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Weed Ecology and Effective Weed Control Technology
in Direct - Seeded Rice
Soon-Chul Kim*

ABSTRACT

The paper was reviewed the research results on weed dynamics and effective control methods in direct
-seeded rice crop.

Direct seeding method resulted in drastic increment of weed growth compared to transplanting method and
also changed in troublesome weed flora. Two to three fold more weeds were harvested at the direct seeded fice
and weed flora of dominant species shifted toward C, type grass weeds. Some of the important troublesome
weeds in direct seeded rice were Echinochloa crus-galli, Orvza sativa ssp sponianea, Leplochloa chinensis.
Setaria viridus, Digitaria adsendens, Sesbania exaltata, Aeschynomene indica, Algae, etc. Yield loss due to
weed competiton was about 40-60% for water-seeded and about 70-1009% for dry-seeded rice while these for
transplanted rice were about 25-35% for mechanical transplanting and about 10-20% for manual transplant-
ing, respectively. Integrated weed management concept was neede to approach weed control effectively.
Several cultural technologies were very effective to suppress the weed growth. These were tillage operation,
water management, seeding date and seeding rate. Crop residues of barley, rice. wheat, oat and italian
ryegrass were also effectivly suppressed the paddy weeds particularly to Pofamogeton distinctus, a perennial
broadleaf weed. A pathogen of Epicoccosorus nematosporus identified from Eleocharis kurognwai was an
excellent potential bioagent to control the most troublesome perennial sedge weed of E.Kuroguwai without
arising any detrimental effect. The herbicidal efficacy of this pathogen was as high as bentazon herbicide.

Plant growth regulator of paclobutrazol(pp-333) was another possible alternative to reduce the herbicide
use.

In current, herbicide exhibited the most conspicuous results to control weeds in direct-seeded rice even
though the application technologies were not fully established. Recommendations for herbicide application
were suggested for in both water-and dry-seeded rice in USA, Japan and Korea. respectively. To make
better and comprehensive recommendations further studies on weed ecology and herbicide development were

emphasized.

Key words : Direct-seeded rice. Weed ecology, Weed control.
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Table 1. Interference of selected weed species in rice® (Smith. 1983) .

Taxon or group Country Rice culture® Yield loss{%) Reference
Aeschynomene virginica USA DP 4-19 Smith (1968)
Cyperus difformis Taiwan TP 49-90 Chang (1970)
C. difformis Australia DP 33-44 Swain(1973)
C. iria and Echinochloa colona Egypt TP 36 ;Egg%;Dm et
C. rotundus Philippines DU 29-51 DeDatta (1979}
Echinochloa spp. Australia DP 76-100 }fll;ég;“g & Noble
Echinochloa spp. Hungary Dp 60-63 Szilvassy (1979)
E. colona Philippines DP 2-76 M‘%‘:f;i‘ia%g??)
E. crus-galli Japan TP 5-75 Noda et al (1968}
E. crus-galli Taiwan TP 71-92 Chang (1970)
E. crus-galli USA DP 25-95 Smith (1968)
E. crus-galli Korea DP 91 Kim (1989)
Eleocharis kuroguwai and Korea TP 59 DeDatta (1977)
Cyperus serotinus
Heteranthera limosa USA DP 6-27 Smith (1968)
Leptochloa panicoides USA DP 35 Smith (1975)
Marsilea mimuta Taiwan TP 45-87 Chang (1970)
Monochoria vaginalis Taiwan TP 31-86 Chang (1970)
Oryza sativa ssp. spontanea USA DT 49-65 Sonnier (1974)
Scirpus maritimus Philippines TP 18-48 De Datta (1977)
Sesbania exaltata USA DP 10-40 Smith (1968)
Spirodela polyrhiza Taiwan TP 3-27 Chang (1970}

a) Losses based on weed competition and comparison experiments conducted by weed scientists.
b) DP=direct-seeded paddy rice(dry-or water -seeded, irrigated or rainfed9, DU =direct-seeded dryland rice
(rainfed), TP=transplanted paddy rice (irrigated or rainfed) .
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Table 2. Yield loss in direct-seeded paddy rice due to competition with different weed species® (Smith,

1983) .
weed Yield loss(%) with a given period of competition
4wk 8wk 12wk Seasonlong

Sesbania exaltata 2 6 9 19
Aeschynomene virginica 2 8 8 17
Heteranthera limosa 15 27 - 21
Echinochloa crus-galli 8 35 43 70
Leptochloa panicoides - - ~ 35

a) Data adapted from Smith (1968, 1975).
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Table 3. Lodging tolerance of rice as affected by the growth of Echinochloa species(YCES, 1989).

Dry weight of Lodging index
Echinochloa spp(g/m?) 3rd internode 4th internode Field lodging (0-9)
7 94 89 0
51 95 88 0
414 173 157 9

* Rice cultivar : Palgongbyeo (japonica) .

Table 4. Nitrogen uptake of weeds growing in asso-
ciation with rice®. (Mukhopadhyay,
1953) .

Nitrogen uptake(kg/ha)

Plant species

Weeds present Weeds few

or absent
Rice 26 106
Echinochloa spp. 75 0.6

a) Adapted from Boerema (1963) .
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Table 5. important weed species at the direct-seeded irce (kim, 1990).

Echinochloa sp.

Barnyard grass
Oryza sativa ssp. spontanes

Red rice, weedy rice
Leptochioa sp.

Sprangle top
Setaria sp.

Foxtail, Bristle grass
Eleusine sp.

Foxtail, Bristle grass
Digitaria sp.

C,rabgrass, Finger grass
Sesbania exaltata

Hemp sesbania
Aeschynomene indica

Indian joint-vetch, Sensitve joint-vetch

C, annual grass
Cs annual grass
C, annual grass
C, annual grass
C. annual grass
C. annual grass
Cs annual broadleaf
Cs annual broadleaf
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Table 6. Distribution of summer weeds with different photosynthetic pathways as affected by 3 soil moisture
regimes® (Matsunaka, 1983).

Photosynthetic Total weed dry weight (g/90cm?)
pathway Weed species Submerged Water saturated Dryland
C, type Rotala indica var. uliginosa 3.55 0.05 0

Elatine orientalis 1.55 0 0
Dopatrium junceum 1.50 +0 0
Monochoria vaginalis 0.70 0 0
Eleocharis acicularis 0.60 + 0
Cyperus difformis 0.35 0 0
Ericaulon sieboldianum 0.20 0.15 0
Lindernia pyxidaria 0.20 + 0
Polygonum bluemei 0 1.20 2.20
Poa acroleuca 0 0.25 0.05
Acalypha australis 0 0.05 0.05
Chenopodium album 0 + 1.10
Subtotal(g) 8.65 1.70 3.85
(%) (89) (6) (7
C, type Echinochloa crus-galli var. 0.70 7.95 5.75
oryzicola
Cyperus microiria 0.25 3.90 4.85
Fimbristylis littoralis 1.10 1.10 1.55°
Amaranthus blitum 0 0.10 0.05
Echinochloa crus-galli var. 0 3.20 5.55
platocola
Setaria viridis 0 9.25 10.10
Digitaria ciliaris 0 3.60 25.35
Portulaca oleracea 0 + 0.35
Subtotal (g) 1.05 20.10 54.0
(%) (11) (94) (93}
Total (C,+C, types) 9.70 30.80 57.85
(%) (100) (100) (100)

a) Adapted from Tanaka(1976). Submerged : 6cm standing water depth, water saturated : 80~909% of
maximum moisture capacity . dryland : 40~60% of maximum moisture capacity. +>=weed found, but
dry weight accumulation too low to measure.

