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Development of Selective Herbicide
for Control of Weeds in Turf

Han, Seong Soo*

ABSTRACT

This study was carried out to investigate the growth of Korean lawn grass (Zoysia japonica Steud.),
penncross bentgrass (Agrostis palustris Huda) and seaside bentgrass (Agrostis spp.) under application of 21
pre- and post-emergence herbicides and the weeding effect of 14 annual and 4 perennial weeds with them for
the purpose of the systematic chemical weed control in turf. The results obtained were as fallows;

1. Napropamide, napropamide + triclopyr and benefin were safe for Korean lawn grass and two kinds of
bentgrasses when they were treated at 4 and 25 days after transplanting of turfgrasses. Simazine, lenacil
and bentazon inhibited the growth of bentgrasses, but not Korean lawn grass.

2. The preemergence application of simazine, benefin and napropamide + simazine showed excellent control
for Digitaria sanguinalis, Cyperus amuricus, Chenopodium album, Portulaca oleracea and Centipeda
minima. Lenacil was excellent for control of all the tested weeds except Chenopodium album, napro-
pamide excellent for them except Cyperus amuricus and Portulaca oleraces, and bentazon good for them
except Digitaria sanguinalis. When simazine was treated with either napropamide or triclopyr at
preemergence of weeds, weeding effect increased without inhibition of lawn growth.

3. The postemergence application of mecoprop, bentazon, benefin + dicamba and benefin + mecoprop was
safe to bentgrasses. All the tested postemergence herbicides except simazine + atrazine did not inhibit
the growth of Korean lawn grass.

4,  Other postemergence herbicides mecoprop and triclopyr were excellent for the control of Echinochloa
crusgalli and those except benefin and mecoprop excellent for Kummerovia striata. Digitaria sanguinalis
was controlled by treating with all the tested post emergence herbicides and Cyperus amuricus controlled
only by bentazon.

5. The growth rates of bentgrasses treated with simazine, lenacil and napropamide + simazine were lower
than that of hand-weeded check, and those of benefin, bentazon, napropamide, napropamide + triclopyr,
stomp, bensulide and triclopyr were higher than that one when applied at spring season. Korean lawn
grass growth appeared to be good under application of all the tested preemergence herbicides at spring.

Lanacil and bentazone showed poor control of Echinochloa crusgalli, and bensulide showed poor control
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of Erigeron canadensis. Also, napropamide and bentazon were not good for Kummerovia striata control.
However, at the respective rates of all the tested herbicides, these three weeds were greatly controlled by
85-100% of weeding effect.

At the application of autumn season, bentazon, napropamide, pendimethalin, benefin, napropamide +
triclopyr, bensulide and triclopyr seemed to be safe against three kinds of turfgrasses. But simazine,
napropamide + simazine inhibited the growth of bentgrasses except Korean lawn grass. In terms of weed
control performance, triclopyr was poor for controlling Echinochloa crusgalli and bentazon and stomp
for Poa ennua, napropamide, benefin and bensulide for Srellaria medica. Stellaria uliginosa and
Cerastium caespitosum were well controlled by all the tested preemergence herbicides.

Korean lawn grass was safe when paraquat and glyphosate were treated at the dormanant season of
turfgrass. These herbicides showed excellent controll of Poa annua but poor control of perennials in
order of Trifolium repens < Miscanthus sinensis < Calystegia japonica < Artemisia asiatica.

In field test, all of 19 herbicides seemed to be safe when treated at Korean lawn grass. All of 10 preemer-
gence herbicides were excellent for controlling annual weeds, but poor for perennial ones. All of 9

postemergence herbicides showed a excellent control for broad-leaf weeds,
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Table 1. Physico-chemical properties of soilused

Particle size
. soil distribution (%) pH OM C.E.C. PAC.

Division texture Sand Silt Clay 1:8) %) (me/100g) (mg/100g)
Field

SL 51.9 30.6 11.5 4.8 0.45 6.4 420.19
Test
Green
House SL 50.8 35.8 13.4 5.3 0.40 8.6 406.80
Test

WP, napropamide 50 WP+ triclopyr 43.8L &
1350l o] R REM = MCPA 1951,
dicamba 50L, mecoprop 50L, paraquat 24. 5E-
C, glyphosate 30.5EC, BPA 15L(MCP Na 8.3
+MCP K 1.8 +TBA 49%), trimac F 43.87 L
(24-D 27.25+ MCPA 13.86 + MDBA 2.76 %),
benefin 19.4 EC + mecoprop 50 L, benefin 19.4
EC+ dicamba 50L 5 9%F& d¥ Saicn]ofd
8} 2tz utA o 74 Dr. Yasutomo TakeuchiZ 5
Fofabol Alg5hgH,
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Table 2. Growth of lawn treated with preemergence herbicides at 4 and 25 days after transplanting of turf

