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Abstract

To prevent large patch disease, caused by Rhizoctonia solani AG-2-2, in zoysiagrass a
fungicide, Tebuconazole and three microbial agents Streptomyces sp. Burkholderia sp. and
Streptomyces sp. S8 were applied in commercial turfgrass cultivation field in Sanchung,
@ Gyeongnam, Korea. All treatments showed 50% reduced the pathogen population in thatch
layer throughout the yearly cultivation period. Not only reduced the pathogen population,
C;r(ffSS]\,fErk Tebuconazole, Streptomyces sp. Burkholderia sp. and Streptomyces sp. S8 treatment also
enhanced turfgrass growth, chlorophyll and proline content. Malondialdehyde contents in

each treatment was reduced from 6.2~28.9% when compared with the control. Taken

a OPEN ACCESS together, reduction of pathogen population in soil lowered the disease incidence or severity,

*Corresponding author: and allowed the turfgrass developed as normal condition. The results suggested that the
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a7 %W A AFR 91 =3I = % Y (Zoysia japonica)2t 5 B @ FH] 7} t o] th(Choi and Yang, 2005).
A5 o 52 EX(Zoysia japonica Steud.)”t AHj o] Lot AZto] A5t HAILE 7 w2 m WA o]
E2 TEE A7 R EHA Xl ety o] Al s 7 AEiH A = F7Fskal 9l A7 o] th(Choi and
Yang, 2006)

A7Fskn a1EFA o] )& Aulsty] Qo= Auiee] 7t Fasket 11 F Xy oo At A= A A
I, A 9 e T ThE Al o] RAIE SR B2 52t 20 & QA E] AL QlItk(Shurtleff et al., 1987; Paik et
al., 1998). 1Lt A uf =] e o] 79 Al E/3 7 717t A2t slete| 5 & U glo] A5 skl 3L H(Bae et
al., 2013), tfd S-2] 3} wizko] E5h71 Hhe4 0 &2 4= = th(Bae et al., 2012). T3 F7|7F 5t vHEA 0 2 v
g E ok AREokL, T A, HiF e 55 420 o= EQF Ase o] ofekE 1l ¢lrt (Hwang and Choi,
1999; Kim, 2006). ©] 23 A€t /Fo] of 2] 7Ex] Faf| =2 lafl o8 o] Zhe] Kot Ajulj 2] o] 7} v ftol] A] 2
HE 7 U= 2S5 QLo (Paik et al., 1998), 578 Wol A 0 2 1FA ] A4Ho] F P 24t EH 1L
QITHMin et al., 2014).

Zrjo| A WA shHE Ho] thRE2 XA Wedtol QsiA EAsH, AT B EGHEE HYde
Rhizoctonia spp., Pythium spp., Curvularia spp. -5 ©] H11%] %] o] 9 ‘:]'(Chung etal., 1991; Shim et al., 1994 ).
oA F&2 FA, Az, T Rhizoctonia spp.”7t ] Qste] st & QutESAS ey H2 AlA
o 2o ] AR ANA Z EA7T =3 th(Endo, 1961; Dale, 1978; Smlley, 1983; Couch and Haygood,
1990). =%t = A3 ztof v|ste] WrgAdo] 71 7eh 280l &5Ht Rhizoctonia solani AG2-2°] I3t 2
A o] 2 (Large patch)ol] a4l = o]F o] =2 7o g E_TLFJCH QItH(Kim et al., 1991b; Shim and Kim, 2000).

ST 7 A E EA0] A 2w HAE fl6l APRt BAA B8-S FEehal AR A 719t
v EF Ao A = dsA o g 2w o] Wsh, 1 Zdo] Wret whAof] B2 o385 AL ATH(Jung et
al,, 2008). T3t ZAm g WA= F2 5FshA] WA of 440}1 2ATH(Shim and Kim, 2000; Lee et al., 2012). Z12]
L 51514 Q1 WA= E ¥l @A 3 %5(Thatch layer)©] B Q2] £ 441 2|7} ¥]11(Shim and Kim, 2000) 2F

Al 5ol Wof =], oA WA o] Bt WobA Ao o2 8910 &2 2F8-6kal Qltk(Lee et al., 2012).

