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MSTRACT 

PRODUCTIVITY GROWTH AND FARM MACHINERY ADOPTION IN THAI AGRICULTURE 

Farm mechanization has been widely adopted and diffused i n  Thai 

ag r icu l tu re  since the 1960s. However, there are  repional  va r ia t ions  i n  

the level  o f  farm machinery adoption. This study has a t t e m ~ t e d  t o  

l d e n t i f y  some fac to r s  which a f fec t  farm machinery adoption with specia l  

reference t o  farm t r a c t o r s  and water pumps. Speci f ic  object ives  of 

the study include: (1) descr ip t ion of the  h i s t o r i c a l  development of  

farm t r a c t o r s .  (2)  inves t igat ion o f  changes over time i n  resource 

endowments and product i v i t i e s  i n  connect ion with farm machinery adoption. 

(3)  inden t i f i ca t ion  o f  f a c t o r s  which a f f e c t  t h e  u t i l i z a t i o n  o f  farm 

t r a c t o r s  and water pumps. 

The introduction o f  farm machinery before the  1950s was l imi ted  

t o  the  Government experimental f i e l d s  s ince  imported farm machines i n  

those days were large in  sca le ,  c o s t l y  and required a high l eve l  o f  

technical  knowledge. I t  was not u n t i l  the  1960s t h a t  farm machinery 

began t o  generate public i n t e m s t  with t h e  emergence o f  a local  industry 

producing small-scale farm machines. 

Inves t igat ion of  v a r i a t i o n s  i n  agr icu l tu ra l  resource endowments 

a s  well a s  changes in  t h e i r  p roduc t iv i t i e s  in  the  study covers the  

period a f t e r  the  Second !~forld War, (1950-1975), p a r t l y  because o f  da ta  

de f ic ienc ies  i n  p r i o r  years.  Labor product iv i ty  a s  measured by 

a g r i c u l t u r a l  output pe r  worker i n  the  Thai a g r i c u l t u r a l  s e c t o r  rose a t  

a  subs tan t i a l  r a t e  of 4.5 pe r  cent  per  annun! during t h i s  period.  The 

land-labor r a t i o  and land product iv i ty  (agr icu l tu ra l  output p e r  r a i )  



revea l  an equal  r a t e  of  growth during t h e  same per iod .  Flowever, t h e  

land-labor r a t i o  r evea l s  a f a s t c r  grcwrh r e t e  From t h e  mid 1960's onwards. 

One of t he  reasons which supports  t h i s  f inding  i s  t h e  exolanat ion tha? 

the  achievement of  a  hiyher  l e v e l  of  mechanization i n  a ~ r i c u l t u r e  ~ e r m i t t e d  

t h e  worker t o  c u l t i v a t e  a  g r e ~ t e r  amount o f  land. I t  i s  unfor tunate  

t h a t  s t a t i s t i c a l  a n a l y s i s  o f  t he  r e l a t i o n s h i p s  over  time of  changes 

i n  r e l a t i v e  f a c t o r  p r i c e s  and t h e i r  uses cannot be s tudied  because o f  

d e f i c i e n c i e s  i n  t ime-se r i e s  da t a .  

Some major f a c t o r s  which may inf luence  farm machinery u t i l i z a t i o n  

were in s t ead  i n v e s t i ~ a t e d  by us ing  c ross - sec t iona l  da t a .  The hypothesized 

r e l a t i o n s h i p s  were s tudied  with t h e  use  of  repress ion  a n a l y s i s  enploying 

farm l e v e l  d a t a  of  t he  19 agro-economic zones obtained from t h e  Division 

o f  Agr i cu l tu ra l  Economics. 

Three types  o f  farm machines were t e s t e d  a s  devendent v a r i a b l e s ,  

i .e.  , four-wheel t r a c t o r s ,  two-wheel t r a c t o r s  and water  pumps. Independent 

v a r i a b l e s  in  t h e  regress ion  models include t h e  p r i c e  o f  l abor ,  t h e  

p r i c e  o f  animal ?ewer, t h e  percentage o f  upland crop  area ,  t h e  percentage 

o f  double crcp area, the  averaEe farm income 2nd t h e  average r a i n f a l l .  

The va r i ab le  concernin? double cropp a r e a  was found t o  be 

p o s i t i v e l y  r e l a t e d  t o  a l l  t h r e e  ca t egor i e s  of farm machines. This  impl ies  

t h a t  m u l t i p l e - c r o ~ p i n c  enh,mces t h e  use of farm machinery. The upland 

crop a r e a  was found t o  be p o s i t i v e l y  r e l a t e d  t o  t h e  number of  four-wheel 

t r a c t o r s  and water rumps whereas it was nega t ive ly  r e l a t e d  t o  two-wheel 

t r a c t o r s .  With respec t  t o  the  s c a l e  b a s i s  of t h e  machines, four-wheel 

t r a c t o r s  a r e  more s u i t a b l e  f o r  upland c u l t i v a t i o n  because they  possess  

g r e a t e r  power f o r  dry  land t i l l a g e  whereas two-wheel t r a c t o r s  were most ly 



used f o r  puddling i n  r i c e  c u l t i v a t i o n .  Additional water f ~ r  m l a n d  

crop production i s  a l s o  obtained through pump i r r i g a t i o n .  The m i c e  

of  l abor  wes found to be p o s i t i v e l y  r e l a t e d  t o  t h e  number o f  both types  

o f  farm t r a c t e r s .  This seems t o  v e r i f y  t h e  hypothesis  th.zt regions 

with h igher  labor  c o s t s  tend  t o  be more mechanized. In addi t ion ,  t h e  

h igher  income regions were more ab le  t o  a f f ~ r d  t r a c t o r i z a t i o n .  I-!r?wever, 

reg ional  v a r i a t i o n s  i n  water  pump u t i l i  zxtion r e s u l t  i np  f r o n  v a r i a t i o n s  

i n  farm income and l abor  cos t  were f o ~ m d  t o  be n o t  important.  
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CHAPTER 1 

INTRODUCTION 

A. In t roduct ion  

Most o f  t h e  increase  i n  crop product icn i n  Thai ag r i cu l tu re  i n  

the p a s t  was due t o  the  expansion o f  c u l t i v a t e d  areas.  However, i t  i s  

now recognized t h a t  t he  p o t e n t i a l  f o r  fu ture  prowth based on such a 

process i s  l imited.  Data from t h e  recent  surveys and r epor t s  of t h e  

Ministry o f  Agricul ture and Cooperations i n d i c z t e  t h a t  only 2.6 mil l ion 

hec ta re s  o f  f a r e s t  a re  s t i l l  s u i t a b l e  f o r  a g r i c u l t u r a l  use.' This i s  

equal  t o  only 10 p e r  cent  o f  a r e a  cu r ren t ly  under ag r i cu l tu re .  The 

continuing growth o f  a g r i c u l t u r a l  production w i l l  there  fore depend more 

on the in t ens ive  use o f  the l i m i t e d  land o r  h ighe r  y i e lds .  During the 

l a s t  two decades, farm mechanization toge the r  with b i o l o g i c a l  and chemical 

innovat ions have been introduced i n  t h e  hope t h a t  they  would inc rease  land 

product iv i ty .  

The use o f  farm machinery is s a i d  t o  reduce the  drudgery o f  farm 

tasks.  Farm machines i n  t h e  farm ~f t r a c t o r s  o f f e r  t h e  advantage of more 

t imely t i l l a g e  than would have been possible with traditional power 

sources. Therefore,  it can increase  the i n t e n s i t y  of  l and  use through 

mu1 t i p l e  crooping system by reducing the t i m e  requi red  i n  c e r t a i n  farm 

t a s k s ,  and i n  r e tu rn  increase  p roduc t iv i ty  e f  both land and labor .  

However, one may a r p  on the  ex ten t  t h a t  farm machines a re  cap i t a l -  

i n t ens ive  and possess  negat ive  e f f e c t  o f  rep lac ing  .the use of  ' l abor ,  and 

i t  becomes a major controversy concerning the  appropriateness o f  farm 

machinery t o  a  l a b o r  abundant country l i k e  Thailand. 

'world Bmk: East  Asia and P a c i f i c  Of f i ce ,  "Thailand: Toward a  
Develop-ment S t r a t e r y  o f  Ful l  Pa r t i c ipa t ion , "  Unpublished r epc r t  May 1978, 
pa 63, 



In m i t e  of t!~is, it i s  i n e v i t a b l e  t h a t  c e r t a i n  f a n  machines 

have been widely adontbd and t h e  ~ r o s a e c t s  a r e  f o r  m i n c r e a s e  i n  demmd 

e s p e c i a l l y  i n  t h e  Cent ra l  p l a i n s .  Information provided by t h e  a i v i s i o n  cq 

A ~ r i c u l t u r a l  Economics, ?d in i s t ry  o f  Apr icu l ture  and Agr i cu l tu ra l  Coorera t ives  

(r)AE/WAC) r e v e a l s  t h a t  t h e r e  a r e  va r ious  c a t e g o r i e s  o f  farm machines 

u t i l i z e d  by Thai fam.ers ,  s ~ l c h  a s :  two-%!heel t r a c t o r s ,  l a r e e  and small. 

four-wheel t r a c t o r s ,  water  numps, water  v~heel  en? i n e s  , r i c e  t h r e s h e r s ,  

corn s h e l l e r s ,  motor rol l t : rs ,  and feed mixinp machines. 

O f  a l l  t h e s e  c a t e g o r j ~ e s  of farm machines, t r a c t o r s  and water  numps 

a r e  t h e  most widely used. In  add i t i on ,  tk.e u se  o f  farm macllines i n  Tbtailmi! 

v a r i e s  broadly  from one r e ~ i o n  t o  another .  Information  resented i n  

Tables  1-1 and 1-2 r evea l  t h a t  almost a l l  t ypes  of farm machines have been 

most ly  accepted i n  t h e  Cent ra l  Region. Tlie P!orth, Northeast ,  and t h e  Sout6 

a r e  s e q u e n t i a l l y  ranked f o r  t h e  degree o f  mcchanization. Di f fe rences  i n  

ca tegory  o f  farm machinery employed i n  Thai a q r i c u l t u r e  a s  wel l  as r eg iona l  

c!ifferences i n  i t s  u t i l i z a t i o n  lead  us  t o  b e l i e v e  t h a t  t h e r e  a r e  c e r t a i n  

economic f a c t o r s  and e n v i o m c n t a l  condi t ions  which inrJuce -Farm ~ a c h i n e r y  

adontion ai-trl d i f f u s i o n .  

This s tudy  i s  the re fo re  aimed a t  f i n d i n p  ou t  the d i f f e r e n t  u t i l i z a t i o n  

and d i f f u s i o n  q a t t e r n  f o r  farm machinery throughout t h e  count ry .  Furthermore, 

t h e  s tudy  may a l s o  he ln  i n d e n t i f y  a r c a s  f o r  f i r t h e r  s t u d i e s  concerninc 

farm mechanization i n  Thailand. 
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---.. ._ Fd p i- 02 Northeas-t North Central  south Tota l  Rank 
Cat e,qor);''---. ' ., 
Foiir-wheel 3,014 Trac tor  ) 49 i!~. 

4,624 4,957 

Four-wheel 
Trac tor  < 45 Irp. '1,306 4,204 10,752 

Two -whee 1 
walking t r a t o r  3,003 11,275 66,961 8,762 30,001 

I!!ater pump 4,501 59,479 122,631 24,163 251,288 1 

?/ate r whee 1 
en g ine 

Corn s h e l l e r  99 8 3,852 70Q 171 5,721 fi 

Rice th reshe r  94 177 3,564 120 3,955 7 

Source: T)E/F.IDAC, Selected Economic Indica tors  Relat inp  t o  A ~ r i c u l t u r e ,  
No. 84 (3) ,  1978., p . 1 2 .  



DISTR.ISIITI@N OF FAPM TiXC!!'lNES BY REGIONS 
IN 1575/1975 

(Percentage) - , 

Northeast North Central South Total 

Four-wheel 
Tractor > 45 F?. 

Four-whee 1 
Tractor <.45 Hp. 

Two-whee 1 
walking tractor  ' 

Water pwnp 17.91 23 .67  45 .80  9.62 103 

Water whee 1 engine 3.513 3.02 92.94 0 .16  100 

Corn s h e l l e r  17.44 07.33 12.24 2 . 9 9  100 

Rice thresher 2 . 3 8  4 .48  90.11 3 .03  100 

Source: DE/ iVOAC,  Selected Economic Indicators Relatinq t o  
Agriculture, - No. 912(3), 1978, p. 12.  



B. Object ives c\f t h e  Study 

Th i s  s tudy w i l l  be concerned with t h e  fol lowing:  

1. To s tudy t h e  development of  f a m  mechanization i n  Thai 

a ~ s i c u l t u r e  with s p e c i a l  re ference  t o  farn t r a c t o r s  and water n-mns. 

2 .  To i n v e s t i g a t e  c h i m p s  over t ime in  resource endowments and 

proc!uctivit:~ i n  cmnec t ion  with farm machinery adoption. 

3. To i n v e s t i g a t e  f a c t o r s  vdlich a f f ec t  the u t i l i z a t i o n  of  Tam 

t r a c t o r s  and water vmps. 

4.  To provide information about present  u t i i i z a t i o n  p a t t e r n s  of 

farm machines and o t h e r  re1  a t ed  ma te r i a l s .  

C. F?ethodolopy and Scone o f  the  Study 

I n f o m a t i o n  em;.loyed i n  t h i s  stutjly w i l l  bc based on secondary da ta .  

A h i s t o r i c a l  a ~ p r o a c h  w i l l  be avpl ied  v i i t l :  t h e  i n v e s t i g a t i o n  of !-'arm r?ac'oiil.?rv 

development i n  Tnai a p r i c u l t u r e  and char!ges in  r e  source endowments bei i lp  

c a r r i e d  out f o r  t h e  nost '~ 'orld IUar Two per io2  (1951-1975). 

Due t o  inadequate t i n e -  s e r i e s  d a t a ,  regression a n a l y s i s  o f  f l c t o r s  

a f f e c t i n g  farm machinery u t i l i z a t i o n  l r i i l  be based on cross-sec t ions1  d z t a  

of 19 agro-economic zones i n  %ai land  i n  t h e  1975/1976 croD year .  

D. Organization of  The Study 

T h i s . s t u d y  i s  orpcmized i n t o  s i x  chapters .  Af ter  t h i s  chapter  o f  

i n t roduc t ion ,  t r a d i t i o n a l  implements em~loyed in Thai  r i c e  farninq .?s wzll 

ns h i s t o r i c a l  background on farm machinery developmefit will be summarized 

i n  Chapter 11. 

In Chaoter TII, the re.l.cvant literature concerning t echnolopica l  

change e s p e c i a l l y  regarding m c h a n i c a l  innovation w i l l  be reviewl?d. 



Chapter I!; conta ins  w z~i;lal.ysis o f  cl~;?~lges over  time ir; resource  

endowments and ~ r o d ! . ~ c t i v i t y  growth i n  ccnncc.ti.on iqith farm machinery zc!ox?ti.orl. 

Fac tors  whicn a f f e c t  t!lc u t i - l i z a t i o n  of  farm t r a c t o r s  and \crater pumps 

w i l l  be s tudied  i n  C h m t e r  T I .  

F i n a l l y ,  C h z ~ t e r  !/I conta ins  t h e  summary and conclusions of t h e   stud^. 



CHAPTER. f I 

I-IISTORICAL BACKSRCL!iD ON TVE INTROi)UC"iO1\1 OF FAR.! MECHANIZATION IN 
THAI AGRICULTURE 

Before going in to  d e t a i l  on the ndoptive nrocess o f  modern 

fzrm inplements em~loyed i n  Thai farnine, it i s  i n t e r e s t i n g  t o  look a: 

some bas ic  t r a d i t i o n a l  im~lements s t i l l  i n  use tod.ay. Tradi t ional  
. , 

implemnts s a a c i f i c a l l y  enrjloyed in r i c e  f a m . i n ~  can be used t o  

represent an overa l l  p ic tu re  of  farm im?lerner,ts employcd i n  Thai landas  

crop product ion s ince  Thai ag r icu l tu re  i s  bas ica l ly  specia l ized in  

r i c e  cu l t iva t ion .  

A. Tradi t ional  Fanr! I ~ p l e m c n t s  Employed in  Rice Farming 

For centur ies ,  t r a d i t i o n a l  farm implements used i n  Thai 

ag r icu l tu re  have been extremely simple, mostly made from banboo, r z t t a n  

o r  hard wood. These local  mater ia ls  made it convenient f o r  the  farmer 

t o  make h i s  own t o o l s .  Even with t ? ~ c  introduction of  modern implements 

i n  the  l a s t  decade, t r a d i t i o n a l  ones c a ~  s t i l l  be found i n  a number of  

farming a c t i v i t i e s  m d  sometimes a re  used in  combination with the  modern 

ones. Despite r ke  differefices between b r ~ a d c a s t i n p  and t r m s n l a n t i n g  

techniques of r i c e  cu l t iva t ion ,  bas ic  fzmi t o o l s  employed in  each 

technique are simil zr.  These t r a d i t i o n a l  farm t o o l s  are  classif ier!  

accordinp t o  t h e i r  uses a s  follows: 

1 .  Equipment f o r  I r r i g a t i o n  

Thai famiin? has  lone been depende~t  nri t h e  monsoon ra ins .  

In areas  where the  land is  s l i g h t l y  sloped and i n  times o f  d r o ~ r r h t ,  



farmers have t o  i r r i g a t e  t1:cir land with water from nearby water sources.  

Simple implements used f o r  t h i s  Turpose zre water scoops and water  wheels. 

(See Figure TI-i) The water scoq) i s  muck more simnle i n  s t r u c t u r e  but  

not  much water  can he moved from one p l ace  t o  another  by t h i s  t o o l .  

Although it i s  oorta .ble ,  it. is no t  very s u i t a b l e  f o r  i r r i n a t i n y  p l o t s  

which a re  very f ? r  eway from 2, water source. 

The water  wheel i s  l a r c e r  i n  s c a l e  arid i s  permanently f ixed  a t  

t he  b e s t  l cca t ion  on the  farm. X t  is  nsde out  of bamboo and hard wood 

and i s  s u i t a b l e  f o r  i r r i g a t i n f r  p l o t s  which are  n e a r  water  sources.  I t  

can e i t h e r  be operated by human o r  d r a f t  ?.nimal power t o  generate  

puddlers .  Nowzderys, t h e  e x i s t i n g  wooden water  wheels a r e  operated by 

engines . 
2 .  Equipment f o r  Land Preparat ion 

A r i c e  f i e l d  i s  made IT, of many indiv idunl  r i c e  n l o t s  e s p e c i a l l y  

i f  t h e  r i c e  lmd i s  n o t  f l a t .  Rundin? t h e  land d iv ides  t h e  t o t a l  l m d  

a r e a  i n t o  s e c t i o n s  of equal  l e v e l  and f l s t n e s s .  The bunds serve  t o  

keep the water i n  c ~ c h  n l o t  a t  a uniform depth and a l s o  se rve  as walkinp 

ua ths  from one p l o t  o r  field t o  m o t h e r .  In n rcca r in?  t h e  bunds, farmers 

use t o o l s  suck a s  shovels ,  svades, hoes, a s  i l l u s t r a t e d  i n  Figure 11-2 .  - 
These t o o l s  a r e  s t i l l  e s s e n t i a l  f o r  f z m  t a s k  nowadays. Following t h e  

e a r l y  r a i n  then  t h e  s o i l  is wet enouzli t o  permit plowing, a fa.rrner w i l l  

use h i s  b u f f a l c  o r  oxen t o  draw a n l o s  throuzh h i s  r i c e  F ie ld .  Usually 

one bu f fa lo  i s  enough wheress two oxen a rc  requi red  t o  draw a plow. k 

plow i s  3 wooden beam with a  handle on o ~ c  end m d  two ~ i e c e s  o f  rope 

t i e d  t o  t h e  o t h e r  end. Tl~e rone is  then frlstened t o  s yoke which has 



a l r eady  been pu t  zround t h e  mim31qs head. The bottom p a r t  o f  a plow i s  

made out  of  a t h i c k  p i ece  of  5nrd  wood cur.1.1~d ~p l i k e  a shoe which i s  

1 
c a l l e d  t h e  "pighead", see a l s o  Figure 11 -2 .  Pa i r o n  b lade  i s  a t t a c h e d  

t o  t5c end o f  t h e  .jighead t o  break. uuc t h e  s o i l  as t h e   low i s  drawn 

ac ros s  t h e  f i e l d .  'These so -cz l l ed  "Shovel ?lowsw2 used i n  Thailand 

a r e  der ived  from a hand hoe. According t o  8 survey o f  C h m c e l l o r  i n  

3 
1960, t h e  zver lge  weight o f  a nlow war; 1Q kil.o,grsms (22.4 l b s )  and 

c o s t  about. 77 baht .  Average r epo r t ed  l i f c  wss 11.6 yea r s  and f requent  

damage t o  a piow was u s u a l l y  caused Sy s t r i k i n g  s t w n ~ ~ s ,  r o o t s ,  rocks 

o r  more r e s i s t a n t  s o i l .  The 2veraF.e s t a c e d  r a t e  of  s low in^ is  about 

one r a i  p e r  day. The t r a d i t i o n a l  woodcn nlow and d r a f t  animals a r e  

n o t  adequate f o r  t h e  a d d i t i o n a l  load  innosed by d r y  s o i l .  A t  one t ime,  

an i r o n  plow was introduced f o r  i t s  deeper  plough and b e t t e r  performance 

OR resistant s o i l .  Fowever, it was n o t  widely a.ccepted a t  t h a t  time 

f o r  it was t o o  heavy and d i f f i c u l t  t o  one ra t e  i n  t h e  submerped f i e l d  

and too  heavy f o r  d r x f t  animals t o  draw. 4 

Usual ly ,a  r i c e  f i e l d  i s  t i l l e d  two times i n  ordc.: t o  loosen UT 

t h e  s o i l  and tu rn  dowi t h e  Zrass 2nd weeds for  n a t u r ~ l  manure decomos i t iw . .  

. 1  
Pnumam Raiadhon. L i f e  and Ritiral i n  Old Sism: Three S tud ie s  

d 

of  Thai L i f e  ancl  Custoll~s, Tranq1,zted and e d i t e d  by !'l.S. Gednev. (New 
nRven: HWZ Press ,  196 1) , F.~pendix. 

"H.J .  Mepfen and E .  B i c s a l s k i ,  Small Farm Imlemen t s  (Rome: 
FA0 1953), r e p r i n t e d  i n  1978, p .  1 2 .  

3MJ. J .  Ci-iance l l o r  , "Survey of ~ n d i ~ e n e o u s  Fam I m n l e n k t  s , " 
(Report of I n i t i a l  Phrase f o r  Ev:lluation .wid Lmrovement of ?.mall Tools  
i n  Thai Agr icu l ture ,  San Francisco : C a l i f .  , 2u ly  1901 .) ~ p .  6-7.  



Harrowing is  sometimes p rac t i ced  i f  t he re  i s  enough time l e f t .  In penera l ,  

a harrow i s  operated on a  f i e l d  a l ready submergac! wi th  sur:face watcr by 

d r ~ w i n g  it around th.e f i e l d .  The s o i l  a f t e r  harrowing i s  well stirred ~ n d  

ready f o r  p l an t ing .  

3.  Equipment f o r  P lant ing ,  K a r v e s t i n ~ ,  Threshing md M i l  l i n g  

For broadcast r i c e ,  sceds ?re c a r r i e d  i n  smzll hnskets  and c a s t  

by hand. The t r ansp lan t ing  process  r equ i re s  t h a t  s eed l inps  a r e  prepai-cd 

i n  a  nursery  p l o t  which i s  loca ted  a s  c lose  a s  poss ib l e  t o  a  water 

source f o r  easy nourishment. When t h e  main f i e l d s  have been plowed, 

the  farmer then p u l l s  uy, the  smsll r i c e  p l a n t s  from the  seed l ing  p l o t s ,  

bundling them with bamboo s t r i g s  and t r r m s p o r t i n ~  them t o  the  main p l o t s .  

In t r ansp lan t ing ,  g r o w s  of  small r i c e  u l a n t s  a r e  pressed  wittx 

the  thumb i n t o  t h e  wet s o i l .  The mud around the  p l a n t s  w i l l  keep t h e  

bu r i ed  r i c e  p l a n t s  from loosening up :ind f l o a t i n 2  away. Farmers a r e  

r a t h e r  s k i l l e d  a t  maintaining s t r a i z h t  m v s  o f  u n i f o m  snacinq. Such 

s k i l l  i s  developed throuyh experience.  The nrocess  o f  n l an t ing  i s  

usua l ly  c a r r i e d  out  by women. The l e a s t  fail2 t o o l s  a r e  used in  t h e  

t r a n s p l a n t i n g  process  md thus  it i s  tho  m s t  labor ious  farm ta sk .  It 

i s  a backbreaking farm opera t ion  which i r o n i c z l l y  has not  a t  a l l  been 

5 
mechanized 8s jret. 

