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Research Article Weed & Turfgrass Science

Weed & Turfgrass Science was renamed from both formerly Korean Journal of Weed Science from Volume 32 (3), 2012, and formerly
Korean Journal of Turfgrass Science from Volume 25 (1), 2011 and Asian Journal of Turfgrass Science from Volume 26 (2), 2012 which
were launched by The Korean Society of Weed Science and The Turfgrass Society of Korea founded in 1981 and 1987, respectively.

7Ix|.|l:-|13 |_|-§-§I'13 7=I9§§.:-1 . _T'_?gj'.j'l . xl_l-.ﬁl.Z . §}7|§|-2 . __I.I.A-II|2 . iII-IA-Il* . HF7|%3*
1313l etd 19l XSANEZDATAY | 34114, HAFIA] FAF /A Z 141
AF)EATA, 34141, WAFIA AT F8HE 125 A F AT vlo] oWl A AlE 3115
3Zdisty A S8k, 34134, NAFGA] AT 2 99

The Influence of Adjuvants on Herbicide Activity of
Streptomyces scopuliridis KR-001

Jae Deok Kim"’, Hoon Tak Sin'’, Young Sook Kim', Young Kwan Ko', Nam Kyu Cho?,
Ki Hwan Hwang? Suk Jin Koo? Jung Sup Choi'*, and Kee Woong Park’*
'Eco - friendly and New Materials Research Center, Korea Research Institute of Chemical Technology, PO. Box 107, 141,
Gajeong-ro, Yuseong-gu, Daejeon 34114, Korea
’BVC #311, Korea Research Institute of Bioscience and Biotechnology, 125 Gwahak-ro, Yuseong-gu, Daejeon 34141, Korea
’Department of Crop Science, Chungnam National University, Daejeon 34134, Korea

ABSTRACT. This study was conducted to investigate efficient adjuvants to increase herbicidal efficacy of metabolites from
Streptpmyces scopuliridis KR-001. Commonly used 21 adjuvants mixed with the metabolites were applied to eight weed species (six
grass weeds and two broadleaved weeds). Based on the visual evaluation, two adjuvants, LE7 (Polyoxyethylene lauryl ether) and
EP4C (Sodium bis (2-ethylhexyl) sulfosuccinate), were selected as most efficient adjuvants to elevate herbicidal efficacy of the
metabolites. Higher efficacy in the LE7 and EP4C was obtained when overall spray volume was 2,000 L ha™ (65 pg a.i. ml™) than
1,000 L ha' (130 pg a.i. ml™). Field study demonstrated that 1,300 ug ml™ of metabolites from KR-001 applied with EPAC at
concentration of 2 ug ml™ provided a highly effective post-emergence weed control which was almost equivalent to the
glufosinate-ammonium at 540 g a.i. ha™'. On the basis of these results, combination and multiple application methods could be
developed to enhance herbicidal efficacy of metabolites from KR-001.
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(Duke et al., 1996; Duke et al., 2000).

Streptomyces 45 EJFob= WA T TF
&3 221 AL Aee ] dieel SR, AkiA
ol A A4S Wae B3 th(Joseph et al, 2012). A
S7HA At 2R Y BElE A2gd 249 dee
Streptomyces actinomycetes’} AA¥51= anismycin, Streptomyces
viridochromogenes7} *§ AF31+= bialaphos (Bayer et al, 2004;
Duke et al,, 1996), Streptomyces albus subsp. chlorinus NRRL
B-241087} AJAFSl=  albucidin  (Hahn et al, 2009),
Streptomyces viridichromogenes@} Streptomyces hygroscopicus©]|

Lo
Ay do

A &2 ¥ glufosinate-ammonium (Hoerlein, 1994) 5-°]
Aok Wb # ATHE s, Ao e 77t
Aot T = HAAG o2 ARSAYS 2= fag

