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THE PEOPLE'S REPUBLIC OF CHINA (PROC) With about 36 million hectares
of rice and an annual production of more than 120 million tons of
paddy'is the world’s largest rice- producing country. Rice in China
is grown as far north as 53°N latitude, probably the northernmost .
limit of commercial rice production in the world. China’s rices are
grown in remarkably intensive cropping systems. One summer rice
crop is grown in some areas of north China, two crops in the Yangtze
river valley, and as many as three crops in some areas of south
China. And in all those regions a crop in addrtlon torice is commonly
grown in the winter months.

. During the past 14 years grain production in China increased at
an average annual rate of 3.5%. That rate of increase provided China
with rice to meet national needs and permitted some exports-to
other Asian countries. Such an achievement is worthy of study and
_emulation by other rice-growing countries in Asia.

Since its inception .the International Rice Research Institute has
had a keen interest in China’s rice production and in the research
base that made that production possible. Among the parents of the
first IRR! varieties were rices that came originally from China. There
appears to be great genetic diversity in the native rices of China,
which through scientific exchange could be incorporated into vari- -
eties of untold value to rice farmers.in the developing countries of
Asia. Likewise, the principles governing China’s rice-based cropprng
systems could be helpful in developing similar means of « crop mten-
sification in other countries.

Unfortunately formal communication between rice scnentlsts and
agricultural leaders in'China and their counterparts in other countries
was limited until recently The first formal exchange between the
PROC and IRRI was in 1972 when seeds of IR20 and other prom-
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_ising IRRI lines were presented to_ g Chinese trade delegation by
President Ferdinand E. Marcos of the Republic of the Philippines.
_That exchange was followed by my,;'1974 visit to China as a member
of a plant science delegation organized by the U.S. National Academy
of Sciences. The Agricultural Society of the People’s Republic of
China was the host for this delegation. During this visit | was able
to see the progress that scientists and farmers had made in extending
the climatic and agronomic conditions under which rice grew well
in China. The visit also initiated the first direct exchange of rice
seeds between IRRI and Chinese research organizations. Seeds . of
IRRI varieties and advanced breeding lines were exchanged for
_ comparable genetic materials from China.

~ The 1974 trip also gave me, as Director General of IRRI, an
opportunity to extend a formal invitation to Chinese officials to
expand exchange of rice genetic resources, publications, and scientific

- personnel. It was obvious that such exchanges could be of mutual
benefit.

.. In March 1976, a distinguished group of eight Chinese scientists

| and administrators led by Mr. Yang Li-Kung, vice minister of Agri-

IRRI Director General N. C. Brady (left) talks with Dr. Huang Yun Mai {right), vice president
of Chung-Shan University, Kwangchow. Mr. Wu Tung-Chiang, director, Kwangtung Branch,
Agricultural Association of China, is at Dr., Brady’s left. . - - EHE

6



culture and Forestry of the PROC, visited the:Philippines. They spent
25—-27 March-at IRRI reviewing research and training activities and
discussing possibilities for future cooperation, Seed and publications
were exchanged. Scientists among the Chinese group led by Mr. Wu
Tung Chiang, chairman of the Kwangtung Academy of Agricultural
Sciences, returned to IRR| for more in-depth discussions 3—7 April
1976. During those March—April discussions, tentative arrangements
were made for a reciprocal visit by IRRI scientists to the PROC,
A formal invitation for this visit, which took place the following
October, was subsequently extended by the Agricultural Society of
the PROC. A seven-man team of IRRI scientists and research leaders
accepted this invitation and visited China 7—26 October 1976, This
publication is a brief report of the IRRI team’s experiences in China.
The trip to China was educational and enjoyable. It was apparent
that the Chinese have made great progress in narrowing the gap
between knowledge and practice in rice production. The IRRI team
was impressed with the effective utilization by Chinese farmers of
natural and man-made resources to produce rice and associated crops.
Likewise, we appreciated the opportunity to meet many distinguished

Mr. Ma Ling, Deputy Director of the Bureau of Foreign Affairs of the Ministry of Agriculture
and Forestry, and Mr. Lin Shih-Cheng, Rice Breeder and Deputy Researcher of the Academy
of Agriculture and Forestry, make a presentation to IRRI Director General N. C, Brady.



{ff.;;,agrncultural leaders and scientists, and to discuss thelr successes in
rice’ research and practice. The exchange of views, seed, and publlca-/ k
";:j,,tions was most welcome as was the development of plans for future
fexchdnge, cooperation, and collaboration. i b
~+i::In each major geographic area inciuded in the tour, he IRRl team
,lwas privileged to visit important historical and cultural institutions: -
" These reminded us of the rich cultural heritage of the Chinese'and of
‘their continuing struggle to improve and. enrlch fhelr own Ilves and
those of their neighbors. S
*We were most impressed with the- hospltallty of our hosts at each' ’
fof the locations visited, Their personal kindnesses to the IRRI team
- were greatly appreciated as were the deluc:ous Chinese dlnners and'
- luncheons served in our honor.
-.-It-was_hoped that the visit reported in thls publlcatuon would be
the first of an increasing exchange among rice and cropping systems
scientists by IRRI and the PROC, and those hopes are being realized.
- Following the October 1976 visit, two other teams of IRRI scientists
-accepted invitations to visit China, and a Chinese team of scientists
visited IRRI for a period of one month. ;
Insects, diseases, and other enemies of the rice plant are not
- respecters of national boundaries. If agricultural scientists are to help
farmers control or manage these enemies, the flow of genetic mate-’j
rials, research methodologies, publications, and scientific manpowcr : )
- must increase across national borders. The Chma - IRRI exchange of
visits has initiated such a flow. o
IRRI is grateful to the PROC agncultural leaders and sclentlsts for~
their keen desire to accelerate these exchanges. They will benefit rice
* farmers of the world and especially those in'the developmg colmtrles
of Asua. ; »v;; //
‘ ~N.Cl BRADY

Dlrector\\General
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Top: Scientists and administrators from China visit IRRI screenhouse to see work on screen-
ing rices for resistance to the different biotypes of the brown planthopper. March 1976.. :

Bottom: IRRI scientists visit field trials for new rices at the Chinese Acadcmy of AgrlculturaL :
Sciences in Peking, China. October 1976. . : .







SUMMARY

THE PEOPLE'S REPUBLIC OF CHINA (PROC) is the world’s largest rice pro- -
ducer.-Some 120" million tons of rice produced annually helps feed
the country’s more than' 800 million people and allows some rice
exports to other nations. Scientists at the International Rice Research
Institute (IRRI) have, since the Institute’s inception, sought an
opportunity to visit China to see their rice production in action and
to observe the research system that helped make it possible, This
report covers the China visit of a seven-man IRRI team of scientists,
7—26 October 1976. ' _

The IRRI team’s visit was in response to an invitation by the
Agricultural Society of the People’s Republic of China. That invita-
tion followed a trip to China by IRRIl’s Director General in 1974
and visits- to IRRI by teams of Chinese scientists and administrators
in March and April 1976. The IRRI scientists who visited China are
listed in Appendix 1. They included a plant breeder, a plant pathol-
ogist, an entomologist, a plant physiologist, an agricultural economist,
and two soil scientist-agronomists.

The major geographic areas included in the itinerary of the IRRI
team were the Peking area, the Yangtze River valley, and Kwangtung
province. The specific areas visited within each major area are Ilsted
in the detailed itinerary in Appendix 2. S

TYPES OF INSTITUTIONS VISITED

In each geographlc area, the IRRI team visited four general types of
institutions and had an opportunity to talk with the staffs responsible
for ‘them.- Those included academies, institutes, and universities; field
experiment’ stations; productlon flelds in communes, and hlstorlcal
and cultural institutions. - - SR R



The hlghllght of each visit to the research institutes and fleld'

e expenment stations was the subject matter discussions among the
R v:suting IRRI scientists and their Chinese counterparts. Visits to, :

" laboratories and field research sites were usually followed by organ-
. _ized small-group discussions in each of the four general subject areas;
® plant breeding and variety improvement,
® plant protection (diseases and msects), : L [y
- ® plant physiology, and L TR R
® agronomy and farm management. :
- The-small-group discussions were encouraged by the Chmese and
permltted much more detailed interchange than would have been
- possible in large group discussions. During visits to production fields,
there was also free and frank exchange of information and ideas. At
some . field sites there was time for small-group discussions of farm
practices related to the four major subject-matter areas. :

MA]OR IMPRESSIONS OF THE IRRI TEAM o

The IRRI team |IStS seven areas of rice research and productlon that'
most impressed them during their short visit to China:
1. excellence of Chinese farming and the relatwely narrow gap :
between knowledge and practice; , Ty )
+»2. Intimate association between research and educatlon, and farm :
productlon, I
+3, effective resource utlhzatlon and management, mcludmg waste:
recycllng, : gt e et
.4, refinement of crop mtensuflcatlon asa means of mcreasmg food o
productlon, : e .
5. excellence of pest management systems, s
6, broad diversity. of rice genetics resources in  China; and
- 1.. mutual -benefit that would come-from smentlﬁc exchange'be-? _,
"tween ‘China and research: and educattonal lnStltuthI‘lS m-fother'
countries. , R SE I e

Excellence of rice faxmmg the narrow knowledge-practice gap N
No other Chinese accompllshment impressed the IRRI team as much ;
as farmer use of known technology to increase the productlon of
rice: and associated - crops.  The knowledge-practlce gap is narrow, ;.
~‘As soon as research and field tests demonstrate the validity of a new

technology, or the -high yield potential of a new variety, farmersﬂ
quickly put it into practlcal field production. .

12



- .China’s_agricultural accomplishments appear. to have :been the
result of conscious national policies to emphasize agricultural -pro-
duction. Chairman Mao's popular saying: “Place overall emphasis on
agricultural production: and develop other industries appropriately -
to support agricultural production,” appears to have been;the guiding -
principle that has emphasized agriculture. He suggested greater-em-
phasis on what is known throughout China as the eight-point charter

for agricultural development as the means to increase agricultural
production. That charter covers: s . o

. 1. sail, : 5. economic management,

.. 2, fertilizers, . . 6. plant protection,

.. 3. water management, 7. field management, arid

4. varietal improvement, .- 8, farm machinery

Evidence of the attention given to each of the eight points was
seen. at the research institutions and in the communes where the rice
is produced. The high priority given to agriculture was always obvious
to the IRRI team. S . L

With so short a stay in the PROC, it is difficult to ascertain
completely why the Chinese have been so successful in realizing the
adoption of high-yielding technologies. But one factor that undoubt-
edly encourages adoption is the degree to which detailed management
decisions appear to be made at the commune level, and withir them
at the brigade and production-team levels. Coupled with some wage
incentives for hard work and productive output, this focus on deci-
sion making at a local level provides some motivation, which more-
centralized systems would.not provide. . o

Another factor that urdoubtedly influences technalogy adoption
is the rigorous discipline that seems to characterize: the working..--
systems. Peer opinions apparently reinforce official policies, thereby
encouraging the adoption of improved practices and varieties.« - - ..

Integration of vesearch, education and production activities - ... -
One factor identified by the IRRI team as accounting for the prompt -
adoption by. farmers of new research findings was the remarkably
close association between scientists and educators, and the workers
at the grass roots of production. Research scientists at the institutes
and research stations commonly spend time each year working with
farmers. Likewise, work on farms at the production-team or brigade
level is a required experience for all faculty members and students . -
of agricultural colleges. Such associations force priority attention of

the researchers and educators to the practical problems of farmetg,

B



~/:and encourage the problem:solving approach to agricultiral research’.
- at'the expense of the discipline orientation'that is'more commion in
- other countries. F D e T R
- "The extent of involvement of commune] brigade, and production-
~team leaders in actual field testing and research also impressed the
IRRI team. Research scientists work closely with those leaders in
identifying research needs, and then the leaders participate actively
in the research implementation. This effective integration of research
and production assures that the researcher focuses on the problems
faced by the farmers. At the same time the farmers can quickly
utilize the research findings, contributing further to the narrowing
of the knowledge-practice gap commented on in the previous section.
_The IRRI team noted that recognition is being given to the role

ORI

. of basic research in solving some of China’s rice production problems.

~In addition to the current emphasis on applied research, additional
‘sophisticated, fundamental research will be necessary to further
increase the yield potential and to assure protection from rice pests
and diseases. This will likely require an increase of institute-type
research and some reorientation toward research to gain basic under-
standing of biological processes involved in rice production.

Effective resource utilization and management -
Much progress has been made in China to ‘effectively utilize soil and
water resources for the production of rice and associated crops, The
IRRI team was impressed with the extent and quality of the irrigation
schemes seen. Timely on-farm delivery and management of irrigation
water are assured by systematic land leveling and ditch construction,
much of which is accomplished by human labor during the winter
season. Likewise, land-drainage systems had been installed to permit
water removal from poorly. drained soils, The effective control of
* water is one of the essential features of China’s successful crop pro-
~duction programs. Furthermore, the timely use of human labor to
- do much of the construction of improved water management systems
is & practice that other countries in Asia might well consider.
Chinese farmers have been markedly successful in recycling wastes
from crops, animals, and humans. The universal employment of com-
~ posting techniques to assure this recycling was one of the most
impressive features of the IRR! team’s visit. Farmers use not only
animal wastes and plant residues for composting but also commonly
- add human wastes, weeds, and sludge from creek beds and ponds;
This labor-consuming but chemical-energy saving technique hé_s-helh‘éd

4



..China attain high.rice production without proportionately high rates
~of chemical-fertilizer application. While China’s forthcoming avail-
.ability. of ‘much larger quantities of nitrogen fertilizers may reduce
- somewhat the pressures to recycle wastes, China sets an example
for_the world in waste recycling and, in turn, fertilizer-nutrient
conservation. '

Crop intensification :
One of the primary features of Chinese agriculture viewed by the
" IRRI team was the universal objective of keeping at least one crop
on the land throughout the crop growing seasons. The high ratio of
population to land makes it essential that natural resources, including
sunlight, be used to the extent possible. The IRRI team was im-
pressed by the intensive cropping systems in use, not only at experi-
ment stations, but in fields at the communes in each area visited.

In north China, rice is one of the summer crops grown in rotation
with wheat and other winter crops. Careful management is required
to obtain high yields of both the rice and wheat. Japonica rices,
which are day-length sensitive, are used to assure rice harvests in time
to prepare the land for the following winter crops. These two-crop
systems are made possible by rice varieties with relatively short
growth duration.

In the Yangtze river valley, Chinese scientists and farmers have
developed increasingly intensified cropping systems. South of the
Yangtze three crops are grown, two of which are rice, The first rice
crop is usually a short-season, day-length-insensitive, indica variety.
It is followed immediately by a short-season, low-temperature-
tolerant, day-length-sensitive japonica variety, which matures in time
to permit the early sowing of the winter crop. This system results in
combined annual grain harvests of from 10 to 13 t/ha. It is a good
example of effective applied research coupled with timely crop cul-
ture, and excellent utilization of human and natural resources.

In Kwangtung province two crops of indica-type rice followed by
a winter crop has been a common practice for some time. At experi-
ment stations, trials are under way in which three crops of rice as
well as a winter crop are being grown. This system is also being tested
on some farms. lts success is dependent upon the availability of
high-yielding, short-season varieties resistant to insects and diseases.
Exchanges of rice genetic resources with other national programs
and with IRRI could help provide the needed host-plant resistance
for these varieties. Arrangements were made for the screening of

15



'_‘IRRI Iines to ascertam thenr resustance to pests |n Kwangtdng"
province :

A “‘common feature of Chmas mtensufled cropping systems ob-
served by the IRRI scientists was the short turnaround time between
crops. Immediately following the harvest of one crop the land-is
quickly plowed and prepared for the next crop. The need for min-
imizing turnaround time has encouraged the development of machines
to harvest and transplant the rice..In the Shanghai area about 20%
of the rice is transplanted by machines. The'importance of small-
scale mechanization to enhance cropplng mten5|ty was well |I|ustrated ,
for the IRRI team. S

Pest management systems' o

Pest management techniques used in the productlon of rice in Chlna
are more extensively developed ‘than for most countries in tropical
Asia. The Chinese have developed integrated pest management prac-
tices that use cultural, chemical, and mechanical inputs. The three
inputs combine to keep rice fields reasonably free of weeds. Likewise,
each has made significant contributions toward the management of
insects and diseases. A balanced approach, not dependent entlrely on
one technique, has been found to be most successful. s

A key element in China's rice insect- and disease-management
programs is their system of monitoring. Fields are examined regularly
by mobile monitoring teams. The presence of threatening levels of
pests is reported along with suggested means of control. Farmers
apply corrective treatments only when they are told that the problem
exists. Pesticides are used commonly, not as prophylactic agents, but
to-control pests known to be present. Likewise, at least in an experi-
mental way, biological agents have been developed and are being
released for the management of some rice pests. For some pests the
Chinese appear to have used biological means of control more exten-
swely than in any other rice-growing country. :

- The Chinese scientists are increasing their research efforts to breed
genetic resistance to the more important rice pests into new rice
varieties. Their attempts to do so can be greatly enhanced by coop-
eration with scientists at IRRI and cooperating national research -
organizations. Chinese plant breeders and pest management speaahsts
are ‘especially eager to exchange plant materials having appropriate
host resistance. The IRRI team identified breeding for genetic resis-
tance to pests as a research area in which the Chinese will llkely make
great strides during the next decade. ‘

16



iversity of rice genetic resources ‘
RRI"scientists were much: lmpressed with the diversity of rice
;f-genetlc ‘resources in China. Rices with high yield potential were
,f.f-'»observed in each area visited. Likewise, rices with short growing
* seasons were noted as was the continuing search by PROC scientists
. ‘for varieties with even shorter growth duration. While genetic resis-
“.tance to some rice diseases and insect pests was noted, there was
‘anobvious need to mcorporate even broader resistance from other
sources.

“The IRRI team did not observe any conservation centers for rice
genetlc resources although the team was told that such facilities
exist. Keen interest was expressed by Chinese scientists and admini-
strators in the possibility of markedly expanding the exchange of
rice genetic resources with IRRI and with other national research
organizations. Such expansion would be welcomed and appreciated.

Mutual benefit from exchanges
The IRRI scnentlsts, as weli as their Chinese counterparts, were
unanimous in the opinion that a marked increase in the exchange
of plant materials, scientific publications, and scientific personnel
.-would. be mutually advantageous. China has much to offer the rest
- of the world in rice research and production technlques Not only
- scientists associated with IRRI but cooperators in the research pro-
" grams .of ‘many rice-growing countries could gain much from visits
'/to China'to see practical rice production as well as the effective links
between research, extension, and farmers’ practices.
_ The exchange of plant materials could also be helpful to Chinese
~ scientists, They are eager to incorporate insect and disease resistance
~in_ their new varieties. This can be done with genetic resources at

. ‘_:-lRRl and in national rice research institute programs that are known

“to be Tesistant to important insects and diseases. Likewise, genetic
.i=?:',mater|als known to be tolerant of adverse soils or extreme tempera-
- tures would be very useful to Chinese scientists.

- IRRI" will welcome increased scientific personnel exchanges to
',:lncrease the exchange of information on and from research in the

~."PROC and at IRRI. The IRRI team strongly supports the suggestion

: kthat long-term visits be encouraged to permit Chinese scientists to
~-spend several months at IRRI. Likewise, IRRI scientists could gain
. .much from involvement as companion researchers working with

s Chlnese colleagues during the nce-growmg seasons. :






OF COOPRATION
SETWEERN PROC & IR

The IRRI team’s visit to China was highly successful from the point
of view of the team members. The Chinese hosts were gracious and
helpful They cheerfully answered questions that permitted an under-
standing of their complex and highly successful rice-growing systems.

Discussions with Mr. Ma Ling, and with the agricultural research
leaders in the five areas visited, indicated a common interest in coop-
eration between agricultural research organizations in the People’s
Republic of China and IRRI in the following areas:

e Rice genetic resources collection and preservation. An exchange
of visits by scientists and of genetic material would be mutually
beneficial.

" ® Breeding. An exchange of advanced breeding lines and varieties
should be of interest to both parties.

e Program: organization., The Chinese expressed interest in IRRI’s
GEU program. IRRI is interested in China’s.cropping systems work.
Exchange of visits by scientists in those areas can be considered.

~® Research techniques. The Chinese progress in developing means
of biological control of rice plant pests is of interest to IRRI
scientists. IRRI can assist Chinese breeders with the anther culture
technique for breeding.
@ Conferences, seminars, symposla IRRI will issue formal invita-
tions for Chinese participation in all appropriate gatherings of rice
scuentusts

‘o Training. IRRI will formally invite Chinese participation in
research-oriented training and would welcome opportunities for fel-
lows and scientists to gain experience in China.







© CHINA'S LAND SIZE and complex topography provide great variability -
ﬁin environment. Northernmost China, at about latitude 53°N,_is-
along the Heilung River where it flows north of Moho, Heilungkiang
province. China’s southernmost point is the Tsengmu Reef at about
4°N, but the mainland extends only to about 20°N, south of which:
is Hainan Island, located between 18 and 20°N (Fig. 1).

The plains and plateaus of China are the most important land .
areas for agriculture. China’s three major plains are the Northeast
plain, the North China plain, and the Middle-Lower Yangtze plain,
with a total area of about a million square kilometers. Covering
roughly 10% of China’s territory, the plains constitute its principal
farming area, its most densely populated area, and the region.where
cities are most numerous.

. 'Kwangtung, Fukien, Kwangsi Chuang, and Yunan have subtropical
énd tropical climates and constitute important rice-growing areas. '

CHINA'S RICE-GROWING REGIONS

i, ot

Rice is ‘China’s most important crop. The area planted to rice is
‘about 36" million’ hectares, which is about 25% of the total area
planted to cereal crops and tubers. The national average rice yield
" is“about” 3.4 :t/ha, -which is two to three: times higher than the
average. for other- cereals. Because of its high productivity, rice -
‘production .accounts for about 45% of the ‘total grain and:tuber
. production. .- . o o o
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. The :Northern region_ is- divided..into, three_subregions:.. North

North, and ,Northwest. Only..japonica rice is grown, and, depending -

east,
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" 4~ Central region by
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‘on’climate, early or medium maturing varieties are used. R

“In_Heilungkiang province, Northeast subregion, the daily ‘mean
July temperature exceeds 20°C" and permits rice to be grown in
‘the summer. Rice was once grown at:Mcho, at 53°N,-and is'still
grown in Aihwei county at about 50°N, which is considered the
- northernmost area for ‘rice-growing in the world. The rice crops--
~become ‘more " popiilar in  Kirin”and " Liaoning -provinces, south’ of -
. Heilungkiang ‘province. However; only one rice crop a year is possible



- in:- most places in. the Northeast subreglon and rice is considered a

'minor crop. ) NSRS "u‘.‘.c‘;i: ‘e§‘ ake g
. The North subregron covers Peking mumcapality, Hopel, Shansi
, Shensi Shantung, ‘and Honan provinces; and the Inner Mongolia
autonomous region Peking is at about 40°N, and, historizaily, only
one.crop a year is grown. There is, however, an attempt to introduce
a_two-crop system with one crop of rice and one crop of wheat.
The IRRI team observed a good rice crop at the ripening stage in
fields of the Double Bridge People’s Commune near Peking.

