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FOREWORD

In order to meet the future demands for rice in the Asia-Pacific region, it

is necessary to enhance further the levels of productivity since more area is

unlikely to be available for cereals. In this context, hybrid rice technology in

China has made significant impact, registering a yield advantage of almost

2 tlha over the conventional varieties. Hence, hybrid rice technology in China is

already acclaimed as a "Success Story", which other nations in the region

could emulate.

Asia Pacific Association of Agricultural Research Institutions ( AP AARI)

has recently started a series, in which success stories based on realized gains

through adoption of specific new technologies are being published for the ben-

efit of others in the region. Earlier, two success stories have been published.

These are:

I. Baby corn production in Thailand

2. Tilapia fanning in the Philippines

In the present publication, details concerning development and adoption of

hybrid rice technology in China have been presented with the hope that others

concerned in the region would get sensitized and extend required support for the

promotion of hybrid rice technology in their respective countries. I also con-

gratulate both the authors Mr. Lou Xizhi and Dr. C.X. Mao for attempting this

paper, which has subsequently been revised and edited in its present form by the

AP AARI Secretariat. I am sure the readers would find this publication both

interesting as well as informative.

~~

(R.S. Paroda)
Executive Secretary

APAARI

3 June, 1994
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Spectacular gains in pro-

ductivity have been achieved in

China over the last two decades

mainly through the adoption of

hybrid rice technology. For ex-

ample, from an area of 18 m.ha

(54% of total rice area) under

hybrid rice, China is producing

about 118 m. tons of rice

paddy , which is equivalent to

what India produces from al-

most 42 m.ha. The successes

with hybrid rice in China are

so impressive that other nations

in the region have started

showing considerable interest Impressive Panides of Hybrid Rice

in adopting this technology to also improve their rice production as

well as productivity. This story focuses on the success of hybrid rice

production in China, and the relevance of this technology for other rice

growing developing countries in the region.

II. ROLE IN THE NATIONAL ECONOMY

In the 1970s, the Chinese government was searching for durable

solutions to overcome the chronic problem of grain shortage that had

resulted from increasing population and stagnant rice production. Hy-

brid rice was obviously selected as an alternative because of its high

yielding ability and wide adaptability. Hybrid rice production tech-

nologies and the hybrid rice seed production systems were appropri-

ately developed t9 meet the increasing demands of the farmers. The

government initiated public awareness, extension and training pro-

grammes to facilitate acceptance of hybrid rice by the chinese people.
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In the Asia-Pacific Region, the other rice producing countries

could learn from the chinese experience and promote hybrid rice tech-

noloWo improve their production as well as economy. It is with this

objective, the details of hybrid rice technology in China are discussed

here in brief.

III. HYBRID RICE PRODUCTION IN CHINA

In the 1970s, China became the first countIY to exploit hybrid rice

commercially. Hybrid rice is now being produced throughout China in

various eco-systems representing the tropical, sub-tropical and temper-

ate conditions.

China is able to harvest an additional 40 to 50 million tons of rice

paddy eveIY year, mainly because of the average yield increase of 2

tons per hectare over conventional varieties. Table 1 gives the com-

parative perforinance of hybrid rice over conventional rice varieties in

China. Because.of high productivity of hybrid rice, China reduced it's

rice growing area from about 35 million ha in 1979 to about 33 million

ha in 1990, while its production rose from 140 to 188 million tons

T able 1: Area, Produdion and Yield of Hybrid mce

Source: Chinese Academy of Agricultural Sciences (CAAS), 1991
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during the same period (FAO, 1988; 1991). The other 2 million ha of

land is now diverted for growing value addition crops by the farmers.

IV. DEVELOPMENT OF TECHNOLOGY

A. Advantages of Hybrid Rice

Rice is a self-pollinating crop. In other words, eacfi plant polli-

nates and fertilizes itself, producing true to the type seeds of the same

variety. The hybrid breeding technique involves two separate parental

lines. When the resulting offspring has one or more traits that are

superior to their parents, it is termed heterosis. Heterosis, therefore,

results in superior performance. In the past, there were conflicting

opinions among researchers as to whether heterosis existed in rice

because it is self-pollinating. The commercial production and experi-

mental evidence in China have confirmed that rice hybrids could suc-

cessfully be produced and that these hybrids have many advantages

over pure line rice varieties. The huge yield superiority held by hybrids

over conventional varieties is attributed to the following characteristics:

1. Agronomic and morphological:

a) more vigorous root system,

b) greater tillering ability ,

c) larger panicles,
d) greater number of spikelets, and

e) superior grain weight.

2. Physiological:

a) stronger root activity ,

b) more efficient nutrient transportation, and

c) more efficient use of energy.

