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Isolation of Bacillus sp. SHL-3 from the Dry Soil and Evaluation
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Excess use of chemical fertilizer causes soil acidification and accumulation of salt, and thus might bring to
desertification of soil. To overcome this problem, it needs limited usage of chemical fertilizer and increased
usage of natural fertilizer as an altemative. In this study, dry soil-bome Bacillus sp. SHL-3, which was isolated
from arid and barren soil, with plant growth promoting activity was isolated for identification and to determine
optimal culture condition. A bacterial strain SHL-3 had the IAA productivity (5.16 + 0.10 mg L'l), ACC
deaminase activity (0.360.09 at 51 hours) and siderophore synthesis. It was identified as genus Bacillus sp..
Also, optimal culture condition of SHL-3 were 20°C and pH 7 in LB medium. Bacillus sp. SHL-3 had up to 4%
salt tolerance in the medium. We evaluated the plant growth promotion ability of SHL-3 using yam
(Dioscorea japonica Thunb.). As a result, Bacillus sp. SHL-3 was effective on the increase of the shoot length
(202.4% increase for 91 days). These results indicate that Bacillus sp. SHL-3 can serve as a promising
microbial resource for the biofertilizers of soil.
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Shoot length of Dioscorea japonica Thunb. was improved by the inoculation of Bacillus sp. SHL-3 (202.4% improvement).
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Introduction

LEYY Y2 SR} Fore Hrhigo R B
o] 43t Rt dRHA ol Wste] A=9] F4
Atel 2 @ HEAIE WAL QU wheba] o]egt &
Al Astaa} sher| R o] ARE-S Fo]al o|F AT Ay
E5H4] Aol et A7t 2= Qlok. E5], A&
HUAE 913 bt nAES] Jido] W2 ARl s
o]F 02| 1L Qlt} (Lee and Hong, 2013), A& FolA%
ejo] oA Al AlEehe B AEES ol A4St

W Az e FIATIe 2SS a7t gl

=
o]F0]x|1L It} (Johnson et al,, 2005), THEWFS A&
o] gli= BT} | 513l o) 10-1000819] u|AYEo] =AY
3}l (Lugtenberg and Kamilova, 2009), 41&9] B =¥

ol A AAleh= mAlES AE9] Aol ARl k=
n|Zict, ZERAAES FAEES atste]l B U] B
FORME WIS ABo] Aoty ARS wus
Y (Chin—A—Woeng et al., 1998; Lucy et al., 2004),
indole acetic acid JAA)Q} ZH-E AEA T2 HS JHAISHY,
Qlh e uUIRE A1 Aol Hrk 4] B
Soto] o8 4 A EeETHIebeau et al., 2008),
o] Hhol|lt= AlEA T 2Rl FAlo] HelshA Euld A9 4
e S AdfAre odde g 2ESAY
(1—aminocyclopropane—1—carboxylic acid (ACC) deaminase
activity), A& 4479 L4 JAEHoANt Egfo 84
o8 ZAe AE9] o]go] golstA] A2 e AE A
o] 58 4= A =el= < (siderophore synthesis)
oo gttt 2EE RS LHARAE dEste B4
of eIl wER 7| AT wiP- Fash AlE
o] e FHTEES] T} L S0 et

o hal o =
A = VR A8SE flsiA HEA] sl &

AxAHe B 53] 2 Eigo] Wil = 4
e S, Eofe] CEC7F Hot AEe] Aol Ads
Al g Aok, AAAIA o Akiste] whE ARRtert
A3YEle] AzA o] grfiof whet A I vAHA] Fol
AR =L Qe ARA G A EA 2
2 o]RofAA HH wE Hr2 SliEe AEE A4S
o s de ¢ Q& o= 7|diEh

B Aolxs BEY MEkE 9] Hfsl A A
sto] EqFe] et A=Al Q1= Nigeria®] Bl A
AR Sl B ERAE AEdEEA 590l e Tl

%

u)
S
ic)
-

WN
rr
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23 oA BEso] SRt Aer
OFA9] Bacillus spol &38l= #5o]c},
Bacillus sp.+= 455 913t 2% pH, 2% (20~65°C) 5°]
¢~ TRt }9e) Zlo= defA Qlrt (Amanda and Adriano,
2008; Kim et al,, 2001, Pillai and Archana, 2008; Williams
et al., 1990). whA], 2 AFolM= 2eE 5 A7t
A5 S5 BN AT o) 8517 S A,
) e 9 A pHET & 42)H 54 dopugta
A5 & Ikl AEnRRHNe] 7 B

7Fstiet.

