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degree by cold-war politics. The Great Game (see Hopkirk, 1991) that had dominated the 

struggle between Great Britain and Russia for control of Asia in the 19th century was very 

much alive, albeit in a new format and with a different cast of players. Among the 

governments of Asia and the West and the international development agencies the 

priority was clear - increase cereal grain production in Asia. A consensus gradually 

emerged as to how to get the job done as the pieces of the green revolution technology 

began to fall into place. 

Two weather events, which have now come to be known as Los Ninos (which 

lead to shortfalls in annual rains throughout much of the world) served to catalyze the 

commitment to the food security goal. The first of these occurred in the Indian sub­

continent in the mid-1960s, where a shortfall in grain production threatened famine. The 

second occurred as a result of a short-fall in crop production in 1972 leading to a sharp 

rise in world rice prices (Fig. 1) and forcing Thailand, the world's largest rice exporter to 

ban exports for several month in 1973. 

Technological change 

The so-called green revolution is most commonly associated with the 

development of the modem semi-dwaifvarieties of rice and wheat (MVs). However, two 

other critical components of the green revolution technology are fertilizer and irrigation. 

As with new varieties, so also with these other two factors, there has been a steady stream 

of technological improvements contributing to rice productivity growth. Because the 

inputs were highly complementary, efforts to apportion the share of the output growth to 

each have proved difficult. An analysis by Herdt and Capule (1983) suggested that the 

MV effect, fertilizer effect, irrigation effect, and other factors (a residual) contributed 

almost equally to growth in production. Included in "other factors" would be the 

extraordinary investment of the West in human capital development in Asia. This often 

overlooked investment helped to provide the policy and institutional changes needed to 

facilitate the development and spread of the new technology. This would help to account 

for the speed with which these technologies spread. For example, as discussed in more 
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detail in the final section of this paper, the importance given to training in agricultural 

research and extension explains in large part IRRI's success. 

Varietal improvement. At the time that IRRI began operations in 1962, no one 

would have predicted that a breakthrough in rice yield potential could be achieved in just 

four years. The serendipitous early discovery of the dwarfing gene in the Taiwan 

collection led to the release in 1966 of the first semi-dwarf variety, IR8. Traditional tall 

varieties (about waist high) yielded a biomass consisting of 80 % straw and 20 % grain 

while the grain to straw ratio in the semi-dwarfs (about knee high) was 50/50. These 

shorter, stiffer strawed varieties gave a higher yield response to fertilizer without lodging 

at harvest time. Equally important, the new varieties matured injust 120 days or less 

compared to 150 days for the traditional varieties. The release of IR8 established a yield 

ceiling in open pollinated rice in the tropics that has lasted to this day. 

The susceptibility of IR8 to pests and diseases quickly shifted the emphasis to 

breeding for resistance. The release of IR36 a decade after IR8 (1976) marked another 

milestone characterized by the development of the second generation of insect and 

disease resistant modern varieties. It was estimated in the early 1980s that over 10 

million hectares were planted to IR36 (IRRI 1982b). However, this led to concerns that 

the genetic base of the new varieties was too narrow increasing the downside risk of 

widespread crop loss in a single year (Evans 1986). The release of IR64 in 1985 with 

more than 40 land races in its ancestry provided insurance against risk of this nature. 

To date drought and the impact of El Nino and La Nina weather conditions remain 

the major source of year to year variation in crop production. Breeding for marginal 

environments with frequent droughts or adverse soil conditions is more complex. There 

are those who argue that aided by biotechnology the greatest potential for productivity 

gains (and poverty alleviation) in the future lies in the rain fed environments. Others 

anticipate that a future breakthrough in the yield ceiling will continue to favor the 

irrigated areas and that these areas will produce an ever-larger share of the world's rice. 
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the 1970s. But the subsequent decline in rice prices, rising construction costs, and 

growing opposition of the environmentalists have led to a sharp decline in investments 

since the mid-1980s (Rosegrant and Pingali, 1994). 

By contrast, advances in technology and declining costs have resulted in a 

continuing rapid expansion of tube wells (and more recently in other micro-irrigation 

technologies such as sprinkler and trickle irrigation). In India and China, for example, 

well over half of the total area irrigated is served by tube wells. Farmers, often reluctant 

to pay irrigation fees for unreliable deliveries of canal irrigation water, are willing to pay 

full cost for pump irrigation that can facilitate the shifts from rice to higher valued crops. 

But unregulated expansion of tube wells is leading to a serious overexploitation of 

groundwater particularly in the semi-arid regions that include two of the major 

breadbaskets of Asia, the Punjab and the North China Plain. 

Growth in production and yield 

The growth in rice production and yield is shown in Figure 3 for the green 

revolution years (1967-85) and for the pre- and post-green revolution +-years. Following 

a rapid growth in production of close to 3 % in the green revolution period, the growth 

rate declined by almost one half. The considerable variation over time and space in the 

rate of adoption of the new technology and growth in production is illustrated in Table 1. 