2w Ao iRt AFE T2 nAE FoF 8ol 23 ¢15(Shim et al., 1997; Shim and Kim, 2000;
Jung et al., 2008; Islam et al., 2009), 2F-8-2]- 2] =5 ©]-8(Paik et al., 1998), =% H(Grove, 1999) & }ztd @
o] AL¥E(Lee et al,, 2012)8 0183 AT-50] 49 v ek, ZAHAHE AL 4 Qe S5 ] 4750l
SoE] T AT Lee etal, 2013) EFREH A H AL 5OL0 2 AT AL o717, A4 H SoFe] A
B2 et o] g o] S7Het 1 o] Aof| LR 7= w3 4= th(Hwang and Choi, 1999). | o] & tiAlg 4
)R Eo] gt AE0] wol o]FZ0y2] 11 QU Th(Shim et al., 1997; Hwang and Choi, 1999; Shim and Kim, 2000;
Jung et al., 2008; Islam et al., 2009; Lee et al., 2012).

A& W 9] Chitinase= 2] A|ZH-& Foljol= -2 sh, ]2 Thedo] okl B ark]of Itk Abeles
etal., 1971; Boller et al., 1983; Nawani et al., 2002; Kucuk and Kivanc, 2004). Ztt] 2] ¥-& tf .5 2] 4fof| 2|5} 2HAd
o] & 24t O] A2 chitin 52| /d# 2 =2 0] F0] A Sl=T ] chitin w3l 5t= -8t AL sHH 1§ U]
o &4 0 2 AR5t 4= Qlth(Lee et al., 2015b). ©] 5 Streptomyces<5(Shirai, 2006)¥} BurkholderiaZs(Khan et al.,
2004; Jin et al., 2005; Chae et al., 2006; Mao, 2007)2 23510 Serratia®} Klebsiella 5 &< w=°| Chitinase S A4
Aot= 7 02 B A1E| o] QItk(Shirai, 2006).

Zrej Al 2] ol A 2w 2 B A= AL gle Aoz 2 el thet &2l A7} o] o 2] 2] ¢t
o, 2L Ao Aa Ao 24w A o] e E (Min et al., 2014)°] w2t 22 A S $1510] 7 Aufz] o
A AR 75 o]-§-5ke] ] o] At 24w A Ao HShE ot vt & AFE 73Skt
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AE Y g
o g A MEE 23 212
5 ARke B ol rx]o] A E|of 7] S Lo A (Lee et al., 2015a) A Streptomyces sp. S8 w52} Streptomyces

sp Burkholderia sp. % 3 w2 AH8-51% T PDKEIA] (Pepton 10 g, Potato dextrose broth 10 g/L)of| A3t 371%]

S 36 AZH(Burkholderia sp.) = 96 MK Streptomyces spp.) AFHFZ1(150 rpm, 28°C)E ©]-8-5Fe 3-5x
107cfu/mL HjoFstol o m, o #2 545k 2-6x10°%cfu/mLE 1L/m= A 25ttt 2 2FA Tebuconazole
2]E = AREOFRH(2,0008 314, 1L/m)= 71522 A5ttt ZF A2 +2] 27]= 4 mxS mE, A2 34= 69
33], 74 39], 84 23] & F 83] &7 A Sttt B A= A YE fI5te] 3utE o = A E it

