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I INTRODUCTION’

. .
A. INCREASING [IMPORTANCE OF Rict

Rice and wheat share equal importance as the world's staple cereals. Rice is
the primary sourcc of encrgy and protein for 4.5 billion people in the most
populous nations of Asia. Rice is a secondury staple for another 450 million
people. The demand for rice is rapidiy rising in Africa and Latin America. The
order of preference is rice, corn. yam. and cassava. However, the average anaual
income of rice consumers in the developing nations is less than $200.

Rice produces more calories and carbohydrates per hectare than any other
cereal under normal production practices. Its protein yield per unit of Tand and
amino acid balance among the cereals are only below those of oats (Lv and
Chang, 1980).

Despite significant increase in the rice yields of Bungladesh. China, Colom-
bia. India, Indonesia, Korea, Pakistan, Philippines. and Sri Lanka since the
advent of the high-yiclding semidwarfs and the associated production technology
beginning in the late 1960s. the world’s supply of rice continues to Jag behind the
demand. First, the production of rice in the developing nations from 1967 to
1975 rose only at a rate of 2.4% a year while the population increased at 2.5%.
Recent trends in crop production suggest that the developing countries may find
it difficult to maintain the same rate of growth in production (IFPRL, 1977).
Sccond, the developing countries have been seffering from a deficiency of 4-5%
per capita in the daily cnergy supply (Zwartz and Hautvast. 1979). It would be a
tremendous tusk to make up this deficit even if the world's population were to
stay at the present level. :

The projected increase in food consumption of the food-deficient deyeloping
countries between 1975 and 1990 will amount to 241 million metric tons at low
rates of increase in per capita income. The increase would represent about two-
thirds of the 1975 consumption level. Ahout 182 millinn tons are needed to meet
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the increased need due to population growth. For all developing countries. in-
creased consumption above the 399 million tons of 1975 would range between
262 and 286 million tons, of which 200 million tons would be due to population
growth. Asia would bear the largest share of the projected increase in consump-
tion between 1975 and 199C: about 48% (IFPRI, 1977).

Because of limited arable land area in Asia, future increase in food production
will depend largelyv on increases in crop yicld or cropping intensity as experi-
enced during the last two decades. Considerable arcas of uncropped or marginal
production may be brought into rice cultivation, but serious chimatic. hydrologic,
or edaphic constraints generally exist in such arcas. For Asian countrics, the
production increase of cereals would have to surpass the 1960 1970 rate of 2.5%
in order to meet the projected incrcase in consumption.

For Africa and Latin America, a brighter prospect looms as a potential expan-
sion in production area is feasible, although the per capita consumption ot rice
will also centinue to rise (IFPRI, 1977).

Rice will continue to make up nearly one-half of the major staples i Asia:
about 30% for all developing countrics (1FPRI. 1977). Therefore. it is imperative
that the increase in rice production be sustained through improved yicld or
stabilized production or both. At plices where the growing scason permits.
increasing the number of rice crops planted in a year offers another means of

. augmenting rice production.

B. ComparaTIvE Latt START I8 Rict BRELDING
AND CONSLRVATION

Recorded history may not mention man’s carliest efforts to improve the rice
plant. However, long before the advent of science., man undoubtedly had made
good use of natural variubility in the crop and its wild relatives, spontancous
mutations, natural hybrids, and introductions from foreign lands. Susrutha (ca.
1000 B.c.). in his Ayurvedic “Materia Medica.™ recognized the ditferences
among rices existing then in India and separated them into groups based 1:pon
their growth duration, water requirements, and nutritional values (Ramish and
Rao. 1953). Chinese classies show that Emperor Wen Ti of the Wei Dynasty
(A.0. 186=226) discussed with his cabinet staff about a quality rice having strong
and fragrant aroma. Another emperor, Klung Hsi (1662 1723) of the Ching
Dy nasty, selected an carly maturing and aromatic mutant fora .rop of rice grown
in the imperial garden which later became the main staple of his houschold. The
new strain was named “*Imperial Rice.”” The large scale introduction. testing.
and extension of the carly maturing Champa rices in central and cast China
during the eleventh century marked the first massive gorernment-sponsored
efforts to utilize efficient and productise genotypes (Chang and Li. 1980).
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On the other hund, rice has a relatively short history of scientific improvement
when compared to wheat. The firse rice variety bred by hybridization. **Omini-
shiki.’* was developed in Japan around 1906. In tropical Asia, breeding began in
the 1950s. Genetic conservation of the crop began even later. Conservation
efforts gained momentum in the mid-1960s.

A combination of the late start in both plant breeding and genetic conservation
led to the situation in the carly 1960s that tens of thousands of rice cultivars were
grown by Asian farmers over vast rice lands.

Rice breeding in the United States was started in a minor way carly in the
twenticth century. The program at the start consisted of introducing « few rice
cultivars from foreign countrics and growing them in small plots in farmer ficlds
in Louisiana and later in California. Selections were made from these plantings
by federal and state agrigulturists and by locul farmers. Some selections from
these introductions were increased and quite widely grown for several years,
Cultivars sclected by farmers included **Blue Rose,” *'Early Prolific.”” *"Edith,.”
and *‘Lady Wright.”" Some of those selected by government personnel in-
cluded “*Fortuna,” **Nira,” *"Rexoro,™ **Colusa,” and **Caloro.”" These
cultivars were widely grown until they were gradually replaced by improved
cultivars that were developed after about 1935. However, Colusa and Caloro
were still of major importance in California through the late 1960s.

The rice-brecding program initiated in the United States was a cooperative
endeavor of the U.S. Department of Agriculture (USDA) and State Agricultural
Experiment Stations. These projects were expanded by the addition of personngl
in Louisiana and California about 1915. The work was further expanded by the
hiring of federal rice breeders in Arkansas. Louisiana, and Texas in 1931,

Rice was a minor crop in the United States in the carlier years, thus more furds
and personnel were assigned to breeding the major cercals than were allotted for
rice breeding.” As a result, more comprehensive programs were established for
wheat, corn, barley, and oats than for rice breeding, so rice improvement was
much delayed. The conservation of rice germ plasm alsor was much negléeted in
the carlier years. This was due to the meager number of cultivars, available and
the lack of personnel and storage facilitics.

C. IMPORTANCE OF GENETIC RESODURCES 10 RiCE IMPROVEMENT

Crop rescarchers generally recognize that a wealth of genglic resources pro-
vides the building blocks for effective crop improvement. In the case of rice. the
germ plasm of the two cultigeas (Asian and African rices) is unusually rich it
genetic diversity. much ol which remains to oe tapped. Until a decade or twe
ago, the full spectrum of germ plasm in the goone Dryza (see Chang. 1979) ceulc
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be readily found in their indigenous habitats and was available to rice research-
crs.

The rich diversity in rice stemmed largely from its wide geographic dispersal
and ccogenetic diversification. Among major food crops rice is onc of the few
staples which are continually expanding into new production areas Rice can be
grown in vast uncropped arcas in Africa and Brazil. Rice is also being grown
experimentally at numerous locales where irrigation water is wailuble. but cool
temperatures and blast discase at high clevations are major constraints. Numer-
ous requests for sced recently reccived at the International Rice Rescarch In-
stitute (IRRI) for deepwater rices indicate another @ 2nd in area expansion More-
over. in South and Southeast Asia large tracts o land can be brought into
profitable rice production if the adverse soil factors such as salinity and acidity
are ovgrcome by adequate levels of cultivar tolere..ce and soil munagement.

The rich diversity in rice presents great promises for rice researchers to allevi-
ate the various production constraints, most of wiich are known while a few
more remain to be identified. As rice expands into new areas, new environments
will present challenges to the rescarch community.” Anong cereals that can be
grown in a new arca of cultivation, rice has the unique advantage over other
staples in that it can thrive in flooded or waterlogged soils. Thus, rice will
continue to be the main staple of numerous subsistence farmers in the humid

. tropics and subtropics.

The rapid spread of the high-vielding semidwarts since 19661967 has vrealy
narromed the genetic base of the rice crop. The preservation and use of the
diverse germ plasm in rice is not only vital to the further improvement ol the crop .
but also serves as a means to safeguard the crop against its vulnerability to attack
by discases and insects which is imminent because of the genetiv uniformity
aniong tice cultivars.

it has been estimated by plant physiologists that the muximum yiekl potential
of rice in the tropics may be as high as 15.9 tonssha for i single crop in the dry
season and Y.5 tons/ha in the wet scason (Yoshida and Oka, 1981, Yiehd was
25.65 tons'ha total for a four-crop experiment (Yoshida ¢r al., 1972). The .
estimate is certainly much higher than the 11.7-tons’hia record obtained at IRRI
(De Datta and Malabuyoc, 19705
~ Morcover, the yield potential of the current improved rices far exceeds the
yield levels being obtained on the farms of tropical Asia tef. [RRI 1977, 1979,
The main hiological constraints are lack of resistance 1o insects and diseases,
resistance to drought. and competitiveness with weeds. The biological con-
straints attributable to insects and weeds are being tackled by rice rescarchers.
Ot the other hand, the socioeconomic constraints related to land tenure, avail-
ability of capital, infrastracture, government pricing poli.y. technical Know-
how. and traditions require the concerted efforts of the farmers, private indus.-

/
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trics, and government scctors to remove a portion of the limiting factors. Coordi-
nated cfforts in such directions would undoubtedly raisc farm yiclds.

.1l. DIVERSITY IN RICE GENETIC RESOURCES

‘The genetic diversity existing in rice germ plasm is amazingly enormous. The
2 cultigens and 18 wild species of the genus Oryza are not only widely dis-
tributed (Chang, 1976a) but also represent an extremely ancicnt grass in the plant
kingdom (Stebbins, 1971). Evidence on the diversification process is presented
as follows:

.
A. GoNpwANA OriGis of THE. GENLS
AND EVOLUTIONARY PATHWAY

The pan-tropical and widely scattered distribution of the 18 wild species in the
genus covers Africa, Asia. Australiz. and Central and South America (cf.
Chang, 1976a, for their geographical distribution). The dispersal pattern has
intrizucd many botanists and geneticists since the nincieenth century and has
given rise to divergent hypotheses about the progenitors of the two cultigens (0.
sativa L. and O. glaberrima Steud.) and the centers of origin for the genus,
Thus. various workers postulated that 0. sativa was derived from O. famu
Koenig, Q. perennis Moench, O. officinalis Watt, or Q. minuta J. S. Presl: (see
summary in Chang. 1964). which are distinct taxa involving different genomes
ard ploidy levels. Roscheviez (1931) postulated Africa as the center of origin for
the section Sativa Rosch., to which both 0. sativa and Q. glaberrima belong.
Oka (1977) has lumped the ancestral forms of the two cultigens into one species-.
complex, Q. perennis Moench.

Chang (1976a.¢.d) has pointed out that the gcngr;nphicul distributien of the
wild species strongly suggests the Gondwana (Gondwanaland) supercontinent as
the original habitat of the genus. ‘The pantropical distribution of the Oraza
species lies within the Palcozoic regions of the fossil fern Glossopteridae
(Melville, 1966); the latter is believed by many botanists to be one of the
principal progenitors of the angiosperms. Thus, the distant progenitors of the
Oryza species, had likely differentiated before the Cretaceous period. When the
known genomic symbols of 1S Oryza specics are piaced by Yheir present loca-
tions. they match well with their adjoining positions on the Gondwany compo-
nents (Chang, 1976d).

Fracture and drift of the major Gondwana components led to scparate entitics
which are now known as Africa. Antarctica, Australia, Malagasy, South Amer-
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ica, and South Asia along with its associated portion of Southeast Asia. The
geological changes can readily expluin the finding of the immediate wild rela-
tives of the two cultigens (all of which have the A genome) present in Africa,
Asia. Australia, and South America. Because human activities in cultivation and
selection began early in Africa and Asia. the cultigens evolved at least 7000
years ago, while in Australia and South America only the wild forms are found
(Chang, 1976c¢).

As in other cereals. the evolutionary pathwiy of the two rice cultigens may be
conceptuatized as: witd perennial — wild (prototype) annual — cultivated an-
nual. The evolutionary trend was parallel and independent for the African and
Asian rices, but the Asian cultigen was further differentiated into three ceco-
geographic races. Detailed discussions were provided by Chang (1976¢).

B. DIVERSUHY IN Q. sarna ash Tis Wi Ritannas

The rich diversity found in the Asian rices is probubly unparalleled in other
crop plants, Dispersal and sclection by man have extended rice cultivation from
the banks of the Amur River (537 north latitude) on the Sino -Russian border to
central Argentina (307 south latitude). As the tropically based and semiaquatic
plant was introduced into the cooler regions to the North or the high elevation
arcas of the tropics and subtropics, ecogenctic differentiation and human selec-
tion have greatly intensified the diversification process.

Cultivation in different soil-and-water regimes led 1o extreme types whuch are
adapted to pluvial (rainfed-dryland). phreatic (wetland) or fluxial (deepwater)
conditions. Varictal sensitivity to photoperiod and temperature regimes at differ-
ent growth stages became markedly divergent along latitudinal and altitudinal
inchnes. In the Ganges River delta, crops tfor three seasons (winter, summer., and
autumn) evolved to 11t into varying water and temperature regimes. Such variety
groups aic known as “boro” aus and aman. " respectively. Rice cultiva-
tors’ personal preferences and socioreligious traditions have Turther added mor-
phologic diversity to the culuvars (Chang. 1976¢; Chang and Oka. 19706
O’ Toole and Chung, 197,

Undoubtedly natura! crossing between land races tollowed by ditterentiation
and both natural and human selection have acceleraied the deversification pro-
cess. The rich diversity of the Jand races found in therr native habitats of
Bangladesh, Indonesia, and Sri Lanka has been deseribed by Vaughan and
Chang (198(h.

The wild*perennial (O rufipogon Giift.) and the wald annual (0. nivara
Sharma et Shastry ) relatives of O, sativa are eencrally found in the humid tropac
of Asiat. The wild forms have retained o high rate of raturad crossing (5 400
which enabled the populations to maintun their diverse and heterozy gous come
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position (Oka and Morishima, 1967). However, the wild rices do not have the
extreme range of adaptation to dryland or deepwater conditions found in the
Asian cultivars (Chang er al., 1977).

