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Abstract 'I~_IOTEC 
l2GOl 

----~. J 4 JUlo 1993 
Gro\Vth analysls and competltlcn studles lnvolvlng red rIce 

and rIce "Oryzlca 1" \Yere conducted at C:AT, ColombIa, 

durlng 1989 and 1990 In competltlon red rIce (2 blotypes) 

gre\! taller tllan Oryz lca 1., but had sln\llar leaf area 

DurIng the flrst 60 days after emergenee (d a e ) Oryzlca 1 

tIllered mcre than the red rIce bIotypes, but these 

contlnued to tIller after anthesls Competltlve effects 

dlffered for each red rIce blotype In fleld competltlon 

studles (1989) red rlce \laS very competltlve Inth rIce 5 

and 20 red rIce plants/m' reduced r~ce ylelds by 40 and 60% 

respectlvely TI'enty red rIce plants/m' shattered 35 

seeds/m' befere rlce harvest, and co~tamlnated harvested 

r1ce \Vlth abaut 1100 kg/ha of red rlce graln An 

lnfestatlon of 24 red rlce plants/m' reduced r1ce ylelds by 

10% lf allO\led to compete dur 1ng 4 O d a e , and 75% after 

seasan-long competltlon in 1990 red rlce competltlon was 

stronger, and an eXDerl~ent cemhlnlng ef[ects af red rIce 
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dens1ty and duratlon of compet~t1on ~nd1cated that 50% 

y1eld was lost ~hen 24 red rIce plants/m' competed durlng 

40 d a e ,llth Oryz1ca 1 Economlc analysls uSlng 

competlt10n data 1ndlcatod that w1th current prlces ln 

ColombIa and glven the hlgh red rIce compet1tlveness, 

herbIclde control í/1th glyphosate (2 kg al/ha) followed by 

paraquat (O 75}cg la/ha) \las econorncally )ustl.fled even at 

very 1011 red rIce densItles The probablllty of )ustlfylng 

hand Ileedlng practIcas las hlgher among 10íl-Yleld-farmers, 

early ueedlng, and 10'1 labour costs ~ 

1 Intl OdUCtlO11 

Red rIce (Oryza satlva L ) lS one of the most serIOUS 

weed problems o[ rIce In Latln Amerlca Its Dame refers to 

the red perlcarp layer In the dehulled graln (Smlth, 1981), 

WhlCh lowers commerclal rIce graIn qualIty Red rlce 

gra1ns tend to be softer than commerclal rlce graIns, and 

removal of the red perlcarp results In hlgh proportlons of 

broken IIhIte gralns leduClng p'.llllng ylelds (Srnlth 1981) 

Red rlce has several dlstlnct weedy features Its plants 

are generally taller than commerclal rIce varletles, and 

tIller profusely, belng thus very competltlve \11th rlce 

(DIarra et al, 1985a, DIarra e~ al, 1986b, K\Jon et al, 

1991, and Snlth, 1988) Red rlce graIns readlly shatter 
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befare rlce harvest (Dlarra et al, 1985a, 1985b), and lts 

seed can renaln vlable 1n the s011 for several years (Kwan 

et al, 1991) For belng physlologlcally slmllar to 

commerclal rice (Hoagland, 1978) lts selectlve removal lS 

dlfflcult Heavlly Infested flelds are often abandoned 

Season-Iong competltlon by 3 and 19 red rice plants/m2 

reduced ylelds o~ lrrigated rlce by 10 and 50%, 

respectlvely (Smlth, 1983) Dlarra (1985b) found Lhat red 

rlce densltles of 5, 108, and 215 plants/m' reduCed graln 

yields of rlce by 22, 77, and 82% In Southern Brazll 170 

red rlce panlcles/ml (approxlmately 60 plants/m') reduced 

rice yleld by 50% (De So~¿a, 1986) Llttle competltlon was 

found to occur durlng the flrst 50 days after rice and red 

rice emergence (1<\,on et al,1991, Smltl1, 1988) Dlverse red 

rIce blotypes ~lth clear morpholog~cal dlfferences are 

kno\lD to occur (11ontealegre and vargas, 1982), but the 

1mpl1catlons of sucl1 d1fferenccs 1n thelr competlt1vcness 

are not clear 

The wldespread use of red r~ce-contamlnated secd by a 

hlgh proportlon of rlce farmers El LatE\ Amerlca ensures 

fleld relnfestatlons, forclng farmers te control red rlce 

every season (often tvo per year) Control 15 mostly done 

wlth herblCldes, though other alternatlves sucl1 as crop 
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rotatlons, tran~plantlng rlce, and the use of pure seed 