A}

& SRS AEE o|-&5to] ] et HEGS 7+ ZHe] A +ntrt 39HEA 2 5] 6t
ZAFSFATE A= A 7T, tZR9FA| Tebuconazole#] 2]+, 2t B A& A 2l-H(Streptomyces sp., Burkholderia
sp., Streptomyces sp. S8) = & 57]"7\]—4 AR oA ZXdisl i et W 2 A= 2016 62 % vAES
#2|5}7] Hof| 18] AL 5197 1 F2E 647 E 1087H] (6% 249, 78 259, 88 269, 99 23, 104
28%)t M g5l ZARTR 2 AR 2] o] T Fe] o] 22X 7] 370E Y BF F 244K Aol A Bt
519 0.1 24 4| 7F0] Rt O]~ A|FE Rhizoctonia - BJH A] (Potato dextrose broth 24 g, Agar 20 g, chloramphenicol
100 £ g/mL, benomyl 1 ug/L)°l| 2|/d5}o] 27°Cof| A 2413 v sEGITE. 71 5 o] 5A17) 370 4] o] U2 dAME
A 0|7 (CETI optical instrument, Korea)S B510] B Q2] D& ZAFSHA T B wt o] W= o4 A7l # o] Lt
2 HAFO] FASE Ao ARSI Th(Paulitz and Schroeder, 2005). E A& 34HE 0 & 23] K¢l on &7
A2 ANOVAEA|(Tukey’s HSD, P=0.05)2 AF-8-51of A5}t
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aRT-PCRZ 0|85t ZMmY
Egof EAloh= Qﬁﬂ@‘ﬂé Ut e FARE QoA 57ER] 9] AP FollA 7 79| ES 435t
DNAE FE513rh T4 ZFO] ARdAol| A 3HHE O = EQFa ARt & 1 g0 = 2915to] DNAS
Zo)| AFESFATE EYF DNAFZ-2 FastDNASPIN Kit (MP Biomedicals, Irvine, CA, USA)S ©]-8-5}1o] ufj mdo]|
o2t FE51H 0™, &3 EQF DNA+ Ethanol Precipitation 7S 717 & qRT-PCR (Real-Time PCR: CFX
connect System, Bio-Rad, USA)ll AFH8-%| 21Tt qRT-PCR-2 SYBR green 25 uL, Soil DNA 5 uL (100 ug/uL), Primer
(AG2-2 F,R)Z}2uL, ddH,0 16 uL& 2 ©] 50 uL volume & 2 qRT-PCR F Y5} T, AL-8-3F Primer= 24 1
A YA (Rhizoctonia solani AG-2-2) 0|2 L2to|H-E AL8-01%] tHBudge et al., 2009). qRT-PCR ¥H-g-271-2
95°C 55 5 95°C 15%, 60°C 15, 72°C 122 40 cycles® F3P5FA T -8 & CT (Cycle Threshold) 3t 55
Lo} Hlwsto] Mo e & S B E A4S 916ke] Bt 2] genomic DNAE S5} AL8-5}
9 ™ genomic DNA 522 CTAB”|¥-2 0|85+ th(Graham et al., 2003).
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£

Mz

ol AlH]+= 53] = (Super 21, Namhae Chemical Co. Ltd., Yeosu, Korea, N: P: K=21:17: 17)2 Q4 4
32 gm7]F= L0 & 432 Uro] AlH|5kG o, Y77 = AR 717t 517t 5315 A AT Al 274 A
¢l EA1d(Kyungnong Co. Ltd., Seoul, Korea, Thiophanate-methyl 70%)= 12] *2|st ot Al@ 7|1t
Tebuconazole A 2] 2] th& Al Lol 5oF A 2| E -a8okA] gt th Al 2] o] EF 5432 ot 7]
Adelef 67 117‘4’0— A7ste] 2HE 2101 10 cm 9] ol M EEE °F3~5 cm BAWL A =5 AFAT & EA

NEjzo}ﬂr
&L 2

il

oF o]a}alA-& E A5 Ak Table 13} 2). EA-S Bouyoucoc (1962)3 o] Z510] B4 51971, EoF o]aalA.e
B8 FPAHEY EFRAULAS., 1987)] Falo] BAsisich. B 22)4 100 mL 8] core
sampling= ©]-85t] S5t EQ RSP QI = Whclo] EgSHor UL J=8, SEI,
EFES B4 tH(Fonteno, 1996).

Table 1. The soil chemical characteristics of zoysiagrass (Zoysia japonica Steud.) cultivation fields in Sancheong.

Soil texture (%) pH EC T-N OM. Av. P,0s CEC Ex. Cation (cmol, - kg'])
Sand Silt Clay (1:5) (dS-m") (g-kg') (g-kg") (mg-kg') (cmol-kg') K Ca* Mg Na'
48 42 10 SL* 541 0.79 0.8 16.5 162.1 8.22 0.40 4.60 2.10 0.29

“SL: Sandy Loam, T-N: total nitrogen; O.M.: organic matter; Av.P,Os: available P,Os; CEC: cation exchange capacity, Ex.
Cation: exchangeable cation.

Table 2. The soil physical of zoysiagrass (Zoysia japonica Steud.) cultivation fields in Sancheong.