. Central region ‘ -

The major rice-growing areas of the Central region are the plalns
along the Yangtze River, where both japonica and indica rices are
grown. In the northern area of the Yangtze, two rice crops a year
followed by green manure are common. In the southern area of
the Yangtze, two rice crops are followed by green manure, wheat,
barley, or rapeseed. Indica rice is normally grown as the first rice
crop and japonica rice as the second rice crop.

. At two communes in Wu-Shi — the Cheng Tsuo People’s Commune
(Syr-tan Brigade) and the Mei-Tsuo People’s Commune — some indica
varieties were seen that were planted as the second rice crop and
were ready for harvest. In that area japonica is predominant as the
second rice ¢crop and normally gives higher yields than indica. The
two communes were trying indica as the second rice crop because
lndlca matures a few weeks earlier than japonica. The time saved
permlts earlier wheat planting and higher wheat ylelds When the
tlmlng of planting the first rice crop is a limiting factor in a three-
crop system, barley is grown as the third crop because barley matures
about 10 days earlier than wheat. The Mei Tsuo Pcople’s Commune
allocated land for the third crop as 7% for rapeseed, 26% for wheat,
28% for green manure, and 39% for barley.

The Hsu Hang People’s Commune, Shanghai, grows two rice crops
followed by wheat, barley, or rapeseed. The first rice crop. normally
gives higher yields than the second rice crop (Table 1). Note that
a larger area was planted to the second rice crop in 1965 and 1975
and the reverse was true in 1957, »

People in the Central region seem to prefer japonica rice to mdica.
The reasons for that are higher yields (but not always), good cooking
quality, higher degree of cold tolerance, higher price,-and higher
milling percentage. In Peking, Nanking, WU-ShI, and Shanghai the
IRRI team was served japonica rice at every meal. :



“: Tablé 1:! Rice cultivation In Shanghal; from data displayed In‘the™:

" Exhibition Hall of Agrlculture, Shanghal, China, October 1976. - -
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Southern reglon o B '
“The' Southern region comprlses Fukien and Kwangtung provmces,
and” Kwansi Chuang autonomous region. The climate of the region
- |s subtroprcal to tropical and indica rice is grown almost exclusively.
‘ Untll recently, two rice crops followed by peanuts or sweet potato
vwere common. There are now experiments with three rice crops
followed by wheat, broad beans, soybeans, or rapeseed. Experiments
‘at the Cereal Crops Institute, Academy of Agricultural Scrences,
Kwangtung Province, have demonstrated that three rice crops a year
"produce between 2.25 and 3.0 t/ha more grain than two rice crops
a year ‘The recorded maximum production in experimental fields
at the Instltute is about 24 t/ha per year for three rice crops’ plus’ a
'Wheat crop, and about 23 t/ha per year for three rice crops plus a
- ’soybean crop. '
“**Three rice crops a year have been grown for about 80 years in .
Haman but the practice was not popular until 1973—-1974. Three
rice crops a year are now being grown on only’ about 53,000 ha'.
.*27% of the entire paddy field — in Kwangtung province. The target“_
for three-crop cultivation in Kwangtung provmce rs 33% of all paddy ‘
- f'elds by1980.
" Constraints faced in achlevmg this target are: S
e Time is needed to train farmers in the new cropping system. -
“® New varieties suited to the new system are needed
“® More fertilizers are required. L RS
‘@ Better control of diseases and insects is essentral sy
®'More mechanization is mdlspensable to such”an" mtensrve‘
farming system. ‘




. ‘There is, however, the alternative of two rice crops a year with
' increased yield per crop so;that two crops would produce the same -
‘quantity of grains that the three crops would. R
| Three crops of rice plus wheat (early maturing Mexican variety) -
Were observed at the Tai Li People's Commune, Nang Hai county,
‘an ty) were seen at the:

and :two ‘crops’ of rice plus wheat (local varie

~ Shin Hwa People’s Commune, Hia county. -

Southwest region : C 2 ‘
The Yunnan-Kweichow plateau in southwestern China covers mainly
eastern Yunnan province and the ‘major part of Kweichow province. ;
The plateau’s elevation gradually decreases from about 2,000 meters
in the west to about 500 meters at the eastern edge. The climate .
is humid with abundant rainfall. Temperature varies with altitude
according to the general rule that at the same latitude, the tempera-
ture .drops by 5 to 6°C with every 1,000-meter increase in altitude.
- Thus, indica rice is grown in low-altitude areas, and japonica rice is . .
glj_own in high-altitude areas. Between those two areas, both indica .
and japonica are grown. Very little rice is grown in the Tibet:
autonomous region. ~ N

" CLIMATE OF THE RICE-GROWING REGIONS

“Monthly. mean temperature and monthly.rainfall data. at seven sites
from north to south in China are in Table 2. More detailed climatic
data for Kwangchow appear in Table 3. S o ;
I most places in the Northeast region, the monthly mean temper- -
ature goes above 20°C in July and August, which permits rice to be

_grown. In the south, the monthly mean temperature is above 10°C
‘een in winter, and luxuriant vegetation thrives year around. The
moderate temperature in winter permits a wheat crop after harvest
of rice.”" -~ X
. Frost-free days are an important index for crop planning. Frost- .

frée days are 220 in Nanking and 244 in Shanghai. In the northern’ . 1
part’of Kwangtung province because of high altitudes and a cold . .

current there are only about 225 frost-free days. , .
In the inland area, the continental type of climate causes great
- fluctuation in temperature not only between day.and night but from
~year to year. Nanking, for example, has a mean_temperature of : :
:27.5°C in. July with a daily. maximum temperature-that normally - .-
goes’ as: high as 38°C. In low-altitude -areas, annual:rainfall varies - ¢

i
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Table 2. Monthly mean temperature and monthly rainfall at seven locatlons in China.

Location Latitude Month
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co P, ) Monthly mean tempemtum (°C) g =
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Table 3 Monthly mean temperatufe, monthly nlnfall monthly dally mean solar radlaﬁon, mbnthly dali; m&an sunshine héurs;at'l(w;ni;h w
(23° O'N), Kwangtung province, China. . - . , T T R R
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'fregularly wuth Iatltude from about: 500 mm in Kirin: province, to.
i’"froml 500. 6 2,000 mm in: :Kwangtung province, = bk

wa

;f213 ‘calfsq. cm- per. day in March to 394 cal/sq cm per day in July‘* ‘
V"yw:th an annual daily mean of 295 cal/sq cm per day

RICE CULTIVATION SYSTEM AND TEMPERATURE

*An all-out effort to control rivers and to construct irrigation and
'.drainage facilities for agriculture is a tradition of China. There is
great emphasis on water conservation for agriculture and it is almost -
a rule to irrigate fields of any crops in China. Thus, temperature
becomes the major climatic determinant for crop cultivation. In this
sense, agriculture in China is in sharp contrast with that of Southeast
Asian countries where the rainfall pattern is the major determinant
in crop cultwatlon

: Peking area : '
In the Peking area, only one rice crop is grown, followed by wmter P
- Crops (Flg 2) Early-planted rice’ produces higher yields than late-

Monthly: daily mean solar radiation at Kwangchow nnges from o

' planted rlce For example, at the Double Brudge People s Communek ;

SR T
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m"ne, Peklng, Chlna. i



* . the early-planted rice produced 7.5 t/ha, and late-planted rice pro-
duced 6 t/ha. To gain time the nursery bed for the early-planted rice-
is protected against low temperatures with a plastic film. The:late--
planted rice is normally followed by wheat, which producesa yield
of about 4 t/ha. Early maturing, high-yielding rice varieties-allow
more time for wheat to grow as a winter crop.

Nanking and Wu-Shi area ; L
In the Nanking and Wu-Shi areas two crops of rice are grown and
_followed by winter crops such as wheat, rapeseed, or green manure
(Fig. 3). Indica varieties are grown as the first rice crop because the
first crop matures in July when the temperature is high and the
indica varieties are more adapted (than japonicas) to high temper-
atures during the ripening period. The nursery bed of the first crop
may or may not be covered with a plastic film. The duration of the
-nursery bed is about 30 days. In the second rice crop, japonica
varieties are normally grown although indica varieties were seen
planted on a limited area. ' oo

A characteristic of the second rice crop is the practice; of double
transplanting. In the first nursery bed, seeds are sown at a density of
about 113 gfsq m and grown for 30 days. Assuming a 1,000-grain
weight of 25 g and a germination Ppercentage of 80%, the plant

Monthly mean temperature (°C)

7 Mooy b,
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. 3. Rie _cultivation system in Nanking and Wu-ShI"arcas\lh;
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density becomes 0.4 plant/sq-cm. In the second nursery bed seedlings‘}

are_planted at a density about one-third of that in the first'i nursery Ce
bed and are grown for 20 days. The purpose of double transplantlng: o

is to'get high yields with a shortened time in the field.

Later at Kwangchow, however, the IRRI. team was told that
double transplantmg is no longer practiced in Kwangtung province
because it requires a larger .area for nursery beds and more:labor
than single transplanting.

The slogan three colors of rice flelds In one day characterizes the
extremely intensive rice. cultivation in China. Quite often in the
Nanking and Wu-Shi area harvestmg of the first rice crop and trans-
planting of the second crop are done on the same day, or with
only a one-day interval between the two crops. Three colors of rice
flelds in one day depicts the crop harvested in the morning when
the fleld is yellow, the color becoming black as the field is plowed
and ‘harrowed, and the color changing to green when transplanting
is complete by the evening of the same day.

Shanghai area

Because of similarities in climate in the Nanking and Wu-Shr areas
and the Shanghai area, the rice cultivation system is similar (F ig. 4)
Because the second rice crop_is exposed to low temperatures at

Monlhiy mean temperature (°C)
30 = ; —

714;" Rice cultivation system at Hsu Hang People’s Communo. o
Shanghal, China. . S



“Table'4:; Duration-In,days of nursery, bed; main fleld, and ripening stages In the Shanghal,
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late stages of growth, it is imperative that the second rice crop flower
by 22—23 September. Table 4 summarizes duration of the riursery
béd, main field, and ripening stages. R :

" Indica varieties grown as the first crop are not photoperiqd sensi-
tive and japonica varieties grown as the second crop must be cold
tolerant. The phytotron of the Institute of Plant Physiology, Shang-
hai, was being used for screening about 70 rice varieties for cold
tolerance at flowering time. =~~~ o -

Kwangchow area

In" Kwangchow province, two rice’ crops and one winter crop are
normally grown in one year but three rice crops and one winter crop
have been popularized since 1973—1974. In a three-rice-crop system,
observed at Tai Li People’s Commune (Fig. 5), variety Kuan Lu Ai
No. 4 was grown as both the first and second crop. A photoperiod-
sensitive variety (Kuan Hua Ai) was used as the third crop. Because
of higher temperature and more abundant solar radiation, growth of
the second crop is much faster than that of the first crop. The third
crop must flower by 17 October to avoid cold damage.

Table 5 summarizes the crop duration and approximate yields for
the three-crop system. The spacing is 13.2 cm X 16.5 ¢m and plant
density 10 seedlings/hill, or 46 hills and 460 plants/sq m. As a con-
. sequence, the crop yield depends largely on main culms(Table 6).

The' transplanting system produces a large number of panicles . with
a small-panicle size just like direct seeding, ' o -

- "After the three crops of rice, mase than 100 days.remain during
the winter during which wheat, soybeans, green manure, or Azolla'is
grown.- The period between the harvest of -the .third crop and the
- planting of the first rice crop is too short for wheat. To overcome
this, an. early. maturing, modern wheat is grown, and either the wheat.
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5. Rice cultivation system at Tal Lal People’s Commune, Nan
Hai County, Kwangtung province, China.

seeds are. broadcast between the rows of the thlrd rice crop, about
10 days before the rice: harvest, or the wheat seedlings are grown in
a. nursery .bed for 15 to. 30- days, after which the seedlmgs are

transplanted into main fields (Tal Li People’s Commune)
Table 5. Crop - duratlon and ylelds in the three-rlce-crop-cultlvatlon system in Kwanxchow
provlnco,chlna. N e
; Crop™ 7 - S Duratlon (days) oo i v Grain yleld
R Nursery bed Main fleld Total (ks/ha),,,
Ist rice 20-25 95-100 120

2nd rice 15-20 60— 70 85

~ 3rdrice. B0 B8 n o S s

Total. 240255

* Table 6. Yield components of three crops of rice at’ Tal | People’s Commune, Nah_iial L
: ,:county,Chlna. VEOL e R

- .‘f’f‘Cro o Panicles Gralns ~ “'Fllled grains .

LR, ‘(nofsqm) ' (noJpanicle) " (%)

CAst. . 450-525. . 75-80 ;74

and L . 450-600 .. 5560 .. . 83 - . ©24=
3d. - 450—600 .- 7. . 55-60. i 8570




6. Rice cultivation system.at Shin Hwa Peoplo‘s Commune,
Hwa county, Kwangtung province, China,: - -+ < s

Currently, however, a system "of two crops ‘of 1 rrce ‘and one’ wmter
¢rop*is- most ‘common,- even in Kwangtung provmce. ‘At the ‘Shin
Hwa: ‘People” S Commune, two crops of- rice. and one crop of wheat
are grown (Fig.6). For the first crop, the variety is Cheng Chu Ai or
Che Yie Chin, and for the second crop the variety is Kuan Er Aior
Che :Yie: Chin. A local wheat:varietycalled Fan Swe is grown -after
the_ second crop.. The commune . tried growing modern (Mexrcan)
kwheat on-a small scale and obtamed much hrgher ylelds compared
wrth a local varrety

"Tablo 7.‘Comparlson of ylelds at two communes In Kwangtuns
provlnu, China, o

Tai LiPeople’s ~ Shin Hwa People’s’

" Commune Commune
Crop .. ... NanHal County .. .. .. Hwa County
‘ o (t/ha) (t/ha)
Istrice. . . RS - [ S 4,50
2nd rice,’ . 600 . 435
3rdrice. - - e 525 - 1.50 o
Wheat ' - 1.50 <o

- Total . s T 1038




Table 7 compares ylelds at two communes visited. Note that the
Tal Ll People’s Commune produces two times more grain a year
.than the Shin Hwa People’s Commune. Because soil fertility, level of
cultural practices and other factors affect grain yield interpretation
of the difference in yields of the two communes is not attempted.
The yield data in Table 7 do, however, show a wide range of annual
production. It is noted that even the Shin Hwa People's Commune
yields are much higher than the national average rice yield for -
1971-75, which was about 3.4 t/ha.






THE PRIMARY JOBJECTIVE of agricultural development in Chma is to
achleve an adequate supply of food grain for its large and growing
populatlons The success in achieving that objective can be related
to. policies that have encouraged an increase in grain production, a
decrease in year-to-year fluctuation in grain output, and a vastly
more equitable distribution of output.

- Normally countries have food policies that are either producer
biased or consumer biased. The Chinese created incentives for in-
creased food production, while at the same time providing food
grain at ‘low cost to consumers. That achievement has been discussed
in'depth in other reports. The focus of the IRRI team was on the
rice production system and on the research and trammg act|V|t|es
that support that system »

_ AGRICULTURAL PRODUCTION AND RESOURCE USE

The' guiding principles of Chinese-agricultural production are set
down in two quotations from Mao Tse tung, whlch were: heard
frequently, : : : g
o “Take agrlculture as the foundatlon and' mdustry as the Ieadmg
factor.” < -
‘e “Take grain productlon as the key ||nk and ensure an all-around
development in agriculture.” :

Those statements date not from the revolutlon in 1949 but from'
1962. ‘As with many other developing countries, China attempted
to achieve rapid industrialization during the 1950’s. The failure of
the Great Leap Forward and a series of poor harvests in the' perlod _
1959—61 resulted in greater priority for agrlcultural production; =
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TAKE GRAIN AS THE KEY LINK AND ENSURE
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The Chinese make effective use of posters, banners, and billboards to emphasize the goals of
the people often using the quotes of Chairman Mao to constantly remind — and encourage —
the people to develop Chinese agriculture,

An annual increase in China’s grain production was reported for
the past 14 years (1962—75) and from what the IRRI team observed
1976 will continue that trend. The average annual rate of growth
of grain output during the 1962—75 period was 3.5%, with the most
rapid. growth experienced in the first part of that period. That
achievement must be interpreted in the context of China’s meager
resource base, ' L

China can be characterized as a labor surplus economy. The labor
supply is large relative to the supply of capital and the cultivated
land area. Only about 15% of the land area is cultivated and the
arable land per capita is extremely small, even when compared with
most other developing Asian countries (Table 1)..In six communes
visited by the IRRI team the number of workers per hectare ranged
from 5 to 8, which reflects a population density and labor force
availability comparable to East Asia and to about 25% of the farms
(but.only 2% of the farming area) in South and Southeast Asia

(e.g:, Java). Most farms in Asia have less than half as much labor

‘per hectare as China.

«..-A:lack of .capital goods of all types, inadequate transportation

. facilities, and limited cultivated land area per worker characterized
- the: Chinese agriculiural resource situation after the revolution. In
__the process, of raising agricultural production, emphasis was given



Table 1, ‘Arable land per capita among 10 most-populated countries in Asla, 1970.%
IS T . " Total: Agricuftural + Arable Arable land

Coumry o populatlon population land® per caplta: .
v ' (000) (000) (000 ha) (ha) -

B'urmaf" . 21,748 17,675 18,920 0.682
 Thalland ' 36,161 27,663 12,900 0.357

Indla: 538,810 364,774 165,680 0.307 -
Pakistan 53,514 43,881 19,235 0.359
Japan 103,499 21,321 5,796 0.056
Philippines 36,849 26,531 6,579 0,179
China, People's Republic 759,609 508,938 126,095 0.166
Indonesia 121,198 84,839 18,000 - 0.149
Bangladesh 60,675 52,7187 99,097 0.150
Korea (South) 32,107 17,132 2,298 0.072

9Ranked from top to bottom by arable hectares per agricultural worker.
bArab!e land refers to land under temporary crop and permanent crops and land temporarily
fallow or lying idle.

to -raising the productivity of the existing cultivated area through
an increase in yields and an expansion in the area multiple cropped.
In 1962, it was decided that China’s limited capital resources should
be concentrated in those areas that were most likely to show the
highest production response to modern inputs. Thus, priority in
input use was given to what has come to be known as the high and
stable yield areas. The IRRI team traveled primarily in those areas,
which are said to represent about 11% of China’s cultivated land,

The postrevolution development of agriculture in the high and
stable yield areas can be divided into two phases. The first covers
the period from 1949 to 1965 and the second, continuing phase
covers the period from 1966.

: The first phase was marked by much experlmentatlon wnth agri-
cultural organization and culminated in the establishment of the
commune system in 1958, During that period, increased production
and infrastructure development depended almost exclusively on the
mobilization of rural labor. For example, labor was used to increase
yields through recycling of wastes and composting, and to construct
canals, levees, and dams to control water, Rural electrification per-
mitted mechanization of operations that were mechanically effi-
cient — pumpmg water, grain processing, threshing — and thereby
freed labor to e used elsewhere. Effective |rrigat|on and drainage
enhanced the productivity of labor and. set the stage for the rapid
increase in the use of modern inputs. S



. The'second phase of agricultural development is characterized' by
- the spread of modern, fertilizer-responsive varieties, increased use
of “chemical fertilizer, and mechanization of additional operations.
Expanded use of chemical fertilizers and mechanization raised pro-
ductivity without reducing the labor inputs. Chemical fertilizers are
applied in addition to, not as a substitute for, organic compost.
Mechanization is used principally to reduce the time period between
the harvest of one crop and the planting of another. Mcchanization,
coupled with the development of short-season varieties, has in some
cases saved enough time to grow an additional crop in a year, Thus,
the savings in labor per crop results in increased labor per hectare
per year. 4
An eight-point charter for agricultural development summarizes
the goals of intensive agricultural production. In simplest terms, the
objective of China’s agricultural policy is to maximize agricultural
output per unit of land by relying primarily on available local re-
sources, particularly human labor. The institutional organization of
agriculture provides the mechanism for implementing that objective.

THE ORGANIZATION OF PRODUCTION

The major administrative and planning units in agriculture are the
province, the county, and the communes. Plans are worked out at
each level for supplying inputs such as electricity and water to the
commune at nominal fees, and for purchasing and dlstrrbutlng the
agrlcultural surplus of the commune.

- Since 1958 the people’s commune has been the basic unit of local
government. The commune compares with a township or municipal-
ity entompassing a market center and a number of satellite villages.
The population of the communes visited ranged from 21,000 to
73,000 and had from 11 to 17 people per cultivated hectare.

The commune is organized into a series of brigades and production
teams, with the production team equivalent in size to a village. As
with any village organization, there is again wide variation in size,
Typically, from 25 to 50 families — 50 to 100 workers — in a
production team cultivated from 8 to 16 hectares of land in the
commune production units visited. (It should be noted, however,
that the IRRI group traveled only through densely populated rlce-
producmg areas.) -

“The central authority of government extends through a network
of cadre or party officials all the way down to the" productron team.

38



- Plans:for. production and input use are often decided upon jointly by

“leading farmers, technicians, and the cadre. The cadre provides the
basic link in assuming that decisions made at the: lowest level are

- properly coordinated with production plans and targets at the higher

levels. :

The basic unit of accounting is the production team. Each member

f the labor force earns a certain number of work points per day.
The criteria for assigning work points, such as age and physical
fitness, vary considerably from one commune to another. After
production costs and an amount for the public fund (including funds
for purchase of equipment, operation of schools, etc.) are set aside,
the commune income is divided among the members according to
the work points earned. In two communes that provided detailed
data, about 50% of commune gross income was distributed to the
people giving an annual per-worker income of about US$200. That
income excludes earnings from private plots assigned to each family,
which account for about 7% of total cultivated land.

.There are four features of the commune organization that merit
particular attention — the mobilization of labor, the mobilization
of ‘rural savings, the allocation of resources, and the link between
agricuitural and nonagricultural activities.

Mobilization of labor

The active labor force is about 10% larger in China than in other
Asian countries, mainly because of a much higher participation of
women. Furthermore, in the commune, the labor force tends to
work longer hours per day and more days per year. The total labor
input from a given population is perhaps twice as large in China
as in other countries. This is possible because the labor force, when
not working directly in agricultural production, is assigned to tasks
involving capital investment. It is possible also because of constant
encouragement to work hard, and because of incentives for hard
work in terms of both work points earned and other less-tangible
assets. - ‘

- An important point is that for all jobs undertaken by the indivi-
dual, regardless of the contribution to productivity, the same daily -
work points are earned. A large share of the labor input can be
mobilized for capital investment, the benefits from which are not
immediately realized. Labor can also be assigned to activities that-
give a low, but positive return. In this context, it would appear that
‘many of the more profitable capital investment activities have now



'been completed For example; the nitial’ use of. the ‘labor force: to
develop the - urigation and drainage network “must - have: had :an
- extremely high  payoff. But the benefits from placmg the: imgation
'system in underground pipes to conserve’ water and land must’ be
of a much lower order of magnitude. :

Mobilization of rural savings

A second feature of the commune structure is the facility with which’
resources can be mobilized for investment. In most developing eco-
nomies rural savings rates are typically 5% or less, reflecting a lack
of opportunity for productive investment. In the communes the
IRRI team visited, between 10 and 15% of the total value of output
was being set aside for the public fund. Money from that fund sup-
ports the educational and health system, the elderly, and other public
services.