Weed cont ro l  is  requi red  a f t c r  t h e  p l a n t i n g  i s  done. A weeding 

kni fe  o r  s i c k l e  i s  used f o r  c u t t i n q  tile weeds. After  a  few months o f  

5 transplant in^ machines, bc th  IPRT and t h e  Chinese desips,  
a r e  now wider experiment by the  Division of  A ~ r i c u l t u r a l  Engineering. 



r a i n ,  the  f r e s h  grzen r i c e  p l a n t s  s t a r t  t o  flower and even tua l ly  becomo 

r i c e  gra in .  Farmers 'hen wait  f o r  thc p a i n  t o  r ipen  prepare f c r  

h c r v e s t i n ~ .  In  almost 211 rec ions  o f  Thailand cxccpt i n  t h s  South, 

harves t ing  i s  done by a  s i c k l e .  ( In  t h c  South, harves t ing  involves 

c u t t i n g  only "Lie r i c e  n m i c l e s . )  ,7. sic!.:le i s  a  c u r v ~ d  s t e e l  blade with 

one end at tach3d t o  a shor t  handle.  The use o f  a s i c k l e  f o r  harvestin(:  

is  r a t h e r  slow. :Io?;:ever, it is b e s t  s u i t e d  far. r i c e  s i n c e  ,the ripened 

g ra in  can e a s i l y  f a l l  o f f .  Furt.hermcre, t he  ripened r i c e ,  due t o  i t s  

heavy sheaves, always f a l l s  down i n  a tangled ccndi t ion .  This  becomes 

a major obs t ac l e  i n  t r y i n g  t o  aouly w e s t e x  h a r v e s t i n ~  machines i n t o  

Thai r i c e  farming. The slow process  o f  using a  s i c k l e  u s u a l l y  r eq~ . i i r e s  

more labor  than t h e  ava i lab ly  family suoply. A. ~ ~ r o b l e m  usua l ly  a r i s e s  

where t h e r e  i s  ina.dequats labor  For ha rves t in?  znd t h e  l o n ~ e r  t h e  delay 

i n  harves t ing ,  t h e  l a r g e r  the l o s s  due t o  t h e  f a l l i n g  off of r ipened 

gra in  from t h e  p l a n t s .  

The harvested r i c e  i s  de l ive red  .to t h e  threshinp  ground which 

i s  usuc?lly prepared from a mixture of  c a r t h  a d  c lay .  The th reshing  

ground is  baked i n  t h e  sun i n t o  a concrcte  harr ' l~ess  and then covered 

by a r a t t a n  mat before sheaves of  r i c e  are ~ i l e d  on it. T r a d i t i o n a l l y ,  

two main. methods of threshing  r i c e  a r e  followed. In one method, t h e  

f a r m e r s  use two p i e c e s  o f  tvood t i e d  toge the r  with a long rope a t  ose  

end. This  ion!? rope i s  formed onto a Loop around the  bundle of  r i c e  

sheaves. Then, t he  farmer w i l l  hold onto t h e  ~ i e c e s  o f  wood a t  another  

end. The r i c e  sheaves which are  t i e d  i n t o  bundles w i l l  be s t ruck  ayains t  

t h e  f l o o r  of t h e  threshing  ground thus  loosenin? t h e  r i c e  g ra in  from 

i t s  s t a l k .  (See Figure 11-4) 



Another method of . threshing which i s  commonly p r a c t i c e d  i n  t h c  

Ccntral  P1at i . i~ i s  t o  r;nr;loy oxen o r  buff9lor:-s "L ctram~le cn t h e  r i c e  

g i les  by walking ir: a t i .pht  c i r c l e .  The gra in  then f a l l s  from t h e  sta.l.l!.s. 

Although t h e r e  i s  Tore d i r e  znd o t3e r  ? a r t i c l e s  !nixed with the  q ra in ,  

t h i s  pr imi t ive  net!lod i.s r a t h e r  e f fcc t i .ve .  The use of  a t h re sh ing  

machine r equ i re s  -that r i c e  sheaves hc orde r ly  arranced whereas with 

t h e  t r n d i t i o z a i  ;\r2y 3!: th reshing  t h i s  is n o t  3. problem. obs t ac l e  

i n  enployinf; thj. s t r i rd i i i ana l  method nowadays i.? t h e  inadequate supply 

of both animals mcl labor .  Therefore, it t a k e s  many days be3ore :-,he 

huge p i l e s  of r i c e  sheaves are a l l  threshed.  Generally, ' thc  d r i e r  t h e  

r i c e  sheaves, tk!c l a r g c r  t h e  anoint  o f  !Iroken g ra ins  obtained. from t h e  

thresh in^ process.  Furthermore, many people a re  complaining about tile 

impure r i c e  :rain obtained from m i n a l  thrcshin: while o t h e ~ s  comment 

on t h e  lo s s  due t o  a ~ i r r a l s  e a t i n g  some of  t h e  gra in  while they  arc a t  

work. 

Norcaday-s, t h e  i . 1 ~ ~  O-.F th resh ing  machines seems t o  be widely 

accepted e s p e c i a l l y  anong fam..ers i n  t h e  Central  rcgion. Onc s tudy 

5 
done SY Kasetsart L%ivr;rsity on t h c  use of the I R R i  a x i a l  flow th resh in?  

machine i n  comparison with t h e  traclit ion.al methods favored these  modern 

threshing  machines. Furthcrm.ore, wi th  a threshin?  c o n t r a c t o r  system, 

the  use of t k r s s h i n c  m c 3 i n e s  hzs been norc widely adopted. 

The tI:rcshed gra in  has t o  be vinnowed in  o rde r  t o  p u r i f y  i t .  

T r a d i t i o n a l l y ,  f a r m r s  pour t h e  grc?in aya ins t  t h e  11rjnd which w i l l  blow 

e 
Sr ia rooa  Rasanund e t  . a].. , "A Survey o f  t h e  TRP.1 Axial Flow 

Threshing Eff ic iency  C o m ~ a r ~ J -  with t h e  Trad i t iona l  !!lethods o f  Threshing, 
(Un~ub l i shed  Report, Fac?alty of  Economics and Business Administrat ion,  
Aqrobusiness Management Program, Kase tsar t  Univers i ty ,  1977). 



away r i c e  brans and dus t .  P. winnowin? basket i s  used. A por t ion  of 

t h e  g ra in  w i l l  be shaked and pollred aga ins t  r ? ~ e  wi:,d in  the  winnowing 

basket .  To da te ,  winnowing equipncnt i s  a t tache?  t o  a th re sh ing  mzchirle 

makin@ i t  more convenient f o r  farmers 'to c!c..m t h e  r i c e  huslrs. 

Tne g ra in  i s  now ready t o  be kept i n  t h e  barn. In t h e  olr' days, 

when r i c e  was nroduced only  f o r  T.~ouse!nld cons~~mpt ion  a farmer would 

only pound p a i n  s u f f i c i e n t  "or his Car;!ilyqs Caily in t a2e .  This  i s  

one way t o  nreservc t h c  q u a l i t y  of r i c e  :ts Ion? ~CLS p ~ ~ ~ i b l e ,  Ih!ooden 

n o t t a r s  with wooden ~ e s t  l e s  f o r  ? ~ m d  peund i r .~  a re  t h e  most o r i p i n a l  

implements i n  t r a d i  t i ~ n a l  r i c e  mi l l ing .  Le~rer-pest l e  mortars wd 

household r i c e  ni 11s come with innovation. (Fi pure 11-3) However, 

a f t e r  commercial.izatien cE r i c e  uroduction, f z m c r s  beg9.n t o  se l l  t h e i r  

surp lus  gra in  t o  t h e  merchants who tlicn sen t  t h e  g r a i n  t o  t h e  r i c e  mills. 

To da te ,  the  r i c e  m i l l i n g  proccss in T h a i l m d  has becone so indus t r i a l i ze11  

t h a t  the  o ld  implements f o r  r i c e  m i l l i n 5  a r e  r a r e l y  seen i n  farm 

households . 
Before going on t o  t h e  next  s ec t ion ,  it is i n t e r e s t i n g  t o  present  

a work in^ r a t e  f o r  t h e  ~ r e v i o \ ! s l y  descr ibe2  firm t o o l s .  I n f o n a t i o n  

concerning workin:: r a t e s  ax ava i l ab le  ifi Table  11-1 and a r e  Sased on 

t h e  averagc r e ~ o r t e c ?  inFornation o f  Chmce l lo r l  s survey i n  1361. 
7 

Concerninq work, r a t s s  o f  buf f n l o  and t r z c t o r  plowin,:, another  survcy 

3 
conducted by Greerie r e v e a l s  t h a t  on the  svara,qe both f o r  t h e  f i r s t  

7?~.3. Chancellor (1961), Op .c i t . ,  p r .  75-77. 

8 
Brook A. Greene,IfRnte of  P:r',cwtion cf N e w  Farm Prac t i ces  in  

the  Central  P la ins ,  ~'?1ai.l~'&:'(0'ccaticml Paper ?lo. 4'2. ~ e ~ t .  of A<. 
Econ. , Cornell  i in ivsrs i ty ,  I thaca ,  New Y o ~ k ,  1.970) Table 11. 



TABLE 11- 1 

Sf LECTED FAW ::?O!IlINC RATES 

Type o f  Farm @ e r a t i o n  P1orking Rates 

Plowing (using an aversee 1 .2  m i n a l s  p e r  plow) 4 h r s .  / rai  

Earrowing 3 h r s .  / r a i  

Pu l l i ng  weeds 
1 - railman-day 3 

14ater movement by scoop 

cut tin^ r i c e  with s i c k l e  -55  rai/man -day 

Threshing r i c e  by f l a i l i n g  41 tanglmaa-day 

r i c e  by mima1 trampling 40 tang/man-hr. 

Source: 1Y.J. Chancel lor  (lSGl),  o ~ . c i t . ,  p. 77. 
A- 

Note: 1 t ang  i r ~  t h i s  case  is  equa l  t o  12 .4  kp. 

.md second plowing, a b u f f a l o  was ali3.c t o  p lox  a t  t h e  r a t e  or' 8 .7  ! lours/rai  

whereas 0.36 ho:!r/rai \,:cis t h e  work r a t c  ziven f o r  t r a c t o r  plowinp. The  

discrepancy on b u f f a l o  ivork r a t e s  i n  t h e  twc;  s t u d i c s  may be due t o  

d i f f e r e n t  s a m p l i n ~  techniques  m d  d i f f e r n t  p o i n t s  i n  time o f  t h e  s tud j . cs .  

Conclusion of Gseene's survey f u r t h c r  r e v e a l s  t!:at one t r a c t o r  can plow 

land 24 t imes  f a s t e r  t h a 3  a bu f f a lo .  A comparjson o f  e f f i c i e n c y  between 

t h e  bu f f a loes  and t r a c t o r s  obvi-?usly r z q u i r e s  more information o t h e r  

than  j u s t  work r a t s s  aiid i s  t h u s  beyond t h e  scope o f  t h i s  s tudy.  
9 

9 
More d s c a i l  concenl inp t h i s  matter i s  a v a i l a b l e  i n  Songsak 

S r iboonch i t t a ,  s''i':le P r i v a t c  Cost of Using T r a c t o r s  Versus 8u f f a loes :  
/t Case .C,tud.p of  Fzrmers ir. ChaChoenq Sao Province ," ( thpubl i shed  M .  A. 
Thcs is ,  Facul ty  o f  Economics, Thammasat Univers i ty ,  1975.). 



FIGURE 11-1 

EQUIPMENT FOR IRRIGATION 

1. water  wheel. 

2 .  banhoo tube f o r  dipping up water ,  

3 .  conduit  f o r  r ece iv ing  water ,  ma& ou t  o f  sugar  palm t r e e  o r  banboo. 

4 .  drag- type wa te r  wheel made o f  bamboo and hardwood. 

5 .  t r i p o d  water  scoop. 

6 .  ha l f -d ippe r .  

Source : Anumarn Raj adhon , op. ci  t. , Appendix A. 

BEST AVAILABLE COPY 



FIGURE 11-2 

EQUIPMENT FOR LAND PREPARATION 

i .  handle o f  the plow. 

3. "pi  ghe adtt 

\ 5 .  yoke. 

. iron shove l .  

9 .  wooden shovel ,  o ld  s t y l e .  

11. h a m .  

2 .  rope. 

4 .  iron share. 

6 .  h i tching  rope. 

8. spade. 

10.  hoe. 

12. i ron rake, chinese s t y l e .  

Source hwnam Raj adhon , OD. c i t ,  , Appendix A .  

BES J AVAILABLE COPY 



FIGURE 11-3 

EQUIPMENT FOR HARVESTING, WINNOWING, THRESHING hub MILLING 

9 
1. winnowing ba ske t ,  f l a t  rounded shape woven o f  banboo. 

s i c k l e .  

t h r e s h i n g  s t i c k s  made o f  hardwood o r  banboo f o r  ho ld ing  r i c e  sheaves.  

wooden hand m r t a r .  

p e s t l e  f o r  hand mortar.  

b i g  h a m r - s h a p e d  p e s t l e  f o r  hand mortar. 

ano the r  shape o f  wooden p e s t l e .  

p e s t l e  f o r  pounding. 

l e v e l  p e s t l e  f o r  pounding. 

household r i c e  mill. 

baske t  f o r  con t a in ing  r i c e .  

Source : Anumarn Raj adhon , op. c i t . ,  Appendi x A. 

BEST AVAILABLE COPY 



FIGURE 1 1 - 4  

F.U.VERS THRESHING RICE WITH TRADITIONAL THRESHIKG STICK . 

BEST AVAlLABLE COPY 



However, i t  i s  accurate  t o  r e c o g i z e  t h a t  t r a c t o r  plowing i s  now g ~ n i n g  

popu la r i t y  m n p  farqers .  

B. The I n t m d u c t i o n  o f  T r e c t o r  Plowing 

h c n g  the e a r l y  imported machines f o r  farming, t h e  s t e m  powered 
\ 

t r a c t o r  was p r i v a t e l y  experimented with i n  Samut Prakanl i n  1891/92. 10 

I t  was recorded t h a t ,  i n  1907, the g o v e m k n t  of Aus t r a l i a  s e n t  an e q c i i  

t o  Thai land i n  o r d e r  t o  introduce the Aus t rz l ian  engine plow which wculr! 

enable  farmers t o  prepare land before  t h e  nonsoon rairi st2rtc.9. 11 r,. ~,:e 

proposed engine plow was t e s t e d  i n  t?le Rangsit a r ea  and found t o  perform 
I 

well .  Around 1.910, an engine plow frgm l i i l s t r ie  w a s  a l s o  p r i v a t e l y  t r i e d  

by Yai Suphm Smitwonge and D r .  Adanson. Howevcr, t he re  i s  no r e c o r d .  

on f u r t h e r  adoption o f  such a machine. This  i s  probably because t h e  

imported steam plow was c o s t l y  and feced s3me t echn ica l  c o n s t r a i n t .  

The importad nechines used f o r  l and  pmpar2 t ion  were accepted t o  ?e r f am 

b e t t e r  than n a t i v e  implenlents i n  t h e  d ry  s e s o n  when t h e  s o i l  became 

sun-baked. However, durinp the  ra iny  s ~ a s o n ,  t h e  imported steam plows 

was too  hezvy and cun-bersone i n  t h e  submerged r i c e  f i e l d s .  

The f i r s t  E m ~ k o k  P.griculturz1 show i n  1910 gave an o p p o r t ~ m i t y  

f o r  imported f a r n  inplements t o  be p u t  on display.  h n p  o t h e r  f a m  

i n p u t s  t h e  American i r o n  plow, s t e m  ?low, pump engine and d i s c  p l o ~  

were recordsd t o  be on display.  l2 Ancther e x h i b i t i o n  was o rpan i r ed  i n  

1 0 ~ 3 y i d  Feeny, "Technical and I n s t i  t u t i c n  a1 Change i n  Thai 
Agricul t u ~ ,  1880-1940 ," (Lbpublished Ph. D. D i s se r t a t i on ,  Universi ty  
o f  Wisconsin, f/ia&ison, 1976) p, 115, 

" ~ e t t e r  from Chao Phya Pravet. to t he  King, (Rama V) , R.5 X s  l/lCl, 
National  iirc!!ieves, 

'*J.c. B e m e t t ,  Report o f  the F i r s t  Annual Exhib i t ion  o f  . ~ . ~ r i c u l t u r e  
and Commerce Held i n  Bangkok, Apri l  1310 (Bmpkok : Winistry o f  ApricuLture, 
1910) pp. 33-40. 



tbe fol lowing y e a r  together  with a competition on t h e  perfbnrances of 

modem farm i v l e m n t s .  As a r e s u l t  ~f the  perfcrmance on the  experiment21 

f i e l d ,  t he  b l e r i c m  i ron  plow won t h e  f i r s t  p r i z e  f o r  be inp  & l e  t o  

plow the  l and  deeper and mpneuver i t s e l f  i n  t h e  f i e l d  b e t t e r  t%an t h e  

t r a d i t i o n a l  wcoden plow. Although t h i s  nodern i ron  plow was e f f ec t ive  

i n  use, farmers o f t en  ccmmented on i t s  heavy weipht and h ighe r  cos t  thw 

t h a t  of  the t r ~ d f t i c n a l  woc.&n plow. 13 

In response t o  s pmposa l  t o  improve t h e  t e c h n o l o p  o f  r i c e  

fanning, t he  government decided t o  e s t a b l i s h  .m apr icu l  t u r a l  experi ; re~. tal  

s t a t i o n  i n  t h e  Rmpsi t  a r e a  i n  1919/1917. The experiments involved 

improvement i n  r i c e  v a r i e t i e s ,  f e r t i l i z e r s ,  farm machinery as  well  s 

14 
s o i l  t e s t ing .  

The s t a t i o n  experimented with imported t r a c t o r s  , harves t e r s ,  

t h re she r s  and conbine machines which were l a rge  i n  sca l e .  Reports fmm 

the experiment a1 s t a t i o n s  s q p o r t e d  farm machinery performance p a r t i c u l a r l y  

f o r  i t s  a b i l i t y  t o  save time. tlowever, it was a l s 2  recorded t h a t  t hese  

foreign machines needed t o  he adzpted t c  Thai wet r i c e  farming condit ions.  
15 

There had t o  bs e good water  cont ro l  system t o  prevent  t h e  heavy machines 

from sinking.  Proper provis ion  c f  bunds \rrrls necessary t o  allow w2ter 

t o  move f r a n  f i e l d  t o  f i e l d .  Furthennore, t r a c t o r  plowinp was recommended 

3 ~ a r l e  C. Zinnernan, Siam: Rural Economic Survey 1930-1931, 
(Bangkok : Bangkok Times P res s ,  1931) , ?p. 305-315. 

141javid Feeny, op. c i t . ,  109-114. 

15, ~hunnong Singkamwanic?~, "Farming by Machine ,11 i n  Kasikorn 
J ~ u m a l ,  Vol. 21, No. 2 (March, 1.938), pp. 109-114. ( i n  Thai) .  



i n  combination with water pumps which helped i n  control  iny water l e v e l s  

i n  t h e  f i e l d s .  However, t h e  i n i t i a l  cos t  of  investment was a l s o  extremely 

high, thus ,  preventin? f a m e r s  from p r i v a t e l y  employinp any o f  t h i s  new 

f a n  machinery. 16 

Due t o  both technica l  and f inancia l  cons t ra in t s ,  it i s  not  

su rp r i s inp  t o  f ind  t h a t  pos t  of  the  e a r l y  imported machines were l imi ted  

only in  usc on t h e  povernment 's experimental f i e l d s .  Two important 

events  l i k e l y  t o  hare contr ibuted t o  the  slow in t roduct ion  of farm 

machinery i n  - Thailand a re  t h e  Great Depression of t h e  1930's and the  

Second World krar. Hence, it was not  u n t i l  a f t e r  the  Seccnd World Far  

t h a t  farm mcl\anization bepan t o  genarntt: pub l i c  i n t e r e s t .  bleanwhils, 

t h e  expansion of i r r i g a t i o n  f a c i l i t i e s ,  the  expansion of povernment 

research work and i t s  extension servicc  and t he  development of  loca l  

farm machinery production a re  o the r  important f a c t o r s  which f a c i l i t a t e d  

t h e  rapid  expansion in  farm machinery adoptiorl and d.iffusion. More 

d e t a i l  concerning these f a c t o r s  art: mvicwed as follows: 

1. The Expansion of Irrigation Facilities 

A s e r i e s  of cn r~a l s  constructed in  t h e  Ranvsit area in  the  l a t t e r  

ha l f  of t h e  1-gth ccntury, were considered t o  be the  bepinning of 

m i r r i p a t i o n  system in  Thailand. ??le F i r s t  extensive i r r i u a t i o n  

system, t h e  Pasak Scheme, xias d e v e l o ~ e d  a t  the  be~ inn in :  OF the  19401s. 

The development of  an i r r i s s t i o n  system around t h i s  period f o r  t h e  most 

16~epar tment  of  Cul t iva t ion ,  Ministry of  Agriculture,  "Farm 
Elnchinery Eqer iment  i n  Rarysit" i n  Kasikorn Journal ,  Vol. 19, No. 3 ,  
1947, pn. 231-303. 



p a r t  f a i l e d  t o  control  t h e  l eve l  and timinc of  water o r  t o  provide 

water s t o r a ~ e  f o r  a second c r o ~ .  l7 in 1950, t h e  construction o f  8 

diversion dam a t  Chainat, north o f  Bangkok; began with t h e  ass is tance  

from the  In ternat ional  Bank f o r  Reconstruction and Develonment. The 

dam and d i s t r i b u t i o n  canals  were completed i n  the  1960's. Continuing 

p ro jec t s  under t h i s  i r r i g a t i o n  development scheme are s t i l l  be in.^ 

ca r r i ed  on t o  t h i s  day. 

Integrated programs such as 1 and consolidat ion,  di tcl l  and dike 

p ro jec t s  as well a s  a water pumpinn system durinp t h e  l a t t e r  ha l f  of  

the  1960's led t o  s ipn i f i can t  changes not  only i n  farminp techniques 

but a l so  in farm i n ~ u t  use. Therc was a ra?id increase i n  the  use of  

modern farm inputs such a s  f e r t i l i z e r ,  pest icid.es,  water p u m ~ s ,  t r a c t o r  

plowing, high yielding v a r i e t i e s ,  e t c . .  

The b e t t e r  on-farm water control  broupht about by i r r i p a t i o n  

development no t  only caused farmers t o  s h i f t  from brondcasting t o  

t ransplant ing r i c c  but a l so  enabled farmers t o  Erow two r i c e  crops a 

18 
year .  Timing of operat ions in  a doublc-croppin? system i s  very 

critical since a delay in  one crop o ~ e r a t i o n  w i l l  impede t h e  operation 

of  t h e  following crop. Usually, a wet-season r i c e  crop must be 

harvested a s  soon a s  poss ib le  o r  somstimcs i n  conjunction with t h e  

seedl ine  process f o r  t h e  fol lowins crop. ncreforc,  there  is  an 

overlapping period of work f o r  t h e ' f i r s t  m d  the  second crons. 

17 
J;K. Behrman , S m J y -  J~sponse  i ~ n ~ ~ d e r d e v e l _ o _ ~ c ~ d ~ A ~ r i c u l ~ ~ ~ ,  

A Case Study of --- Four Ifador Annual Crops i n  Thailand,_1_~~3~7-196~. 
(Amsterdam: North-Holland Publishing Co., 1973) , pp. 47-4B. 

"~ona ld  C.Y. Ng., Supplementary Report on the Development At t i tude  
Survey Chao Phya I r r i g a t i o n  Improvemnt Project, Stage-11. (Report 
prepared' f o r  thc  f B R D ,  January, 1977), pp. 119-121. 



The shortened workin:: period t h u s  caused a l ~ b o r  shortage by r a i s i n g  

labor demand. To meet the  incre2se i n  labor demand, farmers were induced 

t o  use a g r e a t e r  number of h i red  labor ~ l d  t r a c t o r s .  Somchart found 

in  h i s  survey t h a t  the  increase i n  t r a c t o r  use and ownership were wholly 

due t o  double-cropnin~ s ince  the  use of  buffaloes was too  slow piven 

the e x i s t i n g  a v e r a p  farm s i z e  ,md household labor supply. l9 Evidcnce 

fron t h e  sane survey 31so reveals  t h a t  threshing and t ransnor ta t ion  

of the  harvested crop were a lso  highly mechanized with t h e  use o f  

t r a c t o r s .  Thereforz, it is  poss ib le  f o r ' u s  t o  recopnize t h a t  the  use 

of t r a c t o r s  and other  f a r q  machines i s  a m a t t e r o f  necess i ty  i n  

double-cropping. 

2. mc Expansion of  Government Research Vork and Its 

Extension Service 

Since the  establishment of the  Fgr icu l tu ra l  E ~ ~ ) e r i m e n t a l  Stat ion 

in t h e  Rangsit a rea  around 1910, imported fa rm machinery were experimented 
f 

with under the d i rec t ion  of the  Department of Agriculture,  Ministry o f  

>:griculture. However, budgetary <and technical  cons t ra in t s  l imi ted  

the  extent  t o  which fsrm machinery wcre ever imented with a t  t h a t  t ine.  

The extension on t r a c t o r i z a t i o n  can be t raced back t o  t h e  e a r l y  

1950's when a t r a c t o r  s t a t i o n  was s t a r t ed .  This s t a t i o n  rented out  

imported t r a c t o r s  t o  farmers in  nearby arees  such as  Ranpsit and 

Pathumthani. The service  charge p e r  r a i  a t  t h s t  time was about 

19 Somchar,t Komate , "Labor Problems o f gouble -Crouvinp in  
Channasutr L'md Consolidation Project" (Ynpublished !(.A. Thesis, Faculty 
of Economics, mammasat University, 1976) p. 91. 



2 0 
15-18 'baht. Such service  was i n i t i a t e d  mainly f o r  demonstration 

purposes. However, due t o  inadequate funds, the  s t a t i o n  had t o  

discontinue t h i s  service  shor t ly  a f t e r  i ts  i n i t i a t i o n .  Furthermore, 

the  use of t r a c t o r s  a t  t h a t  time was not very a t t r a c t i v e  t o  the  farmers 

because of various reasons. The farmers a t  t h a t  time believed t h a t  

t h e  heavy t r a c t o r s  wollld press  down the s o i l  on t h e i r  land, which i n  

tu rn ,  would reduce yic lds .  Some thought t h a t  t r a c t o r s  ~ l o w c d  too deeply 

and, thus would turn  the  underpround l i n e  onto the  surface.  Many farmers 

a l s o  worried t h a t  driqping o i l  from the  t r a c t o r s  durin? t h e i r  oneration 

would spo i l  the  a u a l i t y  oC t h e i r  s o i l .  with respect  t o  the  technical  

s ide ,  t r a c t o r  operat ion i n  those days was not very successful a l so  

because the re  were too many t r e e  stumps buried underneath the  nround. 

