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Herbicide Combinations in Control
of Echinochloa crusgalli
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ABSTRACT

Three pyrazole-herbicides, pyrazolate, pyrazoxyfene and benzophenap, were evaluated for their interaction
in controlling barnyardgrass (Echinochloa crusgalli) with two chloroacetamide-herbicides, butachlor and pretila-
chlor. Percent inhibition of barnyardgrass growth by pyrazolate, pyrazoxyfene, and benzophenap was 44%,
64%, and 0%, respectively, when each was applied at the 1.5 leafstage of barnyardgrass at a rate of 3kg ai per
ha as single treatment, and the benzophenap showed 60% inhibition when it was applied at the coleoptile stage.
While the lowest rate controlling the 1.5 leaf-stage barnyardgrasses by 98 to 100% of the butachlor and pretila-
chlor was 1.5kg and 200g per ha, respectively.

All of the combinations of pyrazolate with butachlor, pyrazoxyfene with pretilachlor, and benzophenap
with butachlor have shown synergistic interaction in controlling barnyardgrass on the Chisaka’s isobole of
90% growth inhibition as well as on the Colby’s interaction efficacy data; synergism indices were 2.44, 1.62
and 1.52 in order. The dose combinations shown the maximal synergism were 1870g of pyrazolate with 140g
of butachlor (1:0.075), 3300g of pyrazoxyfene with 33g of pretilachlor (1:0.01), and 3350g of benzophenap
with 520g of butachlor (1:0.15) on the ai/ha basis.

Key words: barnyardgrass, synergism, mixture, herbicide combination, pyrazolate, pyrazoxyfene,

benzophenap, butachlor, pretilachlor.
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ol RES BREMEl AN, NI Bt
A, BREH 2ol A #ME spectrum©l HEHIY ¥
qt olvel HBREKE Mo MEfERel MAmey Lk
HEHOLR BRENE WNAFIDAE BEREH
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of HEMEMA wa Er FE7 BEM BEEANA
+ HEBEY, BERSHEK REHAG ste
H S ERE 2k HEERS St €410 A
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Efel &), HE % ME SO4EEE SR B
Ryl PR EM naproanilide o] E&#M-Eol —
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Aol HAHME HESo Awd Heow U
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tamide %o BEE&H %2 da g gaor A4
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moHEERS &% #HEstded, i %(1985)%
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tha BREKl= pyrazole 2+ pyrazoxyfene, py-
razolate ® benzophenap ©131 3 chloroacetamide
%2 pretilachlor & butachlor 84 252 {8

Chemical Structure and Name of Tested Pyrazoles and Chloroacetamides
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RiEs o 2¥H 2o HEHES
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butachlor 7t 0, 10, 20, 30, 40, 80, 120, 150g ai /
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9 1ERe B, B 212 benzophenap & 7
o EENH BEANAAM ¥ BEHE TH AU g
of tigl BREZRY AR he 5% 7 s o
Foloich AEE HEHE 2004 gt

D E RBEE: INEoR 91, REDERHE
+ Aoldde HKAREIFE Nt g Yakst] A
A18tela, AEEAsRE Chisaka o ZahR el
T Hik 9 Colby s FHike MRSt Hig atst
o ok,

Table 1. Precent inhibition of barnyardgrass
zophenap.

MR U ER

A HEgN A RS pyrazole % RS o o
g BEH4RE £ 1ol A9 Zrhk Pyrazoxyfene 3t
pyrazolate & °F% 500gai. 10a® =) | BHHol
Estd Zh7 724 %, 649% MEELS Bo py
razoxyfene ©1 pyrazolate B rt o ol & FHigHR
7t %z ¥€ 3o % JElYm benzophenap &

application of pyrazoxyfene, pyrazolate and ben-

Dose (g ai /" 10a)

Herbicides (leaf stage !’ )

