Korean Journal of Environmental Agriculture

Korean J Environ Agric. 2023;42(4):286-296, https://doi.org/10.5338/KJEA.2023.42.4.33 Online ISSN: 2233-4173
Published online 07 December 2023, Printed 31 December 2023 Print ISSN: 1225-3537

Research Article () cosovio

Saccharomyces cerevisiae HS-12} Streptococcus thermophiles
HS-2 st =& n|MEH|2 Xa| & 32| HEIJ| AL M2

1 =< 2"
HIM, o|3F

00000 00000000 0000, 00000 00000000 0000

Growth of Creeping Bentgrass after Application of Microbial Fertilizer Containing

Saccharomyces cerevisiae HS—1 and Streptococcus thermophiles HS—2

Young-Sun Kim' and Geung-Joo Lee® ('Department of Horticultural Science, College of Natural and Life Sciences,
Daegu University, Gyeongsan 38453, Korea, “Department of Horticultural Science, College of Agriculture Life Sciences,
Chungnam National University, Daejeon 34134, Korea)

Received: 03 November 2023/ Revised: 28 November 2023/ Accepted: 30 November 2023 ORCID

Copyright (©) 2023 The Korean Society of Environmental Agriculture Young—Sun Kim

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Nttps://orcid.org/0000-0002-5645-7021
Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted  Geung—Joo Lee

non-commercial use, distribution, and reproduction in any medium, provided the original work is https://orcid.org/0000—0002—3774—1860
properly cited.

Abstract SMFp treatments compared with the control. These re-
sults indicated that the application of SMF containing
Sa. cerevisiae HS-1 and St. thermophiles HS-2 improved
the quality, density, and growth of creeping bentgrass via
prompting the uptake of N and K.

This study was conducted to evaluate the effects of soil
microbial fertilizer (SMF) containing Saccharomyces
cerevisiae HS-1 and Streptococcus thermophiles HS-2
on the growth of creeping bentgrass. For the pot experi-
ment, the treatments were as follows: no fertilizer (NF),
control (3 N g/m*/month), SMF-1 (control+SMF 2 mL/
m*time), and SMF-2 (control+SMF 4 mL/m%time). For
the plot experiment, the treatments were as follows: NF,

Key words: Creeping bentgrass, K uptake, N uptake, Soil
microbial fertilizer, Turfgrass growth

control, SMFp-1 (control+SMF 1 mL/m*time), SMFp-2 Mo
(control+SMF 2 mL/m*/time), and SMFp-3 (control+
SMF 4 mL/m?time). In the pot experiment, visual turf- 000 000 00 000 00000 00000 0ooo

grass quality and the uptake amount of nitrogen (N) and 0000 000 000,000 D000 0D0D000 000
potassium (K) were increased under the SMF treatments, 0000 00[1]. 000 0000 0000 0000 0o
whereas the content of chlorophyll (a, b, and atb) and 00 000 00000 00000 00,00000 000
clipping yield were not considerably different compared 00000 000 0 000 00,00 0000 000 O
with the control. In the pot experiment, the amount of 0000 0000 O00[2-5). 000 0000 000 00
SMF positively correlated with visual turfgrass quality 000 000 000 0000, 00 0000 00 000
and uptake amount of N and K. In the plot experiment, 0 0000 000 0D00000000oO(plant growth
turfgrass density was increased by 12.9-19.2% under prompting rhizobacteria, PGPR)OOO 00O, 000 OO
00 0000 Ooooao odle).
* Corresponding author: Geung-Joo Lee oo ooobo obob oo oo ooon o,
Phone: +82-42-821-5734; Fax: +82-42-821-8888; tob bbb oo oobo oob booo oo Do
E-mail: gjlee@cnu.ackr 0 00000O0[7. 000 000 000 000 O 000
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00 000 00O booo bo obo ooo ooo o
U, 000 0dooob oo 0ob b0 oob oo oo o
O[8]. 00O OO0 U0 000 000 00 00 oOoo O
00 0000 000[8], 0000 000 0000 00 oo
godo bobo obobog, oooodb oood ood
0[9]. 0000 0000 0000 O 0000 Oooo oo
00 0000 00 000 000, 00 oo ooo o O
0O 00000 000 000 00 00[10]. 000 oooo
00 00 00000 0000 Ooooooo ooooo
[11]1 0000 0000 000 00O oooo, ooo oo
0000 0O[i2]00 oooo ooooo.
Saccharomyces cerevisiaed 0000 0000 DOO
0 0000 0odbooo Oobo 0obo oobdo 0o oooo
O[13]. 000000 000 000 00000 o000 Sa
cerevisiaed 000000 00-3-0000 (indole-3-acetic
acid, JAA)D 0000 000 000 0O0O[14]. IAAO OO
o0 ooob oo bd 0 boob oo 0o o gog d
000 000 000 OO0 PGPR OOO0O IAA 0OOOO
00 000 00 0O 000 000 00 00[15]. Strepto-
coccus thermophilest] Lactobacillus spp.00 000 OO
0 0000 0000 0000 0000 0ooo oooo o
000 000 O 0000[1e]. 0000 000 00 0oo
00000 (effective microorganism, EM)0 0000 00O
0, 0000 OO0 0 000 000 ooooo oodafi7).
00 St thermophiles] 000000 0000 00OO0O
[18], St thermophiles 0000 000 OO0 OO0 OO
00 0000 000 00 0000 oooooo ooo o
0000 00 U000 000 000 000 00[19]. Kim
et al.[20]0 000 (Lactobacillus sp.)O 00O (Saccharo-
myces sp.)0 000 00000 00 0O 000 DOOOO
(Agrostsis stoloniferaL.)00 00 000 00 OO0 O
oo oo ooo odo boobo obooo. ooa g

000 000(Sa. cerevisiae HS-1)O 00 0(St thermo-
p])IYesHS-Z)I:I oo oboooobooo oo o ooo o
ooooo oob oooo oob booo oobooo o
J0b00 00 0boboodboo gobooo oboog od
gdo oobooo.

