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An Effective and Practical Strategy for Biocontrol of Plant Diseases
Using On-Site Mass Cultivation of Chitin-Degrading Bacteria
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Recent worldwide demand for organic and sustainable agriculture products is driving the
development of formulations of biopesticides effective in the field. Biopesticides have the benefit
of environmentally-friendly qualities. However, biocontrol approaches largely have been ineffective
in controlling plant pests in field conditions. Previously, we developed a cost-effective biocontrol
formulation containing chitin and chitinase-producing biocontrol bacteria with field efficacy. This
formulated product has successfully suppressed various plant diseases in the field conditions. In this
review, we focus on ecological aspects and the potential mechanisms underpinning the success
of chitinase-producing bacteria. In addition, we discuss the possibility on-site cultivation of the
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M E o] E=0l oA &8l = o] A=TH o}(Brzezinska 5,
2014; Sharp, 2013). E ol A& WA T 2] 45%-69%, &5 |

7] El(chitin)= N-acetylglucosamine (2= 2 Bt o] N- 9] 320-40%7} 7)1 Bl B3l 1, o A= A2 15%
ofAlE o] o] Z)°l B(1,4) 2FE FFEA FF0] Ae7t 712 Eofioto] e AaYe g o] g3t
M2y, FARAFFEY &4, FEHE, ¢4 5 F8  (Brzezinska 5, 2014).

T AAECE QR JHOZREH A 2E i@'l’/]—(Nag- 7] &l B3} & A (chitinase) % vlo] g Ao A A7 7HA] A9
pure ‘5, 2014; Sharp, 2013; Singh 5, 2014). 7| &l X] T4l HE yEo] YAst= Ao 2 A A Qi o] FoA &
AAEZoAGEow BRE ALo A A o] 3 BUA vhol A2, A WA A2, B UH BT

r°|' r

12 Y 7Yool 7159 H B E3llo] 28 9T 5
i, A3 QA7) Z e yobAl = a5 A Aol teh
I oo 15063265 15N 3058 o] &8-S gt} (Hodgson 5, 2013; Rathore2} Gupta, 2015).
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=258 22 7 HuorA R AAE2
AR Aaof =9, TAAAA A2 B

i o oo
o 2 =

% th(Brzezinska 5, 2014; Singh 5, 2014). 7] €
I a9 RjtEEE WAl WAl A B HHA L
2 983 ste ALz &2 A lth(Sharp, 2013). kA 7]
dit 7|2l EEe O Ev &Y A st A&
A HALHRE Eolde dF7F Bol o] F o F thHAhmed
5 2003; Cretoiu -, 2013; Giotis -, 2009; Muymas -, 2015;
Rajkumar 5, 2008).

2 i =2odAe ol 7Id &l AES &85t A
Al 2o A Aoz AT A2 YA &&5H=
ol e avfst A} ok Al EH AR ASS oA
ste 7| E A+t o] S7F 259 A 7%, 7193 7]
At S o] & A=A WA ate] S W o
WS ol &5t AT AEAYA LY 24 U 2
£ 7lest . ol 7|9 H 7| S n =S B8
[e]

OB e o

g 7|8k Al o] A 2FANA B2 A A=A WA
o E=o] H7]E 7|

it

A=Y SHE 7|EI25HM

220 el £, 2H, G0l gt 71 HE 9
=s°| AT & Aol tH ES o= RY £
75719 7|2 n| & Foll A Mlatol 5145, WA
13¢5, F 3071192 &2 H 3l th(Divatar 5, 2016).
Aol A= Mitsuaria, Lysobacter, Serratia, Paenibacillus, Bacillus,
Erwinia, Aeromonas, Pseudomonas, Achromobacter, Flavobac-
terium3} Microbacterium; 5] 7|l &M FE0] F2 &
2] =] % tHSomeya 5, 2011). & H A= F 2 Pseudomonas,
Clavibacter, Acinetobacter, Micrococcus, Brevundimonas, Bacillus,
Stenotrophomonas2} Rhizobium<s 7|l £ u| Y EE2] 3
Z Bl =7} &3k chChernov 5, 2013).

ol

tagd FIElEsiME. 1 249 719 2sAlE
Z A EFo| A &2 Alcaligenus xylosoxidans, Aeromonas
hydrophila SBK13} Pseudomonas fluorescens PB27 5= Rhizoc-
tonia bataticola, Fusarium sp.2}+ Aspergillus flavus 5 2] 2] &4
A A& I A 3% THAkocak 5, 2015; Halder 5, 2013;
Vaidya -5, 2001). Chromobacterium strain C-61-> Rhizoctonia
solanioll A7t in vitro A5 A 5 o] Fot =4 WA+t

0

2 &85 31 QI th(Park 5, 1995). Lysobacter enzymogenes
EY 2E 8d 2FoA 28 5L strainof w2} ot
I A e dde dASAH. & ESolA £ L

