (rice

threshing sheds).

3. Diversification of farm operation. Many farmers began

raising small livestock (pigs, ducks and chickens) to supplement the

income from the rice crop. This amounted to a small proportion of the

total farm income in the area, however. The major change in farm

operations was the adoption of the second, early season, rice crop as

a direct response to the availability of the modern~ photop~riod

insensitive, rice varieties after several ye4rs of crop loss due t~ ,

YOLV.

4. Change in occupation. Some farmers were forced to give up

rice farming, either temporarily or permanently, due to crop losses.

The land vacated was not taken out of production however, but was

rented by other farmers.

D. Influence of the physical environment on rice culture

A gradual, long-term'improvement in water control due to the

construction of canals, dams, and locks in the Central Plain provided

the pre-conditions necessary for the adoption of improved agricultural

methods by the farmers in Bang Nam P~ieo. Water control permitted

the switch from broadcast, deepwater, rice varieties to transplanted

rice varieties. It also made possible the adoption of the short

statured modern rice varieties in the rainy season over much of the

study area. The Greater Chao Phraya Project made available an increased
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flow of water in the dry season, permitting the rapid adoption of the

early season T~ce crop after 1968.

A gradient in land elevation in the study area exerted a major

influence on the rice varieties grown. Lower land in the northwest

requires that taller local varieties be grown in the rainy season,

and limits the planting of modern varieties. In the early season,

however, the low land is suitable for modern varieties due to the

availability of irrigation water. Farmers in this region grew local

photoperiod-insensitive varieties in the dry season prior to the

introduction of modern varieties. Higher land in the southeast is

suitable for modern varieties in the rainy season, but has a shortage

of irrigation water in the early season.

~~ater control projects could not prevent occasional drought and

flooding. Farmers have adapted to the occurrence of flood and drought

by maintaining a diversity of rice varieties suited to various water

depths.

E. Changes in rice cultivation practices and adoption of new methods

During the latter half of the 1960s, the rice prices received

by the farmers in Bang Nam Prieo declined slightly, and the farmers

experienced serious losses to their rice crop due to YOLV. Yet, the

farmers adopted modern rice varieties, a second rice crop, increased

use of fertilizer and pesticides, and tractors during this period.

While the rapid modernization process was occurring, the farmers were

haVing serious difficulties in repaying credit.
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How can we account for the adoption of modern methods concurrently

with low rice prices and crop losses? For the farmers, it seems as if

the economic difficulties they were facing served as a stimulus to

try new methods which held the promise of increased returns. The

rapid diffusion of these methods is evidence that the farmers viewed

them as successful. At the same time, the farmers were innovating and

discovering ways of reducing costs by sWitching to the use of flat

seedbeds, and by broadcasting rice. The saving was re-directed toward

the fertilizer, insecticide and herbicide costs. Increased use of

herbicides in broadcast fields could somewhat replace the advantages

of transplanting rice for weed control.

F. Adoption of modern rice varieties and varietal diversity

The process of adoption of modern rice varie~ies was'not simply

a replacement of local varieties, but rather the addition of several

new varieties to those already existing in the region. The farmers

used the same strategies in adopting new varieties as with the local

varieties; maintaining a diversity of varieties, each suited to a

certain range of economic, physical, or biological conditions; co~

bining varieties to allow flexibility under unpredictable conditions;

and regularly exchanging seed with other farmers.

The spatial patterns of the rice varieties in the study area, and

the reasons given by the farmers for maintaining a diversity of varieties,

supports the adaptive feedback hypothesis. That is, the farmers regu

larly experiment with growing several varieties in a complex, changing,

environment, increasing the area planted to the more successful
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varieties in the following season, but retaining the other varieties

as a hedge against changing conditions. Also, since no single variety

is superior in all of the qualiti~s deemed important by the farmers

(good price, good weight, high yield, good eating quality, resistance

to pests, fertilizer needs, and resistance to drought and floods, among

other things), they tend to grow two or more varieties to attempt to

reach satisfactory combinations.

G. The early season crop, and pest outbreaks

A major impetus to the adoption of modern varieties was the fact

that they could be grown in the dry season, giving the farmers an

extra cropping season in which to try to recover from the losses due

to YOLV. However, as the adoption of the early season rice crop spread

through the area, it was accompanied by a serious outbreak of paddy

field rodents. Many farmers dropped the early crop in 1972, due to

their experience with rodents the previous year. In spite of the

continued rodent outbreak in 1972, however. there was a large increase

in the proportion of farmers adopting the early crop in 1973. The

farmers were apparently willing to take a chance because rapid inflation,

which began in the latter half of 1972, was resulting in a rapid rise

in rice prices.

By early 1974, however, a resurgence of YOLV attacked the modern

rice varieties, previously considered by the rice breeders to have been

resistant to the YOLV vector. Unofficially released rice varieties

were also susceptible to YOLV, and may have had a role in its

resurgence. The disease was first discovered in the third season rice

crop (just beginning to be adopted in the dry season following the
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rainy season crop). The YOLV resurgence was a direct outcome of the

adoption of the dry season rice crop, which provided a reservoir for

the virus and its leafhopper vector. The extent to which the farmers

perceived pest outbreaks to be the result of new agricultural

practices depends on the complexity of the interactions in the rice

ecosystem. The farmers could observe directly that planting the early

season crop resulted in rodent outbreaks. The resurgence of YOLV was

due to more complex relationships--increased populations of the green

rice leafhopper due to the early season crop, and apparently a change

in the genetic strain of'the leafhopper to allow it to attack the RD

rice varieties. Generally, the farmers did not see a direct relation

ship between the early season crop and the YOLV resurgence in 1974.

The YOLV resurgence supports the prediction of the hazard response

model, that the diffusion of new methods often leads to new pest

outbreaks. However, the resurgence of YOLV appears to run counter to

the hypothesis that the farmers adjust thei~ methods to become better

adapted through trial and error process. In fact, the bad experience

of the farmers with the early season crop was with rodents, not YOLV.

To the farmers, however, the,situation may not have appeared unusual.

The RD varieties are susceptible to bacterial leaf blight, bacterial

leaf streak and blast, and the farmers didn't always differentiate

symptoms of these diseases from YOLV. The resurgence of YOLV on 'the

supposedly resistant RD varieties did not come as a surprise to most of

the farmers, whose past experiences had led them to expect pest

attacks. Typical comments were: "There is no such thing as a

resistant varietyll and "New varieties do fine for a few years, then

we have to change to others."
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H. Perception of pests and use of pesticides by the farmers

The farmers' understanding of pest problems and of proper use of

pesticides differs greatly from that of the pest management specialist.

Some pests could be readily identified (weeds, rodents, leaf eating

caterpillars, and grasshoppers, for example), and the farmers had no

difficulty in correctly naming these pests. Another group of pests

includes those that are not readily apparent, or require special

knowledge to identify (YOLV, other diseases, stem borers). The

farmers named these pests according to the symptoms they produce in

the rice plant, and confusion resulted because the symptoms are often

superficially similar, and physiological disorders (drought, wind,

nutrient shortages, or saline water) can also produce similar symptoms.

Such confusion made the response of the farmers to pest problems a

"hit or miss" situation, and the farmers tended to use the same trial

and error methods with pesticides as with other agricultural methods.

Unlike other methods, however, experimentation with pesticides can

have extremely hazardous consequences. Despite their lack of

detailed knowledge about pests and pesticides, many farmers did have a

fairly good pragmatic understanding. For example, most farmers were

aware that pesticides were not effective against YOLV. Pesticide

use by the farmers tended to be direct and uncomplicated, either as

a calendar application to avoid a presumed future pest problem, or as

a response to an observed pest. Choice of pesticide was based mainly

on past experience by the farmer, or advice from other farmers.

Rapid death of the pest was the goal. Death of other organisms in the

paddy field, such as fish, was taken as evidence that the compound was



399

effective in doing its job. Therefore. liquid concentrates with acute

toxicity were popular. Although most farmers had experienced

health effects from pesticides (headaches, dizziness) and direct

toxicity to fish in the paddy fields. they did not appear to consider

that these were serious problems. Only a few farmers had stopped

using a pesticide, or switched to a less dangerous compound, due to

pesticide hazards.

There was no enforcement of pesticide regulations in Thailand

at the time of my study, and a wide range of compounds was available

in the markets. including those that had been banned in the U.S. and

Japan (DDT. endrin, and methyl-parathion for example).

The methods of pesticide use by the ,rice farmers could be expected

to create problems of enhanced pest outbreaks (due to elimination of

parasites and predators of the pests). reduction of populations of

non-target organisms such as fish, and bio-accumulation of residues

in food webs. Pesticide use in the study area was still at relatively

low levels in 1973, and I observed only local incidences of pesticide

effects, including residues of gamma-BRC in fish.

I. Summary: Agricultural change as an adaptive process

How well does the empirical evidence from my study support the

model of agricultural change as an adaptive feedback process?

The answer to this question depends on which aspect of the

farming system is considered, the relative complexity of the changes.

and the time frame. If the time frame is short, the cause-effect

relationships simple and easily observable, and the component ea~ily
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adjusted, then it appears that an adaptive process does improve the

yield and economic retu"cns of the farming system. The best example

of this case would be the adjustment of rice varieties by the farmers;

combining several varieties with different characteristics in response

to unpredictable environmental conditions, trading seed regularly, and

altering the area planted to each variety according to past experience,

all are methods of attempting to reduce crop losses. The farmers,

however, are aware that these methods are not permanent solutions, and

that floods or pest outbreaks will continue to occur in spite of their

efforts to reduce losses.

It is clear from my study that farmers continually experiment

with new methods, or with modifications of existing methods. If a

farmer has better results from new or modified methods, neighbors may

also try the methods and the aggregate trial and error process

results in a shift in the farming system of the area. It would be a

mistake to conclude that such shifts necessarily lead to a better

adapted farming system, however. Methods which give better yields and

economic returns in the short term may set the stage for increased

pest outbreaks in the long term, and such disruptions may not be

apparent to the farmers at the time they are modifying their farming

practices for short term advantages. Conversely, a farming system

that is designed for long term stability may appear less attractive to

the farmers in the short term.

The challenge is to combine the positive aspects of the locally

adapted agricultural system (the diversity of rice varieties, for

example) with improved modern methods (pest management approaches) to
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arrive at an approach to agricultural development that is acceptable

to the farmers while reducing the potential for induced pest outbreaks.

