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= AN B REAA(L. fermentum, 1.0x107 cfu g, FMT Korea Co., LTD., 2], 3F=)E AR8-SIA Tt -G-4Ht
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I, A2 A o] 484 k.
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DS AHA 2{2] & 2ic]| 22|

A= FAH| R 0| F5-9) A 2|3kl wret 4 2] (non-fertilizer: NF), T &+ (control fertilizer (N-P,05-K,0
=21-17-17; CF), MFcL 5 & 2] 2] 71(MFL; CF+MFcL)2} 8l2F 2 2] (2MFL; CF+2MFcL) 2 MFcLHHE A 2]
(only MFcL; OMF)& F-E5}3i Tt
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MFcL-2 49 2945 H 99 247kA] 25 7HA S 2 ZF 103] A 25191, 13] A2 MFLY} 2MFLA 2] Lol A 2}
ZF MFcL 1.0 g m™3} MFcL 2.0 g m™-2 200 mL 2] s~5=of 5]451o] HAFR A E 7|(KS-10-1, FA 7], tiA,
SH=hE o]-8-5to] A A 2 (34N 200 mL m?)stAth AlH 717t F ol % Tals A4 T3 R O(GM262B-ACY,
SIBAURA, Tokyo, Japan)& 5=2-33] 5.5 mm 0|2 HA|5ITE A9 713t 5 571 2H 43 vl E= =3 0kA] 9%t
ou, Wl YAIE Y5l o] 2] 2 13HA|(5E 19Y, 6 22t HIEIUE FAI(8Y 19¢, 99 4Y) & 774 23]
# Aot

Mg ZAH Y 24
o] A AR AT G 2], GEA A 7Y AR S 2 2 9 3y 5] RS ZARSHIT
A 2] 4=9F A=A 2|4 ZHF Turf color meter (TCM 500, Spectrum Technologies, Inc., Plainfied, IL, USA)<}t
Chlorophyll meter (CM 1000, Spectrum Technologies, Inc., Plainfied, IL, USA) & ©]-8-olo] 45ttt A= 54
6UFE 7-10Y 7HH 0 = F 183 SA5IA oW, A At HH Hot-5 5ol e Qle. A2 & 2AM= 59 26
9 69299, 89 491, 9 1390} & 43] 235111, 4-5he ZHT] 2 70°C Efo] @ E[VS-1203PI-300, (32)H] A}
of, B4, gh]oll A 24X A X3 & AEF-S SA5HAh ] W o] HalE S4517] Qo Alzket U 57
& F0J(1cm x 1 em; 1 em?)E ©]-85t0] A| FR YA 99 15U A|RE 3704 A Fste] £7] 7H4=-E HS5to]
ZAFSHRITE Al RA717E 5 717 ®igk= 7147 2] Ak=E o] 8513l
ZZFA AN FA B = A 2ol ot ESF 8Fetd W3S ARG ] flo Al (4d 2597 A = (94
159) % 23] AA|5HATE EOFA B 2] A 2HE EOFA 8 472 T0)(A12 2 em, Z0] 10 cm)S 0]-85}9] 7} ]
g7 N EGA=E AFSHAL, FA4E ol A elA F5HT 24 @52 pH, 717 & X (electrical

conductivity; EC), 7] & (organic matter; O.M) &5, %74 4 (total nitrogen; T-N), - 14 (available phosphate;

¢
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Av-P,0s), X|2Hd Fol-2(exchangeable cation; K, Ca, Mg, Na) I Fo]-2 x]|2H2-2F(cation exchangeable capacity;
CEC) & ot} #4 W2 EoF 315t A H(NIAST, 1998)°l] 5te] A5t o m, pHel ECE 1:58 22, OM
-N-2 Kjeldahl 722, Av-P,0s= Bray NolH 2 2, 2|3H] Fo] 23} CECE= IN-NH,0OAc

Z

o=
HO 2 Q12 UV-spectrophotometer (U-2800,
Atk 18l g, Z, e 2 YEE
= 7.‘2“5_} =l & Wer'_r— ag E8= D]’[induc‘uvely coupled plasma (ICP); Integra XL, GBC, Victoria, Australia] S ©|
goto] 22 EASIRITE o e Ades Y 22 4 AE o]-8-sto] off A3} Zo] ZASHAT
(Kim et al., 2001).
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E 72 a]= SPSS 12.1.1 (IBM, USA)L 0451 Duncan tH= A4S S35 22l 77 @3] G022 AAs}
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Table 1. Soil chemical properties before and after microbial fertilizer treatment in the experiment.