Table 7. Yield loss due to weed competition in various rice cultivation methods (YCES, 1990) .

Cuitivation method Weed weight (g/m?) Index Yield loss(%)
Hand transplanting 741 100 10-20
Mechanical transplanting

+ Aged seedling (35-day-old) 843 114 25-30

- Infant seedling (8-day-old) 1, 020 138 30-35
Direct seeding

+ Water seeded 1,643 222 40-60

- Dry seeded 2, 300 310 70-100

el BRBEEEN AT 14% (P HE)-38% (1™ £ HikE RoFz wlasiAlz EBBsfuEt
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§ol Wold g8 BAFEH MERE = gFWEH 70~100%2 FHF skl o ol
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Fig. 1. Degree of yield loss due to weed competition in transplanted rice and direct-seeded rice (Bugu,

1988) .

= hAIDE EERECl A MERFRRS RIEES
EEMNS 2 YepdFo gle.

¥ EfEHENA =oE e e Bl #
Bt BEsvsds BREetdA i KBRS
BEVL 44 Ados ERLE £ 4 Ud. B
Fsgoll A wkiel 50%KA Hedl LEI} I
BAERZE m*E & 80&<ls e EEEZIA
£ # 46Fl A oln] 50% FRBE KEE ML A7
Il whEAlelM =& At —F4 REME
o AR solME 2 H@EmeE 4 15049
FHFAel (Cyperus dria)v 50% BE KES
B 71 A vt BREEA AT 300FA4E 20%
ke KBRS Holn gUoh(ad 1), oA
Bt S de EANes: KoEEe M
Bt =4 gou EEfsEdAE kad Bad
EoPEo] atF 27l HEY Aoz 44

# leh.
I MEENS £, £BN Wit

EmfEold Rk MEESE %,
of, =, AAE, Pol (FK) Fs) o] ol

A b BB YR KRS 24 Ast
ogojolm o] Bl MY A, ArEARHL A
Axed g3 Pt

2t. T (Echinochloa species)
g+ R # 50 HHHZ ot
R sl A s BEE 3~480) °
£, fEiveled et JHEHA HEidE o}

A RS wEA vyl gled kigE )9
(Echinochloa crus-galli P.Beauv. var or
yzicola Ohwi), €3 (E.crus-galli P.beauv.

var caudata Kitagawa) % &3 (E.crus-galli
P.Beauv) 7} E£#%E o]Fx St ul9} s &
F3) MFETEAQ BRI M BEHEEY T
T2 AR ERE T 4 Utk g9 A4S
= C.B fitpo] M3loz vl =2 +8H0Kk5ol
A= BHFE7L TEESL FR—BEEAIAE CR
fEdol BW3te o Mo B¥ERES WHIEH
HEZL S wlEcoh =g o AL WHEARYT
WIE, TERY, B 1AE--9 o2 o] B
Hed TFEZ2YY A4 59 Ege Eaol

gl z2ln dlelle EEES MR A gem

-235-



RO 1AEYE vz kAR EES BED
4 ded K3l #9 A WE bl w2
BEET 1A ALEET moke o] BEES
uf Foll AR fEM 23 BIEBERLE THER
#7 ¥ 4~58 WA Hg(2¥ 2).
M R A WHARELY o 2% £ RN
ojw § HE HHol| olF zoaubdl FHFfhe] F
o] Ak o] HiEe Ll £k BEMoZ o
od EEE RES SAES. RE ESKkk
A OEkEE B BEKEHERE Hid o
ol vo EPCER BEL A¥yd o¢ 39
Ze},

Xz E—3 EHl FFEe Bfie 9
AL thESAME # 68, EEEBIAAE ¥

Length(cm)
61 2nd leaf
5L 1st leaf
4\~ Echinochloa glabrescens
3
2k Coleoptile
1+
. ) 1 { , ; 'R A\\—Mesocotyl
[ |
1 b
2 -
L
4
5
[ Y2nd leaf
4 .
3k Rice(IR64)
2% f—1st leaf
1 -
o o l It ~—Coleoptile
1 ‘l ? R /

2 ‘
ab 1 2 3 4 5 6 7 8 9
Days

Fig. 2. Comparison of seedling devlopment
between rice and Echinochloa glabressens.
Average of ten replications(Kim and
Moody, 1989).
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Table 8. Relative dry weight at flowering compared to maximum dry weight of different plant species as
affected by fertilizer level (Kim and Moody, 1989) .

Relative dry weight (%)

Species F» F90 F180 Mean
Rice .
IR 64 54 65 66 62
UPLRI-5 97 93 40 77
Weeds
Echinochloa glabrescens 4 g 15 9
E. crus-galli ssp. hispidula 40 21 21 27
E. colona 33 22 22 26
Monochoria vaginalis 4 3 2 3
Ludwigia octovalvis 50 29 35 38
gyperus difformis 4 4 10 6
Fimbristylis miliacea 9 9 11 10
Mean ] 33 28 25 29
(100) (85) (76)

a) F: fertilizer level, kg/ha.
b) Relative value.

Table 9. Harvest index of different plant species as affected by ferilizer level (Kim and Moody, 1988) .
Harvest index (%)

Species Foo F90 F1s0 Mean
Rice
IR 64 48.9 46.0 48.0 47.6
UPLRi-5 21.9 20.3 20.7 21.0
Weed
Echinochloa glabrescens 17.1 17.3 16.6 17.0
E. crus-galli ssp. hispidula 25.1 19.3 7.7 17.4
E. colona 10.0 9.1 8.7 9.3
Monochoria vaginalis 12.0 10.5 9.8 10.8
Ludwigia octovalis 4.6 5.7 8.4 6.2
Cyperus difformis 10.1 14.3 13.0 12.5
Fimbristylis miliacea 9.0 14.8 17.0 13.6
17.6® 17.5 16.7 17.3
Mean (100) (99) (95)

a) F: fertilizer level, kg/ha.
b) Relative value.
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Table 10. Seed productivity of different plant species as affected by fertilizer level (Kim and Moody, 1989) .

Seed number per plant

Species oo Foo Fiso Plasticity (%)
RICE
IR 64 2,200 3, 400 6, 100 64
UPLRi-5 200 900 1, 300 85
Weeds
Echinochloa glabrescens 2,900 7, 000 11, 300 74
E. crus-galli ssp. hispidula 2,100 7,100 16, 600 87
E. colona 4, 900 11, 100 15, 100 68
Monochoria vaginalis 12, 400 38, 700 119, 000 90
Ludwigia octovalvis 94, 400 184, 800 268, 000 65
Cyperus difformis 100, 100 179, 800 278, 500 64
Fimbristylis miliacea 50, 500 114, 100 146, 700 66
29, 967% 60, 767 95, 844 74
Mean (100 (203) (320

a) F: fertilizer level, kg/ha.
b) relative value.

Leaf stage
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5k
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3 b
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1 . » Surface seeding
 « Subsoil seeding
0 I
0 5 10 15 20 25

Days after seeding
Fig. 3. Leaf development of rice and Echinochloa
species in water-seeded rice (YCES, 1990) .
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WILD RICE
Oryza rufipogon (P)——————1

0. nivara (A)

CULTIVATED RICE

WEEDY RICE, RED RICE

0. Sativa —j——- 0. Sativa ssp spontaneca

“collective term”

O. longistaminata (P)

O. barthill (A)
O. punctaia (A)
O. officinalis (A)

(* P=perennial A=annual)

0. Glaberrima

Fig. 4. Relationship between wild rice and weedy rice (adapted from Baker and Sonnier 1983 and

Wirjahardja et al 1983) .

