Weed Turf. Sci. 6(1):1~10
http://dx.doi.org/10.5660/WTS.2017.6.1.1 Print ISSN 2287-7924, Online ISSN 2288-3312

Mini-review 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.

£
ot

48 H=UNE flet d=M=x2 &=t g

") AT RSEAT T2, 24Tk S4B, S sk 424 s

Status and Perspective of Bioherbicde Development for
Organic Weed Management
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ABSTRACT. Weed management under organic farming systems is very problematic since organic agriculture does not allow
synthetic herbicides. Bioherbicide is needed to develop for weed management in organic agriculture systems. This review covers
current status and perspectives of bioherbicide development for effective nonchemical weed management in organic farming
systems. Bioherbicides are products of natural origin derived from living organisms, and more specifically bacteria, fungus and
plants including natural metabolites for weed control. Bioherbicides derived from microorganisms or natural molecules are
currently available on the pesticide markets. Devine, Lockdown (Collego), BioMal, Camperico, Organo-Sol and Opportune were
derived from bacteria, Woad Warrior, Smolder, Mygogen, Chontrol Paste, Starritor and Phoma derived from fungus, and Katoun
(pelargonic acid) and Beloukha were derived from plants. Corn gluten meal products and plant essential oils products are also
available for nonselective weed control in organic agriculture. Organic weed management methods may be more feasible in small
scale farming and high-value crops, and bioherbicides may be applied with other weed control practices in organic farming
systems.
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M OE 2|3 AFpo] FATA AE|TL Q)= A o]th(Kang et al,
2014). S7) 5o As A2AS Edlel T HFS A}
229 aw* FAFS 9Jste] W, F%, 2ol 88 4= gly] WiEo] AEWAE A 2 BA F shuol

R

elomiel A wasl] flol 4gH Gk 2 o el e A8, SAL HEEA, 2Rl oI
b A AR BB Sleo] 22 SU1RA S Gt Aol Sl ABAE ol g AE
5ob 7|22 T ook Al ATl SiEel fort s AEAVE ARESIel 715 eiol SR A§EIR SlehPark
oFe] OHE, B40d B AAMEAC] nXE BHH G et al, 2019).

Wt opAY R AZA ARG FUOR I3k o wlebd & =Re AR, A W ABA feste] 4
RO gk F WS FASS 25 ok W 41T YHOR AdE BRAZA AL AFS BHt] Sl
g AZAL FAH QA L A A GFol 3t Lheke] R715YNA AgS TG mASHaT] BATE 7]
of TS 27 HOoRK §7)%aREe that Qlalo] ol 2ARE AlFstuA shelch.
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S3PAL Uk A 509 @ St A RAE HTAH 2R
ARgste] Arbde FA S7IAIZAIRE S A All=

HAZ Q] 9ok u]FHTthH(Woo et al., 2015).

2012 e} 2ol A} SHIGA] Al E B2
1559 SAHEHES

AESHAL, 7P wol s s =
e AxA 2 A2A A= Aoz Harskal 9
T} (Cordeau et al, 2016). 71 A3} ZekAol 0 o|5]|= ok
&P S AR Aomn HAav v ol

sho] Holt B 2R ) AR %% 374 3}
opARe] AZAE Agete] s B
I B2 o 72 XA Az Ed5HA
[3F AIAA olfp7t AL = Aol
Park et al, 2014).

A& gz f7lsdd HsdE flske]
g o] A Qi mief o] el F94 A
ojlo ke M= kS FFafopdt gk AEA A
ofg] o= dA HashA AREEHIL Utk A=A =2
A= LHEeH AtE o] ot ARTE Aol SAIE
nom, JEA2A= SEdEH Y 3 oA 1L
T]ojof st} (Park et al., 2013).

AEA A= AAg e ojn] 2A4st= HAZHZR
g 7] gzl Hoh SR Y Aow AES e
AzAe] Wl 1B Ssednt o g 22 4

23} o] 40}01 AATE AR AAELL FHHo &
tz‘sM LGEES L3S BB 9P f glemz A

0] 814 2o o] 717 Hr}lE|ojof St (Duke
et al 2003).

