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Antagonistic Mechanisms and Culture Conditions of Isolated Microbes Applied
for Controlling Large Patch Disease in Zoysiagrass
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3Department of Horticulture Science, Chungnam National University, Daejeon 305-764, Korea

Abstract: Our previous report demonstrated successful isolation of soil-borne bacteria that suppressed the potential of Rhizoctonia
solani AG2-2 (IV) causing turfgrass large patch disease when applied to Korean lawngrass (Zoysia japonica). The current study
aimed to uncover the mechanisms of this antagonism of Rhizoctonia solani and to define culture conditions for the isolated
microbes. We found that two Bacillus isolates, [-009 and FRIN-001-1 strains, produced cellulase and siderophore, but not chitinase,
while the Pseudomonas YPIN-022 strain was found to release only siderophore, implying that three antagonistic bacteria commonly
interrupt Fe uptake by the large patch pathogen. The 1-009 and FRIN-001-1 isolates grew best at 35 and 30°C in growth medium
of pH 5 to 8 for 32 and 28 h, respectively, while optimum growth for the YPIN-022 strain was found at 35°C at pH 5 to
9 for 24 h. Good growth of 1-009 and YPIN-022 over 24 h was obtained in M9 minimal medium supplemented with 1% sucrose,

0.5% yeast extract and 0.1% potassium chloride. FRIN-001-1 grew well in M9 medium with 1% mannitol, 0.5% yeast extract
and 0.1% potassium phosphate dibasic.

Additional key words: cellulase, chitinase, microbe identification, siderophore, turfgrass disease
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Table 1. Composition of media tested for culturing selected bacteria antagonistic against the large patch pathogen Rhizoctonia.

Medium Components Amount
Tryptone 10 g

Medium 1 Yeast extract 05¢g
(Luria Bertani broth) Sodium chloride 1.0 g
Distilled water 100 mL

Casein 17 g

Soybean 03 g

Medium 2 Dextrose 025 g
(tryptic soy broth) Sodium chloride 05 g
Dipotassium phosphate 025 g

Distilled water 100 mL

' Potato starch 04 g
l(\gictlgé;n dixtrose broth) Dextrose 208
Distilled water 100 mL

_ Peptone 05¢g
l(\:[g:tl;lilgtélbroth) Beef extract 03 g
Distilled water 100 mL

Peptone 05¢g

Medium 5 Beef extract 03 g
(nutrient yeast extract broth) Yeast extract 05 g

Distilled water

100 mL
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Fig. 1. Evaluation of antagonistic capacity of 1-009 (left panel),
FRIN-001-1 (middle panel) and YPIN-022 (right panel)
microbes based on chitinase test (A), cellulose release (B),
and siderophore production (C). Clear zone is formed when
chitin is hydrolyzed by chitinase on chitin minimal agar
plates (A). Yellow halo is formed when the cellulose is
released on DCAB (detecting cellulase activity of bacteria)
minimal agar plates (B). Orange halo is formed when the
microbes produce siderophore on CAS (Chrome Azurol S)
minimal agar plates (C).
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Fig. 2. Effect of culture time on the growth of three bacterial
strains antagonistic against the large patch pathogen Rhizoctonia.
Error bars indicated standard deviation of three replications.
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Table 2. Effect of medium type on the growth of three bacterial strains antagonistic against the large patch pathogen Rhizoctonia.

Cell growth (ODgoo nm)

Medium

[-009 FRIN-001-1 YPIN-022
Luria Bertani Broth (LBB) 1.45 a* 132 a 1.32a
Tryptic Soy Broth (TSB) 117 b 1.04 b 1.26a
Potato Dextrose Broth (PDB) 0.82 ¢ 0.07 d 0.99b
Nutrient Broth (NB) 051 d 047 c 0.69c
Nutrient Yeast extract Broth (NYB) 1.27 b 1.18 ab 1.09b

“Different letters within a column indicate significantly different values based on by Duncan’ multiple range test. p = 0.001.
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< o 4= 9)9JthFig. 2C). Siderophore:= & o] (Fe’ )} X
3hdol =2 7HgAdolm AEAH1.0kDa u|9h)Ql 22} thARAE
=2 W2 nEE0] o] 4& A & d4=5A|(high-
affinity iron-transport system)2 £33 EoF ] & o] &
aoto] 5o o]-§gtthPayne, 1994). A o]29] 54 HA
oA L& A3t S8l A A = =Esiderophore S
AgAred B %9te] d o] FE WElIT BN A=
HAA A2 TAA 7= 22 SHA|ElctCompant et al.,
2005).