II. Recommendations

A. An adaptive farming systems approach to agricultural development

During the past decade. an increasing emphasis has been placed

on a "farming systems" approach toward agricultural research and

development. which combines the social. economic. biological. and

physical components of agro-ecosystems into an integrated framework

(Ganjanpan. 1982; Hart. 1980; Harwood. 1979; Hildebrand. 1979; IeRISAT,

.1981; IITA, 1978. 1979. 1980; IRRI. 1977; Shaver. Philipp. and Schmehl,

1981). This trend came about. at least in part. due to concern over

the socio-economic and ecological problems brought about by rapid

adoption of Green Revolution technology in developing nations. It

must be noted that the worst scenarios of disastrous consequences from

the Green Revolution have not been realized. and that food production

has increased dramatically in countries where the new technology has

been adopted (Plucknett and Smith. 1982). There have. however,

been many smaller scale (but not minor) consequences, such as the YOLV

and tungro virus epidemics. It is likely that more serious problems

were avoided because of adaptive feedback processes. occurring both on

the level of the farmers and that of the applied agricultural researchers

and extension workers. For example, plant breeders responded to

disease outbreaks by developing resistant crop varieties as an ongoing

process.

Studies of agricultural change and modernization as adaptive

processes have been conducted by Day and Singh (1977) in India, and
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by Calavan (1977) in Thailand. The necessity of adapting new methods

to the conditions existing in local areas has been recognized as an

important part of the farming systems and cropping systems research

strategies (IRRI, 1977; Zandstra, et al., 1981).

Based on my own research findings, I can make the following

recommendations, which serve to support current farming systems

approaches:

1. Farmers tended to be skeptical about information concerning

new farming methods communicated through mass media or classroom-type

workshops. They readily accepted new methods they could observe

directly and evaluate in the field. They also preferred to experiment

with new methods and to modify them to suit their local conditions (not

always an improvement). Therefore, it is important to include in any

cropping systems program a pilot program, conducted by supervised

farmers under complete field conditions (including economic constraints).

The purpose of the field program is both to adapt the methods to the

local conditions and to demonstrate the methods to the farmers of the

region.

2. Farming systems programs should identify those aspects of

local agriculture that should be retained as part of new agricultural

systems. For example, the local rice varieties should be carefully

evaluated,rand those varieties with advantages to the farmers should

be retained, in much the way that the farmers in Bang Nam Prieo

combined local and modern rice varieties.
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B. Farm-level pest management and pesticide management

The serious impact of pests on crop production in developing

countries has been well documented (Cramer, 1967; Pimentel, 1978;

SmHh and Calvert, 1978). Indiscriminate use of pesticides for pest

control has often resulted in enhanced pest outbreaks, due to

development of resistance to pesticides by the pests and reduction

of the natural enemies of the pests (Adkisson, et a1., 1982; Conway,

1972; Rabb and Guthrie, 1970; Moore, 1967; Manners, 1974; Smith, 1970;

Smith and Reynolds, 1972; Stone, 1973; Watson and Brown, 1977).

Additional pesticide problems occur due to their affect on non-target

organisms, such as fish in rice fields (Areeku1, 1966; Huschenbeth

and Harms, 1975; Heckman, 1979; Kok and Pathak, 1966; Moulton, 1973;

Podharos, 1968; and Yunus and Lim, 1971).

It has been generally recognized that the solution to controlling

pests without the attendant prob1en~ of excessive or improper pesticide

use lies in the development and implementation of pest management

approaches, which are based on the structure and functioning of natural

ecosystems (Levins and Wilson, 1980; Loucks, 1977; Murdock, 1975;

Van Emden and Williams, 1974). The importance of the pest management

approach in developing countries has been discussed by Brader (1979),

Pimentel (1978), Matteson, Altieri, and Gagne (in press), Rabb and

Guthrie (1970), and Watson and Brown (1977). Application of pest

management to rice in Asia has been reviewed by Kiritani (1979), Lippold

(1972), Pathak (1968), Pathak and Dhaliwal (1981), Yoshimeki (1971),

and Yasumatsu and Torii (1968). Napompeth (1982) reviewed pest

management in Thailand and Yasumatsu, et ale (1980) reported the
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detailed findings of a long-term research project on integrated rice

pest control in Thailand.

The challenge to the implementation of pest. and pesticide
.

management lies in the adaptation of these methods to the level of the

farmer, and, at the same time, the incorporation of the desirable

features of the existing farming systems into the pest management

scheme.

Research on farm-level pest control methods has recently been

reviewed by Matteson, Altieri, and Gagne (in press). An international

research effort to identify the perception and pest control methods by

farmers is now underway (Tait, 1981). Detailed research is being
. ,...

conducted in the Philippines (Litsinger et al., 1980; Litsinger,

Canadi, and Alvioli, 1981; Litsinger, Price and Herrera, 1978;

Marciano, Mandac, and Flinn, 1981), in Thailand (Napompeth, 1982),

and Indonesia (Prasadja and Ruhendri, 1981). Research in Thailand

during the 1960s and 1970s has allowed rapid progress on development

of rice pest management (Yasumatsu, 1980), and these advances must

now be translated into applied methods that can be implemented by the

farmers (Napompeth, 1982.

The following recommendations are based on my research on

the perception and control of pests by the farmers in Bang Nam Prieo:

1. Farm-level pest management. It is essential to incorporate

the farmers' viewpoints about pest control and pesticide use into pest

management approaches. In other words, the pest management strategy

must be made acceptable to the farmers within their frame of reference.

I realize that this is a difficult task, particularly since many of
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the perceptions of the farmers about pest control are diametrically

opposed to the concepts of ecologically sound pest management

practices. In many cases of pest management adoption around the

world, farmers were not receptive to the pest management approach

until after their use of pesticides had made it virtually impossible

for them to continue growing the crop.

Application of the concept of farm-level, adaptive pilot programs

should offer a promising means of circumventing the above problems.

The pest management methods would be tested by trial farmers under

field conditions, allowing the methods to become adjusted to the level

of understanding of the farmers, and to be adapted to the conditions

existing in the field. Beneficial aspects of the local farming

system (varietal diversity, resistant varieties, natural controls, and

local cultural methods of controlling pests) should be incorporated

into the" pest management scheme.

Serious misconceptions about pests and about pest control methods

C~ the part of the farmers should be encountered through field-level

training programs, using hands-on rather than written or lecture

style, teaching methods. Farmers are receptive to methods that they

can see and evaluate directly.

2. Farm-level pesticide management. Serious pesticide hazards

result when dangerous compounds are made freely available to farmers.

The only way to prevent these hazards is strict regulation by the

government of pesticide sale and use. Pesticide companies have

generally not acted in a responsible manner in making pesticides



such as methyl parathion and endrin available to farmers in

developing nations.

Thai farmers need to be taught safety precautions in handling

and applying pesticides. Field demonstrations should be included

in pesticide training programs.

Current methods of pesticide use in Thailand are resulting in

build-up of pesticide residues in food-webs, and the contaminated

species are often used as food for humans. Increased pesticide

monitoring of foods in the markets and of food species in natur.al

settings, such as fish in paddy fields and canals, is essential and

compounds producing pesticide residues in food-webs should be

restricted or banned.
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APPENDIX B
INTERVIEW SCHEDULE

Interview Schedule: First Interview

Farmer and family:

Other place (where)

When returnl
Occupationl

Amphoel Bang Nam Prieo
Village I

Sample Number:
Date:

Changwat: Chachoengsao
'I'ambol:
Name of Farmerl
Interviewerl

1. Interviewed at:
Home I

2. Interview Record:
Not at home:
Not a farmer:
Not knOwni

3. Interview Situationl
Farmer alone: _0_. _

Farmer and other :farmers:
4. Location of Housel

Khlong:
Nearest landmarkl Kilometers:

S. Location of Rice Fields:
In how many places do you have rice fields?
How ~ar is each field from your house?
Do you have fields in other tambol or village? Where?

Distance from house Tambol Village
1
2

3
6. If farmer moved away: ask Pu Yu Ban or neighbors:

How many years ago did they leave (year)?
Where did they move to? Changwat, Amphoe, Tambol
What are they doing now?

Rice farming: Upland farming __ Other __
Why did they move away?
(I~ farmer moved to new location in study area, locate

and interviaw)

7. Person Interviewed
Name of head of farm:

If not present: interview other adult family member
Name: Relationship:

8. Number of families in household
How many families live here?

If more than one family
Do the :families work on separate farms': _

If separate: interview each farm head separately



APPENDIX A

CONVERSIONS FOR THAI WEIGHTS AND MEASURES

Table A.l. Conversions for Thai weights and measures

Weight: ~ English

1 Picul 60 kilograms 132.8 p..:unds
1 Catty 600 grams 1.32 pounds
1 Baht 15 grams 0.53 ounces

Capacity I

1 Kwein 2000 liters 440 gallons
1 Ban 1000 liters 220 gallons
1 Sat (Thang) 20 liters 4.4 gallons
1 Thanan 1 liter

Lengthl
1 Sen 40 meters 4).7 yards
1 Wa 2 meters 2.2 yards
1 Sok 50 centimeters 19.7 inches
1 Khup 25 centimeters 9.8 inches

Area:
1 Rai 1600 square meters 1914 square yards
1 Ngan 400 square meters 478 square yards
1 Tarang wa 4 square meters 4.8 square yards

ccnversf cm Thang,lrai to . kgsl hectare and lbs/acre
1 hectare = 6.25 rai

1 acre = 2.5 rai
1 thang of rice (15% moisture) ~ 10.1 kilograms
1 thang/rai '; 63.13 kilograms/hectare: 15.8 t/r = 1 Ton/ha
1 thang/rai; 56.37 pounds/acre: 35.5 t/r = 1 ton/acre
In reality, the conversion from thang to kilograms is

quite variable, since the rice varies in moisture content,
compaction and density (which varies with variety) .



9. How many years have you farmed your presen~ land?
If moved here from ano~her area

Where did you live before?
Changwd _ Amphoe _ Tambol _ Village
If moved in wi~hin ~hree years. do no~ in~erview,

unless moved from adjacen~ Amphoe
Were you a rice farmer where you lived before?

