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ELEMENTS OF INDUCED INNOVATION:

A HISTORICAL PERSPECTIVE OF THE GREEN REVOLUTION

by Yujiro Hayami

The dramatic appearance and propagation of high ylelding varieties (HYV)
of rice and wheat in Asia since the mid-1960's have been heralded widely as a
"green revolution". It is generally regarded as a highly successful demonstration
of how the systematic application of scientific methods can be employed to create
a new technology capable of transforming the traditional agriculture of the
great mass of peasants in Asia.

Of particular significance is the fact that the green revolution demonstrates
the process of international transmission of "ecology-bound" agricultural
technology from developed countries to less developed couﬁtries through the
transfer of the scientific knowledge embodied in scientists rather than through
the direct transfer of known technology. It reinforces the growing recognition
that gdvanced agricultural technology (e.g., HYV's) existing in the temperate
zone developed countries is not transplantable to tropical and sub=tropical
regions without the adaptive research of high caliber scientists. The HYV's
developed by coordinated research by international teams of scientists have
been spreading rapidly within countries and across national boundaries (Table 1).
As a result it appears possible that agriculture in a number of countries in
the tropics is now in the initial phase of a transition from an economic
backwater to a major contributor to overall development ;/.

In this essay we attempt to analyze the market forces that induced such a

dramatic development of the HYV's., Results of this study suggest that



Table 1. Estimated area planted in high yielding varieties (HYV) of rice in West,

South, and Southeast Asia.

Rice Wheat

1966/67 _1967/68 _ 1968/69 1966/67 _1967/68 _ 1968/69

----- cmmmmmmmeeeee=mm= Thousand ACres ==-=mwcocccccmracccana-=
Turkey 1 420 1780
Iran 25
Afghanistan 5 65 300
Nepal 105 16 61 133
West Pakistan 10 761 250 2365 6000
East Pakistan 1 166 382 20
India 2142 4409 6500 1278 7269 10000
Ceylon : 17
Burma 7 470
Malaysia 104 157 225
Laos 1 3 4
Vietnam 1 109
Indonesia 417
Phillipines 204 1733 2500
"Total 2452 6486 11490 1550 10180 18258

Source: D. G. Dalrymple, Imports and Plantings of High-Yielding Varieties of Wheat
and Rice in the Less Developed Nations, Foreign Agricultural Service,
U.S. Department of Agriculture, in cooperation with Agency for Inter-
national Development, (Washington, D.C., Nov.1969), pp. 4-23.




(a) factor and product price relationships in tropical and sub-tropical Asia
before the green revolution had already been-favorable enough to make it re-
warding to develop a new technology represented by the HYV's; (b) only when
international and national agencies responded after a considerable time lag to
these favorable price relationships and provided the key input, the crop breeding
research of high calliber scientists, was this new technology actually developed
and made available to farmers; and (¢) this change in technology is biased
towards facilitating the substitution of an increasingly abundant factor for

an increasihgly scarce factor in the economy. A critical element in this process
is a response by public agencies to economic incentives rather than the re-
sponse by profit maximizing firms on which traditional arguments of induced
innovation have been based 2/.

In order to explore this process the experience of transmitting rice pro-
duction technology from Japan to Taiwan and Korea during the inter-war period
seems particularly instructive. Although it was based on a colonialistic
motivation, it represented a significant success in the transmission of agri-
qultural technology through the transfer of sclentific knowledge embodied in
scientists, with a deliberate intention to transform traditional peasant agri-
culture., The long~term historical statistics of product and factor prices in
Japan, Taiwan and Korea enable us to infer the price mechanisms which induced
the transmission of technology through scientific research; this appears to
parallel what is happening in Asia today.

First we will discuss the nature of HYV's in their relation to a critical
complementary input -- fertilizer. Then we will review the fertilizer-rice

price ratios which prevailed in selected Asian countries on the eve of the



green revolution, in contrast with the time-series data for Japan. From these
observations we will postulate a hypothesis concerning the innovation induce-
ment mechanism. This hypothesis will be tested against the experience of
Japan, Taiwan and Korea. Our discussion will be concentrated on rice because

3

the experience of Japan, Taiwan and Korea is concerned primarily with rice .



I. An Induced Innovation Hypothesis for the Green Revolution

| High yielding varieties including those involved in the green revolution are
in general characterized by high fertilizer responsiveness. Their fertilizer-
responsive capacity is realized only when they are accompanied by better husbandry
practices (e.g., weed and insect control) and by adequate water control. Tra-
ditional varieties have long survived with little fertilization under unfavorable
environmental conditions, including a precarious water supply and rampant weeds.
Those varieties represent optimum technology under such conditions ﬂ/. Con-
sequently, without fertilization they tend to have higher yields than improved
varieties,but they are less responsive to heavier fertilizer application.