3 7ksh e ek

Growth rate of turf(%)

Rate
Herbicides g/102 4 DAT 25 DAT?)
(prod.) z P s z P g
Sz 200 104.7 0 0 106.6 0 0
ngme 300 76.0 0 0 101.2 0 0
400 283 0 0 97.2 0 0
0 0
Simazine+ 200 37.0 0 0 106.3 0 0
Atrazine 300 31 0 0 101.5 0 0
(40+4)WP 400 0 0 0 98.7 0 0
Lenacil 150 100.7 4.3 6.0 107.1 0 0
1)
90“‘; 200 100.8 33 0 108.7 0 0
250 86.2 34 0 105.6 0 0
Bonta 200 110.2 88.6 69.5 106.4 101.0 102.4
Z
5onwp on 400 105.9 80.8 56.6 104.6 101.2 101.3
600 92.5 78.9 53.9 105.5 100.6 101.1
Atrasi 200 37.0 0 0 36.5 0 0
Z)
47’;‘;: 300 20.9 0 0 23.7 0 0
: 400 15.7 0 0 184 0 0
Napropamide 100 + 200 97.9 0 0 36.9 0 0
50WP + Simazine 150 + 150 99.2 429 0 52.0 49.6 0
SOWP 200 + 100 114.2 60.3 33.1 416 520 24.7
Naoropamide 200 108.2 1062 106.5 106.3 101.7 1026
505;;"“ 300 105.4 1060 1035 107.2 1002 104.0
400 103.1 97.4 98.7 100.7 100.3 103.7
Napropamide 100 + 200 102.6 103.9 103.5 105.2 100.0 101.3
SOWP + Triclopyr 150 + 150 101.2 109.0 107.4 108.5 101.5 100.2
43.8L 200 + 100 100.5 103.1 103.8 1074 100.0 101.0
_ 300 109.7 107.8 101.4 110.0 101.7 102.1
Triclopyr
4381 400 107.1 107.9 99.3 107.6 1010 103.2
: 500 100.8 101.1 95.7 104.0 1002 1015
] 1560 109.1 1082 1095 106.6 102.1 103.0
Benefin
19 4EC 2000 003.5 108.6 108.8 107.5 102.0 102.5
‘ 2500 104.1 107.6 108.0 104.1 101.3 102.2
Hand Weeded - 100 100 100 100 100 100
Weedy Check - 84.2 74.3 72.3 86.5 80.7 81.2

a) DAT: Days After Transplantation

b) Z: Zoysia faponica Steud (Korean lawn grass)
P: Penncross bentgrass (Agrostis palustris Huds)
S: Seaside bentgrass (4grostis spp.)

- 189 -



=R U EE

1. Zto] ol4] & LR EMRE RENO 2
3 HoM= 9 ME&

A o)A HFol 2] FE F AzA 3 A
2935 A S5td Adeld F 44 F H
Ao EHE B A o4 F 269 Fo A
(Zoysia japonsca) & "1 E 2@~ 2%-(Penncross
bentgrass. Seaside bentgrass)ol oldle] Eokz
AgAeA g 2, £ =& Z2HAEd 2
T A AE Fol A AHFY 4L el
Azs & 28 ot

1) & o4 F 44 F Held o3t 4§

F 244 & 4 s+ vle} Fe] simazine & A
okgkq] 200g/ 10a AFFA4 ATl dsld
BEEHE o olur g2 dPelAE 4
Z4E A ger, MEaHE 2FE ALTdA
= oA fEEs ook Atrazine whd W o9} si-
mazine 32 A= 200~ 400g/ 10a Feeld F
Aze] RFE AL KRG ol2Al sgow,
lenacil 150 — 200g/10a <33} napropamide +
simazine 100 + 200g, 150- 150g, 200 + 100
g/10a 8 2z dA e @37 BT ¥
%3 458 Vel n WEId AL ofrkeded =
gt abol7h e FhAlal A% dA w2 A4
o] o]2% ) Bentazon-& 200 600g/10a &%
A FF A A-LE FaA7A gt wE
aglze dMAE 11-46%8 A% JAHEALE
ol o Al %+, napropamide 200—400g/10a %
012} triclopyr &4 100 + 200g, 150+ 150g,
200 + 100g 2% 4%, triclopyr 300~-500g/10
a, benefin 1500~ 2500 g/ 10 a el FAlzke]
25 FFel ®WHES 100% o4 485EE 4
el glet,

2) e o}4 F 254 F Helol Y3 4%

o] wel thEflov BE oAf F 4-6F
st Sl el ivhm gekd el Tapel ¢
53 atd] o4 F ¢ F2E AAG H4F Az
AE Helsld FzuAE s A% dyges
ool i AaAY P 7T FYsHAH 12
3 Aqpgoe B« Ao o4 F 44 F AHelg
v] %% A3l & atrazine ¥ napropamide
+simazine ¥l AL AT AshA AL 4

