
7#PA...~ 
VOL 3..
AVA',CES 1NAGRO0'O' 

AND USE OFTHE CONSERVATION 
RICE 	GENETIC RESOURCES 

T. T. Chang,* C. R. Adair, +' and T. H. Johnstont 

of Plant Breeding, International Rice Research Institute, Manila, Philippines, 
*Departrnent 
tAgricultural Research Service, U.S. Department of Agriculture, Beltsvill.., Maryland, and 

Research Service, U.S. Department of Agriculture, Unr,ersity of Arkansas 
+Agricultural 

Rice Research and Extension Center, Stuttgart, Arkansas 

38 
I. Introductin .................................................. 


3
 .. .............
.C t Rk. ................
ImprtA. Increair " h! aneof 
atir ..iceIreedingz ard C'o,ier 	 4 

IS Cuniparatic. Laic Start in 	 4....... 
o, Ri.v hnip!.elit:'... .. 
C. Inip,nan:e of (ientic Re,uurc 	 42..... . 
Diversii> in Rice Genetic Resourc.', .............................
II. 	 42 

he (;Gnu, and Evolutionar) Ilittmay...............
A. 	 Gondvana Origin (if 4.3 
in 0. sariva and Its Wild Rcltrcs......................B. Diversity 	 4.1..........
es............ 


C. D icrsits in 0 . A,h rriintiu and Iis Wild Reltll 
.
 

in Geeic C t,.re 	 aii, . . . . .III Recent Effort., 	 . . .. ,...... n d khi. iaion a 
A. Status ilt (ci c Cuni',r' at;i in [tie United Si.	 4cgin8leiitei..........
 
B. 	 Status at Con.ervatioin by Other Naiitnal and 

5( 
if the Wild Sp ieC ............................C. Conservatin 5
.... ..


flif r,........ ..

1). Collahorali'c Cn .ervati i 5la,,t. 

iV )i scinn.iitiiIiii an dti".luali intt (jcrii 

(

A. Djitn i but wiland t..,ilu tli, ,,t ni . i. l \V, .. l . .Work t . .,I11<10[atiii Ilrn r;ii .,nelic 1Ialu atiu i and 'tih/IS. "he Gtk 	

L (0..... . . 
C 'v.liatin h)Workers in Natinal Rice 

. ..6 
I seari: Centers it Asia 

.in11t.,'. in tDis~cw tif ad Fvaliiit:i
I) Intenim 

(I
 
.... . ..
 

• I\L I. ( o ir P l a s,mr .' ".' ' -1 	m 

..and tRecent 	 tllhrt lipioinmeil.....forlA. Ircscrvsa.Ii hI IJS')A .....
('enters .........................
Other NaimonalIS. Status at 

." ...... . 7 
C. The Inlernaliiinal Netw ,rk 	 f) 

. ..l'r.cr-iii,rI) l'rohli.'?ii icinit crd it 
VI tUse,,f( ,P .1,111 . .""71 

7t 
A\ IS%I Iliitu St;i,ie \Varl r 

I 72 
I t I hOiimNall. ct,,
i' 

. II . . . . . .. 70lil2mlltlnl. ( tluei 	 .( ofmmIII, oi'I GVIII I'li'm6)101~.11 h rt 

. . 77 
rw i . li lii'. 

PullIt tumi 	 'I.flI I il 

Ia '. ( Ii ll. VI*khaixt .\ti 72712 
i'u .,r ldcl+. Vlitctivll 


Ii 'i ','uui;ii Au 
 I, is ,'I
•'c i . ' :,", I.'c C . 

http:Ircscrvsa.Ii
http:scinn.ii


R.ADAIR. AND T. H. JOHINSlON
T. T. CHANG, C.38 

80
........... 
........... 
.....................
VII. Endeavors ftr the Future 
....................
 

Completion of Field Collection for the Two Cultigens
A. 81 ................ 


Consolidation of Existing Major Collections .............
B. 81 
................................
Conservation of W ild SpeciesC. 

The Completion of Evaluating the Collected Materials 8 ................. 

D. 82 

.....................................
E. Chaiacterization of Environments 82 
......................................
F. Innovative Breeding Techniques .. 84 ............... 


G. Restoration of Genetic Diversity to the Improved Cultiva'r, 
84 

Training of Rice Researchers........................................H. 85 
References ........................................................... 

I. INTRODUCTION 

A. INCREASING IMPORTANC[- oF RIctI 

as the world's staple cereals. Rice is 
Rice and wheat share equal importance 

most 
the primary source of energy and protein for 4.5 billion people in the 

a secondary staple for another 450 million 
populous nations of Asia. Rice is 

people. The demand for rice is rapidly rising in Africa and Latin America. The 

order of preference is rice, corn. yarn, and cassava. However, the average annual 

income of rice consumers inthe developing nations is less than $200. 
than any other

calories and carbohydrates per hectare 
Rice produces more 

cereal under normal production practices. Its protein yield per unit of land and 

only below those of oats (Ltt andareamino acid balance among the cereals 

Chang, 1980). 
Despite significant increase in the rice yields of Bangladesh. China. Coloni­

since the 
Korea. Pakistan, Philippines, and Sri Lanka 

bia. India, Intlonesia, 

advent of the high-yielding semidwarfs and the associated production technology.
 

beginning in the late 1960s. the world's supply of rice continues to lag behind the
 
to 

the production of rice in the developing nations from 1967 
demand. First, 
1975 rose only at a rate of 2.4% a year while the populalion increased at 2.5'4. 

Recent trends in crop production suggest that the developing countries may find 

the same rate of growth in production (IFPRI, 1977). 
it difficult to maintain 

a deficiency of 4-5(/ 
Second, the developing countries have been suffering frotm 

per capita in the daily energy supply (Zwartz and Ilautvast. 1979). It would be a 

if the %sorldspopulation were to 
tremendous task to make up this deficit even 


stay at the present level.
 
The projected increase in food cotnsumption of the food-deficient developing 

metric tons at low 
countries between 1975 and 199I will atnount to 241 milliot 

rates of increase in per capita income. The increase would represent about tV'O­

thirds of the 1975 consumption level. About 182 milliton tons arc tleeded 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 1990: about 48h (IFPRI. 1977). ' 

Because of limited arable land area in Asia. future increase in food production 

will depend largely on increases in crop yield or cropping intensity as experi­

enced during the last two decades. Considerable areas o, uncropped or marginal 

product-on may be brought into rice cultivation, but serious climatic. hydrologic, 
in such areas. For Asian countries, theor edaphic constraints generally exist 

1970 rate of 2.5%4production increase of cereals would have to surpass the 1960-

in order to meet the projected increfise in consumption. 

For ifrica and Latin America. a brighter prospect looms as a potential epan­

sion in production area is feasible, although the per capita consumption of rice 

will also continue to rise (IFPRI. 1977). 
Rice will continue to make up nearly one-half of the major staples :n Asia: 

about 30% for all developing countries (IFPRI, 1977). Therefore. it is imperative 
orthat the increase in rice production be sustained through improved yield 

stabilized production or both. At places where the growing season permits. 

increasing the number of rice crops planted in a year offers another means of 

augmenting rice production. 

S1'\RT i'I.BI.COMi'ARAIiVi; LAII INR Iii.i.m)m, 
AND CONs!.VI.VI.N 

Record d history may not mention inan', earliest efforts to improve the rice 

plant. lowever, long before the advent of ,,cience.man undoubtedly had miadc 

good use of natural variahilit) in the co)p and it-, wild relatives,. spontancous 

mutations, natural hybrids, and introductioms from Ioreign lands. Susrutha (ca. 

1001 tic.), in his Ayurvcdic "Matcria NIcdical." recognized the differcnces 

among rices existing then in India and scp:r itectheln into groups based ipon 

their growth duration, water requirement,,. and nutritional values (Ramiah and 

Rao. 1953). Chinese classics sh .,that Emperor Wen Ti of the Wei Dynasty 

(.I). X186-226) discusscd with his cabinet stfT abotlt a (ality rice having strong 

and fragrant arona. Another eiperor. K',tng I Isi (1662 17231 of the ('hing 

Dy nasty, selected an early maturing and aromatic mutant for a rop of rice grown 

in the imperial garden which later became the main staplc of his household. The 

new strain named "'Imperial Rice.'" The large scale introduction, testing.was 
ea,, Chunaand qxtcn,,ion of the carly maturine Champa ric\, in central and 

during the eleventh century marked th, first massive go,.ernment-sponsored 

cffot0l to utili/e efficient and prodihcti.vC genotyles W&hang and Li. I.KO). 

http:prodihcti.vC
http:CONs!.VI
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On the other hand. rice has a relatively short history of scientific improvement 

rice variety bzcd by hybridization. "Ornini­
when compared to wheat. The firs 

shiki," was developed in Japan around 1906. In tropical Asia, breeding began in 

even later. Conservation 
the 1950s. Genetic conservation of the crop began 

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 early 1960s that tens of thousands of rice cultivars were 

grown by Asian farmers over vast rice lands. 
started in a minor way early in the 

Rice breeding in the United States was 

twentieth century. The program at the start consisted of introducing a few rice 

cultivars from foreign countries and growing them in small plots in farmer fields 

in Louisiana and later in California. Selections were made from these plantings 
Some selections from 

by federal and state agrijulturists and by local farmers. 


these introductions were ircreased and quite widely grown for several years.
 

Rose," "Early Prolific." "Edith,:'
Cultivars selected by farmers included "Blue 

selected by government personnel in­
and "'Lady Wright." Some of those 

"Colusa," and "Caloro." These 
cluded "Fortuna," "Nira," "'Rexoro," 

were gradually replaced by improved
cultivars were widely grown until they 

1935. However. Colusa and Caloro 
cultivars that were developed after about 

still of major importance in California through the late 1960s. 
were 

was a cooper:iveinitiated in the United StatesThe rice-breeding program 
Department of Agriculture (USDA) and State Agricultural

endeavo'r of the U.S. 
Experiment Stations. These projects were expanded by the addition of personnel 

in Louisiana and California about 1915. The work was further expanded by the 
1931.

hiring of federal rice breeders in Arkansas, Louisiana, and Texas in 

Rice was a minor crop in the United States in the earlier years. thus more funds 

and personnel were assigned to breeding the major cereals than were allotted for 
established for more comprehensive programs were

rice breeding.' As a result, 
barley, and oats than for rice breeding, so rice improvement was 

wheat, corn. 

much delayed. The conservation of rice germ plasm alo'was much neglcted in
 

the earlier years. This was due to the meager number of cultivars available qnd
 

the lack of personnel and storage facilities.
 

LI I IIM'()V[MINtI 
C. INIM'MANCI; (1. GINI CI I U)tR'S 10 IC 

a wealth of genetic resources pro.
Crop researchers generally recognize that 

vides the building blocks for effectivc crop improvement. In the case of rice. [tit 

germ plasm of (he two cultigeas (Asian and African rices) is unusually rich ir 

Until a decade or two 
genetic diversity, much of %,hichremains to be tapped. 

0-ry:a (see Chang, 1979) coul( 
ago, the full spectrum of germ plasm in the g'rm, 
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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 ecogenetic diversification. Among major fod crops rice is one of the few 

staples which are continu:dly expanding into new productioil areas Rice can be 

grown in vast uncropped areas in Africa and Brazil. Rice is also being grown 

experimentally at numerous locales where irrigation water is ivailable. but cool 

temperatures and blast disease at higb elevations are major constraints. Numer­

ous requests for seed recently received at the International Rice Research In­

stitute (IRRI) for deepwatcr rices indicate another t znd in area expansion More­

over, in South and Southeast Asia laree tracts atj land can be brought into 
salinity and acidity'profitable rice production if the adverse soil factors such as 

are ovgrcome by adequate levels of cultivar tolcri...e and soil manaemcnt. 

The rich diversity in rice presents great promises , rice researchers to ,lhtvi­

,Ke the various production constraints. most of .i,ch are known '%hile a fe., 

more remain to be identified. As rice expands intO new, areas. nev. environment'. 

will present challenges to the rcsearch community' Amomg cereals, that can be 

grown in a new area of cultivation, rice has the tiniqu, advantage as er 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-yielding sncmidkarf,, ,t: Inr1906 -1t7 hi- ,_r':ttk 

narrovted the genetic base j' the rice crop. "The pr(;,,crvation and use of the 

diverse germ plasm in rice is not only vital to the further improvement of the crop 

but also serves as a mean,, to safecuard the crop against its vulnerability to attack 

insect,, which is imminent because of the genetic uniformityby diseases and 

an n1 ric cultivars.
 

sio l, it, that the !Idi inmtl ,ield potential
it has been estimated by plant ph 

of rice in the tropics may be as high as 15.9 tosha f r t single crop in the dry
 

scason'M n;d 9.5 tons/ha in the wet season (Yoshida and ()ka. 1981 . Yield %as 

25.(5 tons,'ha tital for a ft ur-crop experiment (Y()sliid.a ( al., 1972). The 

estimate is certainly much higher than the II .7-tons,'ha record obtaincd at IRRI 

(Dc l)atta and Malabuyoc. 1976). 

Moreover. the yield potential of the current improved rices far exceeds tihe 

yield levels being othtained o;n the farms of tropical Asia (f. IRRI. 1977. 1979). 

The main biological constraints are lack of rscince to insects and diseases, 

resiance to drought. and competitivenes %.ith scctk. The biological con­

straint,, attributable to insects and wceds are being tacklcd by rice researchers. 

Otn the othcr hand, !he sociteconomic constraints related to land tenure, avail­

ab it., of capital. inlrastictuie. go,cinmncit pricing jiul;. technical kno.­

ho,,, and traditions require the concerted efforts of the farmers, private indn,­

( 
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tries, and government sectors to remove a portion of the limiting factors. Coordi­

nated efforts in such directions would undoubtedly raise farm yields. 

-11. DIVERSITY IN RICE GENETIC RESOURCES 

-The genetic diversity existing in rice germ plasm is amazingly enormous. The 
not only widely dis­

2 cultigens and 18 wild species of the genus Oryza are 

tributed (Chang, 1976a) but also represent an extremely ancient grass in the plant 

kingdom (Stebbins, 1971). Evidence on the diversification process is presented 

as follows: 

A. GoNI)ANA ORIGIN Of Till. Gi.Nus
 

ANI) Evoi.uIUONAR'N PAl IIWAY
 

The pan-tropical and widely scattered distribution of the 18 wild species in the 

genus covers Africa, Asia. Australia. and Central and South America (cf. 

Chang, 1976a. for their geographical distribution). The dispersal pattern has 

intrigued many botanists and geneticists since the nineteenth century and. has 

given rise to divergent hypotheses about the progenitors of the two cultigens (0. 

saliva L. and 0. glahberrima Steud.) and the centers of origin for the genus. 

Thus. various workers postulated that 0..sativa was derived from 0. fitt 
or 0. Pninta J. S. Presl" (seeKoenig, 0. perenni%Moench. 0. offhiialdi Watt. 

are distinct taxa involving different genomessunmrivar in Chang. 1964). which 

ard ploidy levels. Roschevicz (193 i ) postulated Africa as the center of origin for 

to which both 0. .%ariva and 0. ghtbcrriina belong.the section S'tiva Rosch., 

Oka (1977) has lumped the ancestral forms of the t' cultigens into one species-.
 

complex. 0. perentiv"Moench.
 
('hang ( 1976a.c.d has poinlted out that the geographical distributiml of the 

w ild species strongly suggests the (ondvana (Gondwanaland) supercontinent as 

the original habitat of the genus. 'I he pantropical distribution of the Or.:-a 

regions of' the fbssil fern Glossopteridaespecies lies within the Paleozoic 
the latter is believed by many botanists to he one of the

(Melville. 1966); 
principal progenitors of the angiosperms. Thus, the distant progenitors of the 

Ory:a species. had likely differentiated before the Cretaceous period. When the 

kno%,n genomic symbols of 15 Oi, :a species arc placcd bytiheir present loca­

tions, they match well with their adjoining positions on the Gondwana compo­

nents (Chang. 1976d). 
Fracture and drift of the major Gondwana components led to separate entities 

which are now known as Africa. Antartica, 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 explain the finding of the immediate wild rela­

tives of the two cultigens (all of which have the A genomic present in Africa, 

Asia. Australia. and South America. Because human activities in cultivation and 

selection began early in Africa and Asia. the culti-ens ev k-ved at least 70)) 
years ago. while in Australia and South America only the wild forms are found 

(Chang, 1976c). 
As in other cereals. the evolutionary pathwa, of the two rice culligens may be 

conceptualize(] as: wild 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 eco­

geographic races. Detailed discussions .ere povided by Chan, (1l9 76c). 

