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Abstract

As golf was popularized in Korea and its industry developed, superintendents had been
taken an interest in managing eco-friendlily turfgrass in golf course and in recycling organic
resources such as by-products or wastes that gotten to manage golf course. This study
was conducted to review ecofriendly turfgrass management such as integrated nutrient
management (INM), integrated pesticide management (IPM), and recycling resources for
sustainable golf course. INM in turfgrass management could accomplish by applying slow
release fertilizer, functional fertilizer and microbial fertilizer. Application of slow release
fertilizer increased fertilizer efficiency and decreased N leaching, and of functional fertilizer
or microbial was improved turfgrass growth and quality by prompting root growth and N
uptake. Biocides like natural antifungal materials extracting from plant and antagonistic
microorganism could apply to control insects or diseases and decrease to use insecticides
or fungicides. Recycling resources as liquid fertilizer fermenting livestock manure, soldier fly
coasts, turfgrass compost etc. could use to eco-friendly manage turfgrass.

Keywords: Biocides, Eco-friendly turfgrass management, Functional fertilizer,
Microbial fertilizer, Slow release fertilizer
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39,000ha§ 780} 2013 ZARE ZT] Ael 571 A 2] oF 12.78H0]] i eh= 4 o|ThBae et al, 2013 ; Yoo et al., 2009).
H| & Z37go] X7} Azl s 2] o] EAdo|u ] S UERIAI= 252 Ui(Bac etal, 2013) ST A0]| A k] A8
571 9 F4 g2 ol 2154 Q1 7] e} 7} o] R A| AL itk AS A eRehH Sage] i e 7]e2 1k A
Hjo] ¥he] 7]Eo] Hral & 4= Ut} (Ahnetal,, 1992).
Ztl= AlEo)7] wizel] e] 2pgollA 2 A2 416k, 2 Hels= ‘:’leﬁ A A2 fAlsH] flsh H
B AER A 7+ =18 2l o] ARg-o] T @} TH Yoo etal, 2009). ZEA oA TEZ o] XS §A|517] s =
EF 7] (Kweon etal, 2005), A|H] 2] (Kim et al, 2009b, c),HéOHFﬂaG(Hndd,ZOISmYmgdm 2009), &% B2 (Park etal,
2006) % 42 2] (Lee, 2012) 50| OJFH AL k. 12t of2{gh 7] whe] aPgoflA] H|E 9 5oke] ARgo] F7I5HA] E
1, o) =zir] 7] u]-go] Z71u ol 34 2 & FAle] Y9lo] ElQiThYoo et al, 2009). FHT] ZH] T o)l A] AR 2] AF
&2 2t o) AS-2 7lAdstal, £X1517] = ShR| R TRt S AR o] ARE-2- 7 ’hof|A] -2t 82 5ofl ofsl S sl
OlUr ARE 2o ¢olo] 7] % 5}7] whE-o|thKim etal,, 2009b, c; Kim etal, 2012; Lee et al, 2006). ©|2{3t Z 7o) 17
A TAIE sb7] fleto] W] FA2 FAISHIA H| 22 52ro] ARG5S Eol= X172 Xt elof| thgt ¥hilo] &
7?6}711 &) {CH Christians, 2005). & H o] A= Z370] 218H4 211 2t 2} & I3t H] 5.9} 5o ARgel tigh =] &
T AREE el Haa gk,
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A= ] Aol st PiES EY 2ol A 220E s P@l AJHISIAL, AHIRH B & /o] A EE, fA
2 22 S 2 ABI5LEE Al Eo] )2 §4510L 0] 85}o] PE &&= E=0l= A °|thGuillard and Kopp, 2004; Kang et al,
2002).

2y Hl2o] Zojoh S

H| S BEY S0l E T S50l wet £:879 H] S(straight fertilizer; SF)F 8/ H] S (slow release fertilizer; SRF) -z
|01, 2 o] gl B 9t = 3351 ] Ao AR tH(Koetal, 2014).