Mat Zsin| M=o ulidt EM

HiX| SF

A Agu|AE B8] HAuRE 2ARBE| 8l 5%
ol WA E Agste] wjoFst A3t 1-009, FRIN-001-1 2
YPIN-0223+5F W5 LBBHJZ| |4 otA|2] o] 7Hd 7]
UFEFS THTable 2). WiZ| 2] F-5of upel FAke] A% &5,
ujAEe] MY AR ol E3H 7] 7,
H R oF MlEZ7E] AFEQ) Ao] o & wieF &L=t thEA
Uehte= Aoz dE %t Lopez et al., 1998).
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2201 1-009¢} FRIN-001-1-75% 35°Ce} 30°Cof|A] ZFzh 4|
o] Aol 7H woko, 4 =5 Yo} 40°Ce] 2=
H7IA = Aol YtsbA] wolal, BhHol| Pseudomonas
2:9] YPIN-0224+5% 30°C ©]3}e] BiA] who 2w of 4
T Ago] FI P 35°Co A FA2] o] 7 =Tk
e 40°ColA FA3] FAQ] o] dolxthTable 3).
Shim et al.(1994)-& Rhizoctonia solani AG2-2(IV)2] wAMY

Table 3. Effect of temperature on the growth of three bacterial
strains antagonistic against the large patch pathogen Rhizoctonia.

Temperature Cell growth (ODeoo nm)

(@Y 1-009 FRIN-001-1  YPIN-022
10 0.29 d" 0.24 ¢ 1.25 a
20 0.96 ¢ 0.30 ¢ 1.22 a
30 141 a 146 a 1.2 a
35 1.48 a 137 a 132 a
40 1.20 ¢ 113 b 0.15 b
50 0.74 ¢ 0.39 cd 0.03 b
60 0.03 e 0.02 d 0.03 b

“Different letters within a column indicate significantly different
values based on by Duncan’ multiple range test. p = 0.001.
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18} o2 285k 4= Qitkal TETh In vitro @ in vivo
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7] 918l pH 3-10% 9ol A wijeFet At 1-0092F FRIN-001-1
7= pH SHE] oFdE] 2l pH 8714 9] W2 H 9] WollA]
Ag-o] A UEb Tt BEdol YPIN-002w5+E= R4l
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Table 4. Effect of pH on the growth of three bacterial strains
antagonistic against the large patch pathogen Rhizoctonia.
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Table 5. Effect of C source on the growth of three bacterial
strains antagonistic against the large patch pathogen Rhizoctonia.

oH Cell growth (0.Dgoo nm) Carbon Cell growth (0.Dggo nm)
1-009 FRIN-001-1 YPIN-022 source 1-009 FRIN-001-1 YPIN-022
3 0.03 b* 0.04 b 0.03 ¢ Fructose 0.110 a* 0.050 d 0.250 b
4 0.02 b 0.04 b 0.02 ¢ Sucrose 0.113 a 0.116 b 0.368 a
5 1.50 a 149 a 111 b Galactose 0.087 bc 0.027 e 0.300 a
6 1.44 a 1.46 a 1.24 ab Sorbitol 0.098 abc 0.022 e 0.363 a
7 1.46 a 133 a 1.17 ab Mannitol 0.105 ab 0.148 a 0.329 a
8 1.36 a 1.50 a 137 a Lactose 0.083 c 0.083 c 0.342 a
9 0.02 b 001 b 1.16 ab "Different letters within a column indicate significantly different
10 001 b 001 b 0.01 ¢ values based on by Duncan’ multiple range test. p = 0.001.

"Different letters within a column indicate significantly different
values based on by Duncan’ multiple range test. p = 0.001.