Bulk density Porosity Water content Three phases (%0)
(g-em?) (%) (%) Solid Liquid Gaseous
1.4+0.0" 45.9+1.2 21.5+1.3 54.1x1.2 30.8+1.4 15.2+1.3

“Mean=+Standard deviation.

oA e} ot A2 S 9 S-S Lot ] lsf AleAl Al EE 20161 88 2620 A2 E 2 15%15 cm ]
Wge 27, AV, 2EA T A5 ARSI A=2F, A3 7H1ﬂ* 7‘411] 57 do] & AR =

e BEG BHAARH 27] A7 9 LolE ASsitt. AeAle e
DS-80-5, Dasol Scientific Co. Ltd., Gyeonggido, Korea)= 80°CJ|A] 72A|17F Ax ?}—ﬁr
F WA= 15%15 em®] B4 Yol E2]+F S5

29t 712 E| 0| = a2k A
OkXﬂleFT Ae]of| i A7 GEALL 7HE B leo] E o HiskE otk 7] 91ofl 20161 69 249, 7€ 259,
89 264,99 23, 109 28Y A A =E AFI5to] £4= BT H549F 7F= ] o] & -2 Lichtenthaler
(1987)2] B = ol s=oto] AR = 0.05 g= 100% acetone S ol A 2T & 1027F 4°Cof] 2,800 g= U A2 2o}
AFSHL-661.6, 644.8 nm 2] ol A B34 T A|(UV-1800, Shimadzu, Japan) 2 SF =S A5 AE4 5
L5 T Aol oo Alkbstint.

Chl a=(11.24xA661.6)-(2.04xA644.8)
Chl b = (20.13xA644.8)-(4.19xA661.6)
Chl atb = (7.05xA661.6)+(18.09xA644.8)
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MDA (malondialdehyde)2} Proline &=

2] o] Atoh= 2 SRR HA O] Boll 2?1 malondialdehyde (MDA) 5= 2 755t MDA &= Heath and
Pacher (1968)2] B o]l =511 20161 9€ 23U 3} 10E 28 L o] Z{F 3 A AYAIA = 0.2 g& 5 mL2] 5% trichloroacetic
acid (TCA) -g0fjofl F2A 3k 5 2087F 4°Cof| 12,000 g YHE2](5810R, Eppendorf, Germany)sFtt. 2 mL2] A
ZJeBofl 2 mL 2] 0.6% thiobarbituric acid (TBA) -8& 712t F 152 &<t 80°C &-2x0) £t & 8
TRA] 4°Ce]l 104271 12,000 g = 428§ 7328 = A (UV-1800, Shimadzu, Japan) & 450, 532, 600 nm 2] 1-gof| A
T3 E S75te] th Aol B4 shof AlkbetaiTt.

MDA(nmoll'l) =6.45 ><(A532-A6()())-0.56><AA45()

%ﬁl—i—ﬂ

oA S
7 At YIRIeE T A A] Hof| A mIAE-E o] 8-5ho] AA m ] WA g vt Bl et Wk §ISt FAE
A A THFig. 1). vIAE-S A 2lst7] A 2APEIH= 54 2], Tebuconazol A2 7ol A B 4302 FAFE| STt
Streptomyces sp., Burkholderia sp., Streptomyces S8 A 2]l A= 2+ 3.6, 4.6, 3.6 2 A E| I Tt 1 F Tebuconazole
At A, 2t A ES At & 2w A e ZARRE At FA ol A= 6~9d B7HA] = iliE e
0] W7t F7 ot 99 ZAtel| A A} o] AN Bt 6.6 0% =A] ZALE|QITE 11 & upR|af ZAL Aol A
+ 645 W7t Aashs 2e ZQ1 & 4 AISlHE tiZ2FA| Q1 Tebuconazole 2 2]7o A= O|4AI /NS Bt 4 ©]