BEAZAL BEYAS
Mokl

Sfato] et g AR R A
tolelts §714 B8 6 PAHOR S B Aolg)
= 1Al 2Jste] e AibEolw, AR Eaaby

oA ol5 §71710] 2lstel e AeljarEdo] g
Ht}(Bailey, 2014).

MHEA ZA Q] 2H87]|2e AE Y AS 8ol g
A28 (allelopathy)?t v]szsieh. YA Al A= Al
= wofiets A
12 9 2| R-akS Balisl= d 4 (protease, eptidase, amylase,
phospholipidase)S-0|t}. o] AA|= 7|FAE2 T4 9 A
TE=A 3k, AEHARE Adshe 542 8ok AE
=4 22| A SR HE| =o|t)(Steward-Wade et al., 2002).
AL S I o) BhE ABTAE FEE of
0B o ge fAAe BHe 4 52 4yHes
HEP e}

(pectinase, cellulase, ligniase 5)2} o

a9

Hj B} Al

so] hzo] We AYseLA 2§ 7o

7190] ABAZAE 27120 thok

- 10

ofaleh. shAut 4

279 ojela FIT o & TR Aol E Bel Al
A 249 YBE 790 ket 1 TEAo] Aatse =
At AAERA 0] Eo|A o] o]5te] 93RS v =t} (Hoerlein,
1994).

Glufosinate®] 234 & el phosphinothricin, T]A}& 4]
=5/3E% <] bialaphos@} T2 A EH-S Aoz A
A Z2AY HAE 7HssHAl sHtH(Duke et al, 2000).
Glufosinate:= Bayer CropScience?] €8} phosphinothricin
o] & FE = Speld om AARE AlxA|=A FERE
2HEY JF2E WA st A YA = AR-E AL
1tH(Won et al., 2015).

1977d9] A2 =42 544 leptospermone §t &
9] triketone ZSHEZZA] Sulcotrione®, Mesotrione®¥} Z+
< = R FEAE A=kt o8EUrH(Mitchell
et al, 2001). o|& E3-2 AEA A AA= ofAFE A
AEdof 7|zsto] FAE I A=) ol AxA=

Al AzA F9] ot A2 Fig AX|SHA|NE o &
Ap2E-gAl o A8t

oF|7}A] T AE-gokol Hlsto] xpe] Hofol|A] A
L“X‘Oﬂ 71235 EA2A 0] 2 7P AugtEe] @

L Aoz oA 9 rth(Huter, 2011). 3FA| T §-7]3H4 A
3 Joll oJgh QIAl & ZHof] gk el =t 9 A4
Tz 285 PAY 4= s A= 28 gk 24}
A olae] £ YW 4= Qlthe SHolA BEA
ZA19] e o8| ujE Ao A&HH o2 A Y

Ejojof & Zofoltt.

MzZO|lM FeHst HEMEM WL

AR Z vE 2 HARAZRE FHE 1359
AEA ZANEO] FA7EA] S A= 0] AFE-E o] Tt (Bailey,
2014). A WA YEA2A = 1980 o = Slom,
1980 o] FEFFY = A AAZCRE S7HEUS
L AEA A 9] Al &2 AEEoFe] 10%o]sko|t}. 1
= (4F), NHtHEE), S22t U (1)t 22 2 vetol A
Al e 2L O‘EP 5|7He 1359 AEAZA Fole 952
Zat, 352 AldrEeln, 152 HA4dlE 5= &
=4 o]t} (Bailey, 2014).

Al (bacteria)o]] 213t AEA|ZA|2] Devine™& w|=- Abott
Laboratory®]| ©]8}o] Phytophthora palmivora Butler®] MVW
W5 T A= AlZA o] (Kenney, 1986), #H=2H=ol|
X &= Morrenia odorataS *JA|517] €l8Fo] F71= vigro
L} 20061 o] $-ofli= T o]4f AlEE]A] ¢kal Qltk(Table 1).
Collego™-&- 1|=} Upjohn¥] Aol o]ato] AYATE] Q] O, A=A
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Table 1. Status of commercial bioherbicides derived from bacteria.

