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RICE PROGRAM ANNUAL REPORT 1994 

Introduction and Overview 

The rice program has been the smallest 01 CIAT's programs and in recent years 
experienced a signilicant reduction, when it went Irom 8 Senior Slaft (SS) posilions in 
1990 lo 6 SS in 1992 and lo 3.7 SS by mid-1994: one irrigaled rice genelicisl, one 
upland rice genelicisl, one planl pathologisl and 0.701 a plant physiologis!. The 
program leader was under a lixed lerm, seven monlhs contrac!. However, Ihe program 
has slrong lechnical supporl Irom CIAT's BRU and VRU while agronomic and syslems 
research is maintained by collaboralion mainly with Ihe Tropical Lowlands Programo The 
program has made a subslanlial eftorl to maintain research activities at the high level 01 
commitment to excellence that has characterized it lrom its origin when CIAT was 
created in 1967. The situation has been exhacerbated by termination 01 CRIN in 1992. 
Due to a lunding crisis 01 the International Network lor Genetic Evaluation 01 Rice lor 
Latin America (INGER-LAC) since 1992, the rice program has also been in charge 01 
maintaining, although at a restricted level, the network activilies lor the region, while 
stable lunding is lound in collaboration with IRR!. 

The project approach, iniliated in 1993, continues to be the lormat lor the monitoring and 
evaluation 01 work progress which is jointly assessed on a continuos basis by project 
coordinators and the program leader. 

The RP program locuses its work on trying to solve those lechnical aspects that can 
contribute to a sustainable rice production and where the regional program can have a 
comparative advantage versus other partners like IRRI and NARS 01 LAC. Most 01 the 
work is directed to shifting the yield Irontier and increasing yield stability, while increasing 
the efticiency 01 input use and contributing to enhance the production base. 

Tropical irrigated rice laces a yield barrier 01 about 9 metric tons/hectare (Vha), although 
larm yields are still only hall that level. Promising eftorts are underway at IRRI to break 
this barrier through a more efticient plant type and raise yields by 20%. (11 is likely that a 
similar proportionate gain would be realized on-Iarm even Ihough Ihe larm yield level per 
se is lower Ihan the yield potenliallevel). II successlul, CIAT will quickly add Ihe 
necessary pest resistance trails appropriale lor Latin America and the Caribbean (LAC) 
lo Ihe IRRI germplasm base, 50 Ihal LAC oblains Ihe benelils as soon as Asia does. 
CIAT is also adopting a second approach to overcome the yield barrier, called "recurrenl 
selection". This method has proven its worlh in maize, delivering steady yield increases 
over the long lerm, 50 CIAT is adapting it to rice. 

For upland rice, which accounts lor about 30% 01 LAC production, CIAT has recently 
achieved an exciling breaklhrough in the 4-ton yield barrier, raising it lo 6 lons (50%). 
Average larm yields are expecled to double, Irom 1.3 lo 2.5 Vha. Simultaneously, grain 
quality was improved in Ihese varieties, lo increase crop value by an estimaled 20%. 
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Enormous ímpaCI ís expecled as these varíelies reach Ihe larm over the next 5 years. The 
list 01 achievemenls and impact over Ihe pasl three decades explains why Ihe annual rate 
01 return 01 rice research investmenls by CIAT ís around 70%: 

98 varieties released in LAC since 1967 were based on CIAT germplasm and 36 
were based on I RRI crosses 01 a total 01246 released varieties which are now 
grown over approximalely 2.5 million ha., or 90% 01 LAC's irrigated rice area. 
There has been a progressive increased dependency 01 national programs 01 LAC 
on CIAT-made crosses as the source lor new varie!ies (Table 1). The si!uation is 
more evident in Central America where, out 01 10 varieties released in 1991-94, all 
01 them were CIAT-made crosses. The Caribbean, on Ihe other hand, shows a 
preoeeupying situation: only 2 varieties were released in 1991-94, both 01 them in 
Guyana. 

The $2 millionlyear CIAT rice researeh elfort has had arate 01 return 01 abou! 70% 
per year. Benelits to soeiety associated with Ihe new rice technologies are about 
US$600 per year, with a Ihird 01 them going lo producres and the rest lo 
consumers. 

Increased prolils stimulated a 57% inerease in Ihe area sown to irrigated rice since 
1967. 

Rice prices in real (inflalion-adjusled) terms have declined by 40% since 1967. 

In reaellon lo lower prices, rice consumption in LAC increased by 50% since 1967, 
Irom 20 to 30 kg white (milled) rice per person per year. 

There is a higher yield potential (44% increase in on-Iarm yields lor irrigated rice 
since 1967, and a near doubling 01 yield potential lar upland rice). 

Resistance lo blast and hoja blanca has improved. 

Training 01 regional scientists by CIAT, and the establishment 01 two networks 
(INGER-LAC, lor germplasm and CRIN, lor the Caribbean) has been crucial to the 
impact achieved, through strengthened nalional research capacity. 

HIGHLIGHTS OF PIPELINE WORK 

Yield potentiat. For both irrigated and upland rice, recurren! selection populations 
are now being established to create basis lor steady yield galns over Ihe long 
termo CIATs scientists visited IRRI to leam more about its new plant type and 
acquiring seed lor testing and breeding lor adaptation lo specilic LAC constraints 
(direct seasing and specilic pests). An apomixis gene Irom the pasture grass 
Brachiaris will be cloned and attempts will be made to trans/er illo rice. 

Nutrient efficfency (inctuding water). S!udies 01 root mechanisms are underway, 
to identify traits that can be selected to increase elliciency. The bases 01 acid 
tolerance, aluminum toxicily, phosphorous and silicon elficiency are being s!udied. 
Competition lar water and other nutrient uses are being studied in collaboration 
wíth EMBRAPA, Brazil. 
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Weeds. Three meehanisms Ihrough whieh rice varielies might enhance other 
interventions lo aehieve better weed conlrol while redueing herbicide dependenee 
are being explored: enhancing rice capacity lo compele with weeds by identilying 
trails for competitiveness, and sludying the trade-offs between compelitiviness and 
productivity; anaerobic seeding tolerance (building on IRRI work), which is the 
ability 01 rice lo germinate and establish through a weed-smothering water layer; 
early vigor, which can shade out weeds; and allelopathy (building on I RRI and 
USDA work), or the production 01 weed-inhibiting chemicals by rice rools. 

B/ast. A beller understanding 01 the relationship between genelic families 01 the 
fungus identilied by using DNA fingerprintings and virulenee/avirulence faelors 
specilic to each family is allowing rice breeders and pathologists to identify 
resislanee gene eombinations to whieh corresponding virulence gene 
combinations are absent in the pathogen, therefore, exeluding possible compatible 
interactions between the pathogen and the rice plan!. This should increase the 
effecliveness in more stable resistance overtime in farmer's lields. Efforts are 
being made to extend these sludies lo the LAC rice growing countries. 

Hoja blanca (RHBV) and íts vector, Tagosodes Oryzicolus. The available 
resislance lo each is based on a single gene. Genetic transformation lor resistance 
to RHBV is being altempled, to create additional novel sources 01 resistance to 
safeguard against possible future breakdowns 01 Ihe present resistance. 

On the institutional side, a breakthrough was accomplished by the program during 1994, 
when efforts lo consolidate the Latin American Fund lar Irrigaled Rice Research (FLAR), 
based on prívate, semíprivate and public contributions Irom participating countries 01 
LAC, led to the oflícíal creation 01 FLAR early in 1995 by tour countries (Brazil, Colombia, 
Uruguay and Venezuela) and two international institutions (IICA and CIAT). The Fund 
conslilutes a unique eflor! by the countríes 01 LAC lo undertake the responsibility and 
the control 01 an irrigated rice research agenda lor the region, in collaboration with CIAT 
and other inlernalional inslitutions like lICA and IRRI. 

Rice research has been very dynamic in LAC, wilh both the problems and the 
melhodologies having evolved rapidly. The continuous delivery 01 new varieties and 
technologies has been made possible by a solid partnership with upstream research 
centers (like IRRI) and national programs in the region. The impressive impact achieved 
by them can be lound in beller economic opportuníties for rice farmers throughout LAC, 
an íncreased importance 01 ríce as a load staple in the region, stronger and better 
articulaled institutions both 01 private and public nature and an enhanced polítical 
posilion 01 the cereal in most countries. But the challenge continues. The rice program 
believes Iha! il is possible to continue to achieve scientilic breakthroughs in the search 
lor higher productivity and effíeiency while increasíng ils sustainability. Our answer 
parlially líes in a new interinstitutional arrangement where those that share our goals and 
have been Ihe direct benefitiaries 01 research will take on a lully participatory approach 
to generate rice science and disseminate knowledge in LAC. The results presented in 
this Annual Report provide a detailed accounl 01 how our activities have been targeted to 
meet Ihe challenge. 

L~~á:¡ 
. Rice Program Leader 
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l. PROJECT 1 
IMPROVED LOWLAND RICE GENE POOLS 

'2U231 
07 ";úL 1995 

A. ACTIVITY RL01: LATIN AMERICAN IRRIGATED RICE PARTNERSHIP INITIATIVE, 
FLAR 

Abstraet. A watershed event during 1994 was the elfart lo create an association 01 
prívate and public-sector rice institutions, tarmer cooperatives and industries to lund 
international irrigated rice research. Subsequently (in early 1995), the Fondo 
Latinoamericano de Arroz de Riego became a reality, Ihe firsl such organization in the 
world, as far as we are aware. It should place Latin American rice improvement on a 
more sustainable long-term path, since the benefits derived from research will now leed 
the research itsel!, as direct beneliaciaries take its control and responsibility. CIAT is one 
01 six members (along with Brazil, Colombia, Uruguay, Venezuela and IICA) that pledged 
a total 01 US$315,000 for 1995. The initial lunding commitment is for three years. CIAT 
was instrumental in coordinating the process that gave lile to FLAR and gives the Fund 
the reliability and credibility needed lor such an international elfar!. 

RationalelJustification 

Past accomplishments. Significant advances in rice production have be en made over the 
past three decades in Latin America and the Caribbean (LAC). About 220 new rice 
varieties were released tor flooded environmenlS, wilh 40% coming !rom crosses made al 
CIAT, 13% al IRRI while almost all 01 the rest has parenlage from IARC's progenilors. 
Modern semidwarf varielies now accounl for more than 90 percent of aU flooded rice 
produclion, ilsell represenling 70 percent 01 total rice produclion in the Region. Average 
yields in Ilooded areas have risen Irom 3.0 lons per hectare in Ihe mid-1960s lo 4.5 tlha in 
1990; and total rice production doubled between 1967 and 1990, making the Region 
largely sell-sufficient in rice. Wilh rice prices falling by 40 percenl in real lerms over the 
period, consumers have benefitted greally, rice is weU established as a "wage good", and 
the crop has become the mos! importanl source 01 calories and proteins lor that 20 
percenl 01 the Region's population with lowest incomes. 

Cenlral lo these accomplishments have been: 

a linkage by the Region through CIAT lo Ihe world's premier source 01 rice 
germplasm (IRRI); 

the development 01 a strong, regionaUy relevant rice improvement program Ihrough 
a productive partnership 01 CIAT, Fedearroz, and ICA in Colombia; and 

exceUenl linkages between CIAT's regional rice program and national programs 
and producers in major rice producing countries 01 LAC. 

While the upstream linkage lo IRRI was a valuable componenl 01 Ihis Ihree-part 
improvement model, high quality downstream activities al the counlry level, frequently 
involving cooperalion between public programs of research and extension with private 
producer organizations, as in the case of Colombia, Brazil, Venezuela and Uruguay were 
key to locally relevant adaplive efforts which accelerated and expanded the spread of 
improved germplams, complementary cultural practices, and related institutional and 
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policy developments. Even though Ihe investmenl commitments made by the private and 
public sectars all along Ihe way over the pasl two decades were 01 major proportions, 
handsome (even unprecedenled) relums have been gaines- between 60 and 80 percenl 
annually on each U>S. dollar invested. 

The Challenge 

The past two decades have resulted in strong nalional rice improvement programs, high
yielding rice varieties on larmers' fields, and networks 01 germplasm improvemenl and 
related inlormation linked, via CIAT, lo Ihe premier upslream research resouree, IRRI. 

Building on Ihis model and stoek 01 capital lor sustained progress while assuring its 
continued dedication lo the tasks ahead Is the challenge lor FLAR. For Ihis purpose, the 
Fund appears lo be a viable alternative both by reason 01 several emerging conslraints 
and opportunities. 

First, the maturity and high level 01 developmenl 01 nalional capacities for rice 
improvement in LAC impose a more important role and responsibílíty than in the past on 
nalional organizations in delermining the direetion and conduet 01 future rice 
improvement eftorts. 

Second, with large returns currently being enjoyed from rice Improvement eftorts, those 
organizations Ihat paid for programs of Ihe pasl are logically expecting Iha! mechanisms 
can be devised in Ihe future lo capture and turn some 01 those returns to the long-fun 
maintenance of needed programs. 

Third, given Ihe 'opening of the economies" -a process whose momentum is likely to 
continue to build in the future- it is well known that the patterns 01 demand for new 
technologias 01 all kinds will changa, Ihe quantilies demanded 01 them will increase and 
the need lo particípate in economic blocks will also become more pressing. Rice 
producers and improvemenl programs will be especially challenged by these changes. 

Fourth, tha rapid technological advances in Ihe rest 01 Ihe world imply Ihal counlries 01 
LAC must lind ways to keep in touch wilh other regions by maintaining strong linkages to 
loreign sources 01 tachnology. The machanism 01 the past has preved to be efticient in 
avoiding duplication 01 eftorls, using the specíalization of tasks, achieving eco no mies 01 
improved germplasm, complementary cultural practices, and related instilulional and 
policy developments. Even though the inveslment commitments made by Ihe private 
scale and providing a lully participatory research apparatus. In this sen se, the new eftort 
must be based in the principie 01 cooperation and efticiency in research while provídíng 
stabilíty to the regional research system. 

In short, while building on accomplishments 01 the past, future rice improvement efforts 
will need to be organized lo address the lollowing four challenges: 

lully partícipatory, cross-country management; 

mechanisms for slable sell-financing; 

rapid response and flexibilily to adapt lo market-Ied developmenls; and 

new upstream demand and consumer preference requirements. 
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The Mechanism 

The Fund conslitutes a mechanism that permits stakeholders to participate in and shape 
the luture 01 the new activities tor rice improvement in the Americas, with voting power 
that is equal lor al! partners but where short and long ter m benelits are proportionate to 
their stakes. A sleerlng committee and a technical commission olfer best prospects lor 
ensuring a match between a rapidly changing external envlronment with the internal 
constraints and opportunities 01 the organization, through a shared vision 01 all partners 
tha! is !ranslated into mutually agreed strategies and aclion plans. 

II is a self-financing, not-Ior-protit tundo The nature ot public good is maintained, since 
mosl resources being pledged have semi-public origins. 

The vision, or overarching goal, 01 the Fund is widely shared. simple, and easily 
understood: to assume the control and responsibility 01 irrigaled rice research in the 
region, provide a slable Iramework and make it available to LAC counlries as a public 
good. Support lor development 01 a highly competitive rice economy in LAC describes 
the partícípants' goal: one which secures sulficient rice lo mee! domestic consumers' 
needs al minimum cost, while maintaining a rice sector that Is profitable. competitive, 
effícíenl and Ihat does not harm the environment. Progress agaínsl that goal would be 
measured by hígher yields, new varieties, lower unit costs, more rational pesticide use 
and decreasing relative prices to consumers, among other indicators. 

As stated in the heads 01 agreement, the mission, objectives and strategies are: 

Misslon of FLAR 

To carry out activities in countries 01 Latín America and the Caribbean (LAC) , towards a 
sustainable development 01 the írrigated rice sector, so as to make ít competitive, 
prolitable and elficient, while protecting the environment, to achieve lower unit costs 01 
production and, consequently, more attractive relative rice prices to the consumero 

Objectives of FLAR 

To fulfíll its missjon, the Fund aims to: 

a. Create a permanen! lorum lor LAC, where inlormation on the commercial needs 
and opportunities 01 member countries is permanently updated. 

b. Increase sustainable rice production (keeping in mind efficiency, equity, and 
environment) in terms 01: 

- greater stability, with enhanced genelic diversity, 

- íncreased prolitability, wíth reduced unít cosls, 

- grealer technieal and economic efficiency, 

" more attraetive priees tor the consumer, 

- more competitive in the context 01 an open economy. and 

- no environmenlal risks. 
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c. Assume a commodity approach by program in areas 01 common ¡nterest to all 
Fund participants: 

- work not only with germplasm but with the enlire system, including crop 
management, postharvest issues, alternative uses, quality, etc. 

- bring into the picture markets, consumption issues, etc. 

d. Focus research on irrigated rice: 

- delined as rice tor which water use in flooded conditions (anaerobic) is 
controlled, 

- where the greatest efficiency of production is feasible, and 
- where producers are commercial, whether large- or small-scale. 

Strategies to Achieve Objectlves 

To achieve its objectives, FLAR will lollow these strategíes: 

a. Identify and develop practical projects and activities applícable to its mission. A 
well rounded research agenda will have to include: 

- Germplasm: continued, wide access by the Americas to the world's best 
materials and active exchange with all regions 01 Ihe world; 

- Breeding: productivity-increasing, regionally relevant varietal improvement to 
secure a continuing stream 01 new varieties; 

- Crop management: integrated approach tor a more rational use 01 inputs, to 
achieve more efficiency, lower unit costs and less risk to the environment; 

- Post harvest: high payoff market intellígence and business development which 
identify and exploit trends in (and the requirements of) traditional and new markels 
and uses; and 

• Institutions: viable, sell-governed nalional organizations tor cost-effective rice 
improvement, promotion, and technology Iransler. 

b. Obtain sufficient and stable línancing on behalf 01 participating countries and 
institutions. Each country will be responsible for the internal mechanisms 01 
capturing funds and 01 establishing legal commitments. 

c. Obtain linancial resources from donors interested in promoting activities congruent 
with the Fund's mission. 

d. Attract the participation 01 all LAC countries. Each member country, in turn, will 
search lor mechanisms lo strenglhen Ihe parlicipation 01 private and public 
inslitutions. 

e Identify sources 01 rice technology and inlormation, both in LAC and in other 
countries, and search for exchange mechanisms. 

f. Identify and assume common positions regarding intellectual property rights on 
products and materials resulting Irom research carried out by the Fund, in 
consonance with the laws 01 each country member. 

g. Facilitate training and communications with nonmember institutions. 

8 



The Role 01 CIAT 

CIAT has been instrumental in coordinating the process that gave life to FLAR. It was clear 
¡hat the Center has a grea! deal of credibility among regional rice institutions and, together 
with IRRI, is seen as a fundamental piece in the irrigated rice research structure. For the 
stability 01 FLAR, CIATs participation is basic. 

First, and more importantly, CIATs participation gives FLAR the reliability and credibility 
needed for such international elfor!. 

Second, il can also provide the institutional mechanisms to gather the resources. The 
Fund has been created through bilateral agreements between each institution 
representing a participating country and CIAT. But the Fund does not have legal status. 
Once the Fund is created, CIAT makes it legally viable al the internationallevel by 
contracting, buying, selling, etc. 01 goods and services in the name 01 FLAR. 

Third, CIAT will house sorne 01 FLAR's scientists at headquarters and will also lacilitate, 
at a charge, the use 01 infrastructure and know-how for germplasm exchange, breeding 
activities and secretariat tasks (monitoring Ilow of lunds, accounting, etc.). 

The Participants 

Early in 1994, CIAT coordinated the process to create a mechanism to support irrigated 
rice research activities lunded by the prívate sector of LAC. Four countríes showed their 
lirm commitment from the begínning tp bring FLAR into existance: Brazíl, Colombia, 
Uruguay and Venezuela. In these countries, unions between public programs of research 
and extension wíth prívate producer organizations have be en successful and are well 
consolidated. Another institution, IICA, also decided to join the elfor!. These were the 
founding participants 01 the Fund. 

There is consensus among founding participants that the financial contribution to the 
Fund should be related to Ihe amount of rice produced by each country member bul also 
that short and long term benelits should be proportionate lo Iheir slakes. 

Contributions were sel as lollows: 

A fixed amount of US$20,000 per year 01 participation 

A variable contribulion correlated lo paddy rice production: for each 400,000 Metric 
Tons, the representative institution from the country will pay US$5,OOO per year of 
participation. 

Resources pledged lor 1995 are as follow: 

Brazil US$70,000 
Colombia US$40,000 
Uruguay US$30,000 
Venezuela US$30,OOO 
CIAT US$40,OOO plus hall time 01 the RP leader (some US$55,OOO) 
IICA US$50,OOO 

Total yearly pledges US$315,OOO 
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Other countries were directly visited during Ihe process. where the rice sector is relatively 
well organized and Ihere is an important public eflort being supported by rice producers: 
Argentina, Ecuador and Dominican Republic. These countríes are almosl ready lo join. bul 
could nol make Ihe delinite commitment this past January 16. when the Agreement 01 
Acceplance lor membership in FLAR was signed. The Dominican Republic was even 
represented in the signature. The steering committee decided to aUow until Ihe end 01 
February lor additional participants lo pledge resources as founding members with full 
representalion in Ihe committees during 1995. Along with them. Costa Rica and Guyana 
received relevanl material. 

Benefitiaries from FLAR's Activlties 

FLAR is based on the principie that all founding partners participate in the decision making 
process with equal voting power. The activities promoted and executed by the Fund will be 
01 common inlerest and, therejore, decisions should be reached by consensus.l! 
consensus is nol reached, there are clear clauses about quorum and condilions to decide 
by the vote o! a majorily. 

However. the contributions 01 each country is correlated wilh its ability to pay: higher rice 
produclion implíes higher royaltíes and benelits and therelore, higher contribulions. It 
was also agreed thal Ihose Ihal pay more can also parlicipate more in FLAR's aclivíties. 
In each project, the amount lo be dislributed lo in-counlry activilies will be proporlional to 
the conlribution 01 each eountry. 

With respeet to intelleetual property rights, a elause was included in the Heads 01 
Agreement, by which participanls will treat FLAR's produets as public goods. A given 
country can, subject to its own internallaws, protect products within ils legal boundaries 
(including cuslom unions) and make them the subjecl 01 royalties, bul that product musl 
remain freely available lo FLAR andlor to other eountries 01 the world. 

NextSteps 

Nor¡-member countries. High priority has been placed in continuing inlormal 
eonsultations wilh representatives 01 the rice industry in the non-participaling eountries 
including representatives 01 national programs 01 agrícultural research. seed producers, 
associations 01 rice producers and with IRRI lo check Ihe provisions 01 the Heads 01 
Agreement already approved by lounding particípants and secure Iheir membership in 
FLAR. To this end. CIATs scientists will participate in a Caribbean Rice Workshop, where 
the mechanísm will be discussed wíth representatives Irom the region lo seek theír 
participation. laler in Ihe year, Central American countríes will also be visited wilh the 
same purpose. 

Other internatíonal ;nstitutions.lls participalion is also seen as very imporlan!. 
Instituions like IRRI, CIRAD, IIMI, etc. can bríng Iheír own expertise inlo Ihe group and 
contribute lo maintain a balance 01 activities towards al1 countries 01 Ihe region. 

"Technlcal workplan". This will be developed wilh inpul Irom researchers thal are 
members 01 the technical commission. That meeting was set lor March 11-14, 1995, al 
Porto Alegre, Brazil. The projecl will be linalized and approved by ¡he Steering 
Committee, when will be ready lor submittal to the donor community. The project will be 
largeted lo the Interamerícan Development Bank. 
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The main aspeets 01 Ihe teehnical agenda ¡nelude research, extension andlor training in 
topies such as: 

Securing access lo the world's elile germplasm, through INGER-LAC and other 
complementary mechanisms. 

Maintaining a well locussed breeding elforl to characterize pmgenitors and develop 
new lines with higher and more stable yields. 

Improving crop management through sound research and extension in Integrated 
Pest Management projects. 

Optimizing the llow 01 knowledge and technologies generaled by CIAT in lIs 
biotechnology unit in disease control (mainly blast). 

Conducl markel intelligence and business developmenl aclivities in traditional and 
new markel opporlunities lor member countries. 

Hiring a breeder. FLAR has advertlzed Ihe poslllon lo hlre a breeder Ihat will be based at 
CIAT's headquarters in Palmlra. 

Breeders' workshop at CIAT. Early in the second semesler 01 1995, FLAR, together with 
INGER·LAC and with CIAT's Rice program, will organize a rice breeders' workshop in 
Palmira, where elite germplasm, mainly 01 Inleresl to FLAR members, will be evaluated. 
Unes Imm IRRI's new plant type will also be displayed. Breeders Imm Ihe reglon will 
assisl logether wlth some experlenced consultants thal will be hired lo express their vlews 

Contact potential donors. They will be Identified to promote a project where the current 
Fund's resources will be used as seed capital, or collaleral, lor additional lunds in the 
ratio 01 1:2 Irom Fund pledges to donor resources. The project's duration may be longer 
than three years, in which case, a unanimous supporl Irom all participants must be 
reached to extend the Fund's lite. 

Information dissemination. The role 01 FLAR as a hub lor inlormation gathering and 
dissemlnatlon Is also crucial. FLAR constltutes a rice forum lor Ihe reglon. In thal sense, 
it has lo contribute lo organize meelings, workshops, ele. and will have its own 
newsletter, where business information, market developments and rice related news will 
be spread lo participating members. 

FLAR and Nonmember Countries of LAC 

Membership has ils benefits. While the products 01 FLAR will be public, the decision 
making process will certainly be biased by Ihe needs and objectives 01 particlpating 
countries. Some projects, such as INGER·LAC, will have a regionwide coverage and 
participation, but most 01 them will be execuled, lo a large exlenl, by participating 
countries. Information sharing is mainly designed lo lor the network 01 particlpanls. 

A critical issue is how to achleve balance In the reglon, lo ensure that strategic projects 
Ihal are not attractive lo the participants but are important to society at large, can be 
addressed. Another critical íssue ís how to maintain a balance 01 actívities tha! allevíates 
the bias against nonmember counlries that are the smaller andlor poorer in the regíon. 
These questíons are typical of any new initiative 01 this kind. The international institutíons 
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that particiapte in FLAR can play an importan! role in this regard by monitoring these 
issues and helping to make FLAR more participatory and meaningful lor Ihe region al 
large. 

Chronology of the Process 

In ilS extraordinary meeting the first week 01 December, 1993 CIAT's Board decíded to 
discontinue lunding lor irrígated rice breeding alter 31 December 1994, and advísed the 
Instítute lo seek a mechanism lor the support 01 ínternational irrigated rice research 
through contributions lrom regional, mainly prívate sector rice entilies. In a CIAT 
Management Committee meeting on December 6 and in a CIAT-wide Staff meeting on 
December 7, Dr. Nores announced that this would be one 01 his highest priorilies lor 
1994, and it would be the highesl priority lor Dr. Scowcrolt. 