Insular Southeast Asia, China, and other select regions such as the Indian Punjab were the 

early beneficiaries of the green revolution technology. By 1980,50 % or more of the rice 

area in these regions had been planted to the MVs (Herdt and Capule, 1982). In other 

parts of Asia including Bangladesh and Eastern India, the adoption has been much more 

recent and the growth in yields has been more rapid after 1985. Vietnam has shown a 

strong growth in land area and yields since 1985. Surprisingly, Thailand, the world's 

largest exporter of rice, has had the lowest rate of MV adoption among all major Asian 

countries, approximately 15 % in 1995. Yield growth and fertilizer consumption have 

also been low as Thailand has chosen to expand rice area and continue to grow low 

yielding but high quality export varieties. 
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exploitation (and now overexploitation) of groundwater occurred largely in the semi-arid 

regions but is now gradually spreading to the monsoon areas. 

Several Asian countries have been successful in developing non-irrigated crops 

for export. Following an initial success in development of rubber exports, Malaysia in 

the 1970s and 80s captured 80 % of the world's palm oil market. While Thailand 

remains the world's largest rice exporter they successfully developed export markets in 

cassava, maize, and sugar. Vietnam has become the world's second largest exporter of 

rice, but also the fourth largest exporter of coffee. 

THE WORLD RICE MARKET, CHANGING COMPARATNE ADVANTAGE, AND 

DOMESTIC RICE POLICIES 

High and unstable world rice prices in the 1960s and 70s provided a major 

incentive in Asian importing countries to adopt green revolution technology and strive 

for rice-self sufficiency. Major investments in irrigation gave those countries and regions 

outside of the major river deltas of Asia at least a temporary comparative advantage in 

producing rice. For political reasons the collapse of exports from Burma, Cambodia, and 

Vietnam added further uncertainty to the world market. But the successful adoption of 

the new technologies and the growth and maturation of the Asian rice economies has 

dramatically changed the picture. 

The world rice market 

The opening ofthe Suez canal in 1856 promoted the development of rice exports 

from the major river deltas of Southeast Asia - the Irrawaddy, Chao Phia, and Mekong. 

The dominance of Burma, Thailand, and Indochina in the world rice trade continued until 

after W orld War II providing a major source of foreign exchange earnings for these 

countries. Rice exports remained small as a portion of total production - 3 to 5 %. After 

World War II rice exports to South and Southeast Asia rose to exceed more than half of 

the total. Through the 1950s to the mid-1960s rice export prices remained stable. The 
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asking why they should continue to invest in rice research. This is a reasonable question 

and one deserving serious consideration. 

Why continue investing in rice research and related technological developments? 

The short answer to this question is sustainability and poverty reduction. As 

noted in section III, the intensification of rice production and rapid growth in output has 

been achieved at a significant cost in terms of environmental degradation and pollution. 

The engine of agricultural growth has slowed or stalled. How much of this is due to 

declining prices, to the near full exploitation of existing technological potential, or to the 

environmental degradation? For example, what will be the impact of overexploitation of 

groundwater and falling water tables in the Punjab and North China Plain on Asian food 

supplies? We don't know the answer to questions such as this. But we face a Catch 22 

(see Heller, 1962). At today's low world food grain prices, it doesn't seem to pay to 

invest in research and development that will lead to sustainable gains in productivity in 

the future. But given the long gestation period for most research and development 

efforts, failure to invest could lead to higher food prices and even erase some of the gains 

in poverty reduction achieved in the past. 

A second, more compelling and challenging reason for investing in research and 

development relates to the need to extend productivity gains and poverty reduction to 

those segments of Asian society and the rest of the developing world who have not 

benefited from the green revolution. The projected number of people in South Asia who 

cannot afford an adequate diet will still be large for the foreseeable future. Under the 

baseline assumptions of IFPRI's IMPACT model, which projects a slight decline in 

world rice prices by 2020, there will still be more than 50 million malnourished children 

below the age of six in India and Bangladesh at that time, accounting for nearly half the 

population in that age cohort (Rosegrant et aI., 1995). If world prices were to rise, the 

situation would be much worse. If we ignore this issue than a large segment of Asian 

society will fail to participate in economic growth. 

26 









, 

Those who remember with a sense of nostalgia IRRI, Los Banos and the paddy 

fields of Asia during the Chandler days will be shocked and perhaps a little dismayed at 

the changes that have taken place. One is reminded of the words of the famous American 

author, Thomas Wolfe (1940), "you can't go home again .... back home to the old forms 

and systems of things which once seemed everlasting but which are changing all the 

time." IRRI has, of course, played an important role in bringing about these changes. The 

process of transformation described in this paper extends well beyond the paddy fields. 

Gains in agricultural productivity have supported wider economic development. 

But rice remains the single most important crop in Asia, and continued advances 

in rice research will bring benefits to millions, particularly the poorer segments of Asian 

society. 

