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Abstract 

The past three decades have resultad m strong nat1onal nce 1mprovement programs h1gh 
y1eld1ng nce vanet1es on farmers f1elds and networks of germplasm 1mprovement and 
relatad 1nformat10n hnked v1a CIA T to the prem1er upstream research resource IRRI 

The mam benef1c1anes of the technolog1cal mnovat1ons have been the consumers w1th an 
annuahzed flow of benef1ts (d1scounted at 3% per year) of US$518 m1lhon Producers have 
rece1ved great benef1ts as a group w1th US$340 m1lhon per year But 1t has been the 
1mgated system the one that has rece1ved the benef1ts of research (US$437 m1lhon per 
year) whlie the other ecosystems have been adversely affected by the rap1d gams m the 
1mgated sector All these ecosystems had net annual losses of US$9 m1lhon m ramfed 
US$70 m1lhon 1n mechamzed upland and US$5 m1lhon m manual Qpland W1th product1v1ty _ 
gams m 1mgated nce pnces have decreased makmg upland nce less compet1t1ve and 
reducmg the econom1c 1ncent1ve to open new nce lands m those upland ecosystems 
Product1v1ty gams 1n 1mgated nce have played a role of ralease valve for the more frag1le 
ecosystems of the forest margms and the savannas 

The future of nce research holds exc1tmg challenges and opportumt1es R1ce research a1ms 
to make s1gmf1cant contnbut1ons to env1ronmental goals and reduct1on of agnchem1cal use 
as well as m feedmg people through devotmg 1ts efforts to the development of 1mproved 
nce gene pools and mtegrated crop management R1ce research plays and 1mportant role m 
the development of agropastoral protocols for the savannas adJommg the margms of the 
ram forest m tropical Amenca Breedmg to develop germplasm adaptad to the ac1d solis 
savannas and the understandmg of nce/pasture assoc1at1ons w1ll lead to a more sustamable 
nce product1on m th1s ecosystem and a more rat1onal use of pest1c1des 

As a result of recent strateg1c changas m mternat1onal donors nat1onal orgamzat1ons of 
LAC together w1th CIAT and IRRI have created the Lat1n Amanean Jmgated R1ce Fund 
(FLAR) The could ensure contmUity 1n 1mgated nce research act1V1t1es at the reg1onal level 
Th1s process clearly shows that Latm Amanean nce producers are aware of the value and 
1nnovat1on of new technolog1es 

INTRODUCTJON 

S1gmficant advances 1n nce productiOn have been made over !he past three decades 1n La!ln 
Amenca and !he Canbbean (LAC} Some 275 new nce vanet1es have been released !he 
maJOnty of them (90%) targeted to flooded eov1ronments Of !he new vanebes 39% ca me from 
crosses made a! CIAT 12% at JRRI and several ofthe res! has parentage from IARCs 
progemtors (Table 1} Modern sem1dwarf nce vanet1es oow account for 93 percent of all flooded 
nce product1on 1tself represeotmg more !han 80 perceot of total nce product1oo 10 !he Reg1on 
(Table 2} Average y1elds 10 flooded areas have nseo from 3 3 toos per hectare m !he mld-1960s 
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to 4 6 Vha 1n 1995 and total nce product1on doubled between 1967 and 1995 to reach about 20 
m1lhon tons of paddy nce (Table 3) makmg the Reg1on largely self suffic1ent m nce Wlth nce 
pnces falhng by about 50 percent m real terms over the penod (Table 4) consumers have 
benefitted greatly nce 1s well estabhshed as a 'wage good and the crop has become the most 
1mportant source of calones and prote1ns for that 20 percent of the Reg1on s populatlon w1th 
lowest 1ncomes 

Central to these accomphshments have been 
• a hnkage by the Reg1on through CIAT to the world s prem1er source of nce germplasm (IRRI) 

• the development of a strong reg1onally relevant nce 1mprovement program through a 
productlve partnershlp of CIAT Fedearroz and ICA 1n Colombia and 

• close cooperatlon between CIArs reg1onal nce program and natlonal programs and 
producers 1n ma¡or nce produc1ng countnes of LAC 

Whlle the upstream hnkage to IRRI was a valuable component of th1s three-part 1mprovement 
model h1gh quahty downstream act1V1t1es at the country level frequently 1nvolv1ng cooperat1on 
between pubhc programs of research and extens1on w1th pnvate producer orgamzat1ons as 1n 
the case of Colombia Brazll and Venezuela were key to locally relevant adapt1ve efforts wh1ch 
accelerated and expanded the spread of 1mproved germplasm complementary cultural 
pract1ces and related mst1tut1onal and pohcy developments Even though the mvestment 
comm1tments made by the pnvate and pubhc sectors all along the way over the past three 
decades were of ma¡or proport1ons handsome (even unprecedented) retums have been 
ga1ned 

Measunng past benefits and 1dentlfy1ng the shares apport1oned by ma1n mterested part1es IS a 
valuable exerc1se not only to gam an 1dea of the profitablllty of past research 1nvestments but 
also to gu1de future efforts The model used here measures benefits to producers and to 
consumers A further breakdown perm1ts to calculate benefits by ma¡or product1on ecosystems 
1mgated ramfed lowlands mechamzed upland and trad1t1onal (or manual) upland the model 
also calculates foregone benefits to producers resultmg from 1mports 

RICE IN LATIN AMERICA ANO THE CARIBBEAN 

Throughout th1s century nce gradually became a staple food 1n the d1ets of consumers of 
tropical Lat1n Amenca Per cap1ta consumpt1on of wh1te nce went from 1 O k1los m the 1920 s to 
about 30 kilos 1n the 1990 s R1ce 1s the most 1mportant gra1n crop for human consumptlon 
across most of the trop1cs of Latm Amenca and the Canbbean (LAC) lt supphes more calones 
to these people s d1et than wheat ma1ze cassava or potatoes In the rap1d process of 
urbamzatiOn of LAC where 70% of the populat1on now hves 1n the c1t1es nce has displaced from 
the d1ets trad1t1onal bulky and penshable staples hke plantams cassava yams etc 
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About half of LAC s populat1on llves below the FAO poverty llne and 1ncome 1s lowest 1n the 
tropical parts of LAC Food purchases account for over 50% of total expend1tures for the poor 
and nce accounts for about 15% of the1r total food purchases For the poorest 20% of the 
populatlon 1t even supplles more prote1n to the d1et than any other food source 1nclud1ng beef 
mllk and beans 

EvolutJon of R1ce ProductJon m Latm Amer1ca 

Latln Amenca produces sorne 20 m1lllon MT of paddy nce wh1ch represents about 3 6% of the 
world nce output 1n an area of 6 7 mllllon has (4 5% of the world nce area) By 1995 the 
dom~nant nce env1ronments 1n th1s cont1nent are wetland nce (54 5% of the area) and upland 
nce (45 5% of the area) Wetland nce w1th 3 7 mllllon has 1s dom1nated by 1mgated cropp1ng 
wh1ch occup1es two th1rds of that area the rest 1s almost ent1rely cult1vated under ra1nfed 
lowland nce Upland nce (w1th 3 O mllllon has ) 1s predom~nantly mechamzed (2 1 mllllon has ) 
whlle manual nce farm1ng covers almost 1 O mllllon has (Table 3) For most of th1s century nce 
has been a p1oneer crop 1n the vast savannas and 1n the forest marg1ns of Lat1n Amenca 
Mechamzed upland nce predom1nates 1n the colomzat1on of the savannas wh1le manual 
tradJtJonal nce cropp1ng has been a key componen! 1n the forest marg1ns 

Stages m r1ce product1on, 1966-1995 

The advent of the new nce technologJes has had a sharp 1mpact on the relat1ve shares of the 
predom~nant nce product1on systems D1fferent stages can be dJstJnguJshed 

