Weed Turf. Sci. 6(3):212-221 Print ISSN 2287-7924
https://doi.org/10.5660/WTS.2017.6.3.212 Online ISSN 2288-3312

Research Article

EQkHMA Actinomycetes G-02992| HI2H0|oj|
CHEH MEHZd AR EM

" 270
. 1 1 1 = 1 1 2 3
21347, I35, 42, QeiRl, 1QE, 47184, 244

Herbicidal Characteristics of Soil Bacteria
Actinomycetes G-0299 to Southern Crabgrass

Jung-Sup Choi'"*, Young Sook Kim', Jae Deok Kim', Hye Jin Kim', Young-Kwan Ko',
Kee Woong Park? and Surk-Sik Moon?

'Eco-friendly and New Materials Research Center, Korea Research Institute of Chemical Technology,
Daejeon 34114, Korea

2Department of Crop Science, Chungnam National University, Daejeon 34134, Korea
3Department of Chemistry, Kongju National University, Kongju 32588, Korea

Abstract

An actinomycetes isolate G-0299 obtained from a forest soil showed strong phytotoxic
activity to Digitaria ciliaris. For the foliar application study, the culture filtrate of the
@ isolate G-0299 showed strong herbicidal activity only to D. ciliaris among the 12 monocot
B, A and 5 dicot weed species. And herbicidal activity at a concentration of 500, 250, 125 and
clckfor updates 62.5 ug mL™" of culture filtrate was 100%, 98%, 70% and 40%, respectively. Phytotoxic

symptoms of the culture filtrate by foliar application were desiccation and burn-down or
bleaching of leaves and finally plant death. And then the herbicidal activity was exhibited

a OPEN ACCESS only under the light condition. Also, chlorophyll loss of D. ciliaris leaf tissues in the light

*Corresponding author: condition was much higher than in the dark condition and then chlorophyll content
Phone. +82-42-860-7431 decreased 82%, 5%, respectively. In conclusion, our results suggest that soil bacteria,
Fax. +82-42-861-4913 isolate G-0299 could be a good candidate for new bio-herbicide and provide a new lead
E-mail. jschoi@krict.re.kr molecule for a more unique herbicide.
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7} mesotrione, tefuryltrione 57} 22 4-hydroxyphenylpyruvate dioxygenase (HPPD) #] al| 4| (Prisbylla et al., 1993;
Schultz et al., 1993; Secor et al., 1994)7} 7HH*H ol M= 28-S 2= AzA o AL A7t gl A elTh
o|ef T2 ol A 7|EL] B 7|&S gsto] A2 7Nd o] AlxA] ZiEe] 8452l §LOH(Choi et al.,

2011), A=°|(Copping and Duke, 2007; Goncalves et al., 2009) 7] = (Bender et al., 1999; Misra, 2005) 5 A
= 7|6t A2 SH AR G o] A3 QLo =i o] -9 Ag7tA] = FEg A ATt BAlE vhe

siot.

HAE 719o] Al 22 TR A S-S 95 A A= 2 ¥ Actinomycetes)©] Bo] 28511 =T, &
5] EoF TS I3} Strepromyces -2 TR £7.0] 22 AR §HAI5H] w ol SHRA - AF 2] =d
oA B AFAE2] TA-E AL AUThJoseph etal., 2012). AT 22 Y EHE Yitet 7HsAdo] 8L
o, 0|23t 7THs S Al 2A SEAA A 917t Al A8 g 71E AlxRAhE e A81AE A
AEHO AL 7|tfet 4= 9)-& Zo]th(Saxena and Pandey, 2001). EQF HHAT 718ke] Al x2A] M Al 2e

Streptomyces viridochromogenes?} /84Yol= 22} thAMHE-& 7|9 2 Sl= bialaphos (Bayer et al., 2004; Duke et
al., 1996)2} S. viridichromogenes®} S. hygroscopicus©l|~ H-2] % glufosinate-ammonium (Hoerlein, 1994) 5] 31

TN EG PAHS B8 A 22 SHAT TS 913 A7 Ee EY HAT 72 herbicidin®] A%
2Hd(Won et al., 2015), S. scopuliridis KR-001 o=+ iR of] OJ8t = WA & TH(Lee et al., 2013)2} Streptomyces
Zof| A 2% =4 methoxyhygromycin (Lee et al., 2003)0] XA A28/ FHAA = A 2] 7Hs/do] Halx|o] QL