Materials and Methods

EQF AIZ HEQ} colony library 1F 2 A7o] o]
4= n|yE Balgo] H EoFS o} 2]7} Nigeria®] Abia
T 2|9 (5°49'41.4'N 7°23'31,6'E), Lagos X< (6° 26'
30.0'N 3° 15' 0,0'E), 7L8]3. EnuguA|® (6° 22' 37.9566'N
7° 28 59,252'E)ollA] AFBITE B F AR A Nigeria
LagosA|% 2Hg Al 2Fgt BEFelL A& B
EnuguA| 9] 25 AR BRS A etgon, AR C=
Abiagth W &= AuliA] EQFOR o] X2 B3] £ =

B o9 WE AL HRE Agskn U Adolgt &

& ez Aol A48kl Qe Ml library S thart
o] ZHls3irh. B¢ 1 gofl Bt 9 mLg ¥al 3023t
250 rpm O 2 WHISIAL 3087F A §F =
= 314 (10° - 10°) 3Fiek, 27ke] 8141898 LB-agar
v} %] (Difco, USA)O|| 100 uL¥ HE3ste] = 31 =
o4 3U%t ujFstATt. wlE colony FollA B HYF
2 A 5] FEjA S0 whet Al AR $ofl A=
iz ol &2t Abia= el A= 570, LagosE ol A= 571,
EnuguE oAl T2 F 177 colony7} A- =,

ZHESS oF 10 emZlo] 2 HFEIGIch 22 Y =9k

Z
4 Ze, Z= 29a vl dE 378l pH
2~ kel

3}a1 30 A |3t = pH meter (Orion mode 921A, USA)E
ol-gsto] et A7IHEE (BEO)+= B 1 goll Hat
= 5 mL (wiv)& H7FeE 3 1AIRE 59F wRbshar 30+ A
3t B whatman no, 42 filter paperS ©]-&3f] YESE & EC
meter (Orion model 50, USA)E ©]&3dlo] SA| 431
o AALYFE FNIEL o] §3te] Vario Max ON
(Elementar Analy sensysteme Gmbh, Germany) & =459
o} 589t = TancasteriS ©]-851] UV—Spectrometer
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(Varian Carry4000, Australia)® =431} (NIAST, 1988).
Aed 2, < 12]al wpdle-2 IN CH;COONH; (pH
7.0) Y=golo g 2]=35}10] Atomic Absorption Spectrometer
(AA280FS, USA)E ©]8-5to] S73H3ict.

o
O g2 HE 23] colony libraryS thACE AEA &

s
?l TAA ibsS ot 22 e s Frlsialal, me
AEE 39S B3I}, 5 212t 0.5 mg/mL2] tryptophane
4 A47}3F DF HjA] (Hong et al., 2012) 5 mLol ZZ35}o]

30°CollA] 180 rpm o= 57t ujeslRitt, DF Hij#|o] =4
& th3at ek (NHW2S0s, 2 g3 KHePO,, 4 g5 NaHPOy
19H,0, 15 g MgSOy+TH,0, 0.2 g FeSOrTH,0, 1.0 mg;
B(as H3BOs), 10 ug: Mn(as MnSOsH0), 11 ug: Zn(as ZnSOy
7TH0), 125 ug; Culas CuSO, 5H0), 78 ug; Mo(as NagMoOy-
2H,0), 17 ug; 5575, 1 L. A o5 DF Hjx|of| 4] 547t
ujoFst & ufjofolu} Salkowski's reagent (R1§F HySO;4, 150
mL; 2574, 250 mL; 0.5 M FeCly6H:0, 7.5 mL &3t &S
112 (vv)o HER A& 5 E3MoR W= 51 A2
ol 2081t AABIGTt A s SEEEA (HACH,
USA)E 0|83} 530 nmo|A SY=S =A39ct &

EZ 2% 3-Indole acetic acid (CsgHsN—CH,COOH, SHOWA
chemical co,, Japan)E ©]8€35}91, FYUsE oz Al
o & H=Ade 2Hdsk3ith (Hong and Lee, 2014).

ACC deaminase A2 T3} 72 Hiv{ o 2 781
o} (A3l ARSE HiR]= (NH)2SO, tHAl 3 mMe] ACCE
g DF Hjz|olth), Z}2}e] colonyEa HiA|o FE5to]
30°CollA] 180 rpm &2 48AI7F F7t wjeksiaiet. wiek71xk
Fe FFFEAE ofgsto] 4x7tatt} 600 nmofl A &
T2 =235}9} (Hong et al., 2012).