The Chinese public fund system contrasts sharply with the pro-
cedure in the free-market economies of providing public services,
such as education and health, through the central government, usual-
ly at inadequate levels of support. About half of the commune public
fund is reinvested in agricultural machinery and equipment. The
fund's low rate of interest, about 2.5%, partly reflects the fact that
there is no inflation in prices from year to year. The high rate of
savings is possible because the savings are reinvested in the com-
munity, and hence directly benefit those doing the saving,.

Allocation of resources
In free-market economies the pricing system is the mechanlsm for
resource allocation. In the commune, price also plays a role but a
rather different role. There is no land rent to pay and-labor is not
-~ hired for a wage. Through the work-point system, labor, not land,
becomes the residual claimant on profits earned. All -other-items
purchased and sold have a price and price does influence decisions
in the use of inputs and the product mix.

However, in the case of food grain production, in- partacular, pro-
ducers are encouraged to achieve certain production goils even if
this‘means lower profits. For example, rice is sold at a low price
to consumers, and through a rationing system everyone is guaranteed
an adequate supply. The government subsidizes rice prices to en-
courage production. Even at the subsidized price, however, there
are more attractive alternatives to grain production. But, it is more
or less understood that'the bulk of the cultivated land in grain-



production - will remain in grain production, and that every effort_~i
will be made by the commune to steadily increase the quantlty ofj:'
surplus grain sold to the State. y e

Agriculture and nonagriculture linkages

The link between agricultural and nonagricultural activities in the
commune reflects the dynamic nature of commune development.
There appears to be relatively little movement of labor between the
rural and urban areas, but in the rural areas there is significant
growth of a labor force working in small-scale industries at either
-, the commune or brigade level. Those industries are designed prin-
“ cipally to provide the necessary inputs and services (e.g., cement,
tools, tractor repair) for agricultural development. Some products
such as agricultural chemicals are exported to other communes. Some
~.communes manufacture component parts such as those for tractors
-and bicycles. In other cases, cottage industry or local handicraft-
- making is an important s/deline activity. In the communes visited
the growth of nonfarm activities during the past decade has absorbed
a large share of the addition to the labor force through population
growth, but the absolute level of labor in agriculture seems to have
remained fairly constant.

" During harvest periods, agriculture has first priority. In the com-
munes factory workers and school children help with the harvest
- and in urban areas factories can be called upon to supply labor to
nearby communes free of charge.

The commune structure has facilitated the mobilization of labor
in a labor-surplus society for production and capital investment. The
development of small-scale industry in the rural sector provides the
. opportunity for productive investment of capital and for more
‘productive use of surplus labor. Yield gains due to investment
- in agricultural infrastructure had, however, been almost fully ex-
- ploited in the communes visited, and further gains in grain produc-
tion will depend almost completely on the development and applica- .
. tion of the new crop technology.

RICE FECHNOLOGY

. 'The ‘development of short-season varieties (70 to 100 days from
'transplantmg to harvest) was a major contributor to the 20% growth
in rice area cropped during the past two decades. Rice is now grown
extensively in the northern area of China in rotation with wheat.
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" The area double-cropped annually: with rice has also extended north:
- ward to the Yangtze river and plans are now underway to expand the

area growing three crops of rice a year in Kwangtung province. ’

. Improved irrigation (and drainage) is another key factor that has

permitted the intensification of rice cropping systems. It also en-

couraged the use of fertilizer. Research in the development of a"

dwarf, fertilizer-responsive, indica rice variety began in 1956 and

by the mid-1960's, dwarf indica varieties were being widely grown.

- Good water control and adequate labor have permitted careful
attention to agronomic practices — seed selection, development of
strong and healthy seedlings, proper depth of transplanted seedlings,
share spacing, proper water management, deep placement of fertilizer
to obtain maximum efficiency, and frequent spraying of the crop
to control insects,

~ Many of those agronomic practices are details to which the average

- Asian farmers pay little attention. But rice is a crop that responds
to intensive care and management. It would be difficult to measure
the impact of additional labor inputs on yields on a task-by-task
basis, but in a well-controlled water environment the add.uon of
100 tc 200 man-days of labor per hectare in care-of-crop practices
could result in an additional 500 kg of rice per hectare. Until there
are better alternative uses for labor, there is no need to determlne
which tasks are least productive.

As previously noted the focus in mechanization is on equipment
that saves time and labor during the period between harvest of one
crop and the transplanting of the next crop. This explains, for -
example, why China has been one of the first countries to develop
and popularize the rice transplanter. Conversely, it explains why
in weed control, where there is less time pressure, the Chinese use
hand ard hand-tocl methods instead of herbicides.

- Yields reported in the communes visited averaged about 10 t/ha
per year for all grain, and about 5 t/ha for a single crop of rice.
The question has been raised as to wncther or not the high and
stable yield areas have reached a ceiling with respect to -total pro-
duction per hectare. It appears that major infrastructure development
has been completed, and that there is little scope remaining for
raising yields through additional investment. However, some latitude
remains for raising yields through improved technology. The Chinese
researchers speak of targets ranging up to 15 or 20 t/ha, a level of
production currently being achieved only in isolated areas. This level
can probably be reached over a wider area through a combination
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. of varietal improvement and increased fertilizer input, but the most. .

urgent need is for varieties that are resistant to major pests and
diseases (particularly the brown planthopper), which are becoming
more of a problem with intensification of cropping.

PROSPECTS OF RICE PRODUCTION IN CHINA

Chinese rice production is now highly dependent on organic manures,
including the use of night soil, and compost or farmyard manures.
It is interesting to compare Chinese rice cultivation today with
Japan’s experience.

In Japan, good irrigation and drainage facilities were provided
for rice farming more than 100 years before Japan’s modernization
started. Between 1920 and 1930, national average rice vield reached
about 3 t/ha before introduction of chemical fertilizers. Tuat national
average of 3 t/ha was achieved by use of organic manures. Compare
that with the 3.4 t/ha national average in China today.

To increase japan’s national average rice yield from 3 t/ha to
6 t/ha there was improvement of lowly productive soils, heavy
application of nitrogen fertilizers, and better control of diseases and
insects, in addition to breeding of improved varieties.

At its current yield level of 3.4 t/ha, China appears to be well
ahead of Japan in terms of varietal improvement. China aiready has
semidwarf varieties that do not lodge at high nitrogen levels. If China
can manufacture more chemical fertilizers and achieve better control
of diseases and insects (by variety or by management), it has great
prospects for increased rice production within a much shorter time
than Japan.






SINCE THE CULTURAL REVOLUTION, the demand for immediate relevance
has ‘dominated the agricultural research and extension systems in
China. Likewise, education has been focused almost entirely upon
job-related training and upon subjects of immediate practical concern
to human welfare. This application orientation has made possible
the prompt utilization at the farm level of new research findings. It
has assured immediate attention by researchers to practical produc-
tion problems. And it has helped students at all levels focus on
agriculture and on the solution of practical farming problems.

Because of this problem-solving orientation of agricultural research.
and education, the focal point for attention is out in the countryside
where the problems exist. The staff and faculty of each research and
educational organization visited by the IRRI team indicated they
were spending some time each year at the grass-roots level, learning
from the peasants and cooperating with them and wrth local re-
searchers on common prolects

EDUCATIONAL SYSTEMS IN CHINA

Educatlon through junior hlgh school is compulsory in Chma, in

elementary and junior high schools located at the production unit, .

'productlon brigade, commune, county, and township level. The IRRI
" team visited an elementary school and a junior-middle school - in
Mai-Tsien county. The elementary school classes were teaching the.
alphabet, the abacus, and music. In the junior-middle school, classes

were on the method of rice variety selection, fermentation of feeds,

and the various parts and. functiomng (outdoor demonstration) of -
a diesel engine.. BRI R SR T
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After ]umor hcgh school all students are ass:gned to communes,

i ‘factorles, or other appropriate places. Education beyond junior high

. school is based on the recommendation (for individuals) by those
- organizations and is based on overall performance including political
ideology. Those who complete high school are again assigned to
practical work and a similar procedure of selection is followed for
university education. High school graduates frequently get on-the-
‘job training and undertake highly specialized work without further
formal training.

Before the cultural revolution the university requirement was 4
to 5 years. It is now 3 years with attention to practical learning
and emphasis on short courses. The teaching materials are based on
Chinese rather than on foreign texts, lecture materials are prepared
jointly by teachers, and no formal diploma is given.

- The IRRI group visited Chung Shan University, originally a College
of. Agriculture founded more than 50 years ago and named after
Dr. Shun Yat Sen. The College of Agriculture moved to a new cam-
pus in 1950 and the Chung Shan University now specializes in arts
and sciences. The arts include Chinese literature, history, philosophy,
economics, and foreign languages. The sciences include mathematics,
physics, chemistry, biology, geography, and metal sciences. The
university has more than 3,000 students on campus, about 10,000
students attending short courses, and a teaching staff of 1,000.

The University practices open-door teaching, which means most
of the teaching is in the field with students sent to production
brigades or production units to conduct experiments. All teaching
materials are indigenous, with foreign teaching material used only
if local material is not available.

The theoretical part of the course work is always related to prac-
tical problems and academic courses are not offered. The entomology
courses — 110 students studying entomology — include insect classi-
fication, insect physiology, applied entomology, and insect pathology
(mlcroblology)

" The last half-year at the university lncludes thesis work. Thesis

to'pics are generally based on special production problenis but ina -

few cases theoretlcal subjects related to productlon are also selected

erd

OPEN DOOR RESEARCH POLICY

' ‘Rlce research in: Chma is carried out at each administratlve Ievel ThiS‘
: ranges from the lnstitutes of the prestlglous Academy of Sclences]

[



..(A‘(Academla Sinica) and of the Academy of Agricultural and Forestry

Sciences - to the thousands of field testing groups in provinces, com-g

munes, brigades, and production teams throughout the country (see
Figure 1). Some research on rice was under way at each of the
locations visited by the IRRI team from Peking to Kwangchow. Such
research is coordinated through what is termed an open door policy.
This requires that a major part of research be done in the field
where the problems are and that peasants and farmers participate
in the research work. It is not uncommon to find 80 to 90% of a
research organization's staff assigned to work in farm fields at least
some time during the year. The general research organization has
evolved so as to minimize any hierarchy. In many institutes it was
difficult to distinguish the head of a program from his assistant or
associate scientists. Team leaders were often introduced as responsible
persons,

This grassroots participation by scientists or research institutes
and faculty and students of universities places focus on the problem
rather than on position, academic training, or prestige. Many agricul-
tural researchers have no formal advanced training in their discipline;
some are high school graduates who have learned research techniques
on the job.

. The basic Chinese research concept is to do problem solving
based on:

- @ Self reliance, wherein a problem is studied and the solution first
sought locally. Requests upward for recommendations and informa-
tion are made only when necessary, and then one level at one time.
The scientist-technicians in the organizations collaborate closely.

.. @ Interlevel cooperation, where brigade and production teams have
study points (sites) for their work. Scientists from the higher-level
research organizations may also work at these points to cooperate
with and help the lower-level workers. The stay of scientists at a
point may be from a few months to several years — until a problem is
solved or a new system developed. The interlevel personnel inter-
“action is.maximized by a three-togetherness concept the sharing of
food shelter, and work.

‘o |ntegration of research and nroductron, which is achieved by
coordmatmg feadership, which consists of leading cadres, leading
peasants, and technical personnel; research emphasis, which is equally
on investigation, production, and utilization of agricultural products;
and control methods through the emphasis of testmg, demonstratlon
and extension. - S o o



Thls problem-solvmg approach to research expedites the pathway
of research, through extension to production. For example, an ef-

" “fective method of insect control can be developed, popularized and

adopted throughout wide areas within one year

Popularizatron extension programs i

Positive results of agricultural research are rapidly translated into
action programs. Extension activities, collectively called populariza-
tion, effectively characterize the priority associated with the import-
ance of preparation, dissemination of information, and implement-
ation of new practices for the benefit of the masses. Because research
is primarily associated with problem-solving, and is characteristically
implemented at local levels, a direct relationship between research
and popularization programs is encouraged. The interaction is further
strengthened by the fact that most researchers and their university
- students have a direct contact and personal involvement with specrfic
problems at the local, farm-production level, » S

NATIONAL LEADERSHIP AND COORDINATION

Leadershlp for rice research ona natronal level is prowded through
two ministerial level organizations that' report to the State: Councrl
of China (see Figure 1):

--® the Chinese. Academy of Sciences, which has research mstltutes
throughout the - country, and which also works in conjunctlon with
provincial and municipal governments, and :

® the Ministry ‘of Agriculture and Forestry, whlch admmlsters
some -applied research institutes. directly and which coordinates
activities of the provincial agricultural research academies and. insti- -
tutes, and the numerous field research and testing stations. Iocated
at the county, commune, and brigade levels. :

- The Ministry and the Academy, both of which are of mlmsterlal
level, work in close collaboration. As previously mentioned, scientists
from the institutes administered by the Academy of Sclences often
work at Ministry-administered institutes and at cooperating provincial-,
county-, or. commune-level organizations. In general, the Academy
is oriented toward basic research — mostly the problem-solving
type — while the Ministry and cooperating local research institutes
and field stations emphasize. the applied aspects of agricultural re-
search. A few research institutes are administered jointly by the _
Academy of Scnences and a provmcnal or mumclpal government
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A Academy of Sciences (Academia Smica) o

- The Academy of Sciences, a cabinet-level national institution, admm-
isters quality research institutes at several locations in' China. Rice
rescarch is carried out at many of those institutes, three of which
the IRRI team visited: the Institute of Microbiology and the Institute
of Zoology, both in Peking, and the Soil Science Institute, Nanking.
The Institutes of Genetics and of Botany also do rice research in
Peking, and their scientists participated in group discussions with the
IRRI scientists.

While all rice research is said to be oriented toward the solutlon
of practical rice production problems, the institutes of the Academy
of Sciences give considerable attention to gaining basic information
needed to solve the problems. For example, scientists at the National
Instltute of Zoology, work on synthetic diets for parasites and
predators, on sex pheromones and juvenile hormones, and on syn-
thesis of new insecticides. At the National Institute of Microbiology
the work is on genetics, on the enzymology of microorganisms and
their role in agricultural and industrial production, and on the basic
research required to integrate short term and long term projects.
The Soil Science Institute, jointly sponsored by Academia Sinica and
Kiangsu province, concentrates on studies of soil characteristics that
affect crop production. '

Each of the institutes visited gave up-to-date research publications
to the IRRI team, which attests to the importance given to written
communication among scientists working at the mstltutes admm-l
istered by the Academy of Sciences.

Chinese Academy of Agricultural and Forestry Sciences

(Ministry of Agriculture and Forestry) :
The Chinese Academy of Agricultural and Forestry Scuences is thei‘
highest-level research organization in the Ministry of Agriculture, The’
IRRI team visited its headquarters in Peking to see rice research.

The Academy performs two major functions. One function is to
carry out agricultural research in many subjects, not only at head-
quarters but in cooperation with field research units. The second
function is coordination of regional and national research and field
testing programs. Examples of that coordination are the regional
networks for North and South China, which have been set up for
~ testing the performance of rice varieties and lines. The Academy has
~ no administrative control over research at the provincial and local

 levels but nevertheless carries out its coordinating functlon (Flgure 1)
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Chinese Assoclatlon of Agriculture. -

‘The Chinese Association of Agriculture, whlch was host to the IRRI
team, includes scientists, administrators, and general agriculturists,
and looks after the overall agricultural development of China. The
Association provides additional educational expertise at national,
provincial, and local levels and has a major educational commitment
to emphasize a three-in-one principle of involvement of scientific
leaders, technicians, and the masses. The Association organizes educ-
ational meetings, publishes extension-type literature, and in general
serves in a coordinating role in the preparation and dissemination
of educational materials. Parallel to the research work, it organizes
short-term classes and other training for technical personnel in the
production units.

o

PROVINCIAL AND MUNICIPAL ACADEMIES
OF AGRICULTURAL SCIENCE

There:is one or more provincial academy, or institute, of agricultural
science :in -each province, which are administratively responsible
to “the:.provincial or municipal government. Some were formerly
agricultural research institutes in Peking, but they are now located
invthe -provinces so as to be close to the problems they:were
set- up.to solve. Others were set up by the provincial or municnpal
governments.

~Provincial academies serve the provinces much the same as- the

Academy of Agricultural and Forestry Sciences serves at the national
level. Provincial academy scientists perform some research in their
laboratories and on their experimental fields, but much of their work
is done at the grass roots in cooperation with scientists, technicians,
and farmers. The provincial academies perform a coordinating role
. as exemphfled by province-wide rice variety and Ime performance
tests. 2
’As in .the case wnth the Academy of Agriculture and Forestry
‘-?the: provincial academies have no administrative control over re-.
- search units at the level of the commune, production brigade, or
- production team.

The IRRI team visited provincial academies of agricultural science
in:Kiangsu' and- Kwangtung, the Shanghai Institute of. Agricultural
~ Sciences, and the Shanghai Institute of Plant Physiology. The research
at : those’ provincial- and municipal-level organizations was strongly
oriented toward the solution of rice production problems in their



respectrve geographic areas, Heavy emphasrs was placed on coopera-
tion wrth local research unitsis -

2 Kwangtung Academy of Agricuitural Science '
- Most of the research work of the. Kwangtung Academy of Agrlcultural

. Science is done away from the headquarters in field stations admin-

istered at the county commune or brigade level. Teams of scientists
~ are sent to problem areas, or to areas where they want to test a new
concept, system, or practice. Their work is performed in cooperation
with experiment stations, or field testing stations that are admin-
istratively under the control of the lower level governmental units,
“When it is deemed desirable to initiate cooperation between the
Academy and a given field unit, approval is obtained from the
provincial Agricultural Bureau, thus assuring cooperation from the
field units, :
Kiangsu Academy of Agricultural Science
The staff of the Kiangsu Institute of Agricultural Science does most
of its research work in:the field. The Institute headquarters is in
Nanking but about.two thirds of their work is in the field. The
field - research is done at four integrated centers located in the
province or at 14 -centers for special research located wherever
specific problems exist. The 14 centers do not remain at specif' c
locations but move to the problems.,
. Agricultural research in the province is done through a four-level
scientific network that includes :
-@-research institutes in each county, .
‘@ experiment stations in more than 80% of the communes,
- o.production research teams in 60% of the brigades, and
<@ production research groups in 60% of the production teams.
- The . Institute also cooperates with colleges and production and
‘industrial units, Researchers from the grass roots (poor and middle-
class peasants and farmers) are invited to work at the Institute for
on-the-job training. Special courses are orgamzed for as many as
200 grass roots researchers at a time. . : '

Shanghai Academy of Agricultural Sciences . RS

‘The:Shanghai Academy of Agricultural Sclences has 400 scientists.
Of those, 130 do grass'roots work: with local leaders-and. peasants.
The 130- researchers work at: 38 research centers in counties: just
outside Shanghai at the commune or brrgade Ievels, and at: 360



liaison Jocations at production-team levels, R S,
Institute researchers stress that they use the open-door method of

doing research in cooperation with people at the commune, brigade,

and production team level on the three-in-one principle, '

LOCAL: LEVEL RESEARCH AND TESTING |

An important administrative unit within a province is the county,
which .in turn is made up of several communes, Within each com-
mune is a number of production brigades and within each brigade is
a.number of production teams. There is considerable autonomy in
managing agricultural production at both the brigade and production-
team levels, but the agricultural research and extension complex
provides considerable linkage between the commune and county and
provincial governments.

In each province a research and testing system carries out agricul-
tural research testing and extension work, Agricultural experiment
stations are established at the commune level and in some areas
stations are found at the production-brigade level. To supplement
the work of the experiment stations, a number of field testing units
are generally set up at the production brigade level. These in turn are
supplemented by small research groups stationed with production
teams. o
This comprehensive network of testing sites, when reinforced with
field work carried ‘out in cooperation with the staff of provincial
academies of agricultural sciences, and with university faculty and
students, provides an impressive array of applied research and exten-
sion .activities. It is common to have 1,000 or more scientists,
technicians, managers, and peasants.involved at least part time, in
agricultural research within a given commune, ,

A brief description of a county research institute, a brigade
experiment station, and a production team field test site illustrates
the activities of local level research units, o '

Hwa County Research Institute of Agricultural Sciences

The Hwa County Research Institute of Agricultural Sciences, founded

in 1959, represents the first level of institute research at the county

level. The Institute has 25 research workers, 30 cadres, 150 staff

members, and 250 mou (16.7 ha) of experimental land, .. . .
The institute has groups working in '

® plant breeding,



© o fertilizer-soil,
. ¥ etcash crops,

“sleiplant protection,

e animal husbandry, and

e microorganisms doing primarily antiu.utic production.

The Institute also has a school for agricultural technology that
trains 150 students a year. The technical course lasts one year, and
the students spend time in the classroom and in the field. The
students return to their respective communes or brigade research
units after the course. A total of 932 students have graduated from
the school, of which 20 are party branch secretaries or brigade
leaders, more than 200 are responsible persons in the four-level
research systems, and more than 600 are researchers or technicians
working on plant protection and the selection of seed.

The institute has good laboratory facilities for soil and plant
analysis. It also operates a small plant for manufacturing chinkon
mycin, an antibiotic used in controlling sheath blight. It produces
about 100 tons of antibiotics, which is adequate for 100,000 mou
(6,700 ha) of rice.

San Hua Brigade of the Syin Hwa People’s Commune

The San Hua Brigade is the third level of agricultural research in Hua
County, 40 km northwest of Canton. There are 153 research workers
in the research sections of the brigade, most of them at the team
level. The brigade has 18 production teams and 138 mou (9.2 ha) of
experimental land. The main work of the brigade is to purify
seed — select, breed, and muitiply. They select single panicles and
multiply from that. For the introduction and testing of a new rice
variety in the brigade, a decision is first made as to whether to
multiply the variety. Teams of cadres, technicians, and peasants get
together to make that decision.

Table 1. Azolla treatment and rice yields., Taken from a chart at the San Hua Brigade, Syin
Hwa People’s Commune, the People’s Republic of China, October 1976. :

1973 1974
~ . Treatment . © 7 Yield - %area Yield . %area’
. (kg/ha) .- control (kg/ha) control .
Azolla ST 50147 55 0 - 6330 54
Azolla as topdressing B I % 11 B X
Azolla after wheat e e e oy 6,188, 28
No Azolla 4,845 T ..8008




The IRRI group visited experimental fields and the brigade head-
quarters, which has many charts on the wall showing production,
yield trends, and results of experiments. For example, one chart
~ reported the results obtained for different treatments using Azolla
as green manure, which the commune emphasizes (Table 1).

The 18th Production Team, San Hua Brigade
The 18th Production Team of the San Hua Brigade represented the
fourth level of agricultural research visited by the IRRI group. The
18th Production Team included 20 people, with 9 technicians and
cadres working on agricultural sciences. The Team had 15 mou
(1 ha) of experimental land with the main objective of seed multi-
plication and research on higher yield through plant protection,
irrigation water management, and fertilizer use.