The news 01 the Board's decision was delívered to Colombian collaborators by Dr. Nores 
lo a joint meeting with FEDEARROZ and ICA on 14 December 1993. They had deep 
concerns along the following lines: 

a. Why was irrigated rice cut, when it was a higher príority than savanna rice lor some 
Colombian instítutions? 

b. Why was prior consultation not made with these partners 01 25 years? 

c. Instead 01 cutting irrigated rice, why not reduce budgets to other CIAT crops 01 less 
importance lo Ihe commercial sector in Colombia and LAC? 

d. Why should CIAT support continue lor Africa when IRRI has cut supporl lor LAC? 

Clearly, a new initiative would have lo deal wilh a number 01 concerns líke these Irom Ihe 
potential parlners across LAC, who in lact had a long hislory 01 reliance on CIAT and 
now lelt somewhat abandoned. 

The primary ou!come 01 Ihal meeting included a decísion to hold a 1-2 day meeting al 
CIAT including CIAT, ICA and FEDEARROZ, lo deline a 5-year project to carry on the 
irrigaled rice work. A consultant could be hired to wrile Ihe project, hopelully lo be 
submitted by late June. II would request bridging support lor the first 18 monlhs (from 
IDB, UNDp, RF or olhers) lo give lime lor the process 01 bringing in contribulions Irom 
Ihe region-wide rice seclor. II was hoped !hal Colombia n backing could be parlayed into 
Andean support, which in turn could rally wider LAC support al Ihe upcoming LAC Rice 
Conference in March. Dr. Nores inslructed Dr. Habich lo coordinale this inler
inslítutíonal iníliative. 

Following up on this, on 16 December Dr. Habich convened an internal CIAT meeting 
(GH, MW, JC) lo formulate a strategy ler the 2-day meeting, and decíded to contract Dr. 
Luis Sanint to help organize the meeting and write ¡he project document. 

The 2-day meeting was held on 12-13 January at CIAT. It included representatives from 
FEDEARROZ (NG. DM), ICA (RA, DL. EG) and CIAT (GH, WS, MW, LS, CM, AF). Firsl, 
Ihey aired many 01 the same concerns as expressed in the meeting wilh Dr. Nores in 
December, plus a new one - the fear Ihat a campaign for funding of inlernational rice 
research would compete wilh fundíng of national research systems. This concern was 
later echoed in other countries. Neverlheless, the consensus was thal the group had no 
alternative but to try and make it work. 
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The maín díscussíons concerned a) a mechanísm tor gatheríng funds, and b) the research 
príoritias Ihat would to be addrassed. On the mechanism issue, the idea 01 a lormal 
Partnershíp was presented by Dr. Scowcroft, based on his experience in formíng such a 
type 01 association for mailing barley improvement in Australia. The Partnership is a legal 
entily existing separately from any 01 the existing collaborating instututions, with its own 
Board 01 Directors, budget and facilities (contributed by the partners). The Directors jointly 
decide the priorities, policies and procedures, and monitor progress. They also decide on 
the distribution 01 benelits, eg. the disposal 01 intellectual property rights. This in particular 
was a sensitive issue Ior CIAT (in fact, brought up with special concern during the External 
Program & Management Review team later in the yaar). However JI had to be taced. In 
the Australian case, the Partnership had reserved varielal protection rights tor just two 
years, then relaased them in!o the public domain. After discussion, both ICA and 
FEDEARROZ representatives expressed support for this type 01 mechanism, and agreed 
to help bring in support Irom other Andean country institutions, in Ecuador and Venezuela, 
before the March Rice Conterence. 

On the subject 01 research priorities, a major concern raised in Ihe meeting was thal the 
international mechanism not duplicate national elfarts. Towards Ihis end, a group 
discussion idenlified the following general areas where an international mechanism 
could make a unique contribulion: 

lnternatíonality(ability to cross borders, lo deliver region-wide benefits) 

Economíes of sea/e for costly, strategic research 

Syne¡:gy(share and build upon differenl countries' experiences) 

Strategic perspective (Iess bound by shorl-term objectives) 

Convenor/cata/yst (would have high visibility and influence) 

With ¡hese in mind, proposed goals 01 the Partnership were delineated: To develop 
technologies and policíes for more sustaínable, stable, technically-effícient, prolítable and 
environmentally-friendly rice production, delivering lower rice prices to consumers, and 
increasing LAG's competítíveness agaínst other global sources 01 ríce. 

It was al so confirmed tha! the Partnership would work on írrigated rice only. It would take 
a commodíty approach, Le. ít would look at the whole crop system, notjust germplasm. 
The other aspects could include agronomíc. postharvest, economic, marketing and 
consumer íssues. Four general categories 01 work were identified: germplasm, production 
syslems, inlormalíon/technology transler, and public relalions. Following discussions, top 
priorities were assigned to the following tasks: 

Establishment 01 the partnership, especially fundraising 

Regional rice breeding 

INGER-LAG network 

Soil-water management 

Príoritization and impact assessment 

Publications and traíning 
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On Jan. 26, Dr. Nmes sent a long letter (drafted by MW) to Dr. Lampe, IRRI DG to explain 
the Board decislon and the Partnership initiative. Responding on 21 February, Dr. Lampe 
expressed sorrow but understood the rationale behind these events. He indicated support 
in principie lar CIAT's eflort to seek support Irom the private sector and expressed a wish 
to remain informed. 

The consultant, Dr. Sanint proceeded to Cúcuta on Feb. 8 wlth NG 01 FEDEARROZ to 
dlscuss the inltlative with Venezuelan Institutions, meeting with representatlves Irom the 
Consejo Consultivo Nacional del Arroz del Venezuela, Asoportuguesa, and Aproscello. 
The Venezuelans placed a hlgh priority on a breeding position and the INGER network, 
and suggested that Ihe inter-instilutional meehanism could be relalively simple, basically 
a lunds-colleeting entity. Membership could consist 01 an entrance lee, plus an annual 
contribulion. 

Another visit was made by Dr. Saninl lo southern Brazil, Uruguay and Ihe Dominican 
Republic during Ihe lirsl week 01 March. The Parlnership idea was presented and well 
received in all three countries. Southern Brazil and Uruguay saw the exlstlng proposal 
as too "Iropicalized", and urged more conslderation 01 lemperate-zone needs. The 
intention to follow it up during the Rice Conlerenee was agreed upon. 

Duríng the IX Rice Conlerenee lar Latin America and the Caribbean, a meeting was 
organized by Dr. Sanint and held on March 25 with representation 01 Argentina (A. 
Uvore), Brazil (E. Flores and M. Rocha), Colombia (N. Gutiérrez), Uruguay (C. Mas), 
Venezuela (M. Saldivia), IICA (E. Moscardi), IRRI (G. Khush) and CIAT (GH, MW, LS). 
A general discussion raised a number 01 key issues. As Ihis was the lirst time both 
tropical and temperate countries had gathered to discuss the subjeet al the same time 
and place, Ihe diflerences in their priorities became apparent. The importance 01 INGER 
to the tropical countries (mentioned above lor Venezuela) was not equally so to the 
temperate ones, beeause the tropical germplasm emphasized by the network was not 
well-enough adapted lo the Southern Cone. The temperale countries, havlng in general 
stronger nalional breeding programs, could handle their own linished-variety breeding, 
and placed a higher priority lar the international mechanism on more strategic research 
on novel traits (such as cold tolerance and sheath blight). 

So that they could elfectively convince their own constituencies 01 the importance 01 the 
international mechanism, the participants felt that a carelul assessment 01 priorities 
would be necessary (needs assessment). It was agreed to hire a consultan! (F. Cuevas) 
lar this purpose, with $5,000 support Irom IICA. The needs assessment would then be 
used to develop a propasal to the region. 

The meeting participants also expressed a preference fm a simpler mechanism than the 
formal, legal Partnership. FoUowing on the earlíer indication 01 Venezuela, the concept of 
a simple Fund began to emerge as the prelerred mechanism 01 the initiative, at leas! in 
its start-up phase. This could lollow in general the example 01 the sugarcane industry. 
Sugarcane growers and processars associations Irom around the world (both developed 
and developing countries) pool funds lor biotechnology research, as explained by Dr. 
James Cock in a meeting with MW. 
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Also al Ihe IX Rice Conlerence, in a special plenary session discussing institutional 
change in rice research, the initiative was explained by Dr. M. Winslow, in substitution for 
Dr. Scowcroft. A paper on the subject is being published in the Proceedings. Dr. Habich 
also addressed the plenary sessíon on the Board's decísion and changes at CIAT. 

As Ihe iníliatíve was now lakíng more concrete shape, and to avoíd givíng any impression 
01 exclusivity, Dr. Habích prepared a circular lo be sent across the region lo all CIATs rice 
collaborators describing the initialive lO dale. II was sent on 4 April lo a mailing list olover 
400 supplied by Ihe Rice Programo On 3-8 May Dr. Habich mel with Ihe Board 01 Direclors 
of Procisur and furlher explaíned the inilialive to southern cone NARlleaders. 

Dr. Winslow also presented the concept to Ihe US rice research community at the 
Technical Meeting in New Orleans in March, and to global rice ccuntry and institution 
representatives at the FAO Rice Technical Commission meeting in September, in Rome. 

Dr. Cuevas' needs assessment consultancy was carried out in two meetings, one fer the 
tropical counlries in Caracas on 22 April, and and another fer the lemperale countries in 
Concepción del Uruguay, Argenlina on 11 May. Gíven the prior awareness of differing 
needs 01 tropical and temperale counlries, the emphasis was on idenlifying a few key 
topics which cul across and inlerest bolh sub-sectors. Blast and sheath blight were 
revealed as the top cross-cutting subjects. However, Dr. Cuevas noted that Ihe on-farm 
impacts 01 these research actívitíes might be a long time in coming, and recommended 
Ihal the initialive help towards the identificalion 01 ímproved varieties for quick release, as 
parlicularly suggested by Ihe tropical counlries. This would generale Ihe visible impacl 
thal would probably be critical fer Ihe luture survival 01 the iniliative. 

Based on thís, Dr. Sanínt drafted a proposal focusíng on blast, sheath blight and grain 
discoloration, for $500,000. On 28 June, Dr. Winslow modified and developed this 
lurther into slandard CIAT formal lo include blasl, shealh blight, and improved gene 
pools, which required a budget of $871,000 per year, including $335,000 for in-country 
research and Iraining expenditures. These lormed Ihe basis for subsequent, iterative 
discussions with the countries involved. A meeting was tentatively planned for 11 
August, but could not be realized due to summer travels 01 various participants. 

August, 1994. Changes in IRGA's representatives and prohibition 01 brazilian public 
servanls to travel on official business for the rest 01 the year. 

November, 1994. Rice program leader (L.A. Saninl) Iravels to Brazil, Argentina and 
Uruguay, where he gets written commilment Irom alllhree countries to participate. 
Argentina has problems meeting the deadline 01 January, 1995. He also travels to 
Venezuela to secure its parlicipation. 

January 16, 1995. The Act 01 Agreement to constitule Ihe Latin American Irrigated Rice 
Fund, FLAR, ls signed al CIAT by representatives from Brazil, Colombia, Uruguay, 
Venezuela, IICA and eIAT. Also present al the act there were Colombian offlcials Juan 
José Perfetti, Viceminister 01 Agrículture, Alvaro Balcázar, Jefe Unidad de Desarrollo 
Agrario-DNp, Juan Manuel Ramírez, Director-ICA, Germán Aya, Director Regional 9-
Corpoica, Edmundo García, breeder-ICA, Michel Desmidts, project officer-IDB. Two 
observers came ¡rom the Dominican Republic: José Bisonó, rice farmer, and José 
Sánchez, President Mingoló Rodríguez larmers' association. 
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o 7 JUL. 1995 

B. ACTIVITY RL01: GERMPLASM DEVELOPMENT 

» 
Abstract. Characterization 01 traits closely associated with high yields. includíng early 
vigor, and moderate tillering will enhance the opportunilies lo increase Ihe yield potenlial 
in our regional germplasm adapted lo the diverse direct-seeded conditions lound 
throughout LAC. A recurrenl selection projeCI lo increase the yield potential 01 lowland 
rice inilialed in 1993 provided Ihe elements to build lour new base populations which will 
be distributed lo key NARs in 1995. There are differences among Ihese base 
populations, mainly in terms 01 their genelic background and the cytoplasm source. 
Breeding activities in collaboration wilh ICAlCORPOICA IFEDEARROZ in Colombia led 
to the release 01 Oryzica Yacu 9 as a variety lor irrigated conditions lor so me areas in 
Colombia while collaborative activities with ICTA in Guatemala led to the identification 01 
two promising lines that will be released as varieties in early 1995. Advanced breeding 
lines combíníng resistance to rice blast, Tagosodes oryzicolus, RHBV, high yíeld potentíal • 

. and good graín qualíty were identilied and will be distríbuted to NARs in 1995. The 
'lñheritance 01 the resístance to Tagosodes in Makalioka and Mudgo was studíed; results 
suggested that resistance may be under the control 01 a single dominant gene modilied by 
a minor gene whích affects the expression of the resistance depending on the plan! 
genotype and length 01 exposure to Ihe insect. Anther culture conlinued to be used as a 
breedíng 1001 to bridge wide crosses, develop germplasm tolerant to low temperatures, 
and produce doubled-haploids suitable lor RFLP and PCR-based gene tagging. The rice 
anther culture lab. processed 321 entries lor Ihe various projects 01 the breeding program 
and generated about 19.000 green plants. A course-workshop on anther culture was held 
at CIAT to share CIArs knowledge and experlise on using AC in breeding, and to 
stimulate closer collaboration between lissue culturists and breeders. The analysis on the 
genelics 01 AC response was completed. Results corroborate the simple inheritance 01 
AC response reported in other works; it is proposed that the AC response could be 
inherited as an incomplete dominant traíl. Co-segregating analysis indicated that it ís 
possible to recover plants combining high response to AC (up to 70% callus induction and 
90% green plant regeneration) and grain type characterístic of true-indica. Results also 
suggested that gene(s} encoding lor callus induction, plant regeneration, and grain length 
segregate independently. An study conducted to assess Ihe contribution 01 the cytoplasm 
source in relation to AC response showed that the indica/indica combination responded 
significantiy lower than the indica/japonica or the japonica/indica combinatíons lor callus 
induction, total number 01 plants/anther, and number 01 green plants/anther. Results Irom 
dífferent experiments confirmed that AC is under genetíc control, and tha! the cytoplasm 01 
the lemale parent in a cross combination is very important; besides, high response to AC 
can be translerred to non-responsive types. Therelore, through a recurrent selection 
scheme it is possible to develop indica gene pools responsive to AC. 

Research Actlvities 

Rice is the mos! important lood grain crop in tropical Latin America (LAC), where most 01 
the region's poor are concentrated. Lowland rice accounts lor about 70% 01 the region's 
total rice production. Improved lowland varielies have reduced the cost 01 rice by 40% 
over the past 25 years, mainly due to CIAT activity done in close collaboration with 
national agricultural research and development instítutions. The benefits 01 this research 
go mainly to consumers (67%) and particularly lo the poor, who spent about 10% 01 their 
lolal income on rice. The percentage 01 CIAT- generated germplasm achieving varietal 
release has increased steadily overtime, Irom 9% during 1967-71 to 50% overthe last 

16 



live years. During the las! !wo years, the rate reached 65%. The basic dynamics 01 the 
irrigaled rice sector, and breeding lines already in Ihe pipeline, suggest that this proven 
record 01 impact will continue in the near future. 

A number 01 exciting new traits are being generated within the rice program in other 
inlerdisciplinary projecls, and as well as globally which promisa to continue Ihe 
remarkable record 01 pasl and presanl impact. Those importan! naw Irails, however are 
usually in genelic backgrounds that are not-well enough adapted to LAC diract seeding 
conditions. Therefore, !his project will combine the lotal sel 01 Iraits into gene pools 
adapted to LAC lowlands. Tralls to be added inelude grealer yield potenlial, a new plant 
type lor dlrect seeding, traits to enhance weed control, more durable resistance to blast, 
diversilied resistance to Tagosodes and RHBV, beller grain quality in sub-tropical zone, 
and possibly novel sheath blight resistanee. 

A decision made by CIATs Board 01 Trustaas lo discontinue core funding lor this projact 
afler 1994 lad to unavoidabla cuts in support staft and in operating budget, which 
impeded our work. Despita these setbacks this project was able to continue to show 
major impact through research done in kay areas. Results Ior 1994 are presentad and 
díscussed following four broad categorias, mainly: improved germplasm lor the tropical 
lowlands, population improvemenl, biotachnology, and diversifiad resislance to Tagosodes 
and hoja blanca virus. 

Improved Germplasm for the Tropical Lowlands 

This conventional pedigree breeding work is done in collaboration with ICAlCORPOICA 
and FEDEARROZ in Colombia and with ICTA's rice program in Guatemala. Tha 
objectiva is lo davelop high-yialding garmplasm adaptad lo irrigatad and rainfed lowland 
conditions, tolerant to major diseases and insect pests, with goOO grain qualily, and early 
to intermediate growth duration. To ensure good disaase pressure "hot spof' sitas are 
used Ihree in Colombia and two in Guatemala. Promising lines are made available to 
other NARDs through INGER. and serve as potential varielies or as parents in crossing 
programs. The continuity of this breeding work will depend on finding naw funding 
sources. 

Alter three years 01 intensive testing and evaluations in larmer's lields, CIAT/ICAI 
CORPOICAlFEDEARROZ decided lo release the breeding line CT 8837-1-17-9-2-1 as 
Oryzica Yacu 9 lor commercial plantings in the Tolima-Huila and Cauca Valley areas. 
Oryzica Yacu 9 outyielded several eommercial checks (Table 1) and showed a high level 
01 resistance lo rice blasl (P. oryzae) and excellenl milling and eating qualilies; it is also 
resistant to IOOging. This new variety is susceptible 10 rice hoja blanca virus and 
moderately susceptible 10 Tagosodes oryzicolus under controlled lab. conditions; however, 
under lield condilions il has shown a good level 01 tolerance. 

A total of 200 crosses were made lo recombine resistances to several biolic and abiotic 
slresses; however, 22 01 them were interspecific crosses between cultivaled rice and 
some wild rice species (O. rufipogon, O. glaberrima, O. barthii and o. minuta) wi!h Ihe 
aim 01 introgressing into eul!ivated rice some importanl plan! Irails lound in the wild 
populations such as resistance to rice blast, bacterial blight resistance, plan! hopper 
resislance, early vegetalive vigor, and drought avoidance. A backcrossing program to 
cultivated rice with the aid 01 molecular markers will be used lo idenlily and select best 
recombinants. 
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Following a shuttle breeding approach F2. F3. F4 and F5 populations comprising around 
500 crosses were planted and evaluated at CIAT-Palmira, Santa Rosa- Villavicencio and 
Saldaña-Tolima. Over 4,700 planl selections in F5-F6 generations and 150 bulk
populations were selected lor lurther testing next year. 

A Ihree-year evaluation 01 156 potential new donors lor the irrígaled crossing program was 
completed. Data are being analyzed specially in terms 01 disease resislance and yield 
potential to selee! best donors lo be incorporaled inlo the germplasm bank. A complete 
sereening 01 Ihis bank wiU be done early in 1995 lo up·dale data, speeially on disease 
reaetion. 

On !he other hand, given ¡he inerease demand lor rice germplasm suitable lo differen! 
agroindustrial uses, a group 01 93 enlries with diverse grain traits was put together lor 
evaluation in CIAT-Palmira and Santa Rosa. Entries were evaluated lor grain shape and 
length, gelatinization temperature. amylose content, disease and insect reaetion, yield 
potential. flowering, and plan! height. This nursery and the eharacterization will be made 
available to interested parties through INGER during 1995. 

In collaboration with ICTA, breeding activities in Guatemala were conducted al Cristina 
and Cuyuta. Bias! incidence and drought stress at the seedling slage were severe in 
Cristina where blast susceptible checks had a 8-9 reaetion. while Oryzica Llanos 5 
showed a resistant reaction; besides. leal scald and false smut were also important at 
flowering time. Disease pressure was low in Cuyuta, allhough lodging was high. Around 
850 lines in the F3, F4 and advaneed generalions were evaluated in Cristina resulting in 
a selection index ranging Irom 22 to 36%. Nine promising lines were evaluated in 18 
sites in demonstration plots; lines CT 9807-3-5-1-2-M, CT 9145-4-21-5P-1MI. CT 9841-
6-1-1 P-41-MI and CT 8240-1-3-9p·21-41-11-MC did very well; on the other hand. another 
set 01 16 lines was evaluated lor the lirst time in regional trials in 18 sites; best lines in 
this group were: CT 9506-38M-6-1-M-2-1 P. CT 8837-8-5C-l C-3C-l C-MC, CT 8837-8-
4C-2C-3C-4C-MC and CT 9852-3-21-1-1 P-MI. Purilieation and produetion 01 breeder 
seed Irom these lines will be done in 1995. A total 01 62 advanced lines were evaluated 
in observational yield plots in Cristina and Cuyuta. Early in 1995 ICTA will release Unes 
CT 8008-16-3-1 P-51-51-MI and CT 6543-4-71-41-71-MI to replaee current varieties such as 
Precoz-ICTA, ICTA-Polochic. and ICTA-Motagua which have become very susceptible to 
rice bias!. 

Population Improvement tor Irrigated Alce 

CIATs rice breeding program lor irrigated rice has mainly used the pedigree method and 
occasionally the backcross method. It is widely believed that this strategy restricts the 
achievement of lavorable new gene combinations. By using a "population improvement 
approach", novel combinations can be achieved and gradually pyramided ¡nto an ever
improving yel genetically broad-based population. This approach requires that a larger 
number 01 crosses be made to gradually recombine desired genes and handcrossing 
may be a limiting factor. However. this can be overcome by using genetic male sterility. 
Several populations for irrigated conditions have been developed by CIRAD-CAI 
EMBRAPA using genetic male sterilíty. The objective of this activity is to use these 
populations and another one developed al CIAT to form different new populations to suit 
diverse needs found in the irrigated ecosystems in LAC. Anther culture will be used to 
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rapidly flx superior genotypes extracted from these populations. Breeders in national 
program may evaluate and use these populations lo suit their own needs. The conlinuity 
01 Ihis activity after 1995 will depend on the availability 01 new funding sources. 

Fourteen parental sources lor high yield potential were idenlified in 1993 (Rice Program 
Ann. Report 1993) and crossed in different combinations to CIRAD-CA's gene pools and 
WC 232'5 - Early (CIATs irrigated tine) to form new base populations (Table 2). Some 01 
these parental sources (B4353C-KN-7-0-0-2. BG 989. PNA 1004F4-33-1, OR 83-23, 
Perla (Cuba). RP 2087-115-10-5-1. and Morelos A88) had nol been used belore in our 
irrigated breeding program and therefore, represent new gene sources lo broaden Ihe 
genetic base 01 irrigated rice in LAC. 

There are differences among these new base populations, mainly in terms ollheir 
genelic background and Ihe cytoplasm source. Populations PCT-6, PCT-7, and PCT-8 
are similar in the sense that they share the same source 01 male sterility (IR 36). while 
RL 01 derived its male sterility Irom a mutant tine 01 Tox 1011-4-1 obtained through 
mutagenesis. This induced male sterility was translerred through backcrossing to an 
improved CIAT's line (CT 6047-13-5-3-4M) for irrigated conditions; this particular 
breeding tine was used as ¡he recurrent parent because 01 its resistance lo several 
diseases and insec! pests, goOO plant type, high yield potential. and goOO grain quality. 
Population PCT-6 was derived Irom IRAT Mana (a tropical indica population developed 
by the introduction 01 15 genotypes well adapted to the French Guyana's conditions), 
while populations PCT-7 and 8) have essentially the same genelic background and were 
inilially developed lrom 9 indica genotypes. Seed 01 the new base populations (PCT-6. 
PCT7. PCT 8 and RL01) will be increased lor distribution lo some key partners in the 
region in 1995. Furthermore. the gene pools IRAT MANA, IRAT 1/420. CNA-IRAT 4/2/1, 
IRAT Med A. and CNA-IRAT PillO were evaluated lor yield potential and response to 
anther culture. Individual lertile plants were harvested in these populations and planted 
in two-row plots. Yield data is being analyzed while the response lo anther cullure will be 
discussed together with some other activities related to anther culture. 

Two hundred grams 01 seed lrom IRAT MANA, CNA IRAT 4/211, and CNA-IRAT P/l/0F 
were sent to national programs in Guatemala (ICTA) and Panama (IDIAP) lor evaluation 
under lavored upland conditions. Data Irom Guatemala (based on disease reaction. 
plant and grain type. and yield potential) indicated tha! CNA-IRAT 4/211 was belter 
adapted to local conditions found there and was selected for further evaluation in 1995; 
30 lertile plants were selected for tine development and seed Irom sterile plants was 
bulk-harvested. 

Biotechnology 

Rice anther culture. This lechnique has proved lo be uselul to accelerale Ihe 
introgression 01 desirable trails into breeding populations resulting in substantial savings 
in breeding time. Previous work done al CIAT indicates that anther culture (AC) has 
proved lo be useful in accelerating the development 01 germplasm toleranl lo low 
temperatures with excellent graín quality; íncreasing Ihe recovery 01 useful recombinants 
from wide crosses including resístance lo rice blasl (P. oryzae) and rice hoja blanca 
virus, and drought tolerance; and facilitaling Ihe productíon 01 doubled haploid tines 
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suitable lar RFLP -and PCR- based gene tagging. The methodology optimizad (Sanint et al, 
1993; Lentini et al, 1994) shows a significan! progress in severallines 01 research . 
Following are reported the maln activities conducted durlng 1994: 

Bridging wide crosses and development of cotd tolerant germplasm. We are using 
anlher culture to help broaden the genetic base 01 irrigated rice in LAC by lacílítating 
interspecilic crossing and gene recombination. In this activity we are trying AC lo enhance 
introgression 01 novel blast reslstant genes from substitution/addition lines developed by 
IRRI through its wide hybridization project. Lines selected in 1993 were re-tested in Santa 
Rosa in 1994 but only one líne (WHD 15-75-1-127) continued to show high level 01 
resistance lo bias!. 

This year the Rice Anther Culture Laboratory (RACL) proeessed 321 entries for the 
various projeets 01 the breeding programo This ineludes 47.5% lar the recurrent selection 
(durable blasl resístance). and indica X japonica crosses lor the irrigated new planl type 
projects); 21 % Ior the sabana; 7.4% lar single seed deseen! blast resistant projeet; while 
14.4% are Fl and F2 populations Irom crosses made at IRRI lo be used in gene
mapping 01 traits related to submergence and drought toleranee. This is a eollaborative 
researeh project with several advanced labs. with funding from Aockefeller Foundation. 
The remaining 10.1% are IAGA breeding lines. The AACL generated about 19,000 green 
plants wilh 4 technicians Irom January to October 1994. Data from the last two months is 
being analyzed. In contrast, about 4,000 plants were produeed last year during the same 
period 01 time even though we had 5 technicians. This year the medium containing 
maltose and silver nitrate was implemented routinely at large scale. Data will be analyzed 
lo determine if the increase in efficiency lor production 01 green plants is due to the new 
medium or/and the genotypes processed. 

