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ABSTRACT

PRODUCTIVITY GROWTH AND FARM MACHINERY ADOPTION IN THAI AGRICULTURE

Farm mechanization has been widely adopted and diffused in Thai
agriculture since the 1960s. . However, there are regional variations in
the level of farm machinery adoption. This study has attempted to
identify some factors which affect farm machinery adoption with special
reference to farm tractors and water pumps. Specific objectives of
the study include: (1) description of the historical development of
farm tractors. (2) investigation of changes over time in resource
endowments and productivities in connection with farm machinery adoption.
(3) indentification of factors which affect the utilization of farm
tractors and water pumps.

The introduction of farm machinery before the 1950s was limited
to the Government experimental fields since imported farm machines in
those days were large in scale, costly and required a high level of
technical knowledge. It was not until the 1960s that farm machinery
began to generate public interest with the emergence of a local industry
producing small-scale farm machines.

Investigation of variations in agricultural resource endowments
as well as changes in their productivities in the study covers the
period after the Second World War, (1950-1975), partly because of data
deficienCies in prior years. Labor productivity as measured by
agricultural output per worker in the Thai agricultural sector rose at
a substantial rate of 4.5 per cent per annum during this period. The

land-labor ratio and land productivity (agricultural output per rai)
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reveal an equal rate of growth during the same period. However, the
land-labor ratio reveals a faster growth rate from the mid 1960's onwards.
One of the reasons which supports this finding is the explanation that

the achievement of a higher level of mechanization in agriculture permitted
the worker to cultivate a greater amount of land. It is unfortunate

that statistical analysis of the relationships over time of‘changes

in relative factor prices and their uses cannot be studied because of
deficiencies in time-series data.

Some major factors which may influence farm machinery utilization
were instead investigated by using cross-sectional data. The hypothesized
relationships were studied with the use of regression analysis employing
farm level data of the 19 agro-economic zones obtained from the Division
of Agricultural Economics.

Three types of farm machines were tcsted as dependent variables,
i.,e., four-wheel tractors, two-wheel tractors and water pumps. Independent
variables in the regression models include the price of labor, the
price of animal »ower, the percentage of upland crop area, the percentage
of double crop area, the averapge farm income and the average rainfall,

The variable concerning double cropp area was found to be
positively related to all three categories of farm machines. This implies
that multiple-crooping enhances the use of farm machinery. The upland
crop area was found to be positively related to the number of four-wheel
tractors and water numps whereas it was negatively related to two-wheel
tractors. With respect to the scale basis of the machines, four-wheel
tractors are more suitable for upland cultivation because they nossess

greater power for dry land tillage whereas two-wheel tractors were mostly

.
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used for puddling in rice cultivation. Additional water for uvland
crop production is also obtained through pump irrigation. The price
of labor was found to be positively rclated to the number of both tymes
of farm tracters. This seems to verify the hypothesis that regions
with higher labor costs tend to be more mechanized. In addition, the
higher income regions were more able to afford tractorization. However,
regional variations in water pump utilization resulting from variations

in farm income and labor cost were found to be not important.
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CHAPTER 1

INTRODUCTION

A, Introduction

Most of the increase in crop producticn in Thai agriculture in
the past was due tc the expansion of cultivated areas., However, it is
now recognized that the potential for future growth based on such a
process is limited, Data from the recent surveys and reports of the
Ministry of Agriculture and Cooperations indicate that only 2.6 million
hectares of forest are still suitable for agricultural use.1 This is
equal to only 10 per cent of area currently under agriculture. The
continuing growth of agricultural production will therefore depend more
on the intensive use of the limited land or higher yields. During the
last two decades, farm mechanization together with biological and chemical
innovations have been introduced in the hope that they would increase land
productivity.

The use of farm machinery 1is said to reduce the drudgery of farm
tasks. Farm machines in the farm of tractors offer the advantage of more
timely tillage than would have been possible with traditional power
sources. Therefore, it can increase the intensity of land use through
mul tiple crooping system by reducing the time required in certain farm
tasks, and in retum increase productivity of both land and labor.
However, one may argue on the extent that farm machines are capital-
intensive and possess negative effect of replacing the use of labor, and
it becomes a major controversy conceming the appropriateness of farm

machinery to a labor abundant country like Thailand.

1World Bank: East Asia and Pacific Office, "Thailand: Toward a
Development Strategy of Full Participation,' Unpublished repert May 1978,
p. 63. ’




In spite of this, it is inevitable that certain farm machines
have been widely adonted and the prosnects are for an increase in demand
esnecially in the Central Plains. Information provided by the Division of
Arricultural Economics, Ministry of Apriculture and Agricultural Cooperatives
(DAE/MOAC) reveals that there are various categories of farm machines
utilized by Thai farmers, such as: two-wheel tractors, larre and small
four-wheel tractors, water numps, water wheel engines, rice threshers,
corn shellers, motor rollers, and feecd mixing machines.

Of all these categories of farm machines, tractors and water pumps
are the most widelvy used. In addition, the use of farm machines in Thailand
varies broadly €rom one region to another. Information presented in
Tables I-1 and I-2 reveal that almost all types of farm machines have becn
mostly accepted in the Central Region. The North, Northeast, and the South
are sequentially ranked for the degree of mechanization. Differences in
category of farm machinery‘employed in Thai agriculture as well as tegional
differences in its utilization lead us to believe that there are certain
economic factors and enviormental conditions which induce farm machinery
adoption and diffusion.

This study is therefore aimed at finding out the different utilizatioen
and diffusion nattern for farm machinerv throughdut the country. Furthermore,
the study may also helvn indentify areas for further studies concerning

farm mechanization in Thailand.



TAILE I-1

FARM MACHINES BY REGIONS IN 1375/1976

{(Units)

‘\“*\\Begion Mortheas”  North Central South Total Rank
Category ™~
Four-wheel = : 3
Tractor 345 Yp. 2,014 4,624 4,957 743 13,33% 5
Four-wheel

L2 0
Tractor ¢ 45 Hp. 1,306 £ 204 10,752 530 16,792 4
Two-wheel
& 9

walking trator ‘3,003 11,275 66,961 8,762 30,001 3
Water pump 4,501 56,479 122,631 24,163 251,288 1
1 : ‘
Water wheel 2,207 1,716 52,875 93 56,891 2
engine '
Comn sheller 998 3,852 700 171 5,721 &
Rice thresher 94 177 3,564 120 3,955 7

Source: DAE/MOAC, Selected Economic Indicators Relating to Agriculture,
No. 84 (3), 1978., p.12.




DISTRIRUTION OF FAPM {ACHINES BY REGIONS

TABLE I-2

IN 1975/1975

(Percentage)
o~ Pegion Northeast North Central South Total
Categor ]

Four-wheel
- 2
Tractor » 45 Fp. 22.59 34,67 37.16 5.58 100
Four-wheel
. 7 4 15

Tractor < 45 Hp. 7.78 25.04 64.03 3.15 100
Two-wheel y

3 4. .
walking tractor ° 3.34 12.53 74.39 9.74 160
Water pump 17.91 23.67 43,80 9.62 109
Water wheel engince 3.88 3.02 92.94 0.16 100
Corn sheller 17.44 67.33 12,24 2.99 100
Rice thresher 2.38 4.48 90,11 3.03 100

Source:

DAE/MOAC, Selected Economic Indicators Relatine to

hgriculture, No. 84(3), 1978, p. 12.
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B. Objectives of the Study

This study will be conccrned with the following:

1. To study the development of farm mechanization in Thai
agriculfure with special reference to farm tractors and water numps.

2. To investigate changes over time in resource endowments and
productivity in connection with farm machinery adoption.

3. To investigate factors which affect the utilization of farm
tractors and water numps. \ :

4, To provide information about present utiiization patterns of

faym machines and other related materials.,

C. Methodology and Scope of the Study

Information employed in this study will be based on secondary data.
A historical avpproach will be applied with the investigation of farm machinary
development in Thai agriculture and changes in resource endowments being
carried out for the post *orld War Two period (1951-1975).

Due tb inadequate time-series data, regrcssion analysis of factors
affecting farm machinery utilization will be based on cross-sectional data

of 19 agro-econonmic zones in Thailand in the 1975/1976 crov year.

D. Organization of The Study

This study is organized into six chaptcrs. Affer this chapter of
introduction, traditional implements employed in Thai rice farming as well
as historical background on farm machinery development will be summarized
in Chapter II.

In Chapter IiI, the relevant literaturec concerning technological

change especially regarding mechanical innovation will be reviewad.




Chapter IV contains an analysis of changes over time in resource
endowments and productivity growth in ccnnection with £arm machinery adontion,
Factors which affect the utilization of farm tractors and water pumns

will be studied in Chanter V.

Finally, Chapter VI contains the summary and conclusions of the study,



CHAPTER I1I
HISTORICAL BACKGROUND OH THE INTRODUCTICN OF FARF MECHANIZATION IN
THAT AGRICULTURE
Before going into detail on the adoptive nrocess of modern

farm implements emnloyed in Thai farming

o

it is interesting to look at
some basic traditional implements still in use today. Traditional
implements svwecifically employed in rice farming can be used to
represent an overall picture of farm implements employed in Thailand's

crop production since Thai agriculture is basically specialized in

rice cultivation.

A. Traditional Farm Imnlements Employed in Rice Farming

For centuries, traditional farm implements used in Thai
agriculture have been extremely simple, mostly made from bamboo, rattan
or hard wood. These local materials made it convenient for the farmer
to make his own tools. Even with the introduction of modern implements
in the last decade, traditional ones can still be found in a number of
farming activities and sometimes are used in combination with the modern
ones, Despite tche differences between broadcasting and transplanting
techniques of rice cultivation, basic farm tools employed in each
technique are similar., These traditional farm tools are classified
according to their uses as Follows:

‘1. Equipment for Irrigation

Thai farming has long been dependent on the monsoon rains.

In areas where the land is slightly slored and in times of drought,



farmers have to irrigate their land with water from nearby water sources.

Simple implements used for this nurpose are water scoops and water wheels.

(See Figure II-1) The water scoop is much more simnle in structure but
not much water can be moved from one place to another by this tool.
Although it is nortable, it is not very suitstle for irricating plots
which are very far eway from z water source.

The water wheel is larcer in scale and is permanently fixed at
the best locaticn on the farm. It is made out of bamboo and hard wood
and is suitable for irrigating plots which are near water sources. It
can either be operated by human or draft =nimal power to generate
puddlers. Nowadays, the existing wooden water wheels are operated by
engines.

2. Equipment for Land Preparation ,

A rice field is made up of many individual rice nlots especially
if the rice land is net flat., Bunding the land divides the total land
area into sections of equal level and flatness. The bunds serve to
keep the water in cach plet at a uniform depth and also serve as walking
paths from one plot or field to another. In nreraring the bunds, farmers

use tools such as shovels, spades, hees, as illustrated in Figure II-2.

These tools are still essential for farm task nowadays. Following the

early rain when the soil is wet enough to permit plowing, a farmer will
use his buffalo or oxen to draw a slow through his rice field. Usually
one buffalo is enough whereas two oxen ar2 required to draw a plow. A

plow is a wooden beam with a handle on one end and two pieces of rope

tied to the other end. The rove is then fastened to 2 yoke which has



already been put around the animal's head. The bottom part of a plow is
made out of a thick piece of hard wood curvcd up like a shoe which is
called the ”pighead"} see also Figure II-2Z. An iron blade is attached
to the end of the nighead to break ur the soil as the plow is drawn
across the field. These so-called '"Shovel Plows“z'used in Thailand
are derived from a hand hoe. According to a survey of Chancellor in
1960,3 the average weight of a nlow was 10 kilograms (22.4 1bs) and
cost about 77 baht. Average reported life was 11.6 years and frequent
damage to a plow was usually caused by striking stumns, roots, rocks
or more resistant soil. The average stated rate of plowing is about
one rai per day. The traditional wooden pnlow and draft animals are
not adequate for the additional load immosed by dry soil. At one time,
an iron plow was introduced for its deever plough and better performance
on resistant soil. However, it was not widely accepted at that time
for it was too heavy and difficult to operate in the submerged field
and too heavy for draft animals to draw.4

Usually,a rice field is tilled two times in ordc. to loosen um

the soil and turn down the grass and weeds tor natural manure decomposition.

! snumamm Rajadhon, Life and Ritual in Old Siam: Three Studies
of Thai Life and Customs, Translated and edited by ¥.S. Gednev. (New
Haven: HRAF Press, 1961), Avpendix.

2 . .
H.J. Hepfen and E. Bicsalski, Smzll Farm Implements (Rome:
FAQ 1953), reprinted in 1978, p. 12.

3

W.J. Chancellor, "Survey of Indigeneous Farm Implements,"
(Revort of Initial Phrase for Evaluation and Ymnrovement of Small Tools
in Thai Agriculture, San Francisco: Calif., July 1961.) pp. 6-7.

*Anumamn Rajadhon, op.cit., p. 20.
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Harrowing is sometimes practiced if there is enough time left. In ceneral,
a harrow is operated cna field already submerged with surface water by
drewing it around the field. The soil after harrowing is well stirred and
ready for planting,

3. Equipment for Planting, Harvesting, Threshing and Milling

For broadcast rice, sceds are carried in small baskets and cast
by hand. The transplanting process reguires that seedlings are prepared
in a nursery plot which is located as clese as possible to a water
source for easy nourishment. When the main fields have been plowed,
the farmer then pulls up the sm21l rice plants from the seedling plots,
bundling them with bamboo strips and transporting them to the main plots.

In transplanting, grours of small rice plants are pressed with
the thumb into the wet soil. The mud around the plants will keep the
buried rice plants from loosening up and floating away. Farmers are
rather skilled at maintaining straight rows of uniform spacing. Such
skill is developed through experience. The nrocess of nlanting is
usually carried out by women. The least faim tools are used in the
transplanting process and thus it is the most laborious farm task., It
is a backbreaking farm operation which ironically has not at all been
mechanized as yet.5

Weed control is required after the planting is done. A weeding

knife or sickle is used for cutting the weeds. After a few months of

5 . . . .
Transplanting machines, both IRRT and the Chinese desions,
are now under experiment by the Division of Apricultural Engineering.



rain, the fresh green rice plants start to flower and eventually become
rice grain. Farmers hen wait for the gzrain to ripen and prepare for
harvesting. In almost all repions of Thailand except in the South,
harvesting is done by a sickle. (In the South, harvesting involves
cutting only the rice nanicles.) & sickle is a curved steel blade with
one end attachad to a short handle. The use of a sickle for harvestino
is rather slow. However, it is best suited for rice since the ripened
grain can easily fall off. Furthermore, the ripened rice, due to its
heavy sheaves, always falls down in a tancled ccndition. This becomes

a major obstacle in trying to apnly western harvesting machines into
Thai rice farming. The slow process of using a sickle usually requires
more labor than the available family sunply. A problem usually arises

where there is inadequate labor for harvesting and the longer the delay

in harvesting

o

the larger the loss due to the falling off of ripened
grain from the plants. |

The harvested rice is delivered to the threshing ground which
is usually prepared from a mixture of carth and clay. The threshiﬁg
ground is baked in the sun into a concrecte hardness and then covered
by a rattan mat before shecaves of rice are niled on it, Traditionally,
two main. methods of threshing rice are followed. In one method, the
farmers use two pieces of wood tied together with a long rope at one
end. This lonp reope is formed onto a loop arcund the bundle of rice

sheaves. Then, the farmer will hold onto the pieces of wood at another

11

end. The rice sheaves which are tied into bundles will be struck against

the floor of the threshing ground thus loosening the rice grain from

its stalk. (See Figure 1I-4)



Another method of threshing which is commonly practiced in the
Central Plains is to <mploy oxen or buffaloes te trample on the rice
piles by walking ir a tight circle. The grain then falls from the stalls.
Although there is more dirt and other particles mixed with fhe grain,
this primitive method is vather effective., The use of a threshing
machine requires that vice sheaves he orderly arranced wherecas with
the traditional way of threshing this is not 2 problem. /An obstacle
in employing this traditional method nowadays ic the inadequate supply
of both animals and labor. Therefore, it takes many days before the
huge piles of rice sheaves are all threshed. Generally, the drier the
rice sheaves, the larger the amoun£ of broken grains obtained from the
threshing process. Furthermore, many people are complaining about the
impure ricg arain obtained from animal threshing while others comment
on the loss due to animals eating some of the grain while they are at
work.

| Nowadays, the usc of threshing machines secms to be widely

accepted especially among farmers in the Central region. One study
done by Kasetsart University6 on the use of the IRRI axial flow threshing
machine in comparison with the traditional methods favored these modern
threshing machines. Furthermore, with a threshing contractor system,
the use of threshine machines has hbeen more widely adopted.

The threshed grain has to be winnowed in order to purify it.

Traditionally, farmers pour the grain against the wind which will blow

t’Sriaroon Rasanond et,al., "A Survey of the TRRI Axial Flow
Threshing Efficiency Compared with the Traditional Methods of Threshing,
(Unpublished Report, Faculty of Economics and Business Administration,
Agrobusiness Management Program, Kasetsart Umiversity, 1977).



away rice brans and dust. A winnowing basket is used. A portion of
the grain will be shaked and poured against the wind in the winnowing
basket. To date, winnowing equipment is attached to a threshing machine
making it more convenient for farmers to clean the rice husks,

The grain is now ready to be kent in the barn. In the old days,.
when rice was produced only for household consumption a farmer would
only pound grain sufficient for his family's daily intake. This is
one way to nreserve the auality of rice as long zs possible. #ooden

mottars with wooden pestles for hand pounding are the most original

implements in traditional rice milling. Lever-pestle mortars and

household rice mills come with innovation., (Figure 11-3) However,

after commercialization cf rice production, farmers beggn to sell their
surplus grain to the merchants who then sent the grain to the rice mills,
To date, the rice milling process in Thailand has become so industrialized
that the old implements for rice milling are rarely seen in farm
households.

Before going on to the next section, it is interesting to present
a working rate for the previously described fzrm tools. Information
concerning working rates are available in Table I1I-1 and are based on
the average reported information of Chancellor's survey in‘1961.7
Concerning work rates of buffalo and tractor nlowing, another survey

8 . o
conducted by Creene  reveals that on the average both for the first

7W.J. Chancellor (1961), Op.cit., pn. 75-77,

8Brook A. Greene,'Rate of Mdontion of New Farm Practices in
the Central Plains, Thailanc(Occaticnal Paper Mo. 41. Dept. of Ag,
Econ., Comell University, Ithaca, New York, 1970) Table 11.