SodARAE ez JEaNL A S
3 EEEAE el FAFAE T A AH 4
BiTE S vl AY 94 22 4882 Jelych
Simazine, atrazine simazine +atrazine % len-
acil & Z7e] e GF FEAA We Ta~AE
2423 K4 % 2 bentazon, napropamide, na-
propamide + triclopyr, triclopyr ¥ benefin ¢}
zZt A ek FEdA FAAe 3Fe sl 4
5 Zhaglo]l akxEgist E AgddE A o4
% 49 % 259 ¥ triclopyrd £%3 Adxe
AselA B 2o okals} Astx]  ogtet
Takematsu % ' & & A& AGAeg o o
Ege4e] kst H4gn sl fBER AHE
FE e, ol E A SAAe 94 dlm
A A ololA Ul EAo] o =Hgu Leje}
€ 3em ASE Al o4t AR A9 kA
ol o gk BT Aol WlFol vehd FAsjel 4
F e}
3) AT o4 F Az wAH 2oF Held 4

3 A zxF5

FAR wtal o] (Digitaria sagusnalis), WIEH ¥
FAW) (Cyperus amuricus), BEHRES =lotf
(Chenopodium album), 28] & (Portulaca olera-
cea), T el E (Centipeda minima) &)
o 10%9 MA2AE 3FE £Foe Hesld K
R AEF ojgt HelTo v &F AEsho
el @zt 8 33 2k Benefin, simazine,
atrazine ¥ simazine +atrazine & =9 A
2l FFA uldle], wbEAhd, #obF, ¥ E,
FHztEE 5 FAEF BT 90100 %9 %=
sz g%t Lenacil 150— 250g/ 10a #
FoFgol Hold+ A8 wAl= A ¥gto v Fe}
FAZ2FE 93-100% kAl =lgl 27 bentazon 200
~600g/10a °FFel4 dldllo]E 79-90% A
o 7t 252 A wAs = Napro-
pamide 200- 400g/10a ol uleho|o} ut
FAE 100% WAt e FdFa s A W
Asta Betdck 2 29 2 ¥l napro-
pamide +simazine 100+ 200g/10a kel A &=
ZTAZ2F 250 st 90.4 — 100%4 %
Age el ={ Triclopyr & 954 9
Hv] 5L A9 AT + g3 2} napropamide £
Zga e geed wEAdE 82— 100%7F 24
2 30-44%7F WA "k £ A" 2

- 190~



Table 3. Weed control treated with preemergence herbicides in turf

Weed control rate(%) to weedy check

Rate
Herbicides g/10a Grasses Sedges Broad-leaves
(prod.) D.s* Cy.a Ch.a P.o Cm
Simazine 200 95 100 100 100 100
5‘(;“;;‘“ 300 100 100 100 100 100
400 100 100 100 100 100
Simagine + 200 100 100 100 100 100
A: n 300 100 100 100 100 100
azine 400 100 100 100 100 100
Lomacil 150 92.7 100 0 100 100
80’;’;‘ 200 96.0 100 0 100 100
250 99.7 100 0 100 100
Bentazon 200 79.0 100 100 100 100
ZO!
sowe 400 86.4 100 100 100 100
600 90.0 100 100 100 100
Atrai 200 90.5 100 100 100 100
47“5‘:‘: 300 97.4 100 100 100 100
: 400 100 100 100 100 100
Napropamide 100 + 200 100 100 100 100 90.4
SOWP + Simazine 150 + 150 100 100 100 100 82.1
SOWP 200 + 100 99.5 100 70.5 64.5 78.4
200 98.2 100 0 0 0
Napropamide 300 98.2 100 0 0 0
SOWP 400 99.3 100 0 0 0
Napropamide 100 + 200 96.1 82.2 100 43.7 100
SOWP + Triclopyr 150 + 150 96.6 92.4 85.3 34.6 87.5
43.8L 200 + 100 95.9 100 80.2 30.2 75.2
Trie 300 953 0 100 0 100
4;”8;"’“ 400 94.4 0 100 0 100
. 500 95.9 0 100 68.5 100
Benefin 1500 99.2 100 100 100 100
19450 2000 99.4 100 100 100 100
' 2500 99.6 100 100 100 100
Weedy Check - "0 0 0 0 0
* Ds : Digitaria sanguinalis Scopol Po : Portulaca oleracea L.
Cy.a: Cyperus amuricus Max. C.m : Centipeda minima Al.

