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The present study evaluated the variations in soil microbial population of controlled horticultural land used for
lettuce (Lactuca sativa) cultivation by their fatty acid methyl ester and chemical properties. We utilized four
treatment groups, no treatment (NT), culture medium (CM), Bacillus subtilis S37-2 (KACC 91281P) x 10°
CFU mL™" (BS1), and Bacillus subtilis S37-2 x 10’ CFU mL™" (BS2) and analyzed these variations throughout
the before treatment and harvesting stage. The chemical properties such as pH, organic matter, available
phosphate, and electrical conductivity in soils before treatment and harvesting stage showed no significant
difference among the treatments. Total numbers of bacteria and microbial biomass C in soil treated with BS1
were larger than those of NT, CM, and BS2, whereas total number of fungi at the harvesting stage was
significantly lower in the BS1 soil than in the NT and CM soils (P < 0.05). On basis of leaf length, leaf width,
leaf number and leaf weight, the growth characteristics lettuce on the soil treated with BS1 and BS2 was faster
than those of NT and CM soils. Yield of lettuce with treated BS1 and BS2 were 35% and 29% more than that

of NT, respectively.
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Growth characteristics and yield of lettuce depending on B. subtilis S37-2 concentration.

Treatment' Leaf length Leaf width Leaf number Leaf weight Root weight Yield
cm cm No. plant” g plant’ g plant’ kg 10a”
NT 15.7b° 9.2ab 13.8ab 26.3ab 2.1a 2,111ab
CM 15.8b 9.0ab 14.9ab 26.8ab 2.2a 2,148ab
BS1 18.2a 10.1a 16.3a 35.8a 1.9a 2,868a
BS2 17.9ab 9.9ab 12.7b 34.0ab 2.0a 2,723ab

"NT, No treatment; CM, Culture medium; BS1, B. subtilis $37-2x10° CFU mL"; BS2, B. subtilis $37-2x10" CFU mL’".
*Means by the same letter within a column are not significantly different at 0.05 probability level according to Duncan’s multiple

range test.
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Introduction

27 2187 310] 2719k Aol ok e1o] ot
e} Fofl HIRE A o= 3le 78 nld=ol digh

(Kim et al,, 2004). 48 v|YE2] &
& FAHES] B X873 (Darbyshire
and Greaves, 1978) 9 AJE5H4] A A= A<t W 43S
0]-8-3t A& =°F (Kloepper et al., 1988; Schippers et al.,
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Materials and Methods

ALl A8 B subtilis S37-2 (KACC 91281P)

Z= =AY E-23Y) (Korean Agricultural Culture Collection,
KACQ) 0| A Bof Wke. FZ2=2 TSB (Tryptic Soy Broth, Difco
Lab., USA) BAuljR| Mol B subtilis S37T-25 HEA|A
37°Co| A 24A17F BiFsERTt, AElof| ARESt B subtilis
S37-2 ¢+ Akl TSB ufjFlofl A X 10° CFU mL ™ o]4F
HiF 3 5 7HA 0= Az dAEE F]Aste] ARSIt
(Table 1),
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Table 1. Application of concentration of B. subtilis S37-2 on growth of lettuce.

Application Concentration of B. subtilis S37-2

x10° CFU mL" x10" CFU mL" x10° CFU mL"
First times 43 43 43
Second times 24 24 24
Third times 3.6 3.6 3.6
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NH,OAcE FZ3}o] ICP (Optima 5300 DV, Perkin—Elmer,
Norwalk, USA)2 EA35}4 )

EQ O|ME2 XA B subtilis S37-2 w3 FE 9]
Ae] Hap A Sof] EFe] n =S AR f18l A3
T B 4°Coll A Hatsh 2A5e) RHHulA] Hatk =
wyom B o nlgge F5 Al
(Pump and Krist, 1988), Agiujz]o] 22 Adl AlHS
Tryptic Soy Agar (TSA), A4S Actinomycetes Isolation
Agar (ATIA), FH0]= Potato Dextrose Agar (PDA)oJ|A] ]

}o:] 49 2R~ 245190k Biomass C BAIL
% Aol 8BS AN 2 mm A2 R
5ol Sol 1 W wsheA 12l ol gslal,
F t)AQYE-2] Biomass C e SE2ZXEE 5
(Vance et al., 1987)& ©|-&3o] ARSI

