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RICE PROGRAM ANNUAL REPORT 1995 

lntroduct1on and Overv1ew 

Dunng 1995 the Rtce Program had 4 7 core semor staff postttons two breeders (lowlands 
and upland) one pathologtst o 7 of the phystologtst and the leader (an agncultural 
economtst) wtth a ttme share of a 50% as Dtrector of the newly created Lattn Amencan 
Fund for lrngated Rtce FLAR There ts a Sentor Research Fellow tn entomology on a 
50 1 basts (shared wtth the Troptcal Forages Program) Two Assoctate members of the 
sentor staff also collaborate wtth us a breeder from GIRAD CA (France) anda phystologtst 
from JIRCAS (Japan) The team ts completad wtth support from a Semor Research 
Fellow from the Btotechnology Umt (that works full ttme tn rtce genettcs) a Sentor Staff 1n 
that same umt (that devotes 20 lo of hts t1me to nce) anda Semor Staff tn the Vtrology Umt 
(that shares 40°/ of hts ttme wtlh the Rtce Program) In addttton to thts FLAR has also 
appotnted an trngated nce breeder located at CIAT s headquarters 

RtcE PROGRAM AGENDA 

The pro¡ect approach contlnues to be the framework for planmng and evaluatlng work 
progress lnteractton wtth SRG s has been strengthened as those groups became more 
dynamtc tn 1995 

Currently the Rtce Program has seven pro¡ect areas as follows 

1 lmproved lowland nce gene pools 
2 lmproved upland nce gene pools 
3 Durable blast reststance 
4 Rtce tratts to enhance weed control 
5 Dtverstfted Tagosodes/Ho¡a Blanca reststance 
6 lntegrated pestlcrop management 
7 lnformatton and technology shanng 

OvERVtEw oF 1995 

Thts was a year of transttton The crealion of FLAR 1n January 1995 opened up a new 
model of collaboratton for nce research tn Lattn Amenca The program collaborated wtth 
FLAR and INGER LAG to organtze a nce breeders workshop that was the ftrst ever to 
tnclude germplasm from both troptcal and trngated ecosystems For the ftrst ttme also 
parttctpants were asked to pay thetr own costs Yet more !han 80 sctenttsls representtng 
20 countnes attended the workshop 

Thts was al so !he last year for core fundtng of the acttvtltes under tmproved lowland nce 
gene pools an acttvtty that has been remarkably successful throughout the three 
decades of nce research al CIAT Thts year tnnovattons tn lhts area tnclude !he tmltal 
research on matenals of the new plan! type brought from IRRI the tncorporatton of back 
crosses Wtlh O off¡c¡ana/Js also from IRRI that are reststant lo Tagosodes oryz1colus and 
the work wtlh wtld nce crosses (O ruf1pogon O glabemma andO barthu) wtlh O sat1va 
that tncludes upland matenals as well 



cond1t10ns In upland nce our strategy Wlll concentrate 1n contnbut~ng to CIAT s actlv1t1es 
to develop v1able and prof1table agropastoral alternat1ves for the trop1callowlands and to a 
lesser extent for the hllls1des of tropical Amenca 

In the short term however the emphas1s should be on ensunng a smooth trans1t1on to 
devolve sorne curren! lowland nce research to FLAR avo1d1ng the prematura 
abandonment of research hnes and the ensUing detenoratlon of the curren! 1nstalled 
capac1ty The strategy should concentrate on facll1tatlng a smooth evolut1on and 
consohdatiOn of the pnvate sector 1nlt1at1ves as they assume partlal respons1b1hty and 
control of the reg1onal nce research agenda IRRI has agreed to collaborate Wlth us 1n the 
development of the new plan! type The1r contnbut1on Wlll be bas1c to cont1nue the R1ce 
Program 1nvolvement 1n lowland nce research dunng 1996 and ma~nta1n our h1ghly 
quahf1ed staff1ng on board Spec1f1c add111onal pnvate sector support wlll be necessary to 
round up the needed operatiOnal resources as CIAT has agreed to place flex1b1hty funds to 
cover lhe salary of the Semor Staff lowland nce breeder for 1996 

Paradox1cally lhe new aulonomy of natiOnal systems 1s plac~ng strong demands on CIAT s 
spec1ahzed tra1mng serv1ces as we cont1nue to bUIId up the research capac1ty of na11onal 
programs CollaboratiOn w1th olher 1nternat1onal centers and umvers111es wlll confin u e lo 
be cruc1al to ma~nta1n our capac1ty to respond lo demands 1n th1s area 

Th1s annual report prov1des a deta1led account of our act1V1t1es 1n each of the pro¡ect areasr 
that were already ment1oned We hope that th1s ~nformat1on wlll be most useful to other 
sc1ent1Sts and nce researchers as well as to other partners that share our common goal of 
do1ng relevan! work that 1s useful to mank1nd 

~J:!P 
R1ce Program Leader 

IV 
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Executrve Summary 

PROJECT 1 IMPROVED LOWLAND RICE GENE POOLS 

A Actrvlty RL01 Germplasm Development Research actrvrtres carned out rn thrs 
proJect are summanzed 1n four categones development of 1mproved germplasm for the 
trop1callowlands and the temperate reg1on populat1on 1mprovement for rrngated nce 
1dentlflcat1on and ut111zat1on of genes from w1ld germplasm and evaluatlonlcharactenzatlon 
of the IRRI new plant type The f1rst two act1V1t1es are conducted 1n collaborat1on w1th 
partners 1n the NARS advanced breedrng llnes were made ava1lable to them e1ther 
d1rectly or through INGER A Breeder s Workshop was held at CIAT rn August part1c1pants 
had the opportumty to select by themselves from nearly 3 000 breed1ng llnes Through 
recurren! select1on scheme four new populat1ons (PCT 6 7 B and GPCT 9) were formad 
and charactenzed through the f1rst recomb1natron cycle these populat1ons are already 
bemg made ava1lable to sorne NARS A collaborat1ve breedrng project w1th severa! 
1nst1tUtlons a1med at the 1dentlflcat1on and transfernng of QTLs affectrng grarn y1eld and 
quallty from wlld nce spec1es to 1mproved Lat1n Amanean cult1vars was 1mt1ated 
Prellm1nary evaluat1ons of the 1 RRI new plant type 1nd1cated that a) 1t possesses severa! 
des1rable agronom1c and phys1olog1cal tra1ts b) 1t offers good opportunrt1es for the 
select1on of llnes surted to d1verse cond1t1ons and e) represents a good source to 
enhance our reg1onally adaptad 1rngated germplasm 

B Actlvlty RL01 Genetrc Generatlon of an Indica Gene Pool wlth Hlgh 
Response to Anther Culture Th1s study a1ms to rntrogress the h1gh AC response from 
Japomcas 1nto 1nd1cas to fac11ltate the appllcat1on of AC as a rout1ne too! for breed1ng 1nd1ca 
nce A d1allel study rnd1cates that the low AC response shows 1ncomplete dom1nance 
respect to the h1gh response No maternal effects are noted Generat1on mean analyses 
suggest that the callus 1nduct1on and the green plant regenerat1on are controlled by a 
s1mple genet1c system (olygogemc) of d1fferent sets of genes Add1t1ve and dom1nant 
effects are h1ghly s1gmf1cant for callus mduct1on whereas JUSI add1t1ve effects are 
stat1st1cally s1gmf1cant for green plant regenerat1on The co segregabon analyses 1nd1cate 
that callus 1nduct1on and green plant regenera!IOn segregate 1ndependently from the gra1n 
type S1x plants combmmg h1gh response to AC from the Japonlca paren! and long slender 
gra1ns from the 1nd1ca paren! were selected lnd1v1dual progeny plants from each selected 
llne are bemg evaluated for the1r 1n v1tro response and agronom1c charactenst1cs to select 
those 1nd1ca types Wlth h1gh response to AC Selected plants w111 be used as parents 1n 
crosses w1th plants from a recurren! selecbon populat1on to develop a genet1c d1verse 
md1ca gene pool w1th mcreased response to AC 

C Act1v1ty RL52 Transfer of R1ce Anther Culture Breedmg to Natronal 
Programs of Latm Amanea A two year proJect financed by the Rockefeller Founda!IOn 
was executed to transfer CIAT s expenence us1ng anther culture (AC} for nce breed1ng to 
vanous Nat1onal Programs of Lat1n Amanea Twenty n1ne sc1ent1Sts from 14 lnst•tut1ons 
and 1 O countnes part1c1pated 1n th1s event Alter the first workshop held at CIAT last year 
severa! Programs showed progress 1n usmg anther culture (AC} for breedmg The most 
advanced program 1s produc1ng 2 000 doubled haplo1ds (DH) per year lntegrat1on and 
cooperat1on 1s noted between the breeders and the bssue culture spec1allsts There 1s 
1nterest m exchang1ng DH matenals and strengthen1ng the sc•ent1fic collaborat1on between 
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part1c1pant Programs A manual and a v1deo summanzmg the genet1c and b1olog1cal 
aspects of anther culture Wlth a strong componen! of our expenence usmg the techmque 
m nce breedmg Wlll be ready by the end of 1995 

11 PROJECT 2 IMPROVED UPLAND RICE GENE POOLS 

A Act1v1ty RU 01 Germplasm Development Pro¡ect began 1n 1984 w1th the 
ob¡ect1ve to develop germplasm adapted to ac1d soils savannas Breedmg 1s concentrated 
m the development of hxed hnes and populat1on 1mprovement The f1rst strategy rehes on 
germplasm 1ntroduct1on paren! analys1s management of segregabng generat1ons and 
observat1onal y1eld tnals Use of populat1on 1mprovement started 1n 1993 w1th 
mtroduct1ons of gene pools and populat1on from Brazil 1n 1994 CIAT created 1ts own 
populat1on (PCT 4\0\0\1) based on the most adapted 1ntroduced matenal To support 
these lnltlatlves there are spec1al stud1es (BS and MSc theses work) on d1fferent aspects 
related to the employed strateg1es The results of the pro¡ect can be meas u red by the 
vanetal raleases m Colombia and Brazil These aspects are covered m th1s pro¡ect report 

B Activlty RU52 Mechan1sms of Acld Soll Tolerance For the sustamable 
development of trop1cal savannas the further 1mprovement of upland nce wh1ch 1s already 
the 1m portan! componen! of croppmg systems for the ecosystem 1s needed Upland nce 1s 
more toleran! lo ac1d so1is !han other usual crops requ~nng less hme apphcat1on and 
therefore most swtable for the low 1nput croppmg systems w1th httle d1sturbance lo the 
enwonment lt 1s already conf~rmed that nce has a large genotyp1c vana!IOn m terms of 
the tolerance to ac1d s011 cond1t1ons Therefore the development of mass screemng 
techmques wh1ch are more rap1d and accurate !han the on Slte screemng may greatly 
contnbute to the eff1c1ency of upland nce breedmg targellng !he ecosystems Th1s strategy 
of th1s pro¡ect 1s 1) to 1denllfy the most 1mportant soil hm1t1ng factor 2) to understand the 
phys•olog1cal mechamsms for the tolerance lo !he hm111ng factor and 3) to develop a 
screemng techmque based on the understandmg of the mechamsms of the tolerance 

111 PROJECT 3 DURABLE BLAST RESISTANCE 

A Act1v1ty RP01 Blast Pathosystem Analysls and Blast Res1stance The ma1n 
ob¡ect1ve of th1s pro¡ect dunng 1995 was to cont1nue charactenzmg severa! components m 
the nce blast pathogen system for develop1ng an effect1ve res1stance breed1ng and gene 
deployment strategy 

Only tour hneages were detected th1s year 1n the ac1d so11 savannas of the Alt1llanura ALL 
7 SRL 6 SRL 4 and ALL 1 O lsolates from these hneages are now be1ng used 1n 
greenhouse screemng for select1ng res1stance donors to be u sed m genet1c crosses by the 
upland breed1ng program Other hneages found 1n the past have apparently d1ssapeared 
from lh1s s1te 

Three new nce culttvars released m Colombta Selecta 3 20 Oryztca Canbe B and 
Oryztca Yacu 9 were h1ghly susceptible to blast DNA f1ngerpnnllng analys1s revealed 
that the ftrst cultivar was 1nfected by hneages SRL 2 SRL 4 and SRL 6 wh1ie the second 
and th1rd culttvars were tnfected by hneages SRL 4 and SRL 6 respecttvely 

Genettc hneages SRL 6 and SRL 5 were compattble wtth BO 1 and 69/ respecttvely of 
201 commerctal nce culttvars ma1nly from Lat1n Amenca Twenty tour cult1vars were 
tdenltfted wtth1n th1s group that exhtbited reststance to all blast 1solates used 1n the 
greenhouse tnoculattons and whtch also exhtblled a fteld res1stant reactton Other 23 nce 
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cutt1vars from 12 countnes exh1b1ted complementary res1tance to blast and could be used 
1n spec1f1c crossess targeted to exclude the blast pathogen populat1on 1n Colombia be1ng 
al so potentlally useful for the rest of the reg1on 

Genetlc stud1es of the control of blast 1n the h1ghly res1stant cultivar Oryz1ca Llanos 5 
suggest the presence of up to four res1stance genes to genet1c hneages SRL 1 SRL 2 
and SRL 3 three genes to SRL 4 two genes to SRL 5 and 1t was 1solate dependen! for 
genet1c hneage SRL 6 In the latter case res1stance was controlled by two genes to two 
1solates recovered pnor to 1995 and only one res1stance gene to two 1solates recovered 
dunng 1995 

A f1eld methodology used 1n a recurren! select1on pro¡ect was evaluated 1n the f1eld for the 
select1on of res1stance donors to d1fferent genet1c hneages of the blast pathogen where a 
total of 12 breed1ng hnes w1th h1gh y1eldmg capac1ty were selected and u sed m 7 4 crosses 
among themselves or w1th other nce hnes exhlbl!lnQ complementary res1stance to blast 

B Activity RP53 lncorporation of Protection to Rice Sheath Bllght through 
Genetic Transformation We are mterested 1n transformmg 1nd1ca nce w1th a barley type 
1 Rl P gene to confer 1ncreased protect1on aga1nst RhiZoctoma Such transgemcs m1ght be 
econom1cally and env1ronmentally des1rable by 1ead1ng to a reduct1on 1n the apphcatlon of 
pest1c1des A construct conta1mng the RIP gene dnven by the 358 prometer and the 355 
CaMV hph (hygromyc1n res1stance) gene as the select1ve marker are be1ng u sed The 
d1rect gene transfer ofthe RIP gene v1a the POS 1 OOOIHe system 1s bemg conducted 
us1ng 1mmature embryos or 1mmature denved callus ofthe 1nd1ca vanet1es C1ca 8 lnt1 and 
BR IRGA 409 and the upland hne CT6241 17 1 5 1 A total of 183 plants w1th hygromycm 
res1stance have been recovered Prehmmary analyses by RT PCR suggest that 7 of 
these 1 O plants are putat1ve transgemcs wh1ch conta1n and express the Rl P gene The 
mtegratlve transformat1on of these plants 1s be1ng confirmad by deta1led molecular 
analyses 

IV PROJECT 4 RICE TRAITS FOR COMPETITIVENESS 

A Activ1ty RP52 R1ce Traits for Compet1tiveness R1ce Pasture System (Tra1ts 
for Competmg with an Assoc1ated Pastura) The ob¡ect1ves of th1s work were to 1dent1fy 
morpholog•cal tr81ts of nce that breeders could use to enhance the ab1hty of th1s crop to 
compete w1th an assoc1ated spec1es Two scenanos were contemplated a) that of upland 
nce growmg 1n assoc1at1on w1th a pastura and b) that of 1rngated nce grow1ng w1th a 
weedy spec1es (EchmochJoa co/ona) The f1rst aspect relates toa key componen! for the 
susta•nable agropastoral systems be1ng developed by CIAT and the second aspect seeks 
to reduce the overuse of herb1c1des 1n the 1rngated nce ecosystem The expenments w1th 
the upland nce pastura assoc1at1ons (two seasons) showed that product1ve nce plan! 
types can be bred to compete or tolerate an 1ntersown pastura such as Brachrana 
decumbens The late onset of compet1llon favored nce over the assoc1ated pastura 
however average y1eld losses for nce growmg 1n compet111on were 60 and 18 1 for nce 
cult1vars w1th the weakest and strongest compet111ve ab1hty respect1vely Compet1t1on was 
strongly relatad to above ground hght capture where nce leal area (recordad alter 45 days 
of emergence) was the key parameter followed by llllenng wh1le he1ght showed no 
correlat1on w1th compet11iveness Genet1c stud1es for these parameters are be1ng 
conducted A Similar act1v1ty IS bemg conducted 1n Braz1l by EMBRAPAICNPAF who are 
our partners 1n th1s ODA fundad pro¡ect 
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B Act1vity RP02 Germplasm with enhanced competltlveness agamst weeds 

1 Compet1t1ve lrngated R1ce A Similar study as 1n sectiOn A was conducted w1th 
d1rect seeded (pre germ1nated) 1rngated nce Average nce y1eld reduct1on from E colana 
compet1110n was 42 1 Wilh!n a range of 25 and 62% The most compet1t1ve vanettes were 
CICA 8 Elom and CICA 9 E cotona growth recordad 60 days alter emergence 
correlated negat1vely w1th nce leal area 1ndex and tlller number (R"= O 83 and O 76 
respect¡vely) All three vane!ies were among the best yteldtng ones 10 monoculture 
These parameters were closely related to canopy hght tnterceptton Agatn he1ght was not 
closely related to compet1t1veness OUick screemng for nce competltlveness could be 
done by measunng the amount of hght reachtng the ground preferably wtth nce grow~ng 
under compettllon Esllmatton of genet1c parameters for the charactensllcs tdent1f1ed wtll 
be periormed prehm1nary results are reportad here 

2 Genotypes forWater Seeding A total of 132 hnes were screened for the1r ab1hty 
to emerge through water Pre germtnated seeds were covered by soll and put 7 cm below 
the water suriace Redox potenttal and temperatura 1n the water !ayer were 1 24m V and 
28 30 C respect1vely whtch resembled val u es recordad 1n the flood water of conventtonal 
nce crops Twenty cuii!Vars wtth more than 50 1 emergence through water were tdent1f1ed 
Nursenes have already been requested and sent to Sunnam and Cuba 

3 EMBRAPAICNPAF Stmllar as actlvllles descnbed 1n paragraph 1 but conducted 
under mo1sture stress condti!Ons 

V PROJECT 5 DIVERSIFIEDTAGOSODES/RICE HOJA BLANCA VIRUS 

A Act1vity RP03 DlversifiedTagosodes/Rtce Hoja Blanca Virus The goal of th1s 
pro¡ect 1s to reduce crop losses due to Rtce Ho¡a Blanca V1rus and Tagosodes onztcolus 
by d1verstfy1ng the reststance genes deployed agatnst them thus protec!lng aga1nst 
res1stance breakdown stabthz~ng ytelds and reduc1ng tnsect1c1de use In 1995 4 127 and 
6 029 segregat1ng and advanced nce breedtng hnes were evaluated for res1stance to 
RHBV and T onztcolus damage respect1vely The hnes evaluated were from the CIAT 
lrngated and Upland Breed1ng and R1ce Pathology Programs INGER FEDEARROZ 
COA POlCA and IRRI These evaluatiOns prov1de valuable RHBV and T onztcolus 
reststance ~nformat•on for the CIAT and La !In Amencan Na!lonal Program germplasm 
pools Sorne of these hnes representad new sources of res1stance to both the wus and 
1nsect and they are be~ng tncorporated 1nto advanced breedtng matenals The program 
al so conducted studtes to determine the effect of T onztcolus colony plan! age and vanety 
on nce suscept!bthty to RHBV 1n the greenhouse and f1eld We also 1m!lated stud1es 1n 
cooperat1on w1th FEDEARROZ and CORPOICA to survey for the occurrence of RHBV 
1nfected plants and act1ve vectors'" commerc1al nce f1elds'" Colombia These stud1es w1ll 
prov1de ¡nformat1on on v!ruslinsect/nce plan! 1nteract1ons wh1ch have 1mportant 
consequences for the development and occurrence of RHBV ep1dem1cs '" the he Id 
F1nally 1n order to create novel RHBV res1stance sources that can poten!lally be 
transferred 1nto popular vanet1es currently be~ng grown 1n La !In Amenca the pro¡ect 1s 
work1ng to genet¡cally engmeer RHBV res1stant nce plants us1ng RHBV coat prote1n and 
down regulat1on strateg1es Plants conta1mng these constructs have been !dent1f1ed 

Followmg local safety regulai!Ons the progeny from the transgemc plants W!ll be tested 1n 
the greenhouse under b1osatety cond1!10ns for res1stance to RHBV usmg wuhferous T 
OrtZICOIUS 
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B Actlvlty RP53 Control of RHBV through Coat Proteln Med1ated Cross 
Protect1on and Antl Sense RNA Strateg1es Most Latrn Amanean vanetres have the 
same RHBV resrstance gene The marn goal of thrs project rs to provrde new source(s) o! 
resrstance to mrnrmrze the possrbrhty of an outbreak of the drsease The coat protern 
cross protectron and the antrsense gene down regulatron of the maJor non structural 
protern NS4 are berng attempted The antrsense gene strategy for the expressron of the 
RNA4 rs to determrne the functron of the maJor NS4 protern and to study the potentral for a 
drfferent and potentral complementary method of producrng vrral resrstant plants Drrect 
gene transfer rs performed usrng the partrcle bombardment onto 1mmature embryos or 
rmmarure panrcle denved callus Constructs contarnrng the RHBV CP or the RHBV RNA 4 
and the 358 Ca MV hph gene are berng testad Prevrous molecular and mhentance 
analyses rndrcate that about hall of the regenerants have stable rntegratron of the hph 
gene Prehmrnary Southern and Northern analyses show that soma of the hph resrstant 
plants al so contam and express one of the RHBV genes 

VI PROJECT 6 COMPONENTS FOR INTEGRATED PEST MANAGEMENT 

A Act1v1ty RP04 Compoments for lntegrated Pest Management 

1 Res1stance To Propamlln Populatlons of Junglerlce (Echlnochloa colona) 
The burldup of propanrl resrstant Echmochloa colana brotypes m Colombran nce frelds has 
been documentad and rs assoc1ated to the repeated use of propanrl Dose response data 
prev1ously collected were re rnterpreted usrng non linear regressron and frtted toa tour 
parameter logrstlc model whrch allowed to estrmate GR50 values for seven E colana 
populatrons GR50 values for the least and most resrstant populatlons were O 37 and > 4 
kg propanrl/ha respectrvely HPLC studres wrth plan! extracts from propanrl resrstant and 
susceptrble plants showed that resrstant plants were able to metabohcally degrade 
propanrl to a greater extent than susceptible plants However 1n 30 40 days old plants a 
drfferent mechanrsm for resrstance may prevarl wh1ch could rmply another possrbrhty for 
cross resrstance wrth other herb1crdes a reahstrc srtuatron grven that farmers rn Colombia 
often spray propanrl to heterogeneous E colana populatlons when young and older plants 
coex1st An 1n vrtro test was developed to assay samples of E colana leaves from the 
freid thrs rs an essentral tool that wrll be used rn the monrtonng of resrstance 1n Colomb1an 
nce frelds wrthrn the framework of actrvrtres to be conducted by the newly created Task 
Force for Herbrcrde Res1stance Momtonng rn Colombra (part of COMALIFI the Colombran 
socrety for plant physrology and weed sc1ence) Future work should study the possrble 
patterns of cross res1stance and develop concepts to overcome the problem 

2 Weed Populatlon Ecology w1thm Prototype Croppmg Systems for the 
Colomb1an Llanos Weeds are a problem when cropprng systems replace degraded 
savannas rn the Colomb1an Llanos Cntena should be developed to deal wrth thrs factor rn 
a sustarnable manner At the same trme rf the presence of adventrtrous specres can be 
related to parameters of resource base degradat1on or enhancement then such specres 
can serve as rndrcators o! sustarnab1hty Wrth these obJectlves a weed populatron 
dynamrcs study was rnrtrated rn 1994 wrthrn the prototype cropprng systems berng 
conducted at the Matazul farm Meta A mul!l vanate approach (Canonrcal Drscnmrnatron 
Analysrs) was used to relate weed populatrons wrth vanables rn the prototype cropprng 
systems The specres composrtron w1thrn populatrons o! adventr!lous plants vaned 
accord1ng to crop rotatrons and assoc1atrons (rntersown pastures) trllage and crop resrdue 
rncorporatron methods and sor! nutnent levels Some specres partrcularly !hose 
appeanng rn low frequencres ( suggestrng a narrow range o! adaptabrhty) appeared 
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strongly assoc1ated w1th spec•f•c vanables show1ng potenlial for use as Jnd1cator spec1es 
The challenge ahead would be to understand the ecophysJologJcal bases for such 
responses 

VIl PROJECT 7 COLLABORATIVE ACTIVITIES AMONG CIAT PROGRAMS 

A Act•v•ty ERF01 The Latm American lrngated R1ce Fund FLAR As a result of 
the recen! strateg1c changas CIAT rece1ved support from several nat1onal programs to 
create a Latm Amencan 1rngated nce fund (FLAR) ma1nly supported by the pnvate sector 
and IARCs that could ensure contmUJty 1n nce research acllVJiies at the reg1onallevel 
Four countnes (Braz11 Colombia Uruguay and Venezuela) and three mstJtullons (CIAT 
IRRI and IICA) s1gned the act that created FLAR 1n January 1995 A breeder has already 
been contracted under th1s arrangement and started part 11m e aclivltles m the second hall 
of 1995 

In the meant1me countnes of the Canbbean had been act1vely seekmg funds to react1vate 
the1r nce network Early m 1995 the European commumty allocated mdJcatJve funds 
under the Lome IV program to support the Canbbean R1ce lndustry Development 
Network (CRIDNet) wh1ch 1s schedulled to start m December 1995 Th1s network w1ll be 
managed by the recently created Canbbean R1ce Assoc1alion (CRA) that gathers pnvate 
and public mst•tullons from the reg1on at the levels of product1on milling dJstnbut•on and 
research CIAT 1s a member of CRA and of CRIDNet s Techmcal Adv1sory Comm1ttee 
Dunng 1995 TAC met on three occas1ons More recently the Central Amencan countnes 
have al so taken the lnJIJatJve to form a reg1onal nce research fund Similar to FLAR 

The processes of pnvate sector 1nvolvement 1n reg1onal nce research ha ve a strong 
dynam1sm and clearly show that Latm Amanean nce producers are aware of the value of 
•nnovat1on and of new technolog1es These processes can be more successful and stable 
11 an 1ndependent sUJtable and cred1ble orgamzat1on like CIAT also gets 1nvolved For 
CIAT there 1s a leg111mate role to play as convener and catalyzer The remam1ng of th1s 
decade should see the consolidatJon of th1s JnnovatJve model 

B Other Act1v1ty CRIDNET Countnes of the Canbbean had been act1vely seek1ng 
funds to react1vate the1r nce network Early 1n 1995 the European commumty allocated 
mdJcatJve funds under the Lome IV program to support the Canbbean R1ce lndustry 
Development Network (CRIDNet) wh1ch 1s schedulled to start 1n December 1995 Th1s 
network w111 be managed by the recently created Canbbean R1ce Assoc•at•on (CRA) that 
gathers pnvate and public JnstJtutJons from the reg1on at the levels of product1on m1lling 
d1stnbu110n and research CIAT 1s a member of CRA and of CRIDNet s Techmcal Adv1sory 
Comm1ttee Dunng 1995 TAC met on three occas1ons More recently the Central 
Amencan countnes have also taken !he lnllia!Jve lo form a reg1ona1 nce research fund 
s1m11ar lo FLAR 

C Act1v1ty Rl53 INGER LAC HIGHLIGHTS 1994/95 Germplasm and 1nforma110n 
exchange are key components of INGER lt 1s poss1ble to evaluate a nal1onal program s 
partJCipaliOn by 1ts mterest1n shanng the results of the local evalualiOns Last year alter a 
great etfort the network s coordJnatJOn ach1eved almos! 55 1 data return but1n 1994/95 
the level dropped aga1n lo 47 51 a percentage a b1t h1gher than the las! 5 years average 

The network has only one observa11onal nursery (VIOAL) but there are several poss1ble 
comb1na110ns of lines that the countnes can request W11h1n lh1s VIOAL there are two 
types of germplasm one for 1rngated and favored upland condlllons (ma1nly 1nd1Ca lines) 
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and the other for upland ac1d soils úapomca lmes) The network has been momtonng the 
compoSI!Ion of these two sets of hnes (ongm of the lmes) 1n order to keep a fear balance 
between the d1fferent germplasm sources 

The Red Internacional para la Evaluación Genética del Arroz en Aménca Latma y el 
Canbe (INGER LAC) formerly Programa de Pruebas Internacionales de Arroz para 
Aménca Lat1na (IRTP) has been a respons1b1hty shared by the lnternatlonal R1ce 
Research lnst1tute (IRRI) Los Banos Ph1hppmes the Centro Internacional de Agncultura 
Tropical (CIAT) Cah Colombia and the nat1onal nce programs m the reg1on The 
network s ma1n ob]ect1ve has been to exchange germplasm and 1nformat1on among 1ts 
members (F1gure 1) s1nce 1ts beg1nmng m 1976 

An IRRI staff member lnltlally coordmated the network Dr Manuel Rosero was the head 
of IRTP from 1976 to 1986 followed by Dr Fedenco Cuevas Perez 1n 1986 who also 
worked as the lnst1tUt1on s L1a1son Sc1ent1st for Latln Amanea at CIAT He left 1n 1992 
when IRRI closed th1s pos1t1on for La !in Amanea Smce then the network has been go1ng 
through a trans1t1onal penod core funds from IRRI are no longar ava1lab\e anda new 
proJect proposal has not been yet funded by externa! donors Dr César Martlnez nce 
breeder from CIATs R1ce Program coordmated the network dunng 1993 and Dr Elc1o P 
GUimaraes has contmued the duty smce then 
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1 PROJECT 1 
IMPROVED LOWLAND RICE GENE POOLS 

PURPOSE 

To strengthen lowland nce nat1onal programs and JOintly contnbute to sustamable 1ncrease 
m product1on from the dommant agroecosystem for nce 1n Lat1n Amenca and the 
Canbbean (LAC) Th1s 1n turn would lower nce pnces for the reg1on s poor 

A AcTIVITY RL01 GERMPLASM DEVELOPMENT 

SuMMARY 

Research act1V1tles carned out m th1s proJect are summanzed 1n four categones 
development of 1mproved germplasm for the trop1callowlands and the temperate reg1on 
popula!lon 1mprovement for 1rngated nce Identifica !Ion and utlllzat1on of genes from w1ld 
germplasm and evalua!lon/charactenzatlon of the 1 RRI new plant type The f1rst two 
actiVItleS are conducted m collaborat1on w1th partners m the NARS advanced breed1ng 
llnes were m a de avallable to them e1ther d1rectly or through INGER A Breeder s 
Workshop was held at CIAT m August part1c1pants had the opportumty to select by 
themselves from nearly 3 000 breed1ng llnes Through recurren! select1on scheme four 
new populat1ons (PCT 6 7 8 and GPCT 9) were formed and charactenzed through the 
f1rst recombmat1on cycle these populat1ons are already bemg made avallable to sorne 
NARS A collaborat1ve breedmg project w1th several¡nsti!Utlons a1med at the ldent1f1ca!lon 
and transfernng of QTLs affectmg gra1n y1eld and quallty from w1ld nce spec1es to 
1mproved Latm Amencan cult1vars was 1mt1ated Prelim1nary evalua!lons of the IRRI new 
plant type md1cated that a) 11 possesses several des1rable agronom1c and phys1olog1cal 
tr81ts b) 1! offers good opportumt1es for the select1on of llnes su1ted to d1verse cond1t1ons 
and e) represents a good source to enhance our reg1onally adapted 1rngated germplasm 

INTRODUCTION 

lt s est1mated that by the year 2025 so me 8 3 bllllons people Wlllllve on earth and 50 1 ot 
them wlll be nce eaters Curren! world paddy product1on (approx 530 m1lllonltons) must 
nse by 70 1 to meet th1s demand However th1s product1on mcrease must come from 
wtually the same land are a 1 rngated nce 1s plantad on 53 1 ol the world s nce land but 
represents 73 1 ol the total producllon More than 90 1 ol the world s nce 1s grown and 
consumed 1n As1a wh1le Latln Amenca s nce producllon represents 3 51 ot the total over 
70 1 ol nce product1on 1n Latm Amenca (LAC) comes from 1rngated and ra1nfed lowland 
ecosystems Reg1onal nce product1on 1ncreased from 9 9 to 18 8 m1lllon tons from 1966 to 
1994 wh1le modern sem1dwart vanetles comb1ned Wlth appropnate management pract1ces 
caused a 76 1 reg1onal average mcrease for the 1rngated and ra1nfed lowland sectors from 
2 5 to 4 4 t/ha smce 1967 Furthermore wh1le nce 1s the largest s1ngle source of calones 
lo the d1et 1n LAC the d llne 1n purchasmg power of the populallon also leaves nce as the 
maJor source of prote1n to the d1et of low mcome groups 1n trop1cal Amenca The 
percentage o! CIAT generated germplasm ach1evmg vanetal release has mcreased 
stead1ly over the penod from 2 1 dunng 1967 71 lo 50 1 over the last f1ve years Dunng 
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the las! two years !he rate reached 65% Th1s trend would seem to md1cate that sorne 
NARDs are no! ach1ev1ng the strength needed to supplant CIATs role m !he generallon of 
1mproved germplasm 

The 1rngated nce breed1ng program al CIAT has evolved from ene that relled ma1nly 1n 
convent1onal breedmg methods to ene that currently combines several breedmg strateg1es 
such as populat1on 1mprovement w1de hybnd1zai10n anther culture molecular markers 
and charactenzat1on of the IRRI new plan! type These actlv111es are underway address1ng 
major challenges ahead to mcrease y1eld potent1al enhance !he genet1c base of 1rngated 
nce and ach1eve susta1nable nce product1on However most of these aciiVIIIes are no! 
1ncluded 1n the research agenda of the Fondo Latmoamencano de Arroz de R1ego (FLAR) 
clearly there are opportumt1es for CIATs R1ce Program to 1nterphase w1th FLAR 

RESEARCH AcTIVmEs 

lmproved germplssm for the trop/csllowlsnds 

Th1s convent1onal breed1ng work 1s done 1n collaborallon Wllh !he R1ce Program of several 
nallonal agncultural research programs spec1ally w1th CORPOICA and Fedearroz 1n 
Colombia and ICTA 1n Guatemala The ma1n object1ve 1s to develop h1gh y1eld1ng 
germplasm adaptad to 1rngated and ramfed upland cond1!10ns toleran! of major d1seases 
and 1nsect pests w1th good gra1n quallty and early to 1ntermed1ate growth durallon Hot 
spot s1tes are used to ensure good and un1form d1sease pressure Advanced breed1ng 
llnes are made avallable to other NARDs through INGER and serve as potent1al vane!les 
or as parents m crossmg programs 

A summary of breedmg matenals evaluated and selected m CIAT Palm1ra dunng 19948 
1995 and Santa Rosa 1s g1ven 1n Tables 1 and 2 A total of 4 436 breedmg llnes 1n 
d1fferent stages of development were plantad and 50 /o of them ( 1 413) were selected for 
further evaluat1on m Santa Rosa Expenmental Stat1on (SRES) located 1n Vlllav1cenc1o 
Selected llnes were al so avallable to partiCipants from NARs and the pnvate sector that 
attended the Breeders Workshop held at CIAT m July 31 August 4/95 

S1m1larly nearly 2 000 breedmg llnes were evaluated m Santa Rosa (Table 2) where 18 1 
of them were selected approx1mately 1 500 s1ngle plan! select1ons were harvested for 
further evaluallon by FLAR 1n 1996 

lt 1s noteworthy to ment1on that a Breeder s Workshop was organ1zed and held m CIAT 
Palm1ra and Santa Rosa The ma1n objectlve was to allow part1C1pants evaluate and select 
a w1de range of breedmg llnes and cult1vars part1cularly relevan! to the 1rngated and 
ra1nfed lowland ecosystems found m Latm Amenca and the Canbbean m both trop1cal and 
temperate env1ronments lt fea tu red nearly 3 000 advanced llnes and cult1vars mcludmg 
4411nes of the new plant type developed by IRRI over the past 5 years Results show that 
a h1gher proport1on of hnes were selected 1n Palm1ra (86 1) than m Santa Rosa (53 1) A 
summary of the most preferred breed1ng hnes and cult1vars of at least 50 1 of the 
partiCipants 1s shown 1n Table 3 A more deta1led mformat1on on th1s workshop 1s 
presentad 1n the INGER sect1on 
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lmproved germplssm for the temperste reglon 

lt has be en d1ff1cult 1n the past for our trop1cal based breedmg program to produce 
suff1c1ent 1mproved breedmg ilnes for th1s reg1on spec1ally 1n terms of earilness good gra1n 
quailty and cold tolerance Th1s d1ff1culty has been overcame dunng recen! years by us1ng 
anther culture (AC) to produce doubled haplo1d ilnes (DHs) Therefore the ma1n obJectlve 
of th1s actiVIty 1s to mtrogress the gram quailty and tolerance to d1seases of trop1calmd1cas 
and Japonlcas mto the early and cold tolerance background of tempera te Japomcas 
lndiCa/Japomca crosses are passed through AC at CIAT (Tabla 1) and evaluated for 
d1sease react1on 1n Santa Rosa After that selected DHs are sent to collabora!lng 
lnStltutlons for local f1eld evaluatlons S1nce only one generat1ons/year can be grown 1n 
th1s reg1on f1eld generatlon advance would take many years but AC substant1ally reduces 
th1s breed1ng t1me Ovar 1 500 DHs were sen! last year to INTA Argentina and IRGA 
Braz1l (Tabla 4) placas where a workshop on anther culture was held early th1s year 
Breeders and t1ssue cultunsts from 14 d1fferent labs compns1ng 1 O countnes attended 515 
and 443 DHs were selected at both places respect1vely F1eld evaluat1ons carned out on 
the same DH populatlons allowed people to select not only ilnes for the1r breed1ng 
programs but to evaluate the level of genet1c vanab1ilty obtamed through AC 1ts stab1ilty 
over !1m e and through locat1ons and to assess the number of DHs that can be produced 
for breed1ng Th1s technology transfer proJect conducted 1n collaboratlon Wlth the 
B1otechnology Research Umt and funded by the Rockefeller Foundat1on 1s the f1rst 
attempt made by CIAT to transfer to nat1onal programs a b1otechnology tool appiled to 
breed1ng 

F1 seed of 20 crosses made by IRGA were sent to CIAT 1n 1993 to be run through AC 
DHs obtamed (209) had already been sent to IRGA for f1eld testmg However F2 F3 F4 
and F5 generallons from these crosses were evaluated and selected 1n Santa Rosa for 
d1sease res1stance earilness and long/slender grams 14 F6 ilnes were 1dent11ied as 
mteres!lng and sent to 1 RGA for further evaluatlons 

Popu/stlons lmprovement for 1"/gated rice 

CIAT s 1rngated nce breed1ng program has mamly usad the ped1gree method however the 
ilm1ted degree of recomb1nat1ons obta1ned through th1s method may restnct the 
ach1evement of favorable new" gene combmatlons By usmg a populat1on 1mprovement 
approach novel combmat1ons can be ach1eved and gradually pyram1ded mto a 
cont1nuously 1mprov1ng yet genellcally bread based populatlon Th1s approach reqwres 
that a large number of crosses be made and manual cross1ng may be a ilm1t1ng factor 
Th1s can be overcome by us1ng genet1c male stenilty The ma1n obJeCtlve of th1s act1v1ty 1s 
to use recurren! select1on to form d1fferent new populatlons w1th h1gh y1eld poten!lal and 
tolerance to ma1n d1seases to su1t d1verse needs found 1n the 1rngated and ra1nled lowland 
ecosystems 1n LAC 

lt was reported last year that 485 fert1le plants So were harvested 1n gene pools IRAT 
Mana IRAT 1/420P CNA IRAT 4/2/1 IRAT MEDA and CNA IRAT P1/0F These plants 
were subsequently evaluated 1n ped1gree rows and for response to AC Results (Table 5) 
show that populatlons hav1ng a Japomca cytoplasm (IRAT MedA and CNA IRAT P 1/0F) 
respond Slgmflcantly better !han !hose w1th an 1nd1ca background (IRAT MANA IRAT 1/ 
420 P and CNA IRAT 4/211) Th1s result conf1rms las! years report On the other hand 
the resul!lng 553 OH ilnes were evaluated 1n Santa Rosa for d1sease res1stance y1eld 
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potent1al and general adaptab11ity all o! them were d1scarded due to peor performance and 
low potentlal Alter two semesters o! evaluat1ons and selectlon m ped1gree rows 1n 
Palm1ra and Santa Rosa only 34 lmes So remam and most o! the matenal showed peor 
y1eld potent1al and adaptatlon 8oth type o! data DHs and ped1gree rows md1cate that 
these populallons were not SUitable for both trop1cal1rngated and ramled lowland 
ecosystems and that a further 1mprovement was needed 

Consequently three populat1ons (PCT 6 PCT 7 and PCT 8) and ene gene pool (GPCT 9) 
were formed and subJected to the f1rst recomb1nat1on cycle m 1995 These four 
populat1ons were evaluated under transplantmg (O 3 x O 3m) 1rngated cond1t1ons at CIAT 
Palm1ra and under d1rect seedmg ra1nfed cond1t1ons 1n Santa Rosa OVer 2 000 plants 
were sown 1n each populatlon and data on number o! stenle plants flowenng plan! he1ght 
tlller number and product1ve t1llers were taken At the same t1me best fert1le plants were 
also 1dent1f1ed and harvested m each populat1on (Table 6) for evaluatlon m ped1gree rows 
next year Stenle plants were also harvested 1n bulks 

Data from CIAT Palm1ra are presentad m F1g 1 2 3 and 4 A large vanab11ity was found m 
all tra1ts measured m terms of flowenng 71 to 77o/ o! the plants were 1ntermed1ate (91 to 
11 o days) wh1le 13 to 21% of them were early enes Sem1dwarl plants (80 100 cm) 
representad 7 4 to 88 /o o! the populat1ons t1ller number ranged from 6 to 25 but 59 to 67 1 
of the plants had h1gh tlller number followed by mtermed1ate t1llenng ( 1 O 19°/ ) only 4 °1 o! 
the populallons had less than 9 tlllers Data also shows that plants w1th low tlller number 
had a h1gher percentage o! product1ve t1llers 

More attenllon was pa1d m Santa Rosa to the evaluatlon and selecllon of these 
populallons for res1stance to leal and neck blast leal scald and gram decolorallon Data 
show that PCT 7 and GPCT 9 had lower levels o! res1stance to nce blast 

Novel approach for the 1dentlflcatlon and utlllzatlon of genes from wlld germplasm 

Considerable concern and pnonty has been placed on mcreasmg the y1eld potentlal and 
broademng the genet1c base of cult1vated nce D11ferent approaches (hybnd nce recurren! 
select1on new plant type etc ) are bemg pursued by d11ferent groups to address these 
concerns However another 1nnovat1ve strategy already preven 1n tomate offers a great 
potent1alm nce Th1s strategy makes use of wlld germplasm a backcrossmg scheme and 
molecular markers for the genet1c 1mprovement o! cult1vated nce Molecular markers w1fl 
be used to 1dent1fy pos1t1ve transgress1ve afieles 1n early generallons and to mtrogress 
these afieles mto selected cui!IVars v1a marker a1ded select1on The goal1s to 1mplement a 
new strategy for the systemat1c d1scovery and ut11izat1on of genes assoc1ated w1th y1eld 
and quahty from w1ld germplasm mto 1rngated nce Severa! advanced labs around the 
world and people from nat1onal research 1nst1tutlons w111 be our coflaborators 

Four 1mproved cult1vars (Morelos A88 BG 90 2 Oryz1ca 3 and Llanos 5) and four wlld 
spec1es (O ruf1pogon O g/abemma and two access1ons of O barthu) were chosen and 
crossed usmg the w1ld spec1es as the female parent F1 plants were backcrossed to the 
1mproved cultivar and approx 100 180 F1 BC1 seeds were obtamed Just two crosses O 
ruf1pogon!Bg 90 2 and O ruf¡pogon!Lianos 5 were plantad under f1eld cond1t1ons to select 
best plants (40 50) based on phenotype (1 e select aga1nst obv1ous negat1ve characters) 
for the second backcross Approx 300 400 F1 BC2 seeds Wlfl be produced/cross to form 
300 400 F2BC2 fam11ies for mult1 locat1on !1eld tesllng Afl F2BC2 famll1es should be 
plantad 1n the f1eld 1n completely random1zed des1gn along w1th parental and F1 controls to 
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measure agronom1c performance mcludmg gram y1eld flowenng matunty date gram 
quahty he1ght pamcle length pamcles/plant grams/pamcle fert1hty 1 000 gram we1ght 
etc F3BG2 seed from f1eld plots w11i be saved and QTLs analys1s w111 be done based on 
RFLP and f1eld data Transgress1ve QTLs Wlll be 1dentlf1ed and used as the bas1s for 
select1ng new hnes that contams only the 1nterest1ng transgress1ve QTLs Another 
backcross to the 1mproved cultivar w11i be done and so on Anther culture could be u sed to 
speed up breed1ng t1me reqUired to produce new 1mproved cult1vars 

Expected outputs w1ll not only be locally 1mproved vanetles w1th a broadened genet1c base 
but al so mformat1on shanng and trammg of local sc1ent1sts 