=
AEAS Hets AE ] e e, 1 Ayt
Streptomyces scopuliridis KR-001 w55 2r=3} ¢t ESH
gk 0] wjglS AR oA F=aftFof dis) 4
323 A =2 Az RIskela, 24 2Eskal &
A= S ol FagAdEdS gkt o] & &
7zl ZhAEb T A ol it AxEAdE
gRelskelar, =8 2bzof gk ofsiAld 2 Fall KR-001 +F
T HjFH2 BB Al 4SS Uil = A2

o135}t (Lee et al, 2013).

ghd, AzA= FaFXIA (adjuvant)E 3 7sk= A o]
AHEA 1, o] adjuvanti= AFZTi4} 3O gt FaZd
=30 F2p, 2&HA 2R, 5T, o3 SOl FFE v|HA
s=Aor oaE ST HHoR AREHE S
A stch(McWhorter, 1982; Van valkenburg, 1982). 2F&a 571
A2 dH A HZA = alcohol, alkylphenol, sorbitan,
alkylamine®] polyethoxylate@} organosilicone, mineral oiliF
7} F5E o]F1 QO (Gaskin and Murray, 1998),
polyethoxylate®] 7= G121 ethoxylationd=o]| 2 HLB
(hydrophilic liphophilic balance)ol] Wz} &1}e] 2jo|& X
o]t} (Reekmans, 1998). YHlx o2 d7| 0] alcohol
ethoxylate 7|52 A F919 Zolof M4 7919
ethylene oxide F-71-&<=of ufel Abolst a5 YeERj =2
7 gaghy el S0l tah 24 23S 2= 2o) F
235t} (Aven et al, 1998). AJEH Q] IFo|PAJ2 A=z
Q] eFaE o= 543 921 = dlto|tt. Glyphosate,
glufosinate-ammonium 5 WHE9] A 2A|l= AEA4 Y=
& ol Elo] 2RgHe) =T 4= Qlojof AlzaArt
AL E3F Gz DA ojuAY BlEe] & A7]=
oFA 9] A foll= 5 AF A AR Yol AlEA ete =
AEEA FozN off A&7 A = Ut 59
¥ FHORREO JEAL T2 AR B4 A

o

Aol sl 2=t ol= FeFe] ATl oA o] &

(e}
adjuvant Fajo]) o242l 7122 Algeiol M| 2L
Zrop il ARgS A Afsket sast g & A
o2 7]tiEcH(McWhorter, 1982; Van valkenburg, 1982).
B Q7 KROOL 5 wleolo] 2140) A224e o
T Q= A7t adjuvants AWskal, AHE adjuvant
Fom ZHEANAY AFH7IE S8 A A=
87154 SeleknA Saalsict.
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KR-001 &3 koY

Alslof AME3E 2 2]9FAl= Bennetts medium (1% glucose,
0.1% yeast extract, 0.2% Bacto-peptone, 0.1% beef extract)
o A 28, 170 rpm o2 77} ZakA T ujoFst KR-001 H
oFolS 7}oReZ7] (EYELA SB-1200, EYELA Shanghai CO.,
LTD)E ARS8t 108 (viv) E53F & ARE3IITh 53
A ore wiopolo] E3HE §AIHBAY FEE B
130 pg mI" 0 2 wjobgh njuict ghaake ulHat 2fol7t 9)
ATH(Lee et al., 2013).
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SETIE 28t adjuvant M
Ag o] ARESE 215:9] adjuvants= G SHAH T2 E
&F Hrop ARg-5Flom 108 (viv) E5E KR-001 B FeH

2T 2pg m'7t HE2E A8 T Adjuvant A
9kS 3l 65 (&3 (Echinochloa crus-galli), W}l ©|(Digiraria
sanguinalis), F| 2L Z (Alopecurus myosuroides), T HZ
(Loium perenne), M3EOFE(Poa annua), WM E 12k (Agrostis
palustris))?] SHEI} k20l 255 (R1E (Aeschynomene indica),
T wule] (Xanthium strumarium))Q] FJLZE 350 cm’ =
g aE AZbEEO| mEste] &4 % 71(30/2045, Light /
Dark=14/10 h)ol| 4] 21947t S5k 3iT). o] & ZEY A&
WS Qlgel] 2B} spray booth(F)A BEH L)
£ &-83to] 10001 ha AejgFo 2 ZAYgA ] sF3laL, A
g7} ghae XE= ThA] 2404 747 HEgh Fof oF
BE S¢o R gyxA} ekt