Intercrossing among the wild perennial, wild annual. and the cultigen has
produced numerous intergrades which could be convenieatly grouped as the
spontanea forms of O. safiva or the weedy annuals (Chang. 1976a,b). Hybrid-
ization among the four types in arcas where they coexist continues to add genetic
diversity to the hybrid swarms. Their dispersal is assisted by flowing watcr and
seed exchange of the contaminated cultivars.

Scientific plant breeding in many rice-growing countries has further enriched
the diversity of the cultivars. In recent decades it has become increasingly diffi-
cult to classify rice varictics into their ccogeographic races (Indica, Sinica or
Japonica. and Javanica) by their morphologic traits or grain characteristics.
Muny United States and Korcan cultivars belong to this intermediate category.

C. DIVERSITY IN O GLAHLRRIMA AND 118 WiLD RELATIVES

The African cultigen also contains great diversity. O. glaberrima is found in &
full range of water regimes varying from dryland to deepwater conditions (Por-
teres. 1956: Oka. 1974). On hydromorphic soils the African rice is a Self-
perpetudting crop in admixture with other grasses and bushes. But its total range
of diversity is less than that of O. sativa. The smaller magnitude of varictal
diversity in O. glaberrima as compared to O. sativa may be traced back to a low
population density, a narrow north-to-south distribution, a rather flat topogra-
phy. and a dearth of iron farm implements, irrigation facilitics, and draft aninials
in Africa since the dawn of civilization (Chang, 1976¢). With the rapid expan-
sion of the Asian rices in the favorable arcas of Africa where progressive agricul-
ture is practiced, O. glaberrima has been frequently reduced to the status of o
weed race in fields planted o O. sativa (Moormann and Van Breemen.” 1978).
As a result of natural crossing between the two cultigens, an increasingly large
proportion of Q. glaberrima samples has lost their typicai features (glabrous
leaves and hulls) and meanwhile acquired a few other O. sutiva characteristles
(Chang er al., 1977).

The wild perennial O. longistaminata A. Chev. ¢t Rochr. is widely distributed
in Africa. strongly rhizomatous, and incompatible upon self-fertilization. The
wild annual (0. barthii A. Chev.) is quite diverse in morphologic and clec-
trophoreiic properties, probably exceeding that of the African cultigen but less
than that of O. sativa (Bezancon et al.. 1977). Intercrossing amony the three
African taxa has given rise to a weedy race known as 0. stapfii (Chang et al.,
1977).

@O.
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IIl. RECENT EFFORTS IN GENETIC CONSERVATION

A survey made in 1970-1971 indicated that agricultural rescarch centers of
major rice-producing countries had made varying attempts to assemble and con-
serve the indigenous rice cultivars shortly after World War Il Commercial
varictics in the readily accessible arcas were the main target in ficld collection.
Minor varicties in the remote areas and wild rices in their natural habitats were
lurgely overlooked, however (Chang, 1972a).

Systematic collection efforts in tropical Asia were initiated when the high-
yielding varictics spread quickly from 1967 to 1970 and threatened to replace
numerous traditional (unimproved) varicties in the irrigated arcas. Several na-
tional centers joined IRRI, USDA. USAID, and the Rockefeller Foundation
countr) programs in developing plans for ficld collection. Systematic plans were
formulated at the Rice Breeding Symposium held in 1971 and the IRRI-IBPGR
(International Board of Plant Genetic Resources) Workshop on the Genetic Con-
servation of Rice convened in laic 1977, both of ‘which were hosted by IRRI
(IRRI, 1972, 1978b). One hundred rice breeders present at the 1971 Symposium
requested IRRI to initiate and coordinate field collection activitics (IRR1. 1972).

Priority for implementation and for IRRI"s participation in a country program
is bused on:

The rate at which improved cultivars replace local or traditional varieties
2. The richness of genetic diversity and the range of environments, within
countrics or areas
3. The time and extent of past collection and preservation efforts
4. The accessibility of potentially rich germ plasm arcas o tield collectors
5. The extent of {ocal tin-country) support for collection
6. Funding from an outside source

Thus, the high-priority arcas have been Bangladesh, Burma, Southwest
China, India, Indonesia, Kampuchea, Laos, Philippines. Sri Lanka, and Viet-
nam. Fortunatcly, flexibility and opportunities in timing have ¢nabled IRRI to

‘work cooperatively with most of the countries mentioned (Chang, 1980).

A. STATES OF GESEZIC CONSIRVATION IN 111 UNGHE D SEATES

*No species of Oryvza including the Asian cultipen (0. sativa L.) are indigenous
to continental United States. As a result. all the matenials in the USDA collection
are foreign introductions or lines derived from them. In the carlier years the only
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material received was seeds sent to the United States by embussy personnel or
collected by plant explorers who were interested primarily in collecting other
crops. It was not until about 1926 that J. W. Jones, then the USDA rice breeder
in California, made a trip to Asia and collected seeds of leading commerciul and
experimental rice varictics in Jupan, China, and Indonesia. Through contacts
made by Mr. Jones, he continued to receive new varieties from rice breeders in
the countries he visited. For a few years immediately following World War ||
many agricultural scientists were on temporary assignments in Asia and collected
rice sceds and sent them to the USDA. From this source United States rice
workers received sceds of many varicties from China, Japan, Korea. Taiwan,
and some Middle East countrics. .

In the carly years of this century United States agricultural personnel stationed
in the Philippines sent seeds of many of the commercial rice varietics to the
United States. In recent years the USDA has sponsored rice collection programs
in Assam State in India and in Pakistan. Sceds of the varieties collected were sent
to the United States and to IRRI, in addition to being added to the rice collections
in the country of origin.

Until about 1957 no rice sced storage facility was available in the United
States so the seed had to be regenerated frequently to retain viability. Because of
this condition many entries were lost and the genctic structure probably was
altered for some entries. In 1957 a medium-term storage facility was established
at the Bultsville (Maryland) Research Center. and soon after that the National
Sced Storage Laboratory (NSSL) was established at Fort Collins, Colorado.
Space was made availuble in both of these facilities for rice storage. Since these
facilitics were established, it has been possible to retain viable sced on a some-
what more reliable basis than in carlier years. A recent check of the material in
the USDA rice collection illustrated this fact. Of the varicties received before
1919, less than 7% are still in the collection; of those received from 1919 10 1933
about 9% are still available: of those received from 1934 to 1948 about 37% are
otill available: but of those received after 1948 practically all were in the vollee-
tion. Most of the accessions introduced recently but not now in the collection are
for the mast part lor-scason. daylength-sensitive, tropical cultivdrs. The num-
ber of entries in the United States rice cultivar and genetic stocks collections®is
now in excess of 13,000. Included in this number are all cultivars that have been
grown commercially in the United States. The accessions in the USDA collection
were received from about 75 countries throughout the world. The USDA collee-
tion is probably deficient in land races and wild specics of Oryza and some of the
long-scason tropical types. However, this collection does contain a fairly good
representation of the rice germ plism of mo-t countrics. .

In 1962-1963, sced of all varicties in the GSDA rice coilection were sent to
IRRI for testing and inclusion in the genetic stocks collection at that institution.
Since then all new entries in the LSDA collection hawe been sent to IRREL In
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turn, USDA also has received all released varieties and many experimental lines
from IRRI.

Since about 1963 small quantitics of sced of all entrics in the USDA rice
collection have been stored in the NSSL. Small samples of seed of most varicties
in the IRRI collectior also are stored in the facility at NSSL.

The introduction of rice seed for growing in rice-producing arcas of the United
States is restricted by a federal law. Before about 1968, all rice introductions
were grown in a greenhouse at Arlington Farm Virginia or at the Beltsville
Rescarch Center (Cooper, 1976). Starting in 1968 a cooperative arrangement
was developed with the California Agricultural Experiment Station 10 grow new
introductions at the Imperial Valley Field Station at EI Centro (Lehman ef al.,
1970). This location is far removed from commercial rice-production arcas.
Before planting at this location the introduced seeds were treated in hot water and
with pesticides to reduce the risk of introducing discases. nematodes, or inscets,
Recently another method for introducing seeds by cooperating research stations
has been developed. Under this arrangement a qualificd plant pathologist can
obtain an oificial permit from USDA Plant Quarantine officials to import seed to
his location. The introduced sceds are treated as above, then dehulled and the
hulls burned. the naked seeds sterilized and then sceded in pots isolated in the
greenhouse. The seed produced from these isolated plants then can be seeded in
the field, provided the greenhouse plants remain healthy.

For the past two to three decades rice rescarchers have heep recresting addi-
tional'funding. facilitics, and qualitied personnel to properly maintain and classi-
fy the entrics still available in the USDA Rice World Collection and to computer- -
ize the available data. Progress has been slow. but Oukes (1980) reported that
some additional space in a rejuvenated USDA - Taboratory recently had been
prm'idcd. for improved storage of rice germ plasm at Beltsyille. In addition,
availuable data are being computerized for more ready aceess. More reeently (A
J. Oukes, personal communication, May [982) word wans received that the rice
germ plasm (USDA Rice World Collection) s heen consolidated with and
made a part of the USDA Small Grains World Collection at Beltsville.

The National Plant Genetic Resources Board (NPGRB) (1979) in i report to
the Secretary. USDA. described a seven-phi 2 program for conserving and using

plant genetic resources and stated as tollows: ““The program includes plant

introduction. classification. scraening. basic geneties, developmental rescarch,
applied rescarch, and finally production of seeds of improved cultivars for sale to
farmers.”" In discussing this program they further stated:

This \\:\'Cn-‘phu\c program represents an outstanding example ol State, ederal, and prvare
mdustey coaperation and plannny The progranm has been and continues to he extreniely suceess
full but it tends 1o receive low priority taungs i the budeet process in spite ot the tact that 1t s
fundamental to all agrcadtaral missions Plant germplsm resourees anmd their ose e central to
multitude of national goals, including increasng cxports” boosting farny income ad enhancmy the

\
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national economy; protecting the environment; conserving encrgy: helping with soil conservation:
minimizing cost of fuod; providing safe. nutritious food: devaloping pest-resistant crops and crops
better adapted to less favorable environments; and minimizing cost of htilding materials and other
forest products.

This NPGRB report cites a **white paper’’ by several outstanding crop scien-
tists who caution that well-proven plant-breeding methodologies that make use of
the variability existing in domestic and exotic germ plasm must not be discarded
for the more glamorous **genctic engincering.”’ They state that genetic engineer-
ing is a potentially uscful tool that must concurrently employ plant-breeding
techniques if it is to be cffectively applied. They contended that plant germ plasm
conservation and use nd conventional plant breeding do not now receive the
high priority in rescarch funding that they deserve.’

Reports by P. R. Mooney (1980) and by the Comptroller General of the United
States General Accounting Office*(1981) review the United States germ plasm
conservation programs and offer suggestions for improvement. Many of the
suggestions are good but, for the most part, only reiterate what rescarchers have
been proclaiming for many years.

B. StaTus of CONSERVATION BY OTHER NATIONAL
AND REGIONAL CENTERS

The following is a survey on the status of genetic conservation in major rice-
producing countrics or by regional centers based mainly on the proceedings of
the 1977 IRRI-IBPGR Workshop on the Genetic Conservation of Rice (IRRI,
1978a).

{. Bangladesh

Varictal diversity was rich in Bangladesh because the, boro, aus, and-aman
types were grown in three seasons over different hydrological regimes. Dryland
rices are also found in the hilly tracts.

Assemblage of farmers’ varicties began in 1911 when an cconomic botanist
was appointed by the East Bengal Department of Agriculture at Dacca. Workers
of the former Agricultural Rescarch Institute collected thousands of cultivars
from 1918 to 1960. Purification, selection, and removal of duplicate samples
reduced the total number to 1442 entries. A substantial portion of the collection
was of the aus type which is the summer crop. Since 1972 about 2450 samples
were collected in collaboration with IRRI. Local efforts brought together 2780
more samples. The collection phase is being continued by the staff of the
Bangladesh Rice Research Institute and extension workers.

Replacement of traditional varictjes was much greater in the aus and trans-
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planted-aman varicties than in the broadcast-aman (decpwater) and boro varieties
because breeding efforts for the latter categories have been small.

2. Burma

Rice lands extend from 10 to 28° north latitude and include many distinct
ceotypes. About 736 accessions were maintained by the rice experiment stations.
During 19731974, 1100 samples were gathered from the less accessible arcas
with the cooperation of IRRI and local extension workers. This was followed by
local efforts, and 960 more samples were collected from 1975 to 1980.

The rate of replacement by improved cultivars is rather slow, but many hilly
arcas along the border remain inaccessible to the field collectors.

3. China

.Rich diversity existed in China as rice cultivation dated back to 7000 years ago
or even earlier, and the production arcas extend from tropical Hainan Island to
the Amur River at 53° north latitude. The temperate race Keng (Sinica or J=j-
onica) was differentiated inside China. Three wild species are found in China (Lu
and Chang, 1980).

Thousands of farmers’ varicties were assembled before World War 11 and
many samples were purified. About 710 samples were sent by the National
"Agricultural Research Bureau staff to the USDA in the late 1940s.

In the carly 1950s, China began a massive cumpaign to collect, conserve. and
use its vast crop genetic resources. Between 1955 and 1958, about 40,000 rice
samples were gathered from various provinces and maintained by cach province
concerned. During the Cultural Revolution (1967-1976) a number of scedstoeks
were lost due to lack of rejuvenation. About 33,000 samples remained mostly in
small seed yuantities. The national Crop Germ Plasm Resources Institute was
established in 1978, It holds the regional rice collection of 2500 accessions for
North China and aspires to be the national depository tor crop germ plasm
(Rockefeler Foundation, 1980).

Ficld collection efforts were renewed in 1979, A team canvassed extensively
in the hills of Yunnan province in the southwest where Indica and Sinica rices
are distributed along altitudinal clines (Ting, 1961).

" The Taiwan Agricultural Rescarch Institute separately maintains & rice collee-
tion of about 2500 accessions, of which 1662 are Chinese varieties originating
from the mainland or from Taiwan,

The replacement of traditional varieties on the mainlund had been rapid since
the semidwatls were developed during 1959-1963 and the £, hybrids were
extensively grown in 1978, On the istand of Taiwan, traditional varieties of the
Iudica type practically vanished after Taichung Native | was released in 1961,
The wild rices became extinet in the 1970s.