B. DI',,I.RSIIY IN 0. .SAM.A .. NDI IS 'L.DRI 1 11%IS 

The rich diversity found in the Asian rices is pradiably unparalleled in other 

crop plants. Dispersal and selection by man have extended rice cultikation i'nru 
tie banks of the Amur River 153 north latitude) on the Sin) -Russian border to 

central Argentina (40 south latitude). As the tropically hased] and semi1aquatic 
plant was introduced into the cooler regions t)the North or the high clevation 

areas of the tropics and subtropics. ecogenctic dillerentiatior and humnm selec­

tion hatve greatly intensified the diversification process. 
Cultivation in different soil-and-water rciInIcS led to extrL-Ic types M.uch are 

adapted to pluvial (rainfed-dryland). phreatic twetland) or fluxial Wdecpv.atcr) 
conditims. Varietal sensiti'. it,'to phrotoperWd Mnd temperature rcginicS at differ­
ent roS bt ,n latitudinal and ahilttudinal 

inclines. In the Gangcs River delta, crops for three season, (%%inter. Sui nncr,and 

autumn cvolved arying '.'atcr and iciperatuirc regimies.to fit into %. Such %arielt, 

groups a:e kno.n ,, boro. "auS." and ainan. rcspcttivCly. Rice LIlti\,a­

t(ors pe'rsonal prefcrencs ;arid socioreui',i ii t';I1ti mnh itli r adlcd mr­

phobogc di',cr,,it\ to the culti. ar+ ((han-. 1970ic: (f;imug and (ka. 19701 
OlFoode and Chang. 197')1. 

Undouhtedly natura! crossint- between land rjccs 'llhovcd bv dilfcrentiation
and hoth natural and hitian selection have actClcraid the d:versicatiin pro­

ccss. The rich diversity of the land racs oumid in their native habitals of 
Bangladesh. Indoneia. and Sri Lanka has been d(SCrilhCd bh.Vau1lan and 
Chan. , I9K)01. 

The "ild* pecrnnial (0. ruiivm, lut(Gill.) and tile .',ild annual (0. nivttra 

Sharrma et ShaStr'. ) relativcs ()0.saivta are ... noralld.I'rinmd in tie humid tropit • 
of Asia. 'lhe wild forms have retained aIhigh rate oit i;atnal crossimn2 (5 41'.; i 

which cn.abled the poptulatims to Inaiitairn th,.ir c1n­divcr,c aind hcterotzvN-us 

I
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position (Oka and Morishima, 1967). However, the wild rices do not have the 

extreme range of adaptation to dryland or deep~vater conditions found in the 

Asian cultivars (Chang et al., 1977). 
and the cultigen has

Intercros.iing among the wild perennial, wild annual. 

intergrades which could be convenien~tly grouped the
produced numerous as 

1976a,b). Hybrid­
spontanea forms of 0. sativa or the weedy annuals (Chang. 

ization among the four types in areas where they coexist continues to add genetic 

di ersity to the hybrid swarms. Their dispersal is assisted by flowing water 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 varieties into their ecogeographic races (Indica, Sinica or 

Japonica. and Javanica) by their morphologic traits or grain characteristics. 

Many United States and Korean 'cultivars belong to this interuiediate categoiry. 

AND IIS WILD RIA.AIIvISC. DivIriSliiY i 00NGIIIItRRIMA 

The African cultigen also contains great diversity. 0. glaherrima is folund in a 

full range of water regimcs varying from dryland to deepwater conditions (Por­

teres, 1956: Oka. 1974). On hydromorphic soils the African rice is a 'elf­

perpetuating crop in admixture with other grasses and bushes. But its total range 

of diversity is less than that of 0. sativa. The smaller magnitude of varietal 

diversity in 0. glaberrinia as compared to 0.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, irrigatim facilities, and draft :nimals 

,ation(Chang. 1976c). With the rapid expan­in Africa since the tlavn otfcivil 

sion of the Asian rices in the favorable areas of Africa where progressive agricul­

ture is practiced, 0. ghiberrima has been frequently reduced to the status of a' 

weed race in fields planted i,,0.sativa (Moorniann and Van Breemcen.' 1978). 

of natural cro.sing between the ito cultigens. an increasingly largeAs a re.ult
proportio glabcrrima samples has lost their typica; featutics (glabrous 

leaves and hulls) and meanwhile acquired a few other 0. sativa characteristIcs 

(Chang ta/.. 1977). 
The %ild perennial 0. hnngi.aaminataA. Chev. et Rochr. is widely distributed 

in Africa. strongly rhizomatous, and incompatible upon self-fertilization. The 

wild annual (0. barthii A. Chcv.) is quite diverse in morlhtlopgic and clec­

trophorefic properties, probably excc-ding that of the African cultigen but less 

than that of 0. saliva (Bezancon vt al.. 1977). Intercrossing anong the three 

race kno%%n as 0. slaplii tChanig e a/.,
African taxa has given rise to a weedy 


1977).
 

4.
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Il1. RECENT EFFORTS IN GENETIC CONSERVATION 

A survey made in 1970- 1971 indicated that agricultural research centers of 

major rice-producing countries had made varying attempts to assemble and con­

serve the indigenous rice cultivars shortly after World War I!. Commercial 

varieties in the readily accessible areas were the main target in field collection. 

Minor varieties in the remote areas and wild rices in their natural habitats were 

largely overlooked, however (Chang. 1972a). 
Systematic collection efforts in tropical Asia were initiated when the high­

yielding varieties spread quickly from 1967 to 1970 and threatened to replace 

numerous traditional (unimproved) varieties in the irrigated areas. Several na­

tional centers joined IRRI, USDA. USAID, and the Rockefeller [Foundation 

country programs in developing plans for field collection. Systematic plans were 

formulated at the Rice Breeding Symposium held in 1971 and the IRRI-IBPGR 

(International Board of Plant Genetic Resources) Workshop oni the Genetic Con­

servation of Rice convened in laie 1977, both of'which were hosted by IRRI 

(IRRI. 1972, 1978b). One hundred rice breeders present at the 1971 Sympoium 

requested IRRI to initiate and coordinate field collection activities (IRRI. 1972). 
Priority for implementation and for IRRI's participation in a country program 

is ba.,ed on: 

I. -'ihe rate at which improved cultivars replace local or traditional varieties 

2. The richness of genetic diversity and the range of environments, within 

countries or areas 
3. The time and extent of past collection and preservation efforts 
4. The accessibility of potentially rich germ plasm areas to field collectors 

5. The extent of local (in-country) supprt lbr collection 
6. Funding from an outside source 

Thus, the high-priority areas have been l1angladeh. umma. Southwest 

China, India. Indonesia. Kampuchea. Laos. Philippincs. Sri Lanka. and Viet­
nam. FortunatLly. flexibility and opporlunities in timing have enabled IRRI to 

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

A. SI A ICS o (if NJ,.I(C CorN' RV\IIN IN 1111 I'NI1 II SL.\lls 

*No species of Or':a including the Asian cullipen (0. sliva L.) are indigenous 
to continental United States. As a result, all the materials in the USDA collection 
are foreign introductions or lines derived from them. In the earlier years the onl) 
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was seeds sent to the United States by embassy personnel or 
material received 

were interested primariJy in collecting other 
collected by plant explorers who 

crops. It was not until about 1926 that J. W. Jones, tlen the USDA rice breeder 

in California, made a trip to Asia and collected seeds of leading commercial and 
contactsin Japan, China, and Indonesia. Through

experimental, rice varieties 
made by Mr. Jones. he continued to receive new varieties from rice breeders in 

For a few years immediately following World War II 
the countries he visited. 


many agricultural scientists were on temporary assignments in Asia and collected
 

the USDA. From this source United States rice 
rice seeds and sent them to 

Korea. Taiwan,
workers received seeds of many varieties from China. Japan. 

some Middle East countries.and 
In the early years of this century United States agricultural personnel stationed 

sent seeds of marny of the commercial rice varieties to the 
in the Philippines 

has sponsored rice collection programs
United States. In recent years the USDA 

in Assam State in India and in Pakistan. Seeds of the varieties collected were serjt 

to the United States and to IRRI. in addition to being added to the rice collections 

in the country of origin. 
storage facility was available in the United

Until about 1957 no rice seed 

States so the seed had to be regenerated frequently to retain viability. Because of 

lost and tile genetic structure probably waswerethis condition many entries 
was estahlisied 

altered for some entries. In 1957 a medium-term storage facility 
soon after that the National 

at the Btltsville (Maryland) Research Center. and 

Seed Storage Laboratory (NSSL) was established at Fort Collins. Colorado. 

was made available in both ,f these facilities for rice storage. Since these 
Space 
facilities were established, it has been possible to retain viable seed on a some-

A recent check of the material in 
what more reliable basis than in earlier years. 

this fact. Of tile varieties received before 
the USDA rice collection illustrated 

1933 
1919, less than 7% are still in the collection; of those received from 1919 to 

1934 to 1949 about 371,1 are 
about 9 "/. are still available; of those received from 

'ollec­
still available; but of those received after 1949 practically all were in the 

tion. Most of the accessions introduced recently but not now in tile collection are 
fo~r the m,,t part Ior'-season. daylength-sensitive, tropical culti%,irs. Tle 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 USi)A collec­
r:aand some of the 

tion is probably deficient in land races and %ild species of 

hlowceer, this collection d(oes contain a fairly good
long-season tropical types. 

representation of the rice germ plasm of mo,.t countries. 

seed of all varieties in the USI)A rice coicction %%ere sent to
In 1962-1963, 

IRRI for testing and inclusion in the genetic stocks collection at that institution. 

Since then all new entries in the LVS):A collection hA'e bcenseft to IRRI. In 
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turn, USDA also has received all released varieties and many experimental lines 

from IRRI. 
Since about 1963 small quantities of seed of all entries in the USDA rice 

collection have been stored in the NSSL. Small samples of seed of most varieties 

in the IRRI collectiorn also arc stored in the facility at NSL. 

The introduction of rce seed for growing in rice-producing areas of the United 
Before about 1968. all rice introductionsStates is restricted by a federal law. 

were grown in a greenhouse at Arlington Farm Virginia or at the Beltsville 

Research Center (Cooper. 1976). Starting ir, 1968 a cooperative arrangement 

was developed with the California Agricultural Experiment Station to grow new 
Centro (L.ehman eI a.introductions at the Imperial Valley Field Station at 1: 

1970). This location is far removed from commercial rice-production areas. 

Before planting at this location the introduced seeds were treated in hot water and 

with pesticides to reduce the risk of introducing diseases. nematodes. or insects. 

Recently another method for introducing seeds by cooperating research stations 

has been developed. Under this arrangement a qualified plant pathologist can 

obtain an official permit from USI)A Plant Quarantine officials to import seed to 

his location. 1'he introduced seeds are treated as above, then dehulled and the 

hulls burned, the naked seeds sterilized and then seeded 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 researcher,, ha:'e becp :,I.tiddi. 
l

tional'funding. facilities, and qualified personnel to prA per y maintain and classi­

fy the entries still available in the USI)A Rice World Collection and to computer- ­
but Oakes (198) reported thatize the available data. Progress has been slow, 

some additional space in a rejuvenated USI)A labiratory recentl. had been 

provided for improved storage of rice germ plasm at Beltsvllc. In addition. 

available data are being computerized for more ready access. More rccently (A 

J. Oakes, personal communication, May 198-2 word ,as received that the rice 

germ plasm (US)A Rice Wolld CollcetinI has been consolidated %%ith and 

made a part of the USI)A Small Grains World Collection at Bellsville. 

The National Plant Genetic Resomrces Board (NIPGI(B) (1979) in a report to 

the Secretary. USi)A. described a seven-pha ': progran for conserving and using 

.plant 	 genetic resources ,1nd stated a, lolis: -I"lhe program includcs plant 

introduction, classification. scr,:enmi. basic gentics. devehlpincital resear,'h. 

applied research, and finally production ol seeds ofl' imprved cultivars lIr sale to 

farmers.'" In discussing this program they f flther stated 

.11n, ,,%L Ph sei' programln IIS ;II stldillilg c'uiriipi. III State, Icdcrad. ini pliv..i'rcpreepi'i ill 

i,. lin1 an I )hIIIIIes it) hI |.' iiwIs slw .kv,il-ration Th 	 jir.- rll I1 

ltilin s IIIthe hudti ,.'l pr wcss in spite II the l;,l i11,hiit Is 
induirt% c , .il]LpLItIrI "' 

fu bu,t i tcnd, i rIIIrceive leompriirfit 
HainlttLe trmphs tsetImii tandl iirn ueatetiltaitliLi'ttundai dllt I te ;il jII'..UtIiIIs.j]n mi'ulurfls 	 II i 

ll l lll, III~s 1111 lhnc.illYi11m 'ill [ os III; iCl11. mudiatilll I¢ a II1vIllLII[I~~~~~~~~~~~~udL'~h iilallrl . p 
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national economy; protecting the environment; conserving energy; helping with soil conservation: 

minimizing cost of food; providing safe. nutritious food: developing pest-resistant crops and crops 

better adapted to less favorable environments; and minimizing cost of 1biilding materials and other 

forest products. 

This NPGRB report cites a "white paper" by several outstanding crop scien­

tists Cho caution that well-proven plant-breeding methodologies that make use of 

the variability existing in domestic and exotic germ plasrimust not be discarded 

for the more glamorous -genetic engineering." They state that genetic engineer­

concurrently employ plant-breeding
ing is a potentially useful tool that must 

techniques if it is to be effectively applied. They contended that plant gertn plasm 
now receive the 

conservation and use tnd conventional plant breeding do not 

high priority in research funding that they deserve. 

Mooney (1980) and by the Comptroller General of the United
Reports by P. R. 

review the United States germ plasm
States General Accounting Office'(1981) 

for improvement. Many of the
conservation programs and offer suggestions 

suggestions are good but. for the most part, only reiterate what researchers have 

been proclaiming for many years. 

B. STATUS O: CONSlRVATION IIN OrlllR NA'toNAL
 

ANt) Rt'UIONAI. CLNTERS
 

The following is a survey on the status of genetic conservation in major rice­

based mainly on the proceedings o
producing countries or by regional centers 

1977 IRRI-IBPGR Workshop on the Genetic Conservation of Rice (IRRI,
the 

1978a).
 

I. Bangladesh 

aus.Varietal diversity was rich in Bangladesh because the.boro, and .aman 

seasons over different hydrological regimes. Dryland
types were grown in three 


also found in the hilly tracts.
rices arc 
in 1911 when an economic botanist

Assemblage of farmers' varieties began 

was appointed by the East Bengal Department of Agricuilture at Dacca. Workers 

Institute collected thousands of cullivars
of the former Aoricultural Research 

and removal of duplicate samples
from 1918 to 1960. Purification, selection. 

1442 entries. A sub,tantial portion of the collection
reduced the total number to 

aus type which is the summer crop. Since 1972 ablut 2450 samples
was of the 

Local efforts brought together 2780 
were collected in collaboration with IRRI. 

more samples. The collection pha,,e is being continued by the staff of the 

Bangladesh Rice Research Institute and extension workers. 

Replacement of traditional varictjes was much grcatcr in the aus and trans­
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planted-aman varieties than in the broadcast-aman (deepwater) and boro varieties 

because breeding efforts for the latter categories have been small. 

2. Burma 

Rice land%extend fmm 10 to 280 nc'rth latitude and include many distinct 

ecotypes. About 736 accessions were maintained by the rice experiment stations. 

1100 samples were gathered from the less accessible areasDuring 1973-1974, 
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 

areas 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 areas extend from tropical 1lainan Island to 

the Amur River at 530 north latitude. Thc temperate race Keng (Sinica or J"y­

onica) was differentiated inside China. Three wild species are found in China (Lu 

and Chang, 1980). 
before World War 11andThousands of farmers' varieties were assembled 

many samples were purified. About 710 samples were sent by the National 

'Agricultural Research Bureau staff to the USI)A in the late 194)s. 