Yes No _ Wha~ occupa~ion?

Why did you leave your former loca~ion?

Why did you come ~o ~hls place?
10. How many rice crops do you grow each year?

If only one crop.
Why don'~ you plan~ more ~han one crop?

If only one crop, omi~ gues~ions abou~ dry season crop
How many years ago did you s~ar~ plan~inga (wha~ year?)

A second crop? A ~hird crop?

11. Rice area and yields over pas~ .five years I lis~ in Table 1
How many rai did you plan~ ~o the pas~ rainy season crop

(year 2515)1
Of ~ha~ area, how many rai do you own? Ren~ in
How many.kwein of rice did you ge~ from ~he pas~ rainy

season crop (2~~5)?

For ~he 2515 dry season cropa Rai planted , yield in Kwein
Ask ~he rai plan~ed and yield for each season in ~rnl

2514, 2513, 2512, 2511, and en~er in the table.
If ~he farmer can'~ remember to~al produc~ion, ask him

~o es~imate his average yield in ~ang per rai.

laa.Causes of low yieldsl lis~ in Table 1
Over the past five years, Which years did you get a low

yield from your crop? Rainy season Dry season
Wha~ was ~he cause of ~he low yield each time?

Table 1
Year Season Rai To~al Es~ima~ed Reasons for low

Plan~ed Produc~ion Yield yield
(Kwein) (Tang/rai)

2515 Rainy
Dry

2514 Rainy
Dry

2513 Rainy
Dry

2512 Rainy
Dry

2511 Rainy
Dry
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12b.Before 2511 (5 years ago), can you recall serious crop 410
losses which occurred to your crop? Yes No

If yes. What were the causes of the crop loss each time?
What year (or how many years ago) did each loss occur?
What was your estimated yield each time?

Cause of loss Year (years ago) Yield (est.)________ thang/rai

1). With the conditions you usually face, what is the highest
yield you would be satisfied to get from your rice crop?

thang!rai (or kwein)
If you couldn't get the highest yiela, what is the lowest
yield you would be satisfied with?

thang!rai (or kwein)

14. Rice varieties
What rice varieties have you planted, and what years did
. you plant each variety? Rainy season? Dry season?
Each time you changed to a different variety, what was "the

reason?
Table 2
~ Season Varieties
2516 Dry

2515 Rainy
Dry

2514 Rainy
Dry

2513 Rainy

DrY
2512 Rainy

Dry

2511 Rainy
Dry

2510

aeason for change

15. Farmers' opinion about rice varieties
Of the rice varieties you know about, which give a better

yield,
In the rainy season?
In the dry season?

Which varieties have better grain quality?
Which varieties bring a better price?
Which varieties have fewer insect and disease problems?

Which varieties have more insect and disease problems?
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soil and changing methods
enough water for your rice crop?16. Do you sometimes lack

Yes No
Do floods cause damage to your rice crop? Yes No
Do rain or wind storms sometimes damage your crop?

Yes No
Do you have any other water problems? Yes No
If any of the above answers are yes, complete the tablel

Problem Seasons Number of times How serious was
occurred in past 5 years crop loss

Problems of water control,

(Estimate crop loss: 1. less than 10% 2. 10% to less than 1/2
. J. 1/2 to less than 90% 4.90% to all)
17. For the rainy season rice crop, do you have to pump water

into your rice field every year? Yes No
What kind of pump do you use?

How many years have you used a pump?
Do you own a pump motor? Yes No
If yes, for how many years have you owned one?

18. Do you have a problem of poor soil? Yes No
If yes, what is the problem?

19. How many years ago did you start using chemical fertilizer
on your rice?

Have you changed the brand of fertilizer you use?
Yes No
If yes, why did you change?
What do the numbers on the fertilizer bag stand for?

20. How much fertilizer do you apply to your rice crop? kg/rai

Have you used more fertilizer in the past: Yes No
Have you used less fertilizer in the past: Yes N~

How many years ago did you change?
Why did you change?

21. Have you found it necessary to use more fertilizer on any
varieties of rice you planted? Yes No

If yes, which varieties:



Pest problems and pesticide use

22. Do you have a weed problem in your rice field? Yes No
If yes, in which season are weeds more serious?

Rainy season _ Dry season __ No difference _
Don't know

How much crop loss do you have due to weeds? (estimate)
1. Slight (~ess than 10~) 2. Moderate (10% to less than 1/2)
3. Serious (1/2 to less than 90~) 4. Total (90% to all) _

23. What methods do you use to control weeds?
How often do you use each method?

Use Don't Once in Every Times per
~ _ years year season

Mechanical weeder
Herbicide
.Hand weed
Other (what?)

24. If farmer uses herbicide I

How many years ago did you start using herbicide?
What is the name of the herbicide you used last season?

Don't know
If farmer has herbicide package, write namel
Have you changed the kind of herbicide you used in the past?

Yes No
If yes, why did you change?
Have you tried using herbicide and stopped? Yes No
If yes, why did you stop?

25. Farmer's perception of insect problemsl fill out table
What insects cause damage or loss to your rice crop?

(List the name or description as given by farmer)
Describe the type of ~age caused by each insect~

How serious was the crop loss caused by each?
(Use the same categories as for weeds)

In which season is each insect more serio~s?

How many times in the past 5 years have you experienced
serious crop loss due to each insect mentioned?

412

Insectl name
or deecribe

Type of damage How serious Season Times in
______ Rainy Dry past 5 yrs.



26. Farmer's percep~ion of disease problems I fill ou~ ~able 413
(Lis~ ~he name or descrip~ion as given by farmer)
For yellow orange leaf virus, go ~o gues~ion33

Wha~ diseases cause damage or loss ~o your rice crop?
What does the damaged plant look like?
How serious is the l~ss caused by each disease reported?

(Use the same categories as for weeds)
In w~ich season is each disease more serious?
How many ~imes in the pas~ 5 years have you had serious

crop loss from each disease mentioned?

Diseasel name or Type of damage
appearance

How serious Season Times in
Rail'l¥ Dry pas~ 5 yrs.

27. Have any of ~he insects or diseases you reported become
more serious in recent years? Yes~ No
Less serious? Yes No

If either answer is yeSI
Which insect More Less Reason for change
or disease serious serious

Which
pest

28. Have any insec~s

after you made
Change Didn't

me~hod

or diseases become more or less serious
any of the following changesl
change Insec~ and More Less

disease same serious serious

Began plan~ing

second crop
Increased
fertilizer

Decreased
fertilizer

Changed rice
variety

From _

To
Other (lis~)

29. Con~rol of insects and diseases
(Ask for each insect or disease named above)
For ~he insec~s and diseases you mentioned, did you try any

methods of control?
If ~ried, wha~ were ~he me~hods you used?
How often did you use each m~thod?

How successful was each method in con~rolling ~he problem?

Insec~ and
disease

Did not Did ~ry Methods How often How successful
con~rol control used .::u.:::s.::,e:,d _
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30. In addi~ion to the methods you·named, did you try any of the
following me~ods to control insects or diseases?
(Read only those not already named)

For which insect or disease?
How of~en did ypu use each method?
How successful was it in con~rolling the problem?

Method Didn't Tried Insect or How often How successful
. try disease .::u.::s.::e.::,d _

Flooding field _____
Changed planti.u0.g__

date. Earlier Later
Changed rice .==-==--. _
varie~. From To

Changed amount of _
fertilizer. More less

31. Use of chemical insecticides
How many years ago did you start using chemical insecticides?

No

If own, for
how many years

RentBorrow

Do you know the name of the insecticide you used during the
past season?
Yes What name
No Describe container
If farmer has container, write name
Why did you choose that kind.

What kind of sprayer or method of application do you use?
(Complete the table)

Method of Use Own
application _
Broadcas~ by hand _
Hand sprayer (type) _
Motor sprayer (type) _
Other (what?) _

32. Since you began using insecticides, have you increased the
number of applications needed to control insects?
Yes No

Have you had to change to a stronger or more poison kind
in order to control insects? Yes No
If yes: From what To what

Have any insects become less serious since you began using
insec~icides? Yes No _
If yes, what insect?

Have any insects become more serious? Yes
If yes, what insect?

Remarks.



JJ. Yellow orange leaf virusl perception and
Did this area have an outbreak of yellow

Yes No Don't know
Did it affect your rice crop? Yes

If yes, what did your rice plants look
had the disease?

control
orange leaf virus?

No
like when they

415

How else were they affected?
How many years age did yellow orange leaf virus occur?
What was your rice yield when it occurred?
~ Yield (thang/rai or kwein)

How is yellow orange leaf virus spread from one rice plant
to another? Don't know

Did you try any ways of reducing yellow orange leaf virus?
Yes No Don't know any way
If yesl what methods? How successful?
Method Successful Not successful

As a result of yellow orange leaf virus did youl
Change your rice variety? Yes No

From what To what
Change the amount of fertilizer you used? Yes No

More Less
Change your planting date? Yes No

From what To what _

34. Other pestsl percep~ion and control
What other pests, such as rodents, birds or crabs cause loss

to your rice?
Complete the following table

Pest

Rats
Birds
Crabs
Other

(name)

Occurs Season
more serious

How serious
was the loss

Number times
serious loss
in past 5 years



35. What methods of control did you use?
How often do you use each method?
Are the methods successful or not?

416.

PestMethod
Trap
Shoot
Net
poison
Other

(what?) _

How often used Successful Not successful

pests you named become less serious
Yes No

Have a:ny of the
than before?

If yes, which?
Have a:ny become
If yes, which?

more serious? Yes No

36. Problems of pesticide use, perception and response

After you used herbicide, insecticide or other pes~icide

have you seen any animals, fish or birds die?

Yes No Don't use pesticides _

If yes, complete the table

Animal died

Water buffalo

Fbh

Birds

Other. (what?)

Pesticide How often has
it happened

When did it
last occur

!1....!l2' Have any of these problems happened to other farmers
near here? Yes No What?

Have you changed any' kind of pesticide you used in the past
to avoid killing fish? Yes No

If yes, From what _ To what _

37. After using any pesticide have you ever felt sick?

Yes No

Ha~e you or your family members ever had to visit a medical
practitioner after exposure to pesticides? Yes No

If yes, How long ago How many times did it happen __

Have you stopped using any pes~icide or changed to another
kind because of getting sick? . Yes No

Has a:nyone near here died from exposure to Pesticides?