Furthermore, these  larpc  i w o r t e d  t r a c t o r s  were d i f f i c u l t  t o  move from 

f i e l d  t o  f i e l d .  

After  the  establishment of the  Rice Department in 1953, research 

work on farm machinery was given t o  the  Enqineerinc Division. Research 

and development of farm machinery in  t h i s  d iv is ion involved not only 

improvinz t h e  inported mxhines but also inventinp farm machines b e t t e r  

s u i t e d  to' local  conditions. 2 1 

The most nonular farm machine promoted hy the  d iv i s ion  was 

the  "Debaridhiif low- l i f t  ~ r o p e l l e r  punn and t h e  well-known "Iron nuc'falo.!' 

The innovator of these mschines was M. R. Debaridhi Thevaksl. 

20~ecorded  from an intervicw with ?". Yetha R a t c h q i t i ,  the  
d i r e c t o r  o f  Rain Makin(? Froject  who used ,to he i n  z h a r ~ e d  i n  t h i s  work 
a t  t h a t  time . 

*'M. R. Debaridhi Thevak~ll, " k r i c u l  t u r c  with the  Nation's Economic 
Secur i t i e s  ,$' [Unvublj.shed Personal Resesrch Paper. Ranpkok : Division of  
/;yricul t u r a l  ~ n i i n e e r i n - ,  Ministry of Aariculture and Aqricultural  
Cooperation, Dec. 1966) p. 31. 



The @'DebaridhitT ~ u m p  was a modif icat ion of t h e  t r a d i t i o n a l  

wooden water  wheel us in?  an enpine in s t ead  o f  manual o r  animal Dower 

i n  puddlinp. The engine used was around 4-5 horsepotrer. The "Debaridhi" 

pump was adopted in  1957, two yea r s  a f t e r  i t s  invent ion ,  and is s t i l l  

widely used today. 

Around 1953, sr.2. Debaridhi s t a r t e d  workinrr on a small walking 

t r a c t o r  with t h e  hone t h a t  t h e  new machine t o  bc used f o r  land t i l l a j7c  

coyld be driven by t h e  small enpines which wcre a l rcady a v a i l a b l e  f o r  

"Debaridhi" oumps. Therefore,  t h e  e a r l y  models of  h i s  walkin? t r a c t o r  

used a small L i s t e r  diesel.  encine of  4.5 ho r se~owcr .  Modifications on 

t h i s  e a r l i e r  model of t h e  walkinr  t r a c t o r s  were made as  exnerimentation 

with it continued u n t i l  a small four-wheel t r a c t o r  known as  t h e  "Iron 

Buffalot1 came along. Sihce t h e r e  was a s e a t  a t tached  f o r  t h c  d r i v e r  

i n  a l a t t e r  model o f  Iron Buffalo,  t h e  ?ewer o f  t h e  machine was t h e r e f o ~  

increased  t o  around 12.75 hp., s t i l l  using a L i s t e r  d i e s e l  c d ~ i n c .  

Around t h e  mid 19601s, imorovements on t h e  Iron E l ~ ~ f a l o  were terminated 

when it was re leased  t o  p r i v a t e  ~ r o d u c e r s .  I t  was not  successfu l  

due t o  the  i n e f f i c i e n t  production capaci ty .  The l a t e s t  model o f  the 

i r o n  buffa lo  was driven by a Toyota water cooled 25 hp. enoine. (Fiaurc 11-7) 

Af t e r  1970, f u r t h e r  research  on smal l - sca le  fa.rm machinery 

h ~ s  been c a r r i e d  ou t  by t h e  E n ~ i n e e r i n ~  Division i n  co l l abora t ion  with 

t h e  In t e rna t iona l  Rice P.esearch 1ns t i . t u t e .  The most successfu l  

machines introduced bv t h i s  coonerat ive n r o i e c t  i s  t h e  a x i a l  Flow 

2 2 
thresher .  The r e s u l t i n r  des i ,ms  have been d i f fused  t o  many small 

2 2 ~ h n k  Chakkalhak and Ben I?. Jackson, Fnnn Yechanization i n  
T!?ai land Reoort t o  the  In t e rn  s t i o n a l  symnosium on Farm N e c h ~ n i  za t ion  
ill P s i s ,  J u l y  3 ,  1973. (Tokyo, Japan, 197!3), v.  6 



l o c a l  producers.  t-leanwhile, t h e  two-wheel t r a c t o r s  o r  Dower t i l l e r s  

were a l ready commerci~l ized by some l o c d  aroduccrs .  

3. The Develo~mcnt of  a Farm Machinery I n d ~ ~ s t r v  

I t  i s  accepted t h a t  a key t o  t h e  increased zdontion o f  farm 

machinery i s  t h e t  of a s su r ing  farmers t h a t  ncw machines can provide 

them with h iyher  r e tu rns  and are  l o c a l l v  s u i t z b l e .  Furthermore, they 

should be s i q l e  i n  des ipn ,  easy  t o  r e ~ a i r ,  m d  have spare a a r t s  

ava i l ab le .  This  can come about i C  t he re  e x i s t  l oca l  production Fims. 

Nowadays, t he re  a r c  a number of  f i n n s  involved i n  both l a r g e  four-wheel 

and small two-whcel t r a c t o r  production. Attached im~lemcn t s  f o r  l a r g e  

t r a c t o r s  are a l s o  included i n  t h e  product l i n e  o f  t hese  f i rm.  Of a l l  

t he  farm machines produced by l o c a l  firms, t h e  power t i l l e r s  o r  small 

two-wheel t r a c t o r s  have gained t h e  most povd la r i ty  amonv farmers 

e s p e c i a l l y  i n  t h e  Central  P l a ins .  The development o f  two-wheel t r a c t o r  

production i n  Thailand can be t r aced  back t o  t h e  mid 1969's. The most 

widely known producer was ~ a m n n n ~ ~  Prune Farkaew OF t h e  Sinnkru ilsahagrun 

f a c t o r y  i n  t h e  Prapradaenp a rea ,  An e a r l y  model o f  K m c m  Prunnr s 

two-wheel walkinc t r a c t o r  excludinc enpinc cos t  about 3,200-3,590 ba!!t. 

By t h e  end of  t he  1 9 6 0 ' ~ ~  t h e r e  were a t  l e a s t  t h r e e  t o  four  firms 

producing walk in^ t r a c t o r s .  Durinp t h e  19701s,  t h e  product ion OF two-wheel 

walkin? t r a c t o r s  became very c o m e t i t i v e  and was mainly concentrated 

around t h e  7rovinces  surround in^ t h e  Ran~kok Metroyo1 i t a n  arca .  I t  i s  

a l s o  important t o  note  t h a t  t h e  loca l  production f i rms  s t i l l  ha re  t o  

2 3 ~ a m a n  is  a t i t l e  f o r  v i l l a g e  headman. 



r e l y  on imnorted engines. h r ecen t  survey by t h e  Bank OF Thailand 24 

r evea l s  t h z t  t h e r e  were around 1C0 firms c o n c e n t r a t i n ~  i n  farm machincry 

product ion.  More th,m 75 Dcr.cent  o f  t h e  t o t a l  f i rms a re  loca ted  i n  t h e  

Central  P l a ins .  Two-whee-l t r n c t o r  product.ion i s  about 40,000-45,000 uni . ts  

p e r  year .  The average nower of  zn enqine used i s  mound 6-9 horsoower .  

In summary, t r a d i t  ionhl  farm inylernent s e m  loyed i n  Thai 

c u l t i v a t i o n  a r e  s i n p l e  i n  s t r u c t u r e  cu7d mostly mndc of r a t t . m  o r  hard 

wood. Nowadays, t hese  o ld  farm t o o l s  have been used i n  combination 

wi th  nodcrn ones. In t h e  p a s t  la rpe  farm ovmers i n  t h e  c e n t r a l  Feqion 

showed i n t e r e s t  i n  s u b s t i t u t i n g  farm machines f o r  labor .  Fowever, 

the  in t roduct ion  o f  farm machines n ~ r t i c u l a r l y  t r a c t o r s  were l imi ted  i n  use 

only a t  qovernrnent experimental s t a t i o n s  and a few wealthy largc: fzrn 

owners. I t  was n o t  ~ m t i l  a decade a f t e r  t h e  Second I'Jorld F a r  t h a t  farm 

mechmizat ion became b e t t e r  known pnir used by Thai farmers p a r t i c u l a r l y  

i n  t h e  Central  P l a ins .  The covernnent s e c t o r  has a l s o  pu t  some e f f o r t  

i n t o  the  research  and devclonment of  farm machines which would be ~ .dan tab lc  

t o  l o c a l  condi t ions .  Powever, due t o  inadequate Funds, povernment 

research  p r o j e c t s  not only proceeded slowly but  a l s o  have t o  dencnd 

upon t h e  p r i v z t a  s e c t o r  f o r  colnmercialization. The p r i v a t e  commercial 

s e c t o r  throuy5 i t s  own i n i t i a t i v e  have provided l e s s  exnensive and s n a l l  

s c a l e  two-wheel t r a c t o r  t o  t h e  farmers.  Therefore,  t he  technolovica l  

revolu t ion  i n  Tllai s p r i c u l t u r e  i n  t h c  1960s involve t h e  increased  use  

of mechanization ss wel l  a s  improvements i n  water condi t ions ,  t h e  

2 4 ~ a n k  of  ~ h a i l a n d , " ~ e o a r t  m Power -. . T i l l e r  ...-...-. . and Trac to r  f o r  . .. , -.. 
Rice Faniqg: '  . . an h a u b l i s h e d -  ~ e ~ & t ,  19./1('. 



increas ing use of fertilizer 2nd t he  introduction of new cron v ~ r i e t i c s .  . 
Tho success of four-wheel t r a c t o r s  is a l so  due t o  t h e  a v a i l a b i l i t y  of 

a t r a c t o r  con t rac to r  system. Small two-wheel t r a c t o r s  introduced i n  

the  l a t t e r  ycriod zre b e t t e r  suitcc? t o  Th2i r i c e  c.~tltivtxttion i n  t h e  

Central F l a i n s .  Furthermore, local  small f ~ c t  o r i e  s are being oneno6 i n  

the  region which qssenble and r e p a i r  t r a c t o r s  ,and ~ r o d u c e  t r a c t o r  p a r t s  

=and accessor ies  and I~encc,  cont r i3ute  t o  the  provress  of f a m  nnchanizstion. 



FIGURE 11-5 

WE "DEBARI DH I" WATER PUMP 

We "Debaridhi" water pump, designed by M.R. Debaridhi Thevdrui, 

i s  appmpria te  f o r  r i c e  l a n d  which i s  no t  more than three meten 

higher than i t s  water source. 
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FIGURE 11-6 

WE "IFON BCFFALO'' WITH CAGE WHEELS ATThCHEG . 

FIGURE 11-' 

THE LATEST DESIGK OF THE "IROII; BUFFAM". 

A 25 hp. Toyota d i e se l  eng ine  was used. 

BEST AVAILABLE COPY 



FIGUkE 11-8 

AX khRLY MODEL O F  THE 'I'WO-hWEEL h A L k l ' i C  TPACTOR. 

FLGUKE 11-9 

;\ ['RESENT bODEL OF TIKE TKO-WHEEL WALKING TRACTOR. 

- .  . . 

BEST AVAILABLE COPY 



CFIAPTEP. 111 

A .  Review of  L i t e r a t u r e  

The importance of  t echn ica l  change i n  economic growth has been 

poin ted  out by many economists.  Among t h e  e a r l i e s t  s t u d i e s  r e l a t e d  t o  

1 
t h i s  t o p i c ,  Solow showed t h a t  about 12% p e r  cent  o f  t h e  growth in  r e a l  

p r i v a t e  non-farm GNP p e r  c a p i t a  i n  t h e  Lhited S t a t e s  dur ing  1909-1949 

can be "explained" by t h e  increased  use  of  c a p i t a l  p e r  u n i t  o f  labor .  

The remaining 87% p e r  cent  was a t t r i b u t e d  t o  an unexplained source which 

he c a l l e d  " technologica l  change." Due t o  i t s  importance, va r ious  s t u d i e s  

concerning economic growth cannot neg lec t  t h i s  so- c a l l e d  t echn ica l  change 

f a c t o r  a s  another  engine of economic growth. Technical  progress  cons j - s t s  

of t h e  invent ion  of  new methods o r  new ~ r o d u c t s  which w i l l  even tua l ly  

2 
be introduced i n t o  the  processes  of production i n  a soc i e ty .  The term 

"innovation" commonly r e fec j  t o  t he  s t age  of p u t t i n g  new c o n s t r u c t s  i n t o  

e f f e c t .  This  t echn ica l  change can take  p l ace  i n  e i t h e r  t h e  industri2.1 

o r  a g r i c u l t u r a l  s ec to r s .  

3 
h e s  and Rosenberg have done a study on the U.S. and U.K. Run- 

makiny i n d u s t r i e s  focusing on t h e  two coun t r i e s1  f a c t o r  endowments and 

demand condi t ions  during t h e  mid-nineteenth century.  They found t h a t  

t h e  U.  K. gun-making indus t ry  emy loyed labor- in tens ive  techniques whereas 

' ~ o b e r t  Solow, "Technical Chanpe and The scorena te  Preduct ion P u n c t i m ,  
i n  The Economics of  'iechnical Change, ed .  by Nathan Rosenberg (Baltimore : 
Pzn<guin Books, Inc . ,  1971),pp. 314-362. 

2 
Eve re t t  E. Hagen, The Economics of Development ( I l l i n o i s  : Richard 

D. I rwin ,  Inc . ,  1975),p.  252.  

'~dward Ames and Nathan Roscnberq, "Enfield Arsenal jn Theory znd 
History,"  Economic Journa l ,  Vol. XXX VII I ,  No. 312 ( k c .  1968), pp. 827-832. 



t h e  U. S. used more i n t c r ~ h ~ m e a b l e  n a r t s  a s  we1 1 a s  more mschines i n  t h e  

e f f o r t  t o  economize on r e l a t i v e l y  exnensive labor .  I n  addi t ion ,  t h e  U.S. 

producers were a l s o  fac inp  a lonc  r m n e  p r i c e  e l a s t i c  market which enhanced 

t h e  use  of  mass production whcreas t h c  U . K .  ~ r o d u c e r s  were mainly confined 

t o  an upper c l a s s  consumer market where :)roduct s were usua l ly  ~ r o d u c e d  

and so ld  b y  o rde r s .  The conclusion d r a m  from t h i s  s tudy i s  t h a t  t h e  

i n t e r a c t i o n  of f a c t o r  endowments and i n d u s t r i a l  demand condi t ions  t o  

some e x t e n t  can7cxnla in  t h e  type of technolovy ennloyed i n  t h e i r  ~ r o d u c t i o n  

processes.  Other economists had a l s o  t r i e d  t o  p o i n t  out  t h e  nrocess  of  

" technica l  chancr,eTs throumh t h e  inc rease  i n  e f f i c i e n c y  and q u a l i t y  of 

1 t h e  t r a d i t i o n a l  f a c t o r s .  Schultz  was one of  t h e  economists who based 

h i s  a n a l y s i s  on t h e  c a n a b i l i t y  of t h e  econony t o  nrovide improved 

inpu t s  i n t o  nroduction by way of  b e t t e r  human c a ~ i t a l  o r  b e t t e r  i n t e r -  

mediate inpu t s .  Cther economists a l s o  nade g r e a t  e f f o r t s  t o  s tudy 

f a c t o r s  which enhance t h e  changes i n  technolooy a s  well  a s  i t s  t r a n s i t i o n  

5 
yrocess .  I-Iicks errlrhasized t h e  importance o f  chanues i n  t h e  r e l a t i v e  

prices of innuts i n  the adoption and :li£fucion oc new technology from 

which he s t a t e d  t h a t  "chanees in  r e l a t i v e  f a c t o r  p r i c e s  w j  11 s t i n ~ u l a t e  

t h e  search f o r  nerd methods of  ~ r o d u c t i o n  which w i l l  use  more o f  t h e  now 

cheaper f a c t o r  2nd l e s s  of  t h e  emens ive  one." 
6 

4~.l. Schultz ,  Transformation of  T r a d i t i o n a l  Agr icul ture  (New 
Haven: Yale Universi ty Press ,  1968). 

' 5 .  Hicks, The .-- Theory- of  Wages (New York: S t .  Martin Press ,  
1963). 



7 
Hayami and Ruttan have done an a n a l y t i c a l  s tudy on t h e  induced 

innovation theory.  The substance of t h i s  theory  involves an explanat ion 

of  t h e  mechanism by which a soc ie ty  chooses an optimum p s t h  o f  tec lmica l  

change i n  t h e  ay r i cu l tu r31  sec to r .  They emnhasized the nechanism 

which the  s o c i e t y  employed i n  o rde r  t o  enhance t h e  adoptive process  f o r  

t h e  changes i n  technoloey. 

An example on t h e  changes i n  r e l a t i v c  f a c t o r  q r i c e s  was given 

a s  an inducement t o  technological  change i n  t h e  U.S.  and Japanese 

a g r i c u l t u r e  . Showing t h e  h i s t o r i c a l  e x w r i e n c e  o f  a q r i c ~ ~ l t u r a l  development 

i n  both coun t r i e s  f o r  t h e  ner iod  1880-1960, Hayami 6 Ruttan proved t h a t  

t h e  extreme d i f f e rences  i n  t h e  two coun t r i e s '  resource endowments-land 

a d  a g r i c u l t u r a l  l abor  - a s  well a s  t h e i r  r e l a t i v e  p r i c e s  does n o t  seem 

t o  Dmvent r ap id  ~ r o w t h  i n  t h e i r  a g r i c u l t u r a l  p r o d u c t i v i t i e s .  During 

the  e n t i r e  e i ~ h t v - y e a r  ner iod ,  both coun t r i e s  were a b l e  t o  ob ta in  a 

favarnble r a t e  of growth i n  t h e i r  a g r i c u l t u r n l  s e c t o r s  a s  can be 
. - 

summarized in  Table 111-1. Information Table 111-1 shows t h a t  both 

countries obtained a substantial  increp-se i n  t h e i r  agricultural  l?bor 

produc t iv i ty  which ind ica t e  t h a t  the;/ had undertsken some technologica l  

changes i n  t h e i r  production .processes. 

They concluded t h a t  "land n r e a  p e r  worker e x r l a i n s  more than 

80 per, cent  of  t h e  l abor  p roduc t iv i ty  i n  t h e  U.S. where3s it expla ins  

a 
l e s s  than 40 pe r  cent  i n  Jagan.'' Using repress ion  ana lys i s ,  they  a l s o  

- 

7 
Y.  Hayami and V. Ruttan, Agr i cu l tu ra l  Development : An I n t c r n a t i o n ~ . l  

Perspect ive (Baltimore: Johns Hopkins Press ,  1971) 

''f.~. Hayami 6 V .  Ruttan, Op.Cit., F. 115. 



ANNUAL CO?IPOIlND RATE OF GROYTH I N  OUTPUT, INPIJT AND 
PRODIICTIVITV I N  U. S. IWD JWFJIESE AGRICULTURE, 

1880-1960 

U.S. (%) 3 apan (%) 

Aqricul t u r a l  Output 1.5 1.9 

Total  input 

Total f a c t o r  Productivi ty 

Output pe r  male worker (Labor ~ r o d u c t i v i t y )  

Output pe r  arzble  1.md (Land ~ r o d u c t i v i t y )  

Arable land area  p e r  male workzr 

Source : Y. Hayaml and V. i?uttm, oo . c i t  . , p.  114. 



found t h a t  v a r i a t i c n  i n  l m d  area p e r  worker (A/L)  i n  t h e  U.S. i s  

explained by changes in  t h e i r  p r i c e  r z t i o s .  T1i.e i ~ l i c a t i o n  o t  t h i s  

ana lys i s  i s  t h a t  along t h e  devel .o~~mental  ?nth t h e  ~ r i c e s  of t h e  less 

e l a s t i c  f s c t o r  ( l abo r )  tend t o  r i s e  r e l a t i v e  t o  t h e  ~ r i c e s  of t h e  more 

e l a s t i c  f a c t o r  (land). Furthermore, n r i c e s  of a. s u b s t i t u t a b l e  innut  

f o r  l abo r  such a s  f a m  mzchinery wcre r e l a t i v e l y  cheaner t han  t h e  p r i c e  

of labor .  Therefore,  mechanical o r  labor  -savinq innovations were induccd 

t o  3 g r e a t e r  e x t e n t .  14Jith more app1icai:ion o f  mechanical innovat ion,  

r i s e s  i n  l abo r  p roduc t iv i ty  i s  expected, s i n c e  it i s  poss ib l e  f o r  

a given a r e a  o f  l'md t o  be worked by fewer people,  and t h a t  enhances an 

inc rease  in  a r a b l e  19 -d  p e r  worker (MI, ) .  

A s i m i l a r  p a t t e r n  of  cmnlysis  was z l s o  t e s t e d  i n  o t h e r  c o u 3 t r i e s f  

h i s t o r i c a l  exper iences ,  such as Germmy, France, Denmark, and t h e  Lhited 

9 
Kingdom, by o t h e r  economists. The overa l  I. conclusion s u ~ p o r t s  t h e  

h ~ o t h e s i s  t h a t  changes i n  f a c t o r  use  i n  e x h  o f  t he se  coun t r i e s  have 

been resnonsive t o  change i n  r e l a t i v e  f a c t o r  v r i c e s .  Moreover, 
,*' 

mechanicel inncvat ion has been develnnsd i n  t h e s e  Eurone;m a g r i c u l t u r e s  

l a t e r  t h ~ n  i n  t h e  U.S. 

The induced innovation theory  i s  i n  peneral  c m s i s t e n t  with t h e  

s u b s t i t u t i o n  viewpoint wi th  r e ~ a r d  t o  farm machir~ery e s p e c i a l l y  i n  

t h e  form of t r a c t o r s .  This  viewpoint cons iders  t r a c t o r s  and hum33 lebor  

 ernon on !V, Ruttan and Others ,  "Factor P roduc t iv i ty  a d  Growth: 
A H i s t o r i c a l  ~ n t e r p r e t a t i o n , "  i n  H. ?,inswanger and Others ,  Induced 
Innovat ion,  (Baltimcrre : The Johns Hopkins Univers i ty  P re s s ,  1978), 
pp. 44-87. 



including 'animal power a s  d i f f e r e ~ l t  nower sources ~ e r f e c t l y  subst i tntabl i :  

f o r  one m o t h e r .  Therefore, t h e  switck fTon one source t o  another  i s  

p r imar i ly  gene ra t ed  by f a c t o r  p r i c e s  which i n  t u r n  is  r e l a t e d  t o  f a c t o r  

s c a r c i t i e s .  

Another vielspoint cons iders  farm nechanizat ion i s  t h e  Net 

Contr ibutor .  lo The counter  nrpument is t h a t  r~ower i s  a  c o n s t r a i n t  t n  

a g r i c u l t u r a l  ?reduction r e ~ a r d l e s s  of  f a c t o r  p r i ces .  Therefore,  t he  

g r e a t e r  power of farm machinery, t r a c t c r s  i n  p a r t i c u l a r ,  a s  well 2s i t s  

speedy t a sk  would allow more t imely  ope ra t ions  which count r ibute  t o  both 

y i e l d s  and more extens ive  n r a c t i c e  o f  double-crqping  without n e c e s s a r i l y  

d i sp lac ing  labor .  This  viewpoint sunports  t h e  ~ r o p o n e n t s  o f  farm 

machinery i n  t h e  LDCs where l ~ b o r  i s  r e l a t i v e l y  abundmt compared t o  

c q i t a l .  Furthermore, a v a i l a b l e  evidence a l s o  supports  t h e  corn~lernentar i ty  

between t h e  use  o f  ' t r a c t o r  and h igh-yie ld in?  va r i e t . i e s .  Many i n s t r u c t i v e  

s t u d i e s  on t h i s  t o p i c  a r e  s v a i l a b l e  f o r  t h e  casc  of Indian and P a k i ~ t ~ m i  

Punjab. l1 ~i~ i k l Z  i n  h i s  a r t i c l e  concsrninq farm mechanization i n  

'O~ans r. Binswmpsr, The Ecqnomics o f  Tractors  in  South Asin 
(New York: Agr i cu l tu ra l  Develcpment Council, Tnc., 1978), D. 3 .  

11 
Amon;; t he  mmy s t u d i e s  conccrnins t h e  case  qc Indian m d  Pak i s t sn i  

Punj ab a r e  John P. Mc. Incrcny and Grahm F. Donalds~n,  - The Ccnsequenccs 
of  Farm Trac to r s  in  Pakistan,  S t a f f  Plorking Paper +lo. 210 (P1ashingtorl: 
IBRD,  Feb. 1475), Richard P. Day ~ n d  Inde r j e t  S i n ~ h ,  Economic Developent  
2s a Adantive Process: The Green Revolution i n  t h e  Indian Punjab (London: 
Cambridge ' Jh ivers i ty  Press ,  1977).  P T l l l i c l x ? :  I-l. Bartsch, "Em3lo~ynent 
E f fec t s  n F A l  t e r n a t i v e  Technolopies and Techniques i n  Asiw Crop Productinn : 
A Survey of Evidence ," ~ r o v i s i ~ n a l  d r z f t  (Ceneva: In t e rna t iona l  Labor 
Of f i ce ,  1973) . 

12 
A. G. Rijik, "P .n~ropr is te  Agriculturc?l Flechanization f o r  Florthern 

Thsiland,"in Rurzl ~eve loamen t  ~ e c f i n o i o ~ ~ ,  an In t eg ra t ed  Aporoach, cd.  by 
Gajendra Singh md J . H .  !k Gclde (Smpkok: AIT, 1977),1;1p. 145-163. 