Early adoptton 1966-1981 By 1966 the tall tradrt1onal vanet1es covered the ent1re nce area (5 8 
mllllon has) The 1970 s w1tnessed a very rap1d adopt1on of the new sem1dwarf vanetJes for 
1mgated env1ronments ma1nly 1n the tropical countnes By 1981 the reg1on produced 15 7 
m1lllon MT an 1ncrease of 50% from 1966 About half of th1s nce carne from MSVs and more 
than 75% of the 1mgated nce area was under these new vanet1es With the advent of the new 
sem1dwarf nce vanet1es 1n late 1960 s the 1mgated nce systems became more compet1t1ve 
h1gher y1elds resulted 1n lower umt costs and lower nce pnces As a consequence upland nce 
confront1ng a lower relat1ve pnce but w1thout y1eld advances was also displaced by maJZe 
soybeans cassava cotton and other crops as a p1oneer crop 1n the areas of deforestat1on The 
area under manual tradJtlonal upland nce fell from about 1 1 mllllon has 1n 1966 to O 85 m1lllon 
1n 1981 In the savannas the story was a httle dlfferent Brazll produces 90% of upland nce 1n 
the reg1on Th1s country made a firm comm1tment 1n the 1950 s to develop the vast ac1d 
savannas (Cerrados) the decJsJon even embod1ed the removal of the nat1on s cap1tal from the 
Coast (R1o deJane1ro) to the Cerrado (Brasilia) 1n the 1960s Today the ac1d savannas ofthe 
Cerrados produce over 40% of the country s total agncultural supply Th1s aggress1ve expans1on 
of the Braz1han front1er had a peak dunng the 1970 s and was heavlly based on govemment 
support Large mechamzed nce exploJtatJons were favored by several schemes based on pnce 
supports crop 1nsurance forward contract1ng by the publlc sector etc As a consequence of the 
pollc1es nce area 1n Brazll peaked 1n 1976 at 6 7 mllllon has accompamed by a surge 1n upland 
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area that reached 6 1 m1lhon has Over th1s penod mechamzed upland area went from 2 8 
mllhon has m 1966 to 4 8 m1lhon has m 1981 (Table 3) 

The lost decade 1981 1989 Throughout the 1980 s econom1c stagna!lon was the norm m the 
Reg1on Promo!lonal nce pollc1es were phased out 1n the late 1970 s when the heavy fore1gn 
debt and !he fiscal burden coupled w1th rampan! mflat1on rates mean! that promo!lng extens1ve 
agnculture became unv1able Mechamzed upland nce subs1d1es were vutually ellm1nated m 
Braz1l by the mld-1980 s 

Total nce area 1n LAC decreased from 8 3 m1lllon has 1n 1981 to 7 3 mllhon has 1n 1989 but 
fortunately y1elds mcreased from 1 9 to 2 5 MT/ha as !he adopt1on of new vanet1es contmued 
ma1nly 1n Brazll where MSVs became w1dely adopted m !he early 1980 s By 1989 reg1onal 
paddy nce product1on reached 18 4 mllllon MT MSVs accounted for two th1rds of nce 
product1on and 44% of !he nce area In 1mgated nce 85% of the area was already under MSVs 

The 1990s Th1s has been a penod of econom1c growth open markets and reduced 1nflat1on 
rates m LAC By 1995 paddy nce product1on reached 20 6 mllllon MT or 3 6% of the world nce 
output About 98% of !he 1mgated nce area was under MSVs S1gmficant growth m product1on 
has ocurred m temperate South Amenca (South Brazll Argentma and Uruguay) as the MSVs 
have been qUickly adopted lmgated y1elds for LAC have reached 5 O MT/ha wh1le total nce 
y1elds are at 3 1 MT/ha dueto !he low upland y1elds of 1 3 MT/ha Smce !he 1980 s upland nce 
area 1n Brazll has contmue to decline to 1ts curren! level of around 3 O m1lhon has by 1995 
(Table 3) 

THE RICE RESEARCH AGENDA FROM A CIAT PERSPECTIVE 

R1ce research 1n Latm Amenca has emphas1zed growth eqUity and enhancement of the 
resource base R1ce 1s part1cularly Importan! from these standpomts Technolog1cal progress 
1mproved effic1ency marked product1on mcreases and 1mportant hnkages w1th the res! of the 
economy have put nce at the top of pnont1es for agncultural growth pohc1es 1n most countnes of 
LAC R1ce 1s preferred by the poor because 1t 1s cheap nutnt1ous appeahng easy to prepare 
and easy to store and transport R1ce has also been a p1oneer crop 1n Lat1n Amenca play1ng a 
protagomst1c role 1n !he expans1on of the agncultural front1er of the lowlands the savannas and 
!he forest margms 

Bes1des outstandmg techmcalmnovat1on two ma)or extemal reasons why nce research has 
had greater 1mpact than any other area of work at CIAT are 1) S1mphc1ty of seed borne 
technology dehvery for a crop that 1s as Simple and mexpens1ve to mult1ply as nce and u) the 
well orgamzed commerc1al nce sector 1n LAC wh1ch qUickly adopts new technology These 
extemal factors wlll contmue to g1ve nce research a compara!lve advantage m ach1evmg future 
1mpact 
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Research actJvJtJes at CIAT s R1ce program are executed 1n the framework of three Pro¡ects that 
enable a broad commod1ty approach 

Pro¡ect 1 lmproved R1ce Gene Pools 
Pro¡ect 2 lntegrated R1ce PesUCrop Management 
Pro¡ect 3 Strengthemng pubhc and pnvate sector hnkages 

The future of nce research holds exc1t1ng challenges and opportumt1es R1ce research can 
contJnue to make sJgn¡ficant contnbut1ons to env1ronmental goals such as the protect1on of ra1n 
forests and reduct1on of agrochem1cal use as well as 1n feedmg people The progress1ve 
1nvolvement of the pnvate sector 1n fundmg nat1onal and regional nce research shows that th1s 
sector cont1nues to be al the forefront of technology development and mstJtutJonal matunty 1n 

LAC countnes 

Pro¡ect 1 lmproved R1ce Gene Pools 

New vanet1es represen! a poohng of valuable new traJts 1nto an adapted genet1c background 
that farmers can use to 1ncrease and stabdJZe y1elds By 1mprovmg product1on effic1ency these 
vanet1es generate cost savmgs to farmers much of wh1ch 1s passed on to consumers 1n the 
form of lower pnces 

Wetland Rtce More effic1ent nce vanet1es w1th h1gher more stable y1elds are the essence of 
what happened 1n the lowland nce Green RevolutJon" New sem1dwarf vanet1es enabled 
farmers to ach1eve a 45% y1eld mcrease across LAC s the most favored 1mgated nce area from 
3 5 mUha 1n 1966 to 5O MT/ha 1n 1995 stJmulatmg an mcrease 1n product1on effic1ency andan 
expans1on of 1mgated nce product1on from 4 3 mllhon MT to 12 5 mllhon MT over that penod 
(Table 3) 

The ongomg nature of th1s 1mpact IS reflectad 1n the rather steady rate of release of new lowland 
vanet1es s1nce the start of the Green Revolut1on New vanetal releases are an 1m portan! 
1nd1cator of progress because they usually represen! 1mprovement for at least one key tra1t 
wh1le mamtammg other ga1ns already ach1eved Over the past 25 years there have been an 
average of 1 O new lowland vanet1es released per year across LAC (Table 1) A number of new 
tra1ts are bemg generated 1n Latm Amenca as well as globally wh1ch prom1se to contmue the 
remarkable record of past 1mpact 

lt has been est1mated us1ng ped1gree mformat1on (Cuevas Perez et al 1992) that the relat1ve 
dJversJty of the genet1c core of LAC 1mgated nce may have reached 1ts lim1ts 1n terms of y1eld 
potent1al Further y1eld enhancement may reqUJre the des1gn of altemat1ve genet1c 
comb1nat1ons Momtonng advances 1n genet1c base dJverslficat1on may benefit from 
methodolog1es more prec1se than ped1gree analys1s CIA rs ma¡or research 1n wetland nce 
germplasm development 1s typ1cally focuss1ng 1n pre breed1ng actJVJtJes w1th the a1d of molecular 
markers testmg and adaptat1on of the new plant types commerc1al crosses w1th w1ld nces 
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populat1on 1mprovement as well as sorne convent1onal ped1gree breed1ng work done 1n 
collaborat1on w1th na!lonal nce programs Prom1s1ng llnes are made ava1lable to other NARS 
through the INGER network and serve as parents for further reg1onal breed1ng use The 
ob¡ect1ve 1s to develop h1gh y1eld1ng germplasm adaptad to 1mgated and ra1nfed lowland 
cond1t1ons toleran! to ma¡or d1seases and 1nsect pests w1th good gra1n quallty and early to 
1ntermed1ate growth dura!lon To ensure good d1sease pressure hot spot s1tes are used 

Market acceptable gra1n quallty IS 1m portan! for LAC nce vanet1es Most Lat1n Amanean nce 
consumers prefer long slender translucent gra1ns that cook dry and loose and rema1n soft 
after coollng Hlgh percentage of head nce 1s reqUired by m1llers The ob¡ect1ve of th1s act1v1ty 1s 
to better understand the genet1c control of factors affect1ng gra1n quallty On the other hand 
demand for altemat1ve uses of nce 1s 1ncreas1ng part1cularly 1n the U S Research on new uses 
of nce appears as an 1m portan! w~ndow of opportumty for the next century 1n Lat1n Amenca 