Table 11. Characteristic, distribution, biotype and control of red rice(Oryza sativa ssp. spontanea)

(adapted from Baker and Sonnier, 1983).

Characteristic
» Strong and long seed dormancy
* Red pericarp (deep red-pink)
- Easy shattering
» Soft or brittle kernel

Distribution
 America . USA (Southern part), Guyana,
Brazil, Surinam, Venezuela,
Colombia
- Europe : Italy, Bulgaria
- Africa . O. sativa cultivated area

Biotypes
- Strawhull
- hispid on surface
- usually awnless
+ medium-grain size
+ mature prevalent than blackhull type
- Blackhull
- long awns
- glightly smaller grain size than strawhull
- mature about 140 days

Control method
Cultural control
- Red rice-free seed
» Clean equipment
+ Water management
- High seeding rate
- Row seeding
+ Deep plowing
+ Early maturing cultivar
- Crop rotation
» Summer fallow

Chemical control
« EPTC(Soil incorporation)
- Molinate {Soil incorporation)
+ Thiobencarb (preemergence)
- Alachlor (preemergence)
- Metolachlor (preemergence)
- Propazine {preemergence)
» Glyphosate (postemergence)
+ Paraquat (postemergence)
+ Antidote, NA (seed treatment) +Molinate

Integrated Control

Table 12. Changes in the rate of occurrence of weedy rice in association with rice seed regime and cultivation

method (YCES, 1987-1991). (unit : %)
Year Transplanting Direct seeding (Dry)
order Same Seed Yearly new seed Same Seed Yearly new seed
1 0.01 0.01 0.025 0.025
2 0.02 0.01 0.57 0.27
3 0.09 0 4.86 2.63
4 0.26 0.01 20.45 10.67
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Table 13. Agronomic traits of weedy rice collected in the same field (YCES, 1990).

. . . Weedy rice®

Trait Cultivated rice Early(A) Intermediate (B) Late(C)
Heading date Aug25d Aug30c Sep.5b Sep.26a
Culm length(cm) 66b 94a 9la 89a
Panicle number/hill 11.8b 21.6a 20.6a 18.1a
Panicle length{(cm) 15.6¢ 25.5b 27.5b 26.7ab
Floret number/panicle 84c 206b 275b 255a
Spikelet fertility (%) 97.3a 56.1b 9.6b 0.4a
Grain length/width 2.11ab 2.26ab 2.16ab 2.39a
Lodging index (3rd internode) 286a 141b 149b 162b
Culm diameter (mm) 3.47c 5.80b 6.29a 6.31b
Culm wall thickness(mm) 0.43c 0.90b 1.38a 1.09b
Grain shattering (95) 10.3c 47.8a 42.5a 25.6b
Awn length (cm) Oc 1.3b 4.5a 4.0a

In a row means followed by a common letter are not signifcantly different at the 5% level by DMRT.
a) A=Similar maturity with cultivated rice and relatively high grain fertility.

B=Intermediately late maturity with very low grain fertility .

C=Extremely late maturity with almost infertile grain.

b} Data obtained by hand grasp.
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Cultivated rice

- short stature - tall

- white pericarp - red pericarp

- earliness + late maturity

- awnless - long awn

- non-shattering - easy shattering

1st year [:Fjl

- late maturity

- very tall

- very low fertility (<0.4%)
- white pericarp

- easy shattering

- long awn

2nd year @ E:a

- intermediately late maturity
- very low fertility (10~20)

* easy shattering

+ very tall
+ long awn

3rd year E?ZI E*‘E

- relatively early maturity
- low fertility (30~ 40)

- tall stature

- relatively long awn

- relatively easy shattering

4th year F2 I‘i}g F4

+ similar maturity with
cultivated rice
- relatively high fertility (>50%)

Fig. 5. Postulated schematic diagram of the development of weedy rice (YCES, 1990).

Table 14. Occurrence of weedy rice as affected by 42 BEge @l EEE BEEH 5o
seeding date in direct seeded rice (YCES, A2 BERS BoSAEd (E 14) ok KR

1990) .
o] 7ske] Frp BFTHEMMC REHA U7

Seeding date Occurrence(%) Relative index (%)

February 10 3.6 180 HEL 2 HEdH.

March 10 3.1 155 b S g (FARl, KRk =2 d

April 10 2.9 145 o)) e olvl BHFEE FEEEI ke o

oy 20 o £ —H BEER F olzdg e Fujo}

May 30 08 £ o u gpEmeldE kMY EEQ MEREL

June 10 0.5 25 HIEs 2 Qly] =wFol fFelveldldE HEER

June 20 0.4 20 B OHIES MR ERTH ERfe oldHd #
EE ERBIE W BEES BRF o=
£},
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Table 15. Effect of tillage operation on weed occur-
rence (YCES, 1990, 1992).
(UNIT : NO/10a, %)

Tillage Alopeculus  Echinochloa Weedy
regime aequalis crus-galli rice
Optimum 150(9) 670(22) 65(14)
Minimum 730(44) 1850(62) 190(40)
Zero 1670(100) 2980(100)  475(100)

* Optimum tillage= Autumn plow + Spring plow—2
Rotavations,
* Minimum tillage=rotavation only.

(University California, 1983 ; UCPMG, 1991).
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Table 16. Water management effect on red rice(Rice Research Station, Crowley, Louisiana, 1974-1984) .

Red rice
Water Management Stand (plants/m?) Seed production (no/m?)
Continuous flood 33(100) 4, 293(100)
Intermittent flood 140( 424) 7, 091(165)
Delayed flood 882(2673) 14, 020 (327

* () ! Index.
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Table 17. Effect of seeding rate on the occurrence of
Echinochloa crus-galli as affected by
seeding method in direct seeded rice
(YCES, 1990).

Water-seeded Dry-seeded
Seeding rate Occurrence Occurrence
kg/10a) (no/10a) Index (no/10a) Index
3 1550 100 2670 100
6 1220 79 2540 95
9 860 55 2500 94
12 640 41 2330 87
15 345 22 2050 77

* Seeding method : broadcasted.
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Annual broadleaf

Echinochloa sp
Growth Digitaria sp
indes -

100 (1881
80
60
40
20

Cyperus sp

0 3 &6
Barley straw (t/ha)

Fig. 6. Effect of barley straw on weed growth in
rice crop{Bugu, 1989).

Alopeculus sp Stellaria sp Compo§itae
Growth species i“onghus sp
. aCLUs Sp
index ) Erigeron sp
100 (108 1 Rigens sp
Artemisia sp
80 Eclipta sp
Graphaiium sp
60 Lapsana sp
“n Ixeris sp
40 Tararacus sp
20 o (un _Qd s
P S . 777/ oxx . el e
0 4.5 9.0 0 4.5 9.0 0 4.5 9.0
Rice straw (t/ha)
Fig. 7. Effect of rice straw on weed growth in

barley crop{Bugu, 1989).
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Table 18. Relationship between the barley cultiva-
tion and the infestation of potamogeton
distinctus (Kim and Hong, 1992).

Relative Relative infestation
barley area(%) area of P. distinctus (%)
5 17.7
10 15.6
15 13.5
20 11.5
25 9.4
30 7.4
35 5.3
40 3.2

* Regression equation y=19.7—0.14%
{r=—0.866 **).
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Table 20. Herbicidal efficacy of pathogen, Epicoc-
cosorus nematosporus on Eleocharis kur-
oguwai (Kim and Hong, 1992).

Concentration Plant infected Plant killed

(no.conidia/ml) (%) (%
1.2x10% 35.7a 1542
1.0x10* 68.6 b 53.6b
1.1X10° 9i.1c 83.5¢
1.0x108 96.7 ¢ 90.1c
0.8X107 96.1 ¢ 92.3¢

* Data was collected at 20 days after spray.