Lee et al. (2004 methylene urea (MU)2] 2] A] 32]3g HIEJejA0] A ¥ig] Zlo] zit] of|x|& 4 2] Y82 57}
A7 e, B2 B 2ok u) D301 W), n] A2 H] £ Tk A Sato| b 18- ARAIAIICKR HaTstolc,

Chen etal. 2007y ¥&/ BI 25 A 2|3 ZE)7| EF 1| 20fA 2 o] dAllo] Z7tstal, 80| 7Rt H Tsh
o} ok a4 H|Z 2]2] A] REkFo] 7hasto] 2] Q] 9k 0].2-80] 57}0};1 37 Zof| §&Po| st B
Shoick ol S HIEL B FolA] AA 5] BREIA 7184 WA WESH| uj2o] £ F 80| 7451 o
20| KGuillard and Kopp, 2004).

Kim etal. (2009, bye= 3HA 3 Zr]o]l &ha/d B85 A 2)eh & 3] A3} B 5 A4 0] Hisks KT 2Ha/d H]
T A2 A EY U] 718 F A SRR Uote] A4, At F Aol F7IskL EY F A& 7| o] SR/ v H ot
S7Fsto] H]& 7|7to] | of i) e] st F4 2 AT B sttt otk eka /g H] 5.0 eha/d A AdEe]
S0l & Afoli= YBRIA] 99tt. SHA|TE ¢ha /g AAao] SRl et EY F EollEs 5442 tam, EF HIS o
I o) & UERHTKLee et al, 2001).

Kim etal. Q0192 A= TFE &Ha/d A4 H| 25 23oto] A2 OE gay F4 |55 Sgtsto] Mol 22 e 4%

4548 S ojol 0] 3 Y% ol SISk aslsick o] L UI8E ST ul e o 2y
29) o] g2 Eof Fol BalslniA 1) 5ol Was e ANs] TRtk mM HlE 7k] ek, A F4
£ 520500] 2] 4831 EA2/JIHE BE B85S Fole 02 Bekack Ttk

7154 HiEe] FH] 4 E3}

75 MBS TS 3% Bo] BT PR FFob7| SR T A8 S S E RS s Sl
APEHE HIR 2 S ] B9k o] S TSR |0k tha 2ho] 2 UebuhglehKim et al, 20120 Kimetal, 2016).
754 W B oAt HE, ) AT ]S, BAA ]2, A B B SR H1E. 5o o 677 Y= CKimer

ox

Table 1. Effects of slow release fertilizers (SRF) on growth of turfgrass.

Turfgrass species ~ SRF materials? Properties of turfgrass growth after SRF application References
Creeping bentgrass ~ IBDU, OF  Improve turfgrass growth and quality, and increasing Ham et al., 1997
available N content in the root zone.
MU Improvement of turfgrass density, clipping yield and root Lee et al., 2004
growth
MU, IBDU  Improve fertilizer efficiency by increasing available N Kim et al., 2009¢
content in the root zone.
IBDU+CDU+MU Prompting N suffer and increasing chlorophyll content Kim et al., 2019
Kentucky bluegrass ~ Slow relaese  Enhancement of turfgrass quality Decreasing leaching N. Chen et al., 2007
urea
MU, IBDU Improvement of fertilizer efficiency by increasing Kim et al., 2009b
available N content in the root zone., and of turfgrass
density.
Zoysiagrass OF Increasing clipping yield (about 40%) Improving turfgrass Ham et al., 1993
growth after application of mixing organic fertilizer and
straight fertilizer.
“IBDU: isobytylidene diurea, MU: methylene urea, CDU: cortonylidene diurea, and OF: organic fertilizer.
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al,,2011d; Kimetal., 2012b; Kim et al.,, 2017; Yoon et al., 2006).

oba| ik A4 F3F 2ol A Tl RHg o] B tiARE A 2A] B 5o tigh AT Al E AR eHY 17t 2 SiE
QF 21 =] ACHLiu et al,, 2005). OFA] ieAto] B 5o] A5 2 0]-85}7] AR A2 Tl o] vhg 7]&o] Hhgsir A Wlis)

