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ENVIRONMENTAL, TECBNOLOGICAL, AND 

INSrI~UXIONAL FACTORS IN THE GROWTH 

OF RICE PRODUCTION: 

PHILIPPINES, THAILAND AND TAIWAN* 

s.c. Hsieh and V.W. Ruttan@ 

Introduction 

A basic premise of the technical assistance and 
agricultural development programs of the late 1940 1 s and 
early 1950 1 s was that rapid growth in agricultural produc
tivity and output could be achieved by the transfer of 
technology, institutions, and capital from high-income to 
low-income countries. It was thought that agricultural 
production could be expanded rapidly as a result of 
(a) the transfer of known agricultural technology from 
the high-productivity to the low-productivity countries, 
(b) the development of more effective ~ural marketing, 
credit, and land tenure institutions, and (c) capital 
investment in irrigation and flood control, mechanization 
and transportation. The diffusion of practices empl0yed 
by the best farmers within the low-income countri es was 
also r egarded as an important source of productivity 
growth. 

Such expectations have typically failed to materia
lize. The rate of growth of crop output in most d~:eloping 

- - - - - ... - - - - _,. - -
* This paper draws heavily on several earlier reports 

by Ruttan, Soothipan, and Venegas (23, 24); Hsieh 
and Lee (9); and Abarientos (1). 

Reprinted from Food Re§..~c_h_
1

Ins_t;i,t~t9 Stud;lQ..12, Vol. VII, ~;o. ?~ 
1967 with the permission of the publishers, Food Research Insi:;1.
tute Sta11ford University. Copyright 1968 by tho Doard of 
Trustees of the Lelo.nd Staniord Jtmior University. 
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countries have been disappointingly slow. Furthermore, 
a relatively··large share of the recorded increases in 
production have been based on expansion of area planted 
rather than on increases in output per unit nre a (6). 

Now, in the mid-196O's a new concensus appears 
to be emerging that intensive investment in research and 
development designed to produce improvements in the auality 
of agricultural inputs represents the missing link in the 
agricultural development process in many countries (8, 16, 

25, 26). There is increasing recognition that traditional 
practices empl0yed by the more successful farmers in each 
area do not have a sufficiently high payoff to provide an 
incentive for rapid growth in .aggregate output. And there 
is growing agreement that much agricultural research and 
development is highly location specific--it must be done 
in biological and economic environments approxi~uting 
those where the innovation will be employed. 

There is danger that these insights may be contri

buting to a new set of over-simplifications regarding the 
requisites for rapid agricultural devel0pment. rhe evi
dence presented in this paper emphasizes the essential 
complementarity between (a) increased investment in research 
and development leading to higher rates of return on pur
chased inputs, (b) increased investment in land and water 
development, and (c) improved institutional and organiza
tional systems for providing technical inputs and services 
to farmers. 

Most countries in Southeast Asia have been, and 
continue to be, more dependent on increased. area than on 
increased yi~ld as a source of growth in rice production 
(Table 1). This is .in contrast to the countries of North
east Asia where increases in yield have been m0re important 



Regions 
and 

Countries 

Northeast Asia 
Japan 
Korea(Rop. of) 
Taiwana 
Total 

b 
Southeast Asia 

Bunna 
Cambodia 
Indonesia 
}lalBiVsia 
Philippines 
Thailand 
Total 

Sou.th Asiae 

Table 1. - P.cocuction1 .Area, and Yidu. .01 E.i.ce in Asi a , 1Jo1/62-1963/64 
Average Compared with Ten Years Earlier* 

