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ProJect IP-4 Improved Rice Germplasm for Latm Amer1ca aod the Car1bbeao 

ProJect Goal 

To 1mprove the outntiOnal and econom1c well bemg ofnce growers and low mcome consumers m Latm Amenca and the Canbbean 
through sustamable mercases m nce productiOn and productiVIty 

ProJect Purpose 

To mcrease nce genetlc diversity and enbance gene pools for lugher more stable )'lelds w1th lower umt product10n costs that propiciate 
lower pnces to consumers and reduce environmental hazards 

Charactenzmg Rice Pests and the Enbancmg RegiOnal Rice Research 
Enbancmg Gene Pools Genetlcs ofRes1stance Capacities and Pnontizmg Needs w1th 

Emphas1s on the Small Farmers 
-
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Narrative Summary Measurable Ind1cators Means ofVenficatJOn IMPORTANT ASSUMPTIOl\ 

Goal 

Germplasm of beans cassava trop1cal A suffic1ent number of accesswns ( of beans CIA T s germplasm bank 
forages nce and tberr wlld relallves cassava and trop1cal forages) representmg mventones 
collected, conserved and ertbanced and genet1c d1vers1ty are conserved and managed 
made access1ble to NARS and otber ex s1tu Partners techmcal reports 
partners Strateg1es and gmdelmes for m s1tu 

management ofb1od1vemty ofbeans cassava Annual reports 
and trop1cal forages ha ve been developed and 
tested Wltb users 
Access1ble germplasm ofbeans cassava 
tropiCal forages and nce meet NARS 
standards m terms of producllvlty stab!l1ty 
agronormc tra1ts and user needs 
Techmques and relevan! mformatwn for more 
effic1ent and rehable germplasm unprovement 
are accesstble to users 

Purpose 
T o mcrease nce genet1c chvemty and Evaluallons ofy¡eld potenllal (mterspecúic Databases Stab1hty (mternal and externa!) 
ertbance gene pools for lugher more stable Wlde ehte crosses and recurren! selecnon) 
y1elds Wltb lower umt product1on costs tbat Contmued use of unproved gennplasm by • ProJect, CIA T and NARS N anona! pohc1es favor adopllon of 1 
prop1c!Ote lower pnces to consmners and NARS armual reports technology 
reduce envrronmental hazards • Morutonng nce producllon pracllces and 

markets Pubhcanons 
IPM pracnces m place for stable producllon Promononal Acllvllles 

and cleaner envuonment ( conferences trammg 
Rice !mes selected Wltb desrred gene tra1ts workshops field days) 

Potenllal sources for lugh levels ofbwnc and 
ab10nc stress reststance 

Outputs Patbogen/pest vanallon and source of 
1 Enhancmg Gene Pools res1stance 1dennfied 
2 Charactenzmg Rice Pests and the IPM strateg1es ProJect progress report for Connnued support from 

Genellcs of Res1stance 
Workshops 

2000 CIA T/CIRAD/FLAR 
3 Enhancmg Regwnal Rice Research Pubhcanons 

Capac1nes and Pnonllzmg Needs Wltb Trammg courses 
ProJect progress and 

Emphas1s on tbe Small Farmers F armers surveys workshop reports 
Contmued adequate fundmg 

Recomrnendallons adopted by NARS an 
1mplemented ¡,y farmers 

b 
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NARRATIVE SUMMARY MEASURABLE INDICATORS MEANSOF IMPORTANT ASSUMPTIO:l\ 
VERIFICA TION 

OUTPUT 1 ENHANCING 
GENEPOOLS • Rtce popula!ions developed and unproved ProJect progress report for Contmued support from 

(tolerance sml actdlty reststance to blast, 2001 CIA T/CIRAD/FLAR 

Actlvitles RHBV T or!Zlco/us (13) good gram quahty Fteld vtstts and evalua!ions m Adequate fundmg and tunely releas< 
early matunty testmg sttes budget 

A Rtce nnprovement usmg conven!ional Number of field tnals planted and hnes Breedmg popula!ions 

breedmg and gene pools/popula!ions selected dtstnbuted to LAC • Favorable chmate 

wtth recestve male stenle genes Popula!ions dtstnbuted to NARS for hne Breedlng popula!ions m 

Evalua!ion of savannas upland nce development storage and field Contmued financtal support for anth 

!mes m La!in Amencan countnes Popula!ions developed (14) popula!ions m Best !mes and QTL S culture lab 

B Developmg upland nce for small process (12) popula!ions y¡eld tden!ified Crosses field support and opera!ion 

landbolders testedlmolecular cbaractenzed (4) Partners Breedlng popula!ions m costs proVlded by FLAR 

e Advance and evalua!ion of mter (WARDA CIRAD EMBRAPA CORNELL) storage and field 

spectfic gene pools Number of crosses made ( 433) troptcal 

D Introgresston of new plant type genes rrngated (226) temperate (155) upland (52) Double haplmds m storage 

mto LAC s gene pools Number of selected !mes 

E Tbe use of anther culture and m vttro Double haplmds mterspectfic crosses (386 ) Pubhca!ions 
culture for enhancement of gene pools accelera!ion breedlng popula!ions (815) 

somaclones (3758 Venezuela 4440 
Co1ombta) 
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NarratiVe Summary Measurable Indicators Means of Verdication IMPORTANT ASSUMPTIOJ\ 
OUTPUT 2 CHARACTERIZING RICE 
PESTS ANO THE GENETICS OF • V rrulence spectnun and geneltc structure of • Pest and disease resistan! Rice crosses and populattons develo 
RESISTANCE nce pathogens vanettes released by partners by breeders 

• Molecular markers associated and nurnber • Collectton of nce pathogens Biotech Umt Identtfy molecular ma 
Acltvliies of reststance genes Database of resistance assoc10ted Wlth resistance 

Sources of complete complementary and sources • Conttnue collaboratton Wllh FLAR 
A Charactenzmg the mteracttons of host parttal resistance Crosses made among Conttnue adequate fundmg from 

plant resistance lo nce blast, sheath Rice !mes Wlth dlverslfied resistance to reststance sources Colombia and Rockefeller 
bhght and gram discoloratton RHBV and T onz¡co/us • F7 !mes Wlth stable blast 

B Charactenzmg and usmg parllal and Understandlng components of resistance to resistance combmmg genes 
complete res!Stance for the control of the RHBV complex PII andPI2 • Conttnue support and adequate fund 
nce blast Crop management components developed • Rice genome map Wlth blast from CIAT CIRAD and FLAR e Charactenzmg the mteracttons of host • Transgemc !mes Wlth RHBV vrral genes resistance genes mapped 
plant nce hoJa blanca vrrus and T Wlth reduced symptoms produced and Conttnued fundlng from Colombia 
orlZ!colus complex evaluated Rice progress report for 2001 Rockefeller Colciencias 

D Foreign genes as novel sources of • Trar!Sgenes mtrogressed mto commercial Pubhcattons 
resistance lo nce hoJa blanca vrrus and 
Rh1zoctoma solam culttvars Res1stant gennplasm selected 

Usmg novel genes for multtcomponent under arttfic10l condiitons • Pemussion for field testtng of trar!S¡ 
E Charactenzmg the mteracttons of host 

reststance to nce pathogens plants ts granted 
plan!, Polymyxa gramm1s and nce 
stnpe necrobc vrrus that causes Charactenzalton of the RSNV and vector 

complex • Conttnued support and adequate fun 
entorchamlento 

Development of gennplasm evaluatton 
methods 
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OUTPUT 3 ENHANCING REGIONAL 
RICE RESEARCH CAPACITIES AND 
PRIORITIZING NEEDS WITH 
EMPHASIS ON THE SMALL 
FARMERS 

Actmltes Commuruty based pro¡ects • Increased productton m • Spec1al funds conttnue 
New vanettes of srnall eqwpment for nce margmal areas • Recommendattons adopted by farmc 

A Parttc1patory Development of of Rice systems No of commuruttes 
for Poor Commuruttes m Margmal Number of sc¡enttsts tramed parltclpattng 
Are as Workshops Rice progress report for 200 l 

B FLAR - CIA T collaboratton Pubhshed reports of courses CIAT s Web page e Collaborators Trammg and tnforrnatton FLAR armual report 

• Pubhcattons 
Web pages 
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Introductlon 

The CIA T nce proJect 1s pos¡tJoned m the m1ddle of another agncultural revolut10n The en tire 
sequence of the nce genome as well as the genome of the nce blast fungus will soon be m the 
pubhc domam The challenge 1s to use the mcreasmg knowledge to benefit all the nce farmers 
Most nce farmers m Latm Amenca and the Canbbean are small farmers w1th lmuted resources 
The nce proJect at CIAT 1s workmg to broaden the genetJc base ofthe nce crop by bnngmg m 
useful trruts from the wild relatJves of nce Recurren! select10n anther culture and transgenes1s 
are methods that we ha ve been utJhzmg to mcrease the effic1ency of our breedmg efforts We are 
workmg mtensely to understand the mechaJUsms and genet1cs of res1stance to nce blast and nce 
hoJa blanca v1rus to fac1htate the development of nce cultJvars w1th durable res1stance to these 
d1seases Many agronom1c tra1ts such as drought res1stance precoc1ty y¡eld and quahty are 
essentJal for the success of new vanet1es The entue process of breedmg w11l soon change For 
more than 100 years 11 has been an empmcal sc1ence and the breeder has needed to be both a 
scJentJst and an artJst By knowmg the genet1c bas1s of charactenst1cs of agronorruc 1mportance 
and where they are located on the genome we expect that our breeders will be able to Juggle 
many more trruts and produce nce vaneues more efficJently 

But will th1s tremendous mcrease m our knowledge of nce meet the challenge of makmg these 
vanetJes ava¡Jable to the resource poor farmer? It w111 not unless we understand the needs of 
these farmers Th1s 1s another area where the CIA T nce proJect 1s stnvmg to mcrease our efforts 
By usmg methods such as part!C!patory selectJOn of vanetles and surveys to find out what are the 
reg10nal preferences we are grurung more ms1ght mto the needs of the resource poor nce farmer 
Workmg w1th small farmers m the Pac1fic coast of Colombia and m the m1d alt1tude reg10ns of 
the Andes we are mcreasmg our understandmg of the1r needs and the many challenges that need 
to be addressed ¡f we are gomg to successfully meet the1r needs 

The FoUowmg H1ghhghts Illustrate a part the Strategy and Successes ofthe CIAT Rice 
ProJeCt 

New VanetJes for Colombia 

In the last three years FEDEARROZ has released 5 new vanetJes for Colombia FEDEARROZ 
and CIA T ha ve worked closely together m the development of these vanet1es Trruts mcludmg 
res1stance to nce blast and nce hoJa blanca v1rus and 1ts vector as well as quahty analys1s were 
areas of collaborat10n The success of Fedearroz 50 has surpassed expectat10ns Released late m 
1998 more than 50% of the nce grown m Colombia 1s now Fedearroz 50 This vanety 1s 
y¡eldmg on average 7 t/ha and th1s 1s the pnnc1pal reason that Colombia retumed to self 
suffic1ency m nce product10n after severa! years of defic1ts More recently Fedearroz 2000 
Y1ctona 1 V1ctona 2 and Colombia XXI were released Severa! of these prom1se to become 
1mportant vanet1es but they must compete w1th Fedearroz 50 CIAT w11l contmue to work w1th 
FEDEARROZ and other nat10nal partliers to have 1mpact throughout the reg¡on 



Rice and 1ts RelatJVes 

There 1s relatively httle genetic diversity m cultivated nce m Latm Amenca The narrow base of 
the commercial vaneties makes them susceptible to both bwtic and abwtic stresses Interspecific 
crosses w1th O rufipogon are bemg used as a source alummum tolerance and root growth 
Advanced !mes from the cross Bg90 2/0 glabernma were Identified as res1stant to cnnkhng 
d1sease Advanced )mes from the cross Lemont/0 barthu mature early With good y¡elds and 
excellent gram quahty W1ld relatives are contnbutmg to mcreasmg the nutntwnal content of 
rron zmc and protem of nce There are many sources of res1stance to pests d1seases and to 
abwtic stress factors These are JUSt a few examples of the trruts that are bemg mcorporated mto 
nce usmg genes from 1ts wiid relatives Interspec1fic crosses also mcrease the genetic diversity of 
the crop The diversity ofthe parents makes these mterspec1fic crosses Ideal m stud1es to develop 
molecular markers Already they have been used to mark reg10ns ofthe chromosome ofnce for 
Important tra1ts V aneties With more d1versity that y¡eld well m enVIronments w1th low mputs 
and are more nutntwnal may sound too good to be true yet they are our goal and the future of 
nce 

Talung Atm ata Movmg Target Rice Blast 

Most commercial vaneties remrun res1stant to nce blast for only one to three years There IS a tug 
ofwar between the pathogen and the host While a host may be res1stant to many ofthe nce blast 
¡so lates there always seem to be a subset of the populat10n that IS not recogruzed by the plant s 
defenses and 1t soon becomes the predommant When tlus happens the res1stance IS broken and 
the new vanety becomes susceptible to nce blast Hot spot selection under lugh d1sease pressure 
and pathogen dlVersity has been the pnnc1pal method for breedmg nce blast res1stant !mes and 
vaneties ObviOusly sometlung more IS needed Oryz1ca Llanos 5 IS a vanety that was developed 
through hot spot breedmg and IS except10nal because 1t has remamed res1stant to nce blast for 
more than a decade We are d1ssectmg the genome of Oryz1ca Llanos 5 to Identify 1ts 
combmat10n of res1stance genes And tlus IS part of a Iarger effort to catalog both the res1stance 
genes m the plant as well as the virulence genes m the fungus Usmg near Isogemc lmes carry¡ng 
mdividual res1stant genes and bwlog¡cal testmg w1th the known nce blast hnages progress IS 
bemg made The search IS on for molecular markers and w1th the mformation from the nce 
genom1c sequencmg proJect the rate of d1scovery of nce blast res1stant genes IS mcreasmg Tlus 
wiii fac1htate the Isolation charactenzatiOn and utihzation of these genes Already we are 
testmg associations of these genes m order to develop nce vaneties that ha ve a senes of res1stant 
gene combmations that confer durable res1stance 
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Rice for the Small Resource Poor Small Landholders 

lmpact assessment has shown that both large and small farmers benefit equally from new 
technolog~es when they are m the same agroecosystem In the Latm Amenca and Canbbean 
reg~on most nce producers are small farmers hvmg m margmal arcas and they have not 
benefited from the technolog~es that are Improvmg product10n m maJor nce growmg zones The 
CIAT nce proJec! IS mcreasmg our efforts to reach these resource poor nce farmers Very high 
ramfall agncultural systems have uruque problems These mclude floodmg low lummosity high 
disease mcidence as well as post harvest problems mcludmg the drymg of the gram Other 
marginal environments are m the moderate ramfall hillsides In these environments drought 
pests and diseases are all maJor problems Y Ields and gram quahty are Importan! to both the 
producers and consumers Severa! pilo! proJects have been started m Colombia Breedmg 
populat10ns have begiin for many of these d1fficult environments Next year Wlth the 
collaborat10n of CIRAD we will add a participatory nce and sorghum breeder m Central 
Amenca We are bemg practica! and developmg gardens of vaneties for the first rounds of 
selectlon and this should have Impact very soon Then we must develop truly supenor nce !mes 
adapted to the reg~on developed together with the small farmers With tlus strategy we hope to 
msure food secunty and better economic viabihty to the poorest of the poor 

Future PerspectJ.ves 

The nce proJect has the challenge ofbemg part ofthe bndge between the rapid advances m the 
molecular charactenzatiOn of nce and producmg usable products for the nce farmers Rice wiii 
be the first maJor crop for wluch the complete genomic sequence wiii be available The Rice 
proJect (IP 4) and B10technology (SB 2) are workmg together to develop the strateg~c alhances 
m the arca of nce genomics The Rice project IS also strengthemng partnerslups to better meet 
the needs of nce farmers w1th emphasis on the resource poor small farmer To make these 
partnerslups work we depend on support both from the reg10n and the developed countnes Tlus 
strategy IS partially m place and we wish to gratefully acknowledge the support of the 
Colombian Mimstry of Agncultllre CIRAD and the government of France Rice IS the most 
Important food crop m the world and we are dedicated to helpmg provide the technolog~es to 
assure food secunty and helpmg the nce farmers 
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OUTPUT 1 ENHANCING GENE POOLS 

1 A Rice Improvement Usmg Convent10nal Breedmg and Gene Pools and Populat10ns 
wtth RecessiVe Male-Stenle Genes 

• Upland Savannas Ecosystem 

Conventlonal Crossbreedmg 

M Chatel Y Ospma F Rodnguez and V H Lozano 

Abstract 

Conven!Ional crossbreedmg has permttted the development and release of modem upland lmes m 
Latm Amenca (BoliVIa Braztl and Colombta) CIAT and CIAT/CIRAD proJects now 
concentrate on broaderung the genettc base of upland nce Inter spectfic crosses between Oryza 
saliva and the Afncan culttvated Oryza Glaberrzma and wtld relattve spectes ts one of the new 
breedmg strategtes used to achteve thts objecttve Smce 1996 no new conventtonal Japonzca 
Oryza sat1va by Japonzca Oryza saliva crosses were made Though as we have advanced 
segregatmg lmes m the ptpelme we contmue the1r evaluatwn and multtphcatwn m Colombia for 
release to Latm Amencan and Canbbean (LAC) NARS partners 

Key words Conventtonal crossbreedmg Japomca Oryza sat1va Latm Amenca, lme release 
genettc base 

Introductlon 

CIAT and CIAT/CIRAD proJects are phasmg out Oryza saliva subsp Japomca by O saliva 
subsp Japomca conventwnal crossbreedmg acttvities and concentrate on broadenmg the genetlc 
base of upland nce (Cuevas Perez et al 1992) Inter spec1fic crosses of O sat¡va by O 
glabernma and O satzva by wtld rela!Ive spec1es IS a new breedmg strategy to achteve thts 
objectlve 

Smce 1996 no new conventtonal Japonzca Oryza satzva by Japomca Oryza saliva crosses 
were made for the development of segregatmg and fixed lmes Though as we have advanced 
segregatmg lmes m the p1pehne we contmue the1r evaluatwn and mul!Iphcatwn m Colombia for 
release to Latm Amencan and Canbbean (LAC) NARS partners 

We also evaluate and select NERICA lmes (NEw RICes for Afnca) mtroduced from W ARDA 
and mter spectfic progemes from crosses between Oryza satzva and w1ld nce spec1es developed 
atCIAT 
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Advanced upland !mes selected m Colombia or mtroduced from CIRAD were shipped to 
regional NARS for evaluatwn use m breedmg programs and possible release 

Matenals and Methods 

Sources of nce hnes 
Dunng the croppmg season 2001 a total of 1613 !mes were evaluated at La Libertad 
Expenment Statlon (LES) VIilavicencw - Meta These mcluded 694 tradi!Ional mtra speclfic 
(O satzva) !mes that were evaluated the seed was mcreased and slupped to NARS for use m 
their breedmg actlvi!Ies N me NERICA (O satzva subsp Japoruca with O glabernma) ]mes that 
had been mtroduced from WARD were evaluated Also 910 mter specific progerues that were 
developed at ClAT mcludmg crosses of O satzva by O Glabernma (488 !mes) and Oryza 
satzva by O barthu ( 422 !mes) were evaluated 

Expenmental des1gn 
Each !me was sown m plots oftwo rows that were 5m long With O 26m between rows For each 
23 !mes there were three checks plots conststmg of Oryzica Sabana 6 Oryzica Sabana 1 O and 
Lmea 30 (CIRAD 409) The Imtlal vtgor tolerance to sotl acidtty and dtseases plan! hetght 
days to flowenng and gram shape were rated 

Results and DISCUSSIOD 

Trad1ttonalmtra specdic (0 sat1va) crossbreedmg 
These !mes were advanced upland !mes selected m Colombta or mtroduced from the nce genetlc 
resource core collectlon of CIRAD Each evaluated !me was selected and bulk harvested 
separately Samples of fresh seed were stored at ClA T and also were slupped to NARS for local 
evaluatwn This IS part of the conventlonal breedmg program and these !mes were evaluated and 
selected by regional Latm Amencan (Bohvia Brazii Colombia) and Astan (Chma and Vtetnam) 
NARS Tlus collaborattve effort has been frmtful as demonstrated by a summary of the released 
vanetles 

Latm Amenca 

Bobvm 
In 1999 the !me CIRAD 170 was released as JASA YE for upland small holders The Bobvtan 
Center for Research (CIAT Santa Cruz) and the Japanese Cooperatlon (JICA) are promotmg the 
use of the !me through demonstratlon plots seed multtphcatton and dlffuswn 

Brazll 
The CIAT/CIRAD matenals contmue to be selected and used m Brazii The maJar charactensttcs 
that were selected by the Brazihan scientlsts mcluded earhness plan! and gram type Dunng the 
penad 1994 1999 from a total of 6 vanettes were released m the Brazthan States of Gotas 
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Maranhao Mato Grosso Mato Grosso do Su! Mmas Gera1s Para PmUI Rondoma Ronuma and 
Tocantms and four ofthese were from the CIAT/CIRAD proJect 
CANASTRA CT7415 6 5 1 2 8 
MARA VILHA CT6516 23 10 1 2 2 8 
80NAN<;A CT11614 1 4 1 M 
CARISMA CT11251 7 2 M M 

Colombia 
Lmea 30 or CIRAD 409 has already been tested m d1fferent croppmg systems m rotat10n w1th 

others crops and m mter croppmg w1th perenmal spec1es The !me shows adaptat10n to ac1d smls 
earlmess good y¡eldmg potenbal and gram quahty We are workmg w1th CORPOICA Reg10nal 
8 ofV¡llavicenclO to get the !me officmlly released as a vanety 

Asia 

Chma 
CIRAD CA has close lmks w1th the Food Crops Research Instltute (FCRI) of the Yunnan 
Academy of Agncultural Sc1ences (Y AAS) and had sh1pped CIAT/CIRAD and CIRAD (IRAT) 
upland !mes m the recent years After screerung they were released d!rectly or used as parents 
In 1996 and 1998 IRAT104 and IRAT359 were released m the Yunnan Provmce In 1999 
FCRIIY AAS released the vanety YUNLU29 commg from a cross between a Clunese !me and 
IRAT216 

VIetnam 
Two CIRAD !mes (IRA T 177 and IRA T 216) were reg1stered Wlthout mod¡ficat!On as cult1vars 
Ofthe JO most promlSlng uplandlhills!des !mes 5 are from the CIAT/CIRAD proJect and have 
CIRAD (IRAT) parents 
CT6516 24 3 2 Two out of three parents are IRA Tl21 and IRA T216 
CT10575 5 5 3 M 2 1 M One out ofseven parents !S IRAT 216 
CT10576 214M 1 3M Two out ofseven parents are IRAT124 and IRAT216 
CT11620 292M 4 M M Three out ofnme parents are IRAT122 IRAT124 and IRAT216 
CT11626 25M M Three out ofnme parents are IRAT124 IRAT194 are IRAT 216 
It 1s mterestmg to note that !me CT6516 24 3 2 comes from the same ongmal cross as 
MARA VILHA (CT6516 23 1 O 1 2 2 8) released m 8raz1l 

Interspeclfic hne evaluat10n 

NERICA !mes mtroduced from W ARDA 
From the 9 !mes evaluated 2 were selected and harvested for new evaluabon to be done next 
year 

Inter spec1fic progemes developed at CIA T 
From the 910 !mes evaluated 69 were selected and harvested for new evaluabon to be done nest 
year The results of evaluatlon and selectlon were sent to Dr Cesar Martmez who developed th1s 
germplasm 
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Upland Lme Reg•strat10n 

lf a speclfic hne does well m a g1ven country the nattonal research mstttutton may dectde 
followmg the local legtslatwn to name tt and recommend tts commerctal culttvatton 
acknowledgmg m the apphcatton form the genettc and mstttutwnal mtellectual property 
CIRAD has a mechantsm by whtch breeders can regtster spectfic matenal not necessanly release 
as vanety lt recetves a consecuhve CIRAD catalogue number and the country name where tt 
was bred (see ref 3) If the !me was release wtth a local name for commerctal culttvatton tt ts 
also menttoned 

In 2001 we apphed for the regtstratton of 1 upland savanna !me CT 10069 27 3 1 4 that 
performed very well m the Colombtan Andes at mtd altttude (1400 mas 1) when grown m 
assoctatton wtth young coffee plantattons (gram yteld of more than 5 T!ha wtthout affectmg 
further coffee productton) 

ConclusJon 

Conventtonal upland nce cross breedmg have permttted the release of enhanced !mes m dtfferent 
Latm Amencan countnes as well as m Asta 
However the released !mes are of narrow genettc base and there ts a need for broademng tt usmg 
new breedmg strategtes 

Smce 1996 followmg CIAT s recommendattons the CIAT nce proJeCt IP-4 and the 
CIAT/CIRAD collaborattve proJeCt are phasmg out Japomca O sat1va by Japomca O 
sat1va conventtonal cross breedmg acttvtttes and concentrates on broademng the genettc base of 
upland nce 

Inter spectfic crosses between O sat¡va and wtld relattve spectes (CIA T project IP 4) as well as 
populatwn breedmg (CIAT/CIRAD proJect) are new breedmg strategtes to achteve thts 
objecttve 

The number ofprogemes developed from populatton breedmg has steadtly mcreased from 1997 
on In 2001 more than 90% of the !mes under evaluatton and selectton come from recurrent 
populatwns 

Future acttv•ties 

1 Seed multtphcatton of selected upland !mes and dtspatch to NARS for evaluatton and 
selectton 

2 Long term conservahon at CIAT germplasm bank 
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• Compos1te Population Breedmg 
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Abstract 

Up1and nce populat10ns w¡th a broad genetlc base were developed and enhanced through 
recurren! selectlon breedmg strateg¡es Th1s breedmg strategy used a recess1ve maJe stenle gene 
(ms) from a mutant ofiR36 to fac1htate the development ofthese nce populations Site speclfic 
populat10ns were developed m collaborat10n w1th NARS In Colombia upland populat10ns were 
enhanced usmg two recurren! select10n breedmg methods At each enhancement cycle fert1le 
plants are selected In 2001 more than 90% of the lmes under evaluatlon and selectlon carne 
from recurren! populat!ons The most advanced lmes were evaluated m YJeld tnals m Colombia 
and many lmes are very prom1smg 

Key words Rice populat10ns genetlc base maJe stenle gene enhancement recurren! select10n 
and prom1smg !mes 

lntroductmn 

Although conventiOnal upland nce cross breedmg has been very successful m the development 
ofnew vanetles m Latm Amencan and Asia the released lmes have a narrow genetlc base and 
there 1s a need for broadenmg 1t Usmg new breedmg strateg1es best does th1s The recess1ve 
maJe stenle gene (ms) from a mutant of IR36 nce population development was eased Bas1c 
populat10ns were enhanced usmg two recurren! select10n breedmg methods From the bas1c 
germplasm and at each enhancement cycle fertile plants are selected and are the startmg pomt 
for the generat10n of segregatmg progemes These are then evaluated and selected by 
convent10nal ped1gree method The number of progemes developed from populat10n breedmg 
has stead1ly mcreased from 1997 and by 2001 more than 90% ofthe !mes under evaluat10n were 
from recurren! populat10ns 

We slnpped bas1c and enhanced populatlons as well as segregatmg Imes to reg¡onal Latm 
Amencan (Bohv1a Braz1l Colombia) and As1an (Chma) NARS for evaluat10n and selectlon 
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Stte spectfic populatwns were developed wtth partners The most advanced !mes were evaluated 
m yteld tnals m Colombta and the results m terms of yteld and dtsease reststance are very 
promtsmg 

Matenals and Methods 

Source of nce germplasm 

The upland nce populatton breedmg act!Vlttes atms at developmg adaptmg and tmprovmg 
troptcal Japomca Oryza sat1va populattons 

The first source ofthese upland and lowland nce populatwns were created m the framework ofa 
collaborattve proJect (1984 1991) between EMBRAPA Rice and Beans Center m Braztl and 
CIRAD (formerly IRAT) 

ln 1992 at the begmnmg ofthe ClAT/CIRAD nce collaborattve proJect two baste germplasm 
upland !mes CNA IRA T 5 and CNA IRA T A were mtroduced m Colombta They were 
charactenzed and CNA IRA T A showed better adaptatton to the Colombtan upland savannas 
ecosystem 

Stte spectfic populattons were then created by crossmg CNA IRAT A wtth upland !mes that 
were developed at ClA T for the savanna ecosystem Thts resulted m the creatton of the PCT 4 
populatton Smce then PCT 4 was then used as baste germplasm to develop the populalton PCT 
11 At the same ttme the mtroduced populatwns were enhanced for tolerance to blast and 
Tagosodes orlz!colus ln the 1ast few years populatton tmprovement by recurrent selectwn has 
concentrated on PCT 4 and PCT 11 as well as the development of segregatmg !mes den ved from 
these populatwns 

Recurrent Selection Strategy 

Populatwn breedmg by recurrent selectwn ts very effictent for tmprovement of tratts that have 
low hentabthty Through short selectton recombmatton cycles hnkage blocks are broken down 
and favorable genes are accumulated Thts ts a process of contmuous tmprovement Numerous 
examples of the effictency of the method are reported m the hterature for open polhnatwn crops 
hke matze 

Carrytng a recesstve maJe stenle gene nce populattons behave partly as an open polhnalton 
crop At flowenng the pollen produced by ferttle plants not only polhnates ttself (selfing) but 
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also fertthzes the flowenng netghbors maJe stenle plants showmg same flowenng time plants 
(cross polhnatmg) At each cycle ofpopulation tmprovement ferttle plants were selected for the 
next cycle of recurrent select10n or developmg segregatmg )mes 

Sowmg Rice Populat10ns 

Rice populat10ns segregate for numerous tratts and were made of fertiie (Msms) as well as mal e 
stenle plants (msms) allowmg natural cross polhnat10n Plantmg was made usmg mdtvtduallull 
plots wluch facthtated the tdentification of maJe stenle plants where recombmation occurs To 
allow complete recombmation between early and late flowenng matenal two to three sowmg 
dates were made m the same phystcal plot To avmd pollen contammat10n from other nce plots 
each populat10n surrounded by a barner of mruze 

Recombmmg and Multiplymg PopulatiOns 

Grruns produced by maJe stenle plants are Ms ms and ms ms (pollen produced by ferttle plants 
are ms or Ms and female organs ofmale stenle plants are ms) Harvestmg the maJe stenle plants 
represents a new cycle of recombmation as well as seed multiphcat10n of the populat10n 

Selectmg Fertiie Plant for Lme Development 

The select10n of So ferttle plants (Msms) was the startmg pomt for segregatmg hne development 
Each selected ferttle plant was mdtvtdually harvested and tts seeds sown dunng the next season 
(S1 generation) Seeds harvested on ferttle plants were Ms ms Ms Ms and ms ms and the St 
generatton showed segregatton of ferttle (Ms ms and Ms Ms) or maJe stenle (msms) plants m 
the proportton Y. and Y. respective) y 

Through out the selection process only ferttle plants were selected and harvested only ferttle 
plants morder to ehmmate the maJe stenle gene Advanced progerues were 100% fert!le (Ms 
Ms) Lme development follows tradttional evaluatton and pedtgree selection 

The maJOr charactensttcs bred for savanna condttions were early vtgor tolerance of sotl actdtty 
reststance to nce blast (Pynculana gnsea Sacc) and sogata nce planthopper (Tagosodes 
onzzco/us) good gram quahty (translucent long slender grrun) and early matunty (total cycle 
about 115 days) 
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Yield Tnals 

Promismg !mes from dlfTerent breedmg populat10ns were selected dunng the last years Sorne of 
them were evaluated m prehmmary expenmental tnals m Colombia at La Libertad and 
Matazul Expenmental Statlons (LES and MES respectlvely) 

The fields were fert1hzed usmg 300kglha of dolom1te hme that was apphed 30 days before 
sowmg 178 kglha of mtrogen (59 kglha at 20 35 and 45 days after sowmg respective! y) 155 
kglha ofphosphorus at sowmg and 116 kglha ofPotassmm (58 kglha at sowmg and 29 kglha at 
20 and 35 days after sowmg respective! y) No chemical control was used for pests or d1seases 
The expenmental des1gn was of complete random blocks w1th 3 rephcatlons and mdiVldual plots 
of 52 m2 (4 row of 5 m w1th spacmg of O 26 m) Dunng the expenment the agronom1c 
charactensbcs were recorded and the mdiVldual plots of 4 16 m2 were harvested The y¡eld was 
measured and gram quahty was evaluated 

Improvmg Rice Populabons by Recurrent Selecbon 

Recurrent select10n IS a cychc process mvolvmg three mam steps plant select10n (select10n umt) 
evaluatlon and recombmat1on (recombmat10n umts) ofthe best performmg selectlon umts Two 
recurrent selectlon methods where used (1) mass recurrent selectlon and (u) S2 progemes 
evaluabon For the last method fertile plants were selected and harvested m the populat10n(s) 
dunng the croppmg season 2000A and S1 generatlon advanced dunng off season at Palm1ra 
Expenmental Stat10n (PES) After harvestmg the S2 populat10ns they were sown at LES m 
2001A and evaluated mcludmg a companson to local checks usmg the augmented block des1gn 
proposed by Federer Each mdiVldual S2 progeny was made of2 rows that were 5 m m length 

Results and DiSCUSSiOD 

The results reported here were the October 2000 March 2001 cycle at PES and dunng the 
upland nce croppmg season Apnl September 2001 at PES and MES 

Lme Development from Recurrent Populations 

Dunng the enhancement of populatlons through recurrent select10n fertile plants were selected 
These genotypes were the startmg pomt for the development of prom1smg fixed !mes for vanety 
release and/or potentlal parents for our reg¡onal partners (Argentma Bolivia, Brazil Colombia 
Cuba Venezuela and the Canbbean through CRID Net) 

8 



Dunng the croppmg season at LES a total of291 segregatmg and advanced Imes were evaluated 
and selected They carne from d1fferent populatmns m d1fferent stages of enhancement (table 1) 

Table 1 L1st of Segregating and F1xed Lmes Evaluated and Selected durmg the croppmg 
Season 2001A 

Population Generation 
S¡ SJ s4 s6 Ss 

PCT 4\SA\4\1 21 {152 
PCT 4\0\0\2 
PCT 4\SA\2\1 114 (23) 
PCT 4\SA\4\1 
PCT 4\0\0\0 44 (7) 
PCT 11\0\0\1 2 (2) 
PCT 4\SA\1\1 
PCT 4\0\0\1 
PCT A\0\0\0 110 (178) 
PCT 4\0\0\1 \S3 
PCT4\PHB\1 \1 PHB\1 

Lme Selectmn by LAC NARS Breeders 

The CIAT/CIRAD project JOmtly w1th EMBRAPA Braz1l organ1zed the F1rst Intematmnal 
Upland RJ.ce Workshop m VIllavicencio Meta Colombia m August 2000 Tlus workshop 
mcluded breeders from s1x countnes (IP 4 RJ.ce Annual Report 2000) and they each selected 
between 8 and 21% ofthe total numberofhnes (table 3) 
Colombia, Braz1l and Bohv1a selected he most number of !mes The mam charactenstics of the 
selected !mes were earhness modem plant type long slender grruns ( of special 1mportance for 
Braz1l) tolerance to nce blast and potentlal promiSing )'leld 
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Table 2 Results of the Selection of Upland Lmes LES Vlllavlcenclo-Meta, Colombia 
August 7 11 2000 

Number ofSelected Lmes and% 
Generation Lmes Bobv1a Brazll Colombia Cuba Venezuela Argentma* 

S¡ 229 14 10 14 14 5 14 
6% 44% 61% 61% 22% 61% 

Average 11 8 !mes Selectlon Intens1t~ 5 1% 

s2 237 o 8 15 o 14 o 
34% 63% 59% 

Average 6 2lmes SelectiOn Intens1t~ 2 6% 

s4 7 o 1 3 o 2 o 
143% 43% 286% 

Average lime Selection Intens1t~ 14% 

s6 289 61 52 133 47 33 61 
211% 18% 46% 162% 114% 211% 

Average 64 5 !mes SelectiOn Intensity 22% 

s1 78 4 20 15 3 8 4 
51% 256% 192% 34% 103% 51% 

Average 9 !mes {11 5%) 

s9 307 
41 66 56 38 30 41 

133% 215% 182% 12 3% 98% 133% 
Average 45 3 !mes SelectiOn Intens1t~ 14 8% 

Total 1147 120 157 236 102 92 120 
105% 137% 206% 88% 8% 105% 

Average 137 8lmes Selectlon Intensity 12% 

* Lmes selected by Argentma are the same as those selected by BoliVIa Bohv1ans breeders 
tramed the Argentmean who was startmg workmg With upland nce 

The selected !mes were harvested and the seeds sh1pped to each respective country s breeders A 
set of 147 !mes was also prepared and slnpped to BoliVIa to be grown as core nursery 
demonstratiOn plot for next years upland nce breeders workshop that wiii be held m Santa Cruz 
de la Sierra These !mes show d1fferent phenotypes mcludmg plant he1ght tiiienng ab1hty cycle 
duratlon gram shape and }'leld potentml They are representatlve of the vanab1hty found m 
segregatmg progerues commg from th1s nce populatiOn 

Y1eld Tnals 

Advanced generatlons are prom1smg fixed !mes that passed through all agronom1c selectiOn 
process SelectiOn of the best }'leldmg !mes that also showed excellent gram quahty was made at 
LES and PES dunng 1999A and B semesters respective! y Dunng the croppmg season 2000A a 
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YJeld tnal was made at LES and 1! was repeated dunng 2001A at LES and MES (Colomb1an 
savannas) 

Croppmg Season 2000A at LES 

Twenty four (S4 generatlon) advanced !mes from the first cycle of enhancement of populatlon 
PCT 4 were compared to 3 checks commg from conventlonal breedmg (Oryz1ca Sabana 6 
released m 1992 Oryz1ca Sabana 1 O released m 1994 and Lmea 30 CIRAD 409 not yet 
released) The PCT 4\SA\1\1 nomenclature means one selectwn for Suelos Ac1dos Ac1d 
Smls followed by one recombmatwn) 

The gram YJelds ranked between 1240 and 3644 kglha Twenty one ofthe advanced !mes YJelded 
more than Oryz1ca Sabana 1 O three more than Oryz1ca Sabana 6 and one more than Lmea 30 
(table 3) at the O 05 leve! ofs1gruficance There 13 !mes that had YJelds ofmore than 3 T/ha as 
compared w1th Lmea 30 were w1th 2 3 T/ha Oryz1ca Sabana 6 w1th 2 1 T/ha and üryz1ca Sabana 
10 w1th 1 2 T/ha The !me PCT 4\SA\1\1>975 M 2M3 YJelded 56% 70% and 194% more than 
Lmea 30 Oryz1ca Sabana 6 and Oryz1ca Sabana 10 respectively The other top YJeld !mes 
mcludmg PCT 4\SA\1\1>1044 M 3M 4 and PCT 4\SA\1\1>975 M 3M3 wh1le not 
statistically d1fferent from Lmea 30 outperformed by 45% 57% and 171% Lmea 30 Oryz1ca 
Sabana 6 and üryz1ca Sabana 10 respectlvely Eleven ofthese h1gh YJeldmg !mes flowered 10 to 
18 days earher than the med1urn cycle checks Oryz1ca Sabana 6 and Oryz1ca Sabana 1 O Th1s 
means that 1t 1s poss1ble to separate earhness w1th from poor YJeld potentlal 

To confirm the results from last year the similar YJeld tnals were repeated m two difieren! s1tes 
If these results confirm the observatwn of the 2000 tnal sorne of these advanced !mes w111 be 
tested for the1r ut1hty as vaneties 
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Table 3 Y1eld Tnai2000A LES Vdlav•cencJO-Meta Colombia 

Lme from populabon * 
PCT 4\SA\1\1 
PCT 4\SA\1\1 >975M2 M 3 
PCT 4\SA\1\1 >1044 M 3 M 4 
PCT 4\SA\1\1 >975 M 3 M 3 
PCT 4\SA\1\1 >975M3 M 4 
PCT 4\SA\1\1 >982M3 M 5 
PCT 4\SA\1\1 >975M2 M 2 
PCT 4\SA\1\1 >1479 M 1M 6 
PCT 4\SA\1\1 >1479 M 1 M 1 
PCT 4\SA\1\1 >975M3 M 2 
PCT 4\SA\1\1 >516 M 6M3 
PCT 4\SA\1\1 >1479 M 1 M 3 
PCT 4\SA\1\1 >1479 M 1 M 5 
PCT 4\SA\1\1 >1044 M 3 M 2 
PCT 4\SA\1\1 >975 M 2M 1 
PCT 4\SA\1\1 >1036 M 6M2 
PCT 4\SA\1\1 >1479 M 1 M 2 
PCT 4\SA\1\1 >540M3 M 5 
PCT 4\SA\1\1 >982M3 M 4 
PCT 4\SA\1\1 >1837 M 2M3 
Lmea 30 - CIRAD409 

PCT 4\SA\1\1 >1260 M 6 M 6 
PCT 4\SA\1\1 >1837 M 2M2 
PCT 4\SA\1\1 >540M3 M 3 
PCT 4\SA\1\1 >1576 M 4 M 1 
Oryz1ca Sabana 6 
PCT 4\SA\1\1 >540M3 M 4 
Oryz¡ca Sabana 1 O 

Y1eld (Kglha) Rankmg Days to Flowermg 

3644 A 71 
3379 AB 74 
3367 AB 74 
3321 ABC 76 
3277 ABC 69 
3275 ABC 74 
3265 ABC 71 
3239 ABCD 78 
3115 ABCD 71 
3095 ABCD 80 
3028 ABCD 72 
3016 ABCD 74 
3003 ABCD 73 
2947 ABCDE 71 
2868 ABCDE 71 
2832 ABCDE 67 
2781 ABCDE 69 
2771 ABCDE 71 
2352 BCDE 75 
2332 BCDE 71 
2313 BCDE 75 
2273 BCDE 79 
2243 CDEF 81 
2237 CDEF 79 
2140 CDEF 83 
1878 EF 81 
1240 F 89 

* PCT 4\SA \1\1 nomenc1ature means one se1ectlon for Suelos Ac1dos (Ac1d s011s) followed by 
one recombmat10n correspondmg to one cycle ofrecurrent select10n 
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Populatlon Improvement 

Population enhancement was made usmg both recurrent selection methods Mass recurrent 
select10n on both sexes was used to select for res1stance to total nce Ieaf blast and nce hoJa 
blanca v1rus The Sz !mes were evaluated for maJor agronom1c tra1ts 

Mass Recurrent Select10n on 8oth Sexes for Rice HoJa Blanca VIrus Rice Blast, and MaJor 
Agronom1c Tra1ts 

Populations PCT 4 PCT A and PCT S were subm1tted to 3 cycles of mass recurrent select10n 
At vegetatJVe stage plants showmg susceptib1hty to leaf blast and nce hoJa blanca v1rus were 
ehmmated w1thout W31tmg untii flowenng to determme 1fthey were maJe stenle 

At harvestmg time male stenle plants showmg good agronom1c tra1ts were selected Seeds 
produced by these healthy male stenle plants were the result of fert1hzat10n by pollen produced 
by ne1ghbor healthy fertlle plants 

Res1stance to Rice Blast 

The ongmal populations of PCT 4 PCT A and PCT S had 43% 3S% 3lld 48% respective of 
susceptible plants (table 4) Startmg w1th the first cycle of select10n there was a drastlc 
reduct10n m the percentage of mfected plants By the th1rd cycle of select no populat10n had 
more the O 3% mfect10n rate wlth nce blast Th1s demonstrates the ab1hty of th!s recurrent 
select10n method to rap1dly m crease the leve! of res1stance to th1s d1sease 

Table 4 Total Leaf Blast Res•stance of the Enhancement Populatlons PCT 5, PCT A and 
PCT-4 PES 19998 

Cycles of Mass Recurrent 
Select10n 
Bas1c Population 
F1rst cycle 
Second cycle 
Th1rd cycle 

Year of 
Evaluatlon 
199S 
1996 
1997 
1998 

"% ofplants w1th leafblast symptoms 
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PCT 5 PCT A 

47 8.. 3S 3 
1 5 1 o 
3 7 3 3 
03 02 

PCT-4 

42 7 
05 
45 
o 1 



Reststance to Rice HoJa Blanca Vtrus 

After 3 cycles of mass recurrent selecbon 107 Sz hnes from the 3 populabons were evaluated m 
1999 at PES for reststance to RHBV The result of the S2 evaluabon of the enhanced 
populabons showed that 54% have reststance to RHBV (table 5) Another 43% were rated as 
mtermedtate for reststance to RHBV 

Table S Reststance to Rice HoJa Blanca Vtrus of tbe Enbancement Populat10ns PCT S, 
PCT A and PCT -4 

Sz hnes of enhanced 
populabons 
FEDEARROZ Lmes 
ICA Ltnes 
IRRILmes 
Colombta 1 (R check)** 
Bluebonnet (S check)** 
CICA 8 (I check)** 

* % of evaluated hnes 

Reactton to Rice HoJa Blanca Vtrus (1 9 scale) 
ReStStant (1 3) Intermedtate (S) Suscepnble (7 9) 

54 2* 

591 
51 4 
56 

903 
00 
00 

429 

30 6 
40 
46 
97 
38 
864 

28 

10 2 
444 
89 7 
00 
962 
136 

** R S and I Reststant Susceptible and Intermedtate 

Recurrent Selectton Based on Sz Lme Evaluatton 

The enhanced populabons are constdered good reservotrs of genotypes for the development of 
reststant fixed hnes Dunng the croppmg season 2001A the 3 enhanced populattons were 
cropped at LES and So ferttle plants selected for lme development 

Populatton PCT-4\SA\3\1 

After the first selectton cycle for actd sotl tolerance (SA) populabon PCT 4 was recombmed 3 
ttmes (\3\) The resultmg populatton was grown at LES dunng 2000 A and So ferttle plants were 
selected The generatton S1 was grown and evaluated at LES dunng the croppmg season 2001A 
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Populabon PCT-4\SA\1\1, SA\1 

PopulatiOn PCT 4\SA\1\1 with one cycle ofrecurrence (SA\1) was submitted toa second cycle 
of recurrent select10n The resultmg enhanced populatiOn (PCT -4\SA \1\1 SA \1) was grown 
dunng the year 2000 at LES A third cycle of recurrent selectiOn was started through the 
selectJon of So ferti!e plants GeneratiOn S¡ was grown at PES dunng off season 2000B and the 
S2 evaluated dunng 2001 A at LES 

GenetJc Progress Evaluat1on tbrough Recurrent SelectJon Process Study Case of 
PopulatJon PCT -4 

As part of the Master Degree thesis of Yohma Ospma the genetic progress for acid soii 
tolerance and mam agronomic traits (flowenng time plant height and gram y¡eld components) 
after one selection cycle usmg different recombmation cycles were evaluated 

Matenals and Metbods 

The startmg source for this expenment was the population PCT 4 The S1 !mes were grown m 
two plots With contrastmg sml acidity The expenmental design was augmented Federer blocks 
composed by S1 !mes from 4 populat10ns and the 3 susceptible checks of CICA 8 CICA 9 and 
Oryzica Llanos 5 as well as the 3 tolerant checks of ÜryziCa Sabana 6 Oryzica Sabana 1 O and 
CIRAD 409 to sml acidity The data has been collected and IS currently bemg evaluated 

Reg1stermg New Site-Specdic Upland Composite PopulatJons 

Smce 1993 and followmg a recommendat10n of the First IntematiOnal Upland Rice Breeders 
Workshop held m Montpelher-France the CIAT/CIRAD Rice Collaborative ProJect IS m charge 
of managmg a registratiOn catalogue were nce populatiOns are descnbed mcludmg genetJc 
constitutJon and process of creat10n Each nce breeder mvolved m population breedmg can apply 
for reg:~stenng the populatiOn he develops The catalogue IS annually Issued and circulated 

In 2001 new site-specific populat10ns were registered on request from two breeders Dr Tao 
Day¡m from FCRI/Y AAS Provmce of Yunnan Chma who apphed for the reg:~strat10n of a 
Japomca populat10n showmg restonng abihty and good gram quahty The germplasm was 
reg:~stered as PYN 3 and was developed from the CIAT/CIRAD population PCT 5 Dr Michel 
Vales from CIAT/CIRAD Rice ProJect Cah Colombia who apphed for the reg:~stratiOn of 
recurrent populatiOns with narrow genetic base 
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Upland Lme RegtstratiOn 

CIRAD has a mechamsm by wluch breeders can register specific matenal not necessanly release 
as vanety It receives a consecutlve CIRAD catalogue number and the correspondmg local 
Identlficatlon where It was bred In 2001 we apphed for the registrat10n of the upland savanna 
!me PCT 4\SA\1 \1 >975 M 2 M 3 that perfonned very well m the 2000 LES y¡eld tnal 

Upland Populatlon Breedmg by LAC NARs 

Populat10n breedmg actiVI!Ies duectly conducted by NARS and momtored by the CIAT/CIRAD 
proJec! can be found m the book tltled Advances m Rice Populatlon Breedmg (Avances en el 
MeJoramiento Poblac10nal en Arroz) pubhshed m 2000 by CIAT/CIRAD (Colombia) 
EMBRAPA (Brazii) and DANAC Foundat10n (Venezuela) Scientlsts from Braz!l BoliVIa 
Colombta Chma Cuba and El Salvador reported on their upland nce breedmg research 
actlvittes 

Conclus10ns 

Populat10ns wtth broad gene!!c base were developed and enhanced By usmg mass recurren! 
selectlon 3 populat10ns were enhanced for leaf blast and RHBV resistance They are good 
reservmrs of potentlally good genotypes for !me development Selectlon of So fert!le plants was 
made Enhancement of populatlon PCT 4 ts contmues usmg Sz !me evaluatlon select10n and 
recombmat10n 

Dunng popula!!on enhancement fertile plants were selected and their progemes evaluated and 
selected by tradttlonal pedigree method Three very promismg !mes were Identlfied They 
showed lugh y¡eldmg poten !la! and were as early as Lmea 30 CIRAD 409 and 1 O to 18 days 
earher than the medmm cycle checks Oryzica Sabana 6 and 0ryzica Sabana 1 O 

Many of the !mes from the recurren! select10n populat10ns y¡elded 40 70% more than Lmea 30 
and the best local check Oryzica Sabana 6 These results demonstrate that tt IS posstble to break 
down the correlat10n between earhness and low y¡eld potentlal 
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Future activities 

These enhanced upland populat10n wiii contmue to be evaluated for agronom1c and pest 
res1stance tra1ts These !mes will be extracted evaluated and selected 

There are many prom1smg upland !mes that w¡ll be tested m multi!ocation tnals to confirmmg 
the1r behav10r m farm cond1tlons Th1s w111 be done m conJunCtiOn w1th CORPOICA and should 
be the bas1s for new vanetles 

• Lowland Rice Ecosystems 

M Chatel and Y Ospma 

Abstract 

As for upland nce CIAT and CIAT/CIRAD nce proJect concentrates on broademng the genetic 
base of Iowland nce The development of lowland nce popu!at10ns w1th broad genetic base and 
the1r enhancement through recurren! select10n were new breedmg strateg:¡es to aclueve tlns 
obJective 