The data in Table 2 demonstrates that F 1 hybrids yield as much as

20% more than the conventional varieties. The heterosis has not only

led to increased grain yield, out also enabled the hybrids to have wider
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adaptability and better resistance to environmental stresses ( drought,

salinity, lodging, flooding and wind).

Table 2: Average Yield Comparison between Hybrid and
Conventional ~ce Varieties

Source: Chinese Academy of Agricultural Sciences (CAAS}, 1992

B. Development of Hybrid Rice

The Chinese government, realizing the potential of hybrid rice,

established a research programme in 1964 .Hybrid rice was first devel-

oped under the leadership of Prof. Longping Yuan at the Hybrid Rice

"
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Research Center, Changsa, Hunan Province, China. The research was

a cooperative effort between researchers from the Hunan Center, the

Chinese Academy of Agricultural Sciences (CAAS) and various other

institutions. Due to the painstaking nature of the hybrid research, the

programme soon had a national scope. Eventually, the necessary tech-

nology was developed and the first set of hybrids were identified in

1974.

Early research results had indicated that self-pollinated rice can

show heterosis when natural out-crossing occasionally occurred in the

field. Applying methods for heterosis utilization developed for other

crops such as pearl millet and sorghum, scientists decided to use male

sterile and restorer lines for hybrid rice production based on identifica-

tion of some naturally occurring male sterile plants in rice fields in

1964. Subsequently, Prof. Yuan and his research team tested more

than 4000 crosses to obtain the maintainer lines, which would maintain

the male sterility from generation to generation. Unfortunately, they

did not succeed.

Later, wide hybridization between wild rice and rice cultivars was

attempted. Theoretically, this would induce cytoplasmic male sterility

and could be easily maintained. Due to the very late heading stage of

wild rice and incompatibility between wild and cultivated rice, the

research team failed again. Finally, a wild rice plant with aborted

pollens (WA) was located in 1970 by Mr. Bihue Li and Mr. Keshau

Feng in Nanhong Farm of Hainan Island. This discovery was the

foundation for the successful three-line system (cytoplasmic male ster-

ile, maintainer and restorer lines) rice hybrids. From 1971 to 1973, a

number of cytoplasmic male sterile ( CMS) lines, corresponding

maintainer (B) lines, and fertility restoring (R) lines were successfully

developed by different institutions in China. The first set of stable

CMS lines included Erjiu Ai Ya, Erjiu Nan lA, V20A (most commonly
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used later), Zheushan 97A and V4lA. Similarly, the stronger restorer

lines, such as IR24, IR661, IR26 and Thai Yin were identified through

test -crossing.

By the end of 1974, the .first group of heterotic rice hybrids with

superior agronomic characteristics was developed by chinese breeders.

While the first batch of heterotic rice hybrids were being demonstrated

in the farmers fields, techniques for hybrid seed production were also

developed. In 1975, hybrid rice was ready to be released for commer-

cial production. Details of some of the popular rice hybrids released are

given in Table 3. Interestingly, most of the IRRI rice varieties, having

high yield potential, were found to be excellent restorers.

Table 3: Names ofihe popular ~ce Hybrids Released in China

Source: Chinese Academy of Agricultural Sciences (CAAS}, 1992
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c. Commerdal Produaon

Because agronomic management of hybrid rice differs consider-

ably from that of conventional varieties, chinese researchers also de-

veloped production technologies to manipulate yield components such

as plant population and canopy structure. Farmers were able to in-

crease the production by taking the advantage of its responsiveness to

fertilizers. Much of the increase in hybrid productivity came from the

increased seedling vigour, vegetative growth and improved harvest

index. The chinese scientists and the farmers found that the following

practices were helpful in maximizing the yield:

a) raising strong tillered seedlings,

b) rationally close planting to establish a suitable plant population,
c) , , ideal' , application of fertilizer , both as basal and top dressing,

I 9
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d) efficient water management, and

e) effective disease and pest control.

Seed ProductionD.

The development of an efficient seed production system was the

key to the success of hybrid rice in China. In the early stages, the

average yield for hybrid rice seed production was only 0. 41 tlha, which

ti111981, still remained at 0.67 tlha. Rice seed productivity improved

immensely in the 1980s and 1990s. By 1991, the average yield of 2.25

tons per hectare (Table 4) could be obtained. In some areas, this has

reached 4 to 5 tons per hectare. The great improvement in hybrid rice

seed production was due to the development of efficient seed produc-

tion methods, improved parental lines and the development of a good

seed production system. The increase in seed yields obviously facili-

tated the faster spread of the technology by making more seed available

at lower cost to the farmers.