Production, ro1J€h 
rice 

( thousand matric 
tons} 
1951/1~ 1~1/62 

to , to 
1953/54 1963/64 

12,043 
2,318 
1,947 

16,308 

5,836 
1,679 

10,090 
660 

3,052 
7,389 

28,706 

49,874 

16~880 
3,532 
2,586 

22,998 

7,392 
2,474 

12,504 
980 

3,9CJ7 
9,208 

36,465 

69,756 

Per 
cent 

change 

40.2 
52.4 
32.8 
41.0 

26.7 
47.3 
24.4 
48.5 
28.0 
26.6 
'Z].O 

39.9 

Area 
(thousand 
hectares 

1951/52 1961/62 
to to 

1953/54 1963/ 64 

,,013 
946 
784 

4,743 

4, 112° 
1,673 
6,131 d 

498 
2,589 
5,599 

20,602 

40,441 

3,286 
1,147 

775 
5,208 

4,637° 
2,305 
6,960 

474 
3,142 
6,0TI 

23,595 

45,741 

Per 
cent 

change 

9.1 
21.2 

- 1.1 
9.8 

12.8 
37.8 
13.5 
-4.8 
21.4 
8.5 

14.5 

a3.1 

Yield 
(tons per 
hectare 

1951/52 1961/62 
to to 

1953/ 54 1963/64 

4.00 
2.45 
2.48 
3.44 

1.42 
1.00 
1.65 
1.32 
1.18 
1.32 
1.39 

1.23 

5.14 
3.08 
3.34 
4.42 

1.59 
1.07 
1.80 
2.07 
1.24 
1.52 
1.55 

1.53 

Per 
cent 

change 

28.5 
25.7 
34.7 
28.5 

12.0 
7.0 
9.1 

56.8 
5.1 

15.2 
11.5 

24.4 

Percentage 
contribution 
to change in 
J2,:roduction 

Change Chang:e 
in 

area 

26 
46 

- 4 
'Z7 

51 
83 
59 

-13 
78 
37 
57 

37 

. in 
yield 

74 
54 

104 
73 

49 
17 
41 

1n 
22 
63 
43 

63 

* Data from FAO, The World Rice Eco~?llY: in Figures, 1909-1963 (Commodity Reference Seri.es No.3, Rome, 1965); FAD 
Production Year Book 1965, F.AO Honthly Bulletin of Agricultural Economics and Statistics, June 1966. The author 
has computed the relative contribution of area and yield to the change in proµuction on a logarithmic basis. 

a. Production and yield differ from figures. used elsewhere in this :pal)er, b. Laos and Vietnam not included. 
apparently due to conversion from brown to rough rice at 1 • 24 here rather c., Planted 

d. tg~1Jr~~ 2approximation for Serawak for comparability w.i. th production figures. 
a. Ceylon, India, Iran (llllOfficiE.l), and Pakistan, Nepal not included. 

tu 

-..J 
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than increases in area in recent years. Taiwan and 
Malaysia are the only countries, however, which seem 
to have achieved their total increase in output during 
the last decade from yield incregses. Ihe Philippines 
and Cambodia stand at the opposite extreme. Thailand 
oucupies an intermediate position; changes in yield 
are somewhat more important than chan~es in area planted 
in accounting for increases in rice producti0n in Thailand 
during the last decade. 

!w0 hypotheses with respect to the factors affecting 
yield increases and yield differences are tested in this 
study. 

Xhe first is that the increases in yield of rice 

of the last decade and the differ.ences in yield among 
major rice-producing areas within Southe ~st Asi a at the 
present time primarily r efl ect variations in the environ-. --
mental conditions under whj ch rice is grown (soil, se nson, 
water and weather differentials) rather than di f f erences 
in variety or cultural practices. 

Te second hy othesas is that difference s in rice 
yield between Southeast Asia and No r theast Asia r ef lect 

variations in the technol0gical and institutional factors 
under which rice is ~rown in addition to environmental 
factors. 