In tlw early 1950s, China began a massive campaign 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 each province 

concerned. During the Cultural Revolution ( 1967- 1976) a number of secdstocks 

were lost 6ue to lack of rejuvenation. About 33,000 samples remained mostly in 
wassmall seed quantities. The national Crop Germ Plasm Re,,ources IlStitutC 

established in 1978. It holds the regional rice collection of 2500 accessions for 

North C11ina and aspires to be the nationlI depository for crop germ plasm 

(Rockefeller Foundation, 1980). 
Field collection effort.; were renewed in 1979. A team canvassed extenslvely 

in the hills of Yunnan province in the southwest where Indica and Sinica races 

are distributed along altitudinal clines (Ting. 1961). 

The Taiwan Agricultural Research Instittute separately maintains a rice collec­

tion of about 2500 accessions, of which 1662 are Chinese varieties originaling 

from the mainland or from Taiwan. 
The replaccment of traditional varieties on the mainland had been rapid since 

the semidwarl's were developed during 1959-1963 and the F, hybrids were 

extensively grown in 1978. On the island of Taiwan, traditional varieties of the 
1961.Imdica type practically vanished after Taichung Native I was released iln 


The wild rices became extinct in the 1970s.
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4. India 

Rice lands cover a vast array of ecological niches, and the diversity of germ 

plasm, both cultivated and wild. is enormous. 

An assemblage of farmers' varieties began in 1911 when an economic botanist 

for rice and other crops was appointed at the Paddy Experin: nt Station of 
as the central

Madras State at Coimbatore. The Coimbatore station allso served 
Institute (CRRI) was estab­

depository for rice until the Central Rice Research 

Since 1929 the Indian Council of Agricultural Research (ICAR)
lished in 1946. 

and Uttar Pradesh to 
has assisted the states of Bihar, Orissa. Madhya Pradesh, 


add rice botanists to their agricultural departi.,ents. The rice botanists made the
 

early collection of local varieties for breeding pu'rposes (Parthasarathy. 1972).
 

were assembled.By 1946-1947, about 2000 varieties 
1950s CRRl'was designated by FAO as the regional center

During the early 
assembled by CRRI for

for Indica varieties. Hur.dreds of foreign varieties were 

use under the FAO Indica/Japonica hybridization project. 

National awareness of genetic conservation was spurred by a conference held 

a systematic survey of the 
in 1951 (Ramiah and Ghose. 1951) which led to 

Jeypore Tract by the CRRI staff during 1955-1956 and 1958-1960. More than 

1500 samples were collected. This was followed by collection in Manipur State 

northeast India wa.s as­
during 1965-1970. An intensive collection project in 

sisted by PL 480 funds. About 6630 samples were assembled under the ARC 

which many promising sources of useful
(Assam Rice Collection) code, from 

areas was imlfle­
traits were later identified. Collection in rainfed and dryland 

1976-1977. The Indian Council of Agricultural Research 'spon­
mented during 

and about 5400 samples
sored a massive collection proj'zct during 1978-1979 

were collected i',lu 14 states. The collection efforts are hteing continued by 

several state.and regional centers. 

The national collection held at CRRI is approximately 15,000 accessions, 

Iloldings at various state levels amount to 35,000 or more. Considerable duplica­

tion exists in the state collections. 
many small ecological pockets%-where trldi-

Field collectors need to canvass 
The rate of genetic

tional types are grown, especially in the northeast region. 


erosion has been rapid in the irrigated 'areas.
 

5. Indonesia
 

Although climatic conditions of the Indonesian islands were generally similar, 

the hydroedaphic variation is marked. Indonesia is also the home of theJavanica 

(locally callcd the bulu and gundil types) which coexists with
ecogeographic race 
the predominant Indica race (tjereh or cere). 

1930s. but no riworous elfiu't was made toField collection%were made in.the 
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preserve 1he collection. Since 1972, systematic efforts were executed with 
from theIRRI's participation. and a total of 10.000 samples has been assembled 

major islands. Recent collection efforts %%eredirected toward the smaller islands 

in the east. 
The rate of replacement of traditional varieties bN semidwarfs has been rapid. 

About 601/( 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 varieties are grown on about 601/t of the rice land. In 

1962, about 1300 local varieties were collected from farners' fields. Japanese 

scientists Ilave actively collected cultivars and wild taxa in South and Southeast 

Asia. 'Australia, Africa, and Latin America. The National Institute of Agri-

Vultural Sciences at Tsukuba mnai., ains a collection of about 10.50() native rice,,. 

while six major experiment stations have 9(0()0 stocks. Other colccions main­

tained by Kyushu University, the National Institute of Genetics, and other uni­

versities amount to 16,000; collections of prefectural agricultural experini',: 

stations totals a1,:1 8000 varieties. 

7. Kanqmchea 

Loal collections were maintained at different stations. During i93, IRki 

assisted the local workers in assembling 948 :sampl.s around Phnom P.nnh and 

Lake Battambang. Areas formerly controlled by the Khmer Rouge have not been 

coverd by systematic canvassing; however, the adoption of high-yielding vari­

eties is negligible. 

8. Korea (Soul/h) 

Prior to the release of.. ong-il" in 1971. all Korean varieties were of tie 

Sinica race. Field collection of local varictics began ill IJ00 with the cstablish­

ment of the national agricultural experiment statioj. By 1977 the collection had 

grown to 4227 
Iligh-yielding cultivars of Indica/Sinica parentage now occupy 60-751/; of the 

total rice area. 

9. !.o. 

In the early 1970s the government had a collection of about 250 varieties. The 

USAII) Mission to Laos assisted c'dcnsion s,,orkei,, during 1972-1973 in assem­

bling 898 samples, a substantial 1'rortion of which was harvested froin preceding 
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crops and was therefore nonviable. The canvassed areas 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 law. 1960s. About 3130 varieties were maintained by the Malaysian Agri­

cultural Research and Development Institute (MARDI). Missionary workers in 

hilly areas and 
Sarawak State of East Malaysia collected 166 varieties from tile 

Further cbliection in Sarawak and Sabah 
MARDI and IRRI.sent the seed to 

States is needed. 

i1. Nepal 

Despite Nepal's small size, the hilly topography encompasses climatic condi­

tions ranging from tropical to temperate. Thousands of varieties were grown. In
 

1971 the USAID financed collection in 57 of the 75 districts, and 780 rices were
 

for the less accessible moun­
are being renewed

gathered. Collection efforts 


tainous areas.
 and Chitawan valleys where 
serious in the KathmanduGenetic erosion is In
 

improved varieties of fcreign origin occupy more than 80% of the rice area. 


predominant.the hills the traditional varieties are 

12. Pakistan 

in 
Rice is largely grown in the hot and semiarid regions, but varieties growt 

the no thernmost and northwest corners represent dilfferent ecotypes. Collections 

made during the early 1930s. early 1940s, and in 1955 totalled 555 accessions. 
ofItaff 

1972 to 1977 a United Statessponsored Pt 4X0 project helped the 
From 
the Agricultural Research Council and rice experiment stations to assemble and 

evaluate about 900 rices. These latter accessions included current and obsolete 

Insofar a%possible the accession% 
cultivars and primitive varieties or i:lnd races. 

classified for botanical, morphological, and agronomic characteristics as 
were 
well as for resistance or tolerance to diseases, insects, and.adverse environmental 

1978).conditions Ilusain, 
rapidly replacing traditional types in the major produc-

Modern varieties are 
needed to cover central Punjab. Swat 

Renewed collection efforts are
tion areas. 

Valley, and both banks of the Indus River.
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13. Philppine%
 

Ecological variation is considerable among the hundreds of islands stretching 
° 
from 5 to 19 nojih latiiude. Foreign introduction,, we-e extersivelv obtained 

before and after World War If. Local varieties of the lhldica type probably 
amounted to 1500 while the Javanica race predominates in the Mountain 
Province. Before the war 828 varieties were collected and maintained. The 
national collection of 607 accessions was turned over to IRRI in 1902. Another 
total of 805 samples was collected from 1962 to 1980. Aii anthropology team 
from Yale University collected intensively in the mountainous areas and donated 
466 Javanica varieties to IRRI. Canvassing in anumber of isolated areas is being 
continued by Philippine extension workers in cooperation with IRRI staff. 

In tropical Asia. the Philippines has the largest proportion of rice area (about 
90%) planted to the high-yielding cultivars. But a substantial proportion of the 
replaced varieties 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 sotrce of resistance to several major 
insects and to adverse soil factors. 

Collaborative collection cfforts 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 land races. 

Genetic erosion has rapidly taken place since the early 1970h. I.ocallv inn­
proved cultivars are grown on over 901,( of* the rice area. 

15. Thailand
 

Similar to neighboring Burma and Vietnam. 1haihind is rich in the gcenetic 
diversity of shallow- and medium-depth hwland ,aricties. deepwater rices, and 
hill (dryland) rices. An extensive collection campaign from 1950 to 1967 yielded 
6739 samples from wetland areas. Evaluation. purification and selection reduced 
the collection to 2434 stocks. Field collection in the 19( )sand 1970s %kcre 
largely for the drvland types (hill rices). The collection efforts are being sus­
t:iined with lIlBPGR-IRRl assistance. 

Genetic erosion has proceeded at a rather slo%, pace as the improved cultivars 
are grown largely in the dryI season in irrigat,:d arcas. The ,%et-season crop is 
dominated by the traditional rices. 
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16. Soviet Union 

Union are either foreign introductions or locally
Rices found in the Soviet 

improved cultivars. The national collection initiated by N. i. Vavilov now totals 

most of which are introductions.32Q0 accessions, 

17. Vietnam 

Owing to the long north-to-south configuration. Vietnam is also rich in vari-

Vietnam in the elev­

etal diversity. The early-maturing Champa rices of centrat 

enth century contributed much to China's increased rice production during the 

ensuing centuries (Mo. 1956). 
on the national colleclion. About 387 access.ions

No information is avuilable 


maintained in Saigon during the 1960s. A collaborative venture with IRRI
 
were 

in early 1975 led to the assemblage of 760 samples from the sourthern provinces.
 

The University ofhave been implemented in recent years.Collection efforts 
Cantho in the south has assembled a collection of 1350 samples. 

late 1960s and early 1970s
Genetic erosion had already taken its toll in the 


areas.
when the semidwarfs spread rapidly in the favored 

18. Central and South America 

numerousthe fifteenth to the eighteenth centuries.
During the period from 

and North America. Extensive ex­
rices were introduced from Europe, Asia. 

known (Lu and Chang. 1980).Latin American countries werechanges among 
have enriched the limited diversity of the 0. 

Local selection and breeding effoili 

.sativa introdtctions. 
Among the Latin American countries, Brazil has maintained a collection o1 

accessions since 1974. A survey and collection project was impleniited in 
4(00 

1976--1977, and it led to the assemblage of 533 uninprved cultivars. Argentina
 

has 
a collection of 3200 samples. 

has been nearly complete in the irrigated and mechanized
Genetic erosion 

can found only in the unmechanized
upland areas. Unimproved varieties be 


upland areas.
 

19. Eavt and North Africa 

Malag'asy probably has th': longest history of gro%%.ing 0. satia in East Africa 

because of its proximity to South and Southeast Asia. The Indica ra:e dominates
 

the central plateau Malagasy has a
 
the plains while the Javanica race occupied 

1980)).collection of about 200()0 accessions (Toll et al., 

.1 
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Mozambique also has a long history of rice cultivatlion II and Chang. 1980) . 
but the germ plasm is composed of floreign introductions. 

Rice cultivation in Egypt dates back to the seventh century. 'gypt ha-, about 
25X1 entries in a working collection for breeder's use (personal communication 
from Dr. NI. I. Maximos). 

20. West Ah'icu 

The introduction of Asian rices has been rather recent, nto earlier that the 
fifteenth century (Lu and Chang, 198(). but the Asian cultivars underwent con­
siderable genetic changes and diversification after Ilcal selection took place in 

•the 	widely scattered production are.,s of diversc ecosystems. On the other hand. 
no breeding work has been carried out on the Af'ric:n culti'cn. 

Systematic collection in the Francophone countrics %%as lirst imiplcnicnted by 
staff from the Institut de Recherches Agronomiqucs ct des Cultures Vivricres 
(IRAT) and the Office de Ia Recherche Scicntifiquc cI "lcCIiqlc d'Outre-Mcr 
(ORSTOM). both of France, since 1950. Parts of i.ihcria. T'an/:lia. and %:l ­
a. 'osy were :lSo includCd. The collections asstcmhled tip 1t)1979 tttalcdl 99,6 0. 
saiva samples. 636 0 gleahrriuit poptL.tti n,. and 5001 \N.ild tIUa. 

The UNI)IPFAO project Staff in lihcria imntelCd an exicnsive collection 
operation fron 1971 to 1974 and gathered 1734 0. .aliit and 135 0. 1;lahrima 
samples. 

The. International Institute of Tropical A, iculturc.lIlAT) ill Niecria began 
extensive collection elIorts in 1976 with the support of 1131'(R. More tlan It 
countries in West. Central. and North Africa werc covered during a 4-year 
period. The collectins amontnted to 2363 samplcs of 0. ativa land races. 0. 
ghlw'rimt sm.ICN, and w.ild ta1a. 

The \Vest Africa Rice I)cclopnent Association ',I.).\ locIted in I.iberia 
hits also assembled 7650 Saimiples from six African countrics. 

Wes: African coUntries including Ghaln:a. ILiberil. Nicriam. and Sierra Leone 
also maintain licc collectioms at their ntional trictllntl rcearch ciers. 

I.SC. CONSI RVA I N 1111Im . (WL 

The wild species are widely distributed in the humid trpics of Africa. Asia. 
Australia. and Central and South Americai. hiitidl collectiOn as Made by bota­
nists primarily for taximinic studies. With I'untdSdfltil The Rockefeller Fiunda­
tio . scientists of the National Institute OfGjenetics in Jipan extensively collected 
in Solith and Southeast Asia. West Alrica. L.atii, America. and Last Alrica 
during the late 1950s and early 196t0s. Several university professors of Japamn also 
collected wild rices while they systenwitically sirv.ycd the genctic 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 colleting cultivars in remote areas of 

tropical Asia. Volunteer 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. 
size is around - IRRI hits practically all of the collected materials. The total 

1100 samples, many of which are heterozygous populations rather than pure 
wild taxa has*

.trains. The size also indicates tha! only a small segment of the 

been conserved. 
The wild rices of tropical Asia are rapidly dwindling or decreasing in popula­

tion size in their traditional habitats: canals, ponds, and roadside ditches. More­

the wild rices are losing many of their characteristic features because of over, 

introgressive hybridization with the rice cultivars grown in their vicinity. A
 

recent study by the IBPGR-R.R! Rice Advisory Committee urges that irnmedi­

rich gene pools in' the wild relativesate steps be taken to conserve the 

tlBPGR-IRRI. 1982). 

D. COLLIABO(RAT'IVE"CONSL.Rvviio-, Eif-OIc.i"s 

From the beginning of its research operations in 1962. IRRI has served and 

as a central deposit.ry for rice germ plasm. Thecontinually expanded its ro!e 
a gertic resources center has beengrowih of the IRRI germ plasm bank into 


1980; Chang et at., 1975b).
described (Chang, 1972b, 
Since 1972 IRRI staff has directly participated in the colic( )nprograms of 

Burma. Indonesia. Kampuchea. Philippine., Sri Lanka, and Viet-Bangladesh. 
remote areas nam. leading to the acluiition of 10,352 samples from man' 


(Table 1). During their field travcl, the teams inquired about the existence of
 

areas. Such efforts have enabled theecoedaphic'constraints in the canvassed 
one or more of the adversecollectors to acquire cultivars having tolerance to 

factors (IRRI. 1981). 
Through. I .l'.s promotion and technical assistance. workqrs in 14 Asian 

more thancountries have implemented field collection activities and assembled 

22.)0 samples (Table I).although a higher proportion of duplicate and nonvia­
team of nationalble samples exists in the collections than those canvasscd by tile 

and IRRI staff members. 
The collaborating workers include not only research scientists, college pro­

fessors and 'their students, and extension workers in thc riational program coll­
mem­cerned. but also foreign missionary workers, United States Peace Corps 

hers. other service volunteers, and anthropologists. The national center 

concerned and IRRI share the collected sced samples. 