Ch.a: Chenopodium album 1.
B2 %o FAL WA gAAE Aol oy
sk ARz ARl Aol A FIMEY
A #o| ok&t napropamide ol 4EF I Fo} oF
HME BN 9ste AT dF7F Lot
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Table 4. Lawn growth and weeding effect treated with postemergence herbicides at 0.5-1.5 leaf stage of weed

Rate Growth rate of turf(%) Weeding effect(%)
Herbicides g/10a o
(prod.) z P s2) Ec Ds Ca K.
1000 97.7 92.3 97.4 98.4 56.4 0 84.6
MCPA
o 51 1500 98.5 93.0 93.6 97.6 572 0 92.3
' 2000 99.8 91.4 04.3 100.0 61.6 0 100
- 1000 102.6 97.4 103.6 92.0 56.4 0 100
L 1500 96.3 99.0 98.1 97.7 84.6 0 100
2000 96.1 98.7 98.0 99.6 83.2 0 100
Trimac F 600 99.6 93.7 99.8 84.1 74.0 0 100
4; ’8“7“; 800 98.5 91.0 99.2 93.5 80.1 0 100
: 1000 95.5 90.0 99.4 96.6 88.5 76.3 100
Simazine + 300 68.1 0 0 98.2 28.9 0 100
Atrazine 500 57.9 0 0 100.0 83.8 439 100
(40 + 4) WP 700 29.6 0 0 100.0 91.3 68.4 100
i 200 106.6 101.0 98.3 96.1 63.1 0 100
Dicamba
oL 300 102.3 100.7 94.5 94.7 65.3 0 100
400 99.1 100.0 94.3 98.9 73.3 0 100
T 300 105.0 420 46.9 57.6 73.9 0 100
43 8:"“ 400 101.6 37.8 425 63.6 76.5 0 100
: 500 99.9 433 23.4 80.2 772 0 100
e 300 100 100.4 100.8 427 82.2 0 85.7
SOE""“’" 600 100.5 100.7 100.5 71.9 82.9 0 90.1
900 95.2 100.2 99.9 80.4 100.0 0 93.3
600 103.6 99.4 102.0 90.7 63.5 100 0
Bentazon
owp 900 101.2 99.5 101.2 94.3 69.5 100 0
1200 101.5 96.9 100.9 98.2 82.0 100 64.1
Benefin 80D + 200 105.7 100.5 1003. 94.2 83.4 0 77.4
19.4EC + 600 + 300 102.8 99.9 99.4 86.9 81.9 0 80.5
Mecoprop S0L 400 + 400 101.5 100.5 99.5 86.0 83.5 0 81.3
Benefin 800 + 150 103.0 100.7 101.6 91.4 80.2 0 100
19.4EC + 600 + 200 106.8 100.0 99.6 95.8 79.8 0 100
Dicamba 50L 400 + 250 106.3 100.6 99.6 932 73.8 0 100
Hand Weeded - 100 100 100 100 100 100 100
Weedy Check - 86.3 84.7 83.5 0 0 0 0

a) Z: Zoysia japonica Stead.
P: Penncross bentgrass

§: Seaside bentgrass
b) E.c: Echinochloa crusgalli Beauv.

T 4F9 Azel sl Held F oA 4S5

AZESHE A7 Ao L ash 2

D Ay 4%

Mecoprop 300 —900g/ 10a, bentazon 600 —
1200g /10 a, benefin + mecoprop 800 + 200 g,

D.s: Digitaria sanguinalis Scopol
C.a: Cyperus amuricus Max.
K.s: Kummerovia striata Schindler

600 + 200g, 400 + 400g/ 102 % benefin +di-
camba 800 + 150g, 600 + 200g, 400 + 250¢g/

10g 8 AFTFF 504 3F2 FAAA A3t
o 99% ol4e & A&EL dehyesh 2
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ok oA 72-86 %4 9A-gR wlwmE FL&
Ayl WEel g WA EFE bensulide 7+ o}
25 100 %9

simazine, lena-

zine = triclopyr,

wAgolglch €Y wAAdE
cil, benefin, bensulide, triclopyr Zz¢ 3
2ol A 223 napropamide + simazine 100+
200g 9k 1504+ 150g/10a Fekel| A L 4slgm,
napropamide = 35— 64 %2} {EHRF WA &L
e} © ™, napropamide + triclopyr Z% e} p-
endimethalin ¥ A$£ zZ79 3xjz o %
A4 92-100%9 $% AE Jeby ok

#5172 triclopyr 7t AdA e aaul g
Roe2 pastgon £ AY A A& HEA 9
g4 2] AnE 24 Jvehvdm J&g o+
g ek
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Table 5. Turf growth and weeding effect treated with preemergence herbicides at spring season.