In thi~ paper, we test thes e two hyuothes es with 

data from the Philipuines, Thailand, and ~aiwan . Maj or 
emphasis will be placed on factors associated with changes 
or differences in .yield. 1 

l We do not attempt, in this paper, to analyze the r actors 
associated with the expansion or dealine of ar ea devot6~ 
to rice. Work has recently been completed r el ating the 
response of area devoted to rice and other crops to 
product and factor nrice behavior (2, 20). In ~eneral 
the results indicate that the area planted t o rice tends 
to be highly responsive to chan~es in produc e p~ices 
relative to competin~ crops. These studies typically 
did not identify any significant response in yield to 
changes in relative prices. 
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!rends in Rice Producti0n2 Area, and Yield in 
Ihre e Countries 

rhe Philippines, rhailand, and ~aiwan have all exper
i enced rel~tively r apid ~rowth in total rice production 
since the early 1900's. The pattern of growth over time 
and the relative contribution of area and yield are sharply 

* different amon~ the three countries (Chart 1, 1able 2) 

Throughout the entire period a substantial s~are of 
total increa3e in output in both the Philipnine~ and 
Thailand is acc0unted for by increases in the area devoted 
to rice production. Growth in area wns particularly rapin 

in b0th countries pr~or to the e~rly or mid-1920's. In 
Taiwnn, however, the expansion of are~ planted w~s rela
tively slr:yw throuE;hout the entire period, al though rather 
substantial increases were recorded during the 1920's and 

early 1930' s. 

There have also been sharp contrasts in yield. In 
the Philipnines yield ner hectare apparently rose r ~pidly 

from an extremely low level in the e~rly years of the 
century to approximately 1.20 metric tons per hectare in 
the mid-1920's. In both Thailand and Taiwan yields were 
substantially higher than in the Philippines and in raiwan 
remained slightly below 2.0 metric tons per hectare 11-ntil 

the early 1920's. 

Since the mid-1920's national average rice yields i n 
the Philippines seem to have remained almost unchanged. 

9 

In 1962/63-1963/64 the Philippine average yield was only 
1.25 metric tons per hectare. Ihe average yield in rhailand 

declined continuously from the early 1920's to the mid 
1980's. During the late 1940's and early 1950's it was 
only sli~htly hi~her than in the Philippines. Althou?h 
the long term decline in yields was reversed by the late 

- - - - - - - - - .... - - -
* Chart 1 not reproduced here. 
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Table 2. -Changes in :Rice Production, Area, and Yield in the Philippines, 
Thailand, and Taiwan for Selected Periods (Rough Rice Basis)* 

Production .Area Yield .Annual r ate of 
(thousand (thousand (tons per cha.nge (~er cent} 

Period metric tons) hectares) hectare) Production Area Yield 
-----

Fhilipi:ines 
11 

1908/09-1 909/ 10 798 1,174 .68 ••• • •• ••• 
1925/26-1926/27 2,140 1,781 1.20 6.0 2.5 3.4 
1952/53-1953/54 3,163 2,650 1.19 1.5 1.5 .o 
1962/63-1963/64 3,905 3,124 1.25 2.1 1.7 .5 

1900/10-1962/64 ••• ••• • •• 3.0 1.8 1 .1 

Thai.land 

1907/ce,...1900/09 2,475 1,319 t .88 ••• ••• • •• 
1920/ z.1-.1921,/ 2! 4,250 2,298 1.85 4.2 4.4 .1 
1946/ 47-1947/ 48 4,974 3,9(17 1.27 .6 2.1 1.4 
1962/63-1963/64 9,711 6,288 1.54 4.3 3.0 1.2 

1907/09--1962/64 ••• ••• • •• 2.5 2.9 .4 

Taiwan 

1903/04-1904/05 735 415 1.75 ••• • •• ... 
1919/20-1920/21 916 499 1.84 1.4 1 .1 .3 
1936/37-1937/38 1,761 670 2.63 3.9 1.7 2.1 
1951/52-1952/53 2,004 787 2.55 .s 1 .1 - .2 
1962/63-1963/64 2,769 772 3.58 3.0 - .2 3.2 