50 100 ZO(L__ 300 400 500
Pyrazoxyfene (1.5) 10.9 304 46.9 63.8 65.5 72.4
Pyrazolate (L5) 0 0 20.2 439 47.6 64.9
Benzophenap (1.0) - 0 0 2.2 3.0 1.0
Benzophenap ( 0 )? - 6.3 40.6 59.4 62.5 62.5
1) Application time of herbicide.
2) Coleoptile stage.
13l BT Ae o BRRRT A fided o Actxn &k

R S 22 %R 500g ai./10a A o
Wt EHFMR AL 62.5% 2 pyrazolate 1.5 LM
HollM et Ml HEE vk R %Y 2 pyrazo
late 210g ai/10as WAl A Fardd i
AEHE He 100% WA qEgstcta gz, py
razoxyfene & 200¢g ai.”10a%, benzophenap-2 240
gai,/10ad REFEZA ] EEsld A7t 724
98%, 95% BiE vtz stsivl”  Benzophenap &
MY~-71 iRl o3t 3| F4if(aEE
3l EEsta 200gai 1022 A 5EEBR
et vt HEF T Lol Ak Exhrl hRER W

gk|, {ti chloroacetamide & A Z Aol B =
BEHRE K 2,304 g o 158 g
7% pretilachlor+ 20gai 1022 & A 98 %
ol iR E ¥, = L5E LT 4 Aol
butachlor & E#ET 2% 80gai10a HaANA
90% Vb BREEE Rgcl £ 29 39 AM pre-
tilachlor & butachlor ol ]34 o Ha HEZ &
5f5 %3to™, % 3004 29 butachlor £ | 15
I el M EHR 2R o BREH ERE
e dmojA gkgkrt

Pyrazolate ¢} butachlor & 2o #4 E®I F

Table 2. Percent inhibition of barnyardgrass by application of pretilachlor at the 1.5 leaf stage.

Pretilachlor(g ai./10a) 5 10

15 20 30 40 50

% inhibition 70.2 85.5

85.8 986 98.5 100 100

Table 3. Percent inhibition of barnyardgrass by application of butachlor at different growth sta-

ges.

Growth stage *

Dose (g ai~ 10a)

10 20 30 40 80 120 150
1.5 leaf stage 56.4 74.4 74.6 86.4 95.6 96.8 98.7

1 leaf stage - 75.2 — 80.4 96.5 100 100
Coleoptile stage - 65.6 — 81.3 91.3 95.0 98.1

* Application time of herbicide.
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Table 4. Percent inhibition of barnyardgrass by combined treatment of pyrazolate with butachlor.

Butachlor Pyrazolate (g ai 10a)
(g ai10a) 0 50 100 200 300 400 500
0 0 0 0 20.2 439 47.6 64.9
10 56.4 87.1 89.8 93.9 96.8 97.8 98.3
20 74.4 785 88.9 97.6 96.1 99.6 99.4
30 74.6 84.2 86.2 97.5 98.1 99.8 100
40 83.4 95.5 99.0 99.4 100 100 100
80 95.6 99.2 99,7 100 100 100 100
120 96.8 99.8 100 100 100 100 100
150 98,7 99.8 100 100 100 100 100
30H0 B &G H5o REHES BEsty, oz sgoh

HHE 8 MHEE 9% sl & 4°th
Pyrazolate & ol @Esd ALARE Bo7=d
T HEANNAE 1 BES RE—3ee £FKE
B sla] bm E{LEE St 20~30% olstal A& K
iz PEEta o Y& HER, #HESAU

% 4¢ KéEL pyrazolate BEBIE probit 4
T #lol £ 524 —E pyrazolate &l A buta-
chlor & 7| fliglel ch&t $BBEMEC) o1F & e
I glth Chisaka £ %% (Isobole)dl & B
L EEER BES FUHA BEE dod £ 4
Lo BRNEHSRT 28 W REBE FRK
REdharol A LA KEKES HEIE HAY &R
71 A7 olE REE FTol7l Hdl probit e
st PENEMRS & o ELAREE Y F
sla, ol BEFERAA U KEEKES #E 3

Table 5. Probit analysis of % inhibition of
barnyardgrass by pyrazolate and bu-
tachlor combination treatment.