Usmg a recess1ve maJe stenle gene (ms) from a mutant of IR36 the development of nce 
population was eased Bas1c populat10ns were developed at CIAT and d1stnbuted to LAC NARS 
for evaluat10n S1te speclfic md1ca and Japomca populations for the trop1cs and temperate areas 
respect1vely (Southem Cone of Latm Amenca) were developed w1th NARS They are the 
startmg pomt of nce recurrent select10n proJects Networkmg actJv¡tJes are made through 
GRUMEGA Network and FLAR 

Key words Lowland nce nce populations genetic base maJe stenle gene enhancement site 
spec1fic populations and recurren! selection 

Introduction 

PopulatiOn Breedmg for Lowland 1mgated nce 1s made m close collaborat10n w1th FLAR 
partners m Latm Amenca (CIRAD 1s a member of FLAR) and CIRAD partners m Europe and 
As1a 
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The breedmg populat10n project started by mtroducmg to Colombia different gene pools and 
populahons prev10usly developed m Brazil by CIRAD/EMBRAP A -Rice and Beans Center and 
by CIRAD m French Guyana 

Germplasm was charactenzed at Palmira Expenmental Stahon Valle Colombia (PES) The best 
adapted ones were used to develop new populat10ns This resulted m three mdzca populahons 
that were reg¡stered m the recurrent selechon catalogue as PCT 6 PCT 7 and PCT 8 This work 
was conducted at CIA T With Drs C Martmez and E P Gmmaraes 

A;apomca populahon developed by CIRAD for temperate areas was registered as GPIRA T 1 O 
From late 1996 tlus basic germplasm was dispatched to our reg¡onal partners and outside Latm 
Amen ca 1t was the startmg pomt of populahon breedmg achvihes m different countnes 

In 1999 the 11 Intemat10nal Workshop on Rice Recurren! Select10n held m Gmania Brazil was 
the occas10n for the regiOnal NARS to present updated mformahon on the use of populat10n 
breedmg A book edited by Dr Elcio Gmmaraes was pubhshed jomtly by CIRAD/CIA T 
(Colombia) EMBRAPA (Brazil) and the DANAC Foundat10n (Venezuela) 

At the Workshop final plenary session it was decided to create a formal group named Rice 
Advanced Rice Genehc Breedmg Group (Grupo de Mejoramiento Genetico Avanzado de Arroz 
- GRUMEGA) coordmated by CIA T/CIRAD and EMBRAP A Rice and Beans Center 

Actlvihes presented here after were conducted at PES and correspond to special services 
provided to NARS Populahon breedmg act!Vihes drrectly conducted by NARS and morutored 
by the CIAT/CIRAD project can be found m the book untitled Advances m Rice Populat10n 
Breedmg (Avances en el Mejoramiento Poblac10nal en Arroz) pubhshed m 2000 by 
CIAT/CIRAD (Colombia) EMBRAPA (Brazil) and DANAC Foundahon (Venezuela) 

Argentma, Brazil Chile Chma, Colombia Cuba, Venezuela and Uruguay are reportmg research 
achvihes on lowland nce populat10n breedmg 

Matenals and Metbod 

In 1996 populat10ns crated by CIAT/CIRAD were shipped to regional NARS for evaluahon and 
select10n From the best adapted germplasm new Site speclfic populat10ns were developed by 
mtroduchon of local vanabihty The Site specific populahons were reg¡stered m the recurrent 
select10n catalogue CIAT/CIRAD populat10ns were seed mcreased at PES to ensure good 
disposabihty of fresh seed 
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Results and DISCUSSIOD 

Developmg Site-Specific Composite PopulatJons 

Argentma 
Dunng 2000 and the first semester of 2001 a new populatiOn was developed at CIAT by 
mtroducmg mto the populatwn PCT 8 s1x parents selected by the Argentmeans 
The new s1te spec1fic population was 1dentJfied as P ARG 3 and shtpped to Argentma where 1t 
Will be grown dunng the croppmg season 2001/2002 

Chile 
A new populatJon 1s bemg developed m Chtle by INIA It IS targetmg cold tolerance gram 
quahty and y¡eld potent1al It IS IdentJfied as PQUI 2 

Uruguay 
The Uruguayan breeder deahng w1th populatiOn breedmg 1s currently m the US and h1s retlim to 
Uruguay 1s planned for next year Before he leaves Uruguay 1t was decided to create 3 s1te 
spec1fic populahons w1th the followmg obJectJves 
One 1s for short/medmm gram breedmg (export market to As1a) 
One 1s for long slender gram and h1gh quahty (export market to M1ddle East) 
One 1s for long term enhancement 
The 3 populatwns were developed at CIA T Pahmra and were Jdentlfied as PURG 1 PURG 2 
and PURG 3 They are ready for sh1ppmg 

Chma 
The Food Crops Research Instltute (FCRI) of the Yunnan Academy of Agncultural Sc1ences 
(Y AAS) has developed a s1te spec1fic ;apomca populatiOn both for Iowland and upland 
condltions The maJe stenle source 1s from the CIAT/CIRAD upland populatwn PCT 5 crossed 
w1th 8 )mes (2 from Chma w1th restonng gene Rf 1 3 mter spec1fic lmes from W ARDA and 3 
CIRAD upland hnes) 
The new s1te spec1fic population 1s Jdentified as PYN 3 

France and Chile 
In Europe there !S a market for scented nce and the consumers are w¡ll to pay extra for thts nce 
wh1ch makes thts a crop of h1gh added value for nce producers Rice aroma 1s a very dlflicult 
trrut to breed by conventwnal crossbreedmg It !S polygemc and mvolves maJor and mmor genes 
PopulatiOn breedmg 1s a smtable method to enhance the charactenstlc The development of a 
new populatwn for temperate areas started dunng the second semester of 2001 
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The new germplasm correspond to a new populatlon by mtroduct10n mto the Clulean populat10n 
PQUI 1 (well adapted to temperate chmate) of26 aromatic !mes selected by CIRAD France At 
PES mdiVIdual crosses were made between each aromatlc !me and male stenle plants of the 
Clulean populatJon 

The new population IS to be charactenzed and enhánced both m France (Carnargue nce growmg 
reg10n) and Chile Exchange of mformat10n and breedmg matenal wiii be made between both 
breedmg proJects 

Colombia 
Two new composite populat10nS wlth mter speclfic !mes developed by Dr Cesar Martmez from 
ClA T are under way Inter speclfic selected !mes were crossed with PCT 6 and P ARG 3 for 
tropical and sub tropical conditlons In re!at10n to existlng composite populatlons they were 
charactenzed by new ongmal genetlc vanabihty Enhancement wiii at first be made m 
Colombia 

Mamtammg Composlte Populat10ns 

Because we manage the catalogue for nce germplasm for recurrent select10n we also have the 
responsibihty to ensure presence of suflicient seed m the germplasm bank Dunng the second 
semester of2001 at PES we started the multlphcatlon of dlfferent populat10ns 

Lme Development from PCT 6 

Populatlon PCT 6 was enhanced by Dr Michel V aJes (ClAT/CIRAD ProJect) both for total and 
partJal resistance to nce blast and mam agronomic traits The first cycle of enhancement IS 

considered as a reservmr for fixed !me development Dunng 2001A the enhanced populat10n 
was grown at Santa Rosa Expenmental StatJon under blast pressure and 148 stenle plants were 
selected for recombmatwn 

Reg1stermg new PopulatJODS 

In 2001 we regisfered the site specific populat10ns from NARS 
Argentma P ARG 3 
Uruguay PURG 1 PURG 2 and PURG 3 
ClunaPYN 3 
ClAT/CIRAD (M Vales) 
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Conclus•ons 

Reg¡onal LAC NARS have a strong programs m populatwn breedmg We are collaboratmg w1th 
the1r efforts to developmg Site speclfic populatwns and nce enhancement proJects 

Future Actlvities 

The development of new s¡te spec1fic populatwn 1s an on gomg actlvlty The momtonng and 
networkmg of populatwn breedmg achvlhes for s1te spec1fic populatwns w1ll contmue to assure 
the1r development mto advanced !mes wlth the range of charactensllc needed at each local 
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OUTPUT 1 ENHANCING GENE POOLS 

lB Developmg Upland Ibce for Small Landholders 

• New Recurrent Populatlons 
M Vales J Garc1aa, J Dossmann 

Abstract 

Crosses to form new recurrent populatlons W!th broad genetlc base are m way to respond to 
partner new demands 

• Ha1t1 (MARNDR) upland nce populatlon for h!IIS!des mcludmg res1stance to nce blast 
d1sease and to the m1te/fungus complex Steneotarsonemus spmla/SarocladlUm oryzae 

• Cuba (IIA) Lowland nce populahon mcludmg res1stance to nce blast d1sease cold sahruty 
Rh1zoctoma solam and the m1te/fungus complex Steneotarsonemus spmla/SarocladlUm 
oryzae 

• Colomb1a (FEDEARROZ) lowland populatlon mcludmg res1stance to Rh1zoctoma solam 
and sorne cold tolerance 

• CIAT CIRAD collaboratlve proJect (C Martmez and M H Chatel) lowland populat10n 
mcludmg mterspec!fic progemes 

The use ofrecurrent populatlon w1th narrow genetlc base !S a success m Venezuela (DANAC) 
Colombia (FEDEARROZ) and Braz¡J (CIRAD/Agronorte) So new populat10ns are m way to be 
formed to respond to new partner demands 

Hrutl (MARNDR) mundated nce populatlon for costal area mcludmg res1stance to nce 
blast d1sease salt tolerance and to the m1te/fungus complex Steneotarsonemus 
spmla/SarocladlUm oryzae 

UMA T A of Guap1 and Timbiqm populatlon mcludmg tolerance to low sun hght and 
sahmty for the strands of the Colomb¡an costal streams 

New Recurrent Populatlon w1th Broad Genetlc Base 

Because 1t 1s the adapted method to 1mprove polygemc traJts recurrent selectlon has been 
proposed as a breed method for nce smce 1982 (Vales 1983 and 1987) Recurrent populat10ns 
w1th broad genetlc base perm1t greater d1vers1ty m breedmg programs To respond to partner new 
demands recurrent selected populat10ns are bemg developed for upland nce for h!lls!des m Ha1t1 
(MARNDR) and the sorne of the 1mportant tra1ts mclude res1stance to nce blast d1sease and to 
the m1te/fungus complex Steneotarsonemus spmla/Sarocladrum oryzae (Table 1) For Cuba (IIA) 
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a lowland nce populatlon wh1ch carnes res1stance to nce blast d1sease cold sahruty Rhzzoctonza 
solanz and the m1te/fungus complex S spmla!S oryzae (Table 2) For FEDEARROZ m 
Colomb1a a lowland populat10n that carnes res1stance to Rhzzoctonza so/anz and cold tolerance 
(Table 3) IS bemg developed CIAT CIRAD collaboratlve proJCCt (C Martmez and M H 
Chatel) has a lowland populat10n that mcludes mterspeclfic progemes (Table 4) w1th the 
Argentmean populatlon PARG 3\0\0\1 
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Table 1 ProgeDJtors to Form an Upland Rice Populatlon for Hattlan Htllstdes 

Var1ety 
ARC7117 
CHIANUNG SEN 8 
CHIANUNG SEN 11 
CHIANUNG SENYU 19 
ERBAIAI 
INTAN 
INTAN 
RAMTULASI 
RAMTULASI 
RAMTULSI 
TAICHUNG 189 
TAICHUNG SEN 5 
TAINAN6 
TAINAN6 
TAINUNG67 
TP SEL (B 52 4820)18 
LATSIBAVY 
LATSJDAHY 
CJRAD 391 
CJRAD392 
CIRAD407 
CIRAD408 
IRAT 13 
IRAT 104 
MOROBEREKAN 
ORYZICA LLANO 5 
CIRAD403 
CIRAD409 
CIRAD400 
MERVEILLEUX 

1 R = Reststance to 

Seed Or1gm 
IRGC 20516 
IRGC 26954 
IRGC 26955 
CIRAD France 
IRGC 67110 
CIRAD France 
IRGC4230 
CIRAD France 
IRGC 181 
IRGC 10058 
IRGC72922 
IRGC 38893 
IRGC2957 
IRGC28629 
IRGC47743 
IRGC 5699 
CJRAD FOFIFA Madagascar 
CIRAD FOFIFA Madagascar 
CIRAD FOFIFA Madagascar 
CIRAD FOFIFA Madagascar 
CIRAD FOFIFA Madagascar 
CIRAD FOFIFA Madagascar 
CIRAD France 
CIRAD France 
CIRAD France 
CIAT 
CIRAD France 
CJRAD CIAT 
CIRAD France 
CJRAD France 
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Interest 
R 1 Steneotarsonemus spm/a 
R Steneotarsonemus spmk1 
R Steneotarsonemus spm/a 
R Steneotarsonemus spznkz 
R Steneotarsonemus spmk1 
R Steneotarsonemus spm/a 
R Steneotarsonemus spm/a 
R Steneotarsonemus spm/a 
R Steneotarsonemus spmk• 
R Steneotarsonemus spm/a 
R Steneotarsonemus spm/a 
R Steneotarsonemus spm/a 
R Steneotarsonemus spmk1 
R Steneotarsonemus spm/a 
R Steneotarsonemus spmk1 
R Steneotarsonemus spmk• 
R Saroc/ad¡um oryzae 
R Saroc/ad¡um oryzae 
R Saroc/ad¡um oryzae 
R Saroc/ad¡um oryzae 
R Saroc/ad1um oryzae 
R Saroc/adiUm oryzae 
R Pynculana oryzae 
R Pynculana oryzae 
R Pynculana oryzae 
R Pynculana oryzae 
R drought 
R ac1d soll ear1y 
Gram quahty 
Gramquahty 



Table 2 ProgeDitors to Form an Upland Rice PopulatJon for Ha1tian HIIISides 

Var1ety Seed Ongm Interest 
ARC 7117 IRGC 20516 R 1 Steneotarsonemus spznla 
CHIANUNG SEN 8 IRGC 26954 R Steneotarsonemus spmkt 
CHJANUNG SEN 11 JRGC 26955 R Steneotarsonemus spmkz 
CHIANUNG SENYU 19 CIRAD France R Steneotarsonemus spm/a 
ERBAIAI IRGC 67110 R Steneotarsonemus spmkt 
INTAN CIRAD France R Steneotarsonemus spmk1 
INTAN IRGC4230 R Steneotarsonemus spznkz 
RAMTULASI CIRAD France R Steneotarsonemus spznk1 
RAMTULASI JRGC 181 R Steneotarsonemus spmla 
RAMTULSI IRGC 10058 R Steneotarsonemus spm/a 
TAICHUNG 189 IRGC 72922 R Steneotarsonemus spmkt 
TAICHUNG SEN 5 IRGC 38893 R Steneotarsonemus spmla 
TAINAN 6 IRGC2957 R Steneotarsonemus spm/a 
TAINAN 6 IRGC 28629 R Steneotarsonemus spmkz 
TAINUNG 67 IRGC47743 R Steneotarsonemus spmkz 
TP SEL (B 52-4820) 18 IRGC 5699 R Steneotarsonemus spm/a 
LATSIBAVY CIRAD FOFIFA Madagascar R Saroc/adtum sp R co1d 
LATSIDAHY CIRAD FOFIFA Madagascar R Saroc/adtum sp R co1d 
CIRAD391 CIRAD FOFIFA Madagascar R Saroc/adtum sp R cold 
CIRAD 392 CIRAD FOFIFA Madagascar R Saroc/adtum sp R co1d 
CIRAD407 CJRAD FOFIFA Madagascar R Saroc/adtum sp R cold 
CIRAD408 CIRAD FOFIFA Madagascar R Saroc/admm sp R cold 
IRAT 13 CIRAD France R Pyncu/ana oryzae 
IRAT 104 CJRAD France R Pynculana oryzae 
MOROBEREKAN CIRAD F rance R Pyncu/ana oryzae 
ORYZICA LLANO 5 CIAT R Pyrtcularta oryzae 
PALMAR DANAC R Rhtzoctoma so/am 
FONAIAP 1 DANAC R Rhtzoctoma solam 
REMADJA CIAT R Rhzzoctoma so/am 
PANKAI CIAT R Rhtzoctoma so/am 
TADUKAN CIAT R Rhtzoctoma solam 
TAPOCHOO Z CIAT R RhlZoctoma solam 
TETEP CIAT R Rhtzoctoma so/am 
REMADJA CIAT R Rhtzoctoma solam 
CIRAD400 CIRAD France Gramquahty 
MERVEILLEUX CIRAD France Gramquahty 

1 R = Res1stance to 
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Table 3 Progemtors U sed to Forman Lowland Populat10n for Colombta 

Vartety Seed Ongm lnterest 
LATSIBAVY CIRAD FOFIFA Madagascar Cold tolerance 
LATSIDAHY CIRAD FOFIFA Madagascar Cold tolerance 
CIRAD 391 CIRAD FOFIFA Madagascar Cold tolerance 
CIRAD 392 CIRAD FOFIFA Madagascar Cold tolerance 
CIRAD407 CIRAD FOFIFA Madagascar Cold tolerance 
CIRAD408 CIRAD FOFIFA Madagascar Cold tolerance 
IRAT 13 CIRAD France R 1 Pyncu/ana oryzae 
IRAT 104 CIRAD France R Pynculana oryzae 
MOROBEREKAN CIRAD France R Pyncu/ana oryzae 
ORYZICA LLANO 5 CIAT R Pyncu/ana oryzae 
PALMAR DANAC R Rhzzoctoma solam 
FONAIAP 1 DANAC R Rhzzoctoma so/am 
REMADJA CIAT R Rhzzoctoma so/am 
PANKAI CIAT R Rhzzoctoma solam 
TADUKAN CIAT R Rhzzoctoma so/anz 
TAPO CHOO Z CIAT R Rhzzoctoma so/anz 
TETEP CIAT R Rhzzoctoma so/anz 
CIRAD400 CIRAD France Gramquahty 
MERVEILLEUX CIRAD France Gram quahty 
FEDEARROZ 50 FEDEARROZ R HoJa blanca and Sogata 
FEDEARROZ 2000 FEDEARROZ Yteld 

1 R = Res1stance to 

Table 4 Interspecdic Progemes Proposed by C Martinez 

Pedtgree Progemtors 
CT13941 11 M 25 5 M M 
CT13946 26M 5 3 M M 
CT13958 13M 264M M 
CT13956 29 M 29 2 M M 
CT13959 3M 104M M 
CT13976 7 M 14 1 M M 
CT14938 36 1 M 1 

O rnfipogon 1 *2 Bg90 2 
O rnfipogon 1 *2 Bg90 2 
O rufipogon 1 *2 Bg90 2 
O rufipogon 1 *2 Bg90 2 
O rufipogon 1 *2 Bg90 2 
O rufipogon 1 *2 Bg90 2 
O barth11 1 3* Lemont 

New Recurrent Popu1atJon wtth Narrow Genebc Base 

Recurren! populat10ns w1th narrow genehc base was proposed for obtammg results more qUlckly 
than 1s poss1ble w1th a populahon w1th broad genehc base (Vales 1998) Sorne narrow based 
recurren! populat10ns are bemg used by our partners 

26 



Brazii 
Venezuela 
Colombia 

PCT 18 for up1and nce (James Trullebms CIRAD Agronorte) 
PCT 16 for tropicallowland nce (Carlos Gamboa DANAC) 
PCT 15 for favorable upland nce and PCT 16 (Edgar Corredor FEDEARROZ) 
PCT 14 for altitude lowland nce and PCT 17 for lullsides (Own program for 
Confrontmg food msecunty m the lullsides see Output 3) 

A narrow genetic basis recurrent selected populatlon IS bemg made for an mundated nce 
populatlon for the Hrutian coastal areas whiCh mcludes resistance to nce blast disease salt 
tolerance and to the mite/fungus complex Steneotarsonemus spmla/Sarocladzum oryzae (Table 
5) Another populat10n m bemg made for the strands of the Colombian coastal streams of Guapi 
and Timbiqm wluch mcludes tolerance to low sun hght and sahmty (Tab1e 6) 

Table 5 Progemtors to Form an Inundated Rice Population for Haiban Coast 

Vanety 
RAMTULASI 
IRAT 13 
IRAT 112 
LATSIDAHY 
MALAYIKA 
CAMPECHE 
MADAME TISON 
LA CRETE A PIERROT 

R Resistance to 

Seed or1gm 
CIRAD France 
CIRAD France 
CIRAD France 
CIRAD FOFIF A Madagascar 
MARNDR Haitl 
MARNDR Haitl 
MARNDR Haitl 
MARNDR, Haitl 

Interest 
R Steneotarsonemus spmla 
R Pyrzcularza oryzae 
R drought 
R Saroc/adzum oryzae 
Tolerance to Paz/le Nozre 
Sahmty tolerance 
Adaptat10n to acid sml 
Taste preference 

Table 6 Progemtors to Form an Inundated Rice PopulatiOn for Colomb•an Coast 

Vanety 
IRAT 216 
CHINO GRANDE 
FEDEARROZ 2000 
CAMPECHE 

Seed Ongm 
CIRAD France 
UMA T A Guapi Colombia 
FEDEARROZ Colombia 
MARNDR Haiti 

27 

Interest 
Uplandllowland adaptabihty 
Low sun hght to1erance 
Yield 
Sahmty tolerance 
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OUTPUT 1 ENHANCING GENE POOLS 

Improvmg nce germplasm for Latm Amenca and the Canbbean (LAC) by the IP 4 ProJect at 
CIAT IS bemg accomphshed through the mcrease of genetlc diversity and enhancement of gene 
pools for h1gher more stable yields w1th adequate levels of res1stance to pathogen and msect 
pests relevan! to the reg10n CIA T breedmg strateg~es focus on developmg and 1mprovmg 
populatlons to prov1de our partners w1th sources of potent1al parents havmg speclfic trruts or 
populat10ns from whiCh they may select and advance fixed !mes for release as commercial 
vanetles 
In the case of 1mgated and favored upland ecosystems th1s 1s accomphshed through the 
charactenzatiOn and utihzatiOn of wild nce spec1es development of 1mproved populatlons 
through recurren! select10n methods and the mtrogress10n of agronom1c trruts from the IRRI new 
plan! type mto our local gene pool 

1 C Broadenmg the Genetlc Base of Irngated Rice m Latm Amer1ca 

• UtJhzatJon ofWIId Rice Spec1es for Enhancmg Gene Pools 

Introdnctlon 

Oryza w1ld spec1es represen! a poten!Ial source of new alleles for 1mprovmg yield quahty and 
stress res1stance of cui!Ivated nce Stiii effectlve use of wild spec1es genes remams largely 
unexplored Advanced backcross breedmg schemes (Tanskley and Nelson 1996) usmg 
molecular mappmg techmques represen! an altematlve to reduce the genetlc background from 
wild spec1es parentals and to rap1dly d1scover and transfer valuable alleles from the w1ld spec1es 
mto ehte nce vanetles 

Th1s collaboratlve proJect between CIA T W ARDA and Comell Umvers1ty 1s a1med at 
charactenzmg and utihzmg the genes from nce w1ld spec1es for the 1mprovement of cultlvated 
nce Two approaches are bemg followed molecular charactenzat10n of selected mter speclfic 
populat10ns and the evaluatlon and select10n of mter speclfic populat10ns v1a conventlonal 
breedmg methods 

• Molecular CbaracteriZatmn of Selected Inter Spec1fic Populatlons 

The mrun obJectlve of these activi!Ies 1s to carry out the molecular charactenzat10n of 
popula!Ions resultmg from w1de crosses m order to Identlfy alleles assoc1ated w1th tra1ts of 
agronom1c 1mportance 
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• QuantJtative tra1t loe• for y1eld and y1eld components m an Oryza sat1va x Oryza 
rufipogon BC2F2 populatJon evaluated m an upland env1ronment 

P Moneada C P Martmez J Borrero M Chatel H Gauch Jr E GUJmaraes J Tohme and 
SR McCouch 

Abstract 

An advanced backcross breedmg strategy was used to 1dentify quantitative tra1t loe! (QTLs) 
assoc1ated w1th e1ght agronom1c tra1ts m a BC2F2 populat10n de nved from an mterspeclfic cross 
between Ca1apo an upland Oryza satzva subsp Japomca nce vanety from Braz1l and an 
access10n of Oryza rufipogon from Malays¡a Th1s study were made to determme whether tra1t 
enhancmg QTLs from O rufipogon would be detected m the BC2F2 fam1hes grown under the 
drought prone ac1d so¡) cond!tlons to wh1ch Ca1apo was adapted Another objective was to 
compare putative QTL contammg reg10ns !dentified m th1s study w1th those prev10usly reported 
for populat10ns adapted to 1mgated lowland cond¡tJons Based on analyses of the SSLP and 
RFLP markers d1stnbuted throughout the genome and usmg smgle pomt mterval and compos1te 
mterval mappmg two putabve O rufipogon denved QTLs were detected for y¡eld 13 for y¡eld 
components four for matunty and s1x for plant he1ght We conclude that advanced backcross 
QTL analys1s offers a useful germplasm enhancement strategy for the genetic 1mprovement of 
cultivars adapted to stress prone env1ronrnents 

lntroduction 

Tlus work 1s a summary of the results that were pubhsh th1s year (Moneada et al 2001) 
Cultivated nce (Oryza satzva L) !S a genetically d1verse spec1es w1th broad adaptation to a w1de 
range of growmg env1ronrnents O rufipogon cons1sts of access10ns that are able to prosper 
under condlt!ons of both complete water saturation (anaerob1c s01ls) and water deficlt (as m 
upland env1ronrnents) (Monsh1ma et al 1962) and 1s found m both trop1cal and temperate 
growmg cond!tlons While a part1al stenhty barner separates the md1ca and Japoruca subspec1es 
both cross readily W!th most access10ns of O rufipogon The poss!blhty of selectively 
mtrogressmg useful genes from O rufipogon to nce cul!ivars suggests a way of 1mprovmg the 
performance of O satzva wlule s!multaneously broademng the gene!ic base of cultJVated nce 
Although upland nce constltutes about 12% of the total area planted to nce on a global bas1s 1t 1s 
the dommant form of nce culture m many parts of Latm Amenca and most of West Afhca In 
Latm Amenca as a whole about 45% of nce 1s produced as an upland crop and two th1rds of 1t 
1s m Braz1l s savanrtas where large tnechan1zed farms predommate Ca1apo was one ofthe most 
w¡dely planted vane!ies m th1s reg10n of Braz¡J covenng 32% of the upland acreage m 1996 
Grown mostly m low pH smls that are prone to water deficlt y¡elds of Ca1apo typ1cally average 
2 5 tlha Therefore breedmg to mercase the productJv¡ty of upland nce 1s of mterest for both 
ecolog¡cal and econom1c reasons 
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The genelic base of nce m Amenca 1s narrow due to the fact that a small core of adapted 
progemtors has been used repeatedly m nce breedmg programs m Latm Amenca, the Canbbean 
and North Amenca (Hargrove et al 1980 D1lday 1990 Cuevas Perez et al 1992 Gmmaraes 
1993) New resources can prov1de genebc vanatwn for future advance m plant breedmg 

Advanced backcross (AB) QTL analys1s (Tanksley and Nelson 1996) can be used to evaluate 
mapped donor mtrogresswns m the genet1c background of an ehte recurren! parent Usmg tlus 
approach speclfic regwns of the genome denved from e1ther w1ld or adapted sources of 
germplasm and tagged w1th molecular markers can be assoc1ated w1th the performance of 
segregatmg off spnng In tlus study we developed a populatwn usmg an accesswn of O 
rufipogon (IRGC # 105491) as a donor w1th Cruapo as the recurren! parent We evaluated 274 
BC2F2 fam1hes under low mput cond1t1ons m an upland slte m Colombia, w1th and w1thout 
pasture compet1t1on We were mterested m determmmg whether O rufipogon denved QTL 
alleles would be assoc1ated w1th pos1tlve or negatlve effects under these cultural cond!tlons and 
m companng the putalive QTL contrumng regwns w1th those prevwusly found m favorable nce 
growmg env1romnents 

Matenals and Methods 

Plant Matenals 

Campo was used as the recurren! parent m th1s study lt typ1cally y¡elds 2 5 t/ha, 1s approx1mately 
80 cm tall has good physical and ed1ble gram quahty tolerance to leaf blast (Pyncularta 
oryzae) moderate res1stance to neck blast and tolerance to alurmnurn tox1c1ty ac1d1c s01l 
condllions and drought O rufipogon (IRGC #105491) 1s a w1ld accesswn from Malays1a 1t 1s 
approx1mately 95 cm tall has res1stance to nce blast small seeds w1th dark hulls that shatter 
fau1y eas1ly and heads about the same time as Cruapo under the cond1t10ns used m tlus study 

PopulatJOn development 

A smgle plant of O rufipogon served as female m crosses to severa) Ca1apo mdlVlduals The 
lhree mosl v1gorous F1 hybnd planls were backcrossed lo Campo (as lhe female) from wh1ch 
224 BC1F1 seeds were oblamed The resullmg BC 1F1 plants were transplanled under 1mgated 
condltwns to ensure surv1val dunng populalion developmenl Phenolyplc selectlon was 
performed lo ehmmate slenhly very late flowenng spreadmg planl type excess1ve shattenng 
long awns dark hull color and excessively lall planls The besl 40 mdlvlduals were backcrossed 
lo Campo and approx1malely 30 BC2F1 seeds per planl were produced Twenly BC2 seeds from 
each oflhe 40 BC1 planls were sown m wooden lrays m lhe screen house and laler transplanted 
under 1mgaled cond1t1ons lo allow opl1mal seed produclwn dunng selfing The besl 300 
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mdlVlduals were selected based on phenotype and harvested mdtvtdually to generate BC2F2 seed 
Agronomtc tratts were measured for all 300 BC2F2 famthes however only 274 famthes were 
used to collect molecular marker data because of non germmatton of seeds for 26 famthes 

Fteld Tnals 

Two dtfferent expenments wtth two rephcatwns each were performed m the expenmental 
statton at Vdlavtcencto Colombta In the first expenment 300 BC2F2 famthes were estabhshed 
as an upland monocultllre The sotl was amended wtth calctum carbonate before plantiDg For 
fertdtzatton 60 kg ofN/ha 60 kg K2 0/ha and 60 kg ofP20slha were apphed The weeds were 
controlled through apphcatlons a post emergence herbtctde and by manual weediDg The 
fungtctde Btm was apphed throughout the vegetatlve cycle as a preventtve dtsease control 
measure 

Tratt Evaluattons 

Ten plants were selected at random from each ofthe 300 BC2F2 famthes ID each expenment and 
evaluated for etght agronomtc tratts IDciudiDg days to headiDg plant hetght pantcle length 
number of pantcles per plant percent stenhty graiDs per plant 1000 graiD wetght and yteld per 
plant 

Marker Analyses 

The populatton of 274 BC2F2 famthes was analyzed usiDg a total of 125 markers dtstnbuted at 
approxtmately 1 O cM IDtervals throughout the geno me A total of 200 restnct10n fragrnent length 
polytnorphtsms (RFLPs) usiDg 4 restnctwn enzytnes (EcoRI EcoRV Hmdiii and Dral) and 50 
stmple smgle length polytnorphtsms (SSLPs) were used to survey the parents for 
polytnorphtsm The RFLP markers used to do the parental survey were chosen based on genome 
dtstnbutton and prevwus expenments IDcludiDg the set of Comell Anchor Probes wtdely used 
for comparattve mapp1Dg as descnbed by Van Deynze et al (1998) and many ofthe markers 
prevtously used for polytnorphtsm analysts (Rice Genes database 
http //genome comell edulnce/) The SSLPs were chosen to close gaps ID the hnkage map left 
by the dtstnbutton ofRFLPs 

Lmkage map 

The order ofthe RFLP markers was based on the mterspectfic map ofnce descnbed by Causse 
et al (1994) and the order of SSLP markers was based on Chen et al (1997) and Ternnykh et al 
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(1999) Marker mtegratwn was done by ahgnmg markers common to both popu1atwns and 
estabhslung the most hkely order and cM d1stances usmg Mapmaker on the BC2F2 populatwn 
Segregat10n ratlos of md•v•dual markers were statlstlcally determmed for each marker locus and 
devmtlon from the expected Mendehan ratlos was determmed by X2 tests (P < O O 1) 

QTL analys1s 

Nomenclarure for QTLs was as descnbed m McCouch et al (1997) The assoc1atwn between 
phenotype and marker genotype was mvestlgated usmg smgle pomt analys1s (SPA) mterval 
map pmg (!M) and compos1te mterval mappmg (CIM) For smgle pomt analys1s and mterval 
mappmg the QGENE apphcatwn (Nelson1997) was used Compos1te mterval mappmg (Lm 
1997) was 1mplemented usmg QTL Cartographer software (Basten et al 1994 1997) w1th a 
mode1 spec1fymg five cofactors (as recommended by the authors of the software as default) to 
control for genetlc background and a wmdow s1ze of 1 O cM that blocked out a regwn of 5 cM on 
e1ther s1de of the markers flankmg the test s1te 

The expenment w1se threshold for compos1te mterval mappmg was obtamed by domg 1000 
permutatwns at P <O O 1 w1th an average hkehhood rat1o of 17 5 correspondmg to a LOO score 
of 3 80 Confidence hm1ts were calculated for the threshold values correspondmg to each 
mdiVIdual tralt for both 1M and CIM (data not shown) and because the d1stnbutwns overlap m 
both analyses we used the average threshold for all tra1ts (Mood et al 1974) QTLs 1denufied 
usmg these s1gruficant thresholds d1d not always agree for each ana!ytJcal method Those 
reported m th1s study represent QTLs 1dentlfied by at 1east two ofthe methods descnbed above 

Genotype by env1ronment mteractlons were analyzed usmg a standard analys1s ofvanance (Proc 
GLM SAS 1988) w1th P <O 01 The rank ofthe d1fferent fam1hes m both env1ronments were 
tested to see 1f there were shlfls m populatlon means usmg Spearman rank correlatwn coeffic1ent 
(rs) w1th a P <O 01 

Resu1ts 

Tratt Corre1atJon s 

The strongest corre1atwn was found between y¡eld and grams per plant w1th s¡gn¡ficant 
correlatwns also found between y¡ e id and the number of parucles per plant plant he1ght parucle 
length and 1000 gram we1ght (Table 1) There was a negatlve correlatwn between y¡ e id and days 
to headmg that can be explamed by the fact that drought d¡fferentlally affected the late matunng 
genotypes depressmg y¡elds wh!le early matunng !mes escaped the most senous effects of the 
drought 
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Phenotyptc vanatton for the dtfferent tratts 

Posttlve phenotyptc transgresstve vanatton m the BC2F2 populatwn was observed for all tratts 
except for the number of pantcles per plant For thls tra1t O rufipogon demonstrated a 
s¡gruficantly rugher number of pan!Cies per plant than Campo or any of the BC2F 2 fam1hes m 
both expenments The transgress1ve vanatwn suggested pos1tlve genotype x genotype (G xG) 
vanahon where O rufipogon alleles augment performance m a largely Ca1apo genetlc 
background 

QTLRegJOns 

S1gmficant QTLs were detected for all tra1ts except pan1cle length as summanzed m Table 2 Of 
the 25 QTLs ¡dentlfied SPA and 1M detected 23 (92%) QTLs m common Seventeen (68%) of 
the QTLs detected by SPA were also detected by CIM whlle 76% ofQTLs detected by 1M were 
detected by CIM The lack of consensus regardmg QTL Jdentlficatlon was most extreme for 
plant he1ght where four QTLs Jdentlfied by both SP A and 1M were not s1gruficant usmg CIM 
Thls 1s a case where the use of cofactors appears to be partlcularly 1mportant However 1t 1s 
mterestmg to note that when the four plant he1ght QTLs not detected by CIM are removed from 
the companson 17 (81 %) and 19 (90%) of the rema1mng QTLs for all trruts detected by SPA 
and 1M respectlvely were also detected by CIM In many of these cases a sub threshold peak 
(md1cated by regular font m Table 2) was detected for the altemate expenment QTLs at or 
above the empmcal threshold are m bold m Table 2 
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Table 1 CorrelatJon coeffic1ents among tra1ts m an O ruflpogon denved BCz populat10n 
(*=p<O 05, **=p<O 01) 

ltem Days Plant Pan Pan /pi Percent Gr/pl 1000- Plant 
bead he•ght Leng!h stenh!)' 2W I!eld 

Days to beadmg 1 
Plan! he1ght -0 31** 
Pamcle length --{) 08 oso•• 
Number pan /pi --{) 22** 009 003 1 
Percent stenhty o 31** --{)13 --{) 09 --{) 13 
Grams/plant --{) 39** 047** 047** 060** -043** 1 

1000 gram we1ght --{) 12* 022 009 o 2s•• --{)04 o 23** 
Plant YJeld --{) 40** 048** 044** o 61 --{)41** 097 043** 
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Table 2 Putative QTLs Detected m a BC2 Populatlon from a Ca1apo/O rufipogon Cross 

QTL Chrom Marker Exp Increased FSPA P SPA LOO SPA Var SPA LODIM VariM LODCIM Var 
effect CIM 

Days to headmg 
Dth2 1 2 RM266 RM207 1 rufipogon 14 51 00002 3 08 0054 3 49 o 125 465 o 140 
Dth3 1 3 RGI04 RZ329 1 rufipogon 25 01 00000 5 23 0085 5 18 0088 5 94 0097 
Dth3 2 3 RZ576 RZ22 1 Ca1apo 15 37 o 0001 3 26 0055 3 31 0053 3 88 0064 
Dth7 1 7 RG30 RM125 1 rufipogon 2140 00000 4 50 0073 4 88 o 116 4 12 0078 

Plant he1ght 
Phi 1 1 RG462 RZ613 1 rufipogon 11 86 00007 2 54 0042 3 74 

1 RZ613 RZ513 1 rufipogon 5 51 o 0196 2 65 0020 3 65 0095 
Phl2 1 RM104 RZ801 1 rufipogon 16 99 00001 3 60 0063 4 18 o 118 3 76 
Ph2 1 2 RG256b- RM207 1 rufipogon 803 00050 1 73 0029 206 2 02 
Ph41 4 RGI69 CD0244 1 rufipogon 1196 00006 2 56 0042 4 57 

4 CD0244 RZ740 1 rufipogon 10 81 00011 2 31 0039 2 59 
Ph5 1 5 CD0202 RZ925 1 Rufipogon 14 61 00002 311 0052 3 01 0059 

5 CD0202 RZ925 1 rufipogon 37 49 00000 767 o 124 7 80 o 144 

Pamcles per plant 
Ppl6 1 6 RM3 CD078 1 rufipogon 2079 00000 4 36 0079 4 54 0076 5 25 o 183 

Percentage of stenhty 
StelO 1 10 CD098 RM304 1 rufipogon 21 07 00000 3 55 0076 4 29 0090 
SteiO 2 10 RMI47 RZ500 1 rufipogon 30 89 00000 6 37 o 108 622 o 128 656 o 131 

Grams per plant 
gp/11 1 RZ513 RZ613 1 rufipogon 15 42 00001 0054 3 49 0083 487 o 112 
gp/21 2 RG256b RM207 1 rufipogon 13 82 00002 2 95 0049 344 0074 408 o 078 
gp/6 1 6 waxy RZI002 1 Ca1apo 16 85 o 0001 3 57 0062 3 73 0067 703 o 118 
gp/11 1 11 RZ537 RZ900 1 rufipogon 7 50 00066 1 62 0027 
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1000 gram wetght 
gw1 1 1 RZ613 RZ513 1 rufipogon 18 59 00000 2 03 0064 443 o 214 627 o 174 
gw12 1 RG462 RZ613 1 rufipogon 947 00023 3 93 0034 602 o 220 545 o 199 
gw3 1 3 RZ996 RM227 1 rufipogon 18 21 00000 3 85 o 063 4 63 o 116 
gw111 11 RZ537 RZ900 1 rufipogon 31 41 00000 650 o 104 719 o 118 7 21 o 121 

11 RM254 RM224 1 rufipogon 17 00 00001 3 60 0063 695 o 092 

Y teld per plant 
yld11 1 RZ513 RZ613 1 rufipogon 18 39 o 0000 3 89 0064 4 09 o 139 501 o 143 
yld11 1 11 RZ537 RZ900 1 rufipogon 15 42 o 0001 3 28 0054 3 44 0070 3 71 

Stgruficance thresho1ds 1evels (SPA = 3 6 !M= 3 75 CIM = 3 8) were deterrnmed by permutatton tests 
b Bold numbers mdtcate QTLs detected wtth LOD scores greater than the stgruficance threshold levels A normal font mdtcates QTL peaks m the same regtons that 
were detected m the altemate expenment or altemate analyses wtth LOD scores be1ow the stgruficance thresho1d 1evels 
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Days to Headmg 

Four QTLs were s1gmficantly associated w1th days to headmg O rufipogon alleles contnbuted 
earhness at one of them dth 3 2 located on chromosome 3 wh1le for the other three O 
rufipogon alleles mcreased the number of days to headmg The vanatlon explamed by these 
mdiVIdual QTLs ranged from 6% to 14% as determmed by CIM and was similar based on 
max1mum hkehhood estunates for SPA and 1M (Tab1e 2) 

Plant he1ght 

Ofthe s1x QTLs associated w1th plant he1ght that were detected by SPA and 1M only phi 2 and 
ph2 i were detected by CIM phi 2 on chromosome 1 had the h1ghest leve! of s1gmficance of 
any QTL detected m th1s expenment and alone accounted for 17-21% of the vanat10n for plant 
he1ght 

Pamcle Jength 

No QTLs were detected for pan1cle length m th1s study 

Pamcles per plant 

Two QTLs ppi6 i and pplli 1 affected the number of pan1cles per plant and they were 
1dentified as significan! by all three analytlcal procedures In both cases the w1ld allele conferred 
a positive effect mcteasmg the number of pamcles per plan! as would be pred1cted from the 
phenotype of O rufipogon The QTL pp/6 i was sigruficant only m Expenment 1 explammg 
18 3% ofthe phenotyp1c vanat10n as determmed by CIM The QTL ppllii was s1gmficant only 
m Expenment 2 (data not shown) and hadan R2 value of8 5% as determmed by CIM 

Percent stenhty 

Two QTLs both Iocated on chromosome 10 were assoc1ated w1th plant stenhty and m both 
cases mcreased stenhty was assoc1ated w1th the O rufipogon allele Only one of the QTLs 
stelO 2 was detected by CIM and 1t explamed 13% ofthe phenotypiC vanat10n 

Grams per plant 

Four reg10ns were assoc1ated w1th the number of grams per plant All four were detected by both 
1M and CIM and two were also detected by SPA Three ofthe QTLs gpl11 gp/2 i andgpllil 
showed the positlve effect commg from the O rufipogon mtrogress10n The phenotyp1c vanance 
explamed by any ofthe loc1 assoc1ated w1th th1s tra1t ranged from 6 to 12% (IM and CIM) 
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1000 gram we1ght (grams) 

F1ve QTLs were assoc1ated w1th 1000 gram we1ght In contrast to what wou1d be pred1cted based 
on the phenotypes of the parents alleles den ved from O rujipogon mcreased 1000 gram we1ght 
at all five loc1 The phenotyp1c vanation explamed by mdlvldual QTLs ranged from 5 to 22% 
(IM and CIM) The largest QTLs (gwl Jand gwl 2 located on chromosome 1) md!v1dually 
explamed 17-22% ofthe vanation (IM and CIM) under monoculture cond!tlons 

Y1eld per plant 

Two genom1c reg¡ons were s¡gmficantly assoc1ated w1th y¡eld per plant The O rujipogon allele 
was respons1ble for mcreasmg y¡eld m both cases lndlVldual loc1 explamed 7-14% (IM and 
CIM) ofthe vanance Both QTLs were detected by all three analybcal procedures 

DISCUSSIOD 

In th1s study we compared the findmgs of th1s set of expenments w1th those prev10usly reported 
by other re searchers evaluatmg s1m11ar characters m d1fferent cross combmatlons and dlfferent 
env1ronments The use of a common set of molecular markers made 1t poss1ble to determme 
whether QTLs from all the dlfferent stud1es were m Similar reg¡ons ofthe nce genome By domg 
so newly reported QTLs could be compared to prev10usly reported QTLs lendmg Ieg1tlmacy to 
those w1th a pnor h1story and suggestmg cautlon for those flagged for the first time 

Of the four QTLs 1dent1fied for days to headmg dth3 1 and dth7 1 are m the same or similar 
reg¡ons as prev10usly 1denbfied QTLs The QTL dth3 1 m th1s study 1s m a Similar Iocat10n as 
dth3 (X1ao et al 1996) QHd3a (L1 et al 1995) DH 3 (Pnce et al 1997) and hd3 (Lm et al 
1995) and dth 7 1 comc1des w1tb Hd 4 (Y ano et al 1997) Future work a1med at clomng and 
charactenzmg these alleles w111 confirm whether these prev10usly reported QTLs correspond to 
the same or tightly hnked QTLs and whether the alleles commg from O rujipogon are the same 
as those found m the cult1vated O sat1va gene pool 

Plant he1ght QTLs m tbe same reg¡on as phi 1 have been prev10usly reported by X~ao et al 
(1998) and Wu et al (1996) anda QTL similar to ph2 1 was reported by L1 et al (1995) QTL 
ph 1 1 may represent the sem1 dwarf Iocus sd 1 wh1ch 1s located m a similar reg¡on on 
chromosome 1 (Cho et al 1994) The QTL ph2 1 1s m similar pos1tlon to the known dwarfing 
mutants d 30 (wa¡se¡ slurasasa dwarf) and d 5 (bunketsu wa1to) (Kmosh1ta 1995) 

A total of 53 sem1 dwarf genet1c stocks have been reported m nce and while mne of them are 
known to be allehc to the h1ghly mutable sd 1 Iocus (Rutger 1992) many others appear to be 
mdependent 1t Wlll be mterestmg to determme how many of them define QTLs assoc1ated w1tb 
plant he1ght and to determme whether O rujipogon and other w1ld spec1es may harbor novel 
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alleles that d1ffer m structure and functwn from any of the alleles that have been so w1dely used 
to alter plant stature harvest mdex and other 1mportant agronom1c charactensbcs m plant 
1mprovement to date 

Ne1ther of the two QTLs affectmg the number of parucles per plant m th1s study comc1ded w1th 
any prevwusly pubhshed QTLs m nce Desp1te the lack of lustoncal support for the ex1stence of 
these QTLs tlus 1s the only tra1t where the putabve QTLs were supported by all three analybcal 
procedures 

Two QTLs were assoc~ated w1th plant stenhty m tlus study and m both cases the O rufipogon 
alleles were assoc~ated w1th mcreased stenhty A known fert1hty restorabon locus Rf 1 res1des 
on chromosome 10m a Similar pos1bon to stelO 1 on chromosome 10 (Yao et al 1997 Tan et al 
1998) 

O rufipogon alleles were assoc1ated w1th an mcrease m the number of grams per plant for three 
of the four QTLs 1denbfied for tlus tra1t Two of these loc1 gpll 1 and gp/2 1 are m the sarue 
locatwns on chromosomes 1 and 2 as the y:¡eld QTLs reported by X1ao et al (1998) where the 
O rufipogon alleles mcreased y:¡eld m a hybnd vanety grown under lugh mput cond!bons Th1s 
suggests that O rufipogon mtrogresswns at these loc1 may be advantageous m d1vergent genebc 
backgrounds and growmg envuonments The QTL on chromosome 1 gpll 1 was also located m 
the sarue reg¡on as the he1ght QTL phi 1 poss1bly correspondmg to the sd 1 gene lt has long 
been observed that the sd 1 gene not only dwarfed plant stature but also was assoc1ated w1th 
mcreased harvest mdex and y:¡eld It will be worth mvest1gatmg further to understand the 
molecular structure and funct10n of O rufipogon denved QTL m th1s reg10n to better mterpret 
the relatwnsh1p between tal! stature and grams per plant It should be kept m mmd that the 
opbmal plant he1ght vanes w1th the ecosystem m wh1ch the culbvars are grown w1th 
mtermed1ate to tall stature bemg preferred under upland cond!bons 

For all gram we1ght QTLs O rufipogon alleles were assoc¡ated w1th heav¡er grams desp1te the 
fact that O rufipogon ¡tself has small hght grams gw 1 1 appears to be located m a s1milar 
pos!bon as lOOOG (Wu et al 1996) gwt1 (Zhuang et al 1997) and g370 (Lu et al 1997) while 
gw3 1 m tlus study appears to correspond w1th the pos1bon of g1318 (Lu et al 1997) 

Alleles from O rufipogon were assoc1ated w1th a pos¡l!ve effect on y:¡eld at both putalive QTL 
loe! yldl 1 and yldll 1 8oth of these QTLs are m Similar pos!tlons to the y:¡eld QTLs reported 
prevwusly by Lm et al (1996) and Yu et al (1997) The QTL on chromosome 1 yldl 1 1s m a 
s1m11ar pos1lion to the one reported by X~ao et al (1998) usmg the same donor spec1es m a 
Chmese hybnd background grown under 1mgated cond!tlons 8oth of the other stud1es used 
completely d1fferent genelic matenal but both also evaluated y:¡eld under he1ght mput 1mgated 
cond!l!ons Thus 11 will be of mterest to determme whether the O rufipogon alleles assoc1ated 
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w1th Improved YJelds of Caiapo under dry land conditiOns are the same as or difTerent from 
alleles from this and other sources descnbed prevwusly 

A total of 25 QTLs were detected for the e1ght tra1ts evaluated m this study For 14 (56%) of 
them alleles from O rujipogon were assoc~ated w1th a posJtJve effect on plant performance So 
although the O rujipogon parent was phenotypically mfenor for seven of the eight tra1ts stud1ed 
transgress1ve segregants that out performed the elite Ca~apo parent were obtamed No strongly 
deletenous characters appear to be associated w1th any of the favorable O rujipogon denved 
QTLs descnbed above In sorne cases loc1 associated w1th }'leld and YJeld components were 
Iocated m the same regwns as QTLs for plant he1ght However mtermed1ate to tall stature IS 
cons1dered advantageous m upland cultJvars like Cruapo so untii the relatwnsh1p between these 
two phenotypes IS better understood and the mteract1on among genes m a g~ven genetJc 
background can be venfied no concluswns about the agronom1c value of these plant he1ght loc1 
can be reached 

Severa! genetJc regwns were associated w1th more than one trait md1catmg linkage and/or 
pleiOtropic effects For example on chromosome 1 there are QTLs for grrun we1ght the number 
of grams per plant and plant YJeld for wh1ch the flankmg markers were the same By developmg 
further generat1ons of near Jsogeruc !mes contammg finely mapped QTLs we a1m to develop the 
bas1s for better charactenzmg these Ioc1 
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• Identdication of Genes from Wlld Germplasm for the Improvement of Cnltivated Rice 
The Case of Irngated Rice m LAC 

e P Martmez J Lopez A Ahneida J Barrero M e Duque G Gallego W Roca, S R 
Mceouch and J Tohme 

Introduction 

The domesticatiOn process artificial select10n and mtensive breedmg of crop vaneties by man 
narrowed down the genetic base m many crops (Tanksley and Nelson 1996) problem that IS 
more cntical m selfpolhnatmg crops hke nce (Wang et al 1992) Tlus reduced genetic 
vanatiOn renders modem crop vaneties more vulnerable to bwtic and abiOtic stresses and could 
explam the already observed slower rate of genetic progress achieved by plant breedmg 
programs m severaiimportant food crops (Tanksley and Nelson 1996) 

