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Inhibition Effects Against Plant Patho%enlc Fungi and
Plant Growth Promotion by Beneficial Microorganisms

Jin Hee Jung, Sang woo Kim, Yun Seok Kim, Kabir Lamsal and Youn Su Lee*

Department of Applied Plant Sciences, Kangwon National University, Chuncheon 200-701, Korea

ABSTRACT : The experiment was carried out to analyze the inhibition effect of plant pathogenic fungi and growth promotion
activity induced by the bacterial strains isolated from peatmoss. Among the isolated bacterial strains, B10-2, B10-4, B10-5 and
B10-6 which showed more than 30% inhibition rate against Botrytis cinerea and Rhizoctonia solani in vitro, were further
analyzed in the greenhouse for the growth promotion activity on lettuce (Lactuca sativa), pak-choi (Brassica compestris L. ssp.
chinensis) and Chinese cabbage (Brassica campestris L. ssp. pekinensis). The results showed the treatment of B10-4 on lettuce
showed the highest growth promotion activity with the leaf area (169.17 cm®), fresh weight (leaf: 40.29 g, root: 8.80 gland dry
weight (leaf: 11.24 g, root: 4.17 g), which was about two folds as compared to control. On pak-choi, the growth promotion rate
was the highest with the leaf area of 112.87 ¢cm’, leaf fresh weight of 60.70 g, root fresh weight of 3.37 g, leaf dry weight of
14.34 g, and root dry weight of 1.90 g. As a result of treatment of B10-13 on chinese cabbage, the growth promotion rate was
the highest with the leaf area (293.56 cm?), fresh weight (leaf: 113.67 g, root: 2.40 g) and dry weight (leaf: 6.03 g, root: 0.53 g).
The production of Indole Acetic Acid (IAA) and Indole-3-Butylic Acid (IBA) were also analyzed in these bacterial isolates. The IAA
and IBA analyses were carried out in all bacterial isolates each day within the 5 days of incubation period. The highest
production of IAA was observed with 112.57 ug/mg protein in B10-4 after 3 days of incubation and IBA production was the
highest in B10-2 with 58.71 ug/mg protein after 2 days of incubation. Also, phosphate solubilizing activity was expressed
significantly in B10-13 in comparison to that of other bacterial isolates. Bacterial identification showed that B10-2 was Bacillaceae
bacterium and B10-5 was Bacillus cereus, B10-4 and B10-6 were Bacillus sp. and B-13 was Staphylococcus sp. by ITS sequence.

KEYWORDS : Bacillus sp., Growth promotion, Indole Acetic Acid (IAA), Indole-3-Butylic Acid (IBA)
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A A Bt o) 29} R T B A
ol&Este] A g sEe Aoz EMEAY ekt
2-g-2] A AEolgt & 4 Ik (Boix-Frayos et al,
2001). fr71=°] EYl FUEHY 719 dmd=Ss T4
o= wW2A HAlsty f718S LAt rlAE Fol
= 717 B2 AERS BHlek] EY YAE e 3
AA F719] i8S destA star BgAdoy BElY &
S A s Biele S X8k 8
3 [529] EAIE2 B9 f7]
F7PI71A B 8 Bis, 35, o
& AAA T ®ole Ae= gEA 9
™ (Hortenstine and Ruthwell, 1973), E%E 8 B4
Y 7R R71E EBlY Ao F9] A7)
7} SHERA7] ol iZ0|th (Pagliai et al, 1981). EHIA]-8-2.
T EY pHVt S7HELSE pH 5.5 o]ake] Bl e
L= AT Mne] 5SS BAsh 7] AEse 5
7} 3} (Chu and Wong, 1987)1L s}t dA) 2-2viet
oMM AES At thiEe] B seinse] T}
AR AZto 2 A UERNAL AT S1EH| R0 AL
|FE A oE Zrlstar Qlo], B3GRt ohet
A= F3let WS 71X et sPsHIE 3 wofke]
FHoAE-oZ AE A wghe B8, BT Ei3o]
zHE FEd B Tk FgAde] HAIA Har 9l
o] FAFSEE 2N o]F frleikEe g Al=
% 71F0] AARENT, OECDIME FASAARE A
At 1 olgdE o] 7EETA 18 g &
o] thje}A o2 HEE T ot HZ 0] A& 7hsgt
37wl g #Ailo] HFEHAA FRoME 3187
T SAAHE AFste B} wHe ZsIA BA
ShHM ole} SR 2 A TR NS F
Alell =871 98l wmEetar glom 1 Yo R f{-& m
AES o] gst B f7ls ARAE E8ste] S
231 2 HalleE AR 5 HEHARES s 21§ =8
o] e tk(Ahn ef al, 2003). TG EoplAE E
o] e Al EY AEA, w2 S04, v
U o] 35, < EY Ul s S SOl &
gt A9E HEsSI 833 o] 8HE o= AL d¥lsl=
Al lom thzbz el S5 sl F3la Qo). £3
AR XM= HHA} SAZ o]-85)7] ek U5 A}
Lot HEt HxdS Aikele] 11 o] 843 Eatel &
3 el E-8slar . BESE FxAda) ol e
HI529} FoF Ago] B3t fofd oAM= RlE AR
WS- gyA o g AN 4= Qi) (Lee et al., 2002). ©]&
Rtk 2EAAEZ vAES 2] s2E AR Al 7
ok sleksetat Hlge] AR R oY 7HA] gge R
)¢t} AT HA A TIHES k] {lgt
spetlg e} oiekst Febsek tiale AREEI Uk
(Egamberdiyeva, 2007). ©|&°] AERITEEA F5 a1
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B 989 45 B 2Yole] dAlsh 4 4