. Rate Growth rate of turf(%) Weeding effect(%)
Herbicides g/10a
(prod.) z P s?) E.c Eric ks
Simazi 200 101.0 85.7 82.2 85.5 100 100
Sg“v:;me 300 99.6 65.5 76.2 92.5 100 100
400 99.5 40.1 73.1 92.6 100 100
. 150 105.7 91.2 92.1 76.7 100 100
Lenacil
SOWP 200 104.8 88.1 91.4 83.8 100 100
250 104.0 87.8 91.8 85.9 100 100
Bentaz 200 104.6 105.8 103.5 72.4 100
SS:V; on 400 102.7 101.2 103.7 81.8 100 0
600 101.9 101.1 102.9 85.7 100 0
Napropamide 100+200 100.7 73.7 72.5 89.9 100 100
50WP+Simazine 150+150 100.8 90.2 86.3 88.61100 100 100
S50WP 200+100 104.9 98.6 98.7 96.5 100 81.2
N " 200 107.8 100.9 100.2 98.2 100 354
5;";’:"“"' © 300 107.1 100.8 100.3 98.2 100 58.3
400 106.5 100.2 99.0 99.3 100 63.8
Napropamide 100+200 101.5 103.7 102.7 96.1 100 100.0
50WP+Triclopyr 150+150 103.9 104.5 98.4 96.6 100 98.9
43.8L 200+100 100.9 104.7 98.3 95.9 100 95.1
300 104.0 105.2 103.8 100 100 90.3
Pendimethalin
;":é? 400 103.6 105.7 103.1 100 100 92.1
T 500 103.6 105.7 102.7 100 100 95.7
. 1500 107.8 106.0 103.4 100 100 100
Benefin
19.4EC 2000 103.4 107.0 103.4 100 100 100
’ 2500 103.4 106.5 104.5 100 100 100
. 1500 103.5 107.5 107.8 100 26.6 100
Bensulide
SOEC 2000 104.7 105.5 106.1 100 51.6 100
2500 100.7 105.0 104.2 100 69.4 100
. 300 104.3 102.8 105.7 95.3 100 100
Triclopyr
4381 400 101.7 101.5 101.5 94.4 100 100
’ 500 101.5 102.6 100.7 95.9 100 100
Hand Weeded - 100 100 100 100 100 100
Weedy Check - 90.4 84.1 85.2 0 0 0
a) Z: Zoysia japonica Steud. b) E.c: Echinochloa crusgalli Beauv.
P: Penncross bentgrass Fri.c; Erigeron canadensis L.
S: Seaside bentgrass K.s: Kummerovia striata Schindler

4. B EYME HMEE o #ceol MR ualis ), NEOVE (Poa annua) LI HEIE HEl

9 Mxso W o) (Capsella bursa- pastoris), BF (Stellaria
b WS E dudd F2E wAES] Seke media), HEVE(Stellaria uliginosa), A }Ev
e 3 Es RAR HES SAE(Aopecurus ag- B (Cerastium caespitosum) 5 65 & 4oz 10
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Table 6. Turf growth and weeding effect treated with preemergence herbicides at Autumn season

Weed control rate(%)

Rate Growth rate of turf (%) G
Herbicides g/10a rasses Broad leaves
(prod)  Z P 2 Aa Pa C.b S.m S.u c.b?
Simazi 200 1035 66.1 59.7 100 100 100 100 100 100
Sg“w“;m 300 97.3 40.8 295 100 100 100 100 100 100
400 94.9 36.8 0 100 100 100 100 100 100
Lenacil 150 107.2 70.8 72.1 97.7 100 68.5 100 973 100
83@ 200 1065 52.8 71.6 98.9 100 88.8 100 100 100
250 1042 487 457 100 100 938 100 100 100
200 1015 98.4 100.5 7.2 12.9 97.4 68.8 99.1 99.1
Bentazon 400  100.9 97.2 100.3 79.3 208 100 73.9 100 100
sowe 600 1002  94.6 1005 923 213 100 100 100 100
Napropamide 100+200 101.4 49.9 46.7 100 100 100 100 100 100
SOWP+Simazine 150+150 102.3 46.2 784 100 100 100 100 100 100
S50WP 200+100 1029  104.6 88.4 100 100 100 100 100 100
) 200 107.4  103.6 103.2 96.4 100 0 128 100 100
Napropamide 300 1049 1035 101.3 97.2 100 0 31.8 100 100
sowe 400 1014 100.4 1008 100 100 0 750 100 100
Napropamide 100+200 1053 1034 101.6 96.4 100 100 210 100 100
SOWP+Triclopyr 150+150 106.8  102.4 104.2 94.7 100 100 385 100 100
43.8L 200+100 1025  100.3 100.4 97.7 100 72.8 19.8 100 100
. ) 300 1055  102.7 104.5 63.7 74.6 84.6 99.3 100 99.7
Pendimethalin 400 1076 1004 1023 753 753 965 100 100 100
31.7EC 500 107.3  104.4 1023 91.9 925 988 100 100 100
] 1500 1063 104.4 104.6 86.9 100 0 21.5 80.5 79.9
Benefin 2000 105.0  101.1 103.0 88.7 100 33.1 84.0 88.3
19.4EC 2500 107.3 1004 1018 922 100 0 368 971 910
11500 106.8  103.4 101.8 93.8 90.3 0 88.6 99.0 99.0
Bensulide
2000 103.0 1029 101.5 96.6 90.5 0 9.1 100 100
S0EC 2500 1013 100.3 1015 100 96.2 0 100.0 100 100
) 300 1039 1004 104.8 62.6 61.7 100 95.0 96.9 100
Triclopyr 400 101.6 100 101.8 79.6 80.7 100 96.0 96.9 100
43.8L 500 1025 986 101.8  85.0 90.8 100 99.3 100 100
Hand Weeded - 100 100 100 100 100 100 100 100 100
Weedy Check - 86.4 80.1 87.1 0 0 0 0 0 0
a) Z: Zoysia japonica Steud. C.b: Capsella bursa-pastoris Med.
P: Penncross bentgrass S.m: Stellaria media Cyril.
S: Seaside bentgrass S.u: Stellaria uliginose Murr.
b) A.a: Alopecurus aequalis Sobol. C.c: Cerastium caespitosum Gilib.
P.a: Poa annua L.
39 AzxAE 34% vFoe d 2A A Az A ¥ U =zt &g Aol v