Table 2 compares the yield response of indigenous varieties in East Pakistan
and of improved varieties in Japan at two levels of fertilization., It shows that
the yields of the traditional varieties are approximately as high as the improved
varieties at low levels of fertilization,but the response to the increase in
nitrogen input is primarily one of increasing the output of straw. These re-
lations may be drawn as Y, and Uy in Figure 1, which represent the fertilizer
response curves of traditional varieties and HYV's respectively. It implies
that technical progress due to the development of HYV's represents a local
shift of the production function rather than a global shift é/. For farmers
facing u, a decline in the fertilizer price relative to product price from
Po to p; would not be expected to create much increase in fertilizer application
or in rice yield. The benefit of a decline in the fertilizer price can only

be fully exploited if uy is made available to farmers through the selection

of more responsive varieties.



Table 2, Yield response to nitrogen input by rice varieties.

Yield (lb/acre) at the levels of N Marginal Product

of N
Variety (1) (2) (2)-(1)
55
95 lb./acre 150 lb./acre

Paddy Straw Paddy Straw Paddy Straw
Habiganj® 4785 7948 4372 10478 -7.5  46.0
Batak? 5445 9488 5875 11743 7.8 41.0
Kamenoo® 5417 5500 6077 7617 12.0  38.5
Norin 1€ 6352 7205 7700 8225 24.5 18.5
Norin 87Cc 5118 6352 6517 7892 25.4 28.0
Rikuu 232 5802 6902 7425 8553 29.5 30.0

a Indigenous varieties in East Pakistan.

b A variety selected by a veteran farmer, which became prevalent in Japan for
1905-1925,

¢ Varietlies selected through hybridization by agricultural experiment stations
in Japan after the nation-wide coordinated experiment system called "Assigned
Experiment System" was established in 1926-27.

Source: Institute of Asian Economic Affairs, Ajia no Inasaku (Rice Farming in
Asia), (Tokyo, 1961), p. l4.




YIELD PER UNIT OF AREA

FERTILIZER INPUT PER UNIT OF AREA

Figure 1. Hypothetical process of the induced development of a high
yielding variety (HYV).

u, represents a fertilizer response curve of traditional varietys
u; a response curve of HYVy U a meta-production function =~ an
envelope of all potentjally existing response curves; and p. and p
higher and lower fertilizer-grain price ratio lines respectively.



Conceptually it is possible to draw a curve such as U on Figure 1, which
is the envelope of many response curves, each representing a variety with a
different degree of fertilizer responsiveness. We may call 1t the "meta-
production function" representing the potential inherent in nature. In the short
run, in which factor substitution is circumscribed by the rigidity of existing
capital and equipment, production relationships are best described by an activity
with relatively fixed factor-factor and factor-product ratios. In the long run,
where the constraint exercised by existing capital disappears and is replaced
by the fund of available technical knowledge, including all alternative feasible
factor~factor and factor-product combinations, production relationships can be
adequately described by the necclassical production function. In the secular
period of production, in which the constraints given by the available fund of
technical knowledge is further relaxed to admit all potentially discoverable
knowledge, production relationships can be described by the meta-prodpction
function which describes all potentially discoverable technical alternatives.

In this context technical knowledge has the same properties as "putty clay"
p p Y

capital; the ex ante choice of technical alternatives is flexible along the
meta-production functionj but in ex post, once technical knowledge is embodied
in a certain variety, the choice of alterﬁative activities is constrained by
a response curve of that particular variety.

It is hypothesized that the adaptation of agriculture to new opportunities
in the form of lower relative prices of modern inputs involves an adjustment
to a new optimum along this meta-production function.

‘ Adjustments along the meta~production function involve time and costs.

The development of fertilizer responsive HYV's requires investment in research.



Better husbandry practices must be developed and learned. Complementary
investment in irrigation and drainage is required to secure adequate control

of water. Above all, it takes time to reorient the efforts of public agencies to
such directions in response to price changes.

These processes may be inferred with respect to Table 3 which compares,
for Japan and other selected countries in Asia, the price of fertilizers relative
to the price of rice and rice yield per hectare of paddy area planted. It shows
(a) a rice yield per hectare in Japan that is higher than yields in Southeast
Asian countries 1s associated with a considerably lower ratio of the price of
fertilizer to the price of rice; (b) a remarkably high inverse association be-
tween rice yield per hectare and the fertilizer-rice price ratio in the time
series data for Japan; (c) a substantial decline in the fertilizer-rice price
ratios in the Asian countries from 19%5-57 to 1963-65 is associated with little
gains in rice yield per hectare; and (d) fertilizer-rice price ratios in the
Southeast Asian countries today are much more favorable than those which
prevailed in Japan at the beginning of this century or before.