have been successful An lntegrated approach to manage red 

rlce lS essentlal for the economlC and envlronmentally safe 

control of thls Ileed Integrated managoment should seek 

the optlrnlzatlon of costjbeneflt ratlos, thus leadlng to 

more dlverslfled red rlce control strateglBs Predlctlng 

yleld and quallty losses trom red rlce lnfestatlons vlould 

be crucla: for selectlng cost effectlve lnputs to lntegrate 

~n managlng th.15 vleed 

Competltlon experlments wlth dlfferent red rlce 

densltles and duratlons oC lnfestatlon can provldo the 

lnformatlon needed far crop los S predletlons (Zlll\dahl, 

1980, Smlth, 1988) A functlonal approaeh lS needed to 

lnterpret results from such experlments, derlvlng models 

for crop loss predlctlon based on tlmely assessments of red 

rlce lnfestat~ons 

ThlS work was cenducted on flush-lrrlgated' rlco, and 

the Ob]ectlves '.'ere a) te relate gronth characterlstlcs of 

dlstlnct red rlce blotypes to dlfferences 1n thelr 

compotltl veness \11 th COP1merc 1 al seml.dvlarf rlce, b) to 

establlsh the effeet of early-estlmated red rlce densltles, 

'''as not flooded, lrrlgatJOn Ilas provlded to keep the 
ld capaclty 
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on r~ee and red ~lce graln ylelds, e) to determIne thc 
1 

effeets of dIfferent perlods of red rIce lnterference on 

rIce ylelds, and d) to Illustrate hOll competItl0n studIes 

can be a key tool for the eeonomle selectlon of components 

for lntegrated red rIce management 

2 lVlatcnal., <llld lVILthod~ 

2 1 Glo\Vch al1C1ly\l~ 01 liLe ond lulllce blOlypec\ 

RIce cv "OrYZlca 1", and ':~IO red rlce otypes VIere 

grown ln monoculture Fourteen-day-old seedllngs of elther 

Oryzlca 1, or red rIce olotype A or B VIere transplanted to 

pots (monocultures) At the same tIme ffilYtures of OryzIca 

1 Vllth each of the red rIce blotypes VIere establlshed by 

transplantIng 14 (7~7) 5-day-old seedllngs lnto pots P. 

total of 5 treatments (three monocultures and tIlO mlxtures) 

VIere thus obtalned, and "ere arranged ln a completely 

randomlzed block deslgn 111th 4 repllcatlons Pots viere 

placed ln a screenhouse At 5, 10, 15, 20, 30, 45, 60, 80, 

110, and 115 days after t~ansplantlng one pot of each rlce 

varlant 1n mo~ooultU~e, and two pots of each oE the two 

ffilxtures were harvested ~n each repllcatlon Thus at each 

harvest a total oE 14 plants of each rlce varlant (I!hether 

IU DIUCf Af 1 ()(¡ 07 ~n 
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ln monoculture or 1n m1Yture) Ilere harvested Leaf area¡ 