Accordmg to Sanmt and Wood (1998) sigmficant mcreases m nce production occurred over the 
past three decades m LAe nearly 300 vaneties were released 90% ofthem targeted to Imgated 
nce environrnents Modem semi dwarf vaneties account for 93% of aiiimgated nce productwn 
representmg more than 80% of total nce productiOn m LAe Average )'lelds m the Imgated 
areas mcreased from 3 3 ton/ha m the mid 1960s to 4 6 ton/ha m 1995 wlulst total nce 
productwn doubled between 1967 and 1995 to reached about 20 miihons ton of paddy nce 
Nevertheless severa) studies (Martmez et al 1995 FEDEARROZ 1993) have mdicated that after 
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the lllltlal 1mpact obtamed by the release and adopt10n by farmers of modero 1mproved van elles 
y:teld per se of 1mgated nce m LAC has reached a plateau m severa) countnes mcludmg 
Colomb1a, Braz1l Ecuador Domm1can Repubhc and Uruguay 1t has been suggested (Cuevas 
Pérez 1992 Rangel and Neves 1997) that the genetlc core of~mgated nce m LAC 1s narrow and 
may ha ve reached 1ts hm1ts of usefulness wluch underhnes the need to broaden the genetlc base 
to mcrease nce productlon and the res1hence ofthe nce based croppmg systems 

The Oryza wlld spec1es represen! a potentml source of new alleles for 1mprovmg the y¡eld 
quahty and stress res1stance of cultlvated nce but they have rarely been used so far for the 
genetlc 1mprovement of quant1tat1Ve tra1ts (X1ao et al 1998) Tlus 1s so because the supenor trrut 
of mterest can not be 1dentlfied phenotyplcally m the wlld access10n unless molecular markers 
and maps are used to 1dent1fy the trrut enhancmg genes (Xlao et al 1998 Tanskley 1993 
McCouch and Doerge 1995) Frey et al (1981) were the first to recogmzed that m sp1te ofthe1r 
overall mfenor agronom1c performance w1ld and weedy spec1es could contnbute to the y¡eld 
mcrease m modem crop vanetles Tanskley et al (1996) workmg on tomato demonstrated that 
molecular genet1c maps could be uhhzed to effic¡ently explmt the genet1c potentlal of wlld 
spec1es for the 1mprovement of ehte processmg tomatoes Subsequently Tanskley and Nelson 
(1996) used a novel strategy referred toas advanced backcrossmg QTL analys1s (AB QTL) to 
slmultaneously d1scovered and transferred valuable QTLs from w1Id germplasm to ehte !ornato 
breedmg lmes 

Xmo et al (1998) Xmo et al (1996) and Moneada et al (2001) reported that exotlc nce spec1es 
hke O rufipogon possessed trrut 1mprovmg quantltatlve tra1t Ioc1 (QTL) alleles and that the 
mnovatlve use of molecular markers and maps can fac1htate nce breeders the use and 
explo1tat10n of wlld germplasm In th1s study a BC2F 2 populatlon was developed from a cross 
between an ehte modem vanety (Bg90 2) used as a recurren! parent and an access10n of O 
rufipogon (donor) and evaluated under 1mgated transplanted cond1t10ns We were mterested to 
determme whether O rufipogon denved QTLs would be assoc1ated w1th pos!tlve or negatlve 
effects under these growmg cond1tlons and compare the putatlve QTL contammg reg¡ons w1th 
those prev10usly reported for favorable nce growmg env1ronments 

Matenals and Methods 

Plant matenal 

Bg90 2 was used as the female recurren! parent m th1s study Bg90 2 IS a modero sem1 dwarf 
vanety denved from the cross IR252/RemadJa lrttroduced to Colombia m the late 70 s from Sn 
Lanka It has been used m the crossmg ptogram at the Intemat10nal Center for TropiCal 
Agnculture (CIAT) m about 10% of the 15304 crosses made smce 1977 It has a lugh y¡eld 
potentlal short and strong stem medmm bold gram type w1th h1gh amylose content and poor 
mlllmg lt 1s susceptible to nce hoJa blanca v1rus (RHBV) d1sease and to sorne hneages of the 
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nce blast fungus (P oryzae) Bg90 2 ts one ofthe leadmg vanettes m West Afnca where tt ts 
grown commerctally under tmgated lowland condtttons Oryza rufipogon (Acc 105491) ts from 
Malaysta and as spectes ts constdered ancestral to O satzva and has been reported (Monshtma et 
al 1962) to be adapted to deep water as well as to drought condtttons Thts charactensttc made 
tt espectally mterestmg for AB QTL studtes m both tmgated and upland envtronments 

Population development 

A smgle plant of O rufipogon served as the female parent m the smgle cross whtch was 
obtamed and grown m the greenhouse at CIAT m 1994 Hybnd fertthty was very htgh and 3 F1 

plants were used to polhnate one plant of Bg90 2 used as the female recurren! parent The 
resultmg 153 BC1Ft plants were mtttally grown m the greenhouse and transplanted (30x50 cm) 
later on under tmgated condtttons and evaluated based on phenotype Negattve phenotyptc 
selectton for undestrable agronomtc trruts (spreadmg plants excesstve shattenng long awn dark 
color grams htgh stenhty etc) was used to narrow the selectton down to the best 42 mdtvtduals 
Each selected BCt mdtvtdual was backcrossed agam to Bg90 2 and 30 BC2Ft seeds per cross 
combmatton were sown m wooden trays m the greenhouse and later on transplanted (30x40 cm) 
under tmgated condt!tons A total of 300 BCzFt plants were harvested to generate 300 BC2F2 

famthes for further evaluatton 

Fteld tnals (BCzF 2 faiDJhes) and tratt evaluatton 

The 288 BCzFz famthes along wtth Bg90 2 and the O rufipogon access10n were evaluated under 
tmgated condt!tons from June to November/96 at CIAT m Palmtra Data on 12 agronomtc tratts 
mcludmg gratn yteldlhectare (yld) 1000 gram wetght (gw) pantcle number/ plant (ppl) grams 
per pantcle (gpp) total gram wetght/plant (grpl) gram length (gl) pantcle length (pi) grams per 
plant (gpl) percent stenhty (ps} days to headmg (dth) plant hetght ph) and whtte center (whc) 
were taken on 1 O randomly selected plants Nomenclature for QTLs affectmg tratts evaluated 
was as descnbed by McCouch et al (1997) Gram y¡eld (kg/ha) of BC2F2 famthes and tts 
progemtors was denved based on gram harvest of 40 compettttve plants (20 plantslrow x 2 row) 
and averaged over two rephcattons 

Tratt correlattons 

Correlatton among tratts was evaluated by runnmg a correlat10n analysts m SAS to estunate 
Pearson correlatton coeffictents 
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Molecular CharacterJZatioo and Geootype Determmatmn 

DNA Extracttoos aod RFLP Assays 

DNA of young leaves from the parental genotypes and segregatmg populat10n was extracted and 
PCR assay were made Ftve restncl!on enzymes EcoRI EcoRV Oral Hmdlll and Xbal were 
used both m the tml!al parental RFLP survey and m assaymg the BC2F2 populal!on A total of 
127 markers (83 RFLPs and 44 SSRs) were used to analyze the BC2F2 progeny 

SSR Assays PCR Amphfication and Non Radmactive DetectJon 

The mtcrosatelhtes patr pnmers were tested for PCR amphfical!on and polymorphtsm usmg 
DNA from the parents A total of 44 SSRs were tested m the progeny usmg Seqm Gen 
eqmpment (BIO RAD) sene No 132BR79933 After electrophorests the bands were revealed 
usmg a stlver strumng procedure 

QTL mappmg 

Lmkage analysts m the BC2F2 populal!on was performed usmg Mapmaker/Exp Vers10n 3 Ob 
(Lander et al 1987) The order of the RFLPs and SSRs was asstgned accordmg to the 
mterspectfic mappmg populal!on descnbed m Causse et al (1994) and Chen et al (1997) 
respecttvely Mtmmal changes were made m the order of the markers wtth the npple 
command 

QTL Aoalysts 

The twelve quanl!tal!ve tratts for yteld and yteld related characters were assoctated wtth the 127 
molecular markers usmg stmple regresston analysts of Qgene (Nelson 2000) The proportton of 
phenotyptc vanance attnbutable to a parttcular QTL was esttmated by the coeffictent of 
determmat10n {R2) 
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Results 

Polymorph1sm of Markers 

S1xty pereent of the 150 RFLPs and 80 % of the SSRs were po1yrnorphie m the parents Bg90 2 
and O rufipogon These resu1ts are very similar to the ones reported by Moneada et al ( 2001) 
The BC2F2 popu1atwn was evaluated usmg 83 RFLPs and 44 SSTs The SSRs were used to fi11 
gaps after the RFLPs were mapped No homozygous genotypes w1th respect to the donor paren! 
were found wh1le both homozygous and heterozygous were found w1th respect to the recurren! 
paren! Tlus could be explamed by the stnct negative select10n apphed m the BC1F1 and BC2F1 
generat1ons 

Marker Segregat1on 

In an unse1ected BC2 population the expected segregation ratio wou1d be 75% homozygous 
(Bg90 2/Bg90 2) 25% heterozygous (Bg90 2/0 rufipogon) resu1tmg m an alle1e frequeney of 
87 5 Bg90 2 12 5 O rufipogon alle1es (Moneada et al 2001) A dlfferent sJtuatwn was found m 
tlus study A cm square test for goodness of fit was run to determme the segregatwn ratio for 
each ofthe 127 markers with regard to the expected ratio Only 25 2% ofthe markers followed 
the expected ratio wh1le 16 5% ofthem showed that less than 12 5% ofthe genes carne from O 
rufipogon 58 3% of the markers showed more than 12 5% These results md1cate a sigruficant 
devJatJOn from the expected ratio (87 5 12 5) presumably due m large part by the select10n 
1mposed m the BC¡ and BC2 generations Our data show that the pereentage of alleles from the 
donor paren! mcreased m sp1te of the negative seleetwn apphed suggestmg that the phenotype 1s 
nota good md1cator ofthe genotype as md1cated by Tanks1ey and McCouch (1997) A similar 
SJtuation was al so reported by Moneada et al (200 1) 

Tratt Correlatlons 

Correlations among tra1ts were evaluated at P=O 05 andO 01 as sumrnanzed m Table 3 For the 
maJonty of vanables the degree of the eorrelatwn was med1um to low and no strong correlatwns 
were found The strongest correlatwn was found between grams per plant and grams per pan1cle 
(O 67) and between pan1ele length and plant he1ght (O 50) 

Genet1c Vanatlon for the D1fferent Tratts 

As 11lustrated m Figure 1 pos1tive transgress1ve segregation m the BC2F2 populatwn was 
observed for all trmts However few fam1hes had greater number of pan1cle/plant compared to 

47 



O rufipogon The transgress1ve segregatwn observed suggested pos1tlve genotype x genotype 
mteractlon where O rufipogon alleles mcreased performance m a largely Bg90 2 genet1c 
background For example m the case of gram y¡eldlhectare 16% of the BC2F2 fam1hes y¡elded 
up to 26% more than Bg90 2 Sorne of these fam1hes had Iower number of parucles/plant 
compared to Bg90 2 wlnle other had a lugher 1000 gram we1ght compared to Bg90 2 
Approx!mately 48% of the fam1hes had lugher total gram we¡ght/plant than Bg90 2 44% 
showed mcreased parucle length and 28% ofthem had mcreased gram length 

PutatJve QTL Reg10ns 

Molecular markers assoc1ated w1th gram y¡eld and 1ts components as well as Simple regress10n 
analys1s !S shown m Table 4 S1gmficant QTL regtons were detected for all tra1ts measured at the 
5 leve! of s1gmficance The R2 values for the maJonty of markers were very low w1th the 
except1on of marker RZS38 assoc1ated w1th parucle length and plant he1ght and RZ730 Severa! 
markers were assoc1ated w1th severa! traJts Based on smgle regress10n analys1s the followmg 
QTL reg1ons were found 

Gram y¡eldlhectare (yld) 

Tlnrteen markers were found assocJated WJth QTLs affectmg gram y¡eldlha m chromosomes 2 
3 S 6 9 10 and 12 Molecular markers RMI3 and RM21S on chromosomes S and 9 
respectlvely were assoc¡ated w1th alleles denved from O rufipogon affectmg gram y¡eld m a 
pos1t1ve way 

1000-gram we1ght (gw) 

N me markers were assoc~ated w1th the we1ght of 1000 grams at P=O OS located on chromosomes 
1 4 56 8 11 and 12 

PaDicle number/plant (ppl) 

E1ght markers located on chromosomes 2 3 6 8 11 and 12 detennmed numbers of pan1cles per 
plant 

Grams per paDicle (gpp) 

Eleven markers on chromosomes 1 2 3 4 and S were found assoc1ated w1th QTLs affectmg 
number of grams per pan1cle at P=O OS 

48 



Total gram we1ght per plant (grpl) 

Two genom1c reg10ns on chromosome 1 and 9 were found associated w1th tlus trrut at P=O 05 

Gram Length (gl) 

Twenty one markers located on chromosomes 1 2 3 4 5 6 7 9 1 O 11 and 12were found assocJated 
w1th gram Iength at P=O 05 

Pamcle Length (pi) 

Nmeteen genom1c reg¡ons on chromosomes 1 3 4 56 7 8 9 11 andl2 were found sigruficant at 
P=005 

Grams per Plant (gpl) 

Seventeen markers on chromosomes 1 2 3 56 7 and 12 were found sigmficant at P=O 05 

Percent Stenhty (ps) 

F1fteen genom1c reg10ns Iocated on chromosomes 1 2 3 6 7 9 JO and 12 were assoc1ated w1th th1s 
tra1t at P=O 05 

Days to Headmg (dth) 

Ten genorniC reg¡ons located on chromosomes 1 6 7 8 11 and 12 were assoc1ated w1th alleles 
affectmg days to flowenng 

Plant He1ght (ph) 

Twenty mne markers Iocated on chromosomes 1 2 3 4 56 7 9 10 11 and 12 were assoc1ated w1th 
p1ant he1ght at P=O 05 These alleles mcreased plant he1ght m relation to Bg90 2 Markers 
RZ538 and RZ730 had a h1gh R2 value 

WbJte Center (WHC) 

Ten markers located on chromosomes 3 5 6 7 and 11 were assoc1ated w1th QTLs affectmg the 
express10n ofwlute center m the nce endosperm 
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Molecular map 

Mapmaker vers10n 3 O (Lander et al 1987) was used to construct the molecular map for the 
BC2F2 populatlon showmg the locatton ofmarkers assoctated wtth putattve QTLs affectmg gram 
yteld and tts components (Ftgure 2) 

Dtscusston 

A marker asststed advanced backcross strategy was used to tdenttfy QTLs assoctated wtth twelve 
agronomtc tratts m a BC2F2 populat10n denved from an mterspeclfic cross between Bg90 2 an 
tmgated O saliva subspectes mdtca nce cultivar and an access10n of O rufipogon (IRGC 
105491) from Malaysta Stmple regresston analysts was used to tdenttfy genomtc regtons 
assoctated wtth selected tratts A more complete analysts ts stlll underway Results suggest that 
O rufipogon may possess stgmficant putatlve QTLs assoctated wtth the 12 tratts studted at the 
5% leve! of stgmficance Nevertheless we have to keep m mmd and perspecttve that QTLs 
studtes are confounded by both genettc and envtronmental mteracttons that make tt dtfficult to 
assess and predtct whtch putattve QTLs are hkely to be more stable and conststent when 
transferred to a new genetlc background Fulton et al ( 1997) suggested that QTLs more 
conststent over envtronments were more hkely to be useful than those that showed an extremely 
htgh stgmficance value but were detected m only one year or under one set of condtttons 

Tratt correlattons 

Alleles from O rufipogon seemed to be assoctated wtth a postttve effect on gram yteld These 
results agree wtth prevtous studtes (Lm et al 1996 Y u et al 1997 Xtao et al 1998 and Moneada 
et al2001) The postttve yteld effect reported by Xtao et al (1998) dueto the wtld QTL denved 
from O rufipogon appears to have a htgh value Our report ts the first one usmg as a recurrent 
parent an mdtca culttvar m a troptcal tmgated envtronment On the other hand tt ts noteworthy 
to htghhght that the ptcture that ts emergmg when we constder data from these dtfferent groups 
ts that m O rufipogon possess alleles that affect gram yteld and yteld components m a postttve 
mattner and they are hkely to be expressed regardless of envtronments locat10n and genettc 
background Martmez et al (2000) showed that sorne breedmg !mes denved from thts populat10n 
and selected based on phenotype kept thetr yteld advantage over the recurrent parent (Bg90 2) 
through the F5 generatton Thts suggests that yteld advantage observed as early as m the BC2F2 
generatton was a real one not due to hybnd vtgor and passed on through dtfferent cycles of 
phenotyptc select10n 

Breedmg for htgh yteld potenttal for a gtven envtronment ts a very tmportant objecttve m almost 
every vanetal tmprovement progratn Y et yteld gams often comes at the cost of prolongtng 
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growth duratlon (Isluzuka et al 1973) There was a sigruficant positlve but very low correlat10n 
(O 19139) between gram YJeld and flowenng (Table 1) XIao et al (1998) reported that QTLs 
yldl 1 and yld2 1 mcreased gram )'leld With no detectable effect on maturity More recently 
Martmez et al (2000) presented data suggestmg that probably a similar case IS operatmg m our 
case They showed that sorne advanced F5 !mes denved from a BCzFz populatiOn from the Bg90 
2/ O rufipogon cross )'lelded sigruficantly more than Bg90 2 with a growth duratlon longer than 
O rufipogon but shorter than Bg90 2 

On the other hand correlat10n between plant height and gram )'leld was negatlve but no 
significan! ( O 046) Our data (Table 4) show that two putatlve QTLs assoc~ated With markers 
RZ538 and RZ730 hada large effect on plant height Beachell and Jennmgs (1965) showed that 
there IS a negatlve and significan! correlat10n between plant height and )'leld but this was not the 
case m our study Our data seem to suggest that !mes taller than Bg90 2 can be developed with 
no reduct10n m gram )'leld due to lodgmg 

From a breedmg perspectJve these wiid QTLs could be used Immediately to Improve traits of 
agronomic Importance In fact BC2F 5 !mes havmg either consisten! )'le id advantage over the 
recurren! paren! or longer and slender translucent gram type compared to both parents have been 
IdentJfied m our breedmg nursery at CIAT and made avaiiable to natJonal nce programs for 
testmg under local conditlons 

Imphcations for Rice Breedmg 

Imgated nce represents the most Importan! productlon system for nce worldwide MaJor 
advances have been made m mcreasmg nce product10n worldwide as a result of large scale 
adoptlon of modem high YJeldmg vanetJes and Improved cultural practJces Nevertheless m 
order to keep up With mcreased nce demand It has been estJmated that we wiii have to produce 
50% more nce Tlus mcreased demand wiii have to be met from less land with less water less 
labor and less chemicals (Khush 1999) 

Different approaches mamly populat10n Improvement Ideotype breedmg heterosis breedmg 
wide hybndizatJon genetic engmeenng and molecular breedmg are bemg explored for 
mcreasmg the )'le id potential of nce These approaches depend on the fact that genetic vanabihty 
IS needed to achieve genetlc gams Unfortunately the genetlc base of nce (both Imgated and 
upland) m Latm Amenca IS narrow which may explam the YJeld plateau observed m severa! 
sites m tlus reg10n 

Base broadenmg (Simmonds 1993) or crop gene pool ennchrnent (Frey 1999) has been 
proposed as a good altematlve to transfer useful genes from un adapted germplasm mto 
populat10ns that are useful for developmg new cultJvars Our results and that of Moneada et al 
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(2000) and X1ao et al ( 1 998) md1cated that O rufipogon possesses new unrelated alleles to 
those prev10usly used by nce breeders w1th pos1tive effects on tra1ts of econom1c 1mportance 
such as gram y¡eld and y¡eld components Therefore these alleles represen! new sources of 
genetic vanab1hty that will help breeders d1vemfy the genetic reservmr avrulable for crop 
1mprovement Rice breeders will have new alleles to broaden the genetic base of cult¡vated nce 
wlule at the same time explore opporturutles for new gene recombmat10n for the 1mprovement of 
trruts of econom1c 1mportance New gene combmations may result m better nce vaneties 

By targetmg Wlld germplasm for use m population 1mprovement alleles that were Ieft behmd 
dunng the domesticat10n process or those that are umque to speclfic gene pools can be 
mtrogressed mto ehte germplasm (Tanskley and McCouch 1997) Therefore new poss!billt!es 
for mcreasmg the y¡eld potential of 1mgated nce can be explored By usmg molecular maps and 
markers tra1t 1mprovmg QTLs can be selectively transferred and pyram1ded onto modem nce 
vaneties 

Our data and that of others (Moneada et al 2000 X1ao et al 1998 X1ao et al 1996) not only 
confirmed earher reports (Monsluma 1962 Schm1t 1997) about the plasticlty ofO rufipogon m 
terms of adaptation to d1fferent env1ronments but lt demonstrated for the first time that O 
rufipogon can contnbute to y¡eld mcrease m both upland and 1mgated envuonments rangmg 
from the lughly favored transplanted nce to drought stress upland nce These results also 
md1cate that QTLs from O rufipogon have pos1tive effects on grrun y¡eld m d1fferent genetic 
backgrounds mcludmg both temperate and tropical Japomca and md1ca nce 

In nce most of the time new progemtors have been selected based on ped1gree geograph1c 
ongm and/ or for belongmg lo a g¡ven race group (md!Ca, Japomca JaVanlca) Many ehte 
breedmg !mes produced by mtemat10nal nce research centers (IRRI CIA T liT A W ARDA) and 
other nce 1mprovement programs around the world were obtamed from crosses between parents 
that go back to a hmited number of land races (Hardgrove 1980 Cuevas Perez et al 1 992) Th1s 
s!tuat10n suggests that a re shuffimg of alleles has been gomg on for severa! decades and 
underscores the need to broaden the genetic base of cultivated nce and select new progemtors 
based on genotype rather than on phenotype Our results md1cate that new alleles w1th pos1tive 
effects on severa! agronom1c trruts are now avrulable to broaden and enhance the genetic base of 
nce m Latm Amenca 

References 

1 Beachell HM and Jenmngs PR {1965) Need for mod¡ficalion ofplant type In The Mmeral 
Nutnt10n of the Rice Plant Proceedmgs Symposmm IRRI Feb 1964 The Johns Hopkms 
Press Baltimore Maryland 29 35p 

2 Causse MA Fulton TM Cho YG Ahn SN Chunwongse J Wu K, Xmo J Y u Z Ronald PC 
Hamngton SE Second G McCouch SR and Tanksley SD (1994) Saturated molecular 

52 



map ofthe nce genome based on an mterspeclfic backcross populat10n Genet 138 1251 
1274 

3 Chen X Temnykh S Xu Y Cho YG and McCouch SR (1997) Development of a 
mtcrosatelhte framework map provtdmg genome wtde coverage m nce ( Oryza saliva L ) 
Theor Appl Genet 95 553 567 

4 Cuevas Perez FE Gutmaraes EP Bemo LE and Gonzalez DI (1992) Genettc base of 
tmgated nce m Latm Amen ca and the Canbbean 1971 to 1989 Crop Sct 32 1 054 1059 

5 FEDEARROZ (1993) Arroz en Colombta 1980 1993 Federacton Nac10nal de Arroceros 
Santafe de Bogota Colombta 88p 

6 Frey K (1999) Nattonal Plant Breedmg Study In Rutger JN Robmson JF Dtlday RH 
(eds) Pro lntl Symp on Rice Germplasm Evaluat10n and Enhancement Agncultural 
Expenment Statton Uruverstty of Arkansas August 30 Sept 2 1998 Stuttgart Arkansas 
p13 15 

7 Frey KJ Cox TS Rodgers DM and Brame! Cox P (1981) lncreasmg cereal ytelds wtth 
genes from wtld and weedy spectes Joumal Paper No J 11254 Iowa Agnc and Home 
Econ Exp Stn Ames Iowa 50011 USA ProJect 2447 pp 51 68 

8 Hargrove TR Coffinan WR and Cabantlla VL {1980) Ancestry of tmproved culttvars of 
Astan nce Oryza saliva Crop Sct 20 721 727 

9 Ishtzuka Y Shtmazakt Y Tanaka A Satake T and Nakayama T {1973) Rice growmg m a 
cool envtronment Food Fert Techno Cent ASPAC Tatpet Tatwan 98 p 

10 Khush GS (1999) Rice Germplasm Enhancement at IRRI In Rutger JN Robmson JF 
Dtlday RH (eds) Pro lnt 1 Symp on Rice Germplasm Evaluat10n and Enhancement 
Agncultural Expenment Stat10n Uruverstty of Arkansas August 30 Sep 2 1998 Stturgart 
Arkansas p 52 59 

11 Lander R Green P Abrahamson L Barlow A Daley M Lmcoln S and Newburg L (1987) 
Mapmaker An mteracttve computer package for constructmg pnmary genettc hnkage maps 
of expenmental and natural populat10ns Genomtcs 1 174 181 

12 Lm HX Qtan HR Zhuang JY Lu J Mm SK Xtong ZM Huang N and Zheng KL (1996) 
RFLP mappmg ofQTLs for yteld and related characters m nce (Oryza sat1va L) Theor Appl 
Genet 92 920 927 

13 Martmez CP Moneada P Lopez J Almetda A Gallego G Borrero J Duque MC Roca W 
McCouch SR Bruzzone C and Tohme J (2000) Utthzatton ofnew alleles from the wtld nce 
Oryza rufipogon to trnprove cu1ttvated nce (Oryza sat1va) m Latm Amenca Abstracts 4th 
lntemattOnal Rice Genet Symp IRRI Los Sanos Phthppmes 22 27 October 

14 Martmez CP Ftsher A Gonzalez D Ramtrez H MOJtCa D {1995) Potenctal y hmttactones 
del nuevo ttpo de planta de arroz del IRRI Arroz 44 15 20 

15 McCouch SR and Doerge RW (1995) QTL mappmg m nce Trends m Genet 11 482 487 
16 Moneada P Martmez CP Borrero J Chatel M Gauch Hugh Jr Gutmaraes E Tohme J and 

McCouch SR (2001) Quantttattve tratt 1oct (QTL) for )'le1d and )'leld components m an 
Oryza saliva x O rufipogon BC2F2 populat10n evaluated m an up1and envtronment Theor 
Appl Gene! 102 41 52 

17 Monshtma H Hmata K and Htko lcht O ( 1962) Flootmg abthty and drought reststance m 
wtld and culttvated spectes ofnce Indtan J Gene! Plan! Breed 22 1 11 

18 Nelson JC (2000) QGENE software for marker based genomtc analysts and breedmg Mol 
Breed 3 239 245 

53 



19 Rangel PHN and Neves PCF (1997) Seleccwn recurrente aplicada al arroz de nego en el 
Bras!l In Gmmaraes EP(ed) Selección Recurrente en Arroz Cali Colombia Centro 
InternaciOnal de Agncultura Tropical 240p 

20 Sanmt LR and Wood S (1998) hnpact ofnce research m Latm Amenca and the Canbbean 
dunng the past three decades In Pmgali P Hossam M (eds) hnpact ofRice Research Pro 
lnt 1 Conference of the hnpact of Rice Research 3 5 June 1996 Bangkok Tha!land 
Tha!land Development Research lnstitute Bangkok Tha!land and Intemational Rice 
Research lnstitute Man!la Plulippmes 

21 Sclumt V (1997) Interspecific hybndizatwn between O satzva and O longzstammata to 
develop a perenmal upland nce In Jones MP Dmgkuhn M Johnson D Fagade SO (eds) 
Interspecific hybndization Progress and Prospects Pro Workshop Afhca/ Asia JOmt research 
on mterspec1fic hybndizatwn between the Afhcan and As1an nce spec1es (O glabemma and 
O satzva) WARDAMbe BouakeCotedlvmre Decemberl618 1996 pl41158 

22 S1mmonds NW (1993) Introgresswn and mcorporatwn strateg~es for the use of crop genet1c 
resources Bwlogical Rev1ews 68 539 562 

23 Tanksley SD and McCouch SR (1997) Seed banks and molecular maps Unlockmg genetic 
potential from the w1ld Sc1ence 277 1063 1066 

24 Tanksley SD and Nelson JC (1996) Advanced backcross QTL analys1s A method for the 
s1multaneous d1scovery and transfer of valuable QTLs from unadapted gerrnplasm mto elite 
breedmg !mes Theor Appl Genet 92 191 203 

25 Tanksley SD Grand!llo S Fulton TM Zam1r D Eshed T Pet1ard V Lopez J and Beck 
Bunn T (1996) Advanced backcross QTL anayls1s m a cross between an elite processmg !me 
oftomato and Its w!ld relative L pzmpmel/ifolzum Theor Appl Genet 92 213 224 

26 Tanksley SD (1993) Mappmg polygenes Ami Rev Genet 27 205 233 
27 Wang ZW Second G and Tanksley SD (1992) Polymorphism and phylogenetic relationslup 

among spec1es m the genus Oryza IS deterrnmed by analys1s of nuclear RFLPs Theor Appl 
Genet 83 565 581 

28 X1ao J LI J Grand11lo S Sang Nag A Yuan L Tanksley SD and McCouch SR (1998) 
Identificatwn of tra1t 1mprovmg quantitative trait loc1 alleles from a WIId nce relative Oryza 
rufipogon Genet ISO 899 909 

29 X1ao J LI J Yuan L and Tanksley SD (1996) ldentification of QTLs affectmg tra1ts of 
agronom1c 1mportance m a recombmant mbred population denved from a subspec1fic nce 
cross Theor Appl Genet 92 230 244 

30 Yu SB LI JX Xu CG Tan YF Gao YJ L1 XH Zhang Q and Shagru MaroofMA (1995) 
Importance of epitasis as the genetlc bas1s ofheteros1s m an elite nce hybnd Proc Natl Acad 
Sc1 94 9226 9231 

54 



Table 3 Correlat1on Coeffic1ents among Tra1ts m an O rufipogon denved BC2 Populat10n (*=p O 05, **=pO 01) 

YLD GW PPL GPP GRPL GL PL GPL PS DTH 

Gram }'leld (yld) 

1000 gram we1ght (gw) o 01 

Parucle number per plant (ppl) 011 o 04 

Grams per parucle (gpp) 027 ** o 15 o 16 

Total gram we1ght per plant (grpl) 000 026 ** o 11 o 13 * 

Gram length (gl) 003 o 26 o 01 004 006 

Parucle length (pi) o 12 o 25 005 o 36 o 20 * 028 

Grams per plant (gpl) o 33 * 002 037 o 67 022 * 002 o 31 ** 

Percent stenhty (ps) o 10 002 o 01 004 006 o 31 * o 03 o 13 

Days to headmg ( dth) o 17 * o 12 o 02 011 002 o 01 o 21 004 o 11 

Plant he1ght (ph) 004 004 004 o 11 o 10 013 • o 50 •• o 18 •• 020 • o 13 
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Table 4 Molecular Markers Assoc1ated w1th PutatJve QTLs AffectJng Yield and Y1eld 
Components m the BCzF2 Population Simple Regress1on Analysis (SAS) 

Chr Marker Quanhtative N MSE R BO Bl 
Tralls 

2 CD0524 YLD 242 o 1146898 5 o 0161 4317 5 •• 367 8 •• 
3 RGJOO YLD 241 o 1101650 o o 0261 4347 2 •• 384 o •• 
5 RMI3 YLD 232 o 1078071 o 00350 5843 o •• -4721 •• 
6 RM204 YLD 2340 1135434 4 00264 4126 8 •• 4690 •• 
6 RM217 YLD 2240 1070675 o 00487 3135 4 • 963 o • 
9 RM215 YLD 229 o 1067606 7 00274 5707 6 •• 3909 •• 
9 RM242 YLD 217 o 1143579 3 o 0231 5623 6 • 352 8 • 
JO RM222 YLD 2240 1130783 7 00232 42594 •• 418 3 •• 
12 Gl391 YLD 2360 1141902 1 00341 4160 5 •• 4729 •• 
12 RG543 YLD 243 o 1119267 8 00359 39865 •• 547 9 •• 
12 RG574 YLD 235 o 1160099 8 00207 41904 •• 432 8 •• 
12 RG901 YLD 242 o 1099610 8 00427 3535 1 •• 767 6 •• 
12 RZ816 YLD 243 o 11250994 00308 3738 3 •• 6566 •• 

RG957 GW 2400 5 1 o 0195 29 1 •• 08 •• 
1 RZ538 GW 222 o 57 00274 29 5 •• 1 1 •• 
4 RZ590 GW 238 o 55 o 0172 26 1 • 08 •• 
5 RMI64 GW 238 o 52 00811 23 8 •• 20 • 
5 RM249 GW 2390 58 00177 262 •• 07 •• 
6 RZI002 GW 238 o 53 00216 31 3 •• 1 9 •• 
8 RG598 GW 242 o 54 00192 309 •• 1 7 •• 
8 RZ323 GW 2400 54 00219 31 3 •• 1 9 •• 
12 Gl112 GW 2380 52 00478 25 1 •• 1 3 •• 
2 RM48 PPL 234 o 12 4 o 0169 13 6 •• 1 o •• 
3 RM55 PPL 2270 12 8 00171 18 4 •• 1 7 •• 
6 RG445 PPL 2380 12 5 o 0171 17 4 •• 1 2 •• 
8 RM44 PPL 242 o 12 o 00306 4 1 NS 55 •• 
11 RZ536 PPL 222 o 12 5 00205 17 9 •• 1 5 •• 
12 GJII2 PPL 238 o 12 5 00185 17 6 •• 1 3 •• 
12 RG574 PPL 235 o 12 1 00357 18 6 •• 1 9 •• 
12 RZ816 PPL 243 o 12 4 o 0175 18 3 1 6 •• 

RMI GPP 2250 6964 00398 94 3 •• 15 7 •• 
RM220 GPP 219 o 7307 00202 102 8 •• 111 •• 
RZ538 GPP 2220 7203 00262 102 3 •• 118 •• 

2 RZ476 GPP 223 o 710 2 o 0317 JO) 4 •• 12 4 
2 RZ599 GPP 241 o 699 1 o 0355 95 7 • 15 1 •• 
3 RG369 GPP 2390 713 8 o 0216 108 1 •• 90 
3 RG913 GPP 2390 701 5 o 0211 109 o •• 87 •• 
4 RG476 GPP 210 o 7360 o 0210 1060 •• JO 2 
4 RZ590 GPP 238 o 685 8 00430 977 •• 14 4 •• 
5 RM164 GPP 2380 668 6 00749 84 5 •• 212 • 
5 RM31 GPP 231 o 716 3 00365 94 7 •• 15 2 •• 

RG957 GRPL 2400 135 1 o 0163 509 • -40 •• 
9 RM215 GRPL 2290 131 1 00239 50 3 •• -40 

RG957 GL 2400 o 1 00205 92 •• o 1 •• 
1 RZ538 GL 222 o o 1 o 0318 92 •• o 1 •• 
2 RZ476 GL 223 o o 1 00252 92 •• o 1 •• 
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Chr 

3 
3 
3 
4 
4 
4 
5 
5 
5 
6 
6 

7 
9 
10 
11 
11 
12 
12 

1 
3 
3 
4 
4 
5 
6 
7 
8 
9 
9 
11 
12 
12 
12 
12 

2 
2 
2 
3 
5 
5 
6 
7 

Marker 

RM251 
RM55 
RZ630 
RM261 
RZ590 
RZ69 
RM122 
RZ225 
RZ67 
RM204 
RZ667 
RM234 
RM242 
RM216 
BCD808 
G1465 
Gll12 
RGI90 
RG957 
RM1 
RZ538 
RZ730 
RG913 
RM55 
RG476 
RZ590 
RM31 
RM3 
RZ214 
RZ617 
RM215 
RM242 
RM224 
G1112 
RG574 
RG9 
RZ816 
RM1 
RM220 
RZ538 
RZ730 
RM48 
RZ476 
RZ599 
RG100 
RM164 
RM31 
RM217 
RG30 

Quanhtahve 
Tra1ts 

GL 
GL 
GL 
GL 
GL 
GL 
GL 
GL 
GL 
GL 
GL 
GL 
GL 
GL 
GL 
GL 
GL 
GL 
PL 
PL 
PL 
PL 
PL 
PL 
PL 
PL 
PL 
PL 
PL 
PL 
PL 
PL 
PL 
PL 
PL 
PL 
PL 

GPL 
GPL 
GPL 
GPL 
GPL 
GPL 
GPL 
GPL 
GPL 
GPL 
GPL 
GPL 

N 

2360 
2270 
242 o 
231 o 
238 o 
238 o 
2360 
2320 
2260 
234 o 
242 o 
234 o 
217 o 
215 o 
242 o 
2290 
238 o 
238 o 
2400 
225 o 
222 o 
233 o 
239 o 
2270 
210 o 
238 o 
231 o 
236 o 
243 o 
2360 
2290 
217 o 
219 o 
238 o 
235 o 
2340 
243 o 
225 o 
219 o 
222 o 
2330 
234 o 
223 o 
241 o 
241 o 
238 o 
231 o 
224 o 
237 o 

MSE 

o 1 
o 1 
o 1 
o 1 
o 1 
o 1 
o 1 
o 1 
o 1 
o 1 
o 1 
o 1 
01 
o 1 
o 1 
o 1 
o 1 
o 1 
1 3 
1 2 

1 o 
1 2 
1 3 
1 3 
1 4 
1 3 
1 2 
1 3 
1 3 
1 3 
1 2 
1 2 
1 3 
1 3 
1 3 
1 3 
1 3 

142453 2 
139836 2 
135868 9 
139764 o 
135945 9 
138735 4 
138501 3 
139335 7 
136590 3 
140120 6 
137423 9 
139964 3 
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R' 

o 0521 
00226 
o 0211 
00348 
o 0185 
o 0814 
00605 
00202 
00245 
00257 
00208 
o 0401 
00263 
00364 
00279 
o 0281 
o 0301 
o 0561 
00229 
00210 
o 2145 
o 1029 
o 0183 
o 0212 
00226 
00509 
00426 
00438 
00359 
o 0237 
o 0814 
00477 
00292 
o 0506 
o 0197 
00460 
00287 
00300 
00257 
00679 
00220 
o 0192 
00373 
00299 
o 0229 
00368 
00378 
o 0188 
00264 

BO 

87 
87 
9 1 
87 
88 
85 
93 
9 1 
88 
87 
86 
93 
92 
87 
86 
87 
87 
86 

24 7 
22 9 
264 
25 9 
23 2 
22 7 

23 1 
22 6 
22 S 
25 4 
22 7 
23 3 
25 1 
24 7 
22 9 
22 6 
23 o 
23 o 
22 5 

1635 7 
16694 
1506 2 
1692 1 
1814 9 
1654 o 
1635 5 
1781 9 
1613 9 
1591 o 
1601 1 
1625 4 

•• 
•• 
•• 
•• 
•• 
•• 

•• 
•• 
•• 
• 
** 
** 
•• 

Bl 

02 
02 
o 1 
o 1 
o 1 
03 
02 
o 1 
o 1 
o 1 
02 
02 
01 
02 
02 

•• o 1 
•• o 1 
•• o 2 
•• o 5 
•• o 5 
•• 1 4 
•• 1 1 

•• o 3 
•• o 6 
• o 5 
• o 7 

** 07 
•• o 8 
•• o 6 
•• o 4 
•• o 7 
• 05 
•• o 5 
•• o 7 
•• o 5 

•• O S 
•• o 7 
•• 194 3 
•• 173 3 
•• 265 7 

** 166 8 
112 8 

•• 188 5 
•• 194 4 
•• 127 5 
•• 208 1 
•• 216 7 
• 211 1 

199 8 

• 
•• 
•• 
• 

•• 
•• 
•• 
•• 
•• 
•• 

• 
•• 

•• 
•• 
•• 
•• 
•• 
** 
•• 
•• 
• 
•• 
•• 

•• 

•• 
•• 
•• 

• 

•• 
•• 
•• 
• 

•• 
• 



Cbr Marker QuanlltatJVe N MSE R¡ BO Bl 
Traits 

12 Gl391 GPL 2360 140923 7 00243 1757 1 •• 1397 •• 
12 RG457 GPL 2290 142126 4 00233 1754 1 •• 141 2 •• 
12 RG543 GPL 243 o 140534 3 00166 1758 6 •• 130 7 •• 
12 RG574 GPL 2350 140493 7 o 0181 22523 •• 140 7 •• 
12 RG869 GPL 2270 143611 6 00199 1771 5 •• 129 6 •• 
1 RM1 PS 225 o 32 9 00408 23 8 •• 35 •• 

RM220 PS 219 o 35 3 o 0178 262 •• 23 •• 
RZ538 PS 2220 32 7 00461 24 2 •• 34 •• 
RZ543 PS 242 o 33 o 00208 22 8 •• 38 •• 
RZ730 PS 2330 32 1 00375 239 • 33 •• 

1 RZ995 PS 2300 33 2 00173 27 5 •• 1 6 •• 
2 RM6 PS 233 o 35 1 00184 33 9 •• 1 9 •• 
3 RZ545 PS 243 o 33 2 00219 266 •• 2 1 •• 
4 RZ884 PS 243 o 334 00163 27 3 •• 1 7 • 
7 RM234 PS 2340 344 o 0173 34 8 •• 23 •• 
9 RG451 PS 239 o 33 7 o 0180 26 5 •• 2 1 •• 
9 RM215 PS 2290 32 8 00193 27 5 • 1 8 •• 
10 RM216 PS 215 o 349 00434 24 1 •• 35 •• 
12 G1391 PS 2360 31 2 00232 26 8 20 •• 
12 RG869 PS 2270 31 8 00204 268 •• 20 •• 
1 RM220 DTH 219 o 4 1 o 0215 101 o •• 09 •• 
1 RM5 DTH 233 o 4 1 00236 101 1 •• 08 •• 
1 RZ538 DTH 2220 42 00184 101 2 •• 08 •• 
1 RZ995 DTH 2300 4 1 o 0331 101 2 •• 08 •• 
6 RM217 DTH 2240 42 00190 100 3 •• 1 2 •• 
7 CD0407 DTH 242 o 4 1 00230 1009 •• 09 •• 
8 RM44 DTH 242 o 4 1 00230 108 1 •• 28 •• 
11 RM254 DTH 225 o 42 00186 104 6 •• 1 1 •• 
12 Gl391 DTH 2360 4 1 00255 101 2 •• 08 • 
12 RG869 DTH 227 o 40 00198 101 3 •• 07 • 

RG957 PH 2390 101 5 00667 1106 •• 72 •• 
RZ444 PH 241 o 106 1 o 0168 1046 •• 39 •• 
RZ538 PH 221 o 28 3 07274 139 8 •• 23 2 •• 
RZ730 PH 2320 78 8 02978 129 8 •• 17 1 •• 

2 RG25 PH 241 o 1060 o 0175 1046 •• 38 •• 
2 RM233A PH 2340 109 9 00313 1045 •• -41 •• 
3 RM251 PH 235 o 108 8 00340 89 9 •• 45 

3 RM60 PH 231 o 104 8 00274 884 •• 48 •• 
4 BCD135 PH 241 o 105 3 00240 106 6 •• -49 • 
4 RG177 PH 241 o 105 9 00184 105 2 •• -41 •• 
4 RG375 PH 2390 106 1 o 0214 105 3 •• -42 •• 
4 RG908 PH 241 o 104 5 00314 107 1 52 

S RG474 PH 2400 106 3 o 0184 104 5 •• 38 • 
5 RM164 PH 237 o 108 2 00326 108 o •• 56 

5 RM249 PH 238 o 1065 00354 105 o •• -43 •• 
5 RZ225 PH 231 o 109 6 o 0187 103 2 •• 32 •• 
6 RM3 PH 235 o 107 3 00253 108 5 •• 57 •• 
6 RZ682 PH 241 o 105 2 00253 106 7 •• -49 •• 
7 RZ272 PH 241 o 105 2 00250 106 o •• -46 •• 
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Cbr Marker QuantJtat•ve N MSE R BO Bl 
Tra1ts 

9 RM215 PH 228 o 104 o 00227 103 5 • 35 •• 
10 BCD386 PH 241 o 106 1 o 0169 104 4 • 37 •• 
11 C794 PH 2390 1064 o 0211 105 4 •• -43 •• 
11 C82 PH 241 o 105 7 00202 104 9 • -40 •• 
11 G44 PH 241 o 105 9 o 0187 105 2 •• -42 •• 
12 G1112 PH 2370 106 4 00234 899 •• 42 •• 
12 RG574 PH 2340 107 9 00179 90 5 •• 39 • 
12 RG869 PH 2260 109 6 o 0202 1040 •• 36 •• 
12 RZ397 PH 241 o 106 1 o 0165 1044 37 •• 
12 RZ76 PH 241 o 105 7 00202 105 4 • -43 •• 
3 RGIOO WHC 241 o 06 00181 30 •• 02 •• 
3 RM7 WHC 231 o 06 00432 35 • 05 •• 
5 RM122 WHC 2360 06 00452 1 8 04 •• 
5 RM13 WHC 232 o 06 o 0167 2 1 • 02 •• 
5 RM164 WHC 238 o 06 00709 1 5 •• 06 •• 
5 RM249 WHC 2390 06 00375 20 •• 03 •• 
6 RM3 WHC 2360 06 o 0181 33 •• 04 •• 
7 RM11 WHC 215 o 06 o 0302 33 •• 04 •• 
7 RM214 WHC 2360 06 00420 38 •• 06 •• 
11 RG303 WHC 227 o 06 00247 36 05 •• 
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• Mappmg Genes Controlbng Al Tolerance m Rice Comparmg Dtfferent Genettc 
Backgrounds 

Nguyen Vmh T Bay D Nguyen Surapong Sarkarung Cesar Martmez Andrew H Paterson 
Henry T Nguyen 

Abstract 

Almost 40% of the world s cultlvated land IS classlfied as actd1c Alurnmurn tox1ctty 1s the mam 
factor hm1tmg the productlVlty of crop plants m actd sml areas part1cularly m the trop1cs and 
subtroptcs In recent years mtense research has been conducted on the cellular and physwlogtcal 
bases of Al tox1C1ty to understand the genetlc mechan1sms of Al tolerance m plants and to 
develop molecular strategtes for crop 1mprovement In th1s study a doubled haplmd populatwn 
den ved from nce breedmg !mes CT9993 and IR62266 ( Oryza satzva L ) was used to map 
genes controlhng Al tolerance A genetlc lmkage map cons1stmg of 315 DNA markers (RFLP 
AFLP and SSR) was constructed to determme the pos1t1on and nature of QTLs affectmg Al 
tolerance Three characters VIZ control root length (CRL) stress root length (SRL) and root 
length rat1o (RR) were evaluated for the DH !mes and the parents at the seedlmg stage m nutnent 
solutwn A total of 20 QTLs controlhng root growth under Al stress and control cond1lions were 
detected and spread over 10 out of 12 chromosomes m the nce genome The results md1cated 
that root growth and alurnmurn tolerance m nce seedhngs are controlled by multtple gene!Jc 
factors Two largest QTLs v1z QA/Rrla and QA/Rr8a for root length ratto a measurement of Al 
tolerance were located on chromosome 1 and 8 respectlvely Three other QTLs m add1t1on to 
Qa/Rr8a were apparently un1que m the CT9993 x IR62266 mappmg populatlon wh1ch may 
explam the h1gh leve! of Al tolerance m CT9993 Comparatlve mappmg 1dent1fied a conserved 
genom1c regton on chromosome 1 assocJated w1th Al tolerance across three nce genetlc 
backgrounds Th1s regton prov1des an 1mportant startmg pomt for 1solatmg genes respons1ble for 
d1fferent mechan1sms of alurnmurn tolerance and understandmg the genet1c nature of tlus tra1t m 
nce and other cereals 

lntroductiOn 

Soil sahmty ac1d1ty and mmeral defic1enc1es will contmue to be one of the maJor problems 
hmJtmg crop productlVlty throughout the world Sanmt and Woods ( 1998) reported that m 1995 
about 45% of nce (Oryza satlva L) produced m Latm Amenca was grown under upland 
condJ!ion The upland smls are unfert1Ie and mostly acJdJc m nature Moreover approx1mately 
500 m1lhon ha of oxJsols and ultlsols are presently under utlhzed partly because of extreme sml 
acJdi!y and mfert1hty Upland crops grown m such smls suffer from Al tox1ci!y and Ca and P 
deficJencJes (Howeler and Cadav1d 1976) Alurnmurn (Al) tox¡c¡ty Js the most 1mportant factor 
hm1tmg crop produc!Jv1ty m ac1d smls wh1ch compnse large areas of the world (Koch1an 1995) 
part¡cularly m the trop1cs and subtrop1cs (Foy et al 1978 Foy 1984) 
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The maJor symptom ofalummum toxJCJty 1s rap1d mlubltlon ofroot growth (Luttge and Clarkson 
1992 Renge1 1992 De1haJze and Ryan 1995) The effect of alummum toxJcJty ¡s to arrest or 
slow down root growth As a result stunted or shortened roots are the pnmary and early 
symptom of alummum tox¡c¡ty Bennet et al (1987) suggested that the root cap 1s a s1te of 
percept10n of Al mJury Roots mJured by lngh Al are usually stubby and tlnck and become dark 
colored bnttle poorly branched and rubbenzed (Foy 1983) Severa! techruques mvolvmg the 
study of root growth such as absolute root length root re growth and hematoxyhn have been 
employed m evaluatmg for Al tolerance m plants (Gallego and Beruto 1997 Lafever and 
Campbell 1978 Rlede and Anderson 1996) In nce absolute root length techruques or root 
length ratio has been wJdely used as a parameter for evaluatmg Al tolerance (Coronel et al 1990 
Khabwada et al 1996 Wu et al 1997) It prov1des maJor advantages over other techmques 
mcludmg bemg a Simple measurement and the ehmmahon of the genet1c d1fference m root 
growth under normal culture cond1hons (Wu et al 2000) 

By companng the response ofroot and shoot to Al tox1clty m wheat Bnggs and Taylor (1993) 
and Zale ( 1987) found that Al stress m hydroporuc system affects root charactenstJcs much more 
than shoot charactenshcs Thus the measurement of root parameter offers the best approach to 
selectmg or screenmg plant genotypes for Al tolerance The phys¡olog¡cal and b!OchemJcal 
mecharusms of the tox1c effect of alummum on root elongatwn have been extens1vely 
mvesbgated (Foy and Flenmmg 1978 Horst et al1982 Haug and Sin 1991 Matsumoto 1991 
Luttge and Clarkson 1992 Lazof et al1994) However the genehc mecharusms controlhng Al 
tolerance m crop plants are poorly understood (Anwl and Gustafson 1984 Carver and Ownby 
1995) The mhentance of Al tolerance m barley (Horderum vulgae L ) was reported to be 
controlled by a smgle gene (Re1d et al 1969 Mmella and Sorrells 1992) In contras! the genebc 
system controlhng Al tolerance m wheat (Tnt1cum aest1vum L) appears to be complex and 
composed ofmaJor and mmor genes (An10l and Gustafson 1984 Luo and Drorak 1996) In com 
(Zea mays L) Al tolerance 1s beheved to be govemed at a smgle locus w1th a multlple allehc 
senes (Rhue et al 1978) MaJor genes for Al tolerance m rye (Seca/e cerea/e L) wh1ch 1s the 
most Al tolerant spec1es m cereals (An10l and Gustafson 1984 Manyova et al 1988) are located 
on chromosomes 3R 4R and 6RS usmg wheat rye add1t10n !mes (An10l and Gustafson 1984) 
Informat10n on the genetlc mechan1sms controlhng Al tolerance m nce 1s hm1ted and lt appears 
to be controlled by many genes (Khabwada 1996 Wu et al 1997 Wu et al 2000 Nguyen et al 
2001) 