11 Fet sttt Yol A= HAE 71N A 284 S RA B B =S Rt AFE ASH R )
Skl Qlet. 0|9 -2 A AA| A FHAA Wy} PElste] Aol = - FHETY, 5, AR B vl A
S A QoA EF A mE AfFcte] EF Al Tha 7] - v oFsto] A eto]| B g & S5kl 9l ‘31 o]
ERYH A2 TEAA @S of Qi 2 A= 5 ol B 2R G-0299 o HlFHS &
o] APATE 5ol 22 E FolA F-L5HA v ol ol tiaiA T Al 22/ o] I B = /S gt A

- A} 9l W35 F ol AT G-02999] A X EAS SRIte 2N A= 2HE HAUEE 2 Al Al ZA|

FRAA WES I AR 2 FEshnA Sastert.

YT 22| L i

HEAE G-0299= S G thd 0] A E9F S 2 B E HV$HA (humic acid-vitamin agar) Bl Z] [0.1% humic
acid (dissolved in 0.2 N NaOH), 0.05% Na,HPO,, 0.171% KCI, 0.005% MgSO,, 0.001% FeSO, - 7H,0, 0.002%
CaCOs;, vitamin B complex trace, 50 ppm cycloheximide, pH 7.0]15 A8-5to] £2] 5199 ™ Bennett’s agar (BA; 1%
glucose, 0.1% yeast extract, 0.2% bacto-peptone, 0.1% beef extract, 2% agar, 1 L water) plate®]l AltHufFsto] &=
HelolAct A8l 2 GSS HAHH 2] (1% soluble starch, 2% glucose, 2.5% soybean meal, 0.1% beef extract, 0.4%
yeast extract, 0.2% NaCl, 0.025% K,HPO,, 0.2% CaCO;)E AF&-51.2. ™ 27°C, 160 rpm 0.2 7L 7 W& ot &
H g ell-& A4-22](8,000 rpm, 15+3)5Ho] A E A ASHEI Y o A& T E=(EYELA, N-1200A)5t{ €44 H7}
£ 9t AP A == AME-SHAT.
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2G{2| A|=2d "ot

AGH Az BHs vlEo) S nEE SR 2 5% 9 7SS TAW AU E 5 1050 422
o2 AL A A FAE AT LULN 100 BLBHAL ABAE AL olict
DEEEE P iau M0 2 BB)AIZ1 5 OFA| ZA|9N(50% OPAIE, Tween-20 0.1% EFH 0.2 FHE 4

2 5712,000 ug mL o] H=% 8142 5o ﬁd?ﬂﬂo} L, FA A2 wIEr A2 10 5
off AFH Sd= 71;‘ © 2 dPFAN0; B3} g2, 100; ATAD S

HjZ4o|oj chst A= Wot

24 Z71(30/25+5°C, light/dark=14/10 h)ellA] 102 F<t ASAI1Z Hl=YolE A2 2,000 ug mL' 5= E
122 345to] 31.3 ug mL! F=7kA] 794 A5t v N 5= *h?& ‘*Zﬂ ZAN(50% O E,
Tween-20 0.1% E3H 0.2 E A5/t HE= 54 ZA|ste] 4D 485t C-PIESAIS PEEUTI T
CHF A Y] 5Y 2 109 Fofl FTEAK0; B} g1, 100; LA ADSHAT

E9H 350 e’ EE] LG ES F7510] AEOE, kel Do), JobAE, B E, TUE, Yol
O, £ 812 8 Hhele] 5 5% e] SIS S S el £AZ A0 FRIalSEck 51 219 ol W el
2 A8 HEAT —%:—E% 2,000, 1,000, 500 2 250 g mL" & 3]4 24| 5}0](Tween-20, 0.1%) ZE & 14 mL O
2 42 F 5AT LU Belstgit. Ael 79 Fol HEAL K02 FRRASL,
20| E A|zgd Hkg HIt

7.