Pl):'tz;zo- Regression Correlation tacﬁl(:;l i
(gl?)l}s equation coefficient & allO/a)
0 y=45+22x 0.9906%* 544
50 y=49+29x 0.9370** 239
100 y=52+25x 0.8303* 17.0
200 y=4.6 +4.5x 0.9485%* 136
300 y=51+37x 0.9062* 10.6
400 y=51+51x 0.9747%* 7.0
500 y=55+45x 0.9821%* 49
B “lt::h' 1D g (pyra-
(g ai” zolate,
0 y=06+28x 0.9736** 1068.0
IDgy : Growth inhibition by 90 %.

oA ST £ 59 HEKNA IDI0& o}
a4 13 %ol pyrazolate 2t butachlor & B& &
Hasld w 90% MFEEES BAA RGeS o
ek 29 19 HsERANA HEERABDE A3
i %2 pyrazolate : butachlor 7} 187 : 14 (g ai”
10a)°l3 synergism index 7} 244 & + S &
Bk ool et MHELHES A AR dERgT)
BA ZHARHFERY A 284 pyrazolate 2+ bu-
tachlor & YEW-sAtolel BABRMESIE HE5 £}
ol Bikrel shEmoletn stgch W i H'P e
=% pyrazolate ¢ butachlor & RAEESsI 2
HE HEDHRA doda @Estde=d % 5L py-
razolate ¥ BEES <A 0~180gai 1028 F
A stda, K¥E butachlor & L EHME 0~400

50 \ ~———- Theoretical additive effect line

@

- Synergistic isobole

E line of 90% inhibition

2 [

)

c

=

SR

@

i g

L
0 I 1
0 500 1,000

pyrazolate (g ai10a)

Fig. 1. Synergism of pyrazolate and butachlor in
controlling barnyardgrass (synergism in-
dex=h/(h—d)=2.44).
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gai/10a® WA slglenz XK ARKRE wo]
REEM- £EW BERHEE FRPIN KEA
Uo7l el 2o} X2 BRE AW Aoz A
Z}jkel,

Z-& Htke 2 pyrazoxyfene o pretilachlor &
SRET A% ol vt HEERSERS 1Y
29} oth pyrazoxyfene & pretilachlor & ol
RBeRBEs 94 HRHEA dded, 2 HEA
7t & ¥:-& pyrazoxyfene : pretilachlor 7} 330 :
33(gai/10a)olaton,
olgirh ° g2 pyrazolate 2} butachlor & H&RE
Hol 42 244 BoiE o3t zr

Pyrazolate & pyrazoxyfene Y butachlor &} pre-
tilachlor 7F (LG L v & <o HE UM
ol olEe MEMEH BEZ Fxo ¥ vehts
AL REH (LBEHEY oFF 22U MRS
figEe 22 %Y 4+ U3¢ m#sAq, EI
pyrazolate 2t pretilachlor 814 % pyrazoxyfene &
butachlor &= fHEMEHH HRE vhebd a4k
ol A&& KRB 5 Hrh

Benzophenap-& B& =i (k) BT i
BHYE B o) FE # T80 Ay EEsA 1w
of ik BiRBE A3 dojAmg & R A
= HIEWS) 1 EYEEE Bostd And £ 74
729 33 2y 49 He pREs dgch 28 3
of 4 2} 3Rl KBS benzophenap 3 butachlor

synergism index+= 162

151
R /Theoretical additive effect line
@
= . Synergistic isobole line
.g 1 of 90% inhibition
N
-
e
ks
=
g s
o
0 J
0 500 1,000

pyrazoxyfene (g ai.” 10a)

