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Table 1. Bacterial bioherbicides and their impacts on targeted weeds
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5 s3] sla sty
L SO A (g S pAS e - Curtobacterium sp
Papaianni et al., 2020 e 9 Cyigy e Petunia spp. MAOL '
' [ e gl
Aegilops cylindrica
o5slS |, 4y slo,lisLs (0¥ 4w sls pas);
Gealy et al., 1996; Dogo b g pae e GlamplL g S BEOTu;tCt?S{m Pseudomonas
Kennedy, 2018 &) 2 Sl LSy Taer;?;\fherur;) c'a’put_ fluorescens D7
oolazwl ,gxSgS ylgie medusae

Pyke et al., 2019
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(o) ol o))

Bromus tectorum
(o)

Pseudomonas
fluorescens D7

Caldwell et al., 2012;
Quail et al., 2002
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el ilie 5 Layge 90 L
5 S oo o] U5 LS
S |y loadler 5 loazy,
S e

Setaria viridis
(SKez)

Pseudomonas
fluorescens BRG100

Samad et al., 2017
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6)17.‘5

oS e gilio 5 Lo 90,90
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Lepidium draba
(30)

Pseudomonas
viridiflava CDRT¢ 14

Imaizumi et al., 1997;
Papaianni et al., 2020

Camperico™

el g uS oo e 1) 03,
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Poa annua
(s re2);
Poa attenuate
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Xanthomonas
campestris pv. poae
(JT-P482)

Boyette, and
Hoagland, 2013, 2015;
Papaianni et al., 2020
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gy opl (Galea, 2021) ¢l 00,91 cwsas Neoscytalidium novaehollandiae 5 Macrophomina phaseolina
aSLy s g0 2ol 1, ol (Sjd Bl g alad @y 5l 5 60,5 Spame Lame o |y Lo aSiile ) solitul s &
2 e e el jlaail gl Al jlassl Bas e Gile Comex Gyb Sl Wlgiee QLB G (2B S le
SRS le ) sy el gy sl ST Do s (Galled, 2021) wlas (5 S5k (ool ol ,3y SOl
Ol SO L g aeles wield il el )5 97 50 sladdle plo 4 JeenS Sge 4 Sl (See &S (2B
P9y ol & Jee @ 0B &S Cul nlie (2B o pSile plelid 0S5, (ol Slp e (55 &S 4SS
2Bl glome agr slaisS » 23l g

slodig S 58 a5l SO Colletotrichum o> 51 slegz L3 a5 was o olis aolis
Vieira et al., 2018 Butt and Copping, 2000 ) wiws =B sl iSale sboiygawYse,d )0 oolaiwl 5,54
e i ol eslaul b adsl Sladss slocd i, (Fernando et al., 1996 «Andersen and Walker, 1985
(C. gloeosporioides f. sp. malvae ;| az3,5 Lais) BioMal® alex 51 (Y Jsoz) 2,8 (iSile pais oy 4
(C. gloeosporioides f. sp. aeschynomene ;| 43,5 Lzws) Collego™/LockDown™ (Boyetchko et al., 2007)
«(Nandhini et al., 2019) (C. gloeosporioides ;| a:3,5 lius) Lubao2 5 Lubaol «(Boyette et al., 2019)
6,5 O,90 4 90 C. truncatum o (Andersen and Walker, 1985) (C. coccodes ;| 4155 Liws) Velgo®
ol jo Qi 5y glacale ]S j0 lag B 51 i opl ax 810 (Vieira et al., 2018) (cowl a8ls aswss
I of) sogee b a4 alides Vo 4 wlaiiles O¥game ol 5l g ks Ll closls olis glacaidge >
2 Ll lag] cule (1) s (sgiae slaESaile S| 5lS Al (1) 51 4 le oad zrlae Jlo sass
{Zimdahl, 2018) & ls S>s5 5, Sles s39ame (¥) § ol 00 (poad yioS  gian slo iSale b anylic
5 as s Locs) Casst™ ale ;08 ail amwy 2,6 aSdle o )0 wiored blydgaoe o)l
(Phytophthora palmivora ;I a8, § Li o) DeVine® (Charudattan et al., 1986) (Alternaria cassiae
Sarritor™ .(Phatak et al., 1983) (Puccinia canaliculata ;| a5 L:.) Dr. Biosedge® «(Ridings, 1986)
3 s, § Lis) Smolder® «(Abu-Dieyeh and Watson, 2007) (Sclerotinia minor ;| a3, ¥ Liio)
(Puccinia thalaspeos ;| a:3,5 Laie) Woad Warrior® 5 (Aneja and Mehrotra, 2011) (Alternaria destruens
b B sl iSaile anwg Jlis 4 b ST Slidss bl cpl jo Cul s 3 (Y Jsox) (Bailey, 2014)
Solg g anse Ssrte (M) L Wlgs oo ol b adl solatdl g jlal jobas 550 slacile Sue (SYsb o pae Ul
3eolazl gl deie Glimse (550l 5 32525 gy (V) cammmy (wbado ) ooliul sl DY gams ()]
@D s (1) 5 pslome Gloais S 4y e ol Jlas 2alf () (28 slaisaile
(Duke et al., 2022 Hasan et al., 2021) 5% Jol> 59250 Y guazs