TABLE II-1

STLECTED FARM YORXING RATES

Type of Farm Operation Yorking Rates
Plowing (using an average 1.2 animals per plow) 4 hrs./rai
Harrowing 3 hrs./rai
. 1 .
Pulling weeds g-rallmanuday
tater movement by scoop ) 17 man-ars./rai

or 2.5 days/rai

Cutting rice with sickle .55 rai/man-day

Threshing rice by flailing ' 41 tang/man-day

Threshing rice by animal trampling 40 tang/man-hr,
Source: WW.J. Chancellor (1561}, op.cit., p. 77.

Note: 1 tang in this case is equal to 12.4 Kkg.

and second plowing, a buffalo was able to plow at the rate of 8.7 hours/rai
vhereas 0.36 hour/rai was the work rate given for tractor plowing. The
discrepancy on buffale work rates in the twc studies may be due to
different sampling techniguss and differcnt points in time of the studies.
Conclusion of Greene's survey further reveals that one tractor can rnlow
land 24 times faster than a buffaloe. A comparison of efficiency between
the buffaloes and tractors obviously requirves more information other

. - . . 9
than just work rates and is thus beyond the scope of this study.

9 . . . . . .

More detail concerning this matter is available in Songsak
Sriboonchitta, "The Private Cost of Using Tractors Versus Buffaloes:
A Case Study of Farmers irn ChaChoeng Sao Province,'' (Unpublished M.A.

Thesis, Faculty of Economics, Thammasat University, 1975.).
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FIGURE I1-1

EQUIPMENT FOR IRRIGATION

N ‘- = o3
\'Z
b W7\

water wheel.
bamboo tube for dipping up water,

conduit for receiving water, made out of sugar palm tree or bamboo.
drag-type water wheel made of bamboo and hardwood.
tripod water scoop.

half-dipper.

Seurce: Anumarn Rajadhon, op,cit., Appendix A.

" BEST AVAILABLE COPY



FIGURE 11-2

EQUIPMENT FOR LAND PREPARATION

16

11

handle of the plow, 2., rope.
"pighead" 4, 1iron share,
voke. . - 6, hitching Tope.
iron shovel. 8. spade.
wooden shovel, old style, 10. hoe,
iron rake, chinese style,

harrow, 12,

Source Anumam Rajadhon, op,cit,, Appendix A.

BEST AVAILABLE COPY



FIGURE 11-3 17

EQUIPMENT FOR HARVESTING, WINNOWING, THRESHING AND MILLING

1. winnbwing basket, flat rounded shape woven of bamboo.

S
L.

sickle.
threshing sticks made of hardwood or bamboo for holding rice sheaves,

(¥3)

4., wooden hand mortar.

pestle for hand mortar.

(¥R ]

6. big hammer~shaped pestle for hand mortar.
7. another shape of wooden pestle,

8. pestle for pounding.

o

level pestle for pounding.
10. household rice mill.

11, basket for containing rice.

Source: Anumam Rajadhon, op.cit., Appendix A,

BEST AVAILABLE COPY



FICURE I1-4

FARMERS THRESHING RICE WITH TRADITIONAL THRESHING STICK .

BEST AVAILABLE COPY
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However, it is accurate to recognize that tractor plowing is now gaining

popularity arong farmers.

B. The Intrcduction of Tractor Plowing

Amcng the early imported machines for farming, the steam powered
tractor was\privately experimented with in Samut Prakam in 1891/92.10
It was recorded that, in 1907, the govemment of Australia sent an expeit
to Thailand iﬁ order'to introduce the Australian engine plow which wculd
enable farmers to érepare land before the monsoon rain started.ll e
proposed engine plow was tested in the Rangsit area and found to perfomm
well. Around 1910, a; engine plow from Austria waﬁ also privately tried
by Yai Suphan Sanitwonge and Dr. Adamson. However, there is no record-
on further adopticn of such a machine, This is prcbably because the
imported steam plow was costly and faced some technical constraint,
The imported machines used for land preparation were accepted to perform
better than native implements in the dry season when the soil became
sun-baked, However, during the rainy sczason, the impbrted steam plows
was too heavy and cumbersome in the submerged rice fields.

The first Bangkok Apricul turzl show in 1910 gave an opportunity
for imported farm inplements to be put on display. Among other famm
inputs the Americen iron plow, steam plow, pump engine and disc plow

were recorded to be on display.12 An~ther exhibition was organized in

1ODavid Feeny, "Technical and Instituticnal Change in Thai
Agricul ture, 1830-1940," (Unpublished Ph,D. Dissertation, University
of Wisconsin, HMadison, 1976) p. 115.

11Letter from Chao Phya Pravet to the King, (Rama V), R.,5 Xs 1/10,
National Archieves.

12J.C. Bemett, Report of the First Annual Exhibition of Asriculture
and Commerce Held in Bangkok, April 1910 (Bangkok: Ministry of Agriculture,
1910) pp. 30-40,
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the following year\together with a competition on the perforrances of
modem farm implements, As a result of the perfcrmance on the experimental
field, the Americon iron plow won the first prize for being able to
plew the land deeper and maneuver itsclf in the field better than the
traditional wooden plow, Although this modemn iron plow was effective
in use, farmers coften ccmmented on its heavy weipht and higher cost than
that cof the traditicnal wocden plow.13

In response to a proposal to improve the technology of rice
farming, the govemment decided to establish an agricultural experimertal
station in the Rangsit area in 1919/1917. The experiments involved
improvement in rice varieties, fertilizers, farm machinery as well as
soil testing. 14

The station experimented with imported tractors, harvesters,
threshers and cenbine machines which were large in scale. Reports from
the experimental stations supported farm machinery performance particularly
for its ability to save time., However, it was also recorded that these
foreign machines needed to be adapted tc Thai wet rice farming conditions,
There had to bz 2 good water control system to prevent the heavy machines

from sinking. Proper provision cf bunds was necessary to allow water

to move from field to field. Furthermore, tractor plowing was recommended

13'3311‘1e C. Zimmerman, Siam:; Rural Economic Survey 1930-1931,
(Bangkok: Bangkok Times Press, 1931), pp. 305-315.

14

bavid Feeny, oE.cit., 109-114.

15Thurmong Singkamwanich, "Farming by Machine," in Kasikom
Joumal, Vol. 21, No, 2 (March, 1948}, pp. 109-114, (in Thai),.
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in combination with water pumps which helped in controling water levels
in the fields. However, the initial cost of investment was also extremely
hipgh, thus, preventing farwmers from privately embloying any of this new
famm machinery.16

Pue to both technical and financial constraints, it is not
surprising to find that most of the early imported machines were limited
only in use on the povernment's experimental fields. Two important
events likely to have contributed to the slow introduction of farm
machinery in - Thailand are the Great Depression of the 1930's and the
Second World War. Hence, it was not until sfter the Secend World ¥War
that farm mechanization bepan to generate public interest. Meanwhile,
the expansion of irrigation facilities, the expansion of government
research work and its extension service and the development of loczl
farm machinery production are other immortant factors which facilitated
the rapid expansion in farm machinery adoption and diffusion. More
detail concerning these factors are rcviewed as follows:

1. The Expansion of Irrigation Facilities

A series of canals constructed in the Ranssit area in the latter
half of the 19th century, were considered to be the beginning of
an irrigation system in Thailand. The first extensive irrigation
system, the Pasak Scheme, was developed at the beginninz of the 1%40°'s.

The development of an irrigation system around this period for the most

16Departmcnt of Cultivation, Ministry of Agriculture, "Farm
Machinery Experiment in Rangsit" in Kasikorn Journal, Vol. 19, No. 3,
1947, pn. 291-393,




22

part failed to control the level and timing of water or to provide
water storage for a second cron.17 In 1950, the construction 6f a-
diversion dam at Chainat, north of Bangkok, began with the assistance
from the International Bank for Reconstruction and Devclopment. The
dam and distribution canals were completed in the 1960'5. Continuing
projects under this irrigation development scheme are still being
carried on to this day.

Integrated program§ such as land consolidation, ditch and dike
projects as well as a water pumpinp system during the latter half of
the 1960's led to significant changes not only in farming techniques
but also in farm input use. Therc was a rapid increase in the use of
modern farm inputs such és fertilizer, pvesticides, water pumns, tractor
plowing, high yielding varieties, etc..

The better on-farm water control brought about by irrigation
development not only caused farmers to shift from broadcasting to
transplanting rice but also enabled farmers to grow two rice crops a
year.l8 Timing of operations in a double-cropping system is very
critical since a delay in one crop operation will impede the operation
of the following crop. Usually, a wet-season rice crop must be
harvested as soon as possible or sometimes in conjunction with the
scedling process for the following crop. Thercfore, there is an

overlapping period of work for the first and the second crovs.

17J.»R. Behrman, Supply Response in Underdeveloped Agriculturc,

A Case Study of Four Major Annuzl Crops in Thailand, 1937-1963.
(Amsterdam: North-Holland Publishing Co., 1974}, pp. 47-d8.

13Ronald C.Y. Ng., Supplementary Report on the Development Attitude
Survey Chao Phya Irrigation Improvement Project, Stage-II1. (Report
prepared for the IBRD, January, 1977), pp. 119-121,




The shortened working period thus caused a labor shortage by raising
labor demand. To meet the increase in labor demand, farmers were induced
to use a greater number of hired labor and tractors. Somchart found
in his surﬁey that the increase in tractor use and ownership were wholly
due to double-cronving since the use of buffaloes was too slow given

the existing average farm size and household labor supply.19 Evidence
from the same survey also reveals that threshing and transnortation

of the harvested crop were also hichly mechanized with the use of
tractors. Thereforz, it is possible for us to recognize that the use

of tractors and other farm machines is amatter of necessity in

double-cropping.

2. The Expansion of Government Research Work and Its

Extension Service

Since the establishment of the Acricultural Experimental Station
in the Rangsit area around 1910, imported farm machinery were experimented
with under the direction of the Department of Agriculture, Ministry of
Lgriculture. However, budgetary and technical constraints limited
the extent to which farm machinery were exverimented with at that time.
The extension on tractorization can be traced back to the early
1950's when a tractor station was started. This station rented out
imported tractors to farmers in nearby arecas such as Ranpgsit and

Pathumthani. The service charge per rai at that time was about

1950mchan; Komate, "Labor Problems of Double-Cropping in
Channasutr Land Consolidation Project' (Unpublished M.A. Thesis, Faculty
of Economics, Thammasat University, 1976) ». 91,
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15-18.baht.20 Such service was initiated mainly for demonstration
purposes. However, due to inadequate funds, the station had to
discontinue this service shortly after its initiation. Furthermore,

the use of tractors at that time was not very attractive to the farmers
because of various reasons. The farmers at that time believed that

the heavy tractors would press down the soil on their land, which in
turn, would reduce yields. Some thought that tractors nlowed too deeply
and, thus would tum the underpround lime onto the surface. Many farmers
also worried that drimpine o0il from the tractors durins their oneration
would spoil the guality of their soil. With respect to the technical
side, tractor operation in those &ays was not very successful also
because there were too many tree stumps buried underneath the ground.
Furthermore, these large immorted tractors were difficult to move from
field to field.

After the establishment of the Rice Department in 1953, research
work on farm machinery was given to the Engineering Division. Research
and development of farm machinery in this division involved not only
improving the imported machines but alsc inventing farm machines better
suited to local conditions.21

The most popular farm machine promoted by the division was
the ""Debaridhi’ low-1ift propeller pumn and the well-known "Iron Ruffalo.*

The innovator of these machines was M.R, Debaridhi Thevakul.

~

2 . . . ' c et
0Recorded from an interview with Mr. Metha Ratchariti, the
director of Rain Makine Project who used to be in charged in this work
at that time,

21M.R. Debaridhi Thevakul, "Aoriculture with the Nation's Economic
Securities,’ (Unpublished Personal Rescarch Paper, Bangkok: Division of
Acricultural Encineerine, Ministry of Aericulture and Asricultural
Cooperation, Dec. 1966) p. 31,
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The "'Debaridhi" pump was a modification of the traditional
wooden water wheel using an engine instead of manual or animal power
in puddlinp. The engine used was around 4-5 horsepower. The '"Debaridhi™
pump was adopted in 1957, two years after its invention, and is still
widely used today.

Around 1953, %,8, Debaridhi started workine on a small walking
tractor with the hore that the new machine to be used for land tillage
coyld be driven by the small engines which were already available for
"Debaridhi" oumps. Therefore, the early models of his walking tractor
used a small Lister diesel encine of>4.5 horsevower. Modifications on
this earlier model of the walking tractors were made as experimentation
with it continued until a small four-wheel tractor known as the '"Iron
Buffalo'" came along. Sihce there was a seat attached for the driver
in a latter model of Iron Buffalo, the nower of the machine was therefore
increased to around 12.75 hp.,still using a Lister diesel enginc.

Around the mid 1960's, imnrovements on the Iron Buffalo were terminatecd

when it was released to private producers. It was not successful

due to the inefficient production capacity. The latest model of the

iron buffalo was driven by a Toyota water cooled 25 hpn. encine, tFizure 11-7)

After 1970, further research on small-scale farm machinery
has teen carried out by the Encineerins Division in collaboration with
the International Rice Research Institute. The most successful
machines introduced by this coonerative nroject is the axial flow

22 . " X
thresher. The resulting desims have been diffused to many small

22Chak Chakkanhak and Ben R. Jackson, Farm Mechanization in
Thailand Revort to the International Sympnosium on Farm Mechanization
in Asia, July 3, 1978. (Tokyo, Japan, 1973), ». 6




local producers. Meanwhile, the two-wheel tractors or power tillers
were already commercizalized by some local nroducers.

3. The Develonment of a Farm Machinery Industry

It is accepted that a key to the increased adontion of farm
machinery is that of assuring farmers that new machines can provide
them with higher returns and are locally suitable. Furthermore, they
should be simple in design, easy to renair, and have spare narts
available. This can come about if there exist local production Firm§.
Nowadays, there are a number of firmms involved in both large four-wheel .
and small two-wheel tractor production. Attached imnlements for large
tractors are also included in the nroduct line of these firms. O0f all
the farm machines produced by local fimms, the power tillers or small
two-wheel tractors have gained the most ponularity amone farmers
especially in the Central Plains. The development of two-wheel tractor
production in Thailand can be traced back to the mid 1967's. The most
widely known producer was Kamnan23 Prung Farkaew of the Sinskru i'sahagrum
factory in the Prapradaeng area. An early model of Kamnan Prungfs
two-wheel walking tractor excludine engine cost about 3,200-3,505 baht,
By the end of the 1960°'s, there were at least three to four firms
producing walking tractors. During the 1970's, the production of two-wheel
walking tractors became very competitive and was mainly concentratcd
around the provinces surroundine the Ranskok Metronolitan area. It is

also important to note that the local production €irms still have to

3Kamnan is a title for villape headman.
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rely on imported engines. A recent survey by the Rank of Thailzmd24
reveals that there were around 180 firms concentrating in farm machinery
production. More than 75 ver cent of the total firms are located in the
Central Plains. Two-wheel tractor production is about 40,000-45,000 units
ver year. The average power of an engine used is around 6-9 horsenower.
In summary, traditional farm implements emnloyed in Thai
cultivation are simple in structure and mostly made of rattan or hard
wood. Nowadays, these old farm tools have been used in combination
with modern oncs. In the past larpe farm ovners in the Central Recion
showed interest in substituting farm machines for labor. Fowever,
the introduction of farm machines particularly tractors were limited in use
only at government cxperimental stations and a few wealthy large farm
owners., It was not until a decade after the Second YWorld ¥War that farm
mechanization became better kmown and used by Thai farmers particularly
in the Central Plains. The government sector has also put some effort
into the research and development of farm machines which would be adantable
to local‘conditions. However, due to inadequate funds, povernment
research projects not only nroceeded slowly but also have to denend
upon the pnrivate sector for commercialization. The private commercial
sector through its own initiative have provided less expensive and small
scale two-wheel tractor to the farmers. Therefore, the technolosical
revolution in Thai apriculture in the 1960s involve the increased use

of mechanization as wsll as improvements in watexr conditions, the

**pank of Thailand, Report on Power Tiller and Tractor for
Rice Farmming,' an Unnublished Revort, 1978.
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increasing use of fertilizer and the introduction of new cron varieties.
The success of four-wheel tractors is also dus to the availability of

a tractor contractor system. Small two-wheel tractors introduced in
the latter rcriod are better suited to Thai rice cultivation in the
Central Plains. Furthermore, local small factories are being onened in
the region which assemble and repair tractors and nroduce tractor narts

and accessories and hence, contribute to the prosress of farm mechanization.



FIGURE II-5

THE “'DEBARIDHI' WATER PUMP

The "Debaridhi" water pump, designed by M,R, Debaridhi Thevakui,
is appropriate for rice land which is not more than three meters

higher than its water source.

BEST AVAILABLE COPY



FIGURE T1-6
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THE "I RON BUFFALO" WITH CAGE WHEELS ATTACHED .

A 12,75 hp., Lister diesel engine was used.
- - 'u"p'r ‘

i

FIGURE II-7

THE LATEST DESIGN OF THE "IRON BUFFALQ",

A 25 hp. Toyota Jdiesel engine was used.

BEST AVAILABLE COPY



FIGURE II-8

AN EARLY MODEL OF THE TWO-WHEEL WALKING TRACTOR.

FLOURE T1-9

A PRESENT MODEL OF THE TWO-WHEEL WALKING TRACTOR .

BEST AVAILABLE COPY
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CHAPTER III

REVIEW OF LITERATURE, THEORETICAL FRAMEWORK AND METHODOLOGY

A, Review of Literature

The importance of technical change in economic growth has been
pointed out by many economists. Among the earliest studies related to
this topic, Solow1 showed that about 12% per cent of the growth in real
private non-farm GNP per capita in the United States during 1909-1949
can be ''explained'" by the increased use of capital per umit of labor.

The remaining 87% per cent was attributed to an unexplained source which
he called "technological change.'" Due to its importénce, various studies
concerning economic growth cannot neglect this so-called technical change
factor as another engine of economic growth, TFechnical progress consists
of the invention of new methods or new products thch will eventually

be introduced into the processes of production in-a society.2 The term
""innovation' commonly refers tothe stage of putting new conétructs into
effect. This technical change can take place in either the industrial

or agricultural sectors.

Ames and Rosenbergzhave done a study on the U.S. and U.K. gun-
making industries focusing on the two countries' factor endowments and
demand conditions. during the mid-nineteenth century. They found that

the U.K. gun-making industry employed labor-intensive techniques whereas

1Robert Solow, "Technical Chanpe and The asgorerate Production Functicn,’
in The Economics of Technical Change, ed. by Nathan Rosenberg (Baltimore:
Penguin Books, Inc., 197I1),pp. 314-362.

2Evcrett E. Hagen, The Economics of Development (Illinois: Richard
D. Irwin, Inc., 1975), p. 252.