total dry matter, number o~ tll1ers, and helght vere 

determlned fer each harvested plant 

y1eld per plant \Ias recorded 

At maturlty graln 

2 2 Effects of 1 ed Ilce densl! les (lnd compettrlO/l pellOds on l/ce 

gtam y/etd 

221 Denslty effects (1990) A flald experlment was 

establlshed 1n Jamundí, near CIAT (Colombla) The 5011 was 

clay ln textura, pH 5 4, 2 4% organlc carbon, O 5 ppm P, 

5 2 meq/100g Ca, anO. 6 4 meq/100g Mg Treatments conslsted 

of dlfferent red rIce densltles (20, 40, BO, 160, and 320 

seeds/m') that '.Iere broadcast over dry 5011 1n 4x10 m 

plots, and then lncorporated wlth a hand rake Red rlce 

seed was collected [rom nearby lnfested flelds A 

completely randoffilzed deslgn wlth 4 repllcatlons was used 

Oryzlca 1 rIce 'las then drllled ílOO kgjha) 1n rOvls 17 cm 

apart The fleld '.las flush lrrlgated durlng the flrst 40 

days and then flooded unt~l 2 weeks before harvest 

Slxteen days after emergenc.e (d a e ) lieeds I'ere controlled 

\Ilth propanll + butachlor bentazon at 1 9 + 2 4 + 1 2 kg 

al/ha, respectl vely, applled ".L tn a ca? portable sprayer 

wlth 8002 nozzles dellverlng 200 L/ha A total of 160 N, 

156 K,O, and 58 P,O, \lere applled at 20(6Q%), 40(20?6), and 

R:' DR1CL \; 1 06 07 n 
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60(20%) d a e Rlce denslty .¡as assessed 35 d a e by 

countlng plants wlthln 1m of row In 3 sltes per plot 

Actual red rIce densltles were counted 36 d a e wlthln a 

o 25 11',2 quadrat placed In 3 51 tes per p10t !'Iature, ready 

,to shatter gra1n Ilas collected dally efter red rIce began 

to rlpen At 11ce maturlty, rlCe and red rIce seed were 

harvested wlthln a 2y9 m area In each plot ¡'ielght of 

rough rIce was rscorded 

regresslon 

Results I/ere analyzsd by 

222 Compet2t2on perloc1s (1990) AdJacent to the aboye 

experlroent, and conducted In the same ,¡ay, another trla1 

evaluated the effect of a sIngle denslty of red rlse 

competlng for dlfferent perlods of tIme Wlth Oryzlca 1 

One hundred red rIce aeeds/m' (same seed source as In 

2 2 1) were broadcast, and lncorporated as In 2 2 1 

Oryzlca 1 -,'as then drllled (100 ):g/ha) lnto dry 15011 In 

rows 17 cm apart Treatments conslsted of nlne competltlon 

perlods v'here red rlce competed durlng 18, 25, 40, 50, 70, 

and 90 d a e , \lhlCh approxlmately corresponded to the 

followlng growth stagas of Oryzlca ~ 3-1eaf, tlllerlng, 

maX1IDum tlllerlng, panlcle lnltlatlon, headlng, and 

antheslS A \ eed-free a:1d a 'Ieedy check Yiere lncluded 

Flots were 18x5 ro, and treatments were arranged In 

randonllzed cOf1plete bloc..hs \'lt:l 4 repllcatl.ons Red rIce 

RiJ)]UCf \i J OÓ 07 92 
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was removed by hand at the end of each \Ieedy perlad At 