\/‘/
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4. India

Rice lands cover a vast array of ccological niches, and the diversity of germ
plasm, both cultivated and wild. is cnormous.

An assemblage of farmers’ varietics began in 1911 when an economic botanist
for rice and other crops was appointed at the Paddy Experim snt Station of
Madras State at Coimbatore. The Coimbatore station also served as the central
depository for rice until the Central Rice Research Institute (CRRI) was estab-
lished in 1946. Since 1929 the Indian Council of Agricultural Rescarch (ICAR)
has assisted the states of Bihar, Orissz, Madhya Pradesh, and Uttar Pradesh to
add rice botanists to their agricultural departizents. The rice botanists made the
carly collection of local varictics for breeding purposes (Parthasarathy. 1972).
By 1946-1947, about 2000 varieties were assembled.

During the carly 19505 CRRI*was designated by FAO as the regional center
for Indica varictics. Hurdreds of foreign varictics were assembled by CRRI for
use under the FAO Indica/Japonica hybridization project. '

National awareness of genetic conservation was spurred by a conference held
in 1951 (Ramiah and Ghose, 1951) which led to a systematic survey of the
Jeypore Tract by the CRRI staff during 1955-1956 and 1958-196C. More than
1500 samples were collected. This was followed by collection in Manipur State
during 1965-1970. An irtensive collection project in northeast India was as-
sisted by PL 480 funds. About 6630 samples were assembled under the ARC
(Assam Rice Collection) code. from which many promising sources of useful
traits were later identificd. Collection in rainfed and dryland arcas was impHe-
mented during 1976-1977. The Indian Council of Agricultural Research‘spon-
sored a massive collection projzct during 19781979 and about 5400 samples
were collected from 14 states. The collection efforts are heing continued by
several state and regional centers.

The national collection held at CRRI is approximately 15,000 accessions»
Holdings at various state levels amount to 35,000 or more. Considerable duplica-
tion exists in the state collections.

Field collectors need to canvass many small ecological pockets where tridi-
tional types are grown, especially in the northeast region. The rate of gentic
crosion has been rapid in the irrigated areas.

5. Indonesia

Although climatic conditions of the Indonesian istands were generally similar,
the hydroedaphic variation is marked. Indonesia is also the home of the, Javanica
ccogeographic race (locally called the bulu and gundil types) which coexists with
the predominant Indica race (tjereh or cere).

Ficld collections were made in the 1930s, but no rigorous effart was made Lo
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preserve the collection. Since 1972, systematic cfforts were executed with
IRRI's participation. and a total of 10,000 samples has been assembled front the
major islands. Recent collection efforts were directed toward the smaller islands
in the cast.

The rate of replacement of traditional varieties by semidwarfs has been rapid.
About 60% of the rice area is planted to the high-yielding cultivars.

6. Japan

All of the Japanese varieties belong to the temperate-zone race, Japonica or
Sinica. Twenty leading varicties are grown on about 60% of the rice land. In
1962, about 1300 local varicties were collected from farmers” ficlds. Japanese
scientists have actively collected cultivars and wild taxa in South and Southeast
Asia. ‘Australia, Africa. and Latin Amwerica. The National Institute of Agri-
¢ultural Sciences at Tsukuba mai.cains a collection of about 10.500 native rices,
while six major experiment stations have Y000 stocks. Other coilections main-
tained by Kyushu University. the National Institute of Genetics, and other uni-
versities amount to 16,000 collections of prefectural agricultural experiment
stations totals aboet 8000 varicties,

7. Kampuchea

Logal collections were maintained at ditterent stations. Duning 1973, IRKi
assisted the local workers in assembling 948 samples around Phnom Penh and
Lake Battambang. Arcas formerly controlled by the Khmer Rouge have not been’
covered by systematic canvassing; however, the adoption of high-yielding vari-
cties is pegligible.

8. Korea (South)

Prior to the release of “Tong-il" in 1971, all Korean varicties were of the
Sinica race. Field cotlection of local varicties began in 1900 with the establish-
ment of the national agricultural experiment station. By 1977 the collection had
grown to 4227

High-yielding cultivars of Indica/Sinica parentage now oceupy 60-75% of the
total rice areu.

9. Laos

In the carly 1970s the government had a collection of about 250 varictics. The
USAID Mission to Laos assisted extension workers during 1972--1973 in assem-
bling 898 samples, a substantial portion of which was harvested from preceding

i
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crops and was therefore nonviable. The canvassed arcus were confined to those
controlled by the former royalist government. The sprepd of semidwarfs in Laos
was negligible.

10. Malaysia

- Conservation of local rices grown in West Malaysia was largely completed in
the late 1960s. About 3130 varicties were maintained by the Malaysian Agri-
cultaral Research and Development Institute (MARD!). Missionary workers in
s;arawak State of East Malaysia collected 166 varicties from the hilly arcas and
sent the seed to MARDI and IRRI. Further cbllection in Sarawak and Sabah
States is needed.

11. Nepal

Despite Nepal's small size, the hilly topography ¢ncompasses climatic condi-
tions ranging from tropical to temperate. Thousands of varictics werc grown. In
1971 the USAID financcd collection in 57 of the 75 districts, and 780 rices were
gathered. Collection cfforts arc being renewed for the less accessible moun-
tainous areas. )

Genetic crosion is serious in the Kothmandu and Chitawan valleys where
improved varictics of fcrcign origin occupy mere than 80% of the rice arca. In
the hills the traditional varicties arc predominant.

12, Pakistan

Rice is largely grown in the hot and semiarid regions, but varietics grown in
the no thernmost and northwest corners represent different ccotypes. Collections
matle duging the carly 1930s, carly 1940s, and in 1955 totalled 555 accessions.
From 1972 to 1977 a United States-sponsored PL 480 project heiped the Staff of
the Agricultural Rescarch Council and rice experiment stations to assenible and
evaluate about 900 rices. These latter accessions included current and obsolete’
cultivars and primitive varietics or iand races. Insofar as possible the accessions

were classified for botanical, morphological, and agronomic characteristics as
well as for resistance or rolerance to discases. insccts, andadverse environmental
conditions (Husain, 1978).

Modern varieties are rapidly replacing wraditional types in the major produc-
tion arcas. Renewed collection efforts are needed to cover central Punjab, Swat
Valley, and both banks of the Indus River. )
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13. Philippines

Ecological variation is considerable among the hundreds of islands stretching
from 3 to 19° north latiiude. Foreign introductions were extensively obtained
before and after World War 11 Local varicties of the Indica type probably
amounted to 1500 while the Javanica race predominates in the Mountain
Province. Before the war 828 varictics were collected and maintained. The
national collection of 607 accessions was turned over to IRRI in 1962. Another
total of 805 samples was collected from 1962 to 1980, An anthropology team
from Yale University collected intensively in the mountainous areas and donated
466 Javanica varieties to IRRI. Capvassing in a number of isolated arcas is being
continued by Philippine extension workers in cooperation with IRRI staff.

In tropical Asia, the Philippines has the largest proportion of rice arca (about
90%) planted to the high-yielding cultivars. But a substantial proportion of the
replaced varicties was foreign introductions.

14, Sri Lanka

Although Sri Lanka is a small island, it has marked variations in climatic,
edaphic, and hydrological conditions. The island is a microcenter of varietal
diversity. Its rices are also a principal source of resistance to several major
insccts and to adverse soil factors.

Collaborative collection efforts with IRRI from 1972 to 1980 led to the ac-
quisition of 2200 samples. The canvassing is essentially complete for the island. '
The national collection holds 2516 Tund races.

Genetic crosion has rapidly taken place since the early 19705, Locally iin-
proved cultivars are grown on over 90% of the rice area.

15. Thailund

Similar to ncighboring Burma and Vietnam, Thailand is rich in the genetic
diversity of shallow- and medium-depth lowland varicties. deepwater rices, and
hitl (dryland) rices. An extensive collection campaign from 1950 to 1967 yiclded

6739 samples from wetland areas. Evaluation, puritication and selection reduced

the collection to 2434 stocks. Field collection in the 19C)s and 1970s were
largely for the dryland types (hill rices). The collection efforts are being sus-
tained with IBPGR-IRRI assistance.

Genetic erosion has procecded at a rather slow pace as the improved cultivars
are grown largely in the dry season inirrigated arcas. The wet-season crop is
dominated by the traditional rices.
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16. Soviet Union

Rices found in the Soviet Union are cither foreign introductions or locaily
improved cultivars. The national collection initiated by N. 1. Vavilov now totals
3200 accessions, most of which are introductions.

17. Vietmam

Owing to the long north-to-south configuration. Vietnam is also rich in vari-
etal diversity. The early-maturing Champa rices of centrat Vietnam in the clev-
enth century contributed much to China's increased rice production during the
ensuing centuries (Ho, 1956).

No information is available on the national collection. About 387 accessjons
were maintained in Saigon during the 1960s. A collaborative venture with IRRI
in carly 1975 led to the assemblage of 760 samples from the sourthern provinces.
Collection efforts have been implemented in recent years. The University of
Cantho in the south has assembled a collection of 1350 samples.

Genetic erosion had already taken its toll in the late 1960s and carly 19705
when the semidwarfs spread rapidly in the favored arcus.

18. Central and South Americu

During the period from the fifteenth to the cighteenth centuries. numcrous
rices were introduced from Europe, Asia, and North Anierica. Extensive ex-
changes among Latin American countrics were known (Lu and Chang, 19%80).
Local selection and breeding efforts have enriched the limited diversity of the O.
sativa introdgpictions.

Among the Latin American countries, Brazil has maintained a collection of
4000 accessions since 1974, A survey and collection project was implemented in
1970--1977, and it led to the assemblage of 533 unimproved cultivars. Argentina
has a collection of 3200 samples. . .

Genetic crosion has been nearly complete in the irrigated and mechanized
upland arcas. Unimproved varictics can be found only in the unmechunized
upland arcas.

19. East and North Africa

Malagasy probably has the longest history of growing 0. sativa in East Africa
because of its proximity to South and Southeast Asia. The Indica race donsinates
the plains while the Javanica race occupied the central platcau. Malagasy has a
collection of about 2000 accessions (Toll et al.. 1980).
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Mozambique also has a long history of rice cultivation (Lu and Chang. 1980
but the germ plasm is composed of foreign introductions,

Rice cultivation in Egypt dates back to the seventh century. Egypt has about
2500 entries in a working collection for breeder’s use (personal communication
from Dr. M. 1. Maximos).

20. West Africa

The introduction of Asian rices has been rather recent. no carlier than the
fifteenth century (Lu and Chang, 1980), but the Asian cultivars underwent con-
siderable genetic changes and diversification after local selection took place in

sthe widely scattered production arcus of diverse ccosystems. On the other hand,
no breeding work has been carried out on the African cultizen.

Systematic collection in the Francophone countries was tirst implemented by
staff from the Institut de Recherches Agronomigues et des Cultures Vivrieres
(IRAT) and the Office de la Recherche Scientifique et Technique dOutre-Mer
(ORSTOM), both of France, since 1950. Parts of Liberia. Tanzania, and Mal-
agasy were also included. The collections assembled up 1o 1979 totaled 996 O,
sativa samples, 636 G glaberrima populations. and 500 wild tava,

The UNDP.FAQ project staft i Liberia mounted an extensive collection

Loperation from 1971 to 1974 and gathered 1734 O sativaand 135 O, glaberrima
samples.

Thes International Institute of Tropical Agniculture (1TTA) in Nigeria began
extensive collection efforts in 1976 with the support of IBPGR. More than 10
countries in West, Central. and North Africa were covered during a d-vear
period. The collections amounted to 2303 samples of O satva fand races, ().
glaberrinm samples, and wild taxa.

The West Africa Rice Developmient Association ¢ WARDAY focated in Liberia
has also assembled 7650 samples from six Alrican countries.

West African countries including Ghana, Laberin, Nigeriae and Sierra Leone
also maintain nee collections at their national agriculiurad rescarch centers.,

C. Cosstrvatios oF 1in Win Sinens

The wild species are widely distributed in the hunind tropics of Africa. Asia,
Australia, and Central und South America. Initial collection was made by bota-
nists primarily for taxonomic studies. With funds from The Rocketeller Founda-
tion. scientists of the National Institute of Geneties in Japan extensively collected
in Sopth and Southeast Asta, West Alrica. Lath, Amenica, and Last Afnca
during the late 1950s and carly 1960s. Several university professors of Japan also
collected wild rices while they systematically surveyed the genctie diversity of
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rice cultivars in South and Southeast Asia (cf. Chang, 1975). Field collectors of
IRRI have also gathered wild rices while collegting cultivars in remote arcas of
tropical Asia. Voluntcer efforts of workers in Australia - Brazil, and Liberia have
expanded the collection maintained at IRRI. The most extensive collection of the
African taxa was made by the staff of IRAT and ORSTOM.

. IRRI has practically all of the collected materials. The total size is around
1100 samples, many of which are heterozygous populations rather than pure
strains. The size also indicates that only a small segment of the wild taxa has~
been conserved.

The wild rices of tropical Asia are rapidly dwindling or decreasing in popula-
tion size in tiieir traditional habitats: canals, ponds, and roadside ditches. More-
over, the wild rices are losing many of their characteristic features because of
introgressive hybridization with the rice cultivars grown in their vicinity. A
recent study by the IBPGR-IRRI Rice Advisory Committee urges that immedi-
ate steps be taken to conserve the rich genc pools in* the wild relatives
UBPGR-IRRI, 1982).

D. COLLABORATIVE CONSERVATION EFFORTS

From the beginning of its research operations in 1962, IRRI has served and
continually expanded its role as a central depository for rice germ plasm. The
growih of the IRRI germ plasm bank into a gerctic resources center has been
described (Chang, 1972b, 1980; Chang er al., 1975b). .

Since 1972 IRRI staff has directly participated in the collec n programs of
Bangladesh. Burma. Indonesia. Kampuchea, Philippines, Sri Lanka, and Viet-
nam, leading to the acquisition of 10,352 samples from many remote arcas
(Table 1). During their ficld travel, the teams inquired about the existence of
ccoedaphic’ constraints in the canvassed areas. Such efforts have enabled the
collectors to acquire cultivars having tolerance to one or more of the adverse
factors (IRRI. 1981). ' '

Through, 12RI's promotion and technical assistance, workers in 14 Asian
countrics have implemented field collection activities and assembled more than
22.000 samples (Table 1), although a higher proportion of duplicate and nonvia-
ble samples exists in the collections than those canvassed by the team of national
and IRRI staff members.