About 1,000 doubled-haploids lines produced by RACL were evaluated by the rice 
breeding programs 01 Argentina (INTA), IRGA (Brazil), INIA (Chile) and INIA (Uruguay) 
under different environmental conditions in the lield. Their dala lar 1993/94 indicate that 
from 9% to 17% 01 the OH lines were selected and some 01 these line are being advanced 
lo yield trials for further selection in 1994/95. Additionally. over 2,000 new DHs were sent 
to this region last year lar Inltial evaluation in 1994/95 crop season. Breeders indicated 
that the DH population showed a suitable gene tic diversity to accelerate the selection 
process and stated their interest in including AC derived plants in their programs. Thus, 
the AC-derived lines generated by the RACL could be effectively used to quickly generate 
parents combining a range 01 characleristics lar CIAT's breeding program and advanced 
lines lo be distributed to National Programs to help them to develop varieties. This way AC 
would aid Iilling the gap originated when the Program moves away from producing finished 
Unes through pedigree towards germplasm developmen!. 

Genetic factors affecting response to anther culture. Studies on the genetics of AC 
response were conducted through dialell and backcrosses (BC) inheritance analyses using 
14 single crosses between true-indica (non-responsive) and japonica (highly responsive) 
genotypes. F1 (and their corresponding reciprocal cross) and F2 generations, and 
populations with one, two or three SC's to each parent were examined. The co
segregation 01 AC response and grain type was also evaluated. Results corroborate lhe 
simple inheritance 01 AC response reported in other works. Most F1 generations showed 
an intermediate response between the high-responsive and the non-responsive parents 
(Tables 3 and 4). Thus, the AC response could be inherited as an incomplete dominant 
trai!. A more rigorous analysis of the data will be conducted using a generation mean 
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analysis to determine the number 01 genes and the inheritance 01 thís trait. Matemal 
effects (crosses with CT 8707, Table 3) and combinatory ability effects (crosses with CICA 
8 respect to those with Oryzica 1, Table 4) were noted in some crosses. The AC response 
increased in the BC to the responsive parent Oaponica), whereas it decreased in the BC to 
the non-responsive parent (indica), as expected due lo Ihe simple genetíc control. But Ihe 
level 01 decrease in AC response respect to the F1 depends on Ihe indica genotype used 
as the backcross parent (Table 4). Co-segregation analyses indicate that it is possíble to 
recover plants combining high response to AC (up to 70% callus induction and 90% green 
plant regeneration) and grain type characteristic 01 true-indica rice (up to 8.7 mm length) 
as early as in the F2 generation and subsequently, in the BC-indica generations (Table 5). 
Plants with high callus induction andlor green plant regeneration, and long grains were 
recovered Irom the segregating generations indicating that the gene(s) encoding lor caUus 
induclion, plant regeneration and grain length segregate independently. Some plants 
combining high AC response and indica-grain type were selected and will be used as 
parents lor crossing with least responsive genotypes. Results indicate that Ihe high 
response to AC can be translerred into non-responsive genotypes. Therelore, the 
development 01 an indica gene pool with increased AC response could be leasible through 
recurrent seleclion. 

An study was conducled to assess the conlribulion 01 the cyloplasm source in relalion to 
the response lo anlher cullure using various crosses from the breeding programo Three 
genotype combinations were used including 23 indica/indica crosses, 31 indica/japonica, 
and 31 japonica/indica. The indica/indica crosses responded significantly lower than the 
indica/japonica or the japonica/indica lor callus induction, total number 01 plantsfanther, 
and number of green plants/anther (Table 6). Although no! statis!ically significant, a 
higher response for all the parameters evaluated was noted when using a japonica as 
the female parent, suggesting possible maternal effects depending on the genotype 
used (Table 6). Therefore in rice breeding with AC, the inclusion 01 a japonica parent 
may improve the application 01 this !echnique to a wider range 01 crosses. 

The response to AC of fíve gene pools developed by CNAlCI RAD-CA (indica pools #1, 
#2, and #3; japonicalindica pool #4; and japonica pool #5, Table 8) including a total 01 
258 crosses was evaluated using the two induction media (N6m and NL) previously 
optimized with a more reduced number 01 genotypes. The NL medium induced a 
signilicantly higher calfus lormation than the N6m (Table 7 and 8). However except lor 
the pool #5 Oaponica), the differentiation of green plants per callus was higher with N6m 
respect to NL (Table 7 and 8). Nonelheless, the efficiency 01 recovering green planlsl 
anlher was nol slatistically different although it tends lo be hígher with NL as result of a 
hígher callus inductíon from thís medium. Al present, different medium compositíons are 
being evalualed lo attempt to increase Ihe green plant differentiation lrom calli induced 
on NL 

Transfer to NARs of the anther culture methodology optimízed at CIAT. A lirst 
course-workshop on Anther Culture for Rice Breeding was held al CIAT on February '94. 
This is parí 01 the two-year transfer project sponsored by the Rockeleller Foundation. 
Twenty participants from 10 institutions 01 8 counlries assisted. Each Instilulion was 
represented by a breeder and a specíalisl on plant tissue culture. The workshop was 
designed to share CIATs knowledge and technical experlise on using AC in breeding, 
and lo stimulate c10ser collaboration between tissue culturists and breeders. Cross
country collaboration was also encouraged. The second workshop will be held in 
Argentina and Brazil, with a short lield visit in Uruguay. For this event, twenty one 
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parllcipanls lrom 11 instllutions will attend. The emphasis will be on Ihe participant's 
experience using the teehnique and field evaluations and seleclion 01 doubled-haploids 
lor breeding. Three invited speakers wíll participate to share their experlence in the use 
01 AC at large scale In breeding (CIRAD, Guadalupe), the development 01 the firsl cereal 
(wheat) variety in Brazil through AC (CNPT, Río Grande do Sul), and the improvement 01 
response 01 indica AC (Universidad de Corrientes, Argentina). A Manual was prepared, 
and a revised version (English and Spanish) will be ready lor International distribution by 
Mareh 1995. The preparation 01 an audio-tutorial video on Ihis subject was initiated on 
early Deeember. The video should be ready by mid-1995, and it is prepared in a didaetic 
way to complement the inlormation contain in the Manual. 

Olversifled TagosodeslHoJa Blanca Reslstance 

Rice hoja blanca virus (RHBV) causes severe recurrent epidemics in the Andean, Central 
American and Caribbean countries 01 tropical LAC. 11 is transmitted by Tagosodes 
oryzicolus, which can also cause serious feeding damage aven when not virulilerous. 
Usually rice larmers use pesticides to control lhe insecl vector, even when the problem is 
nol apparent, as "insurance". 

Resistance to Tagosodes and RHBV in breeding populations. This activity was carried 
out in conneclion wilh Projecl5, and its main objective was lo test segregating populations 
and advanced breeding lines lor resistance to both leeding damage per se and RHBV. A 
lield technique was used to mass -screened advanced breeding lines tor resistance lo 
RHBV. Susceptible and resistanl checks were planted every 40 testing ¡Ines. A total 01 10 
cages, each wlth 100 pots were used to multiply the vector colony; pots were then earried 
to Ihe lield and shaked over the lesting material to spread the vectors as unilorm as 
possible; the percentage 01 insecl vectors in the colonies used lor the screening in 1994A 
and 19948 was around 85% and the disease pressure was high and quite unitorm as 
shown by the reaction 01 both susceptible and resistant ehecks. 

A total 017240 breeding lines were screened lor resistan ce to RHBV and 2572 (35%) 
showed a resistant reaction (1-3); many 01 resistant advanced lines originated Irom 
crosses that combined different sources 01 resistance to RHBV like Colombia 1, 
IRAT 122 and Colombia 1/M312A. 

Besides, three experimen!s were eonducted under greenhouse conditions to evaluate the 
effect 01 plant age on the level 01 resistance shown by several sources 01 resistance and 
breeding lines. Data is being analyzed and will be reported next year. 

The test tor resistance lo teeding damage caused by Tagosodes was done under 
greenhouse conditions using the standard seedbox screening test with a virus -free 
colony. Tests entries were sown in wooden tlats Iilled with soil; susceptible and resistan! 
checks were also sown randomly in each seed box. Test inseets, in number sufficíenl lo 
kili the susceptible checks were uniformly distributed onto 15 days old seedlings. The 
Insect damage was graded upon Ihe dealh 01 the susceptible cultivar. A lotal 01 4484 
breeding lines were avaluated and 46% (2052) were rated as resistanl (1-3). A group 01 
360 advanced breeding lines was identilied as resistanl lo both Tagosodes damage and 
RHBV. A nursery will be up lor distribution to NARS in 1995, specially lo those countries 
where RHBV has come back. 
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Genetics 01 resistance to Tagosodes oryzicolus. The inheritance 01 the resistance lo 
Tagosodes in Makalioka and Mudgo was studied; these cultivars were crossed wilh IR 8, a 
susceptible variety. Based on the F1 and F3 data (Table 9) and the reaction 01 the 
resistant eultivars it was proposed tha! resistance in both cultivars is controlled by a 
single dominant gene (AA) accompanied by a modifíer gene (BB). This modílier gene 
affects Ihe expression 01 the resislance depending on Ihe plant genotype and length 01 
the exposure to the insee!. In the case 01 Mudgo it was suggested that the modifier 
gene is presen! in a recessive lorm (bb) but in a dominant lorm (B8) in Makalioka. In ils 
recessíve lorm, the modifier gene speeds up the expression 01 the suseeptibílity to 
Tagosodes. 

Furlhermore, several crosses were made to study the ínheritance 01 the resistance in IRAT 
120, IRAT 124, and Amistad 82; F2 and F3 seed ís beíng produced. 
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Table 1. Mean yield 1 (kg/ha) 01 several breeding lines in Ihe Tolima-Huila area in 
Colombia in regionallrials under irrigated conditions from 1992 lo 1994.2 

Slles 
Breedíng línes/checks Meseta Tolima Sur Huila Mean 

Ibagué yield 

CT5748-38-2-1-2 6.597 5.356 6.183 6.045 f 
CT8008-16-1 0-1 OP 7.640 6.173 6.326 6.642 bc 
CT8008-16-3-3P 7.747 6.302 6.952 6.916 abc 
CT8837-1-17-9-2-1** 7.800 6.484 6.814 6.983ab 
CT9162-12-6-2-2-1 8.503 6.077 6.869 7.055 a 
IR22 6.526 5.210 5,411 5.605 g 
CICA 8 7.084 6.109 6.779 6.615 cd 
ORYZICA 1 7.061 5.381 6.196 6.101 f 
ORYZICA3 7.731 5.322 6.404 6.505 de 
ORYZICA LLANOS 5 6.966 5.427 6.727 6.270 el 
Regional Trials (No.) 5 8 7 20 

1- Differences at tha 5% level according te Ouncan's test 
2. Source: ICAlCORPOICAlFEDEARROZ. 

Oryzíca Yacu 9. 

23 



Table 2, New base populations formed tor tropicallowland ecosystems in LAC, 

Original 
into population 

IRATMANA 

IRAT1/420P 

CNA-IRAT 4/211 

WC 232'5-Early 

Populatíon 
source 

CIRAD-CA 

CIRAD-CA 

EMBRAPAI 
CIRAD-CA 

CIAT 

(CT 6047 -13-5-3-4-M'5) 

New population 
name 

PCT-6 

PCT-7 

PCT-8 

RL01 
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Cultivars introduced 
new population 

B4353C-KN-7-0-0-2, BG 989, 
El Paso 144, PNA 1004F4-33-1 

Oryzica Llanos 4, OR 83-23, 
Perla (Cuba), Oryzica 3, 
Moralos A88, RP 2087-115-10-
5-1 

Oryzica 3. B4353C-KN-7 -0-0-2, 
BG 989, PNA 1004F4-33-1, OR 
83-23, RP 2087-115-10-5-1 

Oryzica 3, Oryzica Llanos 4, 
BG 989, Perla (Cuba), El Paso 
144, and S4353C-KN-7-0-0-2 

B4353C-KN-7-0-0-2, CT6241-
17-1-5-1, SG 989, Oryzica 
Turipana 7, PNA 1004F4-33-1, 
5685, OR 83-23, Perla (Cuba), 
RP 2087-115-10-5-1, SR IRGA 
410, BG 90-2, El Paso 144, 
Oryzica 3 and Morelos A88 



Table 3. Anther culture response 01 crosses between CT 6241-17-1-5-1, Todoroki Wase 
and IR 43. 

Parant or eross Calli ('Yo) par anther Grean plants ('Yo) per callus 

IR 43 O.Od 0.0 d 
CT8707 0.0 d 0.0 d 
CT6241 19.8 b 43.9 a 
Todoroki Wase 42.2 a 28.8 b 

IR 431CT8707 0.0 d 0.0 d 
CT870711R 43 0.0 d O.Od 

CT6241ITodoroki 58.3 a 28.3ab 
Todorokil CT 6241 65.2 a 23.2 ab 

CT8707ITodoroki 2.2 bed 0.0 d 
T odorokilCT 8707 15.9 be 3.3ed 

CT8707/CT 6241 6.6 bed 3.3 ed 
CT6241/CT 8707 11.8 bed 0.0 d 

IR 431T odoroki 15.4 b 12.3 be 
Todoroki/IR 43 17.9 b 12.8 b 
TodorokillR 43 F2 12.7 be 11.7 b 
TodorokillR 43/11R 43 5.2 e 7.2 e 
TodorokillR 431ITodoroki 24.9 b 17.6 b 

IR 43fCT 6241 13.9 be 11.9 be 
CT624111R 43 13.4 be 22.1 b 
CT624111R 43 F2 4.5 cd 7.5b 
CT624111R 43111R 43 5.4 e 7.9b 
CT624111R 4311CT 6241 12.3 be 15.9b 

Means with the sama lattar are not significantly different according to Waller~Duncan K~raüo test, p.s. 0.01. 
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Table 4. Anlhercullure response 01 crosses between GT 6241-17-1-5-1, Oryzíca 1, and 
CIGA8. 

Green plant (%) 
, Genotype or cross Induetíon (%) Regeneratíon 

Oryzíea 1 0.0 h O.Od 
CICA S 1.21gM 1.0d 
CT 6241 33.9 a 11.8 abe 

CT 6241/CICA 8 F1 19.4 be 23.4 a 
1 BC CICA 8 13.5 be 4.6 bed 
2 BC CICA 8 5.9 del 2.8 ed 
3BC CICA 8 5.2 del 9.5 abe 
1 BC CT 6241 17.4 be 9.5 abe 
2 BC CT 6241 12.2 be 9.3 abe 
3 BC CT 6241 22.5ab 16.5 ab 

CT 6241/0ryzíea 1 Fl 31.6 a 15.3 ab 
1 BC Oryziea 1 2.4 19h 4.6 bcd 
2 BC Oryzica 1 0.6 gh 0.3d 
3 BC Oryziea 1 0.3 h 0.3d 

1 BC CT 6241 10.4 bcd 9.8 abe 
2 BC CT 6241 29.3 ab 13.9 abe 
3 BC CT 6241 12.1 bed 16.0 abe 

Means wíth the sama lattar are not significantly different according to Waner~Duncan K-ratk> test, p s: 0,01. 
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Table 5. Offspring plants selected Irom the crosses Todoroki/IR 43 F2, Todoroki/IR 43// 
IR 43, andTodoroki/IR 43/lTodoroki showing cosegregation 01 high response to 
anther culture (Irom the japonica parent) and long rice grains (Irom the indica 
parent). 

Genolype 

IR 43 

Todoroki Wase 

Todoroki/IR 43 
F2 
BC IR 43 
BC Todoroki 

Todoroki/IR 43 F2 
Planl No 

3-13 
3-20 
3-24 
3-26 
4-6 
4-8 
4-12 
4-17 
4-25 

BC IR 43 Planl No. 
3·13 
3-17 
3-21 
3-26 
4·13 
4-19 

BC Todoroki Planl No. 
3·23 

Calli/anlher (%) 
Mean (Range) 

0.0(0.0) 

42.2(16.7-96.7) 

12.7(0-69.4) 
5.2(0-50.0) 

24.9(0-71.7) 

69.4 
10.5 
13.6 
50.0 

2.8 
2.8 

10.2 
34.7 
11.3 

12.5 
8.6 

44.4 
6.1 
1.8 
1.3 

25.4 

Green Planls/callus Grain lenglh (mm) 
(%) Mean (range) Mean (range) 

0.0(0.0) 8.5 (8.0-9.0) 

28.8(7.0-60.0) 6.7(6.2-7.1) 

11.7(0-82.5) 7.4(6.0-8.3) 
7.2(0-50.0) 8.1 (7.1-8.8) 

17.6(0-90.0) 7.0(6.5-7.9) 

9.7 8.2 
61.1 7.8 
14.0 8.3 
0.0 7.8 

65.0 7.7 
40.0 7.6 

0.0 7.7 
12.5 7.9 
4.0 7.8 

0.0 8.7 
38.0 8.2 

1.8 7.7 
90.0 8.7 
12.5 7.8 
55.6 8.3 

18.0 7.9 
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Table 6. Inlluence 01 Ihe cytoplasm source on Ihe response 10 anther culture. CIATs 
anther culture lab. 

Mean value (cross type)' Overall Prob>Chisq' 
Response variable ¡ xi ix j j x j mean Ha: 1\ ~ 1I 

Callus induction 2.88b 23.72 a 34.03 a 21.84 0.0001 
Total No. Plants/calli 17.94 12.34 20.38 16.96 0.3289 
Total No. Planlsl 0.48b 4.59 a 10.46 a 6.44 0.0056 
anther 
Green plants/lotal 45.56 49.32 51.93 50.10 0.8245 
No. plan!s 
Green plants/calli 13.25 6.93 12.33 10.50 0.3730 
Green plants/anther 0.23b 2.95 a 7.61 a 4.53 0.0211 

1. Values with the same lettar are not signl'icantty different. 
2. Level of significance according to Kruska.!·Wallis's test. 
i:; indica; 
) = japonica. 

Table 7. Influence of two induction medium on the response to anther culture. CIATs 
anther culture lab. 1994. 

Ing~clion Medium 
t:lfl t:lL Dilference 

Response variables Mean N Mean N N6-NL Prob>ZJ1 

Callus induction 4.37 252 16.79 258 -12.42" 0.0001 
Total NO.Plants/calli 38.31 70 19.84 120 18.47" 0.0001 
Total No. Plants/anlhers 4.78 70 6.76 120 _1.98"5 0.2568 
Green plantsltotal 63.84 65 56.59 109 7.25"S 0.3286 
No. plants 
Green plants/calli 26.92 70 14.51 120 12.41" 0.0005 
Green plants/anthers 3.43 70 4.98 120 -1.55"S 0.1481 

1. Level of significa"". accordlng 10 Mann Whitney's Range Test 
Highly significant difference; NS= non-significant. 
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Table 8. Genetic differences in Ihe response to anther culture 01 live gene pools 
developed through recurrent seleetion. 

Gene Qools 'gverag"l Prob?, X,, ' 
Response variable 1 2 3 4 5 Hí)= 11 = 1; 

N6m Medium 

Callus induclíon 1.55 0.24 0.72 15.87 4.83 0,0001 

Total No. Plantslcalli 35.57 20.00 36.98 39.39 40.36 0,7418 

Total No. Plants/anther 1.59 0.46 2,68 7.38 3.32 0.0001 

Green plants Itotal No. plants 51.85 91,67 45,00 68.64 64.82 0,3133 

Green plantsl calli 17.67 17.50 19.00 28,28 33.42 0.2664 

Green plants! anther 1.29 0.39 1,21 5.31 2.52 0.0005 

NL Medlum 

Callus induction 9.27 14.35 15.29 38.28 9.47 0.0001 

Total No. Plants/calli 8.94 16.29 11.62 32,76 20.12 0.0001 

Total No, Plantslanther 1.12 3.57 3.55 15.36 2.51 0.0001 

G reen plants IIotal No. plants 23.01 37.00 56.22 66.66 72.90 0.0002 

G reen plantsl ca'" 1,87 13.24 7.36 25.76 16.40 0.0001 

Green plantsl anther 0.36 1.38 2.21 12.16 1.88 0.0001 

1. Leve! of significanc& according to the Kruskal·Wallis test. 

Table 9. Analysis 01 F3 families in crosses IR 81Mudgo, IR 81Makalioka, and Makaliokal 
Mudgo based on Ihe reaetion lo the mechanical damage caused by Tagosodes 
orizicolus. 

Phenotypic classifícation 

Herogeneous familias •• 
Homogenaous susceptiblafamilias 
Total 
X2 observad 
X2 tabular 

Obs.;::; Observed value, 
Exp. = Expected value, 

IR 8/Mudgo 
Obs, Exp, 

80 75 
20 25 

100 100 

IR 8/Makalíoka 
X' Obs, Exp. 

0.33 79 75 
1 21 25 

100 100 
1.33 
3.84 

.. Familias presenting susceptibfe and resistant p!ants ín dlfferent proportions. 
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Makalioka/Mudgo 
X' Oba. Exp. X' 

0.21 99 100 0.02 
0.64 1 O 

100 100 
0.85 0.02 
3.84 3.84 
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11. PROJECT 2 
IMPROVED UPLAND RICE GENE POOLS - REPORT 1994 1 

A. ACTIVITY RU01. GERMPLASM DEvELoPMENT 

Abstraet. Since 1992 the section has been devoting more resources to population 
improvement. In 1994, the third cycle 01 recurrent selection tor earliness, grain quality 
and blast resistance was completed for three populations and a new one was created. 
The line development component still has an important role and is allowing lor varielal 
release. Bolivia released two varieties in 1994 (Sacia 3 - Tutuma, and Sacia 4 - Jisunu). 
Genetic studies far understandíng the mechanísms and the genelic control 01 the most 
important traits lor rice-pasture association was initiated together with the physiology 
section. 

Introductlon 

The upland rice breeding activities are focussed on the acid upland soils savannas 01 
Latin America. 1I is well known Iha! these are oxisols and ultisols with high Aluminum 
Saturation, and delicient in p. K, Mg, Ca. and S. Table 1 presents a summary 
informalion on climatic dala obtained in the main breeding sites used lo carry on these 
activities. 

CIAT began breeding upland rice lor acid-soils savannas in 1984. The main objective 
has been to develop germplasm with the lollowing traits: a) tolerance to soil acidity; b) 
resistance lo diseases (mainly leal and panicle blast) and insects (mainly Tagosodes 
oryziculus); el good grain quality (translucent, long, and slender); and d) earHness 
(growth duration shorter than 115 days); and lately it was added, the understanding of 
the mechanisms and the genelic control of the most important traits for rice-pasture 
association. 

Une Development 

In the sequence the breeding melhodology used is described. Each year germplasm 
Irom Atrica, Asia, and Latin American NARS is introduced. These lines are planted 
under acid-soils savannas, the best ones are selected and organized in a nursery named 
"Potential Parents". During 1994, the introduced germplasm (693 lines) were planted in 
three locations, one 01 them was used by a student Irom "Universidad de los llanos 
Orientales" as a BS Thesis. This sel 01 materíal was evaluated lor soil acidity in a 
special trial (acid and non acid strip trial). Al this slage Ihe lines are fully characterized. 
A total 01 211 lines were selected to continue under avaluation in 1995. belore been 
usad as parents in the crossing programo Table 2 indicates where the selected lines are 
coming Irom and the percentage 01 selection obtained with each introduced set 01 
materíals. 

Recantly all Potential Parents are evaluated agaínst the blast lineages identified in 
Colombia for ganelic diversity through the PCR technic and screened lor aluminum 
tolerance under controlled conditions. AII 01 this information is combined to decide on 

1. Oetailed information about these activities 15 presentad in the publications "MejoramJento de Arroz para las 
Sabanas de Suelos Acidos, t9938 y 1994A" and Up¡and Rice Improvement in Recesslve Male Sterile Gene 
Pool. and Population •. t 993·1994 Ropor!. 

30 



lhe parents lo be used and the crosses lO be made (normally three way combination). 
Most 01 these data are in the linal stages 01 analysis and wíll not be presented in this 
report. 

The segregatíng generatíons F, and F. are evaluated under acid-soíls savannas. 
Selection is made consideríng the priority traits previously mentioned. The selection 
uníts are line and plant basís (pedigree method). The F3 and F5 generations are 
advanced at an off-season síte by planting Ihe Iines under irrigated conditions and 
selecting only for highly ínheríted traits, the selected lines are bulked. This site is also 
used lor seed multíplication. Table 3 shows the number of crosses evaluated beginning 
ín 1983. Since 1987 the number of crosses made has been declining because more 
emphasís has been concentrated on populalion ímprovement. 

The advanced lines are díslríbuled lo NARS through INGER-LAC. To assess the yield 
potenlial 01 the produced lines, the program collaborates with CORPOICA by running 
some 01 the preliminary yield Iríais wíthin differenl cropping systems (rice monocrop, 
rice-pasture assocíation, and in rotatíon with soybean). In 1994, there were 4 trials 
carried on by this section: rice monocrop at La Libertad and Altillanura (native savanna 
and afler soybeans), and rice pasture association at Altillanura. The most relevant 
material was líne #30 (CT11891-2-2-7, IRAT 146/CT6196-33-11-1-3-Ml/CTI 0035-9-3-M-
6) which was ranked lirsl in all tests, except alter soybean, when it was second. Other 
than been a high yíelding material il is 10 days earlíer than Oryzica Sabana 6, has good 
grain quality, and resistance to blast and other diseases. This line, together wilh 5 
others, will be passed to CORPOICA lor lurther evaluation. 

This strategy has allowed NARS lo release varieties in Colombia (Oryzica Sabana 6, 
1991 and Oryzica Turipana 7,1992), Bolivia (Sacia-1, 1993, and Sacia 3 and 4, ín 1994), 
and Brazil (Progresso, 1994). 

With the objective to better undersland the mechanisms and the gene tic control 01 the 
most important traits lor rice improvement a few studies were done. A MSc Thesis was 
used to repeat with improved material the inheritance study tor soil acidity. The material 
analyzed were the F" F., BC1, BC2 generations 01 the single crosses Oryzica Llanos 5 
(Susceptible)/Oryzica Sabana 6 (Tolerant) and Oryzica Llanos 5 (S) x Monolaya (T). 
The results indicated Ihat: lolerance is dominanl, Ihe Irait is highly inheriled, and Ihe 
lolerance presenl Oryzica Sabana 6 is conlrolled by 1 or 2 genes, and by Monolaya by 3 
to 4 genes. Together wíth the physiology sectíon similar sludíes are under way to 
understand the genetíc control mechanísms 01 the traíts tha! play an important role in the 
association rice-pasture. 