Bioherbicide Bacteria Target weed Manufacture Reference
DeVine Phytophthora palmivora strain MVW  Morrentia adorata ~ Valent Biosciences ~ Kenney (1986)
Collego (Lockdown) Colletotrichun gleosporides f.sp. Indian jointvetch Upjohn Co Bowers (1986)

aeschnomene strain ACC 20358
BioMal Colletotrichun gleosporides Indian jointvetch Philom Bios Boyetchko et al. (2007)
f.sp. malvae
Colletotrichun gleosporides dodder
t.sp. cuscutae
ThaxtominA Streptomyces acidiscables strain RL dandelion Marrone Bio Innov.  PMRA (2013)
(Opportune)
Thaxtomin A Streptomyces scabies Cellulase inhibotor Leep etal. (2010)
King and Calhoun
(2009)
Hydantocidin Streptomyces strain Lee and Anderson
(1997)
Bialaphos Chemical synthesis of Streptomyces Duke et al. (2000)
Glufosinate hygroscopis
Camperico Xanthomonas campestris Annual bluegrass Japan Tobacco Imaizumi et al. (1997)

strain JTP482

Tateno (2000)

ZA|9 &2 Colletotrichum gleosporioides f. sp. aeschynomene
0] EAREE AL AHE Aol ARG %L, 2006
Hol|= Lockdown®2 2 A|ZH=] Q) tH( Bowers, 1986).

BioMal®2 Colletotrichum gleosporioides f.sp. malvae®)| A|
AL Ao AEA A 0|H, 1992 7iutt) Philom Bios
Incof| oJ3lo] SEE AT Malva pusilliaS A SHATH
(Boyetchko et al., 2007).

At Streptomyces acidiscables®] RL-110 2] B of 9]
o] AJAFE thaxtomin A= MBI-0002] EA4JAJEo|n, MBI-
005 EP= Marrone Bio Innovations®] 2J&}o] 7||dk=]o] 2012
dojl Opportune®S. 2 55 E|o] Zr], A, ZL7ofA
& WA AREE|TL QITHPMRA, 2013).

AEA Z2A| Camperico®= ZIT] ol 4] Aj2zokE WA S €]
3lo 7iRt=EIQIct. Camperico™] EAJAIES Mot Xanthomonas
campestris JTP482 52K E] 3] O 1 (Imaizumi et al,, 1997),
o] AEA|ZA= Japan Tobacco, Incol|] 2|5} 7LE| O
A= R] 2k} (Tateno, 2000).

Organo-Sol*-& -4} A4S Atsh= Haika(dl,
Lactoserum)2] 2ra e} P ol R AL (Lactobacillus
)] Egt=oln, 20108 iutrtoll Al AEF Globalo] &fs}od
Kona™o 2 &z Al#sla Q1o m, Bioprotec Herbicide™
2 Kona™3} -2 AlFo| A0t th2 AP oz Azt
(Cordeau, 2016).

Bialaphost= YAl 5t Streptomyces hygroscopis®] B & 2 FLE|

dom Feotr|otof A AlzA|= AlZHE AL Rl Bialaphose=

Azgdol o A28 Ueti7] Aol A& ot
o] phosphinothricin (2-amino-4(methylphosphinato)butanoate)
© 7 ZAstelo] Al Za = YERHTE Phosphinothricin®]
d FEQl glufosinater= S8/ dof| o]sto] AYAHE A=A =
A okt F2E WAsH] flsto] AAA AR AHEE
a1 QJthH(Duke et al, 2000).