Table 19. Occurrence of weeds as affected by related crop in rice based cropping system (Kim, 1990).

Relative weed growth(%)

Related Crop Weedy rice Echinochloa sp Leptochloa sp
Rice single crop 100 a 100 a 100 a
Barley 44 b 65 b 43 b
Rye 67 b 73b 53b
Itarian ryegrass 34b 68 b 28 b

Means in a column followed by a common letter are not significantly different by DMRT at the 5% level.
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Table 21. Effect of pathogen spray on tuber formation of Eleocharis kuroguwai (Kim and hong, 1992).

Control rate (%)

Tuber weight (g/m?)  Control rate(%}

Treatment Tuber number (no/m?)
Epicoccosorus nematosporus 80 2
(7.6+10° conidia.ml}

Bentazon (0.2g ai/m?) 16 a

Control 458 b

83 37a 84
97 14 a 94
0 226 b 0

a) Applied amount of pathogen | 500ml/m?

Table 22. Herbicidal efficacy of pathogen, Epicoc-
cosorus nematosporus on Eleocharis kur-
ognwai (Kim and Hong, 1992) .

Treatment Days after spraying
5 10 15 20
Infection rate (%)
Pathogen ® 51 83 96 99
Bentazon 84 93 82 81
Death rate (%)
Pathogen 8 37 63 91
Bentazon 32 91 87 83

a) pathogen : 7.6X10°% conidia/ml, 500ml/m?
b) bentazon :@ 0.2 g ai/m?
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Table 23. Major weeds of California rice felds® (Seaman 1983) .

Taxon Kind®
Aguatic weeds
Alisma triviale Pursh N, pe. (an.)
Ammannia coccinea Rottb. N, an.
Bacopa eisenii (Kell.) Penn. N, an.
B. rotundifolia (Michx.) Wettst. A, an.
Cyperus difformis L. A, an.
Echinodorus berteroi (Spreng.) Fassett N, an.
Eleocharis obtusa (Willd) Schult N, an.
Eleocharis(L) R. & S. N, pe.
Heteranthera limosa(Sw.) Willd. A, an.
Najas guadelupensis{Spreng.) Morong N, an.
N. graminea Del. A, an.
Potamogeton nodosus Poir N, pe.
Sagittaria longiloba Engenlm N, pe.
S. montevidensis Cham. & Schlect. ssp. calycina(Engelm.) Bogin N, an.
Scirpus fluviatilis(Torr.) Gray N. pe.
S. mucronatus L. A, pe.(an.)
Typha latifolia L. N, pe.
Semiaquatic weeds
Echinochloa crus-galli(L) Beauv. var. crus-galli A, an.
E. ozyzoides(Ard.) Fritsch A, an.
E. phyllopogon (Stapf) Koss. A, an.

Leptochloa fascicularis(Lam.) Gray N: an.

a) Adapted from Barrett and Seaman (1980) . ‘
b) A=alien, N=native, an=annual, pe=perennial, pe.(an.)=perennial growing mainly as an annual.

Table 24. Major weeds of southern U.S. rice fields® (Seaman 1983) .

Taxon Kind®

Aquatic weeds

Alternanthera philoxeroides(Mart.) Griseb. A, pe.
Ammannia coccinea Rottb. N, an.
Bacopa rotundifolia (Michx.) Wettst. A, an.
Cyperus erythrotrhizos Muhl. N, an.
C. iria L. A, an.
Eleocharis obtusa (Willd.) Schult. N, an.
E. parvula(R. & S.) Link N, an.
E. quadrangulata(Michx.) R. & S. N, pe.
Heteranthera limosa (Sw.) Willd. A, an.
H. reniformis R. & P. A, an.
Lindernia anagallidea (Michx.) Penn. N, an.
L. pyxidaria L. A, an.
Rhynchospora corniculata(Lam.) Gray N, pe.
Sagittaria montevidensis Cham. & Schlect. A, an
Sphenoclea zeylanica Gaertn. A, an.
Semiaquatic weeds

Aeschynomene indica L. A, an.
A. virginica(L) B. S. P. N, an.
Brachiaria platyphylla (Griseb.) Nash. N, an.
Caperonia castanaefolia(L.) St. Hil. A, an,
Commelina communis L. A, an.
Echinochloa colona(L.) Link A, an,
E. crus-galli(L.) Beauv. var. crus-galli A, an.
Eclipta prostrata(L.} L. N, an.
Fimbristyis miliacea (L.} Vahl A, an.
Leptochloa fascicularis(Lam.) Gray N, an.
L. panicoides(Presl) Hitchc. N, an.
Ludwigia decurrens Walt. N, an.
Oryza sativa L. (red rice) . A, an.
Sesbania exaltata (Raf.) Cory N, an.

a) Adapted from Smith et al(1977) .
b) A=alien, N=native, an.=annual, pe. =perennial.

~ 246 -



Table 25. Weed control costs compared with other production costs of water-seeded rice in California®

(Seaman, 1983).

Operation Cost (US$/ha)
Weed control by costliest alternatives :
Thiobencarb, custom-applied, 4.5 kg a.i./kg 81
Bentazon, custom-applied, 1.1 kg a.i./ha 53
CuS0,.5H.0, custom-applied, 13.4 kg a.i./ha 27
Total 161
Other crop-production costs :
Cultural (land preparation to harvest) 834
Fixed (machinery, depreciation, etc.) 367
Total 1, 201
Total production costs 1, 362
Crop production value(7.85 t/ha yield) 2,355

Net returns . weed control=12% of the total costs,
139 of all other costs,

7% of production value.

a) Adapted from Wick et al(1981) .

Table 26. Weed control costs compared with other production costs of water-seeded rice on Louisiana®

(Seaman, 1983).

Operation Cost (US$/ha)
Weed control by best available alternatives :
Molinate, custom-applied, 4.5 kg a.i./kg 73
2,4,5-T, custom-applied, 1.1 kg a.i./ha 25
Total 98
Other crop-production costs :
Cultural (Iand preparation to harvest) 779
Fixed (machinery, depreciation, etc.) 209
Total 988
Total production costs 1, 086
Crop production value(4.4 t/ha at US$30) 1, 320

Net returns . weed control= 99% of the total costs,
=10% of all other costs,

= 7% of production value.

a) Adapted form Musick and Zacharias(1981) .

Zxul k$83 ha® $1, 000004 §1, 20082 FH
3= Aow uba) R o} (25, F26). BER FH
o ol EAKEH/E BREBY EE KK ¥

7w Foll MLLE FBF BN —Rpyoes
th,  #E# F@gEMe MCPA, molinate,

propanil, bentazone 3 EiR, EHREC o
BE BEAK)EY. BREREES NEE B
Po] HEWEKE, AEES BERE BT, R
Bk, HEFEWR $& FElgk 3 RE
B fENCl detde £% HATHM 3 ME
% BEMHS FEl E®std ER= Aol
a}gba slc}, EE HEBRE FHdE £E
BRES Z2WEEHM(Y ) A=™ 9

o} ohwbabd (2¥] 10)9 BRE® SERHME
oz uvellBgted, #3) thiobencarbd f#
HER7E 713 ol WBEAL HIES Ll
o}, BREH FHLE X0 HEHAE TRY BE
B AL HE oJURB A zen Wi
E BEEIAE ol Enft{hske] #4fe=l7l LIGT
o SET s ojok d=dl, o|RHE FA W HE B
e ozg¥ohzt ¥ £HEENY MCPA,
2, 4-DEEE ikl @Fmez BEL v9lA
A #Ho}

£Be FFE vl California, Arkan-
sas, Texas, Louisiana Mol HHAP KREfe
FE B BEIE of 1IEKER) ¥ 29
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RICE T T % % Eglﬁ ;
Tiller Panicle

Preflood Germmatlon initiation Tillering initiation Flowermg
L
(MOLINATE 1
(THIOBENCARBY
[BENTAZON 1
[PROPANIL*+ 1
[(MCPA*—

Fig. 8. Rice development in relation to when herbicides should be used (Univ, California, 1983).