Advances m molecular marker tecln!ology have led to the development of detruled molecular 
hnkage maps for many plant spec1es These maps have allowed the dJssectiOn of quantltatlvely 
expressed tra1t mto Mendehan factors referred to as quanbtatlve tra1t loc1 (QTLs) each hnked to 
molecular markers of known map pos¡tlon (Paterson et al 1988) QTL mappmg could lead to 
apphcabon m crop 1mprovement through marker ass1sted select10n In add1bon QTL mappmg 
and DNA markers w1ll prov1de ms1ghts mto comparabve genetlcs and evolut10n of Al tolerance 
genes among cereals Al tolerance has been mtens1vely mvesbgated m many crop plants and 
molecular markers hnked to genes or QTLs confemng Al tolerance have been ¡dentlfied m 
wheat (Rlede and Anderson 1996) rye (Amo! and Gustafson 1984 Gallego et al 1998) ma1ze 
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(S1bov et al 1999) barley {Tang et al 2000) and nce (Wu et al 2000 Nguyen et al 2001) The 
mam obJechves oftlus study were to map genes controlhng Al tolerance m a umque upland nce 
gennplasm and to compare QTLs for Al tolerance across d1fferent nce genetlc backgrounds and 
other cereals 

Matenals and Methods 

Plant Material 

A total of 146 doubled hapl01d (DH) !mes from a cross between CT9993 5 10 1 M 
(abbrev1ated as CT9993 an up!and]apomca ecotype tolerant to Al tox1city) and IR62266 42 
6 2 (abbrev1ated as IR62266 an mdrca ecotype susceptible to Al tox!Clty) were taken for the 
present study These parents were pre screened for Al tox!clty W!th other nce genotypes known 
to be Al tolerant such as Azucena (Khatlwada et al 1995) and Cluembau (Nguyen et al 2001) at 
dlfferent Al concentrat10ns CT9993 was found to be the most tolerant nce genotype to Al 
tOXIC!ty among severa! !mes tested (Nguyen et al 2000) CT9993 was selected under ac1d s01l 
cond!tlon m the nce breedmg program at CIA T Its ped1gree carne from complex crosses that 
mvolved vanetles/cultlvars wh1ch are h1ghly tolerant to Al toxlcity and low pH such as 
Moroberekan IRAT216 IRAT13 IRAT 120 and IRAT121 from Afnca and Latm 

Amen ca 

Alummum Tolerance Screenmg 

The parental !mes and DH progemes were screened for Al tolerance m the laboratory usmg a 
nutnent solutlon culture modtfied after Khatlwada et al ( 1996) The expenment des1gn was a 
random1zed complete block w1th four rephcatlons Seeds w1th un1fonn s1ze were stenhzed wtth 
15% H20 2 nnsed w1th d!stllled water and mcubated on filter papers soaked w1th d!stllled water 
m the dark at 30°C for two days Gennmated seeds were grown m d!stllled water for another two 
days m a culture room mamtamed at 27±2°C Seedhngs were then transferred to a styrofoam 
sheet wJth a nylon net bottom wtth one seedhng per hole and three seedhngs m one row per !me 
m each rephcatlon The styrofoam sheets were floated on a nutnent solut10n (Y osluda et al 
1976) m a plastlc tray contammg e1ther O (control) or 30 ppm Al (stress treatrnent) The pH of 
the solutlons was adjusted da1ly to 4 O w1th IN NaOH or IN HCI The hydropomc trays and 
seedhngs were mamtamed m the culture room at 27±2 C w1th 12 hr of hght at 300 PPFD The 
Iongest root of each seedhng was measured after 1 O days of growth m control or stress solutlon 
The ratto of average root length under stressed over control cond1tlons for each hne m each 
rephcatlon was used as a rneasurement of Al tolerance 
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Statistical Analysis 

Standard analysis of vanance (ANOV A) was performed to test the sigruficant genetic vanatwn 
among the DH !mes for the three traits usmg SAS procedure (SAS lnstitute 1988) Broad sense 
hentabihties (h2

) were computed from the estJmates ofgenetJc (cr2G) and residual (de) vanances 
denved from the expected mean squares ofthe analysis ofvanances as h2 

= (cr2G 1 (cr2G + cr2e 1 
k)) where k was the number ofrephcations 

Lmkage Map and QTL Analysis 

A genetic lmkage map consistmg of 315 marker \oci mcludmg 145 RFLPs \53 AFLPs and 17 
SSRs was constructed based on the 154 DH \mes usmg MAPMAKER!Exp verswn 3 O covered 
1 788 cM m length usmg the Kosambi funct10n with an average distance of 5 7 cM between 
adJacent markers (Zhang et al 2001) QTL analysis was performed accordmg to the method of 
mterval mappmg (Paterson et al 1988 Lander and Bostem 1989) usmg MAPMAKER/QTL 1 1 
(Lmcoln et al 1992) Based on a chromosome number of 12 and observed map length of 
1847cM a LOD score of 2 8 was selected as the threshold for declanng presence of a QTL to 
reduce false positJve QTL at P<O 05 (Lander and Bostem 1989) Independent test was carned out 
when there were more than one QTLs for the same trait located on the same chromosome 
(Paterson et al 1988 Lander and Bostem 1989) QTLs were designed with a Q to mdicate they 
were detected through QTL mappmg followed by an abbrevJatlon of the trait name and the 
chromosome number A final letter was used to accommodate Situatwns where more than one 
QTL affectmg a trrut were Identified on the same chromosome For the best multJple QTL 
model a maximum of seven QTLs IS allowed m Mapmaker/QTL program If more than seven 
QTLs were detected for one trait the QTLs which can explrun the highest values of phenotypic 
vanatwn were selected for the regress10n model 

Results 

Phenotypic Performance 

The mean range values hentabihty estJmates and distnbutwns for three traits VIZ control root 
length (CRL) stress root length (SRL) root Iength ratio (RR) for the DH population and their 
parents are summanzed m table 5 and figure 3 The root of CT9993 and IR62266 showed 
differentJal response to alummum stress CT9993 has a higher SRL and RR mdicatmg 1ts 
tolerance The range of progemes mean appreciably exceeded their parents for three trruts 
suggestmg transgress1ve vanation among genotypes The frequency d1stnbutJon of CRL SRL 
and RR of the population was normal accordmg to Shapiro WIIk test The broad sense 
hentabiiity estimates were 86 92 and 88% respectJvely for CRL SRL and RR High h2 values 
suggest the possibihty of explmtmg the genetic vanation m a breedmg selection program 
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A total of20 putatlve QTLs w1th the LOD threshold of2 8 were 1dent1fied for allthree tralts The 
putatlve QTLs lymg m the1r respechve chromosome number LOD score percentage of vanance 
explamed and allehc effect were presented m Table 6 The number of QTLs 1dentlfied for 
mdiVIdual tra1t ranged from 3 (for CRL) to 10 (for RR) w1th the phenotyp1c vanat1on varymg 
from 9 2 to 28 7% The locat10ns of these putatlve QTLs for the trruts were shown m figure 4 
For CRL three QTLs v1z QCrlla QCr/7a and QCr/Ba were 1dent1fied w1th phenotyp1c vanance 
rangmg from 12 O to 14 8% These three QTLs together explamed 34 5% of the phenotyp1c 
vanat10n Favorable alleles for QCr/2a QCr/7a crune from CT9993 (longer root length) but 
for QCr/Ba the favorable al! ele was contrJbuted by IR62266 Seven QTLs QSr/1 a QSr/6a 
QSrl7a QSr/Ba QSrl9a QSrl/Oa and QSrl/2a for SRL were 1dent1fied on chromosomes 1 6 7 
8 9 10 and 12 respect!Vely w1th the phenotyp1c vanance rangmg from 9 2 to 18 3% CT9993 
contrJbuted the favorable alleles (longer root length) for al! the seven QTLs These QTLs 
explruned 39 9% of the total phenotyp1c vanat10n A total of 1 O QTLs QA/Rr 1 a QA/Rr 1 b 
QAIRrla QA/Rr3a QA/Rr4a QA/Rr7a QA/Rr8a QA/Rr9a QAIRrJOa and QA1Rr12a were 
1denbfied for RR The range of phenotyp1c vanahon of the mdiVIdual QTLs explamed was from 
10 3 to 28 7% Two QTLs w1th the largest effect QAIRr1a and QAIRr8a mdiVIdually explamed 
24 1 % and 28 7 % of the phenotyp1c vanahon respectlvely CT9993 contnbuted favorable 
alleles (less 1mpaued by stress) for 9 QTLs v1z QAIRr1a QA/Rr1b QA/Rr3a QA/Rr4a 
QAIRr7a QA/Rr8a QA1Rr9a QAIRr10a QA/Rr12a and IR62266 contnbuted favorable allele 
for only one QTL QAIRr2a poss1bly explammg sorne of the transgress1ve vanat10n The best 
mulhple QTL model contammg the 7 QTLs w1th the h1ghest phenotyp1c vanat10n explamed 
57 3% ofthe total phenotyp1c vanance 

Companson of QTLs for Al toleran ce Across Rice GenetJc Backgrounds 

Root length rat1o (RR) JS the most duectly related parruneter to Al tolerance m nce and other 
crops To detenmne 1f there are any common QTLs for RR across nce genehc backgrounds 
results from tlus study were compared Wlth other reports avallable m the hterature Of 1 O QTLs 
for RR only 2 QTLs were found to be cons1stent w1th the QTLs JdentJfied m other populatlons 
The QTL QA/Rrla (R2=0 241) on chromosome 1 one of the b1ggest QTLs for RR, was 
common to QTLs for Al tolerance found m IR1552 x Azucena (Wu et al 2000) and 
OM269 x Ch1embau (Nguyen et al 2001) wluch also had the largest effect on phenotyp1c 

vanat10n (F1g S) Another genom1c reg10n on chromosome 9 harbored Qa/Rr9a m tlus 
populatJOn was found to be common wlth the mmor QTL (R2=0 09) detected m IR1552 x 
Azucena populat1on {Wu et al 2000) However the b1ggest QTL on chromosome 8 

(R2=0 287) was not common WJth any QTL m IR1552 x Azucena and OM269 x 
Ch1embau populat10ns 
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Companson of QTLs forAl Tolerance Among Cereals 

To determme whether there are any common QTLs between nce and other cereal spec1es 
regardmg Al tolerance these results were also compared With those of wheat (R.Jede and 
Anderson 1996 An10l and Gustafson 1984} rye (Gallego and Beruto 1997 Gallego et al 1998 
An10l and Gustafson 1984) ma1ze (S1bov et al 1999) and barley (Tang et al 2000) usmg 
comparatJve maps (Ahn et al 1993 Ahn and Tanksley 1993 GaJe and Devos 1998) and 
comparattve RFLP probe set The analys1s dtd not detect any synteny between the maJor QTLs 
controlhng Al tolerance m nce populatlon CT9993 x IR62266 and other cereals However a 
mmor QTL (R2=0 09) on chromosome 3 m Azucena x IR1552 populatlon (Wu et al 2000) 
was found to be synteruc w1th the genom1c reg10n carrymg maJor Al tolerance gene on group 4 
of the Tnticeae 

DISCUSSIOD 

The genom1c reg~on flanked by CD0345 and ME1014 on chromosome 1 appears to harbor the 
most Importan! QTL associated w1th Al tolerance m nce By companng QTLs for Al tolerance 
among dtfferent genetlc backgrounds m nce we found the QTL located on chromosome 1 
QA/Rrla overlapped wtth the maJor QTL detected m nce by Wu et al (2000) and Nguyen et al 
(2001) These results suggested that tlus genom1c reg~on on chromosome 1 contams a maJor 
QTL controlhng Al tolerance m nce Four QTLs w1th relatlvely large effect VIZ Qa/Rr8a 
(R2=0 287) on chromosome 8 Qa/Rr4a (R2=0 201) on chromosome 4 Qa/Rr12a (R2=0 197) on 
chromosome 12 and Qa/Rrlb (R2=0 185) on chromosome 1 were apparently uruque m the 
CT9993 x IR62266 mappmg populat10n CT9993 was selected m ac1d sotl condtt10ns and 

1ts ped1gree cons1sted of vanetJes/cultJvars bemg htghly tolerant to Al toxicity and low pH such 
as Moroberekan IRAT216 IRAT13 IRAT120 and IRAT 121 These QTL may 
explam the h1gh capac1ty of Al tolerance m CT9993 

It has been reported that there ts a conserved genom1c reg~on on the long arm of homoeologous 
chromosome 4 for Al tolerance among wheat (A/IsH) rye (Alt3) and barley (Alp) The gene 
controlhng Al tolerance ofthese cereal crops was hnked to marker BCD1230 It was suggested 
that the AltsH Alt3 and Alp genes are orthologous Ioc1 because of lugh leve! of synteny among 
chromosome arms 4DL 4RL and 4HL and they may share a common funct10n (Miflahudm et 
al 2001) One of the Al tolerance mechan1sms m the Tnticeae ts Al exclus10n (Delhruze and 
Ryan 1995 Kocluan 1995 Koch1an and Jones 1997) Th1s mechan1sm 1s mediated by Al 
actJvated release of organ1c actds such as malate or c1trate wh1ch che late Atl+ m the rluzosphere 
and prevent 1ts entry mto the root apex Thts physiOlogical ev1dence IS strongly supported by the 
orthologous loc1 controlhng Al tolerance m the Tnticeae spec1es The homoeologous 
chromosome 4 of the Tnt1ceae corresponds to chromosome 3 m nce (GaJe and Devos 1998) 
However the largest QTLs controlhng Al m cultlvated nce were located on chromosomes 1 and 
8 We hypothes1ze that the mechan1sm of Al tolerance m nce m1ght be d1fferent from that ofthe 
Tntlceae spec1es at least m organ1c actd excret10n mechantsm Further mvest1gat10n mto the 
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physwlogtcal mechamsms and genes controlhng Al tolerance m nce will be beneficia! to 
understandmg the evoluhonary genehcs and diversity of Al tolerance m nce and other grass 
species 
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• EvaluatJon and Select10n of lnter Specdic Populattons Vta Conventtonal Breedmg 
Methods 

Introductton 

Genetic vmabihty IS an essential reqmrement to make progress m plan! Improvement progrruns 
TraditiOnally plant breeders make use of di verse genettc resources to come up With Improved 
vmeties Most of the time nce breedmg programs are under htgh pressure to dehver supenor 
vmeties to meet demands commg from diverse users Crosses usmg good and well known 
progemtors have better probabihties of producmg the kmd of breedmg populations from where 
supenor genotypes could be selected Unfortunately not very many good donors are avatlable 
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and the contmued use of them lead to reshuffimg of genes reducmg at the same hme the genetiC 
vanabihty 

It has been eshmated that around 25% of the total genetic vanatlon avaiiable m nce are actually 
used by nce Improvement programs The use of un Improved gene pools hke wiid nce species 
represents a difficult task to convenhonal breedmg programs however thJs kmd of research IS 
more appropnate to programs more strategic m Its scope hke the CIAT Rice ProJect 

Therefore actlvitles descnbed m thJs sectlon deal with the mtrogresswn of alleles from wiid nce 
species mto the Latm Amenca gene pool usmg conventwnal breedmg methods The mam 
objectlve IS to develop potential parents to be used by nahonal nce programs 

A backcross scheme to diverse Improved breedmg !mes or vaneues IS used Startmg m the Fz 
generat10n smgle plant selectlons are made for further evaluatlon m pedigree rows Around 250 
crosses were made and 189 were evaluated under upland conditlons m VIIlavicencio Many 
populatwns (119) were discarded because of high stenhty and/or poor plant type low )'leld 
potentlal and susceptibihty to maJor diseases A total of 476 plant selectwns for evaluahon as F3 
lmes were made 

Table 7 presents a summary of mter speclfic populatwns evaluated m CIAT Palmua and 
VIIIavicenciO Advanced lmes with good plant type early vigor and excellent gram type were 
selected from the cross 0ryzica 3/0 rufipogon lt was shown (Rice Program Annual Report 
2000) that both Oryzica 3 and O rujipogon had a good level of resistance to Rhzzoctonza sp In 
collaboratwn with Rice Pathology and FEDEARROZ evaluat10ns are underway under 
greenhouse and field conditlons to test these lmes for resistance to RhJzoctorua 

Advanced lmes (F6 F7) with good plant type and )'leld potentlal and tolerance to sorne diseases 
were selected m the cross Bg90 2/0 rujipogon Sorne ofthese !mes have good gram quahty and 
25 were selected for )'leld tests m diverse environments through collaborat10n with natwnal nce 
programs mcludmg Colombia Argentma Venezuela Costa Rica and Honduras 

Even after 2 3 backcrosses high stenhty has been observed when O glaberrzma was a parent 
Despite discard most of the lmes F 4 F 5 progerues with high fertlhty early plant vigor good 
tlllenng strong stems and good gram type have been selected Severa( accesswns of O 
glaberrzma possess high levels of resistance to the nce stnpe virus disease (see sect10n m this 
report) consequently selected lmes wiii contmue to be screened for resistance to nce stnpe 
virus 

Crosses between O barthu and Improved cultlvars have resulted m progerues with low )'leld 
potentlal poor plant type and high stenhty Nevertheless 2 3 backcross to Lemont have 
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produced advanced Imes W!th excellent gram type cookmg and rn1lhng quahty early rnatunty 
and tolerance to rnajor d1seases These lmes are susceptible to hoja blanca virus Sorne Imes 
have better y¡eld potenhal than Lernont and were mcluded m the VIOAL nursenes for 
d!stnbut10n to nahonal nce programs 

Two populahons (Cruapo/0 glabemma and Progresso/0 barthu) were evaluated under upland 
savruma cond1hons m VIIIavicenc!O m collaboratlon Wlth the CIRAD CIAT program Lmes 
frorn the Ca1apo/ O glabemma cross showed good adaptatlon to ac1d smls Also doubled 
haplmd lmes have been obtamed and these are bemg used to 1denhfy and charactenze alleles 
den ved frorn O glabernma that are assoc~ated W!th tra1ts of agronorn1c 1rnportance 

In add1t10n 2704 F4 !mes frorn a collaborahve project between CIAT and Peru were evaluated 
for res1stance to nce hoja blanca v1rus m Palrn1ra and tolerance to rnajor d1seases m Santa Rosa, 
Vlllav¡cenc!O In sp1te of the lugh nce blast d1sease pressure l 097 smgle plan! select10ns were 
rnade for further evaluat10n as F s ped1gree rows 

Influence ofWJid Rice Spec1es on the Gram Quahty and NutntJonal Value 

• Influence of WJid Rice on the EatJng and Cookmg Quahty of In ter Specdic Progemes 

IntroductJon 

The 1rnpact of rnodem agnculture m 1rnprovmg the hfe and well bemg of b1lhon of people 
around the world IS Irnpress1ve The prospect of rnass starvahon was avo1ded due to mcreased 
food product10n through the Green Revoluhon s push for food secunty However httle thought 
was g1ven to nutnhonal value and human health and almos! none to the concentrat10n of 1ron 
and other llllcronutnents m the new cereal vanehes bred Research at IRRI has shown genehc 
vanat10n for 1ron and zmc concentrahon m brown nce lmproved culhvars contrun about 12 rng 
of 1ron and 25 rng of zmc per kllogram wlule sorne tradi!ional culhvars have doubled these 
amounts Results frorn W ARDA (1998) md1cates that mter specific crosses w1th O glabemma 
gave nse to progemes w1th h1gher protem content good eatmg quahty and h1gh nutntive values 

CIA T 1s Iookmg at wlld nce spec1es as potenhal sources of new alleles assoc1ated w1th trruts of 
agronorn1c 1rnportance Although ernphas1s was g¡ven to alleles assoc~ated w1th grrun y¡eld and 
1ts cornponents we dernonstrate that the nutnt10nal and gram quahty aspects can also be 
1rnproved through mterspecific crosses as well as w1thm O sat1va 
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Matenals and Methods 

Seed of the advanced hnes CT14938 30 5 M 3 and CT14938 36 1 M 1 den ved from the cross 
Lemont/0 barthu was harvested dned and m1lled Samples were taken to the quahty Iab for 
evaluat10n Rernnant seed was bulked up and milled and 2 kg samples were g¡ven to 64 people 
for cookmg and eatmg evaluatlons People were adv1sed to cook the nce sample the same way 
they used at borne and to compare 1ts behav10r wlth that ofthe nce they usually bu y and eat 

Resu1ts 

Data from the quahty lab showed that both lmes had long and slender translucent grams (O 2 
wlute center) w1th amylose content around 26 29% and excellent millmg recovery (60% head 
nce) Data from the cookmg!eatmg tests are presented m F1g¡¡res 6 and 7 Forty seven (75%) 
people reported that the nce sample was dry and fluffy after cookmg wh1lst 96% of people srud 
that the gram appearance was good before cookmg Only 4% found the nce sample to be stlcky 
It 1s 1mportant to keep m mmd that the ratio nce/water used by people was d1fferent (1t ranged 
from 1/2 2/3 3/4 to 1/1) 

F1gure 7 shows that 34% of people detected sorne kmd of aroma after cookmg and a d1fferent 
taste compared to the nce they usually consume Of the people surveyed 51% reported that the 
sample g¡ven produced more cooked nce than the one they usually consume and 41% srud that 
they were w¡llmg to paya httle b1t more for type ofnce (data not shown) 

Results suggest that O barthu d1d not affect m a negatlve way e1ther the eatmg or cookmg 
quahty of nce On the contrary sorne people preferred the spec1al features m the quahty of the 
nce den ved from an m ter spec1fic cross Data also confirm d1fferences m people s preference m 
terms of gram quahty operung up opportun1t1es for the development of spec1al types of nce 

• Influence of W1Id Rice on the Nutntlonal V aloe 

Matenals and Methods 

The 1ron and zmc content was determmed for 11 nce cultlvars (Table 8) mcludmg O barthu O 
g/abernma and O rujipogon Brown and m1lled nce samp1es were obtamed from field plots 
grown at CIA T and 5 gram each were sent to the lab for chemical analys1s The expenment was 
rephcated three times 
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Results 

There were s¡gruficant d1fferences an10ng cultlvars w1th regard to ¡ron and zmc content m both 
brown and milled nce as well as m the effect due to milhng (Table 8 F1gures 8 and 9) As 
expected brown nce contamed lugher amount of both 1ron and zmc than milled nce O 
glaberrzma had the lughest content of 1ron With regard to brown nce followed by Fedearroz 50 
and Oryz!Ca 1 O barth11 had the lughest content of zmc followed by Fedearroz 50 and three 
access10ns of O glabemma Milhng reduced the content of 1ron by an average of 59% and the 
content ofzmc by 26% There were genotype d1fferences and milhng caused a 1oss of88% ofthe 
1ron m O glabemma followed by the breedmg !me CT 13956 29 29M (Bg90/0 glabemma) 
IGIO (an acc O glabemma) and the hne Pl274 6 8 M 1 M It was encouragmg to see that 
CG14 (d1fferent acc O glabemma) O rujipogon and Oryz1ca 1 had the Iughest content of1ron 
after m1lhng suggestmg 1ts potentlal use as parents m a breedmg program to mcrease the content 
of1ron m comrnercml nce vanetles In tenñs ofzmc O barthu CG14 IGIO andO glabemma 
had the lughest content after milhng 

Results suggest that WIId nce spec1es can contnbute to 1mprove the nutntlonal quahty of 
commerc!al nce vanetles It 1s noteworthy to ment10n that Oryz1ca 1 and Fedearroz 50 are 
1mproved vanetles developed m Colombia out of the CIAT/FEDEARROZ breedmg programs 
wh1ch possess good levels of 1ron and zmc even though no breedmg effort was made to 1m pro ve 
the1r nutntlonal value If we make an effort to select for these tra1ts 1t should not be difficult to 
develop 1mprove vanetles w1th a better nutntlonal value 
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Table 8 Effect of Mllhng on GraJO Iron and Zmc Content of Selected Rice Culttvars 

lron Zmc 

Culttvar Brown Rice Mtlled Rice Mtllmg Effect 1 Brown R1ce Mtlled Rice Mtlltng Effect 1 

Bg90 2 72 5 1 291 17 3 139 19 5 
Bartlm 10 4 42 601 27 9 220 211 
CG 14 10 8 63 41.3 24 8 19 7 204 
Cf13956 29 M 3 M 10 8 30 721 18 4 11 9 35.3 
F edearroz 50 14 o 48 659 25 6 16 7 350 
IGIO 12 3 37 701 24 8 18 1 270 
O glabemma 304 36 880 25 o 19 2 233 
Oryztca 1 13 5 6 1 61 8 16 5 11 o 24 2 
Oryztca Llanos 4 13 o 49 544 20 8 15 7 33.3 
P1274 6 8 m 1 3 M4452 12 3 32 74 2 13 7 10 5 23.3 
O rufipogon 10 5 62 41.3 20 5 15 7 236 

TOTAL 13 2 46 59.3 214 15 9 260 
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• Population Improvement usmg Gene Pools and Population w1th Recess1ve Male-Stenle 
Gene 

J Borrero J Carabah C Martmez 

Introduct1on 

Recurren! selectwn IS broadly defined as the systemahc selectwn of des1rable mdividuals from a 
populatwn followed by recombmatwn of the selected mdividuals to form a new populatwn The 
process IS envisioned as a c1rcle that mcludes populahon development evaluatwns of 
mdividuals and selechon of supenor mdividuals as parents to form a new populatwn for the next 
cycle of selechon (Fehr 1987) It IS a dynam1c and contmuo process a1med at deve1opmg supenor 
genotypes m one or more trruts Smce 1989 the CIAT nce proJect has used recurren! selechon 
one of the breedmg methods to mcrease the y¡eld potenhal as well as res1stance to b10t1c and 
abw!Ic productwn constramts 

Th1s ac!Ivity a1ms at developmg 1mproved populatwns for 1mgated and favored upland 
condi!ions havmg a h1gher y¡eld potenhal and good gram quahty These are bemg prov1ded to 
reg¡onal partners to use parental sources and 1 or !mes with spec1fic tra1ts Tlus achvity IS bemg 
done to promote networkmg among our partners 

Matenals and Methods 

Four base popula!Ions (PCT6 PCT7 PCT8 and GPCT9) developed earher m our nce proJect 
were planted and evaluated for y¡eld poten!Ial growth dura!Ion early vigor plant type and gram 
quahty PCT6 and PCT8 were selected for further 1mprovement m y¡eld potenhal and gram 
quahty (Annual Report 2000) The mam obJec!Ive 1s to assess the genehc grun m terms of grrun 
quahty after one and two cycles of recombma!Ion and selectwn of the base populatwn In 
another related study the effect of mtroducmg additwnal sources of gram quahty (Table 9) and 
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y¡eld potenhal (Table10) m PCT6 and PCTS wJ!I be detemuned Expenments are carned out m 
Palmtra under tmgated condltwns usmg a populal!on stze of around 1500 plants 

Results and DISCUSSIOD 

The first cycle ofrecombmahon for gram quahty was completed dunng 2001 FertJ!e plants (257 
and 217 respective! y) were harvested m PCT6 and PCTS After gram quahty evaluatton seed of 
selected plants was used to prepare a balanced bulk of seed for each populatton (PCT6/CG/1/0 
and PCTS/CG/1/0) whtch was then sown for a second cycle ofrecombmahon Male stenle plants 
were tdenttfied and marked at flowenng lime and harvested later on The seed harvested from the 
male stenle plants was bulked and sown The ferttle plants wJ!I soon be harvested mdlVIdually 
and evaluated for quahty The ongmal base populattons as well as populattons from the first and 
second recombmahon cycle wtll be planted and compared m 2002 to assess the genehc gam m 
gram quahty The new populahons (PCT22 PCT23 and PCT24) formed through the 
mtrogresston of addttwnal sources of gram quahty and y¡eld potenttal underwent the first 
recombmatwn cycle 
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Table 9 Sources of Excellent Gram Quahty Introgressed mto PCT 6 PCT 7, PCT 8 and GPCT 9 

CultiVar Ped1gree Or~gen LG A e Fl Ht GW Mllhng 1 Sh Bl SR KS FSm BS EER Ton/ha 
ID mg head Total B m EEP 

Cypress L 202 1 Lemont L 2 86 38 17 2 66 72 VS MR MS VS S R MR 
Irua Tacuan 
Jefferson V 1sta!Lebonnet/ /Rosemont L 3 79 37 202 62 72 S S MS S MR R MR 
L 202 ffi456-3 2/unknown Acc 882 

senudwart711 201 
La Grue Bonnet73/Nova76//Bonnet73/3/ Acc1407 L 3 85 45 18 3 64 72 S S MS VS S R MS 

Newrex 
Lemont Lebonnet//C19881/PI331581 Acc 883 L 1 89 35 18 7 63 73 VS MR MS R MS R MR 
Mars CI9580/Satum Acc1114 MS MS MS R S VS 
Newbonnet Dawn/Bonnet73 Acc 884 L 3 87 45 15 6 66 72 MS VS S VS VS R MR 
Wells 
Kaybonnet Katy/Newbonnet L 5 84 44 15 3 65 72 MS R MS MS S S MS 
Drew Newbonnet/Katy L 4 87 46 16 o 65 72 MS R MS MS VS S MR 
Katy Bonnet73/CI9722//Starbonnet/T MS R MS R MR R S 

etep/3/Lebonnet 
M1lhe Lebonnet/L 201 MS MS MS MR R S 

LG=Gram length (L=long/slender M=Medmm) 
Ac= Lodgmg ( O=Strongn stems 9=Weak stems) 
GW= 1000 gram we1ght ( mg) 
R= Res1stant MR=Moderately Res1stant, MS= Moderately Suscepnble S=Suscepnble VS=Very Suscepnble 
ShB= Rlnzoctorua Solaru 
Bl= Pynculana Oryzae 
SR= Pudnc10n de Tallo (Magnaporthe Salvmn) 
KSm= Carbon (Tlllena barclayana) 
Fsm =Falso Carbon (Ustllagmmdea Vrrens) 
BS = Helmmthosponum 
EER = Esp1ga Erecta 
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Table 10 H1gh Y1eldmg CultJvars Introgressed mto PCT 6,PCT 7, PCT 8 and GPCT 9 

Ped1gree Or1gen VG FL HT LSC BS GD BLl BL2 NBL HB HB HB CB LG AMY TGEL Y1eld 
Ton/ha 

IETI3652 lnd1a 1 90 72 1 3 5 4 5 3 9 9 9 69 
C15 V.etnam 1 104 78 3 3 3 2 3 1 9 9 9 3 6 3 32 o B 66 
SPR88090 30 1 2 2 1 99 73 3 1 5 3 4 5 9 9 9 70 
ITA406 liTA 3 114 72 1 1 5 5 7 5 9 9 7 65 
SPR87036 7 1 1 2 1 102 89 3 3 7 3 3 5 9 9 7 68 
IR65469 161 2 2 3 2 2 IRRl 3 112 69 3 3 7 7 7 5 9 9 7 75 
IR72102 3 115 1 3 2 IRRl 3 90 68 1 1 5 5 5 7 9 9 9 67 
IR70183 74 1 1 1 IRRl 1 94 88 3 1 5 2 1 3 5 9 9 67 
PSB RC68 IRRl 1 114 10 3 1 5 1 1 5 9 5 5 72 
PSB RC70 IRRl 1 112 89 3 1 5 2 2 5 7 9 9 04 3 25 9 B 66 
IR68835 93 2 B 1 1 1 IRRl 1 96 125 3 1 5 4 5 7 9 9 9 77 
IR70177 76 2 1 1 IRRl 1 94 90 3 1 7 3 4 1 9 9 9 70 
IR69504 48 SRN 2 UBN 1 2 IRRl 1 98 86 3 3 3 1 2 3 9 9 9 2 6 3 279 B 83 
IR70169 3 2 1 2 IRRI 3 103 79 3 1 3 3 4 7 9 9 9 76 

LG=Gram lenght (L=Ionglslender M= Medtum) 
Ac= Lodgmg ( O=Strong stems 9=Weak stems) 
VG=early vtgor FL=F1owermg HT=P1ant hetght CB=Whtte center Amy=Amylose 1 
Dtsease reactton Escale O 9 O 3=Resttant 9=Htghly suscepttble 
LSC=Leaf scald BS=Brown spot GD=Gram descolorat10n HB=HoJa blanca vrrus dtsease 
Bl= Pynculana Oryzae 
BS = Helnunthosponum 
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OUTPUT 1 ENHANeiNG GENE POOLS 

1 D Introgress10n of New Plant Type Genes mto LA e s Gene Pools 

J Borrero e Martmez e Bruzzone 

lntroduction 

ldeotype breedmg a1med at modifY¡ng the plant arclutecture IS a lime tested strategy to aclueve 
mcreases m y¡eld potential To mcrease the y¡eld potential of nce further a new plant type (NTP) 
was conceptuahzed by IRRI scien!Ists m 1988 Further modifica!Ions m plan! arclutecture were 
proposed w1th the followmg charactenstlcs low tillenng capac1ty no unproductlve t!llers 200 to 
250 grams per parucle very sturdy stems dark green th1ck and erect leaves and v1gorous 1 deep 
root system Numerous breedmg lmes w1th des1red 1deotype were mtroduced to CIAT from IRRI 
and evaluated m Pahmra and Santa Rosa for adaptatwn y¡eld potentlal gram quahty and 
tolerance to mam bwtlc and abwt1c stresses Severa( promlSlng lmes were Iden!Ified and used as 
parents m our breedmg program Th1s activity IS a1med at mcorporatmg 1mportant agronom1c 
tra1ts exh1b1ted by the NPT matenal mto gene pools for use m Latm Amenca and the Canbbean 

Matenals and Methods 

Twenty e1ght F1 populations were obtamed m 2001 from crosses havmg at least one dosage of a 
NPT parent and two dosages of a local! y adapted cultivar In sorne cases wild nce spec1es were 
also used as parents Another 307 F2 populatwns denved from crosses made m 2000 were 
evaluated under ram fed conditlons m Santa Rosa as well as 391 F4 ped1gree rows 

Results 

Good genetlc vanab1hty was observed m the F2 populations especmlly m terms of plant type 
tillenng pan1cle s1ze plant he1ght and leaf senesce Nearly 60% of the populahons were 
d1scarded because of suscep!Ib1hty to d1seases Around 463 smgle plant selectwns were made for 
further evaluation as F3 ped1gree rows m 2002 Out of the 391 F4 !mes evaluated 177 plant 
selections were made for evaluatwn m 2002 

DISCUSSIOn 

Rice of the NPT needs extens1ve adaptation to LAC ¡f 1t IS to be successful These plants ha ve 
many useful trmts that could enhance nce The use of molecular markers could speed up these 
mcorporation of these tra1ts mto breedmg populatwns and ultimately commercml van eh es Both 
the breedmg of the NPT and the development of molecular markers for selected trmts wiii 
become part of other ac!Ivities next year 
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OUTPUT 1 ENHANCING GENE POOLS 

1 E The Use of Anther Culture and In Vttro Culture for Enhancement of Gene Pools 

Abstract 

The curren! report Illustrates the use of doubled hapl01ds m the d1fferent proJects mvolvmg nce 
breedmg at CIA T Doubled hapl01ds !mes were generated for the recurren! selechon and 
ped1gree selectlon methods used for CIA T to broaden the genet1c base of nce m Latm Amen can 
Double hapl01ds can be generated from smgle double or tnple crosses w1thm nce or w1th w!ld 
spec1es as well as from fert1le or h1ghly stenle plants CIA T collaborates to produce double 
hapl01ds for the FLAR breedmg program Once doubled hapl01ds are produced these plants are 
subject to the evaluahon process JOmtly w1th the other breedmg populat10n Although only a 
fact10n of a percentage of crosses were processed usmg anther culture 1t !S worthwhde to pomt 
out that m the last year about 20% ofthe !mes sent for evaluahon m Latm Amenca or selected by 
the countnes were anther culture denved matenals 

Introducnon 

Homozygous doubled hapl01ds (DH) !mes den ved from spontaneous chromosome doublmg of the 
m1crospore hapl01d genome of nce can be obtamed through anther culture (AC) m less than one 
year savmg time m evaluahon tnals (DH vs F6) and m bmldmg up pure stocks It 1s also poss1ble 
to gam effic1ency With DH populahons when selectmg for qual!tahve traJts because of the absence 
of dornmance and for quantltahve trruts due to a greater add1hve vanance no mtra famiiy 
segregatlon, and no mterplant compehllon (Snape and S1mpson 1981 and Snape 1989) At CIA T 
AC has proved to be useful m acceleratmg the development of gennplasm toleran! to low 
temperalllres excellent grrun quahty mcreasmg the recovery of useful recombmants from Wide 
crosses for d1sease and pest res1stance drought tolerance and fac1htatmg the product10n of matenals 
smtable for molecular markers gene taggmg The CIAT nce anther culture laboratory (ACL) 
currently focuses on developmg doubled hapl01d !mes for the vanous breedmg efforts In the 
case of CIAT the work has been mamly d1rected to advanced populat!ons adapted to the 
1mgated and upland savanna ecosystems as well as back-crossed populat10ns denved from 
crosses between cultlvated nce and WIId nce spec1es In the case ofFLAR CIAT has g¡ven a 
support serv1ce The laboratory has generated !mes from FLAR crosses targetmg sub tropical 
and cold toleran! breedmg pools for the Southem cone and produced somaclonal lmes for 
Tropical Latm Amenca From September 2000 to September 2001 the ACL generated a total of 
7 542 plants 
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Matenals and Methods 

From October 2000 to September 2001 a total of 168 000 anthers were cultured Plants were 
grown m the field and the pamcles were harvested After a cold treatment the anthers were 
d1ssected and cultured m vltro accordmg to Lentlm et al (1995) Regenerated plants were 
dehvered to the breeders to contmue w1th the selectiOn process under field condJtiOns 

Results and DISCUSSIOD 

• Use of Anther Culture to F1x Enhanced Tra1ts m Hybnd Back Cross Populations of 
Rice and Wdd Spec1es 

A Mora (IP4) G Delgado (IP4) T Agrono (IP4) C Ordonez (IP4) E Bolafios (IP4) A Rios 
(IP4) J Tngreros (IP4) J Carabah (IP4) C Martmez (IP4 SB2) Z Lentlm (SB2 IP4) 

Inter spec1fic crosses between O saliVa and O barth11 O glabernma or O rufipogon are 
currently used m nce breedmg at CIAT to broaden nce genetlc base These segregatmg lmes are 
bemg evaluated for mcreased YJeld generated by transgressJVe segregatJon and as new sources 
for d1sease res1stance and env1ronmental adaptat10n However sorne of these Jmes are h1ghly 
stenle Anther culture JS used m order to by passed the stenhty bottleneck and generate advanced 
Imes for the back cross program Th1s year 911 plants were generated from advanced back 
crossed populat10ns of O satzva/0 barth11 and O sat1va!O glabernma A total of 354 R3 lmes 
from the cross Lemont/0 barth11 were generated m 2000 and were evaluated m Santa Rosa 
Expenmental StatJon the first semester 2001 From these 17 Imes were selected based on d1sease 
res1stance Of the 99 BC2F2 and BC3F1 lmes from the cross Campo O glaberrrma processed 
through anther cultured Jast year a total of 312 DH lmes were selected for QTL YJeld tnals and 
d1sease res1stance These wiii be evaluated at LouiSiana State UruversJty by Dr Gabnel Aluko 
and at Santa Rosa Expenmental StatJon for d1sease res1stance 

• Use of Anther Culture to Advanced Breedmg PopulatJons for Tropical Irngated 
Cond•tJons 

A Mora (IP4) G Delgado (IP4) T Agrono (IP4) C Ordonez (IP4) E Bolanos (IP4) A Rios 
(IP4) J Tngreros (IP4) J Carbah (IP4) C Martmez (IP4 SB2) Z Lentlm (SB2 IP4) 

ThJs year a total of 6 631 plants were generated from AC These plants mcluded crosses w1th the 
new plant type from IRRI and a cross des1gned to map the gene for RHBV resistance Currently 
261 R2 Imes denved from the new plant type are bemg evaluated for RHBV resJstance as well as 
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sorne components of y¡eld mcludmg ttller capacity days to flowenng parucle length fertthty 
and gram size at CIAT expenmental statton The denved R3 populatton With be tested for nce 
blast resistance at the Santa Rosa statton Advanced R.¡ wiii be avaiiable to nattonal programs 
Last year It was reported a total of 318 R2 crosses that mcluded the new plant type were selected 
for plant type and y¡eld potenttal Of these 63 R2 !mes also combmed disease resistance selected 
at Santa Rosa Expenmental Statton Three ofthese !mes were mcluded m the VIOAL and 53 R3 
!mes selected by Francisco Andrade (Ecuadonan breeder) at CIAT which were sent to Ecuador 
m2001 

• Use of Anther Culture to Fix Cold Tolerance m Recurrent SelectiOn Populations 

A Mora (IP4) G Delgado (IP4) T Agrono (IP4) C Ordonez (IP4) E Bolanos (IP4) A Rios 
(IP4) J Tngreros (IP4) J Borrero (IP4) Y Ospma (IP4) M Chatel (IP4) Z Lentmi (IP4) 

Last year a total of 325 Rz plants were generated from two different recurrent selectton 
populatwns carry¡ng male fertihty restorer gene along with cold tolerance These !mes were 
sent to Chile to be planted m November 2000 for final field evaluatwns Cold tolerant plants 
were then sent to France and !mes showed early flowenng rugh y¡eld and good quahty 

• Use of Anther Culture (AC) to Accelerate the Development of Breedmg PopulatJons of 
FLAR 

Last year a total of 325 Rz plants were generated from two different recurrent selectton 
populatwns carry¡ng maJe fertthty restorer gene along with cold tolerance These !mes were sent 
to Chile to be planted m November 2000 for field evaluattons Cold tolerant plants were then 
sent to France and !mes showed early flowenng high y¡eld and good quahty 

A Mora (IP4) G Delgado (IP4) T Agrono (IP4) C Ordoñez (IP4) E Bolanos (IP4) A Rios 
(IP4) J Tngreros (IP4) L E Bemo (FLAR) J Gibbons (FLAR) Z Lenttm (IP4) 

Last year 21 R3 !mes generated from crosses processed m 1999 were selected for disease 
res1stance at Santa Rosa and for plant type and gram quahty at CIAT headquarters VIOFLAR 
2000 for the Southem Cone mcluded total of 175 !mes of which 12% were AC denved !mes) 
Four R3 !mes (19%) out ofthe 21 R3 !mes were selected for y¡eld potenttal by Argentma Brazii 
and Uruguay In 2001 94 Rz plants denved from 190 tnple crosses designed for Southem Brazii 
were selected both at CIA T expenmental statton for plant and gram type and at Santa Rosa 
Expenmental Statwn for disease resistance These 94 Rz were sent to Brazii With other selected 
25 R3 !mes m 2001 and wiii be evaluated m Brazii next season 
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• Somaclonal Vanation to Increase Genet1c Vanab1hty of Advanced Breedmg Lmes of 
FLAR Member Countnes 

A Mora (IP4) G Delgado (IP4) T Agrono (IP4) C Ordonez (IP4) Edgar Torres (Fona1ap 
Venezuela) J Holgum (Fedearroz Colombia) J G1bbons (FLAR1

) Z Lent1m (IP4) 

Respondmg to a request from FLAR research group at CIA T headquarters Colombia and 
Venezuela as members of FLAR the ACL had generated somaclone !mes denved from 
munature mflorescence usmg selected vanehes The goal of th1s achvity IS to mduce vanatwn 
for 1mprovmg gram quahty trruts RHBV res1stance tolerance to Tagosodes mecharucal damage 
and lodgmg tolerance Ofthe 4 440 somaclone plants generated for Fedearroz Colombia none of 
them showed mcreased amylose content wluch was the mam objechve of tlus achvity In the 
case of Fundarroz Venezuela, 3 178 somaclones were generated last year The S 1 seeds (first 
selfofthe ongmal somaclone SO) was harvested and SI plants were evaluated for grrun quahty 
and lodgmg tolerance and S2 seeds were evaluated for RHBV resistance and tolerance to 
Tagosodes mecharucal damage From these evaluatwns 81 somaclones were selected (2 5%) 
and sent to Venezuela to be planted m the second semester of2001 Eventhough sorne promiSing 
somaclone !mes had been generated from th1s actiVIty CIA T had d1scouraged FLAR to use tlus 
approach for generatmg vanants due to 1ts low efficacy smce most vanants are usually of 
ep1genetlc nature 
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OUTPUT 2 CHARACTERIZING RICE PESTS AND THE GENETICS OF 
RESISTANCE 

2A Rice Blast 

• CharacteriZatlon of Blast Pathogen Populatlons Mo01tormg the Evolut10n m the 
Genet1c and V•rulence D1vers1ty of the Blast Pathogen Over T1me 

F Correa DJdter Tharreau (CIRAD) F Escobar G Prado G Ancapa 

Abstract 

Thts study was uuttated to understand the evoluttonary response of the genettc and vtrulence 
structtue of blast populatwns when subject to the selectton pressure of nce culttvars wtth 
d1fferent levels of reststance Near tsogemc !mes wtth dtfferent blast reststance genes and 
combmatwns were developed and used m studtes on thetr effect on blast development Certam 
avtrulence genes were assoctated w1th fitttess m the pathogen Breedmg strategtes for developmg 
durable blast reststance wtll be based on the predtctwn of durabthty of blast reststance gene 
combmattons tdenttfied on the basts of cnttcal avtrulence genes assoctated wtth pathogemc 
fitttess 

Introductton 

The current expenments atm at followmg the changes that occur m blast populatwn genettc and 
pathogemc (vtrulence and aggresstveness) when subjected to selectton pressure on vanettes wtth 
etther complete or parttal reststance as well as suscepttbthty to the pathogen In the field the 
reststance leve! of the vanettes was evaluated by mean of dtsease ratmgs Relattons between 
blast populatwn changes and evolutton of dtsease leve! wtll be exammed for a penod of three 
years 

Matertals and Methods 

The expenment was conducted at the Santa Rosa statton Fedearroz 50 and Oryztca Llanos 5 
were the vanettes wtth complete res1stance Ceysvom Oryz1ca Llanos 4 IR 36 Imap 11 (IR 64) 
and Oryztca 2 have part1al reststance Oryztca 1 Oryztca Canbe 8 Ctca 8 and Oryztca 3 were 
the susceptible vanettes Each vanety was sown every 15 days for a total of 6 plantmg dates m 
plots 5x5 meters Evaluatton of d1sease leve! m the field was done at 30 3 7 44 51 and 58 days 
after sowmg For each vanety and date of sowmg fifty dtseased leaves were collected 37 days 
after plantmg Ten dtseased pantcles were collected for each vanety and date of sowmg 25 days 
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after flowenng Genellc analys1s and pathotypmg was carned out on the blast samples usmg 
PCR DNA fingerpnnllng and greenhouse moculallons 

Results 

DNA samples from more than 100 1solates of Pyncularza gnsea were fingerpnnted by usmg a 
repellt!Ve element based polymerase cham reacllon (rep PCR) w1th two outwardly d1rected 
pnmer sequences from Pot 2 an element found m approx1mately 100 cop1es m the blast fungus 
genome (George et al 1998) A\1 1solates analyzed so far were clustered m three maJor groups 
correspondmg to the known Colomb1an genellc hneages SRL-6B SRL 6 and SRL-4 
D1fferences m genellc structure over all years and plantmg dates are bemg analyzed m rephcated 
expenments m order to be assoe1ated to evolutwnary processes and response to the selectwn 
pressure of the nce culllvars w1th d1fferent res¡stance levels Complete results will be presented 
m next year annual report after analyzmg all the mformatwn together The spectrum ofvuulence 
of 1solates 1 to 4 represented sorne of the new genotypes that were analyzed m greenhouse 
stud1es (Table 1) Non e of the new !so lates defeated a\1 known plant res1stance genes The new 
1solates d1ffered m theu spectrum ofv1rulence m compansons made between themselves or w1th 
the standard 1solates representmg the hneages SRL 2 to SRL 6 (Table 1) The new 1solates 
d1ffered m the number and kmd of av1rulence genes w1th cases where only a few of the known 
res1stance genes were effec!ive agamst the 1solates (Table 1) These results suggest changes m 
v1rulence patterns where these 1solates lost sorne of the1r av1rulence genes and were able to 
overcome more res1stance genes than standard 1solates (Table 1) The only res1stance genes 
effecllve agamst the new 1solates are P1 1 P1 kh P1 11 P1 ti P1 z and P1 b None of these 
genes were effecllve agamst a\1 the 1solates however appropnate combmatwns of these genes 
should confer res1stance agamst them 

The near 1sogeruc !me C 1 O 1 LAC has both the P1 1 and P1 11 res1stant genes and these were 
separated mto two near 1sogeruc !mes The new near 1sogeruc !me CT 13432 6 carned the P1 11 
gene and exlnb1ted res1stance to hneages 2 and 6 wlnle the C104LAC )me carned the P1 1 gene 
and was res1stant to hneages 2 4 and 6 In addltlon the CIOI AS lime that carned the P1 2 gene 
conferred res1stance to lmeage 5 (Table 1) In separate field and greenhouse expenments (data 
not shown) the combmatwn of these three genes m a near 1sogemc !me conferred res1stance to 
all the genellc known hneages of the blast pathogen m Colomb1a at both the leaf and parucle 
stages These three genes are bemg mcorporated v1a backcrossmg and marker ass1sted selectwn 
to severa! Latm Amencan nce vanelles as will be shown later m tlns report 

We have detected for the first lime a fully compatible 1solate w1th the nce vanety Oryz1ca Llanos 
5 m greenhouse moculatwns (1solate 1 Table 2) Although the vanety Oryz1ca Llanos 5 sllll 
exhibitS a res1stant reactwn under field cond11lons th1s new ¡solate caused severe mfectwn m the 
arllfic¡al moculatwns m the greenhouse We are m the process of analyzmg the blast populatwns 
and the changes that have occurred from 1999 through 2001 at Santa Rosa Among the expected 
outcomes will be the frequency of novel 1solates and the1r 1mportance Most Colomb1an 
commerc~al nce cultlvars were susceptible to the 1solate 1 wlnch 1s compatible w1th the vanety 
Oryz¡ca Llanos 5 The excepllons were the cuJt¡vars Oryz1ca 2 Cica 8 and Fedearroz 50 (Table 
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2) Isolate 1 seems to be a member of hneage SRL 4 which has apparently lost at leas! two or 
three avirulence genes (Tables 1 and 2) Isolate 3 was fmmd to be part~ally compatible with the 
cultivar Fedearroz 50 (Table 2) Isolate 3 exhibited a partially compatible react10n With both 
Fedearroz 50 and OryziCa Llanos 5 and was tentatively grouped m the hneage SRL--4 
Additional studies are bemg camed out to confirm these observat10ns Our results suggest that 
hneage SRL 4 IS evolvmg and has lost at least the avirulence genes for PI ta2 PI k and PI b 
(Table 1) thereby gammg VIrulence with the cultivars Oryzica Llanos 5 and Fedearroz 50 