Bialaphos®} glufosinate®] AJ5-0f H|F=o|EH Al ZH A
I EQfuAES A2 Al &5 (phytotoxin) @] SF3 &
A7) Eich A2 BAEe] QS vlAE A2 3

N

B2AL 9iste] Lok 2 SIS Fe Hi we A

o gick. thit Wiiel olste] A o8 9lste] &
B0 el AEELE AT e EE f40
NAFOR G 4 9tk et 0|5 AREA gas

SOl gt =4 wEe] AzA=A L
ARg-o] Ak %‘ 717%01 Ac}(Duke et al., 2000).
Thaxtomin A+= Streptomyces scabies®} 7€} Streptomyces
Zol elato] AAEI], A2AR SRE RO o} A
BhE] ) E5ha 9ICH(Leep et al, 2010). T2 24 912
3}, o} tAfEe] AEEAE §A15P] 91510 4-nitroindole
719] A7} 223}, thaxtomine %7] A%, A|Z5 5]
T AER ] BABE A7), st e A8
Z oA AL A3t (King and Calhoun, 2009).
Actinoin> E Aol ojsto] YAtE|w, A=A 2 A}
&317] flsto] 531E Wkoy ob7A] -GSt A= 3
311l Qlth(Houtz et al., 2004). Hydantocidin Streptomyces
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w5l oo} AatEm, HAA ZA=A FEoHA aLeE
oL} A H]Lo] ofF u Zoz g R tH(Lee and
Anderson, 1997).

TIZ0M FeHst WEN =AM TN

Smolder®gHAd 2 AAls: A1E9o] WOl R Alfernaria
destruens <5~ 0599 4 Ll o, oFfu}, oL, 115, Eup
&, 7HA] & A=ollA o] F9] AjrkE WAISHATHTable 2).
o] AEA|ZA|+= Massachusetts T)SFil CranberryA] @40l A
QWFA3}e] Loveland Products Inc, Greely Co, Sylvan Bio
Inc., Kittanning®f] &5t} AL, S=5 0¥, 2005 1]
=+ EPAQ] 3|7[5 Wtt}(Bailey, 2014).

Woad Warrior®2 U]+ Sherman Tompson©®] 2]3}o]
o Puccinia thlaspeosol| A 7et REA|2A|ZA Zh2 Isatis
tinctoria YA E37F glof 20020 7S FS5IHA L
U A|FE R = 9F9kth(Cordeau et al., 2016).

Cinnacidin®] 57> A s 9 FskS Holn|, A&
o] £71¢} 9lo= HAIth Cinnacidin 2H-8-7] 42 ApA4E
At} v]S3h o] oJsto] T2 fAF Al E2A A AHE
3t} (Irvine et al., 2008). Ascaulitoxin aglycone &2E& 3
2)5l7] QI3 n|BEAZA = AUt Ascochyta caulina
ERE QO ARELR S3E on, 4RELs] 24§
aminotransferase A2 AA|5l= Ao =Z A=
tH(Duke et al, 2011). 71 2]¢] cinnacidin& W& }Fo] &
< dov|= &Y Nectria sp. DA0600972] A+ Hj

e

-

AA = 20029 7R}, 20056 Bl A 4 Abglof A
S} AU T2 H 7] o WA 918k EA415 81
ok 5 HQI=HH &2|% Mycotech®2 7Huttoll Al 2002
W, u]=to]| A 2005 0) S2%|9) 11, Chontrol® Paste:= 2004
doll AfhR R RE JE2]gk o5 PFC 213994 A%ith
(Hintz, 2007). Mycotech® 2008 ]| 5-27]7to] wha %[ ¢
O} Chontrol Pastet= m]=33} ZjLbrol Al ARE-EIL L
(Fenical and Jenesn, 2006).

M EA| %A Starritor®= A Sclerotinia minor w3
IMI3441412 =9l om, Zodol A JALZRE A
7] $18te] 7yt Quebeco| 4] Watsonof| 2J5}o] WA &
C}(Steward-Wade et al., 2002). ©] A|A= 20073 ] AL =
= HQlar 201090 FFH o= 5)7FE HeLon, 2010
o]l 244 (hydroxyethylenediamine triacetic acid, FeHeDTA)
AA = AYAketo] =22 YEAZAQ] Starritor 2 THjj =]
Ach(Duke et al.,, 1996).