If we consider the yield comparisons in Table 2, it seems reasonable to
infer that the considerable differences in the rice yield and the price ratios
between Japan and Southeast Asian countries can best be interpreted in terms
of the different fertilizer response curves as shown by ug and Yy in Figure 1.
The consistent rise in the rice yield per hectare accompanied by the con-
sistent decline in the fertilizer-rice price ratio in the historical experience
of Japan indicates a process of movement along the meta-production function.
When we consider the history of the development of Japanese agricultural

technology, the deliberate efforts of veteran farmers to select and propagate
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superior varieties, the vigorous activities in experiment stations and other
research institutions, and the remarkable shifts of rice varieties over time,
the hypothesis of moving along a fixed production response curve (uo) will be
violated.

We are left with some intriguing questions. Why did not the rice yields per
hectare of the Southeast Asian countries increase much from 1955-57 to 1963-65 in
spite of the substantial decline in the fertilizer-rice price ratid? And, why
did rice yields in these countries remain at low levels despite fertilizer-rice
price ratios which were more favorable than in Japan at the beginning of this
century? One answer must be attributable to the time lag required to move along
the meta~production function. This time lag tends to be extremely long in
situations characterized by lack of adequate institutions and human capital
to generate the flow of new techniques. It appears that before the 1960's the
countries in Southeast Asia, even though the fertilizer-rice price ratio de-
clined from p, to py, could not move from A to B in Figure 1 because of the

lag in the response by public agencies to create a new technology (u,). They

)

seem to have been trapped at C: This point represents an equilibrium for a

response curve (uo) that 1s actually available for farmers but a disequilibrium

in terms of potential alternatives described by the meta-production function (U).
The dramatic appearances of the HYV's since about 1965 can be interpreted

in this light. The efforts of the International Rice Research Institute in

the Philippines, of the Japanese plant breeders in Malaysia under the Colombo

Plan, of the Indian Council of Agricultural Research and of various other national

research organizations were designed to develop fertilizer-responsive HYV's.
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By the mid-1960's a number of varieties satisfylng these requirements including
IR-8, Malinja, and ADT-27 were being released to farmers é/. We hypothesize

that these innovations were induced by a potential high pay-off of investment

in crop breeding research, enabling the adjustment from C to B. .Because the
"proto~type" HYV's were already in existence in Japan, the United States and other
temperate zone rice producing countries, this major adjustment can be brought
about with relatively minor research investment. A critical element is that

this high pay-off of investment in research is for society but not for individual
firms. Asian peasants are in too small units to capture enough gains to pay for
research costs. It is only when public agencies perceive this opportunity and
allocate funds for this direction that the adjustment is made feasible.

Declines in the price of fertilizer relative to the price of rice during the
1950's and the 1960's were the results of (a) increased productivity in the
chemical fertilizer industry in the developed countries which was transmitted
to less developed countries through international trade, and (b) rapid shifts
in rice demand due to population growths which outpaced production increases.

In most parts of Asia characterized by high population density the increases in
population and food demand represent a pressure against land. It seems reasonable
to hypothesize that the pay-off of the crop breeding research was enhanced by

the nature of the HYV's facilitating the substitution of an increasingly

abundant factor (fertilizer) for an increasingly scarce factor (land) in the
economy. Agricultural research which led to the green revolution would not

have been attempted unless the prices of fertilizer were relatively low and
declining rapidly, making it profitable for farmers to adopt the fertilizer-

responsive HYV's. Even if attempted, theresultswould have been similar to
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the granting of high powered tractors to those countries, as was done in the
earlier technical assistance program, since both attempts were incompatible

with price relationships among factors and products. Success of research de-
pends on whether it is directed in the generation of a technology’ compatible with

the market prices that reflect product demand and factor endowments of the economy.
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II. Transmission of Rice Production Technology From Japan to

Taiwan and Korea: A Hypothesls Testing

In this section we attempt to test the hypothesis proposed in the previous
section against the experience of transmitting Japanese rice technology to
Taiwan and Korea during the 1920's and the 1930's. To be more specific, a
hypothesis to be tested is that (a) fertilizer-rice price ratios in Taiwan and
Korea before the 1920's had already been favorable enough to make it Trewarding
to develop the fertilizer-responsive HYV's; (b) only when colonial governments,
pressed by the demand of mother country, responded to this opportunity in in-
vesting in rice breeding research, were the HYV's adaptable to the local ecologies
of Taiwan and Korea actually developed; and (c) these HYV's represent a tech-
nical change biased towards the fertilizer-using and land-saving direction that
was compatible with changes in the factor endowments of the economy. As is the
case with the green revolution, this represents a process of transmitting a
"proto-type" agricultural technology existing in developed countries (Japan)
to less developed countries (Taiwan and Korea), through the transfer of scientists.
It is hypothesized that public investment in research leading to this technology
transmission was induced by a high social pay-off expected from adjustment from
a secular disequilibrium (C in Figure 1) to a secular equilibrium (B in Figure 1),
although the social pay-off in this case was primarily in terms of the benefit
of Japan rather than of Taiwan and Korea ™ .