By mterpretmg the react10n to nce blast Isolates we propose that the cultivars Oryzica Llanos 5 
and Fedearroz 50 have at least 8 similar maJor resistance genes (Table 3) Oryzica 2 IS estimated 
to contam at least 7 maJOr resistance genes These three cultivars seem to have m comrnon the 
resistance genes PI 2 PI ta2 PI sh PI k and PI b Oryzica 2 differs from O Llanos 5 and 
Fedearroz 50 m at least 5 resistance genes The cultivars O Llanos 5 and Fedearroz 50 carry the 
resistance genes PI 1 1 PI z and PI z1 whi!e the cultivar Oryzica 2 possesses the genes PI 1 and 
PI kh (Table 2) Cica 8 IS expected to have at least 4 major resistance genes 

We ha ve demonstrated m prev10us years that the combmatiOn of the resistance genes PI 1 PI 2 
and PI 1 1 confers resistance to all the known pathogen diversity present m Colombia (see 
prev10us armual reports) This has been observed despite the fact that compatible Isolates with 
each one or combmat10n of two of the three resistance genes have been detected m the pathogen 
populat10n (Table 1) We thmk that losmg the correspondmg three avirulence genes has fitness 
costs to the pathogen If this hypothesis IS corree! then the combmat10n of the resistance genes 
PI 1 PI 2 and PI 1 1 should confer a more durable resistance than the other resistance gene 
combmations 

None of the Colombian comrnercial vaneties seem to carry the combmatiOn of the three 
resistance genes PI 1 PI 2 and PI 11 (Table 3) No vanety appears to carry the combmat10n of 
PI 1 and PI 1 1 It IS mterestmg to note that the cultivar Oryzica Llanos 5 which has exlubited a 
durable blast resistance smce 1989 only contams PI 2 and PI 11 (Table 3) However this 
cultivar also carnes the gene PI k which seems to be an allele Iocated at the same Iocus as the 
gene PI 1 m chromosome 11 Tlus three gene combmat10n could have been confemng the 
durable resistance to O Llanos 5 

We have always asked ourselves Ifthe most predommant hneage m a pathogen populatiOn would 
be responsible for the breakdown ofresistance ofnew nce cultivars Lmeage SRL 6 has always 
been the most predommant m the Colombian blast pathogen populat10n However breakdown of 
the resistance of Oryzica Llanos 5 has been caused by hneage SRL 4 If our hypothesis that the 
combmation of the three avirulence genes m the blast pathogen avr PI 1 avr PI 2 and avr PI 
11 IS associated with the fitness of the pathogen then accordmg to Tables 1 and 3 hneage SRL 
4 was m a better posihon than hneage SRL 6 for changmg and breakmg down the resistance of 
the cultivar First hneage SRL 6 has already lost the avirulence genes avr PI 1 and avr PI 2 
(Table 1) and would ha veto lose avr PI 11 smce the resistance gene PI 11 seems to be present m 

88 



ÜTyzica Llanos 5 (Table 3) Losmg the three avirulence genes would be deletenous for the 
pathogen Second lmeage SRL-4 has already lost the avirulence genes avr PI 2 and avr PI 11 
(Table l) however It IS not necessary to lose avr PI l as the gene PI l IS not present m the 
cultivar 0ryzica Llanos 5 (Table 3) Therefore changes m hneage SRL 4 would not have a 
deletenous effect on the pathogen 

Why has It taken so long for hneage SRL 4 to change and breakdown the resistance of Oryzica 
Llanos 5? There could be many explanations mcludmg hneage SRL 4 was always m very low 
frequency and has only mcreased recently after the release of other nce cultivars highly 
susceptible to hneage SRL 4 Second Oryzica Llanos 5 has at least 8 maJor resistance genes 
(Table 3) Third the most predommant hneages SRL 6 and SRL 4 carry the avirulence genes 
avr PI ta2 and avr PI k which could also be associated with pathogen fitness The correspondmg 
resistance genes seem to be present m the cultivar 0ryzica Llanos 5 (Table 3) Fourth OryziCa 
Llanos 5 stiii exhibits a partial resistance m the field which could mdicate the presence of mmor 
resistance genes which m combmat10n With the maJor genes could have been responsible for the 
durabihty of the resistance m tlns cultivar Fifth the detected Isolates may never play a role m 
nature and Oryzica Llanos 5 could contmue bemg resistant m the field 

DISCUSIOD 

Development of durable blast resistance IS one our major goals at the CIA T Rice ProJect as It IS 
cost effective environmentally sound and protects human health and genetic resources We 
have been studymg the blast pathogen mteract10ns With the nce plant for the last ten years m 
order to understand the changes and evolutiOn that are takmg place m the pathogen m order to 
overcome the genetic reststance deployed m the newly released nce vanetles We have found 
that certam avtrulence gene combmations m the pathogen seem to be very cntlcal to pathogeruc 
fitness and thts knowledge could be very tmportant to predtct the durabthty of reststance gene 
combmatlons and thetr use m nce breedmg for dtsease resistance 

The concept that durable reststance ts a reflection of pathogen fitness ts well estabhshed The 
mherent quahty and durabthty of a plant reststance gene ts a dtrect function of the amount of 
fitness penalty tmposed on the pathogen to overcome that resistance gene (Leach et al 200 l) 
Thts means that a mutation from avtrulence to vtrulence can be assoctated wtth a fitness penalty 
and the pathogen can suffer from a reductiOn m fitness on the host In our studies we have been 
hnkmg many greenhouse and field studtes to determtne the role of certam avtrulence genes m the 
fitness ( competttton reproduction multiphcation mfectiOn effictency amount of dtsease 
produced etc) ofthe blast pathogen We are usmg thts mformatLon to develop a sound breedmg 
strategy for achtevmg durable blast reststance We have developed a hypothests that predtcts 
whtch combmat10ns of maJor reststance genes should be durable Thts hypothests wtll be tested 
usmg both convent10nal breedmg and by usmg marker atded selectiOn The molecular markers 
wtll also be use fui to confirm the biOlogtcal data and test tf our predtctLons of maJor reststance 
gene combmat10ns m the commerc1al vanettes are correct 
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Future Activ1ties 

The three year study on the evolut10n of the blast pathogen as a result of the select10n pressure 
1mposed by nce cul!Jvars with complete and par!Ial res1stance as well as suscept!bihty w!ll be 
completed dunng the next year Research to determme the effect of certam av¡rulence gene 
muta!Ions on the fitness of the blast pathogen and 1ts relatwn to natural evolutwn of 
av¡rulence/virulence genes w!ll contmue as w!ll the stud1es to determme the frequency of 
avJrulence/vJrulence genes m the presence/absence of correspondmg res1stance genes These 
stud1es w111 be fac1htated by the mcreasmg mforma!lon on the genome of nce and the nce blast 
fungus The near 1sogeruc !mes w111 be the key to the efforts to determme the effect of a d1fferent 
gene!Jc background on the role of a particular av1rulence gene m fitness 
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Table 1 Avirulence Genes Detected ID Pyncularta grtsea Isolates Collected ID EvolutJon 
StJJd1es of the Blast Pathogen 

Isolate/Genetlc Lmeage 
Res1stance •' 2 3 4 5 6 7 8 9 

So urce Gene ?* ? ?* ?* L6 L4 L5 L2 L6 

e 104 LAe p, 1 R' R R R R R 
e 101 A51 p, 2 R 
cr 13432 6 p, 11 R R R R 
e 104 PKT Pl3 R 
e101PKT Pl-4a R 
e 105 TTP4 (L23) P•4b R 
F 124 1 P1 la 
F 128 1 p¡ ta' R R R 
F 80 1 p, k R R 
F98 7 p¡ km 

F 129 1 PI kP R 
F 145 2 p¡ b R R 
A1clu Asalu PI a R 
K3 p¡ k" R R R R R R 
K 59 p¡ 1 
RJco 1 Pll<' 
Nonn2 PISh R R 
N1pponbare PISh R R 
Nato p, 1 
OU244 p, z R R R R R 
Tonde PI z• R R R 

1 !so lates 1 # 27 2 OY9 17 1 3 F 50 24 1 4 OLL5 304 5 F AN 54 (Lmeage SRL 6) 6 Oe8 17 1 (Lmeage 
SRL-4) 7 FAN 47 1 (Lmeage SRL 5) 8 C9 37 1 (Lmeage SRL 2) 9 eEY 19 1 (Lmeage SRL 6) 
2 ?* ~ Not determmed 
3 R ~ Incompatible or resiStan! reacllon as a result of the mteracllon between an avrrulence gene m the pathogen 
and a res1stant gene m the host plant 
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Table 2 Blast ReactJon of Colomb1an CommercJal Rice CultJvars Inoculated w1th 
Pyr~cular~a gr1sea Isolates Representmg most V •rulen ce D1vers1ty m Colombia 

Isolate/Genetic Lmeage 
¡1 2 3 4 5 6 7 8 9 

Rice Cuiiivar ? ? ?* ? L6 L4 LS L2 L6 

Metica 1 +' + + + + + + 
Oryzica 1 + + + + + + +/ + 
ÜTyZICa 2 + + 
ÜTyZICa 3 + + + + +/ 
Cica 7 + + + + + + + 
Cica 8 + + + 
Cica 9 + + + + + 
IR22 + + + + +/ +/ 
Oryzica Llanos 5 + +/ +/ +/ 
Lmea2 + + + + + 
Oryzica Llanos 4 + +/ + + +/ 
Oryzica Canbe 8 + +/ + + + + 
Oryzica Yacu 9 + + + + 
F edearroz 50 +/ 

1 Isolates 1 # 27 2 OY9 17 1 3 F50241 4 OLL5304 5 FAN54 6 OC8171 7 FAN471 8 C9371 9 
CEY 19 1 
2 ?* = not deterrnmed 
3 + = Suscepnb1e or cornpanb1e reacnon +/ = a 1ow level of illsease reacnon 
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Table 3 Poss1ble Blast Res1stance Genes present m Colomb1an Commercial Rice 
Cultlvars lnferred from Inoculatlons w1th Isolates Carrymg Correspondmg Avirulence 
Genes 

Res•stance Gene 
Rice CultiVar p, 1 Pl2 Plll P1 z Pa z1 P1 ta1 P1 sh P1 k6 P1k P1b 

Menea 1 
Oryz1ea 1 
Oryz1ca 2 x' X X X X X X 
Oryz1ca 3 X X 
Cica 7 
C1ca 8 X X X X 
ClCa9 X X 
IR22 X X X 
0ryzlCa Llanos 5 X X X X X X X X 
Lmea2 X 
Oryz1ca Llanos 4 X X X 
Oryz1ca Canbe 8 X X X 
Oryz1ca Y acu 9 X 
Fedearroz 50 X X X X X X X X 

1 X = Presence of Res1stance Gene 
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• SelectJon of Rice Blast Res1stance Sources to D1fferent Blast Genetic Lmeages under 
Greenhouse and F1eld Conditions Development of a Blast Nursery w1th Potential 
Sources of Resistan ce 

F Correa, G Prado G Ancapa, C Martmez 

Abstract 

The frequency ofblast resistan! plants m Fz populatlons IS h1ghly dependen! on the blast reactwn 
and stab1hty ofthe parents used for the development ofthese populatiOns We have 1mt1ated the 
development of a nursery w1th potentlal sources of durable blast res1stance Advanced nce lmes 
are bemg evaluated for at least seven seasons under h1gh d1sease pressure and only h1ghly and 
durable res1stant !mes wlil be mcorporated mto the nursery Th1s nursery wlil be used as the 
source ofparents for breedmg programs m Latm Amenca New blast res1stance genes are bemg 
1dentlfied m the W1ld nce relatlve O rufipogum 

Introduct10n 

The frequency ofblast res1stant plants observed m F2 populatwns m the field 1s h1ghly dependen! 
on the blast reactwn and stab1hty ofth1s reactwn ofthe parents used for the development ofthese 
populatwns An mcrease m the number of susceptible Fz plants was found dunng year 2000 as 
compared to prevwus years Th1s was related to the low stab1hty of the blast res1stance of the 
parents used m the breedmg programs We have m1t1ated the blast evaluatlon over time m the 
field and greenhouse of severa! hundred advanced as well as segregatmg !mes exh1b1tmg des1red 
agronom1c tra1ts to 1dent1fy sources of blast res1stance These populatwns mclude !mes denved 
from mterspec1fic crosses that were made m order to 1dent1fy new res1stance genes We are 
developmg a nursery of potentlal sources of blast res1stance to be used as parents and w1ll 
d1stnbute them to partners m Latm Amenca for testmg and use m the1r breedmg programs 

Matenals and Methods 

Rice !mes were evaluated for the1r react10n to blast The best res1stant !mes were selected from a 
vanety of d1fferent breedmg matenals mcludmg advanced !mes !mes from the germplasm bank 
recurren! selectlon breedmg !mes that were focused on blast res1stance and !mes denved from 
mterspec1fic crosses The selected !mes were planted at the Santa Rosa expenment statwn usmg 
spreader rows as source of moculum The spreader rows wh1ch were planted three weeks before 
the !mes bemg evaluated cons1sted of a mixture of culbvars susceptible to all known genet1c 
hneages of the blast pathogen present m Colombia Evaluatmg !mes were planted perpendicular 
to the spreader rows m two rows per !me w1th two rephcatlons The !mes were planted w1th a 
seed dens1ty of 2 3 grams per meter m 2 meters rows A total of 180 kg of N/ha was apphed m 
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spht apphcat10ns at 15 30 50 and 70 days after plantmg to favor blast development Leaf and 
pan! ele blast was evaluated on a scale of O 9 at 30 40 and 50 days after plantmg and 25 and 32 
days after flowenng respectlVely Those )mes w1th a score of O 3 for both Ieaf and paniCie blast 
were selected and mcluded m a blast nursery for future evaluat10ns under greenhouse and field 
cond!tJOns for the select10n of potentlal sources of stable res1stance to blast after severa) seasons 
of evaluatlons The selected )mes will be tested m the greenhouse w!!h blast 1solates representmg 
most of the vuulence and genetlc dJversity of the pathogen found recently m our stud1es 
Selected Jsolates Wlll mclude !hose recovered from h!ghly res1stant lmes exh!b1tmg blast Ies10ns 
m low frequency to detect poss1ble mutat10ns of avuulence genes m the pathogen 

Results 

A total of 100 advanced nce Imes w1th res1stant Ieaf and parucle blast seo res O 3 were selected m 
2000 and tested under field cond1tlons at Santa Rosa m 2001 Table 4 mcludes the twenty two 
most res1stant Imes selected from th!s group and these were mcluded m the blast nursery of 
potentlal sources of res1stance These )mes WIII contmue bemg evaluated under field cond1t1ons 
as well as greenhouse moculatlons to confirm the1r res1stance and stab1hty before the1r use as 
parents A recurren! select10n program Imtlated severa) years ago for blast res1stance and 
mcludmg 30 parents of h1ghly d1verse genetlc background and blast res1stance y¡elded many 
blast res¡stant Imes Ten advanced Imes from th1s program have exrub1ted a stable leaf and 
pan1cle blast res1stance for seven years mcludmg evaluatlons m two rephcated tnals dunng 
2001(Table 5) These Imes exhib!ted a h1ghly res1stant parucle reactlon wh1ch 1s h1ghly demed 
m a res1stance source bemg used as a paren! These !mes have been mcluded m the nursery of 
sources of res1stance to bias! More !han 400 advanced !mes from the FLAR s germplasm bank 
were charactenzed for the1r blast res1stance m 2001 and !mes w1th Ieaf and parucle blast scores 
O 2 were selected for future charactenzatJOn of the1r res1stance m rephcated tnals (Table 6) It IS 
mterestmg to note that the best resistan! !mes Jdentlfied correspond to new !mes selected m 
FLAR crosses (FL) wh!Ie old advanced !mes mcluded m the bank tended to be more susceptible 
The selected !mes will be tested agam m 2002 and the most resistan! ones will be mcluded m the 
nursery of sources of res1stance 

Greenhouse as well as field stud1es conducted m the past few years usmg Colomb1an blast 
populatJons have md1cated the presence of virulence factors to most known blast res1stance 
genes m nce These results have suggested the need to 1dent1fy smtable gene combmat10ns for 
blast res1stance as well as the need to 1dentify addJ!Ional res1stance genes from e1ther the 
cultlvated spec1es O saliva or related spec1es The search for add1tlonal blast res1stance genes 
was 1mt1ated usmg O rufipogum and O g/aberrzma both of wruch exh!b1t res1stance to blast 
The wild spec1es O barthu exhib!ted a h!ghly susceptible react10n to blast Tab1e 7 shows the 
percentage of blast res1stant !mes m 204 Imes from the cross between the commerc1al nce 
cultivar Bg90 210 rufipogum evaluated under greenhouse and field cond1t1ons Both parents 
exhibit a susceptible field react10n (Table 7) wh1ch has been demonstrated m greenhouse 
moculat10ns to the genebc hneage SRL-5 The two parents are res1stant to the hneages SRL 1 2 
3 4 and 6 The two parents exrubJted a d¡fferentlal react10n to two 1solates ofthe blast pathogen 
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withm hneage SRL 5 (Table 7) Inoculahons with Isolate 1 to whiCh Bg90 2 was 
resistant/mtermediate and O rufipogum was susceptible only 4 9% of the progeny were 
resistan! This result suggests the presence of a very few weak genes m the resistan! parent 
Bg90 2 It IS possible that the mtermediate react10n observed m Bg90 2 to Isolate 1 mdicates the 
poten tia! for a breakdown of the resistance lnoculations with Isolate 2 to which O rufipogum IS 
resistan! and Bg90 2 susceptible 84 3% of the progeny were resistan! This result suggests the 
presence of potentially useful resistance genes m the O rugtpogum Field evaluat10ns of the 
same !mes (Table 7) YJelded more resistan! !mes at the leaf stage (59 8%) than at the panicle 
stage (8 3%) Smce both parents were susceptible to leaf and neck blast these results suggests a 
probably low effect of the res1stance genes present m the wild species for parncle blast control to 
hneage SRL 5 It Is possible that most resistance genes present m O rufipogum are mmor genes 
wluch have not enough resistance to control parncle blast More research Is however needed to 
confirm tlus hypothesis Those !mes with a panicle resistan! react10n can poss1bly carry a 
combmation of mmor genes present m the wild species that could be useful to control neck blast 
One !me denved from tlus cross (CT 13946 1 1 M M 2) exlubited a resistan! react10n to both 
Isolates m greenhouse and field evaluat10ns This !me wiii be further evaluated before bemg 
mcluded m the nursery of poten ha! donors of resistance 

DISCUSSIOD 

Durab1hty of blast resistance IS m general associated With the penod of time that a cultivar 
remams as resistan! after bemg exposed to a target pathogen Field stiJdies conducted by CIA T at 
Santa Rosa demonstrated that stable blast resistance could only be Identified If the !mes were 
evaluated through the F6 F1 generahons (Correa and Zeigler 1995) It IS possible that only after 
severa! generat10ns of exposure that the most effective res1stance genes can be Identified These 
genes at the same time should correspond to those avirulence genes more assocmted with fimess 
m the pathogen and which have lower rates of change or mutation In order to Idenhfy resistance 
genes assocmted With durabihty It IS necessary to evaluate and confirm the stable res1stance of 
the potenhal donors for at least seven generahons We are m the process of developmg a nursery 
of stable blast resistance sources that should be used m breedmg programs that aim to developmg 
vanehes with durable blast resistance This nursery IS bemg formed on the bas1s of advanced 
breedmg !mes exhibitmg stable blast resistance This nursery wiii be subJect to lugh blast 
pressure every year to assure that the !mes retam the1r durable resistance 

Future Activities 

The evaluations of advanced breedmg !mes WIII be an ammal activity to assure that the selected 
sources retam stable resistance to blast The search for new blast resistance genes wiii contmue 
and O rufipogum and O glabernma seem to carry novel genes These actlvitles are part of the 
development of a nursery with sources of stable blast resistance 
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Table 4 Rice Lmes ExhibitJ.ng a H1gbly Res1stant Leaf and Pamcle Blast ReactJ.on (1 3) to 
Lmeages SRL 1 to SRL 6 m tbe Greenhouse and the F1eld at Santa Rosa durmg 2000 and 
2001 Evaluatlons 

Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Rtce Lme 

Cf 8455 1 24 3P IX 
Cf 8008 3 12 3P IX 
Cf 8238 6 13 IP IX 
Cf9737 1 IP 2 1 
VST NLBNT/IRSMT 
GFMT*2ffQNG 
Cf 11280 2 F, 12P 5 
CNAX 5013 13 2 2-4 B 
Cf 11369 1 F4 17P-4P 
CNAX 5013 12 13 2 2-4 B 
Cf 13503 M 3 1 M 2 IP 
Cf 13503 M 3 1 M 2-4P 
FL 00447 27P 3 IP M 
FL00470 29P 5 2P M 
FL 00470 29P 6 2P M 
FL 00470 29P 7 3P M 
FL 00585 12P 7 3P M 
FL 00593-6P 1 3P M 
FL 00593 6P 5 3P M 
FL 00593 6P 7 IP M 
FL 00595 12P 1 IP M 
FL 00595 25P 9 3P M 
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Table S Rice LIDes Developed ID a Recurrent Selection ProJect for Blast Reststance that 
ha ve Exhtbtted a Stable Leaf and Pamcle Blast Reststance for Seven Y ears 

Pe<hgree Leaf Leaf Leaf Neck Neck Leaf Brown Gr:un 
Blast 1 Blast 2 Blast 3 Blast 1 Blast 2 Scald seot Dtscolor 

Cf 13448 M 8 1 M 1' 2 2 1 1 5 3 3 
Cf 13449 M 8 2 M 1 1 1 1 1 5 3 3 
Cf 13449 M 6 1 M 3 1 2 1 1 6 5 3 
Cf 13458 M 3-4 M M 1 1 2 1 1 7 3 3 
Cf 13462 M 12 2 M M 1 1 1 1 1 5 3 3 
Cf 13462 M 13 1 M M 1 1 2 1 1 5 3 3 
Cf 13465 M 6 1 M M 1 1 1 1 1 5 3 3 
Cf 13501 M 13 1 M 2 3 3 1 1 5 3 5 
Cf 13503 M 3 1 M 1 1 2 1 1 5 3 3 
Cf 13503 M 13 1 M 1 1 2 1 1 5 3 3 

l The !mes were evaluated for leaf blast 30 40 and 50 days afier plant and for oeck blast at 25 and 32 days afier 
flowermg 2 Rtce dtseases evaluated on a scale of 1 9 (1= lughly reststant 9= lughly susceptible) 
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Table 6 Rice Lmes from FLAR Germplasm Bank Exbibitmg a Highly Res1stant Leaf 
Neck Blast Reaction (1 2) at Santa Rosa m 2001 

Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

Rice Lme 

FL 00470 29 2 3P M 
FL 00147 8P 6-15P M 
FL 00447 35P-4 2P M 
FL 00826 6P 5 1P M 
FL 00854 22P 2 3P M 
FL 00854 22P 3 2P M 
FL00855 1P 2 2P M 
FL 00871 1P 5 1P M 
FL 00972 3P 1 2P M 
FL 00984 10P 8 1P M 
FL 01870 5P 3 1P M 
FL01911 12P 5 1P M 
FL 00440 47P 5 2P M 
FL 00443 33P-4 3P M 
FL 00477-45P 1 3P M 
FL00459 21P 2 2P M 
FL 00459 21P 11 2P M 
FL 00459 27P 3 3P M 
FL 00470 29P 5 2P M 
FL 00470 29P 7 3P M 
FL 00478 29P 5 1P M 
FL00518 14P 15 3P M 
FL 00518 23P 11 2P M 
FL 00520 14P 1 3P M 
FL 00529 1P 3 2P M 
FL 00530 7P 7 1P M 
FL 00530 7P 7 2P M 
FL 00530 7P 7 3P M 
FL 00585 26P 1 2P M 
FL 00593-4P 1 1 P M 
FL 00593-4P-4 2P M 
FL 00593 6P 1 3P M 
FL 00593 6P 8 1P M 
FL 00595 5P 8-4P M 
FL 00595 9P 6 3P M 
FL 00595 18P-4 2P M 
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Table 7 Percentage of Blast Res1stant Lmes m the Cross of the CommercJal Rice Cultivar 
Bg 90 2/0ryza ruftpogum Evaluated under Greenhouse and F1eld Conditions 

Fie1d Reacnon 
lso1ate 1 lsolate 2 

Cultivar 1 W1ld Spec1es Bg90 2 Annstad 82 Leaf Neck 

Bg90 2 RI S S S 

Oryza rup1pogum S Rl S S 

Cross Bg 90 2/0 rufipogum 491 R 84 3/ R 59 8/ R 8 3/ R 
(204 F6 lmes) 

Lme Cf 13946 -1 1 M M 2 Res1stant m greenhouse and field evaluallons 

R=ResJstant I=InterrnedJate S=Suscepllble 

Reference 

Correa V1ctona F J and Ze1gler R S 1995 Stabthty of complete and parttal res1stance m nce to 
Pynculana gnsea under ramfed upland condtttons m Eastern Colombta Phytopathology 85 
977 982 
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• Identdicanon of Molecular Markers Associated with the Blast Resistance Genes PI 1 
PI 2, PI 11 and their Incorporanon mto Commercial Rice Vanenes Through 
Backcrossmg and Marker Assisted SelectiOn (MAS) 

F Correa, G Prado F Escobar C P Martmez Did1er Tharreau (CIRAD) M Vales 

Ahstract 

Blast susceptible vaneties are often chosen by farmers because they have lugh YJelds and gram 
quahty Smce blast resistance 1S often broken down m a relatively short time these vaneties 
become less desirable to the farmer Incorporatwn of blast res1stance to these vaneties would 
make these vaneties by more cost effective and ecolog¡cally sustamable The combmation of 
blast res1stance genes P1 1 PI 2 and P1 11 confers res1stance to all known blast pathogen 
populations of Colombia A backcrossmg program ass1sted by molecular markers has been 
Imtiated to mtroduce these res1stance genes mto severa! popular Latm Amencan nce vaneties 

Introducnon 

Farmer adopt nce vanet1es that have lugh YJelds and excellent gram quahty The charactenstic 
such as res1stance to d1seases are lughly des1rable but not enough to make a vanety successful 
Incons1stant YJelds because of d1seases IS enough to cause vaneties to be d1scarded by farmers 
Vaneties w1thout durable blast res1stance become more susceptible every year and they need 
more apphcat1ons of fung¡c1des In seasons favorable for nce blast even fung¡c1des may not be 
suffic¡ent to prevent substantiallosses Farmers would hke these vaneties to be blast res1stant 

We have 1mtiated a backcrossmg program morder to mtroduce blast res1stance genes mto sorne of 
those susceptible culhvars wluch sttll play an tmportant role m the economy of many nce farmers 
and reg¡ons of Latm Amenca The res1stance genes to be mcorporated mto the commerc!al 
vanehes w!II be Pt 1 P1 2 and P1 11 as they confer res1stance to all the pathogen populahon m 
Colombta and probably the Latm Amenca reg¡on based on the1r reachon to other blast 
populations of the reg¡on Smtable nce breedmg populahons CaiT)'Ing the res1stance genes Pt 1 
P1 2 and Pt 11 have been developed for the tdenttficahon of molecular markers assocmted wtth 
the reststance genes These markers wtll be used for the mtrogresston of these genes mto the 
background ofthe nce commercial cultivars 
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Matenals and Methods 

A gene!lc study to confinn the presence of the three resistance genes PI 1 PI 2 PI 11 was 
conducted m the cross between the near Isogemc !mes C 101 LAC and C 101 A 51 sources ofthe 
genes Two hundred eighty three Fz plants and their correspondmg F3 !mes were developed and 
used m greenhouse moculahons Four blast Isolates carrymg the correspondmg avuulence genes 
avr PI 1 avr PI 2 (two Isolates) and avr PI 11 were used for the moculation of the F2 and F3 
lmes The latter generat10n was moculated m three rephca!lons of 1 O plants per rephcat10n per 
lme All plants were moculated at 21 days after plantmg by spraymg a spore suspens10n of 5x 105 

spores/ml Inoculated plants were mcubated before evaluahon under lugh relative hurmdity for 15 
days The plants were g~ven a high mtrogen rate equivalen! to 160 kg!ha to favonng blast 
development The most mfected leaf of the mdividual plants were evaluated for percentage of leaf 
area affected and les10n type (1 4) DNA from each nce lme was extracted and was used together 
WI!h the phenotypic reacbon to Identify molecular markers (SCARs RAPDs microsatelhtes) 
assocmted with the three resistance genes One of the !mes carrymg the three resistance genes IS 
bemg used m a backcrossmg program for the mcorporat10n of the three genes mto 14 Latm 
Amencan nce vaneties These vaneties are Fedearroz 2000 Colombia XXI 0ryzica 1 and 
Fedearroz 50 from Colombia Epagn 108 Irga 409 Pnmavera and Bonanza from Brazii El Paso 
144 from Uruguay and Argentma Clmarron from Venezuela Capirona from Peru Panama 1048 
from Panama CR 1113 from Costa Rica and 1104 from Cuba The molecular markers associated 
With the resistance genes are bemg used m each backcross for Iden!lfymg the !mes carrymg the 
three genes 

Results 

Segregahon of each resistance gene or the three resistance genes (PI 1 PI 2 PI 11) m the 283 
!mes developed from the cross between the near Isogemc !mes C 101 LAC and C 101 A51 was as 
expected for three dommant and mdependent genes (Table 8) Near Isogemc !mes carrymg any of 
the genes combma!lon of any two genes and combmat10n of the three genes were Identlfied 
based on the artificial moculat10ns and are bemg advanced for fu!IIre work on studies of the 
assocmt10n of the correspondmg avirulence genes with pathogen fitness Four !mes were 
Idenhfied carrymg the three resistance genes based on the greenhouse moculat10ns with the four 
blast Isolates These !mes were found to be resistan! m the field at Santa Rosa m 2001 at both leaf 
and pamcle stages One of these near Isogemc !mes carrymg the three resistance genes IS bemg 
used as donor of the three genes m a backcross program with 14 Latm Amencan nce vaneties 
Bulk segregan! analysis usmg DNA of susceptible and resistan! plants for each one ofthe genes IS 
bemg used to Identlfy molecular markers assocmted With the resistance genes So far the marker 
SCAR 8 10 denved from a RAPD marker at the biOtechnology umt (see annua1 reports of 
prev10us years) has been found to be associated with the resistance gene PI 2 Tlus marker 
separated perfectly the resistan! (presence of a band) !mes carrymg the gene PI 2 and the 
susceptible ( absence of the band) !mes without PI 2 However the band present m the near 
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1sogeruc !mes carrymg P1 2 was also present m other susceptible backgrounds lackmg a functional 
P1 2 gene Th1s result suggests the need for 1dentifymg a molecular marker closer to the res1stance 
gene P1 2 based on the SCAR B 1 O marker 

DISCUSSJOD 

We ha ve confirmed the presence of two d1fferent res1stance genes m the near 1sogeruc lme C 1 O 1 
LAC When developed th1s near 1sogemc lme was reported to carry only the gene P1 1 but there 
was found an add1t1onal res1stance gene s1mllar to a gene present m the nce cultivar Irat 7 (D1d1er 
Tharreau personal commun1cation) wluch has been tentatively named as P1 11 In the1r work 
they have called the correspondmg av1rulence gene as ace 1 wh1ch encocles a protem w1th 
s1mllanty to a fungal polyket1de synthases gene These type of protems normally play a role m 
fungal metabohsm and then a mutat10n at tlus gene could affect pathogen fitness (Leach et al 
2001) Tlus P1 11 gene IS also s1m1lar to the gene P1 zh that has been located on chromosome 8 
The other res1stance genes P1 1 and P1 2 are located on chromosomes 11 and chromosome 6 
respectively The combmation of the three res1stance genes m a smgle near 1sogeruc hne conferred 
complete blast res1stance m the field and greenhouse moculat10ns A set of near 1sogemc !mes 
carrymg the genes md1V1dually combmat10ns oftwo genes and the combmation ofthe three genes 
were developed These !mes are bemg used to determme the effect of the d1fferent gene 
combmations on the development ofblast We w11l also determme 1fthe correspondmg av1rulence 
genes are assoc1ated w1th pathogen fitness Accordmg to our stud1es the av1rulence gene to P1 1 1s 
lughly conserved m the pathogen populat10n (see Table 1 of actlVlty 1) Tlus suggests that tlus 
av1rulence gene has lower rates of mutation to v1rulence and probably has an 1mportant role m 
fitness of the pathogen or m a conserved metabohc funct10n On the other hand the av1rulence 
gene for P1 2 1s present only m the genet1c hneage SRL 5 Th1s suggests that th1s av1rulence gene 
has lugher rates of mutat10n to v1rulence and that the res1stance gene P1 2 would be less durable 
Th1s 1s confirmed by our stud1es as most 1solates of the blast pathogen stud1ed so far defeats the 
P1 2 res1stance gene The av1rulence gene for P1 11 seems to be h1ghly conserved m the pathogen 
populat10n suggestmg that th1s gene would also be more durable than the res1stance gene P1 2 

Future act1vJtJes 

Usmg the near 1sogeruc hne stud1es to determme the effect of the md1v1dual blast res1stance 
genes (P1 1 P1 2 P1 11) and the1r combmations on the development of blast are contmumg The 
role of the correspondmg av1rulence genes ( avrP1 1 avrP1 2 avrP1 11) on pathogeruc fitness 1s 
bemg done to pred1ct the durab1hty of these genes The 1dentificat10n of su1table molecular 
markers assoc1ated w1th the res1stance genes P1 1 P1 2 P1 11 1s contmumg and wlll be used m 
marker ass1sted breedmg backcrossmg program as well as other breedmg programs to obtam 
durable blast res1stance 
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Table 8 Inhentance ofRes1stance to Pynculana gnsea m the F3 Progeny ofthe eross e 101 A51 x e 101 LAe 

Genellc 
F3 

Expected Genet1c Base 

!sola te Lmeage Resistan! Segregan! Susceptible F 3 Segrgatmn x' Probabihty of Resislance 

Fanny 54 SRL 6 86 138 59 1 2 1 3 14 o 25 o 10 PI 11 ( 1 doDllnant locus ) 

OY9 19 1 SRL6 76 135 72 1 2 1 o 56 o 90 o 75 PI 1 ( 1 doDl!nant locus ) 

Isol6-71 SRL 5 57 154 70 1 2 1 3 51 o 25 o 10 PI 2 ( 1 donunant locus ) 

lsol22 3 1 SRL 5 67 146 70 1 2 1 026 o 90 o 75 PI 2 ( 1 doDllnant locus) 
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• ldentdicatJon of Molecular Markers Assoc1ated w1th the Durable Blast Res1stance 
Genes m the CommercJal Rice CultJvar Oryz1ca Llanos 5 

F Correa, C Martmez Jershon Lopez (KSU) Scot Hulbert (KSU) Robert Ze1gler (KSU) Joe 
Tohrne (BRU) Gerardo Gallego (BRU) Gustavo Prado G1rlena Ancapa 

Abstract 

Blast res1stance has been defeated m penods of 1 3 years after release of new commercml 
vmet1es An except10n IS the vmety Oryz1ca Llanos 5 wh1ch has remamed res1stant to nce blast 
after more than 1 O years of cultivatlon Understandmg the genetlc mecharusm and IdentifYmg the 
res1stance genes controllmg the durable res1stance ofth1s vmety IS 1mportant for the development 
of systematlc nce blast breedmg strateg¡es We are usmg RIL s for the evaluat10n and 
Identificatlon of molecular markers assoc1ated w1th the res1stance genes m O Llanos 5 Severa! 
maJor genes have been Identified usmg rnicrosatelhte markers 

Introduct10n 

Typ1cally blast res1stance has been overcome m penods of 1 3 years after the release of new 
commerc¡al vmetles However the res1stance of the vmety OryziCa Llanos 5 has been durable 
and remamed stable under field conditions for more than 1 O years Genetlc stlidies have md1cated 
the presence of at least four rnaJOr genes controlhng the res1stance to vmous 1solates of blast 
Based on the presence of av1rulence genes m our blast populatlons we have mferred that the 
vmety O Llanos 5 carnes at Ieast 8 maJor genes (Table 3) Srud1es of blast Isolates recovered 
from the ¡mmedmte parents of Oryz1ca Llanos 5 that mcluded the charactenzat10n of the1r genetlc 
structlire and virulence suggest that the durable res1stance 1s assoc1ated w1th the pyranudmg of 
complementary res1stance genes to the d1fferent Imeages of the pathogen Smce there are few 
examples of durable res1stance understandmg the bas1s of the durable res1stance of Oryz1ca 
Llanos 5 should Iead to the development of more systematlc breedmg strateg¡es A srudy to 
IdentifY and d1ssect the res1stance genes present m Oryz¡ca Llanos 5 was Imtlated m collaborat10n 
w1th Kansas State Umvers1ty 

Matena1s and Methods 

Almost 1000 recombmant mbred !mes (RIL s) ofthe cross between the Oryz1ca Llanos 5 and the 
susceptible vmety Fanny were produced Imtially 120 !mes were moculated w1th d1fferent blast 
Isolates representmg the pathogen genetlc hneages SRL 1 to SRL 6 from Colombia Inoculat10ns 
and evaluatlons were performed at CIAT accordmg to the methodology descnbed prev10usly 
DNA of each of the 120 !mes was extracted at Kansas S tate Umvers1ty for molecular analys1s and 
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m1crosatelhtes were used as potenhal markers to 1dent1fy the res1stance genes present m Oryz¡ca 
Llanos 5 Th1s 1s bemg done by usmg a set of molecular markers that systemahcally cover the nce 
genome and analyzmg markers appeanng to be assoc1ated to phenotyp1c reachons that are speclfic 
for each of the nce blast lmages Tlus should allow the taggmg of the res1stance genes to each 
genehc lmeage ofthe pathogen 

ResuJts and DISCUSSIOD 

Prehmmary results have been generated for chromosomes 4 5 6 8 11 and 12 Res1stance genes 
to severa! of the blast 1solates used m the moculahons have been assoc1ated w1th molecular 
markers that tag reg10ns on chromosomes 8 and 6 These could be related to the genes P1 11 and 
P1 2 but addit!Onal !mes need to be evaluated to confirm these observat10ns Other res1stance 
genes appear to be on chromosomes 4 11 and 12 suggestmg that the res1stance m the cultivar 
Oryz1ca Llanos 5 !S controlled by severa! maJor genes as suggested by other stud1es (see prev10us 
sect10n ofth1s report) More RIL s are bemg moculated for a more deta1led analys1s 

The prehmmary results obtamed to date suggest that severa! maJOr res1stance genes govem the 
durable res1stance observed m the nce vanety Oryz1ca Llanos 5 In order to be able to detect most 
res1stance genes and QTL s (quanhtatlve tra1t loe¡) present more ofthe R1L s are bemg evaluated 
usmg severa! rephcatlons to generate prec1se mformat10n on the quanhtatlve effects of the 
res1stance genes 

Future actlvJt!es 

The prehmmary results w111 be confirmed both by the testmg of addlt10nal RlLs and by more 
mtens!Ve evaluat10n to the d1fferent hnages of selected RlLs M1crosatelhtes w¡ll contmue to be 
used to !dent1fy and locate more blast res1stance genes A group of near 1sogemc !mes w1th known 
combmat10ns of the blast res1stance genes present m Oryz1ca Llanos 5 w111 be developed 
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• Evaluation of BreediDg PopulatiOns Incorporatlng Complementary Res1stance Sources 
to Blast ID Greenbouse and Fleld Expenments Assoc1atlon of Selection for Blast 
Resistan ce ID Early Gene ratio os and Stab11lty of tbe Resistan ce 

F Correa and M Rub1ano 

Abstract 

Blast res1stance !S commonly lost m breedmg !mes selected for res1stance after four or more 
generatlons The first selectwns for blast res1stance are made by breeders m early generatwns 
(F2) however 1! 1s not known the assoc1at1on of stab1hty of res1stance of the selected plants and 
the ongmal blast react10n of an F2 populatlon A long term study was 1mt1ated to assocl3te the 
stab1hty of blast res1stance and the blast reactwn of F2 populatwns We expect to generate 
mformatlon for selectmg res1stant plants m early generatwns that would potent13lly have more 
chances ofleadmg to the !dentlficatwn of nce !mes w1th stable blast res1stance 

IntroductiOD 

It 1s commonly observed that blast res1stance 1s lost m breedmg !mes selected for res1stance after 
four or more generatwns Stabli¡ty ofthe res1stance under severe blast pressure 1s the result ofthe 
actlon of many res1stance genes Many strateg¡es and breedmg methodolog¡es for the select10n of 
nce lmes with stable res1stance have been tned Normally the first selectlons for blast res1stance 
are made m the F2 generaban but the stab1hty of res1stance selected at th1s early generaban 1s not 
known We have 1mtlated a long term study to assocl3te the stab1hty of blast res1stance and the 
blast react10n ofF 2 populatlons Th1s IS bemg done usmg advanced hnes developed m a breedmg 
program where parents and crosses are selected on the bas1s of the1r reactlon to blast hneages 
and/or field react10n We expect to generate mformat10n that helps nce breeders for makmg 
declslons that mcrease the chances of selectmg hnes w1th stable blast res1stance 

Matenals and Metbods 

A study to evaluate the stab1hty ofblast res1stance was 1mtlated m 2000 Each of 45 parents were 
used m at least 1 and up to 6 crosses The parents exlnbited a res1stance mtermedl3te or 
susceptible reactlon Tnple crosses mvolvmg three res1stant parents (greenhouse and field 
evaluatwns) three susceptible parents and crosses where the predommant F2 famliy field reactlon 
was e1ther susceptible segregatmg (equal amount of Fz susceptible/resistan! plants) or res1stant 
F2 plants were made In the F2 generatwn the res1stant plants were selected dunng both 2000 and 
2001 The F3 lmes denved from F2 res1stant plants selected m 2000 were evaluated m 2001 Each 
lme was planted m 10 rows 2m long Two plants per row were randomly selected and were 
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evaluated for leaf blast at 25 32 and 39 days after plantmg and 25 and 32 days after flowenng 
for pamcle blast Three to five F3 res1stant plants were selected from each Ime for field 
evaluations m 2002 Stud1es of the stab1hty of the blast res1stant reaction will be 1mtiated m 
rephcated tnals m the F 4 generation and contmue o ver more advanced generatwns on a year bas1s 
until the number of lmes losmg the res1stance reaches a platean Parents used m the crosses under 
study are bemg planted for deta1led observatwn of the1r blast reactwn and for collection of blast 
1solates to be used m greenhouse stud1es 

Results 

A total of 309 F2 blast res1stant plants from 69 crosses and 169 fam1hes were selected m year 
2000 (Table 9) The res1stant plants were selected from tnple crosses mvolvmg three res1stant 
parents (greenhouse and field evaluatwns) or three susceptible parents Other res1stant plants were 
selected from crosses where the predommant F2 family field reactwn was e1ther susceptible 
segregatmg (equal amount of F2 susceptible/resistan! plants) or res1stant F2 plants (Table 9) 
Evaluatwn ofthe FJ !mes denved from F2 res1stant plants selected m 2000 y¡elded more res1stant 
!mes (77%) when selections were made from the F2 populations that were rated as res1stant to 
blast (Table 9) The lowest percentage of res1stant F3 !mes (4%) was obtamed from F2 fam1hes 
where the three parents had exhibJted a susceptible blast reaction (Table 9) Base on the number 
ofF3 !mes selected the field reactwn ofthe F2 populations was a more 1mportant selectwn entena 
than the apparent reactJOn of the parents mvolved m the crosses Those crosses mvolvmg three 
res1stant parents were selected on the blast reaction m only one field or greenhouse observatwn It 
1s necessary to corroborate the reaction of the parents as well as the reactwn of the F 2 populations 
of those crosses to have a more prec1se concluswn In tlus study 36% of F3 res1stant !mes were 
1dentified from selections ofF 2 populations where susceptibil1ty was predommant (Table 9) The 
selected res1stant F4 plants will be planted m 2002 m rephcated tnals and evaluations will 
contmue on more advanced generat10ns to compare the stab1hty of the blast res1stance and 1ts 
assoc1ation w1th the blast reaction of the ongmal F2 g¡vmg ong¡n to that !me Dunng 2001 
add1tional crosses and fam1hes were evaluated and the res1stant F2 plants were selected The 
plants w¡ll undergo add1tion evaluatwns m 2002 

DISCUSSIOD 

Our hypothes1s m tlus study 1s to demonstrate that those lmes ong¡natmg m crosses where the F2 
shows a h1gher number of blast res1stant plants and wruch showed a h1gher number of res1stant 
s1ster !mes will g¡ve ong¡n to more stable res1stant !mes m the advanced generatwns We also 
predJCted that !hose advanced lmes ong¡natmg from F2 res1stant plants selected Wlth1n crosses 
where F2 susceptible plants predommated will be less stable 

Our reasonmg behmd th1s hypothes1s 1s that F2 populatwn exlnb1tmg a predommant number of 
res1stant plants carnes a larger number of d1fferent res1stance genes mcludmg mmor genes 
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Advanced res1stant Imes ongmatmg m these populalions have a greater probab1hty to carry a 
larger nurnber of these res1stance genes and therefor be more stable Those fam1hes Wlth few F2 
res1stant plants would probably have fewer res1stance genes and these would be eas1ly defeated 
by the pathogen m early generatwns If the hypothes1s 1s corree! breeder should rate the F2 
populatwns and ehmmate those crosses where susceptible plants predommate Tlus would allow 
the1r effort to be concentrated on those crosses where there 1s greater probab1hty of selectmg 
stable blast res1stant nce lmes 

It should also be 1mportant to charactenze well the blast reaclion of the parents used m the 
selected crosses m order to assoc1ate the1r reactlon w1th the observed blast reaclion of the F2 
populalion as a md1cator of the future stab1hty of the res1stance m the selected )mes 

Future acttvttles 

Th1s study 1s m progress and the evaluatwn and selectwn ofblast res1stant Imes w111 contmue over 
lime for determmmg the1r stab1hty The charactenzatwn of the blast reactwn of the parents used 
m the selected crosses will contmue m order to determme the1r role m the stab1hty of the 
res1stance 
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Table 9 Long Term Study on the Stabihty of Blast Resistance based on F 2 Res1stant 
Plants Selected from D1fferent Populations 

Resistant F 2 Plants Evaluanon of F3 11Des ID 2001 
Populatmn Crosses Fanulies Selected ID 2000 Resistan! SegregatiDg Susceptible 
Cross/Fanull ~Ol ~ol ~ol NO!/l No!/l No!ll 
Progemtors Selected 
RIRIIR 13 27 53 12 (23) 34 (64) 7 (13) 
S/SI/S 8 15 28 1 (4) 1 (4) 26 (92) 

F2 Famlly Field 
Reacnon ID 2000 
Susceptible 27 50 89 32 (36) 37 (42) 20 (22) 
Segreganng 27 47 79 45 (57) 27 (34) 7 (9) 
Resistan! 18 30 60 46 (77) 12 (20) 2 (3) 
TOTAL 69 169 309 

Table 10 Selection of Blast Res1stant Plants Based on F2 FaDIIIy F1eld Reactions at Santa 
Rosa m 2001 for Stud1es on the Stab1hty of Blast Res1stance 

Resistant F 2 Plants 
Crosses Fa nubes Selected 

Cross/Fanull ~o) ~o) ~o) 

F2 Famlly Field Reactmn 

Susceptible 42 53 109 

Segreganng 48 50 93 

Resistan! 36 49 96 

TOTAL 87 152 298 
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OUTPUT 2 CHARACTERIZING RICE PESTS AND THE GENETICS OF 
RESISTAN CE 

28 Charactenzmg and Usmg Part1al Res1stance for the Control of Rice Blast 

• Recurrent SelectJon to lmprove Part1al and Complete ReSIStance to Rice (Oryza satiVa) 
Blast (Magnaporthe grisea) D1sease and Other Agronom1c Traits m the PopulatJon 
PCT 6 of Indica Lowland Rice 

M Vales E Tulande J P Dossman J GarcJa F Rodnguez V H Lozano M Tnana V Kury 
MCDuque 

Abstract 

A new scheme of recurren! selectwn Js bemg tested to enhance populatJons for complete and 
part1al res1stance to nce blast d1sease pest tolerance and other agronom1c trruts A second 
selec!Jon cycle of recurrence m O sat¡ya subsp Ind1ca upland nce populatwn PCT 6 was made 
The second selectJOn for part1al res1stance to nce blast d1sease pest tolerance and other 
agronom1c tra1ts allowed an evaluatJon of genetJc progress obtamed through the first complete 
cycle of tlns new recurren! selectJon scheme 

Introductmn 

DespJte many selectJon efforts for durable nce blast res1stance most comrnercJal vanetJes 
become susceptible m 1 to 3 years after mtroductJon We are attemptmg assoc1ate blast 
res1stance genes for complete and for part1al res1stance m enhanced populatwns Recurren! 
selectJon IS an appropnate method to enhance polygemc characters m breedmg populatwns For 
th1s reason th1s method 1s proposed for the accumu1atwn of res1stance genes to nce blast d1sease 
(Vales 1983 and 1987) To fac1htate the genetJc recombmatJon a recess1ve gene ofmale stenhty 
Js used (Smgh and Ikehash1 1991) 

The developed scheme ofrecurrent selectwn has three parts (Vales Rice ProJect Annual Report 
1998) These mclude the selectJon of complete resJstance and the selectwn for the part1al 
res1stance and other agronom1c characters The th1rd part of the method mvolves the genetJc 
recombmatwn that mamtams the populatwn s vanab1hty anda lngh frequency ofthe maJe stenle 
gene to allow further cycles of recurrent selectwn 
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Matenals and Methods 

The populatwn PCT 6 of O saliva subsp Indica upland nce went through two cycles of recurrent 
selectlon for nce hoJa blanca virus by Chatel (see CIA T annual report 2000) Additwnal cycles 
of recurrent selectwn were then done (Vales Rice ProJect Annual Report 1999) The ongm of 
the matenal used m the tnals IS descnbed m the follow paragraphs 

Selectlon for the Complete Resistance (A as First Semester, 8 as Second Semester) 

19978 and 19988 There were two cycles of selectlon m S¡ !mes m greenhouse The genetlc 
progress of complete resistance due to the first selectwn cycle for this resistance was 
considerable With an Important mcrease of the percentage of S 1 !mes resistant to strams of the 
dlfferent nce blast hneages 

1999A A cycle ofplant parasite reciproca! selectwn m S1 plus S3 m field 

20008 A cycle of the selectwn m S1 !mes m greenhouse The genetic progress of complete 
resistance due to the two first selectlon cycles was considerable with an Important mcrease of 
the percentage of S 1 !mes resistant to strams of the different hneages In partiCular 3 S 1 !mes 
(eqUivalent of F2 populatwn) were obtamed with complete resistance to a11 the strams that were 
tested (Rice Project Annual Report 2000) The remammg seeds of the S1 selected !mes 
constltute the matenal used for the another cycle of genetic recombmatwn dunng 2001 

Select10n for the PartJal Res1stance to Rice Blast D1sease, Pest Tolerance, and Other 
Agronom.Jc Tra1ts 

19988 SelectJon of S2 !mes for the partml resistance to nce blast disease y¡eld precocity plant 
type and resistance to Dwtraea saccharahs was done m field expenments The S3 gram was 
tested for quahty and the S3 plants were evaluated for tolerance to Tagosodes orzzzco/us (Rice 
ProJ ect Annual Report 1998) 

19998 The So obtamed w1th the recombmatwn was planted The mformatwn on the S1 or S3 
ongm ofthe So plants 1s stayed A selectwn was made for h1gh 1nhentance characters usmg 5000 
plants m half S1B !mes The seeds from 300 selected maJe fert1le plants were harvested and are 
the S1 !mes 