Eva/uatlon and characterlzatlon of /RRI-new plant type 

Y1eld 1mprovement resultmg from the Green Revolut1on was based on modif1cat1ons of 
plant type convertlng a trad1t1onal tall leafy tropical nce plant 1nto a h1gh t1llenng 
sem1dwarf mput respons1ve modern type lt has now been shown that h1gh tillenng 
carnes a cost as many tillers bear no gra1n at all and therefore reduce the harvest 1ndex 
The shift 1n As1a towards d1rect wet seedmg enables farmers to 1ncrease pamcles per un1t 
are a by broadcastlng more seed By domg that at h1gh seed dens1ty but under well 
managed cond1t1ons where good stands are ach1eved the need for h1gh t1llenng vanetles 
no longer ex1sts IRRI has developed an 1deotype for 1t called super nce 1t 1s 
charactenzed by hav1ng a low t11ienng capac1ty (3 4 pamcles) 200 250 gra1n/pamcle 90 
1 00 cm plant he1ght sturdy stems v1gorous root system harvest 1ndex of O 6 and a y1eld 
potent1al of 12 13 t/ha In LAG however dry seed1ng (not wet seed1ng) predommates 
and both water control and land levehng are poor These factors cause stand gaps 
Another 1mportant cons1derat1on between As1a and LAG has todo w1th d1verse pressure 
and gram quahty preferences Theretore there was a need to carry out a prehm1nary 
evaluat1on of the IRRI generated new plant type under GIAT s cond1110ns and th1s was the 
maln ObjeCIIVe of lhiS aCtiVIty 

S1xty tour segregatmg hnes (F5 F6) were planted under both transplantmg (O 3 x O 3m) at 
GIAT Palm1ra and d1rect dry seedmg ramfed cond1t1ons 1n Santa Rosa Small 
observat1onal plots were estabhshed at both Sites w1th two reps 1n Palm1ra and JUSI one 1n 
Santa Rosa Fung1c1des were apphed 1n Santa Rosa al the seedhng and tlowenng stages 
to protect the matenal from d1seases F1eld data from Palm1ra are presentad 1n Tables 7 
8 9 and 1 O Statlstlcal analys1s 1s underway Results show no y1eld advantages of the 
new plan! type hnes over check vanetles Oryz1ca 1 and BR IRGA 409 at w1de spac1ng 
However at closer spacmg (1 o x 1 O cm) 11 1s expected that the 20 25/ y1eld advantage 
cla1med by IRRI could be atta1nable Th1s w111 be mvest1gated 1n more detall next cropp1ng 
season Data also 1nd1cate that further 1mprovement1s needed to 1ncrease the leve! ot 
res1stance lo nce blast leal scald and Tagosodes sorne of the new hnes showed a h1gh 
leve! of res1stance to RHBV and they may possess new res1stant genes tor th1s d1sease 

A h1gh harvest 1ndex (O 56 O 59) 1s shown by some of the new hnes as cla1med by IRRI 
(Table 8) Oryz1ca 1 and BR JRGA 409 also had a h1gh harvest1ndex however values for 
these controls could be m1slead1ng smce prev1ous data from d1rect seedmg expenments 
carned out at GIAT Palm1ra and w1th b1gger samples showed a harvest mdex 1n the range 
of O 46 O 50 tor Oryz1ca 1 Sorne of the new hnes had over 300 grams/pamcle and heav1er 
gra1ns than Oryz1ca 1 and BR IRGA 409 there was also vanabi11ty 1n the number of t1llers/ 
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plan! flowenng t1me and plant he1ght Most of the new hnes exh1b1ted a fast germ1nat1on 
and rap1d early growth at the seedhng stage these trSI!s are very 1mportant for d1rect 
seed1ng spec1ally under dry so1l cond1t1ons 

In Santa Rosa best hnes (IR 65598 27 3 1 IR 66155 2 1 1 2 and IR 66746 76 3 2) 
y1elded 4 6 t/ha whlle Oryz1ca 1 and BR IRGA 409 y1elded 5 8 and 5 2 t/ha respect1vely 
w1th fung1c1de apphcat1on Th1s peor performance of the new plan! type hnes 1n Santa 
Rosa was expected because they have been selected for more farovable cond1t1ons 
However best hnes showed a robust growth and good general adaptab1hty 1n Santa Rosa 
spec1ally hne IR 66746 76 3 2 

Another 1mportant cons1derat1on for LAC 1s gra1n quahty Although some of the new hnes 
had excellent mllhng recovery all of them present short to med1um gra~ns w1th chalky 
endosperm Therefore a turther 1mprovement 1n th1s area 1s needed as well 

Among the breed~ng hnes tested for the f1rst t1me there were 20 hnes selected out of a 
backcross program between an 1nd1ca l~ne (IR 31917 45 3 2) andO offlctna/¡s Th1s 
program carned out at IRRI transferred genes for res1stance to pests from O offlctnalls to 
cult1vated nce All of them showed h1gh levels of res1stance to Tagosodes and some had 
tolerance to RHBV all of them have long and slender gra1n and good plan! v1gor Llne 1 R 
54742 20 38 5 y1elded 9 5 t/ha (Tabla 9) 

Th1s prehm1nary evaluallon of the IRRI new plant type 1nd1cates that a) 11 possesses 
severa! des1rable agronom1c and phys1olog1cal trSI!s b) 11 offers potent1al to select hnes 
SUited to d1verse cond1llons and e) represents a good source to enhance our reg1onally 
adaptad germplasm A further evaluat1on of 1ts y1eld potent1al1s needed a cross~ng 
scheme 1s be1ng put together to start 1ntrogress1ng th1s new plan! type 1nto our genet1c 
core 
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Table 1 Breed1ng hnes evaluated and selected 1n CIAT Palm1ra 19948 1995A 

IQI<II E~lualii!d Ialal Sii!lii!~l!!d L1n11~ ~IU<II!!d lll 
Breedtng No No Breeder's Santa 
Ltnes Ltnes Crosses ltnes 1 Crosses 1 Workshop Rosa 

F4 149 68 37 25 32 47 37 617 
F4Rec Sel 12 1 12 100 1 100 12 41 
F5 Rec Sel 107 7 57 53 3 43 57 12 
F5Sel Re e 40 6 5 13 2 33 5 1 
F5"' 1754 106 110 6 39 37 110 450 
F5• 74 18 8 11 3 17 8 32 
F5"' 61 9 o o o o o o 
F5"' 234 27 110 47 21 78 103 49 
F6 37 11 5 14 4 36 5 o 
Ho¡a blanca Set 372 48 270 73 44 92 270 o 
D H CIAT" 1280 12 707 55 12 100 707 o 
DHIRGA~~' 310 13 92 30 6 46 92 o 
Pobl Sel Rec 6 6 5 o 

TOTAL 4436 332 1413 32 167 50 1411 1202 

Germplasm for trop1cal condJtJons " Germpfasm for temperate cond1tJons 

Doubled haploJds for trop1ca1 and upland savanna condJbons (1 doubled haplo1ds from IRGA s crosses 

Table2 Breedmg hnes evaluated and selected 1n Santa Rosa 1995A 

L1nes Evaluated Matenal Selected 

Breed1ng Lmes No llnes No Crosses No lmes %No Crosses 1 

F2 (Famthes) 677 53 106 (468) 16 26 49 
F3 (Bulk) 62 10 7 ( 26) 11 3 30 
F4 (Recurren! sel ) 105 3 8 ( 34) 8 3 
F5 652 41 165 (605) 25 33 80 
F6 531 62 90 (264) 17 28 45 
Observattonal plots 85 79 13 ( 13) 15 13 16 

Total 2112 248 389 (1410) 18 106 43 

N mbe n parenthests efers to Single plant selecttons 

14 



Table 3 Most preferred select1ons by al least 50 A. of the part1c1pants 1n lhe F~rst R1ce Breeders Workshop for the Tropical and Temperate Zones of LAC 

--~_,July ~ AugusU95 __ _ 

PAI MIRA 

No PEOIGREE ---- --

CT10166-2 5 3P 1 2 3P 

2 IR47310-16 2 2 2 

3 CT11008 12 3-1M 4P 4P 

4 CT950917311 M 13PM1 
5 CT10166-16-1 2P 1 3 

6 IR56383 35 3 2 1 

7 CT10554 4 4 2 2 M 

8 ORVZICA YACU 9 

9 CT9506 13 5-2? 2PT 

VIl 1 AVIU NUO 

1 CT9682 2 M 14 1 M 1 3P M 1 

2 CT11623 3 3 CA 17 M M M 

3 CT11026-3 9 1T 2P 5P 

4 CT9682 2 M 14 1 M 1 3P M 1 

5 CT10825 1 2 1 1 M 

6 CT10175-5 1 3P 1 1 2? 

7 CT10175-S-1 3P 1 3 3P 

8 CT10175-S-10 2P 2 1 3P 

9 CT9162 12 54 1 

10 CT11686 4 F4 2M 

11 CT10310-15-3 2? 4 3 

12 CTB837 1 17-6 3 

PARENTS 

P 3059-F4 79 1 1BIPDR 76-010-08-011/P 5413-8-3-5-11 2X 

IR11418-15-211R21567 9 2 2 2 1 

CT6919 4 2 2-6/CT7383-13-5 4//CT8285-13-5-2P 1X 

ECIA 24 107 111R25840-64 1 3/ICT5746-18 11 4 1 3X 
P 3059-F4 79-1 1BIPDR 76-010-08-011/P 5413-8 3-5-11 2X 

IR28239 94 2 3-6-2/IR31802-48-2 2 2 

CT6749 5-1 1 M 3-M 4/P 5589 1 1 3P 4 M 

POR 34 2 1 2/P 3790-F4 6-1 1X//CT5746-18 11 2 2 2X 

P 2182 F4 39//IR5533 13-1 1/METICA 

TOX 1859-102-6M 3/P5446-6-6-211/P541J-8..3-5112X 

CT7179 31 1 1 4-4P/P 5589 1 1 3P 4 MIICT6196-33-11 1 3-AP 

CT6919-4 2 2-6/CT7383 8-2 211CT8240-11 JP 1X 

TOX 1859-102-6M 3/P 5446-6 6-2 1//P 5413-8-3-5-11 2X 
CT6516 23 10 1 2 2/CT6750 9 24M 1 M 1 

P5166-F2 26-11X/P5446-8-412//P541J-8..3-5-11 2X 

P 5166-F2 26 1 1X/P 5446 8 4 1 2//P 5413-8-3-5-11 2X 

P 5166 F2 26-1 1X/P 5446-8-4 1 2//P 5413-8 3-5-11 2X 

GZ864 2 3-1/P 3084 F4 56 2 2//CT5746-18-11 2 2 2X 

P 5589-1 1 3P 5-2P/CT6749-21 4 5-M 1 M 2 M//CT6750 13 1 2 M 2 M 41CT6515-18 
P 3084 F4 56-2 2/ITA 306//CT8154 1 9-2 

POR 34 2 1 2/P 3790-F4-6 1 1X//CT5746-18-11 2 2 2X 
13 CT9509-17 3 1 1 M 1 3P M 3 1P ECIA 24 107 111R25840-64 1 3//CT5746-18-11-4 1 3X 

Di and 1 ect 

Rnrilon 

BL NBL LSC GD 

1 

7 

1 

3 9 

1 3 
5 5 
3 7 

3 

3 
3 
3 
3 

3 

1 
7 3 

5 
7 

7 3 
3 
5 1 

5 

5 
3 

3 3 

5 

3 1 
3 3 
3 
1 
5 
3 3 

3 3 
3 
3 
5 
3 1 
5 

....... Q llty 

TAG A""' CB LG TGEL FLOW 

3 

3 

o 

3 
9 

29 04 3 8 

30 10 3 8 

29 12 3 B 

30 1 4 3 

5 20 02 B 
31 06 3 

30 02 3 

3 25 04 3 1 

3 24 3 B 

1 o B 
7 28 08 3 B 

7 32 08 3 B 

95 
100 

106 
99 
84 
100 

100 

87 

106 

102 
102 
107 

103 
104 
91 

106 



Table 4 Number of doubled haplo1ds selected by part1c1pants to the R1ce Anther Culture 
Workshop held 1n Argentina Braz1l and Uruguay Feb /95 

lnst1tut1on 

IRGA 
Cuba 
CNPAF Go1an1a 
CPACT Pelotas 
INIA Uruguay 
IDIAP Panamá 
ICTA Guatemala 
FONAIAP Venezuela 
Umv Noroeste Argentina 

Total 

Concepc1on del Uruguay 
Cachoe1nnha IRGA 

95 
74 
42 
45 
91 
27 
67 
61 
13 

515 

INTA Argentina 
Porto Alegre Braz1l 

172 
65 
78 
62 
45 
21 

443 

Table 5 Number of doubled haplo1ds obta1ned from f1ve gene pools w1th d1stmct 
cytoplasm 

Anther Culture 

No Plant No Plªn!§ No Doubled 
GenePools SelectiOns Processed Respons1ve Response Haplo1ds 

IRATMANA 138 26 o o o 
IRAT1/420P 87 21 o o o 
CNA IRAT 4/2/1 121 46 o o o 
IRATMEDA 80 21 19 905 516 
CNA IRAT P1/0 F 59 29 5 17 2 37 

TOTAL 485 143 24 16 8 553 
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Table 6 Gene pools evaluated and number of plant selecttons CIAT Palmtra 1995 

Culttvars lntroduced No 
Gene Pool Ortgtnal Populattons Populatton Source Plant 

GPCT9\0\0\1 WC 232 5 Early CIAT B4353CKN7002 273 
(CT6047 13 53 4 M 5) CT6241 17 1 5 1 

BG 989 Oryztca Turtpana 
7 PNA 1 004F4 33 1 5685 
OR83-23 Perla (Cuba) 
RP 2087 115 10 51 BR 
IRGA410 BG90 2 El Paso 
44 Oryztca 3 y Morelos A88 

PCT6\0\0\1 IRATMANA GIRAD CA B 4353C KN 7 O O 2 BG989 70 
El Paso 144 PNA 1004F 
4 33 1 Oryztca Llanos 4 
OR83 23 Perla (Cuba) 
Oryztca 3 Morelos A88 
RP2087 115 1 O 5 1 

PCT7\0\0\1 IRAT 1/420P GIRAD CA Oryztca 3 B 4353C KN 7 46 
O O 2 BG 989 PNA 1004F 
4 33 1 OR83 23 RP2087 
1151051 

PCTB\0\0\1 CNA IRAT 4/2/1 EMBRAPAI Oryztca 3 Oryztca Llanos 4 64 
CIRADCA BG989 Perla (Cuba) 

El Paso 144 y B 4353C KN 
7002 
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Table7 ReactiOn to severa! dtseases and T oryztco/us o! IRRI new plant type top 
ytelders CIAT Palmtra September 1995 

Dtseasesll lnsect 

Pedtgree Yteld BL NBL LSC HB TAG 

IR66154 95 2 3 3 56 6 9 5 1 9 
IR66158 38 3 2 1 56 3 5 5 9 9 
IR66159 131 4 3 2 56 7 5 7 5 9 
IR65600 42 52 59 3 5 5 1 9 
IR65600 87 2 2 3 60 3 5 5 1 7 
IR66160 121 4 53 62 6 3 5 9 9 
IR66738 118 1 2 62 5 5 7 3 9 
IR65600 61 3 1 3 65 6 3 5 1 9 
IR66160 134 1 3 1 68 3 5 5 9 9 
IR65600 96 1 2 2 79 7 5 7 9 7 
ORYZICA 1 76 7 7 3 5 3 
BR IRGA409 72 8 7 5 5 o 
ORYZICA3 68 5 7 3 3 1 
PERLA 67 1 3 3 5 o 
BLUEBELLE 37 4 7 3 9 9 

Tnlha Transplant1ng (0 3 x O 3m) 2 Reps 
Data from Santa Rosa except AHBV 

TableB Sorne agronomtc tratts o! the ytelders among the IRRI new plant type ltnes 
CIAT Palmtra September/95 Transplanttng 

Pedtgree Harvest Gratns/ 1000 gra1n Head Ttller/ Flowenng HT 
Jndexl pantcle we1ght21 nce 1 plant 50/ (cm) 

IR66154 95 2 3 3 o 56 249 24 626 14 99 79 
IR66158 38 3 2 1 059 216 32 636 10 101 95 
IR65600 42 5 2 o 46 191 24 66 8 16 106 90 
IR65600 42 52 o 54 230 28 62 4 11 112 105 
IR65600 87 2 2 3 048 179 36 67 2 15 102 92 
IR66160 121 4 5 3 o 52 170 28 65 2 17 102 85 
IR66738 118 1 2 o 56 313 25 62 9 12 111 94 
IR65600 61 3 1 3 o 56 219 33 61 o 13 110 97 
IR66160 134 1 3 1 o 55 172 31 65 8 17 107 85 
IR65600 96 1 2 2 o 55 237 29 61 4 15 112 93 
ORYZICA 1 o 5921 177 26 59 8 23 106 92 
BR IRGA409 o 57 190 23 65 6 21 105 89 
ORYZICA3 o 51 229 21 65 o 17 112 96 
PERLA o 54 193 25 55 5 19 100 94 
BLUEBELLE 045 211 24 58 5 8 85 114 

Sample s1ze 3 plantstrep ¡ Prev1ous data O 46 O 50 (dtrect seed1ng) 
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Table 9 Gra1n yteld and reactton to severa! dtseases and T oryztcolus among top 
ytelders from the backcross IR31917 45 3 2 3/0 offtcmalts CIAT Palmtra 
September 1995 Transplant1ng (O 3 x O 3m) 

Dtseases 1' lnsect 

Pedtgree Yteld(tlha) BL NBL LSC HB TAG 

IR54742 15 28 38-4 2 1 2 65 5 3 3 1 1 
IR54741 2 14 5 67 1 3 1 5 1 
IR54741 2 14 52 1 2 68 4 5 3 9 o 
IR54741 2 14 52 1 69 1 5 1 5 o 
IR54742 18 3 8 10 3 3 1 3 70 6 7 3 9 o 
IR54742 19 2 3 1 1 71 6 5 5 1 o 
IR54741 1 48 55 2 72 2 5 3 3 1 
IR54742 15 28 38 4 2 1 1 74 3 5 3 1 o 
IR54742 20 38 5 95 6 7 3 9 1 
Oryztca 1 76 7 7 3 5 3 
BR IRGA409 7 1 8 7 5 5 o 
Oryztca 3 68 5 7 3 3 1 
Perla 67 1 3 3 5 o 
Bluebelle 37 4 7 3 9 9 

Cala from Sanla Rosa except RHBV 

Table 10 So me agronomtc tratts of top ytelders among backcross hnes 1 R 31917 45 3 
2 3/ O offtcmalts 

Pedtgree Harvest Gratns/ 1 000 gratn Head nce Ttller/ Flowenng HT 
lndex pantcle wetght (/) plan! (50 1) (cm) 

IR54742 15 28 38 4 2 1 2 o 35 173 25 4 61 6 22 123 108 
IR54741 2 14 5 038 137 257 665 28 119 93 
IR547412145212 o 41 149 257 680 24 120 90 
IR54741 2 14 52 1 045 160 25 4 669 22 118 89 
IR54742 18 3 8 10 3 3 1 3 O 45 133 279 67 5 23 121 95 
IR54742 19 2 3 1 1 046 149 260 700 22 125 94 
IR54741 1 48 55 2 043 146 248 60 6 29 120 100 
IR54742 15 28 38 4 2 1 1 040 200 27 1 596 22 125 109 
IR54742 20 38 5 o 43 143 270 69 o 21 118 86 
Oryztca 1 o 591' 177 243 59 8 23 106 92 
BR IRGA409 o 58 190 25 6 656 21 105 89 
Oryztca 3 o 51 229 20 9 650 17 112 96 
Perla o 54 193 23 2 55 5 19 100 94 
Bluebelle o 51 211 25 9 58 5 8 85 114 

Prev ous data O 46 O 50 (d1rect seed ng) 
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B Acnvrrv RL01 GENETIC GENERATJON OF AN INDICA GENE PooL wrrH HIGH 

RESPONSE TO ANTHER CULTURE 

SUMMARY 

Th1s study a1ms to mtrogress the h1gh AC response from ¡apon1cas mto md1cas to fac1htate 
the apphcat1on of AC as a routlne tool for breed1ng md1ca nce A d1allel study 1nd1cates 
that the low AC response shows 1ncomplete dom1nance respect to the h1gh response No 
maternal effects are noted Generat1on mean analyses suggest that the callus mduct1on 
and the green plant regenerat1on are controlled by a s1mple genet1c system (olygogemc) of 
d1fferent sets of genes Add1t1ve and dommant effects are h1ghly s1gmficant for callus 
1nduct1on whereas ¡ust add1!1ve effects are statlst1cally s1gmficant for green plant regenera 
!Ion The co segregaban analyses md1cate that callus 1nduct1on and green plan! regenera 
t1on segregate 1ndependent1y from the gram type S1x plants comb1mng h1gh response to 
AC from the ¡apomca parent and long slender gra1ns from the 1nd1ca paren! were selected 
lnd1v1dual progeny plants from each selected hne are bemg evaluated for the1r 1n v1tro 
response and agronom1c charactenst1cs to select !hose 1nd1ca types w1th h1gh response to 
AC Selected plants wlll be used as parents 1n crosses w1th plants from a recurren! selec 
t1on populatlon to develop a genetlc d1verse md1ca gene pool w1th 1ncreased response to 
AC 

INTRODUCTION 

Anther culture (AC) 1s routmely used 1n our breed1ng program to reduce the generat1on 
t1me for broademng the genet1c d!vers1ty of breed1ng gene pools and to fac1htate the 
molecular tagg1ng of genes Most of these apphcat1ons have been mamly restra1ned to 
crosses conta1mng at least one ¡apomca parent due to the recalc1trance of 1nd1ca 
genotypes The replacement of sucrose by maltose and the add1!1on of s1lver mtrate 1nto 
the callus mductlon med1um substan!lally mcreases the AC response of 1nd1cas (Lent1m el 
al1995) however the y1eld of doubled haplo1ds per anther from md1cas 1s st1ll about20 
fold lower !han from ¡apon1cas There JS ev1dence that the AC response 1n nce 1s controlled 
by few genes (M1ah et al1985 Ou1m1o and Zapata 1990) Therefore the 1ntrogress1on of 
the h1gh AC response !ro m ¡apomcas mto md1cas could fac1htate !he apphcat1on of AC as a 
routlne tool for breed1ng 1nd1ca nce 

D1alell and backcross (BC) mhentance analyses were conducted us1ng crosses between 
the non AC respons1ve true md1cas (Table 1) IR43 (P1) and CT8707 (P2) w1th long 
slender gram type and the h1ghly respons1ve 1apomcas (Table 1) CT6241 17 1 5 1 (P3) 
w1th long slender gra1ns and Todorok1 Wase (P4) w1th short th1ck gra1n type F,~ (and the1r 
correspond1ng rec1procal) F 2 and BC s popula!lons w1th one BC lo each paren! were 
exam1ned The co segregat1on of AC response and gram type was evaluated 

The vanance (Vr) and co va nance (Wr) analyses from the d1allel study shows the mtercept 
of the regress1on hne above the ongm md1catmg mcomplete dom1nance for the AC 
response (F1gure 1) H1gh callus mduct1on and h1gh green plan! regenerat1on are recess1ve 
smce P3 and P4 are above the WrNr mean whereas the low response IS dom1nant s1nce 
P1 and P2 are below the WrNr mean (F1gure 1) The mean dommance (H1/D) values for 
callus mduct1on (O 68) and green plant regenera!IOn (O 49) corroborates the part1al 
dommance of the low response Thus the AC response of the F1 s 1s between the low 
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and h1gh respons1ve parents (Table 1) Poss1ble maternal eflects but not statJstJcally 
d1flerent were only noted 1n the crosses when eT8707 was used as the non respons1ve 
paren! (Table 1) 

The genera !ion mean analyses show that the response models obta1ned for each tra1t are 
ahke and 1ndependent o! the cross analyzed The genet1c models wh1ch explam the 
vanab1hty lor callus Jnduct1on and green plant regenerat1on are dJI!erent suggestJng that 
these tra1ts are encoded by a d1flerent set o! genes For callus mduct1on addJtJve and 
dom1nant eflects were h1ghly SJgm!Jcant whereas lor green plant regenerat1on only the 
addJ!Jve eflects were statJStJcally sJgm!Jcant (Table 2) The proposed genet1c models 
(Table 3) reqUJred one type o! gene mteracllon (addJtJVe X addJtJve for callus mduct1on and 
addJIJve X dommance lor green plan! regenerat1on) (Table 2) Results suggest that these 
traJts are controlled by a Simple genet1c system (olygogemc) of d1flerent sets o! genes 
Both traJts show h1gh heretabJhty (stnct sense) values (O 81 for callus JnductJon ando 79 
lor green plan! regenerallon) The Simple genet1cs and h1gh heretabJhty of Ae response 
suggest that th1s tra1t could be eas1ly translerred by cross1ng 

The co segregat1on analyses on the cross between P1 and P4 1nd1cate that callus 
mduct1on (X2 =O 034 p =0 853) and green plant regenerat1on (X2 =O 033 p =0 978) 
segregate Jndependently lrom the gra1n type Plants combmmg h1gh response lo Ae from 
the P4 Japomca paren! (up to 70 1 callus mduct1on and 90 lo green plant regenerat1on) 
and gra1n type from the 1nd1ca P1 (up to 8 7 mm long and 2 9 mm w1de) were recovered as 
early as 1n !he F 2 generat1on and subsequently 1n the backcross 1nd1ca generat1on S1x 
hnes from the crosses IR43fTodorokJ Wase//IR43 and IR43/eT6241//IR43 w1th h1gh 
response lo Ae (up lo about 40o/ callus JnductJon or 90 /o green plant regenerat1on) and 
long slender grams (above 8 O mm long and 3 O mm w1de) were selected IndiVIdual plants 
from the progeny of the selected hnes are bemg evaluated for the1r 1n v1tro response and 
agronom1c charactenst1cs to select those md1ca types w1th h1gh response to Ae Selected 
plants w111 be used as parents m crosses w1th plants from a recurren! select1on populallon 
to develop a gene!Jc d1verse 1nd1ca gene pool w1th 1ncreased response to Ae 
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Table 1 Anther culture response of crosses between the Japomcas CT 6241 17 1 5 1 
and Todoroki Wase and the indicas IR 43 and CT 8707 

Paren! or cross Callus per anther {0
/ ) Green plants per callus (/o) 

IR43 
CT8707 
CT6241 
Todoroki Wase 
IR 43/CT 8707 
CT 8707/IR 43 
CT 6241 /Todoroki 
CT 8707/Todoroki 
Todoroki/CT 8707 
CT 8707 /CT 6241 
CT 6241/CT 8707 
IR 43/Todoroki 
Todoroki/IR 43 
Todoroki/IR 43 F2 
Todoroki/IR 43/IIR 43 
Todoroki/IR 43/!Todoroki 
IR 43/CT 6241 
CT 6241/IR 43 
CT6241/IR43F2 
CT 6241/IR 43/IIR 43 
CT 6241/IR 43/ICT6241 

OOd 
OOd 

19 8 b 
422a 
OOd 
OOd 

58 3a 
22bcd 

15 9 be 
6 6 bcd 

11 8 bcd 
15 4b 
17 9b 
12 7bc 
52 e 

24 9b 
13 9bc 
13 4 be 
4 Sed 
54 e 

12 3bc 

OOd 
OOd 

439a 
288b 
OOd 
OOd 

283ab 
OOd 
3 3cd 
33cd 
OOd 

12 3bc 
12 8 b 
11 7 b 
72c 

17 6 b 
11 9 be 
22 1 b 
75b 
79b 

15 9 b 

Means w th the same letter are not SIQnlflcantty d1fferent accorthng to Waller Duncan K rat1o test p _O 01 

Table 2 Generatlon mean anaJys1s based on data from !he populatlons P P 
2 

F F 2 BC 
md1ca and BC ¡apomca of !he crosses Todorok1 x IR43 and CT6241 x IR43 ' 

Callus per anther 

Parameter § TodorokiXIR43 CT6241xiR43 

[m] 
[a] 
[d] 

[axa] 
[axd] 
[dxd] 

X' (2df) 
p 

702 
2075 
10 29 
13 79 

1 20 
o 55 

5 11 
912 

20 33 
14 76 

370 
016 

'Accord ng to the Slmplest model that expla ns the observad values 

Green plan! per callus 

TodorokiXI R43 CT6241 xl R43 

16 29 21 02 
15 72 21 46 

1 58 386 

17 85 28 19 

3 90 410 
014 013 

s¡m] mean alue between parents [a] add t ve ettects [d] dom1nant effects [axa} [axd] and [dxd]mteract ons 
between add1t1ve and/or dom nant ettects 01tterent from zero at p o OS and O 01 respect1vely 
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Table 3 Observed and expected mean values accordmg to the genet1c model proposed 
by the generatlon mean analyses 

Callus 1 anther Green plant 1 callus 

IW~IR4:3 c;Tf!24l !~IB~:3 TW~IB~~ c;If!241xiB~~ 

Generat1on o E o E o E o E 

Female paren! 42 73 41 56 19 34 18 76 3357 3201 4312 4248 
Male parent 000 007 000 052 000 057 000 044 
F 1796 1731 13 40 15 21 12 81 14 72 2214 17 16 
F, 1269 1217 4 51 505 1631 15 50 1990 19 09 
BC 24 87 25 99 12 32 13 30 19 78 18 90 21 61 2277 
se, 5 23 524 5 40 417 13 71 1210 14 05 5 41 

X' (2df) 1 20 370 3 90 410 

p o 55 016 o 14 013 

TW=Todoro1<1Wase CT6241 CT6241171 51 O=observed E=expec1ed 
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F1gure 1 D1allel analys1s of (A) callus mduct1on and (8) green plant regeneratiOn on 
crosses from between the Jnd1cas IR43 and CT8707 and the Japomcas CT6241 and 
Todorokl Wase Vr= vanance Wr= co vanance 
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C ACTIVITY RL52 TRANSFER OF RICE ANTHER CULTURE BREEDING TO NATIONAL 

PROGRAMS OF l.ATIN AMERICA 

SuMMARY 

A two year pro¡ect financed by the Rockefeller Foundat1on was executed to transfer CIAT s 
expenence us1ng anther culture (AC) for nce breedmg to vanous Nat1onal Programs of 
Lalln Amenca Twenty mne sc1ent1sts from 141nst1tut1ons and 10 countnes part1c1pated 1n 
th1s event After the first workshop held at CIAT las! year severa! Programs showed 
progress 1n us1ng anther culture (AC) for breedmg The most advanced program IS pro 
duc1ng 2 000 doubled haplo1ds (DH) per year lntegrat1on and cooperat1on IS noted be 
tween the breeders and the t1ssue culture spec1ahsts There 15 1nterest 1n exchang1ng DH 
matenals and strengthemng the sc1ent1fic collaborat1on between part1c1pant Programs A 
manual and a VIdeo summanzmg the genet1c and blolog1cal aspects of anther culture 
w1th a strong componen! of our expenence us1ng the techmque 1n nce breed1ng w111 be 
ready by the end of 1995 

INTRODUCTION 

Th1s workshop 1s part of a two year pro¡ect f1nanced by the Rockefeller Foundat1on to 
transfer CIAT s expenence on anther culture (AC) 1n nce breedmg to the Nallonal 
Programs of La !In Amanea The mam ob¡ect1ves of the technology transfer program 
1ncluded 1) to transfer the AC methodology developed at CIAT for 1ntegrat1on of doubled 
haplo1ds (DH) mto nce breedmg u) to contnbute towards the forma!lon of 1nterd1SC1phnary 
eams on nce anther culture breedmg compnsmg plant breeders and t1ssue culture 
spec1ahsts 1n each part1c1pant msti!Utlons and 111) to enhance honzontal research 
coopera !Ion 1n nce breedmg usmg anther culture at the sub reg1onal and reg1onal levels 
The pro¡ect was 1mllated on February 1994 w1th a f1rst workshop held at CIAT focused on 
techn1cal d1scuss1ons on nce breedmg and nce anther culture 1ntens1ve laboratory 
greenhouse and f1eld exerc1ses and d1scuss1ons on logiSIIcal and econom1c aspects o! 
1mplement1ng AC 1n nce breed1ng Th1s year the second workshop was conducted from 
February 25 to March 1 O 1n Argentina Brazll and Uruguay Twenty mne sc1ent1sts lrom 14 
lnst1tut1ons and 1 O countnes part1c1pated 1n th1s event Most of the part1c1pants attended 
last year s workshop Act1V1t1es mcluded presentat1ons by part1c1pants about the1r work 
dunng the last year V1s1ts to anther culture laboratones and f1eld evaluat1ons and selec!lon 
of more than 2 000 doubled haplo1ds lmes produced by CIAT and sorne o! the part1c1pant 
1 nst1tut1ons 

Severa! Programs showed progress 1n us1ng anther culture (AC) for breed1ng The most 
advanced program 1s INTA Argentina produc1ng 2 000 doubled haplo1ds (DH) per year 
followed by the Instituto de lnvest1gac1ones del Arroz Cuba w1th 1 500 DH and CNPAF 
Brazll w1th 600 DH INIA Uruguay started us1ng AC last year ¡ust alter the !1rst workshop 
they could already produced 200 DH FONAIAP Venezuela showed a substantlal progress 
1n the AC response lor vanous o! the h1ghly recalc1trant 1nd1ca matenals used In the1r 
breedmg program Most laboratones are well eqUipped lntegrat1on and cooperat1on was 
noted between the breeders and the llssue culture spec1ahsts Part1c1pants express the 
need to cont1nue shanng mformat1on as 1t was lostered by th1s two year pro¡ect They 
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al so 1nd1cated the1r 1nterest 1n exchang1ng OH matenals and strengthemng the sc1ent1st 
collaborat1on across Programs As a result of these needs a 3 year research proposal1s 
go1ng to be prepared 

W1th th1s workshop th1s two year proJect "Technology Transfer on Anther Culture for R1ce 
Breed1ng 1s completed The final vers1on of a manual and a v1deo summanz~ng the 
genet1c and b1olog1cal aspects of anther culture w1th a strong componen! of our 
expenence us1ng the techmque 1n nce breed1ng w1ll be ready by the end of 1995 
Part1c1pant programs 1nd1cated the need for a cont1nue collaborat1on from CIAT 1n 
facllitat1ng the exchange of DH hnes between programs tra1n1n9 sc1ent1st for those 
programs that are currently building the1r laboratones (1 e JNIA Chile IRGA Braz1l) and 
ass1St1ng th1s new 1mt1at1ve to fac1htate and assure 1ts 1mplementat1on 1n breed1ng The 
adoptlon of AC by the Natlonal partners may a1d to fill out the gap left by CIAT when 
mov1ng from dehvenng flmshed l1nes to segregat1ng populatlons and parents 

30 



11 PROJECT2 
IMPROVED UPLAND RICE GENE POOLS 

PURPOSE 

To develop upland nce types for sustatnable agnculture where they can act as nurse 
crops to protect the sotl and enhance the establishment of perenntals such as forages tn 
the troptcal savannas and htllstdes and under tree crops tn lores! margtns and htllstdes 

A Acttvtty RU 01 Germplasm Development 

SuMMARY 

Thts pro¡ect began tn 1984 wtth the ob¡ecttve to develop germplasm adaptad to actd sotls 
savannas Breedtng ts concentrated tn the development of ftxed hnes and populatton 
tmprovement The ftrst strategy rehes on germplasm tntroductton paren! analysts 
management of segregattng generattons and observattonal yteld tnals Use of populatton 
tmprovement started tn 1993 wtth tntroducttons of gene pools and populatton from Brazt! 
tn 1994 CIAT created tts own populatton (PCT 4\0\0\1) based on the most adaptad 
tntroduced matena! To support these tnt!tattves there are spectal studtes (BS and MSc 
theses work) on dtfferent aspects relatad to the employed strategtes The results of the 
pro¡ect can be measured by the vanetal raleases tn Colombta and Braztl These aspects 
are covered tn thts pro¡ect report 

INTROOUCTION 

Thts pro¡ect began tn 1984 wtth the ob¡ecttve to develop germplasm adapted to actd sotls 
savannas The matn charactensttcs been bred tnto these matenals have been 

toleran ce to actd sot!s 
dtsease reststance matnly blast 
msect reststance matn!y Tagosodes onz¡colus 
good gratn quahty (translucent long and slender) and 
earhness (growth duratton shorter than 115 days) 

lmprovement of up!and nce gene pools ts based on La Ltbertad Expenmental Statton 
(LLES) Vtllavtcencto Meta and Matazul Farm eastern platns of Colombta (Aittllanura) 
Dunng 1994 to tmprove the LLES sotl phystcally and chemtcally Crotalana JUncea L was 
used as green manure Both locattons followed the same sotl preparatton early plowtng 
was done wtth chtsel and !mal preparatton wtth dtsk arrows and chtsel plow These 
practtces were !he same for all expenments menttoned tn lhts report 

Sotl and chmattc data for LLES are showed tn Tables 1 and 2 lt ts clear from Table 1 that 
the sotls are actd and the Alumtnum saturalton very htgh The O M ts relattvely htgh 
probably because the system goes through a cycle of fallow for one year Phosphorus (P) 
values are !ow tn the second !ayer but are htgher tn !he ftrst 20 cm because of !he green 
btomass tncorporated Values of Calctum (Ca) Magnestum (Mg) and Potasstum (K) are 
low charactensttcs from thts sotls 
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LINE 0EVELOPMENT 

Germplasm lntroduction 

The ob¡ect1ve of th1s tnal1s to evaluate the 1ntroduced germplasm and select the most 
prom1s1ng ones for further evaluai!On and crossmg The mtroduct1on 1n 1995 carne from 7 
groups a) Australia (9) b) Hungary (19) e) CORAF network (436) d) INGER Afnca 
nursery AURON 93 (84) and AURPSS 93 (140) e) INGER Global nursery IURON 94 (55) 
f) Braz1han upland (271) and 1rngated (151) and g) 42 hnes from d1fferent locat1ons 

The 1 207 hnes were grouped 1n a tnal callad Introducciones The evaluat1ons made 
were pant v1gor react1on to soll ac1d1ty and d1seases flowenng date and plant he1ght 
Only 89 (7 4 /o) hnes had potent1al for further stud1es 50 from Brazll 27 from CORAF 6 
from AURON 4 from AURPSS and 2 from IURON The Braz!11an germplasm and the 
lmes from AURON presentad earhness (78 2 and 72 3 days to flowenng respect1vely) an 
1mportant breed1ng ObJeCtlve 

W1th1n the selected hnes th1rty had leal blast (BI) react1ons scores !> 3 twenty flowered 
w1th less than 76 days and e1ght had plant v1gor !> 5 Only e1ght hnes combmed Bl 
res1stance and earhness and only WAB 56 1 04 combmed all three charactenstJcs The 
1996 plans for the selected hnes are to conllnue under evaluallon as members of the 
nursery Potenllal Parents 

Potent1al Parents 

Th1s set 1s composed of mtroduced lmes and germplasm developed Wllhm the project 
The mam ObJeCtJve 1s lo specJ!Jcally evaluate the matenals for severa! traJis and select the 
best ones for crossmg In 1995 the tnal had 212 entnes wh1ch were planted al LLES and 
AltJIIanura for blast hneage evaluatJon and for morphologJcal charactenzatJon 

The evaluatJons for morpholog1cal charactenzatJon were Similar to what 1s done for the 
mtroducllon add1ng a more detaJied descnpt1on of the weakness and strength of ea eh hne 
was made Look1ng at these evalual1ons there were 78 lmes w1th potenllal for crossmg 
but befare crossmg these mformai!On wlll be comb1ned w1th the blast hneage analys1s 

8/ast lmeage eva/uat1on A total of 185 parents were tested agamst ¿4 Jsolates collected 
by the Pathology Sect1on 1n the Alt1llanura The ob¡ect1ve was to Jdent1fy the1r react1on to 
the AI!JIIanura lmeages (ALL) to gwde the crosses to 1mprove upland germplasm for blast 
resJstance 

The methodology used was descnbed elsewhere 1n prev1ous R1ce Program Reports The 
results are reportad 1n Table 3 lsolate Lmea 2 62 obta1ned from CT1 0037 9 7 M 1 M 
and belong1ng to hneage ALL 7 was the most wulent one 11 was compatible w1th 83 
( 44 9 1 ) of the 185 matenals tested The follow1ng one was 1solate L1 nea 4 2 from 
CT9997 5 3 M 4 M also belong1ng to ALL 7 Nevertheless there were 9 1solates 
awulent to all hnes 

An mterestmg observat1on was that sorne of the crosses evaluated even though w1th 
s1m1lar ped1gree up to F 

6 
segregated for react1on to hneage ALL 7 For example 

CT11848 11 2 6 1 and CT11848 11 2 6 2 were res1stant and CT11848 11 2 6 3 and 
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CT11 848 11 2 6-4 were susceptible Th1s may have happened because the select1on 
process was carned on at LLES and the hneages from Altlllanura show a d1fferent 
compoS1t1on to ftnd out th1s 11 1s necessary further analys1s of segregatmg matenals 

Segregatlng Generatlons 

F2 Generatlon triple crosses Twenty crosses were made 1n 1993 after selectlon 1n !he 
F, at Palm1ra Expenmental Statlon (PES) they were reduced lo 186 plants from 15 F2 

populat1ons The select1on entena used was plan! and gra1n type and growth durat1on 
(h1ghly 1nhentable trBits) 

The F 
2 

hnes were evaluated for react1on to so1l ac1d1ty and d1seases Dunng select1on 165 
plants were chosen from 48 !mes (25 8 1) and 13 crosses (92 8%) The CT13365 
(Seratus Malam/HD 14//CT11231 2 2 1 M) and CT13369 (Nam Sagw19/CT9997 5 3 M 
4 M//CT1 0598 25 1 2P 1 1) were d1scarded dueto suscept1b1hty to neck blast (NBI) The 
most prom1s1ng crosses were CT13370 CT13371 and CT13366 w1th 65 0°/ 53 3°/ and 
37 5/ of the hnes selected and 64 28 and 25 F2 plants respect1vely Crosses CT13370 
and CT13366 have CT11240 26 1M M as one of the parent contnbullng w1th 50°/ of 1ts 
genes to the cross In total there were 3 6 plants selected per hne and 14 1 per cross 

The average flowenng data for the selected hnes was 80 days the combtnatlons CT13366 
and CT13380 flowered w1th 72 days Relatad lo so1l ac1d1ty the overall behav1or was 
good almos! all hnes were res1stant except hnes from CT13369 

F2 Generatlon single crosses There were 1 8 comb1nat1ons m a de 1n 1993 selectlon left 
177 F2 hnes from 13 crosses Select1on at LLES resultad 1n 655 plants from 129 hnes 
(72 9%) and 13 crosses ( 1 00°/ ) These crosses had better behav1or !han the tnple thus 
more plants were eh osen In the comb1nat1ons CT13573 CT1358 1 CT13582 and 
CT13584 all hnes were selected and 90 49 99 and 98 plants respect1vely were chosen 
In the last three comb1na1Lons CT11242 3 3 M 1 1 was 1nvolved as one of the parents 11 1s 
one of the most blast res1stant paren! In general there were 5 O plants selected per hne 
and 50 6 per cross 

Earhness was a relevan! tra1t 1n these populat1ons the overall average was 72 days 
Combmat1ons CT13573 and CT13583 were the extremes flowenng w1th 69 O and 86 3 
days respect1vely 

F4 Generatlon Th1s was the f1rst year that early generatlons were plantad 1n Alt1llanura 
The objeCtlve was lo expose the germplasm to Alt1llanura d1sease pressure and 
enwonmental cond1!1ons and combine the mformat1on w1th LLES to 1mprove select1on 
etf¡c¡ency 

A set of 238 F3 hnes commg from 24 F2 comb1nat1ons were selected al LLES 1n 1994 At 
PES these matenals were advanced to produce F

4
1tnes for 1995 planling The 

evalualions made at LLES and Alt1llanura were the same as for other segregat1ng 
populat1ons concentraling on d1sease reac!IOn gra1n quahty (type) and y1eld potenllal 

W1lh1n the 238 popula!IOns there were 112 plants selected from 63 hnes (26 5 1 ) and 14 
crosses (48 31) In general the hnes showed very early matunty averag1ng 72 6 days to 
flower The ped1grees CT13217 9 3 M CT13235 17 1 M and CT13234 4 2 M had only 
62 63 and 64 days respect1vely 
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Table 4 presents the d1stnbut1on of Blm each evaluat1on s1tes Altlllanura tnal w1th h1gh 
fert1ilty level had the h1ghest pressure for Bl 34 5°/ of the ilnes showed score 5 the lowest 
pressure was also observad 1n Altlilanura but m the tnal w1th normal fert1hzat1on 

The results are 1nd1ca!lng that sorne ilnes behave the same 1n both Sl!es but there are 
sorne w1th oppos1te react1on At LLES 86 hnes presentad scores < 3 (res1stant ilnes) out 
of them 40 were susceptible m Alt1llanura These results are sugges!lng that probably the 
ilneage frequency d1stnbut1on 1n these two s1tes 1s d11ferent thus suppor!lng the breed1ng 
strategy of plantmg early segregatmg matenals m the Alt1llanura 

F4 and F
5 

Generation from CNA IRAT populat1ons These groups of lmes are ongmated 
from the populat1on 1mprovement componen! of the pro¡ect In the populat1ons CNA IRAT 
5 A and P m 1994 there were 220 F 2 and 38 F 3 plants selected at LLES These ilnes 
were advanced at PES and planted at LLES and Altlilanura m 1995 The ob¡ect1ve 1s to 
contmue the evaluat1on flow to produced flxed ilnes w1th 1mproved tra1ts 

These ilnes are commg from only one and two cycle of mass selecllon 1n the mtroduced 
populat1on therefore as expected the1r potent1al was ilm1ted only 4 F 3 plants were 
selected from 2 hnes and 4 F4 plants from 1 ilne 