%
153

[
. ol u]yEL] AL internal standard 19:02 o]-&
sto] EA5EATE Aol AMERE 7171+ GC Agilent 6890N
(Agilent Technologies, USA)1} HP-ULTRA 2 capillary column
(25 m><0,2nm X 0,33 ¢ film thickness, Agilent Technologies,
USA)S o] &3lal, 24 2= & 170°CHE 270°C7} € uj
7HA] Bt 5°CH] 71 3 970°Co) Al 287t fA|Eke] HAjs}
At B njAE A28 XA MIDI software program
package (MIDI, Inc,, Newark, DE)2 ©]-83}o] ZJH}Alo] o
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A8 & EX 318Md B subtilis S37-2 45 T ErY
27} A= Al £kl mll= FEE A ste] 4
FE 5T T g A EYS %2 A FH st BF 33}
AJES FA313ITt (Table 2). AlE % EF9] pHi= 5,22 4t
e JERGAL ECE 5,17 dS m ' AER & 20|l

G718 T 20 g kg |, FAEYA TS 444 mg kg 'O
pHe} F7]1E¢re AJAEe] AR Wil a9l
Al gHge 27 FRFS UERSITE (NAAS, 2014), A== 4=
3 & Aeld Bk B4 g A3 pHE Al W B9 v
3| B subtilis S37-2 T JAetBL X 23l EofoA R

7hAo] ElQlar, A7) AEE (EC)= 5.14~5.32 dS m &2 A|F
A3}t 8w A] & HIM= I} Bacilluss-g EX} FAHLS

2 RE 5715 2aolleh Bl Q= A Mo g #7]
B e AW W BEFEE 2~ g kg A= EobHAINL B
subtilis S37-2 w15+ FEFN 2|2 Qg Z7lelal Hr|ol=
ol et v AR Fa A} 2|8 Fol>2 Al A
Eokyl vl A] & W= il o, B subtilis S37-2 W7
At ol IAGlo] B stsholls 9 4 &
ket ol=3t Aak= g3} | nAESTAIAE Bl A
2]3Hd pH 57}, EC 148} 242 EFe| vi& & i Adghtt
£ A7 W€ (Ryu et al., 2012)3H= ThE7] 4o 2 H o]
AEAA= ECE A3t Bk slelgoli= 2 JFS vlH]|
A Feri= H (Choi, W.Y, , 19972} o] H A Lo A=
B subtilis S37-2 @5 At 9 3o w2 B0
SFSPA R FS v ottt

ojo] o

3t n|YE S EA51 T (Hamel et al,, 2006). EQf n|MEAY| O|X|= H&F B subtilis S37-2 3t
= dere] Hel At A F 4TS e g 2o ]
EXa] EXTE AE= SAS TE13 (SAS version MEALS AR AFE Table 39 YUt B subtilis
9.1.3, USA, 2006)2 AR5t Bk 802 AA-E Duncan’s S37-2 wF AENS A E]5l7] A BEoF n|AYE A “”E
multiple range test® 95% 5ol A £A35}5 ), L A#FE13X10°CFUg ", A#L 23 x10°CFU g, &
Table 2. Chemical properties of soil after the experiment by the different levels of applied B. subtilis S37-2.
+ pH EC oM Avail. P,Os Exch. Cation
Treatment
K Ca Mg Na
(1:5) ds m’ g kg mg kg,'l ------------------- cmol. kg'I -------------------
Before 5.2a" 5.17a 20a 444a 1.22a 6.82a 2.00a 1.08a
NT 5.2a 5.20a 20a 448a 1.37a 6.74a 2.05a 1.05a
. CM 5.6a 5.32a 22a 458a 1.61a 6.35a 2.70a 1.54a
Harvesting
BS1 S5.4a 5.14a 23a 456a 1l41a 6.72a 2.36a 1.39a
BS2 5.4a 5.24a 23a 455a 1.23a 6.61a 2.12a 1.24a