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

http:deposit.ry
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Table I
 
Indigenous Rice Varieties Coltected with IRRI's Dirlct or Indirect Participalion in
 

14 Collaborating Asian Countrie~s, 1971 to 1981
 

Indigcnou- varieties c,;let¢d inumberj 

With d~rect With indirect 
Country Year., panicipatin 4t IRRI participation of IRRI 

Bangladesh 1973-19MI 2451 2X57 
Bhutan 1975-1976 - 121 
Burma 1973-1974. 1976, 1980 225 967 
India 1976. 1978-191 - 482x" 
Indmn,.sia 1972-1976. 1974-1981 5103 4681 
Kampuchea 1973 2M0 -+ 

Laos ' i972-1'973 -- X9 
Malaysia 1973-1979 972 

'Nepal 1971-1972. 1979-1981 - 1688 
Pakistan 1972-1973. 1976. 1979 - 772 
Philippines 1973-1976. 1977-1980 +I0 1971 
Sri Lanka 1972. 1975-1976, 1978-19N1 1675 550 
Thailand 1973. 1975-1976. 1978-1981 - 2650 
Vietnam 1972-1975. 1978-1980 111 1650 

Total 10.352 24.(405 

"Partial estimlate based on wed sample% received by IRRI 

1980). The developmrpt of a manual for field collectors (Chang etal.. 1972) has 
proved to be rnost helpful to ield collector,, in national programs. 

Since its establishment in 1973. the Intcrnational l3oatd f'(r Plant (;thetis 
Resources (IBPGR) has given high priority to the collection oI rice in tropical 
Asia and in \Vest Africa (IBI'GR. 1976,. Recently the Board has channeled 
fund,, through IRRI to assist a number of Asian centers in continuing the field 
colclions. upgrading seed storage facilities, and trtining field collectors (RRI. 
1981). The Rice Advisory Committee cosponsorcd by IBI'GR and IRRI has 
assisted in developing plans for field collection and in producing a set of uniform 
descriptors for rice cultivars (IBPGR- IRRI, 198J). 

Field collection in 12 West African countries has been inplemcented by the 
Fod and Agriculture Organi/ation fFAO Nations )velopment Pro­t-Unitcd 

grante (UNI)P Project in Liberia. and by IITA. IRA'f. WARI)A, and 
ORSTOM. The IBPGR has financed , ie collection activities of ITA. 

.The Certro Nacional de Recursos Geneticos (CtENARGENi of Brazil has 
surveyed and collected indigenous varieties. Each of the abo,.c institttti)ms ha, 
providcd IRI with duplicate sets of collected samples for preservation. IRRI has 
received about 30)0 duplicate seed s.*tmples from the above centers. 

The overall and cooperative efforts o~n the genetic conservatiot of rice un 

'1/k
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doubtedly excel those of other major food crops: loweer. collaborative efforts 

have been seriously hampered in those areas where politicomilitary strife exists. 
which are frequently

The rate of :ollection has been rather low in other areas 

inaccessible to collectors during the wet season, for instance, the deepwater areas 

and high elevations. 

AND EVALUATIONIV. 	DISSEMINATION 

OF GERM PLASM
 

WORKI RS
S',Vl WcS
A. DIS-IRIllIION ANI EVAIUAIION BY UNI'II 

In the earlier years rice germ plasm evaluation and distribution were conducteu 

by USI)A in cooperation with State Agricultural Experiment Stations in Arkan-

Also, sonic introduced cultivar, wer,:sas. Califlrnia. Louisiana, and Texas. 
fields and in sonic ca,cs these grower, selected, increased,grown in farmers' 

1936).and ditributed selections from these materials (Jones. 

Until about 1930. the evaluation program for rice consisted of general obser­

vation on the adaptability, yield, and milling quality. Duri.g that period many 

varieties were distributed which were superior to the ones currently being grown. 
wereThe varieties developed and distributed during that period described by 

Jones (1936). 
were addd so there was a

In 1931. additional federal and state employees 

gr:,dual increase in the germ plasm evaluation program. During the past half­

century many of the entries in the USDA rice germ plasn: collection have been 

for reaction to d;sease and nematodes and to field- and stored-grainevaluated 

1978a.b; Marchelti. 1975, Atkins. 1974: Cogburn.
insects (Rush et al., 1977. 


1977a; Anon.. 19k0,.
 
one of the 
 most serious diseascs of rice.

Blast tP\'ric'taria or t:aCav.) is 


This disease has been the subject of much research in recent years in the United
 
lines to the causal fungus was


States. The 	reaction of cultivars and advanced 

observed at many locations in Norih America. There x as a widc range in varietal
 

varieties at different locations. These
reaction ,ida differential reaction ainon, 


observations led to studies of differcnt strains of the fungus and to the' setting up
 
phyjiolhgic races

of a group of tlifferential varieties to catctzori/c these strains tr 


(Atkins et al.. 1967). The reaction of rice varicties to 1). orv:ac when artificially
 

1965).innoculatcd 	has been studied in Fexa,s Atlin,. 
960s and earl), 1970s. G. E;. Tenplkton and T.

For :everal 	years in the late 
annually screeningH. Johnston unpUblishcd) had reasonably good Success in 


au,,ut 2)00 varieties and breeding lines for resistanct t , rice seedling blast in


'2 
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Arkansas under conditions of late seeding. sprinkler irrigation. :nd natural incec­

tion. Txo lines found resistant in these test, were later re!eaSedJ as the cultivars 

"Nova 76" and "Mars" (Johnston. et al. 1979a.b). 
Nore recent research by Marchetti 11978 dealt with Screening for general 

resistance to rice blast.. For the past several years Fleet N. Lee in Arkansas and 

M. A. Marchetti in Tex.,as (both unpublished) have Screened hundreds of varieties 

and breedintg lines under artificial inoculation to find the best possible sources of 

blast resistance in adapted types. These are being uscd ais parents in the coopera­

tive breeding programs. 
A large number of varieties were evaluated for reaction to the Stem rot fUll!US 

Al~acnalporthe salvanii (Catt.) Krause and Webster by Cralley 11936) in Arkan­

sas. Additional studies to evaluate the reaction of genetic Stocks ito 1 ..salvanii 

were c~pnducted in Louisiana by Amad et al. ( 19741). 1 l f e al. ( 1976 i reporled 

on evaluation of varietal resistance to the stem rot luneu, in ILoisiana studies. 

Stem rot studies also were conducted in California by Ferreira and Webster 

1975). Ficoni tial. ( 1981 ) reported that Or'za ruflpagou ha, greater resistance 

to stem rot than found to date in 0..sativa. Inheritance of rcistance in the 

interspecifi,: cross (0. safivaO. r'/paiolil appears t( be polygcnic (Figoni. 

1981). 
1l3rim n leaf spot (lhh intt: %.0laritti0r\'-a B. de 11.) i, SolICtillIC,, I Serious 

disease in the sourthern United States. Varietal differences %,crcnoited and the 
"r'' 1i..ctii N i! ', theheritability of reacion to II. was, st IL d 9.11 .,c rc 

reaction of i any varieties to II. ar-a, has hcn studiul by I laralap ct al. 1974) 

in Loui-siana and by Atkins t 1974) in"lc\as and other Southern States. According 

to Atkins 11974). Tullis in 1935 notcd that nittCd States variCtie shSo ed a wide 

ranee in reaction to the bro .rn spOt flullsU. Adair and Crallc. (19521 tatlttcd 

ICactiollisof numerous varieties to II. In Arkansas. 
Sheath blight of rice incited by ?Ic/i:-otia .milhai KuliCnIai Ihcc1IcuC Of 

increasi.!, iillOirtantc in the I'nited States in recent Nletci. mpIcton and John-
Stoll I 19)) rcported ,arictal differcnces in rcsistancc aintice UnitCd States ,ari­
cli. I-1cxeII hundlretLd and Illt ri~t. cultIars and Id\IIIc:cd HieS %%CreC;,ablated 

for rcsImnse to this disease in Louisianinat NI.aj efc al., 197.4). Somec mediun­

grain varieties %%eremore resistant than hnp-grain varieties, but nt) United States 

variety %;,I,hihl. resistant. A modetatcly ligh level of resistance was found in 

less than l'( of the 115( %aricties tCsted. 
In recent years hundreds ol varictiCs and breedi12 lincs havc been evaluated 

under inoculated condition, for reSistance I ) the slheath blight org_,aniuis mIsepa­

rate extensive reaction tests by M. C. Rush andti W. 0. Mcliath and co-workers 

in Lo isiana. by M. A. Marchetti in lcxas. and F. N. l.ee in Arkansas. Altlhough 

the r :actioon data have not been fhrmiall\ iuhislich, the) have been made avail­

able to rice breeders and other interested persons lir"use ill currelnt impiovcnent 
programs. 
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Kernel smut of rice [Neo'ossia harclavanaBref. = Tilh'tia harcl)a* Ia(Bref.) 

Sacc. and Syd.I 	is usually a minor disease of'rice in the United States. This 
, inoculation

disease has been studied intensely (Tullis and Johnson. 1952). and 

been developed (Whitney. 1974). Reaction ot arictics to this
technique has 

Varietal differencesfungus has been 	studied (Templeton and Johnston. 1970b). 

found. Two Arkansas selecions which carry the desinationsin reaction were 
C.!. 9695 and C.I. 9808 have shown a high degree of resistance to kernel smut in 

several cooperative tests in Arkansas and elsewhere (Templeton and Johnston. 

1970a). 
Itoja blanca is a virus disease of rice that is transmitted by the planthopper 

Sogatoh's ori:iola Muir. This disease was a serious menance to rice production 

in many areas of Central and South America. Iiwas first noted in the United 

States in 1957 (Atkins and Adair. 1957) and subsequently for a few years. but it 

did not become a serio s diseast: in the United States because the vector di'd not 

become established. The United States collection of rice varieties was grown, in 

found to be resistant to hoja blancaCuba and Venezuela. Several varieties were 

(Atkins and Adair. 1957). Resistant short- and medium-grain varieties were 

was conducted in the United States to devel­distributed and a breeding program 
1973). Lainey (1969) summarized op resistant long-grain varieties (Adair et al., 

varietal resistance to hoja blanca.information then available on 
Straighthcad. usually described as a "'plhsiological disturbance" has occurred 

ycars. to highly susceptiblein the.United States for the past 70 _-80 Damage 

varieties may range from slight to almost total loss of grain yield, depending on 
1957)*Iistseveral environmental conditions. Reports by Atkins eI tIl. (1956a,b. 

reaction to straighthead of numerous varieties and describe testing method; used. 

Johnston et al. (19591 discussed straighthcad and rice varieties in Arkansas and 

pointed out the differential reactions. Johnston and "lcml,lcton (19)7 0 ) reported 

on the comlparative performance of rice varieties grown under severe straight-

For the past several years Johnston (unpublished)head and normal conditions. 
has tested froim 0)) to 200(0 :arieties and breeding lines annually using a method 

partially based on research by Wells and Gilmour 11977). Application ol arsenic 

as NSM.A to the soil surface and working it into the Lipper few%tlches of sail is 

used along with continuous tlooding to artifically induce "straightlicad." Reac­

tions of several of the older varieties tested under these conditions correlate very 

well with results obtained previouusly under "natural- field conditions conducive 

to straighthead. 
White tip (jisease of rice iscauscd hv the seed-born,-e ncnialode Aplc/h'if/idc's 

observed and reaction of manybc%..evi.Christie (Cralley, 19-19). This disease , :as 
as deterinined. Invarieties %kasrecorded (Atkins. 1974) before the causal agent k% 


recent years the disease has been of relatively little commercial impoilance in the
 

United States because the old susceptible varieties are no longer grow.n and most 
and several tit the currently or new varieties are resistant. I lowever. "Bra/os" 
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recently grown California cuhiv'jrs frequentl. show rather severe white tip svmp­

toms when conditions are favorable and when the white tip nematodes are pre­

sent. Atkins and Todd (1959) reported on the effect of %%hite tip on yield of about 

20 resistant and susceptible cultivars. 
Reaction of rice cuJtivars and advanced lines to the prinipal field iisccts has 

been studied. Many of these studies have been conducted in Louisiana nd Texas 

since most insects are more prevalent ini that region although studies also have 

been conducted in other areas. In a recent general ruprt. 1W;,,lin2 (1980a) 
discussed the field insect pests of rice and the progrcss made in Iinding resistance 

among the thousands of accessions in the USDA World Collection of rice. 

Reaction of varieties to the rice water weevil (Lissorlupotrus orvyophilrv 

Kuschel) was reported by Bowling ( 1963. 1973) in Texas: by Oliver e't l. (1970. 

1971 ). Gifford et (l. (1974). Latson et al. (1970 i. Gitford and Trahan (1970). 
Robinson et al. (1978), and Smith et al. (1980) in Louisiana: andi hv (rivarick 

<1974) and Grigarick et al. (1976) in California. 
The stink bug (Oebaltsptugnt.r Fabriciius) is a major pest of rice in the southern 

rice-producing states. Varietal reaction It)infestation by this insect wa., studied 

by Latson et al. (1976) in L-ouisiana. Bow,lint (1980h) reported on the differen­

tial reactions of a number of cultivars and advanced lines from the USDA World 

Collection and the Regional Uniform Rice Nursery. 
The stem borer (Clhito Iejal'll. Zencken) causes serious damage to rice in 

some fields in the Gulf coast areas of Louisiana and lexas I:,st;itnce in ricet to 

this pest was studied by Oliver etia!. (1970. 1971) in Louisiana. 
Differential susceptibility of varieties of stored rice to losses caused bV storage. 

insects vas reported by Cogburn (1974. 1977a. 19S0). In other studies Coghurn 

(1977b flund resistance to the aneoUn1im'is grfi inoth (Sitotro,'( creiali'llit 

OIl.. ) in"som c varieties of rice from the USI)A W rld Collection. ('Uhurn ei (d. 

(I980) also studied the effect of field ems ironincnt oi the crain 0 soie ()I these 

varieties and its ultimate resistance to this insect. An,,thcr stud% co)ndtcted in 

Texas dealt with varietal differences and the nature of the resistance to this insect 

(Cogl urn and lolich. 1980) Russell and Coghurn t(1977) reported on dif­

ferencc in resistance to sccd penetration by this insect .,. rcrra'IaI aniong 

USDA World Collection varieties. 
The reaction of rice varieties to low telllperatlures in the seedling and flowcring 

stage is an imporl:irt characteristic, especiallx in California. This characteristic 

has been studied (Adair, 1968: Li. 1975: Lin anl Petcrs !975: Peterson eal., 

1972, 1974) and varietal differences have been found. Seedling vigor over a 

range of teniperatures also "as found It)dillei anion,, varieties (Jones et (d., 

197-1). Pcterson et a!. (1979) reported on cool-temperature screening of rice 

varities and lines for seedling' vigor. Rutcr and P'etrson (1979) discusscd 

technilues for determining cold tolerance in rice varieties in Calif'rnia. IPterson 

eta!. (1972) discussed differential pauiclc blanking under Calilfrnia condition,.. 
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Li and Rutger (1980) reported on the inheritance of cool-temperature seedling 

vigor. 
Research studies have been made to determine susceptibility of rice varieties 

to commonly used herbicides. In a 2-year field test by Johnston and Smith 11976) 

"Zenith"/"AD'I 3 - showed 
an experimental high-protein variety from the cross 

15 other advanced lines or cultivars showed
70c injury from molinate whereas 

injury. Other breeding lines and many of the newer cuhivars devel­
little or no 
oped at IRRI and elsewhere 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). 
Th, physicochemical properties and cooking characteristics of the milled rice 

have been determined. The cooking characteristics of rice are correlated with the 

of the grain. The physicochemnial characteristicsphysicochemical characters 
commonly used to screen rice varieties, for cooking quality are: amylose content. 