Siderophores 352 chrom azurol S (CAS) blue agar
plate assay WS 0]83}3th (Hong et al., 2012). 1 LE]
CAS agarE Ht== HPHL o239} Zich (1) siderophores
indicator®] dark—blue dye solution 60,5 mg_‘l] CASE
50 mL 5550 =21 th2 1 mM FeCls'6H;0} 10 mM HCl
o] A7}= iron () solution 10 mL A7}eF 3 40 mL &

22420 72.9 mg HDTMAS- =<1 solutionS &7 slo] E
3t} T3 (2) medium solution (750 mL Z5F50]] 100 mL
10X MM9 salts (60 g/L NapHPO4; 0.9 g/L KHoPOy4; 5 g/L
NaCl; 10 g/L NH4Cl), 15 g agar, 30,24 g PIPES 18]al
12.0 g9 50% (w/w) NaOHE il H4dte] 50°CZE 4131
B HiE 30 mL casamino acids (10%, w/v), Bd% 10
mL glucose (20%, w/v), 1 mL thiamine'HCl (0.2%, w/v),
18|31 3 mL L—tryptophane (1%, w/v)& A7Feh& Az
g% ) (2)F F A2, petri dishol] 30 mLA 3]
CAS blue agar plateS 9FH=Ich 2+22] A2 CAS blue

agar plate]] $E5o] 30°CollA] 2441t F<F visiGl o,
colony F=H¢]| orange halo”} &/J== 7-9-& siderophores 3F
/H Okﬂgi §ﬂ7].3}oﬂl;].
9] 574 16s rDNARA RS ©]-8-5}o

At ZF=2Y (colony)= 0.5N NaOH 30 pLe] AER|7] =
95°Cof|A] 3041 7HEste] AAIE lysis AIZAL, o] whef
2% genomic DNAE template® 8}0] polymerase chain
reaction (PCR)S 4~345}4It}, DNA template 1 UL, primer
977} 1492r2 Z+7} 20 pmol, BSAZ 0.5 mg/ml, dNTPS
0.2 mM, 10xbuffer 2.5 L& ¥1l dH,02 & H3|& 25 ul
2 3}t o|u A8 primers= universal primer® 27f
(5—AGA GTT TGA TCM TGG CIC AC-3)9} 1492r (5-TAC
GGY TAC CTT GTT ACG ACT-3)o|t}, PCR 712 93°Co]|
92°Co]| 4] denaturation
18, 55°Cof|A] annealing 14, 68°Cof|A] extension 45% I}
AL 35 cycle HFHESE 32 72°Co| A 28 59t %] extension
3 % 4°Co|A holding 31T} PCRE ZE% DNAQ| %7]
Mg BA45F9 0 (Hong and Lee, 2014),

578%

-

Al 28 F2F pre—denaturationgt %,

Bacillus sp. SHL-32| M2|X Ed AE4% F4s
o] =3} Bacillus sp, SHL-32] 2|3 EAS ofea) ¢
S o g AT 15 mL test tubeo] LB brothZ 5

—32 100 UL (2%, v/v)dZEsto] X vljoF
skt olu] NaCle 1, 2 228]3L 3% (v/w)d7lske] 30°C
incubatorof| 4] WiFalST), vk wel o] I
Al 8}al phosphate bufferE ©]-838lo] pHE 4, 5, 6, 7, 8, 9
T12]aL 102 sto] o2 5= SISt (Hong et al,,
2011), E3F 7S ujAjof| wfjek L&ut 20, 30 18]l 50°CE
] AAste] 29 S Brleth +d52] 42
FFEEAE ol&ste] 600 nmollA FFEE F75Hch

0

ZHAMIZ0| AESdE0 ojx|l= Jet E7
/4%* AZ2]=0] Q8F Bacillus sp. SHL-32 Ao =2
ZF5-01 yam (Dioscorea japonica Thunb,)<
oj-gste] A F7 oS HIISHE A B4 TA
B o]8sh= Aol 7H ol Fzlolu, =AA o]Ee] of
Aol ek wEbA, FAYEE aefste] 7P RARRE AR
EE ARSI AqtollAl A3 Al A& vl g]ofe]
HEL FAZ] fiRIskaL Jlom R} 58~95%% -
FojQltt (Olabiyi et al,, 2009; Elias and Gbadegesin,
2012; Romanus, 2013), $HE9] F7]+= 217 36 cm, 9]
33 cme] U7 SRS AHBeIIch URHERA] Wolslo]
AE yame Flatol Bt Aol7) oF 5 cmel AL 3
o] 2744 slo] ukEo = Mgk