A2 | R 2 0]-§-5HHAEE] o] th(Han etal, 2011). 220l A oFn| =ik 27| AA = HEke & Al Z 0] Hel5 &

off Srkl= Zlo] A/d = LA 12U Persson and Nasholm (2002)2 C2F "NTF 22 59| 47 2SR o) ieAkS o] &
5}o] ofm|to] 28] 242 AX|A] 91 A E4Pck BUselc 58] SR ok Anelzl e A2A niie
S0 2151, ofn) At 551 g 4h0] 2R2-2 BAJSkeH= 7] 0 2 U A QI Th(Padgett and Leonard, 1996). ZHtjo]] opa| i
APBIEE A2 A 8] A5 o R Xt 9] o 45 FAloto] M, T, 9 3 52 7T o etal, 2016;
Kim etal,, 2003; Kim etal., 2012b). o] 'eAF B Eo} & 7] 578 /8 20] el = 492 s F4-& 75k = st
o, 2] 17| E4to] S5 obal Al v 29) 9 2k] AAjo] Z o] B 171918 A7) Chang etal, 2010), AHE
2 S5 ofn At v B A B4E Esl0] ] A% ERFTHKimetal, 2014b)

7| EARe T35 8 12t Halg shs BRRA Aol M2 A 482 571513 ChHallmann ctal, 2001). 45
220 8 2 B3} 7| EAbe] Ba) TAol AAEHE 21 f7141o] ofa) o] FMElE Ao = AzkEiglot
7| EAR o102 Aot mlgRo] 7| EARS RolsA A8 RS SUSH AR Y SRS YT, PR
=331 Az edwe] A4S AAlsh] hiolzhs Aol B ZlTH(Raafat and Sahl, 2009). H] S 7] EA4to] H] & Ad20]
ofgt AlE A& £7 Rap7hnju|dR|ete 7| B4R nEL] B2 5ol A= A= 7IAIehe 7154 B olth(Raafat
and Sahl, 2009) . 7| E4to] S 71578 B 55 THAIF Rht]ofl 2] 2]oh= 739 7ht] o] Z|ohs A5r0] g of Tt o] H4,
A=A L 2 o252 57 HAZTH(Yoon etal., 2006; Yoon and Kim, 2007).

=Ry AJA ‘_C_>__<r>r7]€__] _,_OH J,]-;(-loﬂ}\-] A= He Dzlg oD]/x]- I:!l/\]- al %g_] togzg L}-r]ﬂ] QC]'(Stevenson, 1994). o]
FollN] 7] §ololA] 2 s FuIALe FAjo|utoflely §ololM 480 e EAfsto] ] 20] AR E AL
HHKim et al, 2018a). %‘%‘&8 AlEo] Bie] WgE FXI5o] ol 72 545 EX oPﬂ nEe e &
A ITHHwang, 1999; Zhang and Ervin, 2004). ZHe|of] FAILR B 2.5 A 2|oh= 739 1t of #e] &3 FXI5kaL,
ol S7lsto] FEd mEol 7 c ' T A3t F o] FYETHKIm et al, 2018a). FERF FA A 91|
(Saccharomyces cerevisiae)°| L} sl 2 FE2-2 Egsto] 2ol A 2]sh= 79 1 o] = 4= 2 A8-0] Z7H= A th(Jeon
etal, 2018; Leeetal, 2018).