1903/05-1962/64 ••• ••• • •• 2.2 1.0 1.2 
1919/21-1962/64 ••• ••• • •• 2.6 1.0 1.6 

* See Appendix Note for sources of basic data. Area figures a.re harvested 
basis except as indicated for the Philippines in note a • .Annual rates of 
change are the authors' computation. 

a Area figures are area planted prior to 1953/54, area harvested thereafter, 
Yield figures reflect this change. 
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l950's, the average yield in 1962/63-1963/64 was still 
only l.~4 metric tons per hectare--substantially below 
the levels achieved before the 1920 1 s. During thL.s same 

period T~iwan experienced a spectacular growth, with. 
yield per hectare rising from 1.84 metric tons per hectare 

in 1919/20-1920/21 to 3.58 in 1962/63-1963/64. 

Both the l0ng-term stability in national average 
yield in the Philippines a."1.d th·e1l0n~-term decline. in 
national average yield in Thailand are difficult to ex
nlain. The stability in national average yield in the 
Philinpines may reflect the combined effect of expansion 
in area devoted to low-yie~din~ upland and rainfed rice 
and a stable or neclining area devoted to rice ~roduction 
in the higher-yielding irri~ated areas. In Thailand, it 
is possible that increases in area devote Q t0 rice in th0 

low-yielding provinces of the northeast have more than 
offset the effect of stable or rising yields in the central 
and northern provinces. 

In Taiwan, the higher yields seem to have been due 
primarily to favoraole technological and institutional 
factors, which include the development and introduction 
of high-yielding npnlai rice varieties, increased use of 
chemical fertilizer, improved irrigation facilities and 
water management, improved cultural practices, reduced 
acreage of low-yielding upland and rainfed rice, and the 
organization of farmers' associations and irri~ation asso
ciations for fertilizer distribution, rice collection, 
storage, processing and marketing, and water use, water 
distribution, and water management at thelocal level. 
Among all these factors it appears that innovations asso
ciated with the introduction of the ponlai varieties be~in
ning in the early 1920's have been particularly important. 
Data on the long-term yield trends for the several class es 

* of rice grown in raiwan is presented in Chart 2. 

* Chart 2 not reproduced here. 
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Ihe Institutional Conditions for Growth* 

The essential t echnological and environment al 
elements for r a~id devel0pment of the r~iwan rice eco
nomy were available by the mid-1920's. rntroduction 

' of these elements resulted in increases in yield ner 
hectare of over 2.0 per cent per year until 1938, when 
Japanese military ef.forts began to divert resources from 
development objectives. Since the early 1950's rice 
yields have a~ain risen rapidly even though the techno
l0~ical and environmental factors were not greatly 
different from those in the mid-1920's and early 1930~s. 

In spite of continued vari et ~l development work, 
it appears that the yield potentials, under opti mum 
environmental and management conditions, have not changed 
significantly since the late 1920's or early 1930's. It 
has previ~usly been pointed out that greater fer t i l izer 
availability has been one factor permitting closer appr o
ximation of average to potential yields. It. also seems 
clear that the evolution of the farmers' associ ations 
into effective extension and marketing organiz ati0ns and 
the improvement in incentives resulting from t he .land 
reform of 1949-52, have played a si~nificant r ol e in t he 
achievement of -higher rice yields. 

Farmers' ass0ci ati0ns.-- Apnroximately twenty 
ye ars elapsed between introduction of the first J apanes e 
rice varieties and the development of the ponlai varie
ties to the point where they were suitable for rapid 
diffusion. It t~ok roughly twice as long to deve l0p 
- ,... _, - - - - - - - -- -
* Seetions on "Differences in Yield amo·n~ Regions in 

the Philippines, Triailand, and l'aiwan," "Regional 
Yield Comparisons between the Philipnines, Thailand, 
and Taiwan," "Technoloe-ical and Institutional Factors 
fn Xaiwan," and "The Technolo gical Conditions for 
Growth," (pp. 313-334) have been dropped. 
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fully effective institutional arrangements for rapid 
diffusion of new technology, the dissemination of credit, 
and marketin~ of agricultural supplies. The efforts to 
develop instit~tions to perform these functions have . 
focused on the farmers' associations (9). 