1A} ARrAlS &, 2159] adjuvant %5 EP4AC [Sodium bis
(2-ethylhexyl) sulfosuccinate]2} LE7 [Polyoxyethylene lauryl
ether]o]] thsto] 7S Sa3skGl=tl HHAES 45
(&), vjgo], Zobx|E (Setaria viridis), F| 12| EAE)] o}
Ha} 2429} 58 (332 (Quamoclit pennata), o147 (Abutilon
theophrasti), A%, =10t 7§H]E (Amaranthus lividus))
o] FARIER F/dste] A2 siglem 130 ug ml™7t 260 pg
ml™" 5 7HA] FEollA Fankg-g Rl akqlct. oA
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Tuta])e] wHAlEo| ot Fadke-S Eolslich o &
T2 130g ai ha”' T2 o
= 7}A](1000 L ha™, 2000 L

Myt adjuvante] EEZZ10{A{< —...J.—|°._|
FE 239] adjuvant (LE7, EPAC)E K ool
T EYEAAS| FaS wlom} e@—% eyt
o AHE T R S e A
% 6 stof askler Ixlm 27| 2 2
S }_1_ 652 YAAE(EY, 5 (Sorghum bicolor), H
2 o], 7t (Solanum nigrum), AAAE, 1A H)S 30~40¢
ulE£35te] AGGLE 2 AT TH(Lee et al, 2013). A E= 2
9 adjuvantE 2 pg ml” FE= H74gE ufFat M
A7V8HA] QFaL wjFnt T o 2 A2k AR i
sto] AT o] o vjFHe fFRAAES VISR
260 pg ai. ml'T} 1300 pug ai ml" FEZ 831 o,
22 AGFA|Ql glufosinate-ammoniume: H'5FA| 3
O (540 g ai ha) o2 A5Gl h2ofAE A9
3 WE 279) AL 17810 200 mlo] HeleHe R
OFA: 100 ml) o &2 HE=EAZHo]F AgSt] FEF A 2|5t
A1 443} 79 Zof £oto 2 IR ARSIYI T
R
Adjuvant Mg

M)A KRO01 T3 HjoFote] ok s shoraty] 9]
o 285 FUGEANE SwkDer 632l skt
2(E9), o), ANYEAE, BUE, WETeks, AT
of&)o thsto] oJH adjuvant™= FH7FS}A] QAL HjF Tt
S A9, FRdE 1600 pg ml™ FEoA FAT=

L oPAHEMA| EQA|TE SRy AR = jHE Ado] oFF)
7t Alghol el wiek AASHE 2 ST 4 U3
EHOE A, b K001 st 4%
= el Alglol A
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e Bxa AFo| o]quaq ZFE R 5 Ao ¢§ 2 ]
= adjuvante= JEA, A, ASAHE ST 9T
o] % Q3|t}(Prashant et al,, 2010). w}efa] A1k ufjoFol o

= 7] 3 2159 adjuvants
Elf"P“E 6252 Sy} Fhzof Hisy
A& adjuvantE H7FeHA] QRS wjETh A gHdo] A
HoR A F7KHe 2 ST 4 ATk EPAC, LE7,
LA9, SF90°| 4 iiOﬂ gt B+t A%
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Zo A= Q"ll:j
adjuvant® 2‘475—

HIA B Al zA9 45 AelEd
£ 1000~1500L ha™ A =& HEAsFT 9 th(Weaver et al,
2009). & %‘%‘8 KR-001 w5 HjjoFolio]]
7F A=
A3t Bl

