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Growbth analysis and compeltiticn studies involving red rice

and rice "Orvzica 1" were conducted at CLAT, Colombia,
during 1928% and 1990 In competaition red rice {2 biotypes)
gresv taller than Oryzica 1, but had similar leaf area
During the first 60 days after emergence (d a e } Oryzica 1
tiilered more than the red rice biotvpes, but these
continued to tiller after anthegas Competitive effects
differed for each red rice biotype In fireld competition
studies (1989) red rice uas very competitive vwith rice 5
and 20 red rice plants/m reduced rice yields by 40 and 60%
respectively Tventy red raice plants/m’ shattered 35
seeds/m’ before rice harvest, and contamlnated harvested
rice with about 1100 kg/ha of red rice grain An
infestation of 24 red rice plants/m reduced rice yields by

10% 1f alloved to compete during 40 d a e and 75%

bl F

after

season—-long competition In 1990 red rice competition was

stronger, and an exvariment combining effects of red rice
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density and duration of competition indicated that 50%
yield was lost vhen 24 red rice plants/m competed during
40 d a e with Orvzica 1 Economic analysls using
competition data indicated that with current prices 1in
Colombia and given the high red rice compebtitilveness,
herbicide control wvith glyphosate (2 kg air/ha) followed by
paraguat {0 75kg 1a/ha) wvas economnically justified even at
very lovwv red rice densities The probability of justifying
hand wveeding practices jras higher anong lov-yield-farmers,

early wveeding, and lov labour costs ><\

1 Intioduction

Red rice {(Oryza sativa L )} 1s one of the most serious
weed problems of rice in Latin America Its name refers to
the red pericarp lavyer in the dehulled grain (Smith, 1981},
which lovers commercial rice grain guality Red rice
grains tend to be softer than commercial rige grainsg, and
raeamoval of the red pericarp results in high propertions of
broken vhite grains reducing millaing vields (Smaith 1931)
Red rice has several distinct weedy features Ite plants
are generally taller than commerclal rice varieties, and
tiller profusely, bheing thus very competitive with rice
(Drarra et ai, 1985a, Drarra =t al, 1986b, Kuon et al,
1921, and Smith, 1983) Red vrice grains readily shatter
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hefore rice harvest {(Oiarra =%t al, 1985a, 19%85h), and its
seed can rema::n viable 1n the =01l for several yvears (Kwan
et al, 1991} For being physivlogically simllary to
commercial rice {Heagland, 1978) 1ts selective removal 18

drfficult Heavily infested fields are often abandoned

Season-long competition by 3 and 19 red rice plants/m®
reduced yields of irrigated rice by 10 and 30%,
respectively {Smith, 19883 Drarra {(1955h} found that red
rice densities of %, 108, and 215 plants/w reduced grain
yviaelds of rice by 22, 77, and 82% In Scouthern Brazil 170
red rice panicles/w’ (approximately 60 plants/m’) reduced
rice yield by 50% {De Scuca, 19286) Little competition was
found to occur during the first 50 days after rice and red
rice emergence (Kuvon &t al,1991, Smith, 1388) Diverse red
rice bictypes with cliear morphological differences are
knoun to ocour {(Montealegre and Vargas, 19%82), but the

implications of such differences in thelr competitiveness

are not clear

The widespread use of red rice-contaminated seed by a
high proportion of rice farmers 1n Latin America ensures
field reinfestations, forcing farmers tc control red rice
every season (ocften Ltwo psr year) Control is mostly done

with herbircades, though other alternatives such as crop

BLDRICL A L 08 GF 47
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rotations, transplanting rice, and the use of purc seed
have been successful An 1ntegrated appreach to manage red
rice 18 essential for the sconomic and environmentally safe
control of this weed Integrated management should seek
the optimization of coszt/benefit ratics, thus leading to
more diversified red rice control strategies Predaicting
yviaeld and gquality losses from red rice infestations would

ke crucial for selecting cost effective inputs to integrate

1n managing this weed

Competition erperiments with different red rice
densities and duraticns of infestation can provide the
information needed for crop loss predictions {Zimdahl,
1880, Smith, 1988} A functional approach 1% needed to
imterpret results from such experiments, deriving nmodels

for crop loss prediction based on timely assessments of red

rice i1nfastations

This work was conducted on filush-irrigated' rice, and
the objectives vers a) to relate grovth characteristics of
dastinct red raice kiotypes to differences in thear
competitiveness wvith commarcial semidwari rice, b)) to