The first farmers' associati~n was established in 
Taipei Prefecture in 1900. By 1908. sixteen had been 
organized to provide a direct link with experiment sta
tions in introducing seeds of new varieties and in 
dissemination of improved farm practices. The associa
tions also purchased and distributed fertilizer. They 
came under formal ~overnment regulation in 1~08, and 
membership and collection of dues became compulsory. 
The system was reorganized in 1927. Agricultural im
proTement stations were established in each prefecture 
with direct linkage to the prefectural associations. 
By the early 1930's , the associations employed 1,148 
agricultural technicians. Their responsibilities had 
expanded to include extension of new a~ri cu ltural prac
tices, handling of land rent disputes between landl0rds 
and tenants, seed ~ultiplication, fertilizer distribu
tion, and related activities. The associations were 
again reorganized in 1937 in order to strengthen them 
in the townships and villa~es, 

While the system of farmers' associations was 
evolvin~, cooperatives were bein~ fostered to provide 
credit to small Business and to farms. By the early 
1930's the cooperatives had added purchasin~, market
ing, and warehousing services. Considerable duplic a-

. tion had developed between the activities of the asso
ciations and the con~eratives and in 1943 th~y were 
combined into a single or~anization. 

After the establishment of Chinese administration, 
the farmers' associations and the cooperatives were 
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first separated in 1946 and then reunified in 1949. 

Under the new reor P, anization steps were taken to de
centralize the administration of the associations and 
to give greater authority to the farmer members. 

The period since 1950 has been one of continued 
development. The credit functions and the handling 
of farm supplies and marketing of farm products of the 
old coop~rative system were .fully integrated ,with the 
extension and technical advisory services of the ·farmers' 

as~o ,;: '-ations .. , •II 

A combinati0n of market power and efficient admi
nistration combined to make the associati0n an efficient 
agent of technoloe;ical change. Both market and non
market devices were coordinated to induce the cultivator 
to adopt the highest-yielding varieties, apply high 
levels of fertilizer, and adopt labor-intensive produc
tion practices directed at achievin~ rapid increases in 
yield. 

The farmers' association system has evolved from 
a prewar pattern based very heavily on administrative 
control from the center down to the individual farmer 
to a system which relies primarily on a combination of 
technical information and market incentives in the factor 
and product markets to induce production decisions on 
the part of individual farmers. 

Land tenure.-- A second factor in the rapid ~rowth 
of yield per hectare during the last decade and a half 
has been the incentive for more intensive use of pur
chased inputs , family labor,' and land associated with 
the land reform of 1949-53. The first stage of the pro
~ram involved a compulsory reduction in rent. The second 

_) 
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!ta~e involved purchase and resale ~f rented land to 
the tenant. Tenancy declined from 39 per cent to 17 
per cent of farm families between 1949 and 1957. The 
land reform did not involve the breaking up of large 
estates but rather the transfer of tenant units from 
ownership of landlords to ownership of cultivators (28). 

The implications of the land reform for incentives 
to use purchased inputs and household labor is consis
tent with the empirical evidence. The rapid increase 
in fertilizer use on rice reviewed earlier was clearly 
a joint result of the availability of the fertilizer, 
a favorable rice-fertilizer barter ratio in relati0n to 
the high-potential response of rice output to fert1lizer~1 

and the additional incentive associated with an owner
operator system as compared with a share tenure system. 
Dramatic increases in the multiple cropping index and 
in labor input per worker were probably even more closely 
associated with the increased incentives for more inten
~ive use of family labor. 12 

11 The fertilizer-rice barter ratio in T~iwan has been 
criticized as relatively unfavorable in comparison 
with some other developin~ countries. However, given 
the relatively steep slope of the physical output 
response relationship for the ponlai varieties under 
irrigated conditions it has been profitable for raiwan 
farmers to use relatively ~igh levels of fertilizer 
on rice. 