20008 Seeds of S2 !mes Without complete res1stance to a chosen stram were obtamed It IS the 
matenal used m the selectlon for the partml res1stance to nce blast d1sease pest tolerance and 
other agronom1c tra1ts dunng 2001 
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GenetJc Recomb1Dat10ns 

1998A Recombmatwn m S, plus So after the selectwn m greenhouse for the complete 
res1stance m S 1 

1999A Recombmatwn m S, plus S3 and mcorporatwn of So after the selectwn m greenhouse 
for the complete res1stance m S1 and selectwn for partial res1stance m the field m S2 and other 
agronom!C traitS m s2 and SJ 

Selectton for the Parttal Reststance to Rtce Blast Dtsease, Pest Tolerance, and Otber 
Agronomtc Tratts ID 2001 

The tnal was camed out m Santa Rosa expenmental statwn VIIIav¡cenciO Meta Colombia 
dunng the first semester 2001 The tnal des1gn was m Federer s blocks of20 lmes and 5 checks 
Two rows of 5 m were sowed by matenal (19 kg/ha) A Pamcum max1mum border was used to 
Isolated the tnal The spreader rows cons1sted of Oryz1ca 1 moculated w!!h dry leaves of plants 
mfected w1th the stram Fanny 54 (1 O g of dry leaves 1m2 of spreader) 

Genet1c RecombiDatJon ID 2001 

In the expenmental statwn ofPalm1ra Valle Colombia dunng the first semester 2001 5 000 
were sowed m field 1solated usmg a plastic bamer There were approx1mately 2 500 S3 S1 

plants and 2 500 So plants The recombmatlon lmes were harvested from the mal e stenle plants 

Results 

Selechon for the part1al res1stance to nce blast d1sease, pest tolerance and other agronom1c 
tra1ts ID 2001 

The genetlc progress for partial res1stance m the field seems s¡gruficant but IS too early to make 
any concluswn The statlstlcal analyses are bemg done for part1al res1stance and for the other 
agronom1c tra!!s 

Seeds were harvested from the PTC 6 populatwn that underwent a cycle of genet1c 
recombmatwn m 2001 

0ISCUSSIOD 

The 1mprovement of th1s upland nce populatwns for Colomb1an Llanos wiii contmue But the 
demonstratlve methodolog¡cal mvestlgatlon of th1s new recurren! selectwn scheme for the partial 
and complete res1stance to nce blast d1sease pest tolerances and other agronom1c tra1ts was 
completed Therefore the followmg part of the work w¡ll be focused on the pubhcatwn of the 
results and on obta1mng vanet1es usmg the matenals generated dunng these tnals 
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Tins new select10n scheme will be apphed to other recurrent populations w1th narrow genetJcs 
base These mclude PCT 14 an upland nce populat10n for the cold hills1des PCT 16 for lowland 
nce populatJon for Colomb1an Llanos and PCT 18 an upland nce populatJon for tropical hot 
area (Vales Rice ProJect Annual Report 2000) 
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• Study of QTLs of Partial Res1stance to Rice (Oryza sat1va) Blast (Magnaporte grtsea) 
D1sease m F1xed Progemes of IR 64 1 Azucena 

M Vales J Dossmann E Tulande J Garc1a F Rodnguez V H Lozano 

Abstract 

Controlled moculat10ns m greenhouse showed that no known Colornb1an nce blast Isolates can 
overcome the complete res1stance of many of the IR 64 1 Azucena progemes There were 
suffic1ent res1stant Imes to allow the study of partial res1stance QTLs m the field A prehmmary 
evaluatJon demonstrated that these IR 64 1 Azucena progerues segregated for part1al res1stance 
Therefore these progemes and methods are adequate for the study of part1al res1stance QTL 
when the number of compatible )mes will be enough 

Introduction 

The final objective of these stud1es IS the IdentificatJOn of molecular markers for the part1al 
res1stance to nce blast d1sease of IR 64 and/or Azucena, and the use of these markers m 
selectJon To study part1al res1stance field evaluations were needed to d1stmgu1sh between lmes 
w1th complete and part1al res1stance (Vales 1983 1987) 
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Matenals and Methods 

Seekmg Compatible Strams of Pyr1culana oryzae (Magnaporthe gnsea) With Fued Rice 
(Oryza sat1va) Progemes of IR 64/ Azucena 

Hundred four fixed IR 64/ Azucena progemes prov1ded by CIRAD (Huang el al 1994) and the 
vanety Fanny as susceptible check were used m th1s study The 13 Isolates used come from the 
7 hneages Identified m the Colomb1an Llanos (Correa V1ctona and Ze1gler 1993 Flor Payan 
1998) The tnal was camed out m greenhouse of the expenmental station of Pahmra Valle 
Colombia dunng the end of the second semester 2000 Each !me and check was sown w1th 20 
seeds per row After 18 days the plants were moculated by aspers10n usmg 40 mi of a suspens10n 
of 5 x 105 comd~a/ml After 12 days m dew chamber the notat10n of the symptoms was made 
Progeny from the 400 fixed hnes were evaluated usmg all 13 nce blast Isolates 

Evaluatlon of Partlal Resistan ce to Rice Blast Disease of IR 64 1 Azucena Progenies 

Tlnrty five IR 34 1 Azucena fixed !mes w1thout complete res1stance to the 1solate Fanny 54 were 
used for th1s study The Isolate Fanny 54 1s part of the hneage SRL 6 (Correa V1ctona and 
Ze1gler 1993) The susceptible vanety Oryz1ca 1 spec¡fically susceptible to the strams of the 
hneage SRL 6 was used to form the spreader 

The tnal was camed out m Santa Rosa expenmental stat10n VIIIavicencio Meta, Colombia 
dunng the first semester 2001 The tnal des1gn was m Federer s blocks of20 lmes and 5 checks 
Two rows of 5 m were sown at a density of 19 kg/ha) The tnal was 1solated by a Pamcum 
maxzmum border The spreader was moculated w1th dry leaves of plants mfected m greenhouse 
w¡th the Isolate Fanny 54 ata rate of 1 O g of dry leaves 1m2 of spreader 

Results and DISCUSSIOn 

Seekmg Compatible Strams of Pyncularta oryzae (Magnaporthe gnsea) with Fixed Rice 
(Oryza saliva) Progemes of IR 64/ Azucena 

In the first senes of 104 IR 64 1 Azucena fixed progemes 35 hnes were w1thout complete 
res1stance to a same stram What 1s msuffic1ent for a QTLs analys1s of part1al res1stance to nce 
blast d1sease However a first prehmmary evaluatiOn of the level of part1al res1stance was carry 
out to make sure that there was enough vanab1hty ofthe blast res1stance (see tnal 2) 
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EvaluatJOD of partJal reststance to nce blast dtsease of IR 64 1 Azucena progentes 

Although the stattstlcal analysts of the data ts not complete rt ts posstble to observe the 
segregat10n for parttal reststance usmg the cnterta of the percentage of mfected leaf area (Ftgure 
1) the percentage of mfected plants (Figure 2) and the percentage of parucles wrth neck blast 
(Figure 3) There are a sufficient nurnber of lmes Without complete resistance that the 
Identlficatlon of QTLs for the parttal resistance wiii he possible usmg the progerues of thts cross 
m field traiis and molecular analyses 
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Ftgure 1 Leaf Blast m IR 64/ Azucena Progemes 
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Figure 3 Neck Blast m ffi 64/ Azucena Progenies 

118 



Perspectlves 

The mtroduct10n of 149 !mes more was made to try to find a suffic1ent nurnber of compatible 
!mes w1th the sarne 1solate We are lookmg for at least 2 compatible 1solates and no less than 50 
!mes m order to d1scard QTLs of spec1fic partlal res1stance (V al es Rice ProJect Annual Report 
1998) 
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• Appllcat10n of Back Recurrent SelectJon to Obtam and Transfer Res1stance to Rtce 
Blast 

Abstract 

Back recurren! select10n (Vales 2000) ts a new method for the mtrogress10n of polygeruc tra1ts 
to 1mprove eh te vanetles Thts ts the first use of th1s method to transfer partlal reststance to nce 
blast d1sease mto selected commerctal vanetles It has been proposed that no Pynculana oryzae 
(M gnsea) strrun can possess genes of vtrulence av 1 av 2 and av 11 at the sarne ttme If thts 
hypotheses ts corree! the assoctatlon of the correspondmg maJor reststance genes P1 1 Pt 2 and 
P1 11 should produce a nce !me wtth durable res1stance to nce blast The prehmmary results of 
the study of 1solate vanety compatlbthty that ts needed to begtn the genettc tmprovement of eh te 
vanetles usmg tlus strategy of mcompatlbthty of vtrulences 

• Back Recurrent Selectton for tbe Parttal Reststance to Rtce (Oryza sattva) Blast 
(Magnaporthe grtsea) Dtsease 
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M Vales J Dossmann J Garc1a 

Introductmn 

Back crosses are adapted to mtroduce few new alleles mto ehte vanet1es But th1s method 1s 
madequate for the mtrogress10n ofpolygemc tra1ts So a new ongmal method was 1magmed for 
the transference of polygemc characters the back recurren! selectlon The followmg actiVIty 1s 
the begmmng of the use of th1s new method to transfer partml res1stance to nce blast d1sease mto 
commerc1al vanebes 

Matenal 

IRA T 13 and Moroberekan were used as the progemtors for part1al res1stance The commercml 
vanebes to be enhanced come from d1fferent partners of d1fferent countnes for d1fferent 
croppmg types of nce (Table 1) 

Tab1e 1 Rice CommercJa1 and Ebte VanetJes 

Vanety TY)Ie Country and Partner 
Trop1callowland r1ce 
Couaclu Indica French Guyana CIRAD CFR 
Crete a P1errot Ind1ca Ha1t1 MARNDR/CRDA 
Colombm XXI Indica Colomb1a FEDEARROZ 
F edearroz 50 lnd1ca Colombm FEDEARROZ 
Fedearroz VIctona I lnd1ca Colombm FEDEARROZ 
Fedearroz 2000 lnd1ca Colombm FEDEARROZ 
Fedearroz V1ctona U lnd1ca Colomb1a FEDEARROZ 
Cunarron Ind1ca Venezuela DANAC 
Palmar lnd1ca Venezuela DANAC 
Fonamp 1 lnd1ca Venezuela DANAC 
Mmghm No 63 lnd1ca Cluna YAAS 
Mmghm No 72 lnd1ca Cluna YAAS 
D1anlong No 201 lnd1ca Cluna YAAS 
Yunhm No 290 lnd1ca Cluna YAAS 
Gmchao No 2 lnd1ca Cluna YAAS 

Temperate 1ow1and r1ce 
Arllgho Ind1ca France CIRAD CFR 
Mervetlleux lndtca France CIRAD CFR 
Basmall C621 Basmatz France CIRAD CFR 
Deda1o Japomca France CIRAD CFR 
Dorella Japomca France CIRAD CFR 
Drago Japomca France CIRAD CFR 
Estre1a Japomca France CIRAD CFR 
Idra Japomca France CIRAD CFR 
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Dedalo x M10ra 
Kulon 
Sandora 
Oro 
Lowland r1ce of h1gb al !Ilude 
Lats1bavy 
CIRAD407 
CIRAD408 
D1anyu No 1 
Xman 175 
YunJmgNo 9 
YunJmg No 135 
YunJmg No 136 
HeXI No 35 
HeXI No 39 
HeXI No 40 
HeXI No 41 
HeXI No 42 
D1anXI No 1 
D1anx1 No 4 
CuJmgNo 17 
CuJmgNo 22 
Trop1cal upland nce 

Japonzca 
Japomca 
Japomca 
Japomca 

Japomca 
Japoruca 
Japomca 
Japomca 
Japomca 
Japomca 
Japomca 
Japomca 
Japomca 
Japomca 
Japomca 
Japomca 
Japomca 
Japomca 
Japomca 
Japomca 
Japomca 

Progresso Japomca 

Upland r1ce for lulls1des of alt1tude 
IRA T 379 Japoruca 
IRAT 380 Japomca 
CIRAD 391 Japomca 
CIRAD 392 Japomca 
CIRAD 393 Japoruca 
CIRAD 394 Japomca 
CIRAD 409 lnd1ca 1 ;apomca 
PRA 659 lnd1ca 1 ¡apomca 

France CIRAD CFR 
RuSSla CIRAD CFR 
Hungna CIRAD CFR 
Clule INIA 

Madagascar CIRAD FOFIFA 
Madagascar CIRAD 
Madagascar CIRAD 
Cluna YAAS 
Cluna YAAS 
Cluna YAAS 
ClunaYAAS 
China YAAS 
China YAAS 
China YAAS 
China YAAS 
China YAAS 
Cluna, YAAS 
Cluna YAAS 
China YAAS 
China YAAS 
China YAAS 

Braz1l EMBRAPA 

Madagascar CIRAD FOFIFA 
Madagascar CIRAD FOFIFA 
Madagascar CIRAD FOFIFA 
Madagascar CIRAD FOFIFA 
Madagascar CIRAD FOFIFA 
Madagascar CIRAD FOFIFA 
Madagascar CIRAD FOFIFA 
Colorub1a CETEC UMA TA 

MaJe stenJe pJants from recurrent popuJations w1th narrow genet1c base were used 

Method 

The first step was to make to crosses of each commerciaJ vaneties w1th maJe stenJe pJants 

ResuJt and discussion 

Sorne of the crosses w1th the maJe stenJe pJants and the commerciaJ vaneties have been made 
After the seeds of these crosses are harvested they wiiJ be crossed w1th each of the progerutors 
for partiaJ res1stance The progemes of each of the vaneties wiii be evaluated for partial 
res1stance m the field and the best lmes WIII be recombmed usmg the male stenhty Dunng this 
genetic recombmation the correspondmg commercial vanety will to be added and th1s acts as a 
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backcross Th1s allows the ongmal plant type of the correspondmg vanety and the mcorporatlon 
of partlal res1stance to nce blast 

Perspectives 

After an evaluatlon of the effic1ency of th1s method the obtamed vanetles w¡IJ be enhanced 
usmg the mcompatJbdity of virulences The use of both strategies and methods should mcrease 
the hkehhood of the res1stance durabihty In the case of both strateg¡es molecular markers that 
are develop w¡IJ be mcorporated 1t fac1htate the select10n 

• An ApphcatJon ofthe Strategy oflncompatJbiiJty ofV1rulence 

IntroductJon 

M Vales F Correa D1d1er Tharreau(l) J Dossmann J Garc1a 
(1) CIRAD CA Montpelher France 

In the case ofnce blast d1sease all the known complete resistance genes are monogemc and 
speclfic I e an tsolate can overcome this smgle gene res1stance It has been proposed that 
assoc~atlons of resistance genes could confer a more durable resistance The P1 1 P1 2 and PI 11 
plant res1stant gene have assoc1ated w1th durable res1stance (see the sectwn m this annual report) 

The genetlc demonstratwn of the gene for gene mteractwn between the complete res1stance of 
nce and Pyrzcularza oryzae v1rulence was carned out (S1lue et al 1992 Tharreau et al 1993 ) 
To overcome the resistance due to the three genes 1 e alleles an Isolate would need to have the 
three correspondmg VJrulence alleles So the hypothes1s to explam the durabihty ofthe complete 
resistance dueto the effect ofthe three genes assoc~atlon IS there are bwlog¡caiimpediments that 
preven! an 1solate from carrymg the three correspondmg alleles of v¡ru)ence The strategy usmg 
th1s model1s named mcompatlbihty of vJrulence 

Material and Methods 

The commerctal vanetJes to be enhanced come from d1fferent partners of different countnes for 
d1fferent croppmg types of nce (Table 1) The nce blast 1solates chosen wiii allow each one of 
the 3 genes P1 1 PI 2 or P1 JI (Table 2) to be analyzed mdlvJdually 
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Table 2 Isolates U sed to Evaluate the Presence of the MaJor Resistance Genes PI 1, PI 2, 
and PI 11 (lsolate and Informatlon from F Correa and D Tharreau) 

Resistance gene 
~tram Pll PI 2 

C104Lac C101A51 
CL3 1 24 + 
CL3 125 + 
CL3 136 + 
CL52 + 
CL53 + 
CL65 + 
Fanny 54 + + 

+ The stram cans overcome !he gene effect t e symptom appantton 
The stram cans not overcome !he gene effect 

Methods 

p, ll 

ffi1529 
+ 
+ 
+ 
+ 
+ 
+ 

Each 1solate was moculated on the test vanetles to study thetr compatlblllty Th1s act1V1ty began 
m greenhouse of the expenmental statlon of Palm1ra, Valle Colombia, dunng the first semester 
2001 Each lme and check was sown w1th 20 grams per row After 18 days the plants were 
moculated by aspers10n w1th each one of the 1solates (40 mi of a suspens10n of 5 x 105 

comdla/ml by 30 x 40 cm) After 12 days m dew chamber plants were rate for symptoms 

Results 

The moculat10ns and the analys1s are m progress 

Discussion and perspecbves 

The maJor res1stance genes P1 1 Pt 2 and P1 11 w1\l be mtroduced mto commercml vanet1es 
usmg a b10log¡cal assay to confirm the1r presence The progemtor source of the 3 res1stance 
genes IS a lme C101A51/C101LAC made by Fernando Correa (personal commumcat10n) To 
make tlus strategy more effic1ent marker ruded selectlon for these 3 res1stance genes 1s needed 
Stud1es of these markers are be done for P1 1 P1 2 (F Correa personal commurucatlOn) and P1 
11 (D Tharreau personal commumcatlon) 

After an evaluatlon of the effic1ency of th1s method selected hnes Wlll be enhanced usmg the 
back recurren! selectton for partlal res•stance ( see abo ve) The use of both strateg1es and methods 
could mercase the hkehhood ofthe res1stance durab1hty 
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OUTPUT 2 CHARACTERIZING RICE PESTS AND THE GENETICS OF 
RESISTAN CE 

2C Charactertzation of the Complex of Rice Hoja Blanca VIrus and T oriZicolus 

• Understandmg the Genencs of Resistance ID Rice to Tagosodes orrz1colus and Rice Hoja 
Blanca VIrus 

L Calvert R Meneses I Lozano and M Tnana 

Abstract 

To systematlcally breed nce vanettes to be res1stant to T onzrcolus and nce hoja blanca virus 
(RHBV) a better understandmg of the type of tralts assoc1ated wtth reststance and thetr genetlcs 
ts needed Ten nce vanetles were selected on the bas1s of the1r reactwns to T onzrcolus and 
RHBV These vanettes were tested for the preference of T onzrcolus to settle and oviposit on 
them The planthoppers preferred Cica 8 IR 8 Oryz1ca 1 and Fedearroz 2000 Fedearroz 50 was 
the least preferred vanety and the planthoppers had the shortest longev1ty The same vanetles 
were tested m the field for the1r reactlon to RHBV by mfestmg them wtth vuuhferous 
planthoppers at d1fferent dates Although the pressure was extremely h1gh and 1t was not 
poss1ble to quantJfy d1fferences between the mtermediate res1stant vanetles Fedearroz 2000 was 
clearly supenor to all of the vanetles mcludmg Colombia 1 wluch 1s a common source of 
res1stance to the VIrus Usmg the mformatiOn on the res1stance of these ten vanetles a study was 
started to mark reststance genes to both the planthopper and vtrus The use of RAPDs has led to 
sorne potentlal markers Crosses are bemg made between these ten vanetles to better understand 
the genetlcs of res1stance and Ident¡fy molecular markers assoc1ated w1th reststance genes both to 
the planthopper and RHBV 

IntroductJon 

Both nce and T oriZicolus are hosts to nce hoja blanca vtrus There have been studtes done that 
suggest that two or three genes are mvolved for reststance to the planthopper and that a stmtlar 
number are needed for resistance to the virus Res1stance to the planthopper IS complex Both 
antlbiosts and anttxenosts are known to be classes of res1stance that can change the planthopper s 
setthng preference longev1ty ovtpositlon as well as other trruts of the hfe cycle Plant reststance 
to RHBV ts even more complex smce It IS an mteractton of the plant vtrus and the vector 
RHBV ts not mecharucally transmttted and therefore tt ts not easy to separate reststant to the 
vector from that to the vtrus 
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Vanetles mcludmg Makahoka IRAT 124 (Jennmgs & Pmeda 1970 Orellana 1981) and 
Fedearroz 50 (Pardey 2000) have an antlbwtic effect Antibiosis IS cons1dered to be unstable and 
IS undeslfable smce It can accelerate the development of bwtypes of the msect The evaluatwn 
for res1stance to T orzzzco/us IS done m the greenhouse usmg a planthopper mecharucal damage 
scale The screenmg rates the !mes for mecharucal damage but does not d1stmgmsh between 
types of res1stance and vanetles w1th antlbiOSIS are sometlmes selected usmg th1s method It 
consumes much space and time smce 1! reqmres the mamtenance of a colon y of the planthopper 
the propagat10n of the test plants as well as the mfestation and ratmg of the plants The method 
rates !mes as res1stant mtermediate or susceptible The mtermed1ate !mes tend to be the least 
consisten! m the1r ratmg and th1s IS attnbuted to the effect of the ne1ghbonng !mes Setthng and 
feedmg preference on the !mes bemg tested mfluences the !mes m the test but smce the react10n 
of most of the nce !mes are unknown It IS not poss1ble to arrange the vaneties by expected 
reactiOn morder to mmimize the effect of m1xmg res1stant and susceptible !mes 

The reactiOn of vanet1es to RHBV depends on the number of msects that are used to mfest the 
plants thelf aggress1veness and the Vlfulence of the colon y the number of days that the plants 
are exposed to the vector and the plan! age at the time of the mfestatiOn The plants are 
evaluated usmg a ratmg scale for the reactwn of the vanety to d1fferent levels of mfestatwn as 
well as d1fferent dates of mfestatiOn Smce these are field expenments that estimate the number 
aggress1veness and percentage of vlfulence of vectors m the colony the reactwn of the test 
vaneties IS cntical to mterpretmg the results Th1s type of expenment IS used to screen large 
numbers of vanetles It consumes many resources to mamtam a T oriZicolus colony w1th more 
than 70% virulent msects as well as the field preparation and evaluation 

To better understand the types ofres1stance tlns study combmes m depth testmg ofselected !mes 
for the1r reaction to T oriZico/us and to RHBV In additwn these same !mes are bemg evaluated 
usmg molecular markers The molecular markers will then be correlated w1th spec1fic types of 
reszstance As markers are developed and the genetics of res1stance IS better understood breedmg 
for res1stance should become more systematic and cost effect1ve It should also be poss1ble to 
exclude antibiosis m futilfe vanetles by ehmmatmg antJbwtic progeny at an early stage of the 
breedmg process Tlns report descnbes field and greenhouse evaluatJons of res1stance to the 
planthopper the VIrus and prehmmary results on usmg RAPOs to 1dentify molecular markers 
associated w1th res1stance genes 

Matenals and Methods 

The core vanehes Ten nce vanetles were selected for the1r reactlon to T orzzzco/us as well as 
the1r ab1hty to cross w1th the other vaneties Bluebonnet 50 IR 8 CT10871 1 CA 1 M (WC 
352) IR65598 27 3 1 (WC 366) and Colombia 1 are vaneties that are susceptible to the 
planthoppers Oryz1ca Llanos 5 Fedearroz 2000 and CICA 8 have mtermed¡ate res1stance 
Oryz1ca 1 IS res1stant wlnle Fedearroz 50 has both antibiOtic and antlxenosis res1stance to the 
planthopper (Pardey 2000) 
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Setthng and oviposJtlon preference stud1es The matenals evaluated were Cica 8 Oryz1ca 
Llanos 5 Colombia 1 Oryztca 1 Fedearroz 50 IR 8 and Fedearroz 2000 Each expenment 
conststed of three blocks (each cage was one block) and four rephcatlons (plants) from each of 
the seven vanettes At ten days of age the seedhngs were transplanted m a square tray of 70 cm 
per stde to form a ctrcle accordmg to a predetermmed random pattem At 15 days after 
transplantmg the tray was placed mto a 1 m3 cage and 200 female and 50 male T onzzco/us 
newly emerged adults from a sequenttal colony grown on Bluebonnet 50 were hberated m the 
center ofthe ctrcle The number of planthoppers per plant was counted datly for five days 

The plants that were used m the study of setthng preference were harvested at 1 O days after the 
mfestatiOn wtth the 250 planthoppers The number of eggs per plant was determmed usmg a 
stereomtcroscope 

OviposJtion preference stildies Thts study used the ten core vanettes Each tnal conststed of 
1 O plants/vanety that were mfested wtth recently emerged T orzzzcolus at 25 days after plantmg 
The plants were grown m pots that were covered wtth transparent acetate tubes that were 35cm 
m hetght and 5cm m dtameter Each plant was mfested wtth a patr of recently emerged adult 
planthoppers The plants were changed every seven days unttl the female dted After the removal 
ofthe planthopper the plants were harvested and usmg a stereoscope the eggs were counted 

Des1gn of field expenment. The expenment plots were 1 m2 that were dtstnbuted m a 
randomtzed destgn of 2 blocks each contammg 3 rephcatlons Plants were mfested wtth 
approxtmately 1 planthopper/plant m treatrnents of 7 14 21 and 28 days after plantmg usmg a 
colon y where 70% of the mdtvtduals were able to transmtt RHBV The evaluation for mctdence 
of RHBV was made at 30 days after mfestatton usmg a scale of O 9 whtch ts based on the 
percentage of plants mfected per row (IRRI 1996) The plots were harvested and the yteld was 
converted to tlha The statlstlcal analysts was an ANOV A (SAS) 

RAPO PCR analysis Total DNA was tsolated from mdtvtdual T orzzzcolus usmg a method 
developed for plants (Gtlbertson et al 1991) wtth volumes ofreagents appropnate for the small 
wetght ofthe planthoppers The DNA was amphfied usmg the polymerase chrun reactlon (PCR) 
The pnmers used were Operon senes A B and C (Operon Alameda CA) The reactlons were 
camed out usmg Taq polymerase and prograrnmable thermal controllers (PTC 100 MJ 
Research Waltham MA) The reaction condttlons for the first cycle were five mm at 94 C two 
mm at 40°C and three mm at 72 C Thts was followed wtth 39 cycles of one mm at 94 C 1 5 
mm at 40 C and two mm at 72 C The PCR products were run m agarose gels stamed wtth 
ethtdtum bromtde and vtsuahzed usmg UV hght 
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Results and Dtscusston 

Setthng and ovtposttton preference m open chotee expertments On the first day after the 
hberatton of the planthopper there was the least amount of vanatton m the percentage of 
mdtvtduals found on each vanety By the second day the trends became fixed although they 
contmued to become shghtly more pronounced on the followmg days On the forth day there 
were no statts!Jcally s1gmficant d1fferences m the preference of T orzzzcolus lo settle on Cica 8 
Oryz1ca 1 Fedearroz 2000 or IR 8 {Table 1) W1thm that group there was a h1gher percentage on 
CICA 8 and Oryz1ca 1 Based on the statts!Jcal analys1s IR 8 and Fedearroz 2000 were not 
stat1stlcally d1fferent from Oryz1ca llanos 5 and Colombia 1 After the first day Fedearroz 50 
was the vanety least preferred by the planthoppers By the thzrd day Fedearroz 50 had 
statls!Jcally s1gmficantly less planthoppers compared w1th all the other vanet1es Th1s data 1s 
s1m1lar to a study where the planthoppers had the same affimty to settle on IR 8 and O llanos 5 
and the least preference for Makahoka and Fedearroz 50 (Rice AR 2000) 

Table 1 Setthng Preference of Tagosodes or¡zzcolus Between Seven Rice Vartettes 

Vanety 
IR8 
Cica8 
Oryz1ca llanos 5 
Colombia 1 
Fedearroz 2000 
Oryz1ca 1 
Fedearroz 50 

Day 1 
13 9 e h 1 

17 9 a e 
12 3 g 1 

11 oh 1 

14 9 a g 
17 3 a e 
12 6 f 1 

Percentage of Planthopper per V artety 
Day2 
144 b h 
18 4 a e 
12 5 f 1 

11 6 g 1 

15 2 a g 
18 O a e 
9 8 1 

Day3 
14 5 ah 
18 4 a e 
12 5 f 1 

12 1 g 1 

16 2 a f 
18 7 ab 
76k 

Day4 
15 O a g 
19 1 a 
12 6 f 1 

12 o g 1 

16 2 a f 
18 9 a 
6Ik 

1 Different letter md1cate that the results were s•gruficant at O 05 leve! (Duncan alpha~O 05) 

The preference for setthng IS also reflected m the number of eggs that were ov1pos1ted on each 
vanety Agam C1ca 8 and Oryz1ca 1 were most preferred by T or!Zlcolus but for th1s trrut there 
were few statlstlcally s1gmficant d1fferences {Table 2) Colombia 1 was s1gmficantly d1fferent 
from C1ca 8 and Fedearroz 50 Once agam Fedearroz 50 was the least preferred vanety 
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Table 2 Preference of T onzrco/us for Ovipositmg on Seven Rice Vaneties m Open Choice 
Exper•ments 

Vanety 

IR8 
Clca8 
0ryzica llanos 5 
Colombia 1 
Fedearroz 2000 
Oryztca 1 
Fedearroz 50 

No ofplants 

48 
48 
48 
48 
48 
48 
48 

Average number 
of eggs per plantt 

154 8 ab 
2094a 
143 3 ab 
122 7 b 
148 4 ab 
180 7 ab 
38 O e 

Std 
Error 

16 3 
21 8 
16 1 
14 8 
19 o 
17 8 
46 

1 D1fferent letter mdicate that the results were s1gmficant al O 05 leve) (Duncan, alpha""Ü 05) 

In open chotee expenments between these seven vanetles there was more vanat10n m the 
setthng preference as compared to the ovipositlon preference Tius may reflect the relatlve1y lugh 
denstty of planthoppers and thetr abthty to move to a less preferred vanety m order to !ay the1r 
eggs Fedearroz 50 was the Ieast preferred vanety for both tratts The lack of preference ts 
probably because Fedearroz 50 has both anttbtosts and antixenosts as res1stance mecharusms 
(Rtce AR 2000) Colombta 1 was the next lowest for both settlmg and ovtposttmg preferences 
but the dtfferences were not statlstlcally stgruficant from most of the other vanettes Thts could 
be dueto Colombia 1 bemg a hybnd between Japomca and Indtca The rest ofthe vanetles were 
simtlar and there were no statlstlcally s¡gruficant dtfferences 

OvipositJon preference m no chOice expenments The ab1hty of T orzzzcolus to ov1postt was 
measured m no chmce expenments Here the msects were placed on mdtvidual plants to measure 
the capactty of mdtvtdual females The results (Table 3) were very dtfferent from the free chotee 
expenments although Fedearroz 50 was notable for the low number of eggs latd upon tt Thts 
expenment should be constdered prehmmary and the large standard error reflects the need for 
addtttonal rephcat10ns and posstble modificattons of tlns expenment Nevertheless many of the 
tendenctes are simtlar to the open chmce expenment The two !mes WC 352 and 366 wluch were 
chosen because they are known to be lughly susceptible to the planthopper and RHBV and are 
amenab1e as crossmg parents dtd prove to be good hosts for the p1anthopper 
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Table 3 Preference of T orzzzcolus for OviposJtmg on Ten Rice Vaneties m Forced Feedmg 
Expenments 

Vanety 

WC352 
WC366 
Bluebonnet 50 
IR8 
C1ca 8 
Oryz1ca llanos 5 
Colombia 1 
Fedearroz 2000 
Oryz1ca 1 
Fedearroz 50 

Average number 
of eggs per plant 
191 6 a 
127 1 abe 
85 7bc 
65 O be 
76 8 be 
162 8 ab 
226 9 a 
52 9bc 
31 4 e 
8 OOd 

Different letter md1cate that the results were s1gmficant at O 05 level (Duncan alpha=O 05) 

Understandmg the mechan1sms and gene!Ics of the res1stance IS progressmg The measurement 
of vanous factors m the hfe cycle of T orzzzco/us on different vane!Ies of nce IS allowmg the 
plant resistance to be quantified Addiiional aspects of the hfe cycle on these vane!Ies wiii be 
detenmned At the same time crosses between these vaneties have been made and their F2 
populat10ns will be used m the gene!Ic and molecular marker studies This comprehensive 
approach of msect behav10r and gene!Ic analysis are traditiOnal methods for understandmg the 
mhentance of these trmts This mformatiOn will be useful m not only developmg molecular 
marker but also m determmmg the functiOn ofthe marker resistan! trmts 

F1eld expenment for RHBV In the field expenment the colon y was very aggressive and at the 
estimated leve! of one vector per plant only Fedearroz 2000 demonstrated a satisfactory leve! of 
resistance (Table 4) Fedearroz 50 Colombia 1 and 0ryzica 1 are vaneties rated as mtermediate 
for resistance but m tlus expenment they were scored as 7 or above even at 21 and 28 days after 
plantmg This IS a score that IS normally considered susceptible to RHBV Smce Colombia 1 IS a 
known source of res1stance to RHBV the disease pressure was so high that the resistance was 
not effective Tlus expenment demonstrates that the common source of resistance to RHBV can 
be overcome by lugh leve! of moculum pressure The performance of Fedearroz 2000 confirms 
that this vanety has resistance that IS supenor to Colombia 1 whiCh was the expected source of 
RHBV resistance Fedearroz 2000 IS a new vanety and s!III IS not wide1y grown A maJor 
problem IS the shattenng of the gram but harvestmg the grmn before It becomes too dry can 
mimmize this Fedearroz 2000 IS the model for resistance to RHBV and m this study IS the 
pnme vanety to be used to developmg molecular markers 
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Table 4 D1sease Seventy ofTen Rice Core Vanenes to RHBV at Four Dates oflnfestation 

Infestation w1th ca 1 O vector/ plant 
7DAP1 14DAP 21 DAP 28DAP 

Rice lmes RHBV RHBV RHBV RHBV 
(O 9) (0-9) (0-9) (O 9) 

WC352 90a 90a 90a 90a 
WC366 90a 90a 90a 90a 
Bluebonnet50 82a 90a 90a 82a 
IR8 90a 90a 90a 90a 
CICA S 90a 90a 90a 7 O abe 
Oryz1ca Llanos 5 90a 90a 90a 90a 
Colombia 1 90a 90a 85a 76a 
Fedearroz 2000 56 be 54 e 32d 26d 
Oryzica 1 90a 90a 7 4ab 77a 
Fedearroz 50 7 3 ab 90a 80a 70abc 

DAP= Days after plaotmg 

Analysis of Molecular Markers To date 60 random pnmers have been tested and the are 
severa! potenhal molecular markers for res1stance to both the planthopper and RHBV Usmg 
RAPDs uruque bands have been assoc~ated with groups of vanehes In the example shown a 
umque PCR product was found m the four vaneties that have sorne res1stance to T orzz¡co/us but 
not m the other s1x vanet1es mcludmg five that are susceptible to the planthopper (Figure 1) 
These results are prehmmary and must be confirmed by the test of F2 populahons of crosses 
between susceptible and resistan! vaneties These crosses have been made and Fz populatwns 
wiii be tested next year In add1hon 240 more RAPDs are bemg tested As the results from the 
F2 populatwns become avrulable and the potentJal markers are confirmed addihonal techmques 
such as AFLP s and micro satelhtes wiii be used to map these marker to the nce genome 
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M 1 2 3 4 5 6 7 8 9 10 M 

F1gure 1 PotentJal Molecular Marker assoc1ated w1tb res•stance to T orzzzcolus 
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Susceptible to T OrJZlcolus 
M 1 kilo-base markers 
1 Colombia 1 
2 IR8 
3 Bluebonnet 
4 WC322 
5 WC366 

Res1stant to T onztcolus 
6 Cica 8 
7 Oryz1ca Llanos 5 
8 Fedearroz 50 
9 Oryz1ca 1 
10 Fedearroz 2000 
M 100 bases markers 
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• CheiDJcal Seed Treatments for the Control of Tagosodes orzucolus 

R Meneses M Tnana and L Calvert 

Abstract 

The effecuveness of severa! chem1cal msectlc1des apphed as seed treatrnent was evaluated 
under semi controlled conditlons 8oth fiproml and lm!daclopnd adequately controlled adult 
Tagosodes orzzzcolus at all doses evaluated when apphed to pregermmated seed or when seed 
was Immersed m msectlc1de solut10n F1proml acts more qmckly with seed pregermmated for 24 
hours and then 1mmersed from 30 to 60 mmutes m msectlcide solut10n The apphcat10n of 
Confidor 350 (lm!daclopnd) diiuted at 24 mili water to seed pregermmated for 24 hours and then 
placed m solubon for 15 mmutes was suffic1ent to control over 95% of T or!Zicolus present 
dunng the first 30 days after nce plant emergence 

IntroductJon 

Withm mtegrated pest management (IPM) seed treatrnent !S very Importan! as a prophylact1c 
measure because It not only controls pests but also relatlvely small quantlties of pestlcides are 
used It also reduces product10n costs and the nsks for human health Tlus method guarantees 
good germmatlon and optlmal plant density to obtrun high Yields 
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Fiprorul belongs to a new class of msecticides called phenylpyrazols lt disrupts the central 
nervous system of the msect by blockmg the passage of chlonde Ions through the gamma 
ammobutync acid (GABA) receptor therefore altenng the central nervous system Normal doses 
of tlus msectlcide causes msect death 

Inudaclopnd belongs to the class of the mtroguarudmes actmg as systemic or contact msecticide 
With prolonged residual effect lt has two exclusive presentations one for seed treatrnent and the 
other a fohar spray 

Tlus study rums to determme the appropnate apphcatwn doses ImmersiOn time and duration of 
Impregnatwn of different msecticides for controlhng T oriZ!colus under Imgated conditions 

Matenals and Methods 

Comparmg PestJcJde Treatment on Dry and PregerDIInated Seed Seed of nce vanety 
Bluebonnet 50 was treated manually and evaluated accordmg to different doses pregermmat10n 
times of seed and duration of seed Immerswn m fiproml solut10n (6 mili water) Bluebonnet 50 
seed was Impregnated m water for 24 or 48 hours and then Immersed m msecticide solutwn for 
15 30 and 60 mmutes Dry seed was also treated and a check (no apphcatwn of msecticide) 
mcluded Treated seed was then planted m pots and moculated with 1 O T ortz1colus 11 days after 
plantmg Ten pots were used per treatrnent each With 5 plants and moculated wtth 1 O T 
oriZ!colus DetermmatiOn of msect mortahty began at 24 hours after moculat10n with msects and 
contmued for ten days 

Comparmg tbe Efficacy of F1prom1 and Imadiclopnd Imadiclopnd comes m two types of 
formulatwns One formula IS designed for better absorptwn through roots (Gaucho) and the other 
IS formulated for fohar spray and absorpt10n by leaves Apphcation of chemical msecticides was 
similar except that seed was Immersed m the msecticide solution for 60 mmutes Each 
msecticide was apphed ata dose of 6 mllhter water Ten pots were used per treatrnent each with 
5 plants and mfested with 1 O adult T oriZlcolus Insect mortahty was assessed at 24 48 72 and 
96 hours after mfestatwn A second mfestatwn was carned out under Imtial conditiOns at 22 days 
after plantmg (DAP) and a third mfestatwn at 26 DAP 

Companng tbe lmadiclopnd Foliar Formulatmn Confidor 350 was apphed similar to 
prevwus expenments usmg the same number of pots plants and msects per pot For each 
treatrnent seed was pre germmated m 3 g bags by placmg It m water for 24 hours Treatrnents 
were as follows pre germmatwn time of24 36 and 48 hours msecticide dose of6 12 and 24 
mllhter water and seed Immerswn time m msecticide solution for 15 30 and 60 mmutes 
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Results and 0ISCUSSIOD 

Companng pest1c1de treatment on dry and pregermmated seed When dry seed was 1mmersed m 
fiproml solut10n for 60 mmutes the control of adult T or¡z¡colus reached 88% al 72 hours after 
mfestation with msects as compared w1th 35% for seed Immersed for 15 mmutes At 144 hours 
control surpassed 90% m seed Immersed for both the 30 and 60 mm u tes treatments (Figure 1) 
The trend of mcreased efficacy suggests that the seeds absorbed more pesticide as the treatment 
tune was mcreased From a practical standpomt the 30 and 60 mmute treatments were both 
acceptable 

100 
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:::e o -
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60 

-111 40 "t o 
:E 20 

o 
o 24 48 72 

DRY SEED 

96 120 144 168 192 216 240 

Hours 
-+--15m .......-30 mi ---60 mi -Control (Inmerston t1me) 

Figure 1 Controllmg Tagosodes omzcolus by Applymg F1proml to Dry Seed 

Compared to the dry seed treatment the percentage control of T onz1colus was mcreased by 
pregermmatmg seed for 24 hours probably because the seed absorbs both water and the 
msecticide Insect control 1s therefore enhanced as Illustrated by 1mproved control When 
pregermmated seed was Immersed for 15 mmutes there was more than 80% at 144 hours after 
moculation with msects compared w1th only 50% control for the dry seeds 

(Figure 2) When the seed was pregermmat10n of seeds for 48 hours the results were similar to 
those when seed was Immersed for 24 hours m msecticide solut10n reachmg 100% at 120 hours 
after mfestation With adult T oriZicolus (Figure 3) After 192 hours all treatments presented 
100% control ofthe msect as compared w1th 1 4% for the untreated check treatment 
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Figure 2 Controlhng Tagosodes oriZicolus by Applymg Fiproml to Seeds Pregermmated 
for 24 hours 
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Figure 3 Controlhng Tagosodes orzvcolus by Applymg Fiproml to Seed Pregermmated for 
48 bours 
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Comparmg the Efficacy of F1proml and lmadJcloprJd At 24 hours after release of msects 
control of fiprorul reached 91 5% compared w1th that of Imidaclopnd m a fonnulatwn for seed 
treatment (Gaucho) whlch only reached 11 0% at 15 days after plantmg (DAP) At 48 hours 
fiprorul showed 100% control surpassmg Imidaclopnd by 59 4% (Table 5) Th1s same trend was 
mamtamed when msects were moculated at 22 and 26 DAP Control of T orzzzcolus by fiprorul 
surpassed that of Gaucho by 64% and 44% respectJvely at 48 hours after msect release 

Table 5 
OrtZICO[US 

T1me after 
msect 
releas e 
(hours) 

24 
48 
72 
96 

120 

Effects of the Insecbc•des F1proml and Gaucho on Mortahty of Tagosodes 

Averal!e oercent of mortahtv of Tagosodes onvcolus 
lSDAP' 21DAP 26DAP 
F1proml Gaucho F1proml Gaucho F1proml Gaucho 

91 5 111 51 o 17 o 740 31 o 
100 o 406 93 o 29 o 970 53 o 
100 o 87 3 100 o 57 o 100 o 900 
1000 95 o 100 o 700 100 o 93 o 
100 o 95 o 1000 98 o 100 o 100 o 

1 DAP = Days after plantmg 

Comparmg the ImadJcloprJd Follar FormulatJon lnfestatJon of adult T orzzzcolus was 
carned out on the same day for all treatrnents and msect mortahty was assessed at S days after 
mfestat1on (DAI) After the first evaluatiOn two re mfestatwns were perfonned at 1 week 
mtervals usmg the same amount ofmsects 

Table 6 Effect of Confidor 350 for the Control of T orzZJcolus on Pre-germmated Rice 
Seed 

Dos e Contad T1me Average Percent Mortahty of Tagosodes onvcolus 

(ml/1) (nonutes) Hours of Pregernnnatlon 

24 48 72 

6 15 89 o 870 600 
30 92 o 73 o 71 o 
60 91 o 690 85 o 

12 15 97 o 92 o 94 o 
30 98 o 960 900 
60 990 83 o 89 o 

24 15 100 o 970 920 
30 100 o 71 o 95 o 
60 100 o 900 98 o 
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The effect of applymg Confidor 350 on mortahty of T or!Zico/us m each treatment 1s presented 
m Table 6 The dose of24 mVI ofproduct was the most effectlve w1th 100% mortahty The time 
seed was m contact w1th the msect1c1de d1d not affect mortahty effic1ency bemg Similar w1th 15 
30 or 60 mmutes 

When seeds were pregermmated for 24 hours and then 1mmersed m 12 mi and 24 mi of Confidor 
350 for 15 mmutes the control of adult T onzzco/us was 98% and 99% These control values 
decreased w1th pregermmatlon time of seeds (Table 7) 

Table 7 Effect of Confidor 350 for Controlhng T orzzrcolus on Rice Plants at 26 Days 
After Plantmg 

Do se Contact T1me Average Percent Mortabty of Tagosodes omrcolus 

(mi/I) (nonutes) Hours of Pre-gernonation 
Z4 48 72 

6 15 58 o 59 o 58 o 
30 840 54 o 570 

60 680 43 o 800 

12 15 98 o 63 o 88 o 
30 95 o 74 o 92 o 
60 970 600 91 o 

24 15 99 o 81 o 90 o 
30 99 o 660 94 o 
60 98 o 770 100 o 

Table 8 Effect of Confidor 350 for Controlhng T or¡zrcolus on Rice Plants at 38 Days 
After Plantmg 

Dos e Contact time Average percent mortahty of Tagosodes orizrcolus 
(mili) (nonutes) Hours of pre-gerrmnat1on 

24 48 72 
6 15 700 240 37 o 

30 640 21 o 460 
60 62 o 16 o 53 o 

12 15 97 o 52 o 740 
30 88 o 410 720 
60 790 43 o 78 o 

24 15 960 370 78 o 
30 93 o 260 870 
60 960 45 o 92 o 

138 



Even at 38 DAP Confidor 350 contmues to effechvely control adult T onz1co/us reaclung 96% 
control w1th seed munersed m the msechcJde soluuon for 15 mmutes at doses of 24 mllhter 
water 

Conclus10ns 

Control of T oriZiclous w1th fiproml IS qmcker w1th seed pre germmated for 24 hours and then 
1mmersed m msechcJde soluhon for 30 to 60 mmutes Confidor 350 apphed at 24 mllhter water 
to seed pregermmated for 24 hours and m contact wJth the msect1c1de solut10n for 15 mmutes 1s 
suffic1ent to obtam over 95% control ofthe msect m nce crops dunng the first 30 days after plant 
emergence When fiproml and Gaucho (•m•daclopnd) are compared fiprorul controls more adult 
T onz¡colus qu1cker surpassmg Gaucho by more than 50% at 24 hours after msect release Seed 
treatrnents are cost effectlve methods to control pest dunng the first tlurty days after plantmg 
The pregermmated seed at 24 hours appears to absorb the most pest1c1de Smce the effect of the 
msechc1de IS mamly system1c th1s method should have the greatest 1mpact on the msects feedmg 
d1rectly on nce and useful m mtegrated pest management of nce 

139 



OUTPUT 2 CHARACTERIZING RICE PESTS ANO THE GENETICS OF 
RESISTAN CE 

20 Foreign Genes as Novel Sources of Resistance to Rica Hoja Blanca VIrus and 
Rluzoctoma solam 

Abstract 

Few genes control the res1stance to the RHBV and there are no known sources of complete 
1mmumty To ensure stable and durable res1stance add1tional sources need to be 1dentlfied and 
mcorporated mto nce Transgemc plants usmg the nucleoprotem (N gene) med~ated cross 
protect10n have been developed and are showmg stable RHBV res1stance The N transgene could 
be used to complement the natural res1stance source to the Virus Bes1des RHBV the fungus R 
Solam causmg sheath bhght 1s mcreasmg m 1mportance m Latm Amenca All commerc1al 
vanetles are susceptible to varymg degrees and no sources of complete res1stance to tlus fungus 
are known Control depends on heavy apphcat10ns of fung¡c1des Incorporat10n of res1stance for 
th1s d1sease by genetlc engmeenng 1s an alternat!Ve approach Work conducted m collaboration 
wlth Rutgers Umvers1ty (USA) and IDEA (Venezuela) 1s focused on the use of a pokeweed 
antlvual protem (P AP) wh1ch has a nbosome mactlvatmg ab1hty w1th a potent antiv1ral and anti 
fungal act1v1ty agamst many plant v1ruses Mutated vers10ns of P AP gene also confer res1stance 
to the fungal pathogen R Solam among other fungal pathogens These results suggest the 
poss¡b¡hty of des1gnmg molecular strateg¡es for mcorporatmg dual antiv1ral and fungal res1stance 
by mtrogressmg mutant PAP gene(s) m transgemc nce plants We are reportmg the progress 
made m the last year 

• Control of RHBV (Rice Hoja Blanca VIrus) Throngh Nucleoprotem Mediated Cross 
Protect10n and m Transgemc Rice 

L Fory (SB2) E Tabares (SB2) A Mora (IP4) G Delgado (IP4) T Agrono (IP4) C Ordoñez 
(IP4) C Dorado (SB2) M C Duque (SB2 IP4) J S1lva (IP4) L Calvert (IP4) Z Lentim 

(SB2 IP4) 

Introduct10n 

Rice hoJa blanca Virus (RHBV) !S a maJor v1rus d1sease of econom1c 1mportance affectmg nce m 
northern South Amenca Central Amenca and the Canbbean Rice transformed w1th the RHBV 
nucleocaps1d protem (N) gene had a s1gmficant reduction m d1sease development Reactions to 
moculat10n w1th RHBV ranged from susceptible to completely res1stant plants (1mmumty) The 
most frequent react10n was charactenzed by local necrotic les10ns (hypersens1tive reacbon) 
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followed by the productiOn of new lea ves w1thout symptoms Other plants developed chlorotic 
les10ns m the moculated leaves but recovered producmg tJllers free of virus (recovery 
phenotype) These transgeruc RHBV resistan! nce lmes expressed the N gene RNA at Iow Ievels 
that could be detected usmg RT PRC but not by Northem blots analys1s The nucleocaps1d 
protem could not be detected m any ofthe transgeruc plants e1ther by Westem or ELISA tests 
These results suggest that res1stance conferred by the N gene IS RNA med1ated Earher reports 
md1cated that bes1des the res1stant phenotype when challenged With RHBV the res1stant 
transgeruc !mes showed sigruficant mcreased performance for Importan! agronom1c tra1ts 
mcludmg number of bllers number of grams per plant and )'leld as compared to the susceptible 
control Upon moculatJon sorne of the res1stant transgemc plants showed agronom1c tra1ts 
similar to the not moculated Cica 8 control Usmg both agronom1c tra1ts and d1sease seventy as 
entena, severa! of the most res1stant !mes were followed through the R4 generaban m the 
greenhouse and demonstrated that the N gene and RHBV res1stance was 1nhented m a stable 
manner Results showed that the non transgeruc F 1 control plants were susceptible whereas the 
transgemc F1 plants were res1stant even when moculated 10 days after emergence These results 
suggested that the protectJon conferred by the RHBV N transgene IS 1nhented and expresses 
mdependently of the genotype background The transgeruc res1stance could be used to 
complement the natiiral res1stance source to the virus when crossmg selected transgeruc !mes 
w1th d1verse genotypes carrymg the conventional res1stance gene( s) Th1s year report mcludes 
the charactenzatiOn ofmode express10n ofthe transgeruc res1stance conferred by RHBV N The 
evaluatJon m the field for two semesters of transgeruc !mes representmg vanous generat10ns and 
F2 populat10ns denved from crosses w1th Fedearroz SO Oryzyca 1 Imap 12 and C1ca 8 
Plantmg was conducted at CIAT headquarters after rece1vmg approva1 from the Colomb1an 
B10safety Commlttee on September 2000 We also reported on the progress m generatmg 
transgemc nce conta1mng the RHBV non structJJral4 (NS4) gene from the RNA 4 