RICE VARIETY IMPROVEMENT

The Chinése policy on crop improvement is set forth in the simple
statement of Chairman Mao Tse Tung, “When you have good seeds,
even if the labor and fertilizer are madequate, you will still get
better yield.”

Consequently, major emphasis in the Chinese research system is
on crop improvement. The IRRI team talked with many rice breeders
in each region visited, and the senior plant breeder of the Academy
of Agricultural and Forestry Sciences, Peking, traveled with the team
throughout its visit. China has a large number of plant breeders in
rice improvement work at all levels. Breeders serve in the research
groups of the production teams, brigades, and communes and are
employed at county agricultural research institutes and. provmcual
agricultural academies.

Rice breeding methods :

The Chinese use three breeding methods in rice |mprovement work -
hybrldizatlon, radlatlon treatment, and haploid breedmg usmg an her
culture. : , SN G

HYBRIDIZATION. Hybndlzatuon is the most widely used method in
Chmas rice breeding. A large number of crosses between dtfferent
rice varieties are made each year at provincial academles, county
research institutes, and at experiment stations in' the communes,
brlgades, and production teams..

Crossing is generally between the varieties belonglng to each rlce
-group, but occasionally crosses between indica and japonica v varietles




_are_ made to transfer traits from one group to the other. For example,
sources of strong resistance to blast are not available in japonica
varieties, but many indica donors for blast resistance are known.
Genes for blast resistance from the indica donors have been trans-
ferred to japonica varieties by backcrossing. Examples of japonica
varieties utilized for the improvement of indica varieties are rare,
There are no varieties of hybrid origin intermediate in traits from
the two groups of rices but efforts are under way to develop such
‘varieties. _ ‘

In the future it is likely that greater emphasis will be put on devel-
oping varieties from indica-japonica hybridizations. That approach
would be particularly useful for developing early maturing varieties
for the second crop in central and northern China where the growing
periods are short.

RADIATION BREEDING. Radiation is commonly used in rice breeding
in China, but the IRRI scientists saw radiation-induced mutants at
only one location. At the Kiangsu Academy of Agricultural Science,
a radiation-induced mutant of Nong Hu 6, which was 10 days earlier
in maturity than the parent variety, was being multiplied.

At the Institute of Plant Physiology, Shanghai, irradiation of cells
and tissues in vitro was observed. Generally, the dry seeds of the

Rice seedlings grown from pollen culture at the Institute of Plant-Physiology in Shanghal.
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",_j;crop:'r:spemes are .irradiated but their radsosensntlwty is low, and
ra t;on of the tlssues and plant cells in wtro may increase the

}lrradlated W|th dlfferent doses of gamma radiation (1—120 kr) and
subsequently cultured for 28 days. Callus irradiated with 3 kr showed
SIgnlflcant retardation of growth. The growth of the callus that
received more than 10 kr treatment turned black and died. However,
seeds that received 40 kr of gamma radiation germinated and grew
normally.

Callus that received radiation treatment within the range of 0.5
to 8 kr maintained its ability to differentiate. Several morphological
variants, including albinos, were present among the plants regenerated
from callus after radiation doses as low as 3 kr.

HAPLOID BREEDING THROUGH ANTHER CULTURE. Many of the provincial
academies, county research institutes, and communes employ haploid
breeding in rice improvement. Six of the 10 counties of Shanghai
municipality, for example, used the method. The IRRI team saw
extensive work on anther culture of rice at the Academy of Agricul-
tural Sciences, Shanghai, and at Chung Shan University, Kwangchow.
The Shing Sho variety (japonica) was bred by the haploid tech-
nique using anther culture. The variety has large panicles and cold
tolerance; it is nitrogen responsive, and is planted extensively as a
second crop in the Shanghai area. Several newer lines bred by
haploid-anther culture are early maturing and have high vyield
potential.
.21 The advantage of the haploid method over conventional hybrid-
ization is that homozygosity is reached in one generation instead of
after several generations of selfing and selection, thus saving tre-
mendous amounts of labor and land. The Chinese, however, pointed
out another advantage for rice. When crosses between indica and
japonica are handled in the conventional manner the progeny show
varying degrees of sterility. The diploid lines obtained through anther
culture of indica-japonica Fy hybrids rarely show sterility.
~At the Academy of Agricultural Sciences, Shanghai, the IRRI
group saw breeding lines developed by anther culture from an F of
the ;japonica variety Shing Sho and a dwarf indica parent. Those
lines {2025 and 2057) were clearly intermediate and combined the
_desirable traits of the indica and japonica parents. They inherited "
‘a’shorter. growth duration (135 days vs 150 days), short sturdy straw .
for Iodglng resistance, hlgh tillering, and an erect leaf angle from‘



At a Kwangtung area commune, Dr. G. S. Khush, IRRI plant breeder, with two local rice
breeders, inspects rice breeding lines.

the indica parent. The desirable traits of the japonica parent, such
as nonshattering, desirable panicle and grain characteristics, and cold
tolerance, were also incorporated in the lines.

The cold tolerance of the new lines was not as good, however, as
that of the japonica parent. The two lines were seen in yield tests
in the Shanghai area and it appeared that they would outyield their
japonica parent. i C

Coordination of rice trials
Two organizations exist for the planning and implementation of rice
variety trials in China — one in the north and one in the south. ,
The Academy of Sciences for Agriculture and Forestry originally
organized the variety trial cooperators and continues to call important
meetings. Representatives participate from experiment stations, re-
search institutes, and provincial academies of agricultural science,
The. mecting place rotates among the provinces with the host insti-
tution identifying the time and place for the meeting and issuing
the invitations. Meetings are held every other year and, presumably,
the same trials are run for 2 years. R T A




Each cooperatlng unit nominates one. or more varieties- for each' "

..of six: trial types, which are based primarily on latitude and cropping

system. ‘At the meeting decisions are made regarding: the specific
entries to be included in each trial, including one check entry, and
_each cooperating unit may add one or two local checks. The results
- from all trials are summarized and made available to all cooperators

but no general report is published. -

The same general procedure is followed below the provincial Ievel
where seeds are exchanged among exneriment stations of the prov-
ince, county, commune, brigade, and production team. These trials
appear to be the same as IRRI replicated yield trials. Some special-
.purpose trials are organized on problems such as blast and cold
tolerance.

Coordinated yleld trials :

Coordinated yield trials for rice are conducted throughout Chma to
identify promising cultivars. In Kwangtung province, for example,
the promising lines developed at the agricultural academy and
county-level research institutes are distributed to research groups of
the communes, brigades, and production teams for testing purposes.
Breeding materials developed by the research staff of the communes,
brigades, and production teams are included in the trials.

During the IRRI team’s visit to Hwa county a four-level network
of agricultural research was seen. The research groups of the com-
munes, brigades, and production teams purify the selections, multiply
the seeds, and conduct preliminary yield trials. County-level meetings
are held twice a year for county, commune, brigade, and production
team researchers. The meetings are sponsored at the provincial level
and outstanding farmers, extension workers, and cadres attend.

- Prefecture-level meetings attended by county research represent-
atives are also held twice a year, as are province-level meetings
attended by province-level university staff, staff of the provincial
agricultural academy and representatives of various counties. During
the province meetings, results of province-wide trials are reviewed
and. the exchange of improved germ plasm between countries is
facilitated. Several varieties are approved by the provincial meetings
but each county or commune decides which variety to recommend. -
-~ Regional trials are organized by the agricultural academy of each
province and facilitate the exchange of seed materials of promising
lines between provinces. The variety Kuang Lu Ai No. 4, developed
in. Kwangtung province, was introduced to Kiangsu province through -
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the regional trials -and- became popular in that provunce Sumllarly,‘ '
Nanking: 11 was developed m Klangsu provmce and introduced into -
southern Chma G

: Rice breeding in Kwangtung provmce

When the rice breeding program in Kwangtung province was organ-
ized after liberation there were numerous local, tall varieties and
mixtures being grown. A hybridization program was started and
two-varieties, Kuang Cheng 13 and Hua Nan 15, were developed and
released in the province in the early 1950’s. The two varieties were
tall, lodging susceptible, and did not respond to nitrogen fertilization.
... In 1956, after looking over many germ plasm entries being main-
tained at the Academy of Agricultural Sciences, breeders identified
a dwarf variety called Ai Tze Chang. That variety, originally from
Kuangsi province, was crossed with a locally adapted variety, Kuang
" Cheng 13, and from that cross the first dwarf variety of hybrid
origin was released in 1961 as Cheng Chu Ai.

Another source of dwarfing was identified in 1956, Two peasant
brothers, Hung Chun Li and Hing Chun Yin, Kwangtung province,
selected a short-statured rice plant that was probably a spontaneous
mutant of a tall variety. The brothers’ entire field had hbeen badly
lodged by a typhoon but the short plant did not lodge and stood
out in the field. The short-statured selection was rapidly multiplied
and . released as the variety. Ai Chiao Nan-teh in 1957. It was. also
used in the hybridization program but proved to be a poor combiner.
A few Chinese dwarf strains, such as Tie Ku Ai, were selected wuth
Ai Chiao Nan-teh as a source of dwarfism.

~The dwarf varieties were widely accepted and by 1965 most. of
the first crop in Kwangtung province was planted to them. Before
introduction of the dwarf rices, the first crop accounted for 40% of
the total rice production; after widespread acceptance of the dwarfs,
“the first crop accounted for 60% of the production. Cheng Chu-Ai is
the: main variety for the first crop. Kung Lu Ai No. 4, released in
1969, is becoming popular for the first crop in the two-rice-crop
system, or for the first and second crop in the three-rice-crop system.
.Kung Lu Ai No. 4 matures 2 weeks earlier than Cheng Chu Ai. .

The first dwarf variety (Kuang Er Ai) for the second crop of the
two-rice-crop system was released in. 1963. That variety inherited
wide leaves and sensitivity to cold temperature from its dwarf parent,
It-was further crossed with.locally adapted second-crop varieties and
- an:improved' dwarf" variety,: Kuang Hwa Ai, :was released for the



second crop. It has narrow leaves, is photoperiod sensitive;’and has
adaptation for the second-crop conditions. R
““The mountain areas of the north of Kwangtung province. grow
only-one crop of rice. In keeping with the open door recearch policy,
the provincial agricultural academy sent scientists to the mountain
regions to integrate with the research workers of the communes,
brigades, and production teams. As a result, the varieties Chu Ba
Tsao and Chu Go Ai were developed for the mountain area. The new
varieties give 20—25% more yield than the local varieties.

Blast is a serious problem in the mountains and an indica variety
with blast resistance (Chai Ye Ching) was selected for the area. That
variety is also resistant to bacterial blight and has a large number of
panicles. It is somewhat taller than Cheng Chu Ai and is not as
lodging resistant. Chai Ye Ching was crossed with another locally
adapted variety and two promising lines, Hwang Cheng No. 1 and
Hwang Cheng No. 2, were developed from that cross. They have
high-yield potential, early maturity, good grain quality, and resistance
~ to blast and bacterial blight.

Agronomic characteristics

Most of the rice improvement work in China has been to:improve
agronomic characteristics. High yield and short growth duration were
emphasized. Short growth duration has become a major breeding
objective because early maturing varieties are essential for the multi-
ple cropping systems developing in China. :

To develop early maturing varieties, conventional hybridization
between locally adapted varieties and early maturing cultivars of
Chinese origin was emphasized. Many early maturing indica varieties,
such as Kuang Lu Ai No. 4, which is grown widely in central and
southern China, were developed. The IRRI team also saw early
maturing japonica lines at the experiment station of the Academy
of Agricultural and Forestry Sciences, Peking. Those had been devel-
oped through conventional hybridization. T
- Most of the japonica varieties in the northern region and the
second-crop japonica varieties in the central region mature in 150
days. Any reduction in growth duration of those varieties without
sacrificing yield would be extremely beneficial. The Chinese say they
have early maturing lines that have been selected through radiation
treatment of well-adapted japonica varieties. At the Academy of
Agricultural Sciences, Kiangsu province, they have a radiation-
induced, early maturing mutant (Line 73-3252) that matures 10 days
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S, earlrer than the variety from which it orlgmated

" "China has abundant germ plasm resources for early maturlty
. However, it could be desirable to introduce early maturity germ
“plasm from IRRI and the national rice improvement programs in
Asia. The national rice breeding programs of Asia would also benefit
if the Chinese early maturity germ plasm were available to them.

" For increasing the yield potential of rice the Chinese put major
emphasis on decreased lodging through height reduction. The japonica
varieties of north and central China were progressively selected for
shorter height during several decades and most are now between
80 and 110 cm in height. They are highly responsive to nitrogen
and have good lodging resistance.

High tillering ability was not identified as an objective in Chlnas
rice breeding program. Apparently, the large number of seedlmgs
per hill (more than 10) used in the Chinese production system offsets
any disadvantage their low-tillering varieties may have.

The Chinese consider photoperiod sensitivity an important trait
for the second crop of rice in the two-rice-crop system in the south.
The second crop must flower by the end of October and be harvested
before the end of November to prevent cold temperature effect on
yield. However, photoperiod sensitivity does not appear to be an
essential trait because photoperiod-insensitive varieties with appro-
priate growth duration are available for use as the second crop. For
example, IR24, a photoperiod-insensitive variety, does extremely
well as the first as well as the second crop.

Threshability is a trait considered necessary for the areas affected
by cold weather. Indica varieties shatter badly when they mature in
low temperatures and therefore are less adapted as the second crop
in- the central region Japonicas as a group, however, have been
selected for the regions -where temperatures are low during . the
maturrty stage. :

Temperature tolerance P : SRR
With: increased intensity of croppmg, tolerance for extreme temper-
atures in rlce has become an essentral feature |n breedlng work

_ COLD-TEMPERATURE RESISTANCE ln the north the srngle crop matures
~in-late. ‘September or. early October. when temperatures are low. .in -

the central region, the second crop ‘flowers-and matures during a
cool: period. The second: crop ‘of ricein the high elevations: of
the' southern- and: southwestern reglons is:: aIso affected by cold



temperatures. The most important characteristic of the varletles_
grown"in"‘those regions is tolerance to cold temperature Varletles

grown in the north, the second crop varieties in the central region,

and the varieties grown above a 1,800- -m elevatlon m the southwest

region are all japonicas.

In the varietal improvement programs in the cold areas specral
attention is paid to selection for tolerance for cold temperatures, but
early maturity for cold weather avoidance is also emphasized. The
IRRI team saw cold-tolerant early-maturing breeding lines of japonica
rice in the experimental fields of the Academy of Agricultural and
Forestry Sciences, Peking. At the Academy of Agricultural Sciences,
Kiangsu province, multiplication fields of a japonica variety (Nong
Hu 6) had 15 to 20% floret sterility caused by an early cold wave.
However, a radiation-induced progeny of Nong Hu 6, Line 73-3252,
with 10 days earlier maturity, had escaped cold temperature injury.

In southern China cold-tolerant indicas are grown as the second -
crop in high-elevation areas where they must mature before the end
of November to avoid cold weather. Photoperiod-sensitive varietics
are grown that flower during the short day-length period of October
and mature by the end of November.

At the Institute of Plant Physiology, Shanghai, considerable work
is being done on the fundamental aspects of cold resistance in rice.
Specifically, the studies investigate the unfavorable effect of low
temperature, devise means to prevent the effect of low temperature,
and identify cold-temperature resistant varieties for breeding pro-
grams The 'Institute has found that the period when the plant is
most cold-temperature sensitive is from 1 day before flowering until
1: day after flowering. Meiotic processes-also seem to be affected by
cold temperature. Screening for cold resistance is done at 17.5°C for

.5-days.“About 70 varletles had been screened at the tlme of the
IRRI vrsrt ‘

HIGH-TEMPERATURE RESISTANCE. ngh-temperature resistance is requrred
~in‘the: ‘'varieties: grown as the first rice crop, especrally in the central
region; The first ‘crop there’ flowers the first week of July when
temperatures are extremely high. Only indica rices are grown as the
central ‘region’s first crop because they' have good resistance to high
temperature, but there is consrderable varratron of hlgh temperature
resrstance in the indica germ plasm. -+

- The ‘japonica’ varieties are highly:sensitive to hlgh temperature,,
whlch is the reason they are not planted as-‘the first’-crop even



Two types of rices growing in adjacent fields — indica (lighter color leaves) and japonica.

though there is a distinct preference for japonica rice in the central
region’s market,

Grain quality and protein content

The japonica rices have been grown from a time immemorial in
northern and central China and the consumer has a distinct pre-
ference for japonica rice. Japonica rices sold for US$0.28/kg com-
pared to US$0.25/kg for indica rices during the time the IRRI group
was in Shanghai,

The indica rices introduced as the first crop in central Chlna
are characterized by short, round grains similar to those of japonica
varieties. However, those indica rices are harder to cook and pre-
sumably have a high amylose content. Because the grain shape of the
two types of rices is almost similar, it is possible that some pro-
portion of indica rices is mixed with japonica rice.

In southern China several long-grain indica varieties are grown but
varieties with medium-long and medium-bold grain seem to pre-
dominate. The IRRI team members were repeatedly told that the
primary emphasis in selection work is on yield, and that grain quality
is of secondary importance.

‘Selection work for grain quality is. mamly carried out by visual
classification. Other traits being equal, lines with less chalkiness are
saved first. Chemical tests for amylose: content or gelatinization
temperature, are :not -conducted. -No attention. has been given to
protein content of rice, ..
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CONTROL’AND MANAGEMENT OF RICE PESTS -

Following their open-door research policy, the three-in-one and the
principle three-togetherness concept, plant protection work:is carried
out by Chinese workers at all levels of the government. The organiza-
tional structure is extensive and coordination of pest survey, fore-
casting, and control-operation systems appears efficient. A typical
organizational structure follows the national-level to production-team
flow outlined in the chapter on research and educational institutions.

At the provincial level, a department of an academy of agricultural
sciences has 10—30 persons involved, and in a county a plant protec-
tion institute has 4—5 persons involved. At the commune level, there
is a plant protection station with 3—4 persons. The brigade level has
a plant protection team of 2—3 persons, and in a production team
there are one or two members assigned to the technical group. (At
commune, brigade, and production-team levels, there are three groups
of technical personnel — seed, water and fertilizer, and‘ plant
protection.)

The Chinese pest control program integrates cultural methods with
use of chemicals and varietal resistance. Most emphasis is placed on
cultural methods and host-plant resistance is used where available.
Biological control of insects and use of antibiotics for disease control
are intensively studied. The academies at national and provincial
levels are mainly responsible for developing original methodology
such as the screening and development of chemicals (including anti-
biotics) and screening for varietal resistance, while the county, com-
mune, and lower levels manufacture chemicals, test methods, study
life cycles, etc.

The insect and disease forecasting system appears well organized.
The number of forecasting stations varies considerably among prov-
inces but includes scientific research institutes, professional fore-
casting teams, agricultural communes, and farm-level forecasting
teams. The provincial forecasting center is located at the provincial
academy and gets reports from all forecasting stations. The center
analyzes and interprets the information on occurrence and abun-
dance of a' pest, population trends, and suggested control methods
and sends it to all pertinent organizations. The pest information also



sincludes:trends.for. the year, and.shifts.in.pest.populations in a given
period. -

Pest forecast information is also published and provides an impor-
tant base of information for future predicting.and related:studies.
Forecast information collected over many years from many points
is used to relate pest populations to meteorological conditions, taking
into account the impact of natural enemies.

. A handbook (in Chinese) on rice diseases and msects and thelr
control was published by the Agricultural Publishing Society in 1975
as the first volume of a Plant Protection Handbook series. The
handbook covers 36 rice diseases and 28 rice insects. The book has
51 color pictures, 82 illustrations or black and white pictures, a
section on basic knowledge of insects and diseases, and a section
on how to record the intensity of each pest attack and determine the
economic threshold for each major insect and disease.

- The Chinese have strict quarantine regulations that cover move-
ment of seed from locality to locality. Rice seed is inspected.for
contamination by disease organisms and if any contamination is
detected the seed cannot be used for planting.

Rlce dlseases

The major rice diseases in China are sheath blight, ‘bacterial blight,
and blast. Other known diseases include five virus diseases (black-

streaked dwarf, stripe, dwarf, yellow dwarf, and yellow stunt), brown
spot, Cercospora leaf spot, white tip, stem rot, Bakanae disease, leaf
scald, and a heart-rot disease.

During the China visit the IRRI team saw very few disease prob-
lems. Only bacterial blight and sheath blight were observed, but
blast was reported io be severe in Lizao-ning province and the northern
highland of Kwangtung province. Bacterial blight and sheath blight
were common in the Yangtze and Pearl river valleys.

DiseASE REsISTANCE. The IRRI scientists were told that disease. resis-
tance is a. breeding objective, but.- the .group: dld not see any of that
work. It appears that disease resistance: has. not yet received much
attention and that the . major effort is on management and control
of rice. diseases. From conversations, the indication was that some
dlsease resistance work is done at national, provincial, or munlapal
academies or. [institutes,, Resistant selections are primarily made in
disease .endemic fields. No .special disease nurseries are planted and
no.-artificial moculartlon,s are made except for ,o;:caslonal spraying
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of spore suspensions to induce blast.,. . ,
- At. the..Kiangsu. Academy - of- Agrlcultural Scnence the( arlety‘_
Nang-ken 15 was reported moderately resnstant to bacterlal blight,

and at the Kwangtung Academy of ‘Agricultural, Scuence the, variety -

Tsou-yi-ching was reported resistant to blast. Tsou-yi-ching.was devel- =
oped through the multiple crosses: R R
Zu Zuan/Indo-ie-jo = Zu-yi No. 2
- Zu-yi No. 2fTan-pu-ai = Tan-zu . .
. Tan-zu/Fa-lung-zu-tiangao ( F4//Gl-del-lun///Zhel-chlng No. 8)

-+ Tsou-ye-ching. .ot e .fw
Tsou-ye-ching was reported as moderately. resistant to bacterlal bllght
and sheath blight. The Chinese have other. varieties that are resustant
or. moderately resistanttoblast. . . . .. o

FUNGICIDES DEVELOPMENT AND USE. Chinese research on antibiotics for
disease control is active and somewhat. similar to that of )Japan.a
decade ago. The IRR! team visited many laboratories engaged in
development of antibiotics as fungicides.

. @ Microbiology Institute, Academy of Sciences. One ot the objec-
tives of the Microbiology Institute is the survey of useful micro-
organisms for industry and agriculture, and that includes collection
and screening of Streptomyces, Micromonospora, Actinomyces, and
Thermo-actinomyces for antibiotics production. Two antibiotics,
blasticidin and kasugamycin, have been developed and are widely
used. The antibiotics work at the Institute, and elsewhere, also
includes methods of antibiotics production that use simple local
materials as culture media so that production can be at the county,
commune, or brigade level. _
@ Plant Physiology Instltute, Shanghai Academy of Agricu/tural \
Sciences, The Agricultural Antibiotics Laboratory of the -Plant
Physmlogy Institute developed an antibiotic substance called cheng-
fungmycin from a Streptomyces from Chekiang province. Cheng-
- fungmycin has a control efficiency of 60—80% against rice blast, and
70-90% against powdery mildew of wheat. The Laboratory. has also
isolated several antibiotics from Streptomyces that gave promising
results for wheat scab control in pot experiments. Rice or wheat
brans were the major ingredients of the medium. The products were.
flltrates from the fermentation and not specially purified. They have .
been produced and used by communes and brigades. - , _
. ® Agricultural Research Instltute, Hwa County, Kwangtung The
Hwa County Institute manufactures rhinkonmycln with a. culture of i



" Actinomyces from the Kwangtung‘Academy of Agricultural Sciences.