mlm
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Fig. 1. Population density of Rhizoctoniaspp. at cultivation fields in Sancheong. Statistical analysis with Tukey’s HSD
(p=0.05). Error bars represent the standard deviation of three replicates.
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dog Ao, 89 ZAF At ol 4.671%] ZALE] T Tebuconazole A 2ol A= B 2] &7}t
(4-5) DA A== 2 02 ZAFE AT Strepromyces sp. 2Tl A 6, THo = 330141 3,622 F7HoHA
T7H o B W= 4,002 Ve O™ 108 ZAIA 3.82 FAsHs A2 E91 & 4= A1SIth. Burkholderia
sp. AT A= T2 v E AA Bt e D7t = UERG S, 102 Aol A= Tebuconazole A 2]
oF FARRE 4.3 0 2 THEE|QITE ufA] 9t 0 2 Shrepromyces S8 A 2]l A= id e At HAast= A o=
SFQ1 & ATt 7Y, Streptomyces sp. S8 A E|Lol|A] 10€E H Yot W7t thE A2+ Hrf @4 5] Y2 28= o}
AE|Act. o]2fgt Avf= 2 v o] sshA WA E B ekoh= 118 WA u| &2 484441 7HA] & YERd
ChL Ab T ARRE mAEo] 2w H B dato]l 2] 't €78 <1 Bl F(Hwang and Choi, 1999; Kim, 2006)°1
JeH oz gaeto], WA a3HE el 2 02 AFR HTh(Lee et al., 2015a). SHATF & A | A& 2w 3
ol thet 21844 A avE HEoIAS L8, ThE of27kA] Hof B 4 AEH A gigt a9 HES
&oto] L E Frlolojop & A o & wtet

iy
=S| o] EFUEE A A7 DNA 500 ug©] 4.54x10° cfw/mL .21 CT
(Cycle Threshold)Zte] & 9.37+0.6 | Frt. BT 2 AA5lo] ZF ZFo] AR 2 7]%9] 10°5E 10 714] 3]
Aste] Z421e] Fe ' CTES ToF 3 th(Table 3). 5 ol tigt e 5742 #F54(Standard Curve)©] R?
Zrol 0.9930.= et AvE vebd th= 22 2F1 = 3l th(data not shown). 2 H BEF 55 v o= 719
A oA 2T o] U & ARG At 4 30 Au =] of] /7] o]l A< Tebuconazole 2 PIAJE-S A
2l517] Aolls E Aol A Hewe] AErt 10°0.2 FAFE| QI thFig. 2). Tebuconazole 2 mE-S A 2]et
At FAtoMe Hdde] WErt FUeAY HEE RIS 9 TebuconazoleZ 2o A= 9del
Tebuconazole ] 2|71 Bt} A7} thA ZFASIITE. Streptomyces sp. A B A= AL AI7] (62 24Y, 72 259,
8¥€ 26,99 23%, 10 28¢) ottt o] Wt MR H 0 &2 TFAadhs AL I 4= e 99 At 10°
© & UL}, Burkholderia sp. A ]l X & 5Dt M dwto] Wzt A2 0 7 AAstAAT 25 A2
YA Wt 10' e 2 o2 n|dE X2 Biks 7] Uebsth BRR]BE0 2 Strepromyces sp. S8 A &=
79 HUT] ot 7P A2 10° 02 FRIE A, o] F 9delli= 10° 22 FHAastyeh. 2w WS HAsH]
oA w9 v BES AE]ote] B Mo W g FARRE A7 FofH ) njg o] Wy U e ¥
HUHAY oA 7o 5L G120l A 0 & UERGTtH qRT-PCR B4& S35 ZA w4 o] ol W WL B4 Ayl
O|FAIZRE o] &3t WAt D A}t fARR A3 B gloh Al 2] Eim ol A 2 1
U= H A 7het o] A7RE o] 8ot T Autg A8 & 4= 9lS A 02 AFRH T} qRT-PC

r_?L OE L‘,‘oll
)

Table 3. Detection level of gRT-PCR for Rhizoctonia solani AG-2-2 specific detection.

DNA* CT Value' Number of copies”
500 ng 9.37+0.6 4.54x10°
50 ng 1236+ 0.3 4.54x107
5ng 1721+ 1.1 4.54x10°
0.5ng 21.03+12 4.54x10°
0.05 ng 2426+12 4.54x10*
0.005 ng 2724+13 4.54x10°

*Genomic DNA Density, *CT (Cycle Threshold) Value, “CFU (Colony Forming Unit)/mL.
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Fig. 2. Rhizoctonia solani AG-2-2 population density by qRT-PCR in turfgrass soils. Vertical bars represent standard
errors and the copy number was calculated with the standard curve in Table 3.