"NT, No treatment; CM, Culture medium; BS1, B. subtilis $37-2x10° CFU mL™; BS2, B. subtilis $37-2x10" CFU mL"",
*Means by the same letter within a column are not significantly different at 0.05 probability level according to Duncan’s multiple range

test.
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o] 2.9 X 10" CFU g ' & Biomass C= 350 mg kg = U
R Qlct. 53] Alet/w80] (B/F)2] H]&o] 452 Wk=t],
olgfgl o] = AIE A EYY A7IHER (EC)7} 5,17 dS
m & £ ¢ 7l S/ f-8-ATe] BAdo) AstE]
+ 9 AV B4 7R AEAA] AR S
UFETHS Ha et al, (1979)9] H119} A8 A71E BT}
B subtilis S371-2 v+ HAErNS A 2] gk A 2]+t EFe] ulAy
=AM e A d Bobes At e oAl
o] Uit = FA3] Wolz|= s Hof njE AA] A
7} BESFe] A EINE HRlth= Ryu et al, (2012)9] Hi1E
AR B subtilis S37-2 w5+ FEFH |7} n|YE 29
HILE ot ko g oyl Aow watEnt ¢ |%
oA mYEA A2 71 YL 9T nlE dgo 10°
CFU mL ' % 22| oA Az} dhile, Tela njys
Biomass C g&go| olAl= A3k Boloh Egh vt of
T80l (A/F) 9 Aot of 2] (B/F) <] H]&o] Al X B
o] 799} 450 4] 2503} 75002 7Fz} 3,16 W 16,68 =o}A]
t}. o]Het A= Kwon et al, (2007)0] 113t ¥ 5= 10%
NaCl-& 713t v ||| A= ABL3= B subtilis S37-2
o] 407 QI3 Bk A ol ARl Eake] ZHAel

LS|
=

Effect of Bacillus subtilis S37-2 on Microorganisms in Soil and Growth of Lettuce (Lactuca sativa)

frolet 28-S sholckal Id <= Stk B subtilis S37-2
<10 CFU mL" 5+ @eho) A2 70] 2of u] EILS
HFS 7.0 X10°CFU g, WHdd-& 2.4 X 10° CFU g, 3%
0] 1.2 X 10" CFU g '9J 3! Biomass C= 345 mg kg ‘& LU}
ER it o]#gt ATl= B subtilis S37-2 < 10° CFU mL™
w5 Fefo] vlE| njAE A Ui WA ATE A E
FF A ], - gl A E]te] EoF v Hroj=

2 AYE HEI A

e

e A

B subtilis S37-2 T35 SAE
ZA[sto] A= Aul Eokol] Aegh & Bk
|2L5}GIT} (Table 4), A8 % EF2] FAME
g2 144 nmol g o] 00 F Al Tk

IS Al 1R Al ek 717t 8,

20 nmol g™, WAl TS 3.4 nmol g, FFo| TS
nmol g, WAt T2 1.4 nmol g ' ©]¢lTk. o] 23t
= A AR o A= ok v = ZRAOl Bls) Mt
Fo] eFS ke Harok ARSI (Lee and Ha, 2011).
53] I/ Al 1 Alet &2 0.430.8 o}
Lee and Ha (2011)7} X313t AHEA Q1 A Al =] EoFe] H]

32 nmol g,

=

=
1
.

Table 3. Change of microbial populations in soil after the experiment by the different levels of applied B. subtilis S37-2.

Treatment' Bacteria Actinomycetes Fungi AJFF B/F Biomass C
x10' CFU g' x10* CFU g' x10° CFU g’ mg kg’
Before 13c" 23a 29b 79b 45¢ 350ab
NT 52bc 34a 66a 52b 79 386ab
. CM 84b 48a 30b 160ab 280b 331ab
Harvesting
BS1 120a 40a 16¢ 250a 750a 451a
BS2 70b 24a 12¢ 200ab 583ab 345ab

NT, No treatment; CM, Culture medium; BS1, B. subtilis $37-2x10° CFU mL™"; BS2, B. subtilis $37-2x10’ CFU mL".

iA, Actinomycetes; F, fungi; B, Bacteria.

"Means by the same letter within a column are not significantly different at 0.05 probability level according to Duncan’s multiple range

test.

Table 4. Change of microbial biomass in soil after the experiment by the different levels of applied B. subtilis S37-2.

Treatment’ TF B G(-) G(+) A F AMF  G(-)/G(+) F/B
nmol g"

Before 144c 32a 8.7a 20b 3.4a 19a 1.4a 43a 59a

NT 161bc" 40a 9.3a 25b 2.8a 25a 1.2a 37a 62a

. CM 165bc 39a 10.3a 25b 4.0a 18a 2.0a 41a 46a
Harvesting

BS1 206a 5la 12.8a 32a 4.3a 3la 2.0a 40a 6la

BS2 181b 36a 12.5a 28ab 4.3a 17a 1.5a 45a 47a

"NT, No treatment; CM, Culture medium; BS1, B. subtilis $37-2x10° CFU mL™'; BS2, B. subtilis $37-2x10" CFU mL™".
iTF, total FAMEs; B, total bacteria; G(-), Gram-negative bacteria; G(+), Gram-positive bacteria; A, actinomycetes; F, fungi; AMF,

arbuscular mycorrhizal fungi.