Northern Thai1 and f nund t h a t  f am rnechmi znt ion was c o q  lementary t o  

t h e  a p ~ l i c a t i o n  oflY\l1s.  L~ind a r e r ~ a r ~ t i n n  by t r a c t o r  qrovides  thorough 

s o i l  t i l l a g e  which f a c i l i t a t e s  b e t t e r  seecici; while b e t t e r  water  cont ro l  

can be achieved through water ~ u m n i n ~  system. Another v i l l a g e  s tudy 

done by !Voreman13 i n  Northern Thli land a l s c  found t h a t  t ractor-olowcd 

r i c e  p l o t s  were no t i ceeb ly  more b3unt i fu l  t h l n  any c!f t h e  o the r s .  

The ~ r a c t i c e  of d o u b l e c r a p i n g  f u r t h e r  c r e a t e s  a h igher  demand 

f o r  l abor  and  "aces a yore binding ti.me c o n s t r a i n t  on each farm 

14 opera t ion .  According t o  a survey o f  Sonchart Komate on l abor  nroblens  

of  double-cropping st Channasutr Land Consolidation i n  Thailand, he 

found t h z t  t r a c t o r  u t i l i z a t i o n  and 01&ership i n  t h a t . ' a r e a  were wholly 

% due t o  tha development o f  doub le -c ro~3 ing  system. 

In soma coun t r i e s ,  ?>ubl ic  p o l i c i e s  a l so  have in f luences  on 

f a c t o r  and prcduct  rn'arkets i n  order  t o  induce s u b s t i t u t i c n  o f  mechaniczl 
C 

power f o r  znimcl power and f o r  labor .  Sanders and ~ u t t a n "  found-that  

t h e r e  were ~ r i c c  d i s t o r t i m  ~ o l i c i e s  i n  Rraz i l ian  a g r i c u l t u r c  which l e d  

the  economy t o  favor  fern mecl~anization. Dong H i  ~ i r n l~  a l s o  voin ted  

out  t h a t  t h e  Korean yovernment around t h e  mid 1960's becme  more active 

i n  provid inp  l a rge  moun t s  o f  c r e d i t  and s u b s i d i z i n ~  farmers f o r  purchasinz 

13r4ichz-eel %reman, !ipricultural. Channe and Peasant Choice i n  Thai 
Vil lage (Berkely azd Los i'mpeles: Univers i ty  of  C a l i f o r n i a  P res s ,  1963), 

14~omchart  Komate, op. c i t .  , Chapter 

15~ol;n H. Sanders and V.W. F t u t t k ,  "Biased Choice of  Technology 
i n  B r a z i l i m  i ~ u r i a l l t u r e  ," i n  H. Binswanger and Others ,  Induced Tnnovat ion 
OP., c i t ,  ( i 9 7 ~ j ,  ~ p .  276-296, 

1 6 ~ o n o  iCi Kim, "Tls Farm k f h a n i z a t i o n  Process i n  Korea," i n  Farm 
blerchanizatinn i n  East  Asia. ed.  by he ma^ Southworth (Singapore; ADC. Inc.,  
1972) , pp. 50-6G. 



farm machineory . In B u n a ,  i.hla   in'^ found t h a t  povernnent cuide l i n e s  

toward the  dcvelo~ment  of cqsh crcps ;  s u p r  cane, cot ton and j u t e  i n  t h e  

more a r i d  zgne c r e a t e s  3 Rrea ter  demand f o r  t r a c t o r  operrrrion i n  t h e i r  

c u l t i v z t i o n  7rocesses.  

Empirical t e s t s  f o r  many developed coun t r i e s  such a s  t h e  U.S. 

sunported t h e  induced innovation h ,pc thes i s .  liowever, t h c  w i d e s p ~ s a d  

d i f fus ion  of farm machinery in  LDCs tod,?y c m n o t  be determined only  by 

the  above hypothesis .  Some o t h e r  c r u c i a l  variables should a l s o  be 

considersd s ince  most of these  modern imr1ement.s a r e  acquired by way of 

importat ion.  Othar aspec ts  o f  farm machinery e s p e c i a l l y  fr \ r  t r a c t o r s  

which induced farmers t o  adopt them a r e  t h e i r  g r e a t e r  nowcr which ?mvidc  

deeper and more t h o r o u ~ h  s o i l  t i l l a e e ,  t imely opera t ion ,  and t h e i r  

multi-purpose uses -such a s  threshing  ind  t r a n s p o r t a t i o n .  Sometimes, 

some machines such a s  the .wa te r  uump becone e s s e n t i a l l y  i v o r t a n t  i n  

order  t o  ob ta in  i r r i 2 a t a b l e  water i n t o  the  f i e l d .  This i s  when t h e  

func t ion in3  of t h e  machine i t s e l f  becomes t h e  f i r s t  p r i o r i t y  when dec id inc  

t o b u y  r a t h e r  than i t s  s u b s t i t u t i o n  ef fec ts . .  Other f a c t o r s  i n f l u e n c i n ~  

fanners  t o  use farm machinery n re  i z s t i t u t i o n 3 1  f a c t o r s ,  government 

p o l i c i e s  toward farm mechanization, t h e  establ ishment  of domestic farm 

machinery product ion,  a v a i l a b i l i t y  of  more adaptable machines includiny 

demonstration e f f e c t s .  Scme of t hese  f a c t o r s  sllould a l s o  be considered. 

I 

17.. u I-ila Tin,  s 'S ta tus  of Agri c u l t u r a l  Mechanization i n  Burma, " 
i n  In t e rna t iona l  A~r icul t .urz1  Machinery lA!orkshon., nroceeding t h e  
In t e rna t iona l  Rice Research I n s t i t u t e  ( S q t .  , 1978);pp. 69-79. 



B. Theoret icel  Framework o f  t h e  Study 

I f  a country is  endowed with r c l a t i v s l y  scarce labor and abundant 

limd, the  ? r i c e  of land w i l l  be r e l a t i v e l y  low a s  compared t o  the  p r i c e  

of labor.  R e  use of  mechanical power may be induced i n  order  t o  save 

the  use of r e l a t i v e l y  scarce labor  2nd thereby increase  the  land-labor 

r a t i o  and y ie ld  Der unit of labcr .  The r e l a t i c n s h i p  between m e c h . ~ ~ i c a i  

use and y ie ld  may bc drawn praphical ly i n  F i ru rc  111-1, where U, :~rt.j 
b I ' l  

represent  t he  mechanical resnonsc curve of d i f f e r e n t  f a c t o r  m i c e  s e t s  

along the  met%prodnctir>n curve ( U ) .  

FIGURE 111-1 

SHIFT I N  FACTOR-OUTPUT PRICE RATIO ALONG W E  METAPRODUCTION CURVE 

Mechanical Power Per hit of Labor 



A decline i n  t 3 e  m i c e  o f  machinery r e l a t i v e  t o  t h e  n r i c e  of 

a ~ r i c u l t u r a l  o u t p t  from P t o  P would be expected t o  r e s u l t  i n  the  
0 1 

increased use of machinery since it means t h a t  machinery has becom 

r e l a t i v e l y  chezper than labor, given t h a t  p r i ce  of outnut does not  chance. 

The f u l l  im3act o f  t h e  lower r e l a t i v e  c r i c e s  of  modern inputs such a s  

farn  machinery cm yie ld  can 5t3 F ~ l l y  rea l i zed  only i f  U er a more qroductive 
1 

technology i s  made avai lable  t o  the  fanners. A t  t h e  same time, farmers 

must be capable o f  absorbing t h e  new technolony. Pnint  B i n  Fipure 111-1, 

therefore ,  renresents  the  new optimum point  with t h e  hiehest  y i e l d  pe r  u n i t  

o f  lzbor avai lable  under t h e  new s e t  of ~ r i c e s .  I t  involves an increased 

use of mechmic;l.l power p e r  u n i t  of labor. The U cllrve which envelops m m y  

response curves i s  defined as  q ' m e t a ~ ~ ~ d u c t i o n  fur,cti17n" o r  a "pctent ia l  

production function" by Haynmi and Rut tm.  The above analys is  of t he  

subs t i tu t ion  of mechanical power f o r  labor  mobably  adequately r e f l e c t s  

the  U.S. agr icu l tu ra l  sec tor .  For the  case of Thailznd, mechanical 

technology i n  the  a ~ r i c u l t u r a l  s e c t o r  is  d i r e c t l y  t r ans fe r red  from d ~ v e l n ~ e d  

countr ies  m d  may not  be a r e s u l t  3f  d m e s t i c  pressures  resu l t ing  from 

f a c t o r  s c a r c i t i e s .  There rnqy be n thc r  dcterminmts a T e c t i n ~  mechmical . 

u t i l i z a t i m  besides c l ~ ~ m p c s  in  r e l a t i v e  fpc to r  q r i c s s  over t ine.  Thcsc: 

f a c t o r s  should, therefore ,  be taken i n t o  consideration. I f  the re  i s  no 

s i , w i f i c m t  cl~mpc over t imeoF r e l a t i v e  f a c t o r  m d  ~ r o d u c t  y r i ces ,  t h e  

subs t i tu t ion  of meclranical power f o r  labor is  s t i l l  poss ib le .  This cane 

about t h r o u ~ h  a s h i f t  in  thc? metanroduction function as shown i n  Figurc 111-2,  

t h e  new technolo,gy may be made avai lable  t o  the  n ~ r i c u l t u r a l  sec to r  by 

way o f  i n s t i t u t i o n a l  o r  non-nrice f a c t o r s  and t h e  d i r e c t  t r a n s f e r  17f 

technolow from abroad. 



FIGURE 111-2 

SHIFT IN FACTOR-OUTPUT PRICE W\TIO AND METAPRODIICTION CURVE 

blechanical Power Per  h i t  of  Labor 

Under such circumstances,  it i s  poss ib l e  fer t h e  U curve o r  t h e  original 

metaprcduction curve t o  s h i f t  up toward L" and n o i n t  'B w i l l  r epresent  

t h e  more e f f i c i e n t  a o i n t  of production given t h a t  farmers s r c  ab l e  t o  

absorb t h e  new technalogy a t  po in t  F. Later  adjustment on r e l a t i v e  p r i c e s  

is a l s ~  poss ib l e  a s  presented  by po in t  C z l t h o u ~ h  it i s  n c t  t h e  only  

prerequisi . tz t o  t h e  adoption o f  farm machinery. 

Some o f  t h e  pos ib l e  non-nrice f a c t c r s  con t r ibu t ing  t o  t h e  adcmtion 

and d i f fus ion  ~f farm mechanization i n  Thai a f r i c u l t u r e  include;  



'1. The develo~ment  of mult iple-cronping t e c h n o l o ~ y  which ?.?pears 

t o  hrve brouqht with it an inc r2as inp  Drcssurc fc-- qachj.nery a r~pl ica :  i ~ n  

e s p e c i a l l y  f ~ r  l m d  p rcpa ra t ion  in o r d e r  tc. so lve  t h e  nroblen  of t ime 

c o n s t r a i n t .  

2 .  ' f ie ~ x p a n s i o n  of umlmd crop product ion j.n c e r t a i n  a r e a s  

c rea%d demand f o r  rnech,mical mwer  i n  land n r e n a r a t i ~ n .  For i n s t ance ,  
/ 

t h e p r e z t e r  Fower oc t r a c t o r s  whichcil,l);!cs farniers tr! reclaim land and 

prepare l m d  with heavy t e x t u r e  i n  t h e  d ry  seasnn t h a t  cannnt be e f f e c t i v e l y  

c l i l t i v a t ~ d  wit;; dra f t  miJUaL There fore, t r a c t o r s  could c o n t r i b u t e  t c  t h e  

increasec! qroduct ion both by ' h iphe r  y i e l d  and ex tens ive  farmin?. 

3 .  The a v a i l a b i l i t y  of  i r r i n a t e d  water  i n  d i c t h  and d ike  cana l s  

c r e a t e s a  demand f o r  water  pumys o f  t h e  farmers i n  o r d e r  t o  ~ b t a i r i  water  

f o r  t h e i r  f i e l d s .  The uneven r a i n f a l l  d i s t r i b u t i o n  a l s o  r e q u i r e  water  

numps in  c r d e r  t o  ?umn out  excessive water  from farmersf  f i e l d s .  Therefore,  

water  p ~ s  become t h e  most common tyne o f  f a n  machinery obtained by 

' most Thai farmers.  

4. There are vroblems in  us in?  animal nower which has  a l ~ w  

capac i ty  md hi -her  cps t  o f  onera t ion  8nd main ta inmce a s  compared t n  

1 S mechanical p w e r .  Furthermore, t h e  t r m s i t i o n  t n  modern i n ~ u t s  would 

fret? land p rev i sus lv  r equ i r ed  f a r  ,mim~.l feedine  t n  more cron ~ r o d u c t i n n .  

5. iln5thcr f a c t o r  which shguld be considered a s  a b e n e f i t  of 

us in^ farm machines, e s p e c i a l l y  farm t r z c t o r s ,  i s  t h a t  t hey  reduce t h e  

drudqery of  fsnn ' t a sks .  In add i t i on ,  t hey  a r e  o f t en  used i n  s t h e r  

18 
For mcre d e t a i l  s ee  S o n ~ s z k  S r i b r m c h i t t r a ,  Y"I'e Pr iva t e  Cost 

of Usinq Trac to r s  Versus Buffaloes:  - 1? Case Study o f  Farmers i n  
Chachoen yscz Province, " (unmblishec! M. E. .  Thes is  , Fzcu l ty  of Economics. 
Thammasat Univers i ty ,  1975). 



3 c t  i.vit i e s  such a s  threshin: c~nd t r ansnor t a t ion .  The p-ttnckcd mctor en?ines 

.?re sometimes ca?able i n  ?enerat iny e l e c t r i c i t y  o r  o ~ e r a t i n n  water nmn. 

6. The 1::st f a c t o r  which shculd a f f e c t  farmers'decisic?ns t c  

adovt farm mschines i s  t h e  so- .cal led denonstrat ion eSfec t .  General ly,  

it is  pcssibLe f o r  any micro-study t o  f ind  out  t h a t  c e r t a i n  f a r n  machines 

are r ~ e r z t e d  a t  t h e  r a t e s  lower than t h e  break-even m i n t .  However, i f  

one takes  i n t n  cons idera t ion  t h e  psychic b e n e f i t s  accordinr  t o  t h e  

theory  nf consumer choice,  it i s  poss ib l e  t h a t  cer ta i i l  mschines a r e  s t i l l  

r a t i o n a l l y  surchased by t h e  farmers. More o f t e n  than n n t ,  nbservers may 

f ind  t h a t  a "mer i s  us inp  modern innu t s  because h i s  nei.vhbor o r  

r e l a t i v e s  o r  f r i e n d s  are us ing  them. 

C. Piethodolory ,and Sources of  Datn 

A n ~ l y s i s  i n  t h e  followin? c h a ~ t e r s  i s  dovidcd i n t o  two Darts .  

F i r s t ,  t r e n d s  i n  labor  v r o d u c t i v i t y  will be analyzed s i n c e  it i s  

considered a s  3 consequence o f  t echn ica l  chmce i n  t h e  w r i c u l t u r a l  

s ec tn r .  Follr?!?rinrr t h e  work of Hayami 4 Ruttan, l a5or  oroduct ivi . ty  ( Y / L j  

w i l l  be p a r t i t i o n e d  i n t o  two va r i ab le s ,  namely land n roduc t iv i ty  (Y/A) 

and land area Ter  worker (!,/L). I t  i s  exnected t h a t  t h e  major source 

cf increase  i.n A I L  has bcen t h e  nro,qress i n  mcchanicc?l t e c h n o l o ~ y  whereas 

the  major snurce of i nc rease  i n  l m d  r)rod.uctivity (Y/A) has  been t h e  

F rce rzs s  i n  b i c l o ~ i c n l  t s c h n o l o ~ y .  Applyingsuch n m ~ d e l  with t h e  m x i  

a p r i c u l t u r a l  d a t a  cver t imc,  it mzy inform us o f  t h e  major sources of  

cllanve in  Thai s f r i c u l t u r e ,  whether i t  i s  mechw.ica1 o r  b i o l q ~ i c a l  

f a c t o r s  Qr both. Another n a r t  of ana lys i s ,  provided i n  Chanter V ,  

involves t h e  ana lys i s  o f  f a c t o r s  which a f f e c t  farm machinery adorltinn 



i n  Thai a e r i c u l t u r e .  r t u l t i y l e  recress ion  ana lys i s  w i l l  be cmloyed  with 

c ross - sec t i cna l  d a t a  obtained from ;! nation-wide survey in  1975/1976. 

Major t ime-ser ies  d a t a  f o r  t he  Thci a p r i c u l t u r ~ l  source - 
endclment ana lys i s  a r e .  obtained from mmy sources.  Pfajor sources n f  

d a t a  include;  

Division o f  A ~ r i c u l t u r a l  Eccnrmj.cs, , l i n i s t r y  ~f i!rriculture rind 

A ~ r i c u l t u r a l  Coorcrat i ve  s . (DE/?402.C] . 
Customs r le~ar tment ,  Fiinist-ry oc  Finance 

Bank o f  Thai1 and 

The National  S t a t i s t i c a l  Off ice  

The National  and Economic and Socia l  Development Broad (NESDB) 

To complete as much as poss ib l e  t h e  s e r i e s  f o r  a number of - 

var i ab le s ,da t a  from v ~ r i o u s  sources w i l l  be adjus ted  f c r  consis tency 

(See klp~endices)  . 



CEMTER IV 

RESOURCE ENDOtC;E!ENTS HID ~ E C H ~ ~ O L O I ? I C A L  CF!NGE TN R I A 1  AGRICULTURE 

This chapter  a t t e n p t s  t o  analyze Thai ag r icu l tu ra l  development ' 

by inves t igat ing va r ia t ions  i n  agr icul tura l  resource endr~wments a s  well 
\ 

a s  changes in  t h e i r  productivi ty.  The :analysis w i l l  be focused on the 

post  World !qsr Two period, 1950-1S75, p z r t  l y  because Thai agr icul ture  

has become d z ~ e n d e n t  on science-based inputs  such as f e r t i l i z e r  and 

farm machinery, and p a r t l y  because of data  deficiency i n  p r i o r  years. 

Trends i n  a g r i c u l t u r a l  inputs and output w i l l  be described i n  tha  firsi 

sect ion whereas t rends  i n  agr icu l tu ra l  product iv i ty  a r e  described i n  

t h e  following scct ion.  Final ly ,  influences o f  technological change 

an a.gricultura1 product iv i ty  growth over time w i l l  be explored i n  t h e  

l a s t  sect ion.  

A. Trends i n  Agricultural  Inputs 

1. Labor 

Agricultural  occupation has slw2ys been preferred  by t h c  T h i s  

and the  increase i n  farm wc?rkcrs s ince  t h e  expansion i.n r i c e  c u l t i v a t i c n  

1 
i n  1850 is due t o  t h e  increase  i n  ~ c 9 u l a t i o n .  Available s t a t i s t i c s  on 

t h e  occupational d i s t r ibu t ion  of  the labor force,  a s  shown i n  Table IV-1, 

may help t o  indicate  t h e  importance o f  apr icu l tu re  i n  Thailand. About 

80 per cent  of  t h e  labor force are  employed i n  agr icu l tu re  with a small 

proportion engaged i n  f o r e s t r y  and f ishing.  

'3ames C. Ingram, Economic Change i n  Thailand 1850-1970 (Stanford: 
Cal i fornia ,  Stanford University Press, 19-71), pp. 54-55. 



TOTAL LABOR FORCE iWD I!GRTCI!LT~!RP.L L4BOR I:! CENSUS YEARS 

Tn ta l  Number in  Pe rceg t age i n  
Census Agricul ture,  Anricul ture , 
Year Labor Force Fores t ry  6 Fistilnp Fores t ry  Fr Fishin[: 

( u n i t  i n  mi l l ion)  (uni t  i n  mi l l i on )  

Source: Figure f o r  1927 ant! 1937 aye fromJames C. Ingram, g , . c i t . ,  
p . 5 7 .  Figure f o r  11347, I960 and 1970 a re  from National 
S t a t i s t i c a l  Off ice ,  Population Census. 

Since r i c e  has al.ways been t h e  nos t  important crop i n  Thri 

a g r i c u l t u r e ,  as i t s  product ion expmded t h e  demaid f o r  l abor  i n  

a g r i c u l t u r e  a l s ~  increascd.Rcspcndinrr t o  :: Fsreinn demand f o r  r i c e  i n  

t h e  l a t t e r  i x l f  of t he  n ine teen th  century,  a s i v i f i c a n t  i nc rezsc  i n  

a reas  m d e r  r i c e  c ~ l t i v a t i o n  took ~ l a c c .  Thc exymsign of  cu l t iva%ed  

areas a r o ~ m d  t h e  t u n  of t h i s  cont iny  incr9asecl r a g i d l y  i n  t h e  Central  

P l a ins  where impr~vements  i n  1.later d i s t r i b u t i o n  throuqh a canal  system 

were a l ready u n f h ~ i j ~ ~ .  * h o u n d  1995-1939, sbout 6.8 mi l l ion  r a i  

2 
David 9.  J o h n s t m ,  "Rural Fociety z-nd t h e  Rice Eccnomy i n  

Thailand 1880-1930,'1 (Lh~ub l i shed  Fh. D. D i s se r t a t ion ,  Yale Lfi iversi ty,  
1975), pp. 39-41. 



i n  t h e  Cent ra l  P l a ins  and 2 .4  n i l l i o n  r a i  i n  t h e  o t h e r  reg ions  were 

repor ted  t o  be y l an tcd  t o  paddy. 
3 

A t  t he  symc t ime,  addi t ion21 peasant  l abo r  was made available 

through t h e  gradual  a b o l i t i o n  of  debt  s l ~ v e s  ( t h a t )  ~ n d  corvee'  peasant  

( ~ h r a i ) . ~  Tyc dismantl ina of t h i s  o l d  s o c i a l  s y s t e r  allowed t h e s e  people 

t o  migrate between rep icns .  Tension between demand and supaly o f  l abo r  

a rose  f c r  t he  l a rga  land owners i n  t h ?  Cent ra l  re'qion, s ince  they  could 

no longer  depend on t h e  work o f  debt  s l zvcs  o r  corveef  peasants .  They 

found t h a t  t h e  a v a i l a b i l i t y  o f  family l abo r  a t  t h a t  t ime could n o t  

s a t i s f y  t h e  l a rge  demand f o r  1a.bor e s r e c i a l l y  dur ing  t h e  peak season. 

There i s  a l s o  evidence t o  sup3ort  .. . t h e  be l i eve  t h a t  l abo r  t o  

some e x t e n t  was scarce  f o r  la rge  s c a l e  farming i n  t h e  Cent ra l  reg ion  

during t h e  f i r s t  h a l f  o f  t h i s  century.  I t  was recorded t h a t  h i r e d  

l abo r  was a d d i t i o n a l l y  s w p l i e d  from t h e  North and t h e  Northeast r e g i m s .  

They were r e f e r r e d  t o  a s  "Laos 15Torkers. '" Furthermore, it was recorded 

i n  t he  F i r s t  and Second Rural Economic Survey during t h e  1930s t h a t  

h i r e d  workers i n  t h e  Cent ra l  P l a i n s  accounted for t h e  h ighes t  percentage 

o f  t o t a l  f a m  cos t .  These f ig t l res  a r e  shoi:n i n  Table IV-2. According 

t o  t h i s  evidenca,  we a r e  l e d  t o  be l i eve  t h a t  l abo r  was a bot t leneck  

i n  t h e  Cent ra l  P ln ins ,  e s p e c i a l l y  f o r  t h e  l a r g e  land-owners. 

5 
Jamcs C. Inyrarn, o p . c i t .  , Table I!!. 

4 ~ h a v e e s i  l? Subra t t  ma, "Ric? J r o d u c t i w  and Trade i n  C e n t r ~ l  
Thai land from t h e  Rzgion o f  !ring Rma V t o  Kine Rma V I I  (1868-1933)'' 
( h p u b l  i shed  $?A .  Thes i s ,  Denartment o.T ITistor)7, Chu la lon~korn  Lh ive r s i t y ,  
l576) ,  pp. 37-38. ( i n  T.?i). 

5. fiernors,du~ or. "How t o  'Ennrgve Farming," H.5, K5 13/319, F i l e  Y17 
Nation Archieves. 



TABLE IVu.2 

PERCENTACE OF &:IRED LPtDC2 COST IId R I C E  PP,C;.,UCTION R'j REi;IC)!-JS 

2nd 2e gion lSt Sias Rural Economic Siam Rural Economic 
Survey S ~ r v e  y 

Northeast 

sout;1 

North 

Central 

Source: Calculated from Carle C. Zimmerman. The F i r s t  Rural 
Economic Survey, 1931 (R~ngkck : The Bangkok Time Press,  
1931), ,and J. P. bndretrs, Siam Second Rural Economic 
h r v e y ,  1934-1935 (Hcngkong : The Banpknk T i ~ e  Press,  
r td . ,  Dec. 1975). 