o=

AE7 G2 119
UL o= Tk AEARER 7IRE 2 ] wiiE
olt}. AEAAEZ A& F @A (rthizobacteria)>
25 Y] 19 2~3 mm WYl Al AldeE o]AE
of AEAA 3] 7172 ASARTEE A, A4 7R
s, dA AT, ANEZ Tl oS AlEHUA Fat
Aol 5 oA 7R} Ak, THoA et IR B
AE-2 215 Aoy S 271 4 9o, ol
Sk vAES URb o2 PGPR(plant growth promoting
rhizobacteria) == =2 Y eRlEol| oste] yield
increasing bacteria(YIB)2}al $HH(Dey et al, 2004). 215
AT AL F7HE 918 213 PGPRe] AEHAE of
2 FH3| A7EA] 2 Ao, EAA] Bhe Kl A
7Fe®h o] PGPRO] ofe] A= A £ =285 4
2K = glom, B84 i tE AU EFE AEl
o|gst = QITE 3= AHo|th(Macros et al,, 1995). 5
3] 3 A5 52890 auxin 72 Indole
acetic acid(TAA)®} Indole-3-butyic acid(IBA) #5F o2}
gibberellins, cytokinin, benzyl adenine(BA), zeatin, trans-
zeatin®} 22 Okl AE g 2EE50] I Al <3
AAEe] 2 - A 0 2 A X1 & 98-S it
(Whitelaw and Harden, 1999). ©|23F 532] PGPRS &
3 Ureh ke thekst gl 28-S o] 89 WsVEA F
Aol gk F4lol F7tstar o ool thet thakst A+
So] A|=E1 QIth(Mayak et al., 2004). &L}t AAj o]
131 e PIAEAAE PlaESY &40 IR X
F a3 5o EAIFEC] VERaL St mEta olzgh
& e P F VR A 1Ay
el G 22 B2.8 Alkst
A A X1 73S Uehdle opdst
PGPRZ M A2|o2x 2159 S FXA= W
HEo| B HATH(Freitas et al, 1997; Gray et al,
2005). A& A F37) tgo] < At EY B
A=l gk Al e 23 e A= A
Atk ESF B APl tigk WAl vl o] 7]
o ol EFEdTl ZaEo] 53 rAES
Mste] HddS AAATI= AETE Aol gk A
T7F ol Fo|RA a1 k. A= HAR o] &F= vAE
+ Bacillus sp., Pseudomonas sp., Rhizoctonia sp.,
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Agrobacterium sp., Trichoderma sp., Streptomyces sp. 5 ©|
T2 o]g=al th(Phae et al, 1992; Turner and
Bakman, 1991; Handelsman et al., 1990; Rothrock and
Gottlied, 1981; Kloepper and Schroth, 1981; Kloepper et
al., 1980). ¥ 7= f-8 vA=e] LS sl =& &
2 8 PR ol83le] A2 e PR 15
o Qi AwE 8 mlEe] A%, Bt wlFe) A
Aol A B 2L, HBAR FA5EL A4S
FomH DAL ok B nzel s A8s)E Sle 7]
2AEE Fshut Fshct.