the tlme of the flrst red rIce removal (18 d a e ) rIce and 

red rlce denslt~es were assessed as ln the prevlous 

experlment Rlce vas harvested at maturlty wlthln a 2x6 ID 

area ln each plot 

223 Response to c?ensltles and perloc1s of red rlce 

lnfestatlOJ) (1991) ThlS experlIDent was 

conducted ln an are a adJacent to '.Ihere eyperlments 2 2 1 

and 2 2 2 had been OrY¿lca 1 was drllled (100 kg/ha) lnto 

dry so11 ln rows 17 cm apart alter 6, 12, 23, and 29 

seedjm2 oi locally-collected red rIce had been broadcast 

and lncorporated wlth a hand rake These densltles were 

lm.¡er than in experlment 2 2 1, because thlS fleld was 

already lnfested '11th red rlce seed, and because more data 

pOlnts 1n a medlum to 10\1 lnfestatlon range were deslred 

The experur,ent \las fertlllzed \Ilth a total oi 132 N, 60 P,Os 

and 60 K?O applled at 20(60%), 40(20%), and 60(20%) d a e 

At 10 d a e qUlnclorac + bentazon + butachlor at O 75 + 

1 2 + 2 4 kg al/ha, respectlvely \lere sprayed Red rlce 

was removed from the plots at 10, 30, 60, and 90 d a e 

Thus the experlment conslsted of a comblnatlon of 4 red 

rIce densltles and 4 cowpetltlon perlods, a season-long 

weedy and a ueed free check \Jere lncluded Treatments \vere 

arranged 1n randomlzed complete blocks \11th 4 repllcatlons, 

RI D1UCI Al ! ü6 07 n 
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plots liere 4xlO m Red 1. lee densltl,es ':./ere counted 10 

d a e (end of flrst ",eedy perlod) IJlthln a O 25 ~12 quadrat 

placed at 2 sltes 1n each plot the rest of the treatments 

were counted 30 d a e Rice denslty \las assessed (30 

d a e ) by count1ng the number of plants per meter of row, 

tWlce per plot The eyperlment was flush lrrlgated durIng 

the fIrst 20 days, and then flcoded untll t\iO weeks before 

harvest At maturIty rIce gra1n \las harvested 1n 10 m2 

wlthln each p10t Data t1ere analyzcd by regresslon 

3 Results and DI~UI"<;1011 

3 1 GI owth al1(/lysl~ 01 l/ce and I ed l/Le ÚIOI)'peS In GOlllpeClllOn 

Both red rice blotypes liere of simIlar helght, and 

grell conslderably taller than Oryzlca 1 (I'igure 1c and f) 

As noted by Dlarra et al (:985a) red rice helght advantage 

over rice lías assocla::ed "lth red rlCe'S superior 

competitiveness (Figure 2) Red rIce had no clear 

advantage 1n leef area or early tlller1ng over Oryzica 1 

(Flgure la, b, d, and e) As prevlously reported (Dlarra 

et al, 1985b) red rice tillered contlnucusly throughout the 

seaso~, but Oryzlca 1 tillered more than red rice early 1n 

the season, befcre pdnlcle lnltlatlon (Figure 1 b, and el 
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The tlllerlng advantage of Oryzlca 1 over red rIce was 

snalIcr ',he:1 rlce cOlnpetect "lth red rIce blotype A (FIgure 

lb, and e) ThlS blotype reduced rlce helght and ylclds 

the most (F 19ure 1c, f and 3), and was t.he most conpetl tI ve 

slnce lt tended to gro', better In competltlon wlth rlce 

than 1n monocrop (FIgure 2) 

It can be ccncIuded from these data that red rIce 

b10types can dlffer Ln thclr competltJ.ve ablllty u1th rlce 

Such dlfferences mlght Increase the slte speclflclty of 

results fro~ co~petltlon eyperlments In fosterlng the 

conpetlt1veness of rIce 2galnst red rIce, Increased seedlng 

rates, and the use of tall 2nd hlgh tlllerlng cultlvars, 

appear JustIfIed The use of hlgh rIce densItles for weed 

suppresslon lS a camman pract.lce among Latln Anerlcan rlce 

farmers 

3 2 Dells¡ry and dU! {/{1011 of I ed !Ice lllfeSl alIons 

3 2 1 Dens~ty effects By 31 d a e about 312 (+ 41) rlce 

Red rIce \,as very competltlve, 

5 and 20 red rIce plants/m' reSGltea In 40%, and 60% gra1n 

yleld reduct10n (FIgure d) Red rIce co~petltlveness has 

aIready been recognlzed (Smlth, 1988) tIontealegre and 

Vargas (1989) feuna sImIlar ylsld reductlons w~th flush-

Jxrlgated rICe A curvlllnear crop yleld response te 
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lnCrcaslng \-Ieed densltles results \lhen that the areas of 