F
8 

Generation The ob¡ect1ve of th1s evaluallon 1s to 1dent1fy ilnes for the prehmmary y1eld 
tnals and the INGER LAC Observallonal Nursery for ac1d so1ls In 1995 there were 258 F, 
lmes planted at LLES and Altlllanura They were evaluated for so11 ac1d1ty d1seases 
reac!IOn gram type growth durat1on and y1eld potent1al 

Table 5 shows that the h1ghest blast pressure was observad m the blast nursery planted 1n 
the Al!lllanura the average was 4 2 and 49 7 lo of the ilnes presentad score 2: 5 
(susceptible react1on) The LLES presentad the lowest pressure consequently 75 1 of the 
ilnes were res1stant (score ~ 3) 

Comb1ned analys1s for the locat1ons allow to 1denllfy 47 ilnes w1th h1gh potent1al 
nevertheless 24 of them are ongmated from the same cross (CT11891) and only three F, 
plants Last year the best ilne m the preilmmary tnal wh1ch 1s under evaluat1on for 
release was CT11891 2 2 7 M also from the CT11891 cross 

PrehmlnaryYJeldTnals 

Th1rty hnes and two checks were evaluated to assess the1r y1eld ab1ilty and potent1al for 
release m Colombia The expenments were planted at LLES and Alt11ianura 1n assoc1at1on 
w1th pasturas and w1thout The evaluat1ons were s1m1lar to the advanced ilnes addmg the 
tra1ts related to y1eld ab1ilty ilke number of pamcles per m2 number of sp1kelets per 
pan1cle 1 00 gra1n we1ght etc 

At LLES the best ilne was CT12243 07 11 w1th 3 468 kg/ha and the worst was (TOx 1011 
4 1/Cu1abana) 4 w1th 1 253 kg/ha both have short growth durat1on The early maturatmg 
check cu1t1var Guara m y1elded 1 584 kg/ha The coeff1C1ent of vana !IOn for the tnal was 
10 4/ 

The best hne 1n the Alt1llanura w1thout assoc1at1on w1th pasture y1elded 3 066 kg/ha 
(CT11618 6 21M 2)andthelowestyleldlngilnewasCT12243 22 9wlth987kg/ha The 
checks had s1m1lar y1eld 2 280 and 2 430 kg/ha for Oryz1ca Sabana 6 and Guaran1 
respect1vely The CV 1 was 11 O The assoc1at10n w1th pasture d1d not reduce the y1eld 
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potent1al the averages were 2 216 kg/ha tor the assoc1at1on and 2 236 kg/ha for 
monocrop The h1ghesty1eld1ng hne 1n assoc1at1on was CT11251 9M2 3 5wlth 2 910 kg/ 
ha and the lowest was CT1243 22 9 w1th 1 050 kg/ha Both checks showed S1m1lar 
y1elded between them and between tnals for Oryz1ca 

Sabana 6 11 was 2 205 kg/ha and tor Guaran1 2 444 kg/ha The CV% was s1m1lar to other 
tnals 106 

One tnal plantad 1n the Altlllanura rece1ved h1gher dosage ot fert1hzers but 11 d1d not 
presentad a h1gher average y1eld 11 was only 2 327 kg/ha lower than LLES wh1ch had 
2 511 kg/ha The h1ghest y1eld1ng hne was CT11891 2 2 3 6 M (3239 kg/ha) and the 
lowest was CT11232 35 2 M M ( 1198 kg/ha) The CV0

/ was Similar to all other prehm1nary 
tnals 10 6 

The comb1ned analys1s d1d no show s1gmf1cant d1fferences between the tour tnals 
Nevertheless stat1st1cal d1fferences were found between hnes and tor the 1nteract1on hne 
by tnal For example CT12243 07 11 was the h1ghest y1eld1ng hne at LLES and was 1n 
the 29th pos1t1on 1n Alt1llanura monocrop 

The ~nteracllon genotype by enwonment d1d allow to 1dent1ty matenals Wllh umform 
behav1or across all Slles theretore 7 l1nes were selected cons1denng not only 1ts y1eld 
potent1al but al so 1ts range ot vanab1hty op1mon g1ven by farmers who VISitad the tnal and 
other agronom1c 1nformatlon gathered dunng the season Th1s hne w1ll be mu1t1phed and 
handled to CORPOICA for reg1onal tnals and poss1ble vanety ralease 

PoPuLAnoNIMPROVEMENT 

lntroduct1on 

The project has been 1ncreas1ng the emphas1s on th1s componen! at the expenses of 
reductlon 1n hne development In 1995 tour populat1ons were evaluated Wllh the ObJeCtlve 
to 1mprove them for spec1f1c trBits ma1nly blast res1stance earhness and gra1n quahty 

Dunng the lnl!lal years the work concentraled 1n 1nlroduct1on charactenzatlon and mass 
select1on under ac1d so1ls cond1t1ons ( deta1ls about these aspects are wntten 1n prev1ous 
R1ce Program Report) These populat1ons have d1fferent ong1n but they all have the male 
stenle gene from IR36 From 1996 onwards the project w111 be work1ng on evaluat1on of 
S, 2 progemes lo 1mprove !he populat1ons 

The tour populat1ons were planted 1n the same way The 2 500 plants were spaced 
planted lo allow planl selecllon All populat1ons were surrounded by ma1ze lo avo1d 
externa! polhnat1on 

PCTP\0\0\0 

Th1s populat1on s1nce 1ts charactenzat1on has been go1ng through a reduct1on 1n s1ze 
beca use 11 has not presentad good agronom1c trBits and also 1s susceptible to NBI Th1s 
season lhere were only 357 plants represent1ng the vanab1hty of the populat1on The blast 
pressure al LLES delerm1ned the ehm1na110n of the populat1on 92 4 1 ot the plants were 
susceptible lo bias! and the rema1mng plants d1d nol have lhe agronom1c potenllal for 
further 1mprovement 
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PCTS\0\0\0 

Out of the 2 500 S
0 
plants present 1n the populatton 1 193 (47 8o/) were eltmtnated dueto 

suscept1b1hty to Bl and 155 (6 2%) to Ho¡a Blanca Vtrus (HBV) Thts populatton carne from 
seeds harvested on m ale stenle plants thus ti ts expected a 1 1 segregatton for ferttle and 
stenle plants Counttng plants whtch reached matunty there were 592 490 or 54 7 45 3°/ 
a relattonsh1p close to the expected one 

1 n general thts populat1on presentad plants wtth undestrable plant he1ght and gratn type 
thus the selectton only ptcked 56 tnd1v1duals (9 3 /o selectton tntenstty) for progeny 
evalualion and recombtnatton to compose the next cycle populatton Thts reduced number 
affects the populatton stze and the vanabtltty avatlable for conttnuous select1on ti probably 
wtllltmlt the populatton to a short term usefulness 

To fmd out the compos1tton of the populatton for one of the tmportant tratts for the pro¡ect 
a sample of 188 plants was ptcked and classtfled accordtng to flowenng data Table 6 
shows that more than 27 Oo/ of the plants flowered before 76 days and 38 9% between 76 
and 80 days These data tnd1cate that the populatton ts skewed toward earltness wh1ch 
was the d1rect1on used tn the selectton process 

PCTA\0\0\0 

S1mtlar to the prev1ous populatton out of the 2 500 S
0 

plants 882 (35 3 1 ) were e1tm1nated 
m the early stages due to suscepttb1hty to Bl and 198 (8 1 o¡ ) to HBV The seeds u sed to 
generate thts populat1on al so carne from m ale stenle plan! thus from the 1 309 plants left 
696 were ferttle and 548 stenle thts g1ves a 55 9 to 44 1 o/ relattonshtp 

Th1s populalton had s1m1lar behavtor as PCT 5\0\0\0 there were 87 plants selected for 
progeny test1ng wh1ch gtves 12 5 /o seleclion tntens1ty Thts ts also a small number of 
tndlvtduals to represen! the populat1on s1ze of PCT A\0\0\0 thus the recurren! select1on w111 
be ltmtted to short term gatns 

A sample of 159 plants was u sed to charactenze the populat1on for flowenng The results 
on Table 6 are show1ng that more than 40 0°/ flowered before 76 days and that 29 6 1 
were between 76 and 80 days Thts 1s 1ndtcat1ng that more than 50 1 of the members of 
th1s populalion are cons1dered early matenal Compared to PCT 5\0\0\0 th1s populat1on 
had h1gher percentage of pants flowenng bellow 80 days thts was expected beca use the 
PCT A \0\0\0 was denved of 1ntroducttons of early matunng ltnes tn the m ale stenle 
background of PCT 5\0\0\0 

PCT 4\0\0\1 

Th1s populat1on was developed al CIAT usmg CNA IRAT A as source of male stenltty On 
lhts background was 1ntroduced 7 breedtng ltnes adapted lo actd sotls and w1th 
outstandtng agronom1c tratts Thts germplasm should be the central focus tn the 
populai!On 1mprovement componen! of th1s pro¡ect 
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The selecllon for Bl and HBV on the 2 500 S0 plants reduced 42 7°/ and 4 9 1 
respectiVely of the populallon s1ze Out of the rema1mng plants 63 6% were fert1le and 
36 4°/ were stenle these numbers do not lit the 1 1 expected relallonsh1p In the hterature 
there are severa! reports indicatlng that th1s may happen due to preferent1al gamet1c 
segregaliOn 

Th1s was the best populat1on among all tour from the 852 fert1le plants left there were 160 
seleclions for S, progeny testlng Th1s number should allow alter next year evaluat1on to 
come up w1th around 50 plants for recomb1nalion wh1ch IS the number recommended m 
the hterature to target for med1um term gams 

Similar to what was done for the prev1ous reportad populallons a sample was used to 
charactenze flowenng d1stnbut1on Table 6 1nd1cates that there are 29 5 /o of plants 
between 66 and 70 days 25 1 1 between 71 and 75 days Th1s populallon presents the 
strongest skewness toward earhness comparad to the other three 

The future plans are to seed 1ncrease the S, plants and progeny test the S, 2 at LLES and 
Altillanura 1n 1996 The recomb1nat1on phase will be conducted at PES m 1996 to 
complete the f1rst recurren! seleclion cycle 

5PECIAL STUDIES 

Hoja Blanca VlfUS (HBV) 

Th1s wus 1s an 1mportant d1sease m 1rngated nce m severa! La !in Amencan countnes but 
11 was not ever reportad for upland under ac1d soils Th1s year even though the seventy 
was not h1gh symptoms were observad m all tnals Table 7 summanzes the number of 
hnes observed w1th at least one mfected plantad 1n sorne of the tnals carned on 1n 1995 

Blast Nursery 

To avo1d plantlng F8 and earher generat1on m 5 O meters two row plots m the Allillanura 
Wh1ch requ1res a lot of resources th1s year the proJect 1s evaluatlng the poss1b1hty of us1ng 
blast nursenes to assess the blast react1on of these hnes under natural d1sease pressure 
(hneage compos1t1on) com1ng from the target area (Ait1llanura) 

In 1995 the nursery Progenitores Potenc1ales the F8 hnes and matenals 1ncluded 1n the 
prehmmary y1eld tnal were grouped for th1s test The objectlve was to evaluate Bl 1n 
Altillanura under h1gh blast pressure and compare the data w1th the results observad 1n 
the same tnals conduced m larger plots 

The tnal was planted m 1 meter two row plot w1th h1gher level of fertlhzatlon (ma1nly 
nltrogen) h1gh seed dens1ty and w1th late plantmg Th1s strategy allows to get h1gher 
levels of d1sease pressure and moculum com1ng from hneages present 1n germplasm 
planted 1n the area A summary of the results of th1s tnal1s presentad 1n Table 5 lt 1s 
pomtmg that the h1ghest d1sease pressure was observad 1n th1s tnal comparad to the 
others 
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Populatton Size tn Rice 

Follow1ng the agreement between CIAT and the EscoJa Supenor de Agncultura Lwz de 
Oue1roz (ESALQ) P1rac1caba Brazll the student Ana Claudia Carvalho Badan has been 
develop1ng a Master degree thes1s to determme the sample s1ze reqwred to charactenze 
nce populallons 

Populat1on PCT 4\0\0\1 IS the sub¡ect of th1s study A sample of plants from each paren! 1s 
under evaluallon at LLES The parameter measured were tlller number flowenng date 
plant he1ght and y1eld The results w11l be presentad m her thes1s work wh1ch wlll be 
publlshed by ESALQ 

Breedtng Strategy for Blast 

Th1s work 1s part of a Master degree thes1s conducted by Eduardo Graterol from 
Umvers1dad Central de Venezuela Maracay Venezuela The ob¡ect1ve 1s to compare leal 

and neck blast reacllon of lmes produced through s1x breedmg strateg1es comb1mng 
generat1on of selecllon (F2 F3 y F4) Jocat1ons and plant1ng date (Annex 1) 

A total of 486 lmes were developed from e1ght combmat1ons The crosses were chosen to 
comb1ne d1fferent blast react1on (susceptible/susceptible suscept1ble/res1stant and 
reslstant/reslstant) The expenment was planted at Santa Rosa Expenmental Stallon 
(SRES) followmg a random1zed block des1gn Wilh four repllcallons 

Prellmmary data are 1nd1catmg that the coeff1C1ent of vanallon for Bl1s much lower than for 
NBI 17 3 1 aga1nst 31 7 1 For Bl there were S1gmf1cant stallst1cal d11ferences between 
strateg1es and for the mteract1on strategy by cross 

The average Bl scores are md1catmg that strateg1es 2 (4 1 O) 5 ( 4 11) and 3 ( 4 16) are 
s1gmflcantly d11ferent from 6 ( 4 72) wh1ch 1s s1m11ar to 1 ( 4 44) and 4 ( 4 34) These results 
are sugges!lng that there was llm1ted effect 1n selectmg m F2 F3 or F4 when compared to 
bulk the matenals for one or two generat1ons at SRES The lowest number of res1stant 
lmes was obta1ned w1th strategy 6 

All strateg1es together produced 86 res1stant llnes to Bl (scores < 4) the h1ghest number 
(26) carne from strategy 2 11 was followed by 1 4 6 3 and 5 w1th 14 13 13 12 and 8 
respectlvely 

W1th respect to NBI the analys1s md1cated no S1gmf1cant d1fference between strateg1es bu! 
there was tor the 1nteract1on strategy by cross 

Lookmg at the number of llnes from ea eh strategy that contnbuted to !he 11 o llnes w1th 
scores ~ 2 11 was tound that strategy 1 and 2 had the h1ghest contnbu!IOn 30 llnes each 
In the sequence there were the strateg1es 4 3 5 and 6 w1th 14 13 13 and 1 O llnes 
respect1vely 

These results are not showmg one strategy h1ghly supenor than the others Apparently 
!he strategy 5 wh1ch postpones select1on untll F w1th generaiiOn advance at SRES 
takmg advantage of !he natural select1on m !he hot spot s1te prov1des an econom1c 
alternat1ve lo develop bias! res1stant llnes Nevertheless strateg1es 1 and 2 wh1ch were 
s1m11ar to 5 produced the h1ghest number of res1stant lmes for Bl and NBI 11 1s worth 
menllomng that these two strateg1es reqUire more effort from the breeder 1n keep1ng 
track1ng the ped1grees of each 11ne and resources tor plantmg 
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In conclus1on based on these prehm1nary analys1s there are alternativas to produce bias! 
res1stant hnes The relat1onsh1p cost/benef1t and the ObJeCtlves of the program should be 
tak1ng 1nto account to dec1de wh1ch one has more potent1al 

FIELD DAY W1TH FARMERS AND EXTENSIONIST 

W1th the obJect1ve to hear farmers and extens1omst s opm1on on the type of matenals the 
proJect 1s developmg for Colombia 11 was orgamzed a f1eld day 1n the Altlilanura In 
summary the ma1n comments made were related to 

Earlmess a tra1t very much apprec1ated by the group the matenals are better than the 
Oryz1ca Sabana 6 lt allows growmg two crops m the same season and !aster ava11ab1hty 
of the pasturas 

Plant hetght the short stature of the hnes presents two folds f1rst 11 1s useful for areas 
w1th h1gher hum1d1ty and assoc1at1on w1th not very aggress1ve pasturas (8 dycttoneura) 
second 11 may be def1c1ent to compete w1th aggress1ve pasturas (8 decumbens and 8 
bnzantha) 

Gram type excellent s1ze and shape th1s may overcome the mlihng problems they are 
fac1ng w1th Oryz1ca Sabana 6 

Dtsease and pest reststance the blast res1stance level observad was apprec1ated the 
ma1n po1nt was how long 11 Wllllast under farmers f1eld cond1t1ons HBV 1s a concern for 
the future thus res1stance should be 1ncluded The maJor concern was w1th pest ma1nly 
w1th the level of suscept1b1hty presentad by some matenals to Dtatrea saccharalts 

In conclus1on the matenals are targetmg the~r pnont1es and are showmg progress for the 
tra1ts relevan! to them Based on what they saw the CIAT/CORPOICA project should be 
able to prov1de the reg1on germplasm w1th h1gh poten!lal for vanetal ralease 

PROGRESS IN GERMPLASM EXCHANGE W1TH BRAZIL 

Braz1l has a well structured network for germplasm exchange and evaluat1on CIAT 
germplasm enter the network through EMBRAPA CNPAF Every year parents F, and 
advanced hnes are shared w1th them as well as w1th IRRI WARDA and CIRAD CA 

Dunng the cropp1ng season 1994/95 there were 54 (out of 170) hnes 1ncluded 1n the 
observallonal tnal 15 (out of 34) m the prehm1nary y1eld tnal and 12 (out of 34) that carne 
from CIAT project The members of the network dec1ded to promete 12 to prehm1nary (out 
of 34) and 8 to advanced (out of 18) tnals m favorable are as and 3 to advanced (out of 14) 
tnal for less favorable areas 

Based on severa! years evaluat1on there are two CIAT hnes been proposed for ralease 

CNA 7475TOx 939 107 2 101 1B//Col1 x M312AITOx 1780 2 1 P 4 
CT7/151RAT 216/IRAT 124//RHS 107 2 1 2TB 1 JM 

These results are showmg that there 1s an eff1C1ent mechamsm m place to exchange 
germplasm w1th Braz1l and that hnes developed by the 1mproved upland nce gene pools 
project have potenllal for the more favorable cond1!1ons m the Braz1han Cerrados 
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VARIETAL RELEASE IN COLOMBIA 

Alter severa! years o! y1eld testmg under expenmental and farmers cond1t1ons CORPOICA 
dec1ded to ralease the llne CT6196 33 11 1 3 M w1th the name o! Oryz1ca Sabana 1 O lt 
come from the cross Col1 x M312AIIRAT 1241/RHS 107 2 1 2TB 1JM The y1eld potenllal 
1s s1m1lar to Oryz1ca Sabana 6 but the genet1c bas1s IS d11ferent and gram quallty and blast 
res1stance are supenor A folder w1th complete m!ormat1on on th1s new vanety 1s avallable 
In the OIIICBS o! !he RICB Program 

lt 1s 1mportant to men!IOn that gra1n quallty 1s one o! the hm1t1ng factor for area expans1on 
w1th agropastonl system 1n the Colomb1an Altlllanura Oryz1ca Sabana 6 has been 
class1f1ed as other vanet1es and farmers area receiVIng around 10°/ less th1s 1s beca use 
the rat1o lengthlw1dth IS 2 8 lower than the m1n1mum reqwred (3 O) The new vanety w111 
solve lh1s problem because 11 has a relellonsh1p equal to 3 2 

Table1 So1l analys1s o! two depth (O 20 and 20 40) alter 1ncorporat1on o! green manure 
( Crotalarta Juncea L ) 1n the breed1ng s1te at La Libertad Exp Sta !Ion 1995 

MO ppm P meq/100 g ppm Sat Al 
Depth ( 1) Bray 11 pH 

Al Ca Mg K CIC B Zn Mn Cu Fe ( 1) 

o 20 39 12 1 4 25 03 01 o 1 2 81 01 0391052 o 38 29 87 9 

20 40 4 1 38 5 23 02 o 01 2 54 02 033 774 03 12 91 7 

o 20 5 12 9 4 24 03 01 o 1 2 88 02 039 917 044 32 842 

20 40 38 5 5 22 02 01 01 238 02 03 8 02 038 16 91 6 

o 20 36 17 4 5 26 03 o 1 o 1 3 02 02 0341456 o 43 31 85 7 

20 40 31 51 5 25 03 01 o 1 2 87 02 o 36 7 64 04 20 88 5 

020 35 9 5 25 02 o 1 01 2 84 02 03 11 32 o 37 20 89 4 

20 40 43 57 5 26 02 o 1 o 1 277 03 02 912 o 39 17 92 4 

o 20 35 89 5 29 04 02 01 3 36 03 o 32 15 o o 27 39 84 8 

20 40 3 55 5 3 1 03 o 1 01 3 44 03 o 27 9 91 o 28 27 88 9 

So t textura o 20 44 1 Sand 15 2 1 Sil! and 40 5 Clay 
20-40 39 t 1 Sand 16 9/ Sil! and 45 O 1 Clay 
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Table2 Chmattc data from Santa Rosa Expenmental Statton 1995 used as reference 
for La libertad Expenmental Statlon 

Month 

Data Apr M ay Jun Jul Ago Sep Total 

Ra1nfall (mm) 2636 354 6 331 6 253 9 201 4 1726 1576 3 
Ra1ny days (#) 17 23 24 21 16 17 120 
Max1mum temperature ( C) 309 301 264 294 31 2 321 
M1mmum temperature ( C) 21 7 21 5 21 7 209 21 5 206 
Relat1ve hum1d1ty ( 1) B2 B4 66 66 62 B2 

Table 3 Evaluatton o! the hnes tncluded tn the Progenitores Potenctales nursery 
agamst hneages SAL and ALL under greenhouse condttlons Palm1ra 
Expenmental Statlon 1995 

Ltneage Suscepttble 

Reg lsolates SRL ALL hne (#) 

1 C1ca 9 15 1 3 
2 C1ca 9 37 1 2 o 
3 Selecta 3 20 2 4 
4 Fanny 24 3 3 o 
5 lsol 2 6 2 4 32 
6 lsol 6 7 1 5 1 
7 Colombia 1 15 1 6 4 
6 Lmea2 62 7 63 
9 Lmea2 95 7 o 

10 Lmea 4 2 7 74 
11 Lmea 4 14 7 o 
12 O Sabana 6 21 7 59 
13 O Sabana 6 64 7 6 
14 L 201 6 7 2 
15 Caloro 1 1 6 o 
16 Ram1nad STR 3 23 1 9 o 
17 AIChl Asah1 15 11 10 2 
18 Fanny 28 1 1 11 3 
19 IAC 165 7 1 12 3 
20 Kanto 51 1 5 13 3 
21 Lmea 2 43 1 15 2 
22 Tetep 5 1 16 o 
23 Zemth 32 1 17 o 
24 Chokoto 2 1 19 o 
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Table4 Percentage d1stnbutlon of F
4 

hnes accord1ng to the1r react1on to leal bias! 

Breed1ng srtes 

Alt1llanura 

Seo re LLES Normal fertlhzatlon H1gh fert1hzat1on 

o o o o 
1 o o o 
2 46 92 42 
3 30 9 31 6 32 9 
4 37 7 38 8 27 4 
5 25 4 18 9 34 5 
6 1 2 1 2 o 8 
7 o o o 
8 o o o 
9 o o o 

Average 3 88 3 71 3 95 

1 Refers to ave age score '" the Oto 91RRI (1988) scale 

Table5 Percentage d1stnbut1on of F
8 

hnes accordmg to the1r react1on to leal blast 

Breedmg s1tes 

Allll\anura 

Seo re EELL Normal fertlhzat1on H1gh fertlhzatlon Blast nursery 

o o o o 04 
1 o o o o 
2 9 08 5 1 1 2 
3 66 37 5 39 4 23 7 
4 22 7 56 3 28 1 24 9 
5 1 2 47 25 4 37 5 
6 04 o 1 9 9 
7 08 08 o 08 
8 o o o o 
9 o o o 24 

Average 32 3 68 38 42 

1 Refers to average score tn the Oto 91RRI (1988) scale 
1 
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Table6 Percentage of plants from a sample obta1ned from populat1ons PCT 5\0\0\0 
PCT A\0\0\0 y PCT 4\0\0\1 for flowenng behav1or 

Populat1on Number o! days lrom plantmg to flowenng 

PCT 560 61 65 66 70 71 75 76 80 81 85 ~ 86 

5\0\0\0 05 1 6 11 2 14 9 389 15 4 17 5 

A\0\0\0 1 9 10 1 28 9 296 17 12 7 

4\0\0\1 1 2 92 295 25 1 14 1 162 43 

Table 7 Number of hnes 1n sorne of the 1995 tnals that showed Ho¡a Blanca V1rus 
(HBV) symptoms m at least one plant w1th1n the hne La Libertad Expenmental 
Statlon 1995 

Tnal Total number o! hne Number ot hnes Percentage of hnes 
Wllh HBV Wllh HBV 

F Parents 24 2 83 

F, Parents 37 13 35 1 

F L1nes 238 29 12 2 

F, L1nes 258 56 21 7 

F CNA IRAT 39 6 15 4 

F
5 

CNA IRAT 19 4 21 o 
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Table 8 Strateg1es for selecllng for Pynculana gnsea Sacc 

Strategy Genera!IOn Loca !IOn Selecllon MonthNear 

1 F, SRES y es Apnl 1990 
F, SRES/PES y es October 1990 
F SRES y es apnl 1991 

2 F, SRES y es Apnl 1990 
F, SRES y es October 1990 
F SRES y es Apnl1991 

3 F, SRES y es Apnl1990 
F, SRES y es Apnl1991 
F SRES y es Apnl1992 

4 F, SRES no Apnl1990 
F, SRES y es Apnl 1991 
F SRES y es apnl 1992 

5 F, SRES no Apnl 1990 
F, SRES no Apnl1991 
F SRES y es Apnl 1992 

6 F, PES no apnl 1990 
F, PES no October 1990 
F SRES y es Apnl1991 

PES means Palm1ra Expenmental StatJon and SRES mens Santa Rosa Expenmental Stat on 

B Acnvtrv RU52 MECHANtsMs oF Acto So1L TcLERANCE 

SuMMARY 

For the sustamable development of tropical savannas the further 1mprovement of upland 
nce wh1ch 1s already the 1mportant componen! el croppmg systems for the ecosystem 1s 
needed Upland nce 1s more toleran! te ac1d SOIIS !han other usual crops reqUJnng less 
lime appilcat1on and therefore most su1table for the low mput cropp1ng systems w1th ilttle 
d1sturbance te !he enwonment 11 1s already conf1rmed that nce has a large genotyp1c 
vanat1on 1n terms el the tolerance te ac1d so1l cond1110ns Therefore the development of 
mass screemng techmques wh1ch are more rap1d and accurate !han the en s1te screemng 
may greatly contnbute te the eff1C1ency of upland nce breed1ng targetlng the ecosystems 
Th1s strategy el lh1s project 1s 1) to 1dent1fy the most 1mportant so11 hm1t1ng factor 2) lo 
understand the physiologlcal mechamsms for the tolerance to the hm1t1ng factor and 3) to 
develop a screen1ng techn1que based on the understandmg of !he mechamsms of the 
tolerance 
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In hme (calcltlc hme) response expenments us~ng both toleran! and susceptible genotypes 
found that the toleran! genotypes ma~nta1ned constan! y1eld over the Wlde ranga of hme 
apphcallon whereas the susceptible genotypes responded 1n the ranga between O and 
300 kg/ha of hm1ng In th1s ranga the Ca fert1hty 1ncreases but so1l ac1d1ty does not changa 
s1gmf1cantly The results therefore 1mply that the ma1n tra1t wh1ch 1s d1fferent between 
toleran! and susceptible genotypes may be the tolerance to low Ca condltlons rather than 
the tolerance to h1gh so11 ac1d1ty lt was also found 1n other f1eld expenments that the 
susceptible vanety had h1gh P uptake eff1C1ency but low P use eff1C1ency wh1ch can be 
another reason for the low performance of the susceptible genotype 

In another f1eld expenment the w1de genotyp1c vana !Ion 1n the tolerance to low P fert1hty 
was confirmad us1ng 29 genotypes Severa! genotypes wh1ch had h1ghest y1eld potent1al 
had the lowest low P tolerance (LPT) whereas the h1gh LPT genotypes w1th modera te 
y1eld poten!lal were also found Th1s 1mphed the opportumty to bread new vanet1es wh1ch 
has both h1gh y1eld potentlal and h1gh LPT 

INTRODUCTION 

The genet1c 1mprovement of upland nce for the savannas 1n South Amanea (Llanos and 
Cerrados) 1s progress1ng a1m1ng to create vanet1es hav1ng good adaptat1on to the ac1d 
so1ls as well as h1gh y1eld good gra1n quahty and the res1stance to b1otlc stresses The 
evaluat1on for ac1d so1l tolerance started from 1982 under the f1eld cond111ons w1th and 
w1thout the apphcat1on of hme on a typ1cal Ox1sol w1th Al saturatlon of h1gher than 80 1 
S1nce then the tolerance to the ac1d soll has been evaluated by the performance of the 
vanet1es under th1s natural ac1d1c cond1tlon 1n the f1elds 

Because the performance of genotypes were evaluated under such h1gh ac1d1ty and 
because other fert1hzers were apphed adequately 1n general 11 has been assumed that the 
vane!les wh1ch performed well have the tolerance to the h1gh alum1num 1n the so1l 
( exchangeable Al and so1l solullon Al) or low pH than the susceptible ones 

Bes1de excess alum1num however the h1ghly weathered savanna so11s have other 
chem1cal hm1t1ng factors even 1f fert1hzers were apphed Although apphed fract1onally the 
leach1ng of both N and K dueto the h1gh ra1nfall and good dra~nage tend to cause the 
shortage of these nutnents Low P avallab1hty 1s the another problem because these h1gh 
weathered so1ls have a moderate P sorb1ng capac1ty wh1ch makes 11 d1ff1cult for the plants 
to ut1hze The exchangeable Ca and Mg are also def1c1ent w1th these so1ls because of the 
low cat1on exchange capac1ty Low ava1lab1hty of S11n the so1l1s another problem for these 
h1gh weathered so1ls because the nce plants are known to absorba considerable amount 
of S1 from so1l to support the1r normal growth 

Therefore the tolerance to the shortage of such nutnents could also be the reason for the 
good performance of so callad toleran! vanet1es 1n add1t1on to the tolerance te h1gher Al 
Hence we have started to evaluate the tolerance of genotypes aga1nst the excess of Al as 
well as the shortages of the nutnents ment1oned above From th1s phys¡olog1cal stud1es 
1mproved screemng methods are be1ng developed w1th wh1ch the tolerance te each so1l 
chem1cal factor can be evaluated more accurately and thus contnbute to the eff1c1ent 
breed1ng of more adaptad vanet1es for savanna cond1!1ons 
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RESPONSE OF ACID SOIL TOLERANT ANO SUSCEPTIBLE VARIETIES TO CALCmC UME APPUCATION 

The y1eld of both toleran! and susceptible vanet1es were comparad at the two rates of 
dolom1!1C hme apphcat1on (O 3 and 3 t ha 1) 1n the prev1ous l1eld expenments at La Libertad 
1n 1933 and 1994 The apphcat1on of O 3 t ha 1 of hme 1s not cons1dered to amehorate the 
soll ac1d1ty SIQnlflcantly but ¡ust supphes the Ca and Mg necessary and therefore the 
susceptible vanet1es were not expected to produce reasonable y1eld at the low rate Tthe 
two treatments d1d not cause s•gmf1cant y1eld d1fference even 1n the case of the susceptible 
vanet1es In a pot expenment us1ng s1m1lar Ox1sol 11 was found that the S1gmf1cant 
genotyp1c d1fference between susceptible and toleran! vanet1es occurred at the apphcallon 
range between O and 1 00 ppm (w/w dry soll) of same dolomiiiC hme (wh1ch corresponds to 
ca 250 kg ha 1 1n the f1eld) Therefore 1! was assumed that the y1eld of toleran! and 
susceptible vanet1es d11fer atan apphcat1on ranga lower than 300 kg ha 1 1n the f1eld too 
To conf1rm th1s the y1eld of ac1d so1l toleran! and susceptible vanet1es were comparad w1th 
5 levels of hme apphcabon 

Matenals and methods 

The expenment was conducted on a Ox1sol at the Matazul farm at altlllanura 1n the eastern 
pla.n of Colombia The area had been a nat1ve savanna before the expenment The 
expenments was conducted w1th 4 rephcallons w1th spht plot des1gn w1th 5 hme rates 
(calclllc hme as O 150 300 600 and 3 000 kg ha 1) as ma1n plots and 4 nce vanet1es 
(Oryz1ca 1 and Oryz1ca Llanos 5 as susceptible and Oryz1ca Sabana 6 and IAC165 as 
toleran! vanet1es) as sub plots w1th 4 rephcat1on So11 and so1l solut1on were sequent1ally 
sampled and measured The roots were harvested from all the plots at 90 days alter 
sow1ng (DAS) The total shoots were sampled at 90 DAS as well at harvest 

Results and D1scussion 

F1g 1 shows the changas of so11 pH atO kg ha 1 hme apphcallon As 1n the case w1th the 
expenment at La Libertad 1n 1993 and 1994 the pH decreased to the 4 3 4 4 only at the 
later stage of growth Although the data 1s not shown the pH of 300 kg ha 1 plots 
decreased less than that of the O kg ha 1 Th1s decrease of pH occurred only at the plough 
layer of the so11 (O 20 cm depth) aga.n as 1n the prev1ous expenments at La Libertad But 
1n general the acldlflcatlon 1n Matazul was less than that 1n La L1bertad 

The total growth at the flowenng stage was not s1gmflcantly affected by the hme 
applicallon (data not shown) 

At harvest there was a response of susceptible vanet1es (Oryz1ca 1 and Oryz1ca Llanos 5) 
at the applicat1on rate between O and 300 kg ha (F1g 2) There was a response for 
IAC 165 too but not for Oryz1ca Sabana 6 Therefore 11 was conf1rmed that even at the 
f1eld cond111ons the ma1n effect of hm.ng wh1ch bnngs about the genotyp1c d11ference 1s 
between O to 300 kg ha wh1ch suggests that the genotyp1c dillerence of the contrast1ng 
vanety IS more related to the tolerance to low Ca and/or low Mg rather than the tolerance 
to the d1rect effect of excess alum.num The Trop1cal Lowlands Program {1994) also 
reportad the same response lar Oryz1ca Llanos 5 and Oryz1ca Sabana 6 although the 
response was less 1n th1s expenment The f1nal analys1s .nclud1ng nutnents uptake 15 yet 
lo be done 
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NUTRIENT UPTAKE ANO UTIUZATION EFFICIENCV OF VARIETIES OF UPLAND RICE UNDER LOW ANO 

HIGH APPLICATION RATE OF LIME 

In 1993 frve genotypes of upland nce rncludrng a susceptible genotype were tested on the 
acrd savanna sorl al La Lrbertad wrth low and hrgh apphcatron rate of dolomrtrc hme (O 3 
and 3 t ha ' respectrvely) For thrs expenment the effrcrenc1es for both nutnent uptake 
and nutnent utJhzatJon were analyzed 

Materrals and methods 

The genotypes used were (1) Oryz1ca Llanos 5 (2) IAC47 (3) CT9997 5 3 M 4 M ( 4) 
Oryz1ca Sabana 6 and (5) CT10037 9 7 M 1 M 

The nutnent uptake effJCJency was evaluated al the flowenng 11m e usmg the follow1ng 
equatJon 

[Nutnent uptake effJcJency] = [Nutnent uptake by the plan! top] /[Total roo! length (O 100 
cm)] 

The nutnent use effJcJency was measured at the 11m e of harvest us1ng the equat1on 

[Nutnent use effJCJency] = [Pan1cle dry weJght]/ [Nutnent uptake by the plant top] 

Results 

The results of the nutnents uptake effJcJency are shown 1n F1g 3 The N uptake effJcJency 
was posJIJvely affected by the h1gh hme apphcatJon Wilh acJdJc condJIJons of the so1l the 
ammomum nJtrogen JS accumulated because the nJtnfJcalion JS JnhJblted due to low pH 
The hmmg mcreased the soil pH and m ay have enhanced the mtnhcat1on and hberated 
more mtrate mtrogen wh1ch JS more easily utrhzed by plants The N uptake effJcJency of 
both Oryz•ca Llanos 5 and CT9997 was shghtly lower than the other genotypes Part of 
the reasons can be ascnbed to the shallower rooling system of these geno!) ~os (data not 
shown) P uptake effJcJency was also h1gher w1th the h1gh hme apphcatJon except 1n !he 
case of Oryz1ca Llanos 5 The h1gher P effJcJency of Oryz1ca Llanos 5 JS notable Par of 
1ts reason m1ght be the longer grow1h duralion of th1s vanety (1 01 DAS lo flowenng) !han 
ot the other vanet1es (79 89 DAS to flowenng) The K uptake efftctency of CT9997 was 
lower than that of the other vanet1es The uptake effJCJencJes of Ca and Mg were much 
h1gher w1th htgh hme apphcalion because of the composJ!ton of Ca and Mg 1n !he dolomt!Jc 
hme used (22°/ Ca and 10 1 Mg) L1m1ng 1ncreased the uptake eff1C1ency of Mg more 
!han that of Ca lt was also reportad that the 1ncrease of pH ttself 1ncreases !he uptake of 
Mg but not that of Ca (Rtce Program Annual Report 1993) 

Nutnent use efftctency had negat1ve trend when comparad w1th the uptake effJctency 1n 
general (F1g 4) The N use eff1C1ency was lower w1th h1gh lime treatment for most of !he 
vanet1es P use effJCJency of !he susceptible vanety Oryz1ca Llanos 5 was stgnJftcantly 
lower than that of !he other vanet1es although 11 had htgh uptake efftcJency (Ftg 3) The K 
use effJcJency of IAC47 was !he lowest among !he vanet1es although th1s vanety had htgh 
K uptake effJcJency 1 n contras! CT9997 had the lowest K uptake efftcJency but had the 
h1ghest K use effJcJency For Ca and Mg the use efftctency was lower w1th htgher lime 
applicatton and aga1n the effect of hmtng was more tor Mg than for Ca 
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The non adaptat1on of Oryz1ca Llanos 5 to the savanna cond1t1ons can be partly expla1ned 
by the low phosphorus use ef11c1ency although 1t could take up h1gh amount of 
phosphorus due to 1ts long durat1on 11 could not ut1hze mternal phosphorus to produce the 
gram efflclently CT1 0037 can be charactenzed by 1ts h1gher uptake ef11C1ency whereas 
CT 9997 has a h1gher use efflclency m general Oryz1ca Sabana 6 seems to have had the 
mtermed1ate character between these 

GENETIC VARIABILITY OF UPLAND RICE FOR THE TOLERANCE TO LOW PHOSPHORUS FERTILITY IN 

SOIL 

Ox1sols and Ult1sols prevalimg m the ac1d so1ls m tropical countnes are usually very 
def1c1ent 1n phosphorus The total amount of phosphorus 1s very low because of the long 
weathenng and leach1ng process In add1t10n lhe phosphorus m lhe solis are largely 
bound w1th Fe and Al ox1des and not readliy ava1lable lo plants Even lhe freshly apphed 
phosphorus 1s f1xed by lhese Fe and Al ox1des and becomes unavaliable m a rather short 
t1me 

However phosphorus fertli1zers are more expens1ve than other fert1hzers The low content 
of phosphorus 1n the fertlhzers also causes problem of h1gh lransportatiOn cost espec1ally 
for the f1elds wh1ch are s1tuated away from the c1tles or ports lt 1s lherefore very d1fflcult 
to apply h1gh amount of phosphorus fert1hzers lo lhe f1elds m a large scale Therefore the 
genetlc 1mprovement of the upland nce wh1ch grows relatlvely well even under the low 
phosphorus cond1t10ns (low P tolerance) w111 be sought 

As the flrst year of the pro¡ecl we testad lhe genet1c vanab1hty of lhe low P lolerance 1n 
the f1eld of altlilanura m the eastern plams of Colombia The soli was the typ1cal Ox1sol of 
savanna w1th strong ac1d1ty and low avaliab1hty of nutnenls 

Matenals and methods 

The vanetles used m the expenment are hsted m Table 1 

The expenment was conducted w1th the spht plot des1gn w1th three rephcat1on w1th 
phosphorus leve! as mam plot and vane11es as sub plot Phosphorus as tnple super 
phosphate was apphed at the rate of 5 20 and 80 kg P ha ' and was mcorporated to the 
depth of 15 cm Dolom1t1c hme (55 1 caco, and 35 1 MgC03) were apphed at the rate of 
300 kg ha' 15 days before the sowmg All other nutnents were apphed suff1c1ently At the 
flowenng t1me and harvest plants were harvested and the dry we1ght of the parts were 
we1ghed 

The y1eld al the h1ghest rate of phosphorus fert1hzer (80 kg ha') was deflned as !he Y1eld 
Potent1al of each vanety S1nce the y1eld at med1um phosphorus fert1hty (20 kg P ha ') 
was not S1gmf1cantly d1fferent from Y1eld Potent1al for most of the vanet1es the y1eld al the 
lowest P fert1hty (5 kg ha') was des1gnated as the y1eld atthe stress P leve! Low P 
Tolerance (LPT) mdex 1s defmed as below 

[Low P Tolerance (LPT) ( 1)] = 100 X [Y1eld al stress P leve! (kg ha')] /[Y1eld potent1al (kg 
ha ) ] 
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Results and D1scusslon 

The Y1eld Potent1al versus Low Phosphorus Tolerance (LPT) 1s plotted 1n F1g 5 The 
average y1eld potentlal was 287 g m 2 and the average LPT was 53 5% Each quadrant 
1n the !1gure separated by the average lmes md1cates 

A H1gh LPT but low 1n Yield Poten!ial 

B H1gh 1n LPT and H1gh m Y1eld Potent1al 

C Low m LPT and low m Y1eld Potent1al 

D Low 1n LPT but h1gh m Y1eld Potent1al 

In general the d1stnbut1on o! the vanet1es 1n the f1gure f1tted toa negatlve lmear correlatiOn 
(r= O 633) wh1ch 1s s•gml1cant at 95 /o con!ldence 

The vanet1es located 1n the area B were WAB96 7 1 (Vanety number 12) WAB 99 84 
(13) CT11614141 M4(23) andTOX10114A2(27) wh1chwerecons1deredtohave 
the des1red tra1ts m terms o! phosphorus uptake and usage CNA 70136 (9) and Oryz1ca 
Sabana 6 (2) also had h1gher LPT w1th moderate Y1eld Potent1al The CT 11891 2 2 7 M 
(7) had the h1ghest y1eld o! 417 g m 2 but the LPT was the lowest among all the vanet1es 
used Stat1St1cally the vanet1es No 2 9 12 13 were s•gmf1cantly h1gher than the linear 
regress1on hne w1th 95% confldence and van elles No 6 8 1 O 14 were s1gmflcantly lower 
than that (data was not shown) 

From these data both the tolerant and susceptible vanet1es 1n terms o! low phosphorus 
tolerance Wlll be selected and they w111 be tested m detads for the1r response lo 
phosphorus at more levels 1n order to f1nd the tra1ts wh1ch 1s phys1olog•cally assoc1ated 
w1th the low P tolerance 

EFFECT OF THE APPLICATION OF RICE HULL ASH (RHA) AS AN ALTERNATIVE SI SOU.RCE 

In the prev1ous reports 1t was found that the apphcat1on o! slhcon fer!ihzer benef1ts both the 
y1eld as well as the tolerance agamst d1seases However the costo! s1hcon !ert1hzers and 
the transportatlon 1s h1gh wh1ch makes 11 almost 1mposs1ble to o.Jse Sihcon fert1hzers The 
genet1c vanab1hty for the tolerance to low SI was shown prev1ously (R1ce Program Annual 
Report 1994) He re however as an agronom1c management to overcome th1s hm11ing 
factor the alternat1ve Slhcon fertlhzer was sought 

In the nce product1on area around Villavlcenc•o several mdustnal mili are located The 
nce hull wh1ch was d1scarded as the by product of the hulled 1s heaped up around the 
m1lls Smce the nce hull contams 2 4 lo of s1hcon th1s could be used asan alternat1ve 
source of S1 for the upland nce product1on lf the hull1s apphed as 11 1s the transport cost 
w1ll be h1gh because of 1ts the volume and the 1ncorporat10n of 11 m1ght cause drought 
stress beca use the 1ncorporat1on makes the sods very Therefore the ash of nce hull was 
used as the matenal 

Materlats and Methods 

The nce hull wh1ch was collected from a m1ll at the suburb of V1llav1cenc1o conta1ned 
4 71°/ o! S1 and was heaped on the steel sheet by the quant1ty to be apphed to each plots 
and was burned outdoors When 11 was ashed completely the crust o! the heap o! ash was 
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black and the 1ns1de of the heap was gray These two k1nds of ash were m1xed thoroughly 
The S1 content of the m1xed dned ash was 16 4 /o For the companson wollastomte 
(VANSIL W 10 R TVanderbllt Company)w1th 24 2% S1wasalso used 

The upland nce (var Oryz1ca Sabana 6) was used as plan! matenal The s1hcon sources 
were apphed at the 4 rates (O 200 400 and 800 kg S1 ha ' ) The expenment was 
conducted w1th spht plot des1gn w1th 4 rephcat1on w1th the source of S1 as ma1n plot and 
the rate of the apphcat1on as sub plot Each plot had the d1mens1on of 5 x 4 m The hm1ng 
effect of s1hcon sources was compensated by the apphcat1on of dolom1t1c hme (55 1 
CaCO, and 35 °/ MgC03) Wollastomte had the hm1ng effect eqUivalen! to 70 2 % of 
CaCO, were as nce hull ash (RHA) had mi The S1 sources dolom1t1c hme and other 
fert1hzers (P K Zn) were apphed and 1ncorporated 1nto the soll to 15 cm depth Then the 
seeds were plantad by plantlng mach1ne w1th the row d1stance of 20 cm (80 kg seeds 1 ha) 
on the same day 