o8] 4-%3 AzE3E T 6o ebglch
1) Al 4%

3 aels A8l A+ simazine 400g/10a AF
ol Aul 5%PEL 4§ FLt Vel
28 FAE BT A elokgel] gAY el RITE
2 oA 3 HEFE vebdd z2edL WED

I %9i=k % bentazon, napropamide, napropa-
mide +triclopyr, pendimethalin, benefin, ben-
sulide ¥ triclopyr = # e 4% FF44 2
o] Wl E g za 3t JKgo] WITE vlsld <&
7k =3t} Simazine-& 200g/10a <A 400
g/10a dZFeg, 7223 lenacil & 150 g oA
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250 g .2 okgke] M@mMEHA A §o] A 4=
o] 3, simazine +napropamide 200 + 100g/10a
B8 el penncross WE LallLel A= 4
Sgo] Ego} 150+ 150g/10a FF3 100 +
00g/10a TPl A 25 WETWE ZF4
|34 7F doisk

2) AMxis

Simazine ¥ simazine +napropamide S &HEE =
Z okt fE A FAET 6 Tl Hd abA Rl
100 %olg L, st ¥4l dAe 2T =ekd A
255} BES AolE vehdleh Lenacil 2 150
g/10a AF offl A Wolo] dal £4 deix:
38 Jelyoel 200g = 200g/10a oA
= 89-94% 459 & WAEAE ¥ =2
53¢ 2% dMAE 98-100 %2 =HdEt wA
£olgith Bentazon® RAM FE FAE A
A 71-92%9 wAFolg T MTotEA HHA
t 13-21%9 #HE aage EET H9FH
sled 200g/10a5 400g/10a ka4 70 -
74%° Aol et WEL 100% s
uba]-go]gicl Napropamide ¥+ 200—400g/10a
Fek 4 el wAE 4 dldn HEY R
5 ofF gHEg o Al 3 P i ARl
el A= 96.4 —100%2 4A EE 7P YT Ne
propamide + triclopyr & =¥ g &7t A
9 #apsty JlEek 235 A A 100 %ol FAE

uhA &8 el 2, pendimethalin & 500g/10a
obefol] A BHE3 wbAgo] 92 %% Ekot olmTh
o orge A T5%H =Y TP Fodel o
g uAl &2 85— 100 % $-akHch

Benefin & A\ £ olF WA &3l 100 %ol 20
Yol #EHtS velym d%e o &3k 37
% w=te] WAl g2 @ e slet SAE, W
EFuUE 9 AU uZel dlAEs 80 - 97 %2 uA
£2 Jebyck Bensulide & #olE whAsA *
slge vt Jet 25 89-100 %7 WAE T t-
riclopyr & 323k d8] 62-91% HHe a7
gort Fodof] AL 95— 100 %] =HHF &5
£ 34k

5. o] {KERMAC! FEMRUE M A Mol &3t

—g A2 AxotHEd FHLE F2E YA
9l sted gFF el (KRRl JEEEH A 2A para-
quat ¢} glyphosate & 3 4% =Fo2 Hzdld
gt AA L3 AxgaE el Ak &
73 72 u} paraquat 200g/10a = F ¥} gly-
phosate 300g/10a ®@E A0A4E ALY 4
S0 BITEE $%et el dfe] Frl=l=dA
T oA BRE 2-05%AEY 457347 gk
AzaE 24 i Fx AxtEd HHAA
T ok Fs] 100 %9 2 A ESE debd ek
Paraquat += 200g/10a 2| <A 57 & (Tri-

Table 7. Turf growth and weeding effect with non-selective herbicides at dormancy of turf in late autumn.