In f ac t ,  farm workers were seasonal ly  sunplied from o the r  regions 

t o  the  Centrs.?, P lz ins .  !'owever, it. vas not- a s  a- .ai lable a s  i t  seem-id 

t o  be. This i s  because fam workers i n  o the r  regions could peneral ly 

e ~ 7 L o y  themselves on t h e  unused lmc! i f  they  wxiited t o  s ince  land was 

6 
st i l l  r e l a t i v e l y  abundant a t  t h a t  time. Mcreover, uncertainty o f  the  

working c c n d i t i m s  in the Central  P la ins  seemed t o  obs t ruct  farm workers 

f r m  migrztinp t9 work i n  t h i s  area.' Eence it i s  poss ib le  t h a t  t h e  

6 
Jaxs C. Ingrm,  OD. c i t  . , 2.  55. 

7 
Letter from C?lac? Phya T%ngszcuprscat t o  the King (Rama V), E. 5 

K s .  3.1/2, Naticnal Lrchieves. 



uncertain condit ions of  labor s 1 1 n ~ 1 ~  led large  land orlmers, who usual ly  

were a l s o  the  wealthy e l i t e s  o r  nobic r f f i c i a l s ,  tc! seek labor-saving 

implements. Pis Feeay found i n  h i s  study thn t  seed se lec t ion  and 

mechanization were two ~ r o m i n e n t  sub jec t s  discussed by many government 

o f f i c i a l s  and p r iva te  inves tors  with rcspcct  t o  technical  change i n  

Thai agr icul ture .  To- quote : 

'?During t h e  r i c e  boom of the  1890s, m m y  government o f f i c i a l s  
2nd p r iva te  inves tors  f e l t  t h a t  3 labor shortage inpcddd 
the  more rapid extension of r i c e  cu l t iva t ion  i n  the  Central 
Pla ins .  V ~ e y  therefore  concluded tha t  i f  machines could be 
subs t i tu ted  f o r  labor  e q c r t s  ~ o u l d  grow Easter." 

Nevertheless, information concerning t h e  number o f  labor  i n  t!:e 

a g r i c u l t u r a l  sec to r  during the post  "!orld '!'ar I 1  pericd as  provided i n  

Table I V - 3  reveals  t h a t  these was an increase i n  a g r i c u l t u r a l  labor of 

around 2 per cent  annually. 

TbiBLE IV-3 

ESTIPATED LRROP. FORCE IN TEA1 AGRIC!ILTURE =OR SELECTED YEARS 

Number of Agricultl.1ra1 Covound Annual 
Year* labor i n  1 ,!I33 Index r a t e  of  Growth 

( in p e r  cent)  

Source : Calculated from Table A- I. 
* 
Five-year average f igures  centered a t  the  year shown. 

 avid Fceny, "Tec!mical and I n s t i t u t i o n a l  Change i n  Thai Agriculture 
1880-1940," (Lhnublished P5.D. Disser ta t ion ,  University of  lirisconsin, 
Madison 1976), p. 114. 



However, t h i s  r a t e  of  qrowth apnears t o  decline s l i p h t l y  frem t h e  mid 

1960's t o  present .  This may be due t o  labor n igra t ion from t h e  r u r a l  

ag r icu l tu ra l  sec to r  t o  t h e  urban i n d u s t r i a l  sec to r s .  

2.  Land - 
The t o t a l  area of Thail'md i s  np3roximately 321 mil l ion r a i ,  

with 35 p e r  cent (114 mil l ion r a i )  c l a s s i f i e d  as  "farm holding land" 

and 38 .6  Der cent (123.9 mi l l ion  r a i )  as  f o r e s t  land.' O f  a l l  t h e  land 

avai lable  in  fam holdings, wddy l m d  comprised about 65 pe r  cent of 

the  t o t a l  farm land with 22 per cent f o r  uplrad crops and 10 p e r  cer,t 

f o r  t r e e  crons. In peneral,  a rable  land represents  avai lable  s w ? l y  o f  

land f o r  farminp whereas p lanted  area ind ica tes  t h e  ac tual  amormt cf 

land u t i l i z e d .  Two s e r i e s  of  land area  are nresented iin Table IV-4. 

TABLE I V - 4  

AW.BLE LAND AND P L ~ J T E D  AREA TO ALL cn.c.Ds IN SELECTED YEARS 

P lmted  Annual cc?m?ound r a t e  
Year firable land are  a Index 

r)c prowth i n  p e r  cent 
(1,OCC) r a i )  Index (1,000 r x i )  Arable land Pla~l tcd  areq 

Source : Calculated from Table A-2. 

*Each year i s  five-year averace centered a t  t h e  year shown. 

gDepar t~ent  of Pqr icu l to ra l  Economics, Ministry of Aqriculture and 
F~yr icu l tu ra l  Coonerntives, ? , y i c u l t u r a l  S t a t i s t i c s  oc Thailand Crop Year 
lS77/1978 (Ranqkok: Thailand, No. 100) Section XI1 . 



Although the  overa l l  r a t e  of growth o f  both arable  land and ~ l a n t e d  area  

~ r e  about t h e  same (around 3 p e r  cen t ) ,  t hc  amount of  ylanted a rea  throuekout 

t h e  whole period of the  study was 1ewt:r than the  amount of  land ava i l ab le  

which i s  what should be exnected without an extensive n r a c t i c e  of mult iple-  

c r o p ~ i n g .  The under u t i l i z a t i o n  9f land may be explrsined by t h e  extensille 

farming system in  Thai lmd where soma port ions of the  land were found t c  

be unsuitabl2 f o r  cu l t iva t ion .  Furthermore, it a l s o  i v l i e s  tha tpnres  of 

the  ava i l ab le  land are  devoted t o  r e s i d e n t i a l  a reas .  In  order  t o  avnid 

the  underestimation of  land product iv i ty ,  planted areas of a l l  crops 

a r e  therefore  chosen f o r  t h e  study. 

3 .  Draft Enimals 

Another source of power in  Thai, ag r i cu l tu re  which i s  worth 

mentioning i s  t h e  power derived from d r a f t  animals. Buffaloes and oxen 

have always been t h e  major source of  power in Thai ag r i cu l tu re .  PLey  

are s u i t a b l e  f o r  work i n  muddy and submerged f i e l d s .  The normal weicht 

of a buffalo i s  around 400-990 kiloFrams and can c r e a t e  power equivz.lent 

t o  0.75 hp. 
13 

Although these  an ina l s  are  very helpful  in fam tasks ,  

they possess some l imi ta t ions  i n  t h e i r  ca?acity tc !  work f o r  they require 

long periods of  r e s t  during the  ef temoen,  thus l imi t inp  t h e  plawing r a t e  

of one buffa lo  t o  about one r a i  p e r  day. Farhers with la rge  lsnd areas 

f o r  cultivaticrn but  few d r a f t  mimals thereby o f t e n  have t o  leave n a r t  

of t h e i r  land unused. Another ?roblern involving the  use o f  d r a f t  a n i ~ a l s  

i s  t h a t  these  ar.imals can e a s i l y  be s to len  o r  succumb t o  animal d iseases .  

'$.R. Cockrill ,  "The Working Buffaloes" i n  The Husbandry aild 
Health of t h e  Domestic Buffalo, FA0 (ed.) 1974, pn. 313-327. 



Despite l imi ta t ions  of  t h e i r  uses, p r i c e s  n f  these  d r a f t  animals, 

p a r t i c u l a r l y  t h e  buffalo,  rose s i ~ i F i c a n t l y  durinr! t h e  beyinning o f  t h e  

twentieth century a s  presented i n  Table fV-5. The ? r i ce  of  buffalo i n  

the Centrzl Pla ins  t r i p l e d  between 1893-1919. The increased p r i c e  of 

buffalo t o  some extent  r e f l ec ted  the  incrc-asine demand f o r  d r a f t  animals 

which serve not only as a source of oower but a l s o  as a source o f  food. 

TABLE IV-5 

PRICE OF SUFFk.L@ I N  THE CENTFULL DLAINS FOR SELECTED YEARS 

Year Price o f  buffa lo  (Raht/head) 

Source: Data from 1893-1910 are obtained from Suntharec Arsawai, 
t h e  Role o f  Government and P ~ i v a t e  Individual i n  
Develoging: A Studv of t h e  History of Ranpsit Project  
(1888- 1994), (Pmgkok : Thai Khadi Sukss, Thanmasat 
i h i v e r s i t y ,  1978), p .  162. ( in  Thai).  

Data f o r  the  years 1911 and 1919 are  obtained fron 
Thavesilp Subwatma, op .c i t . ,  p .  168. 



In t h e  pas t ,  it seemed reasonable f o r  farmers t o  errploy d r a f t  

animals a s  t h e i r  cheap sourcc of nower s ince  only one crop wa? usual ly  

cu l t iva ted  per year. Nowadays, t h e  development, c snec ia l ly  in  the  

Central region, i s  towards m t ~ l t i v l e - c r o ~ n i n g  a s  well a s  d i v e r s i f i c a t i o n  

of crops. L a d  t i l l a r c  in  the  dry season as  a coxsequence of  c h ~ n q c s  

in  c r q p i n g  schedule n2.y impose the  use c6' d r a f t  animal power and, hence, 

encourage farmers t o  en!?loy t r a c t o r  plowing. In addi t ion ,  t h e  number 

of buffalo and oxen i n  Thai ag r icu l tu re  fu r the r  shows a r a t h e r  slow 

r a t e  of chmge throughout the  ~ e r i o d  of study a s  compared t o  o t h e r  

inputs  mentioned ~ r e v i o u s l y  . (Table IV-6). 

TABLE IV-6 

NUMBER OF BUFFALO AND OXEN IN SELECTED YEARS 

Year* Buffalo. .. 6 oxen Index Annual r a t e  of  growth 
(1,000 heads) (per cent )  

- 

- Source: Calculated from Table A-3.  

*Each year i s  f ive-year average centered a t  t h e  year  shown. 



B. Trends in  Agricultural  Out-ut 

. Sinca the  195:!Psi m a i l a n d  has beer! emer ienc ing  a s i g n i f i c a n t  

r a t e  of growth o f  4.5 per  cent  i n  cro? prcduction, The s i m i f i c a n t  growth 

r a t e s  i n  crop production during t h s  1950s es  shown i n  Table IV-7 wcrc 

rea l i zed  p a r t l y  due t o  the  increasc  i n  denaad f o r  export-.oriented crons. 

Within thc  crop sub-sector ,  r i c e  remains domina~ t ,  representing about 

GROSS DOMESTIC PRODUCTS ORICINAT'ING FROPf CROPS 
IN SEIECEil YEARS 

Year* 
CDP or iq inn t ing  from Annual r a t e  
crops ?t 1952 p r i c e  Index o f  growth 
(mil 1 ion baht) ( in  ~ e r  cent)  

Source : Calculated from Table A-6. 

" E ~ c h  year  i s  f ive-year  average centered a t  t h e  year  s h o i i .  



50 o e r  cent of  the  t o t a l  value o f  a l l  cror~s.  However, the  s t ruc tu re  

of croy production s ince  the  1960°s has been more d ive rs i f i ed .  

Information provided i n  Table IV-8 revenls t h a t  o the r  crops except 

f o r  rubber had been i n c r e a s i n ~  a t  a f a s t e r  r a t e  of  growth than r i c e .  

This implies t h a t  the re  should havc heen 3 s h i f t  i n  the  r e l a t i v e  crop 

p r ice  i n  favor of  o ther  export-oriented crocs. In addi t ion ,  t h e   rice 

of r i c e  is known t o  be suppressed dokm by t h e  r i c e  premium as a r e s u l t  

GROSS DOPESTIC PPODUCT ORIGI;F!f:TING FP.04 SIX F1AJC)R CROPS 
I N  SELECTED YEfiRS 

Year* Rice Sugar- Cassava Rubber Kenaf Other 
cane crops 

1953 5,652.2 61.4 211.8 30.6 1,674.2 

1958 7,274.0 299.6 443.8 227.4 1,190.8 

1963 9,552,6 552.4 623.8 5 U . S  1,309.0 

1968 10,94A.0 1,031.0 477.8 67fi.E 1,686.0 

1973 , 0  8 1,532.6 1,158.4 1,029.2 2,423.6 

AidNUAL RATE OF GROlUrTE (in Der cent )  

1953-1958 5.2 27.8 15.9 4 9 . 3  -6.6 

1958- 1963 5.6 21.4 -0 .9  18.S 2.0 

1963- 1965 2.7 13.3 2 . 4  4 . f) 5.2 

1968-1973 0.8 9.6 19.4 19.2 7.5 

1953-1972 3.6 17.8 5 . 5  22.0 1.9 

Source : Calculated from Table A - 5 .  

*Each year i s  f ive-year average centered at t h e  year shown. 



of the  Governmc-ntls p o l i c i o s  ;to s t a b i l i z e  and o r w i d e  zhem r i c e  f o r  

domestic consumption v ld  d i v e r s i f y  cron p r o d u c t i ~ n .  Therefore, i t  i s  

reasonable f o r  farmers t o  c u l t i v a t e  o thc r  crops which would provide 

them with higher revenues. P,lthouvi? d e t a i l e d  descr ip t ion  of each crop 

i s  n o t  included in  t%is study, it i s  nevertheless c l e a r  t h a t  Thai 

ag r i cu l tu re  has become dependent not  only on r i c e  c u l t i v a t i o n  but  o the r  

cash crops as  we 11. 

C .  Mechanization and Productivi ty Growth i n  Thai Agriculture 

The growth in  labor product iv i ty  i n  a a r i c u l t u r e  may be decomposed 

i n t o  a change i n  lxnd product iv i ty  and t h e  land area  p e r  labor  u n i t  by 

using the  f ollnwing w l a t ionsh ip  : 

where, Y = P<pricultural  output 

L = P.gricultural labor 

P, = Agricultural  l m d  

Y / L  = Labor product iv i ty  

= Lmd a m d u c t i v i t y  ' P, 
4/L = Land area  o e r  worker 

The im~jact o f  tcchaological  changes Qn q r i c u l t u r a l  productivi. t y  

can be inves t iga ted  thrcuph changes g f  these r a t i o s .  Econcmically, 

combinat i~ns  of  ~ r i m a r y  inputs  u t i l i z e d  i n  ag r i cu l tu re  (land .md labor] 

shou1.d be guided by t h e i r  r e l a t i v e  s r i c s s .  If l'md i s  abt~ndant rel,?tFvcly 

t o  labor ,  output growtll should be achieved by cmnloyinp mre land i n t o  



the  production process and, hence, r e s u l t  i n  an increase  i n  t h e  land- 

labor  r a t i o .  Such an i n c r c ~ s e  may be sccomrlished throuph t h e  use  of 

farm machinery. Ilo~jever,  i f  land i s  a 6czrce '8ctor whereas labor  i s 

abundant, i n c r s  ase i n  l:il>or p roduc t iv i ty  nay be achieved by imnrovinn 

land p roduc t iv i ty  t3rouqh ;rpt?lying more l abor  and bio-chemical innut  s. 

Dafn f!>r  the  Thai ? p r i c u . l t u r ~ ~ l  s e c t o r  .orovitled i n  Table I!!-I! 

do n o t  c l e a r l y  ind ica t e  t h e  dominmt squrce nf rrowth in  l abor  

prc-rductivity. Over t h e  e n t i r e  perir?c! o f  t h e  s tudy,  1951-1975, 

a g r i c u l t u r a l  lnhnr  and 111mtcd arc3 a l l  increased a t  s u b s t a n t i a l  r q t c s  

of wowth. Lsbcr n r o ~ l ~ i c t i v i t y  (Y/L) mew a t  e r n t e  of  qrowth of 2 . 5  

p-r cent  wr  mnum. Ecth land q r ~ d . ~ ~ c t i v i t y  (Y/A.) and aw;z p e r  wcrker 

(A/L)  revea l  Zn eeau%l r ? t e  o f  ~ r e w t h  cf 1 . 2  Der cent  pe r  annum over  

t h e  e n t i r e  twenty-five year  ner iqd .  

Dividinr  the n2r iod  qf study i n t ~  two subneriods, 1953-1953 nnd 

1963-1973, l.md o roduc t iv i ty  (nutuut  ?er r a i )  Trew f a s t e r  than land 

area pe r  wnrkcr i n  t he  f i rs t  subneriod wr-ereas ' thc  r eve r se  s i t u n t i e n  

, i s  found t h e  secotlrl subncriod.. T3-c h i ~ h - e r  r a t e  of ~r r .wth  c?f l:md 

p roduc t iv i ty  jn t h e  f i r s t  su.bn?rind thm i n  the latter ver iod  (1.6 

p e r  cent  compared t o  1.0  per c e z t )  msy Fc. exnl2ined by the  f a c t  t h a t  

Thai farmers durinn t h e  e a r l i e r  perioi! cnuld rxrxmd i n t n  more f c r t i1 . c  

land coupled with t h e  b e e i n n i n ~  nf  " r t i l i z e r  a p n l j . c l t i m .  

F e r t i l i z e r  cnnsuin;~ticn n e r  r;?i (Tgbl.:? IV- 10) 2lso shows a 

fas t .e r  r a t e  cc prowthdur in r  tFe  f i r s t  silhneriod, nl.tho~:n!l t h e  ,zctu?-".l 

anount of f e r t i l i z e r  used Der r a i  was incr:?sin? throughout t h e  whole 

~ c r i o d  n f  t h e  study. The r a t e  ?T ? ~ c w t h  nf f e r t i l i z e r  comsumption 

per r a i  decl ined i n  the  l a t t e r  suboeriod when t he  Government ~ ' n v e  

n r o t e c t i c n  t o  dnmestic nroduct ion which led t o  h i she r  ~ r i c s s  3f 

BEST AVAILABLE COPY 



TRENDS I N  OWPIIT, INPLTS, brJ4E PROCUCTIVITY I N  THAT 
AGRICULTURE, 195 1-1975, SELECTED YEARS 

Index 1953=100 Pnnuai. covound r a t e  
of growth (%) 

1953 1958 1963 1968 1973 1953 t o  1963 t o  1353 t o  
1963 1973 1973 

Agrucultural, 100 112 127 137 149 2.4 1.6 2.0 
labor (L) 

Planted area (A) 100 1 O C  133 152 139 2.9 3.6 . 3.2 

Output p e r  labor 100 104 122 144 106 2.0 2.9 2.5 
(Y/L) 

O u t p u t r ? e r p l a n t e d  100 107 117 122 128 1.6 1.0 1.2 
area (Y lk )  

Planted area p e r  109 96 195 118 128 0.5 2 .0  1.2 
worker (ML) 

Source: Cata are col lec ted  =r;m Table IV-3, Table IV-4, awl 
Table IV-7. 

Note: A11 var iab les  are f ive-yexr averaqe csntered a t  the  year  shown 
A.gricultura1 output i ~ c l i ~ 6 . i n g  only a g r i c u l t u r a l  crops. 



Year* F e r t i l i z e r  n e r  
~ l a n t e d  area  
(kz. / r ~ - i )  

Source : Calculated  fro^ Table Pi-2,  and Table A - 4 .  

*Esch year  i s  f ive-year  averare centered ~t t h e  year  shown. 

f e r t i l i z e r .  T t  i s  nlso i m n r t a n t  t o  note  t h a t  tho  rapid qrowth o f  

f e r t i l i z e r  uss Ter ~ l m t e r l  a rea  in  the  F i r s t  subaerind p a r t l y  r e s u l t s  f r o m  

a smaller Eesc .  Nevertheless, preatcr yield in  t h e  early amllcat ion 

9f f e r t i l i z e r  shnuld be rea l i zed  s ince  it i s  not  apnlied with marpinal 

land. Hence, it may lead  t o  a hiyher land product iv i ty .  

From T~.ble IV-9, area n e r  worker (A/L) r evea l s  a g r e a t e r  r a t e  

cf growxh j.n the  second s u b ~ e r i o d .  Four reasons can be .provided t o  
I 

exolain t h i s  find in^. F i r s t ,  t he  increased land broupht under c u l t i v a t i m  

l l~lmost .  a11 chenical  f e r t i l  i z a s  cmsrmed i n  Thai a r r i c z l  t u r e  
were imported with small qor t ion  of domestic p r ~ d u c t i o n  which s t z r t e d  
in  1966 with s t ronc  support from t l e  Government thmuah n r o t e c t i ~ n .  
See a l s o  Somnoy Iha rungsun ,  ' The iristory o f  r e r t i l i z e r  Po l i c i e s  i n  
Thailand: An Economic Study, 3960-1575 (Lin~ublished r 4 .  A. Thesis ,  
Faculty of  Economics, Thmmasa~. I h i v s r s i t y  1978), pn. 49-41. 



was of  r o o r e r  q u a l i t y  than land ?revious lv  c u l t i v a t e d .  In o t h e r  words, 

t h e  most f e r t i l e  1 m d  which were more sui t s b l c  fo? c u l t i v a t i o n  !$?cul&. 

have xlready been 'exhausted i n  t h e  ea.rlS.er ge r iod .  Since farmers had 

t o  work with t h e  m a r ~ i n a l  land in  t h e  l n t t e r  lseriod, more land !.lad t c  

be c u l t i v a t e d  in  order  t e  maintain subs is tence  l e v e l  o f l a m  income which 

enhanced t h e  emans ion  of q l m t e g  area (A). 

Secondly, with the  exnmsion  i n  i r r i v a t e 6  a r e a  r e a l i z e d  i n  t h e  

l a t e  1360s, (T?.ble ZV-11), there rras a Treater  n o t e n t i a l  f o r  double- 

c r o g ~ i n ?  a s  wel l  as d i v e r s i f i c a t i o n  i n  croys lead in^ t o  f u r t h e r  i nc reases  

in  p lanted  area .  R .e  r ap id  inc rease  izl Fercentape o f  p lan ted  a r e a  i n  

TEnLE I?/ -11 

JP.RICt..TQ AREL FRffs: 1910 TI) 1978 

Year 

3r)9,00': Fnd o f l i n ! :  Rma V R e i ~ . .  

SO?, 095 End of  kin^ . P a m  111 Reian. 

2,559,030 

3,803,090 

8,1COS9I)9 

11,700,09r3 End of t h e  F i r s t  National P l m .  

13,30;),335 End of t h c  Tecond .National ?la?. 

15,293,784 End o f  t h e  Third Plational Pl?r . .  

Source: Data from 1910-1977 are obtained frm Suk t i  Krachnnqyao 
" I r r i ~ a t i n g  i n  ??laiLand," Gan~kok T3ank Pamnhle-t, Jm.-June, 
1978. n. 31 ( in  Tllai) 
Pa ta  For 1878 a re  from DAE/iQr\.C, PPrricultural S t a t i s t i , c s  
of Thailand Cron Year 1377/7?,, ?. 133. 
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dry-season r i c e  tg t o t a l  n l ~ n t e i r  a rea  nrovided i n  Table LV-12 fur+her  

supnort t3is  idea. 2urinp t h e  second su'merior! (196 3- 197.3), t h e  ~?ercenT.-.l..?e 

of dry-season r i c e  t o  t o t a l  n i a ~ t e d  aren emanded n.bout 39 n e r  cent  annually. 

Flaqtad ar2a ? of Dry-seas02 
Total  planted rice to t.otal Year * !'let-- season Dv- scascn are a Dlsntcd are2 

Source: Calculated  fro^ IV-7. 

*Each year  i s  Five-year averar7e centered at the  year sho\;?l. 

- The t h i r d  reason f o r  a inore rapid  increase  of a rea  ne r  worker 

i n  t h e  l a t t e r  sul-1-~ariod was the  tendency ?or a y r i c u l t u r a l  worker t o  see!' 

jobs i n  t h e  urban i n d u s t r i a l  SCC?OT ~ i i t b  a r z s u l t i n o  decl ine i n  t'la ~;rowt'y 
r 

r a t e  of a n r i c u l t u r a l  labor  ( L ) .  Data 03 t h e  d i s t r i b u t i o n  o f e m l o p e n t  

by various s e c t o r s  in  1965 a ~ d  1970 are  ?resented i n  Table IV-13. 

Infonnation from. t h e  t a b l e  reveals  t h a t  the re  was a s l i ~ h t  decl ine  in 

the share of a ~ r i c i . d t u r e  i n  . t o t a l  emr~loyment i.n 1'370, a i d  t h e  yrowth 

r s t e  was re la t ive l l r  lo!:! a s  comared t o  those i n  o the r  sec to r s .  
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DIs'rp-ISLTInN Or EI?nI,<?.t!T>IT HV r!p.r.JQii C.'ZeTOR IT4 1960 AND 1973 CENSUS YEA%? 

\ 

1.960 1970 Corn GUT! d Sectcr 
P T C W ~ ~  r;t?e Pe r sm S?wres Pzrsqn SRares 

Iner ccn t) 

P q r i  cu l tu re  11,334,832 

Mining 25,568 

Mziuf a c t u r i n  y 471,027 

Constructicn 61,813 

E l e c t r i c i t y  15,535 

Commerce 779,904 

T r m - s y r t  165,939 

Service 055,271 

Unknol-m 251,665 

Tot a1 13,772,104 

Sourc3 : 14ational  tati is tical O f f  is?, P c a a l : ~ t i ~ n  Census 1 ?63 ,  ?nd 
Nati.,nal S t a t i s t i c a l  O f  ?ice, Populnti?n and !!ousin:? 
Census 1870. 

P u r t h e ~ c r e  , accordin;: t o  the '  Labor Force Sunrey, t h e  cercenta::e 

1972 onward (Tahlc IV-14.). A1 t h c u ~ h  f luc tua t ion  i n  d a t a  appears af ter .  

1974. duc t o  ch??.n.qi?s i n  emlo-f lenl  r le f in i t ions ,  i t  i s  s t i l l  r z a s o n ~ b l e  

t c  point out  that  t h e m  was n tr?nsE;tr 31 labc r  fnrce  from ths t r ad i t inna l .  

a g r i c u l t u r a l  s e c t c r  t o  other z?m-n-r icul tura l  s o c t q r s  i n  t h e  urb,m area. 
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TABLE IV-14 

A l l  s ec to r  Year Ppr icul tura l  s e c t ~ r  "0 f Agri . labor  
(person) (nersm) force t o  t o t a l  

Source : NSO, La3or Fqrce Survey, %con.:! Round J u l  y-Sen t . , 
Various 1 s sucs . 