Yes No Don't know

Do you use safety precautions to avoid effects of pesticides?

Yes No

If yes, What safety precautions?



;8. ~ice cultivation methods and changes

In preparing your land, which of the following do you use?
In which season do you use them?
How many times do you do each of them?

417

Practice Rainy season Dry season
Use Don't use No. times Use Don't use No. tices

Burn stubble
Plough
Harrow
Puddle

Have you stopped using any of these practices? Yes No

If yesl Which practices? Years ago
Why stopped?

;9. Do you use a tractor? Yes No
Do you rent it or own it? Rent Own

What type of tractor is it?
Large imported Small imported Local __
Local puddle tractor _____

How many years ago did you begin using a tractor tOI

Ijarrow
Haul rice
Other (name)

do you presently use for the following?
used a ~ifferent method before, complete the table.
Present Past method Years ago WhY changed

(if different) changed

~
Plow

Puddle
Thresh rice

40. What method
·If you have

Method

Years ago Don't use ~ Years ago Don't use

Seedbedl flat
narrow ridges

Days in seedbed
Plantings

Broadcast
Transplant

Hill spacing
Plants per hill'
Planting date

(seedbed or broadcast)
Ra.,iny season
T;ry season

41. Costs and returns
How much did you spend for each of the following for the

past rainy season crop (2515)?
Where did you purchase each item?
~ Didn't use Quanti~ Q2.§! ~lhere purchased

Seed
Fertilizer '
Herbicide
Insecticide
Rodenticide
Fuel
Other (list) __
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No

hiredFor the following jobs, did you use exchange or
labor, and what was the costl

Exchange Hired: unit cost total cost

42.

~
Prepare

seedlings _

Transplant
Harvest
Other (list) _
4J. Did you borrow money for the pa~t rice crop (2515 rainy)?

If yes: How much did you borrow?
Where or from whom did you borrow?
What did you use the money for?
How much interest did you pay?
Did you bUy on credit for the past ric~ crop? Yes
If yeSI What did you buy?
How much did you bUy on credit?
Where did you bUy on credit?

44. Have you had difficulty repaying loans or credit due to
crop loss or low rice price in the past 5 years? Yes __ No

If yes: Years ago What reason? __

Has it become easier or harder for farmers to get loans or
bUy on credit in the past S years?
Easier Harder No change Don't know
If easier or harder, what is the reason?

45. Disposition of past rice crop
How many kwein of paddy rice did you sell the past season?

Kwein
Where did you sell it?
What price did you get? _

How much did you keep to sell later?
How much did you keep for food?
How much did you keep for seed?
How much for other purposes? What purpose?

46. Farm type and tenure
In addition to your rice land, do you own or rent any

other land? Yes No
If yes: How many rai own How many rent·in ----
If owns additional land: How many rai rent out
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47. If farmer rents rice land (Question 11)

What is the rental arrangement on your land?
Cash. Amount per rai per year
Rice. Amount per rai per year
Otherl Amount per rai per year

Has the rental arrangement changed in the past 5 years?
Yes No If yes, what change Years ago __
In the previous 5 years? Yes No change Years
Did you own your rice land in the past? Yes No ___

If yesl How many years ago did you change to renting _
48. Have you bought any land in the past 10 years? Yes No

It yeSI How many rai How many years ago
Have you sold any land in the past 10 years? Yes No

If yes I How many rai How many years ago _
49. Family

How old are you (farmer)? Are you married? Yes No
How many children do you have?
How many people live in your household?
Ages ~ Female
Over 60
16-60
a -15

, 50. Education
How many grades of school did you attend (farmer)?
What is the highest level in school of your children?
What is the highest level in school of a person presently

living in your household?
51. Religion

Buddhist Moslem other _

52. Interviewerl indicate attitude of farmer
Friendly, readily volunteers information
Neutral, answers questions, but not enthusiastic _
Unfriendly, reluctant to answer questions



In~erview. Schedule: Second In~erview

Changwa~: Chachoengsao
Tambol:
Name of Farmer:
In~erviewer:

In~erviewed a~:

Home:
In~erview record:
No~ a~ home:
In~erviewed:

Farmer: Wife:

Amphoe: Bang Nam Prieo
Village:
Sample number,
Da~e:

O~her plac.e (where)

When re~rn:

O~her (who)

Amount of damage or loss
slight moderate serious

~. Did you plant a dry season rice crop this year (2516)?
Yes No

If yes: Broadcast Transplanted
D~te of broadcasting or sowing seedbed: Month Wax ~jane

Date of transplanting: Month Waxing ~"'aning _

Have you harvested ~he dry season crop yet?
Yes Month _ WllIxing Waning~
No Will harvest mon~h _ Waxing __ Waning

2. How many rai did you plan~ to ~he dry season crop?
What varieties did you plant?
If more than one varieties, how many rai to each?
If harves~ed, what was the to~al production?
If more than one variety, wha~ production from each?
Variei;y ~ Production, kwein

Did you have a shortage of water for the dry season crop?
Yes No

J. Was ~he dry season crop damaged by weeds, insects, diseases,
or other pests?

Name or Appearance of
description damaged plant

What methods did you use for controlling the pest problems?

Weed, pes~ Method of control
Kind or ~esticide Complete

Success
Partial Didn't work
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4. If farmer used chemical pes~icidesl

Wha~ me~hod of application did you use?
A~ wha~ stage of the rice did you use each kind?
Did the person applying the pes~icide feel sick afterwards?
Did you observe animals, fish or birds killed? What?
Pes~icide Method of application Stage of rice Applicator Animal

__________________ felt sick died

5. Did any other problems cause damage or loss to the dry season
rice crop? Yes No
If yesl give details

6. For ~he

crop?
Item

following items, Which did you use en the dry season
Complete the table

Didn't Used Amount Where purchased Cost
use

Seed
Fertilizer _
Herbicide
Insecticide _
Rodenticide _

Fuel
Other(list) _

For the following jobs,
Job Done by

farmer
?lowing
Harrowing
Puddling
Seedbed
Pull seedlings _
Transplanting
Harvesting
Threshing
other (list)

what was the source of labor?
Hir~d labor

Exchange labor ~ cost

Cost?

8. Did you borrow money for the present dry season crop?
Yes No
If yesl How much? Complete the table

Amount
borrowed From where Used f(jr Interest

9. Did you buy anything on credit for the present crop?
Yes No
If yesl How muchl

Used for what?
From wherel



10. How many kwein of paddy rice did you' sell for the present crop?
_______ kwein

Where did you sell it?
What price did you get?
How much did you keep to sell later?
How much did you keep for food?
How much did you keep for seed?
How much for other purposes? What?

11. What prices did you get for your rice for the past 5 years?
(If farmer can't remember, ask for lowest and highest prices)

2515 Dry
2514 Rainy _

Dry
251J Rainy _

Dry
2512 Rainy _

Dry
2511 Rainy _

Dry

12. What new varieties or government varieties of rice have you
tried in the past?

Were they short varieties? Were they dry season varieties?
Complete the following tabl~:

Variety Short Dry Year Source Stopped ~eason

season first of growing s~opped

~seed

lJ. Does the farmer rent his rice land? Yes No
If yeSa
Where does the landlord live?
Do you pay the landlord directly, or his agent?
Landlord Agent

How many times a year does the landlord come to see you?

Does the landlord or his agent suggest that yJU try
different farcing methods? Yes No

14. Have you changed the area of riceland you rent in the past
10 years? Yes No
~f yes, complete the table:

Rents more Rents less Rat changed -Years ago Reason
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15. Do you pay tax on your rice land? Yes
If yes, how much per year

No



16. Who do you usually talk to about rice farming methods and
problems?

In the past year, who have you asked fur information about
new of different farming methods?

In the past year, who have you asked for advice about
farming problems?

In the past, have you gotten advice about ways to improve
your rice yield fromr
Government officials 'What position ~--_

Merchants or companies What comparlY'
Agricul tural cooperative or other group
Bank What bank _

17. Has the government or a company had the f~llowing programs
in this area?

Did you observe·or participate?
How many years ago did you participate?
Program Government Company Observe Participate 'tears

had program had prog. ~

Rice yield contest __
Rice demonstration _

Multiply seed
Rice training course
Promote second crop
Give seed, fertilizer

or pesticide on credit
Send agents to talk

about improving
yield

18. Has the government had any of the fallowing programs about
pest control in this area?

Did you participate? How many years ago?
Program Government had Participate Years ago

program
Rat control
Send agents to

spray pests
Distribute pesticides
Loan sprayers
Training program

on pest control
and pesticide use

Distribute pamphlets
on pest control

Other (list)
19. Have you requested advice on pest control from the government?

Yes No
If yes, complete table

Official or department What pest problem: What assist~~ce
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20. Who do you usually ask for information about what kind
of pesticide to use?

Who do you ask about the best way to use pesticides?

Have any merchants given you advice or pamphlets about
pesticide use?
Advice Yes No
Pamphlets Yes No

Have you gotten information about safety precautions in
using pesticides from any ~ource?

Yes No From what source
21. Which of the following best describes the way you use

insecticides?
A. You have never tried any insecticides

Why not?
B. You have tried them in the past, but almost never use them

Why se1dom use them?
C. You use insecticides only if the government gives them to

you Why don't you bUy them?
D. You use insecticides whenever you see insects damaging

the rice
E. You use in~ecticides for every rice crop at about the

same time before you see insects damage the rice plants

F. Other methods, comments

22. Before preparing the seedbed or plowing the rice field do
consu1t a monk or lunar c~ender or use other means of
selecting an auspicious day? Yes No
If yes, for. which season? Rainy Dry _
If no, did you do it before? Years ago stop

23. Before plowing or making the seedbed do you make an offering
to Chao Thi Chao Thang (the spirit of the land)?
Yes No
If yes, which seasons? Rainy Dry _
If no, did you do it before? Years ago stop

24. Do you make an offering before transplanting the rice?
Yes No
If yes, which season: Rainy Dry
If no, did you do it before? Years ago stop __

25. Do you make an offering to Mae Po Sop (the rice Goddess)
when the rice begins to head out? Yes No
If yes, which seasons: Rainy Dry
If no, did you do it before? Years ago stop _

26. Do you bring a bunch of rice to the threshing floor for
Mae Po Sop (Yok Na)? Yes __ No _
If yes, which seasons: Rainy Dry
If no, did you do it before? Years ago stop

27. Do you Lak Lan (make merit) at the threshing floor before
threshing rice? Yes No
If yes, which rice crop: Rainy Dry _
If no, did you do it before? Years ago stop
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28. If ~here is no~ enough rain for ~he rainy season rice crop,
do you par~icipa~e in a rain making ceremony?
Yes No
If no:-aIa you d~before? Years ago s~op _

29. When your rice has a serious pes~ problem, do you pray or
make an offering? Yes No
If' yes, which season. Rainy Dry _
If no, did you do i~ before? Years ago stopped

30. Do you plan~ crops other than rice? (field crops, vegetables
or orchard)

For family use or ~o sell? How much income in the past year?
Name of crop Family use ~ ~ How much income

31. How many buffalo and cattle do you own? How many less than
two years old?

How many have you bought or sold in the past year? What p~ice?