Mz X AE

SAM=

0 000 20120 8000 20130 10000 10 2000
0ooodo obd A0 OO0 OObO ooo oboo ooo
BO 00000 0OOOO0O. 00000 0000(N-PyOs-
K;0=21-17-17; Namhae Chemical Corp., Yeosu, Korea)
0 0000000(Sa. cerevisiae HS-1, 3.6 x 107 cfu mL’,
St. thermophiles HS-2, 3.9 x 107 cfu mL"; Hyosung
O&B, Asan, Korea)d O00000. 00000 OO0 OO
000 000 0O0O000(A. stolonifera L)O 00000,
Jodooodn ‘Penn A-1'0, 0000000 ‘Penncross’
000 00000.000 000 000 0oo0o0o004d(Uni-
ted States Golf Association, USGA)O O OO0 000 O
00 00(00)0 00000(Table 1), 000000 000
0dod.0ddbo obo obooob oob odo oo
O(country club, CQ)OO0O OO0 OO0 00000, 00O
00 00 ccod 19920 000 Dodoooo odoo 22
00 000 bobdoboo oboboo. obobo obooo
00 000 0bo Oob0 0 0ooo bobo 0 oob oo
0O 00O Table 1, 20 O0O.
SEn|MESHAN ZEAY

doooooo oo b oooboo oob ooooo o
000 000 20120 8000 20130 2000 6000 OO
000.000 UGSA 000 000 000 3inch OO0

Table 1. Particle size distribution of sand soil used in the experiment

Particle size (mm)

Experiment
4.00 over 4.00-2.00 2.00-1.00 1.00-0.50 0.50-0.25 0.25-0.15 0.15-0.053
Pot - 1.1 5.7 413 44.8 59 12
Plot - 0.2 52 36.6 48.1 7.9 2.1
USGA standard 0% 10% below 60% over 20% below  10% below
USGA: United States Golf Association.
Table 2. The chemical properties of soil used in this experiment
) pH EC OM T-N Av-P,0s Ex-K CEC
Experiment
(1:5) (dS/m) (%) (mg/kg) (cmol./kg)
Pot 7.21 0.99 0.46 0.03 18 0.05 2.05
Plot 7.03 0.24 0.99 0.03 20 0.04 2.51

EC: electrical conductivity; OM: organic matter; T-N: total nitrogen; Ex-K: exchangeable potassium; CEC: cation ex-

changeable capacity.
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000 00 0O 0obo obogo, oo ooo 20120 80
60 lOgm’ZDD 0d o ooo ooo boooo o 20
00 000 0O 110 5000 0000000 0000 oo
00 000 goooo. oo ob 20 mm OO0 O0OO0O
goodo. 0ob 0ob 0 bob ooo ob oboo gd
00 00000 00000 10-26°CO 60-75%0 OO0 O
dooo oogod.

0000 0000004 (soil microbial fertilizer, SMF)
0O 0000 O 0000 OO0 0000 ®mon-fertilizer), OO
0 (control, compound fertilizer 3 N g/m?/month), 00
000000 1 (SMF-1, SMF 2 mL/m?/time)0 0000
000d 2 (SMF-2, SMF 4 mL/m?/time)d 0000OO.
SMF 0000 00000 0000 Oo0Ooo ooog oo
00 0000 OOo0O OO0 sMF-10 sME-20 OO0OO0O.
00 000 3inch (OO 75 mm) 000 OO0 OO0OO
0,0 0000 ooobooooo oboooo, oooo
0od 3godo goood.

00000 143 g/m?/month (3 N g/m’/month)0
1,000 mL OO0O0O 0000 00000O(KS-10-2, Kwang
Sung Co., Ltd., Daejeon, Korea)d 0000 110 50, 12
0 30,10 70,20 40 O 40 O00O0O0O, 00 OO OO
0 0dod oobo ogogo. sSMFO 00ooo godo o
000 1,000 mL OO0OO O0OOO0 DOOOOO Ooogo
110 5000 70 0000 O 160 DOOOO. 00000
0o 1200 00O 000 oooo ooo boogo, oo
oo 0o obod ooboo oo oob booo ood.