* 
From 1974 oni,lard there  is r c c l a s s i f i  cat ion of"unncmp1oyed pers03s '~  
which include unpaid family wcrkers vcrkiny l e s s  than 20 h ~ u r s  
rjer wst'l: and person without work ne t  l o o k i n  f o r  work becnuso 
cf t h e  be l i e f  t h a t  no wnr!r. i s  a ra i l ab le .  

Final ly ,  fam. rnechanizati~n led t o  :l f u r t he r  expansion i n  cul t ivated 

area. 73.. e f f c c t  of :Farm machinery on area rJer worker i s  s t r a i gh t  forward 

since the /rez';C,er p w e r  provided from farm machines, ~ a r t i c u l a r l ~  t r a c t n r s ,  

f a c i l i t a t e s  heavy Land clearance o r  lrirld t i l l a y  i n  the dry season !vl-~icF~ 

pe rn i t s  <an increasc i n  cu l t iva ted  3158 ( L ) .  In fac t ,  the  use of  f e r n  

machines co~.iglerl w i t ? :  o ther  y ie ld  i n c r e a s i n ~  inquts and more so~his t ica tec!  

pat tern  of c r o p i n ?  t o  somc extent  a l so  cnhance the  increase in  land 

productivi ty.  A-lthough per t inent  t i n s - s e r i e s  da ta  concernin? f a m  



machinery u t i l i z a t i o n  are not zivailable, i ~ o r t  da ta  cn ?am t r a c t o r s  and 
i 

water pumps a re  zccessible.  I n f o n a t i ~ n  i n  Tab1.e 1\1-15 reveals  t!rat 

the re  has been a steady increase in b t l i  it.errs. I t  i s  a l so  j .m~ortant  

t c  a l s o  note t h a t  a f t e r  the  1970's there  i s  an increasinp nw.ber of  loca l  

sna l l - sca le  farm machinery nroduction md la rze  t r a c t o r  assembly p l a n t s .  

About 100 f a m  machinery f i n s  and three  lsrlre t r a c t o r  assembly c l a m s  

1 :! were reportzd i n  1978. 

TPBLE IV-I5 

IPPOR?S OF F A N  TP&CTnRS PJID ';.?P,TEF! PIPT'S I N  SELECTER YEARS 

- 

Year* 
Farm t r a c t o r s  

(unit ) 
l \ later pumps 

(unit.) 

Source : Calculated f r o a  Table P . - C . .  

*Each year i s  f ive-year average cen tc r r jn r  a t  t%e  year shown 

Note: a) Import .number of f z n  t r a c t o r  i n  1955 i s  used 

b) I m o r t  da ta  f o r  t h i s  year are averacred value a f t e r  therc  
a '  chanye i n  co~mod.ity c lass i f ic? . t ion  i n  197:3, f o r  

Tore d e t a i . 1 ~  see P a ~ c n d i x  A. 

12 
Accordin.r t o  a nation-wide survey on t h e  F a n  Tractor  Industr-l  

conducted by th? Rank of Thailand i n  r.u,mst 197?. 



Furthermore, i f  the  e x ~ m s i ~ n  of  area  un&r c a p  holdin? i s  

compared with the  number of fzm t r a c t o r s  avn i l ab l s  by a~ro-economic 

zones (Table I V - l f i ) ,  there  i s  soye im3licntion t h a t .  emLmsion in  farm 

?loldin,q area s ince  1959 $as been g rea te r  in  arezs  with a larrre numf;er 

o f  four-vahesl t r a c t o r s .  Infornetion frcm the  same t a b l e  a l s o  reveal. 

t h a t  the  l a r ~ e  exnansion in  farm land holdinp has o c c u ~ r e d  i n  t h e  m3m 

r ecen t ly  Gevelol-rec! zones z d i x e n t  t o  the  Central P l s ins ,  snsc ia l i z lng  

i n  maize, supar-csne, and cassava crod.uction, (Zone 6, 7, 12 a i d  15) .  

I t  is a l s o  i m ~ o r t m t  t o  n c t e  t h a t  farmers often t r a v e l  wit!? t h e i r  t r a c t o r s  

from one locat ion t o  another, sometimes across zones, in  order  t o  

extend t h e  t r a c t c r s q  workin? seasan. Therefore, it is  q o s s i b l e  f o r  

zone 4 (Si Sa Ket, Surin and Furi RUT Provinces) t o  be endcwed with 

a l a r ~ e  number o f  t r a c t o r s  hu t  h s v i r l ~  s ~ z l l  chan,ves i n  f am.  h n l d i n ~  ?,;-es 

s ince  it i s  c lose ly  loceted t o  zone 5 and zcne 7 i n  l.;:~ich t r a c t o r s  a re  

widely used f o r  upland croc ~ r o d u c t i o n .  

Accordin.? t o  a survey i n  1367/1968, the re  vere about 17,SCO 

four-wheel t r a c t o r s  and t5is  rose t o  25,003 w i t s  i n  the  follow in^ year.  

The p o t e n t i a l  iqcreasc i n  dem~nd ner year w.s a l s o  rsnor ted  t o  he abcut 

15-22 pe r  cent .  13 Infoonnation Fron the  same survey f u r t 5 e r  reveals  t h a t  

in  1967 t r z c t q r s  were nost  nicely llscd f>r land t i l l a r e  in the  Centra.1 

Region. Abcut 00 Ter cent  o f  oaddy Imrl !"!as t i l l e d  by t r a c t o r s  wit11 

o rea te r  n e r c e n t y c s  senor tea  f o r  n t3er  cash cror)s. 

3 ~ n v z 1  Government of Thailand. Thailand Farm rlechanizat ion and . . 
Fam. Machinery Karkct , (Eang!tok, 1969) . 



From t h e  sbove information,  one may come t o  n conclusion t h a t  nDre 

widespread u t i l i z a t i o n  o f  farm t r a c t o r s  has taken p lace .  'Ibis apaenrs 

t o  have been 3 con t r ibu t ing  f ~ . c t o r  i n  t h e  r ap id  e q a n s i o n  of l m d  aren 

p e r  worker i n  t h e  l a t t s r  decades. 

COFIPAl?ISICN 01: EXPANSICIN I N  FAR:! LPfiD I!OLDINC: AID THE I'I'fidEER OF 
POUR-v.%EEL T,WCTOF,C; A'JP:ILABLE BY AGRO-ECONOMIC ZONES 

- -- - -  - 

-/------ - 

- - - - 

Tota l  ~ a r l n ' ~  Tota l  Farm- Changes i n  Annual Number of 
Zones Holding Land Holding Land Farm Holding Compcund Four-whee 1 

i n  1950 i n  1975 Lmd Rate of  Growth Trac to r s  
(1,000 r a i )  (1,000 r a i )  (1,000 r a i )  (per  cen t )  

Source: - ~ / D A E / ~ ~ O A C ,  A-rcas sf Th2iland by Provinces G Repion, 1950 ... . 
(B?ig!co%., frlay 15154). 

b/DAE/hdOE,C, "Land U t i l i z a t i c n  of  Thai land,  1975 ," k g r i m l t u r a l  - 
S t a t i s t i c a l  Bu l l e t in ,  No. 57. 



In summary, t h e  va r ia t ion  i n  f a c t c r  combination depeds on the  

corresponding f a c t o r  p r i ce  r a t i o s .  Cenerally, i t  i s  t r u e  t h a t  f a c t o r s  

in  abundmce  ill be price3-! lower t h a  the  scarce ones 2nd t h i s  w i l l  i n  

turn lead t c  d i f f e r e n t  p a t t e n s  .?f f a c t o r  use. The new combination should 

employ a r c l n t i v e l y . l a r g e r  amount of  thc  abund'mt fac to r  and economize 

on the use of  t h c  o thcr  scarce fac tn r s .  New inputs may a l s o  be introduced 

t o  subs t i tu to  F ~ j t  tile scarce factor. However, the re  i s  a time-lag involved 

i n  t h e  orocess of Factor adjustment corresmndinp t o  chanpes i n  f a c t o r  

pr ices .  For t h e  Thai case, t ime-series da ta  on f a c t o r  u r i c e s  a r c  

i n c o m ~ l e t e  and inconsis tent .  I t  i s ,  thcrefore ,  d i f f i c u l t  t o  t e s t  

t h i s  theory. Looking a t  t h e  s i g n i f i c a n t  increases i n  labor product iv i ty  

during the  l a s t  twenty-five years, iqwovernent i n  a r m i n g  techniques 

coupled with a ~ p l i c a t i o n  of nodern fznn inputs  should have begun t o  take 

p lace  in  Thai agr icul ture  

Technological change ch ie f ly  involves t h e  use o:F f e r t i l i z e r  and 

farm machinery. The rapid increase i n  planted area  pe r  worker in  the  

secand subperiod (1963-1973) may seem t o  imply t h a t  land was more cf  

a cons t ra in t  in  t h e  p r i o r  period. Some may argue t h a t  even i n  the f i r s t  

subperiod, land areaswere l e f t  unuti l ized.  However, t h e  avai lable  l a d  

n t  t h a t  tiiae required high c ~ s t  in  c lear inp and preparinf  t o  make it fit 

f o r  cult ivat if in.  Fann machinery in  the  fcrm of t r a c t o r s  could enhance 

the  rapid emansicn  of land in  t h e  l ~ t t e r  period by providing addit ional  

power f o r  l a ~ d  clearance. Furthemnrz,  t h e  use of farm machinery f a c i l i t a t e s  

multiple-cropping and t h e  f u l l e r  u t i l i z a t i o n  of the  avai lable  farm lznd. 

This r a i s e s  the  planted area per  worker and, t o  a l e s s e r  ex ten t ,  the  

labor product iv i ty  I t  i s ,  therefore ,  poss ib le  t o  ve r i fy  t h a t  i n  the  l a t e  
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1960s a modest t e c h o l o . ~ i c ~ l  revolu t ion  i n  t h e  form of farm machinery 

bepan t o  take  roo t  md spread i n  Thai a . ~ r i c u l t ~ ~ r e .  

Hawevsr, reg ional  v a r i a t i o n  o f  farm machinery u t i l i z a t i o n  i s  
w 

a l s o  witnessed. ' he re fn re  f u r t h e r  i nves t iga t ion  i n  t h e  fol lowin2 chaptcr  

w i l l  be concerned with f a c t c r s  which a f f e c t  v a r i a t i c n  in  farm machinery 

adoptian ammp the  regions i n  mai.land. 



CHAPTER V 

FACI'ORS INFLIENCINC; THE ADOPTION E d D  DIFFUSION OF 
FARM tECHAN I ZATION 

Farm mechanization has been broucht about by various f a c t o r s  

i n  d i f f e r e n t  countries.  For example, i n  the  U.S., labor cost  was 

r e l a t i v e l y  higher t h m  the  p r i c e  of  machinery and, hence, it became 

a dominant explanatory var iable  i n  the  demand f o r  farm mechines. 
1 

In India,  where labor  i s  r e l a t i v e l y  abundant, t h e  p r i c e  o f  bullocks 

and buffalo,  rose propor t ional ly  more than t h e  p r i c e  of  t r a c t o r s  

and, therefore ,  provided an incentive For t r a c t o r  operation. In t h e  

Phi l ippines ,  fanners a t t i t u d e  toward t r a c t o r s  mvealed t h a t  t imel iness ,  

ease of k i l l i n g  weeds, and l e s s  tedious farm operat ion were l i s t e d  as 

reasons f o r  t r a c t o r s  use.3 Hence, there  are  many fac to r s  which influence 

farmers' decision toward farm 'mchanization. Fanners i n  general not 

only make economic decisions but a l s o  have t o  consider o the r  non-economic 

var iables ,  i . e . ,  socio-cul tura l ,  psycholoqical,  a s  well a s  ecolopicr l  

fac tors .  A s  Greene has commented i n  h i s  study: 4 

1 
Y. Hayami G V. Ruttan, op .c i t . ,  Chapter 6. 

' ~ a r i n d a r  S. Randhawa, llFarm Management i n  Relation t o  Technology 
Mechanization, Small Farmer and Rural Employment ," (Paper  resent st t h e  
F i f t h  FA0 Ibe t ine ,  Rome, I t a l y ,  1972). 

'stanly S. Johnson, llPerfomance and Economics of Use o f  Small 
Equipment i n  Tropical Countries: A Case of  the  Philippines1' (Paper 
presented a t  the  Annual Meeting o f  the  Japanese Society of Agricultural  
Machinery, Kyoto, Japan, 1968) . 

4 ~ n w k  A. Greenc, op.ci t . ,  p. 85. 



" I t  seems t h a t  the  farmer's est imate o f  whether o r  not  t o  
use a new farm prac t i ce  (farm machinery) involved much 
more than economic considerat ion.  In f a c t ,  t h e  farmer 
probably does not d is t inguish  between economic and 
non-economic va r iab les  i n  t h e  adoption process." 

Therefore, d i f ferences  in  the  n a t t e r n  of adoption a t  the  regional  l eve l  

are  l i k e l y  t o  occur because of  t h e  underlying physical ,  economic, and 

socio-cul tura l  f a c t o r s .  

The purpose o f  t h i s  chapter  i s  t o  study some major f a c t o r s  

which could determine farm machincry adoption and di f fus ion i n  Thai 

ag r icu l tu re .  The following farm machines were studied : four-wheel 

t r a c t o r s ,  two-wheel t r a c t o r s  and water pumps. The main method of 

analys is  u t i l i z e d  is  mult iple regression using cross-sect ional  da ta  of  

t h e  nineteen agro-economic zones i n  Thailand. Assuming t h a t  t h e  economy 

is  operated a t  general equilibrium, the  use of cross-sect ional  da ta  

can therefore  be a proxy f o r  long-run phenomena. I t  is  a l s o  important 

t o  note t h a t  f a c t o r s  inflnencinb? farmers' adoption of farm machines 

can only be indicated t o  a l imi ted  extent  i n  t h i s  study due t o  d a t a  

deficiency.  

A.  The Adootion Model 

Hypothetically, f a c t o r s  influerlcing farmers' decision t o  adopt 

a new farm prac t i ce  can be c l a s s i f i e d  i n t o  th ree  ca tepor ies ;  (a)  econonic, 

(b) peogranhic, and (c) socio-cul tura l . s  Variables within the  f i r s t  

two categor ies  a re  considered i n  t h i s  study. They are  discussed and 

defined as  follows: 

r 

'charles T. Alton, "?he Ecnomics of Dry Season I r r i g a t i o n  i n  
Northeast Thailandq1 (Ph. D. Disser ta t ion ,  University of  Kentucky, 1977) , 
P. 42. 



1. Relstive Factor Prices 

6 
Based on the  subs t i tu t ion  v i e w o i n t  the  choice between using 

animal power, labor, and farm machinery should primari ly be puided by 

t h e i r  r e l a t i v e  p r i c e s .  In o ther  words, i f  the  opportunity cos t  of  

labor and animals becomes s u f f i c i e n t l y  high r e l a t i v e l y  t o  the  p r i c e  of 

f a n  machines, it would be more economical t o  s h i f t  t o  farm mechanization. 

Therefore, one may expect t h a t  i n  regions where t h e    rice of labor  a ~ d  

d r a f t  animals are  r e l a t i v e l y  higher thzn t h e  p r i ce  o f  machinery a ~ r c a t c r  

degree of mechanization w i l l  be witnessed. 

Since cross- sec t ional  da ta  of  d i f f e r e n t  regions i n  Thailand 

are used i n  t h i s  study, t h e  p r i c e  of farm mzch iner~  therefore  should 

not  vary much although the re  may be some regional  differences.  Furthermore, 

it i s  assumed id t h i s  study t h a t  the  con t rac to r sq  market f o r  farm 

machines i s  highly competitive, the  farmers therefore  face p r e t t y  much 

the  sane r e n t a l  cos t  of us in^ farm machines. I f  so,  then nnly the  

p r i c e  of  labor  and d r a f t  animals a r e  needed t o  be included i n  the  model. 

Under t h e  cos t  minimizinj? assumption, i n  areas  where the  wage 

r a t e  and cos t  of using animals are h i ~ h ,  f amers  w i l l  attempt t o  reduce 

farm cos t s  by s u b s t i t u t i n g  farm machines f o r  labor and d r a f t  animals. 

Therefore t h e  p r i c e s  of both l abor  and d r a f t  mimals  am hypothesized 

t o  be pos i t ive ly  r e l a t e d  t o  the  number of farm machines i n  each region. 

In o the r  words, i f  p r i c e s  of labor  and d r a f t  animals are  found t o  be 

high i n  c e r t a i n  regions, it i s  expected t h a t  a g rea te r  number of farm 

machines pe r  u n i t  of  area  w i l l  he employed i n  those repions. 

6 ~ a n s  P. Binswanner. The Economics o f  T r a c t o r s  i n  South Asia: . - 
An Analytical  Review (New York : Agricultural  Develqment Council, Inc. , 
1978), pp. 3-5. 
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2 .  Proportion o f  a m a  planted t o  o the r  non-rice crops 

In general,  the re  are two main types of  t r a c t o r s  widely used 

i n  Thai ag r icu l tu re ,  namely four-wheel and two-wheel t r a c t o r s  o r  vower 

t i l l e r s .  A t  present ,  t r a c t o r s  used in  non-rice producine areas  a re  

mainly l imi ted  t o  large  four-wheel t r a c t o r s  which a r e  vr imar i ly  used 

f o r  dry land plowing before the  ra iny season. In addit ion,  l a ree  

t r a c t o r s  f a c i l i t a t e  land clearance i n  the  upland areas  which increases 

cu l t iva ted  land f o r  cash crons. Some of these  crops include maize, 

cassava, sugar-cane, cot ton,  kenaf, e t c .  The proportion of  area 

cu l t iva ted  t o  cash crops o r  upland crop area  t o  t o t a l  planted a rea  is 

therefore  expected t o  be p o s i t i v e l y  r e l a t e d  t o  t h e  demand f o r  four-wheel 

t r a c t o r s .  

On t h e  o ther  hand, two-wheel t r a c t o r s  a rc  mainly used i n  r i c e  

cu l t iva t ion  s ince  they are srnzll i n  sca le  and hence s u i t a b l e  f o r  t h e  

submerged r i c e  f i e l d s .  The opposite r e la t ionsh ip  t o  four-wheel t r a c t o r s  

i s  therefore expected f o r  t h e  case of two-wheel t r a c t o r s .  In o ther  

words, the  re la t ionsh ip  between demand f o r  two-wheel t r a c t o r s  and q l m d  

crop a rea  should be nepative. 

3 .  Proport ion o f  double-cro~ping area  

Additional water durin2 the  dry season from various i r r i e a t i o n  

p r o j e c t s  p lays  an important r o l e  on the  area  t h a t  can be double c r o q e d .  

Together with s u f f i c i e n t  water and i t s  e f fec t ive  control ,  more use of  

o ther  inputs  such a s  f e r t i l i z e r ,  HYVs and farm machinery are  found. 

In areas  where multiple-cropping i s  poss ib le ,  an acute time const ra in t  

on each farm operation may create  labor bott lenecks.  Generally, such 

bott lenecks car? be reduced if there  is s u f f i c i e n t  labor migration. 



However, i f  the nearby areas a lso  possess s imi la r  c r o p p i n ~  schedules, 

then labor supply may become l e s s  f l ex ib le .  The use of t r a c t o r   lowi in^ 

w i l l  help solve t h i s  oroblem by allowing su f f i c i en t  time f o r  p lant i9g 

and reduce t h e  need t o  h i r e  a large  numbcr o f  supplementary labor. 

Double-croppiny areas  depend on the  a v a i l a b i l i t y  oT i r r i ga t i on  

f a c i l i t i e s .  However, c f fcc t ive  u t i l i z a t i o n  of i r r i ~ a t i o n  f a c i l i t i e s  

has lagged behind the  expansion of i r r i ga t i on  in f ras t ruc tu res  in  Thai 

agr icul ture .  This may be due t o  the  f a c t  t ha t  there  are inadequate 

d i tches  and dike . networks t o  carry  water on t o  the  f i e l d s .  Fience, 

unless the i n l e t  cannals are  l ined,  the  water cannot be controlled in  

each paddy p l o t .  Farmers, then, tend t o  obtain and control  water a t  

the  farm level  by employing water pumping equipments. 

Conclusion drawn f o r  t h i s  section i s  t ha t  labor requirements 

a re  expected t o  increase with the double-cropping system which resul ted  

from b e t t e r  water d i s t r ibu t ion  networks. This emec ta t ion  w i l l  

most l i ke ly  encourap  Farmers t o  em~loy  labor an6 time-savinp machines 

such as t r a c t o r s  md  water ~umps.  The demand f o r  farm machinery therefore 

depends on the l eve l  of  double-cropping practiced.  Meqcc, t he  amount 

of both t r a c to r s  and water ~wnps avai lable  Der r a i  a r e  expected t o  be 

pos i t ive ly  r e l a t ed  t o  the  bercentage of double-cropping area eventhough 

it  i s  not  a d i r e c t  causal re la t ionship .  

4. Averepe amount of farm incollle 

The success of  the  introduction of m y  new farm technique o r  

input depends upon the  perceived risk attached t o  farmers adoption. 

I t  i s  therefore  ~ o s s i b l e  t h a t  hiqh iacome farmers are more capable i n  



bearing t h e  r i s k  involved. A study by Ronald Mg. reported t h a t  farmers  

who were innovative were general ly farmers with higher t o t a l  incomes. 

In  general,  r i c h e r  farmers are more able t o  obtain c r e d i t s  and bcar  

the  r i sk .  They usually have access t o  more information s ince  they 

tend t o  have higher education and g rea te r  contact  v i t h  ideas outs ide  

t h e i r  v i l l a g e s .  Thus, the  re la t ionsh ip  of average farm income t o  t h e  

amount of farm machinery g e r  un i t  of  planted s rea  i s  then expected 

t o  be pos i t ive .  

5. Average amount oE r a i n f a l l  

Another va r iab le  which should be i n t c r e s t i n p  t o  inves t iga te  

concerning the  predominantly rain-fed cu l t iva t ion  of Thailand i s  the  

frequency of r a i n f a l l  o r  t h e  time concentration of  r a i n f a l l  i n  each 

region. I t  is  possible f o r  regions with e r r a t i c  r a i n f a l l  t o  require  

addi t ional  power from both t r a c t o r s  end water pumps t o  carry  out s ~ e e d y  

land preparat ion o r  adjus t ing water supply a t  the  farm leve l ,  Data on 

average amount of r a i n f a l l  in  each region were used i n  t h i s  study. I t  

i s  assumed t h a t  a higher level of  r a i n f a l l  w i l l  r e s u l t  in a higher 

probab i l i ty  f o r  e r r a t i c  r a i n f a l l  t o  occur. The averape mount of 

r a i n f a l l  i s  emec ted  t o  reveal  a  pos i t ive  re la t ionsh ip  v i t h  t h e  number 

o f  t r a c t o r s  and water ~umos Der u n i t  of planted area.  I t  i s  a l s o  

important t o  note  t h a t  watcr pumps in  t h i s  study refer t o  low l i f t  

pumus which are used f o r  con t ro l l ina  water a t  the  farm level .  

' ~ o n a l d -  C.Y. N , op. c i t  . , p. 



B. S t a t i s t i c a l  Equations t o  be t e s t ed  

In t e s t i ng  the  previously-discussed fzc to rs ,  t he  ordinary l e a s t  

squares method i s  used. Both l i nea r  and lop l i nea r  forms w c r c  exwrimented 

w i t h  in order  t o  obtain the  bes t  possible equations. Three equations 

were estimated based on three di f ferent  ca tecor ics  of farm machines, 

t ha t  i s ,  four-wheel t r a c to r s ,  two-whe3l t r a c t o r s  and water numps. I t  

is a l so  import'mt t o  recopnize t h a t  it is not  necessary f o r  every 

category of farm machines t o  d isplay the  same re la t ionship  with t he  

var iables .  

In functional  form, the  equation i s  a s  follows. 

y = f (PL, PMAL, PUP, PDRP, A.VGI, RAIN, X) 

where, Y i s  com~osed of three  dependent var iables  defined as  follows: 

FTP = t h e  number of four-wheel t r a c t o r s  of a11 s i z e s  pe r  un i t  

of  olanted area  (un i t / r a i )  

PTP = the  number of two-wheel t r a c t o r s  a e r  un i t  of  planted 

area (un i t / r a i )  

WPP = t h e  nunber of water Dumps pe r  unit of  ~ l a n t e d  area 

( un i t / r a i )  

and where, 

PL = t h c    rice of labor  (baht/man-day) 

PIiAL = the  p r i c e  of mima1 service  (baht/hour) 

PUP = percentape of upland cron area  in  t o t a l  planted area  (%) 

PDRP = percentage o f  dry season r i c e  crop area  i n  t o t a l  

p l a t e d  area  t o  r i c e  in  a calender year. ( I t  is a 

proxy fo r  the  i r r i g a t e d  area.)  (%) 



FIVGI = the  zverage farm income within t h e  region. (baht/household/ 

year) 

RAIN = the  average level  of  r z i n f a l l  in  each region (m.m./year) 

X = other  exnlznatory var iables  which a r e  not  considered 

i n  t h i s  study. 

C.  Sources o f  Data 

Secondary data,  both published 2nd impuihlished, f o r  each v a r i s b l e  

were obtained from the  Division of Agricultural  Economics. Date 

concerning the  number of farm machinery avai lable  i n  each agro-economi c 

zones were compiled from the  survey da ta  of  the  same divis ion f o r  
4 

the  1975/1976 crop year.  

Data on wage r a t e  and service  cos t  of  d r a f t  animals were 

derived from the  cost s t ruc tu re  o f  r i c e  nroduction i n  various zones 

prepared by t h e  f a n  production cost sect ion of t h e  Division o f  

Agr icul tura l  Economics. Other var iables  such a s  t h e  planted a r e a  of 

upland crops, the  double c r o ~ p e d  are?. of  r i c c ,  averaye farm incomes 

and average r a i n f a l l  were obtained from publ ica t ions  3f the  Division 

of Agricultural  Economics and the Division of  I?gricultural  Extension. 