RS 95k 20 1l B I ol E
5 10° 3)A8}1]
TSA(Tryptic Soy Agar)°ﬂ*1 100 uL*é]. P é 3le] 30°C ol
A 4 Bk, & wlle] d=E Bl EelE
A2 AR AX 25 A 57 a5l diste
16s rDNA #2438 53] BoJ3 sequencinge BlastX 21
AL o] 83l HF RIS A primert universal
primer 27F; 5-AGAGTTTGATCTGGCTCAG-3'¢} 1492R; 5'-
TACGGYTACCTTGTTACGACTT-3"S- o]-&3}53th.

=2| 0|29 = g4 1d
& WSS et E4S AAs] ffal wele 14749
ol tigh Al S et wA-HIAATE] (Genebank)

ol|] ok vko. MBI Rhizoctonia solani (KACC No. 401-
01), Sclerotinia minor (KACC No. 41067), Botrytic cinerea (KACC
No. 40573), Phytophthora drechsleri (KACC No. 40190), Colletotr-
ichum coccodes (KACC No. 40009)%} tH]El % (Dual culture) 3+
At

PDA(Potato Dextrose Agar)il|X]ol| HljoFgl 2= W
2 A7 4 mme] F=23 B2 (Cork borer)5 o|£3to]
5 woldio] MR PDAHIA] 2 Lol HE3IAL 3 cm
Wl ol Heldt 7S AEH A sk,
30C oAl 42 WY B, A2 WAFD -8 v UE 29
AelE S48t AAIE (Inhibition rate)s 7 3t

Inhibition rate(%) = (RR R-1), 100

Where, R is the maximum radius of the fungal colony away
from the bacterial colony. r is the radius of the fungal colony
opposite the bacterial colony

A SMIAETIS 2R (IAA, IBA)S| MMEMM FA}
HEAFEZTZE AP eS AR 918l 1AA (Indole
acetic acid)©} IBA (Indole-3-butyic acid)®] 3733 21 31
o}, 8| RJ= TSB (Tryptic Soy Broth) HIZ|S 41831 Z2}e]
HAES 3¢9 widsle] EHISIIT. 1AL} IBAS] &R
1 L-tryptophane- 5 mM 713+ TSB ¥l2] 100 mLol| ZH2te]
vkl (OD 600 nm; 2 x 107 10 mLE HE3H] 130 rpm
S 2 30004 wikstATh HE HH°‘ET,747 to] vl A= wlok
HE 1mL¥ AFtA AE T2 58S st vl
1 mLE 10,000 rpm Q& 208 F<F ﬂél %34 st e
0.5 mLE Salkowski reagent (H,SO,; 150 mL, H,0; 250 mL,
1.5M FeCl, - 6H, o- 75mL) 2 mL3} 40] A2l A] 308 TH
SRS A|IZTH ¥ke- & BT Al S ALR3le] 450, 530 nm@]
ol M FREEE S S8 1, 2, 3, 4¥0l ¥A

o-1-= T

g AJtell AFH St S8kt 3EF TAA (12886, Sigma

Aldrich Co., USA)®} IBA (15386, Sigma Aldrich Co., USA)

£ ol|&sle] =459}, Tl aake Bradford methodE
olgst WA A5 E SASIAT

oIt 71235} (Phosphate solubilizingy&A ZA}

& AEY -84 it 7RSS EklE] flal &
2 E =S TSB HiAlA 29 S vl &, 584 9
2H(Ca,(PO,),)°] 0.5% Z3HE Pikovskayas agar(Ca,(PO,); 5 g,
glucose; 10g, (NH,),SO,; 05g, KC; 02g, MnSO; 0.01g,
FeSO,; 0.005 g, yeast extract; 0.5g, agar; 15g, distilled water;
1LEIX]o & 8 mm] paper diskE 231 2}z d5
20 uLA HZEsT. vk F, so| M2 (paper disk,
Advantech, 8 mm) 2] AX|¢ (clean zone) T A