* requires permit from county agricultural commissioner
+ propanil may be used as early as the third leaf stage if weather is cool. In hot weather damage

can occur prior to tillering.

N \}\{/YY%%

Germination 1lleaf 2leaf 3leaf 4leaf 5leaf Tillering Elongatlon
(
fTHIOBENCARB—™
[MOLINATE . |
PROPANIL* ]

Fig. 9. Stages in barnyardgrass or watergrass development and herbicide timing for most effective control
{Univ. California, 1983).
* requires permit from county agricultural commissioner.
+ if propanil is used earlier than this, water must be lowered to expose foliage. Rice may be injured
prior to tillering if conditions not correct.

12 HEE S ZH(UCPMG, 1991 ; Univ. FEAEHS O, £E RAKEBHSEHAS 3
California, 1983 ; Univ.Arkansas, 1990 . de AL RE#SS molinate2 A BHEE
Texas Agr.Ext.Ser., 1988). California®] #k  ol4¥= 5%#7Ax EA= thiobencarb:=
HigL BEER 5~10cm ZolE  #tksld & 1~3¥EH77}21 3l 3, propanil& E/kikel
sl Walsl el EREwAR S5cm Hifke FOREEel el gl ASd &8
Bk M, o 5~6%M LlkE 15~20cm  5~4.03EH A ﬁﬁﬁf#“’% PEolulet A %

“°ﬁme
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SMALLFLOWER UMBRELLAPLANT

vy

Vv

1st to 3rd leaf 4th leaf tillering 1st flower
I
[THIOBENCARB™Y
[BENTAZON | BRI -
[MCPA* | NIRRT |
[PROPANIL® 1

Fig. 10. Activity of herbicides on smallflower umbrellaplant at various leaf stages(Univ.

California, 1983).

*requires permit from county agricultural commissioner

————) control=kill

burn back only

» molinate(G)(L)

bentazon (1)

thiobencarb(G)(L) NCPA(L)
propanil(L)
: Maximum
Flooding : 3
Seeding Drainage tillering
L 1 ] 1 L e ! ! L 1
Bays 0 5 10 15 . 20 25 30 40 S50 60
Rice leaf stage 1LS 2LS s 4L 5LS  6LS
Echinochloa leaf stage ILS 2LS 3Ls 4LS

SLS 6LS

Fig. 11. Recommendations of herbicide application for water-seeded rice in USA (Seaman, 1983).

* =leaf stage G=granule L=liquid

BORYE MR EERNY EEEEH Rus
bentazon® MCPA#H|E @ 3}, Propanils
molinatex= E£2 RAR HEFKRIT s,
MCPA, fenoprop % bentazon Mo} ut
A BEBRE e, 222 endothal of

UE R ke BERE W @S, «
Awte} A (algae) BHRRE 98] s (copper
sulfate)-& A3 9lct. ¥4 thiobencarb:
o 9 A Fo BRE AW #E. &
B ERER gy 2,4-Dg sls 4] R
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propanil{L}

*

thiobencarb(L)

2,4-M(L)

glyphosate(L)

pendimethalin{L)

molinate(L)
bentazon (L)

acifluorfen{L)

A
ﬂ

fenoxaprop(L)

Jl molinate(G) }-A

MCPA(L)

i

acifluorfentl)

callego +
acifluorfen(L)

bentazon (L)

Haximm

; tillering
Seeding Flooding
] 1 L 1 1 | A 1 1 1 1
Days 0 4 10 15 20 & 30 40 50 60
Rice leaf stage us 28 kIR 45 SLS  BLS
Echinochloa leaf Stage us uas 3Ls 4L 5LS 6LS

Fig. 12. Recommendations of herbicide application for dry-seeded rice in USA (Seaman, 1983).

*LS=leaf stage L=lipuid G=granule

Eas s de] EREe BEES TR
Bl FAstA goo 3 1-33#io] FIERES
propanil® &4 =+ EBHSZ thiobencarb,
pendimethalin, molinate, bentazon, acifluor-
fen, fenoxaprop %% RE3 %4 &S &
B Rigol= 2,4-D, MCPA, acifluorfen, #&
4t BFsumiel  Collegost acifluorfené i,
bentazon £ SE wat @A 7 -fol
wa} #ABEEA 3}F 25~308 Ale] molinate®
HXEF THEES ok ¢4 ERY viebRel
BEAHEBANNE Kk (red rice) 7l Fo 3 REH
w7 BEslnE ol F Biksty] Hs Mgl &
FEH, KT =t 354 9 #5949 B =
2] phenoxy4d %%, pendimethalin
molinate gl o3l ol BE #HRM Bk
£ Qg4 g, BEN BEREE A
glyphosate® @ A$7F 9loeut paraquat
Fgk=lo] UA ol EHEA
(2 B ®

Aol Biss TE =HEs &H =8
I AYHEHol visgd (& 27) Fhols BRER
FHoz E WE, v, 44, dEUEA
ol e gk mEiol ol A MEST
olth. HAolAM+ EIBHE HE7 RB HEK
Bol A& &S e WErl Eksielsid. H
Ao o EIEHITERS 197440 # 55, 000ha

ul
=

L

o)1
hoy

BT

REES 29 ol RHEEES HKkERY K
L # 41019k Lk #MBBR HuthiEel

EEEDA EERE RS HLsd AFe
10,000haol = ©l A= F31 YGH(RER,

1989) . oletzre| Hiffikie] FL L BMRE
el =3 @EEdd, 7t F4¢ HERROE
= A HEF, YE FLE W BEHRKR A
A Bag Bkez Efdtn . argelds
FoRuo #mBER 2o TRl HelAz, ¥
FEEL BEER e BNE BERYE LR

3 2249, azln EAEERRAE BHERY
Bmisiho]l Al 7% MW (15~20H)0l=m®

MY wmEBEd KB moeRv ZHhm
moll 4 & Bl §l7] WEez irdd. BF
ol A HKEIES 7% MEBKR #RE Tk
28 133 7o BEEHE pyrazolate: EEY
F —44% HECl MEY A4S B8 15HAK%RS
o}  pyrazolate/thiobencarb,  chlornitrofen,
butachlor, chlornitrofen/dymron ¥ &3}
I glen, HEd HE REE AT BHE 15
HE Ri#3te dimepiperate/benzylpromethyl
=¥ chlomitrofen/dymron HI#IE FEE3IA 1,
B 20H-2 RI4£% thiobencarb/dimetryn %iuHi
B, M 25H A1 thiobencarb/
dimetryn/MCPB W BIE®E 3sl= LEd) o=
Ae £HRNR BRESsEY XXEREA BREN

A
E<
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Table 27. Principal weeds in East Asia ' Japan(]J), Korea(K), and Taiwan, China(T) (Chisaka and Noda.

1983) .