establish the =ffect of early-sstimated red rice densities,

! The crop was not flooded, 1rrigation yas provided Lo keep the

5011 near fielid capacaty

RIDRICT AL 1 060797
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on rice and red rice grain yields, cj to determine the
effects of different pericds of red rice interference on
rice yields, and d) to 1llustrate hov competition studies
can be a Key toocl for the economic selection of components

for integrated red rice managenent

2 Materials and Mcthods

21 Growth analysis of 1ice and r1cd rice biotypes

Rice cv '"Qryzica 1", and two red rice biotypes were
grown 1o monoculture Fourteen-day-old seedlings of either
Oryzica 1, or red rice blotype A or B were transplanted to
pots {monocultures) At the same Lime miriures of Oryzica
1 with each of the red rice blotypes were established by
transplanting 14 (7+7) S-dav-old seedlings 1nto pots F:\

teotal of 5 treatments {three monocultures and tvo mixtures)

[0
s

were thus obtained, and vere arranged in a completely

randomzzed block design w

i.d
fa

h 4 replications Pots wers
placed in a screenhouse At 5, 10, 15, 20, 30, 4%, 60, BO,
110, and 115 days after transplanting one pot of each rice
variant 1n monocculture, and two pots of sach of the two
mixtures were harvested .n each replacation Thus at each

harvest a total of 14 plants of each rice variant (vhether

R DRICT AT LG8 07 47
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1 morisculture or 1n mirture) were harvested Leaf arsa,
total dry matter, number of tillers, and height wvere
determined for each harvested plant At maturity grazin

vield per plant vas recovded

22 Effects of red rice densinies and competition peiiods on rice
gran yield

2 2 3 Densxty effects (1820) A field experiment was
established 1n Jamundi, near CTAT (Colombia} The soi1l was
clay 1in texture, pH 5 4, 2 4% corganic carbon, ¢ 5 ppm P,

5 2 meqg/lo0g Ca, and & 4 meg/lodg Mg Treatments consisted
of different red vice densities (20, 40, 80, 160, and 320
seeds/m’) that vere broadcast over dry soil 1n 4x10 m

plots, and then incorporated with a hand rake Red rice
seed was collected from nearby infested fields 2
completely randomized design with 4 replications was used
Oryzica 1 rice vag then drilled {100 kg/ha) in rows 17 cn
apart The fireld vas flush 1rrigated during the first 40
days and then flcooded until 2 weeks before harvest

Sixteen days after emergence (4 a e } veeds vere controlled
vith propanil + butachlor - bentazon at 109 + 2 4 + 1 2 kg
al/ha, respectively, applied vitn a CO wportable sprayer
with 8002 nozzles delavering 290 L/ha A total of 180 W,

156 K20, and 58 2:0- vere applisd at 20{60%), 40{(20%), and

REDRICL A P06 07 92
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£0(20%)y d a e Rice density vas asssssged 35 d a © by
gounting plants within Im of row in 3 sites per plot
Actual red rice densities were counted 36 d a e within a
G 25 w guadrat placed 1n 3 sites per plot Mature, ready

‘to shatter grain vas collected darly a2ffter red rice began

to rapen AL rice maturity, rice and red rice seed were
harvested within a 2¥3% m area 1n eacn plot Weight of
rough rice was recorded Results wvere analyzed by

raegression

2 2 2 Competition periods (1990) Adlzcent to the above
experiment, and conducted 1n the same wvay, another traal
evaluated tThe effect of a single density of red rice
competing for different periods of time with Oryzica 1

One hundred red rice seeds;/m (same sesd source as 1n

2 2 1) were progdcast, and incorporated &s 1n 2 2 1

Oryzica 1 was then drilled (100 kg/ha) into dry sc1l 1n
rows 17 cm apart Treatments consilsted of nine competition
periods vhere ved rice competed during 18, 25, 40, 50, 74,
and 90 4 a e , vhich approximately corresponded to the
fellowing growth stages of Oryzica 1 Z-leaf, tillering,
maximum tillering, panicle initiation, heading, and
anthesis A teed~free and a ueedy check were included
Flots were 18x5 m, and treatments were arranged 1n