& s,

2] M52
o]‘— ] q]}z}gi S A AR A E7 A A
2} AAMN= 20cm x 15 cme] XEE o|-&
5o FE= 30cm x 20 cm o] XEE o|-85lo]
’ETE(HEHPOL— <k E‘*(“V\}E)* 3:7(viv)e] HIEE 4]
BE 4lo] A3t vAE2 TSA HlX|ol|A] 48A1T Hl
Fsto] ZF XE 100 mLH 7%1 HAo 2 33 B A}
Ack. 09 2= F63) A2l F 705 Aeld 45, 17
SIS TR B8 QNS W 4R, AR
A3Hte] AA F5F, A TS S AP
AEA & 5/ 3“& O 2 et
SHEN

Loy |

B E Agle] Avl= SAS (Version 9.2, SAS institute inc.,
Cary, USA)E o] sl FA| 249815931 Duncan’s Multiple
Range Test (DMRT, P = 0/05)% 24 A4S 2|8kt

4 1

AEHAT MK HE

Zetoll A 147119 ®-eld3F} Botrytis cinereas TIXMI
3z ﬂ} T2 o wEldS wl B10-2E 37.23%, B10-6
5.29% AAES B3l B10-13S 38.07 %= 7FE =
ﬂlgg HTH(Table 1, Fig. 1).

147Y Be] 2] 2E WY Rhizoctonia solani2} THX]8)
ket A3} B10-2, 3, 4, 5, 6, 130014 =& EAJo] Ag=s- 8

Q1 &k 4= AT}, B10-5% Rhizoctonia solani ol T8} 38.11%
o] A AAE-S YEPIAL, B10-5 = 37.41%2] JAE-S L}
BRIt} Rhizoctonia solanidl] 23}430] Q1= o7 #=7(B10-2, 3,
4,5, 67 13)9] =& 53 VERITH Table 1, Flg 2).

BT} Sclerotinia minorS thX] vleF8t 23 B10-13
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Table 1. Inhibition effects of the bacterial isolates against five
different plant pathogenic fungi.

Inhibition rate (%)

Isolate - - - , -
B. ¢ R.s S.m C.¢ Pd
B10-1 26.07 0 18.58 0 0
B10-2 37.23 30.58 24.11 0 23.05
B10-3 33.29 31.41 20.58 8.42 20.17
B10-4 0 36.94 22.82 12.94 23.52
B10-5 35.05 37.41 37.50 41.17 42.35
B10-6 35.29 36.11 27.05 35.05 22.35
B10-7 0 0 0 17.64 0
B10-8 29.05 0 0 0 21.17
B10-9 28.23 0 0 0 0
B10-10 20.52 0 18.23 20.00 3.52
BI10-11 0 0 0 16.47 0
B10-12 22.35 0 7.64 0 0
B10-13 38.07 38.11 40.47 40.47 45.47
B10-14 0 0 0 23.52 0

a; Botrytis cinerea, b; Rhizoctonia solani, ¢; Sclerotinia minor, d;
Colletotrichum coccodes, e; Phytophthora drechsleri.

Fig. 1. In vitro inhibition of Botrytis cinerea by fourteen
bacterial isolates on PDA media.

Control_== B10-1

Fig. 2. In vitro inhibition of Rhizoctonia solani by fourteen
bacterial isolates on PDA media.
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Fig. 3. In vitro inhibition of by Sclerotinia minor fourteen bac-
terial isolates on PDA media.

= Control

B10-5 B10-6

Fig. 4. In vitro inhibition of Colletotrichum coccodes by fourteen
bacterial isolates on PDA media.

B10-8 B10-9

LK

N

B10-11 B10-12 £10-13 = B10.14

Fig. 5. In vitro inhibition of Phytophthora drechsleri by fourteen
bacterial isolates on PDA media.

o] 40.47%, B10-5% 37.50%2] Za=S BT}, Sclerotinia
minor2| 73%- Sclerotinia minor2] TN FAE A|AA 7L &
¢l & 4= UK Table 1, Fig, 3).

Colletotrichum coccodes™ T njekel A3}, B1o-5&
41.17%2 71 =2 72828 BT, B10-13 749 4047%2
=2 Zdelel-S YERY UK Table 1, Fig. 4).