Av- Ex-Cation
pH EC o.M T-N CEC
Treatment’ (1:5) P,0s K Ca Mg Na
dSm’ % mg kg’ cmol, kg!
Before 7.19a 0.26a 0.64a 0.04a 43.87a 0.10a 1.16a 0.29a 0.09a 247a
After
NF 6.61b 0.15a 0.45a 0.04a 22.3b 0.05a 1.29a 03la  0.10a 227a
CF 6.54b 0.14a 0.61a 0.05a 38.5a 0.06a 1.20a 03la  0.10a  2.50a
MFL 6.72b 0.17a 0.69a 0.04a 41.8a 0.05a 1.51a 026a 0.10a  2.67a
2MFL 6.68b 0.16a 0.61a 0.04a 35.3a 0.04a 1332 028a  0.10a  2.40a
OMF 6.73b 0.15a 0.67a 0.04a 22.3b 0.05a 1.39a 028a  0.12a  2.53a

YTreatments were as follows. NF: non-fertilizer; CF: Control fertilizer; MFL: CF+ recommendation dose of microbial fertilizer containing
Lactobacillus fermentum (MFcL 1.0 g m?); 2MFL: CF+double dose of MFcL (MFcL 2.0 g m?); OMEF: Applied only MFcL (MFcL 1.0 g
m?). CF was applied at 3.0 g N m™? rate on April 30, May 27, June 30, and August 5. MFL and 2MFL were applied at 0.26 g m” and 0.52 g
m” rate, respectively, on April 29, May 13, May 27, June 10, June 24, July 8, July 22, August 5, August 19, and September 2.

“Means with same letters within column are not significantly different by Duncan’s multiple range test 5% level.
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SHAAL, ThE A B52 A 2|7 2ol & WERHA] Q39 Th(Table 1). Al F&= & B= A 2] 7-9] pH7} ghaxst A
= Ko u=AA o] Aejef ofet #elrt op et Ald 717 E 1t AuiA 2] 2] 27 o] vstef] ol upep
© g wereth(Jeon etal., 2007). A @ E2 5 A 2] E 9 51514 o] M51= NFQ} OMF A 2] ol A 4 aqlst
o] Azt S| Jer o1 CF, MFL 3L 2MFLell= Al A7t Al 9] it e A4S 2 foake
Holz] GFolet. Tt A Qits A2l pH, EC, 218 ool CEC 3 7= dolv ddaet g2 B 8t
818 A= A7 Aol S Kol 2] of3tth(Table 1). NFeFOMF 2] -2 2HS 4eh A, A=)+ 2o 7t §lo]
A OMF @A 2|7F o stebdel w2l gl A2 A= A5t hEHCF)2F MFeL 533 A=)+
(MFL)2] B W of| A& A 2] §-o) 215 shelst &= 1]t TS, MFcL2] A 2] 3] w2 M2 MFL)Y 5= 8l
FQMFL)| Hl oM & Bl o5 2k S8 o, it P SAIAI(MFeL) 2] AEls ZZIF A0 B
& =tel g Riste] wlA]= Fg2 vimle Ao = e

n‘l‘ »o|o

fAbE BB AAMECL)®] Aelo] w2 Zely METd A0 2 Wale S5 Slote] G4 A%, 4%
4 A5 9 ] W 52 2ASHn,

AR 5 25, 7090 8 AZARHEO] HEAE FARE A3, LEE 8U7H) 57t T Aashe Aee
R, 7L SUE WA Z71elo] 82T 9ol 450 mm o] A& eI L0 B, 7 2} QA FAIZHE

|5} TH(Table 2).