3Edward Ames and Nathan Rosenberg, '"Enfield Arsenal in Theory and
History,'" Economic Journal, Vol. XXX VIII, No. 312 (Dec. 1968, pp. 827-842.
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the U.S. used more interchangeable rarts as well as more machines in the
effort to economize on relatively exvensive labor. In addition, the U.S.
producers were also facing a long ranee price elastic market which enhanced
the use of mass production whereas the U.X. producers were mainly confined
to an upper class consumer market where products were usually produced

and sold by orders. The conclusion drawn from this study is that the
interaction of factor endowments and industrial demand conditions te

some extent can explain the type of technology employed in their rroducticn
processes. Other economists had also tried to point out the nrocess of
"technical chanee" throuech the increase in efficiency and quality of

the traditional factors. Schultz4 was one of the economists who based

his analysis on the canability of the economy to nrovide improved

inputs into production by way of better human capital or better inter-
mediate inputs. Cther economists also made great efforts to study

factors which enhance the changes in technology as well as its transition
nTOCESS, Hicks5 emphasized the importance of changes in the relative
prices of innuts in the adoption and diffusion of new technology from
which he stated that ''changes in relative factor prices will stimulate

the search for new methods of production which will use more of the now

- . 6
cheaper factor and less of the exvensive one.'

4T.W. Schultz, Transformation of Traditional Agriculture {(New
Haven: Yale University Press, 1968).

5J. Hicks, The Theory of Wages (New York: §t. Martin Press,
1963). . g

®Ibid., v. 120.



34

Hayami an& Ruttan7have done an analytical study on the induced
innovation theory. The substance of this theory involves an explanation
of the mechanism by which a society chooses an optimum path of technical
change in the agricultural sector. They emphasized the mechanism
which the society employed in order to enhance the adoptive process for
the changes in technology.

An cxample on the changes in relative factor nrices was given:
as an inducement to technological change in the U.S. and Japanese
agriculture ., Showing the historical exnerience of agriculturél development
in both countries for the neriod 1820-196G, Hayami § Ruttan proved that
the extreme differences in the two countries' resource endowments-land
and agricultural labor - as well as their relative prices does not seem
to nrevent rapid crowth in their agricultural productivities. During
the entire eighty-year neriod, both countries were atle to obtain a
favarable rate of growth in their agricultural sectors as can be
sumnarized in Table III-1, Infofmati§n~ih Table III-1 shows that both
countries obtained a substantial increase in their agricultural labor
productivity which indicate that they had undertaken some technological
changes in their production nrocesses.

They concluded that "land area per worker exmlains more than
80 per cent of the labor productivity in the U.S. whereas it explains

4

. 08 . s .
less than 40 per cent in Japan.”  Using regression analysis, they also

7Y. Hayami and V. Ruttan, Agricultural Development: An International
Perspective (Baltimore: Johns Hopkins Press, 1971)

8Y.J. Hayami & V. Ruttan, Op.Cit., ». 115.



ANNUAL COMPOUND RATE OF GROWTH IN OUTPUT, INPUT AND

PRODUCTIVITY IN U.S. AND JAPANESE AGRICULTURE,

TABLE TII-1

1830-19¢0
Uu.s. (%) Japan (%)
Agricultural OQutput 1.5 1.9
Total input 0.8 T0.6
Total factor Productivity 0.7 1.0
Output per male worker (Labor productivity) 2.4 1.9
Outnut per arable land (Land oroductivity) 0.4 1.3
Arable land area per male worker 2.0 1.9

Source:

Y. Hayami and V. Ruttan, op.cit., p., 114,
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found that variaticn in land area per worker (A/L) in the U.S. is
explained by changes in their price ratios. The implication ot this
analysis is that along the developmental nath the nrices of the less
elastic factor (labor) tend to rise relative to the rrices of the more
elastic factor (land). Furthermore, vrices of a substitutable inbut

for labor such as farm machinery were relatively cheaver than the price
of labor. Therefore, mechanical or labor-saving innovations were induced
to a greater extent. With more application of mechanical innovation,
rises 1in labor productivity is expected, since it is possible for

a given area of land to be worked by fewer people, and that enhances an
increase in arable land per worker (A/L).

A similar pattern of anaiysis was also tested in other countries!
historical experiences, such as Germany, France, Denmark, and the United
Kingdom, by other economists.9 The overall conclusion supports the
hypothesis that changes in factor use in each of these countries have
been resnonsive to change in relative factor prices. Moreover,
mechanical innovation has been develoned in these Eﬁiopean agricultures
later than in the U.S.

The induced innovation theory is in general consistent with the

substitution viewpoint with regard to farm machinery espécially in

the form Qf tractors. This viewpoint considers tractors and human labor

9Vernon W, Ruttan and Others, "Factor Productivity and Growth:
A Historical Interpretation,’in H. Tinswanger and Others, Induced
Innovation, (Baltimore: The Johns Hopkins University Press, 1978),
pp. 44-87.



including animal power as different nower sources nerfectly substitutable
for one annther, Thefefore, the switch from one source to ancther is
primarily gencrated by factor prices which in turn is related to factor
scarcities. |

Another viewpoint considers farm mechanization is the Net
Contributor.10 The counter argument is that power is a constraint to
agricultural pnroduction regardless of factor nrices. Therefore, the
greater power of farm machinery, tracters in particular; as well as its
speedy task would allow more timely operations which countribute to both
yields and more extensive practice of double-cropping without necessarily
displacing labor. This viewpoint sunports the proponents of farm
machinery in the LDCs where labor is relatively abundant compared to
capital. Furthermore, available evidence also supports the complementarity
between the use of tractor and high-yielding wvarieties. Many instructive
studies on this topic are available for the case of Indian and Pakistani

.3 11 ‘as . . . . . . .
Punjab, R1J1k12 in his article concerning farm mechanization in

10Hans I'.Binswanger, The Economics of Tractors in South Asia
(New York: Agricultural Develcpment Council, Inc., 1978), p. 3.

llAmong the many studies concerning the case of Indian and Pakistani
Punjab are Jobn P. Mc.Inereny and Graham F. Donaldson, The Ccnsequences
of Farm Tractors in Pakistan, Staff Working Paper No. 210 (Yashington:
IBRD, Feb., 1575), Richard B. Day and Inderjet Singh, Eccnomic Development
as a Adantive Process: The Green Revolution in the Indian Punjab (London:
Cambridge Yniversity Press, 1977). William H. Bartsch, "Employment
Effects of Alternative Technolopies and Techniques in Asian Crop Production:
A Survey of Evidence," provisional draft (Geneva: Internaticnal Lator
Office, 1973).

12 A. G. Rijik, "Anpropriate Agricultural Mechanization for Northern
Thailand,"in Rural Develobment Technology, an Integrated Apnroach, ed, by
Gajendra Singh and J.B. De Gelde (Bangkok: AIT, 1977),pp. 145-163,
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Northern Thailand found that farm mechanization was complementary to

‘the application of KYV's, Land preparation by tractor nrovides thorough
soil tillage which facilitates better seediing while Dbetter water control
can be achieved through water numping system. Another village study

done by Moremanl3 in Morthern Thailand also found that tractor-vlowed

rice plots were noticeebly more bountiful than any of the others,

The pfactice of double-cropping further creates a higher demand
for labor and nlaces a more binding time constraint on cach farm |
operation. According to a survey of Somchart Komate14 on labor problems
of double-cropping at Channasutr Land Consolidation in Thailand, he
found that tractor utilization and ownership in that area were wholly
due tn the development of double-cropning system.

In some countries, public nolicies also have influences on
factor and precduct markets in order to induée substitution of mechaniéalv
power for animal power and for labor. Sanders and Ruttan15 found” that
there were »rice distortion pelicies in Brazilian agriculture which led
the economy to favor farm mechanization. Dong Hi Kim16 also nointed
out that the Korean government arcund the mid 1960's became more active

in providing large amounts of credit and subsidizing farmers for purchasing

13M1c.uel Moreman, Agricultural Change and Peasant Choice in Thai
Village (Berkely and Los Angeles: University of California Press, 1968),

. 66. .

14Somcha.rt Komate, op. cit., Chapter V.

15John H. Sanders and V.V, Ruttan, "Biased Choice of Technology
in Brazilian narlculture," in H. Binswanger and Others, Induced Innovation
(1578), » pp. 276-296.

OP., c1t

16Kono #i Kim, ""The Farm Mechanization Process in Korea," in Farm
Merchanizatirn in East Asia. ed. by Herman Southworth (Slnpapore ADC. Inc.,

1972), pp. 50-6C.
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farm machineory. In Burma, Uhla Tin.l7 frund that sovernment cuidelines
toward the development of cash creops; sugar-cane, cotten and jute in the
more arid zone creates a greater demand for traétor operation in their
cultivation trocesses,

Empirical tests for many developed countries such as the U.S.
supported the induced innovation hymcthesis. However, the widespread
diffusion of farm machinery in LDCs today cannot be determined only by
the above hypothesis, Somé other crucial variables should also be
considered since most of tﬁese modern implements are acquired by way of
importation. Other aspects of farm machinery especially for‘tractofs
which induced farmers to adort them are their greater power which rrovide
deeper and more thorough soil tillage, timely oneration, and their
multi-purpose uses such as threshing and transportation. Sometimes,
some machines such as the-water pump become essentially immortant in
order to obtain irrigatabhle water into the field. This is when the
functioning of the machine itself becomes the first priority when deciding
to buy rather than its substitution ¢ffects. Other factors influencing
farmers to use farm machinery are insti;utional factors, government
policies toward farm mechanization, the establishment of domestic farm
machinery production, availability of more adaptable machines including

demonstration effects. Scme of these factors should also be considered.

f

17U.Hla Tin, "'Status of Agricultural Mechanization in Burma,"

in International Agricultural Machinery ¥Workshon., nroceeding the
Intermational Rice Research Institute. (Sent., 1978),np. 69-79,




49

B. Theoretical Framework of the Study

If a country is endowed with relatively scarce labor and abundanf
land, the nrice of land will be relatively low as compared to the price
of labor. The use of mechanical nower may be induced in order to save
the use of relatively scarce labor and thereby increase the land—léﬁor
ratio and yield per unit of laber. The relaticnship between mechanical
use and yield may be drawn graphically in Finure I11-1, whefe U0 and Ul
represent the mechanical response curve of different factor price sets

along the metaproduction curve (U).

FIGURE TII-1

SHIFT IN FACTOR-OUTPUT PRICE RATIO ALONG THE METAPRODUCTION CURVE

Yield Per Ynit of Labor

Mechanical Power Per Unit of Labor
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A decline in the price of machinery relative to the price of

agricultural output from PO to P. would be expected to result in the

1
increased use of machinery since it means that machinery has become
rela;ively cheaper than labor, given that price of outnut does not chanpe.
The full imnact of the lower relative prices of modern inputs such as

farm machinery on yield can be fully realized only if U1 or a more nroductive
technology is made available to the farmers. At the same time, farmers

must be capable of absorbing the new technology. Point B in Fipure I111-1,
therefore, renresents the new ontimum point with the highest yield per unit
of labor availablé under the new set of prices. It involves'an increased
-use of mechanical power ner unit of lator. The U curve which envelops many
response curves is defined as 'metaproduction function' or a '"motential
nroduction function" by Hayami and Ruttan. The above analysis of the
substitution of mechanical nower for labor vrobably adequately reflects

the U.S. agricultural sector. For the case of Thailand, mechanical
technology in the agricultural sector is directly transferred from develoned
countries and mayinot be a result of domestic preésures resulting from
facter scarcities. There may be other determinants a“fecting mechanical |
utilization besides changes in relative factor priéss over time. Thesc
factors should, therefore, be taken into censideration. If there is no
significant change over time of relative factor and product prices, the
substitution of mechanical power for labor is still possible. This came

about through a shift in the metanroduction function as shown in Figure I1I11-2,

the new technology may be made available te the agricultural sector by
way of institutional or non-price factors and the direct transfer of

technology from abroad.
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FIGURE III-2

SHIFT IN FACTOR-OQUTPUT PRICE RATIO AND METAPRODUCTION CURVE
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Yield Per Unit of Labor

Mechanical Power Per Umit of Labor

Undef such circumstances, it is possible for the U curve or the original
- metaprcoduction curve to shift up toﬁard U' and point B.will represent
the more efficient voint of production given that farmers are able to
absorb the new technology at point R. Later adjustment on relative prices
is also possible as presented by point C although it is nct the only
prerequisit: to the adoption of farm machinery.

Some of the posible non-price facters contributing to the adoption

and diffusion of farm mechanization in Thai agriculture include;
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‘1. The development of multiple-cropping technolngy which appears
to have brought with it an increasing pressure fcr machinery anplication
esnecially for land preparation in order tc solve the problem of time
constraint.

2. The expansion of upland crop production in certain areas
crea&*idemand for mechanical power in land premaration. For instance,
the preater nower of tractors whichencblcs farmers to reclaim land and
prepare land with heavy texture in the dry season that cannnt be effectively
cultivated with draft animal Therefore, tractors could contribute to the
increased nroduction bnth by‘higher yield and extensive farming.

2. 'The availability of irripated water in dicth and dike canals
creates a demand for water pumps of the farmers in order to nbtain water
for their fields. The uneven rainfall distribution also require water
numps in crder to numm out excessive water from farmers' fields. Therefore,
water pumps become the most common type of farm machinery obtained by
most Thai farmers. .

4, There are nroblems in using animal nower which has a low
capacity and hicher cost of operation and maintainance as compared to
mechanical poﬁer.ls Furthermore, the transition to modern inputs would
free land previcusly required for animal feedino to mere crop nroduction.

5. Ansther factor which should be considered as a benefit of
using farm machines, especially farm tractors, is that they'reduce §he

drudeery of farm tasks. In addition, they are often used in other

18For more detail see Songsak Sribeconchittra, ""The Private Cost
of Usineg Tractors Versus Buffalces: - A Case Study of Farmers in
Chachoenesca Province,'" (unnublished M.A. Thesis, Faculty of Economics.
Thammasat University, 1975). :
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activities such as threshin~ and transrortation. The attached motor encines
are sometimes canable in generating c¢lectricity or overating water pump.

6. The last factor which should affect farmers'decisions to
adopt farm machines is the son-called demonstration effect. Generally,
it is peossible for any micro-study to find out that certain farm machines
are onerated at the rateslower than the break-even »noint. However, if
one takes into consideration the psychic benefits according to the
theory of consumer choice, it is possible that certain machines are still
rationally surchased by the farmers. More often than not, observers may
find that a farmer is using modern innuts tecause his neirhbor cr

relatives or friends are using them.

C. Methodolory and Sources of Data

Anzlysis in the following charters is devided into two narts.
First, trends in labor productivity will be analyzed since it is
considered as a consequence of technical chanpe in the arricultural
sector.  Folleowine the work of Hayami § Puttan, labor nroductivity (Y/L)
will be fartitioned into two variables, namely land nroductivity (Y/A)
and land area ner worker (A/L). It is exnected that the major source
of increase in A/L has been the nrogress in mechanical techneloey whercas
the major source nf increase in land nroductivity (Y/A) has been the
pregress in biclogical technology. Applying'such a mndel with the Thai
agricultural data cver time, it may inform us of the major sources of
chanee in Thai apriculture, whether it is mechanical or biolneical
factors or both. Another nart of analysis, provided in Chanter V,

involves the analysis of factors which affect farm machinery adonrtion
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in Thai agriculture. Multiple regression analysis will be employed with
cross-sectional data obtained from 2 natinn-wide survey in 1975/1976.

Majof time-series data for the Thai aericultural source
endowment analysis are. obtained frém many sources. Major sources of
data include;

Division of Agricultural Ecenrmics, Ministry of Aqriculture'and
Agricultural Cooreratives. (DAE/MOAC).

Customs Denartment, Ministry of Finance

Bank of Thailand

The National Sfatistical Office

The National and Economic and Social Develorment Broad (NESDB)

_ To complefe as much as possible the series for a number of

variables, data from varinus scurces will be adjusted for consistency

(See Aprendices).



CEAPTER IV

RESOURCE ENDOWMENTS AND TECHNOLOCICAL CHANGE IN THAI AGRICULTURE

This chapter attempts to analyze Thai agricultural development
by investigating yariations in agriculfural resource endowments as well
as changes in their productivity. The analysis will be focused on the
post World War Two pgriod, 1956-1875, partly because Thai agriculture
has become dependent on science-based inputs such as fertilizer and
farm machinery, and partly because of data deficiency in prior years.
Trends in agricultural inputs and output will be described in the first
section whereas trends in agricultural productivity are described in
the following secction. Finally, influences of technological chanée
on agricultural productivity growth over time will be explored in the

last section.

A. Trends in Agricultural Inputs

1. Labor

Agricultural occupation has always been preferred by the Thais
and the increase in farm workers since the expansion in rice cultivaticn
in 1850 is due to the increase in population.l Available statistics on
the occupational distribution of the labor force, as shqwn in Table IV-1,
may help to indicate the importance of agriéulture in Thailand. About
80 per cent of the labor force are employed in agriculture with a small

provortion engaged in forestry and fishing.

1. o . . .
James C. Ingram, Economic Change in Thailand 1850-1970 (Stanford:
California, Stanford University Press, 1571), pp., 54-55.




47

TABLE IV-1

TOTAL LABOR FORCE AND AGRICULTURAL LABOR IMN CENSUS YEARS

Total Number in Percentage in

Census - Agriculture, Aoriculture,

Labor Force e s s . L.
Year . . q1s Forestry & Fishing Forestry & Fishing

(unit in million) . s
(unit in million)

1929 7.5 6.3 84
1937 6.8 6,0 89
1947 8.9 7.6 85
1960 13.8 1.3 82
1570 _ 16.6 13.2 76

Source: Figure for 1927 and 1937 ave from James C. Ingram, cp.cit.,
p.57. Figure for 1%47, 1860 and 1970 are from National
Statistical 0ffice, Ponulation Census.

Since rice has always been the most important crop in Thai
agriculture, as its production expanded the demand for labor in
agriculture also increascd.Responding to a foreign demand for rice in
the latter half of the nineteenth century, a significant increase in
areas wder rice cultivation took rnlace. The expansion of cultivated
areas around the turn of this century increzased rapidly in the Central
Plains where improvements in water distribution through a canal system

were already undeway.2 Around 1905-16039, zbout €.8 million rai

2David B, Johnston, "Rural Society and the Rice Eccnomy in
Thailand 1880-1930," (Unpublished Ph.D. Dissertation, Yale University,
1975), po. 39-41,
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in the Central Plains and 2.4 million rai in the other regions were
reported to be planted to paddy,3

At the ssme time, additional peasant labor was made available
through the gradual abolition of debt slaves (that) and corvee' peasant
(Phrai).4 The dismaﬁtling of this old social system allowed these people
to migrate between regions. Tension between demand and suprnly of laber
arose for the large land cowners in the Central region, since they could
no longer depend on the work of debt slaves nr corvee' peasants. They
found thaf the availability of family labor at that time could not
satisfy the large demand for labor especially during the peak scason.,

There is also evidence to support the believe that labor to
some extent was scarce for large scale farming in the Central region
during the first half of this century. It was recorded that hired
labor was additionally supplied from the North and the Northeast regions.
They were referred to as ‘'Laos Workers."s Furthermore, it was recorded
in the First and Second Rural Economic Survey during the 1930s that
hired workers in the Central Plains accounted for the highest percentage
of total farm cost. These figures are shown in Table IV-2. According
to this evidence, we are led to believe that labor was a bottleneck

in the Central Plains, especially for the large land-owners.