Population Improvement 

Lately, population improvement Ihrough recurrent seleclion, was incorporated into the 
breeding slrategy. The objective Is to improve populations for specific traits (blast 
resístance, tolerance to soil aCidity, and earlíness). The flow chart presented in Figure 1 
shows how the two components are tied together. 

Population ímprovement has been used as a source lor potentíal parents wilh specític 
traits to suit the NARD's demands tor their breeding programs. The alternative used lo 
achieve this goal ís the use 01 recurrent selection, which is a cyclic process where each 
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cycle is made 01 2 phases: al selection 01 genotypes with favorable traits; b} 
intercrossing 01 the selected genotypes. This process promotes chromosomal 
reassortment, useful segmental interehanges and will gradually coneentrate the 
Irequency 01 desirable alleles. 

A Rice Recurrenl Selection Program using recessive male sterile gene 01 IR36 started in 
1984, in Brazil, in the Iramework 01 a collaborative project between CNPAF/EMBRAPA 
and CIRAD-CA. As a result, several gene pools and populations have been obtained 
targeting different rice ecosystems, some 01 these have been the starting point lor 
Recurrent Selection in different eountries 01 Latin America (Brazil, Argentina and 
Colombia) and Alrica (Cote d'lvoíre, Malí, and Madagascar). 

In Colombia a set 01 selected gene pools and populations have been introduced in 1992 
by CIAT Irom Brazíl (CNPAF) and French Guyana (CIRAD-CA). These materials have 
been observad and characterized under colombian rice ecosystems conditions to know 
about its behavior and possible use in a recurrent selection programo 

In 1992, the CIAT rice program íntroduced 3 sources 01 germplasm lor tropical upland. 
The principal objectives 01 the study were: al to know about the behavior 01 the 
introduced germplasm under colombian upland acid soU savanna, b) ídentification 01 
adapted lertile genotypes to enter the traditionalllne breeding program, and c} to create 
new populations by introducíng locally adapted línes into the introduced germplasm 
used as a source 01 good male sterile background. 

One tropical japonica upland gene pool (CNA-IRAT 5/0/3), one tropícal japonica upland 
population (CNA-IRAT A 10/1) and two tropical indica!japoníca populations (CNA-IRAT PI 
1/0F and I RAT Lulu 10/1) have been observed under acid soU upland savanna conditions 
at La Libertad Experimental Station, Colombia. 

Each populatíon was represented by 2000 individual hUI plot plant for easier identification 
01 lertíle and male sterile plants. Two 1000 seeds sowing dates spaced by 10 days have 
been used to allow good natural intercross between early and late genotypes and 
maintain the genetic variabllity 01 the original population. To avoid pollen contamination 
each gene pool or population was lenced with rows 01 corno 

Each material was characterized by sampling about 400 individual plants lor tolerance to 
acid 5011 and initial vigor at 45 days after seeding (das), heading time (50%), plant height 
at harvesting time, number 01 lertile and male-sterile plants at Ilowering time, tillering at 
45 das, tolerance to neck bias! and male sterile plant seed set. 

AII germplasm had high number 01 plants toleran! to soíl acidity (Table 4), but the IRAT 
Lulu population showed poor adaptation and the lowest number 01 symptom Iree plants. 
Contrary behavior was showed by the CNA-IRAT 5 and A. These can be explained 
looking at the genetic constitution 01 the different germplasm, the former is indica! 
japonica and the other two are compasad of 100% tropical upland japonica Unes. 

Population CNA-IRAT P presentad the híghest number of plants with scores between 1 
and 3, indication of vígorous plants. This rasult conlirms the observations made in 
traditional breading where indíca!japonica derived Unes show, in most of the cases, 
significant higher initial vigor under upland conditions. 
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The early vigor difference observed between the two indica!japonica populations can be 
explained by the lact that I RAT Lulu has in its genetic background only 25% 01 the most 
vigorous population CNA-I RAT P and aromatic rice lines that are known not to have 
good early vigor. 

Flowering date was scored on an individual plant basis in each population. The CNA-IRAT 
P and IRAT Lulu populations are the latest ones with 42.6% and 67.5% 01 plants with 
flowering time more than 95 days. The earliness 01 the CNA-IRAT A population is because 
it was derived Irom the CNA-IRAT 5 gene pool by introducing in it 50% 01 new variability 
coming Irom 7 upland japonica early lines. 

The distribution 01 plant height is different mainly il considering japonica and indica! 
japonica germplasm. CNA-IRAT P and IRAT Lulu present higher number 01 smaller 
plants than the japonica germplasms CNA-IRAT 5 and A. This result can be attributed to 
the introduction 01 semi-dwarf indica irrigated material in the upland japonica gene pool 
CNA-IRAT 5. 

The indica!japonica populations CNA-IRAT P and IRAT Lulu present a high tillering 
ability. About 80% 01 the variability is concentrate above 17 tillers per plan!. The 
maximum variability lor the japonica germplasm is between 9 and 16 tillers per plan!. 
The differences observed between the two types 01 germplasm can be attributed to the 
introgression 01 modern high tillering indica lines into the japonica gene pool 
CNA-IRAT5. 

The upland gene pool and population CNA-IRAT 5 and A have presented 6.8% and 
3.7% 01 susceptible plant to neck blast, respectively. The indica!japonica populations 
CNA-IRAT P and IRAT Lulu were more susceptible with a special mention to the last one 
with 52.1 % 01 the plants with neck bias!. 

Using these germplasm a recurrent selection program was initiated in 1992. The 
selection criteria used were: earliness, disease resistance (mainly blast), and grain 
quality. Each cycle requires only one planting time, because evaluation, selection (plant 
base) and recombination (using male sterile gene) are done in the same season. 
Therelore, lor CNA-I RAT 5, A, and P three recurrent cycles were completed and 
signilicant visual progress was made (it will be measured in 1995). Even though the 
results are apparently signilicant these populations do not have all traits at the level the 
region requires, thus there was the need to develop a new population. 

Development 01 New Population 

From all the introduced germplasm evaluated the most uselul lor upland acid soil 
savannas conditions was the CNA-IRAT A. This population was chosen as the male 
sterile background to create a better locally adapted population. 

The process started by selecting 8 breeding lines identilied by this section. Through 
manual crossing each line was combined to different male sterile plants 01 the CNA-IRAT 
A. Each resulting F, was grown separately and observed at CIAT-Palmira Experimental 
Station under lowland irrigated condition to ensure good F,s seed production, one 
combination was discarded. Selection 01 genotype was made in each F, and the F, 
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seeds 01 the selected F, plants were harvested and míxed in equal proportion. The new 
basic population is identified as PCT-4\0\0\0. Its genetic constitutíon is presented in (he 
Table5. 

The lirsl recombination cycle in under way. The behavíor 01 the new population alter one 
cycle 01 recombínatíon will be characterized and compared lo Ihe original CNA-IRAT A 
population under savanna acld soll conditions in 1995 cropplng season. 

Table 1. Clima tic informalion obtained in the two major breeding sites. 

Breeding 
Sites 

La Libertad 
Altillanura 

Rainfall' 
(mm) 

2700-3000 
2000-2200 

1. Well distributad betwoon April and Octabar 

Temperature 
rC) 

Max Min 

30.6 21.0 
32.8 21.3 

Table 2. Sources 01 íntroduced germplasm for 1994 acid soil evaluatíon. 

Relative 
Humídily 

(%) 

80 
80 

Origín Number 01 entries Number 01 selectlon Selection percentage 
................. _-----

IURON 77 18 23.4 

AURON 90 11 12.2 

AURPSS 143 28 19.6 

WARDA 204 129 63.2 

Indonesia 147 15 10.2 

India 20 6 30.0 

French Guayana 11 4 36.4 

TOTAL 692 211 30.5 
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Table3. Number of crosses evaluated from 1983 to 1993. 

Crosses Evaluated 

Year Cross (#) # F2 # F. # F. 

1983 43 

1984 335 

1985 697 183 

1986 158 325 79 

1987 213 129 30 48 

1988 188 118 31 21 

1989 123 75 35 15 

1990 103 48 45 8 

1991 89 111 25 37 

1992 17 57 62 18 

1993 32 O 32 32 

tal 1998 1046 339 179 
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Table 4. Characterization 01 upland rice gene pool and populations planted under acid 
soils at La Libertad Experimental Station during 1994. The information is 
presented as percentage 01 plants within each class. 

Characteristic Gene Pool Population 

5 A P LULU 

Reaction to Acid Soil 
1 - 3 85.1 85.6 82.3 66.3 
5-7 14.9 14.4 17.7 33.7 

Initial Vigor 

1 - 3 33.6 28.2 50.7 38.4 
5 49.9 65.1 32.6 47.9 

7-9 16.5 6.7 16.6 13.7 

Days to Flowering 

< 74 30.7 38.6 8.7 1.8 
75 - 84 14.2 41.5 13.8 5.7 
85 - 94 38.6 8.6 34.9 42.6 

> 94 16.3 11.3 42.6 67.5 

Plan! Height 

<64 28.0 20.7 40.9 50.3 
65 - 74 26.1 33.7 23.2 16.7 
75 - 84 23.9 29.8 25.6 17.2 

>84 21.8 15.2 10.2 15.8 

NumberofTíllers 
<8 25.9 24.9 6.0 5.3 

9 - 16 52.7 49.5 11.7 0.9 
17 - 28 20.0 24.9 51.9 42.7 

> 29 1.3 0.8 30.3 52.6 

Reaction to NBI 
1-5 6.8 3.7 10.8 52.1 
6-9 93.2 96.3 89.2 47.9 
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Table 5. Genetic constitution of the PCT-4' population. 

Germplasm Source Ongin Percentage 

CT6196-33-11-1-3-M Colombia-CIAT 8.33 

CT11231-2-2-1-4-M Colombia-CIAT 4.17 

CT11231-2-2-3-1-M Colombia-CIAT 4.17 

CT11231-2-2-2-1-2-M Colombia-CIAT 8.33 

CT11608-8-6-M-2-M Colombia-CIAT 8.33 

IR53167-3-M Philippines-IRRI 8.33 

A8-394-M Brazil-lAPAR 8.33 

CNA-IRATA Brazil-CNPAF/EMBRAPA-CIRAD-CA 50.0 

1. PCT-4 is a japonica populatioo targeting fue moist savanna ecosystem of Latin America. 
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Figure 1. Flow chart of tha upland rice breeding ectivities for acid soils savannas. 
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B. ACTlvlTV RU01: SILlCON EFFICIENCY OF RICE GENOTYPES 

· t20234 
o 7 JUL. 1995 

Abstract. Silicon deficiency was identilied as a major, prevíously-unrecognized yield 
and yíeld stability constraint lor savanna rice over the past several years, and research 
reported in 1994 focused on the search lor genetic variation in Si efficiency which might 
be useful in raising the level 01 this element under soll deficiency condllions. Significant 
variation, on the order 01 100%, was found in percenl tissue Si contents in several plant 
organs, among 60 genotypes examined. This appears to support the possibility 01 
breeding lor higher Si levels. Further conlirmatory work is underway. 

Research Activities 

This activíty is attempting to identify genotypic differences in the ability to take up soil 
silicon (Si) under upland condilions. 

The results 011993 field trials are described here because Si analyses could nOI be 
completed until 1994. Likewise, 1994 field Irials will be reported in Ihe 1995 annual 
report. 

Background 

Silicon (Si) is a major macronutrient lor rice, increasing its yield, vigor, lodging 
resistance, and resistance to diseases, particularly blast and grain discoloration. Recenl 
evidence indicates that typical upland rice soils may be strongly delicient in Si, 
implícating this deficiency as a major, prevíously-unrecognized nutrient constraint 
affecting both yield and yield stability (disease) over a large rice area in Latín America. 

Results published in 1986 by M. Yamauchi and M. Winslow at liTA were Ihe lirsl lo 
documenl Si deficiency as a yield loss and disease-inducing constraint lor upland rice 
grown on acid soils, in West Alrica. Irrigalion was lound lo markedly ameliorate Si 
deficiency through Si supplied in groundwater. A followup sludy by Winslow (1992) 
found large genotypic differences within West Alrican rice germplasm lor Si content, and 
lound them correlated with resistance to several diseases there. 

Acid soils al50 predominate in Ihe major upland rice growing areas 01 Latin America, and 
subsequent research is attempting to validate these lindings here. During 1992-94, 
silicon deficiency has been identified as a cause of blast susceptibility and yield loss al 
CIAT's Santa Rosa slation, in collaborative studies between CIAT (F. Correa) and the 
University 01 Florida (l. Datnoff and G. Snyder). Collaborative experiments between Ihe 
Rice and Savannas Programs were sown in 1993 on more representative savanna soils 
at La Florida and Matazul in the Colombian Llanos, which also led to the implication that 
Si deficiency may indeed be a widespread phenomenon in the savannas (see SavannasJ 
Tropical Lowlands annuaf reports for details). Yield reduction was 40%, with another 
10% loss due to lower milling recovery 01 whole grains. 

If these results are representative, silicon deficiency in the savannas may be costing 
LAC an estimated 5-7 million tons 01 paddy rice annually. 
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Description of Experiments 

Sixty genotypes Irom CIArs upland rice breeding project were chosen in 1993 lor study 
01 silicon content in different environments. They were selected on the advice 01 Dr. 
Guimaraes to represent the range 01 diversity used in the CIAT upland breeding project. 
80th indica and japonica ecotypes were included. They were sown in two-row plots with 
3 replications at three locations, Palmira, Santa Rosa and Matazul, in 1993. Matazul 
was hoped to be the ·stress· or low-Si site, and believed lo be mosl representative 01 the 
larger neotropícal savanna cultivated under well-drained upland conditions. Santa Rosa 
was ¡ncluded based on previous lindings 01 Si response; it was suspected that it might 
lunction as an intermediate-Si site, since the soil water situation alternates between 
saturated and upland, and il is known that groundwater supplies Si. Palmira was chosen 
on the basis thal it should be a rich source 01 Si, due to the well-drawn floodwater used 
tor irrigated paddy cullivation and the young, 2: 1 soil clay type which normally has high 
Si conten!. 

Unfortunately, the Matazul trial had lo be abandoned as it was eaten by eatlle. Also, one 
01 the 01 the three reps in Santa Rosa was also lost, due lo very uneven stand 
establishment. Altogether, 58 varieties grew sufficiently well to be sampled at Palmira, 
and 56 at Santa Rosa. 

Results 

Results showed statistically-significant differences among genotypes and plant organs 
(Table 1). Twolold or more variation among genotypes was observed, depending on the 
planl organ. This genetic varialion implies a potential to genetically elevate Ihe Si 
content 01 low-Si but otherwise desireable germplasm. 

Large differences were also apparent between sites (Table 1). Husks averaged 7.6% at 
Palmira, or 62% more than the Santa Rosa value 01 4.7%. Even Santa Rosa, however is 
substantially higher than lound at other sites in related trials (see Rice-Savannas 
collaboration, described earlier), namely, 3.1% in Matazul and 2.3% in La Florida. These 
several-Iold differences in site Si supplying capability probably have important 
implications lor plant performance and disease resistance in differenllocations. Many 
rice scientisls often note large differences in disease among differenl growing 
environments, but often allribute them to clímatic or epidemiological factors. The present 
results indicate thal role 01 soil Si variation would warrant closer attention in such cases. 

Furthermore, such large varialion in tissue nutrient content across sites is not commonly 
reported lor other macro-nutrients such as N and Po because they are so vital to plant 
growth Ihal growth is reslricted when Ihey are limiting, in a sort 01 sell-correcting 
mechanism that maintains internal nutrienl contents at essential levels lor carrying out 
basic biochemical functions. Si uptake could be unique in Ihat il may be "facultative", i.e. 
rice growth is less affected by its variation than lor N or P. 

Some interesting differences are also apparent among tissues (Table 1). The husk and 
mature Ilag leaves had the highest Si contents, while the neck had just a third 01 tha! 
amount (necks tested at Palmira only). Could the low Si content 01 the neck be one 
reason this organ is the one mos! damaged by bias!? 
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At both sites, the husk gave the lowest coefficient 01 variation (Table1). This may be 
because it comes lrom seeds which become thoroughly mixed in the harvest bag (which 
cannot be easily done lor leaves and necks), naturally resulting in highly representative 
samples. It is also one 01 the easiest organs to harvest and store, often being 
automatically collected and stored lor grain yield trials. It is also non-bulky and simple to 
prepare lor Si analysis, and has a high Si conten!. Furthermore, it correlates well across 
genotypes with Si contents 01 other organs (Table 2), particularly at Santa Rosa. Thus, 
measurements 01 Si in the husk appears to provide a reasonable, il approximate 
prediction 01 how a genotype will rank lor Si content in another organ. Given all 01 the 
above, and the need to reduce sampling lor maximum efficiency in a breeding program, 
the husk may be the most efficient organ lor Si sampling across large numbers 01 
genotypes, as an overall indicator 01 relative Si conten!. 

While the Si content 01 different plant organs was correlated across genotypes, it was 
not well correlated across sites (Table 3). In other words, varieties ranked differently 
across the two sites, lor all three organs observed. This 9 x e makes breeding more 
complicated, since performance at one si te may not be a good indicator 01 performance 
at another. Since Palmira is a lowland irrigated site, however it may be that a number 01 
the true upland rices tested lared poorly there because 01 lack 01 adaptation to inundated 
culture, which could have affected Si uptake. A comparison 01 Santa Rosa and Matazul 
would have been helplul in clarilying this, had the latter trial not been destroyed. 

One important achievement 01 this activity in 1994 was the successlul installation and 
testing 01 an Si analysis procedure at CIAT by Dr. K. Okada, based on the University 01 
Florida method. Plant tissue, soil and water analyses can now be performed. 

Winslow (1986) measured 50-100% higher Si content in japonica upland rices compared 
to indicas in the Alrican breeding germplasm 01 liTA. Verilication 01 this difference 
between ecotypes was sought in the present study. The phenol test 01 Oka was used to 
characterize indica vs. japonica type lor each genotype. It proved to be a simple, 
effective and repeatable test, and the results matched well with previous known 
inlormation on the sources and ecotypes 01 the 60 genotypes. This test could probably 
be very uselul in a number 01 other applications in the CIAT rice improvement effor!. 

Ecotype, however turned out not to be closely associated with Si content in this study 
(Table 4). Japonicas had very slightly higher mean Si levels, but the correlation between 
ecotype and Si level was nonsignilicant at both sites. This result suggests that 
genotypes can be lound within each ecotype which could be valuable breeding sources 
01 high Si con ten!. 

Based on their organ Si contents, a set 01 ten genotypes was selected lor more in-depth 
study during the subsequent 1994-5 planting and postharvest analysis cycle (Table 4). A 
wide range 01 values lor the husk and neck in particular were sought in making the 
selections, while attempting to include several 01 the most important varieties and 
parents used in the breeding program, and including both indica and japonica types. 

Larger-plot trials 01 these 10 genotypes were sown in 1994 at Matazul and Palmira, both to 
try and conlirm the 1993 lindings, and to extend them to an analysis 01 Si uptake per unit 
land area (as opposed to just percent 01 dry weight). This should clarily whether 
genotypes with higher percent Si contents are truly more efficient in extracting soil Si, or 
rather are simply producing less biomass (sometimes relerred to as the "dilution effect"), 
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either 01 which could explain an elevated Si content on a percentage basis. Large 
numbers 01 Si analyses are needed lor those 1994 trials, so the results will not be 
available until 1995. 

Table 1. Means and variability 01 Si content 01 different plant organs, and the statistical 
signilicance 01 genotypic differences. Grown in 1993 at two sites, Palmira and 
Santa Rosa. 

AOV Statistics 

Si Content 
Site and organs mean range F value lar Coellicient 01 

% 01 dry weight genotypic differences variation (%) 

Palmira (3 rep X 58 g'type) 
Hust, mature 7.6 5.2.9.2 16.8**· 6.1 
Leal, malure 7.8 5.5-10.7 5.7**· 11.6 
Leal, flowering 5.4 3.8-7.3 2.1 *** 16.1 
Neck, mature 2.7 1.7-3.7 6.0·** 12.1 

Santa Rosa (2 rep x 56 g'type) 
Husk, mature 4.7 2.7-6.6 5.4**· 16.4 
Leal, mature 4.1 1.8-6.6 5.4**· 20.5 
Leal, malure 3.3 1.2-4.6 5.0"** 18.6 

Signilicant at p < 0.001 

Table 2. Correlations 01 Si contents (% lo dry weight) among organs, across genotypes. 
Coefficients are within-site, lor two sites. 

Site, and organ 

Palmira (58 g'types 
Hust, mature 
Leal, mature 
Leal, Ilowering 
Neck, mature 

Santa Rosa (56 g'types 
Hust, mature 
Leal, mature 
Leal, Ilowering 
Neck, mature 

Hust, 
mature 

1. Neck data available for Palmira only. 

Organ (atthe same site): 

Leal, Leal, 
mature Ilowering 

0.29* 

0.70*** 
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0.15 
0.52** 

0.61*** 
0.83*** 

Neck 
mature 

0.28* 
0.31* 
0.26* 



Table 3. Correlations between sites 01 Si contents (% 01 dry weight) 01 56 genotypes, lar 
three plant organs. None are signilicantly greater than zero. 

Site and organ 

Palmira 
Husk 
Leal, mature 
Leal, Ilowering 

Husk 

0.13 

Santa Rosa 

Leal, mature Leal,llowering 

-0.04 
0.09 

Table 4. Correlation between the ecotypes (indica or japonica) 01 genotypes tested, and 
Si content in the mature hustk. 

Husk 
Si content Correlation coelficent 

Number (mean) ecotype x 
Site and ecotype 01 genotypes % 01 dry weight Sivalue* 

Palmira 
japonicas 39 7.7 
indicas 19 7.4 0.250 

Santa Rosa 

japonica 38 4.7 
indicas 18 4.6 0.063 
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Table 5. Si contents 01 selected genotypes out 01 58 tested in 1993, chosen to span a 
range 01 values lor more detailed testing in 1994. Averages over the two sites.· 

Organ 
Genotype Rice Husk, Leaf, Leal, Neck', 

ecotype' mature mature flowering mature 

Si conten!, % 01 dry weight 

Tox 1785·19·18 J 7.0 6.1 3.7 3.4 
Ngovie J 7.0 5.7 4.0 3.1 
Colombia 1 J 6.9 5.3 4.2 2.4 
Tox 1859·1 02-6M-3 I 6.4 6.4 4.6 3.2 
Oryzica Turipana 7 J 6.1 6.0 3.6 2.5 
IAC 165 J 5.9 5.4 3.8 2.9 
Oryzica Llanos 5 I 5.5 5.1 4.5 2.5 
Nam Sagui I 5.4 5.7 4.1 1.8 
Makalioka I 5.3 4.6 3.4 1.7 
Oryzica Sabana J 5.0 5.8 3.6 2.5 
IRAT 13 J 4.9 5.9 3.9 2.4 

1. 1= indica; J = japonica 
2. Neck data availabie tor Pa!mira only. 
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C. ACTIVITY RU52: MECHANISM OF ACIO SOIL TOLERANCE 

\l20235 
07 JU\.. ,qglj 

The riee-pasture system has been developed and now is beíng adopted ín both Llanos 
and Cerrados in Latín Ameríea lo a large exlen!. The development 01 the upland ríee 
varieties whieh adapled lo aeid soils in savanna is also progressing. However, the 
meehanisms 01 the aeid-soil toreranee 01 upland rice have not been elueidated yet, which 
is hampering the development 01 effeetive screening methods. So lar, it has been 
speeulated that the adaptation 01 eertain genotypes (mainly japonica type) lo acid soirs 
compared wilh lhe non-adapted group (mainly indica type) ís due to Iheír Ihe toleranee lo 
hígh levels 01 alumínum in the acidíc soíls. However, Ihere is nol enough delailed 
researeh reported on the acíd-soíl toleranee lor upland rice. Therelore, !irst, various 
aspecls 01 acid-soil stress in the liald is reportad. And Ihen tha growth and nutrían! 
uptake 01 both toleran! and susceptible genotypes under acid and non-aeid conditions 
were analyzed. Thirdly, the response 01 bolh aeid-soíl tolerant and susceptible geno
types to lime application was analyzed in pOI experiments. 

Acid-soil Stresses for Upland Rice in Savanna Soil 

So lar a 101 01 soíl data on the aeid soíls in Llanos Orientales were reported. However, 
the dynamic aspects 01 the stresses 01 acid soils have been reported scarcely. And in 
addition to that, the soíl data have not be en analyzed as the stress lor upland rice, which 
have been domestícated under so me degree 01 soíl acidíty. 

In thís report, ín order lo clarífy the dífferent aspects 01 acid-soil stresses, the soil as well 
as the soíl solutíon were analyzed through the cropping season 01 upland rice in savanna 
soíl líeld under hígh and low soil acidity created by two levels 01 líming. 

Materlals and Methods 

In an acíd-soil savanna soíl field at the CORPOICA station 01 La Libertad, two levels 01 
lime applícatíon were created wíth Ihe applicalion 01 dolomilic lime (55% CaCO, and 35 
% MgC0

3
) al 0.3 and 3 !/ha. As aeid-soil tolerant genotypes, Oryzica Sabana 6, 

IAC165, CT10037 and CT9997 were grown. As acid-soil sensitive genotypes, Oryzica 
Llanos 5 was grown. The experimental desígn was Ihe split-plot design with 4 
replications with the lime treatment as main treatment and genotypes as sub-treatment. 
Phosphorus was applied before sowing, and nítrogen and polassium as bolh basie and 
sequential lerlilizers. The total amount 01 the fertilizers applied was 75, 26 and 50 kgfha 
lor N, P, and K, respectively. 

The soíl samples were collected with hydraulic sampler (Soíl sampler, Model SS-4804, 
Concord) at 0-20,20-40,40-60,60-80,80-100 cm depth. 

The soil solution was collected as lollows: the sOil samples were collected from the field 
wíthout drying, adjusted roughly at fíe Id eapaeity with distilled water and íncubated lor 4 
days at room temperature. Then soil solution was collected by centrifugation at 3500 
rpm for 45 mín. The Al and P was measured by modified xylenol orange method (Hesse 
1971) and malachite green method (Ohno el al. 1991), respeetively. Ca, Mg and K was 
measured by atomic absorption. 

The experiment was conduetad wíth split-plot desígn wíth 4 replication with lime treatments 
as main plots and the genotypes as sub-plol. In this saetion, the data from the plots 01 
Oryzica Sabana 6, lor which the most detailed analysis was conducted, will be reported. 
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Results and Oiscussions 

In the previous raport (Rice Program Annual Report 1993), it was confirmed that the soil 
acidity progressed during the growing season 01 upland rice in low lime plots where only 
the 0.3 tlha 01 lime was applied. The soil pH decreased (Fig.1-a), the aluminum 
saturation slightly increased (Fig.1-bJ, and Al concentration in the soil solution increased 
drastically lrom the middle 01 the growing season (Fig.2-a). 