A 5= adjuvant
2w Helaol whet sHAAL 44 SO 5
dxgAo] ojg A Hakst=A] EHelstarat

st Ao AREH EFF 2704 1000L ha™ A
2 AEARAE AdAYEeR AL o 71 A
2 B0 R AAEE 270, 20001 ha' A2 4=
B FH3| 3537 Yol AA == 20|t o]Ake] &+
2o gk AoflA adjuvants F7FsHA] Q-2 A 2] Htof
A s ko] 2ol & 2Rl & = Ut SHE I Zhxof o
St Ao A= F 4111‘* % Azghdo] nlu|shA yEk
U 2ol & &l & 4= GIAT, FHT =z s A3

2000 L ha™ ZZoj|A -,715_5’4' Trmla) o] AbxgAdo] 1000 L
ha' ZAHC ¢ 2719 AL 3ol & 2= ¢Jlt}. T3S LE7
I} EPAC A 2]+-e] Ao A= A adjuvant A AJE o]
Aef o] shEat fhzof disiA HAH oz A2EA o]
ZobEE ATS Uepin Helgel e Ty ol
v wf F3], vpgo], Fopr]EeA= 2 ApolE 4l
S fllo, MarokEe] A9 LE7 A2t 40%° A
30% = o] ol ofA7F ghael Wk, EP4C A
2 50% o 4 80% = Z7}ah AE Walch upebd
2 ATEo® ShE W o] tigt A2 £t = adjuvant
2be) ARAE sfok 3 4 glo] 271 Aglo] e,
Iy FAz gt A= 7 adjuvant B oA
o} wmufzlo] N AeHo] A Z7h o AL sl T
4= Q1%L (Table 2), A AJH 222 Ao =2 H7} S o
2000 L ha™ 2] Z=A0] ujjofelo] oFf o} Adst &= adjuvant
o avE ¢ Y 7 S AoR oFEH
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Table 1. Herbicidal activity of KR-001 culture broth mixed with 21 adjuvants on eight weed species under greenhouse condition.

Herbicidal Activity (% of untreated control)*

Adjovant ECHCG® DIGSA ALOMY LOLPE POAAN  AGRST AESIN XANST Aver.
EP4C 40 70 60 50 60 40 50 60 56.3
LE7 50 60 40 20 70 70 80 60 53.8
LA9 30 40 30 20 50 70 80 80 50.0
SF90 50 40 30 20 60 50 60 70 47.5
NF80 20 70 30 30 50 30 40 50 40.0
PE62 0 40 40 20 50 50 50 60 38.8
Sulfynol440 0 20 30 20 60 40 20 90 35.0
TW20 0 20 40 20 50 40 50 50 33.8
Silwet618 0 50 20 30 50 20 50 50 33.8
CA12 0 10 0 10 10 60 90 70 31.3
TDE7 0 30 20 20 50 30 40 40 28.8
PSB80 0 0 0 0 10 10 90 60 21.3
DOS70 0 10 20 10 0 0 60 50 18.8
TP200 0 0 30 0 40 20 20 40 18.8
DBC 0 20 20 0 40 20 0 40 17.5
COG15 0 40 0 50 50 17.5
Silwet 0 0 10 20 50 50 16.3
LES270 0 10 0 20 40 50 15.0
CAVA 10 10 10 0 20 0 20 40 13.8
TM15 0 0 0 0 10 20 20 10 7.5
DBA 10 0 0 0 0 0 40 10 7.5

*Herbicidal activity was determined by visual injury 14 days after treatment (0: no efficacy; 100: complete control).

YECHCG: Echinochloa crus-galli; DIGSA: Digitaria sanguinalis; ALOMY: Alopecurus myosuroides; LOLPE: Lolium perenne; POAAN: Poa annua;
AGRST: Agrostis palustris; AESIN: Aeschynomene indica; XANST: Xanthium strumarium.

“The concentration of all adjuvants was prepared in 2 pg mL™.