- Cori)'meal' is the major ingredient of the culture ‘medium. After 40
“houirs of fermentation, the medium Is filtéred and the filtrate used

- directly without purification. The filtrate is packed in 20-kg jars and

*preservatives are added. The filtrate is sprayed at 15 kg/ha to control
,shttaath blight. et

, cULruRAL CONTROL OF RICE DISEASES. The main emphasis in China is
-on the control of the three major rice diseasés — sheath blight,
_bacterial blight, and blast. o
“"!®'Sheath -blight. In Nanking, the IRRI team was told that the
principal measure for control of sheath blight was management of
irrigation water and fertilizer. In Wu-Shi, workers explained that
they drain the irrigation water around the time of maximum tillering
_to reduce the number of tillers and to delay filling in of -the rice
leaves.’ The -drainage should be such that a person walking in the
paddy will not sink into the soil. Proper planting density, and
fertilization — determined by growth and color of seedlings — are
emphasized. Chemicals such as chinkomycin or tochunlin are used.
When fields are prepared, the sclerotia of the sheath blight fungus are
floated on water, collected, and removed.

In Shanghai, workers explained that drainage after maximum
tillering would make the stems of the rice plant thicker, the leaves
more erect, and the modified microclimate would make the plants
more resistant to sheath blight. In Shanghai, a chemic:él, zinc
methylarsenate (or the like), was used at a rate of 75—100 g (in
100—~150 kg of water)/ha. v o : :

In Kwangtung, ferric methylarsenate and lime-sulfur were used in
addition to water control. R B
~ @ Bacterial blight. Extensive studies of bacterial blight have been
made at the Kiangsu Academy of Agricultural Scie:ce. They found
that the causal organism is carried by seeds and diseased straw, and
that irrigation water is the primary disseminating agent. Control
measures emphasize avoidance of contamination and strict control
of irrigation water movement. - ' - B
" ln Nanking, bacterial blight preventive measures included separate
irrigation and drainage channels, and avoidance of water running
~ across the field, deep-water irrigation, and flooding of seedbeds.
Nanking specialists also encourage a two-crop system to avoid a peak
disease period, and the selection of resistant varieties at the'com mune
‘and brigade levels, R S e
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In Kwangtung, bacterial blight control measures included the. use
of phenazine in seedbeds, raising of seedlings under upland: condi—
tions, and the use of a mixture of antibio- fungicide, lime-and plant-
ash. Kwangtung workers also disinfect seeds, use organic and potas-
sium fertilizer, practice early drainage, and change seeds when
necessary.

® Blast, Cultural methods for blast control include the use of
resistant or moderately resistant varieties, proper fertilization and the
use of organic fertilizer, shallow and frequent irrigation, avoidance
of cold water for irrigation, and disposal of diseased straw to avoid
contamination. Chemical blast control measures are seed disinfection
wiih lime" water {1%), formalin (1:50), or other disinfectants; and
field spray wrth kitazin (1 :600), blasticidin, tea-seed cake extract, etc.

Rice insects : :
The msects mentroned as "ests of common occurrence and of ‘major
s'gnlf‘ icance durlng the IRRI team vrsrt in drfferent parts of China
were: A

~— striped borer (Chi/o suppressalis),

— yellow borer (Tryporyza incertulas),

— green leafhopper (Nephotettix virescens),

— brown planthopper (Nilaparvata lugens),

— white-backed planthopper (Sogatella furcifera),

— zigzag leafhopper (Recilia dorsalis),

— smaller brown planthopper (Laodelphax.striatellus),

— rice gall midge (Pachydiplosis oryzae),

— leaf folder (Cnaphalocrosis medinalis),

— rice thrips (Echnocremus bipunctatus), and

— armyworms

The incidence of various insect pests is low in northern China, The
rice crop during the time of the IRRI visit was almost ready for
harvest, or was being harvested, and one had to look carefully to
see evidence of insect damage. Rice fields visited in the Peking and
Nanking areas appeared to be virtually insect free. Qccasionally a few
whiteheads caused by stem borers were noticed. Although a regular
program for the control of stem borers is still followed in most rice
areas of China the IRRI team was told that the damage caused by
stem borers is now less than 1%. . .

However, as the IRRI team went into the two-rice-crop areas near
Shanghai, and the three-rlce-crop areas in Kwangtung province, the
incidence of  insect damage .became more obvious., Insects appegr,ed
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Dr. Pu Chih Lung, professor of biology, describes entomological research at the Sun Yet Sen
University to members of the IRRI team.

particularly abundant in Kwangtung. There was generally a low inci-
dence of stem borers as evidenced by whiteheads, but a few fields
had patches of hopperburn caused by the brown planthopper. One
rice field seen between Kwangtung and Chung-hwa was heavily
infested (60%) by gall midge. However, a low (< 1%) incidence of
galled tillers was noted in most of the fields visited in Kwangtung
province, which suggested that either the insect was being effectively
controlled or that |ts population was 1ust begmmng to spread in the
provmce. o

Insect control S 3 S

The ‘current- practices for ‘rice insect control in Chma have evolved
under a‘ system' that embodies excellent’ organization- for various
crop production practices, and has enthusiastic workers and adequate
availability of labor. However, it has limitations in terms of avail-
ability of insecticides. Furthermore, ‘there has:been a general con-
sciousness of the adverse effects of insecticides on nonpest organisms,
and: emphasis has been on the use of pesticides as the last resort. This
is-evident-in the common: Chinese' practice of applymg insectucudes
only to mfested ‘areas of the fields for the control of: certam insects. !
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«;In.a broad sense, every. possible effort, is: made to .minimize, the
development of. insect. populations but if they. reach a leve| of econ-
omic; significance, . pesticides.are used. Thus, -the . practice -of rice
insect control in China. can be considered a good example of /nte-
grated insect control, o e ’

LIFE-CYCLE INVESTIGATION OF INSECT PESTS. One of the first aspects that
the Chinese workers thoroughly investigate whenever a pest problem
is: noticed is the basic bionomics of the insect — life history, host
range, life cycle, and population buildup — under natural conditions.
The data are gathered by monitoring insect populations in the fields.
Parasites and predators are also monitored in these field observations,
Data collected from production teams, brigades, and communes
are transmitted to the provincial level where they are compiled and
interpreted by entomologists. The field observations are helpful in
determining the timing of insecticide application. For example, in
Kwangtung province Chinese workers observed that there were four
generations of the brown planthopper. The insects in generations one
to three were usually not numerous enough to cause economic losses
but the fourth generation often caused serious crop damage. The
observation led to the concept that if the fourth generation was
predicted as potentially damaging, wide-area treatments should be
made to control the insect during the third generation, If in spite of
that treatment a large number of fourth-generation brown plant-
hoppers were recorded in certain areas, then each field was examined
carefully and the fields where the number of insects exceeded econ-
omic levels (about 5 to 10 adult planthoppers per hill) received
insecticide treatments, which were repeated as necessary. B
Manual removal of insects and insect eggs (e.g., yellow borer).from
the rice fields is a cultural control practice that is generally. recom-
mended. e
- In _many areas visited, light traps were being intensively used as
a means of reducing insect populations, Some light traps had arrange;
men‘tsfor_;electrocuting insects; others had poisoning devices. . R

BIOLOGICAL CONTROL. There appears to be heavy emphasis on biolog-
ical control of rice insects in China. Mass rearing and field release of
Trichogrammia sp., particularly Trichogramma australfcum, are widely
practiced.. This, parasite is.considered effective against the leaf folder
and-provides some_control of stem borers. T. austraticum is often
mass reared ,at commune and brigade levels and scientists, at t'hg‘a\



Natiohal ’ Institute ' of ‘Zoology, Peking, were working ‘on 'synthetic
' diets'and “artificial host eggs for mass rearing. The'IRRI' group was
fold that in-certain areas mass release of Trichogramma adults has
parasitized as many as 70 to 85% of the eggs of the leaf folder. -
Another biological control organism receiving major attention in

China is Bacillus thuringiensis. It was also being mass produced at
various communes and production brigades and used for control of
yellow borers, rice skipper, rice leaf folder, and armyworm. More
‘than 50 strains of the bacteria have been isolated in China. They
have been compared morphologically, biochemically, and serological-
ly with 13 introduced strains. :

<"An interesting and practical approach to biological control seen
at Chung-san University was the use of ducks in rice fields to control
rice insects. A predetermined number of ducks of appropriate size
was herded in the fields to feed on the brown planthopper and other
insects. The Chinese claimed fairly satisfactory control of several
insect species by ducks.

INSECTICIDES, The use of insecticides constitutes an important aspect
of insect control and a large amount of insecticide is used on rice
in”China. Usually, treatments are based on insect population data
;;ihd':‘may"’bg' confined to individual fields or even to infested spots
within“a’ field. However, in a few cases large-area treatments are
also'made. . '

“Great emphasis is placed on selecting only low mammalian-toxicity
insecticides for use in rice fields. Thus, carbofuran, which has
become popular in many countries was not tested in China because
of its high toxicity. BHC and DDT. are still widely used although
the general trend is away from the persistent-residue pesticides. A
BHC-DDT mixture is often used on rice and is popularly known
as insecticide 889, ‘
 Chinese scientists are evaluating insecticides developed outside
China as well as synthesizing their own compounds. Among the
insecticides commonly used on rice are malathion, methyl parathion,
sumithion, chlordimeform, dichlorphos, trichlorfon, dimethoate, and
phoxin. Many of those insecticides are manufactured by communes.

BHC is generally used against striped borer, brown planthopper,
rice leaf folder, rice skipper (Parnara sp.), and rice thrips (Thrips
. oryzae). Dimethoate is popularly used against the brown planthopper,
green leafhopper, leaf folder, and rice thrips. A dimethoate seedling-
dip is used for systemic protection against the yellow borer.
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Sumithion is consndered much safer for general use than methyl
parathlon, which is_used only by. trained personnel. Phoxin is effect-
ive against a wide variety of rice insects but has short residual effects.
Metamidophos is effective against green leafhopper, and. cyanox is
effective against the striped borer.

The insecticide C9140 has been found effective agamst yellow,
borer, striped borer, rice leaf folder, and brown planthopper. It has
an antifeeding effect against those insects and is not toxic to. hymen-
opterous parasites — Trichogramma sp., Telenomus sp., and Tetra-
stica sp.

Most of the rice fields the IRRI group visited had little apparent
insect damage, and it was explained that insect damage had been
minimized to nonsignificant levels. However, in almost all areas
visited most of the rice fields had received at least one insecticidal
spray. The group frequently saw mechanical sprayers and mechanical
dusters suitable for large-area treatments.

Development of resistance of insecticides

The Chinese reported that several insect species have developed
resistance to such insecticides as DDT, malathion, and parathion.
Resistance of the paddy borer to DDT had been observed in certain
areas and several leafhopper and planthopper species had developed
resistance to malathion. Chinese scientists reported that mixing
kitazin with malathion gave effective control of the brown plant-
hopper even though malathion alone did not give control.

Breedlng for insect resistance

The IRRI team did not visit any project in which concerted efforts
were made to identify sources of insect resistance in rice varieties
for use in.a bréeding program.  Even though work in this field
elsewhere has started only in recent years, based on the experiences
at IRRI and in many other rice growing areas, it appears that varieties
can be developed that are resistant to several of the |mportant msect
pests in China. - : , ,

Cultural practices for insect control -

Several. kinds of cultu,ral practices are bemg used in Chlna to suppress
the development of insect populations. China has been very. succeszuI
in minimizing. pest damage wherever large-area treatments._at one
time or .communal efforts were important., Excellent .examples..of
that are the organization of large-area campaigns for the, .control of .
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#Clean* cultrvatron is’ constantly emphasrzed as'a means of ellmlna-’
tmg’ the ‘insects’ alternate hosts. Wherever information ‘is available
that’ important insect pests are on the weeds in rice fields, along
levees, or in unplanted areas, those areas are metrculously cleaned
of weeds,

“Chinese publications recommend that a small section of a field be
planted early with susceptible varieties to trap insects, which are then
sprayed with insecticides before the rest of the field is planted. The
IRRI group did not observe that practice. The Chinese reported early
plantmg of rice in several areas to evade the second generation of the
yellow borer.

Integrated insect control :
As mentioned earlier the Chinese emphasis in pest control is io use
insecticides judiciously and only when they are urgently needed.
This has evolved into an integrated method of insect control.

The various aspects of cultural control constitute the backbone
of the integrated method. There has been great emphasis on the use
of parasites, predators, and microorganisms in the biological control
of insects. Research on the biological control of rice insects has not
been intensively pursued in most of the world and what may be
the best work in that field is being done in China. At the Chung-san
University, Kwangtung, the IRRI team saw some basic work on the
biology and ecology of some rice parasites and predators.: :

In general the following components constitute the various aspects
of China’s integrated pest control approach for rice: :

*'e forecasting of pest infestation and population buildup;

e intensive study of the biology of the rice insects to find weak
spots in their life cycle that can be attacked with relative ease; 2
*.o use of insecticides, when found.to be necessary, based on the
forecastlng network and actual count in different fields; ‘

~e®-use of cultural practices such as flooding of rice fields at the end
of the winter when the larvae begin to pupate, so as to kill the larvaé
hibernating in the stubble; 1

e use of light traps to attract insects; the crop surrounding 'the
light traps is frequently sprayed to prevent a populatron burldup of
lnsects attracted to the light traps; -

"o use ‘of ducks in rice fields to eat leafhoppers, planthoppers, leaf :
folders, and yellow: borers, use of frogs in’ rice fields’ as predators of
insect pests; - ' ' e ERCTEP SO AL T R+
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e release’of Trichogramma wasps for’ control ‘of: leaf folder;’and

e use of Bacr/lus thuringlensis and'low “concentration “of ! drme-
thoate for ‘the ‘control’ of paddy borer, leaf roller, and other lepl-
dopterous pests.

- A major missing link in the integrated control program in Chlna
is ‘the availability of insect-resistant varieties.”Such varieties would
be valuable, particularly for the southern parts of China where the
climate “is pest-favorable and two to’ three rice crops are generally
grown per year.

1.

SOILS AND CROP MANAGEMENT

Many factors contributed to the recent record grain production in
China.’ Since the People’s Revolution soil and water conservation
have greatly improved and with those improvements the hazards of
natural disasters, such as drought and floods, were greatly reduced.
The cropping systems in China were modernized, and in most areas
double cropping has substituted for single cropping; intercropped
and multiple-cropped hectarage has expanded in major rice-growing
areas. The improvement of cropping systems in general, and of rice
production in partlcular, was possible because of better lrrlgatlon
facrlltles

“'China has adhered to food grains 2~ the key link to an aII round
development ‘As a result of persistent efforts to improve soil and
crop’ management, the Chinese were able to harvest a record grain
crop of 280 million tons in 1975 (including soybeans). Rice accounts
for sllghtly less than half of Chma s total graln productlon :

Ofganic manures , '

Farm ‘manure ‘is the ‘main rice fertilizer in China.’ Other ‘'organic
fertilizer- sources ‘include green-manure crops of various. kinds, com-
post; mud-manure, and mght soil. ‘No other country ‘in- the world
does as thorough a |ob of recyclmg orgamc waste as Chma ¢ i

HUMAN WASTE AND comosr Near'the CItleS with their huge supplres of

night soil;" the Chinese: have developed‘a treméndous capability for
recycling’ organic waste. Huimian®wastes'are collected in Shanghai, for



example, by a special city department. There is a collection station
in.everycity district from where human wastes are hauled to nearby
communes, Those wastes are collected . from each household orin
some cases, from common collection tanks,

;- Large amounts of organic manure are applied to. rice. For example,
!n ;the Shanghai and Wu-Shi areas, 75.tons compost/ha are used as a
basal treatment. The nitrogen content of that compost ranges from
0.1.to 0.4%. Inorganic sources of nitrogen are also applied, which
makes fhe total amount of nitrogen applied extremely high.

COMROST MAKING. in many places piles of compost are visible in the
rice paddy, on the levees of a paddy, or on an adjacent road. Some-
times, those piles are covered by mud. The components used to make
compost vary among locations, but the basic steps are similar. In the
Wu-Shi area, for example, the manure of pigs, sheep, and rabbits are
used for compost. The manure is mixed with silt and the mixture is
allowed to decompose.

~In the Hsu-Hang People’s Commune, Ja Din county, Shanghal,
compost is made from a mixture of 70—80% silt from the bottom
of fishponds, 15% straw, and 9% night soil. Dead leaves are also
added - to the mixture, which is placed in a pit and covered with
mud. Sometimes the mixture is stored above ground and mud
covered, The mixtures are stirred from time to time and the compost
is-ready for use after 3 months,

- The plant nutrients in compost vary according to the major
constituents used. For example, if silt from a fishpond or river
bottom is used, the nitrogen and phosphorus (P205) contents vary
~ from 0.1 to 02%. On the other hand, if the main ingredient is
straw, the nitrogen content can be as hlgh as 0.3% and phosphorus
will exceed 0.2%.

The composting and. recyclmg of waste are not only ecologically
sound, but they also appear. to be economically efficient under
Chmese conditions. On the basis of information made avallable to
the. IRRI group, 75 t of compost/ha is applied, and it requires
one man-day of labor to produce and apply 1 t of compost. That
ton may contain about 1 kg of nitrogen. The value of 1 kg of nitrogen
in China in. the form of ammonium bicarbonate is about US$0.73.
By producing a ton of compost the commune uses one man-day of
labor:and. reduces the cash cost for chemical fertilizer by $0.73. This
imputed. daily wage rate is comparable with that in other developing
‘countries .of Assa. The: Iabor requirement for compost. alone is, about



China does a better job of recycling organic wastes as farm fertilizers than any other country
in the world. Mud-plastered compost piles such as the one shown here are common sights at
China's communes. Materlals such as fishpond silt, rice straw, and farmyard manure or night
soil are mixed and allowed to decor »vse in the piles, or in pits, The compost is spread on
the fields between crops, often at a rate of 75 tons of compost per hectare.

equal to the total labor for all preharvest activities in many other
parts of Asia. : a
WATER HYACINTH. In most countries in South and Southeast Asia, the
water hyacinth (Echiornia crassipes)is'a noxious weed in‘ canals;
ponds, irrigation ditches; and flood ‘plains. In - China, the water
hyacinth is extensively ‘used as a- pig feed as well as for: making
compost. Cover your water surface with green'is:a common saying
in China that calls for use of idle water surfaces to grow plants
that can be used in agriculture.” - v o wa e e

PIG MANURE, “One pig per mou (0.15:ha) is like having one little
fertilizer factory per mou" said ChairmanMao; thereby encouraging
pig production’ not just.for meat but for manure. In 1972, China
produced 250 to 260 million pigs, which was four-fold greater than
the pig production in thé United States that year, Wt w
In-many:animal’ sheds ‘urine-and solid wastes are ‘collected 'in‘a
fully covéred pit-and kept' several'months before they are applied to



the-field.:In Hwa county, Kwangtung province, pig production has
increased to 80,000 pigs, provrdmg almost one pig per mou as sug-
gested by Chairman Mao. ‘

- The composition of pig’ manure varies. The Academy of Agricul-
tural Sciences, Kwangchow, reported that in pig manure the mtrogen
content ranged from 0.5 to 0.6%; the phosphorus (P,O;) content
variéd from 0.1 to 0. 2% and the potassrum (K20) content was 0. 5/).

GREEN MANURE In many areas of Chma, green manure. crops such as

green-manure crop is grown before the upland crop to improve soil
structure. In Hwa county vetch ls grown durlng winter prlmarlly for
green manure. LT e i

AZOLLA. In many troplcal Asian countries Azolla (small water fern) is
found in the rice paddies, but no systematlc use of Azolla is practiced
to improve soil fertility. In China, however, Azolla is commonly
raised in small ponds and is. used to inoculate the main rice fields.
In 'many areas of Kwangtung province, Azolla is grown extensively to
improve soil fertility. In the Syi-Tang Production Brigade near Wu-Shi
Azolla imbricatus is grown for application to the main rice fields.
Azolla is a basic manure in the seedbed and superphosphate is applied
at a rate of about 75 kg/ha in a split (three) application.

In Hwa county Azolla is grown during the summer and.a small
amount of complete fertilizer is applied to mcrease Azolla yields.

Fertillzers and fertlllzer management .

In.most areas visited by the IRRI team people talked about morganic
fertilizers only as a supplement to organrc manures,. partlcularly asa
supplement to compost. : : :

FERTILIZER PRODUCTION. The productron of chemlcal fertlllzers in
China falls short of the requirement. The Chinese fertilizer industry
had two plants producing 27,000 t/year.in 1949, By:1974 there was
almost a thousand-fold increase with at least 40 large plants and
hundreds of small plants produclng 25, 000 ,000 t of fertilizer in that
year. -
~® Nitrogen. Small fertrllzer plants play a major role in: mtrogen
fertilizer output using local ;raw. materials ;to -produce aqueous am-
monia:and. ammonium bicarbonate.,In 1973, China.contracted for



13 urea plants. Those complexes are expected to produce 5, 000 000-t
of urea/year by 1978. The IRRI team inquired frequently about the
13 urea complexes but few knew about them. Apparently, no
consideration is being given to changing the amount of fertilizer
applied wher. additional supplies of fertilizers become available. One
official reported that one large urea plant was located near Shanghai
but furnished no details. Discussions with scientists and technicians
gave no evidence that they were aware of the probability of a good
supply of urea in the near future.

® Phosphate. Phosphate fertilizer production is largely from small
plants using domestic rock. The few large superphosphate plants use
imported rock. Between July 1973 and June 1974, China produced
725,000 t (nutrient basis) and imported . about 428,000 t of
phosphorus.

® Potassium, Production of potassium fertilizer is low, despite
large natural salt deposits in western China.

SMALL FERTILIZER PLANTS. Small-plant ammonia production began in
1958 with a production capacity of 800 t/year per unit. The small-
plant program gained momentum with the development of the
ability to produce compiete sets of fertilizer plants and equipment
in China.

"“The IRRI team visited the Nan Hai chemical fertilizer plant at the
Ta Li People’s Commune, Nan Hai county. The plant is a state-owned
enterprise under the direciion of the county. It has a staff of 1,360
and is divided into three smaller plants — two chemical fertilizer

plants (one for nitrogen and one for phosphorus) and a machinery
production unit for fertilizer plants. The main fertilizer products are

ammonium bicarbonate (the major product), superphosphate, sul-
furic acid, and aqueous ammonia. :

The Nan Hai plant was originally a matchbox factory and was con-
verted to-a fertilizer factory in 1958. In 1964, because of mcreased
demand for fertilizers, the capacity was increased by 3,000 t aqueous
ammoma/year and in 1975 that capacity was increased to a total of
15,000. t/year. By 1975, the capacity to produce 16 tc 18% super-
phosphate was 30,000 t/year plus, 15,000 t sulfuric acnd/year Super-
phosphate is produced from a local fluorapatite rock; sulfur is
obtained from iron pyrites. .