1.7, or 1.511t) potassium hydroxidereactions in dilute iodine and dilute (2.0. 

solutions. gelatinization temperature. viscosity of the rice flour paste, and par­

1973). Many va.rieties in the United
boil-canning stability (Adair et al.. 1971, 

been evaluated for these characteristics (Webb et al..
States collection have 
1968: Adair et al., 1971) and the information is used in breeding programs. An 

use of these tests in rice breeding is the development of New­example of the 
rex." a.cultivar with higher am) lose content than other United Status long-grain 

more suitable for canning (Webb and Bollich. 1980).types and thus 
The data obtained in the evaluation tests are entered in the USI)A World 

Collection Rice Data Bank (Johnston et al.. 1978. 1980). This data bank is 

patterned after the Rice Data Bank System of Louisiana State University (Schill­

ing and Parenton. 1976). 

Seed sampies of public rice cultivars in the United States are aailable to 

program of seed­
scedsmen and farmers. Each state in the United States has a 

certification and distribution. The methods used in seed production and certifica­

tion are described by Adair et al. ( 1973). New cultivars developed by public 

registered and a description 0" each is pub­
institutions arid private breeders are 

lished in Crop Sci'ee. The procedure was instituited for rice in 1958. All major 

that date were regiistered and a
rice cultivars that had been distributed before 

1958). Varieties developed since that
description published that year (Johnston. 

date have been registered and a description published at the tine of release. Not 

but breediln and geneticonly are comtmercial varieties (cultivars) registered. 


lines (elite gerin plas,,o ace registered and a dcscription pubfishcd, anti seed is
 

made available to all rice breeders (Rutier et a!., 1979a). 

The entries in the LS)A i ice collcctioi are available for dist ibution it) public 

and private breeders alter tihey, have cleared quarantine. 

3>
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BI. "rll GIvNIr A I'M .i111IZ,+IOioN PiwO u N\1 oil IRRI.tuIrN A',ID 

Since IRRI began research operations il 1962. its staff has activCly screened 

laree numbers of accessions for reactions to the blast fungus. bacterial bliht 

pathogen. the sten borers, and for grain qualitN,. 'l,." evaltation program was 

soon expanded to include bacterial streak. the viru-, diseascs. sheath blight., green 

leafhopper. brown planthopper, other planthoppers, rice whorl nmaggot (Chang et 

(d.. 1975a.b). adverse soil factors (lonnampelrul:: and Castro. 1972). nutritike 

quality (Juliano, 1972). and drought resistance (Ch:el' idcl.. 197-1). The inti­
asdisciplinary evaluation program was expanded and systematized during 1974 

the Genetic Evaluation and Utilization ((LU I Program (IRRI. 1974: Brady. 

1975). 
One of the major focuses under the (I'. lI;aIur is to d Chp rice, th1t call 

cope %ith the biological and physical cmstraints foulld in the imrilaVorcd rice 

production areas. Farmer,, in such areas %%crchp:rssc h, the miudern technol­

oUV associated -with the scmidwarf rices and access to irri cation \%:ater. Their 

numbers represent nearly threce-fOurths of the rice girtmvers of tropical Asia i IIRRI. 

1976a). 
interdisciplinary and problem-oricnted rice breediil is the bacheM of (IlU. 

Shile the IRRI germ plasm hank pro%idcs the genetic inputs. tI'lder the program. 
plant breeders are teamcd up v ith "'problcil arca'' scieiitist,. such as plant 

pathologists. cntomologists,. soil chi ,iits. Chmlii,ts,. i1 plillili;,1nd cCrCea ri-il1 

dechjping CValuatio lllati breeding operations. l-ach team. umeher ctrihutes 

his specialiicd knot.ledge o the joint effort in identifyin. ,creonin-. and 

hbiidi/inLe diverse rices to mect specificd (,hcctivcs. BN s d in-', a spectrum-f 

the desired characteristics can be incorpo. nicd into al eldi ohi-,r an adlapted 

baCk'ound . hiCh coU eet ta wIde I;at I 1\1'. t1 riceIei'.' nCI.i IicI It-
.
. Cs0 

pecially those of the rainfcd area,,. lhe mia~lr (;I' pridhli a:eas inildc: 

rcsistatnce to diseases, re,,istance Ito rn ct'Is. hih ICCl t ' i d iR]nutriti,.c 

quail. . *rcsisance to drou.lht. tolcramcc to adcrsc sil,. toliance to sub-

Iergence. ability to survivc dcep .%atci. and (olcrance ti e)trerri' triprltriles. 

"he tecall of each rcs.arch area includes atI ,least plant breeder and o)lne orone 
more scientists in the prbhcm area. As nn :an be involvedas, five disciplines mria 

in one problem area. such a,, nutritive quality. 
,The team approach cver the de'clo lrIrnt of1Hi 'ra,,crCerine tCchiriques. 

identifying the outstanding sources of resistance or tolcrancc, research on thc 

mechanim of resistance or tolerance. iivestv'atirm. on the intcrpupualinrrl 

variation in a pathogen or insect, and ,wd% on the inihcritance: of resistance and 

the, allelisni'amoirg donor gene,s. In-dcpth research on comliplex traits is being 

jointly undertakcn by scicntis,,t in acardcmic inItitutoiris of advmiced nations aind 

by IRRI staff on a collaborative basis. 
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Systematic evaluation under the GEU Program includes 5 tests on diseases, I I 

tests on insects, 4 tests on grain quality, 10 scores on drought resistance. 4 tests 

on adverse soil factors, 2 tests on flood tolerance, and I*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 t bieeding process, the rice breeders provide the expertise and leadership 

in choosing breeding approaches, selecting the cross combinations, planting tile 

breeding nurseries, selecting the desirable progenies, processing the selected 

seeds for multidisciplinary testing for further selection, and collating the .,xperi­

mental findings for the next cycle of crossing and selection. Integration of 

collaborative testing efforts begins as soon as sufficient seed is obtained to test 

for a specific trait. 
The massive research data are entered into computerized files, summarized. 

analyzed, and updated by the. statisticians. Research findings are discemssed 

among members of each team before planting the next geiieration. 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 Research Conferences sustain the 

dialogue and collaboration with workers in national centers. 

Figdre I exemplifies the operational flow of research in the drought-resistance 
orcomponent. Resistant or tolerant reactions are verified by repeated testing 

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 et al., 1974, 

1975a. 1977; Chang. 1976e: Vergara ei al.. 1976; Juliano. 1977: Ponnam­

peruma. 1977: Pathak. 1977, Khush. 1977). Computerized data systems have 

been develoj;cd for the massive GEU program and for linking the GEU data with 

(lie morphoagronomic data of the germ plasm bank (Gomez ct al.. 1978: IRRI, 

1980c). 
Certain GEU tests are accelerated when the germ plasm staff feeds newly 

harvested seeds of accessions reputed to have special characteristics to the win­

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 elevations. 

Japanese breeders on I lokkaido island have identified Silewah (Acc. 25718) of 

Sumatra. Indonesia, as the most cold tolerant (Satakc and* Toriyama. 1979). 

Several saline-resistant accessions were collected from salty areas. 

The rapid grok%th of the GI'U program may be indicated by the number of seed 

samples requested by the GI-U scientists from IRRI's gerin plasm bank for 
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Fi;. I. Schematic repreentation of the actlivitie , collecti .ly +epreenting ihe drought resistance 

colmponent of IRRI's Genetic Evaluation and t;I i/atiIn Proigram. (*illiogeny eval ualion inln udes 

mass crvening under different hydrotogic-edaphiJttc-culur, rglmd.-. 

testing purpose%: 2.300-- 10.600 pcka.c,, per year during 1971-1973 to 
20,500 -50,350 packages during 1974 -1977. The nutiber of crosses made ini a 

year likewise leaped from 2X7-485 crosses during 1971 .1972 to .1.525--5.780 
* during 1.976- 1977 along with the development of a vacuum emasctilation tech­

nique (llcrrera and Coffman. 1974). More than 1 0.000 breeding lines are tested 
annually for various GEU traits. 

Since 1975 a GI'U training program has provided hundreds of young scientis: 
innational programs with specialized knowledge on different facets of the GEU 

.program. Moreover. the trainees are frequently recruited on a team hasis so that 

they can implement mullidisciplinarN national pr;gratts after returning to their 
home country. 

While the young scientis,, arc residing at IRRI, each traince completes a 

certain number of crosses which are planned to meet the breeding needs of his 

hone country. The trainee takes the F seeds with him when returning home. 
The GEU Program together with the International Rice Testing Program 

(IRTIP) now takes up 40',1. of' IRRI's annual research funds. 
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C. EVAI.UATION BY WOI(KLRS IN NAT:ONAL RiCE Ri s! -1
 

CILIFRs oi- Asix
 

Historical records of China documented varietal differences 'heir descrip­

tions as early as the first century A.D. (Ting. 1961). Empiri : 'valuation of 

economic traits undoubtedly was made when rice breeders ol -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 devcl­

oped by hybridization, "Ominishiki," came out in 1906 (MItuo. 1957). One of 

the early examples of systematic varietal evaluation is Sa,,aki',, 1922) recogni­

tion of the variation in the varietal resistance tb the pathogenicity of the blast 

fungus. Screening for varietal differences in szem borer infestation was initiated 

at the Central Rice Re.earch Institute in India during 1951-1955 (Israel. .967). 

Studies with academically oriented objectives have also contributed to the under­

standing of other economic traits such as growth duration, seed dorniancy.'and 

grain type (Matsuo, 1952; Chandraratna. 1955). 
Intensified national efforts on systematic evaluation were markedly stimulated 

by IRRI's early success in finding and using valuable traits found in IRRI's 

collection of cultivars and wild taxa (Pal. 1972; Zaman e t(il.. 1972). Staff of the 

AIl-lAdia Coordinated Rice Improvement Project (AICRIP) instituted rogional 

testin of breeding lines and systematic screening for disease and insect re­

sistance under several nurseries (Shastry el al., 1971; Freeman and Shastry, 

1972; AICRIP (undated)). Other Indian workers have carried out mass screeiing 

for a specific pest in its endemic areas or "hot-spot" nurseries (Shastry et a/., 

1972; CRRI, 1980). More recently, national GEU Programs have been instituted 
in Bangladesh. Indonesia. and Thailand. 

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). 

1). INTILRNA'IONAL. Fiiow1s ON DlssI.sINAHION ANi) EVAI.LAi'ION 

International exchange and collaboration (in the evaluation of rice germ plasm 

be'an oin a modest scale when the International Rice Commission of the FAO 

implemented cooperative variety trial.s an adaptability during the period froi 

1956 to 1958 (Parthasarathy, 1972). This was followed by the International Blast 

Nurseries which were initiated tUnder FAO's sponsorship and turned o\er to IRRI 

in 1963 for coordination. 
Shortly after the IRRI germ plasm bank began its operations., it supplied rice 

researchers all over the world with seed samples of.Asian ri'ce'. African rices,. 
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wild species, and geneic testers. The total nunlber of samples distributed during 
the past 20 years in response to more than 2500 requests amounted to about 
800()O seed packets. Between 1972 and 1'98 1 numbcr of sampJles senttile 

abroad in a year ranged bet'eer 2770 and i.200. These stat stics may indicate 
the ina-nitude of experiments for specific ibjcctives betm.! cIinductcd by rice 
researchers in different countries. 

Since the mid 1960s IRRI has supplied umterous, IR breedinge lines to rice 
researchers all over the world. The UnibeLr of lincs sent abroad calh \car ranged 
from 5000 to 15,000J. ,:'internltiolal icld ntrscr\ of 32 entrie, .a, compoed 

in 1972 and distributeC, ;0 17 c.ntrics ill1973. IRRI hals co>ntilled to supply rice 
researchers with breeding lines. The number of seed samples of IR lines sent 
abroad each year remains at a level bc, ccn 10.,00J and 17.000. 

In11966 a set of 303 varieties and hrccdiut- lines %%rc ,,Cnt b IRI ti, 01) 

countries fr testing and selection. The testillg1ot olyI% C,,tabhli,hd the sUlemi­
ority of the scmidarf Indicas over other type,, of breeding liue, but alo,1 led to 
tilefinding of many promising parent,, for use in various counLries Ik achIell c/ 
a/.. 1972). 

The International Rice 1estine lruerami 11IT')was estalidihcd ill1975 il 
the enthusiastic suplort of rice researchers il1,an1y countries and Ilndcd b\ the 
UNI)P. 'h: type,s of nurseries have increased fron 12 in 1975 to 37 in 1981. 
During 198I, 2250 sets (I seeds were distributed () hundred,s (1 v mrkCis, in -C) 

countries. The nurseries consist Of Nield trials: ob,cr atiim;l irmils: i,: . 1 imi 
insect nurseries: and tests tor adersc soils, cil teu[pelatures. imutermndc micr a­
tion ability, a1nd drouluht resistance. "1hC nurseris cover dilcrcnt tp,,S Of ricc 
culture: irriuated. raii1fd-WCtland, rai. f: l-dr.lund. and dcipiatcr 

In the beginnimg. IRRI ueli of the11 IRI germ lasmbrozdine ,sand accessVi(ns 
bank kirmet the bulk of' the entries in IRIP tmm,,eries. The cmitibuutiiu', Itu 

natiomal pro.,rams have rapidly increscd from 30',; in 1975 to1i)lmtl,. Iier 5'( 
of the total entries in 1979 CIRRI. I9XCa). 

A\lon, with distributiom of the seed Ior tcstim-. a unihiru scoring sNstcm ,,as 

deelopcd and prom idcd t1i)plCereclrIL'd data on a ,tan1dard basiC, IRRI, 197b. 

198Cc). The data iciu rned hy collabo-ato s are pr,wess d. aal ,/cd. and reported 
by IRRI staff. 

For Latin America and a.ire witih the cllab,-Vcst AfriL a. the nltll-,ClicshmdlCd 
oratim of the Centro Intcrnacional dc A,_,iicultmial Trpical (CIA'I) ilCali. 

Comunbia: IITA in Ihadan. Nigeria: and WARI in Mmluirivia. Liberia. Soeii 

regional inrserie, are irdividu:ill levchlipCd to0 cope %%ith the tICC&l l IIcal 
ecoedaplhic cnviriments. 

Oil the [)ais oflIh IRe workers itl ,plant Ipatlmohm()2. andI P tests, C11(t11ml0 

clr1p lphysidogy have dccloped coll,sbhratis,ec IarV.' tipihic dep'iprliccts C 

into the speciali/ed resear'-h problems. Such projects involvin, several cuntrie' 
include investigations oilthe biot)pes of the trm n planhtmlmpr 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 
rices on

tolerance to extreme temperatures. site characterizatibn and testing 

adverse soils, cooperative breeding nurseries fqr drought resistance. exchange of 
tissue culture (IRRI. 198 1.

carly-generation breeding m:jterials, and studies on 

L. pIonr ij.s IN I.i1%i1%nNA'IiON AND EVAP1IAItiON 

The process of massive and collaborative evaluation efforts was also marked 

by handicaps and problems in the initial stages. Gradually s.ome of the problems 

were resolved by periodic workshops, exchafige of visits, and cooperative 

efforts. 
Plant quarantine rc~rictiomsof some countries and regions have slo~wed the 

flow of genetic materials among research centers. Special'arrangenients often 

were made to allow an accelerated release of the introduced secds after appr(;pri­

ate inspection and observation. 
or a lack of the outbreak

I-or disease and insect nur,,cries, a light epidemic 
those nur,eries of little practical value. Some of the

renders note,, taken on 
nurseries have been relocated in endemic or "hot-spot' areas. In the case of 

the basis of the control varietici,.light infections, the data are adjusted on 

FoC nurseries grown under the rainfed culture. vagaries of weathcr conditions 

at different locales across seasons have limited the comparative study and sum-

Workers are no %taking supplementary dati on
marization of research data. 

weather. hydrological conditions of the soil, and soil characteristics of tie site,
 

all of %.0hich sill enhance tile interpretative aspect of the tests. 
field facilitics to te,.t theIn recent years Tlhailaud has added and expanded 

internodcehlnvation ability and submergence tolerance of materials intended for 

dcepkatcr rice. Korea (South) has built special fields to test for tolerance to cold 

water. Such speciali/ed facilities also take in a certain am unt ol. hreeding 

materials generated by other centers. 