The dala 01 the aluminum concenlration in soíl solulíon revealed thal the alumínum 
concenlralion 01 Ihe low lime treatmenl was maíntained al Ihe low level al whích even Ihe 
acid-soil susceptible genotypes may nol be alfected at ¡he early slages 01 growth (Ríce 
Program Annual Report 1993). However, íl started to íncrease at 60 DAE (days afler the 
emergence) and reached to several hundreds uM Al al 80 DAE when the soíl pH 
decreased lo pH 4.3. At Ihis aluminum concenlralion, the inhibilion 01 the root 
elongation can be expected. The eleelrie eonduclanee 01 soil solution lollowed the same 
pattern (Fig. 2-b). 

The Ca and Mg coneentratíon inereased ín the same pattern as the Al did (Fig.2-c,d). 
As the amelioralion elfeet 01 Ca and Mg was well known, the inerease 01 Ca and Mg may 
have alleviated Ihe elfecl 01 increased level 01 Al in soil solulíon lo some exten!. 

The progressíve aeidilication during crop growth occurred only al the surlaee soil 01 0-20 
cm depth. In the subsoíl, although Ihe alumínum saluration 01 soíl was very hígh, soíl pH 
was between 4.4 and 4.6, and Ihe aluminum concentration was not as hígh as íl was al 
Ihe low lime treatment 01 0-20 cm (Fig.3). Therelore, it was shown that the subsoil 
acidily, which is often the problem in acid soíls in lemperale regions was nol Ihe problem 
lor the tropical savanna 50115. 

The results al the flowerlng slage lor Ihe all genotypes showed thal there were no 
dilferences in the characteristícs 01 the 50íl and soíl solulion among the genotypes (no 
data ís shown). 

The incubatíon experiment wilh small pots usíng the same type 01 lertílizers and the soíl 
(top soil (0-10 cm) of nalive savanna al Matazul farm in the altillanura 01 Ihe Easlern 
savanna) revealed Ihal Ihe sequential application 01 KCI decreased soil pH and Ihe soíl 
pH reached the mínímum level 01 4.3 within 40-50 days 01 íncubation (Fig.4). On the 
other hand, Ihe 5equenllal applicalion 01 urea lirst 5lightly increased the pH and ¡hen 
decr,eased il at 50 days afler the incubation, and seemed lo reached down lo the pH 01 
4.0-4.2 wilhin 50 days. The mechanism lor Ihe KCI to decrease the soíl pH may be to 
increase Ihe sall concenlration in soíl solution and drive out Ihe exchangeable Al into the 
soíl solution. The mechanísms 01 Ihe urea application lo decrease pH is supposed lo be 
due lo the nítrífication 01 urea. 

It has been considered Ihat Ihe application 01 300 kglha 01 dolomític lime which is the 
common practice 01 Ihe farmers al Llanos Oríentales has Ihe role of only supplying the 
Ca and Mg whích is necessary to the ríce and pastures but does not have the role 01 
correcling Ihe acidity 01 Ihe soil. These resulls, however, showed that the 300 kg/ha 01 
dolomitic applicalíon suppressed the possible sol! acidity (mainly the Al problem) even lor 
the acid-soil susceptible genotypes 01 upland rice al leasl for the early growth stage 
(Fig.2). The possibility 01 alumínum toxícity exists only al the later stages when the soil 
acidity increased progressively. Therelore. the early screeníng lor acid-soil tolerance 
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under low lime condition could be misleading. The possible causes lar such increase in 
soil acidity with time are: 1) increased salt concentration in the soil solution due to the 
sequential KCI and urea application, 2) nitrilication, and 3) decrease 01 cations due to 
the leaching and/or absorption by plants. 

The Response of Acid-Tolerant and Non-Tolerant Rice Genotypes to the Dolomitic 
L.ime Applications 

In the same experiment described above, the genotypic differences in growth, nutrient 
absorption, root development under low and high lime treatment on savanna acid soils 
were analyzed. The purpose was to lind out the true Iimiting lactor 01 growth lor the acid
soil susceptible varieties. 

Materíals and Methods 

The rool sampling was conducled with a "Concord" core sampler mounted on a tractor 
with a 2-inches-diameter auger. The rool samples were laken from both sides of Ihe 
rows and between the rows, and bolh were combined. The roots were sampled at 0-20, 
20-40,40-60,60-80, and 80-100 cm depth. The root samples were washed with tap 
waler on 40 mesh sieves, and theír length was measured with a root scanner (Comair. 
Hawker de Havilland Victoria). Leaf area was measured with a Li-Cor 2000. 

Results and Discussions 

The final yield is shown in Table 1. As the results 01 the analysis 01 variance, there was 
signilicant effect of genotypes on yield, bul no significant effecl 01 lime level nor the 
interaction 01 liming level x genotype. The yield of Oryzica Llanos 5 was lower than other 
improved upland rices (Oryzica Sabana 6, CT-9997, CT-l0037), and then that 01 IAC47 
was further lower than Oryzica Llanos 5. If we account the difference in the growth 
duration (Oryzica Llanos 5: 135 days; IAC47: 111 days), however, the efficiency to 
produce the yield was almost same for Oryzica Llanos 5 and IAC47. And although there 
was no significant effect of liming in general, IAC47, and to a lesser extent, Oryzica 
Llanos 5 and Oryzica Sabana 6 had lower yield under low lime trealment (by 20%, 7.5% 
and 6% (not significant), resprectively. However, this fact does not coincide with the 
general idea that the Oryzica Llanos 5 is acid-soil susceptible and Ihe other are tolerant. 
Therefore, these results indicate thal the Oryzica Llanos 5 may nol be Ihe represenlalibe 
susceptible variety andlor the low pH or high Al may not be the primary limiting factor of 
this soil even for the susceptible genotypes. 

The effect 01 elemen! concentration of top parts at the time 01 flowering on the final yield is 
shown in Fig.6. There was a significant correlation between nitrogen concenlralion and 
final yield in general (Fig.6-a). The lower yield of Oryzica Llanos 5 seems to be due lo ils 
lower nitrogen concentration. The low yield 01 IAC47, however, cannnot be explained by 
the nitrogen as is seen from the ligure. The phosphorus concentratíon of IAC47 was 
especially low ¡rrespective of the liming treatment, which may partially account lor Ihe 
generallow yield 01lAC47 (Fíg.6-b). The phosphorus concentration 01 Llanos 5 was ralher 
higher than other genotypes. There was not a consistent effect of tissue potassium 
concentration on the final yield (Fig.6-c). In Ihe case of calcium, the low lime trealment 
caused much lower Ca concentration only lor the three genotypes whose yield was 
affected by the liming trealment (Oryzica Llanos S, IAC47, and Oryzica Sabana 6). The 
magnesíum concentration of all genotypes was significantly affected by the lime treatmenl 
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(Fig.6-e). The afuminum concentration did not affectthe yield significantly (Fig.6-f). 
Rather, the high lime treatment increased the Al concentration 01 two low-yielding varieties 
(Oryzica Llanos 5 and IAC47), which al so demonstrates that the aluminum uptake was not 
limiling Ihe final yield even lor the case 01 susceptible variely. 

Fig. 5-b shows the development 01 leal area during the growth. The leal area 01 Oryzica 
Llanos 5 at low lime treatment was severely suppressed especially at the Ifowering 
slage. This may be due lo the insufficient absorption 01 nitrogen at the stage. 

The root length distribution along Ihe deplh al Ihe flowering slage is shown al Fig.6. In 
Ihe lirsl place, the lime Ireatment only slightly affected the root lenglh olOryzlca Llanos 
5, although the restriction of the root lenglh Is considered as one 01 Ihe mosl evldent 
symploms 01 the aluminum toxicity. And the root lentgh 01 Oryzica Sabana 6 (tolerant) 
also seems to be allected by the lime treatment al the deeper soil layer. Secondly, Ihe 
Oryzica Llanos 5 had the shallower rooting pattern in general. Thirdly, the rooting 
pattern 01 IAC47 was deep, but it had less surface roots than other genotypes dld. 

From these results, the lollowing conclusions were drawn. 

1. The aluminum toxicity may not be the limiling lactor lor yield even lor the genotypes 
which are considered as acid-soil susceptible. 

2. The low yield 01 Oryzica Llanos 5 may be ascribed lo its lower capacity to recover 
nitro gen in soil due to its shallower rool system. The nitrogen in Ihe aerobic soil 
usually exlsts as nitrate which is easily leached down with high rainlall. The 
experimental site had high rainlall during the rainy season. It was also reported 
thal Ihe shallower rooling crops can suffer Irom nitrogen deliciency in high rainlall 
conditions because they cannot recover sufficient nitrate Irom Ihe soil. The 
deliciency 01 the nitrogen can severely reduce the leal development. Thus, the 
poor nitrogen absorption with shallower root system is suggested to be the main 
reason lor the low yield 01 Oryzica Llanos 5 under the conditions 01 high-rainlall 
savanna. 

3. The lower yield 01 IAC47 can be partially ascribed to having less roots at the 
surface soíl, although Ihe root system was deep. Phosphorus usually stays al the 
surfaee 5011 especially lor Ihe type 01 soil used lor Ihis experiment with high P fixing 
capacity. The Ca and Mg was applied as dolomitic lime, which also stays in the 
plow layer and leach down to Ihe subsoil only al very slow rate. Therelore, the 
IAC47, with Ihe lower rool length density especially at Ihe surface soil seemed to 
be unable to absorb enough P and Ca from the 5011. The deep rools under this 
high-rainfall condition did nol eonlributed to the yield. 

4. The improved upland genotypes (Oryziea Sabana 6, CT9997 and CTl 0037) had a 
balaneed root system (having both enough surface rools and Ihe deep roots). 

5. It seems thal there is room for Ihe improvement in increasing the absorption 
capacity lor calcium under the low-lime condition, for the varieties whose final yield 
was affected by the lime treatment (IAC47, Oryzica Llanos 5, and Oryzica Sabana 
6). 

48 



Response of Acid-Soil Tolerant and Susceptible Genotypes of Upland Rice to the 
Dolomitic Lime Application 

The application 01 dolomilic lime to lhe acid soil alleviates the acid-soil slresses. The 
amounl 01 Ihe lime needed depends on the kind 01 Ihe stresses 01 Ihe acid soil. 
Therelore, Ihe detailed analysis 01 the response lo lime applicalion may reveal Ihe major 
kind 01 stress which makes Ihe difference between the genotypes. However, there were 
limited researches reported on the responses 01 upland rice lo Ihe lime application using 
soil as the growth medium, and the clear resulls have not yet been obtained. Therefore. 
we conducted the lime response experiment wilh the purpose 01 clarifying the major 
limiting lactor lor the upland rice growth under the acid-soil condlllons. 

Materials and Methods 

The varieties of Oryzica Sabana 6 and Oryzica 1 were used as the representative 
varieties 01 acid-soil tolerant and susceptible varieties. respectively. 80th the surlace (O-
10 cm) and sub (15-30 cm) soil 01 native savanna at Matazul farm in altillanura 01 Llanos 
Orientales in Colombia were used. For each, plastic pots 01 10 inches diameter, 6 kg 01 
soil were used. The dolomitic lime (55 % CaCO,. 35 % Mg Ca,) was applied al 8 levels. 
For lerlilizers, N, p. K, Zn were applied al Ihe rate 01 100, 80, 100, 16 ppm (w/w). The N 
or K were applied al 3 or 4 times during the growth. respectively. 80th the planl and soil 
samples were harvested al Ilowering and physiological maturity. The analysis 01 soil and 
soil solution were conducted as in the previous experiments. 

Results and Discussions 

1. At higher rate 01 lime application, the lime increased the soil pH and maintained 
the aluminum concentration 01 the soil solution at low level. Al low rate 01 lime 
application where the acid stress was expected, the tolerant varieties maintained 
the soil pH higher and the soil solution Al concentration lower than the susceptible 
variety did (Fig. 7). This results suggests thal maintaining higher soil pH may be 
one 01 the mechanisms 01 the acid-soil tolerance. 

2. At the low level 01 lime application (Iess than 50 ppm), the toleran! genotype 
maintained lower tissue concentration 01 aluminum and obtained higher lotal dry 
weight than the susceptible genolype did (Fig. 8). In the figure which shows the 
relationship between Ihe aluminum concentralion in the lissue and the lotal dry 
weight (Fig. lO-a), however, there was no genotypic difference. These results 
demonstrated Ihat the acid-tolerance 01 the upland rice does not rely on Ihe 
mechanisms 01 "internal lolerance" bul on Ihe mechanism of "exclusion." 

3. At the trealment of no lime application (O ppm), Ihere was clear genotypic 
difference in Ihe panicle dry weight (Fig.9). On the other hand, there was no 
difference in the panicle dry weight al the 200 ppm lime application which is clase 
lo Ihe normal praclice of upland rice larmers at savanna. This results correspond 
to Ihe results of Ihe previous two reports which showed thal the conventional 
application of 300 kg/ha 01 dolomitic lime ameliorate the soil acidity even lar the 
susceptible genotypes at leas! lar Ihe lirsl phase 01 the growth. 
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4. The root length and Ihe root-Io-Iop ratio 01 susceptible variety was lower than 
those of the tolerant one al the low rate 01 lime application (O-50 ppm) (Table 4). 
This result suggests that the root growth 01 the susceptible variety was affected 
directly by the aluminum stress. However, the specific root length (root length/root 
weight) was higher lor the susceptible variety than for the tolerant one. This is not 
the usual symptom of the aluminum toxicity. 

5. From the figure 01 the relationship between tissue element concentration and the 
growth, it was shown that the Ca deficiency is not the major limiting factor lor both 
varieties (Fig.10-b). The role of high Al as the loxic substance lor the growth was 
confirmed (Fig.1 O-a), but Ihe role 01 deliciency 01 Mg could not be excluded Irom 
this experiment (Fig.1 O-e). 

6. The lurther experiment to clarify Ihe major lactor which differenliate the genotypes 
(whether high Al or low Mg) should be conducted. 

Relerences 
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TABLE 1. Yield of upland rice al low and high lime application (al La Ubertad, 1993 

" 

Imounl 
of lime 
applied 
(kg ha'" 

0.3 

3 

Oryzica 
Uanos 5 

2730(94) 

2900 

Genotype 

Oryzica 
IAC47 Uanos 6 CT 9997 

Yield (kg ha") 

2170(80) 3460(93) 3600(107) 

2710 3740 3350 

LSDo,o5 = 238 " 

Leas! significant difference between any means. 

CT 10037 

3770(99) 

~: 3790 

2~2 , 

'2 Leasl significance difference between mean s 01 two lime levels averaged over all 
genotypes. 

Figures in the parenthesls are Ihe % ratio lO !he high lime trealmen!. 

TA8LE 2. Effect 01 dolomitic lime application on the rOOI characteristics 01 acid 5011 
susceptible (S) and tolerant (T) varieties. 

Amount 01 lime applied (ppm) 

Variety O 25 50 100 

Total rOOI Oryzica 1 (S) 42 283 406 514 
length (m) Sabana 6 (T) 161 436 538 318 

Specilic roo! Oryzlca 1 (S) 95 63 71 78 
length (m g-1) SAbana 6 (T) 69 68 61 49 

Root/Top ratio Oryzica 1 (S) 0.09 0.17 0.15 0.14 
Sabana 6 (T) 0.19 0.18 0.21 0.15 
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A. AcTIVITY RP01. BLAST PATHOSYSTEM ANALYSIS ANO BLAST RESISTANCE 

Abstract. Blast is the most important disease in rice cultivation. Breeding for durable rice 
blast resistance has been one 01 the major efforts 01 the Rice Program in the last live 
years. Characterization of the genetic structure and virulence diversity 01 the blast 
pathogen is allowing rice scientists at CIAT to develop a novel breeding strategy for this 
type 01 resistance. The strategy is based on the relationship lound between genetic 
families and virulence laetors 01 the lungus that allows us to identify eombinations 01 
resistance genes whieh have no corresponding combinations 01 virulenee genes in 
individual isolates 01 the lungus. The lack 01 this eombinations in the pathogen is 
associated with the presence 01 genetic lineages. Resistance derived Irom this strategy 
is being demonstrated to be more durable than in the pasto 

Blast Pathosystem Analysis 

Genetie struetura and v/ru/enea dlversity in tha rice b/ast pathogen. The maln 
objective 01 this activity is lo eharaclerize the genetic structure 01 the blast palhogen, 
particularly in documenting the hypolhesized relationship between lineages identilied by 
MGR-DNA lingerprínting analysis, and virulence in Ihe lungus identilied through 
greenhouse inoculations on different rice genotypes. This is an ongoing activity where 
blast isolates are recovered during the growing seasons lram the Santa Rosa experiment 
station, La Libertad (ICA) in the Llanos, Altillanura savanna test sites, and other rice 
growing areas in Colombia. Rice genotypes sampled are: a) parents 01 breeding lines in 
the rice program, b) segregating breeding lines, el potential sourees 01 resistanee, d) 
eommercial rice varieties, and el standard international rice differentials. 

More than 100 blast isolates collected in the Altillanura Colombiana were analyzed during 
1994 lor their virulence spectrum and DNA-lingerprinting. These studies determined that 
P. grisea in this area is highly variable. There were isolates Iha! exhibited a high 
compatibility Irequency attaeking 29 out 01 48 rice cultivars tested. Table 1 shows the 11 
more virulent isolates with their respective compatibility Irequencies. However, only 11 
isolates infected hall or more 01 the 48 rice cultivars. On the other hand, 66 isolates 
inlected 15 or less 01 the same cultivars, indicating tha! most 01 the isolates in the 
Altillanura still have a narrow spectrum 01 virulence. Six isolates infected only one or none 
01 Ihe cultivars. 

Virulence frequencies determined lor the population 01 the lungus studied showed the 
highest compatibility on the cultivars Aichi asahi, Usen, Fanny and Caloro, with virulenee 
frequencíes between 69.5 and 95 %. Nine cultivars were susceptible to more than 50% 
of the iso lates while 18 cultivars were resistant lo more than 90% of the isolales. There 
was no rice cultivar susceptible lo all isolates, and Ihe virulence frequencies on the 
cultivars K8. Oryzica Llanos 4 and Oryzica Llanos 5 was zera (Table 2). 

A total 01 44 international races was determined within the blast population studied, being 
the race groups lA and lB the most represented (56 and 19%, respectively). This 
population is characterized for exhibiling races different to those determined in other rice 
growing areas 01 Colombia in the past. This difference is mas! emphasized by the 
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presence 01 the race group lB which has a low Irequency in most parls 01 Colombia bul is 
Irequen! in other countries like the USA and the upland rice growing areas 01 Brazil. The 
main characteristic 01 this race group is the presence 01 virulence laclors on the rice 
cultivar Zenith. These results indicate ¡ha! part 01 the blast populalion lound in ¡he 
Altillanura is not coming from other rice growing areas 01 Colombia and is most probably a 
native population. This suggestion has been supporled by Ihe lack 01 virulence 01 most 01 
the Altillanura blast isolates on the most common commercial rice varieties grown in 
Colombia (Table 2) as well as by DNA-lingerprinting sludies. More lhan 40% 01 lhe 
iso lates tested did nol exhibil virulence factors on the most common rice varieties Linea 2, 
Oryzica 1, and Cica 8. This native population has then probably survived on other 
grasses or weeds. 

Due to the large number 01 races found in the Altillanura we recommend lhat the 
population dynamics 01 the lungus be studied on the basis 01 the virulence Irequencies 
on relevant resistant genes and important rice genotypes and not on the race 
composition 01 the pathogen. This requires a constant monitoring and studies 01 
virulence shifts in blast isolates collected from different rice sources in the area. On lhe 
basis 01 the virulence diversity found in the blast pathogen in the Altillanura Colombiana, 
we can consider this site as a potenlial "hot spof ideal lor breeding lor durable blasl 
resistan ce lor the acid soU savannas. This suggestion has been supported by the results 
obtained in the characterization 01 the genetic structure 01 the lungus in this site using 
DNA- lingerprinting. The selection 01 resistance genes lor a breeding program should be 
based on those genes lor which the virulence frequencies in the whole blast pathogen 
population is low or tend to zero. 

With the objective to group the blast isolates studied lor the Altillanura Colombiana we 
conducted a cluster analysis on the basis 01 the Irequencies 01 the virulence factors 
detected in the lungus population. AII the virulence diversity was grouped in 24 virulence 
groups under a similarity coefficient 01 75% (Figure 1). Information on the genetic 
structure 01 the lungus according to the DNA-proliles determined is al so included in 
Figure 1. In general, Ihe cluster analysis divided Ihe blast popuJation in two big groups 
with a similarity 01 57%. Each 01 the big groups includes high virulent as well as low 
virulent isolates. Group 1 includes the virulence groups 1 to 10 with a range in the 
compatibility Irequencies between 19 and 60%; the second includes groups 11 lo 24 
with a range 01 O to 46% in the compatibility Irequencies. 

Isolates within groups 1-10 are characterized lor exhibiting a wide spectrum 01 virulence, 
where isolates belong mainly lo genetic lineage SRL-6. Virulence group 10, however, 
was represented by six genetic lineages in 34 isolates sharing a large number 01 
virulence lactors (Figure 1). There was no virulence factor specilic to any virulence 
group since all resistance genes were deteated by al least two differen! virulence groups 
(Table 3). Similarly, one international race was present in differenl virulence groups, 
although the race group lA predomina!e wilhin the virulence groups 1 to 10 (Figure 1). 

Virulence groups 11 to 24 exhibited in general a narrower spectrum 01 virulence and 
lower compatibility frequencies than groups 1 to 10. There was no relation between a 
genetic lineage and the spectrum 01 virulence 01 any group (Figure 1) within the bias! 
pathogen lound in the Altíllanura. Virulence group 21 was represented by 7 genetic 
lineages in 33 blast iso lates. Although most 01 the international races that be long lo the 
race group lB were present in Ihis big group, we observed a wide distribution 01 other race 
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groups in one or several 01 the virulence groups determined (Figure 1). The only case 
were virulence lactors were specilic to a virulence group was lor cultivars Cica 9 and 
Moroberekan, associated with the virulence groups 15 and 20, respectively. However, the 
number 01 iso lates within each group was low (Table 3). 

Table 3 shows that no resistan ce gene present in the group 01 cultivars used is effective by 
itsell against the whole pathogen population, however, potential parents can be selected 
lor genetic crosses that would yield resistant progeny combining resistan ce genes able to 
exclude all the groups 01 virulence determined in this study. For example, the genetic 
cross between the rice cultivars CT 6196-33-1 0-4-15 and IR 42, should in theory yield 
segregant lines that combine resistance genes that exc!ude all the virulence groups 01 the 
pathogen (Table 3). These two parents, although inlected by 6 and 5 virulence groups, 
respectively, are not inlected by the same virulence group or the same iso late. This 
indicates, that within the blast population studied, there are no individual isolates that 
combine virulence lactors compatible with both potential parents.ln the same way, it is 
possible to select other parents that would yield similar results. 

Table 4 shows the spectrum 01 virulence lor each genetic lineage determined in the 
pathogen population lor the Altillanura. Nine 01 these lineages were lound lor the lirst 
time in Colombia and then denominated as Altillanura (ALL). As it was indicated in last 
year annual report, the predominant Altillanura genetic lineages are SRL-6 and ALL-7, 
with Irequency 01 50 and 32%, respectively. These two lineages exhibited a wider 
spectrum 01 virulence compared to the other lineages (Table 4). The high Irequency 01 
the Santa Rosa lineage (SRL-6) can be explained by the Ilow 01 spores Irom the 
adjacent irrigated and lavo red upland rice growing areas to the Altillanura. The high 
Irequency 01 the lineage ALL-7 (not lound in other rice areas 01 Colombia) is probably 
due to the effect 01 the resistan ce genes and/or the germplasm being developed lor this 
ecosystem. While rice germplasm lor the traditional rice areas 01 Colombia has been 
typically Indica, lor the Altillanura predominates Japonica germplasm. It will be 
important to determine il a selection pressure lor this genetic lineage is being imposed 
on the pathogen population in this ecosystem. 

In general, the results lound lor the Altillanura Colombiana in this study do not suggest a 
direct association between the virulence spectrum and the genetic structure 01 the 
pathogen as we have lound lor blast isolates Irom other rice growing areas 01 Colombia 
collected on the commercial varieties developed in the last 20 years. This is probably 
due to the lact that in the Altillanura there has no been a selection pressure on the 
pathogen population lor certain virulence genes since no commercial cultivars or 
specilic resistance genes were released in this area in the past. This suggests that the 
blast pathogen in the Altillanura has a wide and unknown virulence potential and shifts 
within this population will depend on the resistance genes released lor this ecosystem in 
the luture. It will be very important to monitor continuously any shift in the virulence 
Irequencies as well as the appearance 01 new virulence genes in order to develop 
durable blast resistance lor the Altillanura. 

While lineage ALL-7 exhibited a wide spectrum 01 virulence, most 01 the other lineages 
lound and probably native 01 the Altillanura exhibited a narrow spectrum 01 virulence. 
Very lew cultivars tested exhibited a specilic interaction with a virulence lactor lound in a 
genetic lineage. We determined a specilic interaction between lactors 01 virulence in the 
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genetic lineages ALL-7, SRL-4 and SRL-2 with the rice cultivars Moroberekan, Colombia 1 
and Cica 9, respectively. Although most lineages shared several virulence factors, most 01 
Ihe cultivars are susceptible to less than 50% of the lineages. 

As we have hypothesized in the last few years, any isolate within a genetic lineage can 
express any combination 01 virulence lactors thal are expressed in lhe spectrum 01 
virulence 01 that genetic lineage by differenl isolates. II this case is true, the genelic 
cross suggested aboye between the cultivars CT 6196 and IR 42 could yield a 
resislance progeny without stability lor blast resistance since Ihe corresponding 
virulence lactors lor each progenitor, although presenl in different virulence groups, are 
wilhin isolates 01 the same genetic lineage (Table 4). In this case the compatible isolates 
belong 10 the genetic lineage SRL-6. It will be useful to characterize more isolates lrom 
this genelic lineage as well as more isolates relrieved Irom both parents lo determine il 
there are individual isolates that already combine the corresponding malching virulence 
laclors lor both parents. 

However, other parents can be selected lor genetic crosses or as sources 01 resistance 
genes that could yield breeding lines that exclude all the genetic lineages 01 the bias! 
pathogen tound in the Altillanura. For example, Ihe cross between the parents IRAT 13 
and Tetep should yield rice lines resistanl lo all the genelic lineages described in Table 4. 
Other po!ential parents lor bias! resistance tor Ihe acid savanna soils are being screened 
under greenhouse conditions with representative isolates 01 the different genetic families 
lound in the Altillanura. 