12 The changes in farm employment, labor input, and double 
cropping can be summarized as follows (1911-15=100):* 

Number of a~ri- Labor input Multinle 
tural workers in man croppinE; 

days}worker index 

1011-15 100 100 116 
1921-25 98 118 121 
1946-50 144 141 151 
1956-60 149 198 180 

* Data from s~c, Hsieh and T.H. Lee ( 9, pt:i . 24, 41). 
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rhe raiwan experience is consistent with the pro
position that institutional development has to be built 
up through a process of selection, trial and error, and 
adaptive research similar to the manner . in which new 
varieties are evolved. Both the agricultural technol~gy 
and the institutions must be developed, or at leqst tested 
and modified, in the location in which they are to be 
utilized . ( 19). 

Cons·iderations in the Design of a Strategy 
for increasing Rice Production in Southeast 

Asia - r i 

The analysis of the previous sections can be summa
rized as follows: 

1. Prior to the mid-1920 1 s differences in rice 
·yields among the three countries--Philippines, Thail-9.Ild, 
and ·raiwan--and among re~ions within each country were 
due primarily to differences in the environmental condi
tions under which rice was grown rather th~n to t echno
l~gical, economic, and social differences. The dominant 
environmental factor was irri~ation and the precision of 
water treatment control. 

2. With the introduction of the nonlai varieties 
by the Japanese in Taiwan in the mid-1920 1 s tec~o~ogy 
became a dominant variable in explaining the rapid incre·1se 
in rice yields in !aiwan and in explaining differences in 
rice yields between Taiwan and the other two countries. 
An imp~rtant factor in the rapid diffusion of the new 
varieties and the use of higher levels of technical in
puts such as fertilizer was the rapid irri~ation develop
ment in Iaiwan w~ich be~an shortly after 1900 and continued 
through the 1920' s. Achievement or ·· the yield -potentials 
inherent in the new varieties was stimulated by institu
tional developments, such as (a) the organization of 
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farmers' associations and irrigation associ~tions dur
in~ the period of Japanese occupation and (b) the 
successful implementation of the land reform program 
and the reorganization of the farmers' associations 
into effective interrated farm supply, credit, and 
marketing cooperatives following the restoration of 
Chinese administration after World War II. 

3. In the Philippines and Thailand differences 
in yield both between the two countries and 3.m.ong 
regions within each country are still primarily due 

17 

to differences in environmental conditions under which 
rice is grown. When differences in season (wet or dry) 
and water treatment (irrigated, rainfed, or upland) ar e 
t aken into consideration very litt·1e difference in yield 
is left to be explained by such factors as new varieties, 
differences in cultural practice , more intensive use of 
t echnical inputs, or differences in economic and social 
institutions. 

4. Both the Philippines and Thailand may now be 
apnroachin~ a yield take-off similar to that experienced 
in raiwan in the mid-1920 1 s. Yields in the major produc
ing regions in both countries have been rising at ab~ut 
the ~ame rate during the last decade as in raiwan during 
the decade following introduction of the ponlai varieti Gs. 
Furthermore, new hi~her-yielding varieties havin~ a yield 
potential of at least 6.0 metric tons durin~ the wet 
season and 8.0 metric tons during the dry season when 
grown under irrigation with an appropriate com~lement 
of technical inputs are now being introduced (11). 