The collaborating workers include not only researci scientists, college pro-
fossors and ‘their students, and extension workers in the national program con-
cerned. but also foreign missiorary workers, United States Peace Corps mem-
bers. other service volunteers, and  anthropologists. The national center
concerned and IRRI share the collected seed samples.

IRRI's catalytic role in pooling financial and manpower resources for system-
atic field collection efforts has been discussed (Chahg and Perez, 1975; Chang.

)
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Tahle ¢
Indigenous Rice Varietics CoVected with IRRI's Dir:ct or Indirect Participation in
14 Collaburating Asian Countrics, 1971 to {981

Indigenous varicties collected tnumber)
.

With d.rect With indirect

Country Years panicipstion of IRRI  participation of fRRI
Bungladesh 1973-1981 2451 857
Bhutan 1975-1976 — 121
Burma 19731974, 1976, 1980 225 967
Irndia 1976. 1978-19%1 — 4828+
Indonesia 1972-1976, 1973-1981 5103 4081
Kampuchea 1973 280) -
Laos - i972-1973 -~ R9K
Malaysia 19731979 — 972
Nepot 1971-1972, 1979-1981 —_ 1688
Pukistan 1972-1973, 1976, 1979 —_ m
Philippines 1973-1976. 1977-1930 S0 1971
Sri Lanka 1972, 1975-1976, 1978--19K| 1675 550
Thatland 1973, 1975-1976, 1978-19%1 — 2650
Vietnam 1972-1975, 1978-1980) 103 __1650

Total 10,352 24.608
“Pantal estinte based on seed samples received by IRRI

1980). The developmert of a manual for field collectors (Chang e al.. 1972) has
proved to be most helpful to tield collectors in national programs.

Sincesits establishment in 1973, the International Bowd for Plant Genetic
Resources (IBPGR) has given high priority to the collection of rice in tropical
Asia and in West Africa (IBPGR, 1976). Recently the Board has channeled
funds through IRRI 1o assist @ number off Asiun centers in continuing the ficld
coilections, upgrading seed storage facilities, and training ficld collectors (IRRI
1981). The Rice Advisory Committee cosponsored by 1BPGR and IRRI has
assisted in developing plans for field collection and in producing 2 set of uniform
descriptors for rice cultivars (IBPGR--IRRI, 1980).

Field collection in 12 West African countries has been implemented by the
Food and Agriculture Organization (FAO)-United Nations Development Pro-
gramme (UNDP) Project in Liberia, and by IITTA. IRAT, WARDA, and
ORSTONM. The IBPGR has financed e collection activities of 1ITA.

.The Cemtro Nucional de Recursos Geneticos (CENARGEN) of Brazil has
surveved and collected indigenous varicties. Each of the above institutions has
prm.'idcd IRRT with duplicate sets of ¢ollected samples for preservation. IRRI has
received about 3000 duplicate seed spmples from the above centers.

The overall and cooperative efforts on the genetic conservation of rice un
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doubtedly exzel those of other major food crops. However, collaborative efforts
have been seriously hampered in those arcas where politicomilitary strife exists.
The rate of zollection has been rather low in other areas which are frequently
inaccessible to collectors during the wet season, for instance. the decpwaier areas
and high clevations.

IV. DISSEMINATION AND EVALUATION
OF GERM PLASM

A. DISTRIBUTION AND EVALUATION BY UNITED STATES WORKLRS

In the carlicr years rice germ plasm evaluation and distribution were conducteu
by USDA in cooperation with State Agricultural Experiment Stations in Arkan-
sas. Culifornia, Louisiana, and Texas. Also, some introduced cultivars were
grown in farmers’ fields and in somce cases these growers selected, increased,
and distributed selections from these materials (Jones, 1936).

Until about 1930, the evaluation program for rice consisted of general obser-
vation on the adaptability, yicld. and milling quality. Durizg that period many
varictiés were distributed which were siperior to the ones currently being grown.
The varicties developed and distributed during that period were described by
Jones (1936). .

in 1931, additional federal and state employees were added so there was 2
gradual increase in the germ plasm evaluation program. During the past half-
century many of the entrics in the USDA rice germ plasn: collection have been
evaluated fof reaction to discase and nematodes and to field- and stored-grain
insects (Rush ef al., 1977, 1978a.b; Marcherti. 1975; Atkins, 1974, C\)ghum:
1977a; Anon.. 19%0). : '

Blast (Pyriculuria oryzae Cav.) is one of the most serious diseases of rice.
This discase has been the subject of much rescarch in recent years in the United
States. The reaction of cultivars and advanced lines to the causal fungus was
observed at many locations in Norih America. There was a wide range in varictal
reaction anid a differential reaction among varieties at diferent locations. These
observations led to studies of different strains of the fungus and to the setting up
of a group of tifferential varicties to categorize these strans ar physiologic races
(Atkins et al.. 1967). The reaction of rice varicties to P oryzae when artificially
innoculated has been studied in Texas (Atkins. 1965). '

For zeveral years in the late 1960s and carly 19705, G. L. Templeton and T,
H. Johnston (unpublished) had reasonably good success in annually screening
avout 2000 varicties and breeding lines for resistanct t rice seedling blast in

Y
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Arkansas under conditions of late sceding. sprinkler irrigation, and natural intee-
tion. Two lines found resistant in these tests were later released as the cultivars
“*Nova 76" and **Mars"" (Johnston, et al. 19794.b).

More recent research by Marchetti (1978) dealt with screening for general
resistance to rice blast. For the past several years Fleet N. Lee in Arkansas and
M. A. Marchetti in Teaas (both unpublished) have screened hundreds of varieties
and breeding lines under artificial inoculation to find the best possible sources of
blast resistance in adapted types. These are being used as parents in the coopera-
tive breeding programs.

A large number of varicties were evaluated for reaction to the stem rot fungus
Magnaporthe salvanii (Catt.) Krause and Webster by Cralley (1930) in Arkan-
sas. Additional studies to evaluate the reaction of genetic stochs to M. salvanii
were conducted in Louisiana by Amad et al. (19749, Hotf et al. (19761 reported
on evaluation of varictal resistance to the stem rot fungus in Louisiang studies,
Stem rot studies also were conducted in California by Ferreira and Webster
(1975). Figoni et al. (1981) reported that Oryza rufipogon has greater resistance
to stem rot than found to date in O. sariva. Inheritance of resistance in the
interspecific cross (Q. sativa:Q. rufipogon) appears to be polygenic (Figoni,
1981).

Brown leaf spot (Helminthosporium oryzae B. de Hy is sometimes a serious
discase in the sourthern United States. Varictal differences were noted and the
heritability of reaction to H. orvzae was studied tAdir 19401 Neore recentty the
reaction of many varicties to . orvzae has been studiad by Harehap eral. (1974)
in Louisiana and by Atkins (1974) in Texas and other southern states. According -
to Atkins (1974, Tullis in 1935 noted that United States varicties showed a wide
range in reaction to the brown spot fungus. Adwir and Cralley (1952) tabulited
reactions of numerous varieties o /1, orvzae in Arhansis,

Sheath blight of rice incited by Rhizoctonia solani Kuchn has become of
increasing importance in the United States in recent years. Templeton and John-
ston (1969) reported varictal differences in resistance among United States vari-
ctics. Eleven hundred and titty rice cultvars and advanced lines were evaluated
for response to this discase in Louisiana (Masajo ez al., 197-h. Some medim-
grain varictics were more resistant than long-grain varicties, but no Umited States
variety was highly resistant. A moderately high level of resistance was tound in
fess than 147 of the TS0 varicties tested.

In recent years hundreds of varieties and breeding lines have been evaluated
under inoculated conditions for resistance to the sheath blight organism m sepa-
rate extensive reaction tests by M. C. Rush and W. O, Mclhath and co-workers
in Lonisiana. by M. A. Marchetti in Texas, and F. N Lee in Arkansas. Although
the reaction data have not been Tornially published. they have been made avail-
able to rice breeders and other interested persuns for use in current improvement
Progrins,

9, ,
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Kernel smut of rice [Neovossia barclavana Bref. = Tilletia barclavana (Bref)
Sacc. and Syd.] is usually a minor discase of*rice in the United Sttes. This
disease has been studicd intensely (Tullis and Johnson, 1952). and un inoculation
technigue has been developed (Whitney, 1974). Reaction of sarictics to this
fungus has been studied (Templeton and Johnston, 1970b). Varietal differences
in reaction were found. Two Arkansas selections which carry the designations
C.1. 9695 and C.I. 9808 have shown a high degree of fesistance to kernel smut in
several cooperative tests in Arkansas and elsewhere (Templeton and Johnston,
1970u).

Hoja blanca is a virus discase of rice that is transmitted by the planthopper
Sogatodes orizicola Muir. This discase was a serious menance to rice production
in many arcas of Central and South America. It was first noted in the United
States in 1957 (Atkins and Adair, 1957) and subsequently for & few years. but it
did not become a seriofis discast in the United States because the vector did not
become established. The United States collection of rice varieties was grown in
Cuba and Venezuela, Several varictics were found to be resistant to hoja blanca
(Atkins and Adair. 1957). Resistant short- and medium-grain varicties were
distributed and a breeding program was conducted in the United States to devel-
op resistant long-grain varicties (Adair et al., 1973). Lamey (1969) summarized
information then available on varietal resistance to hoja blanca.

Straighthead. usually described as a “*physiological disturbance’ has oceurred
in the. United States for the past 70 -80 years. Damage to highly susceptible
varieties may range from slight to almost total loss of grain yield, depending on
several environmental conditions. Reports by Atkins et al. (1950a.b. 1957)'list
reaction to straighthead of numerous varicties and describe testing methods used.
Johnston et al. (1959) discussed straighthead and rice varieties in Arkansas and
pointed out the ditferential reactions. Johnston and Temyleton (1970) reported
on the comparative performance of rice varictics grown under severe straight-
head and normal conditions. For the past several years Johnston (unpublished)
has tested from 600 to 2000 varicties and breeding lines annually using a method
partially based on rescarch by Wells and Gilmour (1977). Application of arsenic
as MSMA to the soil surface and working it into the upper few tnches of soil is
used along with continuous flooding to artifically induce *"straighthead.” Reac-
tions of several of the older varicties tested under these conditions correlate very
well with results obtained previously under “*natural® ficld conditions conducive
to straighthead.

White tip discase of rice 15 caused by the seed-borne nematode Aphelenchoides
bessevi Christie (Cralley, 1949). This discase was ohserved and reaction of many
varictios was recorded (Atkins, 1974) before the causal agent was determined. In
recent vears the disease has been of relatively little conunercial importance in the
United States because the old susceptible varieties are no fonger grown and most
new varictics are resistant. However, “Brazos™ and,several vl the currently or

N
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recently grown California cultivars frequently show rather severe white tip symp-
toms when conditions are favorable and when the white tip nematodes are pre-
sent. Atkins and Todd (1959) reported on the effect of white tip on yield of about
20 resistant and susceptible cultivars.

Reaction of rice cultivars and advanced lines to the prindipal field inseets has
been studied. Many of these studies have been conducted in Louistana cnd Texas
since most insects are more prevalent in that region although studies also have
been conducted in other areas. In a recent general report. Bowling (1980a)
discussed the field insect pests of rice and the progress made in finding resistance
amony the thousands of accessions in the USDA World Collection of rice.
Reaction of varicties to the rice water weevil (Lissorhoptrus oryzophilus
Kuschely was reported by Bowling (1963, 1973) in Texas: by Oliver eral. (1970,
1971), Gifford et al. (1974). Latson et al. (1976). Gittord and Trahan (1976,
Robinson er al. (1978), and Smith ¢f al. (1980) in Louisiana: and by Griganck
{1974) and Grigarick er al. (1976) in California.

The stink bug (Qebalus pugnax Fabriciis) is a md_]()l' pest of rice in the southern
rice-producing states. Varictal reaction to infestation by this insect was studied
by Latson et al. (1976) in Louisiana. Bowling (1980b) reported on the ditteren-
tial reactions of a number of cultivars and advanced lines from the USDA World
Collection and the Regional Uniform Rice Nursery.

The stem borer (Chile plejadellus Zencken) causes serious damage to rice in
some fields in the Gulf coast arcas of Louisiana and Texas Resistance in rice to
this pest was studied by Oliver er al. (1970, 1971) in Louistana.

Differential susceptibility of varieties of stored rice to losses caused by storage.
insects was reported by Cogburn (1974, 19774, 1980). In other studies Cogburn
(1977b) found resistance to the angouinois grain moth (Sitotroga cerealellu
Oliv ) in some varieties of rice from the USDA World Collecton. Cogburn et al.
(1950)) also studicd the effect of field environment on the grain of some ot these
varictics and its ultimate resistance to this insect. Another study conducted in
Texas dealt with varietal differences and the nature of the resistance to this insect
(Cogburn and Bollich, 1980) Russell and Coghurn (1977) reported on dif-
ferences in resistance to seed penetration by this insect (S, cereolella) among
USDA World Collection varictics.

~ The reaction of rice varicties to low temperatures in the seedling and Howering
stage is an important characteristic, especially in Calitornia. This characteristic
has been studied (Adair, 1968 Li, 1975 Lin and Peterse 1975 Peterson et al.,
1972, 1974) and varietal differences have been found. Seedling vigor over a
range of temperatures also was found to ditfer among varieties (Jones et al.,
1974). Petérson et al. (1979) reported on cool-temperature screening of rice
varigtics and lines for seedling vigor. Rutger and Peterson (1979) discussed
techniques for determining cold tolerance in rice vaneties in Californa. Peterson
er al. (1972) discussed differential punicle blanking under California condition-..
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Li and Rutger (1980) reported on the inheritance of cool-temperature scedling
vigor.

Rescarch studies have been made to determine susceptibility of rice varieties
to commonly used herbicides. In a 2-year field test by Johnston and Smith (1976)
an experimental high-protein variety from the cross **Zenith*' 7" ADT*"" showed
70% injury from molinate whereas 15 other advanced lines or cultivars showed
fittle or no injury. Other breeding lines and many of the newer cultivars devel-
oped at IRRI and clsewhere also have shown high susceptibility to damage from
molinate. Differential varietal responses to molinate and other commercial her-
bicides also have been noted by other researchers at other locations (unpublished
observations).