Weed control rate(%)

Rate
Herbicides g/10a Growth rate(%) of Annuals Pernnials
(prod.) Zoysia japonica
Pa T.R Aa  Cj MY
Paraquat 200 101 100 70 34 52 63
2 5<II~ZC 300 96.7 100 85 57 59 77
’ 400 90.5 100 90 73 81 89
300 102.4 100 78 41 57 70
Glyphosate
30.5EC 600 98.5 100 92 62 64 79
: 900 94.7 100 100 71 79 91
Hand Weeded — 100 100 100 100 100 100
Weedy Check - 72.5 0 0 0 0 0

a) P.a: Poa annua L.
T.r: Trifolium repens L.
A.a: Artemisia asiatica Nakia

C.j: Calystegia japonica Choisy
M.s: Miscanthus sinensis Anders
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Table 8. Injury of Zoysia japonica and weeding effect by pre- and post-emergence treatment in turf field.
Weed control (0-4)b)
Rate Injury
Herbicides g/10a © _4)3) Annuals
(prod.) - Perennials
Grasses Sedges Broad
leaves

Simazine 300 0 4 4 4 3
Lenacil 200 0 4 4 4 1]
Bentazon 400 0 3 4 4 0
Napropamide + Simazine 200+100 0 4 4 4 1
Napropamide 300 0 4 4 3 0
Napropamide + Triclopyr 100+200 0 4 4 4 2
Pendimethalin 400 0 4 4 4 0
Benefin 2000 0 4 4 3 0
Triclopyr 400 0 3 4 4 1
MCPA 1500 0 1 0 4 0
BPA 1500 0 2 1 4 1
Trimac F 800 0 1 0 4 0
Dicamba 300 0 2 0 4 2
Triclopyr 400 0 2 0 4 3
Mecoprop 600 0 1 0 4 0
Bentazon 500 0 2 4 4 0
Benefin + Mecoprop 600+300 0 2 2 4 1
Benefin + Dicamba 800+150 0 3 2 4 1

a) Injury scale (0-4): 0 = no injury, 4 = 100% injury

b) Weed control scale (0-4): 0 = no control, 1 = 1-25% control, 2 = 26-50% control, 3 = §1-75% control, 4 = 76-100% control.

Sfolium repens)s) A& T0%2 VAL ety
o]t} & oAM= 85— 90 %9 ukA|golgle
W % (Artemissia asiatica)+ | F(Calystegia ja-
ponica) o A £ 300g/10a o|5te] kel 4
60 % vl ukel EiHE aAAT 400g/10a 2FEalA
70— 80 %2 WA golgdct M (Miscanthus sin-
ensis) o] A E B~ FHEAA £ab & Fa o
g o gy £4 22 63-89 %0 WAEE
bl el & glyphosate & 57]%¢ whA| §o] 92
-100% 2 E¢tor 7l el 2F sl A= para-
quat & FYE AFY F3E vetyot 1 A4S
£ paraguat 2ol oA Fobch mMubR o g FAYF
A BT &7 Fol v} o4 WA gucl 3 A%
o] gAlgo] e Aoz eied ole Ar]
AE77F 4-109]502 %3} wjFe] 21092
# vtk &rlelg ot ExEFolY A Fz
3-11¥3 4-119ogemd A HE A7 A
o198 kA4S mHsld A Fuslue ot 22
114 25401507 wiFol &} wlE FRo] AY
RIEEE Abele) A2 SEe) sk, BiTol Mo &

s 3ol skt Rolzh ARk

6. ZTAANH &t

Azf3Re H7-2 A8 BFEES A AL U4
qod Fuld HFE FAY T 4l EEE 4
At B F obg 72 AY FBRE A
FER == 1@ AHEN 1059 K KBH oF
£ Azl 2 A FEIY 5L Hug ¥
ZHeE ok Az E e g e 3 83 7
123

E 8elA B whel zro] Aol wig) S F
A kAl 19F BT Aol S+ glgion, Axiss
Hukd oz & o EokxeElAlsl AFAH A 2
Fotrk LHIF EEEAE HWRS 29 bentazon I
triclopyr 2 400g/10a AMEFNA —FE4&£ K
AR HA] AR PAEe] F L simazine 300
g 7 benefin 9 bensulide Z 200g/10a <%
of A EIE HES A go]l 4 W2yt sima-
zine, lenacil, napropamide +simazine, napro-