The green revolution represents the success of the development strategy

of applying science to peasant agriculture with the ultimate goal of promoting
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overall economic growth. This was the process of agricultural development in
Japan, Taiwan and Korea until the collapse of the Japanese Empire during World
War II. The primary purpose was to finance and support industrial development
in metropolitan Japan by generating agricultural surpluses through increased
productivity. Technological potential was first exploited in domestic agriculture
in Japan, and when it was exhausted the colonial agricultural development policy
was launched.

This process is reflected in the movements in rice yield per hectare in
Japan, Taiwan and Korea (Figure 2). The major source of rice supply to meet
the increase in demand from developing industrial sectors of Japan through the
first two decades of the 20th century was primarily due to yleld increases in
domestic agriculture.

Agricultural productivity growth of Japan in the Meiji Period (1868-1911)
was supported by the propagation of the better farmers' techniques §/. With
the reforms of the Meiji Restoration which set Japan for modern economic growth,
feudal restraints imposed on farmers were removed. The Land Tax Revision
granting fee simple titles to farmers increased the incentive of farmers to
innovate. Exchange of seeds and technical information was encouraged by the
government and it was facilitated by modern postal services and rallways. The
farmers responded to their opportunities vigorously. In response to a rapid
decline in the fertilizer price relative to the product price, farmers selected
more fertilizer-responsive HYV's by careful panicle picking. For example,
the Shinriki variety, which diffused over wide areas in the western half of
Japan, in a manner unequalled by any other variety since propagated, was

selected in 1877 by Jujiro Maruo, a farmer in the Hyogo Prefecture. Similarly
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Figure 2. Rice yields per hectare planted for Japan, Taiwan and Korea,

five-year moving average, 1895~1935.

Source: Japan Ministry of Agriculture and Forestry, Norimsho Ruinen
Tokeihyo (Historical Statistics of the Ministry of Agriculture and
Forestry), (Tokyo, 194%), p. 24; Taiwan Government-General, Taiwan
Nogyo Nenpo (Yearbook of Taiwan Agriculture), (Taipei), various issues;
Korea Government-General, Nogyo Tokeihyo (Agricultural Statistics),
(Seoul), various issues.
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the Aikoku variety (1889) in the Kanto District and the Kamenoo variety (1893) in
the Tohoku District (both in the eastern part of Japan) were selected by farmers
themselves., Those varieties were characterized by higher fertilizer responsive-
nessy they are less susceptible to lodging, insect and disease damage with higher
nitrogen application.

The government tried to exploit the traditional technological potential by
investing in scientific research and education. In its early days the major role
of the experiment stations was to conduct simple tests comparing various varieties
and practices. These simple experiments were effective using scientific principles
to screen and tailor the farmers' techniques for nation-wide propagation.

It appears that this process of rice productivity growth in Meiji Japan ~--

a significant decline in the fertilizer-rice price ratio, the spread of improved
varieties, increases in fertilizer input and rice yield per hectare from 1895

to 1915 (rows 1-4, Table 4) -- indicates movement along the meta-production
function in response to a decline in the fertilizer-rice price ratio, as repre~
sented by a movement from A to B in Figure 1. |

The development and diffusion of these high yielding varieties were also
based on the relatively well established water control facilities in Japanese
paddy fields. Even at the beginning of the Meiji Restoration almost 100 per-
cent of the paddy fields in Japan were irrigated, although the water supply was
not necessarily sufficient and appropriate drainage was lacking in many cases 2/.
These irrigation systems were bullt during the long peaceful feudal Tokugawa
period, primarily by communal labor under the encouragement of feudal lords.

By adequately screening and tailoring veteran farmers' varieties and

practices by rather simple experiments, Japan was able to exploit the sub-
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stantial indigenous technological potentials in agriculture. Domestic rice pro-
duction was able to supply about 95 percent of domestic consumption during the
period of the big spurt in industrialization between the Rugso-Japanese War
(1904-05) and World War I. The technological potential was being exhausted,
however, as it was being exploited in the absence of a supply of new potential.
As already mentioned, the experiment stations in their early days contributed to
agricultural productivity growth by exploiting indigenous potential rather than
by supplying new potential. The national experiment station gradually moved to
conduct more basic research, including original crop breeding projects at the
Kinai Branch by cross-breeding (1904) and at the Rikuu Branch by pure line
selection (1905). Results of major practical significances lagged, however,
for more than two decades. 1o/

The exploitation of indigenous potential and the lag in scientific re-
search in supplying new potential, when confronted with the expansion of demand
due to World War I, resulted in a serious rice shortage culminating in the Kome
Sodo (Rice Riot) in 1918, which swept over all the major cities in Japan.