3 .
James C. Ingram, op.cit., Table IV,

4Thaveesilp Subwattana, '"Rice Production and Trade in Central
Thailand from the Region of ¥ing Rama V to Kineg Rama VIT (1868-1932)"
(Unpublished M.A. Thesis, Department cf History, Chulalongkorn University,
1976}, pp. 37-38., (in Thai).

5 ; . . o .
Memporandur on ""How to Imnrove Farming," R.S5, KS 13/319, File #17
Nation Archieves.
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TABLE IV-2

PERCENTAGE OF HIRED LABCR COST IN RICE PRG.UCTICN BY REGIONS

Region 15 Siam Rural Economic an Siam Rural Economic
Survey Survey

Rortheast 18.06 21.06

South 42,82 22.94

North 49,32 40,09

Central 54,19 59.00

Source: Calculated from Carle €. Zimmerman, The First Rural
Economic Survey, 1931 (Bangkck: The Bangkok Time Press,
1931), and J.M. Andrews, Siam Second Rural Economic
Survey, 1834-1935 (Hongkong: The Bangkok Time Press,
Ttd., Dec. 1935).

In fact, farm workers ware seasonally sunnlied from other regions
to the Central Plains. Yowever, it was not as arailable as it seem~d
to be. This is because farm workers in other regions could generally
erploy themselves on the unused land if they wanted to since land was
still relatively abundant at that time."J Mereover, uncertainty of the
working conditinons in the Central Plains seemed to obstruct famm workers

from migrating to work in this area.7 Pence it is possible that the

6 .
James C, Ingram, op.cit., p. 55.

7 ~ .
Letter from Chao Phya Wongsanuprapat to the King (Rama V), R. S
Ks. 3.1/Z, Naticnal Archieves.
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uncertain conditions of labor suprly led large land owmers, who usually
were also the wealthy elites or nobic cfficials, to seck labor-saving
implements. As Feeny found in his study that seed selection and
mechanization were two prominent subjects discussed by many government
officials and private investors with respect to technical change in
Thai agriculture. To quote:
"During the rice boom of the 1890s, many government officials
and private investcers felt that a labor shortage impedcd
the more rapid extension of rice cultivation in the Central
Plains. They therefore concluded that if machines could be
substituted for labor exncrts would grow faster.” 8
Nevertheless, information concerning the number of labor in the
agricultural sector during the post World War II pericd as provided in

Table IV-3 reveals that these was an increase in agricultural labor of

around 2 per cent annually.

TABLE IV-3

ESTIMATED LABCR FORCE IN THAI AGRICULTURE FOR SELECTED YEARS

Number of Agricultural Compound Annual
Year* labor in 1,000 Index rate of Crowth

(in per cent)

1953 9,352 100 -

1958 10,465 . 112 2.3
1963 11,875 127 2.5
1968 12,820 - 137 1.5
1973 13,845 148 1.5
1953-1973 - - 2.0

Source: Calculated from Table A-1.

*
Five-year average figures centered at the year shown.

8David Feeny, "Technical and Institutional Change in Thai Agriculture
1880-1940," (Unpublished Ph.D. Dissertation, University of Wisconsin,
Madison 1976), p. 114,
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However, this rate of growth appears to decline slirhtly from the mid
1960's to present. This may be due to labor migration from the rural
agricultural sector to the urban industrial sectors.

2. Land

The total area of Thailand is approximately 321 million rai,
with 35 per cent (114 million rai) classified as '"farm holding land"
and 38.6 per cent (123.9 million rai) as forest land.’ Of all the land
available in farm holdings, naddy land comprised about 65 per cent of
the total farm land with 22 per cent for upland crops and 10 per cent
for tree crons, In general, arable land represents available.supply of
land for farming whereas planted area indicates the actual amount of

land utilized. Two series of land area are wresented in Table IV-4,

TABLE IV-4

ARABLE LAND AND PLANTED AREA TO ALL CRCPS IN SELECTED YEARS

Planted . Annual ccempound rate

'Year ?iagég i:g? Index (l‘gggarni) Index of growth in per cent
’ : - Arable land Planted aren

1953 46,998 100 41,652 100 - -
1958 49,187 105 45,1286 108 1.0 1.6
1963 58,283 124 55,347 133 3.4 4.3
1968 73,845 157 67,290 162 4.8 4.0
1973 98,476 209 78,559 189 5.9 3.1
1953-1973 - - - - 3,7 ‘3.2

Source: Calculated from Table A-2.

*Each year is five-year averare centered at the year shown,

9Departni_ent of Agricultural Economics, Ministry of Agriculture and
Agricultural Cooneratives, Agricultural Statistics of Thailand Crop Year
1677/1978 (Bangkok: Thailand, No. 100) Section XII.
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Although the overall rate of growth of both arable land and vplanted area

are about the same (around 3 per cent), the amount of planted area throughout
the whole period of the study was lower than the amount of land available
which is what should be expected withouf an extensive nractice of multiple-
cropping. The under utilization of land may be explained by the extensive
farming systen iﬁ Thailand where some portionsof the land were found to

be unsuitable for cultivation.' Furthermore, it also implies thatparts of
the available land are devoted to residential areas. In order to avoid

the underestimation of land productivity, planted areas of all crops

are therefore chosen for the study.

3. Draft fnimals

Another source of power in Thai agriculture which is worth
mentioning is the power derived from draft animals. Buffaloes and oxen
have always been the major source of ypower in Thai agriculture. Tﬁey
are suitable for work in muddy and submerged fields. The normal weight
of a buffalo is around 400-990 kilograms and can create power equivalent
to 0.75 hp.lo Although these animals are very helpful in farm tasks,
they possess some limitations in their canacity to work forAthey require
long periods of rest during the afternoon, thus limiting thé plowing rate
of one buffalo to about one rai per day. Farmers with large land‘areas
for cultivation but few draft animals thereby often have to leave nart

of their land unused. Ancther wroblem involving the use of draft animals

is that these animals can easily be stoler or succumb to animal diseases.

IOW.R. Cockrill, "The Working Buffaloes'" in The Husbandry aad

Health of the Domestic Buffalo, FAO (ed.) 1974, pn. 313-327.
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Despite limitations of their uses, prices of these draft animals,

particularly the buffalo, rose significantly during the beginning of the

twentieth century as presented in Table IV-5. The price of buffalo in

the Centr2l Plains tripled between 1893-1919. The increased price of

buffalo to some extent reflected the increasing demand for draft animals

which serve not only as a source of vower but also as a source of food.

TABLE IV-5

PRICE OF BUFFALQ IN THE CENTRAL PLAINS FOR SELECTED YEARS

Year Price nof buffalo (Baht/head)
1893 40- 50

1900 50-100

1905 70-120

1910 90-150

1011 80-120

1919 120

Scurce: Data from 1893-1910 are obtained from Sunthareec Arsawai,

the Role of Government and Private Individual in

Develoning: A Study of the History of Rangsit Project

(1888-1994), [(Rangkok: Thai Khadi Suksa, Thammasat

University, 1978), p. 162, (in Thai).

Data for the years 1911 and 1919 are obtained from
Thavesilp Subwatana, op.cit., p. 168,
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In the past, it seemed reasonable for farmers to employ draft
animals as their cheap source of nower since only one crop wad usually
cultivated per year. Nowadays, the development, esvecially in the
Central region, is towards multinle-cronping as well as diversification
of crovs. Land tillape in the dry‘season as a consequence of changes
in cropping schedule may impose the use c¢f draft animal power and, hence,
encourage farmers to employ tractor plowing. In addition, the number
of buffalo and oxen in Thai agriculture further shows a rather slow
rate of change throughout the neriod of study as compared to other

inputs mentioned previously. (Table IV-6).

TABLE IV-6

NUMBER OF BUFFALO AND OXEN IN SELECTED YEARS

Buffalo. - & oxen Annual rate of growth

Year® (1,000 heads) Index (per cent)
1953 7,272 100 -
1958 7,979 110 0.9
1963 8,826 121 1.0
1968 9,876 136 1.1
1973 10,058 138 0.2
1953-1973 - - 1.3

Source: (Calculated from Table A-3.

*Each year is five-year average centered at the year shown.
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B. Trends in Agricultural Outnut

. Since the 1953's, Thailand has becn experiencing a significant
rate of growth of 4.5 per cent in crop preduction, The significant growth
rates in crep nroduction during the 1960s as shown in Table IV-7 were
realized partly due to the\increase in demand for export-oriented cromns.

Within the crop sub-sector, rice remains dominant, representing about

TABLE IV-7

GROSS DOMESTIC PRODUCTS ORIGINATING FROM CROPS
IN SELECTED YEARS

GDP originating from Annual rate
Year* crops at 1962 price Index of growth

{million baht) (in per cent)
1953 i1,839.2 100 -
1958 13,732.2 116 3.0
1963 18,391.2 155 6.0
1968 23,340.2 197 4.9
1973 28,477.4 241 4.1
1953-1973 - | - 4.5

Source: Calculated from Table A-6.

*Each year is five-year average centered at the year shown.
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50 per cent of the total value of all crons. However, the structure
of crop production since the 1960'5 has been more diversified.
Information vrovided in Table IV-8 reveals that other crops except

for rubber had been increasing at a faster rate of growth than rice.
This implies that there should have bheen a shift in the relative crop
price in favor of other export-oriented crops. In addition, the orice

of rice is known to be suppressed down by the rice premium as a result

TABLE IV-8

GROSS DOMESTIC PRODUCT ORIGINATING FROM SIX MAJOR CROPS
IN SELECTED YEARS

Year* Rice Maize  Sugar- Cassava Rubber Kenaf Other

cane crops
1953  5,652.2 61,4 211.8 30,6 1,674.2 34.3 4,171.:2
1658 7,274,0 209.6 443.8 227.4 1,180.8 153.8 4,252.8
1963 9,552.6 552.4 423.8 £37.6 1,308.0 571.6 5,458.5
1968 10,944.0 1,031.0 477.8 674.4 1,686,0 847.2 7,41¢€.4

1973 11,401.8 1,632.6 1,158.4 1,629.2 2,423.6 791.2 9,440,

ANNUAL RATE OF GROWTH (in per cent)

1853-1958 5.2 27.8 15.9 46.3 -6.6 34,9 3.
1958-1963 5.6 21.4 -0.9 18.8 2.0 30.0 5.
1963-1968 2.7 13.3 2.4 4.6 5.2 8.2 5.
1968-1973 0.8 9.6 19.4 19.3 7.5 -1.3 4,
1953-19732 3.6 17.8 8.5 22.0 1.9 17.0 A,

Source: Calculated from Table A-6.

*Each year is five-year average centered at the year shown.
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of the Governmentﬁs policies to stabilize and provide cheap rice for
domestic consumption and diversify crovp production. Therefore, it is
reasonable for farmers to cultivate other crops which would provide
them with higher revenues. Althoush detailed description of each crop
is not included in this study, it is nevertheless clear that Thai
agriculture has become denendent not only on rice cultivation but other

cash crops as well,

C. Mechanization and Productivity Growth in Thai Agriculture

The growth in labor productivity in agriculture may be decomposed
into a change in land productivity and the land area per labor unit by

using the following relationship:

Y
/L

A

70 &

]

where, Y = Agricultural output
L = Agricultural labor

L = Agricultural 1land

Y/L = Labor productivity
Y/D = Land nroductivity

._‘\‘

‘/L = Land area per worker

The impact of technological chaﬁges on agricultural productivity
can be investigated through changes nf these ratios. Econcmically,
combinations of primary inputs utilized in agriculture (land and labor)
should be guided by their relative prices, I1f land is abundant relatively

to labor, output growth should be achieved by cmnloving more land into

“
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the production process and, hence, result in an increase in the land-
labor ratio. Such an increase may be accomrlished throush the use of
farm machinery. However, i€ land is a scarce factor whercas labor is
abundant, increase in labor productivity may be achieved by improving
land productivity threuch apvlying more labor and bio-chemical innuts.

Data for the Thai ~gricultural sector nrovided in Table JV-9©
do not clearly indicate the dominant s~rurce ~f growth in labor

productivity. OQver the entire perind of the study, 1951-1975,
agricultural labor and vnlanted area all increased at substantial rates
of growth. Laber nroductivity (Y/L) srew at a rate of growth of 2.5
per cent per =nnum. Beth land nroductivity (Y/A) and area per werker
(A/L) reveal an equal rate of growth of 1.2 per cent per aﬁnum over
the entire twenty-five year nerind.

Dividing the neriod »f study into two subveriods, 1953-1943 and
1963-1973, 1laznd productivity (outvut ner rai) crew faster than land
area per worksr in the first subneriod whercas the reverse situation
is found the second subperiod. The hisher rvate of orcowth of land
productivity in the first subwerind than in the latter veriod (1.6
per cent compared to 1.0 per cent) may be exnlained by the fact that
Thaibfarmers during the earlier period could exmand int~ more fertile
land coupled with the becinning of fertilizer apnlication.

Fertilizar consumntion ner vai {Tabla TV-10) also shows a
faster rate of growth_durinp the first subnerind, althourh the actual
anount of fertilizer used pner rai waé incre~sing throughout the whole
veriod of the study. The rate of orcwth of fértilizer comsumption
per rai declined in the lattef subneriod when.the Government gave

nrotection to domestic production which led to hisher prices of

BEST AVAILABLE COPY



TABLE V-9

TRENDS IN OUTPUT, INPUTS, AND PRODUCTIVITY IN THAI

AGRICULTURE, 1951-1675, SELECTED YEARS

Index 1553=100

Annual comound rate

of growth (%)

1953 1958 1963 1948 1973 1953 to 1963% to 1953 to

1963 1973 1973

Output (Y) 169 116 155 127 241 4.5 4.5 1.5

Agrucultural 180 112 127 137 149 2.4 1.6 2.0

labor (L)

Planted area (A) 100 102 133 182 189 2.9 3.6 3.2

Output per labor 100 104 122 144 106 2.0 2.9 2.5

(Y/L)

Output ver planted 160 107 117 122 128 1.6 1.0 1.2

area (Y/A)

Planted area per 109 %% 105 118 128 0.5 2.0 1.2

werker (A/L)

Source: Data are collected “rom Table IV-3, Table IV-4, and

Table 1IV-7,

Note: All variables are five-year average centered at the year shown
Agricultural output j:icluding only agricultural croos..
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TARLE IV-10

FERTILIZER CONSUMPTION IN THAI AGRICULTURE IN SELECTED YEARS

Year* ' Fertilizer ner
ear

nlanted area Annual rate cof

(kg./rai) prowth (%)
1953 | 0.1497
1958 0.8475 ' 257
1963 - 1.474¢€
1968 | 3.6905 .7
1973 44,8752 '
1953-1973 - . 1.0

Source: Calculated from Table A-2, and Table A-4,

*Each year is five-year averare centered at the year shown.

fertilizer'.11 It is also immortant to note that the rapid arowth of
fertilizer use »er nlanted area in the first submerind partly results from
a smaller base. MNevertheless, greater yield in the early arvlication
of fertilizer should be realized since it is not applied with marginal
land, Hence, it may lead to a higher land productivity.

From Table IV-2, area ner worker (A/L) reveals a gfeater rate
cof growch in the second subneriod. Four reasons can be)qrovided to

exrlain this findine, First, the increased land broupht under cultivation

11Almost all chemical fertilizers copsumed in Thai agriculture
were imported with small nortion of domestic production which started
in 1966 with strongc support from the Covernment through nrotection.
See also Scmnop !Manarungsun, ‘“The History of Fertilizer Policies in
Thailand: An Economic Study, 1960-1%75" (Unpublished M.A, Thesis,
Faculty of Economics, Thammasat University 1978), »n. 40-41,
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was of poorer auality than land nreviocusly cultivated. In other words,
the mnst fertile land which were more suitable for cultivation would
have already been exhausted in the earlier period. Since farmers had
to work with the marsinal land in the latter vweriod, more land had te
be cultivated in order te maintain subsistence level of farm income which
enhanced the exnansion of nlanted area (&).

Secondly, with thé exnansion in irrirated area realized in the
late 1960s, (Table IV-11), there was a greater notential for double-
cronping as well as diversification in crops leadine tolfurther increases

in nlanted area. The rarid increase in percentape of nlanted area in

TLRLE IV -11

TPRICATED AREA FROFY 1910 TC 1578

Year Irricated area Remarks
{rai)
1210 3n9,00° Fnd of Xinv Rama V Reion.,
1925 ee0, 005 End of Fine Pama VI Reion.
1931 2,569,000
. 1247 3,204,000
1957 8,100,900
1966 11,700,099 End of the First National Plan.
1671 13,300,335 End of the Second National Plan.
1974 15,298,784 End of the Third MNational Plan,
1577 15,600,000 '
1978 16,098,339

Source: Data from 1910-1977 are obtained from Sukti Krachangyao
“Irricating in Thailand,® PRanglkok Bank Pamnhlet, Jan,-June,
1978, »n. 31 (in Thai)
Nata for 1978 are from DAE/MOAL, Aoricultural Statistics
0f Thailand Cron Year 1377/7%, ». 133,
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dry-season rice to total vnlanted area vrovided in Table TV-12 further
supnort this idea. Purinp the second sutmeriod (1863-1973), the mercentare

of dry-season rice to total nlanted area exnanded about 39 per cent annually.

TAPLE 1V-12

PLANTSR APER QF WET AND NPY-SEACON RICE IM SELECTED YEARS

B

Planted arca of Dry-season

Total Planted

Year * Vet-season Dry-seascn area §i§:t§3 ;2221
1558 35,960.2 63.4 36,053.6 0.18
1963 . 40,553.2 §7.2 40,450, 2 0.24
1968‘ 45,787.4 45%,2 £6,246.6 1.00
1573 48,1332,2 1,828.4 4¢,961 A 3.66

Source: Calculated from Tabie IV-7,

*Each year is five-vear avera~e centered at the vear shown.