Scientific name®

Annual or perennial

Location

Echinochloa crus-galli
Monochoria vaginalis
Cyperus difformis
Eleocharis acicularis
Rotala indica
Sagittaria trifolia
Eleocharis kuroguwai
Scirpus juncoides var. hotarui
Cyperus serotinus
Sagittaria pygmaea
Cyperus iria
Paspalum paspalodes
Potamogeton distinctus
Elatine triandra
Eclipta prostrata
Marsilea quaderifolia
Scirpus maritimus
Ludwigia prostrata
Alternathera sessilis
Alisma canaliculatum
Ammannia baccifera
Aneilema japonica
Lindernia pyxidaria
Cyperus amuricus
Leersia japonica

o oI e Sl e i i B T - ST B ol R

el i i

LK T

%4

RO R

TOT O e e e
REARS=J=RmRIAAAREITAARNAR R ;
HAa-a4

‘—1‘_1‘-—1L—“—1§—4‘—"—1h—1t—1

a) In order of decreasing importance as estimated by K. Noda.

pyrazolate(G) l pyrazolate/thiobencarb(G)
l :: [ hlomitrofenic) |
Annual
butachlor(G)
chiormitrofen/
dymron (C)
pyrazolate(G) dimepiperate/ -
benzylpromethyl(G) P (L)
Perennial 2.4-D(L)
thiobencarb/ -
dimetryn(G) | bentazon( L, )
’ thiobencarb/
dimetryn/
MCPB(G)
chlornitrofen/
Flooding ) dymron (G) Haximum
Seeding Drainage tillering
T T T T T A T T T
Days ¢ 5 10 15 20 5 40 50 60
Rice leaf stage 1LS 2LsS 3Ls. 4LS SLS 6LS
Echinochloa leaf stage . ILS 2Ls LS s LS BLS .

Fig. 13. Recommendations of herbicide application for water-seeded rice in Japan(Daechong, 1988).
LS =leaf stage L=1liquid G=granule
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thiobencarb/ thicbencarb/
prometryn(L) symetryn(G)
propanil{L)
oxadiazone '
(WP)(L) piperophos/ I
. dimethametryn(G)
| IR |
thiobencarb(L)
thiobencarl/
R symetryn/
thiobencarb + MCPB(G)
propanil(L}
Maximum
Seeding Flooding tillering
1 1 1 1 1 A X 1 1 I
Bays 0 5 10 20 25 30 40 50 60
Rice leaf stage us 2LS s - 4S 5L 6LS
Echinochloa leaf stage s us 318 4Ls 5LS 6LS

Fig. 14. Recommendations of herbicide application for dry-seeded rice in Japan(Daechong, 1988).
LS=leaf stage G=granule WP =wettable power

MCP, 2,4-D =% betazond EHEIA Ho.
B EHEFY AL 4)BERELE o
s} w7} B437)RTel  thibencarb/prometryn,
oxadiazon thiobencarb #BE s,
¥ 2~4%E#o) LMFl =2l propanil E#Y
propanil +thiobencarb E4%E M3, L
®ok7l thafEslv BFE 30~40H-% Rigde HE
B4 3kuEo) wleb thiobencarb/simetryn, piper-
ophos/dimethametryn ¥ +  thiobencarb/
symetryn/MCPB Ri8|E EH3l= 2] 713
HaAg #RE VA E Aoz dsddg,

(3) &

eviely] S ERHEE 2EFY THhi
HAKERE # 870hast BE WL THis HAKE
# % 4,000havl 93, %% HFBEHY BER
£571 # 3,000ha Qo= Hfh —3 Mgl B
FEHM FEHUz B Fre S &
3 —#F #Higsln 3, Bt BATIERE +
FT #HiTsv EHEBHIRESEEe 2H
&, WA 1~2hady #Hog=lzglol, oo &K
2 RpERRS HHEmM BiFoz 199243K 2
Emyo2 # 1,700has] EHFEBHELT K==
Ri, oA HEgE HE ASYSFE SEE
Z e BYolth. AEAA sidaA #RES
<+ MIRERGS FMHDGRRel= ojold RS
Wae ®3 MBFT WiFolok (4, 1990). £

L
E<

gholl Ao HEHRIE BEE THo) IAu(4,
1990), HAze EFF Mads & ERE ¥
Aok, Ao ERFEE T4 Ik@tEe] B
tEot #EF glojof St fE¥ERE FMmo s
ENfe SHejok dohw Zo| RiER#EfFolH o
1980448 1458 EiFHstol T #Bel Eo}
A BIHERE T SBHERMIA Kl &
F oaged Agele A Ae #AERE
BE3NS. 2ev 2] EEHCT ERd o
2t BfEE EHEE AR o% €& 7elx
Ao, obA w2 A RS B F
ol WEHY RiFoltt. HENR HoBHdds
EEEwARSR A 1987F 55 EHER HY
W7 kR S8 o] FoiA ERE Rolm
Ak AR dela FE HAREREE B
ook BREm ORERE EEES o B
THURTE (% 2~30 LA, W BEFie iR
HEANT HSEE GBS 108 BT, o BEFE
THHRAR % REWS 138 o XS (FHEE
12~158), #%H1 LHEH (W% 30~35H), &
B BRI EERMA KEHE BRES AE(EE
% 40~508) & vE4 Ycoh(FE 28). HHEHE W
¥ 4 0HME WREE #sloz od ME
He #E¥Ee =2 CR R4 fw o, ¢y
o, =AM, FetAE olmz, el olF HE
T BRE RS X3 A ki R
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Table 28. Days for seedling emergence from seeding of rice and Echinochloa species in association with

seeding date (YCES, 1990-1992) .

Mean

Days for seedling emergence

Seeding date air-temperature® Rice Echinochloa sp
April 5 11 20 14
April 15 13 18 16
April 25 14 16 10
May 5 16 14 9
May 15 18 13 8
May 25 19 11 7
June 5 21 10 6
June 15 22 9 5
June 25 23 8 4

a) Mean air-trmperature for 10 days from seeding in normal year.

A7 BRR G,

G ERE wlefdo] REME RES FH
BYE XA sS4 Jelde BERe VA
£ ERE Holnz EWMME EREsHA H/EH
o Frol Folrch FESIch A BIFFI
TR EROL Rl EEFEEFMAL B
A AL xut BAW HEFR LET
e 2 WEeR#CL o 2E Rehet KBRS
llcl B2 ol MHIT Be¥E
propanil 3¢ B&% ol=2, ¥]E propanil °
Bof BalXE HhEs 2 T2ES AR
F&uktol web(35C LlEe 2, 18C LTFY
) 28] AR =+ carbonyl® #%afmel
o] Rl od ¥E WEE EIA HEs
Qdeovg sl MM Hfie HE ¥IET K
AR #EE olv] H¥e] ETHZ Ht HB
#iol wel gE=E F 283 o] HURFIE EFE
R ok MEel HIAAMS AREKE X
e A, a2l LA EEES UG dF
29 Eige A¢ 48 58 @BEsiy s 204,
Y& 14H#HH Kol HF AEAYG. 2=z
o] EEMiolv iEMETE 14HolA B 19HAbolol
propanil R&HE L2354 EETS U2 68
158 @& #H$= BE% 5~78 Alol7t A
BEE BI7) Elu, o] HifFlME HESL K
23 BEY %ol sl nighaslng T
RE) A gEEsleAo] ulgAth 74 olo]
AE 4% s BEY FES TEE Hikeloh
W o} HME ETE ol BEMF] dgelx
BEY kGl SR A geod BF 3}
7 o vz BMEE —ERMAC BWFEE AASF