el Tt 1.5 Lo LBHjA o]l 397 v (20°0)
ujoFst wloFl-S 10000 rpmO.& 1087 YAEe] e}

022

——
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sj4ml #ol] BB Askste] AR T o] B =
Ao AR SHe B 23 W] 2 AH
S Feleh, AERE 2R Ak ATt o 18 x 10
cfu/g FES B@4 150 mLe| WERe - Kok et
Zus) SRSt AP SRS WEIA ok %
A RO so] 910t APS st AL
7):20] of 26~28T Q1 LAe|A] Syt om, selo]
W SRg FERA 5U0) B AL ART ol
Sdo] AstHo® FEEE A7) THUNARY HES
%3 yamo] ARl YFS F 4 YA Loy 91 F

2
Sel B4 QAgIH o 2AT Zolglrh, Eal, el
B-7Ago] ke B e
ol 2lolz H—718 el 200 mm, AE-L 17~77 mm
& 7710 7] v
9149l 7] AL A S8 B 5715 520 T
o= shoieh. A 912 Folis yam £715 A48 Ao
2713 (4.1~5.3 cm)& ABFRT| 57] o] o)A W
1k

ol A4 |z

Ho o =l

2} (www.naver,com), ©|of <l

Results and Discussion

EYo| EH AEAEER AT £EE AT E
&F Almo] B - 3tk B4 4151 Table 10 LERY
UL}, o5 EoFe] pHE 712} 6,22, 5,94 18|31 8,252 L}
epyton 3], AES v|EE ARS CEYF] 79 pH 7t
A e ol $A A BRo] o] XY Eoo]
NS F718 02 9] =] wiEel Eoke] gzt
I Qe AR ARHL

A= 73S 2ol AlE7E1.86, 1,73 123l 1.87%
(B, 1.82%) 2 YEbgTh AR O 2 AH|E df= =Y 7
2}z 2] 97|18 Skl 10~38%2 FER=1] (Jun and Park,
2001; Ko et al., 2011; Yook et al,, 2011) HI&f & A|=9]
F71E T2 vl 2A YeRgth ol Uolx|ejot BEgF
o] A9 dutH o g {75 o] 2.2~3.8%= Hi1E[0]9]
L] (Oguike and Mbagwu, 2009) ©]RCHz Lo et o]

f

Table 1. Physico-chemical properties of the soils.

718 o] Ykt ol e Eofo] X3}t A}
Aol 7714 BlRE FofshA] A whizol thar W
71 o] vehd Aog Al

FrRQR T SRS 2 AR 27,18~47,92 mg/kg
7} 11,26~13,94 mg/kg & Uyt F7 x| vl F-aQ14H]
Fe7h WOkt (Table 1), =W 5719 A5 Fa%4te] &
TV BHFA O 7 136 mg/kgl 2 & A ) (Choi et al.,
2006). ¥ B A9 54 Bl Hlsl Faclite
Tt wopitk= KAzt 9=t (Ha et al,, 1998), ©]&
2 Aol A ARG Lol A 2o} HAHA] ool FEE B¢
U e HIRE ARESo] B dE|slrt 23y

wolzt Abr sl E3t S AAA 9] B, 71E HR
A &A1 ARg-C. 2 Lol x|ejol Eoko] H]sf| FaQlitat
A Jhgo] #=52lo s AlmErh
A A2 e, 2 o)Al midlge] 9= 0.05~
0.58, 0.88~5.96, 0.17~2.00 Cmol /kg?] HY= Vyelit)
(Table 1) o]i= =tWje] L¥t 54 X|7} 217+ 0.21~1.41, 6.3
~183.5, 1.6~4.2 Cmol /kg?l %} (Jun and Park, 2001; Choi
et al., 2006; Uhm et al., 2012)¢] 23} v]wshd, mE ¢
o) ghegol whg- ST, B 5 (1998)°) @to] v o
2re) mofe] Aeby Zel, 2 1217 vl B}
7474 0,56~1.11, 2,40~2,60 1)1 1.35~1.49 Cmol’/kg®
2 Atoll A AR Bkt HISss AL tha E8ITE ol
W7He] B NEAIE o8l S/d8kehH fadlike H
Fofl g Ze, < 1eal nayle] wEE R
tla B3It} (Ha et al,, 1998).

o o

Siderophores $d5 12|31 ACC deaminase Z4d0] =
¢ SHL-3& £2|otglrh. SHL-39] 1AA A4k 516+
0.10 mg/LAAL (Fig, 1(a)), Siderophores 52 Ao
o (Fig. 1(b), ACC deaminase 2/d5 LEPTh (Fig. 2).