oleoll & AR B 5} 3] EF H| 5.9 X 2)= 2t o] W7t 37167 | sigl ou X o] Aoyt F4of njx|= &
= A JACKKim etal, 2011d; Kim et al, 2012b). ZL2]U AREH H] 5.9 -9 ofn| it H| g9} 286l 749 Xhr] o] A5t
FHo| el = A 02 Yeh} oAb H| ot 28 A 5 &b e = Eiﬁd"ﬂ'%‘:]'([(imetal., 2014b).
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?‘<_HZ]_,] o];l% §j ] 7],01.0:] XH:L«] O:l}\H uzl lgl /\H ] 57]'/\]7]‘:4'(Table 2). 7]1:/\4 H]Et /\H-.c;—g- H]_‘J_Q]Jl-o] XH:,]
G0l T Q3 oFE S 2 M7 0 & ZIFH= 70| oLz} EoF Zoj| A|H|H QfE o] E42 2 750] 2] Y22 %]:/\l-}\]y]

o2 thEAulof| oJ3t B] S & 3= n|u|sHthJo etal, 2016; Kim et al, 2012b). cqew 71574 Hl= 2] A2 &3t o] s
AEWdsk7] oM = A58 v 2ot &8 X2 Al AlH] a7k 842 70 AdsHA] ko etal, 2016).

ol Y& v]2o] Zc] 5 2t

EF ol Aok rlgEL f71E2 2alicte] Ale sl 2R3t FE2 FF5HL tiARFgolA S (ndole-
3-acetic acid; IAAYI} 2+ Al SAIER S 222 PAJ5H7 ] T QHThPrusty et al, 2005). O1FA| AlE2] THOA AlEC] A
5= X5k Al AE8SE53 THAeHplant growth promoting thizobacteria; PGPR)C| 2} 51, 0] 52 f71& 5l
Yol 1AA Y5 E A 71838Hs 58 ARkl A nES AlFstste] nAE BB 2 o]-85HA] Hrheong
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etal, 2017; Joa et al,, 2007). Hussein et al. 2014y Q14He 7H8-3toF U IAAS AY4FSh= Rhodobacter capsulatus@t Azotobacter
chroococcuS: Brassica rapa©l|] 212|512 wl, B3} AJ-8-3- ZX1gkctal B 11519tk Kim (2018a)y Saccharomyces cerevisiae
9] IAA /5 =0] f45t0] FE S5 FXIsto] 7o o] st F8E2 ZIAAIITAL B ISHITE Suh et al. (2010
amylase, protease X lipase B/d-Z LFEFH= Bacillus sp= EG 77|12 2olloto] 22 52 SHHAIZITH B arshlan,
Limetal. 2014y 7FE- i Ha ou| o} n] 2 2 2] A] Z2)3g HIE1efA o] 4 H o3 Foff avhs LepdTial 2

5}t ol2ist PGPRY] HEl= EY &

F71e= Elloto] EF 24 714 Bl AlEo)

&2 sk, B2 ol &

£ =0 7t o] A8} ZZS S]] = 2l 0 & eI ThJung etal, 2011; Suh et al,, 2010). =L ] AtofjA] AY8-Z31
& 915} A7 0422 Bacillus spp. Pacnibcillus sp, Lactobacillus spp., Saccharomyces spp. Trichoderma spp. 501 %1274, 7} v

2] ERotAlRo] 27 % Alu] Wiol mef tha 2jo] 5 Urhigl ot el 0 2 zirjo] w

ol &2 237

%S ETslo] 42

345 FUA70RA 1)) AB 4 B oA 23 2] W S} k] 483} Eo] el Aoz ek

Hr(Table 3) T2]UPGPRO] H2] F 2]t ALgol thet Al F3kE U] Sisi s Bl E o] $740] 4H517] ¢

=)
ok

x5t A7to] H Q5 A2 TP 0 2 21 - ] 11 QTh(Kim, 2018b).

Table 2. The growth effect of turfgrass after application functional fertilizer (FF).