AA s Yl Mde LEe wel AAEX BKE
gl HgHkol =oof g,

BE RErhol Jd+= =e) MF HEFEE 5
& ol TH EHNES BERFE Ae
o, FTHE HHEY 4%+ EKE HR B &
#aldol sluE wo HEo HWHMRHE BN
717 oIS, BVEERFEE 4E et o
Az wg FIAske #EAESFU He HE
o] BEFRES Ao FHSH BELS v E
2o Zn Qo Kifsre] BREES HEEA
WA RE#E ROk RE) RERREE B
3 RS ¥olxn it BNEEHIEAIA o
ol nt ksl K AR #AKAAFE Aol
BREMEI A Jebydd. AHE kFHEel ¥
£ butachlor?} thiobencarb®.t}, =21 bensul-
fruon-methyl {E4&%| 2t} pyrazosulfuron-ethyl
BEAB7t nehEk HREAdAN =2 BRE BRE
By KEY #EAREAAE o5 REERM #
e gddoh(k 29). ¥ £EREH #E RESR
Z Ao E#shd od 159 2o

EER 5SS 2ol HiE BES e AT
JEBEEM BrEMIQl glyphosate?} paraquat®]
BETECL BORMeIw, BHEES 108 Rl
F7482 butachlor®} molinates] HH#H
BA&B® o
mefenacet quinclorac® pyrazosufuron
-ethyl =+ bensulfuron-methyl#s BA&®E
EETS 9a flme FEE+E  butachlorsh
pendimethalin BEEE-} wiabz 3l &3 HHEE
10~20H #}o)ell¥ propanil® butachlor =+
pendimethalin ¢ A% T % ¥ERD7}

L
Ex

pyrazosulfuron-ethy! 2 |

.
=<
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Table 29. Herbicidal efficacy of several soil applied herbicides as affected by irrigation regime (YCES, 1991) .

Flushing Canal Irrigation
Herbicide Phytotoxicity  Herbicidal = Phytotoxicity = Herbicidal
efficacy efficacy
(1-9) (%) (1-9) (%)
« butachlor {180g) 1. 83 1 60
- thiobencarb (280g) 1. 85 1 45
- chlomethoxyfen/
butachlor (270g) 1.0 86 1 60
- pyrazolate/
butachlor (285g) 1.0 8 1 %
- pyrazoxyfen/
butachlor (285g) 1.0 8 ! 60
- butachlor/bensul- -
furon-methyl (80.1g} 2.0 % 1 65
- mefenacet/bensul-
furon-methyl (78.9g) 1.5 %4 ! 30
+ thiobencarb/bensul-
furon-methyl (153.9) 1.5 94 1 60
- molinate/pyrazosul-
furon-ethyl (151 &) 1.5 % ! 8
- thiobencarb/pyrazosul-
furon-ethyl (152 4) 1.5 % 1 76
* { )Active ingredient per 10a.
* Flushing  3~6 hours flooding.
pyrazolate/butaclor (G)

N

pyrazosulfuron-ethyl/butachlor (G)
pyrazosulfuron-ethyl/thiobencarb (G)
pyrazosulfuron-ethyl/molinate (G)
pyrazosulfuron-ethyl/dithopyr (G)

paraquat (L) propanil + pendimethalin (L) bensulfuron-methyl/mefenacet (G)
glyphosate(L) propanil +butachlor (L) bensulfuron-methyl/butachlor (G)
bensulfuron-methyl/thiobencarb (G)
bensulfuron-methyl/mefenacet/dymron(G)
t{L
g?;:g::at(e ()L) but,at:hlor(L). G bensulfuron-methy!/pyributicarb(G)
pendimethalin (L) bensulfuron-methyl/dimepiperate (G)
bensulfuron-methyl/dithiopyr (G)
pyrazosulfuron-ethyl/butachlor (G) propanil +bentazon (L)
pyrazosulfuron-ethyl/thiobencarb (G)
L quinclorac/bentazon (G) (WP) *
bensulfuron-methyl/mefenacet/dymron(G) quinclorac/bensulfuron-methyl (G) *
quinclorac/pyrazosulfuron-ethly (G)*
Maximum
ling Flooding tillering
Days. 0 5 10 15 20 25 - 30 40 50 60
Rice leaf stage 1LS 2LS 3LS 4LS S5LS 6LS
Echinochloa leaf stage  1LS 2LS 3LS 4LS 5LS 6LS

Fig. 15. Recommendations of herbicide application for dry-seeded rice in Korea(YCES, 1987-1992).
G=granule L=liquid WP=wettable power LS =leaf stage

* limited in rice-vegetable

double cropping
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BiEfol Y REHRL SSAVM BES &Y
Bye2 ¥4 dd= bentazon¥ propanile] RS
B ®Rol o, 3 SR ekebie] o] KM
ol M= WIRE) ®rt B LIRTY EE}
Zeasirt, kA TR MERE NFEHoE
Rigsha Zalds 749, whkgge =k sl
olw A, HOKERTY 1BHEHE 308 ATiEd:
quiclorac/bentazon KFI% EE7l HEEAHE
7td HRE HEe® #EESY quinclorac o
B EEe 2 EEEYS il A £ EFS
$k& Hol=2Z(Ryang et al.,, 1991;Lee et
al., 1991a, b.Oh et al., 1989 . Koo et al.,
1991) quinclorac®] EA&H #A°] HKEE we
o}, kA FEER LAKEE HAM Y e e
o] - Rl sl = #HRRCl Yot KR
ghelol EEE uHkAE WY BEMEE Bos)
£ st Sle g BEHE 10~20H Aol R
SBERE 107 HEAAAN M BEEHoE
kel #E 35~40AE Fel= Bige o)
Aok 2 @A thfpsled olu R BRLE

HERA ] TaHAd. Qe AL
¥ MEAMe HkeEd] 1@, 22 408 LI

HEAHIE G 1EY % EES AENeE ul
2z gRez ¥oAe. AEAAE Ekel
Ad=ut o RIEEE EEMEIY S RI0e
ol HHMEEE WML BE=T HEME
(weedy rice)+= 719 EZE Hio]l HitHse #
ol BEEBZAME A Bkt L8E Ao B
Beo 2 oloid EMIMQ HEHirel olzly
ofof & Ho7 M7},

HEAKEBANA BEEE EBARES KKk
ute} z2A delx| A Hel & #EEe AR
2 #ERE AR, obdxl, iz #kzHele
JLFEER ¥ AdAd A= B4 HEE o=
A vebdch. BEFEYOZE 10cm bLEo #kE
SR sl 2o ® BAEHE BB
13 RARERY Baol A ®WosAut KEE
Rl ol #rttio] Hikol wimlz FHs
Avh, Eve EEAKEC ¥olA 1~2cm LAY
2 ALl s, zeEln #kEEREE B
H% 5~10H Alololl #FAEAA Z2¥7E A
tow A7t o] RelE & Wz 2z
el 22| AW BEdy] dn =3 %A
HIRIETItEo] Fallzich. o3 Bz &F

B wiabrlAlE fr) EEY EhAEME
o olgtelx HHFEFST 2l AE d oA
e dokEEs AAE £¥ o], oA
Y, FYEAY, 4EE, BLAN, AekAE,
AR vty Fo| EAS AL, HAEERH A A
3 WHIRESCY Y BERRME % &
o}, obz 7| @R BREMRI syl
A e oY, AZ7R Bomes dojal
BBEAES Fedlid oS3 2o #HAEEE
B3l wet REEE (08 %%, L4dE
BUEIE), B EB(IEE, &KB) o3 24
Ea¥ds ddon kEERS o lEEEE ERY
gt "% Fod, LPEHEE H—F XF
ER7E s MR doh BOKERANAE HK
KR REBE BB odoF slo 2 FHEER
# o] BEFAkEEC] whel BRERC] #H3 Kol =2
A wepzch KERAre] FUHA L BRER REH
o 7S HAE EFE A7) A g2 RKER BES
stAlElsd wESF S FRANL ZEFE ZA
EEE U= (& 30). gt HRKERANAE
Wt A BFE A7 ETE FAsleor stx, &
f& @l pyrazolates} 71 &Ziko] ¥ i
wRolAluk Aol SIA G dkfEold, Lt B
HEls MEYL BYF 87 fhfedle B 109
Fifksted BHE sl=2¢] BERKS 22U Ur
Fikol ek,