The physicochemical propertics and cooking characteristics of the milled rice
have been determined. The cooking characteristics of rice are corrclated with the
physicochemical characlers of the grain. The physicochemigal characteristics
commonly used to screen rice varieties for coohing quality are: amylose content,
reactions in dilute jodine and dilute (2.0, 1.7, or 1.5%) potassium hydroxide
solutions. gelatinization temperature. viscosity of the rice flour paste, and par-
boil-canning stability (Adair et al., 1971, 1973). Many vzricties in the United
States collection have been cevaluated for these characteristics (Webb et al.,
196%: Adair ¢f al., 1971y and the information is used in breeding programs. An
exaniple of the use of these tests in rice breeding is the development of ™ Mew-
rex.” a.cultivar with higher amylose content than other United States long-grain
types and thus more suitable for canning (Webb and Bollich, 1980).

The data obtained in the evaluation tests are entered in the USDA World
Collection Rice Data Bank (Johnston er al., 1978, 1980). This data bunk is
patterned after the Rice Data Bank System of Louisiana State University (Schill-
ing and Parenton, 1976).

Seed samples of public rice cultivars in the United States are availuble to
seedsmen and farmers. Each state in the United States has a program of seed:
centification and distribution. Fhe methods used in seed production and certilica-
tion are described by Adair er al. (1973). New cultivars developed by public
institutions and private breeders are registered and a description of cach is pith-
lished in Crop Science. The procedure was instituted for rice in 1938, All nugor
rice cultivars that had been distributed before that date were registered and @
description published that year (Johnston. 195%). Varictics developed since that
date have been registered and a description published at the time of release. Not
only are commercial varietics (cultivars) registered, but breeding and genetic
lines (elitc germ plasm) are registered and a deseription pubfished. and sced is
made available to all rice breeders (Rutger et al., 1979%). .

The entrics in the USDA rice collection are available for disuibution to public
and private breeders after they have cleared quarantine.
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B. The Gestnce EvaLtation asn Lrntzamos ProGras o IRRI

Since IRRI began research operations in 1962, its staff has actively screened
large numbers of accessions for reactions to the blast fungus. bucterial blight
pathogen, the stem borers, and for grain quality. The cvaluation program was
soon expanded to include bacterial streak. the virus discases, sheath blight, green
feathopper. brown planthopper, other planthoppers, rice whorl maggot (Chang er
al., 19754.b). adverse soil tactors (Ponnamperuma and Castro. 1972). nutritive
quality Juliuno, 1972). and drought resistance (Chang ef al.. 1974). The multi-
disciplinary evaluation program was expanded and systematized during 1974 as
the Genetic Evaluation and Utilization (GL1U) Program (IRRI. 1974; Brady.
1975).

One of the major focuses under the GEU Prograny is to develop rices that can
cope with the biological and physical constraints found in the untuvored rice
production arcas. Farmers in such arcas were bypussed by the modern technol-
ogy associated with the semidwarf rices and access o irrigation water. Thetr
numbers represent nearly three-fourths of the rice griswers of tropical Asiu (IRRIL
19704).

Interdisciplinary and problem-oriented nice breeding is the backbone of GLEUL
while the IRRE germ plasm bank provides the genctic inputs. Under the program,
plant breeders are teamed up with ““problem area”™ scientists. such ws plant
pathologists, entomologists. soil chemists, and cereal chemists. i planning and
develgping evaluation and breeding operations. Lach team member contributes
his specialized knowledge to the joint cffort in idl-mil'}'ing. sereening., and
by bridizing diverse rices to meet specificd objectives. By so doing. i spectrum of
the desired characteristios can be incorporated into o hich-yielhing oran adapted
bachground which could meet o wider airay of fice-growing environment.. es
pecially those of the rainted arcas. The nayor GEU problem areas include:
resistance to diseases. resistance o insects. high levels ot wrain and nutritive
quality, “resistance to drought. tolerance to adverse saibs, toleranee to sub-
mergence., ability to survive deep water, and toleranee to extreme temperatures.
The team of cach research arca includes at least one plant breeder and one or
more scientists in the problem area. As many as five disciplines may be involved
in one problem arca, such as nutritive quality,

The team approach covers the development of mass screening technigues,
identifying the outstanding sources of resistance or tolerance. research on the
mechanism of resistance or tolerance, investigations on the interpopulational
variation in a pathogen or insect, and studs on the inheritance of resistance and
the, allelism “among donor genes. In-depth rescarch on complex truits is being
jointly undertaken by scientists in academic institutions of advanced nations and
by IRRI staff on a colluborative basis.
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Systematic evaluation under the GEU Program includes 5 tests on discases, | |
tests on insccts, 4 tests on grain quality, 10 scores on drought resistance. 4 tests
on adverse soil factors, 2 tests on flood tolerance, and [*test on low temperature
tolerance. Tests of other traits on smaller scales are also made by GEU scientists,
but the data have not been fully computerized.

“In th. biceding process, the rice breeders provide the expertise and leadership
in choosing breeding approavaes, selecting the cross combinations, planting tuc
breeding nurserics, sclecting the desirable progenies, processing the sclected
sceds for multidisciplinary testing for further selection, and collating the experi-
mental findings for the next cycle of crossing and sclection. Integration of
collaborative testing efforts begins as soon as sufficient seed is obtained to test
for a spccnﬁc trait.

The massive research data are entered into computerized files, summarized.
analyzed, and updated by the, statisticians. Research ﬁndmp are discassed
among members of cach tecam before planting the next generation. The GEU
scientists meet once a month to discuss and review current findings and prob-
lems. Visits to experimer al plots form a part of the monthly gathering. Annual
and 5-year program reviews help to set or modify breeding strategies and related
investigations. The annual International Rice Rescarch Conferences sustain the
dialogue and collaboration with workers in national centers.

Figire 1 exemplifies the operational flow of research in the drought-resistunce
component. Resistant or tolerant reactions are verified by repeated testing or
expanded testing at additional sites and under diverse hydrologic—edaphic re-
gimes (Chang et al., 1982). .

The evaluation techniques and findings of promising sources have been sum-
marized by several IRRI scientists (Ou, 1972; Ling. 1974; Chang er al., 1974,
19754, 1977, Chang. 1976e: Vergara et al., 1976; Juliano. 1977. Ponnam-
peruma, 1977; Pathuk, 1977; Khush, 1977). Computerized data systems have
been developed for the massive GEU program and for linking the GEU data with
the morphoagronomic data of the germ plasm bank (Gomez ¢t al., 19780 IRRI,
1980c¢).

Certain GEU tests are accelerated when the germ plasm staft feeds newly
harvested seeds of accessions reputed to have special characteristies to the qon-
cerned GEU scientist in order to speed up the evaluation process. Such special
characteristics include tolerance to cool temperatures, floating ability, and toler-
ance to adverse soil factors. Among cultivars collected from high clevations,
Japanese breeders on Hokkaido island have identificd Silewah (Ace. 25718) of
Sumatra, Indonesia, as the most cold tolerant (Satake and Toriyama. 1979).
Several saline-resistant accessions were collected from salty areas.

The rapid growth of the GEU program may be indicated by the number of seed
samples requested by the GLEU scientists from IRRI's germ plasm bank for

Y
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FiG. 1. Schematic representation of the activities collectively representing the drought resistance
component of IRRI's Gencetic Evaluation and Unlization Program. (1iProgeny evaluation includes
mass sereening under difterent hydrologic-edaphic - cultured regime-.

testing purposes: 2,300-10.600 packages per year during 1971-1973 10
20,500 -50,350 packages during 1974-1977. The number of crosses made in a
year likewise leaped from 287-485 crosses during 1971 1972 0 1.525--5.780
during 1976-1977 along with the development of a vacuum emasculation tech-
nique (Herrera and Coffman, 1974). More than 100,000 breeding lines are tested
annually for various GEU traits.

Since 1975 a GEU training program has provided hundreds of young scientis!
in national programs with specialized knowledge on ditterent facets of the GEU
program. Morcover, the trainces are frequently recrvited on a team basis so that
they can implement multidisciplinary national programs after returning to their
home country.

While the young scientists are residing at IRRI, cach trainee completes a
certain numper of crosses which are planned to meet the breeding needs of his
haine country. The traince takes the F| sceds with him when returning home.

The GEU Program together with the International Rice Testing Program
(IRTP) now takes up 404 of IRRI's annual research funds.

/V
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C. EVALUATION BY WORKERS IN NAI‘()\AL Rice Rise secy
CLNTERS OF ASIA

Historical records of China documented varietal differences a. - *heir descrip-
tions as éarly as the first century A.p. (Ting, 1961). Empiric... evaluation of
cconomiv traits undoubtedly was made when rice breeders of Asia began to
select among farmers' varieties in the early part of this century. '

Scientific breeding of rice began rather late. In Japan, the first variety devel-
oped by hybridization, **Ominishiki,” came out in 1906 (Matuo. 1957). One of
the carly examples of systematic varictal evaluation is Sasahi’s (1922) recogni-
tion of the variation in the varietal resistance to the pathogenicity of the blast
fungus. Sereening for varictal differences in siem borer infestation was initiated
at the Central Rice Rescarch Institute in India during 19511955 (Isracl, 1967).
Studics with academically oriented objectives have also contributed to the under-
standing of other economic traits such as growth duration. seed dormancy. "and
grain type (Matsuo, 1952; Chandraratna, 1955).

Intensified national efforts on systematic evaluation were markedly stimulated
by IRRI's carly success in finding and using valuable traits found in IRRI's
collection of cultivars and wild taxa (Pal, 1972; Zaman et al., 1972). Staft of the
All-Ifdia Coordinated Rice Improvement Project (AICRIP) instituted rogional
testing of breeding lines and systematic screening for discase and insect re-
sistance under several nurseries (Shastry e al., 1971; Freeman and Shastry,
1972; AICRIP (undated)). Other Indian workers have carried out mass screehing
for a specific pest in its endemic areas or *“hot-spot’* nurseries (Shastry ef al..
1972; CRRI, 1980). More recently, national GEU Programns have been instituted
in Bangladesh, Indonesia, and Thatland.

National efforts on multidisciplinary evaluation of breeding lines and donor
parents have been further intensified since the establishment of the International
Rice Testing Program (IRTP).

D, INTERNATIONAL ErtORTS ON DISSEMINATION AND EVALUATION

International exchange and collaboration on the evaluation of rice germ pliasm
began on a modest scale when the International Rice Commission ol the FAO
implemented cooperative variety trials on adaptability durjng the period from
1956 to 1958 (Parthasarathy, 1972). This was followed by the International Blast
Nurseries which were initiated under FAO's sponsorship and turned over to IRR1
in 1963 for coordination.

Shortly after the IRRI germ plasm bank began its opuratmnx it supplied rice
researchers all over the world with seed samples of*Asian rices, Alrican rices
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wild species, and genetic testers. The total number of samples distributed during
the past 20 years in response to more than 2500 requests amounted to about
80,000 seed packets, Between 1972 and 1981, the number of sainples sent
abroad in a year ranged betweer 2770 and 10,200, These statistics may indicate
the magnitude of experiments for specific objectives being conducted by rice
researchers in different countries.

Since the mid 1960s IRRI has supplicd aumerous IR breeding lines to rice
rescarchers all over the world. The nuniber of Tines sent abroad cach year runged
from 5000 to 15,000, Ao internetional vield nersery of 32 entries was composed
in 1972 and distributes co 17 countries in 19730 IRRT has continued to supply rice
rescarchers with breeding dines. The number of seed samples of IR fmes sent
abroad cach year remains at a level between 10,000 and 17.000.

In 1966 a set of 303 varictics and breeding lines were sent by IRR1 1o 10
conntries for testing and selection. The testing not only estublished the supeii-
ority of the semidwart Indicas over other tvpes of breeding lines but also led to
the finding of many promising parents for use in virious countries (Beachell ¢
al.. 1972). ’

The International Rice Testing Progranm ARTP) was established in 1975 with
the enthustastic support of rice rescarchers in many countries and funded by the
UNDP. The types of nurseries have increased from 12 in 1975 10 37 in 1981,
During 1981, 2250 scts of seeds were distributed 1o hundreds of workers in 30
countries. The nurseries consist of vield trialss observational trinds: dveciea sl
insect nurseries: and tests for adverse soils. cool tenpperatures, internode clongy-
tion ability. and drought resistance. The nurseries cover different types ol rice
culture: irrigated. rainfed-wethnd. rainfad-deyland, and deepwater.

In the beginning, IRRY breeding lines and aceessions of the IRRT germ plasm
bank IGrmed the bulk of the entries in IRTP nugseries. The contnibutions from
national progrims have rapidly increased from 30% in 1975 to shightls over M)
of the total entries 1in 1979 (IRR], 19800,

:\Ioﬁg with distribution of the seed Tor testing, i unilorm scoring system was
deseloped and provided to place recorded data on astandard basis (IRRE, 1976b,
1980¢). The datu etuened by collaborators are processed. analy zed. and reported
by IRRI staft.

For Latin America and West Alvica, the nuiseries are handled with the collab-
oration ol the Centro Internacional de Acnicalunal Tropical (CIAT) in Cali.
Colombia: TA in Ihadan, Nigeria: and WARDA in Monrovia. Liberia, Somc
regional nurseries are individually developed to cope with the needs ot ocal
ccoedaphic environments. ‘

« On the basis of the IRTP tests, workers in entomology , plant pathology. and
crop physiology have developed collaborative 1escarch projects to probe deepet
into the specialized research problems. Such projects involving several countries
include investigations on the biotypes of the brown planthopper and the gall
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midge. pathotypes of the tungro virus and the bacterial blight pathogen, varietal
resistance to the bacterial blight pathogen, cooperative testing and breeding for
tolerance 1o extreme temperatures. site characterization and testing rices on
adverse soils, cooperative breeding nurseries for drought resistance., exchange of
carly-generation breeding materials. and studies on tissue culture (IRR1. 1981).

E. PROBLEMS I8 DISSEMINATION AND EVALUATION

The process of massive and colluborative evaluation efforts was also marked
by handicaps and problems in the initial stages. Gradually some of the problems
were resolved by periodic workshops, exchange of visits, and cooperative
efforts.