T able 4: Hybrid Rice Seed Produdion in China

Source: Chinese Academy of Agricultural Sciences (CAAS}, 1992
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Hybrid rice seed production differs from that of the pure line

varieties. It involves two steps: multiplication of CMS lines, and the

production of F 1 hybrid seed. The existing hybrid rice seed production

system was established and perfected in the 1980s. It includes three

levels:

I. A seed company at the provincial level, responsible for purifying the

parental lines and producing their foundation seed,

2. A regional (prefectual) seed company responsible for multiplying

the seeds of CMS lines,

3. A local seed company at the county level responsible for producing

the hybrid seed.

The fanners are organized in groups and contracted to produce

the hybrid seed. The local seed company provides technicians to train

and monitor the farmers.

Before commercial release, a newly developed hybrid must pass a

multi..location and a regional yield trial for two seasons, and a produc-

tion demonstration in the farmer's fields.

The key factors and approaches in obtaining a high yield of

hybrid rice seed are:

I. Choice of field plot; The chosen fields for CMS line multiplication

and the F 1 seed production must be properly isolated having ad-

equate soil fertility and irrigation facilities, mth no serious disease

and insect problems.

2. Synchronization of heading and flowering: The prediction and

adjustment of the flowering time of the two parents are crucial and

must be timed well.

3. Appropriate field management: The proper row-ratio anangement

between male and female parental lines and application of gibberel-

lin followed by supplementary pollination could help considerably

in improving hybrid seed production.

The quality of hybrid seed would greatly depend on the genetic
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Training and ~A.

Films, slides and technical manuals concerning hybrid rice pro-

duction techniques were distributed to the famlers and other rural

people. A nation wide training program was also organized involving

all the levels fro~ agricultural universities to the villages. The follow-

ing steps were adopted:

1. Training courses for the senior officials were conducted at the uni-

versities and acadetnies,

2. The local technicians and well-educated fanners were trained in the

rural agricultural stations, and

3. The fanners were trained by the local technicians in the fields using

method demonstrations.

It is estimated that about one fourth of the total famlers in rice

growing areas have so far been trained and about 40,000 local agricul-

rural technicians have attended the formal training courses in China.

Me1hod DemonstrationB.

"Seeing is believing"- is the most effective way to convince the

fanners to accept new concepts and techniques. Throughout the pro-

cess of developing and extending hybrid rice production technology ,

scientists and the government officials had undertaken essential field

experiments, large area demonstrations and also established a number

of model plots for the fanners.

The most difficult time to extend hybrid rice to the fanners was in

the mid 1970s. In order to introduce the concept of hybrid rice to

traditional fanners, demonstration plots comparing hybrid rice with

conventional rice varieties were set up in target areas. Experienced

government agronomists and technicians monitored the demonstration

plots. Farmers from the target areas were brought in for field visits.

The fanners interacted with the government officials and the extension

'4
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workers in order to gain increased knowledge and experience about

hybrid rice technology.

VI. SECRETS OF SUCCESS

The following factors appeared to have been crucial for the suc-

cess of hybrid rice production in China:

A. Government Support

The Chinese government has provided, from the very beginning,

a very strong and effective support to hybrid rice research and develop-

ment.

1. The early research was actively supported by the China Scientific

and Technological Institute and Hunan Provincial government (late

1960s and early 1970s).

2. The exploitation of heterosis in rice was formally declared as a

major research thrust for the entire country by the Ministry of

Agriculture and Forestry (1972).

3. The coordination of research in 14 major rice growing regions was

assigned to the Chinese Academy of Agricultural Sciences (CAAS)

and Hunan Provincial Academy of Agricultural Sciences (1972).

4. The development of rice breeding institutions was assigned to the

National Hybrid Rice Breeding Cooperative (1983).

5. The coordination of the national hybrid rice breeding research, infor-

mation, training and germplasm collection was assigned to the Hunan

Hybrid Rice Research Center (1984).

6. The convening of nine regional (1972-1982) and six national (1976-

1987) meetings to monitor and direct research was undertaken by

the State Council, Department of Agriculture along with the local

governments.

Coordinaflon of Researd1B.

The Chinese government facilitated effectively the required coop.

I. lS
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eration between various research and extension institutions.

1. The rice research institutions were coordinated by panels of rice

breeding experts:

a. Basic and theoretical research was perfonned by the well

equipped universities and institutions.

b. Breeding and applied research was perfonned by the provin-

cial Academies of Agricultural Sciences.

2. The National Hybrid Rice Research Cooperation Group (established

in 1972 (by CAAS and HunanAcademy of Agricultural Sciences) to

facilitate the development of regional hybrid rice research networks.

3. The CAAS convened annual meetings to direct the orientation of

research, develop network plans, and to monitor network coopera-

tion.

Government Subsidiesc.

Subsidies provided by the Chinese government greatly facilitated

the development of hybrid rice in China.

1. Commercial hybrid rice seed production in the early years was

subsidized to ensure sufficient supply of cheap seed to the farmers.