Macrocidin A2} Z= AJAFES 5= Phoma macrostoma
ol Belsrgen], Az 977 o) s 9 gl
o WS T, AZA AL Slotel 58S BAslA
T}(Bailey and Derby, 2010).

Phomat= 2011'd 7Hutrholl A A of| A ARE-SL7] 918}
o TEEGoH, mlaoA= 20120 2 HHOE §
2 = 3ic). o] A|Al= Phoma macrostoma w5 94-44BOJ| A]
Agriculture and Food Canada®] Karen Bailey2} Jo-Anne
Derbyof| &]s}o] MPAE laL w]=) ScottS]Atof| o]sto] 7k

nxe o

ForiE Rstglen, Ftt AxgAdS vEbltt = Qlth(Bailey and Falk, 2011).
(Hoerlein, 1994). g A AZRATolA P Je W o ot 7
ol ofgt v gEA|2A| Mycogen®¥} Chontrol Pastes® & dO07]= A=2A-go] Q= M dudod= seh=
= X3t Chondrostereum purpureumQ 2 8E ATt o]& <l cypering AJAFSISICE. Cyperin thE AR T H|dofH|
Table 2. Status of commercial bioherbicides derived from fungus.
Bioherbicide Fungus Target weed Manufac-turer Reference
Woad Warrior  Pucinia thlaspeos strain tinctoria Isatis tinctoria Sherman Tompson EPA (2002)
Smolder Alternaria destruense strain 059 Dodder Sylvan Biosciences  Bailey (2014)
Mycogen Chondrostereum purpureum strain HQI Tree stump Mycotech Hinz (2007)
(Opportune)
Chontrol Pastes ~ Chondrostereum purpureum strain Tree stump Hinz (2007)
PFC2139
Cinnacidin Ascochyta caulina toxin Nectria Health Canada Duke et al. (2011)
Ascaulitoxin sp- DA060097
Starritor Sclerotina minor strain IMI1344141 Lawn Dandelion Sylvan Biosciences ~ Steward-Wade et al. (2002)
Macrocidin Phoma macrostroma Common thistle Bailey and Derby (2010)
Phoma Phoma macrostroma strain 94-44B Scott Co Bailey and Falk (2011)
Cyperin Maliola mangiferae Fatty acid inhibitor Dayan et al. (2008)
Myrothecium verrucaria Kudzu Weaver et al. (2016)




R H=AE et AeAzARl

1o

9]

st a9

2 A|2A| 28712 o= A APAF AR A 2399 enoyl
(acyl carrier T 2]) SFAH 42 %35tk (Dayan et al, 2008).

Cassia obtusifolia2 58] E2|3t Myrothecium verrucarias
HjeFet MEAZ2A = 3 Aol &t o 3 AlzA
of EFA= Aelstol 3 2 AT - gons 3
< w27 5] A A flote] FEORE S T3
of A= 4= QIth(Weaver et al, 2016).

ABOIAM FEHE MER ER T
A2 FEE

Cineole A| &A= W2 YsFAE(Laurus nobili, Salvias,
Eucalyptus, Artemisia)®] Aol = 3T dAZHZ=
Ho|H, o]F A=Y tj3xd LAAAAEY sltt= 1,8-cineole
o]T}(Table 3)(Romagni et al., 2000). Cinmethylin® A A=
Zo] F+zZA HEg o7 7= cineole A|Z A o] ™ (Eldeek
and Hess, 1986), cinmethylin®] 27|22 tyrosine ©}1] =
7N1gdassE Aol A2 A|QE ¢ th(Grossmann et
al, 2012). o] AZAL ABA AgE A2A HEHO
2 713 Z 2o wAE Ao|th Triketonex} cineol ©]2]9
Aol osto] gAHE oy thE HAEES M2 A=
Al, &2 2L 2H7]79] 7S IRt A2 3hete] &
2 o]8¥ 4= ¢Jth(Hahn et al, 2009).