Results and discuss1on 

Both s1hcon sources SIQnlflcantly 1ncreased the total dry we1ght at the harvest (Table 2) In 
the case of nce hull ash (RHA) however the harvest 1ndex was decreased at the h1ghest 
apphcat1on rate w1th unknown reason and therefore the f1nal y1eld was not1ncreased 
S1gmf1cantly by the hull ash apphcallon (F1g 6) In the case of wollastomte the harvest 
1ndex was constan! across the apphcat1on rates and the y1eld 1ncreased s1gmf1cantly by 
the apphcaiiOn The number of tlllers d1d not 1ncreased by the apphcat1on of RHA but 
1ncreased slgmf1cantly by the wollastomte (Tabla 2) 

These data 1nd1cate that the wollastomte st1mulated the early growth of upland nce w1thout 
af!ect1ng the processes at the reproduct1ve stage and therefore produced more final y1eld 
The RHA on the contrary d1d not enhance the early growth as 1s seen from the number of 
tlllers At the reproduct1ve stage probably 11 st1mulated the total accumulat1on of dry 
m alter but some how the reproduct1ve process was 1nh1b1ted at the h1ghest apphcat1on 
and d1d not lead to the h1gher y1eld lt has been speculated that the solub1hzat1on of s1hcon 
1n the RHA was slower !han that of the wollaston1te and thus the s1hcon could not be used 
to enhance the plan! growth at the proper t1m1ng as the s1hcon 1n wollastomte could The 
analys1s of s1hcon for both plant t1ssue and so1l would reveal further why the ash of nce hull 
d1d not show any effect on the pian! y1eld format1on 

Although 1t was reportad that the apphcat1on of RHA on the seedbed of transplants 
mcreased the y1eld (Sawant and Pat1l 1994) 11 d1d not 1ncrease the y1eld under the upland 
cond1t1ons on the s1m1lar type of Ox1sol~n N1gena (personal commumcat1on Dr W1nslow) 

The water soluble S1 content of RHA for black and wh1te RHA (554 or 412 ppm 
respect1vely) was that of comparable to the wollastomte (496 ppm) and more !han the slug 
(140 ppm) they however represen! less than 1 1 of the total S1 content 1n these S1 
sources Clearly the most of the S11n the RHA 1s 1n unava1lable form (Mesa Lopez 1991) 
although !he solub1hty 1ncreases 1f the nce hull was ashed at !he h1gher temperatura w1th 
the a1d of the furnace (N K Savant personal commumca!IOn) 
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Table 1 Vanet1es used 1n !he expenment of low P tolerance 

1 Oryz1ca Llanos 5 12 WAB96 7 1 22 CNA6680 

2 Oryz1ca Sabana 6 13 WAB 99 84 23 CT 11614 1 4 1 M 4 

3 Ca1apo 14 (ARAGUAI/IRAT216) DH5A 3 24 CT 11891 3 6 4 3 M 

5 Colombia 1 15 CT 11251 9M2 3 5 25 CT 6196 33 10 4 15M 

6 Progresso 16 CT 12243 22 9 26 CT 11626 221M M 4 

7 CT 11891 227M 17 CT 11623 13M 52 2 27 TOX 1011 4 A2 

8 IAC 1204 18 (Tox 1 011 4 1/ CUIABANA) 4 28CT11231 352M M 

9 CNA 7013 B 19 (GUARANI/IR841 2) 29 CT 11608 8 6 M M 3 

1 O IR63380 09 20 CT11848 11 265M 30 CT11846 24 5 2 4 M 

11 IR63370 09 21 CT11891 33311 

Table2 Effect of s1hcon apphcallon 1n the form of both wollastnlle and the ash of the 
nce hull on !he total dry we1ght harvest1ndex and number of t1llers of upland 
nce (Oryz1ca Sabana 6) 1n the eastern pla1n of Colombia (May October 1994 
al Matazul farm) 

S1 Total No 
Apphed Dry we1ght Harvest Tlllers 

(kg ha') (kg ha ) lndex ( mz) 

Ash of nce hull o 6069 27 325 

200 6045 26 323 

400 6453 26 335 

800 7458 22 351 

Wollastonrte o 5760 25 292 

200 5590 28 303 

400 6869 25 341 

800 7964 25 373 

LSD (O 05) 1030 04 49 
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PuRPOSE 

111 ProJect 3 
DURABLE BLAST RESISTANCE 

To work JOJntly w1th na!Jonal programs to help stabJhze nce y1elds and quahty reduce 
pes!JcJde use and produc!Jon costs and close the gap between farm and stat1on y1elds 

A ACTIVJTY RP01 8LAST PATHOSYSTEM ANALYSIS ANO 8LAST RESISTANCE 

SUMMARY 

The mam objectJve of th1s project dunng 1995 was to conllnue charactenzmg severa! 
components m the nce blast pathogen system for developmg an effect1ve res1stance 
breed1ng and gene deployment strategy 

Only four hneages were detectad th1s year 1n the ac1d SOJI savannas of the Altillanura ALL 
7 SAL 6 SAL-4 and ALL 1 O w1th s1milar frequency for the f1rst three anda low frequency 
for the last one lsolates from these lmeages are now bemg used m greenhouse 
screemng for selec!Jng res1stance donors to be used m genet1c crosses by the upland 
breedmg program GenetJc hneage SAL 4 contmues mcreas1ng 1n frequency 1n the 
Altillanura wh1le other hneages found m the past have apparently dJssapeared from thJs 
s1te 

Three new nce cultJvars released m Colombia Selecta 3 20 Oryz1ca Canbe 8 and 
Oryz1ca Yac u 9 were h1ghly susceptible to blast under greenhouse moculatJons w1th 
Jsolates recovered from the three cultJvars DNA f1ngerpnn!Jng analys1s revealed that the 
f1rst cui!Jvar was 1nfected by hneages SAL 2 SAL 4 and SAL 6 wh1le the second and 
th1rd cui!Jvars were 1nfected by hneages SAL 4 and SAL 6 respect1vely lsolates from 
hneage SAL 6 recovered !ro m these cult1vars m 1995 have gamed VJrulence accordmg to 
greenhouse JnoculatJons However the h1ghly blast res1stant cultivar Oryz1ca Llanos 5 
exhJbJted a res1stant reac!Jon to all of them These new Jsolates w111 be very Importan! 1n 
selec!Jng sources of res1stance to the blast pathogen as well as m genet1c studJes of the 
control of blast resJstance 

Genet1c hneages SAL 6 and SAL 5 were compatible w1th 80 lo and 69/ respect1vely of 
201 commerc1al nce cultJvars mamly from Latm Amenca Twenty four cult1vars were 
JdentJ!Jed w1thm thJs group that exhJbJted res1stance to all blast 1solates used m the 
greenhouse Jnocula!Jons and wh1ch also exh1blted a f1eld res1stant reac!Jon These 
cultJvars w111 be used 1n the breedmg program as potentJal donors of blast res1stance 
genes for !he Latm A menean reg1on Other 23 nce cui!Jvars !ro m 12 countnes exhJbJted 
complementary res1tance to blast and could be used Jn specJ!Jc crossess targeted to 
exclude the bias! pathogen popula!Jon 1n Colombia bemg also poten!Jally useful for the rest 
o! the reg1on Greenhouse and IJeld tnals suggest that the heteroz1gous form o! 
complementary resJstance genes may no! be effect1ve m excludmg the correspond1ng 
compatible genet1c hneages o! the pathogen exhJbJ!Jng a normal susceptible reactJon 

Genet1c studJes o! the control o! blast m the h1ghly res1stant cultivar Oryz1ca Llanos 5 
suggest the presence of up to four res1stance genes to gene!Jc hneages SRL 1 SRL 2 
and SRL 3 three genes to SRL 4 two genes to SRL 5 and 1! was Jsolate dependen! for 
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genet1c hneage SRL 6 In the latter case res1stance was controlled by two genes to two 
1solates recovered pnor to 1995 and only one res1stance gene to two 1solates recovered 
dunng 1995 These genet1c stud1es suggest that the blast pathogen could be one step 
away of break1ng down the res1stance m th1s cu1t1var spec1ally those 1solates recovered 
dunng 1995 wh1ch accord1ng to greenhouse stud1es have accumulated wulence factors 

A 11eld methodology u sed 1n a recurren! selecllon project was evaluated 1n the f1eld for the 
selecllon of res1stance donors to d1flerent genet1c hneages of the blast pathogen where a 
total of 12 breedmg hnes w1th h1gh y1eldmg capac1ty were selected and used 1n 7 4 crosses 
among themselves or w1th other nce hnes exhlbltmg complementary res1stance to blast 
The recurren! select1on method con!lnues be1ng very prom1s1ng for accumulatmg and 
deploy1ng res1stance genes from d1flerent sources to the d1flerent genet1c hneages of the 
blast pathogen 

RATIONALE 

Blast caused by the fungus Pynculana gnsea 1s the most w1despread and damag1ng 
d1sease of nce The extreme vanabi11ty m wulence exh1b1ted by the nce blast pathogen as 
well as madequate res1stance screemng methods are cons1dered lo be the ma1n reason 
for rendermg res1stant vanet1es susceptible under commerc1al f1elds Wllh1n 2 or 3 years 
alter release Considerable eflorts are bemg d1rected by many nce researchers towards 
developmg stable blast res1stant cult1vars as a means to ach1eve low cost and 
enwonmentally sale blast management 

The mam obJeCIIVe of th1s proJect dunng 1995 was lo study several components 1n the 
nce blast pathogen 1nteract1on system for develop1ng eflect1ve res1stance breedmg and 
gene deployment strateg1es Charactenzallon of the genetlc d1vers1ty and vanab1hty m 
v1rulence of the blast fungus as well as the genet1cs of res1stance 1n d1flerent nce cultlvars 
are the pnnc1pal components bemg stud1ed on th1s mtegrated strategy wh1ch has been 
developed by an 1nterd1SC1phnary and mtennst1tullonal team from CIArs R1ce Program and 
B1otechnology Research U ni! cooperatmg w1th Purdue Un1vers1ty 

8LAST PATHOSYSTEM ANALYSIS 

Genet1c structure and v1rulence frequenc1es of the blast pathogen Charactenzat1on 
of the blast pathogen populat1on structure m the target area for future commerc1al savanna 
upland nce produciiOn 1nd1cates that d1flerent hneages comparad to other nce grow1ng 
areas of Colombia are present 1n th1s ecosystem We recomendad that add1t1onal 
screemng for upland nce should be conducted al a savanna s1te s1nce 1994 A large 
collecllon of blast 1nfected samples were obtamed al th1s s1te from d1flerent upland 
breed1ng matenals to determme the frequency of hneages bemg compatible w1th th1s 
germplasm and to charatenze the v1rulence compos1110n of th1s populat1on Spec1f1c 
compatlblellmcompatlble mteract1ons between a genet1c hneage and 1ts v1rulence 
compos1t1on w1th a res1stance gene or nce cultivar w111 be 1dent1f1ed for recomendmg 
potent1al sources of res1stance to be mcluded 1n crosses that would y1eld blast res1stant 
progemes for th1s upland ecosystem Blast 1solates wlll be 1dent1f1ed from th1s pathogen 
populat1on to be u sed for screenmg for res1stance of upland germplasm under controlled 
cond1t1ons More blast samples wlll be collected dunng 1995 m the fleld for cont1nu1ng 
stud1es on the charactenzallon of the pathoge.n populat1on 1n the Alllllanura 
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The nce growmg season m the Altlllanura Colombiana (Matazul Canmagua) was 
charactenzed by a low blast pressure even on the most susceptible nce cult1vars dunng 
the last two years We had reportad the breakdown of the commerc1al cultivar Oryz1ca 
Sabana 6 dunng the grow1ng season of 1993 1n the Alllllanura however th1s cultivar as 
well as the susceptible check lines CT 1 0037 9 7 M 1 M (linea 2) and CT 9997 5 3 M 4 
M (linea 4) exh1b1ted a res1stant reactlon dunng 1994 and 1995 Momtonng pathogen 
populatlon changes 1n the Altlllanura was contmued dunng 1995 lo explam the low 
pressure of blast dunng the season 

A total of 245 blast 1solates were recovered from the Altlllanura Colombiana dunng 1995 
and the1r genet1c structure charactenzed usmg the MGR DNA 586 probe All1solates 
were recovered from a total of 25 nce cult1vars or breedmg lines (Table 1) but the largest 
number of 1solates were obta1ned from the susceptible checks Oryz1ca Sabana 6 (40 
1solates 36 from Matazul and 4 from Canmagua) Lmea 2 (28 ISOiates) and Lmea 4 (23 
1solates) Desp1te the large sample of 1solates analizad there were only four genet1c 
lineages detectad 1n the blast populatlon stud1ed These lineages were SRL 6 (87 
1solates) ALL 7 (791solates) SRL 4 (75 ISOiates) and ALL 1 O (4 1solates) as shown 1n 
Table 1 lt 1s very mterest1ng to note that severa! genellc lineages from the Altlllanura and 
from Santa Rosa detectad 1n the past were not detectad dunng lh1s year 

lt should be noted that the genet1c lineage ALL 7 respons1ble for the breakdown of the 
cult1var Oryz1ca Sabana 6 dunng 1993 was only 1dent1f1ed 1n one 1solate out of 36 
recovered from th1s cultivar 1n Matazul (Table 1) On the other hand the other 35 1solates 
retneved from th1s cultivar were lineage SRL 6 wh1ch do not remfect Oryz1ca Sabana 6 1n 

greenhouse stud1es as reportad befare Although the genet1c lineage ALL 7 was present 
1n the Alt1llanura 35 1solates were recovered 1n Canmagua where th1s lineage was the 
predom1nant one ALL 7 1n Matazul was assoc1ated ma1nly w1th very few cult1vars 
comparad to lineage SRL 4 11 1s 1nterestmg lo note that 1n the years prev1ous to the 
breakdown of the cultivar Oryz1ca Sabana 6 the genet1c lineage SRL 6 was oftenly 
recovered from th1s cultivar 1n the f1eld but 11 was unable lo remfect 11 1n greehouse 
stud1es lt was only 1n 1993 dunng the breakdown that a h1gh frequency of lineage ALL 7 
was recovered from Oryz1ca Sabana 6 1n the fleld These 1solates remfected also the 
cult1var 1n greenhouse 1noculat1ons S1mllarly to Oryz1ca Sabana 6 the genet1c lineage 
SRL 6 was recovered 1n h1gh frequency from the cult1var IAC 165 whlle no 1solates from 
ALL 7 were found 1n th1s cultivar We had reportad befare compat1b11ity of th1s last lineage 
w1th IAC 165 and mcompallb11ity of SRL 6 

The genellc lineage SRL 6 was mamly recovered from the culllvars used as checks 1n the 
breedmg plots (72 1solates) comparad to only 15 1solates recovered from 3 of the 
breed1ng llnes (Table 1) On the other hand 41 1solates of the genet1c llneage SRL 4 were 
recovered from 7 breedmg lines and 5 of the check cult1vars lt 1s h1ghly recomendad 
that for breedmg purposes and selectlon of progen1tors lar genelic crosses lar the ac1d 
so1l savanas of the Alllllanura the nce germplasm con!lnues be1ng screened for res1stance 
under controlled cond1!10ns 1n the greenhouse agamst 1solates of the genet1c llneages 
SRL 4 wh1ch contmues 1ncreas1ng 1n frequency m the Altlilanura and the genet1c lineage 
ALL 7 wh1ch has been found h1ghly compatible w1th nce germplasm adapted to the ac1d 
so1l savannas lt 1s not yet understood why the genet1c llneage ALL 7 was h1ghly v1rulent 
dunng 1993 and not dunng the followmg years desp1te 1ts presence 1n the f1eld lt 1s also 
not understood why the genet1c hneage SAL 6 1s recave red 1n h1gh frequency from 
severa! cult1vars adapted lo the ac1d so1l savannas however th1s lineage do not remfect 
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those cult1vars m controlled cond1t1ons of greenhouse Momtonng of the genet1c structure 
and v1rulence compos1t1on of the blast pathogen populatlon m the Altlllanura w1ll contmue 
bemg carned out dunng the com1ng years 

V1rulence analys1s of blast 1solates represent1ng the most predommant hneages found m 
the Altlllanura dunng 1995 was conducted for 38 1solates moculated on 48 nce culllvars 
(Table 2) lsolates of genet1c hneage ALL 1 O found m the Altlllanura dunng 1995 were not 
mcluded m the tableas they were not v1rulent on any of the cult1vars testad In general 
blast 1solates of the genet1c hneage SAL 6 were more v1rulent followed by 1solates of 
genet1c hneage SAL 4 and the less v1rulent 1solates bemg those of genet1c hneage ALL 7 
(Table 2) The nce cultivar Oryz1ca Sabana 6 was the only cultivar 1nteract1ng 
spec1f1cally w1th the genet1c hneage ALL 7 Other cult1vars mteracted spec1f1cally w1th 
hneages SRL-4 or SAL 6 (Table 2) There were several cult1vars res1stant to all1solates o! 
all the three genet1c hneages tested In general 1solates of genet1c hneage ALL 7 were 
less wulent than those found dunng the breakdown of the cult1var Oryz1ca Sabana 6 1n 
1993 as the new 1solates d1d not 1nfect the cult1vars IRAT 13 or Moroberekan S1m1larly 
1solates from hneage SAL 6 were less v1rulent than those found 1n the expenment stat1on 
of Santa Rosa dunng the same year as the 1solates found m the Altlllanura d1d not mfect 
the near 1sogemc hne C101 A51 Oryz1ca 2 and other cult1vars 

The narrower spectrum of v1rulence comparad to prev1ous years and the low 
aggress1veness exh1bited by most of the 1solates of the Alt1llanura tested together w1th a 
non 1dent1f1ed enwonmental factor seems to be respons1ble for the low 1nc1dence and 
seventy of nce blast dunng the years 1994 and 1995 m the Colomb1an Alllllanura lt 1s 
recomendad however that sources of res1stance to the genet1c hneage ALL 7 conllnue 
be1ng 1dent1f1ed under greenhouse cond1!10ns us1ng !hose 1solates recovered dunng the 
blast ep1dem1c of 1993 These 1solates have preved to be very usefulm greenhouse 
moculat1ons for selectlng potent1al donors of blast res1stance for genet1c crosses 1n the 
upland breed1ng sect1on (see Dr GUimaraes report) 

Charactenzat1on of the genet1c structure and v1rulence spectrum was also conducted for 
blast 1solates recovered from the recently released nce cult1vars Selecta 3 20 Oryz1ca 
Canbe 8 and Oryz1ca Yacu 9 (Tables 3 and 4) Three genellc hneages SAL 2 SAL 4 and 
SAL 6 were recovered from the cultivar Selecta 3 20 (Table 3) Two of these hneages 
recovered from th1s cult1var SAL 2 and SAL 6 remfected severely the cultivar 1n 
greenhouse moculatlons 1nd1catmg that th1s cult1var 1s already h1ghly susceptible to nce 
blast and that potent1al ep1dem1cs wlll develop 1n farmers f1elds as they m crease the are a 
plantad w1th th1s vanety Although the hneage SAL 4 1solates recovered from Selecta 3 
20 d1d not re1nfect at f1rst the same cultivar 1n greenhouse 1noculat1ons Selecta 3 20 was 
severely mfected by 1solates of hneage SAL 4 recovered from the cult1vars Oryz1ca Can be 
8 and Oryz1ca Yacu 9 (Table 4) V1rulence spectrum of these 1solates reveal that the 
pathogen has gamed sorne v1rulence on sorne cultlvars such as Oryz1ca Llanos 4 by the 
genet1c hneage SAL 2 and the accumulatiOn of v1rulence on the cultivar CICA 9 by the 
hneage SAL 6 (Table 3) lt should be noted that the nce cultiVar Oryz1ca Llanos 5 1s 
res1stant to the genet1c hneages recovered from the cultiVar Selecta 3 20 S1mllarly the 
near 1sogen1c hne C1 01 LAC carrymg the res1stance gene P1 1 as well as the cultivar 
CICA 8 were res1stant to these new blast 1solates 
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Bias! 1solates recovered from the cu1t1vars Oryz1ca Canbe 8 and Oryz1ca Yacu 9 exh1blted 
also a h1ghly compatible mteract1on w1th these cu1t1vars 1n greenhouse moculatlons 
1nd1ca!lng that these cult1vars are susceptible to the blast pathogen Although two 
ilneages (SRL 4 and SRL 6) were recovered from the two cu1t1vars pathogemc1ty assays 
showed that the cultivar Oryz1ca Can be 8 1s more susceptible to the ilneage SRL 4 wh1le 
the cultivar Oryz1ca Yacu 9 1s susceptible lo ilneage SRL 6 (Table 4) The cultivar Selecta 
3 20 was also susceptible to 1solates of the two ilneages recovered from these two 
cult1vars 1t 1s very 1mportant lo note that 1solates of the genet1c ilneage SRL 6 recovered 
from both Oryz1ca Canbe 8 and Oryz1ca Yacu 9 exh1b1ted a large accumulat1on of 
v1rulence factors The h1ghly v1rulent 1solate ldent1f1ed as Oryz1ca Yacu 9 ( OY9 5) was 
wulent on most nce cultwars tested except the cult1vars Oryz1ca Llanos 5 Oryz1ca Canbe 
8 and the near 1sogemc ilne C1 01 LAC (res1stance gene P1 1) lt IS 1nterest1ng to note that 
the cult1vars Oryz1ca Yacu 9 and Oryz1ca Can be 8 exh1b1t complementary res1stance to the 
bias! 1solates recovered from them sugges!lng that the genet1c cross between these two 
cultlvars could generala segregan! ilnes combmmg res1stance to the ilneages SRL 4 and 
SRL 6 (Table 4) More blast 1solates recovered from these two cu1t1vars should be 
pathogemcally analizad to determ1ne 1! th1s assumpt1on 1s true The new bias! 1solates 
recovered from these cu1t1vars w111 be used 1n greenhouse moculallons to 1dent1fy potent1al 
donors of blast res1stance genes 

TESTING THE LINEAGE EXCLUSION HYPOTHESIS FOR DEVELOPING STABLE BLAST RESISTANCE 

The hypothes1s 1s based on ev1dence accumulated to date that there 1s a h1gh degree of 
spec1ailzai10n between sorne res1stance genes and all the pathogen 1solates of a genet1c 
ilneage Th1s 1nteract1on 1s most commonly seen as the res1stance exh1blted by a nce 
cult1var or res1stance gene to most ilneages of the blast pathogen wh1le bemg susceptible 
to one or two ilneages Crosses between those cult1vars susceptible to few but d1fferent 
genet1c lmeages are expected to comb1ne complementary res1stance genes able to 
exclude all genet1c ilneages of the pathogen and then exhlblllng a more stable and durable 
res1stance to blast 

Th1s hypothes1s 1s supported by v1rulence frequenc1es stud1es of blast pathogen 
populat1ons 1n Colombia Ph1ilpp1nes and Braz1l wh1ch demonstrate that s1ngle ISolates 
comb1mng wulence genes compatible w1th those res1stance genes wh1ch when comb1ned 
exclude all ilneages of the pathogen are not present 1n the pathogen populat1on For 
example res1stance gene P1 1 from the near 1sogemc ilne C1 01 LAC 1s h1ghly susceptible 
to ilneage SRL 5 but excludes all1solates w1thln the other Santa Rosa llneages SRL 1 to 
SRL 6 on the other hand res1stance gene P1 2 from the near 1sogemc ilne C1 01A51 1s 
h1ghly susceptible to lmeages SRL 1 SRL 2 and recently to SRL 6 but excludes all 
1solates of the other ilneages found 1n Santa Rosa Although there 1s a h1gh frequency of 
v1rulence genes compatible lndlvldually w1th each res1stance gene there 1s no 1solate 
comb1mng both v1rulences as 11 would be expected therefore suggest1ng that res1stance 
governed by the comb1nat1on of both genes P1 1 and P1 2 would exclude all the blast 
pathogen populallon found 1n Santa Rosa bemg probably h1ghly stable The combmat1on 
of the correspondmg two v1rulence genes 1n the sama 1solate seems to confer a 
deletereous effect on the pathogen w1th the concom1tant absence of such 1solates 

Segrega!lng !mes of severa! crosses between near 1sogemc ilnes and between sorne 
commerc1al cult1vars expected to combme complementary genes that exclude all or 
spec1f1c genet1c ilneages of the pathogen w111 be tested under greenhouse at CIAT and 
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fleld cond1t1ons m Santa Rosa dunng 1995 and the commg years to test the hneage/ 
v1rulence exclus1on hypothes1s as an strategy to develop blast res1stance that could be 
more durable and stable More !han 200 commerc1al vanetles from Latmamenca were 
al so charactenzed for the1r res1stance to all genet1c hneages of the pathogen from 
Colombia under greenhouse and f1eld condltlons to explore the poss1b1hty of fmdmg useful 
res1stance genes 1n already des1red genet1c backgrouds Blast 1solates were collected 1n 
the f1eld d1rectly from these populat1ons to study the frequenc1es of md1v1dual and 
comb1nat1ons of wulence genes 

A total of 14 F1 plants of the genet1c cross CT 13432 (C101 A51x C101 LAC) carry1ng 
the complementary blast res1stance genes P1 2 and P1 1 respect1vely were tested for 
blast res1stance m the f1eld at the Santa Rosa expenment statiOn dunng 1994 and 1995 
(Tabla 5) The results observad 1n the f1eld md1cate that all F1 plants of th1s cross were 
susceptible to e1ther leaf blast pamcle blast or both depend1ng of the year of f1eld testlng 
Exclus1on of all blast genet1c hneages as 1t was expected m th1s cross combmmg 
res1stance genes P1 1 and PI 2 was not observad 1n the F1 (Table 5) 

Several blast 1solates recovered from mfected F1 plants 1n the f1eld were punf1ed 1n the 
laboratory and testad for re1nfect1V1ty of the two parents and the F1 1n the greenhouse 
Greenhouse results (data not shown) demonstrated that blast 1solates recovered from the 
F1 plants remfected e1ther one of the parents but not both o! them 1nd1catmg that the 
pathogen had not accumulated wulence factors for both res1stance genes 1n a s1ngle 
1solate o! the fungus These 1solates were weakly v1rulent or not v1rulent at all on sorne o! 
the F1 plants 1n these moculat1ons These results suggest then that the heteroz1gous 
stage o! each res1stance gene P1 1 and P1 2 present 1n the F1 generat1on could not be 
effect1ve 1n controlhng the blast pathogen In general F1 plants were more susceptible 1n 
the f1eld than 1n the greenhouse and 1t could be due to a more stress s1tuat1on that F1 
plants suffer 1n the transplantlng process 1n the f1eld comparad to the greenhouse 
IndiVIdual F1 plants from the f1eld were harvested to study the 1nhentance of blast 
res1stance to d1fferent genet1c hneages o! the pathogen m the F2 generatlon 

A total of 7 blast 1solates representlng three genetlc hneages o! the pathogen (SRL 1 
SAL 2 and SRL 6) compat1blew1th the res1stance gene P1 2 (C101 A51) but mcompat1ble 
w1th the res1stance gene P1 1 (C1 01 LAC) were used to 1noculate 1n the greenhouse 726 
F2 plants of the genet1c cross P1 1 x P1 2 (Tabla 6) Results alter poohng the data for all 
the res1stant and susceptible observad plants for all the 1solates used 1nd1cated alter 
perform1ng a Ch1 square test the f1tness o! a 3 1 rat1o for res1stance vs suscept1b1hty 1n the 
cross suggestmg the presence of one dom1nant res1stance gene 1n the paren! C1 01 LAC 
(Tabla 6) Two 1solates of the genet1c hneage SRL 5 compatible w1th the res1stance gene 
P1 1 but Incompatible w1th P1 2 were used to evaluate the res1stance of 194 F2 plants o! 
the same cross (Table 7) The results alter performmg a Ch1 square test reJected the 3 1 
expected rat1o and revealed a 5 3 rat1o of res1stance vs susceptibllity suggestmg the 
poss1ble mteract1on o! two res1stance genes The poss1ble genotypes of the F2 plants o! 
the cross CT 13432 are shown 1n Table 8 where the 1ncrease 1n susceptibllity to the 
genet1c lineage SRL 5 could be 1n the F2 plants w1th genotype r1 r1 R2r2 where the 
heteroz1gous form of the res1stance gene P1 2 seems to be uneffect1ve agamst th1s lineage 
1n the presence of the homoz1gous recess1ve gene P1 1 (Table 8) All res1stant and 
susceptible plants were transplanted to the f1eld for product1on of F3 lines that w111 be used 
1n moculat1ons 1n the greenhouse dunng 1996 to corroborate the results found 1n the F2 
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and to 1dent1fy the double res1stant plants carry1ng both res1stance genes P1 1 and P1 2 
Molecular markers assoc1ated w1th the res1stance genes P1 1 and P1 2 are al so be1ng used 
to 1dent1fy plants w1th both res1tance genes by the B1otechnology Research Umt 

Blast react1on of the F1 plants of severa! crosses of other near 1sogemc hnes and nce 
cult1vars were also evaluated 1n the Santa Rosa f1eld expenment stallon dunng 1994 and 
1995 As 1! was observad before F1 plants from all the crosses exh1blted a f1eld 
susceptible react1on to leal or neck bias! (Tabla 9) None of the F1 plants of crosses 
expected to exh1b1t a res1stant react1on controlled by complementary res1stance genes that 
would exclude all the genet1c hneages of the pathogen present 1n Santa Rosa was 
res1stant lnoculallons of F2 plants are 1n the process to determine the genellc control of 
blast res1stance 1n the correspond1ng parents and lo expla1n the behav1our of the F1 plants 
1n the f1eld 

Charactenzallon of the res1stance of 201 nce commerc1al vanet1es most of wh1ch have 
been released 1n Lat1namenca to 15 genet1c famli1es of !he bias! pathogen 1n Colombia 
was conducted under controlled condltlons 1n the greenhouse at CIAT headquarters and 
comparad to the1r react1on under f1eld cond1!1ons 1n Santa Rosa The results 1nd1cate that 
the genet1c hneage SAL 6 1nfected the largest number of the commerc1al cult1vars tested 
(80 6/) followed by hneage SAL 5 (68 7%) There were at leas! 4 genellc hneages that 
1nfected less than 12 of the nce cult1vars (Table 1 O) Twenty four nce cult1vars from 1 O 
countnes were res1stant to all genet1c hneages of the bias! pathogen 1n greenhouse 
~noculat1ons and exh1b1ted a leal and neck blast res1stant react1on 1n the f1eld (Table 11) 
All of these cu1t1vars wh1ch were denved from a d1verse germplasm can be used as 
potentlal donors of res1stance 1n the breed~ng program as many of them have already a 
des1red genet1c background 

A total of 23 nce cu1t1vars from 12 countnes that showed 1n most cases a susceptible !1eld 
reacllon lo bias! exh1b1ted a spec1f1c ~nteractlon w1th one or two genet1c hneages of the 
bias! pathogen and could be used as potentlal donors of complementary res1stance genes 
1n d1fferent genet1c crosses of these cult1vars (Table 12) Th1s spec1!1c ~nterallon observad 
1n these cult1vars w1th the blast pathogen wlil be anahzed dunng 1996 by ~noculatlng all the 
same cu1t1vars Wllh bias! 1solates retneved from 1nfected leal and pamelas collected 1n 
each ene of the cu1t1vars 1n the f1eld dunng 1995 ldentlflcatlon of potentlal res1stance 
donors w1th complementary res1stance genes should g1ve ong1n to severa! genet1c crosses 
that would y1eld res1tant hnes to blast 

A h1gh spec1f1c 1nteracllon was also obseved between nce culllvars developed and/or 
released 1n the USA and Uruguay w1th blast genet1c hneages relevan! to the ac1d so1l 
savannas of the Alt1llanura Colombiana spec1ally the genet1c hneages ALL 7 ALL 11 
ALL 12 and ALL 13 (Tabla 13) As the table shows most of these cult1vars exh1b1t only an 
1ntermed1ate react1on (+1) to most of the SAL (Santa Rosa) hneages wh1le be1ng 
susceptible lo the ALL (Ait1llanura) hneages Th1s 1s the f1rst t1me that we observad a close 
relat1onsh1p between the ong1n of the nce germplasm poss1ble Japomcas wh1ch could be 
more adaptad to the Altlilanura and genet1c hneages found ma1nly 1n the ac1d so1l 
savannas of the All1llanura A s1mliar case was observad for some nce cult1vars from 
Bras1l wh1ch are well adaptad lo the ac1d sed savannas 
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D1ssect1on of blast resistance genes 

We suspect that the earller pyram1d1ng of res1stance genes wh1ch created the vanety 
Oryz1ca Llanos 5 may have been the result of the combmat1on of complemenllng genes 
wh1ch exclude all the genet1c llneages of the pathogen present 1n Colombia Severa! 
crosses between Oryz1ca Llanos 5 and other susceptible cult1vars were anallzed dunng 
1995 for determm1ng the mhentance of the res1stance of th1s cultivar and for develop1ng 
recombmant 1mbred llnes su1table for ldentlflcatlon of molecular markers llnked lo the 
res1stance genes We w1ll also conllnue look1ng al other res1stance gene sources 
spec1ally !hose found 1n double haplo1ds of the cross between Fanny and the res1stance 
sources IRAT 13 Carreon Colombia 1 LAC 23 and Ceysvom lnoculatlon of these llnes 
wlll be conducted dunng 1995 to conflrm earller evaluaiiOns and to determine corree! 
ranges of res1stant mtermed1ate and susceptible genotypes that allow mappmg of both 
maJOr and mmor res1stance genes Res1stant genes Wlll be mapped on chromosomes 
us1ng RFLP RAPO and AFLP molecular markers Markers llnked to res1stance genes w1ll 
be sequenced and SCARS developed for PCR based screemng Taggmg res1stance 
genes 1s expected to prov1de a tool for molecular marker ass1sted select1on 1n breedmg 
populat1ons 

The blast react1on of parents and F1 plants of severa! crosses of the blast res1stant nce 
cult1var Oryz1ca Llanos 5 and 12 d1fferent susceptible cultlvars was evaluated 1n the Santa 
Rosa f1eld expenment stat1on dunng 1995 In general most of the F1 plants exh1b1ted an 
mtermed1ate to susceptible leal or neck blast reaciiOn (Table 14) The res1stant paren! 
Oryz1ca llanos 5 exh1b1ted for the f1rst 11m e an mtermed1ate blast reaciiOn w1th score 4 (less 
than 2 1 o! susceptible les1ons) 1n the f1eld The blast react1on of F1 plants and parents m 
crosses of the nce cultivar Oryz1ca Llanos 4 and severa! nce cult1vars exh1b1tmg a 
complementary res1stance w1th th1s cultivar showed also for the flrst t1me a h1ghly 
susceptible blast react1on of the cult1var Oryz1ca Llanos 4 and susceptlbillly m all the F1 
plants of all crosses (Table 15) All F1 plants were 1nd1V1dually harvested for conductmg 
genet1c stud1es on the mhentance of the res1stance of the cult1vars Oryz1ca Llanos 5 and 
Oryz1ca Llanos 4 

The segregat1on of blast res1stance 1n the F2 progeny of the cross between the res1stant 
cultivar Oryz1ca Llanos 5 and the susceptible cultivar Fanny to s1x genet1c hneages of the 
blast pathogen m Colombia (SAL 1 to SAL 6) was stud1ed dunng 1995 The mferred 
res1stance gene bas1s from the expected 27 1 F2 rat1o alter performmg a Ch1 square test 
revealed that 4 unhnked loc1 w1th two dommant and two recess1ve genes controlled the 
res1stance 1n Oryz1ca Llanos 5 lo blast 1solates of the genet1c llneages SAL 1 SAL 2 and 
SAL 3 (Table 16) Segregat1on of blast res1stance to genet1c llneage SAL 4 f1tted the 
expected rat1o 57 7 for a genet1c control of the res1stance by three unllnked loc1 1 
dommant and two dommant complementary loc1 (Table 16) Res1stance to genetlc 
llneage SAL 5 1s apparently controlled by 2 unllnked loc1 both dom1nant to two 
1ndependent 1solates of the pathogen fltllng a rat1o of 15 1 wh1le res1stance was expla1ned 
as the act1on of two unllnked loc1 1 dom1nant and ep1statlc on one recess1ve to another 
blast 1solate of the same llneage SAL 5 f1ttmg a expected rat1o of 13 3 

The genet1c control of the res1stance to 4 1solates of the genet1c llneage SAL 6 1n the cross 
Oryz1ca Llanos 5 and Fanny was dependen! on the blast 1solate used Res1stance was 
controlled by 2 unhnked loc1 both dom1nant flt11ng a expected rat1o of 15 1 for two 1solates 
(Table 16) These two 1solates were collected severa! years ago and are used m the 
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sect1on for screemng purposes Res1stance was apparently controlled by only one 
res1stance gene to two other 1solates of the same hneage SRL 6 (1solates Fanny 54 and 
Selecta 3 20 1) f1tt1ng a expected rat10 of 3 1 (Table 16) These two 1solates were 
recovered dunng 1995 and are part1cularly express1ng a larger accumulat1on of v1rulence 
comparad to other 1solates of hneage SRL 6 The genet1c cross of Fanny x Oryz1ca Llanos 
5 and 1ts rec1procal were anahzed sepparately 1n the moculatiOn Wlth the 1solate Selecta 3 
20 1 as each populat1on y1elded a d1flerent segregat1on pattern of res1stant to susceptible 
plants y1eldmg 1n one case a 3 1 rallo for a genet1c control by one dom1nant locus and 1n 

1ts rec1procal a 9 7 rat1o for a genet1c control of the res1stance by 2 dommant 
complementary loc1 (Table 16) All susceptible and res1stant plants were transplanted to 
the f1eld for harves!lng of F3 hnes wh1ch Wlll be used 1n moculat1ons to corroborate the 
fmd1ngs m the F2 progeny 

The results obta1ned 1n the genet1c stud1es of the control of the blast res1stance 1n the 
cult1var Oryz1ca Llanos 5 suggest that the blast pathogen spec1ally 1solates w1th1n the 
genet1c hneage SRL 6 could be one step away of breakmg down the res1stance 1n th1s 
cultivar We have observad that pathogen 1solates that y1elded a 3 1 rat1o 1n the 
segregat1on of res1stance to suscepllb1hty have accumulated a large number of v1rulence 
factors lt 1s recomendad that more 1solates collected dunng 1995 spec1ally !hose 1solates 
collected from the same cultivar Oryz1ca Llanos 5 be anahzed to determme the1r spectrum 
of wulence and be used 1n future 1noculat10ns to determine the genet1c control of Oryz1ca 
Llanos 5 to hneage SRL 6 They should also be used to 1dent1fy potent1al donors of 
res1stance lt IS poss1ble on the other hand that cultivar Oryz1ca Llanos 5 carry s1m1lar 
res1stance genes such as P1 1 and P1 2 confernng 1ts durable res1stance as the pathogen 
seems to be unable to express v1rulence on both genes 1n s1ngle 1solates 

Recurrent select1on for blast resistance 

Th1s 1s an ongomg act1v1ty between the breed1ng and pathology sect1ons of the program 
where severa! populat1ons developed by recurren! selectiOn are bemg advanced and 
selected to contmue further mterma!lng and new cycles for combmmg maJor and mmor 
blast res1stance genes (a more detallad descnpt1on of the act1v1ty should be found under 
the annual report of Dr Elc1o GUimaraes) A mod1f1ed f1eld methodology to evaluate and 
select res1stant !mesto each genet1c hneage mdependently w1th1n these populat1ons 1s 
bemg developed under f1eld cond1t10ns 1n Santa Rosa S1x nce vanet1es exh1b1!1ng spec1flc 
reactiOns to the d1flerent hneages of the pathogen are be1ng used 1n SIX 1nd1V1dual plots as 
spreaders rows for evaluatmg the same breedmg populat1ons The purpose 1s to 1den!lfy 
under fleld cond1t1ons nce hnes that exh1blt complementary res1stance to the d1flerent 
genet1c hneages of the pathogen and be able to mcorporate them 1n crosses for the next 
1ntermatmg mcreas1ng the poss1b1hty of combmmg des1red res1stance genes We have 
started 1n 1994 to collect blast 1solates from both the spreader rows as well as the 
segregatmg hnes w1th1n each one of the s1x plots to determme the1r genet1c structure 
dunng 1995 and evaluate the rehab1lb1ty of the mod1f1ed f1eld methodology We expect that 
each vanety used as spreader 1s mult1ply1ng large amounts of each hneage assunng that 
the breed1ng populat1ons are bemg exposed to each hneage separately 

Infectad blast samples were recovered from each plot of the mod1f1ed fleld methodology 
used 1n the recurren! select1on prOJect from both the spreader row expected lo mult1ply a 
spec1f1c hneage of the pathogen and from the breedmg hnes evaluated w1th1n each one of 
the plots and expected to be mfected mamly by the genet1c hneage mult1phed by 1ts 
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spreader row Charactenzat1on of the genet1c structure of the blast 1solates recovered 
from each 1nd1v1dual plot 1nd1cated that the mod1fled f1eld methodology was not effect1ve 1n 
the mult1phcat1on of the s1x mam genet1c hneages found 1n Colombia (Table 17) The same 
breed1ng hnes of the recurren! selectlon populatlon were surrounded by 1nd1V1dual 
spreader rows 1n s1x d1fferent plots 

Plot 1 hadas spreader row the nce cultivar CICA 9 expected to mult1ply the genet1c 
hneage SRL 1 however th1s hneage was not detectad 1n those 1solates recovered from 
th1s cult1var (s1x were SRL 2 and 3 were SRL 6) or from the breedmg hnes (tour were 
SRL 2 and 5 were SRL 6) Lmeage SRL 1 was not detectad at all1n th1s or any of the 
other plots (Table 17) In Plot 2 the spreader row was the nce cultivar Lmea 2 expected to 
mult1ply the genet1c hneage SRL 2 In th1s case the predom1nant hneage recovered from 
both the spreader cultivar and the breed1ng hnes was SRL 6 (12 1solates) whlle only 3 
1solates were SRL 2 Another 1solate was 1dent1f1ed as SRL 4 In add11ton one 1solate 
was class1fled as hneage ALL 7 recovered from the breedmg lmes Th1s 1s the f1rst t1me 
that th1s hneage 1s detectad m the Santa Rosa f1eld expenment stat1on (Table 17) In Plot 
3 expected to mult1ply the genet1c hneage SRL 3 the predommant hneage found was SRL 
4 spec1ally on the spreader cultivar Met1ca 1 wh1le SRL 6 had s1m1lar frequency on the 
breedmg hnes Lmeage SRL 3 was not detectad at all1n any of the plots 

In Plot 4 us1ng the cultivar Colombia 1 as spreader row and expected to mult1ply the 
genet1c hneage SRL 4 both SRL 4 and SRL 6 were recovered from Colombia 1 w1th a 
httle tendency from the f1rst hneage wh1le the second hneage was more recovered from 
the breed1ng hnes (Table 17) The most extreme and oppos1te case was observad 1n Plot 
5 were the cultivar CICA 8 used as spreader row and expected to multlply hneage SRL 5 
was very effect1ve 1n do1ng th1s as all seven 1solates recovered from CICA 8 were hneage 
SRL 5 however e1ght 1solates recovered from the breed1ng lmes 1n th1s plot were hneage 
SRL 6 The most effectiVe plot m mult1plymg 1ts expected genet1c hneage was Plot 6 were 
17 1solates were hneage SRL 6 whlle only one hneage was SRL 4 (Table 17) 

In general the most predommant 11neage found 1n all the Plots was hneage SRL 6 Th1s 
could be an effect of the h1gh frequency of th1s hneage normally found 1n commerc1al flelds 
The cult1vars Met1ca 1 and Colombia 1 mulllphed well hneage SRL 4 although they also 
mult1phed hneage SRL 6 L1nea 2 oppos1te to expected mulllphed 1n very low frequency 
hneage SRL 2 bemg th1s hneage better mult1phed by the cult1var CICA 9 L1neages SRL 
1 and SRL 3 wh1ch always express a narrow spectrum of Vlrulence were not detectad 1n 
the tnal Lmeage SRL 5 was effect1vely mult1phed by the cultivar CICA 8 and probably 
the frequency of res1stance genes 1n the breed1ng populatlons to th1s hneage 1s h1gh The 
hneage SRL 6 was eff1c1ently mult1phed by the cultivar Oryz1ca 1 however th1s hneage 
was detectad 1n all the s1x Plots and therefore affects the ob¡ect1ve sought 1n th1s 
mod1f1cat1on of the f1eld methodology These results suggest that m order to 1dent1fy nce 
hnes w1th coomplementary res1stance the hnes should be evaluated under greenhouse 
cond1t1ons by expos1ng them to each 1nd1V1dual hneage 

A total of twelve breed1ng hnes w1th h1gh y1eldmg capac1ty were 1denllf1ed as res1stant to 
blast 1n all the s1x Plots used 1n th1s recurren! select1on pro¡ect These hnes were used 1n 
crosses among themselves or w1th other hnes found susceptible 1n one of the Plots A 
total of 7 4 crosses were des1gned mclud1ng crosses between sorne breed1ng hnes found 
susceptible 1n d1fferent Plots but w1th potent1ally complementary blast res1stance 
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TABLE 1 Frequency of genetic hneages of Pynculana gnsea detectad in the Altillanura 
Colombiana 

lsolates Genetic L1neages 

Cultivar Si te tested # SRL 6 SRL-4 ALL 7 ALL 1 O 

Oryzica Sabana 6 Canmagua 4 4 
Guaram Canmagua 9 9 
CT9899391 M 13M Canmagua 9 1 8 
CT11240207MM Canmagua 8 8 
CT1161414121M Canmagua 6 6 
CT 1 0598 52 6 4P 3 1 M Matazul 6 3 3 
CT 10041 32M 1 2M Matazul 6 6 
CT112311 3M M Matazul 9 9 
CT1125361MM Matazul 1 1 
CT11608142 M M Matazul 6 6 
CT11623364MM Matazul 3 3 
CT11236121 M Matazul 7 7 
CT1162071 MPM Matazul 4 3 1 
CT9899 32 5 1P 3 1 M Matazul 8 8 
CT9899 39 1 M 13M Matazul 9 9 
CT9910 25M2 2M Matazul 8 8 
CT116141412MM Matazul 9 9 
CT1162621 M 34M Matazul 3 3 
Vandana Matazul 10 10 
Oryzica Sabana 6 Matazul 36 35 1 
CT 10037 9 7 M 1 M Matazul 28 6 10 12 
CT9997 53 M 4 M Matazul 23 1 11 11 
IAC 165 Matazul 14 11 3 
L 201 Matazul 10 9 1 
IRAT216 Matazul 9 9 