A total 01 16 blast isolates representing all the virulence diversity found in Ihe Allillanura 
were selected to screen potential parenls lor blast resistance under greenhouse 
condilions (Table 5). These isola!es belong to six different genetic lineages and were 
classílíed in 10 groups 01 vírulence. It ís not necessary lo include isolates 01 all genetic 
lineages since Ihe spectrum 01 virulence 01 the genetic lineages not selected is included 
in those Ihal were selected. As the bias! pathogen may have an unknown polential for 
virulence in Ihe Altil1anura, il is recommended that Ihose parents 01 most ¡nterest be 
planted under lield condilions lor collection 01 isolates present in low Irequency to 
determine their virulence capacity and lineage structure. Conlrolled inoculations with 
this group 01 isolates will allow the identification 01 a true genelic resistance in selected 
parents as low frequency 01 compatible isoleles under lield conditions is common in the 
Allillanura allowing escapes to natural infection by the pathogen. 

Breakdown 01 Ihe resistance 01 Ihe lirsl rice variety released Ior the Altillanura 
Colombiana, Oryzica Sabana 6, occurred in 1993. DNA- lingerprintíng analysis 01 bias! 
ísolates eollected on single lesions observed in low frequency in Oryzica Sabana 6 prior 
lo 1993, classílied the isolates into the genetic lineage SRL-6. It was assumed tha! !his 
lineage, SRL-6, would eventually breakdown the resislance 01 this variety, or would 
increase in frequency duríng Ihe expression 01 a highly susceptible reaetion, however, 
none 01 these isolales reinlected under greenhouse conditions Oryzica Sabana 6. DNA
fingerprinling analysis 01 compatible isolales collected during the year 01 Ihe breakdown, 
yielded only the genetic lineage ALL-7, and no SRL-6. These isolates reinlecled 
severely under greenhouse inoculations the variety Oryzica Sabana 6 (see lasl year 
annual report). 
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Since the genetic lineage ALL-7 had been detected in the Altillanuraprior to 1993, we 
analyzed if virulence to Oryzica Sabana 6 was already present in the blast population 
collected during Ihese studies or il a new pathotype andlor mutation was responsible for 
the breakdown. Table 6 shows that 12 blast isolates collected in the Altillanura prior to 
1993 had virulence lactors compatible with Oryzica Sabana 6. The iso lates had been 
recovered lrom 9 different rice cullivars bul none Irom Oryzica Sabana 6. Eight 01 the 
isolates had been characterized within genetic lineage ALL-7, while lineages SRL-6. SRL-
4, and ALL-12 had one isolate each exhibiting virulence lactors to the variety (Table 6). 
These studies are reporting the presence 01 virulence factors compatible lo the variely 
Oryzica Sabana 6 in Ihe pathogen populalion 01 the Altillanura prior lo the breakdown. 
since this cultivar did not exhibit susceptibility to blast before 1993. The common 
breakdown occurred in this variety in different sites 01 the Altillanura during 1993. including 
sites 200 Km away 01 the main rice growing areas 01 the Altillanura. suggest that 
breakdown was nol caused by an increase in Irequency 01 any ofthe detected 8 ALL-7 
isolates compatible with the variety. but a massive change within the whole population of 
the same genetic Iineage present in a high Irequency there. 

The absence 01 symptoms exhibited by Oryzica Sabana 6 during 1992 does not allow to 
think in an increase in frequency 01 an existing compatible pathotype, supporting the 
idea 01 a massive shift in virulence within the genetic lineage ALL-7. If this is true, this 
observation supports our hypothesis that any iso late within a lineage is able to express 
any virulence factor present within the virulence spectrum 01 tha! lineage. It can not be 
explained at this time, however, what lactors could favor the massive expression 01 a 
virulence factor in a large part 01 the individuals 01 a genetic family at a particular time in 
different sites. It could be the response to a climatic factor. or Ihe response to the 
massive release 01 a resistance gene. More research needs to be conducted in the 
luture to elucidate this host-pathogen interaction. 

We recommend on the basis 01 the results obtained here. tha! in order lo identify early 
virulence factors that could play an important role in the breakdown 01 the resistance 01 
a cultivar. controlled moniloring 01 the pathogen be conducled not only from isolates 
recovered lrom the resistant variety. bul Irom other cultivars planted in nurseries within 
the area Where the resistant variety is grown commercially. More studies need to be 
conducted on isolates recovered !rom the cultivar Oryzica Sabana 6 prior to 1993 to 
strengthen this recommendation. It is also important to determine what will be the 
stability 01 this virulence factor !or Oryzica Sabana 6 within the blast pathogen and what 
the Irequency in the total population. 

These studies continue giving the indication that the Altillanura Colombiana, as it is a 
new area for growing rice. and where a native blast population exisls, is an ideal 
ecosystem to study and understand mechanisms that determine evolutive lactors in the 
intaraction between rice and the blast pathogen. 

Testing the lineage exclusion hypothesis . The lineage exclusion hypothesis proposes 
Ihat resistance genes can be found in rice which "exclude" enlire lineages 01 the blast 
pathogen Irom being virulent. Our resulls have suggested that thase genes should be 
more durable than race-resistance genes beca use lactors which differentiate lineages are 
hypothesized to be more fundamental, "conserved" characters that are not easíly 
overcome. The hypothesis is based on evidence accumulaled to date that there is a high 
degree 01 specialization between bias! lineages and the rice cultivars they are competent 
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lo attack; and Ihal genelic dislance is greater between lineages Ihan within. 'For example, 
virulent isolates against cultivar Cica 9 are lound in only two lineages 01 the lungus. 
Resistance genes in Cica 9 presumably protect it againsl the other lineages. If the 
hypothesis is valid, breeders could achieve broad-spectrum, durable resistance by crosses 
planned to accumulate "complementary" sources 01 resistance, i.e. those excluding all the 
different lineages. 

To test this hypothesis, we need to identify and confirm the activity 01 resistance genes 
against particular lineages, and demonstrate that they can be pyramided in crosses, with 
concomitant pyramiding 01 resistance. We will test this by "dissecling" the resistance 
genes in the highly resistant variety Oryzica Llanos 5, and comparing them wilh genes 
lound in the varieties' ancestors. Oryzica Llanos 5 shows a remarkable durability in 
resistance over space as well as over time. It has a virtually unmatched degree 01 
resistance when evalualed in several highly blast conducive sites in Asia (Dr. R, Zeigler 
communication, IRRI). Oryzica Llanos 5 has been inoculated with more than 200 
isolates Irom 19 Colombian genetic lineages al CIAT and with 202 isolates lrom six 
genetic lineages Irom the Philippines at IRRI (Dr. R. Zeigler communication, IRRI) and 
no compatible isolales have been detected for Ihis variety. We will also study several 
crosses described in the annual report 01 1993 lor which different populations are being 
multíplíed in the fleld. 

Table 7 iIIustrates the susceptibility 01 the parentallines in Oryzica Llanos 5 pedigree to 
selected Colombian isolates 01 all genetic lineages 01 !he blast pathogen. As Ihe table 
indicates, the resistance in Oryzica Llanos 5 did nol come Irom only one 01 ils ancestors, 
since all were susceptible lo at least some isolates to which the cultivar is resistant 
(Table 7). and since the fines also show susceptible reaction in the Santa Rosa lields 
where Oryzica Llanos 5 remains resistan!. None 01 the lineages 01 the pathogen 
exhibited compalibility with all 01 the parentallines. The most vi rule nI lineage was SRL-
6, which inlects three oul 01 live parentallines, while cultivar Cica 9 and Colombia 1 
exhibil specilic lineage susceptibility (Table 7). 

Table 8 shows Ihe resislance speclra 01 Oryzica Llanos 5 parentallines lo lineages 
showing compalibililies lo al leas! one parenl and Ihe complementarity in resistance 
with respect lo Ihe lineages exhibiled by each paren!. The resistance in Oryzica Llanos 
5 is then mosl probably mul!igenic as all its ancestors are susceptible to isolales from 
Santa Rosa. This type 01 complementarily in Ihe resistance exhibiled to differenl genetic 
lineages has been pro posad as a possible means 01 obtaining durable blasl resislance. II 
is however extremely importanl that for each gene tic lineage 01 the palhogen a large 
sample 01 blast isolales collecled Irom different sources be charactarized lor Iheir 
virulence speclra to determine which combinations 01 virulence lactora are absent or 
tend lo zero and if those combinations are associated with isolates that belong lo 
different genetic fineages of the pathogen. 

81ast reslstance. Populalion improvemenl methods used in cross-pollinaled crops have 
not been extensively applied lo rice. Thirty rice lines 01 diverse origin were selected as 
parents because 01 stability 01 the reaction lo a range 01 leaf (BI) and panicle (NBI) blasl 
(Pyricularia grisea Sacc.) races duríng eight growing seasons al a "hol spof' site. Each 
parent was crossed to five others and each F, lo three other F,'s to ensure 
recombination. The resultíng seeds were bulked to lorm Ihe GC-91 gene pool (COPO). 
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Two populations were extracted Irom GC-91 with the lollowing objectives: a) rapid lixation 
01 major genes lor high levels 01 resistance (population Cl Pl) and b) a combination 01 
major and minor genes lor an intermediate level 01 resistance (population Cl P3). 

The S, and S2lines were evaluated at Santa Rosa Experimental Station (SRES), the lalter 
was also planted at Palmira Experimental Station (a blast-Iree site), and the best lines 
identilied at SRES were crossed in Palmira. The major result during 1994, was the 
completion 01 the second cycle 01 selection, 17 and 21 lines were selected as parents. 
Each line was crossed to three other lines, three plants were used to represent a line in 
the crossing process, the bulked seed represents the C2Pl and C2P3, respectively. In 
the lield, during the selection process, when compared to COPO and with the parents 01 
cycle 1, these lines showed higher level 01 resistance in both cases. In 1995, a structure 
and multilocational test will be planed to evaluate the genetic progress 01 the recurrent 
selection strategies. 

Table 1. Compatibility Irequencies on 48 cultivars 01 the 11 most virulent rice blast 
iso lates lound in the Altillanura Colombiana, 1994. 

Isolate Cultivars Compatibility 
attacked Irequency (%) 

Linea 6-7-1 29 60.4 
Chokoto 7-1 28 58.3 
Caloro 1-1 26 54.2 
Dular 14-1 26 54.2 
Bluebonnet 50-6-1 25 52.1 
Oryzica Sabana 6-12-1 25 52.1 
IRAT 13-13-1 25 52.1 
Oryzica Sabana 6-2-1 25 52.1 
Raminad STR 3-24-1 24 50.0 
Ceysvoni 20-1 24 50.0 
Dular 10-1 25 50.0 
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Table2. Virulence frequencies 01 the Altillanura rice blast pathogen on 48 cultivars. 

No. Cultivar No. 01 compatible Virulence 
isolates frequency (%) 

1 Aichi-Asahi 112 94.92 
2 Usen 92 77.97 
3 Fanny 85 72.03 
4 Caloro 82 69049 
5 Taichun 79 66.95 
6 Metica 1 66 57.63 
7 Ramínad STR3 66 55.93 
8 IRa 61 51.69 
9 CICA 4 60 50.85 
10 Zeníth 58 49.15 
11 K59 58 49.15 
12 Oryzica 1 58 49.15 
13 Pi NoA 57 48.31 
14 Kl 54 45.76 
15 Bll 53 44.07 
16 IR22 53 44.07 
17 Kataktara DA2 51 43.22 
18 Shin 2 49 41.53 
19 Dular 47 39.83 
20 CICA 7 47 39.83 
21 CICA 6 42 35.59 
22 Sha-TIa-Tsao 41 34.75 
23 Bluebonnet 50 32 27.12 
24 Kusabue 28 23.73 
25 Kant051 21 17.8 
26 Oryzica 3 14 11.66 
27 Fujisaka5 12 10.17 
28 Peta 12 10.17 
29 Oryzíca Sabana 6 12 10.17 
30 CT 6196-33-1 0-4-15 12 10.17 
31 IR42 9 7.63 
32 NP125 8 6.78 
33 Fukunishiki 8 6.78 
34 Tsuyuake T.C.W.C. 8 6.78 
35 Linea 2 7 5.93 
36 Chokoto 5 4.24 
37 IRAT 13 5 4.24 
38 Tetep 4 3.39 
39 Ceysvoni 4 3.39 
40 Oryzíca 2 3 2.54 
41 CICA 9 3 2.54 
42 CICA S 3 2.54 
43 CT6947-7-1-1-1-7-M (Unea6) 3 2.54 
44 Colombia 1 3 2.54 
45 Moroberekan 2 1.69 
46 K8 O O 
47 Oryzica Llanos 4 O O 
48 Ory:zica Llanos 5 O O 
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T ABLE 3. Vírulence groups and virulence spectra of Altillanura blast ¡soletes on 48 rice 
cultivars. 

ísofates: No./lineag. 

IlCultivar susc,ptlbJo lo al! ¡solatas 0# the group 
~..cultlva( susceptible to soma isolates of the gfOUp 



TABLE 4. Virulence spectra 01 13 genetic lineages of the Altillanura blast pathogen in 
48 rice cultivars. 

1so1.103 No./lln.ag. 

.CUltivar susceptible to ail ísolates of a lineage 
li~~Cultivar suteeptible to sorne isolates 01 a lineage 



Table5. Rice blasl isolates representing all the virulence diversity in the Altillanura. 

Groupof Compatibility 
Isolate Lineage 1 virulence frequency ('Yo) 

Linea 6-7-1 ALL-7 1 60.41 
Chokolo 78-1 SRL-6 7 58.33 
Oryzica Sabana 6-12-1 (0) 8 52.08 
Ceysvoni 20-1 SRL-4 10 50.00 
Aichi-Asahi 17-1 SRL-4 13 43.75 
Oryzica Sabana 6-9-1 SRL-2 15 27.08 
Zenilh 31-1 ALL-7 20 27.08 
Ceysvoni 64-1 SRL-6 2 39.58 
Caloro 1-1 ALL-8 7 54.16 
Zenith 34-1 n 8 47.92 
Raminad Str3- 24-1 SRL-6 8 52.08 
Oryzica Sabana 6-2-1 n 10 52.08 
Fanny47-1 SRL-5 11 45.83 
Colombia 1-6-1 (0) 12 31.25 
CICA 9-38-1 SRL-2 15 20.83 
Linea 6-9-1 (0) 20 18.75 

1, Uneage delemlnad by DNA·fingerprinting, 
Not detenn¡ned. 

Table 6. Altillanura Isolates of Pyrícularia grisea compatible with the rice variety Oryzica 
Sabana 6. 

Isolate Virulence Compatibílity Year 
group Frecuency ('Yo) Lineage Race Colletion 

Linea 6-7-1 1 60.41 ALL-7 IA4 1991 
Ceysvoni 64-1 2 39,58 SRL-6 lA 115 1991 
IAC 165-7-1 13 35.52 ALL-12 lA 41 1991 
Aichi-Asahi 17·1 13 43.75 SRL-4 lA 45 1991 
Bluebonnet 50-3-1 18 18.75 ALL-7 lA 112 1991 
IAC 165-5-1 20 14.58 ALL-7 lB 48 1990 
Bluebonnet 50-5-1 20 18.75 ALL-7 lB 48 1991 
Linea 6·9-1 20 18.75 (0) lB 46 1991 
Zenith 31-1 20 27.08 ALL-7 lB 45 1991 
Linea 2-41-1 21 10,42 ALL-7 lB 47 1990 
Peta 22-1 21 14.58 ALL-7 lB 45 1991 
CT6946-9-1-2-2-1-M-2-1 21 16.67 ALL·7 lB 451990 
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Table 7. Susceptibility 01 parentallines in Oryzica Llanos 5 pedigree to selected 
Colombian isolates 01 Pyricularia grisea Irom 13 genetic lineages. ,. 

Greenhouse evaluation' 
Isolates tested MaXimum 

MGRlineage in greenhouse disease 
susceptibility" (No.) ReaClion severity (%) 

SRL-' 10 S 45 ~9 8 
SRL-2 10 S 64 

SRL-5 10 RlS 16 
SRL-6 10 RIS 45 

SRL-3 6 RlS 6 CICA 7 8 
SRL-4 6 RlS 12 
SRL-6 10 S 45 

SRL-5 10 RlS 20 5685 5 
SRL-6 10 RIS 82 

SRL-4 6 R/S 10 Colombia 1 7 

1. Lineage deflned by slmílarily 01 bandíng pattem when probad wI!h !he repetitiva probo MGR586 as descrlbed 
by Levy él al.. 1993, and Corraa el al.. 1994. Lineages used were: SRL-l, SRL-2, SRL-S, SRL-4, SRL-5, SRL, 
6,ALL-7 (10 lsolates), ALL-g (2), ALL-9 (2), ALL-tO (6), ALL-ll (2). ALL·12 (2), ALl-13 (8). 

2. The tive cloSést parentallines in Oryzica Llanos 5 pedfgree. OryZ1CH llanos 5 exhibited an irnmune reaction lo 
al! isolates tested in the greanhouse, 

3. Compatibility of lineage with parentall1ne. Uneages oot shown in tabla exhibited an incompatible reaction. 

4. Reacnon: R= all ¡soletes íncompatible with the parent in question. AlS= soma ¡$Orates compatible and others 
incompatible with parent In question; S= aU isolates compatible wlth !he parent in qU8stion. 

5. Accordlng ta the Standard Evaluation System Ior rice (SES), where 1 = no dlsaasa; 9 """,Imum dlseasa. 

Table 8, Resistance spectra of Oryzica Llanos 5 parentallines to lineages showing 
compatibilities to at least one parent 

Lineage '. 

Parent SRL-F SRL-2 SRL-3 SRL-4 SRL-5 SRL-6 

IR36 RJ· R S S R S 
CICA 7 R R S S R S 
CICA9 S S R R R R 
5685 R R R R S S 
Colombia 1 R R R S R R 

1. Uneagas describad by slmilarily 01 MGR586 DNA flngerpnntlngs (Levy el al .. 1993). 
2. R:::: all isolates tested showed incompatible reaction; S= sorne is(Jjates showed Incompatible reactions and 

others were compatible. 
3. Number of ¡solates pe! linaaga: sea Tabla 7. 
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Figure 1. Virulence groups of the blast pathogen in the Altillanura of Colombia. 
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IV. PROJECT 4 
RICE TRAITS FOR ENHANCEO COMPETlTIVENESS 

A. Actlvity RP52. Rice Traits tor Competing with an Associated Pasture 

Abstract. Rice traits to resist !he competifion 01 an associated pastureRice-based 
systems are relevanl agropastoral alternatives lor the acid-soil savannas. Competition 
between rice and sorne 01 the associated pastures can take a 5-30% toll on rice yields. 
Basic underslanding of the mechanisms ¡nvolved in rice-pasture competilion is needed lo 
guide breeding lor specilic key rice traits to withstand pasture interference. For Ihis 
purpose, work was conducted in the Colombian Llanos, Involving above- and below
ground growth analysis for eight rice cultivars and Brachiaría decumbens, also measuring 
PAR inlerception, and esfimatíng rool mass 01 both specles using carbon isolope 
discrlmination analysis. Under lavourable ralnlall (1585 mm) and nutritlon, competifion 
was mainly an above-ground process 01 light capture, starting only once the pasture 
became taller and lealler than rice 45-days alter emergence (dae). Whereas rice height 
and root growth were not related to competition effects, LAI and PAR interception were 
strongly correlated with pasture suppression, and would thus be key traits in selecting for 
rice competitiveness against seedling B. decumbens. These traits must be recorded on 
rice growing in competition, and screened lor alter 45 dae. This work is sponsored by the 
British ODA, involving also CNPAF/EMBRAPA in the Brazilian Cerrado. 

Objectives and Procedures 

Improved sustainable agropastoral systems are an escape valve in many tropical 
countries as alternatives to lurther expansion 01 their agricultural Irontiers into Iragile 
environments such as ¡he rain lorests. Successlul agropastoral alternatives are being 
developed lor the savannas adjoining the margins 01 the rain fores!. These are rice
based systems, where improved rice varieties act as the trigger that sets off the adoption 
01 the whole rice-pasture sys!em. The breeding 01 high-yielding rice varieties adapted to 
such environments is a recen! achievement. More needs to be known about the crop
pasture interaefion effec!s on rice performance. II has be en observed tha! competilion 
between rice and sorne 01 the associated pastures can take a 5-30% toll on rice yield 
potential, depending on the growth habit 01 rice and the intersown pasture. Rice traits for 
competitiveness against an associated pasture are poorly, and empirically , understood. 
Until now upland rice breeding has be en conducted under monocrop conditions. Small 
numbers of advanced lines have been tested in apasture association, but !hese 
empirical observations need to be strenglhened by a better basic understanding 01 the 
mechanisms involved, leading to principies that could guide selection tor specilic key 
traits early in the breeding process. We need to know what specific traits are important, 
what are the tradeoffs among them and how they can be effíciently selected lor. CIAT 
has acquired experience in rice-weed interactions (Fischer, 1993 and Fischer et al.. 
1993,1994) which can serve as a perspective to expand our understanding 01 the rice! 
pasture associalion. The presant work is sponsored by an O.O.A. grant, and is 
conducted in partnership with CNPAF in Goiania, Brasil. 

The work we report here was conducted at the I.C.A. Experiment Station al La Libertad, in 
Ihe Colombian Llanos, seeking lo understand the morpho-physiological implications lor a 
successlul rice pasture assocíation, in terms 01 rice productivity and good pasture 
establishment, and to identify those traits that allow rice to withstand pasture competition. 
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Eight upland cultivars (Colombia 1, Une 2 (CT 6196-33-10-4-15-M),Oryzica Sabana 6, 
CT 10037-9-7-M-l-M, IRAT216, TOX 1010-45-H, RHS 107-2-1-2TB-1JM, UNE3 (CT 
6196-33-11-1-3» were grown (70 kg seedlha) on an acid oxisol (4.4 % organic maller, pH 
4.9,4.6 ppm P, 0.21 meq/100 9 Ca, 0.07 meq/1 00 9 Mg, 0.08 meq/100 9 K, 90.3 % Al 
saturation) in monocrop and in competition with Brachiaria decumbens (1.5 kg seed/ha). 
The experiment was lertilized with 300 kglha dolomitic lime. 60 kg P .o/ha, 60 kg I("O/ha, 
and 75 kg N/ha. Treatments were arranged within a randomized complete-blocks design 
with split plots and lour replications. Competition or monocrop were the main plots 
treatments, and the cultivars were in the 47m2 subplots. Above- and below-ground rice 
and pasture parts were sequentially sampled. Rice and Brachíaria rool dry matler were 
separated using Ihe earbon isotope diserimination technique (Svejcar and Boullon, 1985). 
Percent PAR interception was determined lor rice plants growing in competition by reading 
the incoming radiation aboye and below Ihe rice canopy (alter removing Ihe pasture 
growlh between two rice rows). 

Competition Effects 

Onset 01 interference. Interference, presumably competition (Radosevich and Holl, 
1984), became evident in rice at the 45-dae' sampling (Figure 1). Alter which time, rice 
biomass, leal area index (LAI), and tillering were reduced with respect to their growth in 
monoculture (Figure 1). Plant height was a growth parameter much less affected by the 
pasture's compelition, and would no be a reliable indicator 01 rice-pasture interaetion. 
Competitive growth reduction appeared somewhat later in the pasture (Figure 2), sinee 
ilS emergenee and initial growth occurred somewhat Jater Ihan with rice. 

Growth psrsmeters sffected. Biomass, LAI and tillering were parameters Ihal regislered 
the onsel 01 competition al the same time (Figure 1 j. The depressive effeets 01 
competition on Ihose parameters was stronger in Ihe least competitive cultivar (Colombia 
1) than in Linea 3 which was the mosl competitive material (Figure 1). Reduction 01 rice 
growlh due lo B. decumbens competition became measurable onlywhen the pasture 
developed a similar or higher LAI, and became taller that rice (Figure 3), Le. when the 
pasture had an advanlage lo compete lor light 

Rool growth, eilher in monoeulture or in eompetition, did not relleel the oulcome of 
competitive interaction between both species (Table 1), reaffirming thal under favourable 
rainfall (1585 mm from May lo Seplember) and nUlrilion, interferenee in this system 
would be mainly an aboveground proeess of light capture. Data in Table 1 also suggests 
Iha! resource allocation to very deep rooting may weaken rice competitive ability, 
possibly by interfering with canopy growth. 

Trsits for screening. Correspondingly with Figures 1-3, correlations between rice and 
pasture growth became significan! only afler 63 dae (earlier non-significant correlations 
nol shown) (Table 2). The pressure 01 the pasture depressed rice yields and growth, 
however lighl inlereeption by rice canopies reduced pasture growth (Table 2). 
Competitive rice genotypes were those intercepting most incoming radiatíon (Table 3). 
LAI, followed by tillering were Ihe rice canopy allributes most closely associated with PAR 
(pholosynthetically active radiation) interception (Table 2). Since rice heighl exhibited lillle 
change under competitive pressure, and was poorly correlated with pasture growth 
inhibition and canopy PAR interception (Table 2), rice biomass; LAI and tillering would be 
the crileria lor selecling competitive rice cultivars. Sinca Ught interception, which strongly 
correlaled with LAI. was the parameter wilh the strongest effect on pasture growth 
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inhibition (Table 2), it follows that a measure 01 LAI or 01 canopy light interception would be 
Ihe two best criteria lor screening rice lor competitiveness against seedling B. decumbens. 
However, such selection criteria are valid only when Ihey are recorded with both species 
compeling. The same paramelers measured in monoculture bore litlle relationship with 
rice competitiveness (Table 4). 

The relatively late onsel 01 compelition implied Ihat early screening lor the above Iraits 01 
rice competiliveness would not be reliable. Total rice biomass and leal area, recorded in 
compelition al 63 dae, were the earliest reliable indicalors 01 rice competitiveness 
recorded (PAR interception was determined only al 90 dae) in this experiment (Table 5). 

Blomasa Partitioníng 

The harvest index (HI), as it is commonly used, relates to a genotype's partilioning 01 
photosynlhates into commercial yield. Much 01 the elfort to improve rice plant types 
seeks to increase HI. Tall and leafy cultivars can be more competitive, but sel! shading 
and increased respiralion usually result in lower HI values. In our case, H I was alfected 
by competition, and HI under competilion could nOI be predicted !rom monocullure 
values (r=0.16, P>0.05). Competitiveness (yield in competitionlyield in mococulture) was 
associated with high HI when rice was grown in competilion with Brachiaria brízantha 
(r=0.87, P<0.1), and with lower reduction 01 monoculture HI by competition (r=0.91, 
P<0.01). 