Benzoxazoline (BOA)2] benzoxazinoid 5232 4, &
St 2 WS ShRT AEe] Welo|A] AL,
o, FUE, ASAe TPt AEEAS UEAL ®
3t B ARE 98-S 3oh(Belz, 2007). €5 Benzoxazinoid
=74 (o], BOA, DIMBOA)S E¢follA] &/d& Uehin, =
gt BOA E¢fRisflad A4S Uz A2AZ &

1

s)
e 1=

Table 3. Status of commercial bioherbicides derived from plants.

3% wtor} ofn ARER ofd A E A= Folu
Qlth(Bayer et al., 2004).

Sarmentine Piper longum G FE2E2 5 Ea|sto]
59 WEAZA SoE AYAT oFF ARISRE o2

JA] &Fkth(Huang and Asolkar, 2011). A 22 R wkAE
Rz AR RoE o) AN Awglon,
F 242 AEARAR 535 Hol AHEE 3L (Kawada
and Sasaki, 1986), 0|5 B3 AxAHEZHo| W1 ZHY
Al a7t e AR YETth
F=0]2H(Geraniaceae)ol| A &2 A El= AL A 24|
pelargonic acidt= 4]E FEIZS wH25te] AlZd; 13|
SEslo] G4 A% AEH 219 WA} Ao
(Vencill, 2002). Pelargonic acid= A|®Aro] Azl QF
ARIElo] MEt aS raln HAZT B
B AZ4E WE3H= peroxidase A4S F7HA7]+=
2 AelA Ak olg} ge BHL A AL 2
32 93t B AXAR ASET Yo, 3]
pelargonic acid (Co)= FHH2ENA AFSE = 7HE Bab4]
o] AZA|o|th(Coleman and Penner, 2006).

Katoun® (pelargonic acid)2 B]5AX|(F=4 I8 FH,
E2, 39 HEo] %) ST BAOD Syngenta Co
o &Jalo] HGE It} o] pelargonic acid= Thinex, Scythe
(Mycogen)@} Grantico (Japan Tobacco)Z HAF F=H o
AA 2 ARE-E 2L ek (Copping and Menn, 2000).

Citral:> T2 41=9] 472 v 23 F-/4d+Eo]tt. Citral
2 AxAZ E3] 55| e, Cymbopogon citratus
AR71EE BEA A Y] B/ o, 274 fFARE
4 st 2L S 2= 2R AjtE o
(Chaimovitsh et al., 2010).

&
01
o
pu
1=}

lo ™ e o

=

lo dr u L

Moo,

4

Bioherbicide Plant-derived component

Target weed

Manufacturer Reference

Cineole, 1,8-cineole Laurus nobilis Salvia eucalyptol

Barnyardgrass
Cassia obusifolia

Romagni et al. (2000)
Vaughn and Spencer (1991)

Benzoxazoline Wheat, rye, corn meal Belz (2007)

(BOA)

Samentine Piper longum desiccator Huang and Asolkar (2011)
Pelargonic acid Plant fatty acid Non-selective control ~ Syngenta Coleman and Penner (2006)
Katoun

Beloukha Rape seed oil Jade Co Nguyen et al. (2013)

Citral Cymbopogon citratus Chaimovitsh et al. (2010)
Loline alkaloids Petroski and Stanley (2009)
Leptospermone Calistemon citrinus HPPD inhibitor Stauffer Mitchell et al. (2001)
(sulcotrione, Edmonds (2007)
mesotrione)

isoxaflutole HPPD inhibitor Rhone-Poulene Pallett et al. (2001)




6 HEG ol BT
20154 o) A 22 AEA 2A| Beloukha"= F-oll4 4]&  Stauffer] AH(E Syngenta)o]] 2]l F}sttxE Y5}

H3 A=A 5]7}=| ATt Beloukha*= = FolA SAE
FRREE wAshe, gAke] B719 2 1A

7]1=d] AFE-E T} Beloukha®= 2016/20173 0| 8- A| A o]
SAEIAL =t Yo s)7kd A o® ATt Beloukha
L AUFEIYE ol gtol fAEA /|BoRRE
T}(Petroski and Stanley, 2009). F=&EA+= nonanoic ac1d9}
pelargonic acido|™, Jade Coof| &Jslo] BE3%l Itk (Nguyen
et al, 2013). Beloukha®= =2E-Aufe} A Ld] A& o &)
7} 7] fIsto] AtE AL Sl

=
Hxs

y.N|
=

EIZEE
ERZF2E-(allelopathy)2- A& 7F
2 7t AlE A5
s Hadfels o Xstst
/\1 XF;(H;H Oi AREE M‘— (e}

.