MFcL A 2] & ztt] o] A 2]4=(turf color index; TCI)2} BS54 Z]4*(chlorophyll index; Chl)2] HSh= 6474
7¥sEAAL, 783} 8 holl= A4St o, 9ol A F7kohs B e LFEFU Yltk(Table 3). ©l+= 1219 2
SHL2L2 15.5-24.0°C AEE (Ahn et al., 1992) A& 7]7F 5 54, 69, 9292 Hut7|-20] 16.1-22.1°CE 2]
Ef Ao gl 77t Qe 7120 BolFqleh 797 84 9] Wt 722 24.7-26.1°CE {2 25
4 E9hom, 5.8 gl 7]2o] B &2t 7-99 ol A7t S7FetAL 1) mbE AR AIHE] At ARt
Q1 AlH| & Qlsto] AJ88hg o] EaFote] Xhr] o] GAo] ZhAgt 71 0 2 MEItH(Table 3). A 2|71 TCIL}F Chl<]
Ael5-d k= 59'J ZALO A NFF OMF= tHE 2] 2] T 37| £AHE o] OMF7H7-2] 2] 7HNF) @ 7 FA] 2
FA 2| 5-eF FEA 2ol u| 2= FFo] fle-S It 1eiu Aldo] 238 H 6-9E FA A= T2
A g A & ]Zﬂ?l oS ERE HolZ] oot fAkt n|AEA| A 9] A 27} 3] o] GA 2| 4-0f FF A 2| o]
0|2 ool A& gelskaint.

=

=
[e)
] 23
7 v
o}

_I>J Lo o

Table 2. Monthly air temperature of mean, minimum, and maximum, rain fall, and daylight hour recorded from May
to September at Inchoen in 2010.

Weather factor May June July August September
Mean 16.1 21.9 247 26.1 22.1
Temperature (°C) ~ Minimum 13.1 18.5 22.7 24.1 19.3
Maximum 20.2 259 27.7 28.9 254
Rainfall (mm) 104.9 200.2 275.4 485.1 454.1
Daylight hour (hr) 192.6 222.8 147.1 135.6 169.3
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Table 3. The change of turf color index and chlorophyll index of creeping bentgrass in the experiment.

Turf color index (TCI)
Treatment”
May June July August September

NF 6.36b" 7.07a 6.58a 6.60a 6.82a
CF 6.69a 7.13a 6.73a 6.65a 6.76a
MFL 6.70a 7.09a 6.67a 6.60a 6.82a
2 MFL 6.68a 7.08a 6.65a 6.50a 6.76a
OMF 6.37b 7.01a 6.62a 6.64a 6.75a
f-value 9.54%* 1.52 0.45 0.70 1.04
t-test

NF vs OMF ns ns ns ns ns

CF vs MFL ns ns ns ns ns

Chlorophyll index (ChI)

NF 167b 298a 213b 195a 236a
CF 220a 324a 234a 196a 250a
MFL 232a 306a 239a 202a 254a
2 MFL 227a 343a 227a 192a 250a
OMF 162b 302a 213b 197a 246a
f-value 15.45%* 1.28 4.80* 0.10 1.01
t-test

NF vs OMF ns ns ns ns ns

CF vs MFL ns ns ns ns ns

YTreatments were as follows. NF: non-fertilizer; CF: Control fertilizer; MFL: CF+ recommendation dose of microbial fertilizer containing
Lactobacillus fermentum (MFcL 1.0 g m™); 2MFL: CF+double dose of MFcL (MFcL 2.0 g m?); OMF: Applied only MFcL (MFcL 1.0 g
m?). CF was applied at 3.0 g N'm™ rate on April 30, May 27, June 30, and August 5. MFL and 2MFL were applied at 0.26 g m? and 0.52 g
m? rate, respectively, on April 29, May 13, May 27, June 10, June 24, July 8, July 22, August 5, August 19, and September 2.