enzymogenes strain LE429+= Phytophthora capsici, Fusarium

fr |o

o

oxysporum, Pythium aphanidermatum, R. solani -l &+ &
A& B3 (Han 5, 2010), 0] H E 2|4t strain 3.1T8
P. aphanidermatumol] 733t &+ 84S X F th(Folman 5,
2003). g4, ko] G E2] 2 strain C3-2 R. solani, Bipolaris
sorokiniana, Uromyces appendiculatus, Fusarium graminearum
S0l do7)|= AAF 9 W3t Magnaporthe poae, Pythium
ultimumel 23t E9FH W A& o A 3 th(Giesler?} Yuen,
1998; Jochum -5, 2006; Kobayashi%} Yuen, 2005; Kobayashi 5,
2005; Sullivan 5, 2003; Yuen -5, 2001, 2003; Zhangx} Yuen,
1999). 7] €& £-3|| 3}+= Serratias; 5| A S. marcescens= 5
2 oA 2=, EvtE ol A 22 strain B2
£ R. solani, F. oxysporum, Botrytis cinerea 5 2] EFH E+=
A AR -2 9] A 51 % tHAkutsu 5, 1993; Someya 5, 2000,
2001, 2005). GF Y o A £ 2] & strain GPS+ Phaeoisariopsis
personata, '8 15 2| 2 K& £ 2|3k strain JPP1-2 Aspergil-
lus parasiticusoll 284 Lojtt= A AH9 HE& A 54
th(Kishore 5, 2005a; Wang 5, 2013). €+, Serratia plymuthica
= 32 EST ZHA A 25 Y=, B. cinerea, Sclero-
tinia sclerotiorum, Verticillium dahlia, Phytophthora cactorum, R.
solani, Cladosporium sp.2} Alternaria alternata®l] ]3| A & o]
Ue A7 B ESHES A5 HHUankiewiczet
Brzezinska, 2015; Kamensky -, 2003; Kurze %, 2001).

AlEHdds JASHE 28 FAH Y TH RS AT L=
A Bacillus%: 1} Paenibacillus< 2] thoFst Zo] B 15 gjch
Bacillus%;-2 = 1k A | A &2 =] %=1, B.amyloliquefa-
ciens, B. atrophaeus, B. cereus, B. licheniformis, B. pumilus, B. sub-
tilis, B. thuringiensis ‘52| T} 3t Fo| AAFF- e} EF9] o g
L JA 5= AL 2 X3 E QlthAzizah 5, 2015; Ghasemi
- 2010; Hammami -, 2013; Liu %, 2010; Narasimhan 2} Shi-
vakumar, 2012; Reyes-Ramirez 5, 2004; Shanmugam 5, 2013;
Slimene 5, 2015). Paenibacillus-S EF O 2 X g Ha|= p
illinoisensis2} P. kribbensis7} A AF 52} & oF o] thokat W Y+
=2 YA tHSubbanna %, 2016; Xu 5, 2014).

HMSEY JIERSMAE. 2" A 712 A
© = Chromobacterium sp., Lysobacter sp., Pseudomonas sp., S.
plymuthica 5°] F2 A%< dAst= A2 Hu =
EQro 2 HE BT EH Chromobacterium sp.= FAAIAE
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o] §3}= A3t (Cronin
5 1997), Pseudomonas chitinolytica+ 5 2] -4 521 Meloido-
gyne javanica 132 A} &S A5 tHSpiegel 7,
1991). AL 2 2 g 2= Pseudomonas sp.~= Trichodorus
primitivus©l] tj gt A4 5 244-& LHEFH A (Insunza 5, 2002),
S. plymuthica+= Meloidogyne ethiopica®] 4] A5t ok
(Aballay -, 2013). Lysobacter<s ]| /\1 cEYCoERE Ed
o] 735 oA 5,

B2 2l L enzymogenes7} T. primitivusol] T g+ AFA &

22 UEFH S M (Cronin 5, 1997; Insunza &, 2002), E%F
A 22 ¥ Lysobacter capsiciY512157} Meloidogyne sp.oll t] gt
=2 BA S UEFthLee 5, 2013). E£3F G =2
<l L. enzymogenes C-3+= T} 3 4] &1 WA 53 &l o}
Y g} A %ol A &= Caenorhabditis elegans, Heterodera schachtii,
M. javanica, Pratylenchus penetrans, Aphelenchoides fragariae
of Z2 ot Foll s S 5= EAHChen 5,
2006).

A% WAS 1% FHe AR e EFony
B &2 ¥ Bacillus%: 3}t Paenibacillus< ol A EI1E =1,
Bacillus<; 9| A= B. pumilus L1°] ¥:2] 34 521 Meloidogyne
arenaria, B. licheniformis MH48°] A U-5-A| A %91 Bursa-
phelenchus xylophilus©l] &l 4 A% &5 2 % tHJeong
%, 2015; Lee £} Kim, 2016). Paenibacillus<s ol A = P, ehimensis
RS820, P. elgii HOA73, P. illinoisis KJA-424, P. polymyxa GBR-1©]
3] 5 X &2l Meloidogyne spp.& A A%t 432 H i1
& Y tHHong &, 2013; Jung 5, 2002; Khan -5, 2008; Nguyen
5,2013) (Table 1).

X122l Globodera rostochiensis &

L. enzymogenes7} G. rostochiensis &

o 9 off l‘Ll

e HEY A ARHANFEY HLE HA5HT, 7]
UEHNECIE L A ELH uHe FARI L HFS
A A o 420 AR E o) B

o gt HE e

0}74"}’“ —4 "g%e ==k

2014; Nagpure %, 2014; Singh 5, 20 EPE]'H I gEE
= 7|d &2 u = =3 A g }04 A= o WA axt

£ =olgls Bt gk

718 B= = J|EIEsiMZ el =& Azl 2
gt ASYE EHl. EJolride AR ezN A2 A

\LI

0] Z7HE vk HaEo] Yth l‘ﬂ A 2] o -JOHH &
FH AT L AET 29 4 F H 2|7k 571
(Muymas 5, 2015), F&41 =2 A& FLoAFo| 5 P
3} ¢ 2. o (Liopa-Tsakalidi 5, 2010), E0} & =&-3fFo| & A
3] %7134 thGiotis 5, 2009). 71 Bl A 2o 2N B
ol AAE e RS U £, F oxysporumof| 9] gt
A2 2] o] EFH(Bell 5, 1998), R. solaniol o]t AFRFH-2-2