00 00 000 000 OO0 00,000 OO0 O o0
0 000 00booo ooobob, 00 00 ooo oo o
00O 0000 ooood. boo Oob 0oog 110 5000
70 0000 O 170 00000, 00 OO0 OO0 000
0O 00 OO0 O0000.000 00 000 National Turf-
grass Evaluation Program (NTEP)UO 00O 00O O
000 00 00 OO0 000 OO0 00000(scale: 1-9,
1: worst, 6: acceptable and 9: best). 00 0000 00O
ooo 120 30, 10 70 O 20 40 30 OOOOO, OoOO
00 20 mm0O OO 70% 0000 OO0 OO0 OOOO
000 00000, 00 0000 70°C 000(JSON-150,
JSR, Gongju, Korea)U O 2400 00O 00O 0O 0000
00000.00 0000 000 b00o0l1gh0OO
O{@O00)O 0000 9% 000 (Samchun, Seoul, Korea)
10mLO OO0 O 000000 O0O0O0O O -4°CO Ood
00 4800 OO0 0OOOO Uv-000000 o000 648
nm (Aeg)0 664 nm (Ag)00 0000 0000 00O
000 oooooRll.

Chlorophyll a = 13.36A¢s — 5.19A44s
Chlorophyll b= 2745A643 - 812A664
Chlorophyll a+b = 524Aus + 22.24Au

oo oo0 20 280 00 0dd oooo ooood.

00 000 0oooo o000 oo ooob oooo oo
0 000 0000 000 0 000(shoot)yd OO0 (root)
0O 0000 0000 Ooooo. 00 oo o ooo oo
0O 000 00 000 ooooo, ooob 0ooo 0og o
2mm00 0000 00000 ocodooo, oood o
ooo 0000 ooooo ooooo.

SRI0|MEFN ZEAR

SMF 00 0O 00000 000 Obdoo oooo o
00 20130 5000 10000 e000 OO0OO0O. OO0
UGSA 000 000 000 0Ooodo od 95%0 5%0
gooo ood obooob bbooo, oooob boo
030cmd0. 0000 OO0 OOOO OO OO OO0
Penncross] 0O0O0OO.

0000 SMFO 0000 0O 0000 00 0000(non-
fertilizer), OO 0O(control), DOO0O0D0OOO 1 (SMFp-1,
SMF 1 mL/m?/time), 0000000 2 (SMFp-2, SMF
2 mL/m*/time) 0 00000000 3 (SMFp-3, SMF 4
mL/m?/time)0 O00000. 00 OO0 00 0000 OO0
2m*(1m x2m) 000 00000 30 m*00, 0 000
0 0d0OdboO obooobooo, ooob oo 3oooo o
agooo.

goooo 143 g/mz[] 1,000 mL O0O0O0 OOO0O O
0000(KS-10-2, Kwang Sung, Co. Ltd, Daejeon,
Korea)d OOOO 20130 50 10, 50 300, 70 60, 80
200,90 500 0O 50 OOO0OO.SMFO OO0O0O OO0
00000 L,000mL O0OO0O OO0O0O DOOODOO OO
oo 50 1, 15, 300, 60 140, 70 6, 240, 80O 2, 180,
o0 5, 2600 O 100 DOOOO. OO0OOO OO OoOd
gobd oo 200 oOodboooboo obobo ooo o
000, 00000 000 0000(GM262B-ACY, Sibaura,
Tokyo, Japan)O O 2-40 4 mm 000 O00000. OO
0d o ododb 0o oob ob oboodbo bood
000, 000 000 00 0000 o0oooo ooed,
60 130, 80 180)0 OOOOO OO@Ad, 90 50)0, O
000 00000000@O, 80 160,90 50)0 OO O
agooo.

0d oo obo odbo oo bdg, 00 oo, o0no o
g,000 0b o000 oo bobob.doboo bo og,
00 00 O 000 OO0 50 1000 0 100 booog,
0d 000 00 0bodo 0o bdd oboood. boo
00 000 NTEP ODO0OOOO O0O0O0O OO OO0 oo
00000, 00 000 000 000 00 Tuarf color me-
ter (TCM 500, Spectrum Technologies, Inc., Plainfied,
IL, USA)O Chlorophyll meter (CM 1000, Spectrum
Technologies, Inc., Plainfied, IL, USA)0 OOOO 00O
O00.000 OO0 00,00 00 O 000 Oodgo 50 14,
310, 60 140, 70 6, 2400, 80 2, 180, 900 5, 2600 O
100 1000 O 100 ODO0O0DOO. 00 OO0 oo gooo g
00000000em? 1amx1cm)d 0000 60 140,
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70 240, 80 184, 90 2600 O 40 OOOOO, 00O O
ooo 40 mmO 000 OO0 OOOOO OoOOO 50
310, 70 60, 80 20, 90 40, 100 1000 O 50 O0OO
00. 000 0000 00000 00000, oob ooo
uod oooo o ooobt oo oo oo ooo o o
ooo 70°CO 0000 2400 OO OO0 O OO0 OO0
oogd.

EQF BiEtM U AlSH| B4

00 00 0O 0000 00 000 00 o@mooo:
20120 80 10, 0O0O0O: 20130 50 10)d OO O(@O
00: 20130 20 280, 0O0O0O: 20130 100 100)0 OO
ood, 0do bobo bobo 0o O 2mm OO OO
0 000 0DO000. 00000 pH, 00OOO(EC, elec-
trical conductivity), 00 0O(OM, organic matter), 000
(T-N, total nitrogen), 000 O(Av-P,Os, available phos-
phate), 000 OO(Ex-K, exchangeable potassium) O O
000D OO0(CEC, cation exchangeable capacity) 000
0, 00000000 000 00000, pHO ECO 1:50
00, OMO TyurinOO0O, T-NO Kjeldahl 00000, Av-
P,Os0Bray No.100OO, 000 000 CECO IN-NH4OAc
dodoog oo ooood.