A3} o] Sy FAA] glFto] oAl e e
o =9F W pH 2HEo 28 7Hsste] Wl ool 28]
7Fed Aoz Atk E3F YPIN-002+t 7= =327l A
Hith HAfE o]-&5 vilEdE] Alojl= deE|d B 2
2-go] 7hssto] WHatol] gt 43S fAT = US
Aoz wotety 53], 2w o] 7159 dAE =%
T2 T glojgolof A= o] 1a(Choi et al.,
2012), Hlojeeo] o] WA}l E9F pH &= 7.062 L&A Qlof
AR 3F0] W= T2 A8 Al Aso] 7 Al
2 FehEti(Kim et al, 2012).
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382 ol AEsZ] AlShA Hjoel o] Tkl o)
a7} F7hElo] Lk 44802 B3 QickMartiner-
Cuesta et al. 2002). o]2]gt A3} & H|Fo] & o 00945
+ 32A]7F, FRIN-001-014F+= 2847 YPIN-002 5=
24AZE ol FolE L AFES Uehd Ao oAU

A Aol oA A0 dFe = vads =
A7) €13 mannitol, lactose, fructose, galactose, sorbitol,
sucrose 5 & 652 TS H7Isto] HjRt Ay, 1-009
= sucroseof| Al oA &) AJAFo] =9kal, FRIN-001-1+F
Z= mannitolof| 4] =4 YEFSTE YPIN-002H4-F+= AA|
g mEollA Bl A] A AgSo] wehkom, 1 FollA
T sucroseof| A 71 =7 YERGTHTable 5). o= 22 &
o] mAEolet st et nyES] FRe Aol et
A9 % atle] $571 HR] eee
(Mulders et al., 1991). EQFo| A A EH A+
ol o Bagle] FR AR BEoE A4ZHARE o
BT 5 g, PR O[T 5 Gk AL im0
=2 E"o‘:"ﬂ ﬂ stof 5”‘&”&-% SAAZIAL e F

% AEH O] WAl aapA e &

SrA EolE A 9] eAYS H7KI-009, sucrose; FRIN-
001-1, mannitol; YPIN-022, sucrose)3t HljX]of| &|117|5&
4, malt extract, peptone, AN FE5, tryptone urea, NH4Cl
5 739 WAUS F71R Wrkstel wjepAIRl
= 249 488 AT A3} A DE REAREE
WL WAL B 501 T A LT
6). YFEZLS A= GRHFA nYES 27| AHURE
the ARFEEI g %71@&%01 watgoleta ol
A o] & AFANet U A4S YER e Chun et

71 6]—1]] A
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Table 6. Effect of N source on the growth of three bacterial
strains antagonistic against the large patch pathogen Rhizoctonia.

Nitrogen Cell growth (0.Dgoo nm)
source 1-009 FRIN-001-1 YPIN-022
Beef extract 0.62 b* 0.57 b 118 b
Malt extract 0.60 b 031 c 0.79 cd
Peptone 0.16 de 0.10 e 0.70 d
Yeast extract 0.84 a 0.77 a 133 a
Tryptone 045 ¢ 0.54 b 0.89 ¢
Urea 0.14 e 0.09 e 033 e
NH.Cl 0.23 d 0.17 d 038 e

"Different letters within a column indicate significantly different
values based on by Duncan’ multiple range test. p = 0.001.

Table 7. Effect of inorganic salts on the growth of three
bacterial strains antagonistic against the large patch pathogen
Rhizoctonia.

Inorganic Cell growth (0.Dgoo nm)

salts 1-009 FRIN-001-1 YPIN-022
K;HPO, 0.73 a* 0.80 a 1.20 a
Na;HPO, 0.74 a 0.73 b 1.16 a
CaCO3 027 b 011 c 025 b
KCl 083 a 072 b 122 a

"Different letters within a column indicate significantly different
values based on by Duncan’ multiple range test. p = 0.001.

al., 2000; Shomura et al., 1983). A RFESES 7|3 v A
oAl oA o] A UEhd Hom & uf uix] TR
ZAF Aol A LBBUIA| 7} A S0l 7HY mab o] 9l|
A WA 2R F skl aREEEY g3 AUNH
Ao & FEc

F7|2elEel Fet

214 0] Sadlsl Aa0.5% FREEE)S ol o)
Z]of] KoHPO4, NaH,PO4, CaCOs, KCl5 452 B35
S 74 0.1%(wivys F7lste] vjop B @Ale] 8L 2
A3} 1-00945F2}F YPIN-022+-5+= potassium chloride”7} %
7hel Wi Aol A A& Aol #3%aL, FRIN-001-19t5+=
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