A 38.5 cm’ polystyrene cup®l] THE-5t0] 2 of| A4 RS54 71 HFefo]of] v of o 55 AR 2,000 ug mL!
SEE A5k 20 ml/6 pots F L2 2|7 %0, 1,2,3,4L T AX(25°0) 22 TN b2 2420 e
& Hghoto] Y Fo| 4% A5 Sto s st

20| g =4 otk 02| = F Hot

2z AR v o] A 294-& HF 5t 3 mm® W elo] F - W] 1% sucroseE E ol 1
mM MES buffer (pH 6.8) 7 mL7} ©7] Petri-dishol| 0.2 g2 A4} 3 & 2|2 A8 % 2 2,000 ug mL' 7} = == Hf
F ool 5= AR5 Aokt A T FE7(25°C, 120 umol m?sec™) ¥ AF71(25°C, dark alone) & &2 35}
of Y] stetrt 48417 Fof] Hiscox 2} Israelstam @] B (Hiscox and Israelstam, 1979) ©]-8-5t] G54 gt =
JSFAT. Petri disholl Q= 4 HHES v} Z2sto] A= SEAIA AlH t‘foﬂ 43 10 mLe] DMSO
(dimethyl sulfoxide) & B tha, X702 A2 24417t Tt T3t} o] F4H = 5] =55
o, FFEFEA 7] (Beckman, UV-52)5 ©]-851% 645 nm<} 663 nmol|l A SE =5 —i—@fs}(ﬁ\:}

T G540 F2 thEo Ao g ALtSHIH

19
m&

Chlorophyll (mg/L) = (20.2%Ags5+8.02x Age3)xdilution factor
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=

Ag2| A=&d

Ha] 5 G-02992] B ol 55 A& 2,000 ug mL! Aol 4] 1052] Fxo] et A28 7S
B7HE o A E 5Tl v 2442 Gl 559 2Rt & Foll A & niedolof oA gt Az 2 o] Ui &
= 553 E4o] IE QU tK(Table 1, Fig. 1). ¥l o] 55 Al =5 A2 3 o 7hts, AE, o1#H, =A4mt
2], M 5 559 FFHE Fol ol A= obFd W30l IS, o, &1, WY, vl=7)7 178 5 452 ok
Z Foll oA &= Al 22/ o] W =2 Lot viggolof thsiAITh 100%2] 4% & Lrepylct. Hi=go]of| tisf
A= A2 24A17F o] Ujof] o] 2 %1 F/4fo] I K] 7] Al ZSto] w9 SR AdolgloH, £ AxFT Ao m =AY 2
719 =34 o] W E| )yt Al 7ke] A lghe| whel 9F4 1 AK(desiceation or leaf burn-down) = 1.0 ™, €+ TTALE]
2] o2 A5 AN A ol A= W 2HE4f(bleaching)©] HA =] ATt

Table 1. Herbicidal activity of isolate G-0299 culture filtrate to several weed species in a greenhouse condition.

Weed species® Herbicidal activity (%) (2,000 ug mL™" of culture filtrate)
SORBI 0
ECHCR 0
ELYTT 0
DIGCI 100 CN*
PANDI 0
SOLNI 0
AESIN 0
ABUTH 0
XANST 0
CALSJ 0

*SORBI: Sorghum bicolor, ECHCR: Echinochloa crus-galli, ELYTT: Elymus tsukushiensis var. transiens, DIGCI: Digitaria
ciliaris, PANDI: Panicum dichotomiflorum, SOLNI: Solanum nigrum, AESIN: Aeschynomene indica, ABUTH: Abutilon
avicennae, XANST: Xanthium strumarium, CALSJ: Calystegia sepium var. japonicum.

YHerbicidal activity was determined by visual injury (0: no injury, 100: complete death) at 10 days after treatment.

“C: desiccation or leaf burn-down, N: bleaching.

Fig. 1. Herbicidal activity of foliar application of the isolate G-0299 culture filtrate to five broad leaf and five grass
weed species in a greenhouse condition. Herbicidal activity was determined by visual injury (0: no injury, 100:
complete death) at 10 days after treatment. The isolate G-0299 effectively controlled only D. ciliarisamong 10 weed
species with foliar application of 2,000 ug mL™ concentration (red circle). The representative pictures were taken 10
days after foliar application.
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Hizdolof| Ch$t ==8kS

HljoF ool =2 Al 7 2] 5U F2,000, 1,000, 500,250, 125 H 62.5 ug mL H oA o] v o]of| tjgh AF % 2.&
Z+Z}+ 100, 100, 100, 98, 70 E 40%2 OFF= =5t THTable 2). T2, 109 Fo| = 5LT Al s oA 2+ 10
100, 98, 95, 60 2 40%= A A|7to] ARto| ke o X 5] Lt xS 74 0}7 A EH(Fig. 2A and B). TH,
125 uyg mL' A2 5k oJstf| A= 10 o] Foll= AR A== ZHAI7E E1E] . 0|9} o] G-0299+= HEego
of oA s olEH o2 AxEg IRetqon, o|2|gh AR K HEfolof thafj ATt SolH o g Az
LAsh= 24 AR A& AAtel= A 02 sttt

L

—_

mlo

Table 2. Herbicidal activity at various concentrations of isolate G-0299 culture filtrate to D. ciliaris.