pamide + triclopyr, pendimethalin & RAH
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4 B Aol A AA $F3EAS YFAR
o il Ade FAYA =2F 5% A adE o
Bt i, HFEE EHo HH A+ simazine 300g/
10a eeld 51-75%9 FTas Jehyg 2
Zle} FAGAE £t #HBIADL AY ok
W, RERBEREE 29 FTANA 25 39 F
Zo A ¢3lgioy —FE GEp)e o
814 & bentazon 7t &Y 3 UAIHE etk
KAER #ESA o)A benefin + mecoprop, bar
efin +dicamba 7} 51— 75 %< WAEZAE el
T JlEl A HelAe #HEYg £3E RolAY &
FH71 A9 gk chdd Aze A AL dicam-
ba 7} thad A EZHE BPL Holglith 4
oz 2 o N2AY A A A A2A
ol £& AEZAE Yt ot & 2AA4HAA
£ oolue 493 Wzl AaE nged o9 2
o] E3tatolzt vix = AL A FA4 Fx 4
|76 Aol7b g7 aFoz A= ZTIHE
71Es] A e & BEXEPIE wE &
BE 9T o) aFd

i L 2

2 dFade Aol Az aAE felAoln &
Ax oz P&l A5 By REMY AU E8
BRE Hd 378 B30z FR AzxAd BE
AzA HE, BE =& #Aash] 2159 AzA
o oiste) R Aol 2 ¥z BHR A 1F 2
2l A & LHEE 18 5L Aoz i o4
F 44 F ¢ 2549 F A2 uekd Helg Yk
I =3 Az 44 F AdH =UE AAEsieH, A
Aol wel HAste F2E S 45 B, s
£ 9 2] kiREH A2AE el o}
A A€E 3l DA g 4% 2
k) AxEAE A= v 2 FAE s
o g 7o

1 & ofdl & 49 £ 9 254 F Held4
FF el el 259 WEIH Zel kA dAF =
oF4] U <k%2 napropamide 200 —400g/10a p-
rod., napropamide + triclopyr 100 + 200g, 150
+150g % 200 + 100g, triclopyr 300 —500g,
benefin 1500 — 2500g ¢l¢lel. Simazine, lena-
cil, bentazon 2 #WE 1 Lol & B4 4 & F4

g e gF el Pashdsh

2. Simazine, benefin, napropamid +sima-
zine o] LR WERH 2% Axiae vl
of, g4, JolF, A E, FoistelE 5 4
2% 25 A4 S48l Lenacil & = o}
Fol A A A3 Zast §093, napropamide =
Fedel]l A, triclopyr+ WE<HI au]Ee
sl A, bentazon-S wleolel welA] kzhe] ME
7F AR 2 oA BE Zlet FAEF oF gk
A i+ $3t9 2k Napropamide E& triclo-
pyrol simagzine & MAREH & o A2F= 4
5 9l

3 TEAEM T mecoprop, bentazon, benefin
+dicamba, benefin + mecoprop £ #lE T 2o o
ste] kAol At @Al dE A& A E
simazine + atrazine & MY FTAA G A =
7 a4E F dd=k

4 EREEM 5 oo A§ &3+ mecopropH
triclopyr & A& % FAYA 2% 85~100 % 2
& WAl Rolgleh ubdole) M= TAUYA =
T 60-85% WA 4AEE Jehdx, wFAle]
o i3] A= bentazon=nk 100 %] uhal-8-8 ¥ gt
w) §&o o8] A+ benefin + mecoprop 7HERE &
35 ety g # Jlel oA 2F 90-100%Y
T3 Z34EF Jeby

5. 34 1%k WEMWE T Fd P&
simazine, lenacil, napropamide +simazine # 2l
o4 WlEadast tasign 7er HeldAdEs &
A 3F 25 $2 4 8L Jelich AHag
3= lenacil 3} bentazon o] 3o =& 4, bensu-
lide 7} =}&o] w814, napropamide 9} bentazon
o] wlF ol A 2z Kl ¥ et Au
o4& 85-100 %9 4% UA&L vebych

6. A Eokd FdMeldAde Ay gL B
o Aelgt Axpe} fAlstgleh A FAFAE triclo-
pyr 7} ol 34, bentazon 3} pendimethalin
o] A EopEe] AMA chd dojzl Amgich E
o) A xA 3+ "e)7t napropamide, benefin, ben-
sulide o] ol#l 4 = @S ndx HE s
A napropamide, bentazon, napropamide + triclo-
pyr, benefin & &3s} WFgtel S5 UEs H
EUEE ZA%A 254 80-100 %7 A=Y
=

7. AR kiR AEA A paraguat F gly-
phosate 8] Refe] gtk Ul = Pgdck —F4ql
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8. FAYA 19F =¥ gFae] T4 o
M gk g doldl A AdAHA 10F
25 ohdded ddfde mdt A dA #HHE
shov 1494 Adzde ¢35 SAZAE et
Wekh xR W F 2-397 HedA FAlA
5 BdRad dstd % 425395 ey
2 7let ohd4g o i sttt Eh]el o
F 4z ase WESA T A ddeh
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