Total No. Under 2 years Bought ~ ~ f!i£!
Buffalo
Cat~le

32. For which jobs do you use buffalo in the rainy season? Dry
season? Don't use at all
~ Pas~ rainy season Present dry season
Plow
Harrow
Puddle
Haul rice to thresh _

Thresh rice
Other (name)

33. What other animals aid you raise in the past ye~
Comple~e the following table:
.Animal . Family use For sale How many How much income
Pigs
Chickens
Ducks
Fish
Other (name)
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34. What foods do you bUy for family consumption?
Where do you usually purchase each kind?
How often do you buy each kinci. 1. Often (nearly every ciay)

2. Occasionally (a few times a month)
3. Seldom (a few times a year)

Compared to S years ago, how have your food purchases changed?
1. Buy much more than before 2. Buy somewhat more
3. Same 4. Buy somewhat less S. Buy much less
~ Buy Where buy How often buy" Change from 5 years agO
Rice
Fish
Shrimp
POUltry
Beef,pork
Vegetables
Fruits
Other (list) _

35. What foods cio you catch or gather?
Where do you gather these foods (Bung, canal, paddy field, etc)
How often cio you catch foods from paddy fields and ditches?

1. Often (nearly every day) 2. Several times a month
3. Several times per season Which season?

Are these foods easier or harder to find than 5 years ago?
1. Much easier 2. Somewhat easier 3. Same
4. Somewhat harder 5. much harder

Have you changed the amounts of these foods that you catch
for food compared to 5 years ago?

1. Use much more than before 2. Use some more 3. Same
4. Use some less 5. Use much less

Food Catch Where Season How often Harder or Use more
easier to or less
find

Birds
Fish
Shrimp
Crabs
Frogs
Snails
Rats
Water plants _
Other (list) _

36. How often do you listen to the radio? times per week
Do you listen to any agricultural programs? Yes No

If yes, what program? _

Do you listen to ~~ program about pest control or pesticides?
Yes No _ What program



37. For the following, how often do you read or watch?
4'2.7

Often A few times
per month

A few times
per year

Never

Newspaper
Magazines
Television
Movies

38. How often do you go to the following placas?
Nearly Nearly Several A few Never
every every times times
~ ~ per year per year

Bang Nam
Prieo

Chachoeng
sao

Chonburi
Bangkok

39. Do you presently have an official position? Yes No
If yes, what position?

Have you held an official position in the past?
Yes No _ What position?

40. Are you a member of a farmers group, cooperative, credit
group or other agricultural group? Yes No
What group?
For how many years have you been a member?
Have you held an office in the group? Yes No _

What office _

If not presently a member. Did you belong to any group
before? Yes No
Why did you stop?

41. Did you or any member of your household work outside your
farm in the past year? Yes No
If yes, com~lete the table
Relation ~ Place Time spent Exchange Wage Amount

42. Which of the following do you own or have at your house?
~ ~ Don't have
Speed boat (long-tail)
Other boats (number)
Boa~ motors (number)
Electric generator
Radio
Television
Clock
Wrist watch
Pressure lamp
Sewing machine



43. !uterviewerl

~
Size

Large
Medium
Small

Condition
Good
Average
Poor

Roof
Thatch
Metal
Tile

Walls
Thatch
Wood
Metal
Other

List the house and farm buildings and conditionl
12:3

-------
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Other buildings I

List by use Roof
Thatch Metal

44. For interviewerl indicate attitude of farmerl
1. Friendly, readily volunteers information
2. Neutral, answers questions, but not enthusiastic
J. Unfriendly, reluctant to answer questions _



Interview Schedulel Third Interview 422

When re1:urn I

Other place (where)

Amphoel Bang Nam prieo
Village I

Sample number I

Date I

Wife, Other (who)

Family _

Changwat, Chachoengsao
Tamboll
Name of Farmer,
Interviewerl
In1:erviewed a1:1
Home I

In1:erview record,
Not at homel
In1:erviewedl
Farmer,
Interview si1:uation,
Farmer aloner Farmer and
Farmer and other farmers,

1. For the rice crop jus1: harvested (2516 dry season), did you
plant more 1:han one variety? Only one variety __

If more 1:han one, how much fertilizer did you use for each
varie~ Variety Amount

Did any of the varie1:iesyou plan1:ed in the crop jus1:
harvested have more or less insect or disease problems
1:han others?
Variety Insec1: or disease More ~

you planted?

A lower price?

list price for each variety
for each variety plan1:ed

Did you use more insecticide on any variety
Didn't use insecticide
Used same amount for all varieties
Used more (name variety)

Did you get a higher price for any varie~

Price same for all varie1:ies
Price higher for some varieties,

Varie1:Y ;,P-.r.::i.;::c.;::e;...;;:;-=-=--'==;.;.:.......;.;;==:;.;;;..""-......===

2. For the dry season crop just harvested. was the produc"ion:
More than you expected Why more
About the same as you expected _
Less than you expected Why less _

About how many kwein (or thang/rai) do you usually exp~ct

to get in the dry season crop?
01:her response
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3. For the present rainy season crop (2516 rainy), about what
production do you expect to get?
Other response

About what production do you usually expect to get in the
rainy season crop?
Other response

4. For the present rice crop (2516 rainy), how many rai will you
plant? rai

How many rai have you planted already?
How many more rai will you plant?
How many rai broadcast? Transplant

5. What varieti~s did you plant to the present (2516 rainy) crop,
and what varieties will you plant? How many rai each?
Complete the following tablel

Varieties Rai Date Date Expected
Transplant Broadcast harvest date

6. For each variety planted this season, how much seej did you use?
Where did you get the seed? If bought, what was the cost?
Varie1;y Amount of seed From where ~

7. Did you treat the rice seed this season before planting?
Yes No If yes, what chemical
If yesl What is the reason for treating seed?

Where did you get the ~hemical?
How many years ago did you start?
From whom did you find out about it?

If no I Have you treated seed in the past? Yes No
Years ago star't Years ago s'top -
Why did you stop-?-- --

8. How much fertilizer did you use on the present (2516 rainy
season) crop?

What brand and formula?
If farmer doesn't know, ask to see bag and write down:

Brand Formula
If you used more fertilizer or less fertilizer on any varie'ties,

indicatA for each variety:
Variety Amoun't of fertilizer
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How many times did you apply fertilizer?
At what stage of the rice plant? How much each time?

Stage of plant Amount of fertilizer

Will you apply more fertilizer this season? Yes No
If yes, at what stages of the rice plant?

Remarks.

Variety Variety
more pests less

Pests
same f'or
all vars.

Stage of plant

What pest problems (weeds, insects, disease, rats, other)
have you had for the 2516 rainy season crop?
1. Slight (les~ than 10~) 2. Moderate ( 10~ to less than 1/2)
J. Serious (1/2 to 90~) 4. Total (90% to all)

Did any varieties you,planted have more pest problems, or less
pes1: problems?
Pes1:

------ --------- -----------
10. What pest control methods have you used so far this season?

For which pests? What methods of' application?
How many times did you apply each chemical?
At what stages of the rice plant? How much did you use?
Did you use the pesticide over the entire field, or only

where you saw pests or damage? Over Only
Control method Pest Method Stage of' Amount Entire where
or pes1:icide Applic. Plan1: used Field ~

------- --- --- ---- -_.- ---
------- --- --- ---- --- -----
For each pes1:icide used, ask to see the container and ~~itel

Brand Company Formulation Ac1:ive Thai Safety
ingredients ~irect-precaut

aens a ens______________________ Yes/No Yes/No

Will you use any insecticide later this season?
No, will not use any _
Don't know I will use only if' have insect or disease
Yes, plan to uae _ W'nat kind?
What s1:age of' the rice plants?
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11. Did you plant new, short varieties in the last rainy s~ason

(2S1S)? Yes No
How many rai did you plant to the new, short varieties?
How many kwein production did you get from the short varieties

in the 2515 rainy season ~rop?

Did you use more fertilizer on the short varieties th~n on
local varieties in 2S1S rainy season?
More How much?
Same Didn't use fertilizer _____

In 2S1S rainy season, did the short varieties have more or
less problem with any insect or disease than local varieties?
More Which pests?
Less Which pests?
Same No pest problem _

Did you use more insecticide on the short varieties than on
local varieties?
More Less Same Didn't use insecticide

12. Since you started planting new, short varieties, how many
times have y~u planted them in the rainy season?

Which short varieties did you plant each year?
How much total area to short varieties? How much yield?
Year Varieties AreaY::i~e:l~d~ _
2Sl6
251S
2514
2513
2512
2511

(If the farmer can't remember exactly, probel)
About how much area or yield?
How much the first time? More or less in following years?
About what %of rice land?

If stopped planting new, short varieties in the rainy season, why?

If planted less area than before to short varieties, why?
If never planted short varieties in the rainy season, why not?