. The plant.produces 7,000 t ammonium blcarbonate/year from
coal at a .cost of about US$95/ton The ammonium blcarbonate is
sold. 4t about US$124/t to communes and production brlgades Two.
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problems encountered’ by" the’plant'are unstable productlon of mtro-
gen fertilizers and pollutlon in their waste water. BE
ARG AR Bovcdds weandowmr e e i :
PRICE INCENTIVES FOR FERTILIZER USE, The' price of fertllrzer is largely
determined by the cost of production: As indicated in the previous
section, in-the plant visited'a ton of ammonium bicarbonate is sold
for about US$124.:With 17% active ingredient, the value of nitrogen
in ammonium bicarbonate is US$0.73/kg as previously noted. This
compares with today’s world market price of $0.33/kg of nitrogen
in the form of urea, and explains the Chinese decision to invest in
urea plants. However, given China's poor transportation system, it
can be argued that, at least in the short run, ammonium bicarbonate
plants located near the source of demand were a practical investment.

The fertilizer price to the Chinese producer is high compared with
other Asian countries and the price of paddy is low (US$0.10/kg)
compared with a world market price of almost US$0.20/kg. Despite
this unfavorable input:output price ratio chemical fertilizer was used
in fairly large amounts in the areas visited. The dependable irrigation
and extension systems of China lead to stable yield and insure that
profits from fertilizer investment can be realized every year.

Fertilizer management
Although organic sources of nitrogen fertilizer are used extensively
in all the rice-growing areas of China visited, some inorganic sources
of nitrogen are always used. The most common inorganic fertilizer
used is ammonium bicarbonate. Amntonium sulfate, urea, and liquid
ammonia are also used for rice. For phosphorus, single superphosphate
is commonly used. Potassium is not generally applied in inorganic
form; compost provides most of the potassium required for rice.
Compost and other organic sources are generally applied as a basal
dressing. In the two-crop culture in the Peking area compost is
applied prior to the wheat crop. In the three-crop areas compost and
osther organic sources are applied for each crop. Nitrogen is generally
applied to each crop in split applications — as basal and at tillering
and panicle initiation. Table 1 gives some typical rates and times of
appllcatlon of fertllrzers materlals in the rlce areas vusnted '
TYPICAL FERTILIZER APPLICATION. In the Kwangchow area of Kwang-
tung province, the schedules for: fertilizer application include suf-
ficsent basal fertlllzer, such as 22 5 t of compost/ha plus 11 25 t
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Professor Hsulng Yen, Deputy Director of the Soils Institute of the Chinese Academy of
Sciences, accepts a,book on soils from Dr. N, C. Brady, IRRI| Director General,

1

10 days after transplanting using ammonium sulfate at the rate of
187-225 kg/ha. -
~In Nan Hai county, Kwangtung province, for two crops of rice,
- the nitrogen fertilizer schedule is 30 t of pig manure/ha, 30 t of
‘Azollafha, and 22.5-30 t of .decomposed night soil/ha. Inorganic
fertilizer which is added is 600 kg of ammonium sulfate/ha per.two
- crops, used as 150 kg/ha per two crops at 5 days after transplanting,
. 300 kg/ha per two crops at the tillering stage, and 150 kg/ha per
two crops at the late growth stage, depending on growth duration,
Application methods consist of basal incorporation or topdressing
into mud or water. To avoid burning of foliage, Hwa county used
two methods of application for ammonium bicarbonate — as a solu-
tion or placement in the soil in mudballs. Hwa county was the only
- area visited where mudballs and liquid band placement were used
~ extensively. Basal dressing is common for phosphate fertilizer,
At the Double Bridge: People’s Commune, phosphorus and po-
- tassium fertilizers for rice were applied as foliar sprays at flower-
 Ing. In Hwa county, liquid ammonia is applied with a long-handled
. dipper-spreader. e ' ' R
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Research on soils and fertilizers - )
Chairman Mao set the stage for the priority ‘of research in soils‘and
fertilizers when he said, “Scientific experimentation" must be “aimed
exclusively at production.” o i
. . o Geg ::‘:,‘- B
RESEARCH PROGRAMS OF INSTITUTES. At the Soil Research Institute,
Nanking, research programs are geared to soil classification, soil
mineralogy, soil fertility, plant nutrition, and soil microbiology.
The Chinese point out that the soil classification and production
of crops should be integrated. For example, soil structure is changed
(destroyed) upon puddling, which should be considered in classifying
paddy soils. In China, 25% of the arable land is classified as paddy
soils. R
Soils are classified into five regions:
® rice-growing region in south Chma — lateritic paddy souls also~
alluvial soils; ,
e central parts of China — redearths, also alluvial’ soils;
e middle and lower ridges of the Yangtze' Rlver yellow-brown
earth, swamps;

I
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Chlnese scientist describing th functions of a soll testing kit at the Soils Institute, Chlnese
Academy of Sciences in Nanking.



e nce-growmg .areas of southwest.China.;(WenLang, and. the
'Kwechow plateau) — - mainly red and yellow soils, and . -
'-3rowmg areas in north China — caicareous’ paddy sonls and

saline soils.

At the Academy of Agricultural Scuences, Shanghal the soil fer-
tility -research laboratories are involved in research on soils and
fertilizers, and plant protection. In one laboratory a research program
involved nitrogen 15.|abeled fertilizer to trace nitrogen absorption at
various stages of rice growth. In the soil testing laboratory, soils are
classified and analyzed to characterize high-yielding and Iow-yleldlng
rice soils. The Chinese scientists believe the characteristics of high-
yleldmg rice soils are:

e good soil structure throughout the profile,

e deep surface soil (15—20 cm deep top soil),

‘o granular structure of surface soil,

e organic matter content of 2.5%,

e total nitrogen.of 0.15—0.18% (snmllar to.the IRRI 50|I),

e total phosphorus of 0.1-0.15%,

e total of potassium of 2—3.1%,

e friable subsoil structure, and

e good permeability.

Soils are classified according to thelr productwn
descrlbed as: R

. Wang Yi To, a browmsh-yellow upland rice soil: It is considered
a hugh yielding soil wnth an annual productlon capaclty of 15 t/ha
(}otal of 3 crops);

e Chin-Chi-Ni, a graylsh -blue lowland rice sonl "Yields on thls soll
are ‘low and. the annual praduction: capacuty ranges from 9 to
11.25 t/ha (total for 3 crops); and -

.. Go-Go-Ni, a grayish-brown upland rice soil.

" .The Hwa County Institute of Agricultural Sciences’ fertilizer and
50|I -group covers soil fertility research. In their soil and fertilizer
research laboratory the principal functions are soil and plant analysis.
Their equipment includes a spectrophotometer, a flame photometer,
a pH meter, and a muffle furnace. Research problems cover plant
nutrltlonal problems of the cropping systems.

For.commune-level work, research personnel and technicians from
the county institute are responsibie for all aspects of research, and
for advnsmg the commune on how to mcrease production. Plant
nutrltlon ‘and fertilizer management are |mportant areas at ‘the _
commune-level of research. Research work :is also. done,on’:the

&
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optimum timing of topdressings. -

.The IRRI team saw field experiments comparing broadcasting of
ammonium bicarbonate with mudball placement. Such studies had
been going on at the production-brigade level for. 2 years. The IRRI
group also saw a deep-placement device for applying nitrogen solution
that was similar to the one developed at IRRI. The Chinese machine
was simple, made of wood, and made a single-row applicatlon at a
specnfled soil- depth

DEEP PLACEMENT OF NITROGEN FERTILIZER. The Chinese experience with
fertilizer placement illustrates their ability’ to borrow or transfer
technology. In the mid-1960’s a team of )apanese specialists, familiar
with techniques of fertilizer placement developed in Japan during
World War |l, were invited to China. That visit apparently marked
the beginning of the introduction of fertilizer placement technology.
Placement is extremely important in the case of ammonium bicar-
bonate and liquid ammonia, which are both high-cost and unstable.

In China only the mudball technique was initially used for deep
placement of fertilizer, but by the end of the 1960’s from 50 to
60% of the rice area in Hunan province used deep placement by
basal broadcast and incorporation. Other techniques included use of
mudballs, placement of ammonium bicarbonate as granules or pellets,
liquid band ‘placement of ammonia, and trampling of powdered
fertilizers into the soil. b

Depths of application of fertilizer vary with climate. In southérn
Kiangsu province the application depth is 5 to 7 cm. In southern
parts of China the application depth for nitrogen is 10 :cm. In
Kwangtung province: ammonium bicarbonate was broadcast before
1973 but since then deep placement has been practiced. As aresult
225 to 375 kg/ha more rice is produced with the same amount of
ammonium bicarbonate. It appears that deep placement is of vital
lmportance in China to conserve nitrogen fertilizer.

RATOONING OF RICE. The Hwa county institute had greenhouse studies
on the ratooning ability of rice varieties. Research on ratooning has
important implications in Kwangtung province which already grows
three crops, and in some cases, four crops, a year (three rice crops
plus'a wheat crop) are being grown. By ratooning one of ‘the: three
rice crops, they could possibly reduce the field duration of-three rice
crops and thereby increase productivity.
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MECHANIZATlON AND LABOR USE

NS e E T eI

Chmese polrcy regardlng agrrcultural mechamzatuon is set forth ln
the simple statement, “The way out of agriculture is through
mechanization.” To many that might mean that the way to reduce
the labor requirement for-agricultural production and to increase
the productivity of labor is to mechanize. But given China's resource
endowment — a shortage of land and a surplus -of labor — the
meaning of the statement is, .the way out of agriculture is to.create
an agricultural surplus. :

- The role of agricultural mechanization in China is to help i mcrease
the productivity of land. Thus, mechanization is focused on those
activities that save both time and labor, and the time and labor saved
g0 -to .increase cropping intensity and the output per hectare per
year. - In the Chinese operation, labor is saved only to be used else-
where in the production process.

.. The first commune visit by the IRRI group illustrated the relatlon-
Shlp between mechanization and labor input. The visit was between
the harvest of the rice crop and the sowing of winter wheat, a
peak period of demand for labor. Land preparation was done almost
entirely by tractor — in some cases by large tractors — but primarily
by small 12-hp tillers. Labor was mainly occupied by rice straw
removal and the transport and spreading of compost. By mechanizing
only the burdensome and time-consuming jobs, the period between
the hzrvest of one crop and planting of another was reduced to 2
days for an individual field and 2 weeks for most of the commune.
The labor requirement had not, however, been reduced; instead it
increased because two crops a year were being grown where only
one had been grown before. Furthermore, the straw was recycled
through the composting process, which alone was an extremely labor-
‘consuming task. . .

- -This picture stands .in, sharp contrast to what is normally observed
m South and. Southeast Asia. There, land preparation activities are
also being mechanized. in the more advanced regions, but even.on
the mechanized farms. it, frequently requires 3 weeks between the
harvest of one crop and the planting of a second, On an area the size
of a commune (2,000—4, 000 ha), the turnaround time is normally

®



The People’s campaign approach is used to speed operatlons between crops and to grow
more crops per year in a commune'’s fields. Workers, as a team, haul compost onto a fietd
of the Double Bridge People’'s Commune near Peking. Work teams include men and women,
Simple machinery, like the one-wheeled wooden cart, is usually fabricated in the commune.

2 months — compared with the Chinese commune's 2 weeks.

What accounts for the difference? There are perhaps three
factors — water control, power and labor availability, and the organi-
zation of labor. The ability not only to deliver water but to irrigate
and* also to drain the field, when needed, enhances the efficiency in
timing and use of machinery and labor. For example, it was pointed
out' that draining the rice field at the right time made the task
of ‘hand-applying compost by wheelbarrows :auch easier. (In many
Asian irrigation systems, land preparation is delayed by madequate
management in the scheduling and delivery of water.)

The approximate manpower and horsepower available per culti-
vated hectare for the six communes visited are summarized in
Table 1. There are some parts of Asia with comparable manpower
(Java, Indonesia) and other parts of Asia with comparable horse-
power (Punjab, India), but even in East Asia where farms are small
and-the population is dense, mechanization during the past decade
has - ‘been  largely to displace labor. Thus, the high-andstable-yle/d
area in China  appears to- present a unique combination of manpower
,and machmery avallable per hectare of cultwated land BRSNS
mune' field.” Two persons to a wheelbarrow —a productlon team :
»clearly in“'good physical condition'— worked at'a fast'pace (for the» ,



benefit of the wsitors, perhaps, but the visitors: thought not) Whlle
there is-concern in many deve|oping countries: that - mechanization
will. displace labor, no such concern ‘exists in China where surplus
labor is an asset rather than a liability. - < 5

Sequence of mechanization ' ‘ o
The time sequence of mechanization of agrlculture in Chma over the
past two decades further illustrates the functional relationshlp be-
tween mechanization and labor utilization.

The first step in the mechanization process was to expand the
supply of available labor for productive use. The concept was that
with everyone fully employed it would be possible to increase the
agricultural surplus. Every able-bodied person, 16 years of age or
older, became a part of the labor force. Those tasks for which labor
.was extremely inefficient were the first to be mechanized. Table 2
shows a list of machinery for a commune near Wu-Shi. Note that
the, machinery prior to 1966 included rice processing equipment
and ‘water pumps. Labor released from those tasks could be used
for composting and for capital investment activities such as con-
structing canals, leveling and terracing land, and planting trees. That
is .to say, labor was used to help improve the physical environment
and to control water.

- After they had achieved control of: water, it was p055|ble to turn
attention to activities designed to raise yield and increase the crop-
ping intensity. The list of equipment purchased by the Chien Chan
Commune between 1966 and 1976 includes many items related.to
the mechanization of land preparation, transplanting, and harvesting,
and to transportation. The commune area is served by canals.
Boats — made from locally produced concrete — and power tillers
with carts attached are important modes of transportation. . .. :

... Threshing, hand spraying, and land preparation in the-.communes
visited. had been almost fully mechanized during the past decade.

o



1;1 Commune, Kiangsu, Ch!gg,

1976,

Units (no.)

. R 1966 1976
Diesel engine® (12 hp) 5 243
Diesel engine (25 hp) IR 1
Diesel engine (4 hp for transplanter) 37
Gasoline engine (4 hp for transplanter) 30
Hand tractor (12 hp) 2 m
Large 4-wheel tractor 1
Seedling puller* 4
Transplanter* 25
Mower for grain* _ 18
Electric motor SRR AR L E T ST ‘ 1,Nn2
Thresher (electric) - LT B 231 368
Thresher/cleaner (electric) o - 54
Power sprayer SR R 54
Hand sprayer 802
Duster 177
Boat engine 65
Graln cleaner 285
Pump with motor , 224
Crusher for water plants . Rt 5
Flour grinder B i 40
Rice miller, 5 fhp 38
1-ton trailer - 14
Rice huller 2 2
Huller-crusher for wheat ‘ 1 2
Hand cart for 2-wheel tractor o - 124

*Indicates the machines in great demand.

BN

About 70 to 80% of the land is now prepared by -tractor *With
the small 12-hp tiller as the most common source of power, The
mechanization of transplanting and' harvesting' is still ih«"‘tlit:j"'e'éi;l’y
stages, with about 20% of the rice-crop area now transplanted ‘by
machine in at least one area (Shanghai). T
Seedling pullers, transplanters, and grain mowers are high on‘the
‘machine wanted list (Table 2), but the return to the investment in
those machines is not likely to be large. In fact, the -return’ on
investment of"both labor and capital appears to have declined rapidly
over time. It now apgears that the opportunity for more productive
investment lies in the poorer communes or in industry, but in the
spirit- of self-rellance China has not emphasized strong linkages be-
tween -different sectors of agriculture, or between agriculture and
industry. Thus capital and labor cannot be easily reallocated to areas
~of more productive investment. China soon may need to reform its

91



Machines such as this Chinese rice mower-bundler have high
priority on the list of China's needs for mechanization of rice
production. Mechanization- of rice harvesting will further
reduce turnaround time between crops.

institutions and strengthen the links between various segments of the
;economy.in.order to promote more rapid employment,
Labor requirement for specific tasks . ' L
.The Chinese report that the process of mechanization over the past
decade has reduced the labor requirement per crop of rice from
about 400 to about 200 man-days/ha. Because of the shift to double-
and triple-cropping, however, total labor per hectare per year has
remained about the same. , . TN
.-..,Two operations rather unfamiliar to the IRRI scientists- were
.composting and transplanting with a transplanting machine. The
amount of compost applied varied, among communes, from 35 to
- 75 t/ha. Estimates of the labor required for.composting, including
the making of compost piles and application in the field, ranged from
300 75 man-days/ha, S N T S
.;+ Transplanting is normally done by hand and requires. 20 or.more

o7, o




man-days/ha with close spacing. A large transplanter. Wwith, five .oper-
ators-can transplant 2 to 3 ha/day. A small hand-operatec'l_‘transplanter
can transplant 0.5 ha/day. : - !
The turnaround time from harvesting of one crop from a field
to the transplanting of the next crop was most frequently quoted
- as' 2 days. Two rotovations with a 12-hp tractor requires 1 to 1.5
~“days. With one 12-hp tractor available for every 12 ha (see Table 1),
it.is reasonable to expect that the total commune (2,000—4,000 ha)
can harvest one crop and transplant a second in 2 to 3 weeks.

Appropriate technology _
Concern is frequently expressed that the mechanization technology
designed in the developed countries does not suit the needs of the
developing countries because the developing countries have a more
abundant supply of labor and a shortage of capital and land. Thus,
an intermediate technology is required that is more appropriate for
developing country conditions.

. The organization of agriculture and industry at the commune level
in_China facilitates the development of an appropriate technology.
Each of the brigades has its own capacity for developing simple tools
and repairing the more complex tools. The commune normally has
the capacity for fabricating more complex equipment, or components
of equipment. However, the commune does not have the capacity for
developing large-scale machines. In the spirit of se/f refiance there
seems to be little danger that the output of the commune will not
match the needs of the workers. The close proximity of manufacture
to final use solves the distribution problem.,

In every commune visited there was a keen interest in mechaniza-
tion and a strong demand for certain pieces of equipment, such as
‘transplanters, that are not yet available in adequate quantities; That
demand is generated by the funds allocated from the commune’s

~public fund for reinvestment in machinery and equipment. The
level of reinvestment appears high, and has resulted in demand for
machinery running ahead of supply. o o
.There has been recent talk of Chinese agriculture being fully
mechanized by 1985 and for the advanced communes visited,.that
appears to be a possibility. However, one must be clear on the
meaning of full mechanization in the current Chinese context. Full
methanization means, first and foremost, the' mechanization needed
to reduce the turnaround time from harvesting to planting (or trans-
planting) to a minimum and make it possible to maximize cropping

B



Tabié 3, Iidustsial §rawth In'the Chien Chiou Commiine; Wu-Sh, China; from i91o'to 1975,

ST

v,;},{«r,l.;*x'F'a‘rctt.of'rf P - ERAE BAEE ST R L B 1970‘ 1975
frial o ';'_ R T T A Commune
Commune factories (no.) PETIE IR A .8 ST & 3
Factory, workers {no.) . . el 380, 0 - o+ 1,207
Value of industrial product {10, 000 yuan?) - 58,6 . 5828
Fixed capltal {10,000 yuan®): i 6.5 ' 121

. Brlgmlle‘ ' '
Factories (no.) 42 59
Factory workers {no.) 893 1,856
Total value of output (10,000 yuan®) 95 : i ©-430
Fixed capital (10,000 yuan®) . w13 _ . 104

815$1.00 = about 1.85 yuan,

intensity and yield per hectare per yea'.

A gradual transformation of the (Chinese economy is occurring,
with small-scale industries in the advanced communes absorbing more
of “the: labor force, and non-agricultural earnings growing rapidly
(Tables 3 and 4). The communes visited were selected in part because
they were undergoing a rapid transformation. Eighty percent of the
labor still remains on the land, even in those communes. One would
expect a continuing reduction in labor in the years ahead, and a con-
tinuing move toward mechanization, but China’s agriculture will
remain highly labor-intensive for some time to come.

China's emphasis on small-scale industry is not without its costs.
As the transportation system develops and the linkages between

Table 4. Labor force and value. of output for agrlculture and Industry, 3 communes, hlgh
and stable yleld area, China, 1975, . :

. . C Briaon : Commune ..

Labor force, output value . : ... Mel Chung Sul Hang - _Dali |
. (Wu-Shi) (Shanghat) {Canton)

Pdpulatlon S ST 31,300 21,000 ° 68,000

- “Total work force e 15,000 12,700 - 35,000

.+ Factory and sideline, L o, i1,400 3000 .. 5 850

' Asrlculture , "‘ © 13,600 9,700' . 29150
Valueofoutpul (mllllon yuan)‘ 10 20.3, © 220
’’Factory and sideline (mlllion yuan)" 4y 150" " 10,5
2t Agriculture (million yuan)® 1310 ot wrgge o 0 830 T Y1108

R N T N LR NS A A SR P finrpLe

9Us$1.00 = 1.85 yuan.



agriculture and industry become more fully developed, . the small-scale
plants will become high-cost and inefficient. Eventually many may
have to be abandoned and labor and capital resources reallocated, a
process that has created serious adjustment problems in a number of
industrial economies in the past. China’s fertilizer industry is a typical
example. With a poorly developed transportation system and a
shiortage of foreign exchange for capital investment, the small-scale
ammonium bicarbonate plants were the best answer for the domestic
supply of nitrogen fertilizer. But the development of large-scale urea
plants, now under way, will gradually render the ammonium bicar-
bonate plants obsolete. :

CROPPING SYSTEMS

A major effort in all parts of China is making the land as productive
as possible. Because most of China’s major rice-growing areas have
full water control, droughts and floods are no longer common
constraints to high, stable rice yield. Multiple cropping is practiced
extensively in all of China. Generally, cropping systems are deter-
mined by the length of the growing season and the availability of
water. Great attention is given to the development and growth of
early maturing crops.