Concludlng Remarks 

Linea 3 was the highest-yielding cultivarwhen growing togetherwith B. decumbens, and 
the most competitive against this species (Table 3). However, rice can be a slrong 
competitor, and still allow lor considerable pasture production. Thus, Oryzica Sabana 6 
fetched a similar yield as Linea 3, bul tolerated more pasture growth (Table 3), 
highlighting its suitability lor this kind 01 intercropping. According lo the above results it 
would seem that productive rice plant types can have the means 10 compete with, or 
tolerate an intersown species such as B. decumbens. The need lor more competitive, 
taller and lealier plants, Iha! usually have less efficien! plan! Iypes (Jennings and Aquino, 
1968), does nOI appear to be justilied at this point with the rice-pasture associatíons 
beíng developed lor the acid-soil savannas 01 Colombia. 
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Table 1. Correlations between rice rool parameters determined in monoeulture and in 
competilion with Brachiaris decumbens biomass at 90 days after rice 
emergenee. when Ihis species grew in eompetition with rice. 

Root parameter 

Root length density 

Rootmass 1 

Depth 
(cm) 

0-20 
20-40 
40-60 
60-80 

80-100 
0-100 

0·20 
20-40 
40·60 
60·80 

80-100 
0-100 

1. ROOI rnass in competition was détermined at harvestlrne. 
2. • P < O.OS, U· = P <: 0,01, 

Monoculture Competition 

--------......... --~-- r ----------------

0.68 
0,38 
0,21 
0.03 
0,89 
0.79 

0.21 
-0.10 
-0,27 
-0.29 

0,71 ... 
0.14 

-0.12 
-0.10 
0.16 
0.86 .* 

-0.43 
-0.08 

Table 2. Correlations between rice and pasture parameteres when both species grew in 
competilion. 

y 

Re!. rice yield 
Re!. rice biomass 

Pasture biomass 
• • 

• 

• 
PAR interception by rice 

x 
Pasture biomass 
Pasture biomass 

PAR interception by rice 
Rice LAI 

Rice tillering 
Rice height 

Rice biomass 
Rice LAI 

Rice tillering 
Rice height 

63 

0.48 
-0.38 

a.a.e. 1 

-0.79 •• 
-0,27 
0.12 
-0.70 • 

90 

-0.86 H 2 

-0.79 * 3 

-0.76 • 
-0.71 • , 
-0.67 ' 

0.36 
-0.77 • 5 

0,90 •• 
0.79 •• 

0.51 
-----------"",-",,------------
1. Days atter' emergenc9. 
2, '. P < 0,05. ". P < 0.01, 
3, X·. Ln (X) 
4, Y'. Ln (Y) 
5. Y'= 1JY 
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Table3. Biomass 01 Brachiaria decumbens, growth parameters and PAR interception at 
90 d.a.e., and yield 01 eight upland rice cultivars when both species grew in 
competition. 

Rice Pasture PAR 
Yield biomass Height Tillers biomass Interception 

Rice cultivar (kg/ha) (g/m')' (cm) (g/m') , LAI (g/m')' (%) 

Colombia 1 870 477 84 253 1.70 873 0.23 
Linea 2 1208 389 74 210 3.10 396 0.20 
O. Sabana 6 1975 344 7B 27B 2.90 356 0.14 
CT 10037 16B7 429 B3 224 3.50 257 0.14 
IRAT216 1749 390 65 261 4.20 563 0.14 
TOX 1010 B14 32B 74 204 1.70 3B6 0.21 
RHS 107 279 280 B5 170 1.50 75B 0.27 
Linea 3 2063 620 74 373 5.40 11B 0.11 
LSD 403 163 9 46 0.50 163 0.05 
CV (%) 20 11 B 13 11 24 20 

1. Days aftar emergence. 
2. Dry matter. 

Table 4. Correlations between rice parameters determined in monoculture (90 days 
alter rice emergence) with pasture biomass, and relative rice yield in 
competition. 

X (monoculture) 

PAR interception 
LAI 
Tillering 
Rice height 
Rice biomass 

11 ns P > 0.05. 

Y, 
Pasture biomass 

0.42 ns ' 
-0.30 " 
-0.20 " 
0.24" 
0.67" . 

Y, 
Re!. rice yield 

-0.62 ns 
0.00 " 
0.39 " 
-0.30 " 
-0.50 " 

Table 5. Correlations between sequentially-recorded rice growth parameters and the 
biomass 01 Brachiaria decumbens harvested 90 days alter rice emergence, 
when both species grew in competition. 

d.a.e.' 
Growth parameter 10 20 30 45 63 

LAI -0.27 -0.54 -0.53 -0.57 -0.B5**' 
Tillering -O.4B -O.Br -0.65 -0.29 -0.30 
Height 0.05 0.32 0.35 -0.07 0.27 
Biomass -0.34 -0.65 -0.43 -0.63 -0.83** 

1. Days aftar emergence. 
2. P < 0.01. 
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B. AcnvlTY RP02. GENOTYPES FOR WATER SEEDlNG 

This activity seeles lo identify genotypes wilh Ihe ability lo emerge through a water layer, or 
"anaerobic seeding tolerance", by i) acquiring the putative tolerant germplasm idenlified by 
IRRI (Dr. Yamauchi), ii) acquiring the screening technique developed at IRRI, and iii) 
screening the germplasm, plus CIAT lines, 

Background 

Latin America is in the midst 01 a dynamic Iransition in irrigaled rice seeding systems, 
Building on IRRI work, we are attempting lo assist this transition through genetic 
improvemen!. 

Direet seeding onlo the surface 01 puddled soils is becoming increasingly eommon 
because it is more efficent and economical than transplanting and gives better weed 
control than seeding into dry soil. A water layer is a highly effective, environmentally
benign weed control agent. 

A major bottleneck in this transition is the lack 01 tolerance 01 rice 01 saturated, anaerobic 
conditions during seedling emergence. Seedlings need oxygen lo respire and support 
growth, yet tropical waler temperatures reduce the oxygen holding capacity 01 water and 
stimulate microbial growth which lurther consumes oxygen in the seedling zone. Peor 
stand establishment is the resul!. Farmers try lo deal with this constraint by draining the 
water off their paddies during the seedling establishment periodo However, this is costly 
in lerms of adding another farm operalion and in water wastage, and the drained water 
carries away soil and nutrienls, Furthermore, imperfect leveling causes numerous 
puddles which result in pockets 01 stand failure and weeds despite lield-scale drainage. 

Yamauchi (1993) at IRRI addressed this problem by screening 660 germplasm accessions, 
including 256lines from IRRI'slnternational Rice Germplasm Center (IRGC) and 404 
advanced bu! diverse breeding lines Irom INGER. He noted large differences in Ihe abilily 
lO emerge through a water layer. II conlirmed, this germplasm and screening technique 
could be a valuable addition to LAC irrigated breeding efforts. 

Results 

Seed 01 124 rice lines was requested and received from IRRI on 29 April1993. Colombian 
quarentine regulations in force at the time required thal Ihey undergo asevere heat 
Irealment lor control 01 grain discoloration bacteria. Following the trealment, Ihey were 
sown in pots lor seed increase on 9 June 1993. There was no germination lor nearly all 
the lines. Apparently the heat treatment had killed the seed. 

Following this problem, negotiations were pursued among CIAT, ICA (quarentine) and IRRI 
lO try to lind a solution. It was agreed that il IRRI would inspect and certify tha! the seed is 
Irea 01 these bacteria, the heat trealmen! could be foregone. Another seed sel was 
requestad on 9 Sep!ember 1993, but tha IRGC was undergoing a major ra-organízation 
which causad a considerable delay in being abla lO service this reques!. The sacond sal, 
01 1041RGC lines (the INGER Unes were no! received this time). was racaivad on 20 April 
1994. 
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These were supplemenled with a number 01 olher lines from CIAT and IRRI, parlicularly 
Unes reputed to exhibil early vigor and weed competitiveness, which may or may not be 
traits related to anaerobic seeding tolerance. The majority were sown for seed increase 
on 13 May 1994. Large differences in vigor after emergence were apparent, although 
Ihis was nol a trial geared lo collect data but rather lo multiply seed. There is enormous 
diversity in morphological and agronomíc characters in this germplasm se!. Additional 
interesling lines were gathered over time and were sown for increase over the period 13-
25 July. By the end 01 1994, 1-7 kilograms 01 high quality Iresh seed 01 each Une was 
available for testing. 

The total set 01 lines lor testing now numbers 132. Efforls continue lo acquire more 
promising Unes. Screening lechnique developmenl (Dr. A. Fischer) and screening is 
expecled lo commence in early 1995. 
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V. PROJECT5 
DIVERSIFIED TAGOSODESlRICE HOJA BLANCA VIRUS 

Introduction 

Rice hoja blanca virus (RHBV) causes severe recurrent epidemics in the Andean, 
Central American, and Caribbean countries of tropical America. Asevere infeclion in 
susceptible varieties can cause losses 01 up to 100%. The planthopper insect 
Tagosodes oryzicolus (Muir) is a serious pest 01 rice that causes direct damage and is 
also the vector 01 RHBV. Since there is limited distribution 01 the varieties tha! are 
resistant to bolh the vector and the virus much 01 the crop is at risk. Many widely grown 
commercial varieties are resistant lo the vector bu! are susceptible lO Ihe virus. The 
direct damage that is caused by Ihe planthopper combined with the uncerlainty 01 
epidemics induces larmers lo spray up to 5·6 times to control this planthopper vector 01 
RHBV. In advanced lines and commercial varieties that have parentage tor CIAT 'ines 
the resistance to the virus is Irom a single source. There is a need to identify and 
incorporate additional sources 01 resistance into rice germplasm pools to ensure stable 
and durable resistance. Moreover, the current source of resíslance does not react 
equaUy with differenl vectorlvirus complexes. This project invesligates Ihis serious insect 
pest and it's relationship wilh RHBV. 

A. ACTlvlTY RP03: CHARACTERIZATION OF SOURCES OF RESISTANCE TO RHBV 

Abstract. There are reports from Tolima in Colombia that the variety Llanos 5 is more 
susceptible to RHBV than previously thought. It was confirmed thal even traditional 
genotype used as a source 01 resislance to RHBV, rice is susceptible when plants are 
juvenile. The most important finding, however, is that the CIAT rice resistant varieties are 
more susceptible when tested with the Tolima colony and virus isolate as compared with 
the CIAT colon y and virus isolate. Although Colombia 1 remains an important source 01 
RHBV resistance in the CIAT RHBV breeding program, changes in the selection strategy 
are being implemented to make the selection process more rigorous. These lindings 
emphasize the importance 01 broadening the genetic basis of resistance to RHBV. 

Research ActivHies 

There are reports from Tolima in Colombia that Ihe variety Llanos 5 was more 
susceptible lo RHBV than previously Ihought. In Tolima, Ihere have been lields 01 Llanos 
5 that have Irom 5-15% 01 Ihe plants inlected with RHBV. This was surprising since 
Llanos 5 has Colombia 1 as the source 01 RHBV resistance and is characterized as 
highly resistant to RHBV infeclion. A set 01 experimenls were performed to test the 
susceptibility 01 rice seedling to RHBV usíng the CIAT Tagosodes colony and virus 
isolate. This is the colony that has been used lor several years to screening germplasm 
lor resistance to RHBV. The results showed that the resistant varieties 01 Colombia 1, 
Blue Rose, and Llanos 5 were more susceptible when they are inoculated al 10-15 days 
post planting, and are highly resistant 20-25 days post planting. The varielies I RAT-124 
and Oryzica 1 showed higher rates 01 inlection at 10-25 days after inoculatíon. 
Bluebonnet 50 was the susceptible control and over 80% 01 the plants became 
susceptible at each date 01 inoculation. This data confirms that even rice wilh resistance 
to RHBV is susceptible when they are juveníle. 
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A eolony ofTagosodes Irom the Tolima regíon was established and vrruliferous 
planlhoppers were seleeled. The eolony was infested with the RHBV ísolate Irom the 
Tolíma regíon. A series 01 experiments were made lo compare the CIAT colony and virus 
isolate with those Irom Tolima. The resulta 01 one experiment involving eight varieties are 
shown in Table 1. The mosl important finding is that the CIAT resistant varieties are more 
susceptible when they are tested against the Tolima colony and virus isolate as 
compared with the CIAT colony and virus isolale. For the varieties Colombia 1 and 
Llanos 5, the number 01 infected plants were sígnificantly higher when they are 
challenged using the Tolima vectorlvirus complex than the older CIAT colony. The variety 
Colombia 1 was the variety most resistant to RHBV, and is still considered an important 
parent lor RHBV resistance breeding. Llanos 5 was highly susceptible 20 days afler 
planting and only showed moderate resistance 25 days afler planting. Even then 17% of 
the plants became infected with RHBV using the Tolima colony. 

Since the variety Llanos 5 has been widely grown in the field, the resistance to RHBV has 
been less than expected. The plants have a stage where they are susceptible to infection 
with RHBV. The utility 01 this variety may be extended by a single insecticide spray afler 
the seedling emerge. This variety is RHBV resistan! and Colombia 1 remains an important 
component in the CIAT RHBV breeding programo 

Table 1. A comparison 01 eight rice varieties inoculated al live day intervals afler 
planting. The CIAT colony is control vectorlvirus complex and is compared lo a 
newly established colony with planthoppers and virus isolale collected from Ihe 
Tolima valley. The percentages (%) were calculated by dividing the plants 
infected by the total number or plants in the individual trials. 

CIATColony Tolima Colony 
Inoculation date' Inoculation date' 

Variety 10 days 15 days 20 days 25 days 15 days 20 days 20days 25 days 

Blubonnet 96% 94% 77°/0 91% 73% 66% 71% 56% 

Llanos 5 15% 0% 1°10 0% 46% 38% 50% 13% 

Colombia 1 7% 0% 1% 1% 49% 16% 15% 17% 

Oryzica 1 33% 15% 7% 14% 37% 27% 25% 28% 

lRAT·124 32% 34% 21% 12% 57% 35% 42% 33% 

CICA 8 79% 47% 62% 55% 67% 57% 66% 70% 

CTBOO8 41% 32% 24% 15% 57% 32% 51% 45% 

CT 8837 60% 34% 49% 37% 59% 48% 45% 45% 

Dates are days after seeding. 
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Additional Sources of Resistance to Tagosodes and RHBV 

In order to broaden the genetic base lor resistance to RHBV, ten different rice lines have 
been identilied as resistance to RHBV. At least some 01 the resistant genes appear to be 
different Irom the resistance in the variety Colombia 1. These have been tested lor 
resistan ce and although none conler immunity, they should be uselul in broadening the 
genetic basis 01 resistance to RHBV. 

B. ACTlvlTY RP03: CONTROL OF RHBV THROUGH COAT PROTEIN MEOIATEO CROSS 

PROTECTION ANO ANTI-SENSE RNA STRATEGIES 

The preparation 01 cDNA libraries and the molecular characterization 01 RHBV has led to 
the design 01 novel virus-resistant strategies to genetically engineer commercially-grown 
rice cultivars. Two different strategies are being attempted: a) the nucleocapsid (NC) 
cross protection and b) the antisense-gene down regulation 01 the major NS4 non
structural protein. The down regulation 01 this protein may be a novel method 01 
producing virus-resistant plants by breaking the cycle 01 transmission. 

Transgenic plants have the NS4 antisense and the NC constructs have been identilied. 
The NS4 antisense was expressed as RNA. This signilicant development allows lor the 
analysis 01 the effect 01 the major non-structural gene and to determine the down 
regulation 01 this viral gene. There will be continuing analysis 01 transgenic rice 
containing both genes and 01 the progeny 01 these plants lor their reaction to RHBV. 

Background 

The preparation 01 cDNA libraries and the molecular characterization 01 RHBV has led to 
the design 01 novel virus-resistant strategies to genetically engineer commercially-grown 
rice cultivar. Two dillerent strategies are being attempted: a) the nucleocapsid (NC) 
cross protection and b) the antisense-gene down regulation 01 the major NS4 non
structural protein. The NC-mediated cross protection has been successlul lor the 
tenuivirus RStV. The strategy lor the expression 01 the RNA4 is to determine the 
lunction 01 the major NS4 protein (Hayakawa et al., 1992) The hypothesis is that this 
protein is "helper lactor" and is needed lor virus transmission. The down regulation 01 
this protein may be a novel method 01 producing viral resistant plants by breaking the 
cycle 01 transmission. 

Results 

Last year, we reported the initial progress attained in the direct deliver 01 genes into 
immature embryos or immature panicle-derived calli, using DNA-coated gold particles 
accelerated by the PDS-1 OOO/He system. Three tropical irrigated Latin American 
indicas varieties (Oryzica 1, Cica 8 and Inti) and two upland material s (CT 6241-17-1-5-
1 and Oryzica Sabana 6) are used as targets. 

Co-translormation experiments were conducted using equal amounts 01 the pAct1 D 
construct containing the GUS reporter gene under the control 01 the rice actin-1 
promoter, and a construct containing the hph selective gene encoding lor hygromycin 
resistance (Hyg ') driven by the 35S CaMV promoter. Two days alter shooting two 
consecutive shots at 1100 psi /1300 psi and 25 mm Hg, 33% to 100 % 01 the callus 
derived Irom the bombarded explants show GUS transient expression. These shooting 
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conditions did not affeet the callus induetion Irom the bombarded tissues (41-95%), and 
there were between 4 lo 19 blue spots par 1-2 mm diameter callus. The seleetlon 01 
putativa transgenic rice tissue was performed by mainlainlng the bombarded callí in a 
step-wise selection on culture medium eontaining 30 mg/I hygromycin B (hyg B) 
lollowed by 50 mgll hyg B throughout plant regeneration. Four to 85% 01 the 
bombarded explants developed Hyg , clusters after two weeks 01 selection on 30 mg/I 
hyg B containing medium. Between 64% and 96% 01 these resistant clusters show Hyg' 
at 50 mg/I, giving an average 01 0.2 - 2.2 Hyg 'cel! clusters per original bombarded 
explant. Evaluations 01 the f3-glucoronldase axprassion 01 156 Hyg '-calll recovered from 
50 mg/I hyg B containing medium indicated that 46.4 calli + 3.9 were also co
transformed with the GUS gene. 

From 27% to 100% 01 the Hyg' calli regenerated at least ona Hyg 'plant on madium 
containing 50 mgll hyg B (Tabla 1 l. Thesa results indicate that the efficieney 01 
recovering putative transgenic plants highly depends on the genotype. One Hyg 'plant 
line might be recovered lrom 2 to 33 explants initially bombardad (Tabla 1). Some 01 tha 
putative transgenic plants were evaluated by Southern blot analysis to conlirm the 
integration 01 the hph into the rice genome. Results suggest that 3 01 5 Cica 8 plants 
and 3 01 4 CT 6241-17-1-5·1 plants analyzed have the hph gene. Single (Figure 1 A) or 
multiple (Figure lB) copies 01 the hph were noted. Only plants recovered Irom 50 mg/I 
hyg B regeneration medium centain the hph gene (Figure 1 A, lanes 2 and 4; and Figure 
1 B lanes 1,3 and 5), in contrast lo plants regenerated from calll induced on hyg B but 
differentíated withoul the selecUon agent (Figure lA, lanes 7 -15), which did nol show 
Ihe hph gene. 

The segregatíon 01 the Hyg 'Iraíl among offspring 01 the Iransgenic plants was 
demonstrated by germinating Rl seeds on medium conlaining 50 mgll hyg B (Table 2). 
A segregation 01 3:1 among offspríng 01 lour transgenic planls was noted (Table 2), 
indicaUng Mendelian inherítance from single genetic locus 01 a lunctional hph gene. On 
the other hand, síx transgenic plants showed a skewed segregation pattern, in which the 
number 01 Hyg' offspring was significantly lower than the expected 3:1 (Table 2). 
Similar results had been reported in transgenic rice. Possible interpretation 01 these 
results may include the linkage 01 Ihe transgene with semidominant or dominant lelhal 
mUlations, inactivation 01 the transgene by methylatíon, andlor excísion 01 the transgene 
Irom the genome. The inherilance 01 the GUS gene was also evalualed on selled
progeny from three transgenic plants showing high level 01 GUS expression (Table 3). In 
these case only one planl (CM·12) showed a lower number of offspring GUS· than the 
expecled and the f3-glucoronidase expression was diminished respeet to the original 
transgenic plant, probably indicating inactivation 01 the GUS gene. Plants CM-12 and 
CM-17 were co-transformed with both genes (Table 2 and 3). 

Durlng the preliminary experiments to eheck plants containing the hygromycin gene and 
later with the RHBV constructions several detection methods were tried. Our original 
assays lor Southern and Northern hybridization took two to three weeks for results and it 
is probable that some transformed plants were not detected with our methodology. The 
eonditions were optimized and the detection of single genes now takes 3 to 7 days. PCR 
based assays were also tried, and the detection of single copy genes in positive control 
plants was inconsistent. In our laboratory, this melhod is considered unsatisfactory lor 
the initial screen lor transgenie plants. We are inlerested in learning il there are reliable 
PCR methods for the detection of single genes. 
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The direct gene transler 01 the RHBV genes was initiated. The RHBV-NC construct 
contained the RHBV-NC driven by the 35S CaMV promoter and lollowed by a pNeo 
polyadenylation signal. The construct also contains the 35S CaMV - hph gene as the 
selective marker. A similar plasmid construct was made lor the antisense RHBV-NS4 
gene. Alter the complete step-wise selection process throughout plant regeneration on 
50 mg/I hyg B, a total 01 165 plants Irom the antisense RHBV-NS4 and 187 plants Irom 
the RHBV-NC bombardments had been recovered. 

Preliminary analyses 01 Southern blot analysis Irom genomic ONA and Northern blot 01 38 
plants recovered Irom the antisense RHBV-NS4 bombardments indicated that 2 01 these 
plants (5.3%) contain and express the antisense-RNA4 gene. The identilication 01 
transgenic plants that express the RHBV antisense is signilicant progress that allows lor 
the analysis 01 the affect 01 the major non-structural gene and to determine the down 
regulation 01 this viral gene conlers resistan ce to RHBV. Twenty one 01 31 plants 
analyzed Irom RHBV-NC experiments contain the RHBV gene. In all cases, larger NC 
Iragments than the expected length were visualized on the Southern blots. These plants 
will be analyzed by Northern and Western analysis to determine il the NC-gene is being 
expressed correctly. Apparently, a variety 01 integration patterns had been obtained in 
other works when circular plasmid is used. Therelore, luture experiments will include the 
linearization 01 the expression vector belore bombardment. 

Analyses to conlirm the integrative translormation lor the RHBV-NC and the antisense 
RHBV-NS4 genes by Southern hybridizations will continue. The progeny lrom the 
putative transgenic plants will be tested lor the inheritance and expression 01 the RHBV 
genes, and lor resistance to RHBV using virulilerous plant hoppers. For NC translormed 
plants there resistance to RHBV will be analyzed. The NS4 translormed plants will be 
inoculated and evaluated lor resistance to RHBV. Susceptible plants will be analyzed to 
determine the level 01 NS4 expression and used as source plants to determine the effect 
on the transmission 01 RHBV. 

Table 1. Hygromycin resistant plant lines obtained Irom immature embryos or immature 
panicle-derived callus alter selection on 50 mg/I hygromycin B. 

Rice Hyg 'callus Hyg , plant line Explantsl 
Genotype Explant Une No. (%) Hyg' line 

O. Sabana 6 im.e. 23 23 100.0 10.9 

GT6241 im.e. 122 33 27.1 1.9 

BR-IRGA 409 ¡m.e. 113 51 45.1 8.9 

Inti ¡m.e. 24 11 45.8 33.0 

GIGA 8 callus 68 36 52.9 2.0 
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Table2. Inheritance 01 Hyg 'in the R1 generation. 

Transgenic Rl Seeds Well-grown Dead 
RO Rice Une Germinated seedlings seedlings Ratio x' Probability 

CT 6241-17-1-5-1 

CM-l 47 35 12 3:1 O 1.00 

CM-3 32 19 13 2:1 0.55 0.46 

CM-ll 25 10 15 1 :1 0.64 0.42 

CM-12 21 14 7 3:1 1.05 0.31 

CM-17 26 19 7 3:1 0.21 0.64 

CICA 8 

IM-l 363 155 208 1 :1.3 0.10 0.75 

IM-2 175 58 117 1 :2 O 1.00 

IM-3 70 44 26 2:1 0.58 0.45 

IM-5 275 194 81 3:1 0.07 0.79 

IM-7 363 155 208 1 :1.3 0.10 0.75 

Data was collected 2 weeks after the seeds ware germinated in the light on hyg B (50 mgll) containing medium. Al! 
control seedlings were dead. 

Table 3. Inheritance 01 the GUS gene in the R1 generation. 

Transgenic Rl Seeds GUS+ GUS-
RO Rice Une Germinated seedlings seedlings Ratio x' Probability 

T 6241-17-1·5-1 

CM-3 25 O 25 

CM-12 45 20+ 25 1 : 1 0.56 0.46 

CM-16 16 14++ 2 3:1 1.33 0.25 

CM-17 25 25+++ O 1:0 O 1.00 

Data was collected 5 days after the seeds were germinated on MS medium without hormone in the light. AII control 
seedlings were GUS-. B-glucoronidase expression: + faint blue, .. lighl blue, and m dark blue, respectively, was noted on 
roots, seed endosperm and primary leavas. 
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Figure 1- Southern blo! hybndization reaction 01 DNA 01 RO transgenlc rice 

plants uSlng a KpN 2.3 Kb-restriction probe containing the hph gene. 

(A) Lanes 1-4 Cica 8 plants recovered from 50 mg/l hygromycin

regeneration medium alter 3-4 weeks 01 selection. Lane 5 negative 

control. Lane 6 positive control. Lanes 7-15 plants recave red Irom 

regeneration medium without hygromycin. (B) Lanes 1,3 and 5 CT 

6241 plants recovered Irom 50 mg/l hyg B-containing medium Lana 

6 negative control. Lana 7 positiva control. 
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COMPONENTS FOR INTEGRATED PEST MANAGEMENT 

A. ACTlvlTY RP04: YIELD LOSS FUNCTIONS FOR MUlTlSPECIES WEEO INTERFERENCE 

Abstract. This project attempls lo develop components and melhodologies Ior IPM, and 
lo assisl nalional programs in formulaling rice IPM projecla and seeking funding (CIATs 
Aclion Plan and position paper on IPM). Weeds 01 rice in LAC cost 218 million US$ a 
year, and herblcide consumplion in is on Ihe increase. Direcl-seeded rice is often 
sprayed wilh herbicide mixlures up lo three or lour limes per season, and tropical rice 
can be grown twice a year. Late herbicide applicalions are oflen nol economica!. This 
sludy developed a melhodology lo derive economic thresholds Ior mulli-species weed 
infeslalions in direcl-seeded rice, wilh options 10 remove some site specilicity 
constrainls. Such Ihresholds are Ihe key lo unlock IPM for weeds in rice, and could 
reduce herbicide applicalions by up lo 30% A simple, and biologically realistic 
rectangular hyperbola was litted lo predict yield losses from weed inrestations This 
model can be adjusted to accounl Ior relevant site constraints such as differences in 
growing seasons, and in the interval between crop and weed emergence. Yield loss 
predictions can be made Irom simple visual estimation 01 weed cover. The model 
derived was incorporated into a simple decision supporl prototype, programmed in 
LOTUS", Ior making economic decisions on weed conlrol. The methodology derived has 
been presenled at different meetings in Latin America, and lo the Colombian lederation 
01 rice growers (FEDEARROZ), who have considered Ihis a prioritary area for work. 