randonized conplete blocks viith 4 replications Red rice

BLDRICE xt 106 62 92
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was removed by hand at the and of each veedy period At
the time of the first red rice removal {18 d a & } rice and
red rice densities were assesssed as 1n the previous
experinent Rice was harvested at maturity within a 2xé m

area wn each plot

2 2 3 kesponse to densities and periods of red rice
infestataron (19921) Thils experiment was
conducted 1n an area adjacent to vhere erperiments 2 2 1
and 2 2 2 had been Oryesica 1 was drilled (100 kg/ha} into
dry soil in rows 17 om apart atter &, 12, 23, and 29
seed/m’ of locally-collected red rice had been broadcast
and incorpcorated with a hand rake These densities were
lower than 1n experiment 2 2 1, because this field was
already infested vith red rice ssed, and because more data
points in a medium to low infestation range viere desired
The experiment wvas fertilized with a total of 132 B, &0 P:0s
and 60 KO applied at 20(60%}, 40{(20%), and 80(20%) d a e
At 10 d a e guinclorac + bkentazon + butachler at ¢ 75 +
1 2+ 2 4 ky ar/ha, respectively vere spraved Red rice
was removed from the plots at 16, 30, 60, and 20 4 a e
Thus the experiment consisted of a combination of 4 red
rice densitles and 4 cowpetition periods, a season-long
weedy and a veed free check were i1ncluded Treatments were

arranged in randomized complete blocks vith 4 replications,

RETIRICT AL 10607 92
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plots vere 4x10 m Red 11ce densitiles vere counted 10

d a e (end of first weedy periocd) vithin a 0 25 w’ guadrat
placed at 2 =sites in each plot the rest of the treatments
were counted 30 4 a e Rice density wvas assessed (30

d a e } by counting the number of plants per meter of row,
twice per plot The erperimaent was flush 1rrigated during
the first 20 days, and then flooded until tio weeks hefore
harvest At maturity rice graln vas harvested in 10 w?

within each plot Data werg analyvzaod by regression

3 Results and Discussion

31 Growth analysis of rice and red rice biorypes i comperition

Both red rice biotypes vere of gimilar heaght, and
grevw considerably taller than Qrvezica 1 {Pigure lc and £)
As noted by Diarra et al {198%a) red rice height advantage
ovel rice vas assoclated ri1th red rice’s superior
competitiveness (Figure 2} rRed rice had no clear
advantage n lesf area or sarly tillering over Qryzica 1
(Figure la, b, d, and e) As previocusly reported (Diarra
et al, 1983b) red rice tillered continucusly throughout the

season, but Oryzica 1 tillered more than red rice early in

the season, befcore panicle initilation (Figure 1 b, and e)

RILDRICE AT 1 0647 92
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The tillering advantage of Oryzica 1 aver red rice was
smallar vhen vice competad ath red rice biotvpe A (Figure
1k, and e) Thrs bictype reduced rice height and yields
the most {(Figure lc, £ and 3), and was the most competitive

since 1t tended to gros; better 1n competlition with rice

than in monocrop {Pigure 2)

It can be concluded from these data that red rice
biotypes can differ n their competitive abirlity with rice
Such differences might increase the site specificity of
results from compelitlon arperiments In fosterindg the
competitaiveness of rice against red rice, 1ncreased seeding
rates, and the use of tall and high tillering cultivars,
appear justified The use of high rice densities for wveed

suUppression 1s a common practice among Latin American rice

farmers

32 Densuy and durarion of 1ed 11ce nfesiations

3 2 1 Density effectis By 31 d a & about 312 {+ 41) rice
plants/m’ vere established Red raice wvas veary competitive,
5 and 20 red rice plants/m’ resulted in 40%, and 60% grain
vield reduction (Figure 4) Red rice competitiveness has
already been recognized (Swmith, 19828} Montealegre and
Vargas {1982} found similar vield reductions with flush-

irrigated rice A curvilingar crop vield responss Lo

RIDRICL 2% 1 06 (37 o7
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increasing weed denslties results vhen that the areas of
influence of neighboring veeds overlap (11} Therefore,
Figure 3 indicates thabt intraspecific interference in red
rice started at lovr densities, perhaps as a result of its