Considerable variation existed among the communes visited by the
IRRI team as to both varieties used and the cropping patterns fol-
lowed. Rice is universally transplanted and in some cases, double
transplanting is practiced to save time. All rice crops are started in
the seedbed. In some instances, if rice is harvested in the morning,
the land is prepared during the daytime, and the next crop is trans-
planted in' the evening. Mechanization has top priority in . land
preparation, pulling of seedlings, transplanting, and harvesting —
operations where machines replace slow, manual operations. -

‘Cropping systems in the Pekmg area .. . . e

In most of the Peking area, wheat is grown after rice, and. rice
varieties are extremely early to medium in maturity. Rice is: mostly
transplanted but it is occasuonally direct seeded. in water. or.in.dry
soil, The main cropping systems — partlcularly the, rice-based cropping
systems — are outlined in Table 1.

o5
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» Double-crop system (rlce and whea‘ 5

) Early-" ‘Lates | TiIWaeatid e ~'s'pﬂhg‘~ B
“‘:g of maturing maturlng S eq o o barley,
flce rice “rice’ s
2 : * varletles - varieties -~ . T
IR A i : B “ - PR B
Varlety 'Chln Yul  Ching Ying Chin'Ye1. e 2T -
e ~ " Chin Yel, " 47, otc. o ’ '
LA R «ete, R ; .
Plant seédbed ' 15-30 end'May'  1—-20 - -
(date) April to begin-  May
n!ng
" june
Seed In field - - - Immediately in mid-
(date) after har- March
cvestingof = - .1,
rice
Transpiant End May End June  End June - -
- (date):, - 1010 ‘to begin- . to begin-
] junc ning ning
; h July July
Flowering "August Beginning  Before 5  10--15 '20 May
' (date) ' Sept. ‘‘Sept, May
Harvest "10-20 “10-20 © 15=25 - 15-20 25 June
“r(date) : - October October . October June - o
Yield; 2 6-7.5 4.5-5.25 °5.25-6 3-3,75 3
(av., t/ha)

‘DOUBLE BRIDGE COMMUNE (NEARPEKING). The Double Bridge Commune
grows rice in combinations that include wheat, vegetables, and for-
age’or green-manure crops. A small experiment station at one of the
¢ommune’s production brigades used three transplantlng dates and
‘rice maturlty combinations:
-~ @170 days from seeding to harvest for early transplanting (15—20
May). The plants are kept in the seedbed for up to 45 days before
~ transplanting. The rice crop follows green-manure crops or vegetabies.
@ 155 days from seeding to harvest for medium transplantma (date
'not specified). The rice crop follows forage crops and rape. :
+‘®"140--150 days from seedirig to harvest for late transplanting.
This system is used following wheat and requires the use of older
"seedlmgs (40-45 days) of Iong-duratlon varleties, or short—season
varieties.

%
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Cropping systems in central China ,, et

In central China the multipie cropping index is comparatively
‘higher. In that region -the main cropping system is wheat-rice-green
- ma’nurelrapg. In some areas, rice-wheat-cotton-green manure-rapé are

grown in rotation and in some areas, corn is substituted for rice.
Qccasional!y, barley is substituted for wheat because the ‘growth

duration of barley is shorter.
" North of the Yangtze River the rotation generally includes only
one crop of rice because the growing season is too short for two
» rice crops in addition to wheat, rape, or a green-manure crop. Where
onlya single crop of rice s grown in the summer, indica varieties
are used most because of their greater resistance to blast and bacterial |
-leaf blight. Some IRR! varieties with bacterial leaf blight resistance
were tried — with some success — but their growth duration is
generally too long, 3 -
South of the Yangtze River the leading communes are trying for
a three-crop system — two crops of rice followed by wheat, barley,
fape, or a green-manure crop. The first rice crop is mostly indica
varieties and the second crop is almost aiways japonica, Low temper-
atures and the tendency of the grain to shatter limit the use of indica
varieties for the second crop. S L
~ In the Tai Hu Lake area, 80% of the area grows two crops of rice
~ plus a winter crop, of which 70% is wheat and barley, 25% is green -
~ manure, and 5% is rape. ‘ " : =
DOUBLE TRANSPLANTING OF RICE SEEDLINGS, A"double-transplanting.sys-
tem is used with the second "cr}op of rice .in the 'Yangtzq basin.
'Seedlings are taken from the seedbed after about 35 days and trans-
planted in a field at double the density of normal transplanting. After
- about 15 days, one half of the plants are uprooted and transplanted
in a second fieid. The latter yield about as much as those transplanted
only once at 35 days, but maturity is delayed a few days, ,
- The double-transplant technique’ shortens the time . rice occupies

the land for the second crop. In Kiangsu, rices requiring 140 10 150 -

- days were occupying the land for only about 100 days when the
.- 50-day-old seedlings were transplanted. . - e ERR
Ly S B Tl i L et Iy P
TURNAROUND TiME.: At the-Shi Tang Brigade: near. Wu-Shi:the turn- .
- aroundtime between': rice crops in-a- wheat-rice-rice; system ;was i
-essentially: ni l::Therice: for’ the next crop-was transplanted-the ‘day

Lty e
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The Chinese mobilize large amounts of labor to get the speed needed for their three-colors-
in-a-day approach to rice growing. The ripe grain (yellow) is harvested in the morniiig, the
field is fertilized and plowed (black) in the afternoon, and the next crop Is transplanted
(green) in the evening of the same day. Workers from the cities may be sent tc tie com-
munes to work at harvest time,

after the preceding crop (wheat or rice) was harvested. In one case
rice (second crop) was transplanted in the afternoon of the day the
hrst rice crop was harvested. : : SR SR

Cropping systems, Shanghai area
Table 2 shows details on a crop calendar of nce-based croppmg
systems in the Shanghai area. The Chinese began to experiment with
triple cropping on a small scale in 1964, and after 1969 there was
‘a rapid increase in the area triple cropped. In 1976 at least 86%
of the area i southern Kiangsu province was triple cropped, parti-
-cularly the area south of the Yangtze. If the area north of:the -
‘Yangtze, as far north as the Hwai river, is included then the area
triple cropped becomes about 50% of the total crop area.

- in the upland arid zone in the western Kiangsu province,. barley
.is' normally sown with an intercropping of corn — four rows: of
barley and two rows of corn or green-manure crop. S

' Cropping systems, Kwangtung province

Kwangtung province is tropical and subtropical and its climate makes .

- -it-possible to grow. three crops a year, particularly south;of:the
- 24°N:latitude.-An . objective of the cropping systems work:in:the . -
- Kwangturig area is to increase annual rice yields by 2.25 to 3t/ha



Table 2. “Crap calendar for cropping systems, Shanghai arei_in (:hinaf;7 e

aghey prs oy Loy

First = - Second EEa Co “ Green
. Barley . Rape - IR
rice crop - rice crop SLTRS . manure .
From2nd 10 From 2nd 10 - =
daystoiast ~  daystolast
" 10 days April -10days June ' . ‘ ‘ v
- - +- 2nd 10 days From last 10 Fromlast10 . From last 10
Nov. days Oct. to . days Sept. to _/days Oct. to
2nd 10 days early Oct, .2nd 10 days
. Nov. . Oct. o
Fromlast10 _  From fast 10 = - -
daysMay to ~  days july to e b
Ist 10 days - - - 1st 10 days =
. L June P T August -
" Harvest (date) Fromlast10  Fromlast10  * “1st10days Last10™ *7 77" Last 10 days
- days July to = days Oct. to = june days May May to 1st 10
1st10days . .. 1st 10 days e FER days June- -
L August Nov.” EE !
. Yield (av., t/ha) 6 5.3 — 4.5 -
& -



_ Third rice crop

Milling (%) .

First rice crop:. Second rice crop
Kuan Luai4 Kuang Lual4 "Kuang Hua-Al ‘Early mataring spring
(R e T o L wheat-mexican dwarf -
7 .. lant seedbed (date) - - -From 1st 10 days From 3rd 10 days 3rd 10 days June Middle November o
; S “.to'2nd 10 days ' “May to 1st 10 days o S Rt
S - February - June T -
i Transplant (date) ‘From 15t 10 days _From 2nd 10 days -Last 10 days
ST ‘ “+'to 2nd 10 days - "~ to 3rd 10 days August
" Flowering (date) From2nd10days” ©  From 3rd 10 days 71017 October.
g R ‘ tolasthdays to st 10 days i
S - May July _
o Harvest (dm) " 10-20 ]une C 7 1525 August 15-25 December ~ ~ 2nd 10 days March :
. '_Yleld (av.,tlha) 615 6.0 525 375 o
A granomlc and other chamcterlstls of three-rice crops
. Total duration ,(days) 120
Field duration {days) ~95-100
Seedling age (days) -
Photoperiod sensitivity
Seedlings (no./hill)
_Hills (no./ha) )
Panicle (no.) (1,000/ha)
Total grains (no./panicle)
Filled grains {no./panicle)
1,000 grain weight (g)



L by mcreasmg cropplng intensit 'from two crops a year to three» e
‘cropsavyear... .- SRR TN .
'+ Table 3 descrlbes the detalled crop calendar for, the four-crop E
system bemg tried in Kwangchow. area. Rape or- soybeans: may.be
grown in. place of wheat. The. reasons for early maturity of the
second rice crop. (85 days total duration) and maintenance of high
yields (more than 6 t/ha) (Table 3) are:

e Early-maturing rice is grown between two late-maturing crops.
The second crop grows under favorable conditions. Average temper-
atures are 28.3°C for July and 28.2°C for August.: For the first
crop, the mean temperature is 21 .8°C for April and 25.7°C for May.

_e Total day length for the second crop is 232 hours in July and
220 hours in August.

- Total solar energy is highest for the second crop — ]uly, 12 000»
,calorles/sq cm'.per. month and August 11,500 calories/sq cm- per

’ .~ month, Solar energy recelved is high every day in'july and August.

Table 4, Crop ‘calendar for cropping systems in Kwangtung provlnce, Hwn county, Chlna '
(thmcropsperyur) S D TR EE e

284 T1teme 0 < . Firstrice crop Second rice’ crop " Wheat:
, Vyarl‘e[ty";? v Chal Ye-’(ﬁhln. A .Kw'a_n Er AI ' » : Fang Sul (squarnl
. (narrow green leaf)  Chal Ye Chin” panlcle) i
Chun-Chu-Al (Cantonese No. 2)
o (Pearl dwarf) ,
© Plant secdbed (date) From last 10 days 1st 10 days June -
N January to1st10 - . S
days February
under plastic
R cover :
Seed in fleld (date) - - - From’ mw
Sl e ‘ dayspozndloi‘ '
AR . : j‘"days Novernber 5
. Transplant (date)" ' From last 10 days‘ . From last10 days’, ' -
AT Marchto 1st10° -~ Julyto1st10 .
G vdays Aprll e days August BER
Flowering (date) . ' From lstIOdays” ; ”From 1510 days .. Fromlast10 -~
e -to 2nd 10 days " 'to2nd 10 days days’ january to
TJune; ~ ‘October o 1st10 days
KT T o .kFebruary
' Harvest (date) - - “From 1st 10 days' - From Ist 10 days . From 2nd 10
BRI e to2nd lOdays . to2nd 10 days v days to last 10
]uly SR Dmmbor ' - days March -
Lo ,4.5 435 - s




- o'Difference in environment from place to place is low. = =
‘Although three crops of rice has an 80-year history on the Hainan
Islands, it started in the Kwangchow area in 1973—74. At present,
about 53,000 ha in the Kwangchow area grow three rice crops a year
(four crops a year total). That means that 2.7% of tne rice area in -
Kwangtung province grows three rice crops plus another crop an-
nually. It is believed that by 1920 the area growmg three crops of
rice a year will increase to 670,000 ha.
“The reasons the system of thyee rice crops per ycar has not spread
faster are:
@ it takes time for the farmers to adopt any ney system,
e seed for new varieties are not available for rapid dissemination,

o fertilizers and agrlcultural supplres are not avallable for faster, .

spread, and _
‘® there are. about: 250 safe days to grow three crops of rrce and
270 days are generally needed vrere S oo

. HWA.COUNTY, In Hwa county, yields reported for both rice and wheat
are somewhat lower (Table 4) than those reported in Table 3. “That
s because yields reported in Table 3 were from experimental fi elds.
““The yrelds reported for Hwa county are more typical of what is
generally reported by the communes.




DR N.'C. BRADY, Director General. Ph.D., Soll Scientist. Dr, Brady's main
‘interest is overall research and development to increase the world's rice produc-
tion. This includes improved yield per crop as well as total productivity of land.
Dr. Brady has been Director General of IRR1 since 1973, Before joining IRRI, he
had 28 years of experience at Cornell University where he was Head of the
Agronomy Department, Director of Research, and Associate Dean.

DR. M. D. PATHAK, Director — Research Coordination. Ph.D., Entomologist.
Dr. Pathak was head of IRRI's Entomology Department for 12 years and has
been Research Coordinator for the past 3 years. He is interested in general
‘research and development for rice. His subject matter interest is all aspects of
_control of insect pests, including development of insect resistant varieties, and
pesticidal and integrated methods of insect control.

DR. S, H. OU, Head, Plant Pathology Department. Ph.D., Plant Pathologist.
Dr. Ou has been Head of IRRI’s Plant Pathology Department for 15 years, He
has made outstanding contributions on the control of rice blast and sheath
blight diseases, and pioneered the study of rice viruses in the tropics. He is
interested in varietal resistance and the epidemiology, surveillance, and control
of rice diseases. ' '

DR. G. S. KHUSH, Head, Plant Breeding Department. Ph.D., Plant Breeder.

'Dr. Khush has been a rice breeder at 1RRI for 8 ycars. His main interests are all

.aspects of rice breeding and genetics of insect and disease resistance of the rice

plant, He is also working on interspecies hybridization and chromosomal aber-
rations to increase rice yields.

‘ DR S 'YOSHIDA s Head, Plant Physiology Department. Ph.D., Plant Physlologist,
Dr. Yoshida has been:head of. the IRRI's Plant Physiology Department for 9
‘years. His main interests in rice research are factors influencing photosynth‘esis




i i, Influnce of clmtl varabes o rce rowth and yieds, and rftion-
~ships bﬁ“",’“"'m development and drought resistance.

" DR, S. K. DE DATTA, Head, Agronvmy Department. Ph.D. in Soil Sclence,
'Agronomist. Dr. De Datta has been an IRRI Agronomist for 10 years and Head
of the Agronomy Department since 1969. His main research interests are fer-
tilizer efficiency, control and management of rice weeds, and drought and flood
tolerance of rice.

DR. R. BARKER, Head, Agricultural Economics Department. Ph.D., Agricul-
tural Economist. Dr. Barker has been an IRRI economist for 9 years and Head
of the Agricultural Economics Department since 1970. His main interests are
" constraints to rice production in farmers' fields and means by which those con-
stralnts may be removed. He is also working on the effects of government
policies on rice production, marketing of rice, and the economic and social
consequences of the use of high yielding varieties and associated technology.
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o S ‘ ’PEK‘}IVVIG;:/_ ;
, 0ctober7 = Hongkong to Peking
“-178 " Palace Museum .

: Double Bridge People's Commune
.9 Institute of Microbiology, Chinese Academy of Sciences.:
Institute of Zoology, Chinese Academy of Sciences ;.

" 10" * Ming Tombs and Great Wall - R
T Banquet by Chinese Agricultural Association -
41 Chinese Academy of Agricultural Sciences
Lunch by Vice Minister Yang
Agricultural exhibit
. Banquetby IRRI . = |
.. Discussion — IRRI report :- . ...
I Il’ekingtoNanking».; Dt e

_ NANKING
137" “General briefing - - - o L o
~+ 7w Yangtze River bridge; Yuan Wu Lake, Purple Gold Mountain® -+
< Cultural activity — children’s show ' 7 -0 R
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v Solls Instltute, Chinese Academy of Sciences - +
o Kiangsu Provincial Academy of Agricultural Sciences :

Banquet by China Agricultura.l Association, Nanklng Brah'ch, -

‘General discussion by IRRI team -
-Sun-yet-shan Tomb :

WU-SHI, KIANGSU .

Nanking to Wu-Shi
Chien-Chow People’s Commune

-Syi-Tang Brigade:

Banquet by Agricultural bureau of Wu Shl

Mai-Tsien People’s Commune
Sightseeing, Tai Lake
Chinese movie

Shi-Wei Park, doll factory
To Shanghai

SHANGHAI *

" Agricultural exhibit © o 0

Shu-Yen People’s Commune.

‘Industrial exhibit

: .:Shanghal Academy of Agncultural Sclences
.- Discussion ‘
. Banquet by China Agrlcultural Associatlon, Shangha| Branch

Plant Physiology Institute
Shanghai Academy of Agricultural Sciences

o .+ Entomology Institute, Shanghai Academy of.Agriculmral Sciences

Shanghai to Kwang Chow s e

L ,Banquet by Chlna Agncultural Association, Kwangtung Branch

, KWANGTUNG o

' Cereal (food) Crops Instltute, Kwangtuns Provmcial Academy of-

, Agricultural Sc'.ences Cy
Chung-Shan University, Blology Department

.. Chung-hwa hot spring

Lew-che River Dam and Power Plant Vo
Chung-hwa County — Botanical Garden
Peking Opera

" Ta-Lie People's Commune of Nan Hai County

Fertilizer Plant '



&

Lunch at the commune

.j- - Commodity exhibit
.+ Banquet by !RRI
25 Hwa County Agricultural Research lnstitute ; :
Agricultural experiment stations — commune, brigade and i
production team lavels L o
" Lunch at the commune

26 Discussion

o .~ White Cloud Mountain
- 27 Departure,

3. PLACES AND PEOPLE VISITED

i Piaces visi_te.d'

Chinese hosts

Chinese Association
of Ag culture ,

Double Bridge People s

lnstitute of Microbiology,
Chinese *Academy of =
Sciences o

,Institute of Zooiogy,

" Chinese Academy of

Sciences v

PEKING AREA '

< Ma, Ling, deputy secretary-general
- Huang, Yung-ning, secretary - -
<+« Lin, Shu-chen, rice breeder =« .

Hsu, Chin, member

... Chen, Tien-lin, worker - ' ,
-+ Chuang, Ho-shan, deputy chairman, revoiution

., cOmmittee

.- Kung, Ta-yean, Hi-chong-Wu Brigade, deputy

chairman of the revolution committee

, Mao, Chen- -Kwei, head, planning section, . E _

- production division
Wang, Yuan-chang, noted member

" Chou, Chia-tze, noted member

Chien, Yen-wen, head, operations divrsion
Chu, Li-chung ‘ ;

- Kung, Quen-yuan

Tsal, Shue-yu

.. Ken, Kai-sing

Ho, Chung
Chen, Yungdin



‘f@.;c‘e‘;t.ssaai

Chinese Academy of
Agncultural Sciences :
. X

L

Chinese Academy of
Agricultural Sciences,

Nanking Branch. .0

o Kiangsu Academy of .
v srAgricultural Sciences

Sorls lnstitute Chinese
Academy of Sciences

kAT

Wu-Shr Agricultural
Bureau

Chien-chew Peaple’s -

Ch inesei Agricultu ral
Assdciation, S

*w eEy ig‘:;~,-, FREINERAA )
' ' ‘Lin, Shu-chen, rice breeder
. .Chiu,‘ Shi-ponn, entomology

BTN T Siir RN
P A U2 AR TRV AT S P

E ;{,King, Shen-pao, president, also vrce-president of

;: Chinese Agricultural Association’
Hsieh Chin-Kwei, vice-president :

KIANGSU AREA

i Fon, Sheon, president

Hsiung, Yen, deputy drrector, Soils Institute
Lu, Liang-shu, member g

Chui, Shu-fang, member

Yang, Li-chun, rice agronomist

Shao, Pai-yen, member

Ma, Yung-tang, member

Chui, Shu-fang, deputy plrector

Chen, Yuang-kong, deputy director, farmer-
breeder |

Lu, Pei-wen, entomology

Ku, Chong-chien, plantipathology

Tsui, Che-lin, plant phyisiology

Chen, Yu-lin, plant pathology

Shen, Tze-Pei, soil and fertilizer

,Ling, Yu, entomologist |

Hsiung, Yen, deputy dirjector
{iung, Tze-tung, soil classification © .-

~ Yao, Yen-lian, organic fertilizer
. Leao, Shein-lin, agricultural chemistry
" Ma, Yen-tsuy, rice soil |
~Tsao, Tze-hong, agriculjural chemistry

Hwa, »Ting-yuan, responfsible person

|

‘Lo, Pln, ‘deputy’ chairman, revolution co" 'mittee

Shih Huon-chen, member, revolutron committee

Y‘ AN

Chien, Pem-chang, revoiution committee -

i -Yu, Tie-tsien

|

SHANG‘IAIAREA | \
- Tung, Chia-pon, responsible person

Ku, Tsu-teh, member- i

1
v,

Chinese hosts N/




" Shahghal Branch

f‘“Yaﬁg,'vui‘;hhn; mémber
- Hsu; Tien-teh, member

o Tang, She-hwa, professor of plant physiology -

<

Shuyen People’s
- Commune, =
*“Chia-lien County

'Shanghai Academy of
Agricultural Sciences

institute -

S "‘L oW, Teh-yuan. plant protection and quarantine

chief -

Chie, Teh-chang, deputy chairman, revolution
© committee . .
Hsu, Hen-chung, deputy chairman, revolution
committee ,

- Leu, Chi-tson

Tang, Chie-yan, deputy. chairman, revolution
committee
Lew, Shi-hsin, crop institute, responsible person::

.. Shu, Hsin, production section head, crop institute
* Wang, Yen-hu, soils, fertilizer, and plant protection

‘ Plant Physiology lnstitute,
'Shanghai Academy of
Agricultural Sciences

institute .
Hu, Chion-poun, soils, fertilizer, and plant protec-
tion institute

‘ .Pan, Yuan-chang, soils, fertilizer, and plant

protection institute
‘Wang, Wel-nan, revolution committee cha'rman

a Shen, Yuen-kong, responsnble person, phtltosyn- W

-thesis section .. : T T

: Thang, Shi- Hwa, responsible person, phytotron
+ Chen, Tze-chin, plant hormone

Kwal, Yuen-chin, weed control’

.. Wang, Ming-yang, worker -

KWANGTUNG AREA

Chinese Agrlcultural )
Association, Kwangtung
Province Branch

_Wu,Tung-chiang, chairman . . ...

Tsal, Tsao-pu, Kwangtung Academy of Agri N
tural Sciences, deputy director '

" " Huang, Chao-wu, professor, Kwangtung College of :

Agricuiture and Forestry
Hsieh, Youon-sun, member
Lao, Yuen-hzi, member
Lo, Yuen-mo, member
Hu, Shao-ho, member . -



PEETE Y LA s

Placesvisited . Ch.inesehosts"f B

Kwangtung Academy of  ,  Tsai, Tsao -pu, deputy director ..,
Agricultural Sciences Wen, Lin, deputy director, Cereal Institute ’
R |- ) Yuen-hal, agronomist, Cereal Institute .

S ‘' Chen, Yao-hwa, rice breeder R
~ Yang, Yuen-Hsiun, deputy director, plant
_._protection

Chun-shan University " Huang, You-mai, vice-president
Wei, Tsong-kwei, professor
Chee, Yu-tsio, deputy director, biology: ...
department
et gMe e Pu, Tze-long, professor, entomologist
s _ Lee, Pao-chien -

'fa-lie People s Commune,  Lin, Wei-chen, deputy chairman, revolution

Nan-hai County committee
Hwa County Agrlcultural ’ Wang, Yu-lin, deputy director ,
Research Institute Cheng, Tson-ken, Hsiu-Hwa Commune

Pan, Shi-nin, Hwa County Agncultural Bureau
Chao, Ye-pin, deputy director

Kwangtung College ...t .Chao, Shen-hwan, deputy dean Co
<icAgriculture and - :. - wFaan, Wet-chung, professor, plant pathology
‘Foresuy ‘ sk . . W b g

4., VISIT TO INSTITUTE OF ZOOLOGY

; Mr Yen-wen Chien, head Operations D|V|$|on of the lnstitute, recelved the
members of the IRRI team. He briefed them about the institute's major research
programs and accompanied them to different laboratories. .
w1 The. lnstitute of Zoology was founded in 1962 by the merger of the former
‘institutes of Zoology and Entomology At present it has 300 sclentific workers
and 200 supportive, administrative, and other staff. Named below are. its 10
‘departments and their respective main functions or areas of emphasis. o

;; "'1 Insect Taxonomy

2 In vertebrate Taxonomy surveys, collections, and identificatlon

i s ’t ‘,
vifien s Lo

integrated contrbl of insects' and rodents

Pl !s» wi,ji"'.'; ad e AT ke

3 lnsect Ecology
.4 Vertebrate Ecology




b'°'°3i°3' control agents such as Trlchogramma, e
|adybird beetles, and others, - .