SujgEo] Yo A g Gy o2 AAst= Aoz Yepd A2, 5-818E 53| Srreptomyces sp. S8

= oA A F S X E2 0% AT (Leeet al, 20152) 0. 2 H A+ O] 42 A C
o] =)

Za g o] WAl B4t Ajuf A ol 2 H S ®HA|S] $156F Tebuconazole KAl Y Streptomyces
spp.2t Burkholderia sp. U1/8-&-5& A 2§t A3} ofA|ef nl8E-S A 25hA] 2 F-2]2] o] H|3 Tebuconazole ©F
A A 2], Streptomyces sp., Burkholderia sp.2t Streptomyces sp. S8 B AYE A 2] GL= 7] o] AJ-g-0] Fo]x o 2 3F
AFE AHS e QITH(Table 42} Fig. 3). 2782] 749 T4 2] Lol ¥3l| Streptomyces sp.2t Streptomyces sp. S8 A
2= Z42F 25.7%2} 19.3% 2 2 5-2]5HA| S7Fot ATt A/dR-2] AAlEH AEa-2 T4 7l Foll vlol Streptomyces
sp.2} Streptomyces sp. S8 A 2|7} 2|7t S7HE TEE O™ Streptomyces sp. A= AT HE=F 242
48.67} 38.7%% 71 Wol| SFstath T E A o] AT AEF-2 T4 2]l H]5] Tebuconazole, Streptomyces

Table 4. Growth analyses of zoysiagrass (Zoysia japonica Steud.) by pesticide and probiotic bacteria application at
cultivation fields in Sancheong.

Shoot Fresh weight (g 255 cm?) Dry weight (g 255 cm?) Number of

Treatment

length (cm)  Shoot Stolen Root Shoot Stolen Root Shoot (ea)
Control 10.9b* 24.3b 22.4b 9.1a 6.2ab 7.7b 2.0a 301.3bc
Tebuconazole 10.4b 23.6b 29.9a 9.7a 6.5ab 9.1ab 2.4a 337.0ab
Streptomyces sp. 13.7a 36.1a 25.4ab 7.7a 8.6a 8.3b 1.7a 365.2a
Burkholderia sp. 8.7¢c 18.2¢ 28.9a 8.4a 5.1b 10.3a 2.2a 273.2¢
Streptomyces sp. S8 13.0a 28.5b 27.5a 8.5a 7.1ab 8.7ab 2.1a 361.5a
F_test skeskok sk sk NS sk ek NS ek

“Mean separation within columns by Duncan’s multiple range test, P=0.05.
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; %02 i
Control Tebuconazole Streptomyces sp. Burkholderia sp. Streptomyces S8

Fig. 3. Growth of zoysiagrass (Zoysia japonica Steud.) by pesticide and selected microbes application at cultivation
fields in Sancheong.

sp., Burkholderia sp.2}t Streptomyces sp. S8 A 2|7 5= 725t 571 Let it LwbH 0 2 EgjolE A Hof
2 7t o] S A SIS 2 o= A 02 A7 A 1.0 L (Shim, G.Y., personal communication), 2 $3Lo]| 4] Tebuconazole
of] oJgt A5 o) A/ =] 2] gFedeh. A 2o A ZutE g o] o AYSEA] = ofUsFA AR, A 2o H
5o Tebuconazole A 2ol A HH wo] W7} 7] B = Ao} o &0, A5 2]of @4fo] T z] ofy gt A
2, oFAlel oJ3t Bo a7} g edatol] Rt Ao A5 e A o = AR Hok A|5HRO) AAF T AT &
Ot 2o & et A] eEotTh AR WA= 74 2+ 301.370¢]l BISH Tebuconazole A 2]+ 337.07H, Streptomyces
sp. A2 365.270, Streptomyces sp. S8 A& T 3615702 212t 11.8, 21.29} 20.0%E -§-2]5F Z71= e it
2w S A5 f16l oA A 2ol vl ESF nlA8ES A 2ot w AR ool Tl Hee o
S 1547, 51 Srepiomyces sp.9} Sireptomyces sp. $8 2177} TFE: A2kl w]af Arcie] A5} Wt o)
3 A F7reke] Bl A7 o] Foi %] A 0 & Py Gl