13. How does yield compare between new, short varieties and local
varieties in your experience?
Didn't plant 1. Much more 2. Somewhat more
3. About the same 4. SomeWhat less 5. Much less

How is the cost of growing new, short varieties compared to
local varieties? (same scale as above)

How is the profit from new, short varieties compared to local?
(same scale as above)



14 Over the past 5 years has the yield from your rice crop:
Rainy season Dry season
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rai

Fewer
Less

a lot
somewhat
same
somewhat
a lot

1. Increased
2. Increased
3.. About the
4 Decreased
5. Decreased
6. Other
Over the past 5 years has the cost of growing rice:

(Use the same scale as above)
Over the past 5 years, have your profits from rice:

(Use the same scale as above)

Compared to 5 years ago, do you:
Use more hired labor Same Less
Use more exchange labor Same Less
Use more family labor Same Less

Compared to 5 years ago, are there:
More hired workers available Same
Are hired workers more expensive Same

What is the total land area you own or rent?
How many rai of this do you usually plant to the rainy season

rice crop? rai.
How many rai are in your house-lot, garden, orchard or other

use besides rice? rai
Do you have land on which you cannot grow rice for any reason?

(fallow, bad soil, low, high) Yes No
Area rai Whatreason?

Did you include this area in the rice land reported above?
Yes No

In how many places do you grow rice?
How far from your house and how many rai in each place?

Distance from house ~

17.

16.

15.

18. Do.yo~ usually bUy the f~llowing items from the same merchant
each time; or do you buy where the price is lowest?

Don't buy Same merchant lowest
Food
Fertilizer
Pesticides

Do you sell your rice to the same merchant each time, or to the
one who pays the highest price?
Same each time Highest price __

Do you buy fertilizer from the merchant that you sell your
rice to, or.a different one?
Don't bUy Same Different __

Do you get credit or loans from the same merchant each time?
Don't borrow Same Different

Do you sell your rice to the same mer~hant you get credit from?
Don't borrow Same Different

Do you ever loan money to other farmers? No Yes
Seldom (less than 1 time per year) Sometimes-TI or 2 times/yr)
Often (several times per year)
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after they had the
you think is most correct?
~ Stem borer

around here do after they
to yellow orange leaf virus?
around here do after they
to rats?
around here do after they
to stem borers?
important thing people must

has a serious attack by rats?
has a serious attack by

Will CODie again soon
Will come again, but I

don't know when
Will come again after a

regular number of years
Will not come again
I have never had the pest
If the farmer has difficulty in answering, ask him to explain

his own ideas about how soon these pests will come again:
Yellow orange leaf virus
Rat
stem borers

3·
4.
5.
6.

1. What does your rice farm need the most?
2. What is your greatest hope for one of your children?

What does your house need most?
What do you think farmers must do to get a better rice yield?
To get a good profit from rice, what do farmers need most?
What do you do when your rice has a serious attack of
yellow orange leaf virus?

7. What do you do when your rice
8. What do you do when your rice

stem borers?
9 •. What can farmers do to prevent yellow orange leaf virus

from becoming serious?
10. What can farmers do to prevent rats from becoming serious?
11. What can farmers do to prevent stem borers from becoming

serious?
12. In the past, what did farmers

had serious crop losses due
13. In the past, what did farmers

had serious crop losses due
14. In the past, what did farmers

had serious crop losses due
15. What do you think is the most

do to improve their lives?
These are some statements by farmers

following pest problems. Which do
mY

20.

19.
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21. Please tell us the age and relation to you of each person
presently living in your household:

Relation to farmer ~ Female Age

Years ago left

Have any people from your household
place in the past 10 years? Yes
If yes:
Relation

left to work in another

lio

Present job
Farmer ~

22. Which of the following 1£2n farm implements
How many of each item? How many years have

ll!m How many
Plow
Harrow
Puddler
Thresher
Rice mill
Fanning mill
Other (name)

do you own?
you owned each

Years own
item?

23 Have any of your neighbors stopped farming or moved away
in the past S years? Yes No
If yes: How many stopped or moved because of farming problems?
What was the problem for each?
How many years ago did each family leave?
Where did they move to? What are they doing now?
Problem Years ago Where moved Present job

Interviewerl indicate attitude of farmer:
1. Friendly, readily volunteers information
2. Neutral, answers questions but not enthusiastic
3. Unfriendly, reluctant to answer questions _____



Variety

Interview schedule, Fourth Interview

Changwat, Chachoengsao Amphoe, Bang Nam Prieo
Tamboll Village,
Name of Farmer, Sample Number _

Interviewer Date I

Interviewed at,
Home, Other place (Where)
Interview record,
Not at home, When return,
Interviewed,
Farmer, Wife, Other (who)
Interview situation:
Farmer alone Farmer and family _
Farmer and other farmers

. 1. For the present rice crop (2516 rainy season), record for
each variety planted,
How many rai broadcasted? How many rai transplanted?
What date transplanted or broadcasted?
What harvest date? What total production?

Total Broadcast Transplant Harvest Total
rai rai date rai date date ~roduct-___________________ =1.::0:.:n~__

---- --- - -- - -- --- ----
---- --- -- --- -- - --- ----
---- --- -- --- -- --

2. What was the total amount of fertilizer you used on the present
(2516 rainy season) rice crop? What formula?
What was the fertilizer cost (Baht/ ton or Baht/bag)?
How many times did you apply fertilizer?
At wha't stages of the rice p1an1:1 How much each time?
How much fertilizer (kg./rai) did you use on each variety?
S1:age of rice plant Amount Variety of rice Amount

J. What pest problems (weeds, insects, disease, rats, others) have
you had for the 2516 rainy season crop?
At what stage of the plant did each pest occur?
How serious was the damage or loss from each pest?

1. Slight (less than 10%) 2. Moderate (10% to less than 1/2)
J. Serious (1/2 to less than 90%) 4. Total (90% to all)

If any varieties had more or less problem from any pest, indicate:
Pest Stage of plant Damage Variety more Varietv less



Total
sssa,

2516 rainy season?4. What pest control methods did you use for the
What were the names of the pesticides you used?
What amount of each pesticide did you use?
What was the cost per unit? The total cost?
Control method Amount Cost per
or pesticide used unit
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S. How many kwein of paddy rice did you sell this past season?
For each variety you sold, what amount did you sell?
What price did you get for each variety of rice you sold?
How much did you keep to sell later?
How much did you keep for food? for seed? Other purposes?
Variety Amount sold Price Amount ke~t

6. For each of the following that you used on the past crop,
How much did you use? How much did each item cost?
~ Amount used Cos't
Fertilizer
Herbicide
Insecticides
Rodenticides
Other pesticides
Benzene (for pump)
Deisel (tractor)
Kerosene (pump)
Other (oil)

7. For the following jobs, did you use exchange or hired labor?
Wha't was 'the cost of the hired labor?
~ Exchange Hired, cost
Plowing
Harrowing
Puddling
Seedbed
Pulling seedlings
Transplanting
Harvesting
Threshing
Other (what?)
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8. Did you borrow money for the expenses of the past rice crop?
~es No If yes, how much? _

Where did you borrow the money? How much interest did you pay?
What did you use it for?

9. Did you bUy anything on credit for the past rice crop?
Yes No
If yesl How much? From where
What did you bUy on credit?

10. Have you seen fish die after using pesticides in your rice field?
Yes No
Do you ever use those fish (killed by pesticides) for food?

1. Often (nearly every time)
2. Sometimes
3. Rarely (tried 1 or 2 times)
4. Never

After using pesticides, how long before you catch fish !~om

the paddy field?
CommentsI

11. Are you planning to plant the dry seasn~ crop this year (2517)?
Yes No
If no, why not?
If yesl What varieties? What area each? Planting date?

12. Show the farmer the diseased rice plants and record the response:
1. Young plant with yellow orange leaf virus.
2. Headed plant with yellow orange leaf virus
3. White head plant with stem borer.
4. Old plant with yellow orange leaf virus.

Ask the farmer what is the cause of the diseased plants.

13. Interviewerl record the attitude of the farmer I

1. Friendly, readily volunteers information _
2. Neutral, answers questions but not enthusiastic
3. Unfriendly, reluctant to answer questions _



APPENDIX C

WATER BALANCE AND WATER REQUIREMENTS OF RICE

IN CENTRAL THAILAND

Maruyama (1975) computed the water balance for Bangkok. using

ThQrnthwaite's formula for potential evapotranspiration (Figure C.l).

The five years of weather records for Bang Nam Prieo are not adequate

for determining the long-term average water balance for the area, but

Bangkok. 60 kilometers east, gives a fair estimate. Maruyama assumed

that 100 mm. of water was used by soil moisture storage, which would

make it available for use by plants in the following month. As

Figure C.l shows. large water deficits occur from January through May,

actual evapotranspiration uses most of the rainfall during June. July,

and. August, water surplus occurs in September and October, and in

November and December, utilizatior. of soil moisture occurs as flood

waters recede.

Table C·.·l gives the water balance for Amphoe Bang Nam Prieo for

the five years for which records were available. using Thornthwaite's

formula for potential evapotranspiration, and 100 mm for maximum soil

moisture storage. A water surplus occurred only in September, and soil

moisture storage occurred in only three months. August through

October. The Thornthwaite formula is based on Temperate Zone con

ditions, and tends to underestimate evapotranspiration in the tropics.

The general water balance pattern for Bang Nam Prieo shows that

additional water is necessary in order to grow the rainy season rice

crop. and the source of the extra water is the rivers and canals.



J

Figure C.l. Water balance for Bangkok. PET = Potential
evapotranspiration, AET = Actual evapotran
spiration, PR = Precipitation, WD = water
deficit, SMS = Soil moisture storage, WS =
Water surplus, SMU = Soil moisture utilization
Sourcel Maruyama, 1975
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a
Table C.l. Water balance, Amphoe Bang Nam Prieol 1968-1973

J F M A M J J A S 0 N D
-

Potential Evapo-b
206 196 244 216 208 185 176 159 114transpiration 101 130 133

Precipi tation 4 21 37 175 153 216 155 265 318 128 32 9

Difference -97 -109 -169 -21 -90 0 -53 80 142 69 -32 -105

Soil Moisture 0 0 0 0 0 0 0 80 100 69 0 0
Storage

169Water Deficit 97 109 21 90 0 53 0 0 0 32 105

Water Surplus 0 0 0 0 0 0 0 0 122 0 0 0

Actual Evapo- 4 21 37 175 153 216 155 185 176 159 101 9
transpiration

a. Source, Thailand, Amphoe Bang Nam Prieo. Unpublished. Amphoe weather station data,
1968-1973. .

b. Potential evaporation calcUlated using Thornthwaite's formula.