lnfluence of nel.ghborlng '!ceds overlap (11) Therefore, 

Flgure 3 1ndlcates that ln~raspeclflc lnterference ln red 

r1ce started at 101' densltles, perhaps as a result of ltS 

he1ght and strong tlllerlng hablt 

Red rlce shattered on1y a lo\! proport1on of lts seed 

(Flgures 5 and 6) H~'ever, accord1ng to Figure 5, a 

hypotethical ln(estatlon of 20 red rlce plants/m' would 

have shattered about 35 seeds/m', assumlng 1000 red rlce 

gra1ns lIelgh 25 9 Supposlng that on1y 20% of thesc 

germlnate wlth the next crop, a yleld reductlon of about 

50% can be eypected (Flgure 4) PIso, the same lnfestatlon 

of 20 red rlce plalltSj¡r¡' \1111 contarnlnate the commerclal 

graln harvested wlth about 1100 kg¡ha of red rlce gra1n 

(Flgure 6), reduclng lts quallty and pr1ce Red rlce can 

shatter more seed than l~ dld 1n thls e/perlment, up to 70% 

was reported by Dlarla (1985b) ThlS potentla1 for 

relnfestlng rlCC f1elcls and IO\Jer] ng r1ce quallty should be 

consldered ~hen 1nformatlon such as that 1n Flgurc 4 lS 

used to derlve econornlC thresholds to manage red rlce 

Managlng ,!eeds accordlng to econom1C thresho1ds lmplles 

that lnfestatlons belo\! the threshold are not contro1Ied, 

and thelr seed can relnfest flelds Hlgh competltlveness 

of red rlce and the current r1ce value ]ustlfled chernlcal 

Ri Dl{J(.1 \1 i 06 07 1]") 
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control (2 kg al glyphosate follo\'ed by O 75 kg/ha paraquat 

applled to the Ileed before seedlng rlce) even at very low 

red rlce densLt~ea (Table 1) Chemlcal control af red 11ce 

lS common ln Latln Amerlca, elther alane or ln cemblnatlon 

wlth other cultural practlces (Antlgua, 1990, ClAT, 1991) 

322 co~peL~tlon duratlon Elghteen daya after crop 

emergence 24 (± 10) red r1ce and 306 (± 76) r1ce plants/~ 

were establlshed Only 10% a[ the potentlal y1eld was lost 

lf red rice competed tl1th the crop durlng 40 d a e (Flgure 

7) Seasen-long lnterfcrence reduced rlce ylelds by 75% 

These flndlngs agree Illth prevlous results (Kwan, et al 

1991, Smlth, 1988) Yleld reductlon became sharp when red 

rice competed w1th rlce durlng flowerlng and graln fllllng 

stages At these stages, .'hen solar radlatlon lS essent~al 

for hlgh ylelds (Yoshlda, 1981), red r~ce \las taller than 

rlce and 'las st111 procluclng tlilers (F1gure lb, e, e, and 

f) 

Wlth currents casts ~n Colombla, and undar a 

moderately hlgh ~ed r1ce lnfestatlon, hand \Ieed~ng offered 

no economlC advantage over pre-plant herblclde use (Tabla 

2 ) 
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323 Response surface to dens~tles and perlods of 

compet.l t~Oll RIce populatlon 1n the weed-free 

checks l¡aS 294 (± 49) plant/m' The comblned response of 

rIce to red rIce denslty and perlods o[ competltlon showed 

somev'hat more lntense COPlpetl tIon effects than In 1990 

(FIgure 8) ThlS could be related to the natural emergence 

of an addltlonal red rIce bIotype, dl[ferent to those 

seeded Wlth a response surface approach the predlctlve 

pOller oE compet1tlon stud1es lS strengthened, and [armars' 

declS10n ma~lng lS more reallstlcally represented The 

Eeasllnllty oE manual red rIce control \laS stue!led 'rhe 

econom1C probablllty of hand ~eedlng becoffi1ng economlcally 

]ustlfIed was hlgher (largar aconomlC threshold) among 

farmars In the lOler yleld bracket, ane! Ilhen hand weedlng 

was done aarly (red rIce can be dlstlngulshed from rIca 

usually at about 30-40 d a e ), ('Table J) and lt also 

Increasad at lower labour costs (Tabla 4) 