E ¥ (Postma®} Schilder, 2015), Pyrenochaeta lycopersici2;
Verticillium albo-atrumeol| 23t Eul&E E9FH 50| A H QL
CHGiotis 5, 2009). 7| 9= B0l A2t F&u|A=, &
5] 71 2B EE0] AA S5t Bl A H
T, 0l 3 A BB 7)1 ASHE AR HuH Y
T}(Cretoiu 5, 2013).

o, R R Al i T 7Y EFAE T4 R
A Ee EGHFS] A A7 SHE Aok BTt
1T} 2, 7] ©l05%)& # 2| 3 E ko] 7] Al 2] Prew-
domonas spp. B % @ EFN o] AR H 13 FAE w£5hH
1&gk A 2 S w2} R solaniol] 3t BHA| & 3471 SO
=] 1 31 (Rajkumar 5, 2008), 7] €1(0.5%)= Bacillus ¥ % &€
o] AAASNA FA WA B EFREsE AlF AL
Tk 2 2] & w| .o} Phytophthora®} Rhizoctonia®l| T 3t 24
a7} S5t thAhmed 5, 2003). T3, 71 €l 47} peat
ol B. subtiliss ZA| 5k FAA 25t Al @RS A2
NS o) 2.t} Aspergillus niger®} Fusarium udum®l] tj g A
A 37F o & tHManjulagt Podile, 2001).

AR Ffolle &F AEZfof 517] & col-
loidal chitin®. 2 A A] 7| B A F3 &3] A=
shi), gitae] Aol Al 7 E BN E AT Aw
o} o & A &S ekt 2, 79281429 Badi
lus circulans GRS2432} S. marcescens GPS5, B. cereus CRS7-S
colloidal chitin®} 3 A2 50 224 o-F 9] |ate leaf spot,
chickpea®] A I FolHof thgt WA a7t Fof =
t}(Kishore2} Pande, 2007; Kishore &, 2005a). E 3, 7] €l &
3| Al 1} colloidal chiting Z a8l A A2 3tH 2 2| & Al
9 AER0] F715h0 § £& 7 E oA 2 AAret
(Kishore &, 2005a), 4] =l A ¥ ofol T H o A4S
(chitinase, 3-1,3-glucanase, peroxidase % phenylalanine am-
monia lyase)®] &/J o] ] Folxlth= B 117} 9l thKishore
5, 2005b). RHH, 7| B A = 71 A Al x| ol A Bl
3t oS A5t 7| el 55 Al colloidal chiting &3]
N TR AR E £ A BTE e, of vyl
o WA ik Bet AR Ao ¥ $2E YT

L e
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Table 1. List of the chitinase-producing biocontrol bacteria reported to reduce plant diseases and nematode damage

Strain Source Target pest(s) for biological control Reference
Gram negative bacteria Plant pathogens
Alcaligenus xylosoxidans Soil Rhizoctonia bataticola, Fusarium spp. Vaidya et al., 2001
Aeromonas hydrophila SBK1 - Aspergillus flavus, Fusarium oxysporum Halder et al., 2013
Chromobacterium strain C-61 Soil Rhizoctonia solani, Sclerotinia Park et al., 1995
sclerotiorum, Phytophthora capsici,
Pythium ultimum
Lysobacter enzymogenes LE429 Soil P. capsici, F. oxysporum, Pythium Han et al., 2010
aphanidermatum, R. solani
L.enzymogenes 3.1T8 Rhizosphere P.aphanidermatum Folman et al., 2003
L. enzymogenes C3 Phylloplane R. solani Giesler and Yuen, 1998
Fusarium graminearum Jochum et al., 2006
Yuen et al., 2003
P ultimum Kobayashi et al., 2005
Magnaporthe poae Kobayashi and Yuen, 2005
Uromyces appendiculatus Yuen et al.,, 2001
Bipolaris sorokiniana Zhang and Yuen, 1999
Pseudomonas fluorescens PB27 Soil A. flavus Akocak et al., 2015
Serratia marcescens B2 Phylloplane R. solani, F. oxysporum, Botrytis cinerea Akutsu et al., 1993
Someya et al.,, 2000
Someya et al., 2001
Someya et al.,, 2005
S. marcescens GPS Phylloplane Phaeoisariopsis personata Kishore et al., 2005b
S. marcescens JPP1 Phyllosphere  Aspergillus parasiticus Wang et al., 2013
S. plymuthica MP44 Rhizosphere R. solani, Cladosporium sp., Alternaria Jankiewicz and Brzezinska, 2015
alternata Kamensky et al.,, 2003
S. plymuthica IC14 Soil B.cinerea, S. sclerotiorum Kamensky et al.,, 2003
S. plymuthica HRO-C48 Rhizosphere Verticillium dahlia, Phytophthora Kurze et al.,, 2001
cactorum
Gram positive bacteria Plant pathogens
Bacillus amyloliquefaciens SAHA 12.07 Soil Ganoderma boninense Azizah et al,, 2015
B. atrophaeus Rhizosphere F. oxysporium Shanmugam et al., 2013
B. cereus 108 Soil B. cinerea Hammami et al., 2013
B. licheniformis S213 Soil Phoma medicaginis Slimene et al.,, 2015
B. pumilus strain SG2 Soil R. solani, Verticillium sp., Nigrospora Ghasemi et al,, 2010
sp., Stemphyllium botryosum,
Bipolaris sp.
B. subtilis Rhizosphere Alternaria spp., Colletotrichum Narasimhan and Shivakumar,
gloeosporioides, P. capsici, R. solani, 2012
Fusarium spp., Verticillum theobromae
B. thuringiensis - Sclerotium rolfsii, Aspergillus spp., Reyes-Ramirez, et al., 2004
Fusarium sp.
Paenibacillus illinoisensis Soil R. solani, F. solani, Sclerotium rolfsi Subbanna et al,, 2016
P. kribbensis Soil B. cinerea, Colletotricum acutatum, Xuetal, 2014