Anther culture to bndge w1de crosses 1s now a rout1ne and useful tool1n breed1ng 1n th1s par! of 
!he world Prellm~nary data as well as Ch1nese work suggest that anther culture can be used to 
overcome stenllty 1n w1de crosses lt also appears to produce more ~ntermed1ate types of 
recomb1nants as opposed to the parental types that seem to emerge from w1de-cross 
popula!ions when generat1ons are advanced through selfing S1nce 1985 CIAT has 1ncorporated 
anther culture (AC) as a tool to reduce generat1on t1me 1n nce Research on AC has 1ncreased 
the y1eld of doubled haplo1ds mak1ng !he tool more cost-effic1ent for breeders When comparad 
w1th the trad1!1onal ped1gree method AC appears to be an econom1cally pract1cal new tool 
(Samnt et al 1995) Several na!lonal programs 1n LAC have started to apply !he AC protocol 

Upland R1ce Much h1gher y1eld1ng savanna upland nce germplasm developed 1n the 1980 s 1s 
now reach1ng the farm and prom1ses an 1mportant break trough for !he savannas The new 
upland vanet1es are shorter have a more effic1ent use of fert11izers do not lodge so easlly and 
have better gra1n quallty than tradrt1onal upland vanet1es (Sarkarung and Ze1gler 1990) 

About 45% of Lat1n Amenca s 6 7 m1lllon hectares of nce are 1n the freely-dra~ned (aerob1c soll) 
uplands produc1ng almos! 20% of LAC s nce crop (Table 3) About two-th1rds of the total upland 
area 1s 1n the savannas of Brazll where large mechamzed farmers predom1nate Upland nce 1s 
more toleran! of the ac1d solls of these areas !han any other ma¡or food crop so 1! plays a 
strateg1c role 1n the development of susta1nable systems there Trad1!1onal upland nce farm1ng 
accounts for about 5% of the reg1onal product1on of nce ( or about 1 O mdhon MT) Yet over 80% 
of nce farmers 1n LAC belong to th1s system These farmers are rather poor and const1tute 
Importan! mches where nce 1mprovements can have s1gmficant 1mpact on the1r llvellhood 
However adopt1on of modem vanet1es by !hose groups 1s relat1vely low (less !han 30% of the1r 
area) 

The new upland nces wlll help dnve !he adopt1on of 1mproved pasturas a leverage effect far 
beyond the value of the nce crop 1tself These agropastoral systems could prov1de the reg1on 
w1th a VIable altemat1ve to cleanng the Amazon forests to sat1sfy bas1c food needs R1ce 1s also 
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a ma¡or staple of forest margm smallholders many of whom live 1n extreme poverty The new 
upland nce germplasm prom1ses to enhance the1r product1on and nutnt1on as well 

S1nce breed1ng for lh1s agro ecosystem 1s fa1rly new 1n most LAC countnes other than Brazll 
much of the effort 1n th1s research area goes to develop1ng and strengthemng linkages w1th 
nallonal as well as 1ntemat1onal groups 1ncludmg planmng of ¡omt pro¡ects exchange of 
germplasm and methodolog1es tra1n1ng and collaborat1ve research CNPAF 1s a member of the 
Upland R1ce Research Consort1um coord1nated by IRRI 

Ac1d savanna so1ls are defic1ent 1n N1trogen (N) Phosphorus (P) Potass1um (K) Calc1um (Ca) 
Magnes1um (Mg) Si11con (S1) and tox1c for Alummum (Al) and Manganes1um (Mn) These 
constra1nts are mterrelated and compase ac1d soll syndrome 

Phosphorous 1s one of the ma¡or constramts of ac1d ox1c solls of the savanna The development 
of upland nce vanet1es havmg h1gher effic1ency 1n uptake and use of phosphorous can 
contnbute to more sustamable agnculture Study of the mechamsms of genet1c d1fferences 1n 
phosphorus uptake contmues 1n collaborat1on w1th Japan 

In South Amenca there 1s an act1ve pro¡ect on agropastoral systems Colombia hosted the first 
workshop 1n 1992 Brazll held 11 1n 1993 Venezuela 1n 1994 and Boliv1a 1n 1995 Very pos1t1ve 
results of nce-pasture systems are 1nterchanged as well as cropp1ng systems mcludmg other 
crops like soybean and com 

ProJect 2 lntegrated R1ce Pest/crop Management 

Chem1cal control of nce pests (weeds fung1 1nsects) 1s costly as well as hazardous both to the 
applicator and the env1ronment We est1mate that US$483 m1llion are spent each year on 
chem1cal pest control1n LAC nce More than half of th1s expendrture could probably be replaced 
by 1ntegrated pest management (IPM) 
Pests rap1dly evolve to overcome res1stances and breeders have to constantly bnng 1n new 
res1stance sources ¡ust to ma1ntam the same level of vanetal performance as befare Th1s IS 
called mamtenance breedmg' Wh1le 11 sounds mundane econom1cs tells us rt IS 1n fact ene of 
the h1ghest payoff act1V1t1es done because rt prevents substant1al y1eld losses and reversals that 
would otherw1se have occurred 

lntegrated Crop Management (ICM) 1s a term expressmg a concept s1mllar to IPM In fact the 
two go together as crop management pract1ces affect pests and v1ce versa ICM 1s a strategy 
wh1ch d1rectly focuses on the y1eld gap to understand the reasons for the d1fference between 
researcher's y1elds and those of farmers ICM really deals w1th econom1c effic1ency the result of 
techmcal effic1ency (an agronom1c concept based on opt1mal1nput-output rallOS) and pnce 
effic1ency (findmg the most profitable comb1nallons of mputs for the profrt max1m1Z1ng output) 
lncreased effic1ency makes nce farmers more compet1I1Ve and eventually translates 1nto lower 
pnces for consumers 
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Rtce tratts to enhance weed control The greatest expend1ture ($218 mllhon or 45% of the 
total) IS on herb1c1des IPM strateg1es ~nvolvJng thresholds rotallon better water control and 
seed1ng pract1ces and use of vanet1es w1th weed 1nterference propert1es and adapted to water 
seed1ng could probably reduce herb1c1de use by at least half Weeds are the number one pest of 
nce throughout LAC In Colombia and Venezuela unpubhshed panel data for 1991 to 1996 from 
producers show that the weed control represents an JncreasJng share of crop product1on costs 
and has scalated from around 12% lo 15% Chron1c annual product1on losses of 11% are 
est1mated as compared lo 7% for d1seases and 4% for Jnsects 

Weed sc1ent1sts report that very few new herb1c1des are comJng Jnto the market because of the 
h1gh costs of reg1stratJon due to env1ronmental concems 

Whlle tlllage and herb1c1des w111 cont1nue to play a ma¡or role '" the future there 1s clearly a need 
for complementary approaches wh1ch are cost-effect1ve and env1ronmentally-fnendly IRRI 
WARDA and CIAT have recently begun research programs on tra1ts of nce to enhance weed 
control In the1r agro-ecosystems 

Some nces are much more v1gorous compet1tors aga1nst weeds than others Allelopathy 1s 
another prom1s1ng avenue for ~nvest1gatJon Crops can Jnh1b1t weeds through chem1cal means 
1 e root exudates CICA 4 and other l~nes 1den!Jfied as allelopath1c 1n the USA have been 
screened for the1r act1v1ty aga1nst s1mllar weeds 1n Colombia 

The prom1s1ng new upland nce-pasture system for the tropical savannas wlll also benefit from 
th1s research Farmers want nces that wlll g1ve max1mum y1elds wrthout endangenng pasture 
establishment Research to understand what trarts are needed and how to select for them has 
been useful lo breeders 1n the reg1on 

Bes1des 1nterfenng d1rectly w1th weeds other trarts 1n nce m1ght contnbute 1nd1rectly to better 
weed control For example the water seedJng system has been w1dely adopted 1n developed 
countnes ma1nly to control weeds such as red nce that can not estabhsh under floodJng 
BreedJng can probably develop nce types that emerge through a water layer and estabhsh more 
v1gorously under tropical cond1t1ons 

We est1mate that nce tra1ts for enhanc~ng weed control could probably reduce weed control 
costs by 30% Th1s would more than ¡ust1fy the research Jnvestment 

Durable Blast .Reststance Blast JS one of the most Jntractable fungal pest problems '" cereal 
cultlvatJon Crop losses cost an est1mated US$200 mllhon annually When res1stance JS not 
effect1ve farmers use fung1c1de sprays Th1s costs the reg1on an esllmated $170 m1lhon 
annually or 35% of total pest1c1de expendrtures Bes1des be~ng costly most are hazardous both 
to the apphcator and the env1ronment Durably-res1stant vanet1es lower seed1ng rates more 
effic1ent use of lower amounts of apphed nrtrogen fert1hzer the use of s1hcon fert1hzers and 
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fewer but better t1med fungJcJde apphcat1ons cut the need for the use of these chem1cals by 
more than half 