¥y} dek Fifolsln M EHCl kAAE 2.
A=m £F PHE EXEEEES T4 3o BE
o g2t L2l Fobdct AFHH EEE —
2 BREE EREBRHE 3 dEde
ot EBiEsEE EEO R o=t BREH
BiEo| etxol ok £HFHM EEHoRE
mefenacet/bensulfuron-methyl %%} butach-
lor/bensulfuron-methyl %i#le] #&f#Ek 20~25H
W 3. quinchlorac® bentazon ®=+& bensul-
furon-methyl BA&R%e] &% 25—-300E &
¥, quinchlorac® bentazon® B& K%<l #%
fEk 30~408 BE Fo] o REWAERE
L A R ool FUIF BREBIES BE,
PEE 7S Ra] EEI=Rol A iR
g ook HAER FHgold wstz3 mERS
% Ewstd g 168 2ok orldAdE
quinclorac B&H A H#fEez HEEW
o] FiZs v HiolA -t RS Fstodel .
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Table 30. Seedling establishment and growth of rice as affected by seed regime in water-seeded rice (YCES,

1991) .
Intact Seed Pre-germinated Seed
.. Seedling Growth Seedling Growth
Herbicide 2 2
stand(no/m?) retardance(%) stand(no/m?) retardance(%)

- butachior (180g) 25 85 78 37
« thiobencarb (210g) 19 88 80 42
- pyrazolate (300g) 68 45 96 4
- pyrazolate/butachlor {285g) 30 67 79 24
- chlomethoxyfen/butachlor (270g) 36 76 83 36
- pyrazoxyfen/piperophos (270g) 33 80 76 30
- untreated control 74 0 99 0

* () ! Active ingredient per 10a.
* Herbides were applied 2 days after seeding.

thiobencarb (G)

pyrazolate-butachlor (G)
pyrazosulfuron-ethyl/butachlor (G}
pyrazosulfuron-ethyl/thiobencarb (G)
pyrazosulfuron-ethyl/molinate (G)
pyrazosulfuron-ethyl/dithopyr (G)
bensulfuron-methyl/mefenacet (G)
bensulfuron-methyl/butachior (G)
bensulfuron-methyl/thiocbencarb (G)
bensulfuron-methyl/mefenacet/dymron (G}
bensulfuron-methyl/pyributicarb (G)
bensulfuron-methyl/dimepiperate (G)
bensulfuron-methyl/dithiopyr (G)

paclobutrazol(G) || =

quinclorac/bentazon (G} (WP) *
chlorenitrofen (G) quinclorac/bensulfuron-methyl (G) *
chlomethoxyfen (G pyrazolate (G) )A quinclorac/pyrazosulfuron-ethyl (G) *

|

oxadiazon(L)

flooding propanil ~bentazon (L)J Maximum
Seeding Drainage tillering
’Y L A ' 1 q N A L N} '
Days 0 5 10 15 20 25 30 40 50 60
Rice leaf stage 1LS 2LS 3LS 4LS 5LS 6LS
Echinochloa leaf stage 1LS 2LS 3LS 4LS 5LS 6LS

Fig. 16. Recommendations of herbicide application for water-seeded rice in Korea (YCES, 1989-1992).
G=granule L=1liquid WP=wettable LS=leaf stage
* limited in rice-vegetable double cropping

AFHA EKER BHY REMRE SRS FE Y VMHHEMEC] & RiEc] v F
o} a7kel WRRECT B KRBT WiEelzm  AKslolek st oz HRBEMS MA W
=3 FALE 2o9d BEE HEELT FBT O lS FET 5 gled, EBRE AS BR
WhEtEo] E7] ool 2o 9o WA W HuEel 3 mAmd BRENMEC] Beez R
7b BEs E1TEolob Atk olwtelx HMAEE M WECAN ERAMM MEoE BEFY R
aohx] EEMe] FHIS A g #AREC HY EN EAERS BEA HY BES o1 ¥
BRI ol = RG-S Z)2odol dud, #umsk  REFNES ML A2 dokd eREY MR
ME BOKES #Hugel &2E RN KBEE  RMEC e UM o BRI EsES
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Table 31. Effect of plant growth regulators on growth of Eleocharis kuroguwai (YCES, 1987).

(unit © g)

Dosage 5 DBE

0 DAE 20 DAE ®

(mg/pot) ®  Tuber weight 100 tuber weight

Tuber weight

100 tuber weight Tuber weight 100 tuber weight

Uniconazole (0.04 G)
10

87.3 60.1 98.1 60.5 128.4 64.5
20 86.3 56.4 90.4 55.5 110.0 58.2
40 63.1 40.1 65.9 36.0 87.8 42.5
Paclobutrazol (0.6 G)

10 21.5 18.9 34.2 26.1 67.3 30.8

20 0.8 16.8 21.0 21.2 65.3 29.2

40 0 0 17 .4 16.9 42.2 16.2

0 156.4 63.2 (untreated control}
a) application time, DBE : days before emergence, DAE : days after emergence.
b) Pot size : 1/2000 a.
Table 32. Herbicidal efficacy of paclobutrazol in water-seeded rice (YCES, 1990).

Application Culm Echinochloa Grain Lodging
PP length(cm)  suppression(%) yield (kg/10a) index

Chemical (DAS)
paclobutrazol -
(180g ai/l0a 20 65 43 198 125
paclobutrazol +
butachlor + propanil 20 62 70 512 117
(180-100+100g ai/10a)
hand weeded 20. 40, 60 77 76 526 158

(% 31,32), BREH FHEKRS BRIENYE &
Eol @hkoz FHe TWEEEAEZ #llT=o
of HHS HRE MM #IT=r & 2oz ¥
ot

Sk WRLA

4 ¥ BRI A BBsT MEES B
7] SAsiAe o 22 2okA BR FEe
RRshsal gt

o HEEE WEWA

W EEREY RE BEE oA RS
£ othad 4 gudel 2HUAGE ¥ 4 Ao
BEE TS A EE fHRc eed
oz Hool @M b7 SRol igeel H
te ®ES) ZREUCl Tr Aol w@Asich
BEEE) EAREZAL A4 BE T #
Bk HEe MBEST, B9 =T HES
of Y EHoE Tyt 45T @l K
ffATol Whestolo} siul, A o Fikoel W
Mol L RS MAA sholok Rrhe MMM

& WREAI Ak g,

. BN o EEBURIAM RMSE MER
Wik

¥ EiE EMoz oen BHiMoE
T A BT BEe EAL = N2 HER
B B F RENS Ml ol ol#fdt Hy
3 HE o] HFE oo} g}

cf. FIEMS A WEeslo UE HBHAX
WMEMLE RE

o EIEHE MR FELEmM ERS
AR ohed FEMM W BEHEK 4E + Ao
BE olF & HRH MEHSY EFRRL HE
T ok, mhebAd Hgs W FEEERXEE HR
BERs] BRSRStel ol ¥ MEAYH WEIF 517E
of g,

zt. MER SAREN % REMW B
ARz BERRAAY BRES HEH A
o #EEmelat £ 4 Ao EfEFEY A R
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MREMR7T o4 ®WESF A3 =23 RiFo
oA Bl 7HE A2 Ay RERY BRI
o] BRI o} KREHY BES HERAA
£ 4 A= BHH (Antidote) o B 8& 7]

E
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