"16 lnsecticlde & Toxicology

orrgin of cell cell genetics.

o 8 Endocrinology }

3‘ th 7 IR TR e

W ‘ 1 1. ’Cell Blology .

reproductlve physiology, mechanisms of insulln
reaction, and acupuncture effectiveness. '

FAYEN mstrument maintenance and deslgn of simple
.‘;9.¢Teohnology instruments - e T

|

| - 10 Sex Pheromones agncultural and forest pests.

Most of the work is of the. basic-applied nature, it is decidedly oriented to
v practical use, and is done in cooperation with communes and Department of
. Health personnel. For example, field work on cotton pests is done in cotton-
growing areas,
The IRRI team visited the laboratories engaged in actnvutles assoclated with
agricultural pest-related problems. ‘

"INSECT PHYSIOLOGY DEPARTMENT :

The physiology laboratory, organized in 1958, works primarily on viral and
bacterial pathogens of agricultural and forest pests. The laboratory has isolated
several viruses from armyworms, cutworms, and the cotton leafworms. A poly-
nuclear virus from Agrotls was specially mentioned.

lnsect pathology _
Work on Bacillus thuringlensis is receiving special emphasus. The Iaboratory holds

six- collections of the 17 known varieties of this bacterium. Some of those
varieties have been found highly effective against cabbage butterfly, rice skrpper,
and pine caterpiliar, but not against the rice stem borer.

""A combination of B. thuringlensis and insecticides is used agamst the rice
stem borer. The treatment is made before the larvae bore inside the stem. Several
of the bacteria are commercially produced, some in production plants-at the
commune level. Much of the production of 8. thurlnglens/s is carried out in
Kwangtung and Hunan provinces.

The present research on B. thuringiensis is oriented toward the selection of
more efficient strains, the biochemistry of its mode of actron, and techniques
for mass production of the bacteria. R R , _ :
- Biological control
The main_ emphasis in the biological control program of the Institute of Zoology
E is on the mass rearing of Tr/chogramma and the ladybird beetle Trichogmmmaf:" B



, ’.has been widely accepted by farmers in many communes as an efficient agent of -
reducing insect populations. (It is an egg parasite, but several workers elsewhere
‘have reported it as often having limited value). The eggs are reared on Tusser and '
~ Indian-silk moth eggs, but the supply of these eggs could be a limiting factor.

Experiments are under way to develop artificial eggs, which the Institute
‘workers termed “intermediate host.” The artificial egg should have suitable mate-
rial ‘for- an- egg shell and suitable nutrients for larval development of Tricho-
gramma.  Thus, the insect can oviposit inside the artificial egg, the emerging
larvae will develop normally, and the parasite that develops inside the egg should .
be able to emerjge through the egg shell. Detailed basic work on the structure of
the insect’s oviposition, including electron microscope scanning, has been done.
Polyvinyl was found to be suitable for making artificial eggs; chicken egg yolk
contained inside such eggs allows completion of larval development, but the
parasite reared via this method generally fails to pupate. Work is continuing to
resolve this and other problems regarding the emergence of the adult insect.

. Also, the ladybird beetle has been found to effectively reduce the population
of aphids on wheat and to prevent their mass migration to the cotton crop.::
Farmers are interested in the use of the ladybird beetle, They frequently
organize its collection from wheat fields and its release in cotton fields, However,
this release does not often coincide with the occurrence of the aphid on the
cotton crop.

Efforts are under way to devise a standardized mass rearing of Iadyblrd
beetles using synthetic or semisynthetic media. Pork viscera have been found to
be a suitable diet and certain juvenile hormore analogs have been recorded to
affect its chemotaxis and food intake, The beetle larvae prefer sweetened fresh
meat and do not feed on vegetables, Efforts are being made to identify the dif-
ferent biotypes of the ladybird beetle, which may differ in their feeding habits.
Hibernating ladybird beetles that have an adequate food reserve, when treated
wuth certain hormones, can be induced to lay eggs.

Insect Physiology: compound eyes of night-ﬂying insects
. The reason certain insects are attracted to lights is being investigated, and light
~ traps that may be highly effective against certain insects are being developed for
use both as a survey tool and as a control method. Adequate knowledge of the
subject may also be helpful in developing light sources that repel insects.
Cotton bollworm eyes are being used in the studies. Their compound eyes are
" mounted on a slide, light is reflected through the mounted eyes from the light-
plece mirror to the eye-piece lens of a compound miicroscope and the measure-
'ments are made in a special recorder. The eyes of moths exposed to darkness for

~ . 2.5 hours refiected 70 times more light than those of moths not exposed to

' darkness. This ability to reflect light disappears if the eyes are exposed to blue or
purple light, but red and yellow lights do not alter it. At present a single beam -
of lights has been tested; light of different wavelengths wnll be tested later..




Electron microscope o e m e SR
A local:company fabricated the Institutes electron microscope, which »chas ‘a
250,000X magnification. It was the first-generation electron microscope made
by the company, whlch has now developed more recent models. - - ;- - -

INSECT ICIDE AND TOXICOLOGY DEPARTMENT

Half of the 32 members in the Insect and Toxicology Department are working
on the synthesis of organic compounds including insecticides; the other half, on
the toxicology of insecticides. The-emphasis is on organophosphate and carba
mate insecticides, and on juvenile and sex attractant hormones L

Insect hormones :

A juvenile hormone for silkworm has been |dent|fied Treatment of the f‘ fth
instar larvae with the hormone increases . the :size: of: the cocoon with no
deleterious effect upon the insect or the: quality: of the silk produced. About
1 mi is adequate for treatmg about 40,000 srlkworm larvae. The hormone helps
to induce molting. ‘

:-Since 1975, several sex attractant hormones have been synthesized for the
oriental fruit moth, a serious orchard pest in China, which is particularly severe
in pears, peaches, and apples. The hormones can be used for trapping.insects
for control or for survey. A simple cardboard trap has been devised and the
hormones remain effective for 1 to 2 months.. The hormones can be used in
con]unctron with insecticides for insect control,

- The occurrence of a male sex attractant hormone has been demonstrated in
femaie pine caterpillar moths. The hormone has been. extracted -from- field-
collected female moths. Work is under way to purlfy and to |dent|fy this
attractant. : : o :

Toxicology studres st P

Work in the toxicology sectlon s focusmg on the development of effectrve
insecticides with a low mammahan toxicity and low . residues An: organothlo
insecticide, Phostoxrn, I b e v , e

came from this program. lt is now bemg used widely throughout China for the
control of grain, ‘'orchard, and vegetabie insect pests. Phostoxin persists long in
darkness but is decomposed in sunllght in 4 to 6 days. It is effective against the
rice stem borer but has not been tested against the brown plarithopper. When
used as seed treatment, it even controls several species of soil insects, Further-

RV
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more, it is a safe insecticide, wit .an oral LD,o value of more than 1 g/kg body L

Kwelght of mammals

INSECT TAXONOMY DEI’ARTMENT - »
* The Insect Taxonomy Department has a nationwide msect collection and iden
tification center staffed by 50 scientists and hoids about 1.5 to 2.0 million
~ insect specimens. It does not send any specimens for identification abroad, but
may consider the possibility of identifying specimens from abroad.

OVERALL IMPRESSION

In general, the work being conducted at the Institute of Zoology was |mpresswe
and the various workers appeared knowledgeable = 1heir respective fields. The
sclentist working on insect attraction by light of wu..feicnt wavelengths was a
high school graduate, who lived for 2 years in a commune and.had worked at
the Institute for 2 years. He appeared well versed in his field.

The research projects at the Institute are of a basic nature, but are oriented
toward the solution of practical problems. The research facilities appeared
adequate. Collaboration between the Institute of Zoology and IRRI in the areas
of biological control could benefit not only both institutes but also many
nations of the rice-growing world,

5. ACHINESE UNIVERSITY

The only Chinese university visited by the IRRI team was Chung Shan
University in Kwangtung Province. Mr. Hwang, vice chairman of the Revolutlon-
ary Committee, explained the general organization of the university.

...Chung Shan University was founded by Dr. Sun Yat Sen more than 50 years
ago It once included a College of Agriculture, but the college was moved in
1950 to a town about 100 km from Kwang Chou. Chung Shan University
concentrates on literature, arts, and natural sciences. The literature and arts

v include Chinese literature, history, philosophy, economics, and foreign languages.
The sciences include physics, chemistry, biology, geography, and metal sciences.
The Unlversity has 1,000 teachers for more than 3,000 students who are in a
3-year program plus another 10,000 students whose duration of university

.education varies from a few weeks to a year.

Before China’s cultural revolution, university education required 4 to5 years.
The required period now is 3 years, with greater emphasis on the short courses.

" There are fewer courses, and teaching materials are based on China rather than
on foreign texts. Lecture materials are prepared jointly by teachers and students.

' Dunng the final year, all students have a half-year practical thesis topic,

* 'Dr. Pu, a professor of biology, briefed the IRRI team on entomological
research -in his department. The professor said that the department had. 110

;f']]3 L




' studehts. The baslc policies followed in teaching were: - «
: OTeach in the open-door policy — as much as posslble do the research'and
“teaching in the field. B D

OTeach theory related to practical problems e e
i Teach with all indigenous teaching materlals (text books, speclmens,
< ment,andothers). 0w
" ® Reduce courses to the minimum and teach only those absolutely essentlal

® Prepare lectures collectively, involving the students.
® Devote the last 6 months of the curriculum to thesis research, mostly on
practical problems, but also on theoretical topics.
’,fO Follow the 3-in-1 method of teachmg, i.e., teaching, practical work and
production. Teachers and students live in communes and, besides doing
* research, also participate in physical labor.

‘Professor Pu indicated that he and his students had been conductlng com-
mune research on biological control. They were working on viruses to control
‘the pine caterpillar and a vegetable noctuid, Prodenia litura. They were also
raising and mass releasing parasites to control the leechi stink bug. This has been
"done since 1970 and the need for insecticidal treatments has been drastically
reduced. Professor Pu also gave some indication that there was a strong move
to reduce the amount of chemicals being used on vegetables.

In the case of brown planthopper, it was pointed out that ducks turned into
the paddy at the right time will eat the brown planthopper nymphs without
bothering the rice. Gall midge was another insect problem in the area. Chemical
insecticides had reduced the predator population, which may explain the increase
in the incidence of gall midge in the area.

6. A CFlINESE PROVINCIAL EXPERIMENT STATION .. |

The lRRl team vlsited the Kiangsu Academy of - Agrlcultural Sciences:’ The
Academy has 600 staff members and 67 ha of experimental fields Named below
are ‘the eight departments and their main objectives:
**1, Graln Crops — to develop better varieties of wheat, paddy, rice, and corn. )
: 2 Soils and Fertilizer — to improve low-yield solls and study methods to
" improve soil fertility.
3. Plant Protection — to control diseases and insects.
4. Industrial and Cash Crops — improve cotton and oil crops.
5. Agro-chemistry — to select food vanetles by physical or chemlcal methods,
' including use of isotopes.
~"'6. Animal Husbandry and Veterlnary medlclne - to study diseases of anlmals,
and produce good pigs. T
7. Horticulture — develop new varletles of fruits and vegetables
8. Water products — to improve fresh-water fi sh production. i
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. zaThei:Academy's research is based on-the .open-door-policy and is done at
specific or integrated research centers. The integrated research center remains -
at one location. The specific resear(‘:hvcenter,move'sv from place to place, and
operates on the following principles of four links between research workers and

~ @ About two-thirds of the scientists are in the field and only one-third in the
laboratory. . ot e
..® The center provides technical training to workers from the communes,
® Work is in cooperation with other research institutes, e.g., agricultural
universities. ' :

® Research in communes is in cooperation with the masses.

The Academy runs a 1- to 2-year general training program in agricultural
technology for people from communes. The trainees receive work points from
their commune but no salary from the state. About 200 students are trained
at the Academy at one time. More specialized training is given by the provincial
colleges, which replaced the old university system. Nanking University agricul-
tural college, for example, was moved to northern Kiangsu province.

The team visited the Academy's museum, plant protection laboratory, and
field plots. In the laboratory, rearing of brown planthopper was by a technique
similar to that used at IRRI, although the number of insects in the cages was
small. Also seen was the section that evaluates insecticides for the common rice
insects — green leafhopper, brown planthopper, and stem borers. The insecticides
Kalthene, Bassa, Ofunak, Padan, Isofate, C-9140, and chlordimeform have shown
promising results. The low rammalian toxicity of the compounds (both oral as
well as dermal) is one of the primary considerations in selecting an insecticide.

' Both Indica and japonica breeding lines were growing in the Academy plots.
Some fields were being harvested. There was low visible incidence of pests or
diseases. The crop in general looked good and should have yielded 6 to 7 t/ha,

'In a 0.25-ha plot, a three-crop rotation system — two rice and one whea}ti—‘-ﬂ
was being followed. Details were: o

Yield . _ Pla.nting Gro}wth.v

Crop ‘ (t/ha) date  duration. ...
wh wein o . ‘ B I P T T I R T AR
Wheat,,o..o . o - . 67 . scearly Nov. b

Rice {indica) ... . . .. .: .83. - . .20May.100days .
Rice (faponica) - . . - . . 75(lest) . - . i Jily:, - 140days. ¢ .-

il Lok

«:The fertilizer used for both the rice crops were as follows:, - . ... .. .

©375tpigmanure/ha . . . @375 kg super phosphatefha . - ... :
st 580 kg ammonium sulfatelha @212 kgpotashfha. =~ i . ...t
++.The cultural practices. for both rice.crops were generally identical except that
the.age of. the seedlings of the second crop (Japonica) at transplanting was

35 days instead of the usual 20 days for the /ndlca crop. - e

5



One crop the team saw had: been double transplanted the first’ transplanting‘,i"
o was at20 days and the: second 11 days later: This method ls used to reduce'the:"
oo f field time of the second crop to about 100 days" 5o v "

S TR

7. ACHINESE COMMUNE S

'_ The IRRI team visited the Shu Yen People's Commune, about 20 km from
'Shanghai .and were received by Vice-Chairman Comrade Chu, Comrade Che
Hong Chow, Comrade Lui Chi Chung, and Comrade Fan (Technical Agricultural
Research Station of the commune). Vice-Chairman Chu gave a general briefing.

_The commune was founded 23 September 1958. It has 11 brigades, 123

productlon teams, 5,583 households, and a population of 21,000 people; of
which 12,700 constitute the labor force. Rice, wheat, and cotton are the main
crops grown on the 1,724 ha of arable land.
" Animal husbandry and seven small factories (farm machinery, integrated food
processing, chemicals, metal works, electric bulbs, plastic tubs and bleaching
powder) are the main noncrop occupations of the commune. Factory workers
constitute about 24% of the total labor force.

The commune has 24 large tractors, 123 hand tractors, and 142 motor-dnven
transplanters, It is experimenting with a seedling puller, a silt dredger, and a
cultivator. Of the total arable land, 98% is plowed by tractors, There was a
definite emphasis to intensify mechanization. Field plots are well maintained
and 50% of the crop area has an underground irrigation system. ‘

In 1965, the commune adapted a three-crop system (rice—rice—wheat or
rice—rlce—barley) instead of the two crops a year system (rice—wheat or rice—
barley) previously practiced. A bumper harvest was reported for all of the last
14 years. In 1975, the commune’s total grain production averaged 15 t/ha,
which was 2.5 times greater than the harvest of the precommune era, Similarly
in 1975, cotton yields averaged about 900 kg/ha, which was 6.7 times the 1949‘
yields.,

The objective of the commune's industry is to serve agriculture and the
earnings from industrial production are invested in agricultural land development
and other capital programs. In 1975 the total value of the commune’s industrial
production was about US$7.4 million and the accumulative public fund was
about US$1.6 million. The value of agricultural production was US$2.4 million.

The general standard of living of the people of the commune has improved.
The per capita income in 1975 was US$105 on the basis of work points and
between US$210 and US$260 per worker, including food. The commune has
a hospital and each production unit has a barefoot doctor. Each member pays
about US$1.00/year as a health service charge and is entitled to free medlcal‘

treatment The system covers invalids and elderly persons. : Rt ‘
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up The commune has: 17 - middle and primary - schools, and all children are ’
‘ ,expected to attend. There are two cinema projects and 65 television recewer
- sets. Construction of new apartment houses started in 1969.

Later the team visited some rice fields that were well maintained but in whlch '
the:crops had a considerable percentage of unfilled grains, possibly damage
caused. by. cold. The general farm layout i..cluded an underground irrigation
system. Livestock seen included ducks, pigs, and ‘Holstein cows. The cows
produce abo::-1 5 kg milk/cow daily.

... The commune workshop was well equipped and produced bicycle rims and
various kinds of tools. The team aiso saw a display of a power tiller, a seedling
puller, and a transplanter.

The team was informed that the tax levied on communes was 8% of the
agricultural income; it used to be 4%. The tax is levied on a production base
assigned to the production team. If the team exceeds the base, the excess is not
taxed.

- Profits from small industries run by the commune are kept by the commune
and used for field construction and improvement. For example, irrigation proj-
ects are implementer} with labor from the production units but the equipment
and supplies may be furnished by the commune,

8, A FARMER SCIENTIST

The Chlnese claim that farmers are good research workers
Mr. Chen is one of those farmers. He is a native of Song-kiang county,
Klangsu province, and has grown rice since childhood. In the early 1950’s he
bred a rice variety called Lao-lai-ching (green when old), which yielded more
than 9.5 t/ha.
Chen was selected as a national hero of labor in 1955. In 1969 he represented
the farmers of China and was received by Chairman Mao Tze-tung. In the same
year, the Kiangsu Academy of Agricultural Sciences invited Chen to be a special
reseatcher and made him Deputy Director of the lnstltute
, Based upon his long experience with intensive cultivation of rice, Chen
developed a theory of three yellows and three blacks for the various growth
stages of ‘rice — yellow means greenish yellow, and black means dark green.
Chen became — in modern terms — a rice breeder and rice agronomlst-physmloglst.
" He advocated that crop management should be based on the growth condltions
- of plants in the field.
‘Within 5 years the average yield on: 40 fields, using Chen s method, was

" 7.12 t/ha. Deinonstrations on state farms and communes showed a yield increase .

‘of 12% or more. Using Fang-dien Commune ‘as a center of training, Chen s
methods of growing rice were extended to other localities. Many people came



to-Fang-dien Commune to study. They worked with Chen in the field in the
) moming and held discussions in the afternoon at the various growth stages of
- rice (1-day discussion at 5 different growth stages). The trained people taught
other people at various levels. A film was made on Chen’s methods.

- Chen's variety Lao-lai-ching had a growth duration of 170 days. It was useful
. for a single rice crop in the 1950’s but did not suit the tiwree-harvest cropping
system to be adopted. His cultural methods, however, remained valuable,

Chen's methods of growing rice was reported by Liochun Yang, a serior
agronomist at the Kiangsu Academy of Agricultural Sciences, who had orgamzed
a team to work with Chen. .

The foundation for a good rice crop consists of:

® good seed; ‘

- ®vigorous seedlings from an even and light seeding. rate, every indivldual
- seedling well developed; e

© careful leveling of land, not more than 2 ¢m difference;

Oclose planting and fewer scedlings: 17 X 20:cm but-20.X 20 °cm" rf the
- fertility is high, each individual plant needs to receive sufficient light and
must have more leaves to absorb hght. the tlllermg ability of the variety
must also be considered. ,

® transplanting even and shallow; and

® sowing date in mid-May and transplanting in mid-june.

The three yellows and three blacks management practices emphasize:

® harmony between underground (roots) and above-ground (stalks) plant
parts;

® harmony between individual and group development; and

® harmony in early, middle and late stages — too vigorous growth in the early
stage causes poor field aeration and increases disease and insect mcudence,

. if growth is poor in the early stage there will be fewer panicles.
The management is determined by:
~ ®color of the leaves,

@ rate of growth, and

_ @ plant form.
Management requirements are:

® Fertilization. Apply organic_ manure, 70,6 as basal to upper, mlddle, and
lower layers of the soil;

OTlIIers. The tiller number at 20-25 days after transplantmg should reach
4,500,000/ha (some varleties 5,250 000) That will make a yield of, 7 5 t/ha
possible. At this time the leaf angle is more or less honzontal and color.
should be black. This is Chen's first black. o v

® First drainage. The plants continue to produce tillers. When tiller number
reaches 450,000,000 t/ha, the field should be drained and the leaf color

.« turns yellow. This is Chen’s first yellow Before that time the sml should be
o ﬂooded Drainage has the followmg functions:
. ';_ - controls tillering; :
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— stimulates new root development because of more aeration;
— decreases nitrogen metabolism and increases carbon metabolism so that
both stem and leaves become erect. Plants are more resistant to diseases;
— activate aerobic microorganisms, which indirectly increase soil fertility;
and :
— induce yellow to'a degree, but not to excess.
® Second flooding and fertilization. At the proper stage of first yellow, the
field should be flooded and fertilized again with manure and bean cake,
The leaf color becomes black again, Chen's second black. Again this should
not be to excess. When too black, the internode will be too long. If not
sufficiently fertilized, the stem will be thin and the panicles will be smaller.
® Second drainage. At panicle initiation, drain the field again, and the leaf
color turiis yellow, Chen's second yellow. If there is no yellow, aeration is
poor and the panicles will be poor. The leaf area index should be about six.
Ten days after panicle initiation leaf closing should occur. If leaf-closing
occurs too early, the internodes become too long, the stem weakens and
plants may lodge.

® Third flooding and fertilization. One week after panicle initiation, irrigate

and fertilize the field, use chemical fertilizers such as ammonium sulfate
called panicles fertilizer. How much fertilizer to be used depends upon the
degree of yellow — if not yellow enough, no fertilizer. This gives Chen’s
third black,

® Third yellow. After the third black, there should be a third yellow by

gradual withdrawal of water to a degree that a person can stand without
sinking into the soil. Chen's third yellow is important. It promotes move-
ment of nutrients from lower to upper leaves and reduces insects and
diseases.

In general, on rich soils, plants need more yelfow and less black but on poor
soil they need less yellow and more black. It is reported that at the time of
yellow, no blast disease will develop, even if it is artificially inoculated.

Describing the plant form, the Chinese say that at the first black stage, the
leaves look like the leaves of a white lily, slightly bending at the upper portion.
At the first yellow, the leaves are erect. At the second black and afterwards, the
leaves are erect.

Chinese scientists believe that the three yellows and three blacks coincides
+ with the physiological needs of rice plant at various stages of growth, controlling

proper tiller number, growth rate, and plant form to maximize the yield. A
paper on the theory was presented at the 1964 International Scientific Con-
~ference in Peking.
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