F. oxysporum f{. sp. radicis-lycopersici,
Magnaporthe oryzae, P. capsici,
R. solani, Sclerotium cepivorum
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Table 1. Continued

Strain Source Target pest(s) for biological control Reference
Gram negative bacteria Nematodes
Chromobacterium sp. Soil Globodera rostochiensis Cronin etal., 1997
Lysobacter enzymogenes
L. enzymogenes C3 Phylloplane Caenorhabditis elegans, Heterodera Chen et al., 2006
schachtii, Meloidogyne javanica,
Pratylenchus penetrans, Aphelenchoides
fragariae
L. enzymogenes, Pseudomonas sp.,  Rizoplane Trichodorus primitivus Insunza et al.,, 2002
L. capsiciYS1215 Soil Meloidogyne sp. Leeetal, 2013
P. chitinolytica Soil M. javanica Spiegel et al., 1991
Serratia plymuthica Soll Meloidogyne ethiopica Aballay et al., 2013
Gram positive bacteria Nematodes
Bacillus licheniformis MH48 Soil Bursaphelenchus xylophilus Jeongetal, 2015
B. pumilus L1 Soil Meloidogyne arenaria Lee and Kim, 2016
Paenibacillus ehimensis RS820 Soil M. incognita Hong etal,, 2013
P elgiiHOA73 Soil M. incognita Nguyen et al,, 2013
P illinoisensis KJA-424 Soil M. incognita Jung et al,, 2002
P. polymyxa GBR-1 Rhizoplane M. incognita Khan et al., 2008

3} thH(Yuen 5, 2001).

7|12l ®z2lol Qgt MF WA, JHSAHYUITCENE
& Soll Fxt= AE7IAFY Bevt st
Hu7pged), e 5% 2 M. arenaria, M. incognita, M.
javanica®} A AE A 32l Heterodera glycines, H. trifolii, 12
I Pratylenchus spp., Tylenchus spp.2] Wx= & A 3] 74
3} tHGodoy 5, 1983; Hallmann 5, 1999; Ladner -, 2008;
Mian -5, 1982; Radwan -5, 2012; Rodriguez-Kébana -5, 1984;
Sarathchandra 5, 1996; Spiegel 5, 1987). 5} A| Tt chitin-urea
A 2l of] &3l A EutE o] M. incognita, ZFA+S] M. chitwoodi,

=
]

& 9] Pratylenchus vulnus= 74
(Westerdahl &, 1992)2} E0lE 2] M. hapla @ =0l = G 9|
Stt= H 1= Qlth(Bélaire} Tremblay, 1995). $HH, Al Zf|
ot o)A E o= Eopo] A2 s Ele] B xof wet ol
7} 91+=d|(Ladner 5, 2008; Mian 5, 1982; Spiegel -, 1987),

A= 7" AYstd & 7t He e B
=] ¢l tH(D’Addabbo, 1995; Godoy &, 1983; Rodriguez-Kabana,
1986; Spiegel 5, 1987).

7S A st EF AFoI A2 FAE EGolA=
Aub o2 et oA g 50| A4 $71% AeE B
9T 2, 7S Ao K B Aol 134, Bl

3+ A 9k, H. schachtii

7} 2,58 5713} R 2L (Sarathchandra 5, 1996), A 2] = A] &
& Eopolq wARA) BokE A Aol A8 A4S
of o] 2 WA A, 21 7| RS v EY W= F
7Fel 3 2 m (Hallmann -5, 1999), 4159 ol 7| ¥3te &
Fol7F go] F7hstithE E a7}k Qlth(Mian 5, 1982; Ro-
driguez-Kabana 5, 1984). E3t, 7| €& A 2|3t EFoA =
pH, conductivity, nitrate-nitrogen, ammonia-nitrogen¥} chi-
tinase &4 o] 3713} % 1L(Godoy 5, 1983), aryl phosphatase,
chitinase2} urease &4 50| 7181 % th(Mian 5, 1982). u}t
g 71" 9] A 2o o3t EG AT A= 71 =8| A
E9 F7}ol 93t chitinase A3 42| F-7}(Sarathchandra 5,
1996)¢} 7| §l o] 28l = H A LAY SE ohH ] ofof o3t A}
2 FA = 3t} (Spiegel 5, 1987).

|E._|-E-0HA1| 9| =8 Xz2lol| ost WM. s|dEs|
23 A of gt WA ante oAt A
P At o] Z23tof whet @3t £, F oxyspo-
=% ®A| & 3= Paenibacillus sp.2} Strepto-
myces sp.5 T AT AR & AT 2N FH
3} A 2HSingh 5, 1999) Sclerotinia minor®]] o] gt =} A & 1}
= A 23RS -2} S. marcescens, S.