(Detai ls  concerning da ta  used are avai lable  i n  Appendix B.)  

D. Analysis o f  t h e  Empirical F-esults 

Regression r e s u l t s  o f  the  t h r e e  equations arc presented in  

Table V-1. Lop l i n e a r  r e la t ionsh ips  appear t o  f i t  well  f o r  both 

four-whee 1 .md two-whce 1 t r a c t o r s  whereas the  ordinary 1 inea r  r e  i a t i o n s h i ~ ;  

performs b e t t e r  i n  t h e  case o f  water ~umps.  This implies t h a t  the re  

e x i s t s  mul t ip l ica t ive  e f f e c t s  on t r a c t o r  adoption and di f fus ion whereas 



an addi t ive  e f f e c t  i s  implied f o r  water Dumps. The time lag in  the 

adoption o f  farm machinery should support t h i s  f inding.  !I study by 

8 Greene revealed t h a t  water punns were used before 1950 whereas t r a c t o r  

plowing appeared around the  1960s. As t r a c t o r i z a t i o n  is a r e l a t i v e l y  

new process a s  conpared t o  the  use of water pumps, only a small chrrnge 

in the  e ~ l a n a t o r y  var iables  is  needed tc  a f f e c t  s i .gni f icant ly  the  

number o f  t r a c t o r s  ava i l  able.  

T:4BLE V-1 

REGRESSION COEFFICIENT AND STATISTICS OF FIT 

- -- - - - - - - - -- - -  - 

Variable 

Independent constant PL PUP I' DRP AVGI RAIN R? 

Dependent 

FTP 

PTP 

Note : Numbers i n  parentheses represent  "t" s t a t i s t i c  values. 

*Simple l inea r  re1ations;lip. 

'~rool: A. Greene , OF. c i t .  , p. 72. 



The p r i c c  of labor i s  found t o  be pos i t ive ly  r e l a t e d  t o  t h e  

number of two-wheel t r a c t o r s  as expected. Although n posi t ive  re la t ion-  

ship  is a l s o  found i n  the  case of four-wheel t r a c t o r s ,  it i s  l e s s  

s ign i f i can t .  This may be because four-wheel t r a c t o r s  are l a r e e r  in  

sca le  and require l a rge r  m o u l t s  of investment c a p i t a l .  Expected re tu rns  

t o  such an investment therzfore  do not  depend very much on t h e  o r i c e  

of labor. Given t h a t  investment in  four-wheel t r a c t o r s  i s  p r o f i t z h l e ,  

i t s  demmd probably depends much more on farmers'  p u r ~ h a s i n g  porter. 

A two-wheel t r a c t o r  i s  r e l a t i v e l y  cheaper, more v e r s a t i l e  

m d  smaller  i n  i t s  sca le  of operation. A t  present ,  t h e  use of  two-wheel 

t r a c t o r s  has been l imi ted  t o  the  r i c e  producing a reas  in  the  Central 

Plains where labor are more o f  a const ra in t .  Since purchasinp two-wheel 

t r a c t o r s  requires  much l e s s  capital.  a s  compared t o  large  sca le  

four-wheel t r z c t o r s ,  they respond mere t o  the  p r i c e  of labor.  The g rea te r  

use of two-wheel t r a c t o r s  i n  areas where t h e  p r i c e  of labor i s  considerzbly 

high should imply t h a t  two-wheel t r a c t o r  plowiny tends t o  replace 

labor. 

Information concerning t h e  m i c e  of labor end t h e  man-days 

employed f o r  se lec ted  o p e r a t i ~ n s  i n  r i c e  production were f u r t h e r  used t o  
I 

est imate the  p r i cc  e l a s t i c i t y  o f  demand f o r  labor in  Thai ag r icu l tu re  

the  r e s u l t s  ?resented i n  Table V-2 , reveal  t 5 a t  t h e  demand f o r  labor i n  

each farming a c t i v i t y  i s  negatively re la ted  t o  i t s  p r i c e .  In general ,  

two bas ic  f a c t o r s  which determine t h e  p r i c e  e l a s t i c i t y  of demand f o r  

labor are t h e  avcl i labi l i ty  o f  s u b s t i t u t e  f a c t o r s  and a number of uses 



TABLE V - 2  

ESTIMATED PRICE ELASTICITY OF DEMAND FOR LAGOR I N  RICE PRODUCTION 
SELECTED FARMING ACTIVITIES 

Man-days Used i n  P r i ce  F l s s t i c i t y  Cor re l a t ion  
Selec ted  Constmt Coeff ic ien t  Coeff ic ien t  

Farming Ac t iv i ty  

- - 

Source: Tahle "-2 3 - 3 .  

Note: - ec?!.ation -Form t h e  nbove simqlc r e m e s s i o n s  i s  
l o ?  v = 1 0 ~  a + b lop X 

1.sbere v = num5er of man-day requi red  
X = waTe r a t e  
h = n r i c e  e l a s t i c i t y  o? demand f o r  l ~ b o r  
2 = constant  

- n~rm.bc?m i n  narer?these.: revresent  "t" s t 2 t i s t i . c  v a l l ~ e s .  

f o r  labor  dur ing  p l an t ing ,  f a m r s  c u l  u saa l ly  employ s u b s t i t u t e  methods. 

hroadcas t in r  o r  t rans? lant in?  ? a r t i a l l y  3ehendino on t h e  a v a i l z b i l i t y  

ox labor .  7'5th resaect t o  thres1;in:-, t he re  2re  v a r i o ~ ~ s  s i ~ h s t i t u t c  

ingu t s  and ~ c t h o d s .  I ~ s t e a d  05 ' 1 ' 3 i l i n ~  vethod, :Farmers can use mimals  

'3 
C. E. Fewusen m d  J. P. Couid, F-"icroeconomic Tccory, (Homewood, 

I l l i n o i s :  Richard D. Irwin, 1975), p. 102. 
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o r  t r a c t o r s  o r  even th re sh inc  machines. k t  p re sen t ,  harvest in^ s t i l l  

b a s i c a l l y  deqends on labor  withgut  nny s u b s t i t u t e  i w u t s ,  o r  methods. 

Therefore,  it revea l s  a lower o r i c e  e l a s t i c i t y  c o e f f i c i e n t  .as com~arecl 

t o  ~ l u l t i n ~  .and thrcsh inp  ~ c t i v i t i e s .  

These f i n d i n ~ s  t o  some e x t e n t  stmnort t h e  conclusion t h a t  i n  

a r e a s  where t h e  q r i c e  o f  l?.bor is hinb,  machinery may come t o  s u b s t i t u t e  

labor  i n  c e r t a i n  f sm- in?  a c t i v i t i e s ,  and hence c3usin1- 3 dec l ine  in  

t h e  demand f o r  labor .  

The s e r v i c e  n r i c e  of d f a f t  animals was omit ted i n  t h e  course 

of  s tudy due t o  i t s  "non-sic?lificCmce". This  may be because of  insccur:t.to 

o r  u n r e l i a b l e  d a t a  o r  i u s t  simnly t h a t  t h e r e  i s  no s u b s t i t u t i o n  betweer~ 

farm machines and m i a a l s .  I n  t h e  case of  weter ~ u m ~ s ,  it i s  imnor tmt  

t o  recognize t h r t  t % e  se rv i co  cos t  o f  both l abo r  and d r a f t  animals vero 

i n s i p i f i c a n t  i n  s x p l a i n i n , ~  t h e  number of water  numns. This  nay be duc 

t o  t h e  na tu re  of  t h e  nun? i t s e l f .  The use of  water  3umr.s i n  

ope ra t ions  nrobahly functirlns 4s an ar ldi t ional  source of nower f o r  

i r r i . ~ a t i o n  in s t ead  of as a d i r e c t  s t b s t i t u t e  f o r  labnr  o r  animal nower. 

The nrortclrtion o c  a r e a  r . l~n tec l  t o  m l a n d  crons was fol-~nd. t o  be 

n o s i t i v e l y  r e l a t o d  t o  t h e  derrrmd For few-wl~eel t r a c t o r  nnera t ion  a s  

cxr;ected. This  f i n d i n ?  i s  sunnorted by C h m c e l l o r ' s  study1' o f  the 

t r a c t o r  c o n t r a c t n r s '  s e r v i c e s  i n  1968 n?ere !?e Fcund t h a t  Tour-wheel 

t r a c t o r  c n n t r a c t o r  s e r v i c e s  i n  Thaila;? were mainly used f o r  ~mlan:! 

cro? cu l  t i v a t  iml . 
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A n e ~ a t i v e  re l a t ionsh ip  i s  found f o r  the  case o c  tv~o-whccl 

t r a c t o r s  and the  ~ r o p o r t i o n  of un lmd crou erca. This i s  because 

two-wheel t r a c t o r s  o r  nower t i 1  l e r s  arc  much smaller  i n  sca le ,  

usual ly  7-12 bn. a s  cornnaped t o  25-79 h ~ .  f o r  the  four-wheel t r a c t o r s .  

Thereforc, thcy are  l e s s  su i ted  f o r  m l a n d  t i l l a z e .  Two-wheel t r a c t o r s  

are  usual ly  operated on s o f t  f r i a b l e  s o i l s  of  ~ s d d y  f i e l d s  which a re  

not  su i t ab le  f o r  four-wheel t r a c t o r s  because of t r a c t i o n  problems. 

I t  i s  a l so  important t o  note  t h a t  rlherc thc re  i s  su f f i c i en t  

water ava i l ab le  in the  dry sesson not  nnly naddy crops can bc c7rolvn 

but o the r  f i e l d  crops such a s  maize, sugar--cane, tobacco and veqetables 

11 
can a l s o  bc cul t iva ted .  Accordiny t o  the  Royal I r r i p a t i n n  I k ~ ~ r t m e n t ,  

the  planted area  of  a secend crnn has been i n c r e ~ s i n ~  follow in^ t h e  

exnansion n f  i r r i n n t i o n  f a c i l i t i e s  in  t h c  :;lid 1960s. (See Table V - 3 ) .  

Both paddy and unland crop cu l t iva t ion  i n  the  dry-season w i l l  he more 

e f f e c t i v e  with a s t a b l e  amount of  water nrovided by ~ u m p  i r r i ~ a t i n n  

which nrobnbly cnmFensate f o r  the  inadequate i n l e t  canals  t o  provide 

water t o  tkc  farms. 

A s i p n i f i c , m t  and p o s i t i v e  r e l a t ionsh i?  was found between 

average r s i n f n l l  m d  the  number o f  water ?urns. Fa emlana t ion  may 

be t h a t  i n  regions where r a i n f a l l  i s  h i ~ h ,  farmers :~ould tcnd t o  possess 

water pumns f a r  draininp out  excessive water from t h e i r  f i e l d s  in  

order  t o  maintain 3 s t a b l e  l eve l  of  water. I t  may a l s o  be a rmed  t h a t  

i n  areas  where the re  is  an inade6uate amount 9 E  r a i n f z l l ,  farmers i n  

those  areas should a lso  e m l o y  water nums i n  order  t o  s u v ~ l y  

"Y. Kaida.. " I r r ina t ion  and Drainape Present and Futuret1 
i n  Thai lmd:  A Yice Crowing Society. ,  en.  by Ymeo I s h i i ,  t r a n s l a t e d  by 
Pe te r  and Stephanie I-lawks (Henolulu : The Universi ty Press of Hawaii, 



ACRIAL EXPMSIOFI OF DRY-SEASON CROPPING IN IRRIGATED A E A S  

[bit r 1,000 r a i  

Year Second Paddy crop Second Upland Crops 

Source: Y. Raida. , op . c i t . ,  p. 234 Table 7. 



addi t ional  water t o  t 3 e i r  f i e l d s .  Water pumpinr eou i~ments  can ~ e r f o r m  

t h e  dual tasks  of  punmine i n  and draining out water from t h e  f i e l d s .  

However, d e t a i l s  on usape o f  water pumps unfortunately requires  fu r the r  

study which i s  beyond t h e  scope of  t h i s  study. 

Aver2:c r a i n f a l l  wss found t o  be i n s i m i f i c a n t  i n  t h e  case of 

t r a c t o r s ,  as  expected, s ince  there  was no exnlanation on why trsrctor 

demand would depend on t h e  averame amnunt of  r a i n f a l l .  

h ~ e r a g e  f2rm income was found t o  have a pos i t ive  and s i g n i f i c a n t  

r e la t ionsh ip  i n  t h e  case of  t r a c t o r s .  On t h e  o the r  hand, it did not 

perform well i n  the  case o f  water pums and was the re fo re  d r o ~ p e d .  

This may be because water ~umps  had been adopted much e a r l i e r  thLm 

t r a c t o r s  and t h e i r  usc are  now widely accevted by both high and low 

incon?? farmers. Furthermore, water D u m s  are l e s s  e x ~ c n s i v e  a s  compared 

t o  t r a c t o r s ,  therefore  averape  fa^, income nay not  be very important i n  

e x ~ l a i n i n g  the  repional  va r ia t iqns  in water numrs. 

One i n t e r e s t i n n  ppint  t o  be recognized i s  t h a t  t h e  avera,qe -%m 

income and t h e  nercentaEe, oQ double croppin9 areas  a re  cor re la ted  (0.72). 

Some reasons e q l a i n i n r r  t h i s  f inding are as follows : 

1) For farmers whose land can he  cropped more than once i n  

a  year,  there  is an 02portunity f o r  them t o  earn income from farming 

i n  t h e  dsy season. Therefore, it tends t o .  iacreas2 the average farm 

income n f  t h e  farmers who :sm such tync of .l.md. I . .  

2) PL hirrher y ie ld  of  the  second paddy crop i s  of ten  obtained 

t h r o u ~ h  the use of H Y V ' s .  

33 Althou~h t h e  p r i c e  of d r y  season crons i s  a f fec ted  by t h e  

success of wet season production, i n  general ,  .a higher n r i c e  i s  o f ten  
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obtained f o r  dry-season c r o p .  This i s  because the  nroducts are sold 

in  the  "off-season" narkets  . 
To conclude, f z r n s r s  in  d i f f e r e n t  repions respond differently 

t o  Zam mechanization. Both economic and non-economic var iables  shanld 

be considered toeether  when studyinp the  srlontion o f  Farm machinery. 

However, due t o  da ta  l imi ta t ions ,  the  study has only bcen ab lc  t o  focus 

on some of the  1 ~ 4 j o r  Factors. Both t r a c t o r  plow in^ and water numrs were 

found t o  be n o s i t i v e l y  r e l a t e d  t o  d o u b l e - c r o r r i n ~  area.  

Four-wheel t r a c t o r s  were found t o  be widely used in uoland crop 

cu l t iva t ion  whereas two-wheel t r a c t o r  uses were l imited t o  r i c e  c i l l t iva t ion  

area.  With respect  t o  t h e  use of t r a c t o r  nlowinv, it i s  noss ib le  t h a t  

the  high farm income regions were more s b l e  t o  a f fo rd  t r a c t o r i z a t i o n .  

Greater  demand f o r  t r a c t o r  plowing was a l s o  found i n  t h e  a r e a  where hiph 

cos t  of labor  was withnessed. 

The use of  watcr pum~s werc found t o  be adonted e a r l i e r  than 

o t h e r  farm machines and t h e i r  use a re  b e t t e r  d i s t r i b u t e d  among reqicns 

as compared t o  t r a c t o r  nlowinp. In addi t ion ,  water &urns arc  apnlied 

=or i r r i ~ a t i o n  n u n o s e s  ins tead  o f  as d i r e c t  s u b s t i t u t e s  f o r  labor  

E. Some Limitations of the  Study 

Some of the  l imi ta t ions  oC t h i s  study include:  

1. The ~ r o b l e m  of t h e  d i rec t ion  of causa l i ty .  For ins tance ,  

the  use of  farm machinery does no t  d i r e c t l y  a f f e c t  the  double-crovpinf 

system. However, i t a i d s  double-cronginp by nrovidinr  t imely onerat  ions.  

Therefore, t h e  i n d i r e c t  r e l a t ionsh ip  i s  re f l ec ted .  In addi t ion ,  i f  t h e  

in t roduct ion  of  f a n  machinery is  n r o f i t a b l e ,  then the  c a u s a l i t y  with 



respect  t o  ave rwe  f a n  income may nerform in  t h e  opnosi te  d i rec t ion  from 

what i s  e q e c t e d .  

2. There are  many o thc r  va r i ab les  t h a t  should be taken i n t o  

considerat ion and y e t  they have been omitted due t o  da ta  def ic iency.  

Such var iables  are, f o r  ins tance ,  t h e  a v a i l a b i l i t y  o f  f a n  machine 

r e n a i r  se rv icas  in  each zone, a rea  planted t c  some excluded crops which 

a l so  requi re  the  use of farm machines such a s  orchards. '  

3. Since cross-sec t ional  da ta  arc  used ins tead  o f  t irne-series 

da ta  t o  study f a c t o r s  which a f f e c t  farm machinery u t i l i z a t i o n ,  conclusions 

drawn from t h i s  ana lys i s  may not  he comzrable  t o  t h e  theory of induced 

innovation of Hayami and Ruttan, a s  the  author a t  f i r s t h o p e d .  



CHAPTER V I  

?W4!ARY CONCLUS IaNS 

A. Summary and Ccnclusions 

lldithin t h e  frmework of the  theory o f  i.nducec! innovat ion, 

t e c h n o l ~ ~ i c a l  chmse  in  spr icul ture-both  b iological  ~ n d  mechanical-is 

dependent on var in t lnns  i n  resource endowments md t h e  ~ r o w t h  in  demmd 

f o r  products whit$ are  r e f l e c t e d  in chanzes i n  r e l a t i v e  f a c t o r  and 

product p r i c e s .  Changes in  r e l a t i v e  f a c t o r  p r i c e s  (land and labor)  

over time w i l l  s t imulate the  search f o r  new methods of production which 

w i l l  use more qf t9e  cheaper and l e s s  o f  tho  expensive f a c t o r .  Two 

main t p s  of  technology i n  agr icu l tu re  are  mechanical and binlogical  

innovation. Mechanical innovation i s  labor  saving and i t s  process of 

d i f fus ion i s  responsive t o  chanpes i n  t'>c r e l a t i v e  n r i c e s  of  labor pad 

c a p i t a l .  Fnylicat ion of mechanical t c c h o l n g y  t o  t h e  agr icu l tu ra l  

s e c t o r  may induce increases jn labor ~ r o d u c t i v i t y  bccause it leads t o  

a higher proyortion of  c a p i t a l  t n  l a b ~ r .  

Between 1951 m d  1975, labor ~ r o d u c t i v i t y  (Y/L) in  the  Thai 

- a g r i c u l t u r a l  sec to r  rose a t  a  subs tan t i a l  r a t c  of ~ r o w t h  o f  4.5 per cent 

pe r  year. Thc 1a;ld-labor r a t i o  (A/L)  an? land ~ r o d u c t i v i t y  (YIA) 

reveal  an equal r a t e  of  prowth durinz t'rl,e semc period. H~wcver, 

d i v i s i ~ n  o f  t h i s  period of  study i n t c  two s u b ~ e r i c d s  (from 1951 t o  the  

mid 1960s and the mid 1960s t o  the  mid 1970s), reveals  a f a s t e r  r a t e  

o f  growth of  the  land-labor r a t i o  in  thr! l a t t e r  period. One of t h e  

reasons which cculd explain t h i s  f inding i s  the  achievement of a hirr3cr 

level  of mechanization i n  agr icu l tu re  which may nermit the  worker t o  
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c u l t i v a t e  a g rez te r  amount of land. In addi t ion ,  wlth the  in t roduct ion  

of t r a c t o r s  f o r  land prepara t ion ,  cmxi?sir~n i n  dry-season plowing j.s 

achieved and t h i s  f u r t h e r  enhances t h e  prea ter  amount n f  cu l t iva ted  

land per year. According t o  a natioc-wide survey o f  the  Division cf 

Agricul tura l  Economics in  1975, it i s  evident t h a t  mechanization has 

been adopted t o  a s i g n i f i c a n t  l e v e l  e s ~ e c i a l l y  i n  t h e  Central region. 

I t  is m f o r t u n a t e  t h a t  s t a t i s ? i c a l  ana lys i s  of t h e  r e l a t i o n -  

sh ips  over t h e   of chmges i n  r e l g t i v e  f a c t o r  n r i c e s  m d  t h e i r  uses 

cannot be s tudied  because of t ime-ser ies  d a t a  deficiency.  

I t  i s  t h e r e f m e  r a t h e r  d i f f i c u l t  t o  p rec i se ly  ind ica te  t h e  

reasons f o r  t h e  development of  mechanizatim over time. However, a 

s t a t i s t i c a l  ana lys i s  o f  some majcr f a c t o r s  which may influence farm 

mzchinery u t i l i z a t i o n  i n  d i f f e r e n t  regions was t r i e d  by using cross-  

sec t iona l  data.  Factors inf luencine  the  dcgrce of  farm machinery 

u t i  l i z a t i g n  d i f f e r s  according t o  d i f f e r e n t  t p e s  of f a n  machines. 

The three  grcuvs of  farm nachines s tudied  a re  four-whee 1 t r a c t o r s  , 

two-whee 1 t r aczors  and water aumvs. 

Thc dcublc-crop pin^ a rea  was found t o  be ~ o s i t i v e l y  r e l a t e d  t o  

a l l  t h ree  ca tegs r i e s  o f  farm machines. The use of  t r a c t o r s  may enha-lee- 

q e e d y  1 m d  preparat ion and therefore  ?ids double-cronping . A Rre?-ter 

demand f o r  water oumps was pouqd i n  areas  with double-cronninp s ince  

an add i t i cna l  volume of  water may 5e obtained by emyloying pump 

i r r i g a t i o n .  This imr l i e s  t h a t  t h e  adoption of mechanization i s  based 

on such f a c t o r s  a s  ty:c i r r i q a t i o n  sys ten  and t h c  use of FNVs which 

encourage multiple-cropping in  Thai aq r i cu l tu re .  



The uyland c r m  a r e a  was found t o  be p o s i t i v e l y  r e l a t e d  t r ?  

t h e  number of  fcur -vhee l . t rac tors  and  v a t e r  pumps whcreas nega t ive ly  

r e l a t e d  t o  tLie nuvber cf tso-wheel t r a c t o r s .  This  i s  because t h e  e a r l y  

plowinn of t h c  sun-ba$:ad and heavy t e x t u r e  s o i l s  nf t h e  m l m d  arc,? 

before t h e  rr . iny seas3ns r e a u i r e s  nower whicfl cannot be s u f f i c i e n t l y  

provided by d r a f t  ,animals. The nower advan.tapt: o f  l a r q e  four-wheel 

t r a c t o r s  can so lve  such a r?roblcm and thc rc fo re  they  have: been a t i l i  zeci 

f o r  t h i s  purpose i n  t h e  upland a reas .  eriti? resDect t o  t h e  s c a l e  b z s i s  

o f  t h e  machines, two-wheel t r s c t o r s  i n  ~ c n e r a l  a r e  nnt  s u i t a b l e  f o r  

uvland c u l t i v s t i o n  because they  possess  inadequate  nower f o r  d ry  l ~ n d  
b 

t i l l a g e  i n  t h e  u ~ l a n d  a rezs .  9n t h e  o t h s r  h m d ,  t hey  were found t o  

be mostly used f c r  puddling in  r i c e  c u l t i v a t i o n  i n  t h e  Cent ra l  regivn 

where t h e  submerged land cannot sunport  l a rge  t r a c t o r s .  The ex tens ive  

use o f  wEter Dumns was found i n  a r e s s  with high m l a n d  c r m  product ion.  

This  i s  becaus!: wa-ter pumns he lp  .to orc,vidc a d d i t i o n a l  water  from 
% 

nearby sourccs .  I,*!ater pumr>s, r s  a  ~ne-m of i r r i w t i o n ,  t he re fo re  a i d s  

u ~ l a n d  crop  c u l t i v a t i o n .  

The p r i c z  of lqbor  was found t n  be nosi t iw:ly r e l s t e d  t o  

t h e  number tf bqth twn-wheel and f:.ur-wlieel t r a c t o r s .  E, l thnu~h it was 

l e s s  s i ,gn i .? lc~nt  i n  de te rmjninr  t h e  number four-wheel t r a c t o r s  i n  

each region,  t h e  e m e c t a t i c n  t h a t  reflions with hither labnr  c o s t  t en2  

t~ mechanize morz was n a r t i n l l y  v e r i f i e d .  The v z r i a b l c  ccncerninp 

l abo r  m i c e  a?p.zarec! t n  br? i n s i g n i f i c a n t  in  exrrlaiqinp tho d e ~ r e c  qf 

water  pumps used. This  m3.y be hecause water  pimp^ were fnimd t o  be 

used f o r  func t iona l  n u n T s e  i n s t e a d  nr hcinp n d i r e c t  s u b s t i t u t i a n  labnr .  

They were found t o  be u t i l i z e d  e a r l i e r  th?n ~ t h e r  f a n  machines and t h e i r  



use are  ncw widely adopted by both l a rpe  xnd m a l l  f a m e r s .  In  add i t ion ,  

i t s  ? r i c e  i s  r e l a t i v e l y  lower than tr .?ct,- .rs.  Hcncc, re!rj.oncl v a r i s t i c n s  

i n  water punn u t i l i z a t i n n  was n o t  SO ~ r c 3 t  2s comn~red  t o  t r a c t o r  uses.  