height and strong tilliering habit

Fed rice shatisred only a lov preoportion of its zeed
(Figures 5 and §) Hovever, according to Figure >, a
nhypotethical infestation of 2¢ red rice plants/w would
have shattered about 35 seeds/w, assuming 1000 red rice
grains veigh 25 ¢ Supposing that only 20% of thesc
germinate with the next crop, a yvield reduction of about
50% can be evpechted (Filgure 4) 2lso, the same infestation
of 20 red rice plarts/m’ v1ll contaminate the commercial
grain harvested with about 1100 kg/ha of red rice grain
{(Figure 8}, reducing 1its qual:ity and price Red rice can
shatter more seed than 1Tt daid 1n this esperaiment, up to 70%
was reported by Diarra (1988h) This potential for
reinfesting rice fields and lovering rice guality should be
consildered when information such as that in Figure 4 15
used to derive economic thresholds to manage red rice
Managing veeds according to economic thresholds i1mplies
that infestations below the threshold are not controlled,
and thelr seed can reinfest fields High competitiveness

of red rice and the current rice value justified chemical

RIDRICE 81 10800 92
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control (2 kg ai glyphosate folloved by 0 75 kg/ha paraguat
applied to ths veed before seeding rice) aven at very low
rad rice densities (Table 1) Chemical control of red rice
18 commen in Latin America, @rther alone or in combination

with other cultural practices {Antigua, 1890, CIAT, 19921)

322 Compelztion duration Eighteen days after crop
ermergence 24 (+ 10) red rice and 306 (+ 76) rice plants/m’
were established only 10% of the potential vield was lost
1f red rice competed with the crop during 40 d a e (Figure
B! Sgason~-long 1nterfierance reduced rice yields by 75%
These findings agree with previous resulits {(Kwon, et al
29821, Smith, 1288) Yield reduction became sharp when red
rice conpated with rice during flowering and grain falling
stages At these stages, vhen sclar radiation is essential
for high yvields (Yoshida, 1981}, red rice vas taller than
rice and vas still producing tillers (Figure 1k, <, e, and
£)

With currents costs 1n Colomblia, and under a
moderately high red rice infestaticn, hand veeding cffered

no economlc advantage oveyr pre-plant herbicide use (Table

2)

RLDRICT AY [ 36 87 92
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32 3 Response surface to densities and periods of
compatition Rice population in the weed-free
checks was 294 (4 49) plant/m The combined response of

rice to red rice density and pericds of conmpetition showed
somevhat more intense competition effects than in 1990
(Figure 8) This ceouid be related to the natural emergence
of an additicnal red rice biotvwe, different to those
seeded With a response surface approach the predictive
pover of compatition studies 1s strengthened, and farmers’
decision making 15 more realistically represented The
feasibility of manual red rice control vas studied The
economic probability of hand weeding becoming economically
Justilfied was higher {larger economic threshold) among
farmers 1in the lorer vield bracket, and vhen hand weeding
was done early (red rice can be distinguished from rice
usually at about 30-40 d a e ), (Takle 3} and 1t alsoc

increased at lover labour costs (Table 4)

From the information so far presented one can conclude
that competition studies are a poverful tool in
ratronalizing weed control and reducing 1ts costs, since
they allow to predict crop losses and regulate weed
management costs accordingly Thne fact that red rice
biotypes can differ in thelr competitiveness may result in

crop loss variation over sites Further studies should
|

REDRICY A1 | G 97 92
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attempt to compensate such variations by oxpressing weed
infestations wvath parameters that closely relate to the
cutceome of competitive i1nteractions such as relative
crop/weed tillering since tillering vas so relevant to the
outcome of competition Kropfi et al (1991 using wesad
relative leaf area’ could account for variations in the

Lime veasds emerged vith respect to the crop at difforent

sites 1n different vears

Control of smerged red rice 1n the {i1eld leads to
herbicide dapendeance Use cf chemicals could he reduccd if
preventive (pure rice seed, clean farm eguipment) or
cultural practices {rotations, tillage) are also used
Competition studies by helping establish the economic
feasibility of such alternatives can stimulate investments
to supply clean certified seed to farmers, and persuade
these to rotate into other crops uvwhen their fields get

heavily infested with red rice

? Leaf area index of veeds/leaf area index of {(weeds + crop)