Ha] #3 SHL-39] 16S—rDNAF-E d7]|AdL Hals)

Exchangeable
om* Av.P,0s Total N EC
p ) (mgkg)  (mghg) (Cmolke) (dS/m)
(V]
£ £ K Ca Mg

Sample A' 6.22 1.86 47.92 0.05 0.88 0.17 0.01
Sample B’ 5.94 1.73 27.18 0.05 4.17 2.00 0.03
Sample C° 8.25 1.87 43.15 0.58 5.96 1.06 0.05

Sample A'; Soil collected from Lagos.
Sample B*; Soil collected from Enugu.
Sample C3; Soil collected from Abia.
OM; Organic matter content (%)



40 Isolation of Bacillus sp. SHL-3 from the Dry Soil and Evaluation of Plant Growth Promoting Ability

B
T

TAA concentration (mg/L)
T

Control SHL-3
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Fig. 1. IAA productivity and Siderophore synthesis of Bacillus sp. SHL-3. (a) IAA productivity, (b) Siderophore synthesis. @,
control; O, SHL-3. Star(*) means the difference from control (*, 0.01< p=<<0.05; **, 0.001< p=<0.01; ***, p=<0.001).
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Fig. 2. Time courses of ACC deaminase activity of the
representative PGPR(@, control; O, SHL-3). Star (*) means
the difference from control (*, 0.01< p<0.05; **, 0.001< p
<0.01; ***, p<0.001).

o] 4%t A3} Bacillus aryabhattai3th. IAAS YAVsl=
Bacillus Z5°| i3t B 117} QItt, E3|, Bacillus tequilensis
NII0943-& 127.5 ug/mL (Dastager et al., 2011), Bacillus
sp. Q3+ 3.76—10,62 ug/mL (Starovic et al., 2012), Bacillus
licheniformis MML2501+%= 23 Ug/mL (Prashanth, 2010),
Bacillus sp, 33~672 0,81~4.32 Ug/mL (Wahyudi et al.,
2011), Bacillus aerius MHIRSI+E 8,4310,05 mg/L (Lee and
Hong, 2013), Z18]al Bacillus subtilis~= 12.67%0,33 ng/mL
(Reetha et al,, 2014)2] &AL 712 Ao g HiE|o|gict
2Ed2 29l0] fo] 2gai BAoINE Age) 1
of 484 sawel o=l 1 ATA ACe] ol
oF71Hth (Koo and Cho, 2011), T}&e] ACCEZAL 4]&E2]
ol 2B A SR 2Rgsto] AlEo] Hie| A AsiA
71t} (Glick, 2006), ©|FA ACC7} F8xl - 23> ACC
S AAaYO R o] 88 4= Gli= A H3kE Rt

(Belimov et al,, 2005). ©]l& <AATS ACC deaminase
BATS 7HAH AlE] B Yo} 959 o] &
L5 A A= He s AR AE7HA] &
A7 AFATRE o]2Rt Alutsell ool thst Al B
2] gao] 3R Btk Barrt Qe (Hall et al., 1996; Glick
et al,, 2008), & Ao A Ee]% Bacillus sp. SHL-3 o
9] ACC deaminase &2 vljoF 51A]17H 0.36+0.09=
71 =t} (Fig, 2). Common bean (Phaseolus vulgaris
L)ool A B&]8t Bacillus sp. BPR7+= ACC deaminase 4]
< 7HA]aL 9J3 (Kumar et al,, 2012), Soybean (Glycine max
L Merril)) o\ X 2§y Bacillus amyloliquefaciens Strain
sks bnj 1% ACC deaminase &4 (Sharma et al., 2013)<
Z¥A A okl B w9}y ESE Bacillus sp. SHIRPSS
0.44£0,002] ACC deaminase A2 7IA]1L Qo] &HFY
Aot A7 | S S| e W AlXItks Hat Qlet (Hong
and Lee, 2014), & ¥A-tol|A &e2|3k SHL-3&= 2441
0.31£0,12% SHIRPS w0 B3l thax W= ACC deaminase
e 7ML it ohE wt5eell HIEH ACC deaminase
o] tha WAITE SHL-3+= AME EqFollA 9] A=
FAE 5= e EAS 7R FEAREeEA EolFdl
n] g Eol2tal AL oldfel $+(2012) 52 Ko o
SPH Bacillus pumilus JS2RP2, Bacillus megaterium JS2RP3
1831 Bacillus aryabhattai MHIRS62] ACC deaminase &
o) 48X 7HAje]l ZF2F 0,1420,00, 0,15+0,00 18] 0,25+
0,002 RIE Tt (Hong et al,, 2012). ol w5+ &
Ao A WA} Bacillus sp, SHL-3ET} W ACC deaminase
e 7,