G-0299 culture filtrate (ug mL™")*

DAT

2,000 1,000 500 250 125 62.5
5 100 100 100 98 70 40
10 100 100 98 95 60 40

YDAT: days after treatment.
“Herbicidal activity was determined by visual injury (0: no injury, 100: complete death).

A B

CK(5 DAT) 2000 1000 500 CK(10 DAT) 2000 1000 500

®

31.3(ug mL")

Fig. 2. Herbicidal activity of the isolate G-0299 culture filtrate to D. ciliaris. The culture filtrate showed inhibitory
effects on D. diliaris by foliar application to several concentrations in a greenhouse condition. The representative
pictures were taken 5 (A) and 10 (B) days after foliar application.
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G-0299+= 852 AldthA = Fofl thE Frxof A= §h-g-o] G131 Higolof| ATt =8
ek 2] 79 T ajeF of H B2 A] 2 2,000, 1,000 2 500 pg mL" A 255 ol 4] o] Hiejo]of] Tt A
L5 100% 31, 250 ug mL! A 25 o A 80%% TH(Table 3). 2Lt vlsgo] 9] 759 ShEvhgk 2 of A
Nzg/do] ilom, A 45 3712 & wh-go] QIlt. T3t SR x o] o] Fi-sAR o 22 Abxat 3}
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Table 3. Herbicidal activity of the isolate G-0299 culture filtrate to several grass weed species in a greenhouse

condition.
. G-0299 culture filtrate (ug mL™"Y*

Weed species

2,000 1,000 500 250
Poa annua 0* 0 0 0
Digitaria ciliaris 100 100 100 80
Phalaris canariensis 0 0 0 0
Setaria viridis 0 0 0 0
Setaria glauca 0 0 0 0
Lolium perenne 0 0 0 0
Eleusine indica 0 0 0 0
Sorghum halepense 0 0 0 0

“Herbicidal activity was determined by visual injury (0: no injury, 100: complete death) at 7 days after treatment.

R 70| M2 A2 EY U2 T}

A AR vhegolo] that AT G-02999] Az 2 FEslo] AT BF|EE AL SHIGH u} gl=r],
W ol T Wik ool 5% A R0] SFEVRS o]5-2 BHels] Bk, vjek oo % A 2E uiegolof Held)
& uf, R obE oF L AR A e R0 8 A o] Fo] ALz o] AL Ao 2 RE 1
A G-0299 Hl9F o9 55 A B 0] 22 WAL Pl 2A 18R] AL 81T 4 A% THFig. 3)

(sAe(@)uonipuod Jy317] ‘qy UOHIPU0d YIe(

Fig. 3. Herbicidal activity of the isolate G-0299 to D. ciliaris under light and dark conditions. Herbicidal activity of
culture filtrate to D. ciliariswas found only under light condition. The representative pictures were taken 1 to 8 days
after treatment.

HloF of o 555 AR Ae] 5 ulE YR B Aol A8 SFErH IR Aarstel Je) A5t Ao
of ket 2|48 0 2 At 2lo] Z7}ske] 39 o] 0] Sl WA Qick. DLk He) 5 1.4 B9k GEA B A
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A 1

% O] AT TAF A EHA] AZAA Q1 Aol A e L L=t o1

AL FA P 9] RN T S LR o] AR = A o2 Hol(p=m u|AA]) A5 oghyk-go] offz}

/el A vEg o] 9] A3 Q1 5ol Ao =] 7] w2l A S = wtalg]rt. o] Aute Ax S Ieoh= &

BAEC] E A FE5HA AlEA W= SE o7t go] AR SA] a7 I s 7] fig o= mety

Atk ool T2 HE G-0299w Wi AN 55 Al e G olA = ofart A=A o, FE Ao vt 4
ZEo] T xl= AP Fol&d Az Uetd= A2 Felstaltt

AT G-0299 BIF ol 5 A= A E] & 3 B gERACA 4841 et th soto = W ge ), o
A AW O] FA WSk QI (Fig. 4A), 2= HEg o] @A o] RsfA] Wate 7Lt 2

9 A2 G54 S SAYS W FxA A= A2 o
o] gl A2 eI thFig. 5). WA G

0299 HjF o]l 5= A

Dark condition Light condition

Fig. 4. Effect of the isolate G-0299 on chlorophyll content of D. ciliarisleaf tissues under light and dark condition by
leaf disc assay. Chlorophyll loss in treatment of culture filtrate by leaf disc assay in the light condition (B) was much
higher than in the dark condition (A). The representative pictures were taken 48 hours after treatment.