Phytophthora drechsleriz 2] w52} =] vi<t & 2
7}, B10-13°] 45.47%, B10-5 3% 42.35%=Z =2 23
S HHTH(Table 1, Fig. 5). 21&H Lz o] wljst 2
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T} B10-2, 4, 5, 632} 132] Agleo] 245 o]
F59] Ao ALEsIAT

A EMAEXS2E(1AAS IBA)S| MM

AEH el ek Zado] 2 B10-2, 4, 5, 6, 132
Adate] AEARET 2R (IAASH IBA) A oAFE
At Ax}, FAT)e} vlwste] Salkowski reagente] T
A Aerh Aoz e Moz A wgoza 57
o] f-& PIAE BF 1AA ATl =22 1T 4= 9l
t}(Fig. 6). 53], B10-49} B10-69] 40| 7177 o] W
ZE 29 & 4 Uk (Fig. 6). 44 wig 713 Bk A
H 15 25 1AAS} IBAS AT, wljek 2 7}
7 B2 1AAE AAERS gRlsit)h. B10-49] A5
176.2 ug/mg protein®.Z 571¢] A = F 7P B2
IAAS AR o, Blo-6= B 2 A3 3 116.1 g/
mg protein®Z T2 %2l 1AAE AABIALE 1AAS 7}
F Hol AxelE AR 2F3H E@9AT B10-2, 59

>

Fig. 6. Production of IAA and IBA by bacterial isolates B10-
2, B10-4, B10-5, B10-6 and B10-13.

(A) IAA producion
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Fig. 7. IAA (A) and IBA (B) productions by bacterial isolates
B10-2, B10-4, B10-5, B10-6 and B10-13.

B10-13 -8 V|AE-2 22} 42.8, 42.3, 51.0 pg/mg protein
o2 AAFEE SRIstH(Fig. 7A). IBAS] 7% -8 ¥
AE AE 19 F, B10-13°] 56.6 ug/mg protein® 2 7H
B2 e ALtstR o uiF AlRte] A EaE F48)
Arkego] Folu=e AL 8 3 4 Qo). B10-132 A|9]
3l IBAS] AAk- TAAS] A4k} BlSsst oFd-g Bk
B10-4+= HI|%F A7te] A3 45 A} B2 4ol IBAS
ZB2k8)| Wl 62.1 pg/mg protein© 2 7P W2 RS AT
SIS tH(Fig, 7B).

Q14 7123} (Phosphate solubilization)&Hd

AdbE S t)/dO 2 Pikovskaya’s agar Bl |l FHE:
g 300 clean zone 4] FF-E A 7HEEleS &
latsitt. 71 A3 vl 714 535 5 B10-137F Q14 7}
83 53] Sls= A< SITH(Table 2, Fig. 8B).

Table 2. Phosphate solubilizing activity expressed by the
selected bacterial isolates.

Strain Phosphate solubilization’
B10-2 -
B10-4 -
B10-5 -
B10-6 -

B10-13 +

‘—; indicates no halo zone formation, +; indicate presence of halo
zone.

Fig. 8. Halo zone formation by solubilization of insoluble
phosphate around filter paper with bacterial isolates B10-2, B10-4,
B10-5, B10-6 and B10-13 on Pikovskayas agar. Pikovskayas agar
inoculated with all the five selected bacteria (A) and B10-13 (B)
streaked on Pikovskayas agar (Control).
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TF Q] 11.24 g, 112 4.17 g2 FA2|5 2 vlnsted 2u)
’4e] =2 42215 YERT B10-59] %9 142.27 cm™]
AU} o) AEF 3372, Wl BET 88302 =
A Yeldar vlwz 27t ZE B1o-49] vlg) AEF0] 4
=2 FAE YeY 11 2ol UE #5E 25 FAET
Hlaf F2- A% £2%5-8 UERITH(Table 3, Fig. 9).

O

— B L.

B 98 45 39 FYole] GAlsh 42 45N B3 123

& PIAES AR A5 A2 A3t B10-25 A
et W Fxlglatol Hish = Hl o) =& A EX1 2
= 21 & Ak AHFo] 11287 em’E 7P WAL,
Qo] BEFTL 60.70g, TEFTS 1434g 0 & 7P =2 4]
£ HebASITE B10-13S8- 2|3 A1) FZlo] 93.72em’
B EJT AAAANC] 75 X vl 7| 1 Bl A

Fig. 9. Growth promotion of lettuce by five bacterial isolates B10-2, B10-4, B10-5, B10-6 and B10-13 on pot tests in the

greenhouse.