GEL94 FIZE| 0| = o

Tebuconazole 2FA| & Streptomyces spp. 2}t Burkholderia sp. 1/&-& 2|3t A1} A 7] 7F ol Fho) Afuf 2 &
212 slstel W] o} ATl 7716l olal A7 8 B2 A0} 72 e o] = FaFe] 2ol gl9lAle 2 A7) el
7re] 54} 7LRE| o & e - olgh Zfo] & K th(Fig. 4). FA|<} &S A =|ohA] g2 Ff ]l H]
5l Tebuconazole FA| A 2L, Streptomyces sp., Burkholderia sp.2} Streptomyces sp. S8 1]/& A 2| Fof| A @54
o} 7t= Bl o] E ghgo] S7I5IAIth F5 4 a T 7% 100 7H =2 & UL, 627 1097}
2] it BEA a 2 T4 2o vl Tebuconazole, Streptomyces sp., Burkholderia sp.2}t Streptomyces sp. S8
A7y 242F 27.1, 42.3, 33.891 40.8% % S7Fe ATHE HAATHFig. 4A). 454 b T2 620 7P =2 TS
BAY, 69HH 1097H] B S5 4 b T2 -9 FA42]7Lo] H]5)| Tebuconazole, Streptomyces sp., Burkholderia
sp.2 Streptomyces sp. S8 A 2] 17F 2H2} 28.5, 59.7, 32.12H47.3% 2 S 7 ot thFig. 4B). HA| 54 TH2 4=
4> a I -FARE A S UE QLA(Fig. 4C), 7= E] ko] E b2 10490l 7 =2 & UEUisleH, 6
HAEE 109712 Ht =2 T2 2]7Lo] H]5)] Tebuconazole, Streptomyces sp., Burkholderia sp.2t Streptomyces
sp. S8 A 277} 242} 15.6,27.3, 25.19} 28.0% % 7151 A Th(Fig. 4D). o] 21t AE 55 =49} 712 E| o] =
FF2 Streptomyces sp.2} Streptomyces sp. S8 A&7+ 71 TA ey ESH|AE A2 2 Qo 2w o
2 Ik ntESAde] SRt ES & 4 A, 100 & FEAS} 7R E o|E o] =2 A0 2 Hol @
¢F =AS fAlsk=t o] HQlthy waE et 2 AW o] Z)= JAl, AZ, Il Rhizoctonia
spp.©] AYsle] FHste] TetE QubEEARS Hol=t|(Endo, 1961; Dale, 1978; Smiley, 1983; Couch and
Haygood, 1990) o2 gt B 0 & Zte|7} A zof tigt AE| A7} iAYsto] 4-Fo] RZohH Hita o2 7]5o]
Fl o= Qs AEAZL 7] 9 ol4itetA-E Tl x| HSH| Hof fhAa-gehao] Ak A, Al uof fofieh &
‘JrtagEol A E 0] AEAY R EZEgot] ARG S Aolistyl, J54 ot AJw-0] Halet Fed 7]
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O] &40 7 Q15| AE9] FA 5 o] A HTHAL 519 thMonakhova and Chernyad, 2002).
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Fig. 4. Chlorophyll a (A), chlorophyll b (B), total chlorophyll (C) and carotenoid (D) content of zoysiagrass (Zoysia
JaponicaSteud.) by application of pesticide and microbes. Vertical bars indicate standard errors of the mean (n = 5).

MDA (malondialdehyde)2} =22l &t2k

Tebuconazole 2FA| Y Streptomyces spp.2t Burkholderia sp. B82S 4 2]t A3} oFA| o} v] =23 A 2]o1A] ¢k
2 LA 2] +Lo]| ¥l Tebuconazole 2FA| A 2l-L, Streptomyces sp., Burkholderia sp.2}+ Streptomyces sp. S8 T A= |
2]7-of| 4] MDA (malondialdehyde)3t&o] 5-2]5H7] A5 th(Fig. 5). 92 2] 74-% T4 2] 712} Tebuconazole #] 2]

= -3t xfo] & YER A] e¥gkar, FA 2] Fol| H]5) Streptomyces sp., Burkholderia sp.2} Streptomyces sp. S8 #]
2|77} 2121 36.0, 29.22) 35.7%= 2]t AT 1092 F 24 2] H] 5| Tebuconazole, Streptomyces sp.,
Burkholderia sp.2} Streptomyces sp. S8 X217+ 212+ 6.2, 19.1, 28.87} 28.9% 2 2]t A E VeI 2 4
5 Fote] oA} nAES A 2ohA] 2 T 2] 7 W datoll ofof Tr| o] Aol A4S Higkom,
QhA || EQFu| =21 Streptomyces sp., Burkholderia sp.2} Streptomyces sp. S8 #|2|of| whet Hut U 742 7
Al 2 303_4 o] ghetE|o] A M &= Kol B Ao 2 wrhE gl