Plant quarantine reqrictions-of some countries and regions have slowed the
flow of genctic materials among rescarch centers. Special ‘arrangements often
were made to allow an accelerated release of the introduced sceds after appropri-
ate inspection and observation.

For disease and inseet nurseries, a light epidemic or a lack of the outbreak
renders notes taken on those nurseries of little practical value. Some of the
nurseries have been relocated in endemic or “hot-spot™ areas. In the case of
light infections., the data are adjusted on the basis of the control varictics.

Forg nurseries grown under the rainfed culture, vagaries of weather conditions
at different locales across seasons have limited the comparative study and sum-
marization of rescarch data. Workers are now taking supplementary dats on
weather. hydrological conditions of the soil, and soil characteristics of the site,
all of which will enhance the interpretative aspect of the tests.

In recent vears Thailand has added and expanded field facilities to test the
internode elongation ability and submergence tolerance of materials intended for
deepwater rice. Korea (Southy has built special fields to test for tolerance to cold
water. Such specialized facilities also take in a certain amount of breeding
materials generated by other ceniers.

V. PRESERVATION OF GERM PLASM

A, PristrsAanos v USDA asn Ricrse Briories
FoR IMPRONEMEST

The rice germ plasm preservation programn is centered at the Agricultural

Rescarch Center. USDA at Beltsville, Maryland. The program is conducted in
cooperation with State Agricultural b speriment Station and kedgral personnel in
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Arkansas, California, Louisianya, and Texas and with the National Seed Storaze
Laboratory (NSSLj at I't. Collins, Colorado.

The variceties for the most part are grown by USDA personnel. However, state
employces and personnel of the Culifornia Cooperative Rice Rescarch Founda-
tion (CCRRE} cooperate in many of the evaluation teststhat are conducted in
ficld und greenhouse experiments. Sced of now entries in the collection are sent
to IRRI and to NSSL cach year.

There is an informal cooperative arrangement between IRRTand NSSIL for the
conservation of all rice genetic materials i the IRRY collecuon. The plan s 1o
send a small sampic of cach entry in the TRRI collection to the long-term storage
facility at NSSI.. The long-term storage at NSSL wes installed i 1978 1979
ipersonal correspondence from L. No Bass, Ducctor, NSSL. November 9,
1978). The seeds are accepted for storage in the NSSE in accordance with the
standard policies of NSSL which were adopted September 13, 1977,

B, Status a1 Onry Naniosan CpNirges

The size of rice collections maintained by different national and regional
centers has been enumerated in Section BB, The statistics were bused on recent
surveys made by IRRI (1978b) and IBPGR (Tolt er al., 1950). Gernmn plasm is
preserved at all centers in the form of seed. Only o few centers maintain small
collections of wild species as live plunts.

The viability of rice seeds seldom exceeds one year in the humid tropics when
the sceds are stored in paper bags under ambient temperatures and humidity
inside unrefrigerated storerooms. Rice workers found it necessary to rejuvenate
the seeds by growing the whole collection every year. Such a luborious process
hay fed-not only 1o mintures and errory in the rejuvenated stocks but also 1o
serious constraints on the germ plasm workers. Under such conditions several
national collections have dwindled in size. and this bisveduced the capabilus tor
international exhange.

Among germ plismi-rich countries in the Astan tropies, nearly all countries
have recently installed retrnigerated seed storage rooms 1o insure that the rice
stocks can Tast for 3-3 years (Toll er af., 19801, With the help ot the Japanese
government a modern fucility for medium- and long-term storaye has been con-
structed in Thailand.

Japan, the Republic of Korea, and the Soviet Union have medium-term and
long-term storage fucilitics, while China is beginning to develop such facilities at
provincial and national Tevels.

. Anencouraging development as that during the Tast decade nearly every rice-
producing country in tropical Asia has Jonated their rice collections e IRR] for
prc;crvutiun. The IRRI collection s tncomplete for a few state collections ol
India and for the traditional varietics of China. North Korea, and North Victnam
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C. THE INTERNATIONAL NETWORK

At a 1977 IRRI-IBPGR workshop on genctic conservation held in IRRI,
scientists of Japan, the United States. IITA. IRAT, ORSTOM, and 12 country
programs agreed o join IRRI in an international network of conservation in
which IRRI would preserve the entire (hase) rice collection of all institutions
concerned so that at Jeast one duplicate set of rice sced stocks is safely stored
outside the country of origin. Morcover. IRRI would continue to deposit @
duplicate set of its seedstocks at the United States National Sced Storage Labora-
tory in Fort Collins, Colorado, providing further security to the world’s rice germ
plasm (IRRI. 1978b).

Staff members of IRRI, USDA, and NIAS of Jupan are compuaring their
holdings so that redundancy among different centers can he reduced while no
individual accession wik be overlooked in the process of providing duplicate or
triplicate sites of storage. The pational centers are urged 1o ¢onstruct medinm-
term storage facilities and to help the international seed banks on rejuvenation
(IRRI, 1978b).

Both the National Institute of Agricultural Sciences (NIAS) of Japan and IRRI
have modern facilities for medium- and long-term seed storage. At NIAS the rice
seeds are dried to 6-7% moisture content at 50°C. packed in vacuum inside tin
cans, and stored at —107C (IRRI. 1978b). AUIRRI the seeds are dried (at 383°C)
down to 6% moisture content under a low-risk procedure, packed under partial
vacuum inside aluminum cans, and kept at 2°C, and ~10°C for medium- and
fong-term storage., respectively (IRRI. 1980d). .

IRRI presently holds approximately 60.000 accessions of 0. sativa,» 2600
samples of 0. glaberrima, 1096 populations of wild species. and 680 genetic
testers.

During the last decade. several nations have losta substantial portion of their
rice collections because of civil strife or ditficultics in maintaining their collee,,
tions. IRRI has returned hundreds of accessions to the national centers of China,
India. Indonesia, Kampuchea, Kenya, Nepal, Sri Lanka. and Thailand.

D. Propipsts ENCOUNTERED 15 PlroSLIVATION

Complexity in the genetic makeup of rice germ plasm and the magnitude of the
operations have posed certain difficultics for the large centers. The following
problems in vharacterization, seed muluplication, and presgrvation have been
encountered (Chang., 1980).

1. Inviable incoming sced samiples
2. Duplicate samples, morphologic variants. or ceostrains with identical
varictal names

A\

/

%



THE CONSERV ATION AND USE OF RICE GEMETIC RESOURCES 71

Inherent genctic variation within accessions
Incomplete information on the unigue features of an incoming accession
Loss of the true-to-name features
Low sced yield of unimproved cultivars

7. Incfficient seed increase of ecologically unudapfed or pest-susceptible
accessions

8. Need for separate plantings for sced increase and rejuvenation of pho-
toperiod-sensitive aceessions

9. Unpredictable demand for sceds of certain accessions

10. Differential loss of seed viability among varicties during sterage

I1. Misidentification or errors in processing accessions

12. Lack of biochemical criteria to differentiate between morphologically
similur accessions or samples

(3. Insuificient ficld space and manpower to concurrently handle three types
of seed increase: (1) seed increase of new accessions, (b) rejuvenation of ex-
hausted stocks. and (¢) rejrvenation of old stocks for storage in the new medium-
and long-term fucilities. Therefore, seed increase activities are expanded in
number and must be conducied over o longer period of time.

Swnhw

IRRT staft also found it necessary to rejuvenate seed every few years for the
often-requested or difficult-to-multiply accessions. On the other hand. the pit-
falls of frequent rejuvenation pointed out by Chang et al. (1979, include:

. Errors and mechanical mixtures

f.ons of unadapted or susceptible accessions

Changes in genctic composition, especially for small populations
4. Increased workload and requirements for lield and storage space

One remediad measare for the above problems is to multiply sutficient seed in
one planting, confirm the varietal identity, and preserve the seed under cold
storage. Such an approach has been adopted at IRRI but poor seed praduction of
unadapted or highly sesceptible aceessions rensains the main constriint.

o —

'l

VI. USE OF GERM PLASM

A By Usiten Stans Work ps

« Rice is hot indigenous in the United States so all United States cultivars were
derived by some means or another fron introduced materials m the germ plasm
collection of USDA. The history of the development of the cultivars grown in the
United States has been documented by Chambliss and Jenkins (1923), Jones
(1936), Jones er al. (1941, 1953), Adwir ¢1 al. (1973), Johnston (1958). and by
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other registration statements in the Agronony Journal and Crop Science. The
genetic base of the United States aitvars is somewhat narrow (National Acade-
my of Scicaces, 1972). However. soncerted efforts are heing made to broaden
the genetic base of the United States rice cultivars (Johnston er al., 1978).
Several varictics in the collection are being used in the cooperative rice-breeding
programs. For example. a short-grain impt-ved variety. introduced from Taiwan
about 20 years ago (Tainan-iku 487, I.1. 215936) as a *"Ponlai™ variety has been
an outstanding parent in the development of the high-yiclding cultivar **Nortai™
(Johnston ¢t al., 1973). Sevral other varieties from a pumber of countries have
beea utilized in recent years to contribute desirable genes and help to broaden the
genetic base of United States cultivars being released to growers. New varicties
imported from these programs will help to broaden the genetic base of availahle
parent material. The recgntly released cultivar *"Newrex™ (Bollich, 1979) is an
example of a cultivar that has a somewhat different genetics background than
older United States cultivars. .

Rice genetic stocks that have unique characteristics but are not suitable for
commercial production can now be registered by the Crop Science Socicty of
America. This program allows all rice breeders to get seed of these genetic stocks
if they are needed (Rutger et al., 1979a).

B. 8y Orner National CENTLRS

Nearly all of the national centers have made profitable use of the semidwartipg
gene (sd-1) contributed by ¢-geo-woo-gen and varying numbers of the pest
resistance genes derived 1o o IkRHines or R varieties. Morcover, through local
screening and selection, several national centers have incorporated additional
resistance or tolerance genes from other sources into their improved cultivars.

Among thé major rice-producing countries in Asia, rescarchers in India have

conducted the most extensive testing of indigenous germ plasm o pests and’

discases (¢f. AICRIP, jundated]: CRRIL T920). Therelore, Indian rice breeders
have made cffective use of the indigenous genepools which provide resistanees
to pests or tolerance to ccocdapinic stresses. The drought-resistant **N22™" wis
used in breeding “Bala.” T TKMO.™ which has multiple resistance o insects
and diseases. became a parent of “Ratna,” 7"Saket 4.7 “Parijat,” UCR-1
and other improved cultivars (CRRL 19803, TRKMO was also extensively used at
IRR1 as 2 donor of disease- and insect-resistance (Khush, 1977). The gall midge-
resistant “Eswarkorra’ was used o preed WI251, W25, and W1263: the
Latter lines were widely used inside India as well as in Sn Lanka and Thailand
(Rice Division, 1976 Daleymple, 19780 CRRIL 1980: Directorate of ENtension.
[undated]). The tungro virus resistance ol “PTBIOT has been bred into im-
proved cultivars such as “Aswini.” UBharathi,” Jyothi, *Rohini.™
“Sabari,” and “Triveni.” Sintilarly, CPTBIS pussvxs.in;." multiple re-
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sistance, has heen widely used in India (CRRI, 1980 and at IRRI (Khush, 1977,
1980). For tolerance to submergence by flood veaters. FRI3A is an outstanding
source. Indians breeders were also developing saline-tolerant varicties from In-
digenous sources such as “*Pokkali.”” “*Getn.”” and **Dasal™ (CRRI, 1980).
R575, a local varicty of 1L.P. State, was used to breed«"Himdhan™ which 1s
adapted to altitudes above 1000 m (Sharma and Kaushik, 1978).

Indian workers have also made numerous exchanges with workers in other
countrics and henefited carly from forcign introductions such as “Taichung
Native 1.7 IRK,” **Muhsuri,”" ““Leb Mue Nahng, ™ and "China 1039.7° Tai-
chung Native 1 and IR8 were the principal sources of semidwarfism during the
mid-1960s (Hargrove, 1976). Mahsuri of Mulavsia and Leb Mue Nuhng of
Thailund were used to develop photoperiod-sensitive varicties (CRRI, 1980).
“*Rajendra Dhan 207" and *Pusa 4-1-1177 derived their diseise resistances from
“Tadukan™" of the Philippines (Chaudhary er al., 1979). RGTY of Sri Lanka
was extensively used by Indian breeders in Maharashtra State to develop = Sat-
ya,”” Suryua,” and *Suhasini™ (Directorate of Extension, {undated]).

Rice breeders of Sri Lanka have used the outitunding levels of resistance to
insccts and tolerance to adverse soil factors found in their diverse germ plasm.
BG400-1 derived from OB678 IR20 H has resistance to gall nudge. blast, and
the bacterial diccases. BG276-5 onginating from OBOTE 2 °BG34-K s resistant
to gall midge and bacterial blight, BW H00O sclected from HS0T Podiswee-A8 HS
huas resistince to blast as well as tolerance to dron toxicity (Rice Improvenient
Program of Sri Lanka. 1980 .

Malaysian breeders extensively used the germ plasim of other Asian.countries
to develop improved cultivars. Mahsuri is one of the few Indica Japonica hybrids
that has won wide acceptance in several countries. "Sri Madavern Dua 1177 wirs
derived from IRS Pankhart 203 (ef. Dalrsmple. 1978).

Breeders in the Philippines continued to draw heavily on germ plasm supplied
by the USDA and locally improved materials (Hargrove eral., 1979). Recently
CHOGS-5 was selected from C22IR26 C22.0S4, OS T came from West Al-
rice and is known as a droagnt-resistant upland variety.

Rice breeders in Bangludesh and Thaland bave made substantial progress in
improving their deepwater rices from indigenous germ plasm (Zaman, 1977,
Prechachat ez al., 19803, Thai breeders have retned much of the excellent grain
quaiity of their export cultivars in the unproved rices (Rice Division, 1976:
Fongseree, 1979).