H1gh levels of genetlc res1stance ex1st but they are ephemeral The fungus rap1dly overcomes 
res1stance Durable res1stance 1s a concept receiVIng much theoret1cal attent1on but progress 
has been d1fficult and slow One of the world s most blast res1stant vanet1es Oryz1ca Llanos 5 1s 
a recen! product of CIA rs gene pyram1d1ng approach There are over 1 O advanced hnes 1n lh1s 
reg1on that have a Similar level of res1stance lo Oryz1ca Llanos 5 

A new techmque called MGR DNA fingerpnntmg 1s reveahng the genet1c structure of blast 1n a 
way not prev1ously poss1ble Th1s techmque can act as an early wammg system lo detect the 
appearance of new genet1c hneages of blast lt m1ght also help breeders 1dentlfy res1stance 
genes that are more durable than 1n the past 1f !he hneage exclusJon hypothesJs 1s proven 
corree! (Ze1gler el al 1994) 

Dtverstfied Tagosodes/Ho}a Blanca Reststance The most hazardous pestJCJdes are the 
JnsectJcJdes wh1ch account for an est1mated $95 m1lhon or 20% of the reg1on s total pestJcJde 
blll Control of the Tagosodes leafhopper by pestJcJde apphcat1on 1s often self-defeatmg because 
11 ehmmates the predators that could ass1st 1n keepmg th1s pest 1n check Pract1cal methods for 
momtonng the predator populat1on as well as that of pests could g1ve farrners the confidence to 
avo1d unnecessary sprays 

R1ce ho¡a blanca v1rus (RHBV) causes severe recurren! ep1demJcs and IS excluswe of !he the 
Andean Central Amencan and Canbbean countnes of trop1cal LAC 11 1s transm1tted by !he 
planthopper 1nsect Tagosodes oryztcola wh1ch can also cause senous feedmg damage even 
when not v1ruhferous Colomb1an nce farrners were spraymg up lo 5-6 t1mes lo control the 
RHBV vector and other 1nsect pests 1n the 1980 s The uncertamty of epJdemJcs Induces farrners 
lo spray even when the problem 1s not apparent as 'msurance Currently we esl1mate that 
about half of the lowland nce farrners outs1de of Brazll apply an JnsectJCJde spray for Tagosodes 
each croppmg season Th1s costs the reg1on about US$15 mllhon annually 

The RHBV-Tagosodes problem prov1ded !he ong1nal1mpetus for creatJon of the Rockefeller 
funded nce 1mprovement pro¡ect at ICA (Colombia) the predecessor of CIA rs R1ce Program 11 
also represents one of 1ts most notable successes Tagosodes res1stance was ach1eved by 
1970 (CICA 4 vanety) and was mcreased 1n CICA 8 (1978) based on the 'Tetep vanetal 
source RHBV res1stance based on the Colombia 1 source was added by 1989 (Oryz1ca 
Llanos 4) 

There 1s nsk however 1n dependmg on only a s1ngle res1stance source for each pes! for the 
whole reg1on New sources have been Jdenllfied but the1r genet1c control and crossabiiJty lo 
adapted LAC matenals need to be understood and apphed TransforrnatJon w1th v1ral genes 1s 
also bemg attempted to create an entlrely novel res1stance source 
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For Tagosodes 1n breedmg popuJat1ons screemng ac!IVIty tests segregat1ng populat1ons and 
advanced nce breedmg hnes for res1stance to non-v1ruhferous Tagosodes (res1stance to feed1ng 
damage per se) Potent1al parents for cross1ng as well as charactenzed !mes are sen! to NARS 
For res1stance to R1ce Ho¡a Blanca V1rus (RHBV) 1n breed1ng populat1ons !he screemng ac!IVI!y 
tests segrega!lng populat1ons and advanced nce breed1ng Jmes for RHBV behav1or 

Pro¡ect 3 Strengthenmg Pr1vate and Pubhc Sector Lmkages 

The past three decades have resultad 1n strong nat1onal nce 1mprovement programs 
h1gh y1eld1ng nce vanet1es on farmers fields and networks of germplasm 1mprovement and 
related mformat1on hnked v1a CIAT !o !he prem1er upstream research resource JRRI 

FLAR Building on th1s model and stock of cap1tal for sustamed progress whlle assunng 1ts 
cont1nued ded1ca!lon !o !he tasks ahead 1s !he challenge for !he nce sector of LAC 1s the ma1n 
purpose of !he Jmgated R1ce Fund for Lat1n Amenca and !he Canbbean (FLAR 1n Spamsh) The 
Fund created 1n 1995 bnngs resources from pnvate and pubhc nat1onal orgamza!lons Twenty 
member 20 countnes 1n LAC plus CJAT and IRRI assumed !he respons1b1hty and the control of 
FLAR s own nce research agenda FLAR appears to be a v1able altemat1ve by reason of severa! 
emergmg constramts and opportumt1es 

F1rst !he matunty and h1gh leve! of development of nat1onal capac1!1es for nce 1mprovement 1n 
LAC 1mpose a more 1mportant role and respons1b1hty !han 1n the past on na!lonal orgamzat1ons 
1n determ1mng the d1rect1on and conduct of future nce 1mprovement efforts 

Second w1th Jarge retums currently be1ng en¡oyed from nce 1mprovement efforts !hose 
orgamzat1ons that pa1d for programs of the past are Joglcally expectmg that mechamsms can be 
dev1sed 1n the future to capture and tu m sorne of those retums to the Jong-run mamtenance of 
needed programs 

~ Th1rd g1ven !he process of globahzat1on and !he opemng of !he econom1es 1! 1s well known that 
the patterns of demand for new technolog1es of all kmds wlll change !he quan!lt1es demandad of 
them wi!Jmcrease and the need to part1c1pate 1n econom1c blocks wlll also become more 
pressmg R1ce producers and 1mprovement programs wlll be espec1ally challenged by these 
changas 

Fourth !he rap1d technolog¡caJ advances 1n !he rest of !he world 1mply !ha! countnes of LAC 
mus! find ways to keep 1n touch w1th other reg1ons by ma1ntammg strong hnkages to fore1gn 
sources of technology The mechamsm of !he past has proved to be effic1ent 1n avo1d1ng 
duphcat1on of efforts usmg the spec1ahza!lon of tasks ach1eV1ng econom1es of sea le and 
prov1d1ng a fully part1c1patory research apparatus In th1s sense !he new effort 1s bemg based 1n 
!he pnnc1ple of coopera!lon and effic1ency 1n research whlle prov1d1ng stab1hty to the reg1onal 
research system 
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The drssemrnatron of technologres and rnformatron has been vrtal to the achrevement of rmpact 
rn nce The generatron of more new technologres depends on knowrng what has already been 
achreved The nce sector of LAC rs dynamrc and trends mus! be observed on a contrnuous 
basrs to gurde research and development plannrng The creatron of FLAR bnngs stakeholders 
and technology generators closer together ensunng hrgher levels of efficrency rn rnformatron and 
technology exchange mechanrsms whrch are a crucral par! of !he rntematronal nce research and 
development process 

INGER-LAC CIAT and IRRI through the INGER LAG mechanrsm have convened a regronal 
Rrce Research Conference every two or three years srnce 1976 INGER-LAC serves as a ma¡or 
source of elrte germplasm for most rrce programs rn troprcall.AC Germplasm nomrnatrons for 
network exchange are obtarned from Latrn Amanean breedrng programs CIA rs nce program 
and from the rest of the world through the INGER Global network operatrng from IRRI (Table 1) 
Matenals are pre-tested rn the regron befare gorng out rn the network to rdentrfy !hose most 
useful and charactenze them for rmportant trarts Nursenes are custom-assembled based on !he 
combrnatron of trarts requested by network members They are sent as unreplrcated 
observatron tnals These features rncrease the lrkelrhood that matenals sen! wrll meet needs of 
the requestor and mrnrmrzes seed drspatch and tnal expenses Results are sen! back to the 
coordrnatron headquarters at CIA T collated analyzed and reportad back to network members 
INGER LAC also convenes breeder trarnrng workshops every few years and marntarns a 
germplasm rnformatron database Oue to a fundrng cnsrs INGER LAC actrvrtres have been at a 
reduced basrc level srnce 1993 From 1995 FLAR has been fundrng the actrvrtres ofthe 
network a top pnonty for Fund members 