Chlorophyll loss(%)

20

Dark
Light condition

Fig. 5. Effect of the isolate G-0299 on chlorophyll loss from D. ciliaris leaf tissues under light and dark condition.
Chlorophyll content was determined after 48 hours of exposure to 120 pmol m™ sec” PAR at 25°C. Chlorophyll was
extracted and assayed according to the procedure of Hiscox and Israelstam. The tissues from the dishes were
soaked for 24 h in darkness in 10 ml of dimethyl sulfoxide at room temperature. Total chlorophyll in extracts was
determined spectrophotometrically.
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2O AdzxaM=HtEA] FZ2 Stol| ATt A E T AP S TR A 9F eI 4= §lglon, QA dls} Ti= 7
Qg o =HE Axu iy E F T 7Fsdo] & A o= wtE ok

o)) A At i G-0299+= HEEJ ol o] tho ATt ZF 2 et A %23 231 9l O W(Table 1, 2 and Fig. 1, 2), ©]
oF Z-2 vlsjoof| A o] AxE-2 FR At AT I B = 55 AXEAS RIS 4= A AUTH(Fig. 3). T, &
Zo A G- Al 24417 o] o] P AR AEx TS & o of T St Wi MERE AS d 5 A
ow, FQ HEFAE A2 E oA DA P, o] F P AL 2] ¢Fa gof Gl iAo A= wetd
o] I = }lrh(Fig. 1)

olafet EAJS Holal Q=T G-02999] 2H-8-7]7d o ol eH2ar} =z of it A= 82 R Sk A
A ZA| 91 A A A EEA-S A 5flo= ACCase A3l Al (Lichtenthaler et al., 1989; Secor et al., 1989)2}F2] -A-AMIS 11
2ol & 4 QS Aotk Tejuh 2 Aol A e AT G-02992] 79 23 & Fol Ak v o]l T el A
T A% =S E9lstal Q17] wi<Zell(Table 3) ACCase ASHA|&] 2871 = o A 0= et Qe T3t ofa
Ud St ol whE gk oy et 38 Aol MARG WhalEAtolm, g Ao et Al 22/ o] Ul g
E4 Aol Aalldttal o= Ayt2 FE] 3 A ol|Al(Wessels and van der Veen, 1956; Itoh and Iwaki, 1989)

v

bl

r

= protox #]5l|A|(Derrick et al., 1988)2} &Lt 287|115 50 & 4= 92 ZAolth. I27H 47 F /139 Al
ZA| AZEL sFETE O Hlol A o = FEHE o tiet Rt 940t A 2wl FoloAut F/do] tt
EfLb= 53 02 A1EA YlollA 2] o]sfo] Afds] AlgtaolabA efA| A 2] & U7 7|7o] 73 kohH A A (recovery)
Hth(Herbicide handbook, 1994). o]o]l BFsl] ®H-d G-02999] 79 SHE I % ZFof| 4] ulego|ofAqt Ahx o] vt
A= glow, oA A 2] F b WA B = A 2] s ol A= GA7IX Tl e Y A] e T A EAS 1Y
SHH A7 T G o AlxzAote ohE 28714 Y 7Fe o] =& A o 2 AbmETh 2L, Choi et al. (1999)
ol oJolH syt 2HE<1 H ]t d ZH| & diphenyl ether 2] Al %A oxyfluorfenol] et 244 o] 2po] 7} itk
3 B st glo] SRR Fol| A BREolofl tiali ARt Al 2E/d-E Kol Qi & FH A= protox A A2t
o] 28714 A& Ao 25ttt Ao E watE it mEhA] 2 AtoA] EEe A2 TEAA
G-02997+2] Bt AR Az 7] of| ol A= F7F A5 Foll FE = ofoF & Aolth

29
MM G-02999] AEEAE BHolate] A A|2A| FRANZMY 7Fs S AEskRA Sast) AL
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