Olysas oot e il b Ko gl g5 iz eS| slecdig (b, ool 5o
bz,B =l 5l oo (V Jeaz) wiladls of, glow [ 4 je a5 wloads olull 2,8 pSale
«(Weaver et al., 2021) (Myrothecium verrucaria ., ,sba) Albifimbria verrucaria :;l ois,le

Phoma «(Félix-Gastélum et al., 2021) Gibbago trianthemae «(Kakhaki et al., 2017) Fusarium oxysporum
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«(Hynes, 2018) Phoma macrostoma Montagne 94-44B .(Cimmino et al., 2013) chenopodicola

(Reichert et al., 2019) Trichoderma koningiopsis (Kotzé et al., 2015) Pseudolagarobasidium acaciicola
(Zhu et al., 2020) Trichoderma polysporum

Gan e slacale il Oll g )8 s slaiSale -Y Jgax
Table 2. Fungal bioherbicides and their impacts on targeted weeds
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é.gLIuo s f’b E)& o)
Reference Commercial Name Mode of Action Target Weed(s) ) )
Cassia obtusifolia
s o),
Casst™ S5, £ .(SN M) .
Charudattan et al., (USA) SISy (g el Cassia occidentalis : :
1986 (L o52d), Alternaria cassiae

SL o dasme ow yiws pas

D oo ol & Oyl

Crotalaria spectablis
(L 95 s, V6s,5)

Aneja et al., 2013;
Aneja and Mehrotra,
2011

Smolder® (USA)

SL o dasme (ow yws pas

oS gal g 0y ilo

At

Cuscuta spp.
(o)

Alternaria destruens

Hoagland et al., 2007;

S5O L (g ped S

Ay gy Fialle

Pueraria lobate

Albifimbria
verrucaria, formally

s L3 a gl .
Weaver et al., 2021 )l SreSokr oS s (5355 Myrothecium
Ly verrucaria
oS gjaile>
BioChon™ . c .
Dumas et al., 1997 (The Netherlands) § WS o0 6 S ol Pfuntis iirotlnzi Chondrostereum
b0 Sazme s yiws pae ORIBN) 0z (Saren (s b ol 34) purpureum
‘MQGA
00S Sarwg cels
Bailey et al., 2010; Chontrol™/EcoClear™/ il o] o set 5 oL 5 S glaosz Chondrostereum
Charudattan, 2005 MycoTech™ “’415 ¥ ; ’;:‘" [ACIP IVEETEN purpureum
DD (P S P2
Butt and Copplng, Velgo® 9 09 6...:.[.1 Q)L..:} celb Abutilon theophrasti Colletotrichum
; (Canada) oLS 2 g o, Medicus
Andersen and Walker, il 8 Szme s pie . B (255) coccodes
1985 S so 6 S sl