Japan was then faced with a choice between high rice prices, high cost
of living and high wages on the one hand and a drain on foreign exchange by
large~scale rice imports on the other. Both were unfavorable to industrial
development. The reaction of the government was to increase rice imports
from Taiwan and Korea by developing rice production in these colonies while
suppressing domestic consumption of rice in Taiwan and Korea through the
squeeze on income by taxation and government monopoly sales. According to
Seiichi Tobata, until the Rice Riot*-- development efforts in Taiwan were

concentrated on sugar production and little was done in Korea. It was claimed
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that the development of rice production in those overseas territories should be

suppressed since it was to foster the competitor against Japanese Agriculture --". li/
Under the program titled Sanmai Zoshoku Keikaku (Rice Production Development

Program), the government invested in irrigation and water control and in research

and extension, in order to develop and diffuse high yielding Japanese rice varieties

adapted to the local ecologies of Korea and Taiwan. The expenditure for agricultural

development by the Government-General of Korea before and after the start of the

Rice Production Development Program (1920) clearly indicates this drastic policy

reorientation: The total agricultural development expenditure jumped from a

1915-19 total of 3.5 million yen to a 1920-24 total of 18.6 million yen; ex-

penditure for experiment stations from 1.1 million yen to 2.8 million yens; the

expenditure for land improvement projects including irrigation and drainage

12/

facilifies from only 334 thousand yen to as much as 12 million yen. ‘Rapid in-
creases in rice yields in Taiwan and Korea, accompanied by stagnation in Japanese
rice ylelds, was the result of this policy reorientation ié/.
Taiwan Case

The most spectacular success was attained in Taiwan with the development
of the Ponlai varieties. The Ponlal varieties are rice varieties "developed
by hybridization of Japanese varieties or between Japanese and traditional
Taiwan (Chailai) varieties to have photo-sensitivities different from the
original Japanese varieties." 14/ They are more fertilizer responsive, and high
yielding with adequate water control and cultural practices and are better suited
to Japanese tastes than are the Chailai varieties (Indica).

It was not easy to adapt Japanese varieties to the tropical climate of

Taiwan. Even before the policy reorientation after the Rice Riot, when the
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effort of the Government-General was directed to improving the Chailal varieties
to satisfy Taiwan's domestic demand, research to adapt Japanese varieties to
tropical ecology had been conducted, although on a small scale. A breakthrough
came in the finding by Eikichi Iso of the Agricultural Division, Central Research
Institute of the Government-General, that the Japanese varieties could be grown
successfully by reducing the sojourn of the rice seedling in the nursery bed to
half of the period used in traditional practice 2"E/.

With this breakthrough and under the pressing demand of Japan, the Govern-
ment~General shifted emphasis from improvement of the Chailal varieties to develop-
ment and propagation of the Ponlal varieties. Areas planted with the Ponlai
varieties grew from 400 hectares in 1922, the first year this statistic was
recorded, to 131 thousand hectares in 1930, and 296 thousand hectares (almost one
half of the paddy field area planted) in 1935. This rapid diffusion was based on
the high pay-off of the Ponlai varieties. According to the rice production cost
survey conducted by the Government-General in 1926-27, both profit (total revenue
minus total cost) and farm family income (profit plus family labor wages) per
chia (0.97 hectare) were very much higher with the Ponlai varieties than with
the Chailai varieties (Table 5).

In the cost comparison in Table 5 differences in (a) fertilizer expense
(b) wages and (¢) rent are particularly significant. Larger expenditures for
fertilizer for the production of Ponlai varieties clearly reflect their higher
fertilizer responsiveness. Higher wage costs show that the Ponlal varieties
require more lakor and better husbandry, including checkrow planting, deep

plowing, more intensive weeding and insect control. Higher rent for the Ponlai
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varieties indicates that these varieties were grown in areas with better water
control. It appears that the economic implications of the Ponlai varieties

for Taiwan in the 1920's were essentially equivalent to those of "miracle rice"
in the green revolution today lé/.