V. PRESERVATION OF GERM PLASM 

It', .SDA A '-1) R I(I IIl:011sA. P14LI , . AI 

is centered at the AgriculturalThe rice germ plasm prescrvation progranli 

Research Center. USI)A at Belts,,ille. Maryland. The program is conducted in 

Stati )i and kdthral personnel incooperation with State Agricultural -,.periment 
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Arkansas. California, Louisiana, and 'I exa,, and ,,ilth the Natiional Secd Stor,.,c 
Laboratory (NSSi.) at 1:t. Collins. ('CIolodh. 

The varieties for the nost part arc grs,,,rn b L'S)A persotu,!. Ibl,,mver. state 
employees and personncl of the Califlornia Co'prauie Rice lcearch I'ound;­
lion (CCRRFj Coolj'ratc in ruan. of th.. val:.tiim t(.'5t, tht IlL' conducted in 
field and greenhouse experiments. Seed Il + cntries in the c dlcctionn1IL are sent 
to IRRI and to NSSL each year. 

"fhere is an informal cooperative artan-,mnent htmcv-n IRRI and NSSI. fo'r the 
conservation of' all rice genetic matcrm- in the IRRI collction. 'Ihe plan is to 
send a small sampic of each entry in the (IM<1collectiom to the Imin-terri stora_,oe 
facility at NSSI.. The long-term sorauc at NSSL w.s in.tallcd il 1978 1979 
i'persorial correspondence from I.. N. Bass. l)ircctor, NSSI.. N,oeznhcr 9. 
1978). The seeds are accepted For storragC in te NSSI. in a,.,rd:(rice k,ith the 
.tardard policies of NSSL which crc ai ted Septcmher 13. 1977. 

11. SIA t;S Al O il , Nv .. ..i "iIs 

The size ofl rice c;llcctions maintirind I', difherent national and rcgional 
centers has been enumerated in SectionMI.B. "lhe statistics wer,: based on recent 
surveys made by IRRI ( 1978b) and II1'(jRi(Toll t a., 1980). Germ plasm is 
preserved at all centers in the form ff secd. Oik a fc.* centers iiaintain small 
colcctions of wild species as live plant-, 

T"e viability of rice seeds seldom exceeds one ycar ii tie humid tr sicshen 
the seeds are stored in paper bags uider inihierit temperaturcs and humidity 
inside unrefrigeratcd storerooms. Rice wkorkers found it neccssary to rejuvenate 
the seeds by grmwing the v hole collection c%cry ',car. Such a lahi rimi, proccss 
has led-rnot only t0 lixture, and err ,, in tht. rcji,%c ;tvd ,t(cl.s, hilt ii'., t 

serious constraints on the gcrni plasm ".urkces. 1'nder sulch cotiditi,us w'.ral 
national collections have dwindled ili si/e. and this Iai,, imduced the cafpahlir, hor 
internalinal exhan c. 

Aniong gern plamsii-rich countric, iln the Arm tll)iics.,iearlk, all counlries 
have recently installcd relrigerated sed strae room,, to insure that the rice 
stoicks can last for 3-5 years (Toll el a. , 1980). With the help of the Japanese 
government a modern facility for niedutiin- and ini-tcrrn storave has been con­
structed in Thailand. 

Japan. the Republic of Korea. and the S'ilet tmni hase idluim-terni and 
lone-term storage facilities, while China is beginrin. tot develop such facilities at 
prov.incial and natimal levels. 

lAneneciaging development is that durin" the last decade nearl every rice­
producine c wntry in tropical Asia hia, ,hmiated their rice collections t, IWRI kr 
preservation. The IRRI collection is incomplete for a fc%% State cohllcti,,n,. of 
India and 'or the traditminal varieties of1'Chima. North Korea, and North \'ictnIami 

fJ 
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C. Till. INI.RNAIONI. NI.-TWORK 

workshop on genetic conservation held in IRRI,
At a 1977 IRRI-IBPGR 

scientists of Japan. the United 	States. IITA. IRAT. ORSTOM. and 12 country 

in an international nctwork of' conservation programs agreel to join IRRI 	 in 

IRRI %%ouldpreserve the entire (bae) rice collection of' all institutions
wlnch 
concerned so that at least one duplicate set of rice seed sto,:ks is safely stored 

%%ould continue to deposit a
outside the country of origin. Nlorc ver. IR RI 

duplicate set of it-, seedstNcks at the United States National Seed Storage Labora­
rice germ

tory in Fort Collins,. Colorado. providing further security to the world' 

plasm (IRRI. 1979b. 
of IRRI. USI)A. and NIAS of Japan arc comparing their

Staff members 
no

holdings so that redundancy among different centers can he redluced vhile 

in the process of providing duplicate oriWhe ovelooked 
are urged to construct mncditIrti­

individual acce.sion %k 
triplicate sites of storage. The national centers 

term storage facilities and to help the international seed banks on reiuvcnatitm 

(IRRI. 197Xb). 
Bo3th the National InstituteC of AgriLultural Sciences (NI:\S) of Japan and IRRI 

have modern facilities for mediul- and long-term sced storage. At NIAS the rice 

seeds arc dried t) 6- 7 , nn )iture content at 50'C. packed in inside tinvacuum 

cans. ajnd stored at - 10"C (IRRI. 1978b). At IRRI the seeds are dried (at 3.8C) 

moisture content under a low.-risk procedure, packed under partialdown to 6' 
at 2'C. and - IOC for medium- and 

vacuunm inside aluminum cans, and kept 

long-term storace, respectively (IRRI. 198t)d). 

IRHI presently holds approximatelv 60.0(0( acccs,ii ns of' 0. .aiva.. 200(1 

samples of' 0a.g'I11MIu 1096 p ptnaltti'M,, Of , ild species. andi 680 .,enetic 

testers. 

l)uring the last decade. scxcral natlion', have 'st a sub,,tantial portion of their 

civil strife or difficulties in aintaining their LollcC­rice collction,, hecause of 
IRRI has returned hundreds of accessions to the n:itional centers of Chin:1.tions,. 

Lanka-'. and Thailatnd.India. Indoneia, Kampuchea. Kenya. Nep:al Sri 

). 1'limojlil I % , I I1.1"1 I 1. I-l.1l.lHV, \I IW. 

in the genetic makeup ,f rice germ plasm and the magnitude of the
COTmIllCmity 

operations have posed certain difliculties for the laige centers. The follwing 
and prc oration hac beenproblems in .haracterizatiot, seed imultiplication. 


encountered (ChaIMu. 1980).
 

1. Inviable incomin, seed ,saImple, 

2. Duplicate samples. norphlogic variants, or ccostrains with idcntical 

varietal names 
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3. Inherent genetic variation within accessions 
4. Incomplete information on the unique features of an incoming accession 
5. Loss of the true-to-name features 
6. Low seed yield of unimproved cultivars 
7. Inefficient seed increase of ccologit:ally unadapfoed or pest-susccptiblc 

accessions 
8. Need fbr separate plantings for seed increase and rejuvenation of pho­

topcriod-sensitive accessions 
9. Unpredictable demand for seeds of certain accessions 

10. Differential loss of seed viability among varieties during sterage 
II . Misidentification or errors in processing accessions 
12. Lack of biochemical crijcria to differentiate bet% cii morphologically 

similar accessions or samples 
13. Insufficient field spaice and manpower to concurrently handle three t)pes 

of seed increase: (a) seed increase of new accessions. (b) rejuvenation of ex­
hausted stocks. anti (c) reJivenation of'old stocks for storage in the newv medium­
and Iong-term facilities. Theiefore. seed increase activities are expanded in 
number and must be conducted over a longer period of time. 

IRRI staff also found it nicessary to rejuvenate seed every few years for the 
oftcn-recqucsted or difficult-to-multiply accessions. On the other hand. the pit­
falls of frequent rejuvenation pointed out by Chang a'al. ( 1979). include: 

l Error:; and mechanical mixtures 
2. Lom, of unadaptcd or susceptible accessions 
3. Changes in genetic composition, c,pccially for small populations 
4. Increased workload and requireencts for field anti storage ,pace 

One rcmcdial mCasurc for the above prohihcmis is to multiply sulli.'ient Need in 
one planting. confirm the varietal idCntity, and precr~ c the seed under cold 
storage. Such an approach has been adopted at 1I1RWI hut poor sced prILuctiOi n of 
unadapted or highly susceptible acccssions rcmain,, the main constraint. 

V1. USE OF GERM PLASM 

1 1 W(
A. [IN UNII I I ,VS K I pS 

Rice is hot indiv'enous in the Luilcd States so all I nitcd Slates cultisars .ere 
derived by some iUleans or another truim iniroduccd riiaterials IntIe gCi III j m 
collection of USI)A. The history of the dec elopncnt of the cultivars growin inthe 
United States has been d cLmlented hy ('hamihliss and Jenkins (1923), Jone,, 
(1936), Jones ei al. (1941. 1953). Adair r!a/. (1973). John,,ton (I958). and h 

http:CONSI.RV
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other registration statements in t , ,ronomly Journal and Crop Science. The 

ars is somewhat naUrow (National Acade­
genetic base of the United State, .,dit 

being made to broaden 
my of Sciences. 1972). Ilowever. -oncerted efforts are 

the genetic base of the United States rice cultivars (Johnston et a.. 1978). 

Several varivties in the collection arc being used in the cooperative rice-breeding 

programs. For example. a short-giain impi .ved variety, introduced from Taiwan 

about 20 years ago (Tainan-iku 487. 11.1. 215936) as a "Ponlai" variety has been 

an outstanding parent in the development of the high-yielding cultivar "Nortai" 

Se%.-ral other varieties from a number of countries have
(Johnston et al.. 1973). 

been utilized in recent vears to contribute desirable genes and help to broaden the
 

genetic base of United States cultivars being releaed to growers. New varieties 

inported from these programs will help to broaden the genetic base of available 

parent material. The recently releacd cultivar "'Ncwrex" (lBollich. 1979) is an 

a somewhat different genetic- background than
example of a cultivar that has 
older United States cultivars. 

that have unique charcteristics but are not suitable for
Rice genetic stock, 

commercial production can now be registered by the Crop Science Society of 

America. This program allows all rice breeders to get seed of these genetic stocks 

if they are needed (Rutger v al., 1979a). 

B. lH% Otilwi NAvIIONat. CEN'1i.l41. 

Nearly all of the national center, have made profitable use of the semidwarfing 

gene (sd- I) contributed by e-geo-woo-gen and varying numbers of the pest 

., likI lines or IR varieties. Moreover. through local
resistance genes derived ft, 

and selection, several national centers have incorporated additionalscreening 
from other souices into their improved cultivars.resistance or tolerance genes 

Among1 tli major ricc-producing countries in Asia, researchers in India have 

most teting Of inldigCntns germ plasm to p),est, and'
conducted the Cxtensivc 
disease,, (el. AICRII'. itindatill: CRRI.I 9S(11 Therefdrc. Indian rice lireeders 

have made effective tuse of the illdigen1ou, gnClICpools which pn vide resistailces 

The drought-resItant -,N22- was 
to pests or tol,.-rancc to ecoedaphic smtr:sses. 

Ahich has multiple resistance to insectsused in breeding "iala.. IKM6.'" 

Ratna . "'Sat 4." "larijat." "CR44 -I"
and discase,. became a parent of 

I9t)i. TKM6 was also extensively used atand other improved cultivars (CRRI. 


IRRI a,, adonor of disease- and insect-re,,istance tKhush. 1977). [lie gall midge­

resitant "l'k\.arkoira'" was uLsed t) nreed W1251. W 1254. tnL W 1263. the 
, 

v. idclV used insie Indtii a %.cll as in Sri L.anka and Ihlilandlatter lines were 
),alr\ inple. 1980: I)irectorate of !-\slension.(Rice Iji%iSion. t17A: 1971: ('RRI. 

been bred into tin­
lundatcdl). The tungro virus resitance oit "lrl'B It)' has 

proved cultivars, Such aS ",Asxini.'" "lliarathi,' "Jyoihi,' "'Rohini.' 

"Sabari.' and "Trivcni.' Sintihirla. "l'' .Ix.'',',oc,,in multiple re­
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sistance. has been widely used in India (CRRI. 1980) and at IRRI (Khush. 1977, 
1980). For tolerance to submergencc by flood waters. FRI3A k an outstanding 
source. Indians breeders were also developing saline-tolerant varietics from In­
digenous sources such as "Pokkali." "Getu." and "Dasal" (CRRI. 19,(). 
R575. a local varie.ty of II.P. State. was used to breed'"llmdlian" which is 
adapted to altitudes above 10(0 in (Sharma and Kaushik. 1978. 

Indian workers have also made numerous exchanes with workers in other 
countries and benefited early from foreign introductions such as "laichung 
Native I.- 'IR.- "Mahsuri." 'l.eh Mue Nahni." and "China 1039.:' Tai­
chuni' Native I and IR8 were the principal sources of senidsarfisin during the 
rnid-1960s (llargrove, 1976). Malsuri of Malaysia and Leb Mue Nahng of 
Thailand were used to develop photoperiod-sensitive varielies lCRRI. 1980). 
"Rajendra Dhan 20" and "Pusa 4-1-11" (erived tlcir dkease rcsistances from 
"Tadukai" of the Philippines (Chaudhlary VI il., 197'. *PT(i " of Sri Lanka 

was extensively used by Indian breeders in M:aharashtra State it) develop "Sat­
ya," "Surva." and "Suhasini" (Directorate of ixtensior, undatedji. 

Rice breeders of Sri Lanka have used the outtardinu levelk of resistance to 
insects and tolerance to ad'ersc soil Iacirs fmnd in their di'cre germ plasm. 
BG4)- I derived from 01678 1I120 Il-Ihas resistance to -gall mide,. blast, and 
the bacterial diseases. BG276-5 orivihatinL, from 0B678 2 *163l--8 is resistant 
to gall midge and bacterial blight. B"'I100 selected from 115(11 l1oidi,ce-A8, 115 
has resistance to blast as well as tolerance ti ironto tmicitv iRice Improvenient 
Program of Sri Lanka. 1980. 

Malaysian breeders extensivCly used the gerIi plasm of other A,,ian.countries 
to develop improved culItiars. Mahsuri is mic (if the few Indica Jap,,mica hybrids 
that has xon wide acceptance in several cmntries. **Sri NMalaysia l)ua II " was 
derived from IRX Iankhari 213 (ef. l)alr.mmtoic. 197X). 

Breeders in the Philippines contintled it) drrm heavih\ mi2,crm plam supplied 
by the US).\ and locall, improved mitcrials (I larcr. et 1/.. 1979 . Recently 
C1064-5 was selected Irom C22 IR26 ('22 (1S-. I"-Scame Iroii West Al­
ric.: and is kno%%n as a drougut-resistant upland varict 

Rice hrl.h'lcrs in IBaii..lade, and 'lhailanl ha',e made substantial progress in 
improving their deep. ater rices frini indmnu,s germ plasm (Zaman. 1977; 
Prechachat et il.. 198m0. Th,,i breeder,, havc rctained much if thc excellent grain 
quaily of their cxpo rt culti%,rs in the impri .cd rices (Rice )ivision. 1976: 
Lingseree. 1979). 

T".iko sister lines (BR51-91-6 and 13R1-46-('1). hobh derived from, IR20i 
IR5- 114-3 and selected by the Ban-,I dcsh Rice Rcscarch In.iltute. havc been 
;c.cmmetded for releasc in Burma 1111d Imlil be.auc ' Ihcir promise in yield 
perlt',ance (IRRI. 19"Oa I. 