Yet despite the yield potential inherent in the 
new varieties now being introduced there seem clearly 
to be basic deficienci es in the sequence of development 
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programming which may prevent the Philippines and 
Thailand from repeating the experience of Xaiwan. In 
Taiwan a major share of the basic investment in irri
~ation was already completed before the beginning of 
the biological revolution that lead to the yield take-
off in the 1920 1 s. Furthermore, the irri~ation deve
lopment leadin~ to effective water control was a pre
requisite to the effective diffusion of the new higher
yielding, labor-intensive, "fertilizer consuming" rice 
varieties. Institutional innovations such as extension 
work, farmers' associations, irri~ation associations, 
and land l reform followed and complemented both the 
investment in water control and the technolo~ical changes~3 

_In the Philippines and Thailand a reverse pattern 
is being followed. Efforts to develop agriculture foll~w
ing World War II have concentrated very heavily on 
institutional development. In the Philippines thi~ 
effort is currently being supplemented by substantial 
efforts to develop and introduce high-yielding rice 
varieties responsive to fertilizer similar to the ponlai 
varieties introduced in T~iwan in the mid-1920 1 s. 

Neither the Philippines nor Thailand yet place 

de signed to provide a dependable water supply in both 
the wet and dry !easons to a major portion of the area 
devoted to rice production. It seems apparept that this 
la~ of land and water re source development behind th§. 

t"" 

institutional and technological chan~es_!iill im se 
serious limitation on achievement of the output poten
tial associated with the technological advances that are 
now bein~ realized. 
~ ~ - ... - - - ... - - -
13 The Taiwan experience is also consistent with the 

Japanese ex~erience where effective water control 
also has represented a significant f actor in the 
diffusion of rice production technology (15). J 
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A hi~h percentage of the lowland rice in the 
Philipnines and Thailand is ~rown during the r ainy 
s eason without irri~ati~n. Under this rainfed system 
of cultivation, village or provincial average yields 
r arely exceed 1.5 metric tons per hectare . In fully 
irrigated areas in both countries, however, in areas 
such as Cheingmai (Ihailand) or Laguna (Philippines) 
avera~e yields often exceed 3.0 metric tons in the wet 
season and 3.5 metric tons in the dry season, over 
fairly substantial areas. On such individual farms 

19 

as participate in contests, or under experimental 
conditions, yields of the same varieties under irri
gated conditions frenuently fall in the range of 4.0-4.5 
metric tons in the wet season and 5.0-6.0 metric tons 
in the dry season (3,10). 

A major implication of this analysis is that the 
factors which permit a province or re~ion to increase 
its yield from 1.5 metric tons per hectare in the wet 
season to the levels currently being achieved in the 
higher yielding areas of each country are primarily 
beyond the control of the individual farmer in the major 
rice- reducing areas such as central Luzon or central 
Thailand. Modifications in the environment necessary 
to achieve effective water control through irrigation 

and drainage during both the wet and the dry seasons 
will have to come primarily from public or semi-public 
agencies capable of or~anizing resources in a manner that 
is almost invariably beyond the capacity of individual 
tenants or farm owners. 

A second major implication is that the limita tions 
on environmental control that prevent farmers from :1.chidV
ing the yield potentials of existing varieties will be 
an equally severe limitation on achievement of the much 
higher yield potential3 embodied in the new varieties now 
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bein~ introduced. These new varieties are even more 
sensitive than existing varieties to effective environ
mental control, technical inputs,. and. management. 

The ecology of the monsoon tropics and the factor 
and product price relationships which characterize 
current development ~~vels rule out the direct transfers 
of existin~ rice production technolo~y from temperate 
re~ion countries such as Japan and the United States. 
Even tr nsfer within Southeast Asia, from !aiwan to 
the Philippines or Thailand, have not been successful. 

But it is possible to transfer the propensity and 
the capacity to focus scientific manpower and other 

. resources on technical problems of economic signific~nce 
and the skill that comes from having solved similar 
problems although in a different environment. This 
involves skill (a) in breedin? for fertilizer response, 
disease resistance, ~rain quality,and .other elements, 
and (b) in usin~ the local ecolo~ical information supplied 
by soil chemists, physiolo~ists, entomologists, cereal 
chemists, geneticists, agronomists, economists, and 
others to select and achieve appropriate breeding 
objectives and breeding strate~y. 