Fortunately, the research foundation is strong. Today it is impossible to go 

anywhere in the rice-growing world and not find people that have been to Los Banos. In 

short, the house that Chandler built has rooms all over the rice-growing world. This is 

the legacy of Bob Chandler. 
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Table 1 	 Average Annual Compound Growth in Rice Area, Yield and 
Production for Asia and Selected Countries or Regions 1966-85 and 
1985-1998 

1966-85 	 1985-98 
Asia 	 Area 0.6 0.4 

Yield 2.3 1.2 
Production 2.8 .6 

Early Adopters 
China Area 0.3 -0.3 

Yield 2.9 1.3 
Production 3.1 1.0 

Indonesia Area 1.3 1.1 
Yield 3.9 0.7 
Production 5.3 1.8 

Philippines Area 0.2 0.7 
Yield 3.5 1.2 
Production 3.6 1.8 

Punjab (India) 	 Area 9.5 2.3 
Yield 4.9 0.4 
Production 14.8 2.6 

Late Adopters 
Bangladesh Area 0.4 -0.1 

Yield 1.4 2.0 
Production 1.8 1.9 

Vietnam Area 0.9 1.9 
Yield 2.3 2.6 
Production 3.2 4.6 

West Bengal (India) Area 0.5 1.1 
Yield 1.7 2.8 
Production 2.1 3.9 

Low Adopter 
Thailand Area 1.7 0.4 

Yield 0.7 0.8 
Production 2.5 1.2 

For India States, Growth Rates are for 1985-96 period 

Source: IRRI, World Rice Statistics 
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Table 2 Absolute poverty 1970·90 for selected countries 

Number of absolute poor Incidence of poverty 
(millions) 

1970 1980 1990 1970 1980 1990 
China Total 275 220 100 33 29 9 

Rural 267 211 95 39 11 
Urban 8 9 5 5 2 

% Eoor in rural areas 97 96 95 
Indonesia Total 70 42 27 60 29 15 

Rural 56 33 18 58 28 14 
Urban 14 9 9 73 29 17 

% Eoor in rural areas 82 80 66 
Korea Total 7 4 2 23 10 5 

Rural 6 1.5 0.4 28 9 4 
Urban 1 2.5 1.6 16 10 5 

% Eoor in rural areas 84 37 20 
Malaysia Total 2 1 0.4 18 9 2 

Rural 1.7 0.9 0.3 21 4 
Urban 0.3 0.1 0.1 10 1 

% Eoor in rural areas 85 85 85 
Philippines Total 13 14 13 35 30 21 

Rural 11 11 10 42 35 27 
Urban 2 3 3 20 18 11 

% Eoor in rural areas 85 75 77 
Thailand Total 9.5 7.9 9 27 17 16 

Rural 9 7.4 8.5 30 19 20 
Urban 0.5 0.5 0.5 9 5 4 

% Eoor in rural areas 94 94 94 
Six countries Total 377 289 152 35 23 10 

Rural 351 265 132 40 27 12 
Urban 26 24 20 13 9 5 

% poor in rural areas 93 92 87 

Source: Lipton, 1999 
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Table 3 Percent GDP and Labor Force in Agriculture -1960s and 1990s 

Percent GDP in Percent Labor Force in 
Agriculture Agriculture 

1960s 1990s 1960s 1990s 

East Asia 
China 40 21 82 70 
South Korea 37 7 66 18 
Taiwan 28 3 56 10 

Southeast Asia 
Indonesia 54 17 75 57 
Malaysia 30 13 60 25 
Philippines 26 22 62 43 
Thailand 40 11 84 64 
Vietnam 40 70 

South Asia 
Bangladesh 53 31 86 61 
India 47 26 75 62 
Sri Lanka 28 23 56 47 

Source: World Bank, World Development Report, Various Issues and Council of 
Agriculture, Taiwan 
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Table 4 Annual Population Growth (%) in Asia 1965-70 and 1990-95 

Country 1965-70 1990-95 

East Asia 2.5 1.2 

South East Asia 2.5 1.7 

South Asia 2.4 1.9 

China 2.6 1.1 

India 2.3 1.8 

Source: FAOSTAT Database 
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Table 5 	 Change in Percentage of Calories from Rice in Total Percapita 
Calorie Supply for Asian Countries ranked by Percent change from 
1965 to 1995 

Country 

Asia 

Japan 
Malaysia 
South Korea 
Thailand 
Philippines 
China 
Sri Lanka 
Vietnam 
Bangladesh 
Nepal 
Cambodia 
India 
Myanmar 
Indonesia 

1965 

38 

42 
49 
51 
69 
44 
37 
43 
72 
76 
37 
76 
33 
73 
47 

1995 

33 

23 
31 
34 
47 
38 
34 
39 
68 
73 
37 
76 
33 
76 
51 

Change % Change 

-4 -12 

-19 -45 
-19 -38 
-17 -33 
-23 -33 
-6 -13 
-4 -10 
-4 -9 
-5 -6 
-3 -4 
-1 -2 
0 0 
0 1 
3 4 
4 8 

Source: IRRI, World Rice Statistics 
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