“Means with same letters within column are not significantly different by Duncan’s multiple range test 5% level.

‘ns’ represents not significant by t-test, and ‘*’ and ‘**’ significant difference at 5% and 1%, respectively by f-test.

350

~ t-test
£ NF vs OMF: **
s CF vs MFL: * T
2 300
z
T 250 [
: 2
= 24.0
2
£200 -
B
=
E}
=

15.0 - T T

NF CF MFL 2MFL OMF

Treatment?

Fig. 1. The turfgrass shoot density of creeping bentgrass in the experiment. Turfgrass shoot density was investigated
on September 15in 2010.

“Treatments were as follows. NF: non-fertilizer; CF: Control fertilizer; MFL: CF+ recommendation dose of microbial
fertilizer containing Lactobacillus fermentum (MFcL 1.0 g m?); 2MFL: CF+double dose of MFcL (MFcL 2.0 g m™); OMF:
Applied only MFcL (MFcL 1.0 g m™). CF was applied at 3.0 g N m” rate on April 30, May 27, June 30, and August 5. MFL
and 2MFL were applied at 0.26 g m™ and 0.52 g m™ rate, respectively, on April 29, May 13, May 27, June 10, June 24, July
8, July 22, August 5, August 19, and September 2.

* and ** represent significant at the 0.05 and 0.01 probability level by t-test, respectively.
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MFcL9| ] & 3] W& ARG A= Fig. 17 2t NFFCF= 23.2 ea em ™9} 24.0 ea cm™ %17, MFL, 2
MFL 2 OMF2] 2] A= 28.8 eacm™, 29.3 ea cm™ 2 28.3 ea cm 22 FALE] o] A 2|41} G E 4 2|40 A}
Oh= thEA MFeL A 2]tol| A SAIA 0 & 7943 JIA S7Fste] MFeL A 2)7F A g ET A0 A & F7F
A|ATE= A& ZRISHAT MFcL 2] A 2ol o]t 3hr] Wk O] }HS}E H| W 5}7] 9|5 NFF OMFE H| w5}, CFe}
MFL-<& B0 g A3}, = A 2] RFo| A MFcL& A2 off, ml:-—7} 7ot A9HE HRl A 0= Hol fhkt
aA=AA L] 2] Al B2 o F 713 Relt s o 2 Qlote] ASo] EolXl 22 ME AT} 855t
=0 47 Ego] He Ao mebe

2| Oof|R|Z ZAL

MFcL A 2lo] t2 2] & o A B2 90.1-110.6 g m><] W92 ZALE| QI chTable 4). 5% 269, 69 292 2 8
4 4 ZAFA NFLF OMFE] SIZ 82 A3, H]= 7t 223 CF, MFL 4 2MFLO A= 2] E0] Z7Fstot.
mp2]9l 94 139 AP A= B A 2ol A A H 02 {943 2to] & Ut 2] gttt Al 713 5 1A
B2 NFU OMFR th= oFFo] 3% CF, MFL 9 2MFLoJ|A] 2] 80] Z7}5}o] o 2] 8-2] Z7}= MFcLE th
= B R oo FFS W= Ao T QI A2 MFcLe] A 2lof ukE 2] A5-& Frtstr] 2sf

NFS} OMF 22 CF2F ML t-H7g-& A AR 23}, 7 v R #2732 A7[o A -2 Qe Afol& ol
2] 9ok o, E3F MFcL o] A 2|7of uhg 1t o2 &2] Aol = gle A0 2 WkE ATt Kim etal. (2010)2] A1
oM v EAA o] F52 T AsH TEolu Y FE THATIZIE shu Al E Skl FFE FA %
£ A0 8 Bughef Qlek TRt Kim et al. (2016)2 WSS @t HotH 25 ol AlHS v e 7] o] Ui
L #2] go] 52 el AZle2 vt AHE Hof 2 A fARRE 23S e Sl

Table 4. The dry weight clipping yield of creeping bentgrass in the nursery experiment.