TOTAL 245 87 75 79 4 
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TABLE 2 Spectrum o! v1rulence o! Pynculana gnsea collected m the Colomb1an 
Alt1llanura 1n 1994 

Genellc L1neage/No lsolates Genet1c Llneage/No lsolates 

SRL 6 SRL 4 ALL 7 SRL 6 SRL4 

13 Cult1var 12 13 13 Cultivar 12 

A1ch1 Asah1 +++ ++ +++ CICA9 
BL 1 +++ ++ ++ IR22 ++ 
Caloro +++ ++ CICA8 ++ ++ 
Chokoto Bbt 50 +++ 
Dular +++ IR8 
Fukumsh1k1 ++ ++ +++ Tetep 
FuJISaka ++ Ceysvom 
IR42 ++ O Llanos 5 
Kanto 51 (+) Lmea 2 
Kusabue (+) ++ O Llanos 4 
K1 +++ ++ ++ IRAT 13 
K 59 Moroberekan 
NP 125 O Sabana 6 
PI No4 +++ ++ Colombia 1 ++ 
Ram1nad ++ ++ e 101 A51 
Sha t1ao tsao +++ +++ C 101 LAC 
Tsuyuake e 101 PKT +++ +++ 
Usen ++ ++ + e 104 PKT +++ 
Zemth +++ +++ ++ e 1 05 TTP4L23 +++ +++ 
Fanny +++ +++ O eanbe 8 
Met1ca 1 +++ +++ + CT 11250 108M M ++ 
Oryz1ca 1 +++ ++ 
Oryz1ca 2 
Oryz1ca 3 + 
CICA4 +++ 
CICA6 ++ 
CICA7 +++ 

+++ = D1sease seventy > 20 1 ++= D1sease seventy 5 20 1 += D1sease seventy 1 

(+) = mfected by few 1solates 
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TABLE3 V1rulence and genet1c hneages of Pyncufana gnsea 1solates collected on the 
nce commerc1al cult1var Selecta 3 20 

Selecta 3 20 (1) Selecta 3 20 (2) Selecta 3 20 (3) Selecta 3 20 (5) Selecta 3 20 (4) 
Cultivar SRL 621 SRL2 SRL2 SRL2 SRL4 

Selecta 3 20 + + + + 
L1nea 2 + + + + 
Oryz1ca 1 + + + + 
Oryz1ca 2 

e Oryz1ca 3 + +, 
Met1ca 1 + +, + + 
O Llanos 5 
O Llanos 4 + + 
CICA8 
CICA9 + + + + 
IR 8 + + + 
IR 22 + 
O Canbe 8 + 
e 101 A51 + + + + 
C101 LAC 
C 101 PKT + + + + 
C 104 PKT + 
C 1 05 TTP 4L23 + + + + 
FANNY + +, + + 

+ Susceptible reactJon blank- res1stant + = 1ntermechate reactJon 
lsolates recovered trom Selecta 3-20 

Gene11c hneage delerrmned by MGR 586 DNA l~ngerpnn11ng 

• 
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TABLE4 Vtrulence and genet1c l1neages of Pynculana gnsea tsolates collected on the 
commerctal nce cult1vars Oryz1ca Can be 8 and Oryz1ca Yacu 9 

OY 9 (1) OY9 (2) OY 9 (3)0Y 9 (4) OY 9 (5) oc 8(15) oc 8(16) oc 8(17) oc 8(18) 

Cultivar SAL 621 SAL4 SAL 6SAL 6 SAL 6 SAL 4 SAL4 SAL4 SAL 6 

O Canbe 8 + + + 
o Yacu9 + + + + + 
Selecta3 20 + + + + + + + + 
Lmea 2 + + + + + 
Oryz1ca 1 + + + + + + + + + 
Oryz1ca2 + + + + 
Oryztca3 + + + + + 
Met1ca 1 + + + + + + + + + 
O Llanos 5 
O Llanos4 +, + + 
CICA8 + +, 
CICA9 + + + + + 
IA8 + + + + + 
IA22 + + + + 
e 101 A51 + + + + + + + + 
C 101 LAC 
C 101 PKT + + + + + + + + + 
C 104 PKT + + + + + + + + + 
C 105TTP 4L23 + + + + + + + + + 
FANNY + + + + + + + + + 

+ = Susceptible react1on blank- res1stant = 1ntermechatee reactJon 

lsolates recovered from Oryz1ca Yacu 9 (OY 9) and Oryz1ca Canbe 8 (OC 8) 
21 Genet1c lineage determ1ned by MGR 586 DNA f1ngerpnnt1ng 
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TABLE5 R1ce blast reacllon on F, plants of the cross CT 13432 (C 101 A51 (P1 1) x e 
101 LAC (P1 2)) m Santa Rosa (VIIIavlcenclo) 

Plan! F, Leaf Neck Plan! F, Leaf Neck 
Cross 1994 Blast11 Blast" 1995 Blast" Bias! 11 

CT13432 2 4 5 9 2 7 
CT 13432 3 2 7 10 5 7 
CT13432 4 2 7 11 5 7 
CT13432 5 3 7 12 7 7 
CT13432 6 3 3 13 9 7 
CT13432 7 3 7 14 9 7 
CT13432 8 4 7 15 9 3 

F1eld reacbon 1 = h1ghly res1stant 9= h1ghly susceptible 

TABLE 6 Segregat1on for blast res1stance of F
2 
plants of the cross C 101 A51 (P1 2) x e 

101 LAC (PI 1) lo genet1c ilneages SAL 6 SAL 2 and SAL 1 of Pynculana 
gnsea 1n Colombia 

Genet1c Lmeage X' 
Reacllon SRL 6 (1) SRL 6 (2) SRL 6 (3)SRL 2 (1)SRL 1 (1 )SRL 1 (2)SRL 1 (3) Total 31 Probab 

Res1stant 70 82 72 87 76 86 87 560 176 025-010 
Susceptible 35 16 29 20 26 17 23 166 

J~QgemQ l.me VlrylenQe 
e 101 A51 (P1 2) + + + + + + + 
e 101 LAe (P1 1) 
e 101 PKT (PI 4a) + + + +, + 
e 104 PKT (P1 3) + + + + +, 
C 105TIP4L23(P1 4b)+ + + + + + 

Susceptible react1on = res1stant react1on + mtermec1ate react1on 
X Ch1 square and expected rato 3 1 testad 
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TABLE 7 Segregat1on for blast res1stance ofF, plantas of the cross C 101 A51 (PI 2) x C 
101 LAC (PI 1) to genet1c hneage SAL 5 of Pyncularta gnsea 1n Colombia 

Genet1c Llneage 

React1on SRL5(1) 

Res1stant 57 
Susceptible 39 

I~Q9!i!nll< I.IO!i! V1rylen¡;e 

C 101 51 (PI 2) 
C 101 LAG (PI 1) + 
C 1 01 PKT (PI 4a) + 
C 104 PKT (PI 3) + 
C 105 TTP4L23(PI 4b) + 

+ = Susceptible react1on = Res1stant reaCbon 

X - Ch1 square and expected rat1o testad 

SRL 5 (2) 

53 
45 

+ 
+ 
+ 
+ 

Total 

110 
84 

X'5 3 

278 

Probab1llty 

o 10 o 05 

TABLEa Poss1ble genotypes of F
2 
plants 1n the cross e 101 A51 (P1 2) x C 101 LAG (P1 

1) 1noculated w1th genet1c hneages SAL 1 SAL 2 SAL 5 and SAL 6 of 
Pyncularta gnsea 

Genotype Av1rulence P1 1 11 Av1rulence P1 221 

Gene P1 1 (R1) Frequency 1n F2 SRL 1 SRL 2 SRL 6 SRL 5 

Gene P1 2 (R2) F2 Exp" 3 1 OBS31 3 1 Exp31 3 1 OBS" 53 

R R R, R, 1/16 R R R R 
R R R, r, 2116 R R R R 
R R r, r, 1/16 R R S S 
R r R, R

2 
2116 R R R R 

R r R
2 

r 4/16 R R R R 
R r r

2 
r
2 

2116 R R S S 
r r R, R, 1/16 S S R R 
r r R, r, 2116 S S R S 
r r r 2 r 2 1/16 S S S S 

Genetlc lmeages SAL 1 SAL 2 and SAL 6 are av1rulent on P1 1 and v1rulent on P 2 

Genet1c 1 neage SAL S1s av1rulent on P1 2 and v1rulent on P1 1 

Exp- expected rat1o OBS- observad rat o R res stant 8= susceptible 
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TABLE9 Bias! reacllon of F 1 plants 1n severa! crosses of nce culttvars 1n Santa Rosa 
(VIilavtcencto) 

1994B 1995A 
Cross Parents LB NB LB NB 

CT 13433 C 101 A51 x C 101 PKT 38 59 
CT 13434 C 101 A51 x C 104 PKT 47 79 
CT 13435 C 101 A51 x C 105 TTP4L23 46 57 
CT 13436 C 101 LAG x C 101 PKT 04 1 7 
CT 13437 C 101 LAG x C 104 PKT 05 1 7 
CT 13438 C 1 01 LAG x C 1 05 TTP4L23 25 1 7 
CT 13439 C 101 PKT x C 104 PKT 47 7 
CT 13440 C 1 01 PKT x C 1 05 TTP4L23 57 57 
CT 13441 C 104 PKT x C 1 05 TTP4L23 46 7 
CT 13550 Linea 2 x Oryz1ca 2 25 1 7 58 1 7 
CT 13551 Lmea 2 x CICA 8 27 1 7 79 1 7 
CT 13552 Lmea 2 x CICA 6 26 1 7 58 37 
CT 13553 Lmea 2 x Maltea 1 27 1 7 49 7 
CT 13554 Oryz1ca 2 x CICA 8 05 1 7 69 7 
CT 13555 Oryz1ca 2 x CICA 9 05 37 69 79 
CT 13556 Met1ca 1 x CICA 8 36 1 7 9 1 7 
CT 13557 Met1ca 1 x CICA 9 26 1 7 9 57 
CT 13558 CICA 9 x CICA 6 29 1 7 68 57 
CT 13392 CICA 8 x CICA 9 26 1 7 79 7 
CT 13393 Oryz1ca 1 x CICA 8 78 1 7 49 1 7 
CT 12673 CICA 9 x IR 22 79 7 

IR 22 x CICA 9 59 57 

LB Leal blast NB Neck blast 
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TABLE 1 o Compat1b1hty frequency of Colomb1an genet1c famil1es of Pynculana gnsea 
1noculated on 201 Latln Amencan nce cult1vars 11 

Genet1c tam1ily lntected cult1vars (No ) Frequency( 1 ) 

SAL 6 162 806 

SAL 5 138 687 

ALL 8 71 353 

SAL 1 61 303 

SAL2 52 259 

ALL 13 52 259 

ALL 17 49 243 

ALL 11 47 233 

ALL 12 37 184 

SAL4 34 16 9 

SAL3 12 60 

OTHEAS <12 <60 

Latm Amencan cultlvars 1noculated 1n greenhouse WJth 331solates representmg 15 genet1c farmhes of the fungus 
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TABLE 11 Latm Amencan nce cu1t1vars res1stant 1n the f1eld and 1n the greenhouse to all 
genet1c fami11es of Pyncu/ana gnsea present 1n Colombia 11 

F1eld react1on" 

No Cultivar Cross Country Leal Neck 

7 SACIA (TARI) IR 1529 430NNIIR 3223 Bohv1a 1 1 
12 BR4 IAC 5544/Dourado Precoce Braz11 2 3 
23 CA lAPO IRAT 13/Beira Campo//CNA x 104 B 

18PY 28/Perola Braz1l 2 1 
25 EMCAPA01 IAC 5544/Dourado Precoce Braz1l 3 1 
34 IAC 101 Oryz1ca 1//IR 480 57 3 2 1/C R1ca Brazll 3 1 
42 RIO PARAGUAY IAC47/6383 Brazll 1 1 
43 RIO PARANAIBA IAC47/6383 Braz11 1 1 
45 TANGARA IAC 25/IRAT 13 Braz1l 3 1 
46 TRIUNFO IAC 47/IRAT 13 Braz1l 3 1 
47 XINGU IAC 47/IRAT 13 Brazll 3 1 
68 Oryz1ca llanos 5 COLOMBIA 1/P1274//P 2060 Colombia 1 
74 AMISTAD 82 IR 1529 ECIANNIIR 3223 Cuba 1 3 
79 PERLA Cuba 1 3 
83 INIAP 11 IR 5657 33 2 1/IR 2061 465 1 5 5 Ecuador 1 3 

105 ICTA CRISPO IR 24/IR 747B2 6 3 Guatemala 3 3 
119 CARDENAS A 80 C 4 63//GR 88/Sigadls Mex1co 3 1 
122 COTAXTLA A 90 CA 126 42 5/IR 2061 213 Mex1co 4 3 
129 SINALOAA68 NAHNG MON S4/TN 1 Mex1co 3 1 
139 PANAMA 1048 p 1221/P 1229 Pan ama 1 1 
165 CAMPO NI SML1010//APURAIIR 8 Sunnam 3 3 
166 CEYSVONI SML 997/AWINI Sunnam 3 3 
168 DIWANI WASHABO/IR 454 1 17 1 1 Sunnam 3 3 
169 EL ONI ACORNI/IKAPUAI/IR 454 Sunnam 1 3 
198 FONAIAP 2 Colombia 1/P 127 4//P 2060 Venezuela 1 1 

Res1stant culbvars among 201 Labn Amanean nce cu1t1vars 1noculated 1n the greenhouse WJth 33 1solates represent1ng 15 
genetlc llneages of the pathogen 

F1eld react1on 1n Santa Rosa {VIIiav1cenclo) 1= H1ghly Res1stant 9 H1ghly Susceptible 
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TABLE 12 R1ce cul!ivars exh1bit1ng a spec1f1c mteract1on w1th one or two genet1c fami11es 
of Pyncu/ana gnsea 1n Colombia 11 

Cultivar Cross Compabble genettc F1eld reactton 
fam11ies Leal Neck Ong1n 

33 Franciscano CICA 7//CICA 8/PELITA 1 1 SRL 6 ALL-8 6 7 Brazll 

38 Pesagro 101 IR 3265JIR 51/IR 2061 SRL5 5 7 Braz11 

41 R1o Doce ALL 7 4 Braz11 

61 L1nea2 P 1223/P 1225 SRL 2 SRL 6 (1)~ 5 3 Colombia 

65 Oryz1ca 3 CICA 7//CICA 8/Pelita 1 1 SRL 6 4 5 Colombia 

200 Selecta3 20 SRL 6 SRL 2 6 5 Colombia 

76 IIAC 15 CP C2/ECIA 13//CP 1 C8/CE 4 SRL 5 4 3 Cuba 

77 IR 1529-ECIA IR305/IR24 SRL 5 1 3 Cuba 

94 IR42 IR 1561/IR 1737//CR 94 13 SRL 5 SRL 6 (1) 4 3 Filipinas 

95 IR43 IR 305/IR 24 SRL 5 SRL 6 (1) 3 3 Filip1nas 

99 IR 54 NAM SA GU119/IR 2071//IR 2061 SRL-4(1) SRL 5(1) 2 7 F11ip1nas 

109 ICTATEMPISQUE P761/P 881 SRL 6 ALL 8 (1) 6 3 Guatemala 

113 CAPI93 P 2062/IRAT 120//P 2057 SRL 6 5 7 Honduras 

115 GUAYMASA90 P2053//P 1897/METICA 1 SRL 6 ALL 8(1) 5 5 Honduras 

140 PANAMA 1537 CICA 7//S 12 30/P901 SRL 6 6 9 Pan ama 

146 ALTOMAY088 P 2030//IR 5533/METICA 1 SRL 6 5 Peru 

156 JUMA 51 TONO BREA 91/IR 8 SRL 5 SRL 6(1) 4 3 RepDom 

159 JUMA61 J 212/CICA 9 SRL 1 SRL 6 6 7 RepDom1 

160 JUMA62 IR 1541//IR 20/0 NIVARA SRL 5 SRL 2(1) 4 5 RepDom 

164 BG90 2 IR 262/REMADJA SRL 5 SRL 6(1) 5 9 Sn Lanka 

181 MARS CI9580/SATURN ALL 12 SRL 4(1) 4 3 USA 

193 ARAURE2 P 1221/P 1230 SAL 6 SRL 1 (1) 5 3 Venezuela 

197 FONAIAP 1 P 1386//TAPURIPNCAMPONI SRL 5 5 3 Venezuela 

Cult1vars were lnoculated WJth 33 tsolates representtng 5 genettc tamlltes of P gnsea 

Santa Rosa {Vtllavtcencto) 

{1)= lntermedtate reactton 
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TABLE 13 Reacllon of nce cult1vars from USA and Uruguay to Pynculana grtsea hneages 
from Colombia 

Genet1c L1neage 

Cultivar Cross SRL1 SAL2 SRL4 SRL5 SRL6 /IU:J 1U .U12 AU.13 Orlgn 

170 BellePatna CI9122/Rexoro + +, + + + + + + + USA 
171 Bellemonl CI9881/PI331581 + +, + + + + USA 
172 Bluebelle CI9214//Century Palna/CI9122 + + + + + + + USA 
173 Bluebonnet50 Rexoro/Fortuna + + + + + + + + USA 
174 Dawn Century Patna/HO 12 + + + + USA 
175 L201 CI9701///R 134/R 48//R 50 + + + + + + + + + USA 
176 L202 IR 456/72 32278//L 201 + +, + + + + + USA 
177 Labelle Selle Patna/Dawn + + + + USA 
178 Lacrosse Colusa/Biuerose/1 S Hoemedl + + + + + USA 

Fortuna 
179 Lebonnet Bluebelle/!Belle Patna/Dawn + + + USA 
180 Lemont LebonneV/CI9881/P1331581 +, + + + USA 
181 Mars CI9580/Satum + + USA 
182 New Rex Bluebelle/Dawn/8 Patna/ + + + + USA 

Dawn/Sel B 6122 
183 Skybonnet Bluebelle//Belle Patna/Dawn + + + + USA 
184 Starbonnet Century Patna/Biuebonnet + + + ... + + + USA 
185 TexasPatna Rexoro/CI 5094 + + + ... + + + USA 
186 El PasoL 48 StarbonneVBiuebelle + + ... ... + + + Uruguay 
187 El PasoL 94 LebonneVBiuebelle + + ... + Uruguay 
188 El Paso L 144 IR 930/IR 665 + + + + + Uruguay 
189 El PasoL 227 CI9902/Labelle + + + + Uruguay 
190 INIA Tacuan NwbVNrx L79 + + + + + + Uruguay 
191 INIAYerbal L 58/Biuebelle + + + + + +, + Uruguay 

+ = lntenned1ate react1on + = Susceptible reacffon blank = res1stant 
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TABLE 14 Blast react1on of parents and F, plants 1n several crosses of the nce cultivar 
Oryz1ca Llanos 5 (Santa Rosa V1llav1cenc1o 1995) 

Parents E, 
Cross p X P, LB NB LB NB LB NB 

eT12668 O Llanos 5 x Fanny 4 1 9 9 3-9 79 
Fanny X O Llanos 5 9 9 4 1 4-9 79 

eT12670 O Llanos 5 x eJeA9 4 1 8 7 4-7 3-7 
eJeA9 X O Llanos 5 8 7 4 1 49 37 

eT12674 Zemth X O Llanos 5 6 1 3 1 56 1 7 
O Llanos 5 x Zemth 4 1 7 1 46 1 7 

eT12675 Bbt50 X O Llanos 5 7 3 4 1 3-8 1 7 
O Llanos 5 x Bbt50 4 1 7 1 3-5 1 5 

eT13442 e 101 A51 x O Llanos 5 9 7 4 1 47 1 7 

eT13443 e 101 LAe x O Llanos 5 4 3 4 1 3-4 1 7 

eT13560 O Llanos 5 x L1nea2 4 1 6 5 3-6 1 7 

eT 13561 O Llanos 5 x Met1ca 1 3 1 9 7 25 1 7 

eT13562 O Llanos 5 x Oryz1ca 1 3 1 8 7 25 1 7 

eT13566 O Llanos 5 x IR22 4 1 8 7 1-4 1 7 

eT13394 O Llanos 5 X eJeA8 3 1 6 7 26 1 7 
eJeA8 X O Llanos 5 6 7 3 1 1 4 1 7 

eT13396 Oryz1ca 1 x O Llanos 5 8 7 3 1 45 1 7 

eT13399 Oryz1ca 3 x O Llanos 5 6 7 4 1 4-5 1 7 

LB = leal blast Nb= Neck blast 

1 = h1ghly res1stant 9 = h1ghly susceptible 
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TABLE 15 Bias! reac!lon of parents and F, plants m several crosses of the nce cultivar 
Oryz1ca Llanos 4 (Santa Rosa V1llav1cenclo) 

Parents p p F 
Cross P, X P, LB NB LB NB LB NB 

CT 13563 O Llanos 4 x Oryz1ca 1 6 7 8 7 79 57 
CT 13564 O Llanos 4 x Oryz1ca 1 6 7 8 7 78 37 
CT 13565 O Llanos 4 x CICA 8 6 7 6 5 79 37 
CT 13567 O Llanos 4 x Lmea 2 6 7 6 5 78 57 
CT 13395 Oryz1ca 1 x O Llanos 4 8 7 6 7 69 57 
CT 13398 Oryz1ca 3 x O Llanos 4 6 7 6 7 59 7 

LB= Leal blasl NB = Neck blasl 

1 = H1ghly res1stan1 9 = H1ghly suscepbble 

TABLE 16 Segregat1on of bias! res1stance 1n F 
2 

progeny of the cross Oryz1ca Llanos 5 x 
Fanny moculated w1th Colomb1an nce bias! 1solates 

F ExpectedF 
--

lsolate 

Genet1c 

hneage R S rat1o X" Probab1hty lnferred res1stance gene bas1s 

lsol 1 5 1 SRL 1 291 8 27 1 069 o 50 o 25 4 unllnked loc1 2 dommant 
2 receSSIVe 

CICA 915 SRL 1 211 9 271 018 o 75 o 50 4 unllnked loc1 2 dom1nant 
2 receSSIVe 

CICA 9 37 1 SRL2 293 7 271 1 33 o 50 o 25 4 unllnked loc1 2 dommant 
2 receSSIVe 

lsol 1 10 3 SRL2 292 8 271 092 o 50 o 25 4 unllnked loc1 2 dommant 
2 receSSIVe 

Met1ca 1 33 18 SRL 3 291 9 271 028 075 050 4 unllnked loc1 2 dom1nant 
2 receSSIVe 

lsol12 53 SRL4 184 26 577 008 o 90 o 75 3 unllnked loc1 1 dom1nant 
and 2 dommant complem loc1 

lsol 6 7 1 SRL 5 284 16 15 1 043 o 75 o 50 2 unllnked loc1 both dom1nant 
FN 47 1 SRL 5 273 27 15 1 3 87 005 2 unllnked loc1 both dommant 
lsol 16 1 1 SRL5 239 61 133 051 o 50 o 25 2 unlmked loc1 1 dom1 and 

ep1stat1c or and 1 recess1ve 
CICA 8 104 SRL6 182 13 15 1 005 o 90 o 75 2 unllnked loc1 both dommant 
cv 19 1 SRL6 150 10 15 1 000 1 o 2 unllnked loc1 both dom1nant 
FN54 SRL 6 173 59 3 1 003 o 90 o 75 1 dom1nant locus 
Selecta 3 20 1 SRL6 53 4621 97 030 o 75 o 50 2 dom1nant complem IOCI 
Selecta 3 20 1 SRL6 85 2231 31 1 12 o 50 o 25 1 dommant locus 

Pooled from rectprocal crosses 
Fanny ts maternal parent for the F 
Oryztca Llanos 5 ts maternal parent for the F 

A = Number of reststant plants 
S = Number of susceptible plants 
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TABLE 17 ModJ!Jed f1eld methodology expected to mulllply IndiVIdual genet1c hneages o! 
the blast pathogen m the Santa Rosa Expenment Sta!Jon VJIIavJcencJo 

Spreader (hneage)lsolates Genet1c hneage detected/No o! Jsolates 
Plot Breed1ng hnes (No ) SRL 2 SRL 4 SRL 5 SRL 6 ALL 7 

1 CICA 9 (SRL 1) 9 6 3 
Breed1ng lme 9 4 5 

2 L1ne 2 (SAL 2) 9 2 7 
Breedmg hne B 1 1 5 

3 Met1ca 1 (SAL 3) B 7 1 
Breed1ng hne 9 4 5 

4 Colomb1a 1 (SAL 4) 10 6 4 
Breed1ng hne B 3 5 

5 CICA B (SAL 5) 7 7 
Breedmg hne B B 

6 Oryz1ca 1 (SRL 6) 9 9 
Breedmg hne 9 1 B 

TOTAL 103 13 22 7 60 

B Acnvrrv RP53 INCORPORATJON OF PROTECTJON TO RICE SHEATH BuGHT 

THROUGH GENETIC TRANSFORMATION 

SUMMARY 

1 

1 

We are mterested 1n transformmg 1nd1ca nce w11h a barley type 1 RIP gene lo confer 
1ncreased protectJon agamst Rh1zoctoma Such transgemcs m1ght be economJcally and 
env1ronmentally des1rable by lead1ng lo a reduct1on 1n the apphcatJon of pestJcJdes A 
construct conta1mng the RIP gene dnven by the 355 prometer and the 35S CaMV hph 
(hygromycm res1stance) gene as the select1ve marker are bemg used The d1rect gene 
transfer ofthe RIP gene v1a the POS 1 000/He system 1s be1ng conducted usmg 1mmature 
embryos or 1mmature denved callus ofthe 1nd1ca vane!Jes C1ca 8 ln!J and BR IRGA 409 
and the upland hne CT6241 17 1 5 1 A total of 183 plants w1th hygromyc1n res1stance 
have been recovered Prehmmary analyses by RT PCR suggest that 7 of these 1 O plants 
are putat1ve transgemcs wh1ch conta1n and express the RIP gene The JntegratJve trans 
format1on of these plants 1s be1ng confirmed by deta1led molecular analyses 

BACKGROUND 

Plan! res1stance to pathogemc fung1 mvolves mult1ple response pathways 1ncludmg the 
accumulatJon of defens1ve enzymes These 1nclude B 1 3 glucanases ch111nases 
thaumat1n hke prote1ns protease lnhibitors and nbosome mactwatmg protems (Colhnge et 
al 1987 Lmthorst 1991) The development of gene transfer systems has enabled tes!Jng 
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the effects of express1on of candidata ant1 fungal genes on the course of plant mfectlon by 
pathogens Transgemc tobacco expressmg a barley nbosome mact1vat1ng protem (AIP) 
showed an mcreased protect1on aga1nst Ah1zoctoma solam (Logemann et al1992) a 
ma¡or causal agent of sheath bhght m the Amaneas AIP s are N glycos1dases wh1ch 
cleave the N glycosidic bond of ademne 1n a specllic nbosomal ANA sequence Th1s 
barley AIP 1s a smgle cham protem (type 1 RIP) wh1ch mh1bits protem synthes1s 1n target 
cells by speclflc ANA N glycos1dase modillcatlon of 2SS rANA Al P s do not Inactiva te 
self nbosomes but show vary1ng degrees of actlvlty towards nbosomes of d1stantly relatad 
spec1es 1nclud1ng fungal nbosomes (Logemann et al1992) 

Sheath bhght 1s causmg 1m portan! crop losses m the Southern Cona of Amenca and 
mcreasmg spreads had been reportad m Colombia Mex1co and Venezuela All vanet1es 
are susceptible and there JS not known source of res1stance 1n nce 8Jolog1cal control has 
not been successful 61ther At present the control depends on heavy use of funglcldes 
We are 1nterested 1n transformmg 1nd1ca nce w1th the barley AIP gene to confer mcreased 
protectron agamst Rhrzoctoma solam wh1ch 1s found m tropical Amanea and to 
determ1ne 11 the transgemc plants carrymg the AIP are also protected aga1nst to 
Ah1zoctoma oryzae ancilor A oryzae sat1vae wh1ch are the spec1es more commonly 
found m Argentina Southern Braz1l Chile and Uruguay Such transgemcs m1ght be 
econom1cally and enwonmentally des1rable by lead1ng toa reduct1on 1n the apphcat1on of 
pestlCides 

A construct contammg the Al P gene dnven by the 35S prometer and the 35S Ca MV hph 
(hygromycm res1stance) gene as the select1ve marker are bemg usad In order to ensure 
a constltut1ve express1on of the AIP protem 1n the whole nce plan! construct1ons were 
made encodmg for the RIP gene under the control of the CaMV 35S prometer The AIP 
encodmg gene was contamed 1n the plasm1d pPA69 (J Logemann) A ca 1 Kb EcoRI 
fragment contammg the fulllength cONA was subcloned 1n pUC19 to y1eld pAIP19 From 
the AIP sequence found 1n the GeneBank (access1on BLSCAIP3) 1! was observad the 
presence of an Ncol restnct1on s1te encompassmg the f1rst ATG codon and an Accl s1te 12 
bases dowstream of the termma!lon codon lt was dec1ded to use these flank1ng S1tes for 
further mampulat1on of the AIP gene A cassette 35S OCS3 conta1ned 1n the pAS plasm1d 
was subcloned mto pUC19 as a ca 740 bp EcoAI Hlll to obta1n pUGAS The S64 bp Ncol 
Accl fragment from pAI P19 was blunted w1th Klenow enzyme and subcloned mto the 
Smal s1te of pUGAS to y1eld the plasm1d p35SAIP Subsequently the cassette 35S Hyg 
tm13 from pTAA151 (a g1ft of N Mural Lou1S1ana State Umvers1ty USA) was sphced mto 
the H1ndlll s1te of p35SAIP to fmally obtam p35SAIPHy1 and p35SAIPHy2 The numbers 
1nd1cate the relat1ve onenta!lon of the hygromycm cassette ( clockw1se and 
counterclockw1se respect1vely) to the Al P transcnptlonal fus1on 

The d1rect gene transfer of the AIP gene 1s be1ng attempted us1ng 1mmature embryos or 
1mmature denved callus of the md1ca vanetles C1ca S lnt1 and BA IAGA 409 and the 
upland hne CT6241 17 1 5 1 Gene dehvery 1s performed usmg ONA coated gold 
partlcles accelerated by the POS 1 000/He system So lar a total of 1S3 plants w1th 
hygromycm res1stance have been recovered after the complete step w1se selec!lon 
process throughout plant regenera !ion on 50 mg/1 hygromycm ANA was Jsolated from 1 O 
plants and cONA s were obta1ned and amphf1ed by AT PCA Th1s prehm1nary analys1s 
suggest that 7 of these 1 O plants are putat1ve transgemcs wh1ch contam and express the 
RIP gene The mtegrat1ve transformat1on of these plants 1s bemg confirmad by Southern 
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blot hybnd1zat1ons and mhentance stud1es The express1on of the RIP w111 be analyzed 
Northern and Western blots Followmg local regulat1ons puta!IVe transgemc plants wlll be 
tested 1n the greenhouse for res1stance to sheath bhght 
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PuRPOSE 

IV PROJECT 4 
RICETRAITS FOR COMPETITIVENESS 

To reduce nce y1eld losses from weeds and reduce producllon costs and hazards 
assoc1ated w1th herb1c1de use contnbullng to lower nce pnces for consumers 

A Acnvrrv RP52 R1cE TRAITS FOR CoMPETITIVENEss 

RICE PASTURE SvsTEM (TRArrs FOR CoMPETING wrrH AN AssociATED PASTURE) 

5UMMARV 

The ob¡ect1ves of th1s work were to 1dent1fy morpholog1cal tra1ts of nce that breeders could 
use to enhance the ab1hty of th1s crop to compete w1th an assoc1ated spec1es Two 
scenanos were contemplated a) that of upland nce grow1ng 1n assoc1at1on w1th a pastura 
and b) that of 1rngated nce grow1ng Wlth a weedy spec1es (Echmochloa colana) The f1rst 
aspect relates lo a key componen! for the sustamable agropastoral systems bemg 
developed by CIAT and the second aspect seeks to reduce the overuse of herb1c1des 1n 
the 1rngated nce ecosystem The expenments w1th the upland nce pasture assoc1allons 
(two seasons) showed that product1ve nce plant types can be bred to compete or tolerate 
an 1ntersown pastura such as Brach¡ana decumbens The late onset of compet111on 
lavo red nce over the assoc1ated pasture however average y1eld losses for nce growmg 1n 
compet111on were 60 and 18/ for nce cu1t1vars w1th the weakest and strongest compet1t1ve 
abll1ty respect1vely Compet1t1on was strongly related to above ground hght capture 
where nce leaf area (recordad after 45 days of emergence) was the key parameter 
followed by t1llenng whlle he1ght showed no correlallon w1th compet1t1veness Genet1c 
stud1es for these parameters are bemg conducted A s1m1lar actiVIty 1s bemg conducted 
1n Braz11 by EMBRAPA/CNPAF who are our partners 1n th1s ODA funded pro¡ect 

INTRODUCTION 

lmproved sustamable agropastoral systems are an escape valve 1n many trop1cal 
countnes as alternallves to further expans1on of the1r agncultural front1ers 1nto frag1le 
enwonments such as the ram forests Successful agropastoral alternat1ves are be1ng 
developed for the savannas ad¡ommg the margms of the ram forest These are nce based 
systems where ac1d soll adapted nce vanet1es are undersown w1th a pasture The 
breedmg of h1gh y1eld1ng nce vanet1es adapted to such enwonments 1s a recent 
ach1evement However nce tra1ts for compet1t1veness agamst an assoc1ated pasture are 
poorly and emp1ncally understood A better understandmg of the bas1c mechamsms 
1nvolved 1n nce pasture mterference should lead to pnnc1ples gu1d1ng select1on for spec1f1c 
key tralts early 1n the breed1ng process We need to know what spec1flc tra1ts are 
1mportant and the tradeoffs among them and how they can be eff1c1ently selected for 
penence acqUired al CIAT 1n nce weed 1nteract1ons (F1scher 1993 and F1scher et al 
1993 1994) serve as a perspect1ve to expand our understandmg of the nce/pasture 
assoc1at1on 
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0BJECTIVES ANO PROCEDURES 

The work we report here was mvolves two expenments conducted tn 1993 2 at the 1 C A 
Expenment Statton at La Ltbertad tn the Colombtan Llanos seektng to understand the 
morpho phystologtcaltmphcatlons for a successful nce pasture assoctatton tn terms of nce 
producttvtty and good pasture establishment and to tdenllfy those tratts that allow nce to 
wtthstand pastura competttton Etght upland culttvars ( Colombta 1 Lme 2 (CT 6196 33 
10 4 15M) OryztcaSabana6 CT0037 9 7 M 1M IRAT216 TOX 1010 451 1 RHS 
107 2 1 2TB 1 JM UNE 3 (CT 6196 33 11 1 3)) were grown (70 kg seedlha 1n rows 20cm 
apart) on an actd oxtsol (4 4o/ orgamc matter pH 4 9 4 6ppm PO 21meq/100g Ca 
O O?meq/1 OOg Mg O 08meq/1 OOg K 90 3°/ Al saturatton) tn monocrop and 1n compet1t1on 
wtth Brachtana decumbens (1 5 kg seedlha) The expenment was fertthzed wtth 300kg/ha 
dolomtttc hme 60kg P ,0,/ha 60kg K,O/ha and 75 kg N/ha Treatments were arranged 
wtthtn a randomtzed complete blocks destgn wtth spht plots and four rephcattons 
Compet1t1on or monocrop were the mam plots treatments and the culttvars were tn the 
47m2 subplots Above and below ground nce and pastura parts were sequenttally 
sampled Rtce and Brachtana root dry matter were separated usmg the carbon tsotope 
dtscnmtnatton techmque (Sve1car and Boutton 1985) Percent PAR tnterceptton was 
determtned for nce plants growtng tn compelltlon by readtng the mcomtng radtatton above 
and below the nce canopy (alter removtng the pasture growth between two nce rows) 

CoMPEnnoN EFFEcrs 

Onset of lnterference 

lnterference presumably competttton (Radosevtch and Holt 1984) was more severe on 
nce tn 1993 for most vanettes wtth htgher pastura growth 1n the competttton plots than tn 
1994 (Table 1 Ftgures 1 and 2) Thts trend was less evtdent for the less compet1t1ve 
culttvar Colombta 1 Competttton effects whether measured on nce or on pastura growth 
were detectad only alter 30 dae (Ftgures 1 to 4) 

Growth parameters affected 

Rtce btomass LAI and ttllenng were affected by compet1t1on parttcularly 1n 1993 when 
pastura growth was more tntense 1n most cases or tn both years for a poor competttor 
such as Colombta 1 (Ftgures 5 and 6 and Table 1) The depresstve effects of competttton 
on above ground growth parametres was stronger tn Colombta 1 than tn the more 
compettttve Ltnea 3 (Ftgures 1 2 5 and 6) Rtce hetght was a growth parameter much 
less affected by the pasturas tnterference presumably nce plants ettolated under 
competttton and hetght would thus not be a rehable tndtcator of compettttveness (Ftgures 
5 and 6) Rtce growth tn competttlon began to be affected when the pasture gatned an 
advantage to compete for hght te when etther hetght LAI or ttllenng were supenor to that 
of nce (Ftgures 1 to 6) 

Root growth (so far only data for 1993 are avatlable) etther tn monoculture or tn 
competttton dtd not reflect the outcome of compett!lve tnteractton between both spectes 
(Table 2) Therefore under favourable ratnfall (1585 mm from May to September 1993) 
and nutntton mterference 1n thts system would be matnly an above ground process of llght 
capture Data 1n Table 2 also suggest that resource allocatton to very deep roottng m ay 
weaken nce compettttve abthty posstbly by tnterfenng wtth canopy growth 
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TABLE 1 Y1eld y1eld 1n compet111on as percent of y1eld 1n monoculture (relat1ve y1eld) 
and growth parameters PAR 1ntercept1on and b1omass of Brach1ana 
decumbens at 90 d a e when severa! nce cult1vars grew 1n compet1t1on w1th 
the pastura spec1es 1n two consecut1ve years 

Pasture PAR 

Y1eld Relal y1eldR1ce b1omassHe1ght T1llers b1omass lntercept1on 

(kglha) (/) (glm'l (an) (NoJm') LAI (glm')" (o/) 

R1ce cultivar 1993 1994 1993 1994 1993 1994 1993 1994 1993 1994 1993 1994 1993 1994 1993 1994 

Colomb>a 1 870 1375 30 50 477 394 84 88 274 253 17 203 873 322 77 64 
L>nea2 1208 2036 49 70 389 432 74 82 210 400 31 280 396 196 80 84 
O SabanaS 1975 2354 ffT 78 344 448 78 77 278 341 29 284 356 188 86 84 
CT10037 1687 2484 56 71 429 495 83 87 224 417 35 271 257 158 86 77 
IRAT216 1749 1638 61 65 390 411 65 69 261 301 42 275 563 200 86 76 
TOX 1010 814 1412 53 54 328 396 74 69 204 350 17 274 386 222 79 76 
RHS 107 279 1727 18 52 280 401 65 87 170 270 1 5 252 758 250 73 75 
Unea3 2063 2321 89 75 620 443 74 83 373 336 54 271 118 158 69 82 
Cruapo 1886 69 406 72 358 255 179 82 
CNA 7013 D 1746 54 397 87 298 249 219 70 

LSD (O 05) 403 447 22 14 163 52 9 14 46 80 05 043 163 60 5 3 
CV(/) 20 16 28 15 11 9 8 12 13 17 11 11 24 20 20 7 

Days after emergence 

Ory matter 

TABLE2 Correlat1ons between nce root parameters determ1ned 1n monoculture and 1n 
compet111on w1th Brach1ana decumbens b1omass at 90 days after nce 
emergence when th1s spec1es grew 1n compet1t1on w1th nce 1993 

Roo! parameter 

Roo! length dens1ty 

Roo! mass 1 

Depth{cm) 

o 20 
20 40 
40 60 
60 80 
80100 
o 100 

o 20 
20 40 
40 60 
60 80 
80 100 
o 100 

Root mass m compet1t1on was deterrmned at harvest1me 

- p < o 05 = p <o 01 

86 

Monoculture 

r 

068 
038 
o 21 
003 
o 89 
o 79 

o 21 
010 
o 27 
029 
o 71 21 

014 

Compet1!10n 

012 
010 
016 
086 
o 43 
008 



TABLE 3 Correlatton coefftctents between nce and pasture parameteres at two dates 
after emergence when both spectes grew tn compettlton 

Davs after emergence 
1993 1994 

y X 63 90 63 90 

Rel nce y1eld 
(al harvest) 
Rel nce b1omass 

Pasture b1omass 

PAR mtercep!lon by nce 

Pasture b1omass 

Pasture b1omass 

PAR 1ntercept1on by nce 

R1ce LAI O 79 

R1ce t1llenng 

R1ce he1ght 

R1ce b1omass 

R1ce LAI 

R1ce tlilermg 

RICe he1ght 

070 

= p o 05 = p < o 01 = p o 05 

X =Ln(X) 

y = 1/Y 

o 86 

o 79 1/ 

078 

o 71 1/ 

o 77 2J 

090 

079 

o 86 

o 75 o 92 

o 81 

o 70 o 86 

072 

084 073 

o 85 

063 

TABLE 4 Correlattons between sequenttally recordad nce growth parameters and the 
btomass of Brach1ar1a decumbens harvested 90 days after nce emergence 
when both spectes grew tn compelllton 

Days after emergence 
Growth 10 20 30 45 63 90 
parameter1993 1994 1993 1994 1993 1994 1993 1994 1993 1994 1993 1994 

LAI 027 053 054 o 53 o 61 057 o 80 o 85 o 80 o 71 o 86 

T1llenng 048 048 o 87 065 o 91 029 003 o 30 012 067 072 

He1ght o 05 020 032 o 35 007 o 07 058 027 005 036 032 

B1omass O 34 077 065 043 038 063 o 51 o 83 o 74 077 073 

Data not recordad at th1s date 

=P 005 = p o 01 
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TABLE 5 Correlallon coeff1c1ents between nce growth parameters determ1ned m 
monoculture al 90 d a e 11 and pasture b1omass determ1ned al harvest m 
compet111on w1th nce and nce relat1ve y1eld under compe1111on (percent of 
monoculture y1eld) 

y = Pastura b1omass v, = Rel nce ~1eld 

X (monoculture) 1993 1994 1993 1994 

PAR mtercept1on 042ns" O 50 ns 062 ns O 58 ns 
LAI 030 019 000 018 
T1llenng 020 019 039 046 
R1ce he1ght 024 042 030 019 
R1ce b1omass 067 053 050 026 

d a e - days after emergence 

ns = P o 05 

TABLE6 Est1mates of hentab1hty and select1on progress for nce growth parameters and 
y1eld when these charactens!ICS are recordad m monoculture or 1n 
compet1t10n m two consecut1ve years 

Hentab1hty Est1m progress ( 1 ) for sel 1n 

da e' Monoculture Compel111on Monoculture Compet111on 

He1ght 60 074 062 40 42 
T1ller No 60 073 086 87 171 
Leal area 60 095 094 16 6 246 
B1omass 60 090 090 10 6 17 o 

He1ght 90 085 006 44 04 
T1ller No 90 o 96 o 90 18 o 22 B 
Leal area 90 098 097 220 366 
B1omass 90 097 092 15 5 21 2 

Y1eld 120 093 o 96 13 5 363 

Days after nce emergence 
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TABLE 7 Compet1t1veness (y1eld 1n compet1t1on w1th as percent of Brachtana decumbens 
as percent of monoculture y1elds) and harvest 1nd1ces (determmed 1n 
monoculture and 1n compet1t1on w1th 8 decumbens) of several upland nce 
cult1vars 1n two seasons 

Harvest lndex 
Com2et1t1veness 1993 1994 

Cultivar 1993 1994 Monoculture Compet111on Monoculture Compet1t1on 

( 1) 
Colombia 1 30 52 38 13 29 35 
L1nea 2 49 70 39 25 34 38 
O SabanaS 67 78 45 30 36 40 
CT10037 56 71 46 22 41 41 
IRAT 216 61 65 48 36 32 36 
Tox 1010 54 54 24 14 33 37 
RHS 107 18 52 46 7 36 40 
L1nea 3 89 75 31 35 38 40 
Ca1apo 69 33 41 
CNA 7013 54 39 48 
LSD (O 05) 22 14 13 7 7 10 
cv (/) 28 15 22 17 12 18 

Correlal!on H 1 
m monoculture 

vs H 1 1n compet111on ( r) O 14 ns" 074 

ns=P>005 =P<OOS 
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GENETIC STUDIES OF KEY T RAITS FOR 8REEDING COMPETITIVENESS INTO RICE 

Greenhouse expenment 

A greenhouse expenment was conducted to understand the genet1c control ol nce tra1ts lor 
competlng lavorably w1th an mtersown grass pasture Based on F1scher et al (1995) 
work 1t was poss1ble to 1dent1fy 7 parental hnes w1th d1fferent compet1t1on capab1ilt1es 
These llnes were crossed us1ng a d1allel w1thout rec1procal crosses what resulted 1n 21 
hybnd combmatlons These 28 matenals were grown 1n pots 1n the greenhouse 1n a 
random1zed complete block des1gn w1th 3 repllcatlons 1n monocrop and 1n assoc1at1on w1th 
Brach1ana bnzantha 