2. Subsidies on fertilizers and pesticides ensured that inputs, crucial to

hybrid rice production, were available to the farmers at affordable

pnce.

lnIemaIional CooperationDo

In the early 1970s, China established a relationship with the

International Rice Research Jnstitute (IRRI). In fact, the first group of

commercially used restorer lines came from IRRI. Due to the success

of the first commercial hybrids, China worked with IRRI in evaluating

and releasing restorer lines. As a result, rice hybrids using IRRI

restorer lines are grown on several million hectares presently.

The research capabilities of Chinese scientists, especially for ba-

sic and strategic research, thus got strengthened through required inter-

I '6
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The class.ical three-line system involving CMS, maintainer and

restorer lines is expected to remain effective and useful for the future.

However, as it is quite complicated, simpler systems, such as two line

(using thermo-sensitive genic male sterile (TOMS) or photo-sensitive

(POMS) materials) or one line (using apomixis, which has ability" to set

seeds without fertilization) methods, once perfected, would be very

productive. The use of simpler systems would provide quick develop-

ment of new hybrids and allow use of less-skilled personnel. Also seed

production costs would be reduced considerably. For quality improve-

ment, research efforts are aimed presently to incorporate good quality

germplasm lines in the production of both A and R lines.

B. Improvement in Heterosis

Presently, most of the available rice hybrids show the same level

of heterosis. The researchers plan to alleviate this problem through

inter-varietal rice hybrids by crossing indica with japonica (tropical)

materials, using effectively the wide compatible genes. This should

help in improving the productivity further. Also use of biotechnology

offers considerable scope for transferring useful genes from different

species or genus for future advancements.

C. Inaeasing Production

China is hoping to increase the area for existing three-Iine hy-

brids in a short period. The rice growing area in China is around 33

million hectares, of which 54% is presently under hybrid rice. The

Chinese government plans to increase this area by another 10% by the

year 2000. This is to be accomplished by:

I. Development of new hybrids for varying ecosystem~ where hybrid
rice is not yet grown, especially the first season rice crop in south
China where hybrid coverage is only 20% presently, and also the
japonica type hybrids for the japonica rice areas in the north.

18
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2. Increase the area of irrigation so that two crops of hybrid rice could

be successfully grown in a year .

3. Increase the yield per unit area through appropriate agronomic man-

agement. China aims to increase productivity of rice to about 7.0-

7.5 t/ha in hybrid rice area by the year 2000 through the use of

improved hybrids and efficient crop management practices.

VIII. PROSPEcrS IN THE REGION

The prospects are good for regional cooperation. China has

already been quite active in sharing experience with hybrid rice tech-

nology and experience with regional and international institutions.

The first International Symposium on Hybrid Rice was held at

Changsha, Hunan, China from 6-10 October 1986. The symposium

was attended by 16 coun-

tries, including 10 from

the Asia-Pacific region

( China, India, Indonesia,

J apan, Malaysia, Philip-

pines, Sri Lanka, Thai-

land, Republic of Korea

and Vietnam). These

countries began paying

greater attention on hy-

brids into their national

rice breeding pro-

grammes. Most of the

countries are still in the Impressive Plant Type

early development stage. However, India and Vietnam seemed to be

ready to launch .commercial production of hybrid rice. F AO, UNDP

and IRRI are providing active and strategic support to these two coun-

tries through active involvement and support from Chinese scientists.

I 19
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The private sector is also more actively involved now in hybrid

rice R and D efforts. As a result, a number of multinational seed

companies are actively involved presently to promote hybrid rice tech-

nology in the region.

In order to expedite regional development of hybrid rice, inter-

ested countries in the region, in cooperation with the International Rice

Research Institute (IRRI) and F AO, should form a regional interest

group for:

a) Exchange of information and germplasm,

b) Frequent joint visits and coordination meetings,

c) Collaborative research and development,

d) Cooperation among seed production organizations (private as well

as public),

e) Human resource development (trainings, workshops, publications,

study tours), and

f) Regional testing of hybrids for various eco-systems.

~

IX. EPILOGUE

Being a major staple food, rice has great significance in the Asia-

Pacific region. In order to meet the increasing demand for rice,

concerted efforts are needed to enhance further both the production and

productivity in most of the countries growing rice. China has success-

fully demonstrated the specific advantage of growing hybrid rice,

thereby increasing yield levels by an addition production of almost 2 ti

ha over conventional varieties. Hybrid rice technology thus could help

other countries in increasing their national average productivity pro-

vided research and development activities are effectively supported and

implemented. Appropriate policy support in this regard would also be

required. Therefore, by emulating the chinese experience of hybrid rice

production, other nations in the Asia-Pacific region could also benefit

significantly.
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