"Means by the same letter within a column are not significantly different at 0.05 probability level according to Duncan’s multiple range

test.
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&¢%1 0,751t} weton, o]t Ak 734 Alatol &
oF 715 S| Gapo] B2 A% wsHA Mgl )
A 57 AA8E7] W20t} (Guckert et al,, 1986; Kieft et
al,, 1997). B subtilis S37-2 w5 HEFN-L X 2]§t E9]
oA E P AT A Bk Al e, ot kel A2kt
Wl 4] 9150l Aol Gloie). et B sublilis S37-2
X 10° CFU mL™ #5 @etoljoljx= & FAME o] 206
nmol g © & Th2 Hz)o| vjsf foF o ) 7]
7 35 deple] 52 2] A Aelelols 71 moe)
| AE gedolle 93 A= Fouth 13854 Al vl
& B subtilis S37-2 vt EHAE AT oA o]
o2 Aol glgton, WA 4ol njyEe] Bols} Hlo] &
a7t SHI 7O = thE A2t vlsiA 2 Wokkl A
o7 FAEQlt) (Kim and Lee, 2011), S7|&8S 71242 A}
e pEe) B AW A F =] 712 Hgel A
SR AR AelE1E 211 Aol7} gIskon 2.8~4.3
nmol g TS Uehith BRI Bl Heke
17~31 nmol g, WA FHE 1.2~2.0 nmol g 'O &

2|77 o4l Aol gigiet,

= B subtilis S37-2 w5+ &
SHS AFE HA T FEHE 5 7HH 0 & 33 = A
= X }et Z3}H= Table 59
Ve SITh A5 7S 2ARE 3= B subtilis S37-2 X
10°CFU mL™! 3= @5te) #2797t 94, 4%, 44 9%
4 AT 5 A GEol|A ok 5 e Al tEct o=
g 544 Bolon BAE| o] vls) 35% o] S7H5H
v}, 718)3 B subtilis S37-2 X 10" CFU mL ™ 5= SEt)
A= FA el vlsf 29% F7FskTt. olet -2 Adk=
Kwon et al, (2007)0] 313t B subtilis S37-2 w5 SErN
S AEalH A5 STl SRt W83t Y5kl
Kwon et al. (2007)2] B Aoll= B subtilis S37-2 X 10°
CFU mL ™' s=9] 45 et zA|sto] A452] 827
aIE At o, Al FR7ISAIE oA Yurd o

Fohs vBE] HEE X 10° CFU mL 0|1 7ol A+

oX
Ho

o
4
o
3
=
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TR X 10°~X 10" CFU mL ™ S =2 8413} 5 Al
ZEof ARGt BB B Ao A% 28-S 95k A
A =rE AES B2 o g 133t AV} B subtilis S37-2 X
10°CFU mL™'7} B subtilis S37-2 % 10' CFU mL ™~ o= &l&}
N Heli= 9] 7S S AR ddE STt

Conclusions

FEXGHANA AERE {8 vdE B subtilis S37-2
(KACC 91281P) T #5=0]l tisto] AdASE tido= 3
A A FEE FEst] flste] AlFst, Al ZHAlIS=et
Biomass C $%F2 B subtilis S37-2 w5+ TEN A | 2
FollA] A e R E3kon, X10° CFU mL ™ @EY 22]
T-2] - FFo] A= HolAls BAS Bt B
| % Sk B subtilis S37-2 X< 10° CFU mL ™ w5 &et
ool 4] F FAME o] 206 nmol g ' O 2 ThE #ja]7to]| v]
3 908 02 =9kt B subtilis S37-2 > 10° CFU mL ™
T A A7 9%, 9, 9 @F L AE 5
FEONA ThE o AEY A2t Ert FEeEaL, e
Fgoll QlojAM= FAeAte] vl 35% S7FSHATh B
subtilis S37-2 > 10’ CFU mL ™" #3 et 2z T4 8]
ol vlal 29% F7Fshe AE B lch

1o B
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