FF materials’ Adding another materials Properties of turfgrass growth after FF application References
Amino acid - Increasing chlorophyll content, clipping yield, Kim et al., 2003; Kim
shoot density, root length, N uptake etal., 2012b; Jo et al.,
2016
+ Oligochitosan Improving green up by increasing turf color Chang et al., 2010
index in spring
+ Saponin Increase N uptake and clipping yield Kim et al., 2014b
Chitosan - Increase of chlorophyll content, clipping yield ~ Yoon et al., 2006; Yoon
and root growth in creeping bentgrass, and of and Kim, 2007
leaf number, root length and clipping yield.
Humic acid - Improvement of chlorophyll content, clipping Kim et al., 2017; Kim
yield, turfgrass growth and quality, and N uptake. etal., 2018a
+Saccharomyces sp.  Increase of P uptake and clipping yield. Lee et al., 2018
+Sea weed extracts  Increasing clipping yield and N uptake Jeon et al., 2018
Saponin - Improving turfgras density and root length Kim et al., 2012b
Rare earth - Increasing turfgras density. Kim et al., 2011d

’FF: functional fertilizer.

Table 3. The growth effect of turfgrass after applying microbial fertilizer (MF).

Microbial species of MF*

Properties of turfgrass growth after FF application References

Bacillus spp. Paenibacillus spp.
Lactobacillus confusa Pichia anomala

Lactobacillus sp. Saccharomyces sp.
Trichoderma atroviride T. harzianum

B. subtilis
L. fermentum

Increasing chlorophyll content, root length, clipping Lee et al., 2004
yield, shoot and root growth

Prompting clipping yield, N uptake, growth of shoot Kim et al., 2008a, b
and root, and turfgrass quality

Improving root growth and N uptake Kim et al., 2010b
Enhancement of chlorophyll, root growth, shoot Lee et al., 2015
density, and N uptake

Increasing clipping yield and shoot density
Improvement of shoot density

Kim et al., 2016
Joetal, 2017

“MF: microbial fertilizer.
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Zhei o] Zjul ] 2ol A Bl F-o] A Kt o] ASat A& TAAZ|H, o] 2gt Tl & Eo)7] SJaliAl= I &
of) x| E5h= AR A of| el oA ek Fol ook W o 71 EaFA ot Ahn et al,, 1992; Kato, 2005). 22
o] HellE el S Hloto] thi-g A Aleh AFAlE AR SHL Qe A2 H A= H4dS UEtlle 2424 2704

9 el e = Qlo B = kgt sk | & Qo 55 B2 AEE A E AREokL 2HR
518750l F5to] oFAIE A= 0] E25H (Lee, 2010; Lee et al., 1996; Park etal,, 2010). RH=-2HEH S 3] 0] Hatof]
w2 20194 S 2] & fJel 55 AEE A= F 439350] 1L, o] FollA A=A} 30055, AFA 4B S
O 2 77+ 68%2} 10%4) LFERH L Qlc}, A ZH2H SA] Fof| A A Esefo] 525 of 9l ot 7] o] Hal& Hal S 23l
SEH F528loH, 75 dA ol = Wels Tl A5 S 5] of /1ot - ] AkRl= gigic

ZgH A 0l a5 el

U FEIA oA BAYsH= s ojshs F2 e Fou L Ee] R3] Balu A 7Halste] WAYst
£ TJal7 A, 7fol| whet S5l oJal mish e WAYst = Q1o B & s} 7| Al 5] /43S ofalot il (Lee etal, 1998,
Shim and Kim, 1994), 270l HAcH= 21542 ZAKSH] o5 S 548 RAlshe A2 sika] TS ollSsta,
AN 7| & AASH=1] 251 Choo et al,, 1999; Kim et al, 2011a, b; Lee etal,, 1999; Yang, 2005). EE5F 5} Z0f] tfigh o2k &
3ff 3} Aol w2 ol & 2| A8)617 | fleliitE A EA 0= AdFo) W g Fof7h= Zlo] B esith 3] wule] 224
24kt 3ol A E 797t ot Ak 2| ol A mZE]of siE-2] waj7Eko] EAgE 4= 1THJoo, 2005; Yang, 2005). T
2hA] 5 Aol B2 2ol B2 R EHY 53t 22 RRIAIE o] 85t 5] s YU 0 =M siFol| o5t %] 1
S5 A 4= U TH(Kimetal,, 2009a). X123 5ol A 5 |0l ©]- 851 QL= B. thuringiensis & ©|-8-3H 2 =M 5+