Table 3. Growth promotion of lettuce treated with various
bacterial isolates.

Table 4. Growth promotion of pak-choi treated with various
bacterial isolates.

Strain Leaf afea Fresh weight (g) Dry weight (g) Strain Leaf alzrea Fresh weight (g) Dry weight (g)

(Jem’) Leaf Root Leaf Root (/em’) Leaf Root Leaf Root

B10-2 105.00° 20.01° 8.52" 8.94° 5.15° B10-2 112.87° 60.70° 3.37° 14.34° 1.90°

B10-4 169.17° 40.29° 8.80° 11.24° 417 B10-4 80.61°  43.29° 3.42° 13.48° 1.67°

B10-5 14227 33.72° 8.83" 11.90° 5.68" B10-5 85.77° 35.57" 3.03° 13.38" 2.00°

B10-6 130.83" 26.68° 8.20" 9.36° 4.01° B10-6 90.72° 38.10™ 3.03° 11.75° 1.63°

B10-13  105.00° 19.75° 8.47" 8.90° 5.10° B10-13 93.72° 48.53% 417 14.63 1.70°

Control 81.22° 12.39° 5.79° 5.33¢ 3.45° Control 57.44° 22.67° 3.25° 9.72° 1.82°

* Means followed by the same letter in the columns are not signifi-
cantly different according to Duncan’s Multiple Rang Test (DMRT)
at <0.05.

* Means followed by the same letter in the columns are not signifi-
cantly different according to Duncan’s Multiple Range Test (DMRT)
at <0.05.

iy _ B10-13

Fig. 10. Growth promotion of pak-choi by five bacterial isolates B10-2, B10-4, B10-5, B10-6 and B10-13 on pot tests in the

greenhouse.
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Fig. 11. Growth promotion of Chinese cabbage by five bacterial isolates B10-2, B10-4, B10-5, B10-6 and B10-13 on pot tests in

the greenhouse.

Table 5. Growth promotion of Chinese cabbage treated with
various bacterial isolates.

Strain Leaf azea Fresh weight (g) Dry weight (g)

(/en1) Leaf Root Leaf Root

B10-2 203.44° 79.63%  2.20° 4.70° 0.53°

B10-4 187.94° 64.30" 2.23° 4.40° 0.53°

B10-5  251.27° 11637" 3.70' 5.80° 0.63’

B10-6 199.44° 91.17" 293 3.63 0.57°

B10-13  293.56° 133.67° 2.40° 6.03° 0.53°

Control 157.05° 48.90° 2.30° 3.67° 0.56

* Means followed by the same letter in the columns are not signifi-
cantly different according to Duncan’s Multiple Range Test(DMRT)
at < 0.05.

A E050] ASS BRI T 4= ASITHTuble 4, Fig, 10).

13 T gRFo] 293,56 cm’O R
= AE el g 4= AT FAETe
735 AdbE 5 2k A 1o 28] 2777 A8
gl & 4= itk w3k Aute 755 #2]sh e} v
wsle diF2] TE o Wol vha-s 8l & 4= 99l
B10-132 &8 B10-5Z X3t = gyl
251.27 cm’ O 2 A o] 2XHS el & 4= 1At (Table
5, Fig. 10).

% on
o

#E 0|dEe 3

Zeol| A 2213 nAE 147] F A5 Byl 2
< Hol1 A= AR X2 A7 a9 78 rIdES
BlastX 2138 0|83} Similarity(%)7} 99% ©1d
F/4S Hol| B10-2% Bacillaceae bacterium, B10-49};
B10-6< Bacillus sp., B10-5% Bacillus cereus, B-13<
Staphylococcus sp. 73 =T} (Table 6).

Table 6. Identification of bacterial isolates.

Strain Taxon

B10-2 Bacillaceae bacterium
B10-4 Bacillus sp.

B10-5 Bacillus sp.

B10-6 Bacillus cereus
B10-13 Staphylococcus sp.