There are five databases relatad to nce germplasm research at CIAT r) INGER nursery findrngs 
over the years 11) crosses made rn the LAC regron and globally (NARS CIAT IRRI liTA) 111) 
CIAT germplasm workrng collectron rv) CIAT nce breedrng germplasm (segregatrng lrnes etc) 
and v) regronal screntrfic personnel These databases are an rnvaluable resource to monrtor 
changes rn the genetrc ongrn of cultrvar releases and frequency of parents used rn crosses rn 
the regron rdentrfy sources of germplasm whrch would broaden the genetrc base of LAC gene 
pools keep track of researchers etc We programmed the database to trace !he parentage and 
calculate percentage contnbutrons of drfferent ancestors to the genetrc makeup of curren! lrnes 
(assumrng each paren! contnbuted 50% of !he genes rn each cross) whrch lead to a publrcatron 
by Cuevas-Perez et al 1992 
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THE ECONOMIC BENEFITS OF PAST RICE R&D INVESTMENTS IN LATIN AMERICA ANO 
THE CARIBBEAN 

Th1s sect1on reports sorne prellrn1nary outputs frorn an on-go1ng study to develop new 
databases and analyt1cal tools for generat~ng ~nformat1on on the soc1al retums to R&D 
1nvestrnent 1n Lat1n Arnenca and the Canbbean Th1s work 1s be~ng undertaken 1n an 108 
financed collaborat1ve project 1nvolv1ng IFPRI CIAT and IICA together w1th sub-reg1onal 
1nst1!Ut1ons and NARS The rna1n goal1s to 1rnprove the capac1ty to undertake R&D evaluat1on 
pnonty sett~ng and resource allocatlon 1n the reg1on and one of the sub-act1V1!1es 1s to 
systernat1ze the generat1on of aggregate ex post assessrnents The ex post assessrnents are 
des1gned to serve two purposes to prov1de R&D managers and sponsors w1th sorne bread 
rneasures of the soc1al1rnpact of past 1nvestrnents and to help generate 1rnproved techmcal 
1nformat1on on wh1ch to base benchrnark ex ante assessrnents The benchmark analyses wlll be 
performed at a more spat1ally d1saggregated leve! and w1ll prov1de the bas1s for a cnt1cal rev1ew 
of the techmcal and econorn1c data used 1n arder to help formulate 1m preved pohcy technology 
and trade scenanos for further ex ante evaluat1ons 

G1ven the scarc1ty of cons1stent h1stonc data on nce technology generat1on and ut1hzat1on at the 
nat1onal leve! 1n LAC a geograph1cally aggregated approach 1s be1ng taken to the ex post 
evaluat1on However an attempt IS be1ng made to !rack the evolut1on of the four ma1or nce 
product1on systems of the reg1on and to calculate separately the 1mpacts of R&D on each 
lmgated and ramfed lowland represen! the anaerob1c product1on systerns whlle mechamzed 
upland and manual or tradtt1onal up/and represen! the aerob1c systems LAC nce product1on has 
been allocated proport1onately arnong these systems based on an ex1st1ng d1verse set of 
regional and sub-regional stud1es (Scob1e and Posada 1977 Valente Moraes 1977 CIAT 1979 
1992 1995 Posada 1981 CIAT IRTP 1983 Muchmk de Rub1nste1n 1984 Dalryrnple 1986) 
The penad of analys1s 1s 1966 to 1995 1966 be1ng chosen to precede the w1despread release 
and adoptlon of the modem sern1-dwarf vanet1es 1n the reg1on 

For both ex post and ex ante assessment a mult1-market econom1c surplus rnodel descnbed by 
Alston Norton and Pardey (1995 pp 395-410) 1s be~ng used The model Dream 1s capable of 
analys1ng rnultlple (honzontal) rnarkets trade 1n products and technology transfer between 
rnarket reg1ons technology adopt1on and d1sadopt1on exogenous (non R&D 1nduced) growth 1n 
demand and supply and tax/subs1dy pnce d1stort1ons for both producers and consumers 
Analyses are rnade us~ng a software package based on the rnodel (Wood Wood-S1chra Alston 
and Pardey 1995 1996) The approach generales a t1me strearn of R&D beneflts to producers 
and consumers by s1rnulat~ng the expected market leve! changes 1nduced by the adopt1on and 
appllcat1on of new technolog1es at the farm leve! The bas1c representat1on of techmcal change 
1n such econorn1c surplus rnodels 1s shown 1n F1gure 1 lf we define a pre-research pos1t1on at 
po1nt a on the supply curve S., the eqUihbnurn pnce and quant1ty are P0 and Q0 respect1vely and 
the assoc1ated consurner and producer surpluses are representad by the areas FaP0 and P.alo
The appllcatlon of new technology can be representad as a downward shlft 1n the supply curve 
up to a max1mum amount determ~ned by the effect1veness of the technology ( convent1onally 
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descnbed as the potent1al umt cost reduct1on) and the extent to wh1ch 1t 1s ult1mately adoptad 
Th1s supply curve shlft takes place over a penad of years determrned by the adopt1on rate In 
any g1ven year the new market eqUJIIbnum pos1t1on (P, QJ may be representad by po1nt b on 
the shlfted supply curve S, In th1s year the new consumar and producer surpluses are 
representad by areas FbP, and P,bl, respect1vely The effects of R&D 1n the g1ven year 
however are measured by the changes 1n econom1c surplus between a and b the areas 
P.abP, (1 e FbP,- FaP0) and P,bcd (geometncally eqUJvalent to P,bl,- P.a/0) lt can be shown 
that the su m of these two areas the total econom1c surplus 1s eqUJvalent to the shaded area 
swept out by the movement of the supply curve (l.abl,) 

Alston Norton and Pardey (1995) descnbe thrs process and 1ts ram1ficat1ons 1n greater detall 
and present the genenc equat1ons for changas 1n surplus that 1s the econom1c 1mpacts of R&D 
For any reg1on 1 and t1me t the producer and consumar benefits may be calculated as 

llPSLI = ( k¡.1 + Pf1R1, PP11 ) [ Q/.1 +O 5 ( 0"11 - Q/.1 )) 

llCS¡.1 = ( PCM- PCR1,) [ Ctt +O 5 ( CR,,- CM)) 
ll TS = llPS + llCS 

where PP/.1 Pe,, Q11 e,, are producer pnce consumar pnce quant1ty produced and quantrty 
consumad 1n reg1on 1 1n year t assum1ng no R&D ppR/.1 PCR¡.1 ct'tt C'tt are the eqUJvalent 
values allow1ng for the effects of research and k1.1 1s the reahsed unrt cost reduct1on 1n reg1on 1 
year t Alston et al set out procedures for the calculat1on of these pnces quantrt1es and umt 
pnce reduct1ons us1ng the parameters llsted 1n Table 5 They also present procedures for 
calculatrng transfer benefrts through govemment rf producer or consumar taxes or subs1d1es are 
applled 1n any of the reg1ons (although th1s feature 1s not 1mplemented 1n the ex post study 
descnbed) 

The extens1on of the bas1c framework to the ex post case descnbed here 1s shown rn F1gure 2 
In add1t1on to the R&D 1nduced supply shrft (S, to S/') there are also exogenous shlfts 1n supply 
(S. toS,) and demand (00 to D,) At the start of the ex post analys1s penad the eqUJIIbnum 
pos1t1on (P., Q0) 1s found ata Dunng the analys1s penad the three shlfts occur srmultaneously 
resultlng 1n a new observad eqUJI!bnum pomt b (P/ 0/) Without R&D (the counterfactual 
case) the final eqUJI!bnum pos1t1on would have been e Thus the shaded area (l,cbl/) 
represents the econom1c surplus attnbutable to R&D lt should be noted that even though the 
demand shrflrs assumed to be rndependent of research rt generates a srgnrficant addrt1onal 
contnbutron to the total economrc surplus attnbutable to R&D - as representad by the area cbde 

Market Reg1oos and The1r lnteractlon 

Regions can be charactenzed In ways that descnbe their capacity to generate new technologies 
as well as to produce and consume (Table 5) A region may have any IndiVIdual property or any 
combmation of properties Where regions are defined as countnes they generally have all three 
properties However where Importan! sub-groups of producers or consumers need to be 
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representad 1n a modehng framework for example small tradltlonal producers and large 
mechamzed producers or rural and urban consumers appropnate market reg1ons of s1ngle 
properlies may be constructed 

The analys1s proceeds by a s1mulat1on through t1me of the release adopt1on and apphcat1on of 
new technolog1es and the consequent changes '" pnces and 1n quant1t1es produced and 
consumad As new technolog1es are adopted the supply-curve sh1ftmg effects of R&D 1n each 
reg1on are transm1tted between reg1ons through pnces The model assumes that '" each t1me 
penod pnce levels ad¡ust to ensure that product1on equals consumpt1on across all reg1ons that 
1s an aggregate market cleanng cond11ion IS 1mposed In add11ion to the R&D 1mpacts based on 
pnce effects (or pnce spillovers) the model1s capable of s1mulaling the R&D effects that may 
anse as a consequence of the transfer of technolog1es between reg1ons the technology 
sp1llover effect The analys1s est1mates present values of the econom1c benefits of R&D for each 
reg1on - broken down by producers and consumers (and government 1f any laxes or subs1d1es 
are spec1fied) lf R&D cost data are available net benefits (benefits-costs) net present benefits 
and 1nternal rate of return are est1mated for each market reg1on for each group of reg1ons and 
across all reg1ons 