ZA9] AFE-S Y 4= UTh(Kim et al, 2013). ©| 2|0l &= Beauveria bassianalt Metarhiziuym anisopliae’s- 2} 220| 3}5
A &bt Qe vl ES o &5 U Lee et al,, 1997, b) AlE5+F-E(matrine, azadirachtin 5 )= ©|- 83O ZM] ZIHH A o
23152 YA 4= e A2 7|t U THCho etal, 2009; Kim et al, 2013). = U] Z Aol A Sl Al|o]] et A= 1]

2
=2
>
X

NG

mR ol BE Zehg ARl s el S et A7 B et Ao 2 dhrt,

g zel wgsl wel

A T F2 BAYShs B2 2T AR ERA|m), 2HPRE 8 (E ek o), HAnkE (A=) R TE
&8 501 QlaL, ol Bk SRS 2 A So] UThAhn etal, 1992). 2T 2] 13 gAISH | $iaiAl 7 R edtel
w2|-57gstol Fela, AelA 5l EsHA] 5242 ZAIEILKim etal., 1992; Park etal, 2005; Shim et al, 2000), &7412] 2F&
S A5 ARG B M At 283t 82 ot el e] A1/ E Al 4> QUUTHKim etal, 2010a). SHA|RF
At} He)E A3l 551 S-S TU AT sk R vt A7 12hS 2L QLA B AlEe] weksel b
Bk te] 3l AIE sl kA 0 2 ARG A A S HsHA L, 1 Ak Akl AR 5L 3k e ul-go] 37}

)
}A] S Th(Kim et al., 2010a; Yoo et al.,, 2009). oIl & 0 BN 2] 742 597 WHysHA| == ] o] <ol eyt vy o
U BAE $15] triazole ] 52 HHEA O 2 ARSSh= 72 S et Wrst] Ko o] A Y& LERd
THChang et al.,, 2013; Kim et al., 2010a). 2] 3l ®fAof|A] Zr] o] oFA| 2@ d 2 7raA717] flaliAl= 2-8-712to) ThE 4t
TAE WSAE A Aok 5EA]TH(Chang et al,, 2013), S84 Q1 B3l 2| (IPM)E Falf 5] AFE-& E0]= Zo] 24
Ql 312} Rto] THKato, 2005). Kato (2005)= 1232 Q1 2he] el 32 & flol| At AIE o83t 31514 WA|of o) #]517| 1

= 2] ol gt A @Ado] = -2 AEstar, 7] o] E4 e] 4 A/ n oy A 225 2 45
5OFES o] 8= F3 Q7] sl T (ipmy7H E stk H sl

2] ] A ESHA WA S 95l ZARE 23 nIAYE-E-2 Alcaligenes sp., Bacillus spp., Burkholderia sp., Streptomyces
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spp., Pseudomonas spp., T harzianum. ‘5-°|Ch(Table 4). 1]/ 3-E0] Al EH Uwtol| tisl] 23S LElU= 287|132 = 84t
S} 28 =2 A 2 7|4 50|t} Kim etal. (2015 £SO 2R E] E2]3} Bacillus spp.= cellulase®} siderophore] Tt
S UEt o] ZAH A1 R. solani AG 2-2 (IV)°ll thsl 2&d= LEPATHAL H 15}EA T} 0] 210]| = Bacillus spp=
bacillomycin D, fengycin, iturin} surfactin 52+ 22 Fot-=21-3 A/dsto] Bl tis 23432 UEl= o2 I3
ATHBorriss, 2011; Borriss et al., 2011; Lee et al,, 2012a). Lin et al. (2012)2 Trichoderma sp.©] A& Yol 7]/85HH A pachybasin
I} emodin®] A1-8-0 2 AEA| U {ol 7122 UFERdtial Bkt 2ol Adto] 'A| 81HE =017] Sisl A=A
oF Z8&5to] AU WA she A7 IR 1 o, STt At Al S 8510 AEshs A9 A Al ARG
S 9F50% A= Ast 9 aiE}(Hongetal 2014; Klm,2009 K1m,2018a)