Morris et al., 1999;
Wan and Wang, 2001

Lubao 1 and Lubao 2
(China)

Sgdxoe (gw ywd

5 dd Colyw cely
oS o S p s gsle

Sybise

Echinochloa crus-galli
(S5~
Cuscuta chinensis
Lamarck (s (o)
Cuscuta australis R.
Brown (Wl )

Colletotrichum
gloeosporioides

Bailey, 2014; Cordeau
etal., 2016

Collego™/LockDown™

Slaes; olnl el
il (59 592515l

Sedise OBLS

Aeschynomene virginica

(2sil; Sale)
Aeschynomene indica
(s o5y Sale)
Seshania exaltata

Colletotrichum
gloeosporioides
f. sp. aeschynomene

(Ll 5)
S olaes; ol cels .
BioMal® (Canada) e " o Malva pusilla Colletotrichum
Mortensen, 1988 ) A iy g S, da 5 ) gloeosporioides
S5l 50 dae (o s pas (S )
LS f. sp. malvae
Dy oo ol
- D)po & (o fwd pis Salyz g olS wl, Bidens pilosa Colletotrichum
Vieiraet al., 2018 _ . (o5 cile) t t
e RV RPN NI runcatum
Acacia mearnsii
(ol 52),
§ [ laaiy ) g booasS 4y Acacia pycnantha i idi
Green, 2003 Stumpout™ p) SX] Sl py n Cylindrobasidium
IS e g e (b 55=), laeve
Poa annua
(Voo o2)
O g0 A caw yisd O sles 5 ol el Orobanche spp. i
Kakhaki et al., 2017 et RS 89 B> : g pp Fusarium oxysporum
(e J9) f. sp. orthoceras
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Cucumis sativus L.
Daniel et al. 2018 Dy &y gyl pS 59555 5 59,5 Eels (L) Fusarium fujikuroi
K &l S5 e Sorghum bicolour L. Sawada.
(e 5))
G e Trianthema
&lix- 4 YWY Swd pis sl X el . .
Felix Gazséezlgm etal. e > ‘5,10}“ portulacastrum Gibbago trianthemae
©ls Dgdse S p e 6slen (ool 8,3)
oo Sl 5 poo
S WS o oy Lasiodiplodia
bs e : s pseudotheobromae,
. . o =8 Sl Parkinsonia aculeata Macrophomina
Galea, 2021 Di-Bak Parkinsonia (g b) phaseolina and

g oS o0 1y oS
9 ok o5 4 mie
Sy b

Neoscytalidium
novaehollandiae

D90 4 (g fd

slaps; oll cely

Chenopodium album

Phoma chenopodicola

Cimmino et al., 2013 .
s 355ign 9355 035,55 (e p0s)
(oo 43 g X% o;,.:.i,ls
< aiile S e 5 sla cile
. 45535 oo Jilie 4y g Phoma macrostoma
Hynes, 2018 Phoma } o Taraxacum officinale Montagne 94_44B
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Table 3. Plant-sourced bioherbicides and their impact on targeted weeds.
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Table 4. Viral bioherbicides and their impact on targeted weeds.
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Table 5. Currently available bioherbicides on the market for weed control around the world
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ABSTRACT

The ever increasing population and global issue for food security have led us to use multiple approaches to
overcome the weed problems that can reduce the crop productivity up to 70%. Chemical herbicides and mechanical
and other biological approaches have overcome weed problem on one hand but also destroy the environment and
caused some human health impacts on the other hand. Bioherbicides are biological control agents applied in similar
ways to chemical herbicides to control weeds. Of the array of bioherbicides currently available, the most successful
products appear to be sourced from fungi (mycoherbicides), with at least 16 products being developed for
commercial use globally. Over the last few decades, bioherbicides sourced from bacteria and plant extracts (such as
allelochemicals and essential oils), together with viruses, have also shown marked success in controlling various
weeds. Despite this encouraging trend, ongoing research is still required for these compounds to be economically
viable and successful in the long term. This review will explain the importance and impacts of the bioherbicides by
elaborating the constraints which this approach is facing in its production and application.
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