Ud 0obo odo oboooboo oooog, oo o
0O 000130 20 280)0 000 OO0 OOOO OOOO
00 000 000 000 0oooooo, ooo oo@ao
00)0 02g0 00 25 mlO 0000 1 mLO 0000
Kjeldahll]D 0 ooboobobdobb,0boobod
00000 OO0 00000. 000 Keldahl 00000,
00 UV-spectrophotometer (X-MA1200, Human, Seoul,
Korea) 0000 O0OO0O0O0O0O0OO0O0O, 000 OOOO
O (PFP7, Jenway, Staffordshire, UK)D 0000 0000
oo boooo. o0 obo oobo oo oboo gd
oo obood obob oo oobo boooo.

00 000(g/md) =000(g/m?) x 00 0 00 00(%)

£

SMFO 00 0O 00 OO 00 000 SPSS (ver 25.0,
IBM, New York, USA)D 0000 ANOVA 000 OO
000. Duncan 00000 0000 0OO0O0 0000 O
000 00000, T-000 0000 0000 SMF 000
0 000 000000, SMF 0000 00000 Pearson
00000 0000 00000 00000 00000,

Zat W o
S0 MSHE ZEAH

000000 SMF OO0 O 00000 000 00000
(Table 3). 00 00 00 OO O 000000 OO0 0O,
00 00000 ECO Av-P,0s0 00000, OMO T-N
0 00O00(Table 2, 3). ECO Av-P,Os0 000 00 O
00 000000 000 000 00000 0000 00
00, OoMO T-NO 000 00 00000 0000000
000 000 00 000 0000 000000 0000
0000 0000[22]. 00 00 0O 0 0000 00000
0000 00 000O0NFOD 000 O, SMF 0000 pH
0 00000, EC, OM, T-N, Av-P,0s, Ex-K 0 CECO
00000 0000 000 0000 000.0000 00
0 SMF-2 00000 pHO 00000, SMF-1 0000 O
0000 0000 000 0000 000.000 00 00
0 000 pHO OO0 0000 000 00 000 000
000 000 DO0O0[23]. Lee et al[24]0 0000 OO
0 pHO 0000 00 0000 00000 0000 00
000 00000 ooooao.

SMF OO 0O 00 00 O 000 000000 000
00 00 000 00000(Table 4). NFO 000 O SMF
0000 00 000 00000, 0000 000 O, 110,
120 0 10 00000 00000, 20 00000 000
00 0000 000 0000 000.0 00 00 000
000 00 00 00 00000 000 O, SMF 000
(SMF-1, SMF-2)0 NFO 00000 0000 SMF OO0

Table 3. The chemical properties of soil after SMF application in the pot experiment

" pH EC oM T-N Av-P,Os Ex-K CEC
Treatment
(1:5) (dS/m) (%) (mg/kg)
NF 7.23a% 0.28a 0.46a 0.03a 18a 0.05a 2.05a
Control 6.93b 0.31a 0.43a 0.02a 3la 0.07a 2.21a
SMEF-1 6.80c 0.31a 0.40a 0.02a 24a 0.06a 1.93a
SME-2 6.46d 0.25a 0.47a 0.02a 28a 0.06a 2.13a

DTreatments were as follow. NF: non-fertilizer, control: compound fertilizer (N-P,05-K,0=21-17-17; 14.3 g/ m?), SMF-1
(Control+SMF 1 mL/m?) and SMF-2 (Control+SMF 2 mL/m?). Compound fertilizer was fertilized in the treatments on
November 5, December 3, January 7, and February 4. Soil microbial fertilizer (SMF) containing Sa. cerevisiae HS-1 and
St. thermophiles HS-2 was applied 16 times every week from November 5, 2012 to February 18, 2013.

?Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05 level.
EC: electrical conductivity, T-N: total nitrogen, Av-P,Os: available phosphate, Ex-K: exchangeable potassium, CEC: cati-

on exchangeable capacity.
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Table 4. The changes of visual quality in the creeping bentgrass after applying SMF in the pot experiment

Visual quality (scale: 1-9, 1: worst, 6: acceptable, 9: best)

Treatment”

November December January February Average
NF 6.47d? 6.66¢ 6.43c 6.29b 6.46¢
Control 6.92c 7.14b 7.21b 7.3a 7.14b
SMF-1 7.09b 7.22a 7.29a 7.39a 7.25a
SMEF-2 7.15a 7.22a 7.35a 7.30a 7.25a
Correlation” * * * NS *

DTreatments were as follow. NF: non-fertilizer, control: compound fertilizer (N-P,05-K,0=21-17-17; 14.3 g/ m?), SMF-1
(Control+SMF 1 mL/m?) and SMF-2 (Control+SMF 2 mL/m?). Compound fertilizer was fertilized in the treatments on
November 5, December 3, January 7, and February 4. Soil microbial fertilizer (SMF) containing Sa. cerevisiae HS-1 and
St. thermophiles HS-2 was applied 16 times every week from November 5, 2012 to February 18, 2013.

?Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05 level.
NS, * and ** were not significant and a significant at the 0.05 and 0.01 probability level by correlation coefficient be-

tween control and amount applying SMF (N=9).