.t:

.t:....
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In the planning of the Greater Chao Phraya Project in 1952. it

was estimated that about 10 mm of water per day was needed for the

rainy season rice crop, from June through November, or 1800 mm for six

months. Rainfall was estimated at 1050 mm, and water losses in trans

port at 800 mm. The amount of irrigation water needed was about

1550 mm•. Kaida (197~:207) found the water supply for transplanted rice

in the northern Central Plain to be 1500 ~ 220 mm (irrigation water

plus effective rainfall), with 950 ~ 200 mm supplied by irrigation.

Kung, Atthayodhin and Kruthabandhu (1965) determined by field measure

ment that the rainy season rice crop in the Central Plain required

a total depth of 40 mm of water for seedlings, 200 mm for land

preparation and 1000 mm for irrigation, or a total of 1240 mm.

The total rainfall in Bang Nam Prieo from June through November

averaged 1110 mm for the five years measured (Table C.l), and it is

likely that between 1000 and 1500 mm of additional irrigation water

was necessary for the rainy season crop (with a large vari3tion occurring

from year to year). The early season rice crop is grown from February

through July (Figures 3.7, 3.8) so the water requirements must be

met in part with irrigation water, since rainfall supplies only about

700 mm of moisture.



APPENDIX D

FERTILIZER TRIALS ON RICE IN THAILAND

Fukui (1969) gives a detailed review of fertilizer trials on rice

in Thailand, which are summarized below.

1. Local varieties

Since soil characteristics influence fertilizer availability and

uptake, I will restrict my discussion to yield trials in the Central

Plain and at Bangkhe~ experiment station, 60 km. west of the study area.

A. Amount of nutrients

From 1958 through 1964, "simple fertilizer trials" using plots in

farmers' fields were conducted by the Rice Department in Thailand.

Various levels, combinations and sources of N, P, and K were compared,

~nd results were summarized by region. Levels of N varied from none to

75 kg/ha (12 kg/rai). Based on these trials, 50 kg/ha (8 kg/rai) N,

25 kg/ha (4 kg/rai) P205, and no K20 was recommended for local rice in

the Central region. It was expected that these applications would

result in a 50 percent yield increase [from about 2 T/ha (32 thang/rai)

to about 3 T/ha (48 t/r)] (ibid., p. 313). Applications af 12 kg/ha

and 25 kg/ha N with 25 kg/ha P205 increased yields 28 percent and 32

percent, respectively. In these trials, results from plots dacaged by

drought, "flood, pests, and human error were not included in the mean

yield figures and these plots amounted to 40 percent of the total

number of plots.

From 1964 to 1967, "large pilot de~onstrationsllwere carried out

in farmers' fields, including aualysis of costs and returns (excluding
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pesticides and labor). Fifteen kg/rai of ammo-phos (16-20-0) was used,

supplying 2.4 kg/rai Nand 3 kg/rai P205• The mean yields for 11

locations in the Central Region were: no fertilizer, 1.6 T/ha (25.4

t/r); fertilizer, 2.9 T/ha (46 t/r); highest yield, 4.1 T/ha (64.8 t/r).

Average profit from fertilizer use was $58/ha (~186 J/rai) (ibid.,

p. 314). 'These trials indicated that low rates of fertilizer applica

tion could be effective in increasing yields and producing economic

returns. Again, however, trials with serious losses were not included

in the results.

In'1967, more detailed field expetiments were begun, taking into

account soil types and agronomic conditions. Two levels each of N, P,

and K were compared, using a 23 design. Levels were 20 kg/ha (3.2

kg/rai) and 40 kg/ha (6.4 kg/rai). Costs and returns were considered,

again including only fertilizer costs. Results at Bangkhen were:

Replicates: 9

Check plot (no fertilizer): 2.16 T/ha (34.1 t/r)

Highest yield: 2.60 T/ha (41.1 t/r); NPK = 40-20-40 kg/ha

return/100 J: 111-130 i

Most profit: 2.36 T/ha (37.1 t/r); NPK = 20-0-20 kg/ha

return/100 J: 130-152 i

The above trial was conducted under normal farming practices, with

limited pest control, and 1967 was a very dry year.

Results of the field trials showed that fertilizer could increase

yields of local rice varieties, if serious crop losses were excluded.

Occasional high yields of 4 to 5 T/ha (63 to 80 t/r) were obtained, but

yields of 2.5 to 3.5 T/ha (40 to 55 t/r) or less were the most common.
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By comparison, average yields of local varieties in the study area were

24 t/r in 1972, and 35 t/r in 1973, with a mean of about 2.3 kg/r Nand

2.6 kg/r P205 (Table 3.19).

B. Timing of fertilizer application: experiment station trials.

Takahashi, et ale (1967) experimented with increasing the yield

of local rice varieties by testing transplanting time, spacing and

rate and time of fertilization. The results of the spacing and trans

planting trials have been discussed earlier. Nitrogen timing was com

pared, using:

1. A single application at transplanting (12 kg/rai)

2. Six kg/rai at transplanting and 6 kg/rai at panicle primordia

initiation (about 25 days before flowering).

3. Four kg/rai each at transplanting, one month after transplanting and

at panicle primordia initiation.

The double application gave higher yields than the single applica

tion, and the triple application gave the highest yields. When a triple

application of N~as combined with delayed transplanting, mean yields

of 5.5 T/ha (87 t/r) were obtained at Bangkhen experiment station

(Fukui, 1969:332). Using the highest yielding local variety (Puang

Nahk 16), transplanted on September 8, with 3 seedlings/hill, spaced

30X15 cm, and three applications of N of 6 kg/rai each plus 2 kg/rai

at flowering, a yield of 6.25 T/ha (99 t/r) was obtained (ibid., p. 322).

Therefore, under ideal conditions, local rice varieties are

capable of yields of 5 to 6 T/ha, as compared with mean yields in the

farmers' fields in the study area of 1.5 to 2.2 T/ha. The high yields

require water control and a high level of management, however, and
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high levels of N produce lodging and increased pest incidence, as

mentioned earlier.

2. MOdern varieties

Jackson, Panichapat and Awakul reported yields of 6.5 T/ha (103

t/r) for RDl, 5.3 T/ha (84 t/r) for RD3 and 3.1 T/ha (49 t/r) for

Leuang Tawng (a local, non-photo-sensitive variety) in the 1968 dry

season, but did not include fertilizer levels. In farmers' fields in

the 1969 dry season, using 6 kg/rai of N and P2~5' RDI yielded 5.9

T/ha (93 t/r), and C4-63 yielded 4.6 T/ha (73 t/r). The latter results

show that even with moderate levels of fertilizer, the MV can produce in

the high range of LV. In the study area, farmers used a mean of 3.2

to 5.4 kg/rai N~ and 3.6 to 6.0 kg/rai P205 on MV (depending on the

year and season), and rice yields averaged 35 to 38 t/r (Table 3.19),

about 1/2 to 1/3 their potential.

In Suphanburi, on the western margin of the Central Plain,

experimental station yields were 3.7 T/ha (58 t/r) with 8.8 kg/rai N

in the rainy season and 5.3 .T/ha (84 t/r) with 13.1 kg/rai N in the

dry season. Farmers' yields in nearby villages averaged 2.8 T/ha (44

t/r) in both seasons, with 2 kg/rai N both seasons (Barker, 1978:51).

Use of fertilizer on MV in Thailand ranks among the lowest

levels of any Asian country, with some areas of the Philippines

{David, 1978:75). A major reason for the low fertilizer input is that

the poor water control makes a large investment in fertilizer risky.

Also, as discussed previously, the Thai farmers seem to prefer to

forego higher yields of MV in return for savings in management and



labor. maintaining yields slightly above those of LV while reducing

input costs as much as possible.
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APPENDIX E

THE AGE OF RICE CULTURE IN THE CENTRAL PLAIN:

EVOLUTIONARY, ARCHAEOLOGICAL AND HISTORICAL EVIDENCE

Most researchers who have studied the origin of rice culture have

concluded that it was a relatively recent introduction into the Central

Plain of Thailand (cited below). However, it is well to keep in mind

that, to a large extent, this conclusion is based on a lack of evidence,

and that the neces~ary research remains to be done in the area.

A. Domestication

Chang (1976) considers that domesticated rice in Asia (Oryza

sativa) evolved from an annual species of wild rice over a broad area

from the Ganges plains across norther Burma, Thailand, Laos, and Viet

Nam to South China (Figure E.2; ibid., pp. 143-144). The wide range

of ecological conditions in this region promoted the selection of a

diversity of rice varieties adapted to various growing conditions,

and the various ecocotypes and races diffused outward from this area;

Japonica northward, Indica and Javanica southward through India, main

land Southeast Asia and the Malay Archipelago. Evidence from Non Nok

Tha, in Northeast Thailand (Figure E.2), gives dates of 3500 B.C. or

earlier for rice grains and possible associated implements for rice

culture (Solheim, 1972). These rice grains cannot be clearly

distinguished from wild forms (Chang 1976:146). Earlier possible

rice grains from North Thailand, excavated by Gorman (1971) are con

sidered by Yen (1977:593) to probably be a different genus, related to

Oryza (based on surface structures of the glume). One would expect
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Figure E.l. Sites of archaeological evidence for
rice cultivation mentioned in text.
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Figure E.2. Hypothesized area of or1g1n of dom
esticated rice, according to Chang (1976,p.144).
and dissemination of round grain type (dashed
line) and slender grain type (solid line) into
Central Thailand (Watabe, 1978, p.1J).
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Figure E.3. Shift from round ~in to slender
grain rice in Thailand accord1ng to Watabe
(1970, p.39).
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early cultivated rice to have an appearance intermediate between wild

and domesticated varieties, however. Evidence of rice cultivation in

India and South China dates from the third and fourth millennium

B.C. (Chang, 19;6:146).

The main reason that Chang considered the area shown in Figure E.2

to be the region of rice domestication was the diversity and distribu

tion of wild relatives in the area, and this is supported by isozyme

analysis (Nakagahra, 1978). Chang considers that floating rice evolved

due to the movement of rice cultivation from areas of shallow flooding

to deeper water areas, producing rice that elongated at the inter

nodes, branched at higher nodes, had adventitious roots at higher

nodes and developed photoperiod sensitivity (ibid., p. 146). He also

states that "The wild perennial race (Q.. rufipogon) may have con

tributed to the development of the floating rices" (ibid.).