An Indmnesian breeding line (Ki-lb-361-1-8-6) havi ng a high level of toler­
ance t) ci)ol temperatures "';asreconmcnded fir planting in the Mt. Pr'Ivince of 

http:varie.ty
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"RP KN-2" (Ronduen and Villareal. 1976). The Indonesianthe Philippines as 
variety "Remadja" was used to breed "BG90-2': of Sri Lanka; the latter has 

been renamed as new releases in Burma and Nepal (IRRI. 1980b). Inproved 

cultivars bred by Indonesian workers in the mid 1970s involked parents coming 

from foreign countries such as "Latisail" of Bangladesh. "Puang Nahk 16" of 

lines (cf. Dalrymple,Thail'and. 'lJasmati-370" of India. and IR varieties or 

1978). 
Cliinese %%orkcr. have made c\tensive use of indigenous semidsarfs. pest­

resistant sources, and 'oreicn introductions at many breeding centers. The semi­

dwarfs %%erederived from "Ai-zai-shan" or "Ai-Jiao-Nan-Te." both of which 

were indigenous to China. A Japanese introduction led to many improved 
IRRI varieties and"kene-' (Sinica race) varieties bred from *Nong-Kng 58.-

lines have been extcnsively used in conventional breeding programs and in the 

1980).development of recent hybrid rices (Shen. 

Chinese breeder,, have successfully incorporated the cytoplasnic-genic male 

sterility found in a sterile plant (Wild Aborted) belonging to the annual weedy' 

race. O. sativa f. powntana. into many productive backgrouids. This sterile 

source proved to be highly complatible in cro ses with Indica varieties of China 
of hybrid rices has beenand with IRRI varictics. Since 1977 the planted area 

expanded to nearly 8 million hectares (ILin and Yuan. 1980). 
I. Spolfllaa.Aside ]r,m the c)toplasimic sterile source found in 0. m.tivf..a 

.inti'a plant in developingChinese breeders had earlier used] another 

"Yatsen I.- This varietN was later used as a parent in breeding the "Bao-tan­

adapted and pest resistant (Kwangtung Agri­ai" semidwarls which are widel' 
culture and Forestry College. 1975). "lBao-tan-ai" and "'Bao-xu:n 2" were 

recentlN found by IRRI virohogists to have a higher level (,ftolerance to the 

grass, stunt virus than other traditional varieties %kihichdi not have the Gs gene 

fir resistance derived from 0. nivara (IRRI. 1982). 

Wide crosses of rice involving sorghum, maize, wheat, bamboo, and barnyard 

grasses also have been investigated in China (Shen. 1980). but the continually 
.orth.segregating progenics have yet to prove their agronomic 

Korcah %orkcrs have ia(lc (iamatic advance, in yielding ability by crossing IR 

lines with local varieties of the Sinica (Japonica) type in a collaborative vcnture 

with IRRI. A series of high-yielding cultivars led by "Tong-il" 	 (selected from 
tons/ha in theIR667-98) dramatically increased rice yields from 3.35 to 5.01 

from the cross of "Yukara"/demonstration field,, during 1971. Tong-il came 

TN l/IR8, and it was used It)develop "Yushin. The next series of Mil:ang 
"Jin Ilcung" of' Korea andvarieties (Milyang 21. 22. and 23) involved 

IR262-43-8 and "'R24" of IRRI. The scries of 15 interracial hybrid, de 'hoped 

between 1971 and 1977 had increased thc national rice yield froim 3.30 to 4.94 

tons/ha and achieved self-sufficiency for the country in 1975 (ORD. jundated]). 
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However. serious disease epidemics made importation of rice necessar) a fcwk 
years later. 

Grain yield of the Ponlai (Keng or Sinica) type in Tai n %%as raiked to a nev, 
level by the developmcnt of "'ainung 67"' ich involved "lIichungNative I in 
its parentage (iluan.. I979). Other hreeder., dreo, on Iiil lPnlai v:;rietics. 

Taiwan's semidwarf Indicas. IR varieties aind lines, and cat Iv-maturinwg varieties 
introduced from Japan to further improve bth the Keny and Indica types. 

Ihlmevcr. to cope with the major virus discas and the hro%ii plaw:holpcrs. 
rice breeder, in tropical Asia rely heavil. m IRRI's rcsistant varieties aiilnlines 
havingia hiuh-yielding background (ilHargrove. 1978; IRR. 1980hr. 

C. BY INiiNNA1ii''.i CI liLP's 

IRRI scientists have made extremely prof'itable use l cthe genepwd, present in 
the IRRI germ plasm bank. The initial and best known suR'ccss is the incorpora­
tion of the semidlk.arf gene (.%d- I) into the bNl.'gkroulnld of tropical %.arieties. 

leadini, to the devclprment of I18 (see (handicr. I96). The dramiatic ad ances 
in yield perfOrmance and range if co1o-a-lii.'ad;thS Liatcd wkith the 
improved plant type have been dcscribcd arnd aial , / c d W('hlaw. 1967; Yoshida ct 
ad.. 1972: Chant and Oka. 19761. 

'Ilie sc d stace. improvements Ii Lrinudlit%. %k:t, c011i1tibuled l rr,'lv b, 
"i'KNVl of India and lTadukan proncn, o) the l'hilippincs rIHcachell -I(I., 1972). 
Successful improvements in disease and insect resist,nce were larclv cimtrib­

eled a strain tivarit. "CR91- 13"" (d.ci -11 '" andby 'K.M(O. :I 0. ed In mii I 
" ''113 21 '') "and N2 ,- -. Ihich came fromnn Ildiar. 

tim -,e ms , FLm 
*'Mud.m all i)I "''(mPai 

15'" of 'hailali d luri-,hL'd icsistantcc t . ,ii, i Khil . 1977 i­

nes,, wkas dericd .'rainlv from Chines aidt ldlnditanl%lctics i IRRI. I)',la(u. Re­
sistarce to drol.uht v.as transcrred from ''lRkti Nmiir 21" -1 Japan. 'L i25.' 
"'Morohk'ri,. iand WCst "Narm Sainrm 1'' "Khai''0S;''of Airl.a. 1-arid 

l)a. k M%,li 115'- ol 'Ihaihnd: "Khao Lairo" oi .a-. tie (mr;,ni srtrlies o India: 
alld tradillonal ulihrid .arctics of the 'lhilppnmres (Cham coa!., I 82, I lie' Kir 
iles Of lIrdorrsia alid ineellrCC intrductiis selcctcd ini hldi;r hilvc proviLCd 

promisrine sources o' t lcrance to cool tlelimatures II.RI . I9,0h). 'Iolci mice to 
salinity .a,, deri ed primri ril ,. from varie'tiC, (1' . rItl hrdia ;nlrd Sr-i I.llika. such 
as "'Pokl.,tli." -'Nonia Bim4.ra.-' and "'(jeJti. ()utstarirdinym .irc,, ofl tolerance 
to alkmiim, stch as "i)rldar" irrd 'l).]al.d'" also c:me ;rm lad. \'Vrictiesd 
toileran to txicit, sctland ll Sri arid \itiralll.iron ill soils cai olrll L[.kmk: l 
SoUI'c'. able t4o ithstalld lhlillllllllll id rIrInuIJlaCS tosicitiC ill aelo ic soils 
s.re id:inil i'd Inlii tIlt' drylaid varicties oilheIilt'lilippiies. Iatir Ai eric;i. and 
West Africa (11RI. 1981). ()r the other haind. ir;my IR liurs tolernrt to ads crse 
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were obtained from crosses involving nontolerant parents (Ikehashi
soil factors 
and Ponnamperuma, 1978). 

at CIAT in Colombia have used IR varieties and lines, selections
Breeders 

Instituto Colombiano A,.gropecuario (ICA) of Colombia. blast-re­
bred at the 
sistant varieties from Vietnam, and BG varieties from Sri Lanka in the breeding 

program. 
At llTA in Nigeria. rice scientists ha'e utilized IR va'ricties and lines. African 

"LAC 23"' in the breeding program.
upiand varieties. Taichung Native I, and 

Varieties developed by the IRAT staff in Ivory Coast include in their parentage 

upland varieties from Africa, Indica varieties from Taiwan, and upland varieties 

from Brazil. 

D. Gi0 ,\it.HRIM, f'itlii,'(Vo .i)Gii.i PtASSiS 

The rapid dispersal and adoption of IR varieties by different countries in
 

Africa. Asia. and Latin America from 1965 to 1977 have been summarized by
 

1977 the total land area planted to IRvarieties

)alrymple (1978). During 1976-


and other high-yielding varieties anmounted to about 25.27 million hectares.
 

IRvarities and lines into national breeding progranm, has been
Diffusion of tile 

documented by IRRI staff (largrove. 1978; 1largrove ial., 1979: IRRI, 19,S I).
 

1975 IRRI ceased to name and release new rice cultivars under the

Since. late 

IRscries-I I varieties were so named, numbering from -IR5'0 to "1R34." The
 

at a time when national rice-breeding programs and

revised policy was adopted 


international cooperation through the ITP had reached an expanded stage which
 

practice of IRRI's naming of varieties no longer necessary. This change
made tile 

utilize IRRI's breediw! materials and
fuither encouraces national centers to lull, 


the nurseries. Several national centers have

other selectiotns included in I'I'T 


named ;elections chosen from the above sources either under their own codes or.
 

1975. 21 varieties have been released in 23 countrie. under 
as IRvarieties. Since 


1978a, 1980a).
cooperative testing proi, rai (IRRI,tile 

in 1975 marked a giant step in dhe systcmItic

The establishment of the IHRI' 
cc­sharing of improved germ plasm by rice

and coordinated exchange and 
over the world. The testing of a uniform set of genotypes across

searchers all 

man', environments has provided credibility to the initial experimental findings
 

on genotype × environment interactions and growth

as well as information 

stage-specific .responses.
 

OIlRI, 1980b) furnished an extenisive list o"strcs-
A 5-year report of the IRTI' 

resistant or tolerant selections cotfirmed b.many rice researchers. Somc of tile 

outstanding perforners or resistant donors in the international nurscries wkere 

by national programs as recommended cultivar,. Since
subscquently released 
1979 more than 30 IRTP entries have bcen released in that mawiner in more than 
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20 countries. The use of other promising entries as patents in national breeding 
programs provides an cven greater potential in using the useful genetic pools of 
diverse origin (IRRI, 1980b). 

E. l fl.i" :F.m.wRis V"ERSUS PRi "A'IIL E:NAiLR.RISLd 

IN Ri(i- IBIaIi)rN 

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 selecting 
true breeding lines from mixed populations, increasing the seed, and distributing 
it to rice growers. Using this method, S. L. Wright. an independent rice breeder 
in Lorrisiana (Jones. 1936). developed several cultivars that were widcly grown 
from about 1912 to 1935 in the Southern States. Public rice-breeding programs 
were started in most rice-producing states early in this century. These programs 
were cooperative projects conducted by the USDA and State Agricultural Experi­
ment Stations. Cultivars developed in these cooperative projects graduall) 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. 1,caus,-- of this. and also hecause the public rice­
breeding programs were fairly successful, there ,as little ellort by private 
breeders to conduct rice-breeding programs. 

In recent years rice acreage has expanded. thus thire is an increased demand 
for rice seed. The Plant Variety Protection Act (PVPA) enacted in 1970 enabled 
plant breeders to retain control of the varictics they developed (Rollin. 1972). 
These tmo items gave added incentive f"Or private breeders to initiate rice-breed­
ing programs. There has not been a big ru',h of private breeders into the breeding 
of rices, but a few companies have entered this field, and their activity increased 
noticeably in 19() and 198 I. 

The most active nongovernmental ricc-brei'dinpg project is conducted by the 
California Cooperative Rice Research Foundation (CCRRI:. This agenicy is 
supported by marketing-order funds raised by sell- imposed rice-grower assess­
ments. No other public funds (since the marketing-order funds are collected by 
*the California Depart nient of Food and Agriculturc. they are considered "'public 
funds") are directly involved in this rice-implwemient project hut several Uni­
versity of California and USI)A"ARS personnel are involved in cooperative 
projects which provide assistance to the breeding and testing efforts of CCRRF 
and othcrs.- Recent varietal rele;ses have continued to be joint, cooperative 
releases by CCRRIF. tie I,iiversitv of (al ifw nia, )avi, . and USI)A/ARS. " ith 
CCRIRF controlling the production and sale of foundation seed. 

Some privately developed rice cultivars have been marketed in recent years in 
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California, Louisiana, and to a lesser extent in Mississippi and Arkansas. For the 
are still 

most part, however, such cultivars sold in the Southern United States 

lacking in resistance to diseases, especially blast, and to dtc occupy a relatively 

small percentage of the total rice acreage. 

The present system of conducting rice-breeding research with pcblic 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 arc able to control distribution of the cultivars and breeding 

material they develop under provisions of the IVPA. 
19S0) has led to some rather

The recent appearance of a booklet (Mooney, 
ie future domain of plant breeding. The principal em­

detailed discussions on 
phalsis 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 companies dealing with agricultural chemicals. The 

rapid acquisition of major ,ced companies by such industrial giants has alarmed 

many people in the public sector,.asagricultural scientists as well 
it is in hybrid maize or in the high-

The situation in rice is not so alarming as 

priced vegetable crops. In all rice-growing countries the br:ecding phase has Iieen 

trjditionally the responsibility Of the government sector. This is cvcn true in the 

states of the United States. Commercial rice-breeding ven­
major rice-growing 
tures currently are found only in the United States and Latin AmL.ican countries, 

and their percentage of the seed market to date. is insignificant. Moreover. the 

international and national centers are continuing the free exchange of elite germ 

varicties selected from such materials IRRI,
plasm and unrestricted naining ol 

1980b). 
Since rice is largely a self-pollinated crop. the prospects of profitablc private. 

and seed produclion do not appcarwcrv,liehiningly attrac­enterprise in breedin, 
the margin of

tive. Even with the recent development ofl hybrid rice in China. 

profit rests with the price differcntial blet, cen ordinary seed and. , lhybrid,: as 

well as the increase in yield of the hybrids over the pureline varictics. For rice 

varieties of nonaromatic grain quality. the price diflferential likely will remain 

Moreover. the diverse rice-growing cnvironment, would require a wide
smnall 

of' improved genotypes to meet the need,, of specific environments. China
ari,, 
was able to c.patid hybrid rice pro(Iductl hoccause it i' t govcrnment-supported 

lherel' ire. the threat of privait" co ipanics to iiior)Oi/e the breedingcaiipaig.I 

proigrans does not appear eininent in rice. I lowcvcr. two large seed cr)mpanics 

c hac obtained -exclu­here reportedlyoperating in the United States and elsc 

sive rights- to the component lines oh the cytotcrile sources uscd to cmnslitule 
'lic cooi tr and pr-ccss­the major rice hybrids currently being gown in Chiia 
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ing ,:jaracteristics of these current h\brids arc not satisfactory I'r the ,arket, 
where United States rice is no%% m::kcted. ,canhile. research on h)[s.J rice 
also is being conducted at public institutions of several countries and at the 
international centers. In addition, rice breeders of public institution, %killlikel% 
continue their practice of sharing both the ulimproved and iuproved germ plasm 
without the restrictions imposed by the plant breeder's ri,-hts act. 

[-. P IA,.t.'.S IN USI ; l%' RSI. (if i '.r 1 

It is apparent from the preceding sections that rice researchers 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 
bctxccn two species have hampered proercss in brcedine because o incilmi­

patibility problems. 
The best knon example of intervarieral sterility . itlim 0. .mthahas becn 

documented in the cr1 ,ses bet een the tr qpically based lI(di a rJce anld Ire 
temperate zone Japonica (or more aplrpriately inica race. ,:arlv findiris on 
the sterilit, and incompatibilit aspects hae been sutrmnmarizCd h% Chati. 1964) 
and Oka I I()64). Ltcn,,i c cvt ','tncicIncstieLatitIIs (o the partiadlx sterile I 

hybrids were summari/cd Chang (19641. 'flie partial ,,terilit.,,wcakness (A ­
of' F, scetllines. 1:14rcationseedling-s, breakdo. ns disturbcd I:itit, in) theIF,. 

and aberrant recombination s have hlampcred the rc. , ,.1il nr', ...- i,, in 
the Indica / Japonica crosses. The problems as,,wciated s.ith the intcrracial 
crosses lay pa.,ily explain %%hy 0nly a fe'% prmi~isirg varieties wcrc 0btamcd 
from the FAO-spon,ocd Indica / JaLpionica Ilvbridiz.atim IProiject ,.%hicl tn­
volved 'several Asian coLuntries durin_ the l95i), tltli,,arathv. 1972). Simiilirl', 
crosses 'hetmcen tropical Indicas and the Javliici aricti, ltnldiie~i, ha. C%;m o 
shioin partial sterility and chromtromnridil abirratli: i', 1-ncle ct l1.. 90)'.i) 

The incompatihilit. phcnomenm \,,inan rice is not cmilintl to) initciricial 
crosse,. It has been LeI montrated that 'similair difiticulties showed up %%hen 
crosses \%ere made bctoccn tall tropiLal1 IJndiL.; %arltic, .id the ('iiii''sC 'semi­
dxo arl', and betwccn traditional dr land va lCies aitd l" ,Ciii.ik.il's I1.112e VI 
ul.. 1969: uIlng and Chan, 1976. I.in and (Thani. 198 11. Cvtoklo-ical and 
clroniosonal abberrations oI the inrtc- ind mirracial hhr ids, are Csseitially 
simnilar 1l)C .ILtcriot al.. 1 Incle if a)65;nil.. l9(1). 11)701,. 