00 000 000000 000 0o 000 ooooo.
SMF 0000 000 00 000 o000 oooo 110,
120 0 1000 00 0000 00000 2000 0000
0 0000 00 000 00 000 000 oooo. oo
00 0 0000 00 0 00 000(R=0.840", p=0.005)
0 0000 sMFO 000 000 000000 000 00
0 0000 0o 0o ooo.

SMF OO O 000 000 00 o0b0 ooo oo, o
00 a 000 b O 000 a+bD OO 322-1,266 pg/g,
151-519 pg/g, 473-1,695 pg/g 000 OOOO0O(Table
5). NFO 00 0O SMF 0000 000 OO0 00004,
0000 0o0 000 000 00 000 0000.000 a
000 20 280 OO0 O SEM-1 00000 00000 38.9%
ooooo, 110 290, 120 290 0O 10 280 OOOO0O
00000 0000 000 0000 0ob0.000 boo
0 110 290 0O0O00 SMFE-10 SMF-2 0000 0000
0 00 753%0 94.7%0 000000 120 290, 10 28
0 020280 00000 00000 0000 000 00
00 000. 000 a+b 000 20 280 OOOO SMF-1
0 SMF-2 0000 00000 60.1%0 28.3%0 0000
0, 110 290, 120 290 O 10 280 O0O0O0O0O 0000
0 0000 Oooo oooo ooao.

00 00 0 000 000 00000 boo 0obo o
00 O0,SMF 0000 000 000 00000 0000
000 0000 0oo0.00,sMFO000 000 a+b O
00 D000 0000 00 000®R=0.687*, p=0.041)C
0000 SMF OO0 0O 0000 0000 OO0 0oo0o0o
00 00 000 0o 0ooo ooooo.

0000 00 00 00000 000 000 0obo
000 00000 000 000 0 000 ooooogle,
3100 000 0000 0000 0000 000 0ooao
000 0oODOO[15]. 0 0000 SMFO OO0 000 O
00 Sa. cerevisiase HS-10 00000 00 OO 1,233 pg/
mLO 000 0000 000000 000 00 0000

00 0000 00 0 000 000 000 000 000
O[15]. St thermohhylus HS-20 0000 0000 000
0 00 000 000 00000 00000 0000 00
00[25. 0000 00 0 000 0000 000 0000
0 000 0000 00 000 000 0000 0000
000 00 000 0000 0000 0000[26).

SMF OO 0 000 000000 0000 0000 00
00 000 DOO000(Table 6). 00000 000 O SMF
0000 D000 00000, 0000 000 O 110 290
020 280 0000 0000 00000, 120 2900 10
280 00000 0OOOOO0 0000 000 0000 OO
0.00 SMFOO 0 0000 0000 00 0 0000
000 00 000 000 000 000000 00000
000 000 0000 0000 0000[26). 00 00 O
000 0000 000 SMF OO00O0 NFO 00000
000 000 0000 00 O O 000. SMF 0000
0000 0000 0000 00000 0000 000 O
000 00 SMF OO0 OO0 000 000 000 000
000 000 0000. 00 00 0000 00 0000
000 000 00 OO0 0000 SMFO 000 0000
000 000 000 OO0 000 00000 000 00
0000[24,27].

00 00 0 000 000000 00 000 0000
0000 SMFOD 00 OO0 000 OO00O00(Table 7). O
00 000 0000 480-1,238 g/m? 000, 000 OO
00 706-1,137 g/m? 000 00000, SMF 0000 O
000 000 0000 00 25625800 1.51-1.6100
NFOO 00000, 0000 00 0 00000 0000
000 0000 000.00 T/RO 00 O 000 00 O
00 00 0O0O00 000 000 00000 0000 00
00. T/ROO SMF 00000 0000 000 0000
SMF 00 0 000 000000 000 000 0000
000 0000. SMF 0000 0000 0000 000
000, 000 000 O T/ROO 00000 0000 O
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Table 5. The changes of chlorophyll content in the creeping bentgrass after applying SMF in the pot experiment

Chlorophyll content (ug/g)

Treatment”
Nov 29 Dec 29 Jan 28 Feb 28 Average
Chlorophyll a
NF 559 b? 637 b 322 b 461 ¢ 495 b
Control 785 ab 1,270 a 857 a 1,035 b 987 a
SME-1 976 ab 938 ab 1,138 a 1,707 a 1,190 a
SME-2 1,090 a 1,266 a 1,039 a 1,427 ab 1,205 a
Correlation” NS NS NS NS NS
Chlorophyll b
NF 178 b 164 a 151 b 202 ¢ 174 b
Control 171 b 272 a 391 a 285 ab 280 a
SME-1 312 a 217 a 519 a 408 a 364 a
SME-2 333 a 325 a 468 a 267 b 348 a
Correlation * NS NS NS NS
Chlorophyll a+b
NF 737 b 801 b 473 b 664 ¢ 669 b
Control 956 ab 1,543 a 1,248 a 1,321 b 1,267 a
SME-1 1,288 ab 1,155 ab 1,656 a 2,115 a 1,554 a
SME-2 1,423 a 1,591 a 1,507 a 1,695 ab 1,554 a
Correlation NS NS NS NS *

DTreatments were as follow. NF: non-fertilizer, control: compound fertilizer (N-P,05-K,0=21-17-17; 14.3 g/ m?), SMF-1
(Control+SMF 1 mL/m?) and SMF-2 (Control+SMF 2 mL/m?). Compound fertilizer was fertilized in the treatments on
November 5, December 3, January 7, and February 4. Soil microbial fertilizer (SMF) containing Sa. cerevisiae HS-1 and
St. thermophiles HS-2 was applied 16 times every week from November 5, 2012 to February 18, 2013.