Model Spec•ficat1on and Parameter Estlmatlon for ex Post Analys1s 

The ex post nce model has been formulated at a geograph1cal scale of LAC usmg s1x analys1s 
reg1ons 

• lmgated nce product1on system - anaerob1c 
• Ra1nfed nce product1on system - anaerob1c 
• Upland mechamzed nce product1on system - aerob1c 
• Upland manualltradltlonal nce product1on system - aerob1c 
• R1ce consumpt1on 
• Net trade 

The final reg1on was necessary to prov1de the reqUired balance between LAC nce product1on 
and consumpt1on lt 1s effect1vely another (externa!) product1on reg1on smce LAC has been and 
1s mcreas1ngly a net 1mporter of nce R1ce consumpt1on was assumed to be equ1valent to nce 
supply as defined 1n FAO s Supply Ut1hzat1on Accounts 1 e 1t IS more properly defined as 
apparent consumpt1on 

The modehng strategy adopted was to s1mulate the evolutlon of reg1onally aggregated pnce and 
quant1ty over tbe 31 year penad (1966-95) while frttmg the d1saggregated product1on system 
trends to the hm1ted h1stonc data pomts available at th1s level To reflect severa! disbnct phases 
of the evolut1on of nce product1on '" LAC as well as to co1nc1de w1th the availab1hty of key 
cahbrat1on datasets at the product1on system level the penod was spht 1nto three sub-penods 
The sub penod 1966-81 covered the lnitlal phase of strong growth 1n the adopt1on of sem1-dwarf 
vanet1es as well as ma¡or expans1on 1n the mechamzed upland area predom1nantly 1n Brazil 
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The reg1onal overv1ew of the SJtuatJon w1th regard to nce product1on technology at the end of th1s 
penod was summanzed by Muchmk de Rubenste1n (1984) The second sub-penod 1982-1989 
w1tnessed a maJor reversa! m the growth of the upland mechamzed area A 1989 regional 
summary of the maJOr nce produclion systems defines the end of that sub-penod (CIAT 1992) 
The final sub-penod 1989 1995 comc1des w1th strong growth 1n product1on from the temperate 
1rngated areas but otherw1se much mstab1hty 1n both product1on and pnces 

To evaluate the econom1c consequences of R&D 11 1s necessary to decompose the observad 
product1on trends for each of the four nce product1on systems and for each sub-penod Th1s 1s 
done 1n two stages firstly 1nto the relat1ve contnbut1on of the area and y1eld components of 
product1on changa 1n each sub-penod and secondly 1nto the shares of those area and y1eld 
changas attnbuted to R&D and other (exogenous) sources respect1vely Shares have been 
est1mated on the bas1s of the sources used 1n denvmg Table 3 other econometnc stud1es of nce 
technology 1mpacts (e g Evenson and Flores 1978) and frequently expert op1mon Th1s 
heunslic process prov1des est1mates of the R&D mduced effect (that IS the umt cost reduct1on 
as a percentage of the 1mlial pnce) the exogenous supply growth rate (as an annual percentage 
rate) and the max1mum adopt1on level (percentage of MSV product1on 1n total product1on) 

For each sub-penod 1t was assumed that technology was available to be adoptad (R&D t1me 
lags were set to zero and the probab1hty of R&D success was 1 00%) and that adopt1on was a 
contmuous process (adoplion lags were set equal to the sub-penod length) S1nce R&D cost 
streams were not available that covered all sources of technology appl1ed 1n LAC nce product1on 
only gross benefrts have been calculated Technology spillover was not exphcrtly modelled 1n the 
ex post analys1s but 1ts effects are embod1ed 1n the h1stonc data For example the 1988 
nat1onal nce census of Colombia reports 24 6% of upland producers were usmg the CIATIICA
developed CICA 8 1rngated nce vanety (FEDEARROZ 1990) None of the other 75 4% of 
vanet1es used 1n the upland manual systems were 1denlified but a s1gmficant proport1on of those 
are also thought to be MSV's developed for 1rngated areas On th1s bas1s we made a nom1nal 
R&D contnbulion of 5% to the yteld gams 1n all non MSV (tradillonal vanety) areas With1n the 
MSV areas the est1mated contnbut1on of R&D to yteld gams ranged between 30% 1n the 
1rngated systems to 50% 1n the upland systems We d1d not attnbute any area changas to R&D 
Table 6 shows the 1nput datase! by product1on system (that IS by market reg1on ) and by sub
penad 

Results 

The model tracked the evolut1on of product1on and pnces very closely (Figure 3) Results 
1nd1cate that tlle mam benef1c1anes of technolog1cal mnovat1ons have been consumers w1th 
annuahzed benef1ts (d1scounted ata real rate of 3% per year) of US$518 m1lhon (Table 7) 
As a group producers have rece1ved annuahzed benef1ts of US$340 m1lhon per year But 1t 
was the 1rngatédproduct1on systems that generated pract1cally all of the pos1t1ve R&D 
benef1ts (US$437 m1lhon per year) The other product1on systems were adversely affected 
by the rap1d gams m the 1rngated sector although those non Jrngated producers who 
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adopted new technolog1es (targeted to them or to the 1rngated sector) were less affected 
In aggregate the non 1rngated product1on sectors had net annuallosses of US$9 m1lhon 1n 

ramfed US$70 m1lhon 1n mechamzed upland and US$5 mllhon 1n manual upland1 lt 1s 
probable that the large product1v1ty ga1ns 1n 1rngated r1ce have played an 1mportant role 1n 

releasmg pressure on the more frag1le ecosystems of the forest margms and the savannas 
W1th product1v1ty gams 1n 1rngated r~ce pr1ces have decreased makmg upland r~ce less 
compet1t1ve and reducmg the econom1c mcent1ve to open new r1ce lands 1n those upland 
ecosystems 

1 In th1s contClct "losses" s1gn1fY thc rcduced cconom1c bcncfits of ncc product1on 10 thc non IITigatcd 
arcas re/attve to those that would llave been generated wrthout R&D As a consequencc ofR&D relauvc changes 
m thc cost of productaon favour expans1on of 1mgatcd productton and contract10n of othcr systems Rabona! 
produccrs m thc lcss favourcd (that 15, relauvcly h1ghcr umt cost ofproducuon) systcms may opt lo SWitch out of 
ncc and mto thc11 ncxt most profitablc product1on acllv1ty 
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Acronyms 

CIAT Centro Internacional de Agncultura Trop1cal (lntemat1onal Center for Tropical Agnculture) 
FEDEARROZ Federación Nacional de Arroceros de Colombia 
FAO Food and Agnculture Orgamzat1on of the Umted Nat1ons 
FLAR Fondo Latlnoamencano y del Canbe para Arroz de R1ego (lrngated R1ce Fund for Lat1n 
Amenca and the Canbbean) 
ICA Instituto Colombiano Agropecuano 
ICM lntegrated Crop Management 
INGER LAC lnternatlonal Network for Genet1c Evaluat1on of R1ce for 

Latm Amenca and the Canbbean 
IRRI lntemat1onal R1ce Research lnst1tute 
IARCs lnternat1onal Agncultural Research Centers 
liTA lntemat1onallnst1tute for Tropical Agnculture 
LAC Latln Amenca and the Canbbean 
MSV Modern Sem1dwarf Vanet1es 
IPM lntegrated Pest Management 
NARS Nat1onal Agncultural Research Systems 
RHBV R1ce HoJa Blanca Virus 
WARDA West Afncan R1ce Development Agency 
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Tabee 1 Rice varkdiu r*asod In latn Alwerice Wld the Clllibbea'l by orlgh 

--
....... Ion ,.,..,080 , .. ,,..., , .. ,, ... ..... Tolal Tolal Total TOTAL """""> ........ looal CTIP """"' "CT ........ looal IRRI CTIP """"' "cr ........ looal IRRI CTIP 01hen O.CT ........ looal IRRI CTIP """"' 

IRRI O.CT 

~al2~f!a 
BeliZe 1 1 1110 .. 1 1 '""" Dom Rep 5 4 1 "" 4 2 1 1 25 .. o 6 2 1 11 .. 