1 &

ZgA g F 14719 718 nAES] ZAIES ¢
olR 7] flsled AEW AT Botrytis cinerea, Rhizoctonia
solani, Sclerotinia minor, Colletotrichum coccodes, Phytophthora
drechsleri2} THX] vl dsle] 2ehde- SRl ), 3t A&
3553 (PGPR) 58S golr 7] f)ate] 24X potd
& AAlEte] el 3} B. cinereat= B10-1, 2, 3, 5, 6,
8, 9, 10, 129} B10-13°l4 ZAaHdo] YERITh. 71 Z B10-
132 38.07%% 7P £& 434S Jella, B1o-27}F
37.23% % £ 4S5 Vel R solaniE -8 PIAE
3} 7] w&kel A 58 vA8E B10-2, 3, 4, 5, 63} B10-
130] 28442 JeRAYY. B. cinerea 9F PR E B10-13
o] 38.11%2] JAE&E 71 FL2 23S el oo
B10-57} 37.41%= &2 23S BT AdAS HQ
T B 30%7F He GAlE-S YeEia a5 B
35.09%2] =2 233 YeERATE S. minore} W] 8l
3t 14709 75 F B10-1, 2, 3, 4, 5, 6, 10, 129} B10-13°]
Ak S HYT 11 F B10-132 4047% & 7P & 4
H438- UERATE B10-571 37.50% = 23S R
C. cocodesol] AL Hel 78 H]ABELS B10-3, 4, 5, 6,
7, 10, 11, 13, B10-14% &I517, 1 = B10-57} 41.17%

N
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2 7 F& 2342 YERiT C cocodeso| A=
130] 40.47% =2 F& A3 eI}, P drechsleri®t
& S-S t)x] viok A} B10-2, 3, 4, 5, 6, 8, 101} B10-
13°] 43S B B10-139] 4547%2 7FE 2 4

B10-

AL vERiT. 23S Hol 7 ZollA P drechsleriet
B10-10= th=] w4kl Aw} gro] 3.52%= 78 2A UElRs:
t}. B10-132 T 7R 215 HAdol dis] 23S

Bl BE HATdlA 38% olite] A3AdS yehiu
E3] S. minor, C. cocodes@} P drechsleriol A= 40%7} 3
© & 43S JERHT FE 0101 B10-59] 9%
7IA] A5 Bl BF deAde Vel B
of thall 35%7t W 23S UrE} ot ol= EF vl
EAeh= B vAE tis] 973 A a3E v A
o2 7119}, B10-59) B10-133 €74 =& A3AdS Hol
B10-2, 49} B10-6= A3l 21F A £31 &4 HA
AREBISITE AE A 20 S Al (PGPR)S B v
Eo S AAlslar thedst 7Rke 2 ARS Fx1eh=t
53] auxin(IAAS} IBA), gibberellin (GA3), cytokinin (zeatin)
I 2 AE saRg sl AEe] 271, He] 81
dujjo] Wghs 303} B Al Ae 2EEo] 943w
8 TR 2B A TEE [AASH IBAS] S &
ol 3k Ayl g2to 2% A B10-49} B10-6°] IAAE 713
ol Akl We & o AR HF i 29 Fof| B1o-4
176.2 ug/mg_i 7FE B2 IAAE ALkl Al IBARAH
HE g 49 F 58.7 pg/mgo & 7 B S AYAE
3 WS & 5 AT HAE ©]o] B10-6 HA] 116.1 pg/mg
o2 He JAAE A WS ERIET YA 78
ol AE B10-2, 59F 132 242} 42.8, 42.3, 51.0 ug/mgS =2
IAAARIO] =2 215 UERES € 4= Ut IBA AAF
A2 50.0 pg/mg O &2 FL AYrFsS BTt whA B10-13
o] A A MY 19 F 56.6 pg/mgS =2 B2 IBAE A
ALoH WA ulj ek A|7to] 79 35 FA%] x]7} "ol

< g1kt A7) "ol Hol= Yehll= TX]7]' 3
—E— |7} o 7] wiiEell IBA /o] Fofgh ol it
2 DS 1AAS}H 1BAS] 973 A5 S 7}11
250 RS gH o 31 4 9SS F=3Ah
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9] 7¢ Bl1o-47F A, AETT AET BT M E
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Uepit). U aS vlnstes o 7 5318 AR &3
A3E e =0 EF"FJ«] ez 1EF2 Control

o] vlg)) Ago] X E S-S ARNFAT F-§ A E 71
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