Dry weight (g m™)
Treatment”
May 26 June 29 August 4 September 13 Total

NF 9.69b 14.12a 43.94b 19.54a 87.28b
CF 20.66a 17.86a 51.48ab 18.96a 108.95a
MFL 19.60a 15.37a 53.42a 19.98a 108.37a
2MFL 20.74a 15.50a 52.49ab 21.83a 110.57a
OMF 9.07b 14.93a 49.08ab 19.05a 92.13b
F-value 9.32%%* 0.88 2.12 0.25 10.27**
t-test

NF vs OMF ns ns ns ns ns

CF vs MFL ns ns ns ns ns

YTreatments were as follows. NF: non-fertilizer; CF: Control fertilizer; MFL: CF+ recommendation dose of microbial fertilizer containing
Lactobacillus fermentum (MFcL 1.0 ¢ m?); 2MFL: CF+double dose of MFcL (MFcL 2.0 g m™); OMF: Applied only MFcL (MFcL 1.0 g
m). CF was applied at 3.0 g N m™ rate on April 30, May 27, June 30, and August 5. MFL and 2MFL were applied at 0.26 g m> and 0.52 g
m? rate, respectively, on April 29, May 13, May 27, June 10, June 24, July 8, July 22, August 5, August 19, and September 2.

“Means with same letters within column are not significantly different by Duncan’s multiple range test 5% level.

‘ns’ represents not significant by t-test, and ‘*’ and ‘**’ significant difference at 5% and 1%, respectively by f-test.
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(=] =
7 T e 71 AR g 2APE T A A, 9 D ZAE2 242 4.29-4.64%, 0.45-0.56%, 2.21-2.38%2] H9E
e LA, nl 82 A A] A 2ol whE T 28 ME A 24 Qtof] £7]/d29] g2 BAH o= o4 o=t
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Table 5. The content and uptake of nutrient of creeping bentgrass in the nursery experiment.

Nutrient content (%o)

Treatment”
N P K Ca Mg Na

NF 4.46a 0.49a 2.35a 0.45a 0.23a ND
CF 4.47a 0.53a 2.26a 0.42a 0.21a ND
MFL 4.29a 0.50a 2.27a 0.55a 0.21a ND
2MFL 4.38a 0.45a 221la 0.46a 0.20a ND
OMF 4.64a 0.53a 2.38a 0.49a 0.22a ND
F-value 0.75 1.06 0.69 1.13 1.05 1.17
t-test

NFxOMF* ns ns ns ns ns ns

CFxMFL" ns ns ns ns ns ns

Nutrient uptake (g m?)

NF 3.89¢ 0.43a 2.05b 0.40a 0.20a ND
CF 4.87a 0.57a 2.46a 0.46a 0.23a ND
MFL 4.64ab 0.54a 2.45a 0.59a 0.23a ND
2MFL 4.84a 0.49a 2.45a 0.51a 0.22a ND
OMF 4.26bc 0.48a 2.20ab 0.46a 0.20a ND
F-value 2.22 1.96 5.19%* 2.17 2.02 1.17
t-test

NFxOMF ns ns ns ns ns ns

CFxMFL ns ns ns ns ns ns

YTreatments were as follows. NF: non-fertilizer; CF: Control fertilizer; MFL: CF+ recommendation dose of microbial fertilizer containing
Lactobacillus fermentum (MFcL 1.0 g m?); 2MFL: CF+double dose of MFcL (MFcL 2.0 g m?); OMEF: Applied only MFcL (MFcL 1.0 g
m?). CF was applied at 3.0 g N'm? rate on April 30, May 27, June 30, and August 5. MFL and 2MFL were applied at 0.26 g m™ and 0.52 g
m? rate, respectively, on April 29, May 13, May 27, June 10, June 24, July 8, July 22, August 5, August 19, and September 2.

“Means with same letters within column are not significantly different by Duncan’s multiple range test 5% level.

‘ns’ represents not significant by t-test, and ‘*’ and ‘**’ significant difference at 5% and 1%, respectively by f-test.
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