French Guyana 1 1 '""" 1 1 '""" Guyana 2 1 1 "" 1 1 "" 3 1 2 "" Surlname 11 11 "" 1 1 "" 12 12 "" Subtotal 18 18 2 "" 6 3 1 2 o 33 .. 2 o 1 1 ""' 26 10 4 3 o ,.,. 
Cuba 3 1 2 "" 5 4 1 "" 8 6 "" 14 11 2 1 "" Mexlco 22 14 a "" 11 5 2 2 2 18 .. 3 2 1 33% 36 21 10 3 2 ... 
~tml ~azerica 
Coota Rica ' 1 2 67 .. 2 2 "'"" -4 4 '""" o 1 8 .... 
El Salvador 4 4 '""" 1 1 5 5 '""" Guatemala 2 2 '""" 5 4 1 - 1 1 8 7 1 .... 
Honduras 4 4 '""" 1 1 '""" 5 5 '""" Nicaragua 1 1 "" 1 1 '""" 5 2 3 """ 7 2 1 4 57% 

Panama 2 2 "" 4 1 3 75 .. 2 2 '""" a 3 5 6"' 
Subtolal a 2 2 4 ""' 20 1 18 1 """ 14 2 12 .... 42 5 2 34 1 a ... 

Tropical Brazll 4 4 "" 30 13 2 11 4 31 .. 10 10 6 2 33% 52 27 2 17 6 33 .. 

Temperate Brazli 11 3 4 • 36% 12 5 1 4 2 33 .. 7 • 1 14% 30 14 5 o 2 ""' 
dmi!fUJ ~U!!t!m~ 
Bolivia 2 1 1 ""' 4 3 1 75 .. 6 1 4 1 67 .. 

COlombia 8 1 6 1 75 .. 6 6 '""" • 5 1 ., .. 20 1 17 2 .... 
Ecuador 4 2 2 - 2 1 1 ""' 1 1 '""" 7 ' 4 57 .. 

Penl 4 1 3 "" o 5 1 3 33 .. 6 2 4 87 .. 10 • 4 7 37% 

Venezuela 1 1 '""" 4 2 2 ""' 2 2 '""" 7 5 2 11 .. 

Subtotal 11 1 • o 1 .,,. 23 • ' 13 2 57 .. 18 2 15 2 78% .. 8 8 37 5 .,,. 

rtmm!mt~ ~lllh 
dlll!!B 
Argenbna 2 2 "" 2 2 "" Chile 3 3 "" 1 1 '""" 4 ' 1 25 .. 

Paraguay 1 1 '""" 3 1 2 33 .. 4 2 2 ""' Uruguay 4 4 "" 2 2 "" 6 • "" Subtotal 4 3 o 1 o 25% o • 1 2 "" 3 2 1 33 .. 16 11 3 2 , ... 
TOTAL 87 .. 24 18 1 "" 118 42 8 51 14 .... 72 30 1 37 4 51" 275 118 34 "'" 18 3 ... 

v.n.tiet ... SU!llng from ao ... a mlldlet CIAT 



Table 2 Percent of modern sem1dwarf var1eties (MSV) m LAC nce product1on and area 

Percent 1n Product1on Percent 1n Area 

1966 1981 1989 1995 1966 1981 1989 1995 

lmgated 00 79 3 88 1 98 3 00 764 847 97 6 

Ra1nfed 00 53 3 693 76 7 00 503 61 8 71 7 

Subtotal Wetlands 00 73 5 842 92 8 00 697 791 895 

Mechamzed Upland 00 69 13 3 24 7 00 58 10 3 18 o 
Trad1t1onal Upland 00 30 o 30 o 300 00 26 o 282 312 

Total LAC 00 499 67 5 80 3 00 282 436 588 



Table 3 Parttctpatton of modern semtdwarf variettes (MSV) in production, area and tmphctt yteld, LAC, 1966 95 

Productton ( 1 000 MT) Area (1 000 Has) Y1eld (MT/Ha) 

1966 1981 1989 1995 1966 1981 1989 1995 1966 1981 1989 1995 

Anaeroblc 6 354 9 888 13 863 16 792 1 927 2630 3 291 3662 33 38 42 46 

MSV o 7272 11 676 15 587 o 1 832 2602 3 278 

lmgated 4 328 7 710 11 022 12 518 1252 1 952 2475 2 519 35 39 45 50 

MSV o 6110 9708 12 310 o 1 491 2097 2 459 

Ra~nfed 2 026 2 178 2 840 4273 674 678 816 1 144 30 32 35 37 

MSV o 1162 1 968 3277 o 341 505 820 

Aeroblc (Upland) 3 799 5 858 4 561 3 879 3 912 5633 4050 3 063 10 1 o 1 1 1 3 

MSV o 587 752 1 009 o 499 580 675 

Mechamzed 2 809 5 070 3684 2 920 2 812 4 786 3146 2 123 1 o 1 1 1 2 1 4 

MSV o 350 489 722 o 279 325 381 

Manual 990 788 877 959 1 100 847 904 940 09 09 10 1 o 
MSV o 236 263 288 o 220 255 293 

LAC total 10153 15 745 18 424 20670 5 838 8 262 7 341 6 725 1 7 1 9 25 3 1 

MSV o 7 858 12 428 16 596 o 2 331 3181 3 953 

Source Estomated by the authors on the basls of Muchmk de Rubenstem 1984 Dalrymple 1986 Valente Moraes 1977 CIAT 1979 1992 1995 CIAT IRTP 1983 Posada 

1981 Dalrymple 1986 Scob1e and Posada 1977 Avda 1981 IRRI1995 



Table4 lntematronal Pnces of Whlte Rrce Bangkok 5% Broken 1966-95 

Nomrnal Nomrnal 
US Wholesale Pnce of Whrte Pnce of Real Pnce of 

Prrcelndex Rrce Bangkok Paddy Rrce Paddy Rrce 
Year 1995=100 5% Broken (Whrte ·o 5) US$ of 1995 

1966 26 7 165 7 82 8 309 7 
1967 26 7 221 o 110 5 413 1 
1968 27 5 204 7 102 3 3722 
1969 28 5 185 1 92 5 324 5 
1970 295 143 o 71 5 242 o 
1971 30 6 130 3 652 213 2 
1972 31 9 149 9 75 o 235 2 
1973 36 1 2966 148 3 411 2 
1974 42 9 541 5 270 8 631 6 

1975 46 9 3632 181 6 387 4 
1976 490 2541 127 o 2592 

1977 52 o 2724 136 2 261 9 
1978 561 3685 184 3 3284 

1979 631 334 3 167 2 2649 
1980 720 433 7 216 8 301 o 
1981 786 482 8 2414 307 3 

1982 801 2934 146 7 183 o 
1983 81 2 2768 138 4 170 5 

1984 831 252 3 1261 151 7 

1985 82 7 217 4 108 7 131 5 

1986 803 210 2 105 1 130 8 

1987 82 4 2298 114 9 1394 

1988 85 7 301 5 150 8 1758 

1989 90 o 320 3 1602 177 9 

1990 93 2 2872 143 6 154 1 

1991 934 312 6 156 3 167 4 

1992 93 9 2874 143 7 153 o 
1993 95 3 2679 134 o 140 5 

1994 966 2940 147 o 152 3 

1995 100 o 353 o 176 5 1765 
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Figure 1 Representmg gross annual research benefits m an 
econom1c surplus framework 



Figure 2 Ex post Representatloo of Gross Annual Researcb Benefits m an Ecomom1c Surplus Framework 
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Table 5 Propertres of market regrons and related model parameters 

Major property 

Capac1ty to generate technology 

Capac1ty to produce 

Capac1ty to consume 

Parameters in the Dream model 

R&D research 1nvestments 
R&D lag t1mes 
Type and expected range of umt cost reduct1ons 

Adopt1on lag t1me 
Max1mum adoptlon level 
D1sadopt1on lag 

lmt1al product1on quan!Jty 
lmt1al producer (tarmgate) pnce 
Pnce elast1c1ty of supply 
Exogenous (non R&D mduced) growth rate 1n supply 
Producer taxes/subs1d1es 

lmt1al consumptlon 
Pnce elast1c1ty of demand 
Exogenous (non R&D mduced) growth rate m demand 
Consumer taxes/subs1d1es 



Table 6 Input parameters for ex post analys1s 

R&D Productaon Consumpt1on 1 

Adoptoon 
T1me Probaboloty Shoft lmt1al lnotoal Elastocoty of Exog lmtaal Elastocoty of Exog 

Perood Regoon Lag of Success (Kmax) Lag Level Quantoty Pnce supply Growth Quantoty demand Growth 