Z! I-ZII-.Q.

1]

o
—
=

.

gHERE WA ARET s A2 Fol
o] 7H1:ﬂ—o]g]._‘l‘!_ g 4~ Q)

cineole> Laurus nobilis, Salvia, Eucalyptus
HFeEZ A B2 HE 98 KO (essential
ﬁ 52l o]t} (Romagni et al,
2000). A5 2L ol 545 vehdth

ol & FIgHE =9j A 1,8—c1neole ?:_"E% Zl eucalyptol2 =
9} 0| TS HolH, eucalyptol 10 pg g 'ol|4] T2} Cassia
obtusifolia oS ZVZ: 34%, 49% A7+ ASZE LrEr
TH(Romagni et al,, 2000). Eucalyptus 2 -2 eucalyptolS
85-95% Hrohal lom, A} WA o] Eoks AA|sh=t
AR8E 4= Itk (Vaughn and Spencer, 1991). Loline alkaloids
= 7bge) 2ol AN B B2 2z PAE ot
o] o] &= 7lsAo] =& Aoz IHA Qth(Petroski and
Stanley, 2009).

Triketone A|ZA|Q1 A Q=2 leptospermone ZELHEZ
2= EFAEQ] Calistemon?] E/3435-0]t}. Leptospermon
_,_x}k_ A EZ AL WSl 7| = 288 31, triketone &4

S XA 3tsto] Ag A2 A sulcotrione© 2 7 x| ¢l Th
(Dayan et al, 2007). Triketone A|Z A= p-hydroxphenyl-
pyruvate dioxygenase (HPPD) & 4E A3sl= Ao 2 L
El5tt}(Beaudegnies et al., 2009).

Leptospermone> & 39] &R oA Aete FPAE
Callistemon citrinuso| A B P 2HE- slgtEo]H, 9]
T 120) ARG ololel Eabe] AThE EUh o
=32 1,000 g ha'! FroA S 2ot A Fx
of oFgt 42285 UEFHTH(Gray et al, 1980). ©]

A 7}

jXe)

.

spp, Artemisi a9]- N
oils) 2HE &3] & # AU

o o o

p= [e]
EXE]\_.

A 2L =900, A=A sulcotrionex} mesotrioneg

st B get A g AxA = AHEEAL

(Lee et al, 1998; Mitchell et al., 2001; Edmunds, 2007).
Isoxaflutole®™= H|$=3t A== Rhone-Poulenc3| A& Bayer
Crop Science)ol| 2]t A|ZA| = 7HtE] 9l ch(Pallet et al,
2001).

Cantharidine ©@7}g| 223} 718 20 2 HE]
o] 22 ¢l g2d stEE AAYE =Ao|t) Endothall&
1950180 |5 7dE A|zA| 0], cantharidin®] 24
ALgLelE-o| o). Cantharidin?} endothall2 serine/threonine
Ch QlbleRe] BaE Adlels 714e 2T ol
(Bajas et al,, 2011).

Holur

1o

77Isol A[RE= MEHzEd=E

#7150 siolol Al AR UAELE S
U ZRE HARE, 318, AAR, AR 5 AAAET
HBASoI. 844 BRE NIRE 844 20| B4
BaA AT} Fe LA HRet B Az
A2 AEBFE T 9O m(Table 4), S5 FRA 7R

50-100%%S 3E§HeH A|Eo] T E
McDade and Christians, 2000).