=% A=t

+ S. marcescensE

viridodiasticus M/cromonospora carbonacea=
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= 7 -F-oll vl A thElTarabily 5, 1996). 3HAI T 4 &
A 7| &o| & #FES T AYsE Fol+=
uba o= W WA a7t S7Hst A &, cellulaseE A
AFsl= M. carbonacea®t 33 E Q& XY A3t Streptomyces
violascens®] &3} & 2] o 23t Phytophthora cinnamom®]| o
3t WFA| & IHEl-Tarabily 5, 1996)2} siderophoreS A Aot +=
Pseudomonas putida WCS3581} A &0l A& F=3l=P
putida RE82] &3 & 2ol |3t F Al 55 ofl gt A &
= A58 thde Boer 5, 2003). 3, AEAF S
Q1 B. subtilis, 212 A4 7= B. amyloliquefaciens 2}
chitosan 2. 2 LA = o] = A F(LS213)0] 357 &=
AAFE A7V 92 35 Ze 204 159 EntE
S A HA AN S JAA T B FH A5 B i
cheniformisE 713t A| & o] A, ¥ WA & 52 P fluorescens
£ A7 A g ol A 52 = Yl eHDomenech -5, 2006). w2}
A 7|2 AlFE SolAE B AA 7| &e e dFE
= EFeiA At BA AT o AsE Aew 24

g},

N

WEA WA 7|22 A A 7ol whet ot
FAA(S 29 A4, G F o
o 4% 50 0 AP $5 5 Foho]
2 &HA QL th(Palzt Gardener, 2006). 4] =1
dE Al S Sl = A=A FA o Fo
4~ (chitinase, B-1,3-glucanase), @AY &2 (pyrrolnitrin),
78 " (siderophore), 5= = (1AA) 5= BAsH=
(Kalbe &, 1996), & 4~(chitinase, chitobiase)2} 3 &2
Abst= - 3(Someya 5, 2001), chitinase, Q1AHE 3] &
. IAAE A AFSt= vt (Abiala 5, 2015), A =l A=
fr=sto] B& AA|st= & F(Sato 5, 2014) 5 T 7]
Zho] Zrojdt Aoz A HUT AFol di =2 A
75 FoAA = FY =4, 54, chitinase, protease 5= A4t
A A B0l AFAH LS G =8 thokst 7| H BN FE
o] X 11 5| %} th(Bottjer 5, 1985; Chen 5, 2006; Niu 5, 2006;
Ramamoorthy 5, 2001; Tian -5, 2007a, 2007b).

o] Ziro A= & AFAHAA 71" 79 AP S A5t
= H 7Id &2 =R o] 8H 3FTFY 27 24 Al
o s A 9k A=) WA 7] 2ol i 3l A A= gt thH(Table 2).

oo
o
ok
=2
u)
r

=
2 AN

o8

ol

ol
Mo

bop
B~
we

]

o~

1

<
Lorr on X

(s o
N o

2
O
_

of Ok flo

B flo B4 o2 lr 12 @ &
oX —lN HE 191'

Lysobacter enzymogenes2| MEX HWx|7|Z, T}

U3t A EH | EIE Kol L enzymogenes= 2 F
FoF WA o 2ol wet ookt AA 712o] B
TH(Hayward 5, 2010). L. enzymogenes strain C3+ chitin,

o

B-glucan, alginate, gelatin, carboxymethyl cellulose &3} & 4
£ EH]3}=d|(Sullivan 5, 2003), chitinase+= B. sorokiniana
of = ol W WolBAR L AAFHE Fa AKE B
115 % 31(Zhang 5, 2001), B-1,3-glucanases+ tall fescure 2]
Bipolaris leaf spot¥} AP 9] Pythium 225 HHAo] S8
3t 98-S 3= Ao 2 X1 E ) thPalumbo 5, 2005). 5
3} strain-= B. sorokiniana, F. graminearum, R. solani, S. sclerotio-
rum, P. ultimum} P. sojae 5 TFFet Al & A FHo| e} A3
< A A|5l= FA =4 2 dihydromaltophilin (heat-stable an-
tifungal factor, HSAF) (Li -5, 2008; Yu -, 2007; Yuen -, 2006),
Ztd) W HhA| o] 7] o 8} biosurfactant (Kobayashi2} Yuen,
2005) 9 FetEE 8T oty A g0 AFAES Fr=st
o] B. sorokiniana 2] 3EA} ¥rol 1 B "FAL-S- o] 7| 5} th(Kilic-
Ekici®} Yuen, 2003, 2004). Strain OH11-2 protease, chitinase
9 B-1,3-glucanase (Qian 5, 2009)2] A =2 YA o &
H &4 AldtS J A3k cyclic lipodepsipeptide (Zhang
5,2011)7} 23 QA2 B 0% gtk E3F strain LE429-S
chitinase, B-1,3-glucanase, protease, gelatinase, lipase 5 2] &
3| & A5 AAFSEH (Han 5, 2010), strain 3.1T8 protease,
lipase X &at EH o] =2 WA o 23 7|Zte2 H
3= QA tHFolman 5, 2003, 2004). L. enzymogenes2] genome
sequencew ©|1] HilH aAot FaEH o] ¢l o g2
Pt BAS AT AR FAFo gto g AEY A
of 71& 4= = o gt EA S0l A Aoz A7
H tH(de Bruijn 5, 2015).

Serratia plymuthica?| MEX 4| 7|=, 7]
s u] =2 S. plymuthica®] &2 WA 7] &= o539
2} off - o} k3L R th(de Vleesschauwer®} Hofte, 2007).
3], &4 A (HFA L) NA 22 S plymuthicas
o]l 5] &= chitinase, -1,3-glucanase, pyrrolnitrin, siderophore,
IAA T BE=4 HA JAAE 257 B4bst= #0159
AW QAAE AH4HSHA] Kot 45 & W HgstA T
(Kalbe 5, 1996). T3t 2 o] Al F-33-0] B (B. cinerea) ¥} Y
H(S. sclerotiorum)& & A| 3t strain IC14+= chitinase, protease,