The third reason €or a more rapid inérease of area ner worker
in the latter submeriod was the tendency for agricultural worker to seek
' jobs in the urban industrial sector with a resqltinc decline in the srowth
rate of asricultural labor (L). DBata on the distribution of emnloyment
by various sectors in 196G and 1970 are nresented in Table IV-13.
Information from the table reveals that there was a slicht decline in
the share of agriculture in total emvuloyment in 1970, and the rrowth

rate was relatively low as commared to those in other sectors.
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TABLE IV-13

DISTRIBUTINM OF EMPLOVMENT RY MAJCE SECTOR IN 1960 AND 1970 CENSUS YEARS

A

Sector 1960 1970 Comocund
Person Shares Parson Shares erowth rate
: {(ner cent)
Agricuiture 11,334,853 82.39 13,201,501 79.28 1.5
Mining 27,568 .22 £6,647 .52 11. <
Manufacturing A71,027 3.42 682,640 4,10 3.8
Construction 62,813 .50 181,477 1.6 . 10.2
Electricity 15,535 .12 25,287 .15 5.0
Commerce 779,904 | 5,66 875,79é 5.26 1.2
Transport 165,038 1.20 258,268 1.61 G§,.2
Service 655,271 A, 76 1,184,207 7.11 6.1
Unknown 251,645 1.83 145,912 .28 -
Total 13,772,104 106,900 16,552,267 100.00 -

Sourcz: Hational Statistical Office; Peoulation Consus 1560, and
£

Mational Statistical £ffice, Populati-n and Housinn
Census 1270.

Furthermere, accordins tc the Labor Force Survey, the nercentasc
of agricultural emnleoyment to total employment declined steadily from
1972 onward (Taklc IV-14). Althoueh fluctuation in data appears after
1974 due to changes in emmloyment definitions, it is still roasonable
tc point out that there was a transfer of laber force From.the traditional

agricultural sector to other non-asricultural scctors in the urban area.
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TABLE 1v-14

PERCENTAGE OF LAEOR EMPLOYED IN AGRICULTURAL SECTOR BOTH

MUNICIPAL AND NON-MUNICIPAL AREA, 1971-1576

Year

A1l sector

Asricultural sector

%0of Agri.labor

(rerson) (nrerson) force to total
1571 16,618,540 13,157,680 79.2
1272 15,126,490 .11,642,150 72.2
1973 17,042,660 12,270,480 72.0
1974* 17,159,740 11,226,280 65,4
1975 17,586,170 13,871,50C 78.9
1976 16,410,910 13,942,530 75.7

Source: HMS0, Labor Force Survey, Second Round July-Sent.,
Various Issues,

From 1974 onward there is rcclassification of "unemployed persoms®
which include unpaid family werkers working less than 20 hours

ner week and person without work net lookine for work because
cf the belief that no work is available,

Finally, farm mechanization led to a fﬁrther expansion in cultivated
area, The effect of farm machinery on area wer worker is straight forward
since the greater wncwer provided from farm machines, particularly tractors,
facilitates heavy land.clearance or land tillage in the dry secason whick
permits an increasc in cultivated area (£). 1In fact, the use of farm
machines counled with other yield increasing inmuts and more sophisticated
pattern of cropping to some ¢xtent also enhance the increase in land

productivity. Although pertinent time-series data concerning €arm



machinery utilization are not available, imsort data 95 farm tractors and
water pumps are accessible. Information in Table IV-15 reveals that
there has been a steady increase in beth items., It is also important

te also note that after the 1970's there is an increasing number of local
small-scale farm machinery nroduction and large tractor assembly plants.
About 130 farm machinery firms and three larpe tractor assembly wnlants

2
were reportad in 1978.1“

TABLE IV-15

IMPORTS OF FARM TRACTNRS AMD WATEPR P'W?S.IN_SELECTED YEARS

Year* Farm_t?actors Yater pumns
(unit) (unit)
1953 2622 8,828
195% 471 29,671
1963 2,251 21,938
1568 3,018 107,549
1973b 3,540 132,568

Source: Calculated from Table A-E.

*Each year is five-year average centerring at the year shown

,

Note: a) Import number of farm tractor in 1955 is used

b) Import data for this year are averaced value after there
was a chanre in commodity classification in 1973, for
more details see Apmendix A,

Accordins to a nation-wide survey on the Farm Tractor Industrv
conducted by ths Rank of Thailand in fupust 1979,



Furthermore, if the exnansion of area under farm holding is
compared with the nﬁmber of farm tractérs available by agro-economic
zones (Table IV-16), there is some imzlication that exmansion in farm
holding area since 1950 has been greater in areas with a large number
of four-wheel tractors. Information from the same table also reveal
that the large exnansion in farm land holding has occurred in the moxe
recently develoned zones édiacent to the Central Plains, specializing
in maize, sugar-cane, and cassava vroduction, (Zene 6, 7, 12 and 15).

It is also important to ncte that €armers often travel with their tractors:
from one location to another, sometimes across zones, in order to

extend the tractors' workine season. Therefore, it is nossible for

zone 4 (Si Sa Ket, Surin and Ruri Rum Provinces) to be endowed with

a large number of tractors but having srall chanees in farm holding arvea
since it is closely located tc zone § and zone 7 in which tractors are
widely used for urland crow production.

According to a survey in 19¢7/1%68, there were akout 17,500
four-wheel tractors and this vose to 25,092 umits in the following vyear.
The rotential incrcasc in demand ner vear w2s alsoc reported to be abnut
15-22 per cent.13 Information from the same survev €further reveals that
in 1967 tractors ﬁere most widely uscd for land tillace in the Central
Region. About 60 rer cent of maddy land was tilled by tractors with

ereater percentages renorted for other cash croms,

lsRoyal Government of Thailand, Thailand Farm Mechanization and
Farm Machinery Market, (Rangkol, 1969),.
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From the above information, one may come to a conclusion that more
widespread utilization of farm tractors has taken place. This appenrs

to have been a contributing factor in the rapid expansion of land area

per worker in the latter decades.

TABLE IV-16

COMPARISICON OF EXPANSION IN FARM LAND HOLDING AND THE NUMBER OF
FOUR-YHEEL TRACTORS AVAILABLE BY AGRO-ECONCMIC ZONES

Jones 1otal Farmﬂf Total FarmE/ Changes in Annual Number of
Holding lLand Holding Land Farm Holding Compound Four-wheel
in 1950 in 1975 Land : Rate of Growth Tractors
(1,000. rai) (1,000 rai) (1,000 rai) (per cent)

1 4,008 11,488 7,480 4.3 i 458
2 4,099 6,874 2,775 2.1 299
3 5,338 12,581 7,243 3.5 331
4 5,257 }0,088 831 0.3 1,265
5 4,435 8,574 4,139 2.7 1,957
6 4,053 9,080 5,022 3.3 4,373
7 1,300 3,924 2,624 4.5 3,39
8 4,486 7,046 2,560 1.8 ©1,776
9 1,702 4,864 3,162 4.3 1,693
10 1,570 3,685 2,115 5 . 771
11 6,271 5,793 3,522 1.8 8,177
12 1,738 4,725 2,987 4.1 1,813
13 1,618 4,487 - 2,869 4.2 1,236
14 752 858 _ 106 0.5 312
15 982 2,438 1,455 3.7 o775
16 524 1,268 744 3.6 166
17 4,170 8,768 4,598 3.0 880
18 1,158 3,204 2,046 4.2 87,
19 1,192 2,419 1,227 2.9 119

Source: a/DAE/MOAC, Areas of Thailand by Provinces §& Region, 1950
(Bangkok, HMay I954).

b/DAE/MOAC, ‘'Land Utilization of Thailand, 1975," Agricultural
Statistical Bulletin, No. 57.
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In summary, the variation in factor combination depends on the
corresponding factor price ratios. Cenerally, it is true that factors
in abundance will be price.! lower thah the scarce ones and this will in
turn lead tc different pétterns of factor use. The new combination should
employ a relatively larger amount of the abundant factor and economize
on the use of the other scarce factors. New inputs may also be introduced
to substifute for the scarce‘factor. However, there is a time-lag involved
in the orocess of factor adjustment corresponding to changes in factor
prices. For the Thai case, time-serics data on factor prices arc
incompleté and inconsistent. It is, therefore, difficult to test
this theory. Looking:af the significant increases in labor productivity
during the last twenty-five years, immrovement inlfarming techniqﬁes
coupled with anplication of modern farm inputs should have begun to take
place in Thai agriculture |

Technological change chiefly involves the use of fertilizer and
farm machinery. The rapid increase in planted area per worker in the
second subperiod (1963-1973) may seem to imply that land was more cf
a constraint in the prior period. Some may argue that even in the first
subperiod, land arcaswere left unutilized. However, the available land’
at that tiwe required high cost in clearing and preparing to make it fit
for cultivaticn. Farm machinery in the form of tractors could eﬁhance
the rapid expansicn of land in the latter period by providing additional
power for land clearance. Furthermore, the use of farm machinery facilitates
multiple~-cropping and the fuller utilization of the available farm land.
This raises the planted area per worker and, to a lesser extent, the

labor productivity It is, therefere, possible to verify that in the late
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1960s a modest technological revelution in the form of farm machinery
began to take root and spread in Thai asriculture.

However, regional variation of farm machinery uti‘lization is
also witnessed. Therefore further investigation in the following chapter
will be concerned with factors which affect variatien in farm machinery

adoption among the regions in Thailand.



CHAPTER V
FACTORS INFLUENCING THE ADOPTION AND DIFFUSION OF
FARM MECHANIZATION

Farm mechanization has been brought about by various factorS
in different countries. For example, in the U,S., labor cost was
relatively higher‘than the price of'machiﬁery and, hence, it became
a dominant explanatory variable in the demand for farm mechines.1
In India, where iabor is relatively abundant, the price of bullocks
and buffalo, rose proportionally more than the price of tractors
and, therefore, provided an incentive for tractor operafioh.2 In the
Philippines, farmers' attitude toward tractors revealed that timeliness,
ease of killing weeds, and less tedious farm operation were listed as
reasons for tractors use.3 Hence, there are many factors which influence
farmers' decision toward farm mechanization. Farmers in general not
only'maké economic decisions but also have to consider other non-economic
‘variables, i.e., socio—cultural, psychological, as well as ecologicel

factors. As Greene has commented in his study:4

1Y. Hayami § V. Ruttan, op.cit., Chapter 6.

2Narindar S. Randhawa, '""Farm Management in Relation to Technology
Mechanization, Small Farmer and Rural Employment," (Paper present at the
Fifth FAO Meeting, Rome, Italy, 1972).

3Stanly S. Johnson, '"Performance and Economics of Use of Small
Equipment in Tropical Countries: A Case of the Philippines" (Paper
presented - at the Annual Meeting of the Japanese Society of Agricultural
Machinery, Kyoto, Japan, 1968).

4Brook A. Greene, op.cit., p. 85.
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"It seems that the farmer's estimate of whether or not to
use a new farm practice (farm machinery) involved much
more than economic consideration. In fact, the farmer
probably does not distinguish between economic and
non-economic variables in the adoption process."

Therefore, differences in the pattern of adoption at the regional level
are likely to occur because of the underlying nhysical, economic, and
socio-cultural factors.

The purpose of this chapter is to study some major factors
which could determine farm machinery adoption and diffusion in Thai
agriculture. The following farm machines were studied: four-wheel
tractors, two-wheel tractors and water pumps. The main method of
analysis utilized is multiple regression using cross-sectional data of
the nineteen agro-economic zones in Thailand. Assuming that the economy
is operated at general equilibrium, the use of cross-sectional data
can therefore be a proxy for long-run phenomena. It is also important
to note that factors influencing farmers' adoption of farm machines

can only be indicated to a limited extent in this study due to data

deficiency.

A. The Adootion Model

Hypothetically, factors influencing farmers' decision to adopt
a new farm practice can be classified into three categories; (a) eccnomic,
(b) peogranhic, and (c¢) socio—cultural.S Variables within the first
two categories are considered in this study. They are discussed and

»

defined as follows:

’Charles T. Alton, "The Eccnomics of Dry Season Irrigation in
Northeast Thailand' (Ph.D. Dissertation, University of Kentucky, 1977),
p. 42,
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1. Relative Factor Prices

Based on the substitution viewnoint6 the choice between using
animal power, labor, and farm machinery should primarily be guided by
their relative prices. In other words, if the opportunity cost of
labor and animals becomes sufficiently high relatively to the price of
farm machines, it would be more economical to shift to farm mechanization.
Therefore, one may expect that in regions where the price of labor and
draft animals are relatively higher than the price of machinery a greater
degree of mechanization will be witnessed.

Since cross-sectional data of different regions in Thailand
are‘used in this study, the price of farm machinery therefore should
not vary much although there may be some regional differences. Furthermore,
it is assumed in this study that the contractors' market for farm
machines is highly competitive, the farmers therefore face pretty much
the same rental cost of using farm machines. If so, then only the
price of labor and draft animals are needed to be included in the model.

Under the cost minimizing aséumption, in areas where the wage
rate and cost of using animal; are high, farmers will attempt to reduce
farm costs by substituting farm machines for labor and draft animals.
Therefore the prices of both labor and draft animals are hypothesized
to be positively related to tﬁe number of farm machines in cach region.
In other words, if prices of labor and draft animals are found to be
high in certain regions, it is expected that a greater number of farm

machines per unit of area will be employed in those regions.

6 . . . .
Hans P. Binswanger, The Economics of Tractors in South Asia:

An Analytical Review (New York: Agricultural Develooment Council, Inc.,
1978), pp. 3-5.
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2. Proportion of area planted to other non-rice crops

In general, there are two main types of tractors widely used
in Thai agriculture, namely four-wheel and two-wheel tractors or vower
tillers. At present, tractors used in non-rice producing areas are
mainly limited to large four-wheel tractors which are primarily used
for dry land plowing before the rainy season. In addition, large
tractors facilitate land clearance in the upland areas which increases
cultivated land for cash crops. Some of these crops include maize,
cassava, sugar-cane, cotton, kenaf, etc. The proportion of arca
cultivated to cash crops or upland crop area to total planted area is
therefore expected to be positively related to the demand for four-wheel
tractors.

On the other hand, two-wheel tractors are mainly used in rice
cultivation since they are sma2ll in scale and hence suitable for the
submerged rice fields. The opposite relationship to four-wheel tractors
is therefore expected for the case of two-whéel tractors. In other
words, the relationship between demand for two-wheel tractors and upland
cTOop area should be nepative. |

3. Proportion of double-crorping area

Additional water during the dry season from various irrigation
projects plays an important role on the area that can be double cropped.
Together with sufficient water and its effective control, more use of
other inpﬁts such as fertilizer, HYVs and farm‘machinery are found.

In areas where muitiple—cropping is possible, an acute time constraint

on each farm operation may create labor bottlenecks. Generally, such

bottlenecks can be reduced if there is sufficient labor migration.
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However, if the nearby areas also possess similar croppins schedules,
then labor supply may become less flexitle. The use of tractor plowing
will help solve this problem by allowing sufficicnt time for planting
and reduce the need to hire a large number of supplementary labor.

Double-cropping areas depend on the availability of irrigation
facilities. However, e¢ffoctive utilization of irrigation facilities
has lagged behind the expansion of irrigation infrastructures in Thai
agriculture. This may be due to the fact that there are inadequate
ditches and dike . networks to carry water on to the fields. Hence,
unless the inlet cannals are lined, the water cannot be controlled in
each paddy plot, Farmers, then, tend to obtain and comtrol water at
- the farm level by employing water pumping equipments.

Conclusion drawn for this section is that labor requirements
are expected to increase with the double-cropping system which resulted
from better water distribution nétworks. This exvectation will
most likely encourage farmers to employ labor and time-saving machines
such as tractors and water pumps. The demand for farm machinery therefore
depends on the level of double-cropping practiced. Hence, the amount
of both tractors and water pumps available per rai are expected to be
positively related to the percentage of double-cropping area eventhough

it is not a direct causal relationship.

4. Averzage amount of farm income

The success of the introduction of any new farm technique or
input depends upon the percéived risk attached to farmers® adoption.

It is therefore vossible that high income farmers are more capable in
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bearing the risk involved. A study by Ronald Ng. reported tha@ farmers
who were innovative were generally farmers with higher total incomes.
In general, richer farmers are more able to obtain éredits and bcar

the risk. They usually have access to more information since they
tend to have higher education and greater contact with ideas outside’
their villages. Thus, the rclationship of average farm income to the
amount of farm machinery per unit of planted area is then expected

to be positive. |

5. Average amount of rainfall

Another variable which should be interesting to investigate
concerning the predominantly rain-fed cultivation of Thailand is the
frequency of rainfall or the time concentration of rainfall in each
region. It is possible for regions with erratic rainfall to require
additional power from both tractors and water pumps to cafry out speedy
land preparation or adjusting water supply at the farm level, Data on
average amount of rainfall in each region were used in this study. It
is assumed that a higher level of rainfall will result in a higher
probability for erratic rainfall to occur. The average amount of
rainfall is exvected to rcveal a positive relationship with the number
of tractors and water pumps ver unit of planted area. It is also
important to note that water pumps in this study refer to low lift

pumps which are used for controlling water at the farm level.

7R0nald'C.Y. Ngc, OE.Cit., pc 116.
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B. Statistical Equations to be tested

In testing the previously-discussed factors, the ordinary least
squares method is used. Both linear and log linear forms were experimented
with in‘order to ob;aiﬁ the be§t possible equations. Three cquations
were estimated based on three different catepories of farm machines,
that is, four-wheel tractors, two-wheal tractors and water pumps. ‘It
is also important to recopnize that it is ncot necessary for every
category of farm machines to display the same relationship with the
variables, .

In functional form, the equation is as follows:

y = f(PL, PMAL, PUP, PDRP, AVGI, RAIM, X)
-where, Y is composed of three dependent variables defined as follows:

FTP = the number of fourwneel tractors of all sizes per unit

of planted area (unit/rai)

PTP = the number 6f two-whecl tractors ver unit of planted

area (unit/réi)

WPP = the number of water pumps per unit of planted area

(unit/rai).
and where,

PL = the price of labor (baht/man-day)

PMAL = the price of animal service (baht/hour) . '
PUP. = percentage of upland crop area in total planted area (%)
PDRP = percentage of dry scason rice crop area in total

planted area to rice in a calender year. (It is a

proxy for the irrigated area.) (%)
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AVGI = the average farm income within the region. (baht/household/
year) |
RAIN = the average level of rainfall in each region (m.m./year)
X = other explapatory variables which are not considered

in this study.

C. Sources of Data

Secondary data, both published and umpublished, for each variable
were obtained from the Pivision of Agricultural Economics. Data
concerning the number of farm machinery available in each agro-economic
zones were compiled from the survey data of the same division for
the 1975/1976 crop year.