A 3F9 (Clove oil)=

Q) TH(Christians, 1990;

&+=(Eugenia caryophyllus Spreng)

Aol F l Froll ofsto] At A= = oY H
29 Y] EgERE AR, Alx 9 A &4
S 7r31 Q) th(Tworkoski, 2002). A3F-G-0] 25 FARS
eugenol2 A A1 &0 =4S Lrebd Tt EugenolS 50% Xﬁ,%}

FH(EC)ZA] EcoSmarto]] °Jsto] A% A=A &
ZAF 12% 3-89} £315}o] St Gabriel Laboratorlesoll
&t AJAFE Burnout 112 =11 Q)Th(Table 4).
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A A AR A A WAsh A el w=A|
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o, 97-11.7% e AR vl B AZA
ZA FAHE Certified Organics Ltdof] £]3}o] Interceptor

-,l_]rUHQJ_ ?th(Young, 2004).

AzAZA AAre] A WA
(Poignant, 1954). Al =3} FEo)A] WAH #
SAERA HAYA] AzAR o= )
Naturell WK A|ZA|= zta/do] gl= Al xﬂi/ﬂ At
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=B, A, 2AA o7 B f4tol7] REAof) ARE-E AL
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Table 4. Status of commercial bioherbicides derived from plants for use of organic farming.

Bioherbicide Component Reference
WeedBank (Corn Weed Blocker) corn gluten meal Christians (1990)
Bioscape Bioweed corn gluten meal, soybean oil MaDade (2000)
Scythe pelargonic acid (57%), short chained fatty acid (3%) paraffin petroleum Copping and
(30%) Menn (2000)
Burnout, Poison Ivy Defoliant clove oil (5%), sodium lauryl sulfate (8-10%), acetic acid, lecithin, citric
acid (30%), mineral oil (80%)
Bioorganic clove oil (5%), 2-phenethylproionate (8-10%), sesame oil (4%), sodium
lauryl sulfate (8-10%)
AllDown citric acid (5%), acetic acid,
yucca extract, garlic oil (0.2%)
Interceptor 10% pine oil Young (2004)
Weed Zap clove oil or cinnamon oil (30%), vinegar (70%) Tworkoski (2002)
Weed-A-Tak Repellex citric acid (32%), clove oil (8%), cinnamon oil (8%), 2-phenethyl
propionate, lecithin
Moss & Algae Killer, Naturell WK fatty acid K salt (40%)
DeMoss, Mosskiller,
Organic Weed & Grass, Killer citrus oil (70%)
GreeMatch O Nature's Avenger D-limonene (70%), castor oil (1-4%), emulsifier (18-23%)
Matran II clove oil (46%), wintergreen oil, butyl lactate, leccithin Tworkoski (2002)
Eco-Exept, Eco-Smart 2-phenyl propionate (21.4%), clove oil (21.4%) Bessette (2000)
2-phenethyl propionatet= mentol?} menthone¢] E-2 v} %’; (Lee et al., 1994), E. monoceras d-5F= H2|5}]

0 HROR AZAZ 52 Youl, 22 ABAE
Al Ag o] Ao g2 wWol| AME-E|o]$ith(Bessette, 2000).
SE|U2IoAM MM =E#MER S| Y SE

Felvetol A Az2dEd g dF gEeEd
& BT AAAEE gk A7vh AAEes), A
ZE(Atracylodes  japonica Koidz.) 2 F-E]  isolantolactonoid
butenolide A (Kim and Baek, 2003b), ol 7|4
acetosella L.)S. 25 E] chrysophanic acid, 12|11
ZHE anemonine 717} £, 5439 tHKim and Baek,
2003a).

YA E e ARBEEES S8 e T A2
WA Aoket 2HE R oA ARG O] dghe g sujel 2
M A& 733} 2003, 553} 98 (Kim et al, 2004), 383} 81
Z2(Kim et al,, 2005), 363} 55%(Kim, 2006)°] o3t Arxgt
AEAS At M2 A2A S 9t Ax=sket
22 89572} Skl A7sl AeE|e] gron, wat AF
Fo 2AomRE 4BA% NBUL o), B
(Kim et al., 2002).
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A Aol Bt 972 +H5ACkKim et al, 1996,
Kim et al., 1997).
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