From the lnformatlon so far presentad one can conclude 

that competltlon studles ara a pouerful tool .1n 

ratlonallzlng weed control and reduclng ltS costs, Slnce 

they allo\l to predlct crop los ses and regulate Heed 

management costs accordlngly The [act that red rlce 

blotypes can dlffer ln thelr competltlveness may result ln 

crop 105s varlatlon over sltas Further studles should 
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attempt to compensate such varlatlons by expresslng weed 

lnfestatlons !11th parameters that closely relate to the 

outcoDe of competltlve lnteraetlons sueh as relatlve 

cropjlveed tlller1ng Slnee tlllerlng 'laS so relevant to the 

outeome of competlt1on l\ropfi: et al (1991) uSlng weed 

relat1ve leaE area· could account for varlatlons ln the 

tIme weeds emerged Illth respect to the crop at dlffcrent 

sltes In dlEferent years 

Control of emerged red rIce In the fleld leads to 

herblclde dependence Use of chemlcals could be reduccd lf 

preventlve (pure r1ce seed, clean farm equlpment) or 

cultural practlces (rotatlons, tlllage) are also used 

Compet1tlon stud1es by helplng establlsh the economlC 

feaslbll1ty of such alternatlves can st1Dulate lnvestments 

to supply clean certl[led seed to farmars, and persuade 

these to rota te lnto other crops ,¡hen thelr flelds get 

heavlly lnfested Illth red rIce 

2 Leaf area lndex of ~eeds/leaf area lndex DE (weeds + crop) 
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1 Table 1 Econem~c threshol 

18 

! 

for chemLcal centrol of red r~ce ~n 

2 r~ce oryzlca 1 

3 

4 1 Inputsb' Value (US dollars/ha)d 

5 paraquat (O 75 Kg al/ha) 14 3 

6 glyphosate (2 kg al/hd) 39 7 

7 labour 4 1 

8 Cost of red rlce control 

9 

10 2 Threshold losses 

11 Expected rlce YIeld" (I'eed free) 6222 }'q/ha 

12 Threshold red rlce denslty level " 1 plant¡13 m-

13 Expected yleld lOSSN 340 kg/ha 

14 Value of loss 

15 

16 Red rlce denslty for WhlCh the cost of control equals the 

17 value of the yield loss lt avolds 

18 Correspond to farmers' current practIce 1n Colomb1a 

19 (CI".T, 1991) 

20 Current prlces 1n Colombla (CIAT, 1991) 

21 di Yleld los s (as percent of an expected \Ieed-free y1eld of 622 

22 kg) = 96-19 LN(XTl), tor X = number of red rIce plants¡m2 

23 determIned wIthIn 30 days after rlce emergenco 

24 

25 

RLDR1C! Af 1 U6 ú7 92 
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1 Table 2 ComparatlVe returns of chemlcal and manual ccntrol of a 24 plantsjm2 

2 red rice mfestatJon JI? rice Drjz/ca 1 

-~~----~~-~~~~~~~~~- ~~-~~~~------I 

3 Value 01 yleld Net vaiuec/ 

recovered recovered recovered 

4 (kg/ha) (US dcllars) (US dollars) 

5 Hand weedlng 

6 6 6203 1061 998 

7 10 6129 1048 985 

8 30 5755 984 921 

9 

10 Chemlcal control o 6220 1064 1006 

11 

12 al Days after emergence 

13 b I From equatlon Y 101 5 - O 3X, where Y IS yleld as percent 01 an expected weed fre 

14 yleld 016222 kg/ha (CIAT, 1991), and X 18 days weedy alter emergence 

15 G I Value 01 the yleld recovered al O 17 US dollars/kg nce mlnus the cos! 01 weed control 

16 (estmated al 58 and 63 US dol'ars fO; chemlcai and manual control, respectlvely) 

17 
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1 Table 3 Economlc thresho/ds for hanclweedll1g red rice at dIfferenf nce 