Introduction 

Activities in this project seek to be consistent with our Aclion Plan (CIAT, 1994) and 
CIATs position paper on IPM (CIAT. 1994), namely Ihey locus on the development 01 
components and methodologies lor IPM, and serving as a bridge between advanced 
instilutions in the developing countries and researchers in Ihe developing world. The 
term pest rerers to any kind 01 organism Ihal is harmful lo rice produclíon and quality 
(CIAT, 1994). 

Through the inlroduclion 01 the concepts 01 aclion and economic damage Ihresholds, 
and logether with knowledge on natural enemies, IPM made great progress in reducing 
pesticide abuse in the control 01 diverse pests. This has not been Ihe case with weeds, 
a pest 01 rice that in LAC costs of 218 million US$ ayear, or 45 % 01 the total 
expendilure on chemical pesticides in rice in the region. Unlike wilh inseclicides, 
herbicide consumption is on the increase. This is aggravated by peor knowledge on 
safety mea sures. and on techniques for applying pesticides correctly. Therelore, 
decision rules are needed. like Ihe economic Ihresholds used wilh insects. so that 
farmera can determine when weed control is needed. and what control measure is 
economically justified. 

Rice !armera spray mixtures 01 herbicides up to three or four times during the growing 
season. This usually results from poor water control andlor poor land levelling. which do 
not allow larmers lo suppress weed growth wilh a permanent llood. Such late herbicide 
applications are oflen nol economically justified, and the use 01 economic threaholds 
could have grea! impact in reducing herbicide abuse (Fischer and Ramirez. 1993). 
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Unlike most insects, weed inlestations usually consist 01 mixtures 01 species, which has 
been a constraint lor developing adequate models relating yield losses to weed 
inlestations. Most reports 01 weed thresholds lor rice are based on one-species 
infestations (Smith, 1988). A simple, but sound lunction is needed, so that yield losses 
can be predieted Irom lield weed inlestations. We have previously reported (Fischer and 
Ramirez, 1993) on an approach where a given mixed-weed infestation was quantilied as 
the sum 01 the individuals present per uni! area (density), each species weighed by its 
relative competitiveness. The relative competitiveness was determined experimentally 
lor eaeh species. The resulting weighed density (competitive load) was the input 
variable in a model lor yield loss prediction. One drawback 01 Ihis approaeh is that 
eompetition effects among weeds is nol considered. Another problem oflen eneountered 
with regressions relating weed density lo crop yield loss (Smith, 1988), is Ihe use 01 
unrealistie equations that fail to aeeount lor basie biologieal meehanisms (Cousens et al., 
1987). Simulation models can be uselul (Kropff and van Laar, 1993) but require a 
certain level 01 training, and their parametrization, validation, and use still involve a 
certain level 01 diffieulty. Aeeess to simulation is quite restricted to most fieldmen in the 
region. Cousens et al. (1987) proposed a rectangular hyperbotic equalion: 

where YL is Ihe yield losslha as percent 01 the weed-free yield, i is the yield loss per 
individual weed as weed density D tends to zero, and a is ¡he asymptotic yield loss as D 
becomes very large. The coefficients a and i are eslimaled by non-linear regression. 
This model can be improved using a parameter more closely related to competition than 
the number 01 plants per unit area, which counts as equal plants 01 differenl size and 
competitiveness. Also, a descriptor 01 weed density should allow to lump together the 
different species present in a given weed inlestation, so that only one variable is used as 
input. Kroplf and van Laar (1993) suggested that the Relative Leal Area 01 weeds (weed 
leal area/(weed+crop leal area», can be used to quantily mixed-species weed 
inlestations when recorded soon afler crop emergenee, which could al so account lor 
differences in the relative time 01 emergenee between weeds and the crop. 

The objective 01 this study was to develop, lor intermittently irrigated rice, an approech 
tor deriving economic thresholds lor multi-species weed inlestations, aimed at reducing 
herbicide use, particularly againstlate-emerging weeds. A means lo aceount lor 
dilferenees in the relative time 01 emergence 01 weeds and rice will be explored. 

Procedure 

Two lield experiments were eondueted on the first and second semesler, wilh rice 
·Oryzica 1" growing under ¡ntermittent irrigation (soíl maintained near lield capacity). 
Treatments were arranged within a randomized split-plot design with tour replications. 
Rice was seeded at 75, 140,200,250, and 300 kglha(main plots)3. In the first semester, 
weeds were atlowed to emerge at two dates, white in Ihe second experíment only one 
late weed emergence was altowed (Table 1). Weed infestations resulted Irom 
spontaneous emergenee. Within areas 01 unilorm weed infestation (sub plots), weed 
density was evaluated 20 days afler theír emergence. Thus, the number 01 weed stems 
per 0.25 m2(STM), weed leal area (LA), dry malter (DM) and visual cover (a relative 
parameter: weed cover/crop+weed cover) were determined, and the relative weed stem 
number (RSn, weed leal area (ALA) and relative weed dry matter (RDM) were 
ealculated. Weed inlestations were assessed again 55 days afler rice emergenee. The 
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prevailing weeds were: Leptochloa lililormis, Eehinoehloa eolona, E. crus-galli, and 
Elausina indica, lass ralavant weads ware Eclipta alba and Ludwigia sp. Data were 
subjactad lo non-linear ragression analysis. 

Results and Díscussíon 

Early and late weed emergence. Tha ractangular hyparbolic modal fittad Ihe data 
realistically (Figure 1), regression parametars for both experimants appaar on Table 2. 
The spread 01 points around tha regression lines results mainly lrom tha diffarent rice 
seeding densities used. Whila i reflected tha differen! intensity 01 competition affects 
batwaan early and lata weed emergence, a was not an indicator 01 such effects (Tabla 2 
and Figure 1). In some cases, constraints to the valua 01 a had to be imposed to obtain 
a good fi!, and unrealistic values sometimes resulted (Table 2). Therefore, if a is to be 
usad as an indicator 01 compatitivenass (Cousens et al., 1987) lor comparlng weed 
spaeias, or managament alternatives, it should be within the same date 01 weed 
emargenea. 

The relative time 01 emergence 01 rice and the weeds had a striking eflect in the yield 
losses inflicted by weeds. In the lirst semestar, late amarging weads only reduead yialds 
by about 20 % at the highest weed dansity (Figure 1), confirming pravious observations 
(Fischer and Ramirez. 1993). Slem counts (STM or RST) provided tha poorest 
discrimination batwaan early and lata eompetition (Table 2), iIIustrating the convenience 
01 dascrlbing waad inreslations wilh parameters more closely associated to competitive 
interactions batwaen rice and waads, parlicularly when weeds differ considerably in aize. 
If rice is well lartilized and Irrigated, compatition until canopy closure should be mainly lor 
light. Therafore, Ihe eombined leaf araa 01 a g/ven weed mixture, or its RLA should 
provida an adequata dascription 01 tha compatitiva pressura 01 such weed mixture, and 
thus a good input paramater for the hyparbolic yleld loss model. This is confirmed by our 
data (Table 2 and Figure 1). Sine a RDM also gave a good lit, a combined estimate 01 
laal araa and dry malter would ba aven better still, given that competition regulates dry 
malter distribulion among species. The visual assessment 01 relative weed cover, 
integrates actual leal cover with a subjective estimate 01 growth, and resulted in a very 
good lit lor predicting rice losses lrom early weed compelition. A para meter 01 easy field 
use by trained lieldmen. 

Modifying the value 01 i in the hyperbolic model proposed, allowed lO aecounl 
successfully lor differences in Iha period batwaen crop and waed emargenee (Figura 2). 
Tharelore, a relationship between different periods 01 relativa erop and wead emarganee 
and i could be darived experimentally, so that corrections in the modal can be introduced 
as needed. 

Late Bssessment of weed den sities. Early- and late-emerged weed infestations ware 
assessed again at aboul 40 and 20 days after the early and the lata waed emargenee, 
respectively. The purpose was to identily weed density dascriptors thal could account 
lor the difference in relative time 01 emergenee. Such descriptor should allow to 
describe Ihe effects 01 early and late compatition on rice yields by one single 
mathematical relationship. Data in this second weed avaluation showed greater spread 
than in the earlier ones (Iower r> values in Table 3 than in Tabla 2). When pooled data 
Irom early and late weed inlestations were filted togather r2 values were slightly smaller 

89 



Ihan when only dala Irom early compelition were used. The relative parameters (RLA, 
RST, and ROM) did nol provide better lit than Ihe absolute ones (Table 2), as proposed by 
Kropff and van Laar (1993). 

First vs. second semester. The second semester is usually a more lavourable season 
lor plant growth, mainly because 01 higher irradianee. Under such lavourable condilions, 
weed competition was more severe, as shown by the increased i values (Table 2, lale 
emergence). The change in i was smalleat when the mulli-apecies weed inlestations 
were quantilied in terma 01 RLA (Table 2). Meaning, Ihat leal area changed less than 
olher growth parameters across growing seasons, and thus RLA would be a more 
suilable input lor a model predicting yield losses using pooled data Irom bolh seasons. 
A model to simulate competition can be 01 help lo find a meaningful relationship between 
i and a given weather parameter (such as irradianee). With sueh relationship, and 
historie weather informalion, the model (1) can be adjusted for predicting yield losses 
Irom mixed-weed infestations across diflerent growing seasons. 

Economíc thresholds. Table 4 presents the oulput 01 a simple deeision model based on a 
weed density vS. yield loss regression equation. The prolotype model was programmed in 
LOTUS using macros, which makes il usable and modiliable by almost anyone, and 
provides basic assislance for making economic decisions about herbicide use. However, 
weed conlrol can be diversified by incorporating in the model paramelers lor olher weed 
management alternatives if their cosl is eslimated. 

Conclusions 

A simple, and biologically realislic model is used lor describing the hyperbolic 
relationship between density 01 multi-species weed infestation and rice yield loss. This 
model has be en successlully used wilh a wide range 01 data sets (Cousens, et al. 1987), 
and depending on the inpul variable and adjuslmenls, il can account lor relevant site 
constrainls such as differences in growing seasons, and in the inlerval between erop and 
weed emergence. Experienced lieldmen can make yield loss predictions using as inpul 
a simple visual estimalion 01 weed cover, as an alternative to the usuallaborious and 
inaccurale weed eounls. This is a biologically plausible allernative (Cousens, et al. 
1987), Ihal can allow lor sound yield loss prediclions in the implementation 01 economic 
thresholds lor mixed-species weed in/estations. Such thresholds are the key to unlock 
IPM for weeds in rice, and have the potential to reduce herbieide applications by up lo 
30% (Fischer and Ramirez, 1993). These concepts have been conveyed in meetings 
throughout Latin Ameriea, and in Colombia the Federation 01 rice growers 
(FEOEARROZ) has eonsidered this a prioritary area 01 work in its series 01 Workshops 
on Weed Control throughout the Colombian rice growing areas. 
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B. AcTlVITY RP54: LATlN AMERICAN RICE IPM WORKSHOP 

Executive Summary 

Oclober 23-28, 1994, a FAO-sponsored workshop on IPM in rice for LAC was héld aí 
CIAT wilh participants from Venezuela, Ecuador, Colombia, Cuba and Brazil. IPM in rice 
was reviewed, and a project proposal to fund technology transler and adaptíve research 
by each country will be written. 

Activity 

On Oclober 23-28,1994, a workshop on IPM in rice for Latin America was held al CIAT 
sponsored by FAO. Participants represented National Programs and private institulions 
from Venezuela, Ecuador, Colombia, Cuba and Brazil. The sítuation 01 IPM in rice was 
reviewed, and constraints were identilied. Allhough a holistic, multidiscíplinary approach 
was emphasized, in general weed management was identified as an area thal lags 
behind other disciplines in IPM implementation, and which requires special attention. 
The results of this analysis form Ihe basis lor preparing a project proposal lo lund 
technology transler and adaptive research accounting for each country's specific 
problems. The project will have a steering committee and a coordinator, and will 
contemplate training and technical exchange among countries. Such undertaking will be 
a commitment 01 the new fund lor irrigated rice in LAC (FLAR) jointly wíth FAO. 
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T able 1. TImes of rice and weed emergence tor the first and second growing 
season in Palmira 

Crop emergence Weed emergence 

date gdd1 date cJae2 gdd 

lstseason May2 170 Early May20 18 431 
late May30 28 565 

2ndseason Oct. 16 126 Nov. 16 31 557 

1. Cummulative growth degree days with base lOC counted after seeding the crop. 
2. Days after rice emergence . 
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TabIe 2. Parameters of rectan!}ular hyperbollc modeIs des:;ribing yield loss as a funtion of'NeEld density 
(as leaf aral, dry malter, and Visual estimation of cover), for two {Jowing seasons and adferent intervals between 
weed and croo aneraeooe. 

Season Parameter2 Stems Leafarea 
------

Rrst 
. (No,ftl.25m') (cm'JO.25m') 

~11 

late 
(565) 

a 
i 
f2 

a 
i 
f2 

a 
i 
f2 

200 
.39 

0.81 

100 
0.24 
0.32 

100 
0.61 
0.29 

73.7 
0.41 
0.00 

97.3 
0.016 
O.al 

66.5 
0.039 
0.35 

Relative 
Dry malter No. stems 

(gIO.25m') ----

74.2 
32.6 
0.67 

45 
1.37 
0.24 

64.2 
4.05 
0.34 

200 
1.18 
0.74 

100 
0.52 
0.35 

100 
HE 
0.34 

Relative 
leafarea 

69.2 
13.1 
0.77 

100 
0.93 
0.34 

100.8 
1.47 
0.45 

Relative 
drymalter Cover 

1°1-1 ___________ 

68.6 
'12.1 
0.74 

100 
0.79 
0.34 

83.8 
2.02 
0.43 

92.2 
2.65 
0.86 

96.3 
0.42 
0.32 

91.4 
1.22 
0.43 

1 Accumu~ ~~ée <Jays lTmax-TIIlIIl)f.l-lU smee oee se _ 
2 For Yield Joss(%)= ixJ(1 +ix!a), x is weed density (as Ieaf area, dJy matter, relative leal area, relative dry matter, 
or percent cover), a is the asymptotic yield loss (%) and i is the yiefd loss per individual weed as weed density tends 
lo zero. 
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Table 3. Parameters of rectangular hyperbolic models de~ribing yield loss as a tuntion of'NOOCl density (in 
terms of number of stems, leaf area, and dry matter), assessecl55 days alter rice emergerce in plots where 

'NOOCIs emerged at two different times with respect to the crop. Equations were fitted to data from each 
_ ... _. _.--- --- _ .. _------ -------_.---.---_ ... _- --- -_ .. __ . 

Season& Relativa Relativa Relativa 
emergerce Paramaer1 Stems Leafarea Drymatter No. stems leafarea drymatter 

(No.ftl.25m') (cm'¡\).25m') 
Rrst 

(g¡\).25m') • \lo} ------

ecperimeri 
Early a 187 111 97 100 78.7 86.8 

i 0.50 0.00 4.3 1.48 4.2 3.27 
«! 0.54 0.56 0.55 0.50 0.58 0.52 

Late a 100 100 100 100 100 100 
i 0.28 0.16 1.07 0.59 0.94 0.79 
r2 0.31 0.24 0.2> 0.37 0.37 0.33 

80th a 100 100 100 100 100 111 
i 0.52 0.04 2.73 1.14 2.15 1.76 
«! 0.54 0.45 0.42 0.51 0.48 0.44 

1 For Yield Ioss(%)= ix/(l +ix/a), x is weed density (as leaf area, dry matter, relative leaf area, reJative dry matter, or 
peercent cover), a is the asymptotic yield loss (%) and i is the yield loss per individual weed plant as weed density 
density tends to zero. 



• 

Table4. Economic Thresholds Model for Weed Control in Rice, 
a Prototype 

• MOdeI: LN(YIeId)-6.48-0.007XX I 
¡Input: weed density (g dry matler,(l.25m2) 
I Rice dansity: 100 kg seedIha • 
I Estimated max. weed-free yield: 6520 kglha • 

. 
1 6474 0.71 8 
2 6429 1.40 16 
3 6384 2.00 24 
4 6340 2.76 32 
5 6295 3.45 40 
6 622) 4.52 47 
7 6200 4.79 55 

Max. Expected Yield (kg/ha): 652) 
Weed Density (~.25m2): 4 
ExpectedYield s (%): 2.76 
Gross Margin 
~dard herbicida mixture): -17 

'sion: DO NOT APPLY 

Outputs 3 and 4 are similar to Oulput 2, but referring to late and very late post
eroorgent weed control .. TOO prototype was cleveIoped by Dr. Alvaro Ramirez of the 
Rice Program's Econorny Section. 
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VII. PROJECT 7 
INFORMATION ANOTECHNOLOGY SHARING 

Abstraet. A Latin American Rice Facts Sheet is nearing completion, a handy yet detailed 
summary 01 the key facls regarding rice production, trade, consumption and the adoption 
01 improved varieties across countries and in different agro-ecologies. 

Vigorous efforts continued to seek renewed funding for Ihe rice germplasm network, 
INGER-LAC. in close coordination wilh IRR!. A comprehensive proposal was prepared 
lor joint submission. Although thesa efforts have not yat succeaded in finding a willing 
donor. CIAT and IRRI continuad lo keep INGER-LAC aliva by sharing the costs in a 
bridging moda during 1994. 

A. ACTlvlTY RL02: LATIN AMERICAN RICE FACT SHEETS 

Stemming Irom relatad sheets published by IRRI for global rice and lor cassava by CIAT, 
a spraadshaet was preparad and formatted lor publication, showing data lor populations, 
income, rice productíon, trada, sell-sufficieney and related paramaters, and breakdowns 
01 praduetion and improved variety adoption byagro-ecosystam (irrigaled. rainled 
lowland and upland). The data ware aggregaled by eountry and sub-region. The 
advanead draft will be finalized and published in early 1995. 

i B. ACTIVTTY RL53. HIGHUGHTS OF INGER-LATlN AMERICA IN 1993-1994 O 7 J~L. 1995 
Abstrae!. Tha supporl lo INGER-LAC activilies has been kepl at its minimum level since 
1993, due to lack of lunds lor Ihe Latin America component 01 the global network. In 
1993,81 seIs were dispatched to 14 countries in LAC. Data on 44 nurseries were 
returned lo the regional coordinalor al CIAT, giving a return rale 01 54.3%. The average 
rate of data relurn over the last 5 years was 46.1%. In 1994,99 nurseries were 
distributed, Ihe data is just beginning 10 return. During the periad covered by this repor! 
(1993-94), Ihe region released 18 varieties, 1001 which (55.5%) were materials 
exehanged Ihrough INGER. In Ihe six varieties bred locally. 401 Ihe 13 parents used in 
the erosses were distributed through the network. In this periad various publications 
were eompleted and distributed lo NARS: a) INGER Nursery Results - 1991. b) IV 
Breeders Workshop Report - 1992, e) INGER Nursery Results - 1992, d) INGER 
Steering Committee Meeting - 1993, and INGER Annual repor! 1994. Due to laek of lunds, 
only one meeting took place during this period, the "IX International Rice Research 
Conlerence lor Latin Ameriea (1 RRe-LAC) - 1994." The meeting was attended by 297 
participants Irom 21 countries. The steering committee 01 I NGER-LAC mel in 1993 and 
1994 to help prepare a proposal lor continuing the network. CIAT is leading the seareh lor 
a potantíal donor. 

Background 

INGER-LAC Phase 111 expirad at the end of 1991. Prior to this, a proposal lor the naxt 
Phasa had been subrnittad to the UNDP regional program, but was turned down. UNDP 
advisad CIAT that its mambar counlrias were no longar placing a priority lor íts dwindling 
support lunds on agriculture, and prelerred to oblaín help in industrial development rather 
than research. 
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Although renewed special-project lunding was no! obtained, IRRI generously stepped in 
and continued to pay the salary and operations for INGER-LAC during 1992 and 1993. 
The INGER coordinator resigned in early 1993. however and IRRI decided lo close the 
position, throwing Ihe network into a crisis. 

CIArs DG contacted IRRl's in a letter dated 17 May 1993 to address the situation, which 
resulted in a meeting among CIAT and IRRI Directors at the CGIAR Mid-Term Meeting in 
Puerto Rico on May 28. In tha! important meeting il was decided Ihal conlinuity for 
INGER-LAC must be provided, and Iha! il must continue as a joint CIAT-tRRI effort. 
CIAT would propose a bridging budget for 1994, to be funded by the two institulions. 
IRRI woutd send Drs. Jackson and Choudhary lO CIAT to lollow up on that, and to start 
the development, with CIAT 01 a new proposal lor 1995 onwards. It would be discussed 
with a joinlly·lunded meeting 01 Ihe Steering Committee laler in 1993, and Ihen jointly 
submitted lo donors. 

Drs. Jackson and Chaudhary visited CIAT in June 01 1993, discussions were held, and a 
joinl memo (Winslow/Jackson) wenl 10 bolh CIAT and IRRI DG's wilh recommended 
lunding responsibilities for 1993-4, and an oulline lor the '95-onwards proposa!. It was 
eventually accepled by bolh DG's, wilh small modifications. 

A meeting 01 the INGER-LAC Sleering Committee was held as planned, Irom 1 to 3 
November 1993. Drs. Bernardo and Chaudhary Irom IRRI attended. The Committee 
approved' a sel 01 guidelines lor the new proposal. and a time Irame. CIAT was lo draft 
the proposal, and send il to IRRI by mid-January 1994. IRRI would modify il necessary 
and become responsible lor submitting it to donors by March, 1994. 

1994 Developments 

M. Winslow prepared a detailed and comprehensive draft proposal, with help Irom olher 
scientisls. especially C. Marlinez and E. Guimaraes. II was senl by courier lo IRRI on 
January 21, 1994. IRRI sent the final, reviewed copy back lo CIAT on 2 June 1994. 

In Ihe IRRI cover lelter. however it was indicated tha! CIAT should take the lead in 
seeking lunding lor Ihe proposal, Irom Latin American donors. This was a change in Ihe 
previous understanding, thallRRI would submit it to global donors in the context 01 this 
being a component of a globallNGER, as described earlier. CIAT sought clarilication of 
this and in a telter 01 21 June. F. Bernardo confirmed IRRl's decision, indicating that IRRI 
needed to focus on its own INGER funding drive. which would not include Ihe LAC 
component. 

Al this poin!, 01 course CIAT had to reassess its approach. On September 16 Dr. Havener 
proposed a meeting during the upcoming Centers Week, which Dr. Lampe accepted. 
Shortly thereafter. on September 16 Dr. Lampe sent a message informíng CIAT and 
WARDA tha! IRRI was organizing a donors meeting for Centers Week to drum up supporl 
. "f the INGER 2000 global proposal, which did nol ¡nelude the INGER-LAC component 
proposa!. Communications ensued which were unsuccessful in changing IRRl's posilion 
on the matter. Dr. Scowcroft attended the donors meeting but the INGER-LAC proposal 
remained separate. 

Despite Ihis difticulty, the Centers agreed to jointly bridge-fund INGER-LAC for a second 
year (1995) while fundseeking continued. 
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In summary, lunding lor a rice germplasm nelWork no longer appears to be a top priority 
tor our traditional donors, resulting in the difficulties described aboye. The attempt al a 
truly intar-institutional project submission (CIAT-IRRI) proceeds in goOO laith although there 
are bumps along the way. The cooperation in bridging the '94-95 funding gap has been 
exemplary. 

C. AcTlVITY RP54: CRIN INTERPHASE ACTIVITY 
'2()245 

Background to Funding Orive 
o 7 J~~. 1995 

Phase I 01 CRIN expirad al the end 01 1992. allhough il was extended withoul additional 
lunds lo June 30, 1993. 

CIAT had prepared a propasal lor Phase 11 01 CRIN in 1992 which was widely circulated 
among Caribbean countries. Subsequenlly, Ihe EC (potential donor) commissioned a 
study to develop a Caribbaan Regional Agricultural Programme for Lome IV funding, 
including a project called "Oevelopment 01 an Integrated Rice Industry". II was discussed 
by regional representatives (CARIFORUM) in a May 26-28,1993 meeting in the 
Oominican Republic. Subsaquent discussions on May 31 in Jamaica belWeen 
CARIFORUM and EC recommended thal CRIN be includad as a subcomponenl within 
that Integraled Rice project. CARDI was given lead rasponsibility Ior praparing the 
Inlegrated Rice project. Dr. Thomas Carr, CRIN Slearing Commitea Chairman explained 
CIATs role in Phase I lo Ihe projecl drafting leam; neverthelass thay decided that CAROI 
should play the lead role in the naw phase 01 CRIN. 

Dr. Winslow contacted CAROI in Oclober 1993 and offered CIATs assislance or aclive 
parlieipation in Phase 11. CAROI did express interest in obtaining CIATs help in drafting 
the new proposal during 1994, and indicatad it would be similar to, and indaed basad upon 
CIATs earlier proposal. They suggested Ihay would cal! a workshop to draft il early in 
1994 which they would like CIAT to attand, but we heard nothing lurlher after that. They 
also requesled CIATs input into a bridging proposal lor 1994 they wished lo submit lo IDB, 
which Dr. Winslow provided on 10 November 1993. Unlortunately, as wa undersland il 
there was subsequently a change in stratagy al CAROI and thal proposal was nol 
submitted. 

1994 DeveJopments 

Early in 1994, CIAT reeeived a visi! from a promienl rice miller in Guyana, Mr. Ben! Sankar 
who axpressed great interast in CIAT intansilying its work in Ihat area. He agreed lo help 
promote the CRIN proposal within Ihe new Caribbean Rice Association he was helping to 
eslablish. 

We tried lo re-initiate conlact with CAROI in mid-1994 as M. Winslow drafted a latter senl 
by W. Scowcroft on 28 July to CAROl's new Exeeutive Director, Dr. Hayden Blades. In Dr. 
Blades reply 01 August 17 he re-confirmed CARDl's interest to lead a reactivation of the 
nelWork, possibly with Ihe involvement 01 !he Caribbean Rice Association. He also re
staled CAROI's interest to convene 01 a meeting on CRIN, and work in "joint venture 
aclivities' in rice and other CIAT erops. Howevar no meeting was convened by CAROI 
during the remainder of the year. 
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Notwithstanding the frustration on the fundseeking side, an important CRIN publication 
was produced in 1994. The Proceedingsof a MonitoringTour and Workshop on IPM in the 
Caribbean (held during Phase 1) were published, by IICA. 50 copies were ordered by the 
CIAT Rice Programo 
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