Yith r e s ~ e c t  t g  t he  case nf t r - \ c t q r  nlowina, it is n o s s i b l e  t h a t  t he  

high income regions were more able  t n  n.fPcrd t r a c t o r i z a t i o n .  
# 

R. Tenta t ive  "licy Tmnlicstions 

The admt ign  ,no" fnrm machinery by fsrmors w i l l  l-iave m e f f e c t  

on o the r  r e l a t e d  mat te rs ,  f o r  ins tance ,  income d i s t r i b u t i o n ,  r u r n l  

and urban miqration of labor:  uinemployment l e v e l ,  e f c .  blith these  

cons idera t icns  i n  mind, pq l i cy  imnl ica t ions  drawn frnm the  conclusion 

of the s tudy a re ;  . - Policy m:i.Xers a s  wel l  as a g r i c u l t u r a l  r e sea rche r s  should 

~ m d e r s t ~ n d  t h a t  f o r  each t p e  o f  farm machines, t he re  a re  d i f f e r e n t  

f a c t c r s  a f f e c t i n g  adoption 2nd d i f f u s i m  among reqions .  For instance:, 

four-wheel t rzctcrrs  were found t o  be widely used. i n  t h e  up lmd  a reas  

f o r  l m d  t i l l a g e .  Althouch labor  and. d.raft  w i m a l s  can dn t h e  same 

t a s k  a s  well ,  they  may r e q u i r e  a l o t  o f  l abor  time ,?nd involve h i ah  

drudpery j.n farm t a sk .  F s r m r s  may f e e l  t h a t  t h e s e  are q u i t e  henvy c o s t s  

t o  bear ,  t hus ,  result in^ i n  the  adcnti.cn N1(! " S C  of four-wheel t r a c t o r s .  

h y  ~ o l i c y  which przmotes u ~ l a n d  culti.vati.r\n Ray the re fo re  r e s u l t  i n  

a higher  demand f o r  fnur-wheel t r s c t o r s .  

- Since. t r a c t o r  rjlnwinp wzs Found t o  be ~ o s i t i v e l y  r e l a t e d  t o  

t h e  cos t  of l abor ,  p o l i c i e s  which a t t r ? c t  labor  tcward urban areas  ~3.nn.l 

r a i s e  r u r a l  ~ x p ?  r a t e  can ensourag!? t h e  use n f  t r a c t o r s  by Thai ferm.ers. 

- Sincc one imnqrtant f a c t o r  i n f  luencinn f ~ m  inachinery a d ~ 7 t i o n  

i s  t ? ~ e  g r e z t e r  i n t e n s i f i c a t i o n  o" f ::nine throuuh n ~ u l t i o l e - c r ~ n n i n u  G J ~ ~ c ! ?  
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i n  tym denends uyon the  i r r i ~ a t i ~ n  system, ~ o l i c i e s  toward t h e  imnrovcment 

of i r r i g a t i c n  f a c i l i t i e s  will Fur the r  cn1?.mce 2 ~ p t i c . n  and d i f f u s i o n  o f  

farm machinery. 

- Th,e n r c 9 r e s s  of n z c h w i z a t i c n  shows r e ~ i o n a l  d i f f e r e n c e s  

which may be based on vz r ious  ?F~ct i? rs  inc lud inp  the  l e v e l  o f  farm incomes. 

Given t h ~ t  tllc 2dopti0n of farm machinery i s  p r o f i t a b l e ,  t h e r e  w i l l  

be arcwin@ i n e q u a l i t i e s  of income d i s t r i b u t i n n  nmon: rreri,>;ls. PoJ.~cics 

t o  promote farm mechmizat inn sh~i . i ld  t he re fo re  t ake  t h i s  i n t c  cons iderz t ion .  

In  a d d i t i o n ,  it i s  necessary  f o r  m l i c y  mnkers t o  understand t h e  l i m i t a t i o n s  

from environmental ,md sncio-economic conclitic\ns a t  t h e  r eg iona l  l e v e l  

which may o b s t r u c t  t h e  n rnn re s s  o f  fnrm mcch;mization. 

- Labor migrat ion out  of t 3e  a g r i c u l t ~ r ~ l  s e c t o r  i n t n  t h e  

urban indus t r i -a1  s e k t c r  has  been rccocnizad i n  t h e  Thai economy. S ince  

t h e  use of f:~m m c h i n e s  cpn reducc d r u d ~ e r y  o f  farm ta-sks which r!ny 

encnurrlEe t h e  r.ew gerleration o f  farmers t o  maintain -Farming ~ c c u p ~ t i ~ n s  

r a t 3 e r  t h a r ~  ~ t z n d o n  them f o r  urbpn i n $ u s t r i s l  j o t s .  Therefore  any 

p o l i c i e s  which enhance fcirwrs t o  e m ~ l o y  farh machinery may i n d i r e c t 1  jr 

reduce t h e  number farmers  m i m a t i n g  nut ct-' tfie , ? .y r icu l tura l  s e c t o r .  

C. Data Dsficicncy 

Fam! mcc:laniz:ltion i s  s t n r t i n p  t.: t2kc: r o o t  i n  Thai a ~ r i c u l t u r e .  

Since it may have imnnrt'mt r e n e r c u s s i ~ n s  . en employment, income 

d i s t r i b u t i o n ,  s ~ d  t h e  + turc  o a t t e r n  :.f n z r i c u l t u r a l  develogment, 

A t  P r e s e n t ,  t h c  maim a b s t s c l e  t o  m y  s tudy  is t h e  de f i c i ency  i n  time- 

s e r i e s  d a t ?  ccnnccrninz f a c t ~ r  ~ r i c e s  i n  t h e  a e r i c u l t u r a l  s e c t o r .  These 

d a t a  inc lude  p r i c e s  of 19bor, d r a5 t  g . n i ~ a l s ,  Farm machinery snd land.  
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Labor mobi l i ty  and mipration d a t a  o r  s t u d i e s  i n  Thai a g r i c u l t u r e  a re  

a l s o  s t i l l  lacking. They wruld , he17 .. provide usefu l  i n s i c h t s  i n t o  the 

ex is tence  of pcs s ib l e  labor  bot t lenecks  i rn~ iny inp  unnn t h e  adontjon and 

d i f fus ion  cf f:lrm mec11:mization. C o v i l s . t i o n  DF t h e  mcntiqned d a t a  

w i l l  be very usc fu l  t o  f u t u r e  s t u d i e s  ccncerninr  t e c h n ~ l n p i c a l  develmment 

i n  Thai a q r i c u l t u r e .  
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APPENDICES 



M ~ j o r  t ime-ser ies  d a t s  of resource endowment i n  Thai ag r i cu l tu re  

f o r  1951-la75 a re  presented i n  t h i s  appendix. 

P -1. Agricul t u r a l  Lzbor Force 

Census data  of  the  Fs t iona l  S t a t i s t i c a l  Off ice  @SO) a r e  only 

ava i l ab le  every ten years. After  1970, L ~ b o r  Porcc S~lr-.?ys (LFS) hzve been 

cor.ducted by the  PTSO twice annually. However, da ta  from t h e  LFS are not  

comparable with t h e  censuses due t o  d i f f e r e n t  teclmiques of  sanmling. 

Therefore, t ime-ser ies  da ta  on agricul  t u r s l  labor '  force  were obtained from 

the  c l o s e s t  est imation of the  Division of Agriculturxl  Economics. 17?~ 

est imation i s  based on censuses o f  the  ?is0 i n  1950 and 1970. Both male m d  

female workers a r e  taken i n t o  account. Inan-hour data are no t  used ~ r i m r i l y  

due t o  lack of  a v a i l a b i l i t y .  

Source: T)AE/P.IK)AC, Selectcd Fconomic Indica tors  Relat ing t o  A~ricul turut ;  
No. 84, 19/5,  p.  11. 

A-2.  L.w.~! 

Two s e t s  o f  l a ~ d  rzren arc  comr~ilzci. Arable land consis t  of  vaddv 

land, f i e l d  crops, m d  t r e e  crops md are  used as  ava i l ab le  supply of  l m d .  

Planted a rea  f o r  311 crops a re  nrescnted as t h e  amount o f  land under 

u t i l i z a t i o n .  

Source : DN,/!.IOAC, Selected Economic Indica tors  Rcl a t ing  t o  
Agriculture,  No. 84 (3, 1978, p. 12.  
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A-3. Animal Power 

The number of  buff410 and c a t t l e  a re  included as workina 3ni:;lals. 

I t  i s  assumed t h e t  the  nro?ortion of buffa1.0 .md c a t t l e  ava i l ab le  f o r  

farm work is  constant over tix. ?!orking animals o f  a l l  ages - are  included 

mainly due t o  lzck o f  da ta  on number of  animal imder worki.ng ages. 

Source: Data f o r  1952-1961 from DfE/I.KlI;C, Agr icui tura l  S t ~ t i s t i c s  
of Thailand, No. 24/1974 
Data f o r  1962-1975 frcm D!Z/!~Ot?C, Agr icul tura~l  S t a t i s t i c s  
of Thailand, No. 100/1978 based on annual survey a t  the  lSt 
of  April every years .  

- { .  F e r t i l i z e r  

Data concernin9 f e r t i l i z e r  consumption i n  Thai ag r i cu l tu re  are 

obtained a s  thc  simple sum of t h e i r  physical  weights including a l l  n u t r i e n t s  
I 

avai 1 able  . 

Source : Data f o r  1951-1955 are obtained from DAEIMAC,  Agricultural  
S t a t i s t i c s  of  Thailand, 1966 Table 100 Data f o r  1956-1975 
are  c i t e d  from WJ: ESCAP/P.RCAP; Marketing and Dis t r ibut ion  
of F e r t i l i z e r  in  Thailand. 1976 Panex-Table 6. 

A-5. Farm Machinery 

%o s e r i e s  of  inport  data of t r a c t o r s  and water pumr)s a r c  comvilsd 

because t ime-.series  da tx  on number of farm machinery inventory i n  Thsi 

ag r i cu l tu re  are not  ava i l ab le .  

Source: Customs Department, Flinistry of Finance, Annual Statement 
of Foreign Trade S t a t i s t i c s ,  Various i ssues .  

Note: From 1970 onward, commodity c l a s s i f i c a t i o n  has been changed 
from SITC t o  ETN c l a s s i f i c a t i o n .  According t o  tEc B'mk of  
Thailand, farm t r a c t o r s  under the  new c l a s s i f i c a t i o n  arc 
commodity number BTN 879122, BTN 870123, and BTN 870124 which 
a re  conincided with t h e  item under SITC 713-01, See a l so :  
UN. S t a t i s t i c a l  Office,  Standard In te rna t iona l  Trade Class i f i ca -  
t i o n  Rcviserl, n. 36. 
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A-6. Agr icul tura l  &ltput 

Dsta f o r  a g r i c u l t u r s l  o u t ~ u t  a re  i n  terms oc gross value o f  output 

o r ip ina t ing  froir crobs ' ne t  o f  intcrmediste oroduct s. Gross Donest i c  Products 

o r ig ina t in2  from vnrious crops are cornnil.ed f o r  sunnlementary purposes. 
I 

Cata are  presented at 1962 p r ice .  

Sourcc: A l l  of these  data  are obtoined from NESfjR, National Incove 
of Thailand, 1964, 1965, 1968-1969, 1S7n-1931, 1972-1373, 
and 1376 e d i t i o n .  

The r e a l  value o f  Gross Domestic Product o r i g i n a t i n g  from 
agr icu l tu ra l  c r m s  f o r  1952-1956 are  not ava i l zb le  ; therefore ,  
r e a l  values of GDP- f o r  these  y e w s  were ca lcula ted  from 
current p r i ces  by using tpe impl ic i t  d e f l a t o r  f o r  GDP 
or ig ina t ing  from crops c i t e d  from Jamlong Artikul ,  A Planning 

' Model f o r  Thailand, (2h.3 Disser ta t ion  Cornell Univcrsi ty,  
l thcca ,  N .Y. , 1976), fipnendix A-1.  Deflator  index f o r  t h e  
year  1951 was ca lculs tcd  from da ta  s e r i e s  o f  1952-1956 
wholesale   rice index (1962 based year) a s  t h e  joining 
ca lcula tor .  

I:%olesale p r i c e  index with 1962 a s  based year was ca lcula ted  
from t h e  s e r i e s  of  rvholes?le p r i c c  index presented in  NESDB, 
National Income OF Thailand, 1964 ed i t ion  D. 140. 

?,%olesale p r i c e  index i n  1952 = 81.68 whereas the  GDF d e f l z t o r  
from the  study of Jamlonp (See t h e  above i n f o n a t i c n )  in  the  
corresponding year was = 0.9143. Therefore, i f  wholesale 
p r i c e  index f o r  1951 vas 77.38, GDP d e f l a t o r  f o r  t h e  s m e  
year  was ca lcula ted  t o  be 0.8662. !'le then de f la ted  the  current  
value of  1951 GDP by the  ca lcula ted  impl ic i t  d e f l a t o r  m d  
using the  r e s u l t s  as i t s r e a l  value. 

A-7. Planted Area t o  Rice 

Two s e r i e s  o f  wet-season and dry-scason r i c e  a re  c o m ~ i l c d .  

Source: Division o f  Agricultural  Economics, Ministry o f  Agriculture 
Agricultural  Co-operatives. 

'. 

BES~AVAILABLE COPY 



TABLE A- 1 

AGRICULTURAL Li'iUO2 FEOCE 

Year (Thous sn d) 

Source: DM/MOP.C, Selected Economic Indica tors  Relatincr t o  .A~r icu l tu re ,  
Yo. 84, 1975, p .  11 
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TABLE A- 2 

ARABLE LAND AREA ANB FLKJTED AREA 

In Thousand 

Planted cbcn 
Year Tree Crops Total Index Indcx 

Vegc t a b l e  1951=100 t o  311 Crops 1351=13, 
(1,900 r a i )  

Source : DAE/FBAC, Selected Econoaic Indicators  re la tin^ t o  A ~ r i c u l t u r e ,  
No. 84 (3 ) ,  1978, p .  12. 

BEST AVAILABLE COPY 



TABLE A-3 

in Thousand 
Index 

Year . Buffalo C a t t l e  Total  1951 = 100 

108 

lli 

11 3 

11 5 

11 8 

Source r !?IZE/i.llO!.C, F,~ricu!tural S t a t i s t  j cs  o r  Thailand, Bangkok, 
Various Issues. 
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TABLE 14-6 

FERTILIZER. CONSllMPTTON IN THA.ILh!D 

In tdetric Tons 

Domest i c  Non t lLyricul tural  I w o r t  Agr i cu l tu ra l  
Prod-uct ion Use 

Use 

Source: DA4E/WAC, Auricul tura l  S t a t i s t i c s  of  Thailand, 1966, 
Table 1012 and WJ : ESCAP/P.PCPP, Marketinp and Dis t r ibu t ion  
of F e r t i l i z e r  i n  Thai land,  (Banvkok, 1976) Annex-Table 6. 
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IhPOiiED NLV,!BER OF SELECTED FARV b4i:CHTNE RY 

Year Tractors 
( m i  t )  

PJater Pumps 
(-iJn it ) 

Source: Customs ge~ar t rnent ,  Ministry of Finance, Annual 
Statement of Foreipn Trade S t a t i s t i c s ,  Various Issues.  

BEST AVAILABLE COPY 



(In Mill ion o f  Rnht) 

GDP (; DP GDP GDP C;DP GDP GDP Tota l  GD? Index 
Year Or iy inat ing  origin st in^ Originating Orig inat jng  Originat ing Orig inet ing  Originat ing O r i ~ i n a t i n g  1951=100 

From 2ice From Maizi: From Sugar- From Cassava From Kenaf From Rubber From Other From Tot31 
Cane Crops Crops - 
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TABLE A-6 --continued 

P 

GI)P GDP GnP GDP GDP G r)? GDP Tot31 GDP 
Index 

Year O r i p i n a t i n ~  Oripinativq Orivi-sating O r i ~ i n a t i n ~  O r i a i n a t i n ~  O r i v i n n t i n ~  Oripinatinp O r i  t inat inrr  
 fro^ Rice From b+ize From Sugar- From Cassava From Kenaf Fron Rubber From Pthcr  From Total  1951=100 

Cane Cro?s Crops 

Source : Mational Economic E Social Development Eroad, National Income o f  Thailand, Various Issues.  - 
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- 
TABLE 4-7 

hit  : 1,099 r a i  

Planted J-rea % o r  Dry-Season 
Year Tota l  Planted Rice t o  total 

!"let -Season nry-Season Are a Planted Ares 

Source: Division of Agricultural  Economics, Yin i s t ry  oC 
Agriculture R Agricultural  Co-oneratives. 
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APPENDIX B 

Lis t s  o f  a l l  vzr iables  used in  the  regression analys is  and t h e i r  

sources are presented in  t h i s  acnendix. A l l  var iables  a re  complied in  

terms of agroeconomic zones. There are  15 zone~s in Thailand. Pivision of 

these  zones j. based or? various fac to r s  such a s  s o i l  t p e  , r a i n f a l l ,  

temperature, c r o ~ p i n g  pa t t e rn ,  and producti.on ef f ic iency.  Prcvinces 

comprised within each zone a r c  aresented a s  follows; 

Zone - Provinces 

1 Nonp Khai, Udon Thani, Sakon Nakhon, and Nakhon Phanom. 

2 [%on Ratchathani, and Yasothon. 

3 Khon Kaen, Kalasin, Maha Sarakham, and Roi Ft. 

4 Syrin,  Euri Rum, and S i  Sa Ket. 

5 Edakhon Patchasima ,and Chaiyaphu~a. 

6 Loci, Phetchabun, Nakhon Sawan and llthai Thani . 
7 Lon Buri and Farabui. 

8 '  Tak, Phisanulok, Kha9ahaenp Phct, and Phichi t .  

9 N c a ,  Lamnang, Phrac , Sukhothai, and Uttaradi t .  

10 Chienp: Rai, Chienc Mac Honp Sorn, and Lamphun. 

11 Chainat,  sin^ Buri, Suphan puri ,  Nonthaburi, An$ Thonp, 

Ayuttaya, N.?khon Pathom, 'Pathum Thani, Thon Ruri, 

Nakhcn Nayok, a;ld Banpkok. 

1 2  Kanchanaburi, P.atchn Sur i ,  Phetcha Ruri, and Drachu8~ 

Khiri Khan. 

13 Prachin Euri , and Chachoengsao . 
13 Samut Prakan , $ m u 2 c  Sakhon and Samut Songkhram. 

15 Chon Huri, and Rayong. 

10 5 
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Zone - Provinces 

16 '~han thabur i ,  and Trat  . 
17 Chumyhon, Surat Thani, Nakhon S i  Thammarat, Phattaluna 

and Songkla 

18 Ranong, Phuket, Saturn, Trang, P ? l a n ~ n ~ a ,  arc! Krabi 

19 . Pat tan i ,  Yala, and Narathiwat . 

Information on the number of farm machines i n  each zones i s  derived 

from a nation-wide survey of t h e  Division o f  Apicul tur .? l  Economics i n  1975. 

Three main ca tagor ies  o f  farm machines are  taken i n t o  considerat ion.  There 

a r e  four-wheel t r a c t o r  (FT), two-wheel t r a c t o r  (PT), and water numD (W). 

Number o f  these  farm machines endowed in  each zones a r e  nresented in  

Table B-1 .  

Per t inent  data  concernina l abor  v!aRc r a t e  and service  cost of  d r a f t  

animal i n  each zone are  not  avai lable .  "Jape r a t e  in  t h i s  study therefore  i s  

derived from cost  of  planting one ra.i of r i c e  i n  1977 and t h e  number of 

man-day required t o  f i n i s h  t h i s  task .  Sixcc n l m t i n p  process is absolute ly  

manual, ca lcula ted  wape r a t e  from a piece work should therefore  represent  

an appropriate nroxy f o r  service cost  o f  labor.  By t h o  same token, data 

f o r  the  cos t  of  animal were obtained E r o ~  a p iece  work r a t e  and i t s  ?hysical  

u n i t s  required t o  comnlcte land arenara t ioc  oc one r a i  of  r i c e ,  Tablo F-2.  

P lmted area  data  comnrised of area  planted t o  r i c e  and area  nlantcd 

t o  e i ~ t h  major cash crops; maize, cassava, sugar-cane, mng-bean, soy-bean, 

pround-nuts, cottoq and kenaf. Area planted t o  these  crons f o r  1975/1975 

cror; year were obtained from thc  DAE/i.'iOAC, Apricultural  S t a t i s t i c s  o f  

Thailand No. 100, (Ranskol:, 1978). Area j l an ted  t o  dry  season r i c e  f o r  t h e  

corresponding cron year- were obtained from the  Division o f  Aqricultural  

Extension. Thesa da ta  a r e   resented i n  Table 5-3. 



Average Farm incomes i n  each zone were obtained from t h e  summary reyor t  

of the  Agro-econ~mic Zones f o r  Agr icul tura l  Extension d Development nrepared 

by t h e  Division of  Agr icul tura l  Economics. I t  i s  based on t h e  seneral  

farmer's economic condition survey da ta  taken i n  1970.by t h e  same divi.,: =ion. 

Average r a i n f a l l  bv zone were obtained from t h e  summary rcnor t  of 

t h e  Agro-economic Zones f o r  Apr icul turz l  Extension F, Develo~mant . These 

da ta  were o r i g i n a l l y  co l l ec ted  by t h e  Rainfa l l  !4casurement Sta t ion  o f  t h e  

Meteorological Department and based on t h e  average of twelve months f o r  

each province during 1966 t o  1970. 

Data concerning average farm income and averape r a i n f a l l  by zones 

a r e  presented i n  Table B-5. 



DISTRIP.UTION OF SELECTSD FrZFi.I "rFtCHI?!ES BY ZONES 9 

I!d 1975/1976 CROP YEAR 

Four-I'Jhee 1 Four-Yhee 1 Total Four- Two-\'heel 
Zone Tract.or Tractor "'heel Tractor Tractor water Pum 

(.:4.5 H.P.) ( % - 4 5  H.P.) t. FT) (PT) ( i t JP)  

Source : DAEIMOAC, Selected Economic Indicators Relating t o  Aprici~iture,  
No. 84 (3) 1978. 
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TABLE D-2 

COST OF LABOR DURING PLANTING AND THRESHING BY ZONES 

, I .  

- - 

Cost of Labor No.of Man-day Pr ice  of Labor Cost o f  Labor No. of Man-day Price of Lebor 
Zone During Required (Baht /Man -day) During Required 

Plant ing  (Man -day) Threshing (Man -clay) (P,&t /A~m-d3y) 
( Baht/rai) (Baht/rah 



TABLE E-2 --continued 

Cost of Labor ~ o . o f  Man-day Cost of  h b o r  
During Pr ice  of Labor nur i n  e ' 'an-da~ price 0' Lsbor 

Zone 
P l m t i n p  Required (Raht /him -day) Threshing 

Required 
(?.!an - day ) (Baht/Flw -d.?y) 

(Baht/rai) 
(14 m -day ) (Raht / m i )  

Source 1 Di?E/F:OP.C, . 'Cost of  Product ion ,  1977/1978 Croq Year, '' Apricalt~!ral.  Pull5f:i.n ;.lo. 71, 
197C and tf>e Ihs?zklished !'orkin? Sheets o f  the  Corresnondiny Division. 
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TABLE B-3 

COST OF LABOR DURING HARVESTING AND SERVICE COST OF AI'JIFTAL BY ZONES 

Lr.bor NO of nan-dey Cost of /Inirna1 N O .  of Hour Cost o f  h i m 3 1  
h r  j.n g Price  of Labor During Land Required Required (Baht/hour) 

Harvestinp (Baht/Nm -day) Prenaration (Nan -day) (hour) (FSIA!.,) 
(Bzht / ra i )  (Eaht / ra i )  



Labor Po, of Mm-day Cost o f  Animal No. o f  Pour Cost o f  Animal 
Ouring 

Zone Rsauired P r i c e  of  Lzlbor m r i n g  Larid Required (Eaht/hour) 
Harvest ing (Bdrt/Mm-dny) Prenara t  ion 
( E ~ h t / r t ? i )  (Van -day) (B3h t l r a i )  

(hour) (FWL 

Source: DL'?/!YIAC, "Cost of Rice Production, 1977/1975 Crop Year," i4.crricultlrrzl Zullcti~ 
No. 71, 1978 and the  L b ~ u b l i s h e d  !iJorl:ing Sheets o f  t h e  Corres~ondi r??  nivisiog. 
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TABLE B - 4  

TOTAL PUdTFq APXP, PLANTED ARE h TO RICE ,rihlD IJPLMID CROP5 BY ZOhiES 

Rice Planted Dry-Season I of I)ry-Season Planted I',reri Tot a 1- % of Urflmd 
Zone Are a Rice 'lanted Rice Total  Rice t o  Uplznd Croa Planted Area Crop t b  Total  

(1,,C00 r a i )  Are a Planted Arca P=PP+IJP Plante? ?-re2 
(l,oO@ ra i )  (1,000 r a i l  (l,OOg rsi) 
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Rice Planted Dry- Sexon 
% of  Dry-Season 'lanted Planted Total % of U~land 

Are a 
Zone Rice 'lanted Rice to  Total Rice t o  U ~ 1 a . d  Crop p=Rp+Up Cron t b Total (1,000 ra i )  Are a Planted A r e a  

(1,000 rni)  Plmted Lima (1,000 rai )  (1,000 rai )  

Source : DAE/PfiAC, A.zricultura1 S t a t i s t i c s  o f  Thailand 100 (Rangkok, 1978). 

I 
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TABLE R-5 

AIJERAGE FAINFALL i\ND AVE PAGE FAPJ:S~ INCIOME BY ZONES 

(RAIN) (FtVGI) 
.Zone Average RainCall Average Farm I n c m e  

(m. m. l y e e r )  (baht! family) 

Source : OFZ/~,'OAC, A~o-Fcpno~nj  c. Zones P..pricultura 1 zxeeasi cqj 
Dcvelonment, (Empkolc, 1972). 
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TAELE B - 6  

SELECTED FAR31 bfACHINES PEP I N I T  OF r\REA. RY ZONES 

Zone Fo~r-~>~'hce 1 Two-Wheel '*!at e r  Punp Per Rai 
Tractor Per P a i  Tractor Per Rai 
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