2 productlvlly /evels 

.. _~ .. _-----
3 Economlc thresholdal 

4 Rough rice Yleld 30 d a e 35 d a e 40 d a e 01 

5 yleld loss 

.. _-
6 (kg¡ha) (%) (plantsjrn 2

) 

7 3630"í 2 21" 1 9 1 4 08 

8 6220 1 26 1 6 1 O 05 

9 7310 1 06 1 5 09 04 

10 8330 093 1 4 08 03 

----_.--~_.--~_.-

11 

12 .1 Red rice denslty lor whlch ihe value 01 nce yleld losses resultlng trom liS comoetltlo 

13 equals Ihe cosl 01 handweedlng COSI oí Inputs and pnce 01 'ice as In CIAT, 1991 

14 bí Time al handweedlng In days alter emergence (d a e ) 

15 el Calculated trom the equatlon Y = 125+0310+2 9P O 03P2 

16 where 

17 y nce yleld as percent 01 vveed free yleld 

18 D = red rice denslty (plants/m 2
) 

19 P = weedy penad after emergonce, or tme 01 red nce handweedlrlg In d a e 

20 di Dlfferent nce yl81d levels among Colomblan farmers (CIAT 1991) 
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1 Table 4 Econom¡c thresholds for handweedmg red oce at d¡fferent {¡ce 

2 accordmg to rural labour costs 

3 EconomlC threshold,l 

4 

5 

6 

7 

8 

9 

10 

11 

Rough rice yleld 

(US dollarsjhour) 

1 O 

074 

050 

025 

00 

Yleld 

IOS5 

(%) 

1 26 

251 

379 

511 

30 d a e 

1 O 

1 6 

20 

24 

29 

35 d a e 

05 

1 O 

1 4 

1 8 

24 

40 d a e bl 

o 

05 

09 

1 3 

1 8 

12 al Red rice denslty lor whlch Ihe value 01 rice yleld losses resultlng from lIs eompetltlor 

13 equals the casI of handweedlng Cosl of Inputs and pnce al nce as In CIAT, 1991 

14 bl Time 01 handweedlng In days alter emergence (d a e ) 

15 el Calculaled from the equatlon Y = 12 5 + O 31 D + 2 9P O 03P2 

16 where 

17 Y = flce yleld as pereen! 01 weed free yleld 

18 D red rice denSlty (plants;m 2
) 

19 P = weedy penod alter emergence, or time 01 red rice handweedlng 
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1 'J.gure 1 Gro,!th parameters of r~ce Oryzlca 1 (-0-) and red rlce 

2 lotypes A and B (-) groWlng ln competltlon 

3 

4 .lgure 2 Growth of rlce Oryzlca 1 (-0-) and red rlce (-) 

5 lotypes A (a) and B (b) 1n competltlon expressed as percentage 

6 f thelr gro\/th 1n monoculture 

7 

8 19ure J Graln ylelds of Oryzlca 1 grolilng ln monoculture or ln 

9 or"petltlon \11th red rlce blotype A or B 

11 19ure 4 Effect o[ red rlCo denSJt1es on graln y1elds of rlce 

12 ryzlca 1 as percent of the '~eed-free y1eld 

13 

14 <lgure 5 Red r1ce gralns shattered before rlce harvest when 

15 1fferent red rlce dens1t1es gre~ 1n competltlon wlth Oryzlca 1 

16 

17 19ure 6 Red r1ce gra1ns harvested wlth rIce Oryzlca 1 that 

18 rew 1n competlt1on wlth dlfferent red r1ce densltles 

19 

20 

21 

22 

23 

~lgure 7 Graln ylelds of r~ce Oryzlca 1 (as percent of weed

kree Y1e1ds) after competlng 'Ilth red rlce durlng d1fferent 

I 

perlods after emergence 

24 19ure 8 Percent yleld losses lihen dlfferent red rlce densltlBs 

25 'ompetad wlth rlCe Oryzlca 1 durl~g dlfferent perlods after 

26 mergence 
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