B 2T AY 21 % L%‘<—<>1ol: oPEl(K]metal 2015; McLean et al., 2005). &= TF2 L2 nw“oh—} AlEo| Nwal-—ﬂ
-2 FZ5510] e Hal ®Aof] 0|85k} She A7 X3 E] {THKim, 2018a; Min et al, 1997). Kang etal. (2013)2
Kwon et al. 2010y QF&AEof|A] Ea|gt Al B2 50| ZAolntas Exnles ujA|untEH ehxjy F=29lnteH
2 2 Sl R EAdS UEPHTEL BusiQint 12U Al E5EES A4 o & 2 Wl {0 &85}
QoM T S-S Uehlle 5229 7ok A0l tigh Akl 218712 9l FAdof| tigh A7t Adsg=|ofof &

702 g

Rrglo| Rt

ZEG2 A AL FFH2A Q] 75 e X Z=A Q] 7|55 B 2k Qlrk ZAte] e oA it =
X o2 &2 EH] Y52 o]-85+0 & A8 Al o] FFA 7]:2 oA R R 2 7152 k0] Hhg Ig oA AgAt
%l ofu] & zhe] Afuljo]] o] 8oh= AE-G Al 2] 424 7152 FAlol 2L 1 o, Z Aol A AYAbE FAREZ A1 A o

Ha }01 E]H] £ 0]85}7| = §Hl(Ha etal, 2005; Ham et al.,, 2009; Lee et al., 2012b).

Sl MAYSH 2] o2 B8 AT o) 2ol w42 3 Bl e ON o)) Aol 2ol slu]slr} ke
LhepdthHaetal, 2005), 2T} = 250 ake ofaala] E/go] chazl| Lt skl 712 Sago] o} ek gol

Table 4. Study for bio-control of turfgrass diseases with microorganisms.

Microbes Antagonistic against turfgrass diseases References
Alcaligenes sp. Brown patch Ryu etal,, 2014
Bacillus spp. Dollar spot, large patch, Pythium blight Lim et al., 2011
B. amyloliquefaciens Brown patch, dollar spot, large patch Jeong et al., 2017
Large patch Ma et al., 2013
B. licheniformis Large patch Ryu et al., 2014
B. subtilis Brown patch Joeng et al., 2017
Dollar spot Ryu et al., 2014; Shin et al., 2006;
Jeong et al., 2017
Large patch Jung et al., 2008; Ma et al., 2013
Pythium blight Jung et al., 2006
Burkholderia sp. Large patch Bae et al., 2017
Pseudomonas sp. Large patch Ma et al., 2013; Chang et al., 2009
T. harzianum Dollar spot Loetal., 1996
Pythium blight Yeom, 1999
Sterptomyces spp. ~ Brown patch, dollar spot, Typhula blight, yellow patch Chang et al, 2009
Large patch Bae et al., 2017; Song et al., 2012
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e

X1, F2|g HIE D efActAE] 7| EF e A= H A 3eFo] ot e8] %’M{Haetal 2005) QHMAP‘*?C’%O
B A e SRR o $40] RS =l edy
Eln]o] T2 u] 22720l A3tellthHaetal, 2005). 2010 o] ZF GHZI =2
2L} 5 Af 2] o] 2 2)7} 7 Fs sk g 2 of| 222 oF 70% =5 g 2 4 92% ﬂJrEPHE}(Iqss 2005).

opH)7Fs ol 5ol SA =27 & AFeelal A2johe XAl o g Sollsols SAES AFIsted A
Sotal BHES AJJsHA Dot (Kim et al,, 2011c). =3 Hefet Setol= 7 EY7IFAIS] 7] 5= UERA I (Kim et al,,
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