RLORICL 3 1060792
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Table 1

18

Economic threshold™ for chemical control of red rice in

ile OI"}JZSLC& I

Inputs? Value (U8 dollars/ha)?
paraguat (0 75 Kg ai/ha) 14 3
glyphosate (2 kg ai/ha) 39 7

labour 4 1

Cost of red rice control _ 58 2
Threshceld losses

Expected rice yvield’ {veed free) 6222 Fg/ha

Threshold red rice density level 1 plant/13

Expected vield loss’ 340 Xkg/ha

Value of loss 58 2

af

of

df

Red rice density for which the cost of control equals the

value of the yield loss 1t avoids

Correspond to farmers’ current practice in Coliombia

(CIAT, 1991)

Current wpricas in Colombia (CIAT, 1931)

Yield ioss {as percent of an expected wveed-free yield of 622
Kg) = 96-19 LN(X+1), for X = number of red rice plants/n’

determined within 20 days after rice amergence

REDRICE AT 1 U6 47 92




10

1
12

13

14

15

16

17

19

Table 2 Comparative returns of chemical and manual control of a 24 plants/m*

red nice infestalion in nce Oryzica 1

Timing Yield™ Value of yisld  Net vaiueg®
recovered recovered recovered
dae® {kg/ha) (1S dollars) (LS dollars)
Hand weading
8 6203 1061 898
10 6129 1048 85
30 5755 984 g21
Chemical control G 6220 1064 1008

°/ Days after emergence

*/ Fromequation Y = 1015 -0 3X, where Y 15 yield as percent of an expected weed free
yield of 8222 kg/ha {CIAT, 1821), and X 15 days weedy after emergence

°/ Value of the vield recovered at 0 17 US dollars/kg rice minus the cost of weed control,

(estmated al 58 and 63 US dollars for chemical and manual control, respecively)
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Table 3 Economic thresholds for handweeding red nice at different nice

productiaty levels

Econormic threshold®

Rough rice Yigld Wdae 3Sdae 40 dae®”
yield loss
(kg/ha) {%6) (nlants/m?)
3630% 221 19 14 08
£220 126 16 10 a5
7310 106 15 09 G4
8330 093 14 08 03

af

equals the cost of handweeding  Cost of inputs and price of rice as in CIAT, 1881

bf

Time of handweeding in days after emergence (dae)

ot

Calculated from the equation ¥ = 125+031D+2 8P 0 03P2

where

Y = nce yeld as percent of weed free yield
D = red nice density (plants/m?)

P

df

Different rice vield levels among Colombian farmers (ClaAT 1981

Red rice density for which the value of rice yield losses resulting from its competition

weedy nenod after emergence, or tme of rad nce hancdweedingmndae
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Table 4 Economic thresholds for handweeding red nice at different rice

according to rural fabour cosis

Economic threshold®

Rough nce yeld Yield AVdae 3 dae 40 dae
loss

(US doliars/hour) (%) (plants/m®)
10 0 10 05 0
074 126 16 10 05
050 251 20 14 09
025 379 24 18 i3
00 511 29 24 18

' Red nce density for which the value of rice yield losses resulting from its competitron
equals the cost of nandweeding Cost of inputs and price of rice as in CIAT, 1881
* Time of handweeding in days after smergence (dae)

“ Calculated from the equation Y = 125+031D+2 9P 0 03P2

where
Y = rice yield as percent of weed free yield
D = red rice densty (plants/m?%
P =

weedy perod after emergence, or tme of red rice handweeding
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Figure 1 Grouvth parameters of rice Oryzica 1 {~-o-) and red rice

bilotypes A and B (-) growing 1n competition

Figure 2 Growth of rice Oryzica 1 (~o-) and red rice (-)
biotypes A {a) and B (b} 1n competition expressed as percentage

gf their growih 1n moncoculture

Figure 3 Grain yields of Oryzica 1 groving in monocculture or in

conmpetition vith red rice kiotyvpe A or B

Tigure 4 Effect of red rice densatles aon grain yvields of raice

Pryzica 1 as percent of the weed-free vield

Figure b Red rice graine shattered before rice harvest when

Hifferent red rice densities graw in competiticon with Oryzica 1

Figure 6 Red rice gralns harvested with rice Oryzica 1 that

Hrew 1in competitlon with different red rice densities

Figure 7 Grain vields of rice Cryzica 1 {(as percent of weed-

free yields) after competing with red rice during different

periods after emergsnce

Figure 8 Percent yield losses vhen different red rice densities

conpeted with rice Cryzica 1 during different periods atfter
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