No adjuvant LE7 EP4C

Broadleaved weeds Broadleaved weeds Broadleaved weeds

IPOAN ABUTH AESIN XANST AMALI IPOAN ABUTH AESIN XANST AMALI IPOAN ABUTH AESIN XANST AMALI

Control 130 260ug ml- Control 130 260ug ml~ ontrol 130 260ug ml-

Grass weeds Grass weeds Grass weeds

ECHCG DIGSA SETVI , ALOMY ECHCG DIGSA SETVI ALOMY ECHCG DIGSA SETVI ALOMY
y ¥ l Z, w (i Ny YL . ‘

TR ) / ! T \\
3 LN \
~ \|

;( LN\ < ’v~[ /" \ - ,J:ﬁ . —
Ty P \ [\ ' 4 L)
AN Y . A ’ i X
Control 130 260ug mi- Control 130 260ug ml-'

Fig. 1. Herbicidal activity of KR-001 culture broth with two adjuvants (LE7 and EP4C). Two adjuvants were prepared at 2 pig ml™
concentration. IPOAN: Quamoclit pennata; ABUTH: Abutilon theophrasti; AESIN: Aeschynomene indica; XANST: Xanthium
strumarium; AMALL: Amaranthus lividus; ECHCG: Echinochloa crus-galli; DIGSA: Digitaria sanguinalis; SETVL: Setaria viridis;
ALOMY: Alopecurus myosuroides.

W adjuvant] ERAE BiloIMe| SESH B3 axt Bk B4 AE 259 adjwvantS thoR A
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3] ol A= gi29FA 2l glufosinate-ammonium¥} H] g2 )
) 790 ¥ 260 g mi* A FoIA HARES chole] & TS5 ALEFHE ek Zajola] 2 ojols} ol
o AxEE vehd v SR Fx(EY, e v /\}E_%E} HHH adjuvant LE7& H713E 7 $-oll= g
ol M Azeo] Atj o WA ebgth. T3 7 F 1300pg ml® ATl A S WATAHE Ho
U 7] A adjuvant EPACE X71RE 749 260 ug mI™ A U 260 ug mIT A 2] rof| 4] Shd ) ol gk WA &t
2ol Al St A AvE Bon 1300 ug mI! A FE0] EPAC AP|FET; Ao s oFstA UEkyt
Ao Me A 2F2 100% WASH= AE E3lvh o] t(Table 3).

Table 2. Herbicidal activity of KR-001 culture broth mixed with LE7 and EP4C on eight weed species under greenhouse condition.

Sprayed Herbicidal Activity (% of untreated control)*
volumn Adjuvant*
(Lha™) ECHCG" DIGSA  SETVI POAAN [IPOAN ABUTH AESIN  XANST
1000” LE7 20 20 60 40 100 70 100 50
EP4C 40 50 100 50 70 20 100 30
no adju. 0 0 0 0 40 20 0 50
2000° LE7 40 20 60 30 100 90 100 90
EP4C 40 60 100 80 80 60 100 90
no adju. 0 0 0 0 80 10 0 70

"Herbicidal activity was determined by visual injury 14 days after treatment (0: no efficacy; 100: complete control).

YECHCG: Echinochloa crus-galli; DIGSA: Digitaria sanguinalis; SETVI: Setaria viridis; POAAN: Poa annua; IPOAN: Quamoclit pennata; ABUTH:
Abutilon theophrasti; AESIN: Aeschynomene indica; XANST: Xanthium strumarium.

*The concentration of two adjuvants was prepared in 2 ug mL™".

YConcentration of culture broth: 130 ug mL™.

“Concentration of culture broth: 65 g mL™.

Table 3. Herbicidal activity of KR-001 culture broth mixed with LE7 and EP4C on six weed species in semi-field condition.