The magnitude of the investment renuired to realiz,3 
the production potential inherent in the new tec~nolo~y 
that is being created te~ds to be substantially under
estimated. There will have to be massive investment in 
the industries that produce the inputs of fertilizer and 
insecticides; there will have to be massive investment 
in irrigation if the investment devoted to devel0prnent 
of new varieties and production· of the technical inputs 
is to achieve a reasonably high return; and it will be 
necessary to commit substantial increases in trained 

_) 



I / 

- 17 -

manpower to the tasks of mana~ement related to the 
direct investment and to educational work associated 
with rapid achievement of the production potentials. 

·21 

Reco~nition of the complementarity between these 
infrastructure investments and the investments in 
research and development to create new production 
potentials raises a serious question about the vali
dity of the assum~tion that primary emphasis on research 
and devel0pment could provide a relatively inexpensive 
route to rapid growth of a~rirultural production during 
the early stages of agricultural development. 14 These 
assumptions typically rest very heavily on analogies 
with the Japanese experience since the Meiji Restoration 
in 1868 and on the ~aiwan experience after 1900 (14a). 
In both Japan and Taiwan, however, a relatively high 
percenta~e of the rice ~roducin~ areas had already been 
brou~ht under cultivation before the beginning of the 
"bioloE?;ical revolution" associated with the heavy use 
of natural and commercial fertilizer, introduction of 
hi~her-yielding fertilizer, responsive rice varieties, 
intensive use of insecticides and other a~ricultural 
chemicals. 

This failure to develop an effective water storage, 
transportation, and dra_inage system for rice production 
in the monso0n areas of Southeast Asia at an earlier ___________ ,...,... 

14 B.F. Johnston and G.S. Tolley (13) indicate that 
"initial emphasis should be placed on i nnovations 
that do not require lar~e increases in the use of 
purchased inputs. This means emphasis upon the deve
lopment and introduction of innovations such as high
yieldin~ varieties, improved crop rotation, optimum 
s~aeing and time of planting, and a better seasonal 
distribution of the work load" (13, p. 369). Ihis 
advice does not appear relevant in the tropical ric e 
producing regions of South and Southeast Asia. With
out massive investment in irri gation these innovations 
will not result 1n hi~her productivity. 
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stage in development was due to a major extent to 
the differences in physical P-eoi:sraphy •. Both Japan 
and ~aiwan are characterised by short river valleys 
and narr0w coastal plains which lent themselves to 
locally or~anised, small-scale, labor-intensive 
irri 7ation and draina~e works. Water ty~ically did 
not have to be trans.ported over lon"' distances. In 
contrast to Japan and•Taiwan the major rice producing 
areas of Southeast Asia are characterized by broad 
river valley and plains. Under these conditions, the 
physical geography dictates the organization of large 
national systems. The construction of such systems 
lends to much more capital-intensive patterns of 
investment in water storage, transportation, and 
draina~e in contrast to the relatively labor-intensive 
system empl0yed durinis the e arly stage of development 
in Japan and even Taiwan. 

Clearly, the investment reauire~ents for ~rowth 
of the agricultural input sectors and for infrast ructure· 
development . in the rice-producing countries of S0uth 
and Southeast Asia will be very high over the next 
several decades. 15 Furthermore, these investments will 
be competitive with other devel0pment g0als. Unfortunately, 
investment in research and development has not opened up 
a new low-cost route to the rapid growth of agric-u.ltural 
output in t~ose areas. It can provide one of the essen
tial elements in a total program to achieve incr ease s in 
agricultural production. 

-------------
15 For a discussion of irrigation costs in the 

Phil~ppines and other Sout~east Asian countries ~ 
see L~vine (18) and Presidept's S~ience Atvis ory 

·· ·Cammi ttee ( 29). 

I 
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