Data on wage rate and service cost of draft animals were
derived from the cost structure of rice nroduction in various zones
prepared by the farm production cost section of the Division of
Agricultural Economics. Other variables sﬁch as the planted area of
upland crops, the double cropped ares of ricc, average farm incomes
and average rainfall were obtained from publications of the Division
of Agricultural Economics and tﬁe Division of Agficultural Extension.

(Details concerning data used are available in Appendix B.)

D. Analysis of the Empirical Results

Regression results of the three equations are presented in
Table V-1. Log linear relationshins appear to fit well for both
four-wheel and two-wheel tractors whereas the ordinary linear relationshir
performs better in the case of water pumps. This implies that there

exists multiplicative effects on tractor adoption and diffusion whereas



an additive effect is implied for water opumps.

adoption of farm machinery should support this finding.

78

The time lag in the

A study by

Greene8 revealed that water pumps were used before 1950 whereas tractor

plowing appeared around the 1960s. As tractorization is a relatively

new process as compared to the use of water pumps, only a small change

in the explanatory variables is needed tc affect significantly the

number of tractors available.

TABLE V-1

REGRESSION COEFFICIENT AND STATISTICS OF FIT

Variable
2
Independent . ont  PL PUP DDRP AVGI  RAIN R®
Dependent
FTP -8.998  1.246 0.195  0.148  0.600 -~ 0.698
(-3.198) (1.180) (1.471) (1.936) (1.759)
PTP -24.338  6.331  -0.305  0.180  0.555 - 0.894
(-7.292) (5.056) (-1.936) (1.977) (1.371)
WPP* -16.268 - 14.593  49.908 - 0.103 0.464
(-2.308) (2.454) (2.268) (3.364)

Note: Numbers in parentheses represent 't statistic values.

*Simple linear relatiomsaip,

8Brook A, Greene, op.cit., p. 72.
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The price of labor is found to be positively related to the
number of tﬁo-wheel tractors as expected. Althougﬁ a positive relation-
ship is also found in the case of four-wheel tractors, it is less
significant. This may be because four-wheel tractors are larger in
scale and reqﬁire larger amounts of investment capital. Expected returns
to spch an investment therefore do not depend very much on fhe nrice
of labor. Given that investment in four-wheel tractors is profitable,
its demand probably depends much more on farmers' purchasing power.

A two-wheel tractor is relatively cheaper, more versatile
and smaller in its scale of operation. At present, the use of two-wheel
tractors has been limited to the rice producing areas in the Centrall
Plains where labor are more of a constraint. Since purchasing two-wheel
tractors requires much less capital as compared to large scale
four-wheel tractors, they respond meore to the price of labor. The greater
use of two-wheel tractors in areas where the price of labor is considerably
high should imply that two-wheel tractor plowing tends to replace
labor.

Information concerning the nrice of labor and the man-days
emplcyed for selected operations in rice production were further used to
estimate the pricc elasticity ;f demand for labor in Thai agriculture
the results nresented in Table V-2 reveal that the demand for labor in
each farming activity is negatively related to its price. In geheral,
two basic factors which determine the price elasticity of demand for

labor are the availability of substitute factors and a number of uses
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TABLE V-2

ESTIMATED PRICE ELASTICITY OF DEMAND FOR LABOR IN RICE PRODUCTION
SELECTED FARMING ACTIVITIES

Man-days Used in Price Flasticity Correlation

Selected Constant Coefficient Coefficient
Farming Activity
Planting 4.9956 -1.2027 -0,717
(-4.2411)
Threshing § 3.0130 -0.7104 -0.41
Winnowing (-1.8857)
larvesting 2.9413 -9.5151 -0.50

(-2. 3695)

Scurce: Tabhle P-2 and R-3,

Note: - eenation form €or the above simmle rerressions is
lor ¥V = 1loca+ b lor X
where Y = number of man-day required
X = warce rate
b = orice elasticity of dermand for labor
a = constant

-~ numbers in narentheses renresent ‘'t" stotistic values.

of which a facter may he m.tt.9 Althourh there is no machine to substitute
for labor during planting, farmers can usually employ substitute methods,
broadcasting or transnlanting nartially “evendinc on the availabiliéy

of labor. "ith resvect to threshkins, there are variovs substitute

inputs and methods, Instead of “lailins method, farmers can use animals

)
“C. F. Fersuson and J. P. Could, Microeconomic Theory, (Homewood,
Illinois: Richard D, Irwin, 1975), p». 102, '
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or tractors or even threshins machines. At present, harvestine still
basically demends on laber without any substitute innuts, or methods.
Therefore, it reveals a lower orice elasticity coefficient as comnrared
to vlanting ‘and threshing activities.

These findinrs to some extent sumnort the conclusion that in
areas where the nrice of labor is hich, machinery may come to substitute
labor in certain farming activities, and hence causinge a decline in
the demand for labor.

The service nrice of dfaft animals was omitted in the course
of study due to its "non-sicnificance'”. This mavy be because of inaccurate
or unreliable data or just simnly that there is no substitution between
farm macﬁines and animals. 1In the case of water pumps, it is important
to recognize that the service cost of both labor and dra‘t animals wer:
insignificant in explainine the number of water numns, This may be due
to the nature of the pumop itself. The use of water pumns in €arm
eperations nrobably functions as an additional source of nower for
irriration instead of as a direct substitute for labor or animal nower.

The nronortion of area rlanted to unland croms was found to be
nasitively related to the demand for four-wheel tractor oneration as
exrected.  This findinp is summorted by Chancellor's study10 nf the
tractor contractors' services in 1968 where he found that four-wheel
tractor contractor services in Thailangd were mainly used for upland

cror cultivation.

10 .
w.J, Chencellor, op.cit., ».11,
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A nerative relationshir is found for the case of two-wheel
tractors and the ﬁronortion of unland crov arca. This is because
two-wheel tractors or nower tillers are much smaller in scale,
usually 7-12 hp. as comnared to 25-70 hn. for the four-wheel tractors.
Therefore, they are less suited for unland tillage. Two-wheel tractors
are usually operated on soft friable soils of paddy fields which are
not suitableAfor four-wheel tractors because of tractinnbproblems.

It is also important to note that where there is sufficient
water available in the dry season not only vaddy crops can be grown
but other field crons such as maize, sugar-cane, tabacco and vegetables
éan also be cultivated.11 Accordine to the Royal Irripgation Department,
the planted arca of a second cron has been increasine following the
exnansion of irrication facilities in the mid 1960s. (See Table V-3).
Both paddy and unland crop cultivation in the dry-season will be more
effective with a stable amount of water provided by pump irrigation
which probably comrensate for the inadequate inlet canals to provide
vater to the farms,

.A sipnificant and positive relationship was found between
average rainfall and the number of water numps. An explanation may
be that in regions where rainfall is high, farmers would tend to nossess
water pumps for draining out excessive water from their fields in
order to maintain a stable level of'water. It may also be arrued that
in areas where there is an inadequate amcunt of rainfall, farmers in

those areas should also employ water numns in order to sumpnly

1 . . . . :
1 Y. Kaida., "Irriecation and Drainage Present and Future'

in Thailand: A Rice Growing Society., ed. by Yaneo Ishii, translated by
Peter and Stephanie Hawks (Honolulu: The University Press of Hawaii,
1978), v, 233, :
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ACTUAL EXPANSION OF DRY-SEASON CROPPING IN IRRIGATED AREAS

Unit: 1.000 rai .
Year Second Paddy Crop Second Upland Crops
1965> 28 107
1966 41l 140
1967 154 122
1968 219 924
1969 221 89
197G 278 118
1971 398 85
1972 513 112

Source: Y. Kaida., op.cit., p. 234 Table 7.
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additionai water to their fields. Water pumping equipments can nerform
the dual tasks of pumping in and draining oﬁt water from the fields.
However, details on usage\of water puﬁps unfortunately requires further
study which is beyond the scope of this study.

Averare rainfall was found to be insignificant in the case Ef
tractors, as expected, since there was no exnlanation on why tractor
demand would depend on the averare amount of rainfall.

Average farm income was found to have a positive and significant
relationship in the case of tractors. On the other hand, it did not
perform well in the case of water pumns and was therefore drooped.

This may be because water pumps had been adopted much earlier than
tractors and their usc are now widely accepted by both hiéh and low
income farmers. Furthermore, water oumns arc less exnensive as compared
to tractors, therefore average %arm income may not be very important in
explaining the repional variations in water npumps.

One interesting peint to be recognized is that the average “arm
income and the nercentage of double cropving areas are correlated (0.72).
Some reasons explaining this finding are as follows:

1) For farmers whose land can be cropped more than once in
a year, there is an opportunity for them to earn income from farming
in the dry season. Therefore, it tends to increasé the average farm
income of the farmers who ;wn such tyne of ‘land. ' v

2} A hisher vield of thé second paddy crop is often obtained
through the use of HYV's,

3) Although the nrice of dry season crons is affected by the

success of wet season production, in general, a higher nrice is often
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obtained for dry-season crons. This is because the nroducts are sold
in the "off-season' markets.

To conclude, farmers in different regions resrond differently
to farm mechanization. Both economic and non-economic variables should
be considered together when studying the adontion of farm machinery.
However, due to data limitations, the study has only been able tc focus
on some of the major factors. Both tractor plowing and water numps were
found to be nositively related to doublg-cropping area.

Four-wheel tractors were found to be widely used in unland crop
cultivation whereas two-wheel tractor uses were limited to rice cultivation
area. With respect to the use of tractor »lowiny, it is nossible that
the high farm income regions were more zble to afford tractorization.
Greater demand for tractor plowing was also found in the area where high
cost of labor was withnessed. |

The use of water pumps werc found to be adopted earlier than
other farm machines and their use are better distributed among regions
as compared to tractor nlowing. In addition, water Bumns are apnlier

for irripation purposes instead of as direct substitutes for labor

E. Some Limitations of the Study

Some of the limitations of this study include:

1. The nroblem of the direction of causality. For instance,
the usé of farm machinery does not directly affect the double-cropring
system, Howevef; it aids doﬁble—cronoing by nroviding timely operations.
Therefore, the indirect relationship is reflected. In addition, if the

introduction of farm machinery is profitable, then the causality with
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respect to average farm income may nerform in the opnosite direction from
what is expected.

2. There are many othcr variables that should be taken into
consideration and yet they have been omitted due to data deficiency.
Such variables are, for instance, the availability of farm machine
renair services in each zone, area planted tc some excluded crops which
also require the use gf farm machines such as orchards.’

Z. Since cross-sectional data arc used instead of time-series
data to study factors which affect farm machinery utilization, conclusions
drawn from this analysis may not be comarable to the theory of induced

innovation of Hayami and Ruttan, as the author at first hoped.



CHAPTER VI

SUMMARY AND CONCLUSIONS

A. Summary and Cenclusions

Within the framework\of.the theory of induced innovation,
technolegical change in agriculture-both biological and mechanical-is
dependent cn variations in resource endowments and the growth in demand
for products which are reflected in changes in reiative factor and
product prices. Changes in relative factor prices (land and labor)
over time will stimulate the search for new methods of production wvhich
will use more of the cleaper and less of the expensiVe factor. Two
main types of technology in agriculture are mechanical and binlogical
innovation. Mechanical innovation is labor saving and its process of
diffusion is responsive to changes in the relative prices of labor and
capital. Aﬁplication of mechanical technology to the agricultural
sector may induce increases in labor productivity because it leads to
a higher proportion of capital to labor.

Between 1951 and 1975, labor productivity (Y/L) in the Thai
agricultural sector rose at a substantial rate of growth of 4.5 per cent
-per year, The land-labor ratio (A/L) and land productivity (Y/A)
reveal an equal rate of growth during the same period.\ However,
division of this perioq of study intc two subpericds (from 1951 to the
mid 1560s and the mid 1960s tc the mid 1970s), reveals a faster rate
of growth of the land-labor ratio in the latter pericd. One of the
reasons which could explain this finding is the achievement of a hirher

level of mechanization in agriculture which may nermit the worker to
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cultivate a greater amount of land. In addition, with the introduction
of tractors for land preparation, eﬁpansion in dry-scason plowing is
achieved and this further enhances the greater amount of cultivated
land per year. According to a nation-wide survey of the Division of
Agricultural Economics in 1975, it is evident that mechanization has
been adopted to a significant level especially in the Central region.

It is unfortunate that statistical analysis of the relatién-
ships over time of changes in relative factor prices and their uses
cannot be studied because of time-series data deficiency.

It is therefofe rather difficult to precisely indicatc the
reasons for the development of mechanization 0§er time. However, a
statistical analysis of some major factors which may influence farm
machinery utilization in different regions was tried by using cross-
sectional data. Factors influencing the degree of farm machinery
utilization differs according to different tynes of farm machines.
The three grcups of farm machines studied are four-wheel tractors,
two-wheel tractors and water numps. ,

The double-cropping arca was found to be nositively related to
all three categbries of farm machines. The use of tractors may ernhance
speedy land preparation and therefore a2ids double-cronpingf A greater
demand for water pumps was found in areas with double-cropning since
an additicnal volume of water may he obtained by employing pump
irrigation. This imrlies that the adoption of ﬁechanization is based
on such factors as the irrigation system and the use of HYVs which

encourage multiple-cropping in Thai agriculture.
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The unland crop area was found to be positively related to

the number of fcur-wheel tractors and water pumps wherceas negatively
related to t%e number cf two-wheel tractors. This is because the early
plowine of the sun-baked and heavy texturc soils of the unland area
before the rniny scasons requires nower which cannot be sufficiently
provided by draft animals. The power advantage of large four-wheel
tractors can solve such a nroblem and thercfore they have been atilized
for this purpese in the upland areas. With respect to the scale basis
of the machines, two-wheel tractors in genéral are not suitable for
upland cultivation because they nossess inadenuate vower for dry lend
L]
tillage in the upnland areas. On the other hand, they were found to
be mostly used for puddling in rice cultivation in the Central repicon
where the submerged land cannot suoport large tractors. The extensive
use of water pumps was found in areas with high unland crop production.
This is because water vumms help to nrcvide additional water from
.
nearby sources. Water pumps, »s a mean of irrieatinn, therefore aids
unpland crop cultivation.
The brice nf labor was found to be nesitively related to
the number ¢f both twn-wheel and four-wheel t}actors. Although it was
less significant in determining the number - f four-wheel tractors in
each region, the expectaticn that resions with hicher labor cost tend
to mechanize more was partially verified. The variable concerning
laber price anpeared to be insignificant in exnlaining the degrec ~f
water pumps used. This may be because water pumps were fmmd to be

used for functional nurnose instead ~f being a direct substitution €or labor.

They were found to be utilized earlier than other farm machines and their
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use are now widely adopted by both larpe and small farmers. In addition,
its price is relatively lower than tractors. Hence, rerional variaticns
in water pump utilization was not so ereat as commared to tractor uses.
“ith respect to the case of tractor plowiﬁﬁ, it is nossible that the

high income regions were more able to afferd tractorization,

»

B. Tentative P~licy Immlications

The adontion o* farm machinery by farmers will have an effect
on other related matters, for instance, income distribution, rural
and urban mioration of labor, umemployment level, efc. W¥ith these
considerations in mind, pnlicy impli;ations drawn from the conclusion
of the study are;

- bolicy makers as well as agricultural researchers should
understand that €or each tybe of farm machines, there are different
facters affecting adontion and diffusion among regions. For instance,
four-wheel tractors were found to be wideiy used in the upland areas
for land tillage. Although labor and draft animals can dn the same
task as well, they may require a lot of labor time and involve high
drudpery in farm task. ' Farmers may feel thét these are quite heavy cnsts
to béar, thus, resulting in the adention and use of four-wheel tractors.
Any policy which promotes unland cultivation may therefore résult in
a hipgher demand for four-wheel tracters.

- Since. tractor plowing was Found to be nositively related to
the cost of labor, policies which attract labor toward urban areas and
raise rural Qage.rate can encourags the use nf tractors by Thai farmers.

- Since one imnnrtant factor influencine farﬁ machinery adontiocn

is the greater intensification of farming through multinle-cromnine which
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in turn depends wnon the irrigation system, policies toward the improvement
of irrigation facilities will further enhance adoptien and diffusion of
farm machinery.

~ Thz vrecgress of mechanizatica shows regional differences
which may be based on various factors including the level nf farm incomes.
Given that thc adontion of farm machinery is profitable, there will
be orcwinc inegualities of income distribution among repions. Policies
to promote farm mechanization sheuld therefore take this intc consideration.
In addition, it is necessary for nolicy makers to understand the limitations
from environmental and socio-economic cﬁnditions at'the regional level
which may obstruct the nrosress of farm mcchanization.

- Labor migration out of thé agricultural sector intc the
urban industrial scéter has been recognized in the Thai economy. Since
the use of farm machines can reduce drudgery nof farm tasks which may
eﬁcourage the new generation of farmers tc maintain farming occupations
rather than abandon them for urban industrial joF%. Therefore any
policies which enhance farmers to employ farm machinery may indirectly

reduce the number farmers migrating out cf the arricultural sector.

C. Data Deficiency

s

Farm mecchanization is starting to take root in Thai agriculture.
Since it may have imnortant remercussions-on employment, income
distribution, and the futurc pattern of agricultural develonment,
research on farm mechanization develsoment is therefore quite imvortant,
At vresent, the maior obstacle to any study is the deficiency in time-
series dat2 concerning factor nrices in the‘aqricultural sector. These

data include prices of labor, draft animals, farm machinery and land,
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Labor mobility and mipration data or studies in Thai agriculturec are
also still lacking, They would help provide useful insichts into the
existence of pcssible labor bottlenecks impingine unon the adontion and
diffusion cf farm mechanization. Comrilation »% the mentioned data

will be very useful to future studies ccncerning techneolngical develomment

in Thai agriculture.
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APPENDIX A

Major time-series dat2 of resource endowment in Thai agriculture

for 1951-1%75 are pnresented in this apnendix.

A-1, Agricultural Labor Force

Census data of the Mational Statistical Office (NSO) are only
available every ten years. After 1970, Lahor Force Srrys (LFS) have been
‘conducted by the MSO twice annually. However, data from thc LFS are not
comparable with the censuses due to different techniques of sampling.
Therefore, time-series data on agricultural labor force were obtained from
the closest estimation of the Division of'Agricultural Economics. The
estimation is based on censuses of the NSO in 1960 and 1970. Both male and
female workers are taken into account. I[fan-hour data are not used primarily
due to lack of availability.

Source: DNAE/MOAC, Selected Economic Indicators Relating to Agriculture,
No. 84, 1975, p. 11.

A-2, Land

Two sets of lana area ére comniled. Arable land consist of vwaddy
land, field crops, and tree crons 2nd are used as available supply of land.
Planted area for all crops are nrescnted as the amount of land under
utilization.