Two sister lines (BR51-91-6 and BR51-46-C1), both derived trom IR/
IRS-114-3 and selected by the Bangladesh Rice Rescarch Insnitute, have been
ecommieitded for release in Burma and Tndia because of their promise in yield
performance (IRRE, 19504,

An Indonesian breeding line (Kn-1b-361-1-5-6) having a high level of toler-
ance to cool temperitures was recommended for planting in the Mt Provinee of

/]
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the Philippines as **RP KN-2"" (Ronducn and Villareal, 1976). The Indonesian
variety “*Remadja’” was uscd to breed *BGY0-2" of Sri Lanka; the latter has
been renamed as new releases in Burma and Nepal (IRRIL 1980b). Improved
cultivars bred by Indonesian workers in the mid 19705 involved parents coming
from foreiga countries such as **Latisail™™ of Bangladesh. **Puang Nahk 16 of
Thailund, **Basmati-370° of India. and IR varietics or lines (cf. Dalrymple,
1978). :

Chinese workers have made extensive use of indigenous semidwarfs. pest-
resistant sources, and foreign introductions at many breeding centers. The semi-
dwarfs were derived from ** Ai-zai-shan”* or ** Ai-Jiso-Nan-Te.”" both of which
were indigenous to China. A Japanese introduction led to many improved
“*keng’" (Sinica race) variceties bred from “Nong-Kéng 58,77 IRRI varicties and
lines have been extensively used in conventional breeding programs and in the
development of recent hybrid rices (Shen. 1980). .

Chinese breeders have successtully incorporated the cytoplasinic - genic male
sterility found in a sterile plant (Wild Aborted) belonging to the annual weedy
race. O. sativa 1. spontanea, into many productive backgrounds. This sterile
source proved to be highly compatible in crosses with Indica varietics of China
and with IRRI varicties. Since 1977 the planted arca of hybrid rices has been
expanded to nearly 8 million hectares (Lin and Yuun, [980).

Aside Trom the cytoplasmic sterile source found in Q. sativa {. spontanéa,
Chinese breeders had carlier used another spontanca plant in developing
“Yatsen 1."* This varicty was later used as a parent in breeding the " Bao-tan-
ai’* semidwarts which are widely adapted and pest resistant (Kwangtung Agri»
culture and Forestry College. 1975). **Bao-tan-ai™" and “Bao-xuan 277 were
recently found by IRRI virologists to have a higher level of tolerance to the
grissy stunt virus than other raditional varicties which do not have the Gy gene
for resistance derived from O nivara (IRRL. 1982).

Wide crosses of rice involving sorghum. maize, wheat, bamboo, and barnyard
grasses also have been investigated in China (Shen, 1980). but the continually
segregating progenies have yet o prove their agronomic worth,

Korean workers have made dramatic advances in yielding ability by crossing IR
lines with local varicties of the Sinica Juponica) type in a colluborative ventury
with IRRI. A series of high-yiclding cultivars led by ““Tong-il™ {sclected from
IR667-98) dramatically increased rice yields from 3.35 to 5.01 tons/ha in the
demonstration ficlds during 1971, Tong-il came from the cross of “Yuhara™/
TN1/ZIRS, and it was used to develop *Yushin.*" The next series of Milyang
varicties (Milyang 21, 22, and 23) involved “Jin Heung™ of Korea and
IR262-43-8 and “*IR24"" of IRRI. ‘The series of 15 interracial hybrids developed
between 1971 and 1977 had increased the national nice yield from 3.30 to 4.94
tons’ha and achieved self-sufficiency for the country in 1975 (ORD, {undated}).

"
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However, serious discase epidemics made importation of rice necessary a few
years later.

Grain yicld of the Ponlai (Keng or Sinica) ty pe in Taiwan was raised 1o i new
level by the development of “*Tainung 67" which involved Taichung Native ©in
its parcntage (Huang., 1979). Other breeders drew on locat Ponlai varieties,
Taiwan's semidwart Indicas, IR varieties and lines. and carly-maturing varicties
introduced from Japan to further improve both the Keng and Indica types.

However. to cope with the major virus diseases and the brown planthoppers.
rice breeders in tropical Asia rely heavily on IRRF's resistant varicties and lines
having a high-yiclding background (Hargrove, 1978, IRR1. 1980b).

C.o By Istiesaiiosay Croaones

o IRRI scientists have made extremely protitable use of the genepools present in
the IRRI germ plasm bank. The initial and best kKnown success is the incorpora-
tion of the semidwarl gene (d-1) into the background of tropical varicties,
Ieading to the development of IRS (see Chandler, 1968). The dramatic advances
in vield performance and range of ccogeographic adaptedness issociated with the
improved plant type have been desceribed and analy zed (Chang. 1967; Yoshida e
al., 1972 Chang and Oka, 1976).

The second stage. improvements in griin guality . was contributed lareely by
TRMG of India and Tadukan progeny of the Philippings (Beachell eral., 1972).
Successtul improvements in disciase and insect resistance were largely contrib-
ated by TKMO. a strain of O, nivara, **CRO4-13" (derived from PTB 187" and
SPTB 207, Mudgos " and N2207 all of swhich came frony bndia, G Pai
157 of Thailand furnished resistance 1o the wngro vicus (Khosi 19770 Farh-
ness was derived mainly from Chinese and Indian varieties (IRRIL 195010, Re-
sistance o drought was transterred from " Rikuto Nopin 2177 of Japan: EE25.7
“Moroberehan,” and TOSET of West Alrica, Nam Sagw 197 and " Khao
Dawk Mali 1057 of Thailand: " Khao Lao™ of Laos; the Gorai varieties o India
and tradisonal upland vanicties of the Philippmes (Chang ez al., 1982) The Kn
lines of Indonesia and Chinese introductions selected in India have provided
promising sources of tolerance o conl temperatures RRET980b). Tolennee o
salmity was derived primarily from varictios of South India and Sri Lanka, such
as Pokbali,” o Nong Bokra, ™ and Getn, Quistunding sources ol tolerance
to alkahinity such as “*Damodar™ and " Disal™ also came from Indue Varicties
toletant to iron toxicity in wetlmd soils came from Sri Lanka and Vicinam,
Sources abld to withstand alumimum and manganese oxicities inactobic soils
were identitied trom the dryland varizties of the Philippimes. Latin America, and
West Africa (IRRI, 1981). On the other hatd, many IR lines tolerant o adverse
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soil factors were obtained from crosses involving nontolerant parents (Ikehashi
and Ponnamperuma, 1978). .

Breeders at CIAT in Colombia have used IR varicties and lines, selections
bred at the Instituto Colombiano Agropecuario (ICA) of Colombia. blast-re-
sistant varietics from Vietnam, and BG varictics from Sri Lanka in the breeding
program.

At HITA in Nigeria, rice scientists have utilized IR varieties and lines, African
upland varieties, Taichung Native 1, and “*LAC 23" in the breeding program.

Varieties developed by the IRAT staft in Ivory Coast include in their parentage
upland varicties from Africa, Indica varicties from Taiwan, and upland varieties
from Brazil.

D. GLopaL SHARING OF NPROVED GLRrM PLASN
.

The rapid dispersal and adoption of IR varictics by different countries in
Africa. Asia. and Latin America from 1965 to 1977 have been summarized by
Dalrymple (1978). During 19761977 the total lund arca planted to IR varicties
and other high-yiclding varictics amounted to about 25.27 million hectares.
Diffusion of the IR varities and lines into national breeding programs has been
documented by IRRI statf (Hargrove, 1978, Hargrove ez al., 1979: IRRI, 1981).

Since late 1975 IRRI ceased to name and release new rice cultivars under the
IR scries—1 1 varicties were so named. numbering from SRS to R34, The
revised policy was adopted at a time when national rice-breeding programs and
international cooperation through the IRTP had reached an expanded stage which
made the practice of IRRI's naming of varicties no longer necessary. This change
further encourages national centers to tully utilize IRRE's breeding materials and
other selectiops included in the IRTP nurserics. Several national centers have
named selections chosen from the above sources either under their own codes or,
as IR varieties. Since 1973, 21 varicties have been released in 23 countrics under
the cooperative testing program (IRRI, 1978a, 1980w).

The establishment of the IRTP in 1975 marked a giant step in the systemattic
and coordinated exchange and sharing of improved germ plasm by rice ge-
searchers all over the world. The testing of a uniform sct of genotypes across
many environments has provided credibility to the initial experimental findings
as well as information on genotype # environment interactions and growth
stage-specific responses.

A 5-year report of the IRTP (IRRIL 1980b) furnished an extensive listof stress-
resistant or tolerant selections confirmed by many rice researchers. Some of the
outstanding performers or resistunt donors in the international nurscries were
subsequently released by national programs as recommended cultivars. Since
1979 more than 30 IRTP entries have been released in_!h;nl marnes in more than

)
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20 countrics. The use of other promising entries as parents in national breeding
programs provides an even greater potential in using the useful genetic pools of
diverse origin (IRRI, 1980b).

E. BusLic EFFORTS VERSUS PRIVATE ENTERPRISL
IN Rice Breebping

Most of the rice breeding in the United States has been done at public institu-
tions although in the early years the development of cultivars was largely by
private breeders. These private breeder efforts consisted primarily in sclecting
truc breeding lines frrom mixed populations, increasing the sced, and distributing
it to rice growers. Using this method, S. I.. Wright, an independent rice breeder
in Loaisiana (Jones. 1936), developed several cultivars that were widely grown
from about 1912 to 1935 in the Southern States. Public rice-breeding programs
were started in most rice-producing states carly in this century. These programs
were cooperative projects conducted by the USDA and State Agricultural Experi-
ment Stations. Cultivars developed in these cooperative projects gradually re-
placed the older ones developed in private rice-breeding programs. The acreage
of rice in the United States is small compared to that of other cereals so the
demand for seed is limited. Because of this. and also because the public rice-
breeding programs were fairly successful, there was little ceffort by private
breeders to conduct rice-breeding programs.

In recent years rice acreage has expunded, thus thére is an increased demand

for rice seed. The Plant Variety Protection Act (PVPA) enacted in 1970 cnabled”

plant breeders 1o retain control of the varicties they developed (Rollin, 1972).
These two items gave added incentive for private breeders to initiate rice-breed-
ing programs. There has not been a big rush of private breeders into the breeding
of rices, but a few companies have entered this field, and their activity increased
noticeably in 1980 and 1981,

The most active nongovernmental rice-breeding project is conducted by the
Calitornia Cooperative Rice Research Foundation (CCRRE). This ageney is
supported by marketing-order funds raised by self-imposed rice-grower assess-
ments. No other public funds (since the marketing-order funds are collected by
‘the California Department of Food and Agriculture. they are considered **public
funds™") are dircctly involved in this rice-improvement project but several Uni-
versity of California and USDAZARS personnel are involved in cooperative
projects which provide assistance to the breeding and testing efforts of CCRRF
and others.s Recent varietal releases have continued to be joint. cooperative
releases by CCRRE, the Lniversity of Calitornia, Davic, and USDA/ARS. with
CCRRI: controlling the production and sale of foundation sced.

Some privately developed rice cultivars have been marketed in recent years in

N
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California, Louisiana, and to a lesser extent in Mississippi and Arkansas. For the
most part, however, such cultivars sold in the Southern United States are still
lacking in resistance to discases, especially blast, and to diste occupy a relatively
small percentage of the total rice acreage.

The present system of conducting rice-breeding rescarch with prblic agencies
in charge of the introduction, maintenance, and evaluation of genetic stocks is
working quite well. This system entails publication from time to time of reports
orr the material available and the characteristics of these materials. The personnel
involved in these projects also continue their own genetic and breeding projects.
This arrangement makes all the basic breeding material available to all breeders,
but private breeders are able to control distribution of the cultivars and breeding
material they develop under provisions of the PVPA.

The recent appearance of a booklet (Mooney, 1980) has Jed to some rather
detailed discussions on the future domain of plant breeding. The principal em-
phasis of the booklet is that plant breeding of cash crops in the advanced coun-
tries has been largely brought under the plant breeder’s rights and more recently
controlled by multinational companics dealing with agricultural chemicals. The
rapid acquisition of major seed companies by such industrial giants has alarmed
agricultural scientists as well as many people in the public sectors.

The situation in rice is not so alarming as it is in hybrid maize or in the high-
priced vegetable crops. In all rice-growing countries the breeding phase has been
traditionally the responsibility of the government sector. This is even true in the
major rice-growing states of the United States. Commiercial rice-breeding ven-
tures currently are found only in the United States and Latin Amc.ican countries,
and their percentage of the seed market to date. is insignificant. Morcover. the
international and national centers are continuing the free exchange of clite germ
plasm and unrestricted naming ol varieties selected from such materials (IRRI,
1980h). .

Since rice is largely a self-pollinated crop, the prospects of profitable private,
enterprise in breeding and seed production do not appear,overs helmingly attrae-
tive. Even with the recent development of hybrid rice in China. the margin of
profit rests with the price differential between ordinary seed ande Iy hybrids as
well as the increase in yield of the hybrids over the pureline varicties. Jor rice
varicties of nonaromatic grain quality. the price differential likely will remain
small. Moreover, the diverse rice-growing environments would require a wide
artay of improved genotypes to meet the needs of specific environments. China
was able to eypand hybrid rice production because it is @ government-supported
campaiga. Theretore, the threat of private companies to monopolize the breeding
programs does not appear eninent in rice. However. two large seed companics
operating in the United States and ehewhere reportedly have obtamned *exclu-
sive rights™ to the component lines of the cytosterile sources used to constitute
the major rice hybrids currently being grown in China. The cooking and process-
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ing chiaracteristics of these current hybirids are not satisfactory tor the iarkets
where United States rice is now mazketed. Meanwhile, rescarch on hy b rice
also is being conducted at public institutions of several countries and at the
international centers. In addition, rice breeders of public institutions will likely
continue their practice of sharing both the unimproved and fmproved germ plasm
without the restrictions imposed by the plant breeder’s rights act.

F. Propress s UsisG Diverst Greet Prossst

[t is apparent from the preceding sections that rice rescarchers and particularly
the IRRI staff. have been using diverse donor parents in the hybridization pro-
grams. On the other hand, wide crosses among cultivars within one species or
between two species have hampered progress in breeding because ol incon-
patibility problems.