oN n & A

pyrrolnitrin, siderophore ¥ IAAS A A3} 31 (Kamensky 5,
2003), @ 7] S 2R3} V. dahliae, P. cactorum-2 <} A
gl strain HRO-C48-2 chitinase, protease, pyrrolnitrin, 3|24
©7]8}51E, siderophore, IAAS A AHel= A0 2 B I1E Q)
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Table 2. Bacterial determinants involved in biocontrol of plant diseases and nematode damage for chitinase-producing Serratia, Lyso-

bacter and Chromobacterium isolates

Strain '!'arge.t pests for Bacterial determinant Reference
biological control
Lysobacter enzymogenesis Fungi Chitinase, 3-1,3-glucanase, protease, etc. Sullivan et al., 2003
Strain C-3, Qian et al.,, 2009
Strain OH11, Han et al., 2010
Strain LE429
Strain C-3 Fungi Dihydromaltophilin (HSAF) Li et al., 2008
Nematodes Yu et al., 2007
Yuen et al., 2006
Strain C-3 Fungi Biosurfactant Kobayashi and Yuen, 2005
Strain C-3 Fungi Induced systemic resistance Kilic-Ekici and Yuen, 2003, 2004
Strain OH11 Bacteria Lipodepsipeptide (WAP-8294A2) Zhang et al., 2011
Serratia plymuthica Fungi Chitinase, protease, pyrrolnitrin, Kamensky et al., 2003
Strain IC14 siderophores, IAA
Strain HRO-C48 Fungi Chitinase, protease, pyrrolnitrin, Frankowski et al., 2001
siderophore, volatile organic compounds, Kurze et al., 2001
IAA Mdller et al., 2009
Strain A153 Fungi Pyrrolnitrin, haterumalide NA, B, NE Levenfors et al., 2004
Bacteria Andrimid Matilla et al., 2016b
Nematode Zeamine Hellberg et al., 2015
Chromobacterium violaceum Fungi, bacteria Chitinase, violacein, cyanide Barreto et al., 2008
Protozoa Chernin et al., 1998
Michaels and Corpe, 1965
Leon et al., 2001
Bacteria Aerocyanidin, aerocavin Parker et al., 1988
Singh et al., 1988
Chromobacterium strain C-61 Fungi Chitinases, lipopeptide Kimetal, 2014

Park et al., 2005

HSAF, heat-stable antifungal factor.

TH(Frankowski -, 2001; Kurze 5, 2001; Mller 5, 2009). °] &
%01]/\1 ] A of 2l chitinase?] H&-2 o W2 Ao
Z A %] 9 thHFrankowski 5, 2001). 3+, strain A153
%‘%‘ 3tofl t 3l Fat spectrumo] THE TR FHER
= (pyrrolnitrin, haterumalide NA, B ' NE)-& A A+s}11
fors 5, 2004), A 74 EZ 2l andrimide} A4 &5 &3
zeamine= A AH31 ¢ th(Hellberg 5, 2015; Matilla -5, 2016b).
o] 9Jof At EA = A] ¥HE 2 241Q serracin PE A4t
St - F(Jabrane 5, 2002), 319HA] 5 7]13H8HE Q] dimethyl
disulfide S A A= A&2 WA+ (Dandurishvili 5, 2011),
715 A g AFAE FEst] BE AAste #5= 2
115 ¥l th(Benhamou 5, 2000). 3+ strain A1532] genome
sequence®]] 2]5}H o} 74X W a1 E| A] b2 ThFe Y=
A QYA fAA o] B E gl thMatilla 5, 2016a). et
Al S. plymuthica®ll 23t BEH FAl= o ¥t 2459

A]
2

(Leven-
=7 0]

A Akol] YAl o] Fol W R 0.2 L,

Chromobacterium%2| MEX HlH|7|Z, C viola-
ceum-2 chitinase, violacein, cyanide 5-©| &2 WA o
a3 oz E 43 A tHBarreto 5, 2008; Chernin %, 1998;
Michaels®} Corpe, 1965). Violacein2 217+e] 8 W 2l
Mycobacterium tuberculosis, Trypanosoma cruzi 2 Leishmania
sp. 5= AAISHY T AeX o &3 Ao A
Q1 tH(De Souza 5, 1999; Duran 5, 1994; Leon 5, 2001). T
qt o] Alat-Z FAlat, FHfel B 2 W FA BAAS A= AL
2 X 315 9) 31(da Silva Melo 5, 2000; Rettori2} Duran, 1998;
Ueda 5, 1994), @Al +tA &2 2l aerocyanidin} aerocavin©]
&2 A thParker -, 1988; Singh -, 1988). o2&, C. viola-
ceum®] Al £4 of] 23} chitinase 2} violacein, phenazine,

cyanide ¥ lipopeptide 5] =2 WA o T == F4
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A7 EA st o] 50| T T AEA WA AR AL
AL 2 FA H th(Brazilian National Genome Project Consor-
tium, 2003). & AFE o] Al £ 23t Chromobacterium strain
C-61 o= OE 7IH &M=l vl st EFoll A &2
H%ﬂiﬂ%%ﬂ%%m%J%aq%ﬂ%%dw%%
of| v]ste] 7| H &35 2 ] =il 53] R solanioll tHt H A
go] goton, 259 RAEH Ao #olst= o chi-
tinases= &4 8} 9 th(Park 5, 2005). F L ©] #+FZH ¥ 4]
Y AA o T2 IS dt= At cyclic lipopeptide 7t
8% g+t 2EE FHEHUILKIM 5, 2014), o] = ©] 2
= ohoFst A EZ WA AE 0] )& A S 2 draft genome
sequence®] &3] £4 & % ™ (Kim 5, 2011), 1 & 5 extra-
cellular chitinase £} &4 &2 2 quorum sensing®l| &} afj A =
AH S 55 tHKim 5, 2017).