Source: DAE/MOAC, Selected Economic Indicators Relating to
Agriculture, No. 84 (3), 1978, p. 12.

94
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A-3. "Animal Power

The number of buffilo and cattle are included as working aninals.
It is assumed that the nronortion of buffalo and cattle available for
farm work is constant over time. Working animals of all ages-are includad
mainly due to lack of data on number of animal under working ages.
Source: Data for 1952-1961 from DAE/MOAC, Agricultural Statistics
of Thailand, No. 24/i674
Data for 1962-1975 frem DAE/MOAC, Agricultural Statistics

of Thailand, No. 100/1978 based on annual survey at the 1°
of April every years.

t

A-4, PFertilizer
Datz concerning fertilizer consumption in Thai agriculture arec
obtained as the simple sum of their physical weights including all nutrients
Vavailable.
Source: Data for 1951-1955 are obtained from DAE/MOAC, Agricultural
Statistics of Thailand, 1966 Table 100 Data for 1956-1975

are cited from UN: ESCAP/ARCAP; Marketing and Distribution
of Fertilizer in Thailand, 1976 Annex-Table 6.

A-5, Farm Machinery

Two series of import data of tractors and water rumps are compiled
because time-series data on number of farm machinery inventory in Thai
agriculture are not available.

Source: Customs Department, Ministry of Finance, Annual Statement
of Foreign Trade Statistics, Various issues.

Note: From 1970 onward, commodity classification has been changed
from SITC to BTN classification. According to the Bank of
Thailand, farm tractors under the new classification arc
commodity number BTN 870122, BTN 870123, and BTN 870124 which
are conincided with the item under SITC 713-01, See also:
UN. Statistical Office, Standard International Trade Classifica-
tion Rcvised, p. 36, ‘
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A-6. Agricultural Output

Data for agricultural outrut are in terms of gross value of output
originating from crons net of intormediate nroducts. Gross Domestic Products

originating from various crons are compiled for sunnlementary purposes.

Data are presented at 1962 price.

Sourcc: All of these data are obtained from NESDB, National Tncome
of Thailand, 1964, 1965, 1968-1969, 1677-1971, 1972-1373,
and 1976 edition. :

The real value of Gross Domestic Product originating from
agricultural crons for 1952-1956 are not available; therefore,
rcal values of GDP for these yvears were calculated from

current prices by using the implicit deflator for GDP
originating from crops cited from Jamlong Artikul, A Planning
Model for Thailand, (Ph.D Dissertation Cornell Univcrsity,
Ttheca, N.Y., 1976), fppendix A-1. Deflator index for the
year 1951 was calculated from data series of 1952-1956
wholesale price index (1962 based year) as the joining
calculator.

Vholesale price index with 1962 as based year was calculated
from the series of wholesale price index presented in NESDB,
National Income of Thailand, 1964 edition »n. 140,

wholesale price index in 1952 = 81,68 whercas the GDP deflstor
from the study of Jamlong {See the above informatien) in the
corresponding year was = 0.9143, Therefore, if wholesale
price index for 1951 was 77.38, GDP deflator for the same

year was calculated to be 0.8662. e then deflated the current
valuc of 1951 GDP by the calculated implicit deflator and
using the results as itsreal value.

A-7. Planted Area to Rice

Two series of wet-season and dry-scason rice are compiled.

Source: Division of Agricultural Economics, Ministry of Agriculture
Agricultural Co-operatives.
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TABLE A-1

AGRICULTURAL LABOR FROCE

Index
Year (Thousand) 1951 = 100
1951 9,066.8 109
1352 9,207.5 102
1653 $,350.2 103
1954 9,495.2 105
1955 9,642.5 106
1956 9,792.0 108
1957 ' 9,943.9 110
1958 10,098.1 112
1959 11,159.2 123
1960 11,332.2 125
1961 11,507.9 127
1962 11,686.4 129
1963 11,867.6 131
1964 12,051.7 133
1965 12,238.6 135
1966 12,428.4 - 137
1967 12,621.1 139
1968 12,816, 8 141
1969 13,015.6 ‘ 144
1970 13,217.4 146
1971 13,422.4 148
1972 : 13,630.5 150
1973 13,841.9 153
1974 14,056.6 155
1975 14,274.6 157

s

Source: DAE/MOAC, Selected Economic Indicators Relating to Agriculture,
No. 84, 15975, p. 11
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TABLE A-2

ARABLE LAND AREA AND PLANTED AREA

In Thousand

Planted Avrea

Year Ftﬁ;&ﬁs‘f’és Tree Crops  Total 19?112{1330 t?l"}wl)ocigﬁ 19?113?0
1951 4,878.7 5,448.0 47,278.1 100 42,429 100
1952 4,766.6 5,268.7  47,027.5 69 38,870 92
1953 4,710.9 5,188.3 46,788.4 98 44,137 104
1954 4,695.8 5,176.5  46,729.8 58 40,649 56
1955 4,745.2 5,238.2  46,864.9 99 42,177 99
1956 4,856.0 5,261.2  50,083.3 105 44,333 104
1957 5,043,2 5,542.4  47,697.7 101 40,055 94
1958  5,321.6 5,751.8  48,393.7 102 44,673 105
1959 5,709.5 6,081.7  49,583.6 104 47,704 112
1960 6,905.6 6,144.9  50,177.7 106 48,844 151
1961 8,825.6 6,209.3 53,6813 113 51,543 121
1962 9,596.7 6,720.4  55,319.9 117 53,461 126
1963 10,592.3 7,513.2  57,527.5 121 55,806 131
1964 11,864.2 8,680.1  60,467.4 127 57,207 135
1965 13,495.2 10,432.3  6,420.8 | 136 58,718 138
1866 13,410.3 10,121.6 66,522.9 - 140 66,669 157
1967 13,424.3 9,862.7  69,523.9 146 62,903 148
1968 13,507.7 9,663.7  73,141.4 154 67,126 158
1969 13,693.6 9,518.1  77,456.8 163 69,238 163
1970 13,977.6 9,430.3  82,579.1 174 70,512 166
1971 14,368.3 9,351.2  88,595.6 187 72,016 170
1972 16,470.8 9,915.1  ©3,483.1 197 72,739 171
1973 19,970.8 10,919.5  101,449.2 214 81,469 192
1974 20,5384 10,974.5  103,253.0 217 80,434 186
1975 20,938.7 11,401.0  105,600.4 222 86,139 203

Source: DAE/MOAC, Selected Economic Indicators Relating to Agriculture,
No. 24 (3}, 1978, p. 12,
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TABLE A-3

ANIMAL POWER

99

. in Thousand

Index

Year Buffalo Cattle Total 1951 = 100
1951 - - - .
1952 3,894.7 3,162 7,056.7 100
1953 3,999.8 3,197.1 7,196.9 102
1954 - 4,108.1 4,244.9 7,342.0 104
1955 4,219.7 3,272.4 7,492.1 106
1956 4,334.6 3,312.6 7,647.2 108
1957 4,453.0 3,354.7 7,807.7 111
1958 4,575.0 3,398.6 7,973.6 113
1959 4,700.7 3,444.5 8,145.2 115
1960 4,8%0.2 3,492.4 8,322.6 118
1961 4,963.6 3,542.4 8,506.0 121
1962 5,10k.1 3,594.6 8,695.6 123
1963 5,147.0 3,624.4 8,771.4 124
1964 5,220.2 3,752.9 8,973.2 127
1965 5,297.0 3,887.5 9,184.6 130
1966 5,377.5 4,028.6 9,406.1 133
1967 5,461.8 4,176.3 9,638.1 136
1968 5,459.9 4,290.3 9,840.2 139
196¢ 5,642.1 4,451.6 10,093.6 143
1870 5,734.5 4,667.0 10,401.5 147
1971 5,574.2 4,460.2 10,034.4 142
1972 5,361.7 4,485.0 9,846.3 140
1973 5,941.7 . 4,335.2 10,276.9 146
1974 5,946.7 4,432.4 10,379.1 147
1975 5,441.7 4,310.7 9,752.4 138

Source :

DAE/MOLC, Agricultural Statistics of Thailand, Bangkok,

Various Issues.
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TABLE A-4
FERTILIZER CONSUMPTION IN THAILAND

In Metric Tons

Year Import gzggiziion AgriEEZtural Agri;:itural
(1) (2} (3) (N+(2)-(3)

1951 377 - - 377
1952 2,207 - - 2,007
1953 | 3,255 - - 3,255
1954 4,925 - - 4,925
1955 20,591 - - 20,501
1956 23,429 - ‘ - 23,429
1957 40,020 - - , 40,020
1958 29,170 - - 29,170
1959 47,639 - - 47,639
1960 51,955 - 251 51,704
1961 54,768 . 465 54,303
1962 66,465 . 181 66, 284
1963 97,378 - 400 96,978
1664 108,977 - 2,538 106,439
1965 88,943 . 1,973 86,970
1966 141,428 2,315 1,759 143,984
1967 218,244 34,344 3,221 249,367
1968 265,686 26,881 6,457 286,110
1969 265,830 17,040 5,006 277,864
1979 249,641 - 30,763 3,608 285,796
1971 226,544 37,975 3,140 261,379
1972 383,303 31,000 8,105 406,198
1973 388,410 22,800 9,051 462,159
1974 335,325 29,000 10,107 354,218
1975 430,970 18,400 11,286 438,08/

Source: DAE/MOAC, Apricultural Statistics of Thailand, 1966,
Table 10C and UN: ESCAP/ARCAP, Marketing and Distribution

of Fertilizer in Thailand, (Bangkok, 1976) Annex-Table 6.
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IMPORTED NUMBER OF SELECTED FARM MACHINERY

TARLE A-5

1.

Ka)
(%)

Year Tractors Water Pumps
(Unit) (Unit)
1951 ) 2,598
1952 - 4,466
1953 - 14,319
1954 - 9,464
1955 262 11,294
1956 404 93,485
- 1957 267 20,811
1958 384 13,482
1959 445 9,400
1960 855 11,166
1961 1,487 12,059
1962 1,353 11,861
1963 1,922 19,741
1564 3,446 26,931
1965 3,037 39,099
1966 3.872 60,923
1967 4,305 82,125
1968 3,610 151,343
1969 2,614 106,666
1970 1,763 136,686
1971 2,414 105,109
1972 1,612 90,092
1973 1,715 150,095
1974 3,318 168,524
1975 6,877 149,021

Source:

Customs Department, Ministry of Finance, Annual
Statement of Foreign Trade Statistics, Various Issues.
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TABLE A-6

GROSS DOMESTIC PRODUCTS ORIGINATING FROM CROPS AT 1962 PRICES

(In Million of Baht)

GDP

GDP

GDP

GDP

GDhP

GDP

GDP

Total GDP
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Year Originating Originating Originating Originating Originating Originating Originating Orieinating 1é2gi§oo
From Rice From Maize From Sugar- From Cassava From Kenaf From Rubber From Cther From Total -
_ Cane : Crops Crops
1951 5,962 41 148 30 40 2,565 3,771 12,557 106
1952 5,565 36 160 28 36 1,483 3,280 10,588 84
1953 6,518 76 213 34 32 1,073 4,370 12,363 53
1954 4,529 69 265 24 35 1,307 4,768 11,037 88
1955 5,657 85 243 27 .29 1,943 4,667 12,651 101
1956 6,466 144 267 24 58 1,644 5,133 12,736 109
1957 6,219 116 430 157 72 970 3,655 11,619 93
1958 7,954 158 4A7 183 103 1,003 3,715 13,563 108
1559 7,559 270 517 406 146 1,241 3,731 13,870 115
1960 8,072 360 558 367 390 1,096 5,030 15,873 126
1961 8,433 396 413 51¢ 498 1,206 4,852 16,317 130
1962 5,586 441 327 624 287 1,268 5,141 17,673 141
1963 10,345 568 499 634 439 1,285 5,541 19,311 154
1964 9,891 632 526 468 608 1,368 5,653 19,146 153
1965 9,508 725 363 443 1,026 1,413 6,103 19,509 155
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TABLE A-6 --continued

Ghp GDP Gpp Gnp GNP Gne GDP Total GDP Index

Year Originating Originating Oripinating Originating Orieinating Originating Originating Critinatine 1951=100

From Rice From Maize From Sugar- From Cassava From Kenaf From Rubber From Other From Total

Cane Crons Crops

1966 11,578 819 333 568 1,262 1,398 7,098 23,056 100
1967 9,594 887 339 541 974 1,406 6,097 21,033 167
1568 10,659 834 390 551 387 1,652 7,261 22,856 182
15€9 11,314 1,167 636 811 848 1,962 7.798 24,542 13
1870 11,575 1,348 691 201 765 2,006 7,928 25,214 200
1571 11,646 1,631 579 1,085 746 2,173 8,431 26,291 209
1972 10,116 922 945 1,306 586 2,316 9,005 25,496 203
1973 11,763 1,640 1,264 1,935 1,082 2,030 9,100 29,414 234
1974 11,355 1,862 1,366 1,332 749 2,606 10,232 30,02 239
1975 12,129 2,108 1,638 1,988 493 2,393 10,435 31,184 248

Source: National Economic § Social Development Rroad, National Income of Thailand, Various Issues.
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TABLE £-7
PLANTED APEA TO RICE

Unit: 1,090 rai

Planted Area % or Dry-Season
Year wet-Season  Dry-Season Totai ?lanted sicé to Eotél
rea Planted Area
1956 37,578 70 37,650 0.2
1957 31,644 73 31,716 0.2
1958 35,921 66 35,986 0.2
1959 37,864 44 37,908 0.1
1960 36,944 64 : 37,008 0.2
1961 38,479 69 38,549 0.2
1962 41,546 72 41,618 0.2
1963 41,173 83 41,257 0.2
1964 40,751 120 10,871 0.3
1965 40,820 141 40,962 0.3
1966 46,214 219 46,434 0.5
1967 41,288 324 141,612 0.8
1¢63 44,483 385 44,867 0.9
1965 48,189 543 48,734 1.1
1970 48,763 825 49,453 1.7
1971 50,020 1,341 50,730 2.6
1972 44,621 - 1,883 45,931 4.1
1673 47,640 1,308 48,948 2.7
1974 45,803 2,047 47,820 4,3
1975 52,582 2,563 55,1645 4.6
4.9

1976 52,747 2,736 55,483

Source: Division of Agricultural Economics, Ministry of
Agriculture & Agricultural Co-oneratives,
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APPENDIX B

Lists of all variables used in the regression analysis and their
sources are presented in this arnmendix. All variables are complied in
termS(Dfagroeconomic zones. There are 15 zones in Thailand. Pivision of
these zones i based on Qarious factors such as soil tyne, rainfall,
temperature, cropping pattern, and production efficiency. Provinces

comprised within each zonc arc presented as follows;

Zone Provinces
1 Nong Khai, Udon Thani, Sakon Nakhon, and Nakhon Phanom.
2 I'bon Ratchathani, and Yasothon.
3 Khon Kaen, Kalasin, Maha Sarakham, and Roi Ft.
4 Surin, Buri Rum, and Si Sa Ket.
5 Nakhoﬁ Ratchasima and Chaiyaphum.
6 Loei, Phetchabﬁn, Nakhen Sawan and Uthai Thani.
7 Lon Buri and Carabui.
8" Tak, Phisanulok, Khamphaenpg Phet, and Phichit.
9 Nan, Lampang, Phras, Sukhothai, and Uttaradit.
10 Chieng Rai, Chieng Mai, Mac Hon-p Sorn, and Lamphun.
11 Chainat, Sing Buri, Suphan Puri, Nonthaburi, Ang Thong,

Ayuttaya, Nakhon Pathom, Pathum Thani, Thon Buri,
Nakhon Nayvok, and Bangkok.
12 ¥anchanaburi, Ratcha Buri, Phetcha Buri, and Prachuapn

Khiri Khan.

i3 Prachin Buri, and Chachoengsao.
14 Samut Praksan,Samut Sakhon, and Samut Songkhram,
15 Chon Buri, and Rayong.
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Zone ' Provinces
16 ‘Chanthaburi, and Trat.
17 Chumphon, Surat Thani, Nakhon Si Thammarat, Phattalung

and Songkla
18 Ranong, Phuket, Satum, Trang, Phangnga, and Krabi

19 . Pattani, Yala, and Narathiwat.

Information on the number of farm machines in each zones is derived
from 2 nation-wide survey of the Division of Agriculturnl Economics in 1975,
Three main catagories of farm machines are taken into consideration. There
are four-wheel tractor (FT), two-wheel tractor (PT), and water pumo (¥P).
Number of these farm machines endowed in each zones are nresented in
Table B-1,

Pertinent data cpncerning labor vage rate and service cost of dAraft
animal in each zone are not available. WYage rate in this study therefore is
deri&ed from cost of planting oné rai of rice in 1977 and the number of
man-day required to finish this task. Since nlanting process is absolutely
manual, calculated wage rate from a piece work should therefore represent
an appropriate nroxy for scervice cost of labor. By the same token, data
for the‘cost of animal were obtained from a piece work rate and its nhysical
units required to commlete land preparation of one rai of rice, Table B-2.

Planted arca data comprised of arca planted to rice and area planted.
to eigth major cash crops; maize, cassava, sugar-cane, mung-bean, soy-bean,
sround-nuts, cotton and kenaf. Area planted to these crons for:1975/1976

cror year were obtained from the DAE/MOAC, Agricultural Statistics of

Thailand No, 100, (Bangkok, 1978). Area planted to dry scason rice for thec
corresponding cron year” were obtained from the Division of Apricultural

Extension. These data are nresented in Table B-3.
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Average farm incomes in each zone were obtained from the summary renort
of the Agro-economic Zonecs for Agricultural Fxtension § Development nrepared
by the Division of Agricultural Economics. It is based on the meneral
farmer's economic condition survey data taken in 1970 by the same division.

Average rainfall by zone were obtained €rom the summary rcport of
the Agro-economic Zones for Agriculturzl Extension & Develooment. These
data were originally collected by the Rainfall Measurement Station of the
Meteorological Department and based on the average of twelve months for
each province during 1966 to 1970.