Bacillus sp. SHL-3 FFo| M| EM  Ea|% Bacillus
sp. SHL-3 #72] 4] 548 718k 919 s, pH
Selw o 2wg Fefsiel 4R STt (g, 9,
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—@— NaCl 0%
—O— NaCl 1%
—W— NaCl 2%
31 A NaCl3%

Cell growth (OD ()
Cell growth (OD

- 20T

Cell growtrh (OD ¢, ,.)

Time (h)

Time (h)

0 12 24 36 48 60 72 8 96 108
Time (h)

Fig. 3. Physiological characteristics of the Bacillus sp. SHL-3. (a) Salinity tolerance, (b) pH and (c) temperature.

1%, 2% 9 3%°] NaClE %713t LB vz oA o] n| & 3%
o o B2 AHQ) 4TARMAe] 242 0D go® 2,82+
0,07, 2.1240.16 & 10241 142 FHO| ery} hosm
nlgEe] ol 94 sttt (Fig. (), & AT A
2791 G SE7k 3%9) 497K 2 A3 glo] UL

AejA o] dRet S Hxgt A HoA 53] wWol
stol, A5 Suisio] elgt S S Bl A%l
ZZ135}a1 )t} (Singleton and Bohool, 1984), G =7}
A= e o] T, Ty go] Ashsl] U
of (Pessarakli et al., 1989) H|XRE-2] gAlo] A3E 4~ 3l
L jew AmEd,

pH WH3jo] w2 Joke AmET] 915 pH7L 4, 6, 7, 8 L
231 109]|4] SHL-39] “d7d-& AT (Fig, 3(b)). SHL-3
O A7-2 ulje STAIZIA Ol pH Tol|A] 2,8410,15% 71 5
Seslgict, 1eLh BjF 46417 7441 pHE] W9I7F 6-8 A
olo] WslolA] B AFsiolct e, Eopl uelat
7} R oA HelE 2] BAL wsto] 27] pi
b 109] ol - @ PAINE 2 A3l o] Aare
S Hof Rl S04 7R 9 W pHY
8 A% BHOR IS & 4 AT, ol SHL-3=
Bacillus sp. 2] 8t £2 & Bacillus sp.7} YHFE O & pHOJ
#9171 5-9 Alole] W wFlolA] ARk B3 (Park
et al,, 2004)9} A2 %= Axjo|r),

2RL R o] Fad cdxold, LS 20, 30
“1e)3 50°02 elstol SHL-3¢] A4S Bbskich (g
3(c). i 824179 7} sl A SHL-3+= 22} 5,01+
0.03, 2.60%0.27 18|13l 0,22+0,032.2 20°CY o 7}1A+ A
Ro] gereloln 50°Ce e SHL-37k APgeA) Eaic
Lol A| 2o} LagosA| 9] U 7]2-2 22~33°CAtojo|m &
ko] o|Hr} e 7]L0] SX|Er} (www,accuweather, com),
wfebd, At elolet stol Atj o2 A 2ol 7|5 4
S ARo|x] HejE T SHL-38] 29 $e o A
3448 Hol Aoz e,

oN Mt o=

=

olo

=2[et ZEMHO| AEEE0 OR = Bt W7t Ruillus
g Brks] Sle) LolA

gofof| A A= 8 ZHEQl yam (Djoscorea jarponjca

Thunb,)& "41 o= o]85to] pot A

01) 't A& Asfslsto. J

Ao 7 BrVslaTt (Fig, 4). 71 A3}, Bacillus sp. SHL-3
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Fig. 4. Effects of the inoculations of Bacillus sp. SHL-3 on
the growth of yam (Dioscorea japonica Thunb.) in sand dune
soil mesocosm (@, control; O, SHL-3). An asterisk (*)
means the statistically significant differences from control (*,
0.01< p=<0.05; **, 0.001< p=<0.01; ***, p<0.001).
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