Forty l1ve days alter plantlng the lollowmg data were collected on nce plant he1ght 
number ol tlllers leal area and b1omass ol shoots and roots The analys1s was done 
usmg the Hayman model (Hayman 1954) and lurther analyses are under way usmg the 
Gnffmg model (Gnff1ng 1956) and the Hallauer and Miranda (1981) approach 

The lollow1ng components ol the genetlc vanat1on were calculated (Table 1 ) 

Average degree of dommance For nce 1n monoculture non add1t1ve effects lor leal 
area and leal and stems dry we1ghts were h1gher than the add1t1ve effects as opposed to 
the number ol tlller and plant he1ght where add1t1ve effects prevalled When nce grew 1n 
assoc1at1on w1th B bnzantha all the charactenst1cs exh1b1ted a h1gher average degree ol 
dommance than 1n monoculture 

Average frequency of pos1t1ve alfe/es for /oc1 showmg dommance effects There was 
no symmetry lor allele d1stnbut1on 1n the parents 

Number of dommant and recess1ve alfe/es There were more dommant than recess1ve 
alleles lor all charactenst1cs espec1ally lor plant he1ght and number ol tlllers 

Number of alfe/es showmg dommance The ma¡onty ol alleles showed dommance lor 
plant he1ght leal area and leal and stems dry we1ght lor nce 1n monoculture wh1le most 
alleles were recess1ve lor number ol t1llers 

For nce 1n assoc1at1on w1th pasture the low values (around 1) show that there was an 
underestlmatlon ol the number ol alleles that can be attnbuted to one or two alleles w1th 
very h1gh effect ol dommance 

Narrow sense hentabll1ty For nce monoculture and 1n assoc1at1on the hentab1hty 1s low 
lor plant he1ght number ol t1llers and leal dry we1ght and h1gher lor leal area and stems 
dry we1ght 

Type of dommance The results 1nd1cate that lor plant he1ght and number ol t1llers lor nce 
1n monocrop the dommance 1s mcomplete lor leal dry we1ght lor nce 1n monoculture and 1n 
assoc1at1on 1t 1s complete and lor leal area and stems dry we1ght lor nce 1n monoculture 
and lor all the characters lor nce 1n assoc1at1on 1t 1s overdommance 

CoNCLUSIONS 

Based on the 1nlormat1on presented 1n Table 1 the lollowmg can be concluded 

Dommant effects are predom1nant lor most ol the tra1ts 
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Hentab1ht1es are low for most of the tra1ts The best values are for leal area and the 
dry we1ght of stems wh1ch are Importan! tra1ts for compet111on 
Hentab1hty values for tra1ts 1n monoculture are no! affected when nce 1s m assoc1a 
!Ion w1th pastura 
In a breedmg program for nce competl!lon w1th pastura careful ch01ce of parents 
has to be made for leal area and stems dry we1ght 
As !he mam charactenst1cs of !he genet1c control of !he tra1ts for compelllion do no! 
present d1screpanc1es for monoculture and assoc1a!lon apparently breed1ng can 
be performed 1n monoculture 

Fteld experlment 

The vanet1es reportad m sect1on 1 were used to 1dent1fy a praclical sconng methodology 
that would allow breeders to se lec! parental and segregaling matenal w1thout go1ng 
through a long and expens1ve process of evaluat1on 

The attempt used 1n 1994 was to try to correlata v1sual v1gor sconng (1 to 9 where 1 1s 
h1gh v1gor and 9 1s very low v1gor) w1th !he phys1olog1cal data presentad 1n sect1on 1 of th1s 
report F1ve weekly measures were takmg startmg 20 days alter sowmg (das) Table 2 
present a summary of the data As can be seen there was no change dunng evalua!lon 
penad At the t1me 11 was clear !ha! compet1!1on effects were 1m portan! only alter 45 das 
(1993 1n sec!lon 1) May be th1s 1s why 1n th1s tnal no d1fferences were observad 

In 1995 a s1m1lar study w111 be carned on tak1ng mto account these mformat1on 
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Tabla 1 Parameters obtamed from Hayman analysts 

Parameters Plant he1ght Leafarea Leal we1ght Tillar we1ght T1ller number 

A A+P A A+P A A+P A A+P A A+P 

Degree of dommance 075 1 22 1 39 270 1 17 2 83 1 40 044 1 34 

Pos1t1ve dommant alleles 006 012 009 016 o 10 o 15 016 016 019 012 

Dommantlrecess1ve rat1o 18 84 523 383 1 78 5 43 2 91 1 92 054 960 399 

Number of dom1nant genes 5 1 8 1 29 3 52 070 242 078 1 45 1 00 338 1 00 

Restncted hentabiilty 012 010 o 31 046 o 17 o 28 050 036 027 024 

Type of dominance 350 1 44 176718 1276 75 o 12 o 16 4 78 428 033 7 21 

Table2 Data of v1gor obtatned 1n La Libertad Expenmental Statton Vtllavtcencto 
Colombta 

Entry Vigor 21 dds' V1gor 28 dds Vigor 35 dds V1gor 42 dds V1gor 45 dds 

O SabanaS 1 1 1 1 1 

CT6196 33 11 1 3 1 1 1 1 1 

RHS 107 3 1 1 1 3 

Ca1apo 1 1 1 1 1 

CNA 7013 D 1 1 1 1 1 

CT6196 33 10 4 15M 5 3 3 3 5 

Colombia 1 3 5 3 3 3 
Linea 3 3 3 3 3 3 

IAC47 1 1 1 1 1 

Dourado Precoce 1 1 1 3 3 

TOx 1010 1 1 1 1 1 

CT1 0037 9 7 M 1 M 3 1 3 3 3 

1 dds means days atter sowtng 

• 
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Table3 Modal usad for the analys1s of va nance of the diallel 

So urce di di E(MS) F1xed 

Enwonment (E) e 1 1 
Rephcal1ons/E e(r 1) 4 
Entnes m1 27 

Parents (P) n 1 6 
Parents x crosses (P/C) 1 1 
Crosses (C) e 1 20 

Ex entnes (e 1)(m 1) 27 
Ex parents (e1)(n1) 6 
Ex P/C (e 1) 1 
Ex crosses (e 1)(c 1) 20 
ExGCA (e 1)(n 1) 6 
ExSCA (e 1) 

Pooled error e(r1)(m1) 108 

Total erm 1 167 

e r m and e refers to the number of enVIronments rephcat1ons entnes and crosses respect1ve\y 

2 EMBRAPAICNPAF 

SUMMARY 

Similar as actiVIIIes descnbed 1n paragraph 1 but conducted under mo1sture stress 
cond11ions 

ldenttfy rice components of rtce-pasture lnterference 

One expenment was mstalled at the Federal UmverSity of G01ás on a degradad pastura ol 
Brach1ana bnzantha At the onset of the ra1ns 1n November the old pastura was 
mcorporated w1th one pass of d1sk harrow Before sowmg the so1l was preparad w1th a 
moldboard plow followed by a harrow pass to leve! off the soli surface Fert1hzer 
apphcatlon and sow1ng was done on December 17 1n a smgle operatlon Pastura seed (5 
kg/ha) was m1xed w1th the fert1hzer (350 kg/ha) and banded 1 O cm deep below the nce 
seeds (formula 5 30 15) th1s 1s a recommended pract1ce to decrease early compet1tlon 
between nce and pastura R1ce dens1ty was of 80 seedlmeter row The expenment 
obeyed a spht plot des1gn w1th two bas1c treatments as ma1n plots (nce monocrop and 
nce+pasture 1ntercropp1ng) andan add1t1onal plot of pastura 1n monoculture The nce 
monocrop and the mtercropp1ng 1ncluded as sub plot treatments 8 contrast1ng nce 
genotypes w1th respect to plant type and growth dura !Ion Three of them 1 e 1 RAT 216 
CNA 7013 D and Oryz1ca Savana 6 were also present 1n the CIAT tnals reportad here 
The subplots were const1tuted by 12 25 m long nce rows spaced at O 40 m Start1ng at 
the 30th day alter sow1ng and ata 15 day 1ntervals nce row segments totalhng 1 35m per 
plot were sampled to determme leal area tliler number and dry m alter we1ght Root 
samples were taken w1th a soll auger ( 4 holes and 5 depths per plot) w1th 20 to 30 day 
mtervals for measunng length dens1ty and dry m alter we1ght Al flowenng hght 
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mtercept1on was measured 1n three pos111ons 1n !he canopy Al th1s stage measurements 
ol plan! he1ght leal length w1dth and angle were performed to better charactenze !he nce 
matenals Al matunty 4 rows ol 1 O m length were harvested lo rcord nce gram and straw 
y1eld as well as pasture b1omass Two early and 4 med1um grow1h durat1on vanet1es were 
already harvested whereas the 21ate enes are be1ng harvested The pasture monocrop 
plot was harvested al two d1fferent occas1ons lollowmg early and late nce vanelies 
harvestmg Harvested samples are be1ng processed whereas data collected so lar IS 
bemg analyzed Roo! length dens1ty countmgs are wa111ng lor the arnval ol a scanner 
recently acqUired lor th1s purpose 

Evaluatmg the effects of the assoclatlon wlth pasture on r~ce drought to/erance 
(ObJeCtlve #4) 

One expenment was 1nstalled 1n a pnvate larm nearby CNPAF headquarters In order lo 
1ncrease the probabi11ty ol drought dunng reproduct1ve development 1t was sown late Soil 
preparat1on was 1m11ated 1n December w1th a pass ol disk arrow The procedure was 
repeated 1n January a very ramy month to mcorporate newly emerged weeds Jusi pnor 
to mstalhng the expenment on February 18 two dlfferent1al soil treatments were apphed as 
sub plots deep plowmg w1th a moldboard plow or convent1onal harrowmg us1ng a d1sk 
harrow Both treatments were subsequently lollowed by a harrow pass to level off the soil 
Sub sub plots were composed by nce 1n monocrop or 1n assoc1alion w1th the pasture 
spec1es The lourth level treatments were the nce genotypes R1o Parana1ba and CNA 
7066 drought res1stant and susceptible checks respect1vely The same management 
praclices descnbed prev1ously were used to 1nstall !he expenment As mam plots two 
water treatments Wlll be appl1ed dunng nce reproduct1ve development a drought stress 
cycle and 1rngated control The grow1h parameters already descnbed lor the prev1ous 
expenment are be1ng measured Dunng the dlfferent1al water treatments water relat1ons 
parameters w11i also be measured 

0THER AcnviTIES 

The expenment a1med at est•matmg water use efflclency was postponed unt1l August due 
lo problems w1th the ra1n shelter wh1ch was taken down by strong w1nds 

The aciiVIIies to lulfill ob¡eclives #2 and #3 were not lnlllated yet because they depend on 
availab1hty o! results lrom the f1rst expenments 

8 AcTJVITY RPQ2 GERMPLASM WITH ENHANCED COMPETmVENESS AGAINST WEEDS 

1 COMPETITIVE IRRIGATED RICE 

5UMMARY 

A s1m1lar study as 1n seclion A was conducted w1th d1rect seeded (pre germ1nated) 
1rngated nce Average nce y1eld reduct1on from E colana compel111on was 42 1 WllhJn a 
range o! 25 and 62 1 The most compet1t1ve vanelies were CICA 8 Elon1 and CICA 9 E 
colana grow1h recordad 60 days alter emergence correlated negat1vely w1th nce leal are a 
mdex and t1ller number (R2= O 83 and O 76 respect1vely) All three vanet1es were among 
the best y1eldmg enes 1n monoculture These parameters were closely related to canopy 
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hght 1ntercept1on Aga1n he1ght was not closely related to compet1t1veness OUick 
screemng for nce compet1t1veness could be done by measunng the amount of hght 
reach1ng the ground preferably w1th r1ce grow1ng under compet111on Est1mat10n of genet1c 
parameters for the charactenst1cs 1dent1fled Wlll be pertormed prehmmary results are 
reportad he re 

BACKGROUND ANO 0BJECTIVES 

Weeds are the mam pes! nce farmers 1n Latm Amenca and the Canbbean (LAG) must 
manage Chromc losses of about 21°/ are est1mated for the Amencas w1th curren! control 
practtces (Oerke 1992) T1llage water management and herbtctdes are the ma1n weed 
control tools Weed control costs are h1gh U$ 218 m1lhon are spent yearly m LAG on 
herb1c1des wh1ch amount to 45/ of pest1C1de expend1tures Unhke fung1c1des and 
msect1c1des the use of herb1c1des 1s stlil1ncreasmg Sub opt1malland levelhng and water 
management comphcate the use of flood water as a tool for weed suppress1on Therefore 
nce farmers must resort to herb1c1des wh1ch are not only costly but may also represen! a 
threat to the enwonment 1t 1s thus 1mportant that alternat¡ve weed management be 
developed such that they be econom1cal and enwonmentally compatible 

A research actiVIty has been dev1sed to produce nce plants w1th tra1ts allow1ng them to 
favourably compete w1th weeds g1ven the ex1s!lng vanab1hty for compet1t1veness among 
nce cu1t1vars The challenge 1s to preserve y1eld potenllal wh1le also enhancmg 
compet111veness 

MAIN ACTIVITIES 

An expenment w1th ten vanelles (lnt1 Elom IRGA 409 CICA 4 CICA 8 CICA 9 Oryz1ca 
1 Oryz1ca 3 Ceysvom and IR 8) was conducted under 1nterm1ttent 1mgallon w1th pre 
germ1nated seed d1rect seeded onto a puddled so1l Two IRRI hnes of reportedly h1gh 
compet111veness had been also mcluded but suffered from severe lodg1ng and were not 
harvested Cult1vars grew m monoculture and m compet1t1on w1th a saturatmg 1nfestat10n 
of Echmochloa colana one of the worst weeds of 1mgated nce 1n tropical LAG 
Throughoutthe growmg season the followmg tra1ts were penod1cally recorded R1ce 
b1omass leal area he1ghl 11ller number and hght transm1ss1on through nce canop1es 

PROGRESS ACHIEVED 

The crop and the weed emerged together Although compet1t10n started early (F1gure 1) 
cons1stent correlat1ons between nce growth parameters and compel1l1veness (measured 
as E colana growth suppress1on or nce y1eld and growth reductJon) were not recorded 
before 60 days alter nce emergence (dde) (Table 1) CICA 8 Elom and CICA 9 were the 
vane!les suppressmg E colana growth the most (Table 2 ) The average y1eld reductJon of 
nce from E colana compet1t10n was 42 1 w1thm a range of 25 and 62 1 (Table2 ) Weed 
growth at 60 dde correlated negat1vely w1th nce b1omass leal area 1ndex (LAI) and the 
number of t1llers (Table 1) whereas he1ght was not strongly related to nce compet1t1veness 
and was almos\ unaffected by compet111on (F1gure 1 and Table 1 ) s1nce nce plants 
elongated 1n response to shad1ng by E colona CICA 8 the most competJtlve vanety had 
a supenor advantage over the weed 1n terms of b1omass LAI and numbers of t1llers 
comparad to that of IRGA 409 wh1ch was the least compet1t1ve cu1t1var (F1gure2) H1gh 
hght 1nterceptlon by nce canop1es reduced E colana growth and compet1l1on and LAI and 
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t1llenng were the parameters most closely relatad to low hght penetratiOn (Tabla 1 ) 
Therefore measunng the hght reachmg the ground below nce canop1es w1th a hne hght 
meter can be a qUick way to screen hnes for compet1t1veness However such screemng 
should preferably be performed on nce cultlvars grow1ng 1n compet1t1on w1th the weed 
smce recordmgs made 1n the absence of compet1t1on d1d not correlata w1th those m a de 
under compet1t10n (Tabla 3) Stud1es on the hentab1hty of tra1ts for compet1t10n and 
est1mates of selectlon progress wlil further clanfy th1s p01nt There was no slgn1f1cant 
negat1ve correlatiOn (r= O 37 ns) between harvest 1ndex 1n monoculture and 
compet1t1veness (measured as y1eld loss from compet1t10n) and the most compet1t1ve 
vanet1es mentiOned above were among the best y1elders 1n monoculture (Tabla 2 ) 

TABLE 1 CorrelatiOns between nce and Echmochloa cotona parametres when both 
spec1es grew m compet1t1on 

d.a e 
y X 20 40 60 Flowenng Harvestmg 

Rel nce y1eld Weed b1omass 056NS 032NS o 94 o 94 o 77 
Rel nce b1omass Weed b1omass 034NS 033NS O 88 o 94 O 54NS 
Weed b1omass PAR 1nterc by nce 034NS 006NS o 82 o 85 o 83 

R1ce LAI O 19NS 040NS o 91 O 51NS 
R1ce t1llenng 014NS O 31NS o 87 o 71 o 89 
R1ce he1ght O 29NS o 65 014NS 009NS 
R1ce b1omass 026NS 019NS o 73 o 73 o 87 

PAR 1ntercept1on R1ce LAI 009NS O 31NS O 88 077 
by nce 

R1ce t1llenng O 01NS O 80 o 87 O 58NS o 83 
R1ce he1ght 062NS o 71 055NS O 43NS 022NS 
R1ce b1omass 007NS 030NS 052NS o 79 o 81 

Days alter emergence 
V = p < o 05 = p < o 01 NS= p > o 05 
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TABLE 2 Btomass of Echmochloa colana growth parametres and PAR tnterceptton at 90 
d a e " and yteld of etght upland nce cultlvars when both spectes grew tn 
competttlon 

Y1eld1n 
R1ce RICe comp 

Y1eld1n Y1eld1n Rel to Pasture R1ce 
MonocuH Compet check He1ght T1lle1S b1omass b1omass PAR 

A1ce cultivar (kg/ha) (kglha) ( 1) (cm) (No/m') LAI (g/m )" (g/m) ~ntercept 

INTI 9175 4763 52 6 88 75 508 71 618 337 50 1152 5 93 99 
ELONI 4518 3308 73 o 96 25 568 75 677 27000 1137 5 94 88 
IRGA409 8271 3134 379 99 75 38944 5 22 436 25 780 o 87 69 
CICA4 8589 5224 609 93 75 539 65 519 295 00 1075 o 93 97 
CICA 8 8250 6111 75 4 105 00 494 91 6 74 275 00 1260 o 95 65 
CICA 9 8709 5622 65 3 106 00 631 00 6 56 27750 995 o 93 97 
ORYZICA3 9522 5641 59 4 90 50 591 75 6 72 302 50 895 o 95 00 
CEYSVONI 7031 4410 630 86 00 447 29 5 25 292 50 920 o 93 68 
BLUEBELLE 6052 3097 51 3 11700 48654 4 43 380 00 677 5 87 16 
IR 8 8409 4121 50 9 77 50 465 88 644 38000 795 o 92 68 

LSD (O 05) 1174 1174 19 47 5 46 53 85 o 78 83 80 149 o 1 54 
cv ( 1) 13 36 13 36 22 75 3 92 7 24 9 04 17 79 10 60 1 14 

Days after emergence 

Dry manar 

TABLE3 Correlattons between nce parameters determtned tn monoculture (90 days 
alter nce emergence) wtth Echmochloa colana btomass and relattve nce yteld 
tn competttton 

X (monoculture) 

PAR tnterceplton 
LAI 
T1llenng 
Rtce hetght 
Rtce btomass 

p 005 

y 

Pasture btomass 

O 01 NS 

O 01 NS 
o 02 
007 
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2 GENOTYPES FOR WATER SEEDING 

SUMMARY 

A total of 132 llnes were screened for the1r ab11ity to emerge through water Pre 
germmated seeds were covered by so11 and put 7 cm below the water surface Redox 
potent1al and temperatura 1n the water layer were 1 24m V and 28 30 C respect1vely 
wh1ch resembled values recordad 1n the flood water of convent1onal nce crops Twenty 
cult1vars w1th more than 50 1 emergence through water were 1dent1f1ed Nursenes have 
already been requested and sent to Sunnam and Cuba 

PROCEDURE 

Three month old seeds from the same generallon were pregerm1nated and seedllngs w1th 
1 to O 3 cm rad1cles were placed 1n at the bottom of 1ce cube cells and covered w1th 2 5 cm 
so1l plus 4 5 cm water (7 cm total depth) Non flooded checks were 1ncluded Treatments 
were aranged 1n rand1m1zed complete blocks w1th three repllcallons Fourteen days atte 
rseed1ng emerged plants (w1th more than 21eaves) were counted the1r he1ght recordad 
oven dned and we1ghted 

RESULTS 

A redox potent1al of about 1 24m V and 28 30 °C temperatura were reg1stered 1n the water 
layer throughout the expenment Severalllnes exh1b1ted a remarkable capac1ty to 
establlsh under flooded cond1t1ons a feature not present 1n CICA 8 nor 1n IR 50 (Table 1) 
Thus donors tor th1s relevan! teature have been 1dent1hed Nursenes have already been 
sent to Sunnam and Cuba 
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Table 1 Growth under hypox1a relat1ve to that under areob1ccondl!lons for hnes w1th 
more than 50 /o emergence and tour checks 

Cultivar Emergence He1ght Ory matter 
(!) (!) ( 1) 

0091 100 73 51 
KARUTHAVAN 100 89 69 
JC 148 95 104 72 
KHOTKOMUA 92 66 24 
TAOTHABI 91 83 55 
FA 13 A 87 79 52 
AMAGHAO 82 85 55 
ROJOFOTSY 82 76 45 
GUAN YIN TSAN 82 105 41 
VELLAIVANAN 77 82 40 
B 2622E TB5 4 4 75 57 20 
THAVALU 75 66 34 
JC 178 74 97 47 
ASOI 73 108 78 
BANSBOG 68 64 27 
JAWEJAN 60 73 34 
SUOUWE 59 70 25 
BACKOIA 58 60 14 
AWARIA KATICA 55 61 15 
PT 61 50 73 22 

Checks 
O TURIPANA 7 17 47 5 
CICA 8 11 57 7 
IR 50 11 68 15 
IR 49830 7 1 2 2 9 35 2 
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V PROJECT 5 
DIVERSIFIEDTAGOSODES/RICE HOJA BLANCA VIRUS 

PRoJECT PuRPOSE 

To help poorer trop1cal re grow1ng countnes overcome these pests by divers1fy1ng the 
res1stance genes deployed aga1nst them thus protectlng agamst res1stance breakdown 
stab1hZ1ng y1elds and reduc1ng msect1c1de use 

A AcnVITY RP03 DIVERSIFIEDTAGosooes/RICE HoJA BLANCA ViRUS 

SUMMARY 

The goal of th1s pro]ect 1s to reduce crop losses dueto R1ce HoJa Blanca V1rus and 
Tagosodes onztcolus by d1vers1fylng the res1stance genes deployed agamst them thus 
protect1ng agamst res1stance breakdown stab1hzmg y1elds and reduc1ng 1nsect1c1de use 
In 1995 4 127 and 6 029 segregatlng and advanced nce breed1ng hnes were evaluated for 
res1stance to RHBV and T onztco/us damage respect1vely The hnes evaluated were 
from the CIAT lrngated and Upland Breed1ng and R1ce Pathology Programs INGER 
FEOEARROZ CORPOICA and IRRI These evaluat1ons prov1de valuable RHBV and T 
onztco/us res1stance mformat1on for the CIAT and Latln Amencan NatiOnal Program 
germplasm pools Some of these hnes representad new sources of res1stance to both the 
wus and msect and they are bemg 1ncorporated 1nto advanced breed1ng matenals The 
program also conducted stud1es to determine the effect of T onztco/us colony plant age 
and vanety on nce suscept1b1hty to RHBV 1n the greenhouse and f1eld We also 1n1t1ated 
stud1es 1n cooperat1on w1th FEDEARROZ and CORPOICA to survey for the occurrence of 
RHBV 1nfected plants and act1ve vectors 1n commerc1al nce f1elds 1n Colombia These 
stud1es w11l prov1de ~nformat1on on wusllnsect/nce plant ~nteracllons wh1ch have 1mportant 
consequences for the development and occurrence of RHBV ep1dem1cs 1n the f1eld 
F~nally morder to create novel RHBV res1stance sources that can potent1ally be 
transferred 1nto popular van elles currently be1ng grown 1n La !In Amenca the prOJect 1s 
work1ng to genet1cally eng~neer RHBV res1stant nce plants us1ng RHBV coat prote1n and 
down regulat1on strateg1es Plants conta1mng these constructs have been ldent1fled 

Followmg local safety regulatiOns the progeny from the transgemc plants w1ll be tested 1n 
the greenhouse under b1osafety cond1t1ons for res1stance to RHBV us1ng v1ruhferous T 
Of/ZICOIUS 

INTRODUCTION 

RHBV 15 present throughout much of trop1cal Amenca and there have been documented 
RHBV ep1dem1cs s1nce 1935 Ep1dem1cs of RHBV are cychc w1th outbreaks occurnng 
every 8 15 years The last maJor outbreak of RHBV was dunng the early to m1d 1980s 
When an outbreaks of RHBV occur y1eld losses have been est1mated to be between 25 1 
and 50 1 As new ep1dem1cs of RHBV occur s1m1lar losses can be expected throughout the 
affected areas The vector of RHBV 1s the planthopper Tagosodes onztcolus (MUir} The 
wus mult1phes both 1n nce and 1n 1ts planthopper vector The wus al so causes a d1sease 
1n the 1nsect and those 1nsects wh1ch harbor the v1rus are less lit compared to those that 
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do not 11 1s speculated that th1s phenomenon coupled w1th a slow progress1ve bulld up of 
plants 1nfected w1th wus 1n the fleld 1s respons1ble for the cyclic nature of the RHBV 
ep1dem1cs 

Bes1des be1ng the vector of AHBV the planthopper 1nsect Tagosodes oryztco/a (MUir} 1s a 
senous pest of nce that causes d1rect damage The d1rect damage that 1s caused by the 
planthopper and the uncerta1nty of RHBV ep1dem1cs are the reasons that farmers lo spray 
up lo 5 6 t1mes lo control th1s planthopper vector of AHBV 

The levels of AHBV detectad 1n the f1eld are currently 1ncreas~ng 1n Colombia Venezuela 
and Ecuador recently expenenced outbreaks of AHBV and Costa R1ca 1s currently 
expenenc1ng an outbreak of AHBV The 1ncreases 1n reports of the 1nc1dence of AHBV 
may porten! a new cycle of a RHBV ep1dem1c Sorne of the ob¡ect1ves of th1s pro¡ect 
1nclude more complete momtonng of v1ruliferous planthoppers surveys of d1sease 
1nc1dence and a better evaluat1on of nce cult1vars and breed1ng lines that are res1stant to 
the planthopper ancilor the wus Th1s should help m111gate losses should an ep1dem1c 
occur and reduce the long term losses caused by recumng ep1dem1cs 

RESISTANCE TO RHBV ANO TAGOSODES ORIZICOLUS IN BREEDING POPULATIONS 

The Entomology Program evaluated a total of 4 127 and 6 029 segregat1ng and advanced 
nce breed~ng l1nes for res1stance to RHBV and T onztcolus damage respect1vely dunng 
1995 The results of these evalua!lons are presentad 1n Tables 1 and 2 respect1vely The 
ong1n of the l1nes evaluated were CIAT lmgated A1ce Breed1ng Program (50 1} INGER 
(23 1} FEDEARROZ (14o/} COAPOICA (7 1} CIAT Upland R1ce Breed1ng Program 
(6°/} CIAT A1ce Pathology Program (1o/} and IAAI New PlantType lines (1 1} 

F1eld and Greenhouse Eva/uat/ons for Res1stance to RHBV 

Screemng Methodology 

The RHBV evaluat1ons are conducted tw1ce yearly 1n the f1eld and when requested 1n the 
greenhouse The greenhouse evaluat1ons are conducted us1ng methods s1m11ar lo that 
descnbed below for the T onztco/us mechan1cal damage evalua!IOns The f1eld 
evaluat1ons for RHBV are conducted 1n a nce plot that 1s devoted exclus1vely to th1s 
purpose Th1s plot 1s bordered Wilh sugarcane plants to max1m1ze conta1nment of the 
vectors and mln1m1ze env1ronmental vanab11ity Wilhin the plot Ten f1eld cages for ~nsect 
reanng and f1eld 1noculat1on also border the plot Vector colomes ( 75 80 1} are produced 
1n the greenhouse transferred to potted nce plants 1n the 1 O f1eld cages and 1ncreased for 
ca 1 5 months pnor to f1eld release The test lines are planted 1nto ca 1 25 m w1de beds 
spaced ca 1 meter apart Three grams of seed of each test line (ca 1 00 seeds/line} are 
sown 1n O 5 m rows spaced 15 cm apart To ascerta1n un1form1ty of planthopper 1nfestat10n 
and RHBV pressure susceptible (CICA 8 Bluebonnet 50} 1ntermed1ate (Onz1ca 1 Met1ca 
1} and res1stant check lines (Colombia 1} are planted every 40 rows When the test 
matenals are ca 15 days old wuliferous ~nsects are d1stnbuted evenly onto the test 
matenals by remov1ng the T onztcolus 1nfested potted nce plants from the cages and 
shakmg the 1nsects onto the test matenal Plants are evaluated for RHBV symptoms 25 
30 days after 1noculat1on us1ng a v1sual damage scale (O 9} w1th 0= O 1 1 =1 1 3=2 1 O 1 
5=11 30°1 7=31 60°/ and 9 60°/ of the plants 1nfected Wllh RHBV Alter the evaluaiiOns 
!he plants are treated w1th carbofuran to elim1nate 1nsects 
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Results 

Out of the total 3 467 hnes evaluated 1n the f1eld dunng the f1rst semester of 1995 16 1 
were class1f1ed as h1ghly res1stant to RHBV (RHBV ra!lng 1) wh1le 15 1 were class1t1ed as 
res1stant (RHBV ra!lng =3) and 1 Oo/ were class1fled as 1ntermed1ate (RHBV ratlng =5) 
The rema1mng 59 1 were cons1dered susceptible (RHBV ratmg 7) (Table 1) To assure 
that advanced hnes have a good level ot res1stance only those hnes that have a ra!lng of 3 
were recommended for further evaluatiOn 

The Second Semester plantlng for 1995 was t1med to comc1de w1th the CIAT INGER LAC 
FLAR R1ce Breeders Workshop July 31 Aug 3 1995 In th1s evaluatiOn 270 advanced 
RHBV toleran! hnes from the CIAT lrngated R1ce Breedmg Program and 99 hnes from 
FEDEARROZ were tested 95 /o of the CIAT lrngated R1ce Breed1ng of the CIAT lmes 
exh1bitmg a RHBV raling 3 and 22 lo of the FEDEARROZ lmes exh1b1ted a RHBV ra!lng 3 
The level of res1stance m the FEDEARROZ hnes was s1m1lar to the level of res1stance 1n 
the total populat1ons because these hnes had not been prev1ously screened for RHBV 
res1stance Th1s shows the 1mportance of select1ve screemng to assure h1gh levels ot 
RHBV res1stance m advanced hnes 

lt should be also be noted that the same 270 CIAT RHBV toleran! hnes plantad 1n the 
Second Semester were evaluated dunng the F1rst Semester m the same plot and a h1gh 
degree of vanat1on was noted between these two evaluatiOns The coeff1c1ent of 
determmat1on (r2 ) calculated for the two evaluatiOns was O 33 1nd1cat1ng that only 33 /o of 
the vana !IOn m RHBV could be accounted for by knowledge of the pnor RHBV ra!lng The 
reasons for the h1gh degree of vanab1hty are unclear Semester by semester 1nsect 
populat1on dens1ty vector capac1ty and random env1ronmental vanatiOn are undoubtedly 
s1gmf1cant sources of error m these evaluatiOns The curren! select1on method 1s be1ng 
evaluated to determine how to m1mm1ze the vanat1on between separata tnals 

Greenhouse Eva/uat1ons for Res1stance to T or~zfco/us damage 

Screening Methodology 

Evaluat1ons for res1stance to T Of/Zicofus mechamcal damage are conducted 1n 
greenhouse cages Plants are sown m flats each flat conta1mng 34 rows of nce spaced 3 
cm apart w1th each row conta1mng 10 plants Res1stant (cv Mudgo) 1ntermed1ate (cv 
CICA 8) and susceptible (cv Bluebonnet 50) check rows are plantad randomly m every flat 
When the plants are ca 15 days old (2 31eaves) they are transferred to cages and 
moculated w1th ca 1 O nonwuhferous planthoppers per plan! (adults and nymphs) 
Res1stance evaluat1ons are conducted when the susceptible checks d1e (ca 7 8 days alter 
1noculat1on) usmg a v1sual damage ra!lng scale ( 1 5) 

Results 

Dunng 1995 6029 hnes were evaluated tor T OfiZIColus Forty tour percent of the lmes 
evaluated dunng 1995 were cons1dered h1ghly res1stant (Damage Scale 1) 17 1 res1stant 
(Damage Scale 3) 81 1ntermed1ate (Damage Scale = 5) and 301 susceptible ((Damage 
Scale 7) (Table 2) There 1s a h1gh level of res1stance to T OfiZICo/us 1n the hnes evaluated 
and 11 1s recommended that only hnes w1th a damage scale of 3 be selected tor further 
evaluat1on 
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DISCUSSIOn 

The screemng for res1stance to RHBV and to T onztco/us 1s prov1d1ng an evaluatiOn of nce 
llnes both from CIAT germplasm pools as well as those from other lnStltu!IOns At CIAT 
new sources of res1stance to RHBV and to T onztco/us are bemg testad W1th1n the hnes 
testad 1n 1995 there were mult1ple source of res1stant to both pests 

CHARACTERIZATION OF ISOLATES OF T ORIZ/COLUS ANO RHBV ANO EFFECT OF PLANT AGE 

ON SUSCEPTIBIUTY TO RHBV 

Effect of plant age on suscept1blhty to RHBV 

One of the factors that 1nfluences the degree ot damage by a vtrus 1s plant age Plants 
1ntected early 1n the growmg season are general more severely affected than !hose that 
are 1nfected later In the case of RHBV there was prev1ous data (see R1ce Annual Report 
1994) that younger plants may be more susceptible to wus 1nfect10n These stud1es were 
carned out to conflrm the effect of plan! age on the suscept1b1hty to RHBV Sets ot 
rephcated tr1als were conducted 1n the greenhouse and a tr1al was done to conflrm the 
greenhouse results 

Greenhouse Experlments 

Methodology 

E1ght var~et1es of r1ce were tested for the1r susceptlbllity to RHBV at f1ve ten f11teen and 
twenty days post plan!lng The susceptible control was Bluebonnet 50 and the res1stant 
control was Colombia 1 The 4 rephcat1ons of 6 plants were moculated at each date Each 
plan! was 1noculated 1n controlled cond1t10ns us1ng two adult planthoppers that were 
proven to be V1ruhf1erous The planthoppers were ehmmated alter a f1ve day 1noculat1on 
per1od and the plants were observad at 2 3 day 1ntervals for the presence of RHBV 
symptoms 

Results 

The data w1th the percentage of plants 1nfected at the tour d1fferent plant ages are shown 
1n Table 3 Bluebonnet 50 and Bahlla are both h1ghly susceptible anda h1gh percentage of 
plants became 1nfected w1th RHBV at all tour plan! ages Fanny and IRAT 124 showed an 
1ntermed1ate react1on and over 20 lo ot the plants became 1nfected w1th RHBV at 1 O and 15 
days The only date that Colusa had a moderate level of 1ntect1on was at 5 days but 4 to 
8 1 ot the plants cont1nued to become 1nfected even at 25 days Colombia 1 Llanos 5 and 
Blue Rose showed the h1ghest level of res1stance w1th tew plants becom1ng mfected w1th 
RHBV alter the plants were 15 days old All var~etles were parllally susceptible at1 O days 
alter plant1ng 

Fleld Experlments 

Methodology 

In con¡unc!IOn w1th the CIAT INGER L.AC FLAR R1ce Breeders Workshop July 31 Aug 
3 1995 a r1ce plot was planted to demonstrate the ettect ot plant age on the express1on of 
RHBV 1n the f1eld Th1s study was conducted 1n the RHBV screemng plot 1n the l1eld usmg 
the same techmques as descr~bed below 1n sec!IOn B However the plot s1ze was 1 m' 
and the r1ce plots were planted sequent1ally every 5 days to ach1eve dlfferent1al plant ages 
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Results 

In general the results of the f1eld evaluallons reflected what was observed m the 
greenhouse stud1es earher Res1stance to RHBV and lo RHBV mc1dence vaned w1th plant 
age (Table 4) Culllvars that were cons1dered to be res1stant or moderately res1stant (e g 
O Llanos 5 O Llanos 4 and Oryz1ca 1) suffer 1ncreased mc1dence of RHBV when 
moculated w1th RHBV when they were younger (1 O 15 days post planllng) 

DISCUSSJOn 

The suscept1b1hty of the most res1stant vanet1es has 1mportant ep1dem1olog1cal 
1mphcat1ons 11 res1stant vanetles are planted next lo estabhshed nce w1th h1gh levels of T 
onz1co/us and RHBV 11 1s poss1ble that a moderate (1 O 30) percentage of these plants can 
become 1nfected w1th RHBV Further evaluat1on 1s needed to test 11 crop management 
strateg1es can be used to mm1m1ze early mfect1ons m res1stant vanetles S1nce the 
res1stant vanet1es become less susceptible to the wus w1th age the majonty of the 

1nfect1ons occur when the plants are young Therefore the use of chem1cals to control the 
vector probably 1s not effect1ve more than 15 20 days alter planllng Many flelds of the 
res1stant vanety Llanos 5 have had 1nfect1on rates that are alarmmg to the farmers Most of 
these f1elds have less than 1 O 1 of the plants affected by RHBV and the early suscept1b1hty 
o! th1s vanety may be an expla1n these levels of mfect1on 

Greenhouse Expeflments for colon y and virus vaflabillty 

1 n 1994 the program began stud1es focused on charactenzmg the vanab1hty o! T onz1co/us 
populatiOns and RHBV 1solates from Colombia 1n response to reports from the Tohma 
reg1on that cv Llanos 5 was more susceptible to RHBV than prev1ously expected The 
1mportance of vanab1hty m vector and v1rus populatiOns affects both the select1on methods 
ter RHBV res1stance and potent1ally the reg1onal pertormance o! res1stant nce vanet1es 

Methodology 

These stud1es were contmued dunng 1995 and w1ll con11nue 1n 1996 In May 1994 T 
onz¡colus and RHBV v1rus 1solates from Tohma were collected and vector and nonvector 
ce lomes estabhshed m the greenhouse N1ne vanet1es and advanced nce breed1ng hnes 
(Biuebonnet 50 O Canbe 8 CICA 8 O Llanos 5 Colombia 1 Onzyca 1 IRAT 124 
CT8008 and CT8837) representmg a range of res1stance reactiOns were selected as tester 
vanet1es and screened for res1stance to RHBV al tour d1fferent plant ages {10 15 20 and 
25 days post plantmg) us1ng the CIAT and Tohma vector colomes Plants were sown 1n 
flats sequentlally over t1me lo ach1eve the d1fferences m plant age Each flat conta1ned 18 
rows o! nce (9 randomly sown vanet1es rephcated 2x) spaced 3 cm apart w1th each row 
conta1mng 25 plants The plants were transferred to cages and moculated w1th ca 4 5 
wuhferous planthoppers per plant (adults and nymphs) and the 1nsects were a//owed to 
leed ter 5 days Both o! the colomes CIAT and Tohma were screened s1mu1taneously to 
reduce expenmental vanat1on and ELISA measurements of 1 vector msects were taken 
pnor lo moculat1on The stud1es were conducted on once 1n 1994 and were rephcated 1n 

1995 
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Results and Discuss1on 

The results of the greenhouse RHBV expenments are shown 1n Ftgures 1 and 2 The 
current studtes conftrm !hose obtatned 1n 1994 (see Rtce Annual Report1994) 
Comparad to the CIAT colony and RHBV vector tsolate the Tohma colony and RHBV 
vector tsolate was more vtrulent Averaged across vanet1es plants exposed to the Tohma 
colony hada stgntftcantly htgher average 1 RHBV tnfeciiOn leve\ than !hose exposed lo 
the CIAT colony (F1g 1) Also as descnbed above and 1n 1994 allthe hnes tested 
tncludtng O Llanos 5 and Colombia 1 were more susceptible to RHBV tnfectton when 
they were 1 O days old comparad to those that were 15 25 days old (data not shown 
presentad 1n 1994 Report ) Ltkewtse averaged across dates vanetles exposed to the 
Tohma colony hada htgher average 1 RHBV tnfectton leve\ comparad lo the CIAT colony 
(Ftg 2) Thts effect was most evtdent for moderately reststant to reststant plants 

These studtes were tmltated to determtne whether or nota new btotype o! T onztcolus or 
stratn o! RHBV had developed 1n Tohma The curren! studtes addressed the former and 
we have begun studtes to address the later Because msect btotypes typ1cally 
demonstrate dtfferenttal performance on spectflc tester vanet1es and because the 9 tester 
vanet1es exhtbtled stmllar trends for both the CIAT and Tohma colomes (1 e 1ncreased 1 
RHBV mctdence wtth the Tohma colony for all vaneltes except the htghly susceptible BB 50 
andO Canbe 9) we conclude thatthe T onztco/us collected from the Tohma area does 
not represen! a new btotype Rather we beheve thaltt 1s more hkely that the CIAT T 
onztcolus colony needs lo be re1nv1gorated Wllh new 1nsects collected from the fteld lo 
1ncrease genet1c vanabthty and hence colony v1gor The Entomology program has 
commenced w1th these act1V111es and Will conduct our 1996 RHBV and T onztco/us 
mechamcal damage evaluattons wtlh the retnvtgorated colony 11 should also be 
menttoned however that these results do not preclude that poss1b1hty that the RHBV wus 
tsolate 1n Tohma 1s more vtgorous than the CIAT RHBV tsolate To address th1s quest1on 
we have commenced a senes o! studtes tn whtch the CIAT colony 1s bemg reared on 
plants conta1mng the Tohma RHBV tsolate and vtce versa These studtes should be 
concluded 1n 1996 

As was menttoned these ftndtngs ha ve practtcaltmphcaiiOns for the management o! T 
ortztcolus 1n the fleld Gtven the fact that RHBV appears to be 1ncreas1ng 1n Colombia and 
that even res1stant vanet1es such as Llanos 5 are susceptible to the wus al early growth 
stages (1 e <1 O days) 11 nce growers have htgh populaiiOns o! T onztcolus 1n thetr ftelds 
dunng th1s penod the ut1hty o! such vanettes should be augmented by the JUdtctous use o! 
a stngle msecttctde apphcaiiOn dunng lhts cnttcal penod 

SURVEY OF PREVALENCE OF PLANTS ANO T ORIZICOLUS INFECTED WITH RHBV IN CoLOMBIA 

In response lo a perce1ved 1ncrease o! RHBV tnfected flelds 1n Colombta a collaborattve 
proJeCI Wlth FEDEARROZ and CORPOICA was begun 1n July to survey for the prevalence 
of plants and T onztco/us tnfected wtlh RHBV 1n vanous regtons o! Colombta To date 
samples have been obtatned !ro m the nce growmg regtons o! Tohma (Tohma) Vtllavtcencio 
(Meta) Cucuta (Norte de Santander) and Hulla (Hulla) Samples of T onztco/us were 
collected either by Field or Research Asstslants from FEDEARROZ and CORPOICA or 
by members o! the Rice Program frozen and sentto CIAT for ELISA analysts Table 5 
conta1ns the results o! samples that are presently avallable RHBV has been detectad 1n 

all regions sampled except Huila However few samples have been obtatned from this 
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department The reg1on of Villavlcenc¡o currently has the h1ghest level of RHBV w1th the 
average percent of T ortz1colus 1nfected w1th RHBV (actual vectors or wuhf1erous 
planthoppers) 1n nce !1elds be1ng ca 4 7 1 In companson the percent of actual vectors 
averaged across all samples 1n the Tohma reg1on 1s ca 1 8/ The level of RHBV present 
1n Villav1cenc1o reg1on should ra1se sorne concerns as th1s level1s approach1ng the level of 
actual vectors 1n the f1eld (10 15/) that 15 typ1cally encountered dunng an ep1dem1c of 
RHBV Dunng 1996 CIAT and FEDEARROZ w111 cont1nue to momtor the extent of RHBV 
present 1n Colombia and we Wllllnltlate stud1es focused on determ1mng the number of 
potent1al vectors (1 e planthoppers capable of transm1tt1ng the v1rus but not yet 1nfected) 
present 1n the f1eld dunng 1996 

8 Acnvrrv RP53 CoNTROL oF RHBV THROUGH CoAT PROTEIN MeoiATED CRoss 

PROTECTlON ANO ANTl SENSE ANA STRATEGIES 

SuMMARY 

Most Lat1n Amencan vanetles have the same RHBV res1stance gene The ma1n goal of 
th1s pro,ect 1s to prov1de new source(s) of res1stance to m1ntm1ze the poss1b1hty of an 
outbreak of the d1sease The coat prote1n cross protect1on and the ant1sense gene down 
regulat1on of the ma1or non structural prote1n NS4 are be1ng attempted The ant1sense 
gene strategy for the express1on of the RNA4 1s to determ1ne the funct1on ol the major NS4 
prote1n and to study the potent1al for a d1fferent and poten!ial complementary method JI 
produc1ng wal res1stant plants D1rect gene transfer 1s performed us1ng the part1cle 
bombardment onto 1mmature embryos or 1mmarure pamcle denved callus Constructs 
conta1mng the RHBV CP or the RHBV RNA 4 and the 358 CaMV hph gene are be1ng 
tested Prev1ous molecular and 1nhentance analyses 1nd1cate that about hall ol the 
regenerants have stable ~ntegrat1on of the hph gene Prehm1nary Southern and Northern 
analyses show that sorne of the hph res1stant plants also conta1n and express one of the 
RHBVgenes 