A remarkable aspect of the rapid diffusion of the Ponlal varieties during
the 1920's and 1930's i1s that it was not accompanied by an appreciable decline
in fertilizer prices relative to rice prices, as was the case with the improved
varieties in Japan prior to 1920 (Table 4). As discussed previously, the spread
of improved varieties in Japan accompanied by a decline in the fertilizer-rice price
ratio suggests movement from A to B in Figure 1. In contrast, the rapid pro-
pagation of the Ponlai varieties in Taiwan without any significant decline in
fertilizer-rice price ratio seems to indicate movement from C to B. Since Talwan
had been included in a common market of the Japanese empire, it seems reasonable
to assume that the fertilizer price in Taiwan declined relative to rice price
in parallel with its decline in Japan prior to 1920 (from p, to py). In the
absence of comparable levels of development of scientific knowledge in Taiwan,
this opportunity could not be exploited, and rice production in Taiwan was
trapped at C on the response curve of the Chailai varieties (uo). when scilence
embodied in foreign (Japanese) agricultural scientists was applied to this
situation in response to the demand of the mother country, the potential was
exploited through the dramatic development and propagation of the Ponlai
varieties (uj).

Korean Case
The Korean experience as summarized in Table 4 indicates: (a) the ratio

of the price of fertilizer relative to the price of rice was almost as low
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as in Japan, (b) propagation of Japanese varieties in the 1920's did not accompany
a significant reduction in the relative price of fertilizer, and (c) in spite of
an earlier start in propagation of Japanese varieties, fertilizer input per
hectare in the 1920's was at a much lower level than in Taiwan and the rice yield
did not start to increase until around 1930.

Korea was situated closer to Manchuria, which was Japan's major supplier of
nitrogen in the form of soybean cake until the 1920's. In the 1930's Japanese
industrialists were attracted by abundant hydro-electric power built large-
scale modern nitrogen plants in North Korea. Korean agriculture thus had access
to cheaper sources of plant nutrients than did Taiwan. Rapid diffusion of
Japanese rice varieties and rapid yield incréases, in spite of rather stagnant
relative prices of fertilizer, can be explained in terms of the movement from
C to B in Figure 1. This is the same as in the case of Taiwan.

An apparent contradiction appears: in spite of an earlier start in the
diffusion of Japanese varieties’the level of fertilizer input per hectare was
low and the yield take-off lagged in relation to that in Taiwan. The key to
this contradiction seems to be the differences in the level of irrigation and
water control. Table 6 compares progress in paddy field irrigation between
Taiwan and Korea. Since data on the area of irrigated paddy fields are not
available for Taiwan, we calculated the ratio of irrigated paddy field area on
the assumption that irrigation was developed only for rice and sugar production
(which seems a rather reasonable approximation). The ratios thus calculated
check well with the ratios of double cropped paddy area. In Taiwan, irrigation
is required for double cropping rice.

From Table 6 it 1s apparent that irrigation construction lagged in Korea
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compared with Taiwan. 1In terms of the ratio of irrigated paddy area to total
paddy area, Korea in 1925 did not reach the level of Taiwan in 1915,
Judging from the movements in double cropping ratios (which are not comparable
with Taiwan in absolute level because of the different climate) it seems reason-
able to assume that progress in water control in Korea was greatly accelerated
during the 1925-1935 period. This is compatible with the expenditure patterns
for land improvement projects of the Government-General as seen earlier. In the
literature on Korean agriculture it is common to identify the lack of irrigation
as the critical cause for low productivity. Tobata and Ohkawa wrote in 193% AZ/.

"The first technical condition of rice production is nothing but

water control. But paddy field in Korea is so called 'rain-fed

paddy field', ... accordingly marshy paddy field with drainage

difficulty, which is considered of low quality in Japan is con-

sidered good paddy field. ... Who would dare to apply fertilizers

under such condition?"
It was natural to place a high investment priority on irrigation when the Rice
Production Development Program was initiated in 1920.

The climate of Korea is much more similar to that of Japan than is Taiwan's.
Rice varieties of northern Japan are directly transplantable to Korea. But due
to the precarious water supply, even in most parts of the so-called "irrigated
paddy field", Japanese varieties introduced in Korea were not the high fertilizer-
responsive varieties. Koremochi Kato, Director of the Agricultural Experiment
Station in Korea remarked in 1926 i§/:

"It is natural that our experiment station since its establishment

has worked to select those from many Japanese varieties, which have
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better results under low level of fertilization. ... But, as water

control has been developing recently farmers have been increasing

fertilizer application and have become dissatisfied with the results".