Fig. 2. Synergism of pyrazoxyfene and pretilach-
lor in controlling barnyardgrass (syner-
gism index =h/(h—d)=1.62).
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Fig. 3. Synergism of benzophenap and butachlor
in controlling barnyardgrass at coleopti-
le — stage (synergism index =h.”(h—-d)=
1.52).

o] MHAEM-2 synergism index”} 1.52& pyrazoxy-
fene 3} pretilachlor & FHM|IEA W HEA  wia ot 4
WA KAEFE MRS 299 F = benzophenap : buta-
chlore] &+ 335:52(gai/ 10a)oldct =
o4 T L EH A HIEERGES 298
@3 212d benzophenap &I HEEUE o

90% MHFERE HEY 5 e myugy
Rogs MEEASE R 158E 2 + 94
th 90% HIEEEE #HEd & A Hmhs &

ol et o] benzophenap-& ¥ 1Mol BEshd
el 3t o) LEEY A2 WM 0% MmElg
Be A3 phEd 4 ¢gr gwolch 23y Col-

by” fiikell elal 4rH Lk GolMel ol

benzophenap ¥} butachlor 2] = |G & g E

A MHEERAMSRES Bola 9= AL & F At}

& 6ol A Colby Hitoll &k #IEER B 54Tk
MEMERDE fIRel @agmel MLier REs o
4 & $o1A Chisaka @| %o Rigika ol e

el BT ERebEx BSHRD RS Ao g7

€ PE U S Ree 2% 4ol ddy

RUEEERE MIEIHE A2 g AL ZUEK Y &
SRR B8 Aol Rk ol Yot
Colby JiE2 ofF =L REWZ AT HEMFEMSE
E dE T As Aol Arh
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Fig. 4. Synergism of benzophenap and butachlor
in controlling barnyardgrass at 1st leaf
stage.

PlEke] #HRE HAMNes 4siusl pyrazolate,”
butachlor, pyrazoxyfene  pretilachlor, benzophe-
nap/butachlor & EE+ &% pyrazole & BRE
H7t = As Tlo) EHFME S A& 3 15
#B(pyrazolate, pyrazoxyfene), -+t I (benzo-
phenap)oll fEM HMAEKEAS 41, 2 #HEEA
BE- S5 E% Hikel 2/sld pyrazolate/ buta
chlor #1450 HIEMEREY T 2442 AL w3, o}
4-0] pyrazoxyfene /pretilachlor 14, 58 162,

benzophenap, butachlor 85, 88 1.52 ¢1l+=4] Col-

byl Jiikel w& MEERANREEs L HEK
(positive interaction efficacy)ell st&l 4w+ 1§
Bt A9 & 4%+ pyrazolate /butachlor #i4¢]
100g,710g ai ~10a EE&S 334 ollx2, pyra-
zoxyfene / pretilachlor #1442 100g, 15g ai10a
el 9672, benzophenap. butachlor #
Ge) 7 #EPER 4ov 100g/20g ai10a
mEE ] 13524 F HEEE H—% #BEE Y
b2} grsrch ey Colby e JFikol =& (A
fEH] fEMel A 218 90% VI E MElishs K
#o| ol i FolAE MEIER-L 0§ 2A e
We A4S 458% s oomg 35 90% LE
WET & UA+e FERAKE(Chisaka o] Ftkol A HHE
fEM tg8(h/(h—d)HE K#E)A A Colby 2] i
ko] tHEER 8BS 4= 1A pyrazolate,/ buta-

chlor #1562 200g, 10g FEEERy 287, pyrazoxy-
fene / pretilachlor B&-& 300g,/ 15g EENR 4.9,
benzophenap.” butachlor &2 300g.”20g E Bk
4602 5 HEEMd —Ko9 AEHE HEER B
B OBAIS et 9ok whebA = 9] BikRel Sled
A pyrazole %22t chloroacetamide % BREEM-S ol M
ARE MRS HEEM ZESH, 2 HELER
EE+e & Ag@Ee 4ol A+ pyrazolate, bu-
tachlor ) pyrazoxyfene / pretilachlor > benzophenap
/butachlor 212 &HA& 4 ok