PuRPOSE 

To create novel res1stant sources aga1nst RHBV to reduce losses caused by RHBV 
ep1dem•cs 

INTRODUCTlON 

There 1s hm1ted d1stnbu!lon of the vanet1es that are res1stant to both the vector and the 
wus Sorne very popular vanet1es are res1stance to the vector but are susceptible to the 
wus The add1t1on of RHBV res1stance to these vanet1es would make them even more 
attract1ve by lower the nsk of losses that could be 1ncurred dunng ep1dem1cs of RHBV 
S1nce the res1stance to the wus that 1s present 1n a few commerc1al vane!les 1s from a 
s1ngle res1stant source there 1s a need to 1ncorporate add1!1onal sources of res1stance 1nto 
1mproved germplasm to ensure stable and durable res1stance Moreover the current 
source of res1stance does not confer 1mmumty 1n most commerc1al vanet1es and the 
plants are more susceptible when they are 1uvemle S1nce many farmers start apply1ng 
~nsect•c•des as soon as they observe RHBV 1ntected plants the use of res1stant vanetles 
1s not reduc1ng pest1c1de use as much as 11 should Add1!1onal effect1ve res1stance 1s 
needed to encourage the reduc!lon of pest1c1de usage and to reduce the nsk of RHBV 
ep1dem•cs 
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AHBV 1s a member of the tenu1v1rus group that cons1st of 3 8 nm w1de nucleoprote1n 
fllaments that are found 1n both linear and c1rcular forms The genome of AHBV cons1st of 
four ssANA spec1es The nucleot1de sequence of AHBV ANA4 1s known and the genome 
encodes two genes 1n amb1sense manner The maJor N84 protem 1s encoded by the wal 
(v) ANA strand The nucleoprote1n (N prote1n) 1s encoded on the wal complementary (ve) 
ANA 3 The molecular charactenzat1on of AHBV and the preparatiOn of cONA llbranes has 
led to the des1gn of novel v1rus res1stant strateg1es to genet1cally eng1neer commerc1ally 
grown nce cultivar Two d1fferent strateg1es are be1ng attempted a) N protem cross 
protect1on and b) the ant1sense gene down regulat1on of the maJor N 54 prote1n The N 
prote1n med1ated cross protectiOn has been successful for the nce stnpe tenUiwus (A8tV) 
The strategy for the express1on of the ANA4 1s to determme the funct1on of the ma]or N 54 
protem and study the potent1al for a d1fferent method of produc1ng v1ral res1stant plants 
The hypothes1s 1s that th1s protem wh1ch 1s expressed 1n the plant but cannot be detected 
1n the vector may have funct1on as a transm1Ss1on factor The down regulatiOn of th1s 
prote1n would be a novel method of produc1ng v1rus res1stant plants by break1ng the cycle 
of transmiSSIOn 

METHODS 

The d1rect dellver of genes 1nto 1mmature embryos or 1mmature pamcle denved calli1s 
conducted us1ng ONA coated gold part1cles accelerated by the POS 1 000/He system The 
trop1cal1rngated Latln Amencan md1cas vane!les Oryz1ca 1 C1ca 8 and lnt1 and the 
tropical upland ¡apon1ca hne CT 6241 17 1 5 1 are u sed as targets Constructs conta1n1ng 
the AHBV NC or the anllsense AHBV ma1or N 54 genes dnven by the 358 CaMV prometer 
are be1ng used The 358 CaMV hph gene (for hygromyc1n res1stance) 1s used as the 
select1ve marker The putat1ve transgemc events are recovered us1ng a step w1se selectiOn 
on culture med1um conta1mng 30 mg/1 hygromycm 8 (hyg 8) followed by 50 mg/1 hyg B 
throughout plant regeneratiOn 

Ounng the year a senes of expenments were carned out to opt1m1ze the detect1on of s1ngle 
genes and to determ1ne the most eff1c1ent method to 1solate nce ONA Theoret1cally 2 5 ug 
nce ONA 1s suff1C1ent to detect a s1ngle gene copy but m pract1ce analys1s revealed that 
between 1 Oto 15 ug ONA are needed to obtam a strong s1gnal1n the autorad1ograms 
dunng a short penod of exposure (overmght to 48 hr)(data not shown) Thus the 
avallab1hty of ONA becomes a hm1tmg factor for rephcatmg 8outhern blots 

Vanous polymerase cha1n react1on (PCA) methods were used to determ1ne the most 
eff1C1ent method to amphfy low copy number genes Plants that had be en transformad w1th 
the hph gene were used as control plants These plants not only expressed hygromyc1n 
res1stance but also had be shown to contam the hph gene by 8outhern hybnd1zat10ns 
8oth d1rect PCA and reverse transcnptase of mANA followed by PCA (AT PCA) were 
tested 

RESULTS 

Analyses of vanous methods commonly used to 1solate nce ONA 1ncludmg CTAB s 
Oellaporta s and vanous methods us1ng urea md1cate that the method by G1lbertson 
(Journal of General V1rology V 72 1 6 1991) 1s the most eff1c1ent An average of 48 ug 
ONAI gr fresh t1ssue from 71 day old plants 1s obta1ned w1th G1lbertson s method 1n 
contrast to 16 ug for Oellaporta s and below 1 o ug for CTAB s and ureas methods The 
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DNA y1eld mcreases to 70 ug DNAI gr fresh t1ssue when us1ng 41 day old plants The 
DNA extractad by the Gllbertson method 1s cut eas1ly w1th restncllon enzymes and 1s 
SUitable for use 1n Southern hybnd1zat1on to detect1on of smgle genes (data not shown) 

Both the d1rect PCR (F1gure 3) and the RT PCR were able to amphfy the hph gene 1n the 
transgemc nce The amphf1ed band was conf1rmed to the part of the hph gene by Southern 
hybnd1zat10n The amphflcatiOn was shown to be cons1stent w1th all the plants tested Most 
of those plants d1d conta1n mult1ple 1nserts of the hph gene and th1s may have 1nfluence 
the level of detectlon In other plants that were found dunng the testmg of plants 
transformad w1th the RHBV construct1ons sorne of the bands were notas strong When 
products of PCR react1ons are analyzed usmg Southern hybnd1zat10n the level of 
sens1t1v1ty mcreases and conf1rms that the products are not art1facts 

METHODS 

Alter the complete step w1se selectiOn process throughout plant regeneratiOn on 50 mg/1 
hyg B a total of 165 plants from the ant1sense RHBV NS4 and 187 plants from the RHBV 
NC bombardments had been recovered Prehmmary analyses by Southern blot of 
genom1c DNA and Northern blot of 38 plants recovered from the antlsense RHBV NS4 
bombardments 1nd1cated that 2 of these plants (5 3°/) contam and express the antlsense 
RNA4 gene (F1gure 4) The 1dentlf1catlon of transgemc plants that express the RHBV 
antiSense allows for the analys1s of the affect of the ma]or non structural gene and to 
determ1ne the down regulatlon of th1s v1ral gene confers res1stance to RHBV 

RESULTS 

Twenty one of 31 plants analyzed from RHBV N protem expenments contam the RHBV 
gene (F1gure 5) In all cases larger N protem fragments than the expected length were 
v1suahzed on the Southern blots Apparently a vanety of 1ntegrat1on patterns had been 
obtamed 1n other works when c1rcular plasm1d 1s used Therefore future expenments w111 
mclude the hneanzat1on of the express1on vector befare bombardment These plants w1ll 
be analyzed by Northern and Western analys1s to determme 11 the N prote1n gene 1s bemg 
expressed correctly Recently PCR analyses 1nd1cate that twenty f1ve plants recovered 
from the RHBV N protem bombardments contam the hygromyc1n res1stance gene (F1gure 
6) Analyses of these plants to conf1rm the mtegrat1ve transformat1on of the RHBV N 
prote1n gene 1s underway The analyses by PCR and Southern blot of the plants 
recovered from the hygromyc1n cont1nues Those plants conta1n1ng the RHBV gene(s) w1ll 
be charactenzed by Northern and Western (RHBV N prote1n only) analyses 

01SCUSSION 

Dunng the last year most of the techmcal dlfflcultles 1n the detect1on of low copy number 
gene were solved and rehable techmques were developed The detect1on of transgemc 
1nserts mto the chromosome are be1ng detectad by Southern hybnd1zat10n and PCR 
assays The express1on of the gene are bemg detectad us1ng Northern hybnd1zat1on and 
RT PCR The ma1or advantage of PCR method 1s that much less plant matenal1s need for 
the assay therefore the plants can be tested at a much younger age The Jdent¡f¡catlon of 
younger plants 1s needed for the testmg for v1rus res1stance 
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Plants have been rdentrfred that are transformed wrth hph gene the N protern gene and 
the antrsense ma1or NS4 lnherrtance studres of progeny from the already rdentrfred 
promrsrng plants rs rn progress to confrrm stabrlrty of the rntegratrve transformatron and 
expressron for the AHBVNC and the antrsense AHBV NS4 genes Followrng local 
regulatrons the progeny from transgenrc plants wrll be tested rn the greenhouse under 
brosafety condrtrons for resrstance to AHBV usrng vrrulrferous plant hoppers 

Table 1 Arce germplasm evaluated for Arce Ho¡a Blanca Vrrus Aesrstance CIAT 1995 

Total No L1nes w1lh RHBV Rat1ng 
Program evaluated o 1 3 5 7 9 NG" 

E~rs! Seme~tet 1 99:i F1eld 

CIAT lrngated 1153 13 115 127 87 119 692 
CIAT Upland Savanna 235 10 107 40 9 10 53 6 
COA POlCA 342 12 125 38 21 18 125 3 
FEDEARROZ 552 o 16 97 103 134 189 13 
INGER 1182 4 156 217 142 216 447 

Total 3464 39 519 519 362 497 1506 22 

E~rsl Semester 1995 Greenhouse 

CIAT Pathology 122 o 7 47 55 9 4 
IRRI New Plan! Type 70 2 27 6 12 1 22 
FEDEARROZ 99 o o 8 5 16 56 14 

Total 291 2 34 61 72 26 82 14 

Second Semester 1995 F1eld 

CIAT lrngated 270 7 116 137 8 2 o 
FEDEARROZ 99 3 8 10 17 19 28 14 

Total 369 10 124 147 25 21 28 14 

RHBVOamageScale O 1 _1%plants1nfected(very esstant) 3210/ plants nfected(resstant) 5 1130 plants 
nfected ( ntermed1ate) 7 31 601 plants nfected (susceptible) 9 60 1 plants 1nfected (very susceptible) 

Matenal d d not germ nate or packs wlthout seeds 

117 



Table 2 R1ce germplasm evaluated for res1stance to T Of/Zicolus damage CIAT 1995 

Program 
Total 

evaluated 

CIAT lrngated 1153 
CIAT lrngated 2457 
CIAT Upland Savanna 174 
CORPOPICA 342 
FEDEARROZ 552 
FEDEARROZ 99 
INGER 1182 
IRRI New Plant Type 70 

Total 6029 

o 

362 
506 

4 
9 

150 
20 

135 
14 

1200 

No L1nes w1th Damage Ratmg 
1 3 5 7 9 NG 

281 187 84 169 70 
841 512 168 256 171 3 

5 5 3 42 109 6 
46 31 17 76 161 2 

142 109 65 57 22 7 
11 25 8 15 6 14 

126 171 157 241 352 
9 1 o 3 43 

1461 1041 502 859 934 32 

T onz1colus damage scale O no damage (very res1stant) 1 sllght dlscolora~ton of the plants and damage to leaves 
(res1stant) 3 plant grow1ng po1nts yellow and leaves beg nmng to cur1 and yellow 5 50 1 dead plants yellow d scolorat1on 
pronounced 7 more than SO 1 ot the plants dead 9 all plant dead (very susceptible) 

Matenal d d not germ nate or packs WJthout seeds 

Table3 The effect of the age of the plant on the suscepttbiltty to nce hOJa blanca wus 
1n ntne nce vanettes 

Vanety 10 days ( 1 )21 15 days(l) 20 days( 1) 

Bluebonnet 100 96 
Baillla 92 96 
IRAT 124 37 25 
Fanny 33 21 
Colusa 33 4 
Blue Rose 21 4 
Ory Llanos 5 17 o 
Colomb1a 1 29 4 

The age of ce plant at the 1noculat10n Wlth two v1rul fenous Tagosodes Oflztcotus 
Percentage of the Plantas that became 1nfected Wlth nce ho¡a blanca VI us 
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96 
92 
12 
4 
4 
4 
o 
o 

25 days( ) 

100 
83 
8 
4 
8 
o 
o 
o 
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Table 4 Res1stance of selected nce hnes lo RHBV 1n the f1eld at 1 O 15 20 and 25 days 
post planllng CIAT 1995 

Bl:lB\1 BatiD¡¡ 
Lme 10 15 20 25 

Bluebonnet 50 9 9 9 9 
O Canbe 8 9 9 9 9 
CICAB 9 7 9 9 
Mudgo 9 7 9 5 
CT8837 7 7 5 3 
CTBOOB 7 7 5 5 
Oryz1ca 1 7 3 3 
IRAT 124 5 1 1 1 
O Llanos 4 3 1 1 
O llanos 5 ng 3 1 1 
Fanny 1 3 
Colombia 1 1 

RHBV Damage Scale O 1 _ 1 1 plants 1nfected (very reststant) 3 2 1 O 1 plants 1ntected (reststant) 5 11 301 plants 
nfecte<l (1n1ermed1ale) 7 31 60"/o plants m!ecteo (susceptible) 9 60'/ planls 1nlected (very susceptible) 

ng No germ1nac16n 
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Table5 Prevalence of plants and T ortzlcolus 1nfected w1th RHBV 1n vanous reg1ons of 
Colombia dunng July Sept 1995 CIAT 1995 

Reg1on Locat10n Vanety lnsects Sampled(No} RHBV Vectors ( 1} 

Cucuta Oryz1ca 1 178 1 7 

HUlla Oryz1ca 1 89 00 
Hu1la O Canbe 8 43 00 

Tohma Ambalema Oryz1ca 1 50 00 
O Canbe 8 90 30 
O Llanos 5 90 40 
CICA 8 49 1 o 
IR22 61 00 
IR 22 20 00 
Oryz1ca 1 89 40 
Oryz1ca 1 63 40 
Oryz1ca 1 67 40 
Oryz1ca 1 103 1 o 
Oryz1ca 3 64 00 
O Canbe 8 76 30 
O Canbe 8 90 30 
O Llanos 5 74 00 
O Llanos 5 66 20 

VVC21 Granada CICA 8 178 34 
Lmea2 178 33 
O Canbe 8 178 45 
O Canbe 8 178 22 
O Llanos 5 90 50 

vvc Puerto Lopez CICA 8 178 95 
CICA S 178 50 

Pe cent actual vectors determlned by ELISA n the laboratory 

V lla cenc¡o 
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Ftg 1 Effect of tmung of RHBV mfecnon on percentage of p1ants mfected by RHBV Each pomt 
represents average response of nme vanettes P1ants were exposed to msects for 5 days and evaluated 
15 days post moculatton CIAT 1995 
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Frgure 3 Hygromycrn (hph) resrstance gene detectad rn transgenrc rrce by Southern blot 
analysrs at (A) genomrc DNA and (B) PCR amplrfred gene fragment 
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Frgure 4 (A) Southern and (B) Northern blot analyses of plants recovered from RHBV 
NS4 bombardments 

124 



Fhgure 5 Southern blot analyses of putat1ve transgemc plants conta1mng !he RHBV N 
prote1n 
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F1gure 6 Southern blot analys1s of hph PCR amphed fragment of putat1ve transgemc 
plants recovered from RHBV N protem 
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VI PROJECT6 
COMPONENTS FOR INTEGRATED PEST MANAGEMENT 

PURPOSE 

To reduce pestJcJde use and product1on costs 1ncrease producllon etfJcJency and narrow 
the y1eld gap 1n LAC 

A AcrJVJTY RP04 CoMPOMENTs FOR INTEGRATED PEST MANAGEMENT 

1 RESISTANCE To PROPANIL IN POPULATIONS OF JUNGLERICE (ECHINOCHLOA COLONA) 

SuMMARY 

The bUJidup of propaml res1stant Echmochtoa cotona b1otypes 1n Colomb1an nce f1elds has 
been documented and 1s assoc1ated lo the repeated use of propanll Dose response data 
prev1ously collected were re 1nterpreted us1ng non linear regress1on and fltted toa tour 
parameter logJS!IC model wh1ch allowed lo est1mate GR50 values for seven E cotona 
populat1ons GR50 values for the leas! and most res1stant populat1ons were O 37 and > 4 
kg propaml/ha respect1vely HPLC stud1es w1th plan! extracts from propaml res1stant and 
susceptible plants showed that res1stant plants were able to metabohcally degrade 
propaml lo a greater extent than susceptible plants However m 30 40 days old plants a 
dJfferent mechamsm for res1stance may preva1l wh1ch could 1mply another poss1b1hty for 
cross res1stance w1th other herb1c1des a reahst1c S1tuat1on g1ven that farmers m Colombia 
often spray propaml to heterogeneous E cotona populat1ons when young and older plants 
coex1st An 1n v1tro test was developed to assay samples of E cotona leaves from the 
f1eld th1s 1s an essent1al tool that w111 be used 1n the momtonng of res1stance 1n Colomb1an 
nce f1elds w1thm the framework of actJvllieS to be conducted by the newly created Task 
Force for Herb1c1de Res1stance Momtonng 1n Colombia (part of COMALIFI the Colomb1an 
soc1ety for plant phys1ology and weed sc1ence) Future work should study the poss1ble 
patterns of cross res1stance and develop concepts to overcome the problem 

INTRODUCTJON 

Echmochtoa cotona (L ) Lmk JUnglence 1s one of the most relevan! weeds 1n trop1cal Lat1n 
Amencan nce flelds The mtens1ve use of post emergence apphcat1ons o! propaml for 
more !han 1 O years to control select1vely th1s weed m nce has resulted 1n 1ncreasmg 
abundance of propaml res1stant b1otypes 1n Junglence populallons (GARRO et al 1991 
FISCHER et al 1993) Such b1otypes showed d1fferent levels of res1stance up toan 
e1ght fold 1ncrease (FISCHER et al 1993) Aryl acylam1dase actJVIIy 1s respons1ble for the 
degradat1on of propaml to DCA m plants th1s hydrolys1s occurs much slower 1n E colona 
(S) where propaml accumulates than 1n nce or R E cotona b1otypes organophosphate or 
carbamate 1nsectJC1des can block th1s react1on resultmg 1n nce and E cotona (R) 1n1ury 
(YIH et al 1968 LEAH et al 1994 5) LEAH et al (1994 5) found that am1dase act1v1ty 
and propaml metabohsm m E cotona decreases w1th age but res1stance d1d not decrease 
as 11 would be expected the presence of a d1fferent mechamsm of res1stance to propan11 
was suggested 
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ldent1fy1ng the flelds where herb1c1de res1stance has been developed know1ng the 
propor!IOn of res1stant 1nd1v1duals m those flelds as well as the1r levels o! res1stance 1s 
key tor weed management The detect1on o! res1stance 1n the f1eld often mvolves labour 
1ntens1ve and t1me consummg b1oassay greenhouse stud1es (FISeHER et al 1993) Data 
1nterpretat10n trom such expenments usually reqwre non linear regress1on mterpretat1on to 
f1t logls!IC equat1ons wh1ch prov1de biologlcally realist1c regress1on parameters (STREIBIG 
et al 1993 SEEFELDT et al 1994 5) The use o! •e labelled propaml has been 
successfulm stud1es o! uptake and metabolismo! propaml (LEAH et al 1995) however 
the use o! th1s techmque 1s st11l somewhat lim1ted m Lalln Amenca Therefore a qUicker 
and sale to use tool tor detecllng and quant1fy1ng levels o! res1stance would be des1rable 
for process1ng large amounts o! plant samples collected 1n nce f1elds 

The purpose o! th1s study was to testan alternat1ve procedure for detectmg and mon1tonng 
the evolu!IOn o! res1stance to propamlm Junglence populat1ons such assay should also 
serve to quant1fy the concentratlons of propaml and 1ts metabolites present m llssues of 
plants prev1ously sprayed w1th a commerc1al rate of the herb1c1de allowmg for further 
stud1es on the late o! propaml1n older JUnglence plants 

MATERIALS ANO METHOOS 

Levels of res1stance 1n Echmochloa colona access1ons In a prev1ous study (FISeHER et 
al 1993) seven Junglence populat1ons had been collected m eolomb1an nce flelds w1th 
d1fferent h1stones of propaml use and subjected to dese response stud1es w1th propaml 
where the dry matter accumulatlon by plants sprayed w1th a range of propan1l dosages 
was recorded Data from that study were re 1nterpreted us1ng non linear regress1on GR

50 

values were est1mated usmg a tour parameter log1stlc model (STREIBIG el al 1993 
SEEFELDT et al 1994 5) 

y=e+{(D e)/(1 +(x/G)]} 

where e= lower asymptote D = upper asymptote b = slope and G = GR
50 

dese est1mate 
The upper asymptote was setas 100 1n all cases s1nce the dry matter accumulatlon 1s 
expressed as percentage of the untreated control value Regress1on analys1s was 
conducted us1ng the S1gmaPiot statiSIIcal software 

Propaml degradallon HPLe stud1es HPLe assays were conducted w1th S and R 
]unglence plants (from access1ons w1th the lowest and h1ghest GR

50 
values respect1vely) 

al the 2 leal stage and JUSI befare flowenng (45 da e) 24 hr alter hav1ng been sprayed 
w1th 1 5 kg propaml/ha (m 200 1 water/ha) 1n the greenhouse The plant extracts were 
prepared from O 5g E colona leaves us1ng 7 O mi o! 50 mM Tns Hel buffer (pH 7 O) and 2 
mi 1 O 1 tnchloro acet1c ac1d to stop the enzymat1c react1on Samples were then 
homogemzed at 4 e us1ng mortar and pestle and O 2 g quartz sand flltered through a 
M1racloth fllter and centnfuged for 5 mmutes at 5000 rpm Aliquots of the supernatant 
were analized 1mmed1ately through HPLe A standard curve was prepared us1ng 3 4 
dlchloroproplonamlide (propaml) 

AESULTS ANO OISCUSSION 

Levels of res1stance to propaml The access1ons collected d1flered markedly 1n the1r 
response to propaml rates (F1gure 1) as shown by the correspond1ng range o! GR50 

values (Table 1) of wh1ch those for access1ons 2 and 5 were the extremes These two 
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access1ons would be sources of S and R plants respect1vely lar the rema1mng stud1es 
reportad 1n th1s paper The non parallel dose response curves obta1ned w1th access1ons 2 
(S) and 5 (R) (F1gure 1) would suggest accord1ng to STRElBlG et al (1993) that 
res1stance to propaml~nvolved factors other than or 1n add1t1on to a modillcatlon of the 
target s1te The log1St1c model used f1tted sorne access1ons better than others (Table 1) lar 
wh1ch poorer f1ts could partly be dueto the theoret1cally heterogeneous nature of the 
IndiVidual genotypes w1th1n each access1on (populatlan) wh1ch may somewhat d1ffer 1n 
the1r response to propaml 

HPLC assays When young (2 to 3 leal stage) Junglence plants were treated w1th 
propaml and assayed 24 hr alter the propaml concentrat1on 1n R plants was 80 1 lower 
than 1n S plants (F1gure 2a & b) Concom1tantly an 1ncrease 1n the levels of other 
substances presumably propaml metabolites and the1r conJugates (YlH et al 1968 LEAH 
et al 1994 5) could be clearly d1fferent1ated 1n R plants such peaks were notonously 
lower 1n S plants (F1gure 2b) When older plants úust befare flowenng) were assayed no 
d1fferences 1n propamllevels could be observad between R and S plants 24 hr alter 
propaml applicatlan (F1gure 2c & d) Th1s agrees w1th LEAH et al (1994 5) who found 
slower rates of propaml metabolism and aryl acylam1dase actiVIty 1n 30 day old plants w11h 
no decrease 1n res1s1ance sugges11ng lhal a d1fferen1 mechamsm may be ~nvolved 1n 
confernng res1slance to propaml al th1s stage 

Table 1 Propaml rales lar 50°/ growth reductlan of seven Echmochloa colona 
access1ons and lhe coeffiCienls of determ~naiJon of lhe regress1ons u sed lo 
es11mate lhem (Doses de propanil redwsanl de 50 lo la cro1ssance de sept 
populal1ons d Echmochloa colona et coefflclenls de delerm1nat1on des 
regress1ons ul11isees pour les est1mer ) 

Access1on # 

1 

2 

3 

4 

5 

6 

7 

O 53 (O 02) 

O 37 (O 02) 

O 78 (O 05) 

1 71 (O 25) 

> 4' 

3 37 (2 62) 

2 22 (2 62) 

R' 

o 99 2 

o 99 

o 98 

o 98 

o 89 

o 79 

o 79 

Values m parenthes1s are standard errors of the esbmate 

P05 P001 

L es outs de the ranga ot dosages stud ed 
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CoNCLUSIONS 

The log1SIIC model prov1ded a better f1t lo the data than the log polynom1al approach used 
earlier (FISCHER 1993) The HPLC assay seems adequate to detect res1stance from 
f1eld samples estabhsh the proport1on of res1stant genotypes m a weed popula!iOn and 
quant1fy the1r levels of res1stance Th1s techmque can subst1tute for t1me and labour 
consummg pot b1oassays and does not reqUire the handling of rad1oact1Ve matenal 

The presence of an add1!1onal mechamsm o! propaml res1stance 1s o! concern g1ven that 
farmers often spray propaml onto fully grown ¡unglence plants Th1s 1mphes a stronger 
select1on pressure wh1ch could also represen! an addi!iOnal opportumty for cross 
res1stance More stud1es are reqUired to clanfy the nature o! th1s add1t1onal res1stance 
mechamsm 
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2 WEED POPULATION EcoLOGY WITHIN PROTOTYPE CROPPING SYSTEMS FOR THE 

COLOMBIAN LLANOS 

SUMMARY 

Weeds are a problem when cropp1ng systems replace degraded savannas 1n the 
Colomb1an Llanos Cntena should be developed to deal w1th th1s factor 1n a susta1nable 
manner At the same t1me 1f the presence of advent1t1ous spec1es can be related to 
parameters of resource base degradat1on or enhancement then such spec1es can serve 
as 1nd1cators of susta~nab1hty W1th these ob¡ect1ves a weed popula!lon dynam1cs study 
was 1n111ated 1n 1994 w1th1n the prototype cropp1ng systems be1ng conducted at the 
Matazul tarm Meta A multl vanate approach (Canomcal D1scnm~nat1on Analys1s) was 
used to relate weed popula!lons w1th vanables 1n the prototype cropp1ng systems The 
spec1es compos1t1on w1th1n popula!lons ot advent1t1ous plants vaned accord1ng to crop 
rotat1ons and assoc1at1ons {1ntersown pastures) t1llage and crop res1due Jncorpora!lon 
methods and soil nutnent levels Sorne spec1es part1cularly those appeanng 1n low 
trequenc1es (suggesllng a narrow range of adaptab1hty) appeared strongly assoc1ated 
w1th spec1f1c vanables show1ng potent1al tor use as 1nd1cator spec1es The challenge 
ahead would be to understand the ecophys1olog1cal bases for such responses 

RATIONALE 

Th1s 1s a progress report on the data analys1s from a study seek1ng to study the popula!lon 
dynam1cs of advent1t1ous spec1es w1thJn prototype cropp1ng systems 1n the Colomb1an 
Llanos as affected by crop ~ntens1f1cat1on and patterns ot resource base availab1hty 

PROCEDURE 

The mothodology was outhne 1n the 1994 Report ot the Trop1cal Lowlands Program data 
from three expenments 1s presented here a) R1ce after soybean alter three years ot 
tallow nce 1s planted tollowed by soybean 1n the second semester of 1993 1n 1994 nce 
was sown alone (17 cm rows) or 1n mixture w1th pasture spec1es (34 cm rows) b) 
Res1due lncorporat1on alter nat1ve savanna nce was planted tollow1ng d1fferent methods 
tor ~ncorporat1ng the savanna res1dues Phosphorus rates and d) Ca Mg and K /evels 
Spec1es compoS111on w1th1n weed popula!lons were expressed us~ng a synthet1c val u e 
Relat1ve Abundance (RA) wh1ch 1s the average of a spec1es relat1ve dens1ty and relat1ve 
trequency The RA values were used 1n a Canomcal D1scnm1nant Analys1s (CDA) relat1ng 
spec1es compos111on of weed commumt1es to the d1verse expenmental treatments Total 
canomcal coeff1c1ents for each spec1es represen! the strength of assoc1at1on between a 
spec1es and a g1ven treatment 

RESULTS 

R1ce after soyben expeTiment When weeds were surveyed 48 days alter emergence 
(dae) and at nce harvest all spec1es except tor Axonopus purpusu Paspalum mmus and 
Hypt1s sp were excluded by stronger nce compet1t1on under narrower rowsand perhaps 
lower fert1hty 1n the nce only plots 
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Res1due mcorporat1on expenment The no 1111 drast1cally altered spec1es compos1t1on of 
the weed commun1t1es w1th respect to the other pract1ces for res1due management At 
harvest1me spec1es assoc1ated w1th no 1111 were Juncus d1chotomus Gymnopogon fo!Jsus 
and Juncus bufomus 

Nutr1ent levels The effect of nutnent levels 1n the so1l on the spec1es compos1t1on o! the 
weed flora was stud1ed 1n all expenments Spec1es show1ng strong assoc1at10n w1th h1gh 
or low levels of a nutnent appeared 1n general at low frequenc1es 1nd1catlng a narrow 
range of adaptat1on and thus potentlal for use as 1nd1cators of fert1hty 1f the1r behav1our 1s 
cons1stent across expenments and seasons Accordmg to our COA analys1s some o! 
those spec1es have already appeared assoc1ated w1th the same nutnents {and levels) 1n 

more than one expenment as 1s the case o! Hypt1s sp {low P) Juncus dJchotomlfo/1us 
{h1gh P Fe Mg) Croton tnmtat1s {h1gh Mg and Ca) and Colocas/a esculenta {low Ca) 

In the long term bes1des estabhshmg assoc1at1ons between weeds and crop management 
vanables as well as w1th nutnent levels the challenge ahead 1s to attempt to understand 
the ecophys1olog1ca1 bases for such assoc1at1ons thus bemg able to extrapolate 
conclus1ons beyond the work1ng enwonment 
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VIl PROJECT 7 
COLLABORATIVE ACTIVITIES AMONG CIAT PROGRAMS 

PURPOSE 

To exchange the reg1on s and the world s elite nce germplasm as well as relevan! 
mformatJon foster Jns!Jtulional collaboratJon among LAC natJonal programs and tra1n them 
1n effec!Jve use of new technologJes 

A AcTIVITY ERF01 THE LATIN AMERICAN IRRJGATED RICE FuNo FLAR 

SuMMARY 

As a result of the announced strateg1c changas CIAT rece1ved support from severa! 
nat1onal programs to create a Lalln Amanean 1rngated nce fund (FLAA) ma1nly supported 
by the pnvate sector and IAACs that could ensure contJnUJty 1n nce research actJVJIJes at 
the regJonallevel Four countnes (Braz1l Colombia Uruguay and Venezuela) and three 
JnStJtutJons (CIAT IAAI and IICA) s1gned the act that created FLAA 1n January 1995 A 
breeder has already been contracted under th1s arrangement and started part t1me 
actJVJIJes 1n the second hall of 1995 

In the meant1me countnes of the Canbbean had been actJvely seek1ng funds to reactJvate 
the1r nce network Early 1n 1995 the European commumty allocated Jnd•catJve funds 
under the Lome IV program to support the Canbbean AJee lndustry Development 
Network (CAIDNet) wh1ch JS schedulled to start 1n December 1995 Th1s network WJII be 
managed by the recently created Canbbean A1ce AssocJatJon (CAA) that gathers pnvate 
and pubhc Jnst•tutJons from the reg1on al the levels of productJon mJihng dJstnbutJon and 
research CIAT Js a member of CAA and of CAIDNet s Techmcal Adv1sory Comm1ttee 
Dunng 1995 TAC met on three occas1ons More recently the Central Amanean countnes 
have also taken the JmliatJve to forma reg1onal nce research fund Similar lo FLAA 

The processes of pnvate sector 1nvolvement 1n reg•onal nce research have a strong 
dynam1sm and clearly show that LatJn Amanean nce producers are aware of the value of 
mnovat1on and of new technologJes These processes can be more successful and stable 
1f an Jndependent sUJtable and cred1ble organ1zatJon hke CIAT also gets •nvolved For 
CIAT there Js a legJ!Jmate role to play as convener and catalyzer The rema1mng of th1s 
decade should see the consohdatJon of th1s JnnovatJve model 

CIAT s A1ce Program expenenced a drasllc strateg1c change Jn lh1s decade The Program 
has been reduced from 8 O Semor Staff (SS) posJtJons anda total of 14 O pnnc1pal staff 
(PS) posJtJons 1n 1991 to 1ts current leve! of 4 7 SS or 7 2 PS by m1d 1995 For 1996 
there are only 3 7 core SS 1n CIAT s budget 

As a result of the announced strateg1c changas CIAT rece1ved support from severa! 
natJonal programs to create a Latm Amanean 1rngated nce fund (FLAA) mamly supported 
by the pnvate sector and IAACs that could ensure contJnUJty 1n nce research actJVJ!Jes at 
the regJonallevel Four countnes (BrazJI Colombia Uruguay and Venezuela) and three 
JnstJtutJons (CIAT IAAI and IICA) s1gned the act that created FLAA on January 16 1995 
A breeder has already been contracted under th1s arrangement and started part t1me 
aclivJtJes 1n the second hall of 1995 
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FLARagendam 1995 

There were two mee!lngs of the Techn1cal Adv1sory Comm1ttee one 1n Porto Alegre Braz1l 
1n March and the other at CIAT 1n August The ob¡ect1ve of these TAC meellngs was to 
des1gn a plan that Wlll be executed by the new breeder selected by FLAR (Dr James 
G1bbons) 1n coordmat1on w1th breeders from member countnes (Brazll Colombia and 
Venezuela) 

The d1scuss1ons were centered around two mam top1cs 

themes of 1nterest and the1r pnon!les 
germplasm flows 

PfiOfltles In prev1ous consultanc1es and meetmgs d1seases had been estabhshed as a 
top pnonty for all members (mamly blast and rh1zoctoma) lt was dec1ded that research 
top1cs that were spec1f1c only to the trop1cs orto the temperate zones were not gomg to be 
1n FLAR s domam Therefore FLAR was not go1ng to conduct act1V1!1es 1n those areas 
Populat1on development was determ1ned to be the mam focus of the breeder 

Alter some d1scuss1on 1! was dec1ded that the breeder w1ll have to address pnont1es 1n 
each ecosystem w1th trop1cal as well as temperate targeted actiVI!Ies and that 1m!lally he 
w111 have todo several spec1f1c crosses that reqUire a complete screemng of the 
germplasm for the mam tra1ts des1rable to each zone Th1s 1s a ma¡or detour from the 
ongmal plan 

Breedmg ob¡ect1ves are very s1m1lar 1n all member countnes w1th1n each ecosystem For 
the trop1cs together w1th quahty 1ssues the ma1n aspects are P1nculana Ho¡a Blanca and 
Sogata CIAT has a strong presence 1n all three areas In the temperate areas quahty 1s 
a ma¡or concern as are problems of 1ron tOXICity cold tolerance and stra1ght head These 
problems are notas well known and w1ll reqUire spec1f1c add1t1onal ac!IOns to supplemenl 
our knowledge 

Germplasm flows The complex1ty of the 1ssues reqUires lhe flows be d1v1ded by 
ecosystems and spec1f1c problems 

1 Trop1cal reg1on 

F1 The s1mllanty of the programs makes 11 poss1ble for G1bbons lo plan and make several 
crosses at CIAT 

F2 Evaluale at Santa Rosa for d1seases and at CIAT for quahty CIAT w1ll pul 11s quahly 
lab al the serv1ce of these actlvl!leS under lhe gUidance of Dr G1bbons The lab 1s used 
by INGER as well as by CIATs upland breedmg program 

F3 Send matenal to the country of 1n1erest for screen1ng and evalua!IOn 

F4 Send back to CIAT for quahty and lo Santa Rosa for Blast HBV Sogala 

FS and on In the country that 1s ~nterested 1n the hne 

F6 May be 1ntroduced 1n INGER nursenes prov1ded FLAR members agree 
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2 Temperate reg1on 

The tlow 1s more complex Braz1l has a very act1ve cross1ng program The trop1cs may be 
used to advance matenals !aster by hav1ng a cont1nu1ng cropp1ng season that alternates 
w1th the September Apnl season of the South The cumbersome quaran!lne reqwSI!es 1n 
Brazli may make th1s schedule env1able A s1te 1n the Center West {Formosa 1n Tocant1ns) 
may be used tor th1s purpose The FLAR breeder may also do sorne crosses on demand 
or on h1s own for that reg1on 

F1 In CIAT and 1n Braz1l 

F2 CIAT for quailty Santa Rosa for blast Th1s flow wlil have to be cons1dered on a case 
by case bas1s g1ven the extreme cond1t1ons of d1sease pressure 1n Santa Rosa 

F3 !ron evalua!IOn 1n Santa Catanna {w1th Richard Sacha and Takaz1) IRGA has to 
explore th1s poss1b1ilty add1t1onal resources wlil have to be channeled 1nto Santa Catanna 
torthat JOb 

F3 Stra1ght head evalua!IOn 1n Argentina Cold tolerance 

F4 Quailty evaluat1on at CIAT 

F5 on At country of 1nterest 

F6 May be 1ntroduced 1n INGER nursenes 11 FLAR members agree 

Countnes w11l senda ilst of matenals that w11l have to be plantad 1n the f1eld dunng th1s 
semester to be used as progemtors for crosses 1n the flrst semester of 1996 They w111 be 
charactenzed at CIAT for quailty {amylose gela!lnlza!IOn) HBV Sogata and Blast 

Countnes felt that a tra1n1ng sess1on at CIAT for blast screemng and charactenzat1on 1s 
h1ghly strateg1c and recommendable The 1deal tra1n1ng 1s one where a partiCipan! from 
each member country comes to CIAT for two months {Apnl and May 1996) Funds have 
been approved tora Braz1ilan tra1nee Dr Hab1ch Director of CIAT s lnstltUtlonal Relat1ons 
DIVISion be lleves that there w11l be add1t1onal funds for that act1v1ty for the representat1ves 
from the other 3 4 countnes 

The FLAR breeder rece1ved ilsts of matenal from breeders of member countnes {and 
seeds 1f !he y are no! avaliable 1n our germplasm bank) dunng August to charactenze them 
for cook~ng and m11ilng quailty They were plantad 1n Palm1ra to use them as progemtors 
dunng first semester of 1996 The next step 1s to coord1nate flows w•thln Braz1l and be 
tween Braz11 and Argentina 

B 0THER ACTIVITY CRIDNET 

The new Canbbean R1ce lndustry Development Network {CRIDNet) report of progress 1n 
1995 

At the 1994 Centers Week meet1ng CARDI off•c•als approached CIAT s management { R 
Havener and W Scowcroft) to explore future steps towards !he rev1val of CRIN the 
conversat1ons were lmmed1ately followed by an lnv1tat1on to CIAT to partiCipate 1n a 
Workshop that would take place 1n Guyana Feb 20 21 1995 CIAT responded conf1rm•ng 
the presence of staff members at the workshop 
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The workshop orgamzed by CARDI had partiCipants from tour Caribbean countries 
(Guyana the host country Trinidad and Tobago Belize and Barbados) A representat1ve 
from the Cuban Embassy was al so present during the last sess1on Other f1ve countries 
that had been 1nv1ted could not attend the Dom1n1can Republic Sunnam Ha1t1 Jama1ca 
and St V1ncent 

CRIDNet has been mak1ng good progress based ma1nly on the cont~nued efforts of CA ROl 
and the CRA CIAT has offiCially ¡o1ned CRA and has also been appo1nted as a member of 
CRI DNet s TAC TAC s ob1eCt1ves are to def1ne polic1es strateg1es and mod1 operand1 for 
the 1mplementa!lon of the CRIDNet pro¡ect lt Wlll also approve annual budgets and work 
plans and w111 rev1ew the progress reports prepared by the na!IOnal programs and 
comp1led by the network coord1nator IRRI was also 1nv1ted toa workshop 1n Trinidad last 
April and 1ts presence was most welcome by all members g1ven the role that they can 
play 1n strengthemng the network part1cularly through tra1mng 

CRIDNet wlll start to rece1ve funds from the European Umon by December 1995 Al that 
t1me CRIDNet w1ll also JOin FLAR at leas! to part1c1pate 1n the INGER act1v111es w1th a flat 
annual group quota of US$50 000 The variable quota of about US$30 000 per year 
(based on a produc!lon of sorne 2 m1llion metric tons) may also apply 11 CRIDNet dec1des 
to support FLAR s breed1ng actiVI!IeS 1n Colombia Th1s later contribullon w111 have to be 
d1scussed and approved by TAC 

Recommendat1ons from the work1ng groups 

The ma1n recommendat1ons w1th respect to lnSII!Utlonal aspects were that 

1 The new network w1ll be called Caribbean R1ce lndustry Development Network or 
CRIDNet 

2 CRIDNet Wlll be planned to go beyond the two year fund1ng offered by the EU 
3 The network wlll work on the follow1ng sub¡ects product1on mllling d1slribut1on 

product development concern was ra1sed as to the need to set clear and reason 
able workplans based on consensus of pnont1es and on funds ava1lable 

4 Germplasm actlvltles should start right away The GRDB offered test1ng of CIAT 
lines at Guyana start~ng as soon as poss1ble 

5 The 1ssue of 1nformat1on and the dlstribu!lon of the network newsletter can al so 
start nght away In th1s sense CARDI offered to make ava1lable to the network the 
CTA serv1ces from the EU Lome conven!lon on ~nforma!lon 

6 CARDI w1ll follow up on ~nform1ng other countnes of the reg1on on results of !he 
workshop and WllllnVIte them to part1c1pate 1n CRI DNet 

7 Alter that the Steenng Comm1ttee w111 be set up w1th the poss1ble cha1r of the 
CRA to start work1ng 1n the act1on plan 

8 The seed produc!lon problems ofTnmdad and Belize w111 also be top prionty 1n the 
agenda of the group 

The aspects of dry1ng storage and mllling are among the new 1nterests to be covered by 
CRIDNet W1th respect to !hose po1nts the workshop made the follow~ng 
recommendatlons 
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2 

3 
4 
5 
6 

7 
8 
9 
10 
11 

Start w1th a d1agnos1s of needs 1n drymg capac1ty H1re an spec1alist for tra1mng 
staff on data collectlon at the m1lls The object1ve 1s to reach opt1mal operatlons of 
the m1lls 
Study the vanous aspects of paddy storage pest management structure s1ze 
aerat1on etc 
M1lling eqUipment 1nformat1on efflclency 
Polish1ng how many polishers how to set them up etc 
Packag1ng brands consumar preferences marketing 
Standards most are USDA 1n the reg1on Rev1se them to make them more pract1 
cal 
Market 1nformat1on sh1pp1ng costs stocks costs of compet1tors etc 
1 nformat1on on trade polic1es and the1r effects 
Food secunty and the role of nce 
Data bases for each country w1th a common protocol 
Alternat1ve uses of nce partlclpate 1n US network on the subject 

A Techmcal Adv1sory Comm1ttee (TAC) for CRIDNet was formed compns1ng the ma1or nce 
produc1ng countnes (Guyana Tnmdad Sunname Belize Domlnlcan Republic Ha1!1) and 
o! lnternatlonalmstl!Utlons 1nvolved 1n nce research actlvl!les 1n the reg1on (CARDI CIAT 
IICA IRRI) TAC w111 report to the CRA and was appomted for two years Mr Ham 
Persaud from Guyana was named Cha1rman of that Comm1ttee In the f1rst meet1ng of 
TAC 11 was agreed that the summanes of the three workmg groups (germplasm post 
harvest and mst1tutlonal aspects) were gomg lo be Circulated for comments by m1d June 
anda subsequent meetmg w111 be scheduled lo refme !he program for CRIDNet 

One 1mportant dec1S10n from workmg group one (germplasm) was to recommend that 
CRIDNet should support !he CIAT/FLAR lnlliallve To th1s end there was a meellng of 
Hayden Blades (CARDI) Glenn Denmng (IRRI) Az1m Hose1n (CARDI) and L Samnt 
(CIAT/FLAR) lo d1scuss the FLAR lnlllallve 1n detall As a result of that meetmg Az1m 
Hose1n and 1 preparad a deta1led breakdown of costs for INGER and for FLAR s breed1ng 
actlVltles CRIDNet w111 partlclpate at least 1n !he INGER lmliatlve w1th a base 
contnbut1on (eqUivalen! lo a group "f1xed quota ) of US$50 000 per year lf TAC cons1ders 
also convement for the network they Will parllCipate 1n FLAR s breedmg acllvllles 
contnbut1r w1th the port1on of the vanable quota wh1ch 1s around US$30 000 per year 
(based on " reg1onal productlon of sorne 2 m1llion metnc tons) (See Annex C) 