Data concerning average farm income and average rainfall by zones

are presented in Table B-5.
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TARLE B-1

DISTRIBUTION OF SELECTED FARM MACHINES BY ZONES,
' IN 1975/1976 CROP YEAR

Four-Yheel Four-%heel Total Four-  Two-Wheel

Zone Tractor Tractor ¥heel Tractor Tractor Water Pumm
( <45 H.P.) ( 45 H.P.) (FT) (PT) (P
1 177 291 468 115 11,674
2 181 118 299 113 1,697
3 169 132 331 891 12,575
4 67 1,198 1,265 251 3,590
5 682 1,275 1,957 1,633 15,539
6 1;909 2,464 4,373 2,382 17,064
7 1,970 1,426 3,396 5,544 12,694
8 935 841 1,776 4,195 15,759
9 968 940 1,908 2,868 12,504
10 392 379 771 1,830 14,122
11 6,265 1,912 8,177 38,374 67,857
12 1,040 773 1,813 3,410 16,743
13 750 486 1,236 11,772 10,9624
14 208 104 312 5,979 5,802
15 519 256 775 1,882 8,601
16 50 146 196 1,310 14,778
17 356 / 524 580 6,512 6,487
18 56 ” 31 87 771 1,518
19 68 42. 110 169 1,380

Source: DAE/MOAC, Seclected Economic Indicators Relating to Agricuiture,
No. 84 (3) .1578.
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TABLE R-2

COST OF LABOR DURING PLANTING AND THRESHING BY ZONES

T

Cost of Labor No.of Man-day Price of Labor Cost of Labor No. of Man-day Price of Labor

Zone During Required (Baht /Man-day) During Required
Planting (Man-day) Threshing (Man-day) (Baht/Man-day)
(Baht/rai) (Baht/raji)
1 67.50 4.50 15.00 34.35 h 2.29 | 15.00
2 65.28 4.08 16.00 33.28 2,08 | 16.00
3 95.58 5.31 18.00 ' 71.28‘ . 3.9 18.00
a4 70.42 4.24 16.61 56.10 2.87 19.55
5 73.96 3.70 - 15.99 51.97 - 2.60 - 15.9%
6 97.51 4,51 21.62 ’ 46.72 2.25 20.76
7 91.85 ) 3.65 25.00 62.50 2.50 | 25.00
8 84.20 4.21 20.00 57.00 2.85 20.00
9 54,65 4,35 21.76 j 51.13 ' 2.35 21.76
10 58.13 2.91 19.é8 57.70 2.8é 19.96
11 55.00 2.20 25.00 28.50 1.14 25.00
12 92.47 3.70 24,99 51.35 . 2.05 2505
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TABLE R-2 --continued

Zone

Cost of Labor
During

No. of Man-day Price of Labor

Cost of Labor

During

N \ - . »
No. of Man-day Price o€ Labor

Planting ‘Required (Baht /Man-day) Threshing Required (Baht/Man-dny)
(Baht/rai) (Man-day) (Baht/rai) (Man-day)
13 51.25 2.05 25.00 31.50 1.26 25.00
14 54.78 2.19 25.00 65.00 2.60 25.00
15 67.17 2.69 24,97 41.67 1.67 24.95
16 53.70 1.79 30.00 51.30 1.71 30.00
17 75.92 3.04 24,97 50.18 2.0 24.95
18 93.50 3.74 25.00 59.50 2.38 25.00
19 62.00 2.48 25.00 81.25 3.25 25.00
Source: DAE/MOAC, ~“Cost nf Production, 1977/1978 Cro» Year," Agricultural Pullstia jlo. 71,

1978 and the Unrnublished Yorkine Sheets of the Corresnmonding Nivision.
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TABLE B-3

COST OF LABOR DURING HARVESTING AND SERVICE COST OF ANIMAL BY ZONES

Cost of Labor o — A m Cost of Animal No. of H Cost of Animal
e e roquived Ty of Laber During Lnd - hquired  (rane/hour)
‘(Baht/rai) (Man -day) (Baht/Tai) (hour) (PHAL)
1 63,50 4,26 15.00 18.06 0.42 43,00
2 75. 04 4.69 16.00 11.20 0.24 46.67
3 106, 38 , 5.91 18.00 - - 54,40°
4 61.15 3.69 16.57 - | - , 46.67°
5 . 96.65 4.83 . 20.01 186.08 3.08 60.41
6 79.91 3.90 20.49 62.90 0.70 29,86
7 75.00 3.00 | 25.00 88.00 0.80 110.00
g 99.00 4,95 20.00 155.96 4,61 12.14
9 102.97 2.38 23.51 112.77 1.53 73.7G
10 58.65 3,96 - 14.81 56.95 0.54 ) 105, 4¢

11 89.95 3.57 25.20 78.84 1.87 12.1€
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TABLE B-3 --continued

Cost of Labor No. of Man-day . e COSt.Of Aninal No. of Hour Cost of Animal
During ' . Price of Labor During Land P
Zone 4 Required . . Required (Paht/hour)
Harvesting (Man-day) (Baht/Man-day) Prcnaration (hour) (PMAL
(Baht/rai) - 4 (Baht/rai) ’
12 85.38 3.41 25.04 110.04 1.54 71.45
13 82.00 3.56 25.00 ©65.90 2.86 33.5%3
14 78.590 3.14 25.00 16.56 0.45 153,47
15 74.16 2.97 24.97 g8.32 9.83 11.4¢
16 77.10 2.57 30.00 69,98 2.91 24,08
17 131.20 5.25 24,99 89.56 2,62 35,18
18 106.50 ¢,26 25.00 50.00 0.895 55.5%

19 105.75 4.23% 25.00 42.63 1.31 32.54

Source: DAE/MOAC, "Cost of Rice Production, 1977/1978 Crop Year,' Asricultnral Bulletin

v

No. 71, 1978 and the Unnublished Yorking Sheets of the Corresnonding Division.
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TABLE B-4

TOTAL PLANTFD AREA, PLANTED AREA TO RICE AND UPLAND CROPS BY ZONES

Rice Planted Dry-Season

Area Rice Planted % of Pry-Season Planted frea Total % of Urland

Zone " . 1ce Rice to Total Rice to Upland Crop Planted Area  Crop to Total
(1,000 rai) Area p1 d A —RP+1IP Planted: A
(1,000 rai) . Planted Areca (1,900 rai) P=RP+ ) anted Area
’ ’ (1,000 rai)
(RP) (DPP) (PDRP) (urP) (P) (ruP)

1 6,139,490 10.76 0.001752 : 1,398.76 7,538.25 - 0.135855
2 3,264,35 1.51 0.000462 411.42 3,675.75 . 0.111923
3 6,705.88 6.64 0.000990 1,036,265 7,742.16 0.133850
4 5,445.44 2.90 0,900532 9¢7.30 6,412.73 0.154794
5 3,435.40 25.22 0.007341 2,402,935 5,838.35 0,411539
6 3,440,58 45,41 0.013158 3,368.97 ~ 6,809.55 0.484742
7 : 1,591.67 4,38 0.015317 1,957.35 3,549.06 0.551524
& 3,284.55 88.06 0.024607 1,094.09 5,079.04% 0.215413
9 2,084.49 14,23 0.006826 1,316.15 3,400.64 0.387039
10 2,138.47 215,01 0.100544 450.52 2,588.99 0,175014
11 6,580.77 1,891.61 0.287445 635.78 7,216,54 0.0881090
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TARLE B-4 --continued

i 2] -Sez
Rice Planted DTY vecson % of Dry-Season Planted Arca Total % of Unland
Area Rice Planted . . : Pianted Area ;

Zone . Rice to Total Rice to Upland Crop ~ . Cror to Total

(1,000 rai) Area P=RP+UP : ]
(1,000 rai) Planted Area (1,000 rai) Planted Area

’ (1,000 rai) ’ ‘

(RP) (DRP) (PDRP) up) , ®) (PUP)
12 1,423,98 50.95 0.035780 1,370.66 2,794 .64 0.4920160
13 2,496, 32 247.65 0.099206 573.00 3,063,.32 0.186686
14 317.80 106. 36 0.334676 2.30 329.10 0.007185
15 512,23 12,96 0.025296 1,701.94 2,214.27 0.768624
16 232.563 0.05 0.060214 . 143,91 376.84 0.381886
17 2,429.46 20.25 0.037148 116,65 2,546.11 0.045815
18 543.60 1.26 0.002318 48.00 5561.60 0.081135
19 476.05 21.32 (.045835 60.40 ) 535.15 0.112592

Source: DAE/MOAC, Agricultural Statistics. of Thailand 100 (Bangkok, 1978).

]
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TABLE B-5

AVERAGE RAINFALL AND AVERAGE FARM INCOME BY ZONES

(RAIN) (AVGT)
‘Zone Average Rainfall Average Farm Income
{m.m./year) (baht/ family)
1 1,656.00 _ 1,705.08
2 1,560.60 2,678.19
3 1,341.30 2,354.53
4 1,388.50 1,665.75
5 1,111.90 2,046,03
6 1,171.60 5,611.34
7 1,368.00 9,040.48
8 1,326.80 5,681.18
9 1,172.60 3,008.09
10 1,288.09 2,205.22
11 1,348.90 8,599.50
12 ' 1,195.30 6,022.50
13 1,541.20 4,980.94
14 1,235.20 15,271.70
15 1,465.30 ' 7,234.66
16 3,669.59 5,966. 84
17 2,119.40 3,231.74
18 2,675.30 4,074.61
19 : 2,203, 40 3,503, 04

Source: DAE/MOAC, Apro-Feonomic Zones for Apricultural Extensson
Develorment, (Ranekn ) 1977).
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TABLE B-6

SELECTED FARM MACHINES PEP UNIT OF AREA RY ZONES

116

= - .
Zone Tr:?tlgr \%zill?ai Tra?tvgrwggle'lp\ai “ater Pump Per Rai
1 0.062983 0.01525 1.54068
2 0.081344 0.03074 0.46167
3 0.042753 0.11508 1.62422
4 0.196345 0.03895 0.55721
5 0.335198 0.27970 2.66154
6 0.642189 0;34980 2.51030
7 0.956873 1.56210 3.57672
8 0.349672 D.82594 22.75150
9 0.561071 0.84337 3.67696
10 0.297800 0.70684 5.45464
11 1.133090 5.31750 9.40436
12 0.648742 1.22019 5.99111
13 0.402695 3.83538 3.55909
14 0.974697 - 18.67860. 18.12560
15 0.350003 0.84994 3.8R435
16 0.520115 2,47628 39.2156¢C
17 0.345625 2.55763 2.54781
18 0.147059 1.30325 2.56592
18 0.205052 0.31503 2.57247

BEST AVAILABLE COPY



BIBLIOGRAPHY

Ames, Edward, and Nathan Rosenberg. '"Enfield Arsenal in Theory and
" History." Economic Journal. Vol, VIT, Mo, 312 (December 1968),
pp. 413-439, ’

Andrews, James M. Siam: 2nd. Rural Economic Survey 1934-1935. Hong ¥ong:
Bangkok Time Press, 1935.

frsawai, Sunthari. The Role of Government and Private Individual in
Developing: A Study in the History of Rangsit Project (1988-1904)
Banpkol:: Thai Khuadi SuKsa, Thammasat University, 1978. (in Thai)

Artikul, Jamlong. "A Planning Modlel for Thailand.'" Unpublished Ph.D.
Dissertation, Cornell University, N.Y., 1976.

Bank of Thailand. ’'‘Revort on Power Tiller and Tractor for Rice Farmine."
' Unpublished Preliminary Revort, 1978. (in Thai)

Bamnett, J.C. Report of the First /Ainnual Exhibition of Agricultural and
Commrerce Held in Bangkok. Bangkok: Ministry of Agriculture, 1910.

Bartsh, William H., "Employment Effects of Alternative Technologies and
Techniques in Asian Crop Production: A Survey Evidence."
Provisional draft. Geneva: International Labor Office, 1973.

Behrman, J.R. Supply Response in Underdeveloped Agriculture, A Case
Study of Four Major Annual Crovs in Thailand, 1937-1963.
Amsterdam: North-Holland Publishing Co., 1974.

Binswanger, H.P., The Economics of Tractors in South Asia New York:
ADC Inc., 1978.

Binswanger, H.P., and Vernon ¥. Ruttan ard others. Induced Innovation.
Baltimore: The Johns Hopkins Umiversity Press, 1978.

Chakkaphak, Chak and Ben R. Jackson. '"Farm Mechanization in Thailand."
Report to the International Symposium on Farm Mechanization in
Asia, Tokyo, July 1978,

Chancellor, ¥.J. "Survey of Indigeneous Farm Implement.' PReport of
Initial Phrase of Program for Evaluation and Improvement of
Small Tools in Thai Agricultures. Submitted to Asia Foundation:
San Francisco, July 1961.

Survey of Tractor, Contractor Ownerations in Thailand and
Malaysia. David, California: Agricultural Engineering Department
University of California, 1970,

Day, Richard H. and Inderjit Singh. Economic Development as an Adaptive
Process: The Green Pevolutions in the Indian Punjab, L ndon:
cambridge University Press, 1977.

117

BEST AVAILABLE COPY



118

Department of Cultivation, Thailand. ™"Farm Machinery Experiment in Rangsit."
Kasikorn Jounal Vol. 19, No. 3, 1947, np. 291-303, (in Thai)
Feeny, David. ''Technical and Institutional Change in Thai Agriculture

1880-1940." Unpublished Ph.D. Dissertation, University of
Wisconsin, Madison, 1976.

Ferguson, C.E. and J.P. Gould. Microeconomic Theory Homewood, Ill.:
Richard D. Irwin Inc., 1975.

Greene, Brook A. "Rate of Adoption of New Farm Practices in the Central
Plains, Thailand.'" Occasional Paper, No. 41. Itheca, New Vork:
Department of Agricultural Economics, Corncll University, 1970.

Hagen, Everett E. The Economic of Development. Illinois: Richard D.
Irwin Inc., 197S.

Hayami Y. and V. Ruttan. Agricultural Development: An International
Perspective. Baltimore: Johns Hopkins Press, 1971.

Hepfen, H.J. and E. Bicsalski. ¢Small Farm Implements. Rome: FAQ 1953

Hicks, J.R. The Theory of Yages. New York: St. Martin Press, 1963,

Increny, John P. and Graham F. Donaldson., ''The Consequences of Farm
Tractor in Pakistan.'" Staff working paper No. 210. Washington:
International Bank for Reconstruction and Development, Feb, 1975,

Ingram, James C, Economic Change in Thailand 1850-1870. Stanford:
California, Stanford University Press, 1971.

Ishii, Yaneo. ed. Thailand: A Rice-Growing Society. Translated by
Peter and Stephanie Hawks. (Miiicographs of the Center for Southeast
Asia Studies, Kyoto University), Honolulu: University Press of
Hawaii, 1978.

Johnston, David B. '"Rural Society and the Rice Economy in Thailand 1880-
1830." Unpublished Ph.D. Dissertation Yale University, 1975.

Komate, Somchart. 'Lazbor Problems of Double-Cropping in Channasutr Land
Consolidation Project.' Unpublished M.A. Thesis: Faculty of
Economics, Thammasat Uaiversity, 1976.

Krachangyao, Sukti., 'Irrigation in Thailand." Bangkok Bank pamphlet
Jan,-June, 1978. (in Thai) ’

Moreman, Micha¢l, Apricultural Change and Peasant Choice in Thai Village.
Berkeley and Los Angeles: University of California Press, 1868.

Ng, Ronald C.Y. '"Supplementary . Pevort on the Development Attitude
Survey: Chao Phya Irrigation Improvement Project Stage II.V
Report to the International Bank for Reconstruction and Development,
Jan., 1977.

BEST AVAILABLE COPY



119

Rajadhon, Anumarn. Life and Ritual in ©ld Siam: Three Studies of Thai
Life and Customs.  Translated and edited bv W.J. Gedney. New
Haven: HRAF Press, 1961,

Rasanood, Sriaroon and others. "A Survey of the TRRI Axial Flow Threshine
Efficiericy Compared with the Traditicnal Methods of Threshing."
Banpkok: Faculty of Economics and Rusiness Administration,
Kasetsart University, 1977.

Rosenberg, Nathan, ed. The Economics :fTechnical Chanpe. Baltimore:
Penouin Books, Inc., 1871,

Schultz, T.W. Transformation of Traditional Agriculture. New Haven:
Yale University Press, 1968,

Singh, Gajendra., and J.H. De Golde ed. Rural Develonment Technology
on Integrated Mproach. Bangkok: Asian Institute of Technolooy,
1977, '

Subwattana, Thaveesilp. "Rice Production and Trade in Central Thailand
from tlie Reign of Xins Rama V to Xine Rama VII (1868-1932).%
Unpublished '.A. Thesis, Department of History Chulalongkorn
University, 1976. (in Thai)

Songsak, Sriboonchittra. "The Private Cost of Using Tractors Versus
Buffaloes: A Case Study of Farmers in Chachoeng Sao Province."
Unnublished M.A, Thesis, Faculty of Economics, ‘hammasat
University, 1975.

Southworth, Herman. Farm Mechanization in- East Asia. Sinpanore:
Agricultural Development Council, 1972,

Tin, U. Hla. 'Status of Agricultural Mechanization in Burma.” in
Intemational Agricultural Machinery "orkshovo, nroceedine the
International Rice Research Institute, Sent., 1978.

Thailand, Ministry of Agriculture and Cooneratives, Denartment of
Agricultural Economics. Agricultural Statistics Yearbook,
Banglok (Various Issues). '

. Selected lconomic Indicators Relating to Asriculture No. 84,
Rangkok, 1878,

. Selected Economic Indicators Relating to Aariculture MNo. 84 (3),
Bangkok, 1578.

. Areas of Thailand by Provinces & Regions., Bangkok, May 1954,

. Agro-Economic Zones for Agricultural Extension § Development.
Bangkok, 1972, '

’

BEST AVAILABLE COPY



Thailand, Ministry of Agriculture and Cooperatives, Department of
Agricultural Economics. '"Land Utilization of Thailand, 1975.,"
Agricultural Bulletin No, 57, 1975,

. '"Cost of Rice Production 1977/1%78 Crop Year.' Agricultural
Bulletin No. 71, 1978,

Thailand, Naticoneal Archives. R.,5 Ks 13/319, File #17 (Memcrandum on
"How.to Improve Farming").

. R,5 Ks 1/10, Letter from Chac Phya Pravet to King Rama V,

-

. RS Ks 3.1/2, Letter from Chao Phya Wongsanuprapat to King Rama.V, .

Thailand, National Economic and Social Development Broad, National Income,
Bangkok. (Various Issues).

Thevakul, M.K, Debaridhi. "Agriculture with the Nation's Economic Securities.,"
' Unpublished Personal Research Paper, Division of Agricultural
Engineering, Ministry of Agriculture and Agricultural Cooperation,
Dec., 1966,

Thumong, Singkamwanich, "Farming by Machine.'" Kasikcm Journal Vol, Z1,
No. 2 (March, 1948), pp. 109-114, (in Thai). ‘ :

World Bank: East Asia and Pacific Office., '"Thailand: Toward a Develcprent
Strategy «f Full Participation." Uapublished Report, May 1978,

Zimmerman, Carle C. Siam: Rural Economic Survey 1930-31. Bangkok: Bangkok
Time Press, 1931.

BEST AVAILABLE COPY