B, HRhERANA £ GO ESHEEAHS U
Eby REERE 4929 pyrazolate butachlor 9]
B9 187g/ l4g ai/10a2 A && HA=zZ & A
22 300g ai(10 %G, 3kg 10a) ¥ 180g(6%G,
3kg,/10a)9] 623% % 78% REEAN HNExa
FEmpe B &L 1:0075(E+ 1361 @ DHE
A olAe A HAot A FEHSEID e “FulA”
o] 2% pyrazolate 180gbutachlor 105g ai
10a #A & pyrazolate o] &-& ¥ %3ht buta-
chlor & B-& FriAolA A3 £rh E3 HKol
A EHE R e “FASRTY A AR
25" + pyrazolate 180g. butachlor 75g ai. 10a
Ao, “FA7" 357+ pyrazolate 240g, bu
tachlor 105g ai,/ 102 MG o 2 A & HHFEAN A9 7
of et 90% MHISSERIEAKERT 2F buta
achlor o] FEFEel "X 8 vt z2ejx 5 %MK
of MiAHERLS “Fubi” 1:0583, “TFAAR 257
1:0417, “FA7b=d 357 1: 04382 A2 vjxst
o, A ol A2 o o (] : 0.075) s
butachlor o] Hhi& el d= 3 & ¥#ol ok
pyrazolate 5 BR% - A E S =Kk rte %
W& (AHE, 1984)o 4 JEgFAatolel &t pyra-
zolate + butachlor o] FHBEMEM S Y EgE4tel 3
el 90 %Mk SRR Lol A pyrazolate 400¢g
butachlor 170g 22 e} gles o ¢ i
Wi e 1 : 042524 “FASY 2579 “F
Abzbel 357l Aol A HE oS- Ol s
BEM e ik sl iR A= pyrazolate ©]
&< EBHERNS aste] o A &KX UL ERC
HET pyrazolate o 7K¥<l 180g a1 10a BEE,
2231 pyrazolate 2t butachlor & H& e =
FAbolol wigh AfEMeOl AR 1: 043 BEE
HfEg z2leg ARy K %N A pyrazoxyfene
/ pretilachlor $14 3 benzophenap. butachlor %
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Table 6. Interaction efficacy computed by Colby’s method®’ for the combinations of several her-
bicides controlling barnyardgrass.

pyrazoxyfene  pretilachlor pyrazolate / butachlor benzophenap " butachlor
" Y efficacy
combination  efficacy combination efficacy
combination coleoptile 1 leaf— stage
50: 5 —194 50 : 10 30.7 100 = 20 135 3.1
10 1.3 20 4.1 40 10.0 6.6
15 9.6 30 9.6 80 1.3 0.5
20 0.5 40 121 120 1.6 -02
30 1.0 80 36 200 : 20 L7 74
40 -0.2 120 30 40 9.9 10.9
100: 5 6.5 100 : 10 334 80 4.0 1.3
10 5.6 20 14.5 120 0.5 0.0
15 9.6 30 11.6 300: 20 4.6 9.1
20 0.9 40 15.6 40 39 14.9
30 0.9 80 4.1 80 1.0 -0.1
40 0.0 120 3.2 120 2.0 0.0
200: 5 4.7 200: 10 287 400 : 20 4.5 4.2
10 39 20 18.0 40 39 135
15 7.0 30 17.8 80 0.2 2.6
20 0.6 40 126 120 1.0 0.0
30 0.7 80 3.5 500 : 20 79 11.8
40 0.0 120 2.6 40 39 174
300: 5 0.2 300: 10 21.3 80 1.4 3.1
10 4.5 20 10.5 120 1.6 0.0
15 4.9 30 12.3
20 0.3 40 9.3
30 0.4 80 2.5
40 0.0 120 1.8
400 : 5 56 400 : 10 20.6
10 2.6 20 13.0
15 4.1 30 13.1
20 0.3 40 8.7
30 0.5 80 2.3
40 0.0 120 1.7
500: § 4.1 500 : 10 13.6
10 32 20 8.4
15 32 30 8.9
20 -0.1 40 5.8
30 0.3 80 1.5
40 0.0 120 1.1