AlE-2 AT ol A TRt @3 dat of 2t Wofiof] gk AE | Ao e EHTh A B0 AEYAE TS
itz Qo) 218 THikslet Zro) 4FetA &3-S oF7| gt Al 613l th(Scandalios, 1993). Al Z29}-& A5t
S} 2pAES E5] AFshartAg of| A A SH= singlet oxygen, hydroxyl radical ] T o[lE A1 H=d] A E
2 28 WS 4-E A S(lipid hydroperoxides)2 AAd5H o] AlZ2eho] 454 HAA] 7Y

=

r
x
=
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Fig. 5. Malondialdehyde (MDA) concentration of zoysiagrass (Zoysia japonica Steud.). Vertical bars indicate standard
errors of the mean (n=>5). Different letters indicate significant difference by Duncan’s multiple range test at < 0.05.

Bl o] Aol fraa SAAIA 2244 Q1 Al 2} el o] wislE 74 2. A] Hrh(Moller et al., 2007). 245 3 1
U2 Zoysiagrass's 2| ‘T2 G T 2} Bentgrasss-2] @A Aol M F= d4l, .z BHtoll [ dsto] At

=z

= o

‘& 4271tk Couch and Haygood, 1990). o] &gt JutE5A4F-2 Zht] oA AFe}4 Q1 AEHAF of7|A]7]= <]
o] o] Al 2at £4J0 2 QI Ml Wf Ihitehs Ao A ] vpitelrt XY = of MDA el S7te= A=

e

QIre 9ol 2 7710] folat AolE HolA] RILT, 109°] 29 A2 79} Tebuconazole 2]

= f-olet Apol & e ] QEQYAIRE A 2] of| ¥ 5l Streptomyces sp., Burkholderia sp.2} Streptomyces sp. S8
7171 39.1, 43.29 58.6% 2 -25HA| 57 ok ATHE UEH Alth(Fig. 6). ZETE ol 2 & o] 7%

0.035

0.030 1 ~NEEE September _T;_
[ October

H
Ho

0.025

b
0.020 - I

0.015 - &

o

0.010 4 a a
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Fig. 6. Proline concentration of zoysiagrass (Zoysia japonica Steud.). Vertical bars indicate standard errors of the
mean (n=3). Different letters indicate significant difference by Duncan’s multiple range test at < 0.05.
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S A 2F-8(Delauney and Verma, 1993)¥} hydroxyl radicalsE A|A5H= 7]'50] 3tk Smironff and Cumbes, 1989).
22| FHof| T E oA ZE- 45 FARE A B ool A %t
H|ol| ZE7 FX7t S7 ot AEDAE Vel Rs A Z =24 = A oJn|7t okl B HHF Qltk(Kim et al,
2007). = A9 Arte] -9 FA gl Hlo) ESHAE A 2ol ZER Shgo] SR A o= Hofdx| AE
g 2o ofgt mof Fdoetr] Bk EGHAE 2H8o thE T ER oFo] S71= s/l tit AR E S
A= 2-g-oto] EgnAEo] 2 Heatel Ara s ol tholl 72 Q1 ¥ A7} o] ol X A 0 = mety]
At

o)

O Ok

.l.l.—.

S AR of] 2 o 2 H-S WHA|5H] $151e] Tebuconazole 2FA| Y Streptomyces sp.2} Burkholderia sp.
0| 22 A 2okt T4 2]t H]all Tebuconazole 2FA| =1L, Streptomyces sp., Burkholderia sp.2} Streptomyces
S8 H| A& Aol XY A5, 54} 7t=E ot TER P2 {251 S715H3H, MDA 9F2 7
A5t EFu| =221 Streptomyces sp., Burkholderia sp.2}t Streptomyces sp. S8 20| wha} A1 X v v ot
Uk a2 2w 3 o] F/do] ekt o] A Q1 Xt 2 Aso] | A o = TWE|Qich o]zt A= ARE-E

=
nEo] 7 o] AEA WA I o A £7 e = o] 8E o =S AARIT
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