718 JIgt MY =M. ZIHESATES 71+ A F
Fui Ao A EfFstE At o] T4 22 150 7IHE
wafst7] ARt P BAAES BH|sHA, 12T a4E
oA Ze = AAY 2 B e TrFe 71" ==
aH, ob2 ZH A b2 71" S0l EA s, Altoll wet

theret FEE S SIS wEbA 7"+ 3 4G gl
Ao A At 71D Z | Aot o] vl F Y Lol = ALF =2 Al
o, TR Al 2] Rl as - Ed, odd 71d 9
amet 7le5o] 23HE ] JlthFig. 1). 0|2 A5 B
A=ty A WAl A B A oE 9
Aoz dHA Utk &, 7|92 A= RS S
l‘%l-l%ﬂl”]*ﬁ%%% SAAA FA o 7]k,
i ol AF& A4 A8t
E l ol ¥h-g-& g oA HHA
Q) thBarber <, 1989; Kielak 5,
2013; Sharp, 2013; Shibuya2} Minami, 2001). gt A+, &3]
a2 YA EISS AT EFH oz A5t YA Ayt
£ S 3tt}(Brzezinska 5, 2014; Nagpure 5, 2014; Singh 5,
2014). o] ¢} Zro] A E BN H =Y i FH-2 A+
To g o] foj X A Kt o Fof what 108] o A 254
AE o 2 9 FAS e, RS AT et A
TEZ XN Y 34

.I

3HH, £ Fol i thobat WF, Mol BEST, 1F
o] 45 BFH 02 2g3to] WS A5 ATk wretA

WA LS Fol7] A< 15 BFE 9
of st=t, o] & fshAl = 54 B2 JAS
£ i gaiA AHgsloF e Aotk d & &, L3
9ol 9 HAAE P capsicio] A T,
sarium solani, Ralstonia solanacearum 5°] E3+% o 2 28
shof @AY sl (Parkd} Kim, 1991), of 7] of] A 5-0] & 5HH
o= o AZ Aotk mEha & dFHoA = ESl &
E3l= 71D E Ao Foll A P capsicioll o B4 0] =&
S. plymuthica, R. solaniol] &t &4 o] 3= Chromobacterium
sp C-61, Fusarium spp.°l| 3+ &4 o] &2 L. enzymogenes
£ Adsto] 71 G g A ol A £ v st A THKIm F,
2009, o1 ALAAFEL SHIT 54 AT 9 4F
= AL, A5S AAISHE ST EEES =
Ao 2 B thTable 2). w2tA o] 5L &3

2

e ne
4>

ol
N
18 #xe
ok N 2

d

R. solani, F. oxysporum, Fu-

W opat
o St oA 3l0] A AL 28, TE
ool A& Amato] Yo 5S A LA T ALE
NERAZES] Ao Bt AT 0] ZgE ol 9K

robof & Zo|th whebA] & ATl H L 4
o Aetx) RAA A DEHANFET AL 5 G B
22 oA (71 ¥ 715 A F) S AL, o A oA
A Aol Az B 4 Qs W 2L FASHATHKm
5, 2008). @ S E0] A7k hesel g 5

th e o 4 o W%y 7L B (Fig. V3te] T
chpa A2 ol o3 WA A0S A F et

ZEOIAM FIE 78 MFel AMEYH WM 53 S
plymuthica, Chromobacterium sp. C-61, L. enzymogenes7} 7] &
ai%%wNWwaﬂﬂaﬂwmﬁiiﬂwﬁﬁ
2 oy, o0|of Bupe] WelHHF ol ojs) A EA WA &
50 U THFig. 2). 1L FH X Xﬂ A= 71" 718 A Y
o Mol 5= 9 A A7, 249 ¥ U AEo] nel
o7 AT, Ao e] EF BEL BE 2| A £ P
Al &3H77%-100%2] FA7HE e oh 22 U 104] 3]
Aol e] - ol AA 2 EH AN ST A &3
(75%-92% HHA) 72 e A e o] AlshA dY 24

(1%&%%%4%]Hh%%n%o o] WA &=
L EFJ THKIm 5, 2008). 4150 ¥rAI gt s Aof] o 2121 Y
A5 A2 e 2ol= 74468:70}%1 st oy 718 7]k

AW ATl E HFS WA B BT EF A
A& 009 FAT AHES Uehith B3 o] &
o2 A5ta B hAle] 75 B4 79 71 AP L s
07 YA BRI A9, 3007609 F 2.0]9) 24



Research in Plant Disease Vol. 23 No. 1 27

Formulation

—

Cultivation - The formulated products

‘ - Chitin degrading bacteria

. 25°C—28°C - Lytic enzymes
- 10-20 days - Antibiotics

- Medium
- Chitin
- Inorganic salts
- Chitin-degrading
bacteria
(2—-3 species)

- Chitin oligomers
- Chitin

Chitin degrading bacteria Fermenter

Fig. 1. Growth by fermentation of a formulation with biocontrol activity. The fermentation can be conducted on site with a defined
mixture of two to three chitin-degrading bacterial species. The growth medium can be cost effective and includes chitin to induce both
effective multiplication of the active biocontrol agents and the production of chitinases. The bacteria are selected to provide unique bio-
control potentials of an array of plant pests. Fermentation can occur to field applicable levels within two weeks. The formulation not only
contains cells of the biocontrol active bacteria but also a mixture of their metabolites, degradative enzymes and bioactive chitin oligo-
mers with varied potentials in biocontrol. Control of microbial diseases, as well as insect and nematode pests is feasible.