Interaction efficacy : Z - (X+Y~-XY,7100), > 0 : synergism, <0 : antagonism.
Z . % inhibition of mixture A and B herbicides at (p+q) g ai./ 10a.
X : % inhibition of A herbicide at p g a1/ 10a.
Y : % inhibition of B herbicide at q g ai 10a.
A and B : combined herbicides used in this experiment.
p and q : rate of A and B herbicides, respectively.
Rates of herbicides are g on ai,” 10a basis.

E && ol & LfiERol #sgsidi=ul pyra- &2 1:0012 pyrazolate/ butachlor 14 2t}
zoxyfene /pretilachlor 149 A% BAX MHAEHR pyrazoxyfene -2 ¥ 3] B3 butachlor Xt} i
£ JEU & $142 330g.733gai 10a2A4 $4 o 3k H1%Y {E (relative potency) 7} %-& pretilach
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lor & A3 A HLES benzophenap,” buta-
chlor #1&¢] 2 %ol 335g./52g ai 10a(1: 0.
15)8A4 ol& % #&-¢ pyrazolate/ butachlor $
GEche ol B RAERAKe 4o22 RE B
48 g o HAE pyrazole & (L&) ol &
A3 EolAAY i+ #HE 228t pyrazole &
LE&®el B Vs gately 2ute ¥ EESE
Froll 2t ciH chloroacetamide % 1L&#2 &2 &
3 goiok & o 4™

i) =

Pyrazole % W& %% pyrazolate, pyrazoxyfene %
benzophenap # Chloroacetamide % &% butach-
lor ¥ pretilachlor 2] BAEEE Ho g &
ol Aol MEERE TIRY FHEgEs
Colby o] MHEfERBEEeZ B € #¥s o
<3z

1. Pyrazole %22 10a# 300g ai /k#ci A2 37
o AHHIEH L pyrazolate A 158 o o
8| 44%, pyrazoxyfene Z-% 15 o) wisl 64
%l 3, benzophenap-S ¥ I 60% MY
H 18 U bkl A miEs = 2929, chioro-
acetamide %9 7% butachlor+ 150g ai. 10a/k
#o| A, 12]3 pretilachlor & 20g ai.”10a ki
ol 4 155 1S 99% 2E WHsielch

2. Pyrazolate 2} butachlor &) B4 EE, pyrazo-
xyfene & pretilachlor ¢ B&EEH % benzophenap
3} butachlor ¢] E&EBE«E 3 15 == HE
ol 25 HFEHW HEEAS Ld=d HEN 8
H4EH #E+ pyrazolate  butachlor(}t f1fi Al 5 8
= 2.44) ) pyrazoxyfene / pretilachlor (Jt J17EH fi5
= 1.62) > benzophenap ~ butachlor (it jJ fE A58 =
1.52) JE{roled ek,

3. Pyrazole %9} Chloroacetamide & K 4i#% &
Gl A 2o 4£FH 90% AHISHERLE 852

ENshRA debd K% Y SEIEELL pyrazo
late ” butachlor & 4% 187g./14¢g ai/10a

(1 :0075)°l13, pyrazoxyfene pretilachlor #H
&2 4% 330g./33g ai/10a(l : 0.01)elH o™,
benzophenap,” butachlor ¢} 34 335g.52¢ ai.”

10a(1 : 0.15) o1tk
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