In response to the demand for fertilizer-responsive varieties the South Korea
Branch of the Agricultural Experiment Station was set up 1n 1930 with the pri-
mary purpose of developing fertilizer-responsive HYV's. During the 1930's,
varieties with higher fertilizer responsiveness such as Ginbozu and Rikuu No.
132 rapidly replaced less fertilizer-responsive Japanese varieties such as
Tamanishiki and Kokurato. 19/

In short, the development of HYV's in Korea comparable to the Ponlal
varieties lagged relative to Taiwan for almost a decade due to the constraint
of water control, which worked to depress the pay-off of investment in developing
the HYV's. We may then ask, why was irrigation developed earlier in Taiwan?
Many factors were involved: (a) annexation of Korea to Japan occurred a decade
later than for Taiwan, so that investment in infrastructure in general was later
in starting 29{ (b) irrigation had been developed in Taiwan during the early
days of colonization to promote the production of sugar cane, and the facilities
could be utilized for rice production; (c) production of Korean rice (Japonica)
had been a direct menace to Japanese rice producers and was suppressed, while
Taiwan Chailai rice (Indica) was not a direct competitor; (d) the Taiwan
Government-General enjoyed revenue surpluses during the half decade preceeding
1910 (called the "Golden Age" of the Taiwan Government-General's treasury) and

could afford to invest in large-scale construction of physical infrastructure

including railways, ports and irrigation. 21/
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Transfer of Production Function: A Process of Biased Technical Change

We now understand that emergence and propagation of HYV's in Taiwan and
Korea during the 1920's and 1930's can be represented by the movement from C
to B in Figure 1. This movement was made possible by the organized research of
Japanese agricultural scientists and investment in irrigation by the colonial
governments. This process of technology transmission involved the transfer of
"proto-type" Japanese rice production technology to Taiwan and Korea through
coordinated adaptive research.

This process is illustrated in Table 7 which compares factor shares in
the cost of rice production in Japan with those of the Ponlai and Chailal varieties
in Taiwan. The factor shares in the case of the Ponlai varieties are very similar
to those in Japan. If we assume a production function of the Cobb-Douglas type
and equilibrium under competitive factor markets, the factor shares represent
production elasticities of the respective inputs. In the propagation of the
Ponlai varieties, Japan's rice production technology was assimilated by Taiwan.

Both in the cases of Japan and of the Ponlal varieties in Taiwan, fertilizer's
share is larger and land's share (rent) is smaller than in the case of the Chailai
varieties. This clearly reflects the fertilizer-using and land-saving character
of new technology embodied in fertilizer-responsivé HYV's. This bias in tech-~
nical change was consistent with a land-saving demand of the Taiwan economy 1n
which the population pressure against land was raising the price of land relative
to the prices of other factors =2 .

Figure 3 shows the changes in fertilizer's share in the total output in
Japan, Taiwan and Korea. Due to data limitations, self-supplied fertilizers

such as manure and compost are not included in the fertilizer. In Taiwan,
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FERTILIZER'S SHARE IN AGRICULTURAL OUTPUT
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Figure 3. Fertilizer's share in agricultural output for Japan, Taiwan

and Korea, five-year moving averages, 1895=-1935.

Fertilizer's share is total value of commercial fertilizer consumption
divided by gross value of agricultural production (both in current
prices). In the case of Taiwan, fertilizers applied to sugar cane

and sugar cane production are deducted, respectively, from fertilizer
consumption and agricultural production (see estimation procedures

in the note to Table 4).

Source: Kazushi Ohkawa, et al. (ed.), Long-term Economic Statistics
since 1968, Vol. 9 (Tokyo, Toyokeizaishimposha, 1966), pp. 146-147
and 194-195; Taiwan Government-General, Taiwan Nogyo Nenpo (Yearbook
of Taiwan Agriculture), various issues; Korea Government-General
Nogyo Tokeihyo (Agricultural Statistics), various issues.
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because of its special nature, the sugar cane sector is excluded from the cal-
culations (fertilizer input in sugar cane is deducted from total fertilizer
inputs and sugar cane output is deducted from total agricultural output). 22/
Remarkable associations exist between the movements of fertilizer's share and o
rice yields per hectare (Figure 2) in Japan, Taiwan and Korea. This correspond
suggests strongly that growth in rice yields in these three regions was a proce
of replacement of traditional varieties by fertilizer-responsive HYV's (eeg.,
Chailai by Ponlai). It indicates the process of assimilation of Japanese tech-
nology by Taiwan and Korea. In other words, it represents the transfer of
Japan's agricultural production function to Taiwan and Korea.

Fertilizer's share in Japan rose rapidly until the end of the 1910's, de-
celerating thereafter. This corresponds to the emergence and propagation of
HYV's based on the exploitation of technological potential through a dialectic
process of farmers' trials and scientific research, followed by the exhaustion
of the potential, as discussed previously. This movement in fertilizer's share
may appear to be similar to what Bent Hansen has called the learning process in
reference to Egyptian and U.S. agriculture: the process by which farmers learn
how to use new inputs, i.e., chemical fertilizers. 24/ Our interpretation of
the experience of Japan, Taiwan and Korea is somewhat different. Even though
farmers are well informed about the properties of new fertilizers, the shift
to a new production function is difficult for individual farmers unless more
fertilizer responsive HYV's are made available. The growth in fertilizer's
share in Japan, Taiwan and Korea in Figure 3 involved not only farmers' learn-
ing but also the creation of new technology through a dialectic interaction

between farmers' experience and scientific research.

ence
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III. Implications

We have hypothesized that the green revolution represents a movement from
a production function which had been optimum for the factor and product prices
which once prevailed in pre-modern society to another production function optimum
for presently prevailing prices. This adjustment process lagged until the mid-1960's
in most parts of Asia because of the lack of human capital and appropriate in-
stitutions to make this adjustment possible. Disequilibria in terms of meta-
production function had accumulated. When coordinated research by the inter-
national teams of scientists was applied to this wide technological gap, the ad-
justment took a revolutlionary form.