Watabe (1978:12,13) also considers that the lowland rice with

slender grains (Indica type, including floating rice) spread into the

river deltas of Tnailand, Cambodia and S•. Viet Nam from the Ganges

delta (Figure E.3). He feels that round grain types (including upland

and glutinous rice) diffused into Laos and Thailand from the north,

down the Mekong valley.

Could lowland rice have been domesticated in the river deltas

of Southeast Asia, rather than being introduced from the similar

habitat of Bengal? From the standpoint of a shift from wild to

domesticated varieties, it would seem easier for the many character

istics of floating rice to have been derived from direct selection of

wild floating rice varieties, rather than from their independent

evolution from shallow water varieties, as proposed by Chang (although
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hybridization of the shallow and deep water varieties could have

played an important role). Van Liers (1980:265) follows Chang in

asserting that the wild ancestors of Q. sativa originated further

north than lowland Southeast Asia. Akahima and Watabe (1970), how-

ever, collected wild rice in Central Thailand, and found two varieties:

o. sativa f. spontanea and o. perennis. Only floating varieties of

wild rice were found in the Central Plain, but collections of the

same two varieties from other parts of Thailand showed ecotypes

adapted to a variety of habitats (ibid., p. 345). Also, the wild rice

tended to show characters similar to the cultivated varieties of rice

in each area, indicating gene flow from the cultivated rice (presumably

reverse gene flow also occurred) and hybrid populations were found in

some locations. The wild rice was found growing in close association

with cultivated rice, often in areas of deeper water where it could

grow through the dry season.

It is clear from the above study that the wild rice presently

existing in Central Thailand has a close relationship with cultivated

rice, and can hybridize with it. They also share the same pests and

diseases, as we shall see below. It would seem logical to conclude

that the floating rice could have been domesticated directly from the

wild rice of the area; this conclusion requires support from additional

archaeological evidence, however, since (1) the gene flow from domestic,

varieties has already ~ltered the genetic makeup of the currently

existing wild rice, so we don't know what the original wild varieties

were like, and, (2) the present wild varieties could have been intro-

duced with the seed of the cultivated varieties from outside the

region.
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Since there is no direct evidence for rice domestication in the

Central Plain, what is the earliest evidence for rice cultivation

there? Since the Central Plain is being actively extended seaward by

alluviation, the outside limit is fixed by the time the land was built

up high enough to be cultivated. Pendleton (1962:37) estimates that

the Chao Phraya delta is growing seaward at 15-20 feet per year (about

5-6 meters/yr). At that rate, the shoreline would have been 10-12 km.

inland 2,000 years ago, just south of the current cities of Bangkok

and Chachoengsao. The Bang Nam Prieo area would have been in the saline

coastal marsh or mangrove zone at that time, and it is unlikely that

the area was suitable for rice growing. The Central Plain is about

240 km long, however, and the area north of Ayutthaya (100 km inland)

was certainly far enough from the ocean to allow rice cultivation at

the time the shift toward domestication occurred. Van Liere (1980:267)

feels that the wide flood plains of the Mekong delta and the Mun-Chi

river with gentle flooding and a grassy savanna vegetation would have

been ideal for broadcasting of rice by early farmers (the early cen

turies A.D.). The mangrove swamps and flooded riverine forests would

not have been suitable, according to van Liere, nor would the forested

natural levees and alluvial terraces, since the forests would have

required more labor for clearing than the easily burned savanna. The

Central Plain would have had a similar grassy savanna floodplain.

Therefore, van Liere considers that broadcasting of lowland rice pre

ceded transplanting of rice in the bunded fields of the alluvial

terraces and foothills.

Archaeological investigations in the Mun-Chi river basis of North

aas~ Thailand and at Ban Chiang determined that settlements were
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concentrated on the alluvial terraces, rather than on the floodplains,

leading Kijngam, Higham and Wiriyaromp (1980:79) to hypothesize that,

contrary to van Liere's idea, plough cultivation of bunded fields may

have preceded broadcasting in the floodplains. The above authors

feel that the presence of iron implements and the bones of robust

water buffalo indicate an early development of wet rice cultivation

in fixed fields in Northeast Thailand after 1500 B.C. The preceding

period (3500 to 1500 B.C.) had wet swidden rice cultivation, which

they suggest was replaced by the fixed field method due to a rising

population and the start of iron smelting. Since the low terraces

are adjacent to floodplains, it seems likely to me that the farmers may

have exploited both environments, as they do today, broadcasting the

floating rice in the floodplains and planting (possibly transplanting)

shorter varieties in the bunded fields on the terraces. Using both

systems would have allowed the farmers then, as now, to "hedge their

bets" against fluctuations in the weather.

There is, as yet, no archaeological evidence of rice culture in

the Central Plain that matches the early dates from the Northeast.

Excavations at Kok Charoen and Chansen, on the alluvial terraces

adjacent to the Central Plain (Fig. 4.2) give circumstantial evidence

for sedentary agriculture perhaps as early as 1000 B.C. (Bronson, 1979;

Watson, 1979). This evidence is based on the fact that the settlements

were sedentary and stable over a long period, and that they were located

near streams that would have provided a ready source of irrigation.

Although there was no direct evidence for rice culture in the above

two sites, the authors felt that rice would have been a suitabl~ crop for
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the soil and water conditions, although taro and sago could have also

been grown (Bronson, 1979:335).

B. Varietal shift in the Central Region

The earliest actual evidence for rice cultivation in Central

Thailand comes from rice hulls in temple bricks dating from the sixth

century A.D. (Watabe, Akihama and Kinoshita, 1970). This is synonymous

with the historical period. beginning with U Thong and the Dvaravati

period. Bronson feels that the "rather dense populations" of the

Dvaravati period may have masked earlier sites. which also would have

been buried by alluvium in the Chao Phraya delta (Bronson. 1979:320).

Figure E.3 shows the shift in rice grain type as indicated by the

evidence from temple bricks from the sixth to the nineteenth centuries

(it should be noted that there is no evidence from the lower Central

Plain until the eighteenth century). Watabe. Akihama and Kinoshita

(1970) found that two types of round grained rice were dominant in

Central Thailand from the sixth to the eleventh centuries. These were

a large round grain type, which Watabe et al. equate with upland

glutinous rice. and a smaller type which they consider to be equivalent

to glutinous lowland rice grown presently in North and Northeast

Tnailand. From the eleventh to the fifteenth centuries. the large

round type declines, and a slender grain type (indica type lowland

rice) replaces i~; the small round type remains dominant. however.

From the fifteenth to the eighteenth centuries the small round type

continues to be dominant, and the slender type increases. After"the

eighteenth century, the slender type was grown almost exclusively in

the Central Plain, while the round type glutinous rice became
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predominant in the North and Northeast. It is the slender, lowland

rice that Watabe (1978) feels was introduced from Bengal.

It is interesting to note that Watabe found the slender rice

grains at Angkor, at U Thong, and in Northeast Thailand in the sixth

to eleventh centuries; areas that were influenced by Indian culture.

This, however, is not conclusive evidence that the slender, lowland

rice was introduced from India. There is no evidence from the lowland

rice areas in the early period; and these are exactly the areas where

the deepwater rice was suited to be grown. Again, I should point out

that the lack of evidence from the Central Plain indicates that detailed

archaeological work has yet to be done, and does not allow the con

clusion that lowland rice did not exist. What we can conclude from

Watabe's data is that a diversity in rice types existed from the

sixth to the eighteenth centuries, and that regional specialization of

grain type was more dominant after the eighteenth century.
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Table F.l. Pesticides available in Bang Nam Prieo market, 1973

Brand name Active ingredient
Directions Safety

Formulation in Thai precautions Price

Insecticides

methyl-parathion 50% liquid cone. yes

Azodrin,
Shell

Sevin
Union Carbide

S-85
Yang Ying Panich

Super anti-termite
Yang Ying Panich

Fahtedoi-G .05
liB" co.

MO~9,i

Charoen Phan

monocrotophos 56%

carbaryl 85%

not listed
(probably carbaryl)

dieldrin 50%

parathion 50%

liquid cone.

wettable
powder

wettable
powder

wettable
powder

liquid cone.

yes

yes

yes

yes

no

yes

yes

yes

no

yes

Yf?s

100cc/17,g
1000cc/125,g

80g/8,g

10g/2,g

lOOcc/8,g

100cc/10,g

no household spray yes
20% liquid cone. yes

(methyl-parathion)no liquid cone.
not listed

methyl parathion 50% liquid cone.

DDT

liquid

yes IOOcc/lOj

yes

yes 250cc/20~

no lkg/8~

no IOOcc/lO,g

no 1 li t/16,g

"not dangerous" 32oz/l2,g
yes lOOcc/lO,g

yes

no

yes

no
yes

yes

269 11.7%
9.6%

no granular
no liquid cone.
no liquid

Ozo 100%
Thep Watana co.

FoUdol E605
Bayer

Enbcm (bat brand) Experimental
Economic Chemical Mevinphos

BHCGamma-BHC
Zon~agam ixtra Gamma-BHC
Wonder Bomb not listed

Boonsong Prod.
Lion and Bell
Endrex

Shell co.



Table F.l. (continued) Pesticides available in Bang Nam Prieo market, 1913

Directions Safety
Brand name Active ingredient Formulation in Thai precautions Price

Insecticides
Malathion 1000 E malathion - liquid cone. yes yes 100cc/IO;8
No name fenitrothion 40% liquid cone. yes yes

F.E. Zillig co. malathion 34%
Secap not listed no yes no 500cc/16;8

Ngoa Ngam co. (insecticide, plant hormone, fungicide mixed)

lIerbicid!!!
M-25 M.C.P.A. 25% liquid yes no 1 lit/25;8

Shell co.
Deshormone 80 2,4-D 12.1% powder no - 1 kg/25;8
Yip Jack co. (in French)

MC Mathonal 2,4-0 80% powder yes - 1 kg/21;8
Sri Krung Wathana co.

Wonderful rocket not listed no liquid yes no
Boonsong Prod. (plant hormone)

Rodenticides
"mice" not listed no powder yes, but not no 1 pkg/.5;8

Lye chemical co. clear
Crabicide
parathion 50% methyl parathion 50% liquid yes yes 100cc/10;8

~
VI
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