?Means with the same letters within column are not significantly different by Duncan’s multiple range test at p=<0.05 level.
NS and * were not significant and a significant at the 0.05 probability level by correlation coefficient between control
and amount applying SMF (N=9).

Table 6. The changes of clipping yield in the creeping bentgrass after applying SMF in the pot experiment

Clipping yield (dry weight g/m?

Treatment”
Nov 29 Dec 29 Jan 28 Feb 28 Total
NF 203 @ 26.0 b 13.8 b 222 ¢ 824 b
Control 61.0 b 104.0 a 1254 a 949 b 385.2 a
SMEF-1 943 a 98.0 a 135.7 a 127.8 a 455.8 a
SME-2 9.1 a 97.3 a 1405 a 106.2 b 439.1 a
Correlation” NS NS NS NS NS

DTreatments were as follow. NF: non-fertilizer, control: compound fertilizer (N-P,05-K,0=21-17-17; 14.3 g/ m?), SMF-1
(Control+SMF 1 mL/m?) and SMF-2 (Control+SMF 2 mL/m?). Compound fertilizer was fertilized in the treatments on
November 5, December 3, January 7, and February 4. Soil microbial fertilizer (SMF) containing Sa. cerevisiae HS-1 and
St. thermophiles HS-2 was applied 16 times every week from November 5, 2012 to February 18, 2013.

?Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05 level.
NS was not significant by correlation coefficient between control and amount applying SMF (N=9).

0o oooo ooo. oo og,0 0000 000 o0oooog, boob ooo

SMF 000 00O 0O 00 000 00 ooOo0 00 oo O 0, SMF-2 0000 OO0 0000 33.6% 00000 OO
000 D000 00000(Table 8). OO OO O OO OO ooo 0oooo0o 0000 ooo oooo oo0. SMF
000,00 00000000 1.35-2.52%, 0.11-0.26%, ooobO 00 0o ooo 0000 oooob 000 00 o
1.38-3.30%0 O0O0O0O0. 00000 00O O, SMF OO 00(R=0.742*, p=0.022)0 OOOO.



292 Kim and Lee

Table 7. The dry weight of shoot and root in the creeping bentgrass after applying SMF in the pot experiment

" Shoot Root ]
Treatment > T/R ratio
(g/m?)

NF 480 b? 706 b 0.68 b
Control 1,049 a 1,137 a 0.93 a
SMF-1 1,229 a 1,134 a 1.11 a
SMF-2 1,238 a 1,065 a 1.17 a

Correlation” NS NS NS

DTreatments were as follow. NF: non-fertilizer, control: compound fertilizer (N-P,05-K,0=21-17-17; 14.3 g/ m?), SMF-1
(Control+SMF 1 mL/m?) and SMF-2 (Control+SMF 2 mL/m?). Compound fertilizer was fertilized in the treatments on
November 5, December 3, January 7, and February 4. Soil microbial fertilizer (SMF) containing Sa. cerevisiae HS-1 and
St. thermophiles HS-2 was applied 16 times every week from November 5, 2012 to February 18, 2013.

?Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05 level.
NS was not significant by correlation coefficient between control and amount applying SMF (N=9).

Table 8. The nutrient content and uptake amount of turfgrass leaf in the creeping bentgrass after applying SMF in the
pot experiment

Nutrient content (%) Uptake amount (g/ m?)

Treatment”
N P K N P K
NF 1.35 b? 011 b 1.38 ¢ 111 ¢ 0.10 b 1.14 ¢
Control 2.05 ab 0.19 ab 247 b 783 b 0.80 ab 9.44 b
SME-1 2.10 ab 0.30 a 2.72 ab 9.60 ab 1.39 a 12.38 a
SME-2 252 a 0.26 ab 3.30 a 10.93 a 1.17 a 1444 a
Correlation” NS NS * * NS o

DTreatments were as follow. NF: non-fertilizer, control: compound fertilizer (N-P,05-K,0=21-17-17; 14.3 g/ m?), SMF-1
(Control+SMF 2 mL/m?) and SMF-2 (Control+SMF 4 mL/m?). Compound fertilizer was fertilized in the treatments on
November 5, December 3, January 7, and February 4. Soil microbial fertilizer (SMF) containing Sa. cerevisiae HS-1 and
St. thermophiles HS-2 was applied 16 times every week from November 5, 2012 to February 18, 2013.

?Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05 level.
NS, * and ** were not significant and a significant at the 0.05 and 0.01 probability level by correlation coefficient be-
tween control and amount applying SMF (N=9).