Matenals and Metbods 

RHBV Res1stance Assays 

To charactenze the effect of the plant age on RHBV N res1stance ¡Iants of 1S or 28 days old 
after emergence (DAE) were moculated w1th RHBV usmg four 2" or 3rd mstar T oriZicolus 
nymphs per plant from a colony w1th a v1rulence of 80% After S days of feedmg on the test 
plants the vectors were kllled usmg an msecbc1de apphcatJon Controls cons1sted of transgeruc 
p1ants of Cica 8 carrymg on1y the hygromycm reststance (hmr) marker gene that was used m the 
select10n process or non transgemc plants of Cica 8 Plants were scored for the development of 
RHBV d1sease symptoms every 3 days for 2S days and then eva1uated once a week for 5 weeks 
Plants were scored for the date of the first appearance of symptoms and the percentage of leaf 
area affected by RHBV 

For the field evaluatiOns 280 transgemc !mes and F2 plants denved from crosses between 
resistan! transgeruc plants w1th Fedearroz 50 OryziCa 1 Imap 12 and Cica 8 were planted m 
November 2000 and 486 transgemc !mes and F3 plants den ved from the same crosses descnbed 
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above were planted m July 2001 L!nes were planted m a randomtzed plot destgn wtth 3 or 4 
rephcatlons m the field for years 2000 and 2001 respectlvely Plants were moculated at 15 days 
of age wtth an estlmated two msects per plant from a colony of 80% vtrulence Insects were 
allowed to feed on the plants for 15 days m the first season and for 10 days m the second season 
when msectlctde was apphed as a btosafety control measurement Plants were evaluated for the 
development of dtsease symptoms every two weeks unttl 45 days of age Dtsease evaluatlons 
were conducted usmg an scale from O to 9 were O refers to no dtsease symptoms and 9 mdtcates 
more than 90% leaf area ts affected by the RHBV dtsease Plants wtth ratmg from 1 to 3 = 

reststant score 5 = mtermedtate and 7 9 =susceptible 

Results and DISCUSSIOD 

• Comparanve Leve! of RHBV N Reststance ID Transgemc Rtce ID the Greenhouse 
Respect to the F1eld 

L Fory (SB2) T Agrono (IP4) M Cruz (IP4)1 C Ordonez (IP4) G Delgado (IP4) C Dorado (SB2) 
M C Duque (SB2 IP4) J Stlva (IP4) L Calvert (IP4) Z Len!im (SB2 IP4) 

Last year we showed that lme A3 49 60 12 3 3 showed the htghest leve! of reststance 
throughout the whole hfe cycle Between 74% to 81% ofthe plants dtd not show any dtsease 
symptoms when moculated etther at 15 days or 28 days of age and only a 22% of the plants 
showed more !han 25% of the leaf area affected when moculated at 15 DAE (Table 1) In 
contras! Ctca 8 control showed 100% ofthe plants wtth severe dtsease symptoms at thel5 DAE 
moculat10n (Table 1) Lme A3 49 60 4 5 8 showed mtermedtate leve! of reststance at the 15 
DAE moculatlon (Table 1) and 71% ofthe plants dtd not have symptoms at 28 DAE moculatton 
About 70% ofthe plants ofhne A3 49 60 19 had 1ess than 25% of leaf area affected at 15 DAE 
moculatton (Table 1) Stster lmes A3 49 60 12 3 1 (susceptible) y A3 49 60 12 3 3 (reststant) 
showed dtfferent dtsease reactlon mdtcatmg that the reststant phenotype was stlll segregatmg at 
the T4 generatlon or gene stlencmg was affectmg the expresston ofthe RHBV N gene m sorne of 
the plants Thts year results mdtcated that there ts a htgh correlat10n between leve! of reststance 
seen m the greenhouse wtth that m the field (Table 1) 

1 Currently wtth FLAR 
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Table 1 ComparatJve D1sease ReactJon ID the Greenhouse and the F1eld ID Plants 
Inoculated at 15 days after emergence 

Lme 
A3-49 60 12 3 3 
A3-49 60 19 
A3-49 60-4 5 8 
A3-49 60 13 
A3-49 56-15 
A3-49 60 12 3 1 
A3-49 101 18 19 2 
A3-49 782 

C1ca 8 

Greenbouse 
Leaf Area Mfected 

o >O 25 
74 4 
53 12 
54 o 
25 4 
9 13 
7 o 
15 o 
o o 
o o 

2 Transgemc control w1tb tbe hmr gene only ND ~ not determmed 
'Mean values oftbree (m 2000) or four (m 2001) rephcates 

22 
36 
46 
70 
78 
93 
85 
100 
100 

F1eld 
D1sease ReactJon 

2000 2001 
1 2 
2 3 
3 4 
3 4 
6 6 
6 7 
8 6 

ND 7 
9 7 

• F1eld EvaluatJon of RHBV Res1stance ID Transgemc Rice ContaiDIDg the NucleoproteiD 
Gene 

Mora, A Fory L Tabares E Lozano 1 Agrono T Cruz M Ordonez C Delgado G 
Bolanos E R.!os A Tigreros H Duque M Silva, J Calvert L Lenhru Z 

Advanced generahons of transgemc lmes WI!h stable RHBV resistance were selected m !he 
greenhouse untiilhe pemut for !he field test was granted by !he Colombian B10safety Committee 
on September 2000 The first field tnal to conduct evaluations for RHBV resistance and 
agronornic trruts followmg !he Colombian environmental b10safety regulat10ns was planted on 
November 2000 at the b10safely nce field located m CIA T expenmental stahon Palmira (PES) 

Rephcated tnals were conducted as descnbed m matenals and melhods Disease evaluations 
were conducted usmg an scale from O to 9 were O refers to no disease symptoms and 9 mdicates 
more than 90% leaf area IS affected by the RHBV disease Plants With ratmg from 1 to 3 = 

resistan! score 5 = mtermed~ate and 7 9 = susceptible The vmety Cica 8 and !he transgeruc 
Cica 8 !me (A3 49 78) carrymg only !he hygromycm resistance (hmr)gene wlnch was used as 
the selectable marker to generate the transgenic plants were used as controls Other vanehes 
were used as reference for differenhal disease reactiOn pattem These differential vanehes 
mcluded Cmbe 8 Capirona C.marron Colombia 1 Fedearroz 50 Fedearroz 2000 Fedearroz 
VIctona 1 Fundarroz PN1 Imap 12 Lmea 2 Oryzica 1 0ryzica Llanos 5 and Palmar 
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Field evaluatwns corroborated results obtamed prevwusly m the greenhouse Forty five entnes 
den ved from hne A3 49 60 12 3 3 were highly resistan! showmg scores 1 to 3 A subset ofthese 
lmes are shown m Table 1 Resistance m advanced transgeruc lmes (T6 and T7) was Inhented m a 
stable marmer (95% of den ved progeny plants were reproducibly resistan!) mdicatmg that the 
RHBV N transgene was fixed m each ofthese transgeruc lmes (Table 1) The most resistan! !mes 
were A3 49 60 12 3 3 79 A3 49 60 12 3 3 24 A3 49 60 12 3 3 28 A3 49 60 12 3 3 32 A3 
49 60 12 3 3 68 A3 49 60 12 3 3 67 A3 49 60 12 3 3 72 (Figure 1) These !mes were more 
res1stant than Fedearroz 2000 on average over the two field evaluatwns (Figure 1) Other 
transgemc Jmes were mtermediate for resistance g¡vmg ratmgs between 3 to 5 but severa! 
transgemc Imes were as resistant as Fedearroz VIcto na 1 (F1gure 1) A large nurnber of the !mes 
were more resistan! than the commercial vaneties and the resistance genetic gam from Cica 8 to 
the transgemc !mes was a reactwn score change from 7 9 (Cica 8) to 1 3 (best transgemc !mes) 
(F1gure 1) The transgemc lme A3 49 78 which only carnes the hygromycm resistan! gene but 
not the RHBV N gene was as susceptible as Cica 8 (Table 2) md1catmg that the res1stance noted 
m the RHBV N transgemc !mes was due to the RHBV N viral gene Fedearroz 50 the mam 
vanety currently commerc~ally grown m Colombia was rated as suscephble under the condi!Ions 
of lugh d1sease pressure m this tnal (score 7) and It was more suscep!ible than Fundarroz PNI 
(score 5 5) which reacted as mtermediate or Fedearroz 2000 that rated as resistan! (Figure 1) 
Similar progress towards res1stance was noted m the crosses between the highest res1stant 
transgemc lmes and the vaneties Crosses between non transgemc Cica 8 and Fedearroz 50 
OryziCa 1 and Imap 12 gave an average disease reactwn of 8 O 7 O and 8 5 respectively 
correspondmg to susceptible phenotype m contras! the correspondmg crosses generated with the 
transgemc resistan! plants and the same vanehes showed an average disease reachon of 4 5 4 O 
and 4 O respective! y The crosses are at F3 generahon thus the RHBV N gene IS stiii segregatmg 
m those !mes Resistan! plants (score 2 3) Withm those segregatmg F3 !mes had been Identified 
These field results corroborate earher findmgs mdicatmg that the protechon conferred by the 
RHBV N transgene IS Inhented and expressed mdependently of the genotype background and 
that the transgene can be transferred to breedmg populatwns by standard crossmg Sister !mes of 
the resistan! transgemc lmes and transgemc crosses evaluated Jast season mdicated that sorne of 
the plants showed a y¡eld potentlal similar to vanehes as Fedearroz 50 Fedearroz VIctona 1 and 
0ryzica 1 Progeny plants denved from resistan! plants selected m the first field evaluahon are 
now bemg selected for y¡eld potenhal and other agronomic trruts 
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Table 2 RHBV Res1stance Evaluatlons of Trasngemc RHBV N Plants Over Two 
Consecutlve Seasons ID the F1eld 

Seo re' 
Lme 2000 2001 
A3-49 60 12 3 3 68 1 3 
A3-49 60 12 3 3 32 1 3 
A3-49 60 12 3 3 79 1 2 
Fedearroz 2000 2 3 
V1ctona 1 2 4 
A3-49 60-12 3 3 24 2 2 
A3-49 60 12 3 3 28 2 3 
A3-49 60-4 5 8 79 2 4 
A3-49 60 12 3 3 72 2 3 
A3-49 60 13 2 2 2 
A3-49 60 12 3 3 19 3 3 
A3-49 60 12 3 3 18 3 4 
A3-49 60 12 3 3 78 3 3 
A3-49 60 13 8 3 4 
A3-49 60 13 1 3 3 
A3-49 60 12 3 3 77 3 4 
A3-49 60 12 3 3 12 3 3 
A3-49 60 12 3 3 59 3 4 
A3-49 60 12 3 3 3 3 3 
A3-49 60 12 3 3 14 3 3 
A3-49 60 12 3 3 67 3 2 
A3-49 60 19 8 4 4 
A3-49 60 12 3 3 23 5 4 
A3-49 101 18 19 2 5 6 
Fundarroz PNI 5 6 
Palmar 6 6 
lmap 12 8 8 
Colomb.a 1 9 7 
Oryz1ca 1 8 7 
Caprrona 8 7 
Canbe 8 8 8 
Crrnarron 8 8 
Fedearroz 50 7 7 
Lmea2 6 7 
Oryz1ca 1 7 7 
Oryz1ca Llanos 5 7 7 
A3-49 60 1 O 27 ND 1 
A3-49 78. ND 7 
C1ca 8 9 7 

( ) Transgemc lme carrymg only hygromycm res1stance gene lt does not contam the RHBV N transgene 
'Mean va1ues ofthree (m 2000) or four (m 2001) rephcates 
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• Charactenzat10n of Transgemc Rice Contammg the RHBV Non Structural 4 (NS4) 

Gene from the RNA 4 

L Fory (SB2) E Tabares (SB2) 1 Lozano (IP4) G Delgado (IP4) T Agrono (IP4) C 
Ordonez (IP4) C Dorado (SB2) M C Duque (SB2 IP4) J S1lva (IP4) Z Lenliru (SB2 

Introduct1on 

The genome of RHBV cons1sts of four spec1es of ssRNA des1gnated RNA 1 2 3 and 4 The 
RNA 4 cons1sts of 1991 nuc1eotJdes w1th two open readmg frarnes (ORFs) The RNA 4 encodes 
a maJar non structural protem (NS4) wluch accumulates m the lissues of the mfected p1ants w1th 
the RHBV NS4 protem 1s clear1y d1stmgmshab1e from the nucleoprotem (N) by speclfic 
anliserurn Another d1fference 1s that the NS4 protem 1s on1y expressed m the p1ant wlule the N 
protem IS expressed both m the plant and the msect vector It 1s mferred from the dJfferenlial 
express10n of these protems that the maJar NS4 protem may have a funcl!on that ¡s needed m the 
plant but not m the plant hopper The NS4 protem does have sorne sJmJ!anty w1th the helper 
protems of Cauhflower mosa1c v¡rus wh1ch suggests that NS4 m1ght be mvolved m the 
transrmss10n of RHBV from the plant to the plant hopper The mam goal for the express10n of 
the RNA 4 m transgemc nce 1s to determme the funclion of the maJar NS4 protem and to study 
the potent1al for a novel and d1fferent method of producmg v1ral res1stant plants 

Matenals and Metbods 

Rice Transformat10n 

Mature embryos denved calh from md1ca vanelies CICA 8 Palmar C1marrón and Fundarroz 
PN1 where used as targets We used Agrobacterzum Agll stram med1ated transformat10n to 
mtroduce the NS4 gene Constructs p/C002 and p/C004 contamed the RHBV NS4 gene m sense 
and anli sense onental!ons respeclively dnven by the 35S CaMV promoter usmg the plasm1d 
pCAMB/A 1301 wluch carnes the gus zntron and hygromycm res1stance genes Constructs 
p!C007and p/C009 contam the NS4 sense gene and p!C008 the NS4 ant1 sense gene dnven by 
the ubJqmtm or 35 S CaMV promoter These genes were cloned mto pWBVec8 plasm1d (from 
Peter Waterhouse s laboratory at CSIRO Australia) wh1ch carnes the hygromycm cat 1 mtron 
gene as selectable marker Plants were regenerated after stepw1se select10n on 30 mg/1 and 50 
mg/1 hygromycm followed by 50 mg/1 hygromycm throughout plant differenlialion Plants were 
grown to matunty m the b10safety glasshouse 
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Molecular Analys•s of the Transgemc Rice Plants 

Southern Analys1s F1fteen ¡.¡g DNA genom1c were d1gested w1th the restnct10n enzyme Eco RI 
frachonated m 1 O% (WN) agarose gels and transferred to nylon membranes (N+ Arnersham) 
The hybnd¡zatJOn probe was a radJOachvely Iabeled 850 base pa1r PCR fragment amphfied usmg 
pnmers spec1fic for RHBV NS4 gene DNA probes were labeled usmg random pnmers and the 
hybnd1zat1on was carned out overmght at 55 C 

RT PCR and Northern Analys1s Total RNA was extracted from 100 mg of fresh matenal usmg 
the RNAeasy ™ plan! total RNA k1t (Qmagen Dorkmg UK) The cDNA synthes1s was done 
wllh the SUPERSCRIPT™ One Step RT PCR system followmg the manufacturer s mstruct10ns 
and usmg RHBV NS 4 forward and reverse pnmers Northem analys1s was carned out usmg 15 
J.lg oftotal RNA per lane m denatunng formaldehyde and formam1de agarose gels (Sambrook et 
al 1989) 

Characterzzatwn of Sequence of NS4 Gene Nucleotlde sequence of the gene NS4 m four To 
generat10n transformed plants was carned out usmg the ABI PRISM Dye termmator kit (Perkin 
Elmer) w1th RHBV NS 4 forward and reverse pnmers These PCR products were directly 
sequenced usmg a 810systems Pnsm 377 DNA sequencer (Perkm Elmer) and ed1ted w1th 
Sequencher (Genecodes Ann Arbor MI) The sequences were analyzed usmg the BLAST 
algonthm (Aitschul et al 1997) 

RHBV reszstance assays Inoculat10ns and evaluat10ns were conducted m the greenhouse 
followmg the same procedure as descnbed above for the RHBV N transgeruc plants 

Results and DISCUSSIOD 

Last year we reported the generat10n of 1 O difieren! constructs carrymg the NS4 gene m sense 
and antl sense onentatlons A total of 21 transgemc plants carrymg the NS4 sense onentat10n 
and 70 plants carrymg NS4 ant1 sense onentat10n were produced (Table 1) The plant 
regenerat10n effic1ency vaned accordmg to the genotype from 2% to 44% Southern blot 
analyses usmg the Bam HI or Eco RI wh1ch exc1se the complete NS4 gene m e1ther sense or 
antlsense onentat10n md1cated that between 50% to 100% of the regenerated plants analyzed 
contamed the NS4 gene (Table 1) Further analys1s usmg Sal I wluch does not cut the gene 
cassette w1thm the nght and Ieft borders md1cates that m most cases the NS4 gene IS mtegrated 
as a smgle non rearranged copy 
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Table 1 Transformation Effic1ency of Three mdrca Vaneties Usmg the RHBV NS4 m 
Sense an Anti Sense Genes 

Genotype PlasiDid ~. Plants RE/ Plants S 1 Plants S TE/ 
PALMAR piC007 Seos e 1 2 ND 

piC009 Sense 1 3 ND 
piC004 @Sense 13 28 13/13 100 28 
p!C008 @Sense 9 20 6/6 100 20 

CICA 8 p!C002 Sense 14 33 11/14 79 26 
p!C007 Seos e 6 12 2/3 67 8 
p!C009 Sense 18 44 18/18 100 18 
p!C008 @Sense 10 18 5/10 50 9 

CIMARRON p!C008 @Se ose 19 48 ND ND ND 

@Sense = antJ sense RE = plan! regeneranon effictency S = Southem posttJve TE = transformatJon effictency 

The NS4 gene was also amphfied by PCR generatmg a product of the expected gene s1ze The 
PCR product was sequenced and m all cases the sequence corresponded to the entJre NS4 gene 
md1catmg that the transgene was not rearranged PCR analys1s for the gus mtron hmr and NS4 
transgene and Southem blot RT PCR and Northem analyses for the NS4 of T1 plants denved 
from T0 JdentJfied as transgeruc by Southem blot md1cated that not all T1 plants mhented the 
three transgenes (1 e gus mtron hmr and NS4 )(Table 2) VanatJon m the leve! of gus express10n 
was also noted and the express10n of e1ther gus or NS4 was not always detected even though 
plants contamed the correspondmg gene These results suggest that gene silencmg was occumng 
m sorne of the transgemc plants (Table 2) Most plants showed low levels of RNA express10n 
from e1ther the NS4 sense or antJ sense genes In these plants the RNA was detected by RT PCR 
NS4 gene express10n was detected by regular Northem m only one plant so far (Table 2) 
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Table 2 Gus mtron hmr, and NS4 transgenes mhentance and NS4 express10n m T1 
transge01c plants 

Plan! Plan! PCR' Ns. 

Genotype Plasnud To TI GUS1 gus hmr NS4 
sl RTPCR Northern 

Ctca 8 p1C002 1 1 ND ND 
2 

5 + ND ND 

2 11 ND ND 

7 +++ + + + ND ND 

7 2 +++ + + + ND ND 

7 3 +++ + + + + ND ND 
7 4 + + + + 
7 18 ++ + + + + + 
9 14 +++ + + + + 
9 15 +++ + + ND ND 

12 7 +++ + + + + + 
12 11 ++ + + ND ND 

12 15 +++ + + ND ND 

C1ca 8 None NT NT 

Pahnar p!C004 18 + 
24 

10 16 ++ + + + 
4 3 +++ + + + + + 
4 5 +++ + + + + 
4 17 +++ + + + + + 
4 18 

4 20 +++ + + + + + 
4 25 +++ + + + + + 
7 4 + + 
7 16 + + + + 
7 22 + + + + 
7 23 ND ND 

Palmar non e NT NT 

1 Test of Gus m lea ves The express1on of GUS gene was scored based on the leve! of express10n ( +) 1ow ( ++) 
mtenrudate ( +++ ) lugh 2 PCR ana1ysts lo detect the transgenes gus hmr hygromycm NS, 3 S = + Postl!ve to 
Southem blot analysts ND= No! detenruned T 1 plants denved from the same To plant are stster !mes NT =No! 
transgemc 
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T 1 plants den ved from self crosses of e1ght T0 plants ongmally 1dent1fied as transgeruc based on 
Southem analys1s were selected to conduct the RHBV res1stance evaluatlons m the greenhouse 
Each To hne was represented by 13 T1 plants and were moculated at 18 days after germmat10n 
w1th four msect vectors per plant denved from a colony w1th 80% v1rulence Parallel to the 
moculat10ns 25 T 1 s1ster plants were used to determme the leve! of GUS express10n Results 
md1cated that most T1 plants from !me 4 transformed w1th plasm1d piC004 showed the expected 
GUS express10n md1catmg 1nhentance of the gus mtron gene In tlus !me the number of plants 
w1th no or mmor d1sease symptoms (<10% Ieaf area affected) was double respect to the non 
transgeruc control (Table 3) No d1fferences m d1sease reactlon were noted for the other 
transgeruc !mes and the correspondmg control (Table 3) However for these !mes there 1s 
md1cat1on that the transgene 1nhentance 1s s1gmficantly dev1atmg from a Mendehan segregat10n 
and m 5 out of the 8 !mes evaluated showed less than 25% T 1 plants w1th the transgene m 
companson to the 75% expected Because oftlus skewed segregatlon wluch 1s commonly found 
m early generatlon of transgemc plants 1t IS necessary to advanced to the T 2 generat10n from 
those T1 transgemc plants carrymg and expressmg the correspondmg transgenes The T2 plants 
that 1nhent and express the NS4 gene wlil need to be 1dent1fied by molecular analyses and 
further res1stance stud1es Wlll be made 

Table 3 D1sease Res1stance on T1 Transgemc Plants Denved from D1fferent To Plants 
Carrymg NS4 Sense (piC002) or NS4 Antl Sense (piC004) and Inoculated w1tb RHBV at 18 
Day Old m tbe Glassbouse 

Leaf Area Affected 
Genotype Plasmid T0 Piant 1 plants Gus1 ( 1 Plants) 

:!> 10 >10 100 
C.ca8 piC002 1 4 o 100 

7 4 o 100 
9 40 15 85 
12 40 o 100 

None Control o o 100 

Palmar p!C004 1 12 31 69 
4 84 62 38 
7 12 46 54 
10 24 46 54 

None control o 31 70 

E1ghteen plants were evaluated per each T 1 lme 1 25 plants per T 1 !me were tested for GUS express10n 
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Fore1gn Genes as Novel Sources of Resistan ce for Fungal Resistan ce 

E Tabares 1 L F Fory1 G Delgado2 M A Santana3 T Agrono2 C Ordonez 21 N N 
Turner4 Z Lentm112 

1SB2 project 2 IP4 project 3IDEA Caracas Venezuela 4Bwtechology Center Rutegers 
Umversity 

IntroductJon 

The fung¡ Rhrzoctoma so/am (sheath bhght) He/muhospormm Rhmcosponum and 
Sarocladmm cause Importan! nce y¡eld losses m the Southem cone of South Amenca and they 
are become more prevalen! Colombia, Mexico and Venezuela Although there IS sorne degree of 
resistance most comrnercml nce vaneties are susceptible and there are few known sources of 
stable genetlc resistance for these diseases m nce In the case of sheath bhght IRR1 had placed a 
major effort m developmg biolog¡cal control strateg¡es for this disease At present m Latm 
Amenca, the control of this complex mamly depends on use of fung¡cides It was decided that 
the Iack of good genetlc resistance made It appropnate to develop molecular strateg¡es for 
mcorporatmg resistance to this fungal complex Of the four the plan! pathogen mteract10n With 
Rhrzoctoma so/am IS the better known 

Work conducted by another pnnc1pal mvestigator of th1s proJect (Dr NIIg¡m Turner 
Biotechnology Center at Rutgers UmveTSity USA) showed that a pokeweed antiVIral protem 
(PAP) a 29 kDa protem Jsolated from Phytolacca amencana (a weed naturally found from 
USA to Argentma) has a nbosome mactivatmg abihty Mutated verswns of PAP gene has 
poten! antifungal actiV!ty (Zoubenko et al 1997) Homozygous pro gen y of transgemc tobacco 
plants expressmg these P AP genes displayed resistance to the fungal pathogen Rhrzoctoma 
solam Transgemc P AP potato showed protectlon agamst Phytophtora mfestans and transgemc 
P AP turfgrass are resistan! to vanous fungal pathogens These results suggest the possibihty of 
des1gmng molecular strateg¡es for mcorporatmg fungal resistance by mtrogress10n of mutan! 
PAP gene(s) m transgemc nce plants Here we report the progress made dunng the second year 
ofth1s proJect 

Last year we reported that e1ght new P AP mutatwns were generated by si te spec1fic mutatlon of 
ammoacids m the PAP protem These new mutant genes were placed mto yeast vectors and 
transformed mto yeast to check for the1r toxicity The non tox1c mutated genes are bemg 
transformed mto tobacco to check the gene express10n and toxicity before usmg them to 
transformatlon nce Two mutated verswns ofPAP (I deleted and ID wh1ch were found to be non 
toxic m turfgrass ( another monocot spec1es) were used as the first cand1date P AP genes The 
express10n of these genes IS controlled by the ubiqUitm promoter and they were kmdly supphed 
by Dr Peter Waterhouse (CSIRO Australia) m the plasm1d vectors pWBVec8 pWBlOa, and 
pBGXIHGFP These plasmids had been used successfully m Dr Waterhouse laboratory to 
transform nce via Agrobactenum They contam a hpt gene With a CAT 1 mtron for mcreased 
express10n of hygromycm res1stance and to a1d m the selectiOn of transformed plants they 
contam either a gus mtron gene ora gfp (green fish fluorescent) gene A total of 35 mdependent 
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transgeruc events carrymg the P API delet10n mutant gene and 50 mdependent transgemc events 
carrymg the P APII gene were generated Iast year A first set of plant lissue was sent to Rutgers 
th1s summer for analys1s and plants w1th PAP gene express10n were 1dentified based on Western 
analys1s Th1s year a new vers10n of the PAP gene (PAPY123) wh1ch mclude a delet10n of 3 
nucleot1des was used to generate another set oftransgemc plants 

Matenals and Methods 

Transformat10n and Plant Regenerat10n 

Mature embryos denved callus of md1ca vanelies CICA 8 Palmar Cimarron and Fundarroz 
PNI were used as targets Palmar and Cimarron show a lugh and moderate tolerance to sheath 
bhght whereas Fundarroz PN1 and Cica 8 are h1ghly susceptible to sheath bhght. The 
transfonnat10n expenments were conducted usmg Agrobactenum tumejac1ens stram Agll 
(W ang et al 1997) carrymg one of the followmg plasmids NT305 NT306 and NT 446 Ma1ze 
ub1qmtm or 35S CaMV promoter dnves these plasm1ds wluch carry vanous mutan! vers10ns of 
the PAP gene (PAPI PAPII and PAPY\23) The hygromycm res1stance conferred by the hpt cat 
mtron gene was used as the seleclive marker Plants were regenerated after stepw1se seleclion on 
30 mgll and 50 mg/1 followed by other 30 mg/1 hygromycm selectiOn throughout plant 
differentiation Plants were grown to maliinty m b10safety glasshouses 

Molecular Analys¡s of the Transgen1c Rice Plants 

Southern blot and PCR analyses were used to detect the presence of the P AP and hygromycm 
genes For tlus purpose 15 llg of DNA were d1gested w1th d1fferent restnction enzymes The 
gels were denatured and neutrahzed by standard procedures The DNA was transferred to nylon 
membranes (Hybond N Amersham) The filters were hybnd1zed at 60°C The presence of the 
kanamycm gene was detennmed throughout PCR 

Results and DISCUSSIOD 

A total of 59 transgemc plants carrymg the PAPY123 gene were generated and confinned by 
Southem blot (Table 1) More than 92% ofthe regenerated plants had mtegrated the PAPY123 
gene m the genome as determmed by Southern blot analys1s (Table 1) A similar nUIDber of 
plants were generated for each ofthe PAP genes (Table 2) 

Tlus year to confirm the mtegrat10n ofthe PAP gene 63 plants ofthe vanet1es Palmar and Cica 8 
transformed w1th the plasm1ds NT 446 were evaluated by Southern blot and PCR methods The 
genom1c DNA was d1gested w1th d1fferent restnct10n enzymes (Bam HI!EcoRl and Hmd III) to 
exc1ses the PAP gene The results md1cated that at least one copy ofthe PAP gene was mtegrated 
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mto the nce genome Moreover a better analysis on the patterns of mtegratlon was obtamed 
usmg the enzymes BamHI/EcoRI that cut the PAPY123 gene mto two fragments (Figure 1) Tlus 
study showed that 67% of the plants analyzed had only one copy of the gene apparently without 
any rearrangements (Figure 1) The PCR analysis of sorne plants confinned the presence of the 
PAPY123 gene At present the transfonnatlon ofthe PAPY123 gene has been accomphshed for 
the vanetles Palmar and Cica 8 The Southern blot analysis also revealed the presence of the hpt 
and nptll genes From Westem blot analysis usmg PAP specific antlsera about 50% ofthe plants 
analyzed expressed the PAPY123 protem whereas 18% of the plants tested were expressmg 
either the PAPI or PAPII protem The transfonned plants expressmg the PAP protem wiii be 
evaluated for resistance to sheath bhght under greenhouse conditlons Also detailed molecular 
analyses WIII be conducted to detennme the gene copy number ofthese plants 

Table 1 TransformatJon Effic1ency ofThree md1ca VanetJes Usmg the AgU (NT446) 

Genotype Plasmtd Callus Plants RE/ Plants Analyzed Plants 1 Plants /TE 
by Southern S S+ 

PALMAR NT446 182 48 264 36 34 94 4 25 

CICA 8 NT446 220 34 15 4 27 25 92 5 14 2 

CIMARRON NT446 16 5 31 2 ND ND ND ND 

F !Ve rephcates One rephcate RE ~ plant regeneratton effictency S ~ Southern postltve TE~ 

transforrnatton effictency 

Tahle 2 Comparmg of the Number and Time of Plant Regeneration Usmg Three DifTerent 
Vers10ns ofGen PAP 

Genotype Plasnud Ttme of Regenerated plants No Plants 1 Western Blot 
(Months) 

PALMAR NT446 4 39 
CIMARRON NT446 35 5 
CICA 8 NT446 4 27 
Total446 71 50 
PALMAR NT305 45 23 
CIMARRON NT305 55 33 
CICA 8 NT305 55 6 
Tota1305 62 18 
PALMAR NT306 5 33 
CIMARRON NT306 55 14 
CICA 8 NT306 S 5 12 
Total306 59 18 
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PalmarNT 

1 7 1 4 ~ 1\ 7 R 'l 10 11 17 11 14 11\17 1R T 

F1gure 1 Southern blot analys1s ofgenormc DNA of T0 plants transformed w1th PAPY123 
gene DNA was cut w1th Bam HI and Eco RI T = Control non transgemc P = Plasrmd 
NT446 carrymg PAPY123 
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OUTPUT 2 CHARACTERIZING RICE PESTS ANO THE GENETICS OF 
RESISTAN CE 

2E Charactenzation of Crmkhng D1sease A Complex of Polymu:a gramzms and Rice 
Stnpe Necrosis V1rus 

L Calvert and R Sedano 

Abstract 

Greenhouse screenmg for res1stance to cnnkhng d1sease was used to 1dentlfy resistan! 
gennplasm from several sources The best source of res1stance IS O glabernma but even sorne 
of the commercial vanetles have a fa1r leve) of res1stance to cnnkhng d1sease and should be 
used m breedmg programs Severa! of the VIOFLAR/1999 Imes were found to be h1ghly 
resistan! Transplantmg nce was found to mcrease d1sease mc1dence and contammated s01l was a 
better source of moculum than contammated seeds A short seed heat treatment was found to be 
meffect1ve at reducmg d1sease mc1dence Usmg s01ls contammated w1th P gramzms that 
contams RSNV was found to mlub1t root growth Smce the results could not be correlated w1th 
the mc1dence ofRSNV further stud1es are needed to detennme the effect of P gramzms alone or 
1f other sOII b10tlc factors were affectmg the root growth 

Introduction 

Cnnkhng d1sease was first reported m West Afuca (Louvel and B1daux 1977) A complex of 
nce stnpe necrosis virus (RSNV) and Polymyxa gramzms causes th1s d1sease (Fauquet and 
Thouvenel 1983 Fauquet et al 1988) A similar d1sease called Entorcham1ento appeared m 
Colombia m 1991 and tlus IS also caused by RSNV and P gramzms (Morales et al 1999) Th1s 
d1sease has spread rapidly throughout Colombia and IS present m most of the Importan! nce 
growmg reg10ns It IS also found m very low mc1dence m Panama The restmg spores of P 
gramzms are transm1tted on the seeds that are contammated With s01l and the dry restmg spores 
are stable for many years Outbreaks of cnnkhng d1sease are sporad1c and are not easy to pred1ct 
The damage done by cnnkhng d1sease occurs m the first month after plantmg Many of the 
mfected plants die others are severely stunted the leaves are malfonned and sorne leaves have 
chlorot1c stnpes The roots of the mfected plants can be stunted and often turn necrotlc Smce the 
d1sease IS most severe when young plants are mfested later mfect10ns do not appear to cause any 
additlonal losses In most mfested fields there are a few patches w1th a h1gh d1sease mc1dence 
wh1le the mc1dence m the remamder IS low 
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Matenals aod Methods 

Screeomg Germplasm for Res1staoce to Cnokbog D1sease Rice was planted m shallow trays 
usmg contammated s01ls obtamed from fields w1th a lugh mc1dence of cnnklmg d1sease The s01l 
was kept bUimd to allow the exposure of the gennmatmg roots to the zoospores of the P 
gramm1s On average twelve days after seedmg the nce was transplanted to pots {1 O plants/pot) 
that contamed a m1xture of contammated s01l (50%) and sand (50%) Additlonally the 
contammated sml was moculated w1th pulvenzed roots contammg cystoson of the vector 
Matenals were evaluated usmg at least three repetltlons often plants The pots are mamtamed m 
Plex¡gJas trays and the plants are evaluated for symptoms after 35 days A total of 265 !mes were 
evaluated for the1r reactwn to cnnklmg d1sease These mcluded 212 !mes m the VIOFLAR 
gennplasm bank 23 CT !mes 17 commerc!al vanet1es 1 O lmes of O glabemma and three of O 
rufipogon 

Comparmg the Effect of D1rect Seedmg aod Traosplaotmg oo the Ioc•deoce of Crmkbog 
D1sease Oryz1ca 3 and Fedearroz 2000 FL00478 29P 18 1P M (hne 105) and FL00518 1P 4 
3P M (hne 113) were used m tlus expenment and are susceptible to cnnkhng d1sease For half 
the treatrnents the seeds were m1xed w1th s01l from fields that had a lugh mc1dence of cnnkhng 
d1sease The s01l and seeds were m1xed together ata rat1o of 10w/1w The seed m1xture was 
dned for 12 hours at room temperature and the excess sml was removed The control seeds were 
treated m a Similar marmer usmg contammated sml that was stenhzed usmg two hours of steam 
treatrnents The contammated seeds were e1ther planted d1rectly or transplanted at 12 days 
These treatrnents were compared w1th clean seeds that were e1ther planted d1rectly or 
transplanted mto contammated s01ls 

Seed Treatmeots Heat treatrnents were made to evaluate the1r effect as a control measure for 
cnnkhng d1sease Groups of forty seeds of Oryz1ca 3 were mlXed w1th contammated s01ls After 
drymg an removmg excess sml the seedlots were exposed to dry heat of26 55 65 75 and 85 C 
for 3 mmutes The seeds were planted mto stenle s01l and the mc1dence of cnnkhng d1sease was 
evaluated at 30 days The expenment was repeated three times 

Effect of Crmkbng D1sease oo the Root Developmeot of Rice Eleven nce lmes were tested 
for the1r reactlon to cnnklmg d1sease usmg root we1ght as the entena Ten seeds per pot were 
planted m contammated s01I or stenle s01l and the pots were placed m the greenhouse cond!tlons 
m a random1zed des1gn There were three repet1t1ons for each vanety and treatrnent After the 
plants were eva1uated at 35 days for the fohar symptoms of cnnklmg d1sease each pot was 
placed mto a contamer ofwater and the so1I was gently washed away The results were analyzed 
by ANOV A usmg SAS (SAS Instltute Cary NC USA) 
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Results and DISCUSSIOD 

Screenmg Rice Germplasm for Res1stance to Cnnkhng D1sease The screenmg of the 
VIOFLAR/1999 collection was done to obtam an 1dea of the level of res1stance that IS m one set 
ofbreedmg !mes Selected O glaberrzma lmes were tested smce they are known to be res1stant 
to cnnkle d1sease Also commercial vaneties were tested to see ¡f res1stance !S m the curren! 
vaneties The maJonty of the lmes tested were susceptible to cnnklmg d1sease and 89% of the 
!mes had more than 40% mc1dence ofthe d1sease (Table 1) The O glabernma lmes proved to 
be lughly res1stant and no mfections were found usmg the greenhouse assay (Table 2) The nce 
lme that had the best reststance and has been tested 16 times ts Makahoka wtth a 20% mctdence 
of the dtsease We constder those lmes that conststent have less than 30% mc1dence of the 
dtsease as demonstratmg reststance Tlus compares wtth the suscepttble vanety Oryztca 3 that 
conststently has more than 80 90% mctdence of dtsease The most reststant commerctal 
Colombtan vanety was O Can be 8 Colombta 1 whtch ts a pnnctpal source of reststance for 
RHBV proved also to be moderately reststant to cnnkhng dtsease Severa! of the lmes m 
VIOFLAR/1999 were reststant to cnnklmg dtsease Smce cnnklmg dtsease was nota cntenon 
when VIOFLAR/1999 was developed 1t was encouragmg to find sorne moderately reststant lmes 
wttlun the collectton Whtle crosses wtth O glabemma are bemg made wtth the goal of 
developmg new sources and vaneties wtth a lugh leve) of reststance to cnnkle dtsease nce lmes 
wtth reststance should also be used m breedmg programs ht Table 2 the best nce lmes are 
hsted and these are potential sources for breedmg nce to be more reststant to cnnkle dtsease 

Table 1 The Evaluatlon of O sat1va and O g/aberr1ma Lmes Tested for the1r Reactlon to 
Crmkhng D1sease 

% of Incidence 
<10 11 20 21 30 31-40 41 50 51-60 61 70 71 80 81 90 91 100 

%1mes 37 

No of 
matenals 10 

o 75 

2 

2 25 

6 

45 133 

12 35 

!58 

16 6 25 3 19 6 14 o 

44 67 52 37 o 

100/ 

265 



Table 2 The lndtvtdual ReactJons to Crmklmg Dtsease ofthe most Reststant Lmes Tested 

Matertal Code 1 oflnctdence No of 
Repltcabons 

O glabemma CGIO o 00 3 
O glabemma CG148 o 00 3 
O glabemma CG209 o 00 3 
O g/abemma Gl43 000 3 
O g/abemma Glabemma 000 3 
O g/abemma IGIO o 00 3 
O glabemma TOG4 000 3 
O g/abemma TOG6 000 3 
O g/abemma TOG7 000 3 
O g/abemma TOG5486 o 00 3 
Makahoka MK 19 58 16 
IR5 IR5 2000 3 
PSBRC 70 23 33 3 
FL00593 6P 9-4P M 166 2444 3 
Can beS 26 67 3 
Colmnbtal 27 28 15 
FL00596-54P 3 2P M 200 27 50 3 
FL00593 19P 5 3P M 170 27 78 3 
Coproseml 31 93 27 
FL00629 1 OP 5 3P M 203 32 22 3 

Comparmg the Effect of Dtrect Seedmg versus TransplantJng on the Inctdence of Crmkhng 
Dtsease Two sets of condtttons were used to test the effect of transplantmg nce on the 
mctdence of cnnklmg dtsease One treatment conststed of usmg contammated seed and then 
plantmg the nce m stenle sml The other companson started wtth clean seed and planted the nce 
mto contammated sotls In all cases transplantmg mcreased the mctdence of cnnkhng dtsease 
(Table 3) The dtsease mctdence was htgher when the source of moculum was the contammated 
sml as compared to contammated seeds Transplanttng nce when the smls were contammated led 
to 90% or more mfectton m all four of the nce !mes The most suscepttble vanety m tlns 
expenment was Oryztca 3 as demonstrated by the lngher mctdence of cnnkhng dtsease m the 
dtrect seedmg treatments The act of transplantmg produces small wounds on the roots 
facthtatmg the entry of the zoospores and thts was the most probable reason for the mcrease m 
dtsease mctdence If tlns was the mam effect of transplantmg then other factors that cause root 
leswns such as nematode or aplnd damage may al so lead to lngher mctdence of the dtsease even 
though the nce was seeded dtrectly Before RSNV was tdenttfied as the causal agent of 
Entorchamtento both nematodes and red root aphtds were thought to be assoctated wtth 

cnnkhng dtsease Whtle these are not the cause of the dtsease tt ts worth mvesttgatmg tf these 
agents aggravate the dtsease 
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Table 3 Testmg Methods of Inoculation of Crmklmg D1sease m Four Rice !mes 

% Incidence/Plant He1ght m cm 
Seed Treatment FL00478-29 FL00518-l Fedearroz Oryz1ca 3 
Treatment Type of Seedmg P 181P M P-43P M 2000 

ContaDllnated Stenle sml lnc•dence o 1 o 1 o 1 45 
Seeds drrect seedmg Plant he1ght 43 05 39 9 39 9 39 7 

ContaDllnated Stenle sml Inc1dence 5 05 1005 40 40 
Seeds Transplanted Plant he1ght 43 05 399 40 35 39 7 

Clean Seeds Sml contaDIID8ted lnc•dence 39 15 25 05 34 09 85 
Drrect seedmg Plant he1ght 4445 45 7 46 1 36 15 

Clean Seeds Sml contaDIID8ted lncldence 95 95 95 90 
transplanted Plant he1ght 20 6 16 25 26 2445 

lnc•dence was deterDIIDed at 32 days after plantmg 

Seed Treatments to Control Crmklmg D1sease A set of expenments was done to detenmne if 
a rapid treatment with dry heat could be used to reduce the mcidence of cnnkhng disease 
Although the treatment of 85° C killed the seed none of the treatments m which the seed was 
viable had any effect on the mcidence of the disease (Table 4) Further testmg will be done to 
determme the effect of other treatments but the restmg spores do not appear to be affected by 
heat treatments and they may be more stable than nce seed Wet heat treatments also will be 
tested This would ha ve an effect of partially washmg the seed and could reduce mc1dence even 
if it does not mactlve the restmg spores Fung¡cide treatments Will also be tested With the idea of 
mlnbitmg the zoospores that are released from the restmg spores 

Table 4 Effect of Temperature Treatments of Seed oo the Inc1dence of Crmklmg D1sease 

Temperature 

26 
55 
65 
75 
85 

% of Plants w1th 
Crmklmg D1sease 

254 
37 9 
28 3 
28 2 

160 

Dead Plaots 

o 
2 
o 
2 

No germmatwn 



The Effect of Sods Contammated w1th Crmkhng D1sease on the Roots of Rice In tlns 
expenment ten nce vanetles and O glabernma were planted m sml contammated with P 
gramzms contammg RSNV and m stenle sml Root weight was used as the pnmary entena to 
determme the effect of the treatments There was a statistically sigmficant difference m the root 
weight of all vane!Ies except Croprosem 2 grown m contammated soi! as compared to those 
grown m stenle sml (Table 5) When analyzed globally the effect of the sml IS mdependent of 
the vanety and does not correlate with the mcidence of cnnklmg disease Despite relatlvely low 
percentage ofleaf symptoms m Bluebonnet 50 and Colombia XXI there were a two to three fold 
decrease m root weight when the plants were grown m the contammated sml as compared to the 
stenle sml Tlns was also true for O glaberrzma despite the fact that none of the plants had leaf 
symptoms 

Table S The Effect of Crmkhng Disease on the Root growth of Rice 

Vanety 

Bluebonnet 50 
Yacu9 
Selectra 320 
O Canbe8 
0ryzica3 
Colombia XXI 
Fedearroz 2000 
Coprosem 1 
Coprosem 2 
O Llanos 5 
O glaberrzma 
All vaneties 

Dry Weight ofRoots (g)/Piant 
Sterlle Soll1 Contammated Soll % Plants with Leaf 

o 037 
0045 
0049 
o 051 
0058 
o 056 
0060 
0062 
o 032 
0074 
0055 
o 057 

0013 
0023 
o 025 
0024 
o 021 
0030 
0027 
0026 
o 025 
0024 
o 030 
o 025 

Symptoms 
17 
55 
50 
82 
77 
21 
63 
42 
70 
78 
o 
50 

I The contammated sml was a mixture from fields mfested with cnnkle disease lt was 
stenhzed by steam treatment for 2 hours 

Few nematodes were found associated with the roots but they had been thoroughly washed The 
roots were not tested for the presence of P grammzs although Il IS known that O glaberrzma can 
be a host The aenal portion of the plants that were not mfected With RSNV appeared to be 
similar m size m both treatments although this trait was not measured Additlonal expenments 
are needed to understand the Iarge difference m root weight and the biO!og:Ical factors that are 
mfluencmg the root development How much ofthe root weight Ioss was dueto mfectiOn with P 
gramzms versus other biOiog:Ical factors needs to be mvestlgated 
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Abstract 

The RSNV disease has been d1ssemmatmg m the nce growmg areas ofColomb1a ata rela!Jvely 
rap1d rate All Colombian commercia! nce cultJvars are susceptible to the d1sease High leve! of 
resistance to RSNV has been Identified m the wlld spec1es O glabenma We are reportmg here 
the results m transfemng the resistance genes from the wild spec1es mto susceptible commerc~al 
nce cultJvars Resistant !mesto RSNV have 1dentified and wiii be tested under natural mfectwn 
m farmers fields 

lntroductlon 

The fungus Polymyxa gramm1s transmlts nce stnpe necrosis VIrus (RSNV) or cnnkhng disease 
also known as entorchamiento The d1sease has been dissemmatmg m the nce growmg areas of 
Colombia at a relatlvely rapid rate m the last few years as a result of the movement of 
contammated eqmpment to non contammated nce fields Contammated seed harvested m mfected 
fields IS another source of spread Although the VIrus IS not seed transmitted the restmg structures 
of the fungal vector of the virus can be carned on the husk of nce seed m mfected debns or s01l 
partiCles The d1sease has been reported and confirmed m Panama probably as a resu1t of the 
mtroductwn of mfected seed 1mported from contammated areas m Colombia Most of the 
Colomb1an nce cu1tJvars exlnb1t d1fferent levels of suscepllbihty to the virus under field and 
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greenhouse conditions as reported m prevwus annual reports We reported Iast year the 
Identification oflugh levels ofresistance to entorchanuento m the species Oryza glabernma We 
are reportmg here the results m transfemng the resistance genes from the wild species mto 
susceptible commercial genotypes ofthe O saliva 

Matenals and Methods 

Severa! breedmg populatiOns were developed from the crosses between the species O glabernma 
and the nce cultivars Bg90 2 (Imgated) or Caiapo (upland) A total of 1200 and 200 !mes from 
each cross respectively were moculated and evaluated for their reactwn to entorchamiento under 
greenhouse conditions Inoculum was mfested sml collected from farmers fields dunng epidemic 
development of the disease m 1999 m the Cauca Valley and Tohma Ten plants per treattnent 
from each !me was tested usmg four different sources of mfested sml The highly susceptible 
cultivar Oryzica 3 was used as a control m all the expenments lncidence of all symptoms typical 
of entorchamiento mcludmg cnnkhng yeiiowmg or chlorosis sttmtmg and dead plants were 
evaluated on a weekly basis begmnmg 20 days after plantmg 

Results 

The species O glabernma exhibited high levels of resistance to entorchamiento and Iess than 1% 
of the plant had symptoms of the disease (Tables 6 and 7) The susceptible control Oryzica 3 
exhibiled a lugh mcidence of all symptoms of entorchamiento demonstratmg the lugh moculum 
pressure ofthe sml used for the moculation (Tables 6 and 7) The suscepttble nce cult!Vars Bg90 
2 and Cruapo used m the backcross With O glabernma exlubited Iower Ievels of susceptibihty 
than the susceptible control Oryzica 3 (Tables 6 and 7) The resistance to entorchamiento present 
m the wild relative has been successfully transferred to the commerc~al culttvars used m the 
crosses (Tables 8 and 9) Highly resistan! !mes were Identified and will be moculated m rephcated 
trials as well as planted m the field under natural mfectwn The number of resistan! !mes was 
higher m the BC2F5 compared to the more advanced backcrosses BC3F4 and BC3Fs (Table 8) lt 
should be noted however that this result was expected as the !mes selected m each backcross were 
mdependent of their reactwn to entorchamiento It was possible to Identify sorne !mes Iughly 
resistan! as the resistan! parent O glabenma Sorne !mes were also more suscepttble than the 
susceptible parents Bg90 2 and Ca~apo (Table 9) 

DISCUSSIOD 

High Ievels of resistance to entorchamiento have not been detected m contmuous evaluatwns of 
the cultivated spec1es O satzva On the other hand h1gh Ievels of res1stance ha ve been detected m 
the w1ld spec1es O glabernma m severa! mdependent tnals Transfemng the res1stance to 
entorcham1ento observed m the W1ld spec1es to the cullivated spec1es seems to be an easy task 
accordmg to greenhouse moculatwns of two breedmg populations evaluated for entorcham1ento 
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reststance The reststance observed need to be confirmed m addttlonal tnals both under 
greenhouse condttlons as well as m farmers field under natural condtttons of mfect10n 

Future activtties 

The evaluatwn and selectlon for entorchamtento reststance usmg mterspectfic progemes wtll 
contmue by addttlonal greenhouse screemng The results wtll be corroborated under natural field 
mfectlon The genettc control of entorchamtento reststance m the wtld spectes O glaberrzma wtll 
be done usmg the segregaban of the pro gen y of these crosses 

Table 6 Inctdence of RSNV (Entorchamtento) of Parents Used ID a Backross between 
Oryza glabernma and tbe Irngated Rice Cultivar Bg 90 2 

Inoculated 
Lme Plants 

O glabemma 35 

Bg 90 2 80 

Oryz1ca 3 80 
(Susceptible Check) 

Crmkhng 
1 

03 

16 

304 

Chloros1s 
1 

07 

15 2 

47 2 

Stuntmg Dead Plants 
1 1 

07 03 

17 6 12 

44 8 12 

Table 7 Inctdence of RSNV (EntorchaDIIento) of Parents Used ID a Backross between 
Oryza glabernma and tbe Upland Rice Cultivar Catapo 

lnoculated 
Lme Plants 

O glabemma 31 

Ca1apo 26 

Oryz1ca 3 28 
(Susceptible Check) 

Crmkltng 
1 

o 

16 

57 
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Chloros•s 
1 

o 

23 

57 

Stuntmg Dead Plants 
1 1 

o o 

31 16 

82 18 



Table 8 ldentificatmn of BC2F5 BC3F4 and BC3F5 Rice Lmes of the Cross Oryza 
glabemma (Acc IRRI 103544) X BG 90-2 Res•stant to RSNV (entorchaDIIento) m 
Greenhouse InoculatJons 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Lme ldenltficalton 