Treatment Herbicidal Activity (% of untreated control)"
(adjuvant + DAT
Conc. pg mL™) ECHCG* SORBI DIGSA SOLNI AESIN ABUTH Aver.
LE7 + 260 4 85+7.1 80+0 900 92.5+£3.5 1000 7571 87.1+£1.8
7 65+7.1 65+7.1 80+14.1 100+0 1000 1000 85+4.7
LE7 + 1300 4 9510 97.5£3.5 1000 92.5+£3.5 1000 85+7.1 95+1.2
7 950 9540 97.5+£3.5 1000 1000 1000 97.9+0.6
EP4C + 260 4 95+0 95+0 92.5+3.5 92.5+£3.5 1000 92.5+3.5 94.6+1.8
7 85+7.1 900 85+7.1 1000 1000 1000 93.3+0
EP4C + 1300 4 100+0 100+0 100+0 9510 1000 1000 99.2+0
7 1000 1000 1000 1000 1000 100+0 100+0
non + 260 4 75+7.1 700 55+21.2 92.5+£3.5 92.5+3.5 757.1 76.717.1
7 40%0 45+7.1 50+14.1 100+0 1000 1000 72.5%£3.5
non + 1300 4 700 700 50+14.1 95+0 100+0 700 75.8+3.5
7 500 600 500 1000 1000 1000 76.7+0
Glufosinate- 4 87.5+10.6 97.5+£3.5 900 55+7.1 1000 7010 83.3£3.5
Ammonium® 7 97.543.5 100+£0 1000 100+£0 1000 100+0 99.6+0.6

“Herbicidal activity was determined by visual injury (0: no efficacy; 100: complete control).

*ECHCG: Echinochloa crus-galli; SORBI: Sorghum bicolor; DIGSA: Digitaria sanguinalis; SOLNI: Solanum nigrum; AESIN: Aeschynomene indica;
ABUTH: Abutilon theophrasti.

YDAT: days after treatment.

“Control: standard amount 540 g a.i. ha™.
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Fig. 2. Herbicidal activity of KR-001 culture broth in the semi-field test. A: untreated control; B: glufosinate-ammonium (540 g a.i.
ha™); C: only KR-001 culture broth treatment (1300 pg mL™, without adjuvant); D: KR-001 culture broth with EP4C (1300 ug mL™).

ol2gt Abe He] 14 Fol= X4 Q] EPACE
A713E 1300 pg mI A2 P 279} B obEE 1}
Epick. 5 28 A)7]of) adjuvants A7161%] 9RS: 1300 g
mi™ He] oA AA 717t Fol SR} 22 A s
£ 0] 2l Ho] FaZAL 913 adjuvante] H71= ¥
A "ed Aow wekedrkFg 3). B3t A2 455
ol EPACE H7F 1300 ug ml” # 27 gz} o)
3t ki e e e A7E R

o oF
i) =

H A= EQPYAISt Streptomyces scopuliridis KR-001 T
AFEA O] A2EAHS F7HA7]= adjuvants S]]
off = Qe ZAFE RS Ao A HHA o2 ARESHE 21F
9] adjuvants 8F(FHENIZR 6%, FAHE 235)9 A
Aol Aelstol Azl AiHo F7hE LE7
[Polyoxyethylene lauryl ether]®} EP4AC [Sodium bis (2-
ethylhexyl) sulfosuccinate] & Al¥rstict. Awrd 259
adjuvants KR-001 thAHE A} 9| 8 (B2t = 45,
FaH= 43)Y JA4ES o= At 23t 2,000 L
ha™ (65 pg ai. ml™) A2]7} 1,000 L ha™ (130 pg a.i. ml™") A
T Aol o #A Yebdth B3t 65 (@A g
2 3%, B2 39)°) AA4E fslol £ A5
742 Zalet 27} 1,300 ug ml19] KR00T SJARE o] 2 g
ml" =52 EPACE H715h0] 2,000L ha” X a]efo A
ZA| gjZ2FA|Q glufosinate-ammonium (540 g a.i. ha™)}

53 ok s Bk % AdbH 2%59] adjuvants oA}
o7 523 9 Aot o] A5 AEo mE A4
7] 24 So2 ®Hrp a3FRl aFAl Ve st

2} g,
FER0{: Adjuvant, Streptomyces scopuliridis KR-001,A224]
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