+  The best known example of intervarictal sterility within O, sativa hus been
documented in the crosses between the tropically based Indica ruce and the
temperate zone Japonica (or more appropriately Sinicay race. wiarly findings on
the sterility and incompatibility aspects have been summarized by Chang 11964)
and Oka (1654). Extensive eytogenetic investigations on the partiadly sterile F|
hybrids were summurized Chang (1964, ‘The partial sterility. weakness of |
seedlings, breakdowns of F, scedlings. disturbed segregation ratios in the F,,
and aberrant recombinations have hampered the recovery ol usetnd neocenies in
the Indica ~ Juponici crosses. The problems associated with the interracial
crosses may pudtly explain why only u few promising varictics were obtaned
from the FAO-sponsored Indica # Jupomica Hybridization Project which -
volved several Asian countries during the T9S0s (Parthasarathy, 1972y, Similarhy
crosses hetween tropical Indicas and the Javanica varicties of Indonesia have
shown partial sterility and chromosonud aberrations (kngle er af., 1909,

The incompatibilits phenomenon i Asian rice is not contined tointerractal
crosses. It has been demonstrated that simitar ditficulties showed up when
crosses were made between tall tropical Indica sancties and the Chinese semi-
dwarfs and between traditional deyland vanctues and the semisiwarts thngle ¢
al., 1969 Hung and Chang, 1976; Lin and Chang. 1981). Cytological and
chromosomal abberrations of the inter- and intraracial hyhnds are essentially

*similar (Demeterio ef al., 1965: Engle e al., 1909, 1970).

The well-publicized findings on ter- and mtraracial incompatibalits have
discouraged some rice breeders fronr attempting wide crosses. but the ditticulties
were not so unsurmountable as to exchade wide croases from beiny used tor
specific objectives. Breeders in Korea, Taiwan, the United States, and at IRR]
hive obtined usetul progenies from wide crosses, but onls alter tong cyeles of
crossing and sclection ohnston ez af . 1972, ORD, [undated|: Chanz, 19761,
Chiung 1 al., 1982},
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Rescarch in China has shown that anther culture has produced higher propor-
tions of plantlets in Indica Japonica hybrids thin in Indica % Indica hybrids
(Zhang. 1981). Tissue culture may offer an alternative approach to make raore
efficient use of the progenies of wide crosses.

Crosses botveeen the Asian cultigen O. sativa and the African cultigen (0.
glaberrima) have not been rewarding because of sterility and related problems.
The African rices possess certain biotic resistances and ecocdaphic tolerances,
but the levels were generally not superior to the Asian cultivars (Chang ¢t al.,
1977). A limited amount of crossing, selection, and evaluation for insect re-
sistance has been conducted at IRRI since 1976.

Crosscs between the cultivated rices and their wild relatives generally present
serious difficultics in recovering desirable progenies. especially when the gen-
omes of the parents differ (cf. Chang. 1964 Chang et al., 1977). But one strain
of @. nivara (IRRI Acc. 101508). an annual Asian weed race, has been SUCCess-
fully used in incorporating resistance (o grassy stunt virus into the semidwarfy
(Khush. 1977). This strain, which was the only one of 40 strains in the same
species that was resistant o the grassy stunt virus, appears to be an exceptional
sample in the weed race. Its hybrids with the Astan cultivars showed less chro-
mosomal aberrations than several crosses among Asian cultivars (Dolores et al.,
1979).

VIl. ENDEAVORS FOR THE FUTURE
A. Coserenion oF Fizrn CorLpction ror it Two CULTIGENS

The collabotative efforts of many rescarch centers in canvassing and assem-
bling the uncollected rice germ phism during the Jast decade is a unique venture
among the major crops. The total number of seed sumpkes collected was more
than 32,000, but the coverage is Still incomplete insofar as the widely distributed
rice cultigens are concerned. Moreover, a number of the collected Samples were
cither obvious duplicates or nonviabie. *

The 3-year collection program developed at IRRLin fate 1977 has served as a
useful guide in implementing systematic collection in Asiun countries. Although
more than one-half of the accessible areas of the target countries have been
covered since the 1977 workshop, vast arcas in Luos. Campodia. and Nepal
remain unexplored. Field collection in Southwest China has been initiatzd but the
arca has not been completely canvassed. The northeastern states of Intlia also
remained largely unexplored. There are many pockets in West Africa which
could yield rice germ plasm, if canvassed. The assemblage of the wild relatives
of the two cultigens remain as the most obvious gap irethe conserdation efforts.

A\
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It will require periodic workshops and vigilant communication to maintain the

tempo of the collection activities. Fortunately, the IBPGR is channeling larger
allocations of its resources into this phase of conservation.

B. CoxsoLINATION OF EXNISTING MAJOR COLLECTIONS

Conferences held at IRRY and clsewhere have revealed substantial duplication
of conserved seedstocks at different centers. However, some of the superficial
duplications may be in varictal names only because the seedstecks may represent
different eco-strains of the original varicty. Morphologic variants and mutants of
the same varicties are also found in the duplicated samples. In addition, in at
least a few cases. mislabeling apparently occurred at harvest. In the interest of
efficiént management, it is essential to minimize the duplications without over-
Jooking the ecostrains, morphologic variants, and mutants. Steps have been
taken by the stafl of the USDA, the NIAS of Japan, HTA, and IRRI in compar-
ing accession lists as preparations for consolidation,

This phase is a time-consuming and laborious operation because sced znd
plant data need to be included in the process of comparison and consolidation.
On the other hand, the process would lead to @ more efficient and sccure preser-
vation of all conserved stocks at two or more long-term storage sites. Working
collections could be maintained in the region of collection as desired.

C. CONSERVATION OF Witn Spiciks

The toal number of wild forms being conserved by different centers 1s proba-
bly not more than 3000. The wild strains were collected cither by botanists or
explorers on specific missions or by breeding-oriented collectors while canvass-
ing for thie cultivars. More systematic efforts are needed to survey and plan for
the conservation of the wild forms which are also threatened by developments in,
progressive agriculture and public infrastructures.

The IBPGR-IRR] Rice Advisory Committee studied the complex problem of
collecting and conserving the wild species in late 1981, The conservation of the
“wild forms would require a synthesis of contributions from botanists, geneticists,
conservationists, and government administrators (IBPGR-IRRI, 1982).

D.. T Cosmrretion oF Evartanse 1 CoLLieted MATERIALS

The massive scale of varictal evaluation by rice workers in different centers on
a worldwide basis is unprecedented in, crop history. However, the sequence and
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degree of completeness in cv.uluuting the existing collections have not been as
systematic and comprehensive as desired. Periodic reviews and discussions are
needed to upgrade the coverage and uscfulness of the cvaluation activities.

The material in the collections should be evaluated as rapidly as funds and
availability of personnel and cquipment permit. The evalugtion could be done at
several locations. That is, reaction to disease and insects could be studied at
focations where the disease or pest oceurs naturally. Cooking and nutritional
studies must be conducted at institutions that have the necessary equipment and
pc'rsonncl.

Because of the enormous diversity in the genetic makeup of the cultigens and
of the environments under which they are grown, the interpretation of evaluation
results obtained at one location for use at other locations would require in-depth
study and analysis by teams of scientists of the several appropriate disciplines.

. CHARACTERIZATION OF ENVIRONMENTS

The diverse environments under which rice is grown requires the coordinated
efforts of rice rescarchers to coneurrently describe and characterize the important
ccological components so that a better understanding of the ccosystem involved
would lead to an efficient use of the experimental data. The international agri-
cultural gesearch centers have been conducting dialogues which will eventuglly
lead to uniticd and comparable systems of characterizing the rice-growing
envirommnents.

F. Innovatinve Broeoisg Tronsiores

The great majority of clite rice germ plasm bred at different centers has been
developed through the conventional process of hybridization and sclection. In-
duction of mutations as a breeding ool has met with varying degrees of success
at different rice research centers. Rutger ef af. (1976) reviewed the advances in
rice breedmg through the use of spontancous and inddeed mutations, In the
cooperative USDA'ARS California Agriculral Experiment Stagion -Rice In-
dustry program, induced mutations of useful genes have been obtained for short-
stature, carly maturity, and glutinous character in adapted. cold-tolerant Califor-
nia germ plasm (Rutger ez al., 1976, 1977. 197%a.b). Rutger and his co-workers
have had considerable success with induced mutation breeding in their unigue
situation in California where they have rather minor insect and discase problems
compared to other arcas of the United States and most rice-growing countries.
However, they emphasize that this is only one of several breeding methods that
should be used. They believe that induced mutation breading, both o whole
plants and in cell culture studies, olfers the potential to eventually **gencrate new
genes upon demand. ™

|\
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It has been suggested (J. N. Rutger, personal communication) that for better
utilization of eaisting rice germ plasm, serious consideration should be given to
establishing an “*instant germ plasm reservoir package™ which may be quickly
putinto use in areas with serious new disease or insect problems. Such a package
could be used in situations such as the ragged stunt virus onthecad, in Indonesia,
the Philippines, and chewhere. If prepackaged germe plasm reservoirs or pools
were available for instant distribution. resistance to new pests might be more
quickly identified. Perhaps the simplest such pachaze might contain a few seeds
from euch of the accessions in the IRRT World Collection. perhaps broken down
into at least three major categories. More sophisticated pools might be tormed by
using genetic male steriles to create composite cross populations. Efforts have
been made to develop somewhat simpler gene pools but involving hundreds of
crosses with a wide range of types of varicties from throughout the world tper
sonal communications from W. R, Coftfman and W. O Mellrathy, The establish-
ment of such gene-pool composites represents avery major undertaking and the
involvement of many personnel. extensise tfunding and coordination. and pro-
longed dedicated efforts. :

Tissue culture has been used to 4 limited extent in rice hreeding, often under
restricted objectives. Croughan er al. (1980 applicd cell culture technigues 1o
selection of salt-tolerant rice in Calitornia experiments. Startine wath naturally
oceurring haploid plants. they obtained four cell lines which exhibited salt toler-
ance. Their rescarch is continuing. Chalel ¢r al. (1975 working at Cornell
University and Schaeffer er al. (1978) workme at the USDA ARS. Beliswille
A"mullurnl Research Center have been using tissue culture techniques in an |
effort to develop rice plants with increased Ivsine content in the grin. Sone
progress is reported and the research is continuing.

In arecent report. the National Plant Genetic Resources Board 1979y cites a
“white paper™ entitled “*Research Priorities in Plam Breeding™ by Sprazue,
Alexander. and Dudley which cautions agamst the high budgetary ratmg cur-
rently given rescarch in cell culture and other torms of “genctic engineering,
These well-respected researchers of Tong standimg agree that the ficld holds some
promise and unquestionably deserves support However, they seriously question
the high priority rating of genetic enginecring 1f the research is to be achiesed
through neglect of those disciplinzs that continne to improve plant performance
and offer promise for the future. They turther state. “Even it new products are
developed by genetic engmeering techuiques. the use of them will be accom-
plished through conventionul crop improvement programs. Continued progress
in improving the performance of crops cannot reasonably be expected unless this
relation is understood and implemented ™

The possibility of employing usetul genes present in the wild species of Orvza
and those of related genera have not et beea attempted extensivels othier than
the efforts of IRRTstalt. Figoni e al. (1951 reported on the transfer of stem ot
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resistance from a wild species (Oryza rufipogon) 10 0. sativa. Adavanced gencera-
tion lines arc undergoing further testing for resistdnee (o stem rot. Some of the
lines also were tested in 1981 in Arkansas for resistance to sheath blight (F. N.
Lee and K. S. McKenzie. personal communication). Similarly. screening of wild
species for resistance 10 Jheath blight is underway in California (J. N. Rutger,
1981, personal cemmunication). '

Incompatibility and a Jack of controlled experimentation have impaired the
reproducibility of the wide crosses. A combination of different breeding tech-
niques such as mutation and tissue culture would lead to more efficient use of the
specific gene pools 10 be transferred through the wide crosses.

G. RisioraTioN oF GENETIC DivERSETY 10 THE
stekOVED CULTIVARS

It is inevitable that as breeding programs advance, there is a concurrent in;
crease in the genetic uniformity of the elite germ plasm. The narrowing of the
genetic diversity in the major commercial varictics would increase the genetic
vulnerability of the relatively few cultivars to serious epidemics of pests and
discases. Recent events such as the <hifts in the brown planthopper biotypes. the
sudden emergence of hitherto obscure virus diseases, and the flarcup of rice blast
in South Korea during 1980 are associated with the rapid spread and large-scale
adoptiorr of a few genetically simitar cultivars over large areas, especially under
continuous cropping in the humid tropics. It is imperative that the breeders as
well as public adrministrators recognize the need to reinstate the rich genetic
diversity which was present in rice until a few decades ago. ’

The cooperative breeding programs in the United States in the past 10-15
years have included the use of a much wider range of parental types than in
carlier years in order to broaden the genctic base for resistance to blast and other
diseases and for other needed characteristics. Concerted efforts are being made in -
the United States. IRRI. and other rice rescarch centers for different sources of
Jhort stature and high- and stable-yiclding ability .

Sced multiplication and distribution programs may be complicated by the
restoration of genetic diversity o the major production arcas. but the costs
involved may be a small price to compensate for the much larger potential fosses
duc to serious pest damages. Morcover. penctic diversity should be considered
both on a genic and cytoplasmic busis.

H. TrasIsG OF Ricr RESEARCHER
The number of rice rescarchers in difterent pational programs has been greatly

expanded during recent years. But the total number and their distribution across
disciplines are insufficient for the aceds of the near ianure. Riscurchers in the

M
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arcas of pathology, entomology, and physiology are more deficient in number
than those in breeding and agronomy. Among many rice breeders trained in
advanced countries, the graduate training was largely based on dryland crops.
The semiaquatic rice requires an in-depth understanding of those peculiarities
associated with the crop. On the other hund, some breeders working on dryland
rice were trained under programs designed for irrigated rice. A frequent criticism
of existing advanced country train® g programs for developing country trainees is
that the training is highly basic and has little application in the student’s home
country. Nevertheless, it is crucial that students become cognizant of the Jatest
techniques in order better to understand how these might be utilized in local
situations.

. Workers trained in genetic conservatior are few in number and low on experi-
ence. Training in each of the above arcas, emphasizing practical experience in
handling the rice plant and its associated biotic and physical factors, is essential
to, developing real expertise in different aspects of rice rescarch. Training will
continue to be an equal partner to rescarch on rice.

One important aspect in the traning of rice rescarchers s to emphasize the
need to look at the rice plant or crop as a whole. Workers in all disciplines need
to be aware of the many interrelated traits such as the effect of N-fertilization on
discases and quality of the grain. Also. N-fertilization and cultural management
can have profound cffects on loding of the crop, cost of harvesting, and ultimate
food value or cash crop value obtained.
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