(yrsl (%) ($/T) (yrs) (%) 11 OOOT) ($/T) (%/yr) (1000T) (%/yr) 

lrrogated o 100 59 86 15 78 5 4218 288 07 47 

Raonfed o 100 22 72 15 41 6 1925 288 1 4 

1966 81 Upland mechanosed o 100 12 87 15 8 3252 288 1 2 48 

Upland Manual o 100 8 65 15 8 760 288 1 2 2 7 

LAC Consumptoon 10214 03 32 

LAC Net Trade 61 288 o 13 

lrrogated o 100 29 76 8 87 7676 208 07 53 

Raonfed o 100 4 53 8 54 2847 208 1 1 

1981 89 Upland Mechanosed o 100 1 27 8 11 5138 208 1 2 1 7 

Upland Manual o 100 o 8 11 854 208 1 2 3 

LAC Consumptoon 16854 o 25 1 3 

LAC Net Trade 339 208 o 83 

lrrogated o 100 23 39 6 95 1123 180 07 1 4 

Raonfed o 100 4 72 6 84 2739 180 1 9 2 

1989 95 Upland Mechanosed o 100 4 43 6 19 3770 180 1 2 47 

Upland Manual o 100 8 07 6 19 904 180 1 2 2 

LAC Consumptoon 19031 02 24 

LAC Net Trade 595 180 o 8 6 

NOTES 
In the ex post settmg we cons1der a t1mestream of und1fferent1ated technolog1es was adoptad S1nce the start1ng pomt 1s adopt•on R&D lag time 1s set to zero and smce the technology 
was ava1lable probab•hty of success was set to 100% 

2 Max1mum unrt cost (Kmax) 1s the product of the potent1tal umt cost reduct1on (%) probabrhty of research success 1%1 the max1mum adopt1on levell%1 and the produá!:r pnce 
3 Adopt1on lags are set equal to the S1mulat1on penad 1 e adopt1on as contmuous tn the ex post context (up to the maxrmum adopt•on leve! specafled for each penad) 
4 Exogenous demand growth ratas were calculated by the authors on the bas1s of growth 1n populatlon real wages and 1ncome elastlcltles 
5 lmt1al est1mates of the exogenous supply growth ratas were calculated as descnbed •n the text but were subsequently adJu&ted to f1t the eq01hbnum quant1t1es and pnce to the ava•lable 

data pomts 



Tabla 6 Input parameters for ex post analysts 

R&D Product1on Consumptaon 

Adopt1on 
T1me Probab1hty Sh1ft lmt1al ln1t1al Elastlclty of Exog lnttaal Elasllclly of Exog 

Penod Reg1on Lag of Success (Kmaxl Lag Level Quantlty Pnce supply Growth Ouanttty demand Growth 

(yrs) (%) ($/T) (yrs) (%) (1000T) ($/T) ( /o/yr) (1000TI (%/yr) 

lrngated o 100 59 86 15 78 5 4218 288 07 47 

Ra1nfed o 100 22 72 15 41 6 1925 288 1 4 

1966 81 Upland mechamsed o 100 12 87 15 8 3252 288 1 2 48 

Upland Manual o 100 8 65 15 8 760 288 1 2 2 7 

LAC Consumpt>on 10214 03 3 2 

LAC Net Trade 61 288 o 13 

lrngated o 100 29 76 8 87 7676 208 07 53 

Ra1nfed o 100 4 53 8 54 2847 208 1 1 

1981 89 Upland Mechamsed o 100 1 27 8 11 5138 208 1 2 1 7 

Upland Manual o 100 o 8 11 854 208 1 2 3 

LAC Consumpt1on 16854 o 25 1 3 

LAC Net Trade 339 208 o 8 3 

lrngated o 100 23 39 6 95 1123 180 07 1 4 

Ra1nfed o 100 472 6 84 2739 180 1 92 

1989 95 Upland Mechan1sed o 100 4 43 6 19 3770 180 1 2 47 

Upland Manual o 100 8 07 6 19 904 180 1 2 2 

LAC Consumpt>on 19031 02 24 

LAC Net Trade 595 160 o 66 
- - - --

NOTES 
In the ex post settmg we cons1der a tamestream of und1fferentaated technolog1es was adopted Smce the startmg potnt 1s adopt•on R&D lag t1me 1s set to zero and smce the technology 

was avallable probabllny of success was set to 1 00% 
2 Ma,umum unn cost (Kmax) •s the product of the potent1tal umt cost reduCtlon (%) probab1hty of research success 1%1 the maxtmum adopt1on leve!(%) and the producer p11ce 
3 Adoptaon lags are set equal to the samulat1on penad 1 e adoptaon as contmuous 10 the ex post context (up to the maxtmum adoptton level spectfted for each penad) 
4 Exogenous demand growth rates were calculated by the authors on the basts of growth tn populatlon real wages and tncome elasttctttes 
5 lnsttal esttmates of the exogenous supply growth rates were calculated as descnbed m the text but were subsequently ad¡usted to ftt the equrhb11um quantttres and pnce to the avatlable 

data pomts 



Tabla 7 Gross benef1ts m LAC of global r~ce R&D (per~od of 1mpact 1966 961 All values m 1000 of 1995 US$ 

Gross Annual Research Beneflts 
1 Producer Benef1ts Value 1f benef1ts mvested at 3% 

Consumar Total 
Ra.nfed Upland Upland Total Beneflts Beneflts 

Year lrngated lowland Mechan1sed Manual Producers Producers Consumers Total 

1967 10 723 113 1 941 667 B 229 14 BB7 23 115 lB 826 34 059 52 BB6 

1968 22 368 233 4 016 1 351 17 234 30 844 48 078 38 282 68 513 106 794 

1969 31 983 360 6 231 2 052 27 061 47 928 74 9BB 58 359 103 360 161 719 

1970 48 624 494 B 594 2 769 37 755 66 197 103 952 79 051 138 602 217 653 

1971 63 346 635 11 111 3 503 49 367 86 715 135 082 100 353 174 240 274 593 

1972 79 208 784 13 792 4 252 61 948 106 545 168 493 122 260 21 o 276 332 535 

1973 96 271 941 16 643 5 015 75 553 128 757 204 310 144 768 246 712 391 480 

1974 114 600 1 106 19 674 5 793 90 240 152 422 242 662 167 873 283 550 451 423 

1975 134 263 1 280 22 891 6 584 106 069 177 616 283 684 191 672 320 794 512 366 

1976 155 331 1 462 26 303 _2.357 123 103 204 418 327 520 215 861 358 447 574 309 

1977 177 877 1 653 29 920/ -azoo 141 409 232 911 374 320 240 740 396 515 637 254 

1978 201 978 1 853 33 750 ,, 9 024 161 058 263 182 424 240 266 204 435 000 701 204 

1979 227 716 2 062 37 802 9 855 182 122 295 325 477 447 292 252 473 910 766 162 

1980 255 172 2 281 42 084 10 692 204 678 329 436 534 114 31 B BB2 513 250 832 132 

1981 284 436 2 510 46 606 11 532 228 BOB 365 617 594 424 346 092 553 028 899 120 

1982 304 241 848 51 684 12 512 240 894 385 028 625 922 353 760 555 426 919 187 

1983 326 065 813 56 439 13 522 255 292 405 062 660 354 363 985 577 522 941 507 

1984 350 011 2 469 60 858 14 559 272 125 425 747 697 872 376 684 589 334 966 018 

1985 376 186 4 114 64 929 15 631 291 513 447112 738 625 391 769 600 BBl 992 650 

1986 404 704 5 741 68 637 16 707 313 620 469 186 762 806 409 203 612 182 1021 384 

1987 435 685 7 344 71 968 17 812 338 561 492 002 830 563 428 879 623 253 1052 132 

19BB 469 252 B 915 74 906 lB 933 366 497 515 591 BB2 OBB 450 745 634 112 1084 857 

1989 505 536 10 449 77 436 20 066 397 585 539 990 937 575 474 738 644 776 1119 514 

1990 528 613 13 476 Bl 783 20 563 412 792 576 122 9BB 913 478 539 667 BB3 1146421 

1991 552 792 17 090 85 765 21 087 428 850 613 952 1042 802 482 675 691 OOB 1173 683 

1992 578 022 21 360 89 384 21 638 445 641 653 571 1099 212 486 964 714175 1201 138 

1993 604 242 26 363 92 636 22 212 463 031 695 076 1158 107 491 230 737 406 1228 636 

1994 631 387 32 185 95 518 22 BOB 480 876 738 569 1219 445 495 302 760 726 1256 028 

1995 659 382 38 921 98 023 23 423 499 015 784 158 1283 172 499 015 784 158 1283 172 

Annuahzed ftow at 3% 436 651 B 551 70 39ji' 5 454 339 551 518 312 857 863 
/ 
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Fzgure 3 Paddy Rzce Pnces (Bangkok 100% *O 5) 
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