"lie eClI-pthlici/Cd oil a ltacial t hilit% havelitlin,_,.2 intCl- t1111i ilicoiiipa. 
discotra~cd some rice brcccrs trici .cttclnup t e i'l ',cs. but tle dfill i.uhti', 
%%erc iot so unsurmuuntaihle as to estiltc side c(j-,c',, Irom heini -,u'l fo r 
sPccilic oblcctivc,. Ircecdcr- in Ki)rca. I aiMam. the lUtitd Statcs. and at IRRI 
hav' bti;ncid tl.scltll 1'r14g1ief c11lt Iris l.r , ,. but. Ml'. ,iiCi lo11 .cl "s ol 
cro'ssin and sclectim (Johnstom vt al., 1972. O1R1D. jundatedI: ('han,_. 197(ft. 
Change ct al.. 19',2. 
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Research in China has shown that anther culture has produced higher propor­
x Indica hybrids

tions of plantlets in Indica x Japonica hybrids thin in Indica 
rmore

Tissue culture may offer an alternative approach to make
(Zhang. 1981). 

efficient ue of the progenies of wide crosses.
 

the Asian cultigen 0. sativa and 	the African cultigen (0.
Cmsses b tv.cen 

glaberrima) have not been rewarding because of sterility and related problems. 

The African rices possess certain 	biotic resistances and ecoedaphic tolerances, 

superior to the Asian cultivars (Chang at al.,
but the levels w':re generally not 

amount of crossing, selection, and evaluation for insect re­
1977). A limited 

sistance has been conducted at IRRI since 1976.
 

Cros.,cs between the cultivated rices and their wild relatives generally present 

serious difficulties in recovering desirable progenies. especially when the gen­

1904: Chang et al., 1977). But one strain 
omes of the parents differ (cf. Chang. 

has been succes­
of 0. nivara (IRRI Acc. '01508),'an annual Asian weed race. 


fully used in incorporating resistance to grassy stunt virus into the semidwarf
 

the only one of 40 strains in the same 
(Khush, 1977). This strain, which was 

species that was resistant 	to the grassy stunt virus, appears to be an exceptional 

Its hybrids with the Asian cultivars showed less chro­race.sample in the weed 
Ial.,

mosomal aberrations than several crosses among Asian cultivars (lohres 

1979). 

FOR THE FUTUREVII. ENDEAVORS 

(j i Two CiCAo i.i(.ii i .III 1I(i.iNS
A. Cowi.i;iio ,o. Fu:iL,) 

The collabotative efforts of mianv research centrs in canvassing and assem­

bin,-, the uncollected rice germ pl',ism during the last decade is a unique venture 

major crops. The total nuinber of seed saiplkcs collected wa more 
among the 
than 32.0M. but the coverage is still incomplete insofar as the %idelv distributed 

a number of the collected samples "ere
rice culticns arc concerned. Moreover. 


either obvious duplicates or nmoviabl,'.
 
as a 

The 5-year collection program developed at IRRI in late 1977 has served 

useful guide in implementing systematic collcction in Asian countries. Although 

more than one-half of the accessible areas of the target countries have been 

covered since 'the 1977 workshop. vast areas in l.aos. Carn odil. and Nepal 

remain unexplored. Field collection in Southwest China has been initiated but the 

bcen completely canvas-cd. The 	northeastern statt-s of India alko 
area has not 
remained largely unexplored. There are many pockets in WeIcst Africaj which 

could yield rice germ plasm. it canvassed. The assemblagc of the wild relatives 

the niot oh,,iu, grp iithe conscration efforts.
of the t o cultigeens remain as 
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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 (f its resources into this phase of conservation. 

B. CONSOL.IDATION OF ExI'INGi MAJ.R COI.I(°II JNS 

Conferences held at IRRI and elsewhere have revealed substantial duplication 
of conserved seedstocks at different centers. I lowever. some of the superficial 
duplications may be in varietal names only beiL:,.- : ::='_n,"st(ks may represent 
different eco-strains of the original variety. Morphologic variants and mutants of 
the same varieties are also found in the duplicated samples. In addition, in at 
least a few cases. mislabeling apparently occurred at harvest. In the interest of 
efficint management, it is essential to minimize the duplications without over-
Jooking the ecostrains. morphologic variants, and mutants. Steps have been 
taken by the staff of the USDA, the NIAS of Japan. IITA, and IRRI in compar­
ing accession lists as preparations for consolidatioi. 

This phase is a time-consuming and laborious operation becaCse seed :.d 
p!ant data need to be included in the process of comparison and consolidation. 
On the other hand, the process would lead to a more efficient and secure preser­
vation of all conserved stocks at two or morte long-tcrm storage sites. Working 
collections could be maintained in the region of collection as desired. 

C. CONSIj( 'A'ION 1)1 WILD S'.TCnS 

The t(flal number of wild horms bein conserved hy different centers is proba­
bly not more than 3(00. The wild strains were collcted either by botanists or 
explorers on specific missions or by breedilic-oriented collector, while canvass­
inc for fhe cultivars. More systematic efforts are niicded to survey and plan "or 
the conservation of the wild forms which are also threatened by developments in 
progressive agriculture and public infrastructures. 

The IBIPGR-IRRI Rice Advisory Committee studied the conIpcx 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 (IIIIGR-IRRI, 1982). 

ION o( . LVAI.% \ IING I I '..li)I).. lti. COMPI ' 1 1.11 1 N A I INIu AI.S 

TIe massive scale of varietal evaluation by rice workers in different centers on 
a worldwide basis is unprecedented in crop history. I lowever, the sequence and 

I 
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degree of completeness in evaluating the existing collections have not been as 

systematic and comprehensive as desired. Periodic revievs and discussions are 

needed to upgrade the coverage and usefulness of the cvluation activities. 

The material in the collections should be evaluated as rapidly as funds and 

availability of personnel and equipment permit. The evaluation could he done at 

several locations. That is, reaction to disease and insects could be studied at 

locations where the disease or pest occurs naturallN. Cooking and nutritional 

studies must he conducted at institutions that have the necessary equipment and 
personnel. 

Because of the enormous diversity in the genetic makeup of the cultigens and 

of the environments under w.vhich they are groxy n. the interpretation of evaluation 
results obtained at one location for use at other locations would require in-depth 
study and analysis 11 teams of scientists of the several appropriate disciplines. 

CI%.R. I .\ oF LN-.II(JN\Ii.NIS. i.IIZA'II 

The diverse environmIIents under wkhich rice is grown requires the coordinated 
efforts of rice researchers to concurrcntl\ describe and characteri/e the important 
ecohgical compoments so that a better understanding of the ecosystem involved 
woul lead to an lefficient use of the experimental data. The international agri­
cultural iesearch centers hase hcen conducting dialoueS which will eventuatlly 
lead to unified and comparable s,,stems of charactcrizine the rice-gro, ing 
envirolm l lts. 

F. l'.N()%\ Al ,I: rli .IwIu.GTI (irN 1is 

h great majority of elite rice gel in plasm bred at different centers ha, been 
developed through the conventional process of hll In­bridi/ation and selection. 
duCtion of intatl ions a, a breedigI tI1 has met with varyin1c degrees of success 

at different rice research centers. Ruiger ci al. ( 1976) revies,.ed the advances in 

rice breedint through the use of spontaneous and inddCed iulation,. 'Intile 

cooperaiite USI)A'ARS California Agricullural lxpe'riment StLtion -Rice Ill­
dustry progrant, induced mutations of useful genes have been obtained for short­
stature, early maturity, and glutinous character in adapted, cold-tolerant Calilr­
nia germ plasm (Rutger et al.. 1976, 1977. 1979a.b). Ruiner and his co-workers 
hae had considerable success with induced mutation breeding intheir unique 
situation in California where they have rather minor insect and disease problems 
compared to other areas of' the United States and most rice-grss ing countries. 
Ihloveer: they cntphasize that this is(nl, one of several breeding nethods that 

should he used. They believe that induced itMutation bre.:ding, both odiwhole 
plants and in cell culture studies, offers the potential to eventually "generate new 
genes upon demand.' 

http:revies,.ed


ItI:CJNSVIV.\ I I N .N) LsI. 0I 1.i. (,I..t:I 1( IMSO.()II( iS. 

It has been suggested (J. N. Ruier, personal communication) thait for bLttcr 
utilization of gitingrm plasm. serious consideration should he given to 
establishinri an "instant germ plasm reser'( ir package- s hich :uay he quickly 
put into use in areas wvith serious new disease or insct prolhilc'ns. Such a package 
could be used in situations such as the ra,-.,cd stuni iru, onthi, ,'. in Ind, ,nesia. 
the Philippines, and elsewhere. If' prepack, d 'crm plasm resrs irs or pools 
, ere available 1t)r instant distribution. resistance topns pests might be more 

quickly identified. Perhaps the si npieSt such vUI...u11i11 C0 tan itI'irafseeds 
from each of the accessions in the IRR I W ,rld C,dictin. perhaps holcn d if 
into at least three major categories,. More sophisticated pools rii't be formd by 
using Lenctic male steriles to create composite cross populations. Lfforts hase
 
been made to develop soues hat simpler gene hllut ins oliri, hundreds of
 
crosses %%,itha,%% ralnge of' types
idc of ,ali'tis fromi thrilou0hut th, s i]d 1per
 
soal l riiruni'atiLulis roir W. R. Coffirai and W, () NIclltI. The etablli­
intent of' such gene-pool composites rcpr,it,, a %er. mujir tuidertakinp, and the
 
involvemlent ol ia personnel. extensie tlundiig ard Ci,idinatiom. and pio­
lonied dedicated efforts.


Tissue culture has [)Ce used to a limited esteut in rice beedn often tnder. 
restricted ohjecti,.es. Crou,,han CI n1. (19 () appliCd celi Cultnr techniques to
 
selection of salt-tolerant rice in Californiia expermuents,. Startri-! with natrurally
 
occurring haploid plants, the% obtained four cell line,, Ms
luch e.hibitcd ,ilt toler­
ance. Their research is co'ntiuuin.c. Cirall i al. i197Sj "oorkin2 ilt Cornell
 
Unise.rsitv and Schaeffer I lI. (1978) ork rue :t the U'SD.\ ARS,. l'ltsil e
 
Acricultural Research Center 
havc becif u,112 ti,tssue. culture teclniques in an 
effort to develop rice plant, with increascd I ssine content in the erain. Somec 
progress is reported and 2 . tile research is ctutiiui 

In a rec'nt report. the National Plant (icjctic RIeurc., Biard 1')7') Ciues a 
"*s' bite payr" entitled "'csearch Prioritic, in Plant Birediri," b Spr,i,.uc. 
Alexandcr. and ludle, sM itich cautions a:IM rt tir l h buid..etllA r;ltlll Cu'ir­
rently gi in research br iis fcn-nccrinc.­in cell culture and other "ccmrtc 
"1h.se vcll-rcspected researchers of lone 1tanine_. agrWe that the field hIds soile 
promise and unqucsti uahl,, duserves sUplel svr, trlh uly' questl l 
the high priority rating of genetic engiriecri i'fl"e researtc.h is it he achiesed 
through neglct of those disciplin.s that contiie t) improse plant pcrorllru.iCO 
and Otfer proririse for the luture. 'Ires tunthier ,ttle. " .'cri it nIels produc, are 
developed by genetic emn!gmccri- thhih iqu's." tit: uve oh them \sill h reccmn­
plishcd throjgh uic.entiruial crop inirprctuereri J-ugrotamos. (itinued prtorc,,s 
in improving the perf'urmacnce¢ of crops cannot easollahly bc expetcd tnless tlhis 
rektion is tuiderstood ard inplcintnted." 

fhie P(,)Siilit, ifleruplig" useul eneS irlc,'l in tire 'ild ,pc.sic, ()rv'_a 
and triose of related genera bave not st hbe.: atlIlptcd eXtuiVeI, olher than 
the efforts of IRRI stafl. F-igoni ,i (d. (I I reported on the transfer olf stem o 

http:Spr,i,.uc
http:ohjecti,.es
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resistance from a wild species (Or v:a rtufipg"'n) to 0. .ativa. Advanced genera­

tion lines are undergoing further testing, for reistnce to stem rot. Some of the 

in Arkansas for resistance to sheath blight (F. N. 
lines also were tested in 1981 

Lee and K. S. McKenzie. personal communication). Similarly, screening of wild 

,,istance to sheath blight is underway in California (J. N. Rutger. 
spcCLes for r 

1981, personal communication).
 

Incompatibility and a lack of controlled experimentation have impaired the
 

crosses. A combination of different breeding tech­
reproducibility of the wide 

niques such as mutation and tissue culture would lead to more efficient use of the 

specific gene pools to be transferred through the wide crosses. 

i ' l , R1I IN, to "il.ici o (i.I.si:iIi )lviG . Ri:sr , 
'
 

,1IP.O' 1.1) Ct 1.1I,'AI
 

breeding programs advance, there is a concurrent in-
It is inevitable that as 


crease in the genetic uniformity of the elite germ plasm. The narrowilg of the
 

genetic diversity in the major commercial varieties would increase the genetic
 

vulnerability of the relatively few cultivars to serious epidemics of pests and 

diseases. Recent events such as the shifts in the brown planthopper biotypes. the 

sudden efnergence of hitherto obscure virus diseases, and the flareup of rice blast 

in South Korea during 1980 are associated with the rapid spread and large-scale 

adoptioif of a few genetically similar cultivars over large areas, especially under 
as 

continuous cropping in the humid tropics. It is imperative that the breeders 

to reinstate the rich genetic 
well as public administrators recognize the need 


present in rice until a few decades ago.

diversity which \%as 

in the United States in the past 10-15 
The co, )pcrative breeding program, 

of a much %kiderrange of parental types than in 
years have included the use 

earlier years in order to broaden the genetic base for resistance to blast and other 

diseases and for other needed characteristics. Concerted efforts are being made in. 

I'nited States, IRRI. and other rice research center, tor different sources of 
the 
short stature and high- and stable-yielding ability. 

be compricated by the
and di,,tribution programs may

Seed multiplication but the cnsts
to th,- major production areas,

of genetic diversityrestoration 
involved may be a small price to compensate for the much larger potential losses
 

due to serious pest damages. Morcover, genetic diversity should be considered
 

both on a genic and cytoplasmic basis. 

o;, ki' I RLI.-.A I'II.IW.H. "1". 1 s%,i 

The number of rice researchers in difIcrent iational programs has been greatly 

expanded during recent years. But the total number and their distribution across
 

of the near ; rture. Rl esLrchers in the
 
disciplines are insufficient for the need, 

A\. 
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areas 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 hand, some breeders working on dryland 

rice were trained under programs designed for irrigated rice. A frequent criticism 
of existing advanced country trai: .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 student, become coenizant of the latest 

techniques in order better to understand how these might be utilized in local 

situations. 
. Workers trained in genetic conservation are few in number and low on experi­

ence. Training in each of the abve areas,. emphasizing practical experience in 

handling the rice plant and its associated biotic and physical factors, is essenti,il 

to. developing real expertise in different aspects of rice research. Training will 

continue to be an equal partner to research on rice. 
One important aspect in the training of rice resea'trchers ;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 effects on lodging of the crop, cost of harvesting, and ultimate 

food value or cash crop value obtained. 
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