Sorne QUidelines to strengthen CRA These ideas have been shared w1th both CARDI and 
GRDB staff on the1r request g1ven our expenence 1n settmg the Lalln Amencan lmgated 
R1ce Fund (FLAR) To have a stable and representat1ve Canbbean R1ce Assoclatlon 1! 1s 
1mportant to set out sorne bas1c pnnc1ples In the dec1s1on mak1ng process all members 
1n the Steenng Commit!ee and 1n the Techmcal Adv1sory Comm1ttee should have equal 
power one member 1s equal to one vote CRA should have the capac1ty lo ra1se 
suff1C1ent funds from members lo ensure the contlnu•ty of CRIDNet through the 
contnbutlon of match1ng funds from the EU Lome IV loan Th1s 1mplies that CRA should 
be able te ra1se sorne US$200 000 lo have the m1mmum cnt1cal mass 1n the pro1ect 
Several pnnc1ples can be applied to slmplify the fund ra1s1ng process 

a Contnbutlons should be seta the country leve! each country member has to 
contnbute a certam amount of money lrrespect1ve o! who 1s part1c1pallng Wllh1n the 
country Membersh1p becomes a nat1onal rather than a reg1onallssue each country 
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des1gnates the representat1ve lnStltutlon to CRA and that 1nsti!Ut1on has to dec1de who 
JOins and how much each member pays to ra1se the country quota Country parttctpatton 
m CRA should not be compu/sory 

b Contnbut1ons should keep some congruency wtth the capactty of ea eh country to 
produce m1ll and d1stnbute nce In th1s sense the bas1c quota can be composed o! a 
f1xed amount plus a vanable amount that 1s congruent w1th the volumes o! operat1ons 1n 
the country 1n terms o! product1on m1lling and d1stnbut1on The underlymg pnnc1ple 1s that 
countnes w1th more nce actiVIty beneflt more from CRI DNet act1V1t1es than countnes w1th 
small nce operatlons ProJects have some central actlvltles that are ma1nly 1n breed1ng 
and other act1V1!1es that are executed 1n the part1c1patmg countnes ProJects w111 have to 
be des1gned so that for 1n country act1V1!1es parttctpatton ts proporttonal to the respecttve 
quotas of ea eh country 

e Spec1al prov1S1ons have to be des1gned to ª1/ow the parttctpatton of mternattona/ 
mstttuttons m the new network(CARDI IICA CIAT IRRI etc) and establish gUidelines for 
quotas part1C1pat1on 1n the dec1S10n mak1ng process etc 

CRA and CRIDNet In CIATs op1mon CRA must undertake fu// responstbtltty for the 
CRIDNet pro}ect A strong CRA that can assume both the respons1bllity and the control 
o! the pro]ect 1s the real bas1s for a sustamed and stable network G1ven that the EU 
proJect makes prov1s1on for a two year lead 1n penod (when collateral money 1s not 
reqUired for the network) and that the proJect will have to be formalized dunng 1995 CRA 
has three years to gam the sufftctent matunty mfrastructure and expert1se to warrantee the 
cont1nu1ty of the pro]ect By next year CRA should be 1n a poSit10n to manage by 1tself 
!hose aspects of the pro]ect that are fundamentally executed 1n Guyana In the flrst two 
years of the project the ma1n actiVI!Ies are those related to germplasm exchange and 
evaluatiOn (lines and vanet1es com1ng from outs1de of the reg1on or from Wlthln the reg1on 
to be d1stnbuted to member countnes) and to breedmg wh1ch are bas1cally executed 1n 
Guyana They are conducted by the network coord1nator who should be a breeder and 
by the Guyana R1ce Development Board (GRDB) wh1ch even offered to start w1th 
germplasm work nght away 1n the f1rst semester of 1995 The germplasm componen! 1s 
an expens1ve part of the pro]ect for wh1ch the CRA can prov1de the requ1red secretanat 
actiVItles wh1le chargmg 15 1 to cover overhead costs o! the proJeCt A reasonable cost for 
the germplasm componen! of the proJect 1s at leas! US$350 000 per year wh1ch would 
bnng US$52 500 to CRA for 1ts adm1n1strat1on Towards the future 11 1s most 1mportant 
that CRA can ra1se the1r own funds to f1nance 1n part the cost of the network The 
contnbut1on from CRA can be presentad as seed cap1tal to donor agenc1es wh1ch can 
typ1cally match every dollar from 1ndustry w1th one dollar (as the EU proposes} or even two 
dollars from themselves The mterestmg po1nt here 1s that CRA can recuperate parto! the 
contnbut1on by charg1ng overhead costs for managmg the pro]ect money would go from 
one pocket to the other wtth thts arrangement CRA comes out stronger 

CARDI and CRIDNet For certa1n CRIDNet pro]ects of w1de 1nternat1onal coverage there 
are two 1mportant cons1derat1ons 

G1ven the language d1spant1es pro]ects that 1nvolve mtens1ve human partiCipatlon and 
1ntercollaborat1on should be restncted to Engltsh speakmg parttctpants Th1s requ1s1te 
1mplies that few 11 any part1C1pat1on from the Dom1mcan Repubhc Cuba or Ha1t1 would 
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take place 1n th1s type of proJects The pnnc1ple for cost effect1veness and eff1c1ency 
should be an anglophone based opera !Ion whlie non english speak1ng countnes can link 
to CIAT s actiVItles and proJects of s1m1lar top1cs for South and Central Amenca 

These are the actiVItles where contractmg the Secretanat actiVIlles w1th CARDI at the 
offered rate of 15/ w11l be advantageous for both CRA and CARDI Typ1cally these 
act1v1t1es relate to crop management mformallon and data bases market development 
trammg tra1ners etc A s1gmflcant part of these act1V1!1es w111 be d1rectly executed by 
CARDI staff 

CARDI has w1de coverage of the reg1on w1th off1ces 1n 13 of the Canbbean countnes 
where they work 1n clase collaborat1on w1th Nallonal Programs The Center have a 
valuable capac1ty 1n the f1eld of 1nformat1on management and d1ssemmallon 1nclud1ng 
soc1oeconom1c support as well as 1n tra1mng tra1ners CARDI1s also mvolved 1n 14 
commod1ty networks that are adm1n1stered on the bas1s of a s1ngle secretanat that way 
CARO/ reduces costs by ach1evmg econom1es of sea/e CARDI has good expenence 
manag1ng and 1mplementmg projects These strengths qualify CARDI as a top mstllut1on 
to prov1de back stopp1ng capabli1tles 1n the admm1stratlon of certam aspects ot the 
CRIDNet proJeCt Note that 1 emphas1ze the words certa1n aspects s1nce the Guyana 
based germplasm actiVItles do not benef1t from CARDI s advantages whlie CRA can 
adm1mster !hose actiVItleS eas1ly and cheaper 

CARDI has prov1ded back stoppmg dunng 1995 to 1dent1fy ma1n actiVItleS of the network 
and establish pnont1es so asto be 1n a poslllon of reach1ng a consensus among 
part1c1pants w1th respect to the contents of the project lt 1s 1mportant that CRA could 
contnbute sorne funds to CARDito complete th1s 1mtlal phase to ga1n a sense of 
ownersh1p 1n the process and should be closely 1nvolved 1n the process to be coord1nated 
by CARDI CARDI expenence 1n proJect handling can be most valuable 1n present1ng the 
proJect to CARIFORUM 

CIAT and CRIDNet G1ven the reg1onal mandate lar nce research 1n Lat1n Amenca and the 
Canbbean CIAT const1tutes the link w1th IRRI and w1th the rest of the world nce research 
commumty CIAT 1s currently coordmatmg INGER LAG operat1ons lar the reg1on wh1le 
sustamed fund1ng 1s found lar that VItal network CIAT sent sorne 700 nce lines from 
INGER nursenes to be evaluated 1n Guyana dunng 1995 

CIAT has prov1ded sc1ent1flc spec1alized tra1n1ng to tour persons 1nvolved 1n nce actiVItleS 1n 
the Canbbean to strengthen the capac1ty of !he reg1on to 1mplement network projects 
Th1s tra1mng took place al CIAT 11 !asted three months G1ven the comm1tment made by 
Guyana to host the network tramees from th1s country w1ll rece1ve top pnonty 

CIAT also par!ICipates 1n !he Techmcal Adv1sory Comm1ttee of CRIDNet and w11l be 
ava1lable for adv1se lo the Steenng Comm11tee when requested lo do so G1ven our past 
expenence w1th1n the aci1V1!1es of the prev1ous CRIN CIAT can JOin torces w1th CARDI and 
liGA to conduct tra1n1ng of tra1ners aci1V1!1es 1n the framework of CRIDNet actlvltles CIAT 
can become an lnstltullonal member of CRA 11 we are 1nv1ted lo JOin 

CIATs spec1alized mfrastructure and human endowment can be contracted by CRIDNet to 
conduct nce research CIAT has a notable record of success and h1gh quality 1n nce 
research b1otechnology tra1mng and other actiVItleS relevan! lo the Canbbean that can 
serve the research purposes of the network 

140 



J 

C Act1v1ty RL53 INGER LAC HIGHLIGHTS 1994/95 

GERMPLASM ExCHANGE 

Nursery Dlstflbut/on Germplasm and 1nformat1on exchange are key components of 
INGER lt 1s poss1ble to evaluate a nat1onal program s part1c1pat10n by 1ts 1nterest 1n 
shanng the results of the local evaluat1ons Last year alter a great effort the network s 
coord1nat10n ach1eved almost 55 1 data return but 1n 1994/95 the leve! dropped aga1n to 
47 51 a percentage a b1t h1gher !han the last 5 years average (Table 1) 

Table 1 D1stnbut10n of observatiOnal nursenes W1th1n INGER Latln Amenca 

Number of nursery Rece1ved 
Year D1spatcfiea Data rece1vea 1 

1990 102 45 441 

1991 86 32 372 

1992 100 32 320 

1993 81 44 543 

1994 99 47 475 

Total 468 200 427 

The reasons for low percentage of nursery data return 1n 1994 were 

a Late plantmg (1n 18 nursenes) 
b Quarant1ne relatad problems (8) 
e Changas of coord1nat1on 1n natiOnal programs (6) 
d Loss due to drought ( 1) 
e Data return lost 1n the ma1l ( 1) 
f Umdent1f1ed reasons (18) 

1990 1994 

Records show that sorne countnes frequently request nursenes but seldom plan\ them 
or share the data w1th others As INGER LAG struggles for resources to contlnue 
work1ng 1n the reg1on 1t becomes clear that nursery d1spatch should be determ1ned not 
only by 1ts potent1al benef1t to the requestlng country but also by the country s 1nterest 1n 
shanng mformat1on and germplasm Perhaps members who routlnely share germplasm 
evaluat1on and data should rece1ve preference for seed sh1pment over less respons1ve 
locat1ons 

Nursery Compos1t10n The network has only one observatiOnal nursery (VIOAL) but 
there are severa! poss1ble combmat1ons of fines that !he countnes can request (Annex 1) 
W1th1n th1s VIOAL there are two types of germplasm one for 1rngated and favored upland 
cond1t1ons (mamly 1nd1ca fines) and the other for upland ac1d so1ls úapon1ca hnes) The 
network has been momtonng the compos1t1on of these two sets of fines (ong1n of the 
hnes) 1n order to keep a "fear" balance between the d1fferent germplasm sources 
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Table 2 shows that the number of llnes prov1ded by the NARS for 1rngated and favored 
upland cond1t1ons has decreased smce 1992 Perhaps NARS have not contlnued 
prov1d1ng llnes to INGER LAC because they th1nk 1ts future 1s uncerta1n and 1t may be 
phased out Perhaps the quahty of the matenals prov1ded does not meet the m1n1mum 
standards or perhaps 1t 1s JUSI a temporary phenomenon 

Table 2 Ong1n of germplasm for 1rngated and favored upland cond1t1ons 1ncluded w1th1n 
INGER Latln Amencan nursenes 1990 1994 

1990 

Ongm L1ne 1 

CIAT 

NARS 

Total 

36 267 

16 11 9 

83 61 4 

135 100 o 

1991 

Llne 0
/ 

92 582 

25 15 8 

41 26 o 

158 100 o 

1992 1993 1994 

1 Llne 0
/ Lme o/ 

43 274 60 370 50 32 o 
14 8 9 26 16 o 51 32 7 

100 63 7 76 470 55 35 3 

157 100 o 162 100 o 156 100 o 

In 1994 the set of llnes for 1rngated and favored upland cond1t1ons 1ncluded for the flrst 
t1me an even number of llnes from NARS As1an breedmg programs and CIAT wh1ch 
could be a des1rable balance However 1n the last 3 years ne1ther NARS nor other 
mternatiOnal programs contnbuted to the ac1d so1ls germplasm except 9 4 1 from Afnca 
1n 1992 (Table 3) Efforts have been made to rever! th1s trend the 1995 set already has 
llnes from WARDA and CNPAF/EMBRAPA 

Table 3 Ongm of germplasm for ac1d solls 1ncluded w1thm INGER Lat1n Amencan 
nursenes 1990 1994 

1990 1991 1992 1993 1994 

Ongm L1ne 1 L1ne 1 Llne 1 L1ne 1 Lme 1 

CIAT 31 738 44 786 48 906 46 100 46 100 
As1a 3 71 5 89 o o o o o o 
A Inca 1 24 6 10 7 5 94 o o o o 
NARS 7 16 7 1 1 8 o o o o o o 

Total 42 100 56 100 53 100 46 100 46 100 
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NuRSERIES 1994 

A total of 99 sets were requested and d1spatched to 16 countnes 1n LAG 1n 1994 71 of 
these were for favored cond1t1ons Data of 47 nursenes were returned to INGER s 
coord1nat1on g1v1ng a return rate of 47 51 a percentage a bit h1gher !han the average of 
the last 5 years 01 !he 47 sets rece1ved 11 correspond to evalua!IOns carned out wtth 
germplasm for ac1d s01ls 

The VIOAL 1994 nce germplasm for favored cond1t10ns was plantad 1n 36 locat1ons 1n 12 
countnes of the reg1on Twenty s1x locat1ons reported use of !he matenals On the 
average 1n each Sl!e 60 5 llnes were plantad and 17 3 were selected that 1s 28 6 1 of the 
matenals The analys1s of the data rece1ved shows that SIX llnes' were !he most popular 
of the group they were selected 1n more !han 40 1 of the locat1ons where they were 
plantad The1r y1eld poten!lal was Similar to !ha! of the checks CICA 8 (6 2 !/ha) and 
Oryz1ca 1 (5 8 !/ha) lt 1s worth no!lng that a s1ster llne of !he cross1ng CT96822 wh1ch 
1ncorporated Afncan genes to !he La!ln Amencan nce genet1c base was selected 1n 
Palm1ra and 1n Vlllav1cenc1o for more !han 13 partiCipan! lnS!I!U!Jons 1n the 1 Workshop of 
Evalua!IOn and Selec!IOn of R1ce Germplasm for the Trop1cal and Subtrop1cal Zones of 
Lat1n Amenca and !he Canbbean S1m1larly two llnes of the cross1ng CT95063 

presentad outstand1ng performance because of the1r earllness and h1gh y1eld poten!lal 
(7 7 and 7 1 !/ha) Two llnes of th1s same cross1ng were !he most popular and had 
h1ghest y1eld of the group 1n !he VIOAL 1993 (INGER Latm Amenca Report 1994) 

Seven llnes were selected for cross1ngs 1n Montana and Boscoma (Colombia) tour llnes 
1n Tre1nta y Tres (Uruguay) and e1ght llnes 1n Tocumen and R1o Hato (Panama) Of 
these CT9506 12 1 O 1 1 M 2P M men!IOned above stands out for 1ts earllness and for 
hav1ng the h1ghest y1eld 

As for the matenal for ac1d soll cond1t1ons only 11 SJ!es sen! 1n data of evalua!IOns for !he 
28 sets that were d1spatched 9 of these 1nd1cated use of the matenals Th1s nursery 
1ncluded 46 llnes an average of 12 9 were selected wh1ch 1s equal to 28 1 of the 
matenal The most 1mportant llnes were CT11626 2 5 M M and CT11251 7 2 M 1 M M 
w1th y1elds of 3 9 !/ha each The checks Oryz1ca Sabana 6 and IRAT 216 y1elded 3 9 and 
3 1 !/ha respect1vely A llne of !he cross1ng CT11620 and two of !he CT11614 also 
showed good performance 1n !he VIOAL Ac1d So1ls for 1993 The tee llnes of !he 
cross1ng CT11891' Jncluded 1n the nursery were selected for cross1ng 1n Boscoma 
FEDEARROZ Colombia 

CT9682 2M 14-1M 1 3P M 
CT6163 8 9 5-2 M 84 M 
CT6163 8 9 52 M 85 M 
CT9868 3 2 3 1 4P M 
CT9506 44 2 1 2 M 1 3P M 1 
CT9737 5 2 1 2 4P M 

2 TOX 1859 102 6M3/POR 76 010 08 01// P 5413 8 3 5 11 2X 

3 ECIA 24 107 1/P2231 F4 13 2 18// CT5746 18 11 4 1 3X 

4 IRAT 146/CT6196 3311 1 2 MI/CT10035 434M3 
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VARIETY RELEASES 

We contmued monltonng new vanetal raleases tn order to tdenttfy the usage trend for the 
germplasm sources and to share more efftctently the avatlable tnformatton on the true 
genettc vanabtllty reachmg the commerctal areas Thanks to the tnformallon gtven by the 
nat1onal programs from Peru N1caragua Braztl and the company Semenses de 
Provence from France we have comp1led and reg1stered 1n the database the ralease of 11 
vanetles for th1s year (Table 4) Four of these vanelles were named by Peru all of them w1th 
germplasm developed at CIAT three of them matenals exchanged through INGER LAC 
N1caragua released two vanet1es wtth germplasm tntroduced from Cuba Braztl released 
another four three developed locally and the other mtroduced through INGER LAC nursenes 
The vanety released 1n France comes from a llne of the crossmg CT6749 bred through 
anther culture w1th cold tolerance Another llne of thts same crosstng was released as 
Bull INIA 1n Ch1le 1n 1991 The ralease of three llnes ongmallng from the cross1ng CT80082 

1s also note worthy Ecuador released a llne from thts sama crosstng last year under the 
name INIAP 12 

Table 4 R1ce vanettes released up to September 1995 

Vanety Des1gnat1on Cross Country 

Porvemr CT5747 38 1 1 1A 1BRH 1P Colombia 1/P 1274 6 8M 1 3M 1 2//P 2060 F4 2 5 2 Peru 

Huallaga CT8008 AM 8 2 1 P 3050 F4 52/0ryzlca 1/IIR21015 72 3 3 3 1 Peru 

UqUihua CT5756 3 53 4 P 1274 6 8M 1 3M 1 2/Ta1chung 176//Campeche ASO Peru 

Selva Alta CT8008 16 10 10P M P 3050 F4 52/0ryzlca 1111R21015 72 3 3 3 1 Peru 

AltamJra 11 2298 E 322 23 2 J 104//J 104/CICA 8 Nicaragua 

Altam~ra 12 4158 E 337 CE4 1 O 1/Cotombla 1 N caragua 

EPAGRI108 CT8008 16 31 3P M P 3050 F4 52/0ryzlca 1//IR21015 72 3 3 3 1 Braz1l 

Sambura F2 13 B 1 B 3 (MG 431) Namcao/BG90 2/IMG 1 Braz1l 

Mucun F2198 1 B 1 (MG447) Namcao/C1ca 8//MG 1 Braz11 

IRGA417 IRGA318 11 6 9 2 New Rex/IR19743 25 2 21/BR IRGA 409 Braz1l 

INCA CT6749 36 CA 2 LemonVOUIIIa 66304//Diamante France 

How NARS ARE UstNG INGER LAC s GERMPLASM 

The INGER LAC database made tt poss1ble to provtde mformatiDn on the number of 
nursenes and ltnes d1spatched vanetal raleases and data returned for all La !In Amanean 
countnes Th1s was done to esttmate to what extent the natiOnal programs are us1ng 
INGER LAC germplasm to develop thetrvanettes 

Table 5 shows how the data were calculated for Table 6 us1ng Ecuador as an example 
lmttally the number of dtspatched nursenes that returned data to INGER LAC was 1dent1f1ed 
The tnformatiOn showed how many lmes Ecuador evaluated begmmng 1n 1982 when the llne 

LemonVOUIIIa 66304//Diamante 

2 P 3050 F4 52/0ryzlca 1/IIR21 015 72 3 3 3 1 
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that ongmated the f1rst Ecuadonan vanety based on INGER LAG germplasm was 
mtroduced The evaluatiOn concludes 1n 1994 when the lates! vanety was released The 
number of hnes evaluated dunng th1s penod was obta1ned by add1ng the number of !mes 
1nvolved 1n each nursery from 1982 to 1994 th1s g1ves 3 201 an average of 267 per year 
Because the lates! vanety released was 1ntroduced 1n 1990 only the 2 746 hnes 
evaluated from 1982 to 1990 were used to calculate the number reqUired to ralease a 
vanety 1n Ecuador g1v1ng an average of 915 Therefore Ecuador testad 915 hnes to 
1dent1fy one that could be released commerc1ally The t1me span for vanetal ralease 
comes from the number of years needed from the 1ntroduct1on through the INGER LAG 
nursery to the year of ralease (for Ecuador 1! was 3 7) 

Table5 

Year 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 
Total 

Average 

Ut1hzat1on of germplasm 1ntroduced through INGER LAG nursenes for genet1c 
1mprovement program of Ecuador 

Number of set Released Vanet1es 

T1mefrom 
Return Number of hnes Year of 1 ntroduciiOn 

D1sp Re e (/) Evaluated No 1 ntroduct1on to ralease 

9 1 11 1 409 

6 2 333 411 

6 2 33 3 373 

6 2 33 3 336 

3 2 66 7 381 1 1982 4 

5 o 00 290 

5 o 00 217 

8 3 37 5 235 1 1986 3 

7 o 00 94 

3 o 00 214 

1 o 00 157 

5 o 00 84 

1 1990 4 
64 12 3201 3 11 

53 1 o 18 8 267 02 37 

To release a vanety the program 1s ~ntroduc•ng and evaluatlng on the average 915 hnes (1982 1990) 

and reqUires 3 7 years from ~ntroduct1on to release 
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Table 6 shows a summary for 1 O countnes w1thm two subreg1ons 1n La !In Amen ca 
Ecuador needed to evaluate the greatest number of llnes to 1dent1fy a vanety 
Conversely Paraguay needed the least only 119 Even though Ecuador reqwred more 
l1nes 11 delayed the leas! between mtroductiOn and release averag1ng 3 7 years per 
vanety Paraguay reqwred fewer llnes but had the greatest delay 1n releas1ng a vanety 
Th1s 1nformat1on g1ves usan 1dea of how d1verse the breedmg programs 1n LAG are The 
d!vers1ty can also be seen 1n the data return Sorne countnes llke Paraguay never share 
the1r results through the coord1nat1on others such as El Salvador Guatemala and 
Panama show return percentages above 80 1 

Table 6 R1ce germplasm mtroduced through INGER LAG nursenes to breed1ng pro 
grams of 1 O countnes 

Reg1on/ 
country 

South Amer1ca 

Bolivia 

Ecuador 

Paraguay 

Venezuela 

Rate of 
data return 

636 

21 8 

00 

31 5 

Central Amer1ca 

Costa R1ca 72 9 

El Salvador 90 o 

Guatemala 80 3 

Honduras 58 4 

Nicaragua 14 6 

Panama 806 

Total 

Average 51 4 

Numberof 
llnes evaluated 

(penod) 

1720 (1979 80) 

2746 (1982 88) 

357 (1980 81) 

2979 ( 1980 88) 

2490 ( 1980 87) 

1590 (1979 83) 

2751 (1979 87) 

3274 (1977 87) 

1340 (1982 86) 

2469 ( 1980 86) 

21716 

2172 (7 5) 

Numberof 
vanet1es 
released 

6 

3 

3 

5 

6 

2 

4 

5 

4 

4 

42 

42 

lnterval between 
Lines 

pervanety 

287 

915 

119 

596 

415 

795 

688 

655 

335 

617 

5422 

542 

llne and vanety 
(year) 

63 

37 

83 

46 

73 

70 

43 

56 

55 

58 

58 4 

58 

Years of ~ntroduct1on of the fines that ong1nated the vanet1es that have been released 
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INFORMATKlN EXCHANGE 

Meetmgs In th1s penod two ma1n events were held 

1 1 Taller 1 nternac1onal de Selección Recurrente en Arroz Brazll 
March 13 17 1995 

2 1 Taller de Evaluac1on y Selecc1on de Germoplasma de Arroz para las 
ZonasTrop1cal y Subtrop1cal de Amenca Lat1na y el Canbe Colomb1a 

July 31 August 4 1995 

The flrst hosted by CNPAF/EMBRAPA G01ama Braz1l brought together more than 100 
part1c1pants from 1 O Latln Amanean countnes The central top1c recurren! selectlon 1n 
nce was covered 1n 16 oral presentat1ons by 1nv1ted sc1ent1sts from natiOnal programs 
umvers1t1es and CIAT 

The second was a workshop for germplasm evaluatiOn and selectiOn There were two 
breed1ng s1tes CIAT Palm1ra and the Santa Rosa Expenmental StatiOn Villav1cenc1o 
(both 1n Colombia) w1th contrastmg env1ronmental cond1t1ons Th1s meet1ng was 
orgamzed 1n collaboratiOn w1th FLAR (Latln Amanean lrngated R1ce Fund) and the CIAT 
R1ce Program For the flrst t1me th1s type of workshop was planned for all reg1onal nce 
researchers more than 1 00 sc1ent1Sts of 20 d1fferent nat1onaht1es representmg 19 
nat1onal programs 16 pnvate compames (41 1 o! total part1c1pants) and 4 umvers1t1es 

There were 2 733 lmes plantad 1n the f1eld for eva\uat1on com1ng from 860 crosses 
These were summanzed 1n 14 d1st1nct sets of matenals that ranged from commerc1al 
vanet1es and INGER Global nursenes to segregatlng recurren! select1on populat1ons 
mclud1ng germplasm w1th 1ndustnal potentlal and matenals of IRRI s newly developed 
planttype 

Average hne selecllon 1n Palm1ra was greater than 1n Vlllav1cenclo (86 1 vs 53 2°/ 
respect1vely) The average of total selectiOn was 90 4 1 (Table 7) th1s percentage 1s 
qu1te h1gh and accounts for the vaned preferences of matenals for the d1verse 
predom1nant ecosystems 1n the reg1on Th1s suggests that 1nst1tut10ns hke CIAT and 
INGER are cons1dered useful sources of genet1c matenals for severa\ needs Table 8 
shows the 13 most popular hnes (selected 1n both Sltes by at least a th1rd of the 
partiCipatlng mst1tut1ons) Three hnes stand out from the cross CT1 0166' the hne from 
cross CT96822 wh1ch 1ncorporated Afncan genes to the genet1c base of the Latln 
Amanean nce and the hne CT13055 CA 18 M obta1ned through anther culture Another 
1nterest1ng case 1s the hne CT10310 15 3 2P 4 33 wh1ch was selected 1n both 
populat1ons where 1t was plantad (R1ce HoJa Blanca Lmes No 211 and VIOAL 1995 No 
49) 

P3059 F4 79 1 18/POR 76 010 Oe 01//P 5413 e 3 5 11 2X 

2 TOX 1e59 102 6M 3/P 5446 6 6 2 11/P 5413 e 3 5 11 2X 

3 P 3084 F$ 56 2 2/ITA 306//CTe154 1 9 2 
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Table7 Matenal evaluated and selected 1n Palm1ra y V•llav•cenc•o Colombia dunng the 1 Taller de evaluac1on y selecc1on de 
germoplasma de arroz para las zonas trop1cal y subtrop1cal de Amenca Latma y el Canbe July 31 August 4/1995 

Total llnes selected 

Total! evaluated Palm1ra V1llav1cenc•o Total d1fferent 

No Class of maten al Llne Cross Lme 1 Cross 1 Llne 1 Cross 1 Llne 1 Cross 1 

Comercial Vanet1es 145 

2 L1nesTolerantto 

HoJa Blanca 270 

3 L1nes for the lndustry 89 

4 Llnes from 

5 

6 

Na!lonal Programs 147 

Advanced Lmes 
a Convent1onal Method 348 
b Recurren! Selecllon 74 

IIRON 1995 Nursery 169 

7 Llnes F5 

8 

9 

10 

a Palm1ra 
b IRGA Santa Rosa 

L1nes F4 
New Plan! Type 

VIOAL 1995 

37 
13 

64 

183 

123 

45 

69 

78 

70 
6 

118 

32 
4 

18 

101 

145 

235 

89 

117 

303 
71 

150 

31 
12 

50 

161 

100 o 123 

870 39 

100 o 69 

796 63 

871 69 
960 6 

88 8 105 

838 27 
923 4 

78 1 17 

88 o 89 

100 o 81 

86 7 219 

100 o 40 

808 89 

986 220 
100 o 74 

890 78 

844 23 
1000 9 

944 35 

881 120 

559 74 

81 1 38 

449 30 

605 57 

632 48 
1000 6 

461 50 

51 4 22 
692 

54 7 12 

656 68 

60 2 145 

84 4 261 

435 89 

731 135 

68 6 321 
100 o 74 

42 4 158 

688 36 
100 o 13 

667 55 

67 3 170 

100 o 123 

967 42 

100 o 69 

91 8 74 

92 2 69 
1000 6 

93 5 107 

973 31 
1000 4 

85 9 18 

929 93 

Best Llnes VIOAL 
1989-9364 38 61 953 36 947 48 750 26 684 62 969 36 947 

11 

12 

13 

14 

Early Matenal and 
Anther Culture 

USANursery 

Nursery IRBN 

Recurren! Selec!lon 

Total General 

Difieren! 

988 

110 

24 

8 

48 

82 

20 

8 

2733 860 

2642 745 

790 

109 

19 

8 

800 47 

991 81 

792 16 

1000 8 

2351 86 o 799 

2269 85 9 699 

D1ffercnt total bccauso thcrc are common \mes and crosses among matenals 

.. 

97 9 282 

98 8 110 

800 17 

1000 8 

285 36 

100 o 82 

708 15 

1000 8 

92 9 1453 53 2 576 

93 8 1392 52 6 504 

75 o 811 

1000 110 

750 23 

1000 8 

821 48 

100 o 82 

958 20 

1000 8 

67 o 2471 90 4 830 

67 7 2384 90 2 724 

• 

1000 

933 

1000 

949 

986 
1000 

907 

969 
1000 

1000 

921 

1000 

1000 

100 o 
1000 

965 

972 



Tablea 

Reg Plot 

149 

2 154 

3 211 

4 249 

5 758 

6 761 

7 762 

8 989 

9 990 

10 30 

11 33 

12 49 

13 1473 

L1nes selected 1n Palm1ra and V1llav1cenc1o by at leas! a th1rd of the part1c1pat 
mg 1nst1tut1ons 1n the 1 Taller 1995 

Ped1gree FL_PAL HB TAG BL NBL LSC GD Matenal 

CT10166-1 1E 3P-6 1 3P 102 5 o 3 3 5 1 HB 

CT10166-1 1P 1P 1 1 2P 98 3 o 3 3 3 HB 

CT10310-15 3 2P-4 3 106 7 1 3 5 HB 

CT9509 17 3 1 1 M 1 3P M 1 97 3 3 3 3 HB 

CT1 0554 4-4-2 2 M 100 5 3 3 1 1 3 F6 

CT10825 1 2 1 1 M 102 3 o 3 1 1 F6 

CT10825 1 2 1 3-M 103 3 o 3 F6 

CT11008 12 31M 1P 4P 108 1 3 3 1 5 3 F6 

CT11008 12 3 1M-4P 4P 106 1 3 3 7 3 F6 

CT9682 2M 14 1 M 1 3P M 1 91 3 o 5 1 5 1 VIOAL 

CT10166-16 1 2P 1 3 84 3 o 5 VIO AL 

CT10310-15 3 2P-4 3 84 3 3 3 1 1 VIO AL 

CT13055-CA 18M 82 3 1 3 Early 

lt 1s 1mportant to note that both events ment1oned above were orgamzed and coord1nated 
by INGER LAG but f1nanced through funds from the natiOnal programs the pnvate sector 
the CIAT R1ce Program and FLAR 

Publicat1ons In th1s penod the INGER LAG Annual Report 1994 was completed and 
d1stnbuted to NARS In add1t1on to the 1993 nursery evaluat1ons 1t 1ncludes art1cles on 
vanetal releases of s1x La\ln Amencan research mst1tut1ons (CIAT Bohv1a CNPAF/ 
EMBRAPA Braz1l CORPOICA and FEDEARROZ Colombia NARI Guyana and INIA 
Uruguay) 

FUTURE PLANS 

The germplasm base of La\ln Amencan countnes has broadened very notably 1n recen! 
years as a result of the 1ntroduct1on of INGER matenals The network has become the 
hnk to encouragmg cooperat1on among nce researchers 1n the reg1on lt promotes 
exchange of 1nformat1on among them and faci11tates the d1ssem1nat10n of research 
advances relevan! to Lat1n Amenca but conducted elsewhere Yet to keep INGER LAG 
ahve 11 1s neccessary to cont1nue explonng the poss1b1hty of further strength1ng 
cooperat1on w1th NARS and the pnvate sector 

Although renewed spec1al project fund1ng was not obta1ned the IRRI CIATcooperat1on 1n 
bndg1ng the 94 95 fundmg gap has been exemplary Hopes of react1vat1ng INGER LAG 
are enormous In fact at the begmmng of 1995 the Lat1n Amencan lrngated R1ce Fund 
(FLAR) was tormahzed w1th the ob]ect1ve of fmanc1ng the mternatiOnal research 1n 
1rngated nce 1n Latm Amenca FLAR recogn1zes the strateg1c 1mportance of nce 
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germplasm exchange w1thm the reg1on thus INGER 1s cons1dered a pnonty among 1ts 
act1v1t1es CIAT was 1nstrumental1n coordmaling the process that gave lile to FLAR and 
g1ves the Fund the rehab1hty and cred1b1hty needed lar such an 1nterna110nal effort FLAR 
has an 1n111al lund1ng comm1tment lar 3 years and 1s act1vely search1ng lar donors to 
support our lnternallonal Network lar Genet1c EvalualiOn al R1ce lar Lalin Amenca and the 
Canbbean 

ACRONYMS 

CNPAF/EMBRAPA Centro Nac1onal de Pesqu1sa em Arroz e Fe1¡ao/Empresa 
Bras1le1ra de Pesqu1sa Agropecuana 

FEDEARROZ 

ICA 

NARS 

VIOAL 

VIPAL 

VIRAL 

VITBAL 

WARDA 

Federac1on Nac1onal de Arroceros (Colombia) 

Instituto Colombiano Agropecuano 

NaliOnal Agncultural Research Systems 

Vivero Internacional de Observac1on de Arroz para Amenca Latma 
(lnternat1onallrngated R1ce Observat1onal Nursery IIRON) 

V1vero Internacional de P1nculana de Arroz para Amenca Latma 
(lnternat1onal R1ce Blast Nursery IRBN) 

V1vero Internacional de Rend1m1ento de Arroz para Amenca Lat1na 
(lnternaliOnal R1ce Y1eld Nursery IRYN) 

Vivero Internacional de Arroz con Tolerancia a Temperaturas Ba¡as 
para Amenca Latina (lnternat1onal R1ce Cold Tolerance Nursery 
IRCTN) 

West Alnca R1ce Development Assoc1a11on 
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Annex 1 

INGER RICE NURSERIES REQUEST FORM FOR 1995 

Date---- N ame ----- Statlon -----Ctty Country 

A FAVORED CONDITIONS 

1 For your regton enumerate starttng 1 (most tmportant) to 4 (least tmportant) the charactensttcs 
ol the nce germplasm avatlable tn the VIO AL lor 1995 

___ a Blast (leal and neck) e Cycle 
___ b Fungal dtseases d Tagosodesand RHBV 

2 Constdenng the tnlorma\IOn on the performance of severa! Lattn Amere tan nce commerctal 
vanettes evaluated to the same charactensttc of the prevtous questton wtth !he avatlable matenaltn 
the same locatton for your regton the range of !he reactlon of those wtlh potenttalts 

Rtce Bias! (leal and neck) 

___ a Reactton 1 3 
___ b Reactton 1 5 
___ e Reactton 1 7 
___ d Any reactton 

Cycle 

---'9 Flowenng two weeks earlter than 
CICA 8 tn Palmtra Colombta 

___ h Any cycle 

Tagosodes and RHBV Fungal dtseases 

___ e Reactlon 1 3 Reactton 1 3 
___ ! Any reactton _J Any reactton 

3 In accordance wtth the prev1ous answers !he germplasm yo u are requesttng wtll ma¡or tn 
{Piease respond one ol the two followmg alternaltves) 

___ a One charactensttc b More !han one charactensttc 

lf your answer to questton No 3 was a go to questton No 4 
1f 1t was b go to quest1on No 5 

4 lf you marked a (one charactensltc) tndtcate the number ol sets you are tnterested tn (mark 
onlyone) 

Reactton 
a Blast 1 3 
b Blast 1 5 
e Any reactton lo nce bias! 
d Tagosodes and RHBV 
e Cycle 
f Fungal dtseases 

No of Ltnes 
108 
145 
173 
12 
30 
95 

No of sets 

5 11 you marked b (more than ene charactensttc) tndtcate the number of sets you are tnterested tn 
from the followtng avatlable combtnattons (mark only ene) 

Reactton 

a Blast 1 3 and Tagosodes and RHBV (1 3) 
b Blast 1 5 and Tagosodes and RHBV (1 3) 
e Blast 1 7 and Tagosodesand RHBV (1 3) 
d Blast 1 3 and cycle (2 weeks earlter) 
e Blast 1 5 and cycle (2 weeks earlter) 
f Blast 1 7 and cycle (2 weeks earlter) 

No of Ltnes 

10 
12 
12 
17 
23 
30 

8 NoT FAVORED CONDITIONS (ActO SOtLS) 

6 lndtcate the number of sets of potenttal matenal for not favored condtttons 
58 
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INGER LAC TWENTY YEARS OF SUCCESS 

AN 0VERVIEW 

The Red Internacional para la Evaluac1on Genet1ca del Arroz en Amenca Latina y el 
Canbe (INGER LAG) formerly Programa de Pruebas Internacionales de Arroz para 
Amenca Lat1na (IRTP) has been a respons1b1hty shared by the lnternat1onal R1ce 
Research lnst1tute (IRRI) Los Banos Ph1hppmes the Centro Internacional de Agncultura 
Trop1cal (CIAT) Cah Colombia and the nat1onal nce programs m the reg1on The 
network s mam ObJeCtlve has been to exchange germplasm and 1nformat1on among 1ts 
members (F1gure 1) s1nce 1ts begmmng 1n 1976 

lts flrst phase m La!ln Amenca was to Introduce nursenes from INGER Global 
Observat1onal and y1eld tnals were evaluated at CIAT Palm1ra the entnes most adapted 
to the reg1on s ob]eCtlves were selected and grouped 1n reg1onal nursenes Nursenes for 
spec1f1c problems (hke blast and cold tolerance) were mult1phed and red1stnbuted to 
countnes request1ng them 

Unt1l 1985 the La!ln Amencan network had several nursenes and a structure s1mllar to 
that of INGER Global The reg1on evaluated vanous nursenes us1ng observa!lonal 
(VIOAL) y1eld (VIRAL) and spec1al problems tnals (VIPAL blast VITBAL cold tolerance 
etc) S1nce the network members were quest1omng the number of lmes 1n each nursery 
a mod1f1ca!lon m the nursenes orgamza!lon was proposed and approved dunng the VI 
1 nternat¡onal R1ce Research Conference for La !In Amenca m 1985 The y1eld tnals were 
ehm1nated and only observat1onal tnals were conllnued 

The proposal requ1red pre evalua!lon of entnes at several Sl!es 1n the reg1on before 
1nclud1ng them 1n the new VIOAL The germplasm was evaluated at the Santa Rosa 
Expenmental Stat1on V1llav1cenclo Colombia G01an1a Braz1l Entre R1os Argent1na and 
Bagua Peru Based on these evalua!lons INGER LAC orgamzed the VIOAL 1n sub 
groups so that each country could request only the group of hnes that would meet the1r 
breedmg obJeCtlves 

An IRRI staff member 1n111ally coordmated the network Dr Manuel Rosero was the head 
of IRTP from 1976 to 1986 followed by Dr Fedenco Cuevas Perez m 1986 who also 
worked as the lnstltut1on s L1a1son Sc1ent1st for Lalln Amenca at CIAT He left 1n 1992 
when IRRI closed th1s pos1t1on for Latm Amenca S1nce then the network has been g01ng 
through a tranS1!1onal penod core funds from IRRI are no longer ava1lable anda new 
project proposal has not been yet funded by externa! donors Dr Cesar Martmez nce 
breeder from CIAT s R1ce Program coord1nated the network dunng 1993 and Dr Elc1o P 
GUimaraes has contlnued the duty s1nce then 

GERMPLASM ExCHANGE 

The germplasm exchange from 1979 to 1985 mvolved the d1stnbut1on of 3 646 hnes 
Dunng that penod 1 563 nursenes were requested The data show requests for an 
average of 520 hnes and 223 nursenes per year Alter the mod1flcat1on of the germplasm 
orgamzat1on 1n 1986 the number of hnes dropped to 2 O 14 and nursenes to 808 
averag1ng 224 and 90 per year respect1vely (through 1994) As can be seen the number 
of hnes decreased by 57 lo and the nursery by 60 1 m accordance w1th the request made 
by the members Dunng the penod the average rate of data return was 45 O 1 
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F1gure 1 Countnes part1c1pat1ng 1n INGER LAC 
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A mam objeCtJve of the network 1s to d1stnbute useful advanced hnes to nat1onal 
programs Accord1ng to Table 9 there were 202 vanetses released m the regson from 
1976to 1994 ofthese 81 (40 1/) camedJrectlyfrom INGEA LAC hnes 01 the 121 
remam1ng 79 (65 3/) had one paren! comsng from germplasm mtroduced through 
INGEA LAC These numbers 1ndJcate that only 42 vane!les (20 8/) were not obta1ned 
through the network Braz11 released 16 of these In th1s penod Braz11 released more 
vane!les (69) than any other country followed by Mex1co (17) and Colombsa (16) Hall of 
the 22 breedmg programs (6 sn Central Amenca) release vanet1es com1ng only from 
germplasm related to INGEA LAC 

INFORMAllON ExcHANGE 

1 nformat1on exchange 1s another strong componen! of the network Most of the na!lonal 
programs acqUJred commumcatson technology dunng the last 20 years and INGEA LAC 
orgamzed databases w1th the follow1ng 1nformat1on 

a Lat1n Amencan commercral vanetses 

b A1ce scsent1sts workmg 1n the reg1on 

e INGEA LAC nursery data 

d The IAAI germplasm bank 

e Lat1n Amencan crossmg programs and 

A system to f1nd and calculate parental percentage partscspa!lon m breedsng hnes 

There have been n1ne Lat1n Amencan Asee Aesearch Conferences the f1rst seven held 
at CIAT Palm1ra Colombia the lates! two 1n Mex1co and Braz11 respect1vely The f1rst two 
were annual (1976 and 1977) 1n 1979 they became b1annual (1979 1981 1983 and 
1985) and smce 1 988 they ha ve been held every 3 years (1988 1991 and 1994) 1 n 
addi!Jon to the reg1onal conferences d1fferent mee!lngs have been held deahng w1th 
specsfsc problems or subreg1ons 

a A panel on breedmg for cold tolerance ( 1986) 

b Ut1hzat1on of INGEA LAC nursenes (1987) 

e Genera!IOn of genet1c vanabshty 1n the Southern Cone 

d Germplasm evaluatlon and selectlon 1n Panama (1983 and 1984) 
Colombia (1986 and 1 988) the Dommscan Aepubhc (1989) Guatemala (1 989) 
Mex1co (1991) Venezuela (1992) and Brazrl (1994) 

S1nce 1977 INGEA LAC has been producsng nursery reports they have turned out to be 
an 1mportant means of commumcat1on among network members The reports are 
1ntended to mtegrate all network aci!VIIIes and more recently have g1ven collaborators the 
opportumty to report m short artscles the progress of the1r research 

INGER LAC s h1story has been a successful one The reg1onal nat1onal programs 
conssder si a umque mechamsm for obta1mng and d1ssemsna!lng the1r germplasm The 
new perspect1ve for INGEA LAC IS a hnkage wsth FLAA the Latrn Amanean Fund for 
1 rrsgated A1ce wh1ch cons1ders the network a pnonty 
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Table 9 Number of hnes released as vanetles 1n Latln Amenca and the Canbbean dunng 
1976 1994 Jndlcatlng the1r ong1n and pathway to release 

Number ~ntroduced 
Ong1n of the cross through INGER 

Total Released Used as 
Amenca As1a/Afnca numberof d1rectly as parents of 

W1th1n CIATnCAI vanetles vanety a released 
Country Country FEDEARROZ' 0thers2 IRRI Others' released vanety3 

Argent1na 3 3 

Belize 1 

Bolivia 4 1 6 6 

Braz1l 28 25 2 6 8 69 23 30 

Colombia 15 16 10 

Costa R1ca 8 8 5 3 

Cuba 5 2 8 3 

Ch1le 1 

Dom Rep 4 1 6 2 3 

Ecuador 4 1 5 5 

El Salvador 4 4 1 3 

Guatemala 6 1 7 5 2 

Guyana 1 2 

French Guyana 1 

Honduras 5 5 5 

Mex1co 10 3 2 2 17 6 7 

Nicaragua 4 4 4 

Panama 3 5 8 2 6 

Paraguay 2 2 4 3 1 

Peru 7 3 11 4 6 

Sunname 3 3 2 

Uruguay 6 6 

Venezuela 5 2 7 7 

Total 70 96 5 15 15 202 81 79 

Percentage 35 47 5 25 75 75 100 40 1 65 3 

Cooperat1 e breed1ng projecl basad n Colomb a Wlth both natlonal {ICA/FEDEAAROZ) and 1nternat anal (CIAT) 
ObjeCIIVSS 

2 "'thers mamly 1ncludes the nat1onal research programs ot other countnes 1n the reg on 

3 lmmed ate parent usad n the cross 

4 Percentage 1n relabon te the number of hnes not released d1rectly through INGER 
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