~B~Cf2F~,~~~~------------ 31 
Cf15150 M 9-4 1 32 
Cfi5150-M 9-4 2 33 
Cfi5150-M 9-4-4 34 
Cfi5150-M 17 1 1 35 
Cfi5150-M 21 8 2 36 
Cfl5150 M 27-4 2 37 
Cfl5150 M 30 2 3 38 
Cfl5150 M 48 3 5 39 
Cf15150 M 50 2 1 40 
Cf15150 M 50 2 2 41 
Cfl5150 M 50 2 5 42 
Cf15150 M 50 3 1 43 
Cfl5150 M 50 3 5 44 
Cfl5150 M 50 3 6 45 
Cfl5150 M 50-4 1 46 
Cf15150 M 50-4-4 47 
Cf15150 M 50 5 1 48 
Cf15150 M 79 7 1 49 
Cf15150 M 79 7 2 50 
Cf15150 M 79 9 3 
Cf15150 M 79 9-4 
Cf15150 M 79 10-4 
Cf15150 M 79 11 2 
Cf15150 M 79 11 3 
Cf15150 M 79 11-4 
Cfi5150M7915 1 
Cf15150 M 79 15 2 
Cfi5150-M 79 16 1 
Cf15150-M 79 18 2 
Cf15150 M 79 19 2 
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1 
2 
3 
4 

Lme Idenltficalton 

CT15150 M 79 21 2 
Cf15150 M 85 5 1 
Cf15150 M 90 5 1 
Cfl5150 M 92 3 5 
Cf15150 M 106 5 1 
Cf15150 M 106 52 
Cfl5150 M 124 1 2 
Cf15150 M 124 3 2 
Cfl5150 M 129 1 1 
Cf15150 M 129 1 2 
Cfl5150 M 129 1 3 
Cfl5150 M 149 1 1 
Cfl5150 M 181-4 1 
Cfl5150 M 190 2 1 
Cf15150 M 234 7 1 
CT15150 M 242 3 1 
Cf15150 M 242 3 2 
Cf15150 M 242-4 1 
Cfl5150 M 249 5 1 
Cf15150 M 249 52 

Cfi6053A 6 1 1 
Cf16070A 2 1 1 
Cf16101B 1 1 1 
Cf16148 1 9 1 

CT16049A 7 2 1 1 



Table 9 Rice Lmes of the cross Oryza glaberrtma!Calapo Res1stant to RSNV 
(Entorcham1ento) m Greenhouse lnoculatmns 

Ped•gree Crmkllmg ( 1 ) 

1 cr 16308 CA 5 o 
2 cr 16308 CA 6 o 
3 cr 16311 (2) CA 3 o 
4 cr 16313--CA 5 3 
5 cr 16310(2) CA 6 3 
6 cr 16313 CA 16 3 
7 cr 16307 (!)CA 7 4 
8 cr 16307 CA 1 4 
9 cr 16307 (1) CA 2 4 
10 Cf!6310(2)CA 1 4 
11 CT 16316 CA 7 6 
12 cr 16318 CA 1 6 
13 cr 16308 CA 4 6 
14 cr 16308 CA 7 7 
15 cr 16310(2) CA 5 7 
16 cr 16312 (2) CA 6 7 
17 cr 16307 CA 4 8 
18 cr 16315 (1) CA 14 8 
19 cr 16315 (1) CA 17 8 
20 cr 16316 CA 2 8 
21 cr 16322 CA 7 8 
22 cr 16322 CA 5 9 
23 cr 16323 CA 6 9 
24 cr 16322 CA 6 9 
25 cr 16313 CA 3 10 
26 cr 16312 (2) CA 3 10 

H1ghest suscepnble !me cr 16307 CA 12 53 
Paren! 1 O glabemma o 
Paren! 2 Ca10po 16 
Suscepnble check Oryz1ca 3 57 
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OUTPUT 3 ENHANCING REGIONAL RICE RESEARCH CAPACITIES AND 
PRIORITIZING NEEDS WITH EMPHASIS ON THE SMALL FARMERS 

The CIA T CIRAD collaborallve prOJCCt targets resource poor fanners and uses partiCipatory 
methodologies to test new technologies Th1s year the project worked w1th commumlles m 
margmal areas of the m1d allltude hiilsides and h1gh ramfall coastal areas In these areas the 
populatlons are mamly ethmc mmont1es for example m Colombia the m1d allltude s1te the 
populat10n IS pnncipally native Indmns and the Site on the Pacific coast mam blacks Rice 1s an 
Importan! crop for both these commumlles and the short tenn goal 1s to mercase the product10n 
to a leve! where these reg10ns are self suffiCient thereby mcreasmg their food ~ecunty 

3A Participatory Development of Rice for Poor CommumtJes m Margmal Areas 

• Confrontmg Food lnsecunty m the HIIIsJdes 

Michel Vales Joanna Dossmann Sandra Salazar Ja1ro Garc1a Celso Ortega Carlos Munoz<IJ 
lose IgnaciO Roa<2J S1g1fredo Echeverry<3J Marcela Ohveros<4J Octav10 paz<4J 

Jose AleJandro ChJca<SJ Marcela Alvarez<SJ Humberto Munoz<6l 

<IJ Corporat10n for lnterdiSCiphnary Stud1es and Techmcal Consultantsh1p (Spamsh acronym 
CETEC) 

<ZJ CIA T HIIlsides ProJeCt <'l Internallonal Center for Orgamc Agnculture (Span1sh acronym 
CIAO) 

<4J Mumc1pal Umt for Agncultural Transfer (Spamsh acronym UMATA) of Yumbo Valle 
(Colomb1an 

Mm1stry of Agnculture) <SJ Caldas Umverslly student <&J Metahca Metropolitana (f1nn of 
Cah) 

Abstract 

The crosses of a diallele for the genellc study of cold tolerance are m way The progemtors used 
as cold tolerance come from d1fferent contments 

Dunng the first semester m the Colomb1an hills1des a tremendous drought due to the Nma 
phenomenon dned all the tnals In sp1te of that m the expenmental stat10n of Popayan ( 1 700 m 
asl 2 N) Cauca Colombia It was poss1ble to observe the good comportment of YUNLU 29 
and Basmat1 C621 dunng the vegetdtJVe stage m the evaluatiOn tnal of mtroduced vanelles and 
potential progemtors Also 11 was poss1ble to harvest few plants m the populatiOns With narrow 
genellc base PCT 14 (lowland) and PCT 17 (upland) m the parllcipatory 1mprovement of 
populat10ns Fmally m th1s stat10n 75% of the lmes were recovered what wiii allow to select 
prom1ssory !mes With tolerance to the cold due to the altitude early ( 150 days sowmg harvest) 
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and with drought resistance In the partiCipatory evaluation tnal carned out m the country side 
for sorne commumties It was possible harvest few nce !mes m particular the advanced !mes 
PRASS3 44 64 1 1 and PRASS3 45 8 8 1 from IRAT 265 57 21 Jumh Marshi 

The fnst workshops on participative development of nce for hillsides were carned out 19'h and 
20'h September 2001 for the Caucan rural commumties took place m the CETEC Oreen School 
Santander de Qmhchao Cauca Colombia and the 7'h November 2001 workshop for Val/unas 
rural commumlles took place m the Yumbo UMATA Valle Colombia 

Introductton 

The mid altitude hiiisides such as the highlands of Madagascar consiitute a margmal area for the 
upland nce crop because of the cold mghtllme temperatures Often the populatwns of these area 
hve m commumties which tend lo be neglected Often the populatwn I~ predommately an ethmc 
mmonlles as m Colombian Andes (Guambianos Totoroes Coconucos etc ) or m the Himalayan 
part of Yunnan m Chma (XI Yao Lagu Dm etc) These areas although geographically di verse 
have Similar chmate and social challenges Therefore collaboratwns ha ve been estabhshed with 
Madagascar (Dzido 2001) Chma (Vales 2000 and 200lc) and Colombia (~ee below) We 
expect to start workmg m Central Amenca next year and this work could easily be adapted to 
the Amazon regwn 

The followmg actiVIties have the fmancial support of the French Foreign Office (M1mstere des 
Affazres Etrangeres) the Foundallon Avenlls lnstitute of France CIRAD and CIA T 

The objecllve IS the genellc Improvement to obtam varielles well adapted to the agro chmallc 
condllwns and preferences of the producers and consumers usmg participatory methods Smce 
vaneties IS not the only hmllmg factor often work on the producuon system or post harvest 
processmg IS requested by the farmers groups and becomes a part of these proJects 

Matenals and Methods 

Evaluatton of Introduced Vanetles and PotentJal Progemtors 

Forty five YUNLU !mes from the Yunnan Academy of Agncultural Sciences (Y AAS) 18 
European vaneties provided by the French Rice Center (French acronym CFR)/CIRAD and 6 
checks were used The checks were TI F8 218 119 (IRAT 1461 Damela) T2 C8 F322 8 8 53 
(Latsidahy 1 IRAT 351) T3 Shmei T4 Latsibavy TS CIRAD 407 T6 CENICAFE 
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Th1s actiVIty was carned out m the Popayan sub stat1on Cauca ColombJa 1 700 m as! 2 N 
dunng the flfst se mes ter 2001 (PSS) The tnal des1gn was 4 complete random1zed blocks of 69 
!mes and checks Four 3 m rows (O 25 m mterval) were sown by !mes One seed was sown at a 
d1stance every O 125 m mterval along the row That allowed a low denslly of 1 O kglha needed to 
produce enough seeds to meet the commumty reqmrements 

Partlcipatory lmprovement of PopulatJons 

F1ve populatwns wllh cold tolerance were tested These mcluded two populatwns developed for 
Madagascar and are called Lowland MGD and Upland MGD The PCT 13 populat1on w1th broad 
genellc base the PCT 14 (lowland) and PCT 17 (upland) populallons w1th narrow genellc bases 
were chosen for the parllpatory 1mprovement of populatwns The tnal was carned out m the PSS 
dunng the flfst semester 2001 For both the Lowland MGD and the Upland MGD populatwns 
5 000 plants were sown For the both populauons PCT 14 and PCT 17 1 000 plants were sown 
For the populallon PCT 13 1 O 000 plants were sowed m PSS and 1 000 plants m each of the 1 O 
Caucan v1llages of rural assoc1a!Jons network (ARDECAN) of the Corporatwn for 
mullldJscJplmary stud1es and techmcal (Spamsh acronym CETEC) One of the purposes of th1s 
dual approach was to compare the partJclpatory selectwn (producers m expenmental statwn and 
m the1r VJllages) wllh conventwn selectwn by the mvesllgator on an expenmental stallon 

CreatJon of vanetJes 

The populallon cons1sted of 1 209 !mes F4 and 946 !mes F5 from cold tolerant populauon 
Eleven vaneues were used as checks mcludmg TI Lats1bavy T2 CIRAD 407 T3 RoJofotsy 
Vm T4 CIRAD 391 T5 Estrela T6 Shme1 T7 CENICAFE T8 CIRAD 396 T9 Raksah 
TI O F8 218 119 (IRAT 146/Damela) and TI! C8 F322 8 8 5 3 (LatsJdahy/IRA T 351) 

The ped1gree selectwn was carned out at PSS dunng the f1rst se mes ter 2001 The tnal des1gn 
was m 77 Federer s blocks of 28 !mes and 11 checks Two rows of 3 m were sown by !me The 
mtervals were O 25 m between rows andO 125 m between seeds (1 O kglha) 

Results 

Evaluabon of lntroduced Vanebes and Potential Progemtors 

Due to an unusally drought the tnal was dned before the headmg stage (F1gure 1) It was JUSI 
poss1ble to observe the good comportment of YUNLU 29 and Basmat1 C621 dunng the 
vegetat1ve stage Th1s 1s nonnally a h1gh ramfall area and th1s years expenence shows the 
challenges facmg upland nce It needs not only to be cold tolerance but 11 must be able to 
wtthstand both substantlal ramfall and dry condJtlons Drought tolerance wtll become a pnonty 
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and better water control on a farm levelts also tmportant to assure food secunty 

Parbctpatory lmprovement of Populations 

Due to the severe drough all the populattons preformed poor with premature drymg of the plants 
It was only posstble to harvest few plants m the populattons wtth narrow genettc base PCT 14 
(lowland) and PCT 17 (upland) These seeds that were from plants that wtthstood unusually dry 
condtttons and the seeds wtll be tested for drought tolerance 

Creatton of Vaneties 

In sptte of the tremendous drought at PSS 75% of the !mes were recovered After the analysts of 
the data the most promtsmg ltnes wtll be selected The charactensttcs that are betng used for the 
selectton tnclude tolerance to the cold precoctty ( 150 days sowtng harvest) and drought 
reststance 

• Genetic Study of Cold Tolerance and Creabon of Vanabtltty 

Matenals and Methods 

To efftctently use the source of cold tolerance tt ts tmportant to know the genettc mherttance of 
thts character The study of dtallele crosses progemes was the made to study the genettc 
tnhentabthty of cold tolerance The progemtors for cold tolerance have dtfferent genettc ongm 
(Table 1) 

Table 1 Dtallele Progemtors 

Vanety Type Ongm 
Jumh Marsht Lowland Japomca Nepal 
Latstbavy Lowland Japomca Madagascar 
Yunlu 29 Upland Japomca Chma 
Kunmmg Xtbatgu Lowland Japomca Chtna 
Maon Lowland tndtca Chma 
Kulon Lowland Japomca Russta 
Sandora Lowland 1apomca Hungna 
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Oro 
Arttgho 
Basmau C621 

Lowland Japomca 
Lowland mdtca 
Lowland basmall 

Chtle 
France 
Indta 

The progemes of the dtallele crosses wtll be part of the breedmg program as other descendants 
and new recurren! populatton wtth narrow genettc base (see Output 1) 

Results 

The program of crosses ts m progress 

Parttc1patory Evaluatton of Advanced Lmes and Vanehes 

Matenals and Methods 

Ftfty two parttctpatory tnals were sowed m 26 locattons as followmg 

Corporatton for Interdtsctphnary Studtes and Techmcal Consultantshtp (Spamsh acronym 
CETEC) 20 tnals wtth 12 assoctattons 

2 CIA T Htllstdes Project 13 tnals wtth 7 CIALs 
3 lnternattonal Center for Orgamc Agnculture (Spamsh acronym CIAO) 11 tnals wtth 4 

vtllages 
4 Mumctpal Umt for Agncultural Transfer (Spamsh acronym UMATA) of Yumbo Valle 

(Colombtan Mmtstry of Agnculture) 6 tnals wtth 2 assoctattons 
5 Caldas Umverstty 2 tnals wtth 1 vtllage) 

The locattons are not accesstble due to the msecunty problem so two meetmgs wtth the farrners 
were orgamzed m March m the CETEC Green School of Santander de Quthchao Cauca 
Colombta The ftrst one was to know what the farrners want and the second one was to 
demonstrate how put m place the tnals In September a two days workshop wtth the farrners was 
carry out to talk about the results and our followed collaborattve acuvtttes 

Seventeen F1 !mes of upland nce for htllstdes 1 e wtth cold tolerance were also provtded to 
vanous partners (Table 2) 
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Table 2 Partners for Upland Rice for Hdlsides, and/or for Cold Tolerance 

Results 

Country 
Ch1le 
Chma 
Colomb1a 
Costa R1ca 
France 
Hmtl 
Honduras 
Madagascar 
N1caragua 

InstJtutJon 
INIA 
YAAS/FCRI 
FEDEARROZ 
UCRIDESARROZ 
CIRAD CFR 
MARNDR 
CIAT 
CIRAD FOFIFA 
CIAT 

Due to th1s drought the cornrnumtles had loss the rnam part of all the1r crop productwn The nce 
tnals were m general cornpletely dned But for sorne cornrnumtles Jt was poss1ble to harvest few 
nce ]mes m particular the advanced !mes PRA553 44 64 1 1 and PRA553 45 8 8 1 from IRAT 
265 57 2/ Jurnh Marsh1 

So dunng the workshop w1th the farmers 19'h and 20'h Septernber seeds rnult1phed m Palrn1ra 
statJOn were prov1ded to them for 1rnrned1ate sowmg takmg advantage of the begmnmg of the 
ram of the second sernester 

General dJscussion and Perspecbves 

In splte of a trernendous drought sorne plants and prorn1ssory lmes were selected m 
expenrnental statJOn or by the farrners m the1r f1eld So 1t IS poss1ble to follow the breedmg 
process w1th th1s rnatenal wh1ch has a good tolerance to the cold due to the altltude often very 
early (to 150 days sawmg harvest) anda strong drought res1stance 

To not narrow too rnuch the genet1c base of the breedmg prograrn for h11lSJdes nce 1t w11l be 
poss1ble to use agam the same recurrent populatwns rnultlphed m the Palrn1ra expenmental 
stat1on 

The sarne !mes and populatlons were prov1ded to the Umvers1ty of Costa R1ca IR1ce 
Developrnent ProJeCt (Spam~h acronyrn UCRIDESARROZ) (Vales 2001b) and to the Yunnan 
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Academy of Agnculture Sc1ences (Y AAS) of P R of Chma Y AAS wants extend 1ts 
collaborallon w1th a new proJect on nce hybnds for cold hJllsJdes (Vales 2000 2001) The use 
of the new methods to breed res1stance to nce blast d1sease 1s part of th1s acllvlly (see Output 2) 

The Mm1stry of agnculture natural resources and rural development (French acronym 
MARNDR) of Hmll wants develop a collaboratwn to reactlvate the nce crop m the hJJlsJdes of 
th1s country (Vales 2001 a) 

Reference 

Dz1do 1 L 200 1 CIRAD Annual Report for 2000 

• Reactlvatlon of Rice Crop on tbe Coasts 

M1chel Vales Jmme Borrero Cesar Martmez Jmro Garcm Herc1ho Ca1cedo(l) Fabw 
Cambmdo(2) Cnstma Franco(J) Maya Alzate(4

) Ja1me Anas(S) Humberto Muñoz(6
) 

(1) Mumc1pal Umt for Agncultural Transfer (Spamsh acronym UMATA) of Guap1 
Cauca Colombia (Colombmn M1mstry of Agnculture) 

(2)UMATA de T1mbJqUJ Cauca Colombia 
(J) Foundatwn for Supenor Educatwn (Spamsh acronym FES)Inetwork of women assoc1at1ons 

Mundo Afro 
(
4

) FES/ network of women assocmtwns Matamba y Guasa 
(S) Caldas Umverslly Opcwn Colombta trammg student 

(
6

) Metahca Motropohtana (fmn of Cah Colombia) 

Abstract 

R1ce producllon has been decreasmg on the Tlmb1qm nver strands Th1s proJect prov1ded 
commercml seeds to mcrease the nce growmg areas Dunng the fust semester much of the nce 
producllons mcludmg the new f1elds on the T!mbJqUJ nver strand were destroyed by an 
mundatwn m May Dunng the second semester 50 nce f1elds were planted by the College of 
Agnculture of Santa Rosa the Pnmary School of Puerto Luz and women assocmtwns of the 
Matomba and Guasa network w1th the commerc1al seeds prov1ded by th1s proJect Th1s IS 

expected to be the begmnmg of an expanswn of the nce crop m the nver bank system From the 
4 tradJtJOnal vanelles F1an Bnllalola Chmo Grande and Chmo Ch1qmto commg from the 
Guap1 nver strands more than 20 d1fferent types of nce were observed and selected Th1s 
acllv1ty 1s rescumg tradJtJonal vanelles Smce the tnals for the part1c1patory evaluatwn of nce 
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vanettes were losl dunng lhe ftrsl semesler lhey lnals were sowed agam and wtll soon be ready 
for evalualwn and harveslmg However m lhe early resulls sorne promtsmg ytelds were 
reported The mam cnlenons for 1he producers m order of pnonty are precoctly gram shape and 
produclwn A molonzed huller prototype was evalualed and fatled by commumttes A second 
prololype has been produced and ts bemg evaluated A survey lo undersland lhe preference of the 
nce producers and consumers ts bemg made by the women assoctatwn network Mundo Afro 
Due to lhe htgh ramfall low ltghl and sahntly condtttons of lhe area addttwnal breedmg efforls 
have begun lhat largets lhese condtttons 

IntroductJon 

Few years ago due to development proJecls of otl palm lree coconut tree productton and 
loggmg lhe communtttes of lhe pactftc coasl of lhe Colombtan Cauca Departmenl thetr 
lradtttonal productton of nce declmed These development proJecls have had ltmtled success 
becau~e of a drasttc decrease m the coconul pnce and dtsease of the otl palm trees As a 
consequence there ts a growmg demand for the tmportanl food crops In areas such as 1he 
Ttmbtqut nver slrands so ltttle nce was grown lhat the town of Guapt tmported 720 tones of 
whtle nce per annum The resource poor rural communtly had even less access lo lhe baste 
commodtly nce For food secunty ti ts urgenl lo reacttvate the nce crop on the Pactftc Cost of 
Colombta 

The Nattonal Programs for Transfer of Technology (Spantsh acronym PRONATTA) a maJor 
Colombtan orgamzatton lhal ts workmg for lhe developmenl of the pactfic coast regwn of 
Colombta lt has provtded three years financtal support for lhe reacttvatton of the nce crop m thts 
regwn 

The tmmedtale obJecttve t~ the productton of enough nce thal the rural commumttes are self 
sufftctenl for thts baste food stable Then nesl objecttve ts lhe productton of enough nce lo 
supply lhe regwnal markets lhereby make both lhe farmers and consumers better off The ftrsl 
step ts lo reacttvatton lhe productton but supplymg commerctal seed lo the resource poor 
farmers The nexl slep lo selecl better vaneltes etther lhrough the rescue the lradtltonal vanettes 
or lhrough the mtroductton of addttton dtverstty Thts ts bemg done m a parttctpalory manner 
Bestdes lhe farmer parttctpatton m lhe selectton of nce vanettes thetr needs ~uch as low cosl 
small scale equtpment for the dry and hullmg of nce are bemg gtven pnonty lf successful lhe 
commumly has more economtc vtabthty and thts proJect wtll be expanded to stmtlar types of 
are as 
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Matenals and Methods 

• Rice Crop ReactivatJon on the Timbiqm River Strands 

Sorne fanners ha ve m memory the good comportment m tnal of the vanety Oryztca Can be 8 So 
one ton of commercml seeds of O Cartbe 8 were provtded to remtroduce nce on the Ttmbtqut 
nver strands The rectptent commumtles have to pay back to the UMATA seed bank wtth twtce 
the amount of seed provtded to them 

Participatory Rescue of Tradihonal Vanehes on the Gua pi RIVer Strands 

In June 2000 samples of the vanetles Ftan and Bnllalola were provtded by the seed bank of the 
Guapt UMA T A Thts matenal was sown and seeds from mdiVIdual plant types were selected In 
February 2001 the vartetles Chmo Grande and Chmo Chtqmto were grown m fanner ftelds on 
the Guapt nver strand and the seed was collected from dtfferent plant types The seeds of these 
plants were grown morder to rescue trad1t10n culuvars that are now part of the mtxture of these 
local vartetles 

Parhcipatory Evaluat10n of Rice Vanehes 

Ftfteen vanetles were evaluated by 5 commumtles on the Guapt nver strands and 5 commumtles 
along the Ttmbtqm nver The check vanety was Oryztca Can be 8 dunng the ftrst semester and 
FEDEARROZ 2000 was the check dunng the second semester The crop management was 
tradlllonal and orgamc wtthout the use of any chemtcals 

The tnal destgn was the collectwn wtth an mtercalated check vanety to allow an mterpretatwn 
for each locahty The dtfferent mdtvtdual tnals fonn a multt locatton destgn m complete 
randomtzed blocks The cntenons for selectwn were agronomtc tralts and the consumers 
preferences of laste and cookmg comportment 

A lowland nce recurren! populat10n PCT 6 was evaluated m fanner s ftelds for the selectwn of 
the best adapted plants Lowland vanetles wtth sahmty tolerance were crossed wtth the best 
matenals from the PCT 6 populauon to fonn an adapted recurrent populatwn for the Pactftca 
coast regton of Colombia 
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Parhc1patory R1ce Huller Evaluahon 

An Engelberg type nce huller plan from IRRI was provtded to the Metahca Metropolitana to 
make prototypes These prototypes are to be evaluated by commumtles 

Parhc1patory Survey on the TradJhonal Produchon of Rtce 

Wtth the women assoctatlon network Mundo Afro a survey ts bemg carrymg to better understand 
the tradttwnal nce management practlces and the consumer preferences 

Results and Dtscusston 

Rtce Crop Reachvahon on the Ttmbtqut Rtver Strands 

Dunng the ftr~t semester commerctal seeds of the vanety Oryztca Canbe 8 were dtstnbuted 
through commumty orgamzatwn m the Ttmbtqm nver strands Most of the ftelds m the area 
were flooded m May and all of the mtroduced matenals were destroyed The dtsaster affected not 
only the proJect Three thousands people were dtsaster vtcttms and natlonal food help was made 
avaJlable Dunng the second semester 50 nce ftelds were grown by the College of Agnculture 
of Santa Rosa the Pnmary School of Puerto Luz and women assoctatlons of the Matomba y 
Guasa network Thts semester the fields are m good shape and normal nce productwn ts 
expected 

Parhctpatory Rescue of Tradthonal Vanehes on the Guapt Rtver Strands 

From the 4 tradttlonal vanetles Ftan Bnllalola Chmo Grande and Chmo Chtqmto more than 
20 dtfferent types of nce were observed Thts mdtcates that these vanetles were a mixture of 
tradttlonal lmes To rescue these lost tradttlonal culttvars seeds were collected from mdtvtdual 
plants of each plant type that was observed m the fields These dtfferent lmes are now bemg 
grown multlphed and evaluated as a source of local matenals that <~re <id<ipted to the condlliOns 
of the Pactfic coast 

Parhctpatory Evaluahon of Rtce Vanehes 

Dunng the ftr~t semester lots of tnals were destroyed by the mundatwn dtsaster of May mamly 
along the Ttmbtqm nver So the tnals were sowed agam On the Guapt nver strands nce ftelds 
extst so the btrd pressure was not too strong Sorne of the vanettes are not yet harvested 
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however the best observed producllon ts 4 5 tlha whtch was good compared wtth the ytelds that 
are normal usmg these croppmg condttwns The mam cntenons for the producers were m rank 
precoctty gram shape then productton It appears that the best adapted matenals are the 
tradtllonal vanelles 

There ts currently ltttle nce producllon m the Ttmbtqut nver strands and pressure by btrds 
feedmg on the crop prevented the tabulatton of accurate productwn data The producers spent 
thetr ltmtted resources exclustvely for the new productwn ftelds and tgnored tendmg to the 
parttctpatory tnals Dunng the next semesters these tnals wtll be done m the same the 
productton flelds and more efforts are needed to have the farmer s adopt these parttctpatory 
tnals The best adapted vaneues at the early stage are the tradttlonal ones 

Due to the lack of ltght and saltmty problem the lowland nce recurren! populallon PCT 6 
performed poorly and ts clearly not adapted for thts area Nevertheless a few plants of thts 
populatwn were sallsfactory and wtll be recombmated to make the next generatwn recurren! 
populatwn and then ftxed ltnes wtll be selected to produce the advanced lmes (see Output 1) 

PartJctpatory Rtce HuJier EvaluatJon 

A prototype huller wtth a gasohne engme was made by the Metaltca Metropolitana and evaluated 
m severa) commumtles The huller dtd not functwn well m the ram forest condttlons where the 
seeds stay very wet Much of the gram shattered and the moter become hot too qutckly A second 
prototype has been made and ts ready to be evaluated These commumlles al so need better ways 
of drymg the gram and wtll be part of the development of small mexpenstve machmery to atd 
small resource poor farmers 

PartJctpatory lnqmry on the TradttJonal ProductJon of Rtce 

To better understand the commumty and thetr preference as nce producers and consumers a 
survey ts bemg carned out by the women assoctattOn network Mundo Afro The results wtll be 
used for the onentallon of the collaboratlve tnals and the breedmg program for producers and 
consumers 

PerspectJves 

The nce proJeCt for the Pactftc coast regwn of Colombta on the Ttmbtqut nver strands has 
proven to be a challenge Seed producllon ts expectt>d to mcrease as a result of the UMA T A seed 
bank system More or less 20 dtfferent types of plants are m way of ftxatwn and thts wtll allow 
the recovery of lost tradttlonal nce vanelles Evaluate of hullers mcludmg mexpenstve two pass 
hullers from Chma ts m progress 
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38 CIA T - FLAR Collaboratlon 

CIA T m cooperatwn w1th other FLAR rnernbers prov1des Irnportant resources to nce research 
m the regwn Most 1rnportantly these resources rernam as mtemational pubhc goods Needless 
to say sorne of FLAR s outputs are restncted m nature and are avmlable to mstltutlons m 
rnernber countnes However there are severa! actiVIties that rernam pubhc and rece1ve close 
~upport frorn CIAT s nce proJeCt staff They mclude the rnamtenance of the Workmg Collectwn 
( or gerrnplasrn bank) the mterchange of eh te nce germplasrn through INGER LAC nursenes 
the prov1s10n of ~pec1f1c serv1ces m the charactenzatwn of !mes and vanet1es and actiVIties 
related to mformatlon d1ssernmatlon and trammg of scientists throughout the regwn 

Th1s year the workmg collectwn went frorn 1742 to 1987 entne~ wh1ch are kept under spec1al 
conditiOns for long term ~torage thanks to a recent rernodehng of the storage faclluy at CIAT 
These entnes are cornrnerc1al vanetles as well as mterestmg !mes for 1rngated and upland nce 
wh1ch are thoroughly charactenzed for a nurnber of relevant tralt~ such as res1stance to nce 
blast nce Hop Blanca VIrus Sogata planthoppers cold tolerance and severa! quahty 
charactenstlcs (both rn•llmg and consurnptlon tralts) 

INGER LAC The rnam source of rnatenal for the INGER LAC nursenes 1s IRRI (INGER 
global) FLAR d1stnbutes the nursenes under the narne of VIO AL ( observat•on nursenes for 
Latm Arnenca) Th1s year VIOAL 2000 cons1stmg of 60 entnes went to 9 countnes m the 
regwn and four of thern (Ecuador Paraguay Dorn1mcan Repubhc and El Salvador) are non 
FLAR rnernbers The VIOFLAR 2001 was conformed by 54 entnes that carne frorn INGER 
global (28 of thern) Peru (5 entnes) Cuba (2 entnes) CIAT (14 entnes) and older VIOALs (5 
entnes) For the VIOAL 2002 we have 70 entnes frorn Ecuador plus the accesswns frorn IRRI 
CIA T and CIRAD INGER rernams a pnrne rnechamsrn for germplasrn mterchange m the 
regwn For countnes outs1de FLAR rnernbersh1p 1s the rnam source of fore1gn germplasrn CIA T 
and FLAR s role m rnamtammg th1s serv1ce m cooperatwn w1th IRRI 1s seen as a strateg•c 
activity 

Other actiVItles were the charactenzatwn of !mes relate to RHBV Sogata quahty and blast 
Between the second sernester of 1998 and the first sernester of 2001 o ver 20 000 FLAR !mes 
were tested for nce HoJa Blanca virus Over 21 000 !mes were tested for quahty (wh1te belly 
gram appearance and length arnylose content) Half of those !mes are frorn CIAT s breedmg 
prograrn and the rest are frorn FLAR FEDEARROZ ICA and entnes frorn severa! countnes In 
Santa Rosa a total FLAR planted a total of 5 145 !mes for evaluatwn The statlon 1s a strateg1c 
hot spot for blast In add1t10n to that 12 progemtors for the cold breedmg prograrn were 
charactenzed at CIA T 
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OUTPUT 3 ENHANCING REGIONAL RICE RESEARCH CAPACITIES ANO 
PRIORITIZING NEEDS WITH EMPHASIS ON THE SMALL FARMERS 

3C Cooperators Trammg and Informatlon 

• Cooperators 

Latm Amenca and the Canbbean 

FLAR 

Lms R Sanmt Executtve Dtrector 
Peter R Jennmgs Consultant 
Edward Pul ver Consultan! 
Carlos Bruzzone Consultan! 
Lms Eduardo Berna Research Assocmte 
Manbel Cruz Research Asststant 

Argentma 
Marta Ntcosm Umverstty of Tucuman 
Alberto Vtllegas Umverstty of Tucuman 
Juan Eduardo Marasst Umverstty of La Plata 
Alfonso Vtdal Umverstty of La Plata 
Alberto Ltvore INT A 

Bolivia 
Roger Taboada CIAT Santa Cruz de la Sterra 
Jorge Rene Guzman CIAT Santa Cruz de la Sierra 

Brazii 
Elc10 Perpetuo Gmmaraes EMBRAPA Rice and Beans Center G01ama 

Chile 
Santmgo Hemmz INIA Qmlamapu Chillan 
Roberto Al varado INIA Qmlamapu Chtllan 

Colombia 
Hemando Delgado CORPOICA La Ltbertad Meta 
Edgar Corredor FEDEARROZ Saldana Tohma 
Luts Reyes FEDEARROZ Saldana Tohma 
Javter Osono Umverstty of Tohma 
Mtguel Dtago FEDEARROZ Santafe de Bogota 
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Patncia Guzman FEDEARROZ !bague 
Roberto Simmonds Cultivos y Semillas El Aceituno Ltda !bague 
Nestor Ramos Semi llano Ltda VIIIavicencw Meta 

Cuba 
Lms Aleman Instituto de InvestigaciOnes del Arroz (IIA) 
Rene Perez Polanco Instituto de InvestigaciOnes del Arroz (IIA) 
Ruben Alfonso Instituto de InvestigaciOnes del Arroz (IIA) 
Alfredo Gutierrez VIcemmistro de Agncultura Mmisteno de Agncultura 
Nelson Gonzalez Director UAIA Mmisteno de Agncultura 
Jorge Hemandez Instituto Investigaciones del Arroz (IIA) 

Dormmcan Repubhc 
Cesar Moquete Instituto Domimcano InvestigaciOnes Agncolas y Forestales (IDIAF) 

Uruguay 
Fernando Perez de VIda INIA Tremta y Tres (curren ti y m the U S) 
Pedro Blanco INIA 

USA 
Susan R McCouch Comell Umversity USA 
James Oard Loms~ana S tate Umverslty USA 
Anna McCiung Texas A&M Umverslty USA 
Robert S Zeigler Kansas State UmversJty USA 

Venezuela 
Gehs Torrealba Instituto Nacwnal de Investigacwn Agncola (INIA former FONAIAP) 
Carlos Gamboa DANAC Foundation 
Ramiro de la Cruz DANAC Foundauon 
Eduardo Graterol DANAC Foundatwn (currently m the U S) 
Edgar Torres FUNDARROZ 

Afnca 
Monty Jones W ARDA- Cote d lvmre­
Gabnel Aluko PhD student W ARDA 

Asia 
IRRI - The Phihppmes -
Gurdev S Khush 
Peter Kemdge CIA T Asian Office LAOS 

Chma 
Tao Dayun Food Crop Research lnstitute of the Yunnan Academy of Agncultural Sciences 
(FCRI 1 Y AAS- Yunnan Provmce) 
Lee Ka~ M Jan Chmese Academy of Tropical Agncultural Sciences (CATAS Haman Provmce) 
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Euro pe 
Guy Clement CIRAD- France 
Otiles Trouche CIRAD- France 
Dtdter Tharreau CIRAD France 
Emmanuel Gmderdom CIRAD France 
Alam Ghesqmere IRD 

Trammg 

• Thests 

Johanna PatriCia Vtllamtzar Rmz Tests de Pregrado 4 Identtftcacwn de cambiOs genettcos 
en el hongo Pyrtcularta gnsea Sacc Asociados a la perdtda de reststencta en 
lineas/variedades de arroz Orvza satlva Presidente de Tests Dr Fernando Correa 
Umverstdad Nacwnal Secctonal Palmtra Mayo 2001 Mayo 2002 

2 Sandra PatriCia Valdez Gutterrez Tests de Pregrado Caracterizacwn de gerrnoplasma de 
arroz y poblacwnes derivadas de cruces mterespectficos a la resistencia al vtrus de la necrosis 
rayada (RSNV) Presidente de Tests Dr Fernando Correa Umverstdad Nacwnal Secctonal 
Palmtra Abrii2001 Abril 2002 

3 Johanna Echeverry Rtco Tests de Pregrado Caracterizacton de gerrnoplasma de arroz y 
poblaciones derivadas de cruces mterespectftcos a la resistencia al vtrus de la necrosis rayada 
(RSNV) Presidente de Tests Dr Fernando Correa Umverstdad Nacwnal Seccwnal Palmtra 
Abril 2001 Abril 2002 

4 Gustavo Adolfo Prado Patmo Tests de Maestria EstudiO de la herencia de la resistencia de 
las !meas tsogemcas (C 1 O 1 LAC y C 1 O 1 A51) y uso de marcadores moleculares asociados a 
la resistencia Prestdente de Tests Dr Fernando Correa Umverstdad Nacwnal Seccwnal 
Palmtra Enero 2001 Dtctembre 2002 

5 Fab10 Escobar RtoJa Tests de Maestria Caracterizacwn de la estructura geneuca del 
patogeno del arroz Rhtzoctoma so/am Presidente de Tests Dr Fernando Correa 
Umverstdad Nacional Secctonal Palmtra Enero 1999 Juho 2002 

6 Yohma Ospma Tests de Maestria Evaluatton of geneuc progress for actd sotl tolerance and 
dtfferent agronomtc characteristlcs Presidente de Tests Dr Marc Chatel Umverstdad 
Nacwnal Secctonal Palmira Abril 1998 Abril 2002 

7 Johanna Paola Dossman Tests de Maestria Evaluacwn del progreso genettco obtemdo por 
un ctclo de seleccton recurrente en la poblacton PCT 6 para la resistencia durable a 
Pynculana gnsea Sacc Y otros caracteres agronomtcos Presidente de Tests Dr Mtchel 
Vales Umverstdad Nacwnal Seccwnal Palmtra Enero 2001 Dtctembre 2003 

8 Sandra Mtlena Salazar Erazo Tests de Maestna EstudiO genetlco a traves de cruzamientos 
dtalehcos para resistencia al frio de variedades de arroz para condiciones de ladera 
Prestdente de Tests Dr Mtchel Vales Enero 2001 Diciembre 2003 

9 Jmme Arias Pasanua de novena (fmanciamtento opc10n colombia) Tests de Pregrado 
Reacttvacwn del cultivo de arroz en los mumctptos de Guapt y Ttmbtqut en la costa 
Caucana (Proyecto PRONATTA Convocatoria 2000) Presidente de Tests Dr Mtchel Vales 
Umverstdad de Caldas (Director del Grupo de Invesugacwn Dr Bernardo Rtvera) Agosto 
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2001 Noviembre 2001 
10 Peng Xu Capacttacton (ftnanctamtento CIRAD Dest) como parte de la asesona del proyecto 

colaborattvo CIAT CIRAD a la Y AAS dentro del Proyecto Aventis lnstitut de france Tests 
de Maestna Metodos de seleccton para la reststencta durable a la Pynculana del Arroz 
Aphcacton en seleccton recurrente para el arroz de laderas Presidente de Tests Dr Mtchel 
Vales Yunnan Academy of Agnculture Sctences (YAAS) R P Chtna R P Chma Mayo 15 
Jumo 16 2001 

11 Paola Rutz Tests de Pregrado Caractenzacton fenotiptca y genotiptca de los dtferentes 
ttpos de arroz roJo (Onza saflva) del Departamento del Tohma Ecottpos de granos largos y 
delgados con o stn artsta Presidente de Tests Dra Zatda Lenttnl Umverstdad Javenana de 
Bogota Juho 2001 Juho 2002 

12 Juan Jose Vasquez Tests de Pregrado Caractenzacton fenotiptca y molecular de arroz roJo 
procedente del Tohma Ecotipos de granos cortos y anchos con o stn artsta Presidente de 
Tests Dra Zmda Lentmt Umverstdad de los Andes Bogota Agosto 2001 Agosto 2002 

13 Momea Tnana Tests de Maestna Molecular markers assoctated wtth reststance to 
Sagotodes oryz¡co/a M Prestdente de Tests Dr Cesar Martmez Umverstdad Nacwnal 
Seccwnal Palmtra Febrero 2001 Juho 2003 

14 Stlvto James Carabah Tests de Maestna Genetic gams m nce gram quahty obtatned 
through severa! cycles of recurren! selectwn Presidente de Tests Dr Cesar Martmez 
Umverstdad Nacwnal Secctonal Palmtra Febrero 2000 Dtctembre 2002 

15 Jose AleJandro Vargas (FEDEARROZ) Tests de Maestna Evaluatwn of two breedmg 
schemes m breedmg for yteld potential Prestdente de Tests Dr Cesar Martmez Umverstdad 
Nactonal Secctonal Palmtra Febrero 2001 Febrero 2003 

16 Andrea Mana Garavtto E Tests de Maestna Evaluacwn del mecamsmo de reststencta vtral 
de una planta transgemca de arroz Presidente de Tests Dr Lee Calvert Umverstdad de los 
Andes de Bogota Juho 2001 Juho 2002 

• Trammg Courses 

Ftrst Intemattonal Congress of Management Rtce Cultivar In Dommtcan Repubhc 6 1 O 
August 2001 Rafael Meneses and Gustavo Prado 

2 Management Rtce Cultivar m Vtllavtcencw Meta 17 19 October 2001 Parttctpants 
CIA T CORPOICA and FEDEARROZ 

3 Natwnal Breeder s Course Held m Sancti Spmtus Cuba June 18 2001 

• Formabon and Trammg 

The Agnculture College of Santa Rosa the Pnmary School of Puerto Luz and the Pnmary 
School of La Magdalena Ttmbtqut Cauca are parttctpants of thts proJect Commerctal seeds 
are provtded to these mstllutions to remtroduce the nce crop on the Ttmbtqut strands They 
use the nce production for the chtldren formation and for obtatntng resource~ 

2 The first workshop on parttctpative development of nce for htllstdes contnbuted through 
mformation shanng to the farmer formation for nce croppmg management The 191

h and 
201

h September 2001 workshop for the Caucan rural commumttes too k place In the CETEC 
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Oreen School Santander de Qmhchao Cauca Colombia 
3 The 7'h November 2001 workshop for Val/unas rural commumtles took place m the Yumbo 

UMATA Valle Colombia 

• Workshops 

Fust Intematlonal Upland R1ce Workshop VIllavicenciO Meta - Colombia August 7 11 
2000 Orgamzed by CIRAD/CIAT Colombia and EMBRAPA Braz1l 
Participants 
Argentma (Umvers1dad Nacional de Tucuman) 
Bohv1a (CIAT Santa Cruz) 
Braz1l (EMBRAPA Arroz e FeiJao) 
Colombia (CORPOICA CENICAFE and Umvers1ty of Tohma) 
Cuba (IIA) 
Venezuela (INIA) 

2 Second Intematlonal Upland Rice Workshop To be held m Santa Cruz de la Sierra Bolivia 
m February 2002 Orgamzat10n dunng 2001 by CIAT Santa Cruz Bolivia the Japanese 
Cooperat10n JICA Bohv1a CIRAD/CIAR Colombia and EMBRAPA Braz1l 

3 I Taller de Selecc10n Recurrente en Arroz de Riego en Venezuela To be held m October 29 
31 2001 Orgamzatlon Fundac10n DANAC Venezuela CIAT/CIRAD and EMBRAPA 

Informabon 

• Refereed Pubhcations 

Quantltatlve tra1t loc1 for y1eld and y1eld components m an Oryza satlva by Oryza rufipogon 
BC F populat10n evaluated m an upland env1ronment P Moneada C P Martmez J 
Borrero M Chatel H Gauch Jr E Gmmaraes J Tohme S R McCouch Theor Appl 
Genet (2001) 102 41-52 

2 Prado G A Correa VIctona F J Ancapa G Tulande E y Escobar F 2000 Hipotesis de 
la exclus10n de linaJeS una alternativa para el desarrollo de cultivares de arroz con resistencia 
durable a Pyncu/ana gnsea en Colombia Fitopatologia Colombiana 23 (2) 54 58 

3 Prado G A Correa VIstona F J and Ancapa M G 2000 EstudiOs sobre la fertilidad y 
compatibilidad sexual del hongo Pynculana gnsea y sus ImplicaciOnes en el desarrollo de 
resistencia durable en vanedades de arroz para Colombia Fitopatolog¡a Colombiana 24(2) 
55 60 

4 Seebold K W Datnoff LE Correa V1ctona F J Kucharek T A and Snyder G H 2000 
Effect of s1hcon rate and host res1stance on blast scald and y1eld of upland nce Plant 
D1sease 84 871 876 

5 Seebold K W Kucharek T A Datnoff LE Correa V1ctona F J and Marchett1 M A 
2000 The mfluence of s1hcon on components of res1stance to blast m susceptible partially 
res1stant and res1stant cult1vars of nce Phytopathology 91 63 69 
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• Book Chapters 

Correa V1ctona F J Datnoff LE Okada K Fnesen D K Sdnz J 1 dnd Snyder G H 2001 
Effects of s1hcon fertlhzatlon on d1sease development and y1elds of nce m Colombia p 313 322 
In S1hcon m Agnculture Ed L E Datnoff G H Snyder and G H Komdorfer Elsev1er 
Sc1ence 

• Other Pubhcahons 

El Arroz de secano nueva opc10n de cultivo ahment1c10 para la regwn cafetera de Colombia 
Evaluacwn agronom1ca del s1stema de producc1on de Arroz mtercalado con s1embras nuevas 
de cafe Argem1ro M1guel Moreno Berrocal and Chatel M 

2 Eastem European R1ce Genetlc Resources for R1ce breedmg 1mprovement m France 
Clement Guy Chatel Marc Chantereau Jacques Feyt Henn Louvel D Seguy Jean Lou1s 
and Tharreau D1d1er 

3 Composlte Populatwn Breedmg usmg Recurren! Selectlon m Ch1le Santiago IgnaciO 
Hema1z L Jose Roberto Al varado A Marc Chatel and Yohma Ospma 

4 Proceedmgs of the lntematwnal R1ce Symposmm on Genetlc Resources and Breedmg for 
Euro pe and Temperate Area Krasnodar Russ1an Federatlon 3 8 September 2001 
(Submltted for Pubhcatwn) 

5 Ze1gler R S and Correa V1ctona F J 2000 Applymg Magnaporthe gnsea populatlon 
analyses for durable nce blast res1stance In Pathogen populatwn genetlcs and breedmg for 
d1~ease res1stance APSnet feature July 1 July 31 2000 

6 Peever T L Ze1gler R S Dorrance A E Correa V1ctona F J and Martm S 2000 
Pathogen populatwn genetlcs and breedmg for d1sease res1stance APSnet feature July 1 July 
31 2000 

• IP 4 Web Page Development 

Wlth support of the Commumcat1ons Umt IP4 has worked on the development of our web page 
Th1s 1s bemg done usmg the new page format des1gned to g1ve CIA T a umform web page 
outlook The nce proJect web page mcludes mformat1on on our products serv1ces and 
mformat10n 1mportant to those m vol ve m both research or m nce product10n lt also contams the 
last three annual reports m Enghsh and SpaPish posters and gmdebooks all m PDF formal that 
these can be downloaded by mterested part1es 

Sorne of the products offered mclude catalogs on 1mproved germplasm the FLAR!CIA T 
Germplasm Bank mformatlon on the latest pubhcatwns and an mteractlve map of Latm Amenca 
w1th the released vanetles by country that hsts the1r mam vanetal charactenstlcs 

On access the page shows the lates! News regardmg events advances and relevan! 
developments m nce research at CIAT and the world 
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Sull under constructton IS a database of donors and contact; of collaborators which wiii be 
fimshed m 2001 

Future Challenges 

» Gallery of nce pictures by themes 
» An onlme system to request specific services provided by IP4 such as analyses of samples for 

Rice HoJa Blanca VIrus testmg for resistance to Tagosodes RHBV nce blast and seeds for 
quahty 

» List of Rice Pubhcattons by proJect personnel dunng the past decade (m a JOint effort wllh 
CIAT s hbrary) 

» A complete database of the nce economy for LAC countnes (Jomtly of the lmpact Umt of 
CIAT) 

CIO/CIA T Meetmg 

Every two years takes place a meeting between CIA T and the 3 French Research lnsututions 
CIRAD IRD (former ORSTOM) and INRA This IS the forum for reviewmg on gomg and 
new proJects 

2 The on gomg proJeCt on Populauon Breedmg was confirmed for two more years 
3 A new collaborauve proJect on Participatory Rice and Sorghum Breedmg between CIRAD 

and CIA T was approved CIRAD WIII outpost a semor breeder and CIA T WIII fmance the 
operational funds Follow up of the proJect IS to be done previous the end of 2001 for 
effecuve startmg early 2002 
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ANNEX 1 PRINCIPAL ANO SUPPORT STAFF 

Prmcipal Staff 

Lee Calvert V¡ro/og1st 
Marc Chatel P/ant Breeder CIRAD CA 
Fernando Correa, Plant Patho/og1st and Pro1ect Leader 
ZaJda Lentim Plant Breeder 
Cesar P Martmez Plant Breeder 
Rafael Meneses V1s1tmg Sc1ent1st 11 A Cuba 
Lms R Sanmt Agricultura/ Econom!St Econom1st and FLAR Execut1ve D1rector 
Michel Vales Plant PathologiSt CIRAD CA 

Support Staff 

• Assoc1ates and Ass1stants 
JaJme Borrero Genet1cs 
Diana Delgado Genet1cs (VVC) 
Mynam Cnstma Duque Bwmetry 
Joanna Paola Dossman, Pathology CIRAD CA 
Fab10 Escobar Bwtechnology 
!van Lozano V1rology 
Mana Nelly Medma, Leader 
Adnana Mora Genetlcs/Anther Culture 
Y ohma Ospma, Genet1cs 
Gustavo Prado Patho/ogy 
James Silva, Bwmetry 
Momea Tnana, Entomology 
Edgar Tulande Patho/ogy (VVC) * 

• VIsitmg Scientist 
Edgar Torres DANAC Venezuela 
Lms Antoruo Reyes Fedearroz Colombia 

• Secretanes 

Ehzabeth Hurtado Leader 
Lihana Escobar Leader 
Mana Claudia Garzon Leader 

• TechmcJans and F1eld Support 

Fehx Acosta Genet1cs 
Tomas Agrono Genetlcs/Anther Culture 
Mana G1rlena Ancapa Pathology 
Jesus E Avila Physwlogy (VVC) 
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Ja1ro Barona Leader 
S1lvw James Carabah Genetzcs 
Efren A Córdoba Entomology 
Gerardo A Delgado Genetzcs 
Jmme Gallego Genetzcs 
Ja1ro Garc1a, Bzotechno/ogy 
V1ctor Hugo Lozano Genetzcs (VVC) 
Mana C Martmez Vzrology 
Maunc10 Morales Entomology 
Rodngo Moran Entomology 
Carlos Ordoñez Genetzcs 
Franc1sco Ortega, Physzo/ogy/Genetzcs 
Francisco Rodnguez Genetzcs (VVC) 
Lms H Rosero Patho/ogy 
Sory H Sanchez Genetzcs 
Pedro Nel VeJez Genetzcs 
Darnel Zarnbrano Pathology 

* Death dunng 2001 
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Colombia 
Mm1steno de Agncultura MADR 
PRONATTA 

France 
Agropohs 
CIRAD CA 
CIRAD Des1 
Fondat!on Aventls Inst1tut de France 
Mm1stry ofForemg Affa1rs 

Germany 
BMZ 

USA 
Rockefeller Foundatlon 
USDA 

Venezuela 
Centro Tecnolog¡co Polar 

Annex 2 Donors 
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