00 000000000 O000000000000
0000000000 0000000,000000
00 00 1.11-10.93 g/m? 0.10-1.17 g/m?, 1.14-14.44 g/
m’0] 00000.00000 000 0,00,0 0 000
0000 SMF 00000 00000, 0000 00 0 0
00 SMF-2 00000, 000 SMF-10 SMF-2 0000
0 00000.SMF2 0000 000 000 000 00
0 000 000 00@MO0)0 00 0 000 000 0
0000 000 0000.00,000 000 0000 O
0 000D 000 0000 000 0000 000 00
[27]. SMFO 00 0O 000 00 0000 0000 OO0 O
00 000 000 000 000027

SE0IYENN ZEAR

0000 O SMF OO 0O 000 0000 000 00
0O0000(Table 9). NFO 0000 00O O SMFp 000
0 00000 0000 000 0000 000.SMF 00

O O0Oo0O oooo OooO oobob 0O 000 oooo.

00 00000 oo oobo ooooo, 00000ob oo
0ood oooo oooooob oo ooo oo bogg,
oooooo oog 0 20 ooo oooooo ooo o
00 0000 OO0 000 0000 0ooo ooodl29.

SMF 00 0O 00000 OO0 0ooo ooo oo oobo
0000 00 000D 00D0OO(Table 10). OO O0OO 7.74-
8.820 00O O0OOO0O, 00 U000 o0 oo o0
000 oooo oo oo 0 00 00 0o oobo oooo
0 o000 o ooodo oooo ooo oooo goo. o
00 000 145420 000 O0O0OO0, 00 00O 00 oo
00 000 0000 oo 00 0O 00o ooooo ogo
O SMF OOOO 000000 ooo000o ooooo o
oo0o 0000 ooo oooo ooo.sMFOoooo o
0 000 000 ooo ooooo oooob oooo o
00 0000 o000, 0000 SMFp-2 0000 T-O000
00 0o0000 o000 000 oobo 0o sMF OO O
000 oooooo 0o 0ooo ooo ooob ooo oo
O ooooooo oooo.ooooooo ooo og o
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Table 9. The chemical properties of soil after SMF application in the plot experiment

" pH EC oM T-N Av-P,Os Ex-K CEC
Treatment
(1:5) (dS/m) (%) (mg/kg) (cmol./kg)

NF 7.03 a2 0.23 a 0.98 a 0.03 a 17 a 0.04 a 257 a
Control 6.99 a 0.26 a 0.96 a 0.04 a 25 a 0.04 a 254 a
SMFp-1 6.99 a 022 a 1.03 a 0.04 a 17 a 0.04 a 251 a
SMFp-2 7.06 a 0.24 a 1.09 a 0.04 a 22 a 0.04 a 247 a
SMFp-3 7.07 a 0.23 a 1.00 a 0.04 a 17 a 0.05 a 257 a

DTreatments were as follow. NF: non-fertilizer, control: compound fertilizer (N-P,05-K,0=21-17-17; 14.3 g/ m?), SMFp-1
(Control+SMF 1 mL/m?), SMFp-2 (Control+SMF 2 mL/m?) and SMFp-3 (Control+SMF 4 mL/m?). Compound fertilizer
was fertilized in the treatments on May 1, May 31, July 6, August 2, and September 5. Soil microbial fertilizer (SMF)
containing Sa. cerevisiae HS-1 and St thermophiles HS-2 was applied 10 times on May 1, May 15, May 31, June 14,
July 6, July 24, August 2, August 18, September 5, and September 26, 2013.

?Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05 level.

Table 10. The changes of clipping yield in the creeping bentgrass after applying SMF in the plot experiment

Investigation date (Month/day)

Treatment” Average
5/15 5/31 6/14 7/6 7/24 8/2 9/5 9/26 10/10
Turf color index
NF 812a? 808a 818b 863a 849a 874a 874a 78 a 778a 7.74 a
Control 8l6a 852a 88la 88a 85la 848b 86la 830a 784 a 7.89 a
SMFp-1 8l6a 84la 876a 914a 854a 844b 864a 83la 79a 793 a
SMFp-2 817a 852a 88 a 887a 857a 852b 874a 83a 79%a 7.94 a
SMFp-3 815a 835a 875a 88ia 849a 854ab 875a 828a 79%a 7.90 a
Correlation” NS NS NS NS NS NS NS NS NS NS
T-test? NS NS NS NS NS NS NS NS NS NS
Chlorophyll index
NF 208 b 145 b 191 b 189 b 230 a 222 a 240 a 223 a 233 a 209 b
Control 288 ab 203 a 416 a 304 a 232 a 215 a 225 a 233 a 244 a 262 a
SMFp-1 300 a 212 a 414 a 283 a 225 a 216 a 236 a 225 a 244 a 262 a
SMFp-2 295 ab 212 a 420 a 282 a 234 a 214 a 242 a 243 a 252 a 266 a
SMFp-3 273 ab 222 a 395 a 290 a 221 a 208 a 235 a 232 a 246 a 258 a
Correlation” NS NS NS NS NS NS NS NS NS NS
T-test” NS NS NS NS NS NS NS NS NS NS

DTreatments were as follow. NF: non-fertilizer, control: compound fertilizer (N-P,05-K,0=21-17-17; 14.3 g/ m?), SMFp-1
(Control+SMF 1 mL/m?), SMFp-2 (Control+SMF 2 mL/m?) and SMFp-3 (Control+SMF 4 mL/m?). Compound fertilizer
was fertilized in the treatments on May 1, May 31, July 6, August 2, and September 5. Soil microbial fertilizer (SMF)
containing Sa. cerevisiae HS-1 and St thermophiles HS-2 was applied 10 times on May 1, May 15, May 31, June 14,
July 6, July 24, August 2, August 18, September 5, and September 26, 2013.

?Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05 level.
NS was not significant by correlation coefficient between control and amount applying SMF (N=12).

“NS was not significant by t-test between control and SMFp-2 treatment.

00 00D a+b OO0 SMF OO0O0O OO OO 0OOO0OO O 000000 000 0o o000 00 ooooo ooo
00000(Table 4, 5) 0000000 0000 0O0O0O0O. O 0000 D0D0O0 0000 000 0000 000(data
0 00000 o0 oo 0ooo 1000 0o oo o ooo no shown)[29] 000 OO OO OO0 0000 OO OO
ooo0 000 ooooo 00 O 240 000 oooo o 0 D00O000 000 000O00(Table 11). OO 00O
00 00000 0000 O0ooo[2s). 000 00000 Oo0 00 0oooO 000 oooOo. NF

SMF 00 O 0000 00 000 00oo0 0o ooo 0O o000 0,00 0000 SMFOO O OO0 000 00
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Table 11. The changes of clipping yield in the creeping bentgrass after applying SMF in the plot experiment

Turfgrass density (No. of tiller/cm?)

Treatment”

Jul 14 Jul 24 Aug 18 Sep 26 Average

NF 17.3 b? 203 ¢ 20.7 d 215 b 20.0 ¢

Control 20.3 ab 27.7 b 247 ¢ 230 b 240 b

SMFp-1 26.3 a 270 b 28.0 b 27.1 a 27.1 a

SMFp-2 25.7 a 253 b 327 a 28.7 a 28.1 a

SMFp-3 250 a 323 a 30.3 ab 269 a 28.6 a
Correlation” NS * * NS *
T-test” NS NS b b o

DTreatments were as follow. NF: non-fertilizer, control: compound fertilizer (N-P,05-K,0=21-17-17; 14.3 g/ m?), SMFp-1
(Control+SMF 1 mL/m?), SMFp-2 (Control+SMF 2 mL/m?) and SMFp-3 (Control+SMF 4 mL/m?). Compound fertilizer
was fertilized in the treatments on May 1, May 31, July 6, August 2, and September 5. Soil microbial fertilizer (SMF)
containing Sa. cerevisiae HS-1 and St thermophiles HS-2 was applied 10 times on May 1, May 15, May 31, June 14,
July 6, July 24, August 2, August 18, September 5, and September 26, 2013.

?Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05 level.
NS, * and ** were not significant and a significant at the 0.05 and 0.01 probability level by correlation coefficient be-

tween control and amount applying SMF (N=12).

“NS and ** were not significant and a significant at the 0.01 probability level by t-test between control and SMFp-2

treatment.

00O, 0000 oo g 7o 240, 80 180 O 90 260 O
000 SMF 0DO0000 OO0 OO0 booboo. oo oo O
000 00 00 00000 000 O, SMFp-1, SMEp-2
0 SMFp-3 0000 00000 00 12.9%, 17.1%, 19.2%
0 0oodo, sSMF OO0 00 00 000 ooog od
000 0O 000.0000 SMFp-20 T-00O OO0, 80 18
00 90 260 OO0OO OOOOO OOOO OO0 OO0
0OSMF OO 0O 00 000 ODO0oOo.sSMF OOO00 Ood
000 00000 70 2400 80 180 OOOO OO OO
0 (R7/24=0.579%, p=0.048; Rg/15=0.637*, p=0.026)0 00O
0,00 00 000 bbhooo Ooob obo oo oo
(R7/24=0.729%, p=0.007)0 OOO0O SMF 000 00O 00 O
00 0000 OO oobooo. odg oboo oob oo oo
00 00 00 0 000 0bOo0o oodo obog sMFEF OO0
0 00 000 000 0000 000 ooo oolzs).
ZE U 2%
O 000 000(Sa. cerevisiae HS-1)O OO0 (St ther-
mophiles HS-2)D 000 0000000 (soil microbial
fertilizer, SMF)J 00 0O 000 000000 000 OO
O00. 00000 0000 OO000(NF), 000 (control,
3 N g/m’/month), SMF-1 (control + SMF 2 mL/m?/
time) 0 SMF-2 (control + SMF 4 mL/m’/time)J 00, O
0000 O0OO0(NF), 000(control, 3 N g/m?/month),
SMFp-1 (control + SMF 1 mL/m*/time), SMFp-2 (con-
trol + SMF 2 mL/m?/time) 0 SMFp-3 (control + SMF
4 mL/m?/time)] O0000. 000000 0000 OO
0 0O,SMF O0O0O0O 000 OO OO0 0O 000 oo oo

00 0ooob, 000 0bobo bobdbo oooob oo
00 000 odoo ooo.sMF OOO0o0O Ooboo oo o
0,00 000 O 00 obodb 0o bobo ooboo. o
dooodoo oooo ooo o,00 oo 0 ooo oo
0 00000 0000 Ooboo boboo booo oo oo
0 129-192% O00O0O0O. 00 ODOO0O OO0 O, 000
(Sa. cerevisiae HS-1)O OO0 (St thermophiles HS-2)0
000 0DOoooO0o0o0o 0oo oobo booooo ooo
ool 00 0obod oboo oo boda, 0o 0o goo oo
oo oo o o odao.
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