Treatment

Powdery mildew on pepper Powdery mildew on tomato Powdery mildew on cucumber

Fig. 2. Effective biocontrol of formulations based on chitin-degradation microbes against plant diseases and root-knot nematode dam-
age under commercial crop-growing conditions. The fermented formulation was treated three times at 10-day intervals by foliar or root-
drenches to the different crops. Significant biocontrol efficacy was observed when the crop plants were treated with 5-fold or 10-fold
diluted product. Images of root-knot nematode on cucumber and powdery mildew on pepper were cited from paper of Ha et al. (2014)
and Seo et al. (2007), respectively.
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o] 792} 10% £ H 9L, 2 P FHF D7} 78%2}
69% skt 53], A F AFd 7919 o= Fo]
e BAEA G vhuo] B3} 57 e 29)0) e
o= B48 Fo] G4 E o] Y] £ o] 7€ Ak A
FPo mag|s 2 JEZ HA| e A A2 Ygoloz =4
5 lth(Ha 5, 2014). ZH A = 71| 7|4t A& 3] A5}
of AH BrHAL Aol B BEA Agurt 2z
o o] E4T, B FHF | AL} R Fo o
S thFig. 2).

A F ol tis A= Al it 72t 7 ol YsiA 24|
71" 719 AP o) A &} vl st ok whEkb A = o
ZF(Chromobacterium sp C-613} L. enzymogenes) ol 2] 3l 4] =
A 719 719 A d & 257 AEs =T, A7FEE0 o
A A NTE 4 THFig. 2). &, L5, BEULE, 20]9] 87}
£ EF AL 46U F A7FFE o] A WA EH AR,
WA A& 71702 A o S 20 A = Sk
th 9 & 50 LW A ET 2% 6Ao HAESAY A2
o2 HI7E & A Sole 2 AR &7 B 2 A&
Hoh 2y dAutx oz n 3 7R o o T
o] A%t A A= 5Y 7+, 1§ A o] AlZHE = 279
79 3H4 Ax st 47}?”‘“0] 100% "4 = %1 Th(Seo
5,2007). 20] YA7FFR O] F Fol= 109 1H4, A=E
o= 159 1HA & Az of o3 & °P7ﬂ WA = e
2t %ﬂ‘%ﬂr HEE ol et Al avte v Tgo] ¥
73S (E A 30%, FEHH 75%) = A Aol A ¢ Bl
e anE yetiloy i Aol A (A1 70%,
FH 100%) 0= At Al o EE T oFE W ThKim -5,
2010). 20| =5, EnlE gl 3ol
e A A= At A Y Ao v Xl Xl F3 ¥ th(data
not shown). 3}A| 5k, ZH-EH WAl 27] 2 Y ddo] A&
2A Y2 Soi717] Ao A o2 A5t A 1 3}t
OfH T A S5 S A Axstd A7 7hsE A
2 B QU shA T =2 &f 33 gAY olu F T
Hy Aol it avt= 555 AwtAl o vlsto] A
g o] & 7}& o] ] 53} 9 thdata not shown). 22% 02 K

o 4 lo of

;

AL o A st 7)€ 7|6k A F L TR A EoFy W
MEe aytz oz wA|sa, A A Yo A arasts 2|4

239 PRl ® BgY 5 e AR BHH ek 17
o] gL PAFolt Aol AR okt anprt
931, 7 B3t B A G 87| o] oA HES

A9 425 43P ARAL + R

O

K
_WEL

2k Azt

g

ZE U gozol Mg
2 dF"HAA I 71" 7R Al o= AEA EA
2 e A= ST A 7148 5 A

chpd B S0l TgEof ik o] AL AFHoR
Fold Aenct A o B WA B 2, 15
4, oo Mol EHF, 215 A7FRH ) F ot £71F
ok h A AL B FE Y YA NS ek E
=4 4 AA oA AN DEANAFES BT Fste, ¥
49 Z7hmer ohet WAL EY o] SejEl g
Aol itk QuHE © 2 545-47] 5 ool Lt 1] B350 Y
WHol B2 g AUEY| AW, £ ATHAA AL

Ni

éfﬁ-‘oﬁ:.l&&f‘l[‘

[¢] bl LI w
719 7Rt A2 g A S SA A B2
GYE T 5 Yt FHES B

o, S g A o 2 Al st YsiAl = A e
s 0}‘43} s} 5 7HA| s A sl of gtoh. 7| Z s Al = Foll
Al FS At #+FEE Wol HIiLE §lth(Aggarwal
5 2015; Liu %5, 2002; Otsu 5, 2003; Singh 5, 2016). 9| & &
o] B.thuringiensis<= 1. 5=2] T4 3 Z-< S A A v, &
b A AN U B 23 o2 S 5s Alst,
o2 7| A& Al ol v ok Ml 9 chitinaseS H7}5HH
A+ Z 8 317} ©] 012 1 (Regev 5, 1996; Sneh 5, 1983), col-
loidal chiting 7}t uj 2] o A &gk vl S o 2 ’SJ
% 84+ Z=rh(Wiwat 5, 2000). TEhA] 58071 &
D E S Alete At & Al o F71st 12 u}
Aol o] &2 = A= BEA LA Lol E 5= & A o], of

ERESEEEREEEMEEEREECE PR
HlFat T 4B, A3, 35 RES YA 4 Uk AR
WA ol B 4 qloelet 42 $o T oA ZHY &

2% AP Ao ke e,

ol AEAYA Y] ZA0] £2EHE v &S A},
Quk 5 7hol A 27 Wl oFal A AL 4 ek a2
A 7 A A g3 vk BE AL} 758}, ol 545t
HH BRE Hsei vetA A4 A 571, S8 A
A 7kl A 88 & 747 ek Az 1
G 27t el A2 A kst e dE ARER <
sho] WA 37} Dol At wehd AE YA LL WS
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