Japan's experience in the Meiji period indicates that the effective inter-
action among innovative veteran farmers and emerging agricultural science brought
about continuous adjustments in response to declining fertilizer-rice-price ratios
in the creation and diffusion of more fertilizer responsive HYV's. This Japanese
experience suggests that movements along the meta-production function can be
accomplished relatively smoothly with the existence of indigenous human capital
and an adequate infrastructure.

In the absence of this human capital, disequilibrium had mounted in Taiwan
until about 1920 when Japan, to rescue her own food problem, transferred the
technical knowledge embodied in agricultural scientists. This resulted in a
dramatic success in the creation of the Ponlal varieties. The experience of
Taiwan has special relevance in that it involved the transmission of tech-
nology to a different climatic condition, where the direct transfer of seeds

and techniques was not feasible. Korea's adjustment lagged behind that of
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Taiwan mainly because of a lag in the construction of physical infrastructure,
especially irrigation. This Korean experience is particularly relevant for
many areas in Southeast Asia where the adjustment to a new optimum through the
diffusion of HYV's may be severely constrained both by limitations in human capital
and by inadequate physical infrastructure, especially water control facilities.
It appears possible to interpret the experience of Taiwan and Korea as representing
the response of public agencies (colonial governments) to a potential high pay-
off (for Japan) of investment in research leading to adjustments from secular
digsequilibria to equilibria for fertilizer~rice price ratios then prevailing.
Viewed from the historical perspective of agricultural development in
Japan, Taiwan and Korea, the green revolution represents a response of national
and international agencies to changes in product and factor prices, particularly
rice and fertilizer prices, resulting from changes in rice demand and in the
technology of fertilizer production during the 1950's and early 1960's. Also,
it appears that technical change leading to the green revolution is biased
towards saving the increasingly scarce factor (land) and using the increasingly
abundant factor (fertilizer) in the economy. It clearly indicates a rational
response of the public agencies to the economic forces. Although initial success
has been achieved, the adjustment has not yet been completed. It can be sus-
tained for some time if investment in research and irrigation is sufficiently
high. It can be anticipated that sustaining progress will become increasingly
difficult and costly as the adjustment process approaches its end. The supply
of land with better water control and farmers with better knowledge and skill

will progressively be exhausted. Larger areas of HYV's will require more research
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for protection from insects and pests and for protection of their high yielding
properties from genetic degeneration. Above all, when technology in less
developed countries approaches the proto-type technology of developed countries,
further advancement by creating new breakthroughs will become more costly.

Countries experiencing the green revolution must prepare for the more difficult

days to come. From the gains arising out of the green revolution they will have
to finance investments in human capital formation and in institutional and physical
infrastructures in order to sustain the green revolution. They will also need to
finance industrial development if they are to lead the green revolution to over-
all economic development. If they fail, the green revolution will become abortive
and increased yields will be eaten up by the rapidly increasing population. 29/
Their success will, to a large extent, depend on the flexibility and efficiency

of public institutions in responding to the economic opportunities.
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This technology transmission involved relatively minor costs because it did
not cause major changes in agrarian structure; peasant or small scale farms
based on family labor continued to be basic units of production. Whether
this will be the case with the green revolution remains to be a major un-
solved question, See B, F. Johnston and John Cownie, "The Seed-Fertilizer

Revolution and Labor Absorption," American Economic Review, Vol. 59, (Sept.

1969), pp. 569-582.

Detailed analysis of this process is in Yujiro Hayami and Saburo Yamada,
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improvement projects in Japan.
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lg/ The first major breakthrough in scientific rice breeding research was by
Hiroshi Terao with the development of Rikku 132 in the Rikuu Branch., But
the appreciable contributions of organized research in seed improvement to
the national average yields occurred only after the establishment of a
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13/ 1Increased supply of rice from the colonies depressed rice price and promoted
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fertilization plots while such varieties as Ginbozu recorded higher yields

in the high fertilization plots., NNHS Vol. 9, pp. 177-178.
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man ratio by 10 percent in Taiwan. In Korea, during the same period, arable
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Department of Agricultural Economics, University of Minnesota, July 1969.
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