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Out of plant-associated bacteria, certain plant growth-promoting bacteria (PGPB) have been reported
to increase plant growth and productivity and to elicit induced resistance against plant pathogens.
In this study, our objective was to broaden the range of applications of leaf-colonizing PGPB for
foliar parts of road tress and pepper. Total 1,056 isolates of endospore-forming bacteria from tree
phylloplanes were collected and evaluated for the enzymatic activities including protease, lipase, and
chitinase and antifungal capacities against two fungal pathogens, Colletotrichum graminicola and
Botrytis cinerea. Fourteen isolates classified as members of the bacilli group displayed the capacity
to colonize pepper leaves after spraying inoculation. Three strains, 5B6, 8D4, and 8G12, and the
mixtures were employed to evaluate growth promotion, yield increase and defence responses under
field condition. Additionally, foliar application of bacterial preparation was applied to the road tress
in Yuseong, Daejeon, South Korea, resulted in increase of chlorophyll contents and leaf thickness,
compared with non-treated control. The foliar application of microbial preparation reduced brown
shot-hole disease of Prunus serrulata L. and advanced leaf abscission in Ginkgo biloba L. Collectively,
our results suggest that leaf-colonizing bacteria provide potential microbial agents to increase the
performance of woody plants such as tree and pepper through spray application.

Keywords: Brown shot-hole disease, Foliar application, Phyllosphere, Plant growth-promoting bacteria,
Woody plant
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Aol gt A= At A 2= v A&o| ch(Cirvilleri
5, 2008; Delmotte -, 2009; Knief 5, 2012). @ A A ZHA|
(phyllobacteria)> £ HA ZAlt S A GHol 325}
dot7t= AlatS A6k, S 3 Dol A& 54
Aol FF= FAY Ee AR e 4ol AR 2
2 BAAYN SFE 1 GHol F2Fsto] AobztthGlick,
2012; Lindow®} Brandl, 2003; Vorholt, 2012). 2] & 2] o] 3
#stel ABo] 3 G T AR 2H SN 4
2o RS ZUNTIE ABE 2] 4BAREA
F(plant growth-promoting bacteria, PGPB) 2. 2 T4 & 3} ${ Tk
(Glick, 2012; Glick¥} Bashan, 1997; Vorholt, 2012). PGPB7} 2]t
AR o7 S35 n|YEL A&st A B0 8= HAA T
A (induced systemic resistance, ISR)= ¥ 0. 7|= &3}7F R
A, PGPBE A=) A 2|5t gtehsofd e =5
St WA A W A o 2 Q14 51A] =] $lch(Bashan
T} Holguin, 1998; Compant -5, 2005; Whipps, 2001). B 2%
© 2= PGPBE & & Z Bacillus%; ©| Y Pseudomonas<;& -
oA 22l sto] A& o] A2 st WHo] = A
= =] 9l th(Bhattacharyya2} Jha, 2012; Kishore2} Pande, 2007;
Kloepper 5, 1980). &= PGPBY] A-&HH & & 3}7]
98 Al PGPBE AHE ol H2 429 o] Axst=
A = Al = E] ) th(Baker 5, 1983; Chung 5, 2008; Jiang 5,
2006; Korsten 5, 1997; Lee -5, 2008; Obradovic -5, 2004; Pusey,
1989; Raupach £} Kloepper, 1998; Silva 5, 2004). EFof| A &
2] 3t P, fluorescens®} P. putidaS 5o G HAESH A3} AL
o] H2H RS WA 5 9 2 v (GaneshanI}t Manoj
Kumar, 2005; Kinkel, 1997; Kucheryava -, 1999; Planchamp -5,
2015), AHUHE 2 A] 128 PGPBE: AL}l
WA AT} 580 Aol £ H 3 $85ko] Z5
= A= RO ATHRyu 5, 2011). E7H EFO A £
3t Bacillus subtilis Osu-142 @35 AL 4B o) A 23519
o AR O] AT S gtege] FAHE Hakel A7
21 Wilsonomyces carpophilus©l] o gt ¥ A| &3t = B 1 = ¢l c}
(Altindag 5, 2006; Cakmakgi -5-, 2001; Esitken %, 2002; Esitken
5,2006). A, 2 H4E AP o] &= 25 (Prunus
spp.)d 7%, PGPBS Pseudomonas BA-82} Bac1//u5 OSU-142
£ Qvio] Axslo] ARE AN S S EHE A
A THEsitken 5, 2006), HUHF-459] 8 ¥l Py A4
ZH A B L S W (Blumeriella jaapii) Y o) 3] A+ &2 A Q1
sterol demethylation inhibitorS- ©]-8-3t 3}8}2] 4|7} 7}
& 3L, PGPBE o] &3t BEA WA= ALY Al =5 A &3k
T}(Esitken 5, 2002; Ma 5, 2006).
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shrstgih 2eg qAARA 2 7=
shela}y] A, 7k 40t GAlaA] B
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SHYE WHEXMZL 22|, 59 gH9 A
2het= WA ZAAY A Al ehS 2] 8t7] lelA eyl
= PAFIA] FAAF Eg H 1—}—‘?—(Prunus serrulata L.)
(Y %=:36.3616656° 7 &=: 127.3565759°), 23 L} F-(Ginkgo
biloba L.) ($]&=: 36.3766593°, 74 &=: 127.361 3144O ), o] BYE
(Chionanthus retusus) (9] %=: 36.3627869°, 7 &=: 127.3448559°)
ol o7 At I =23 KX H(cork borer, A7 10
mm)E ©o|-&35to] FAL = AT YA AF 10
mmé| =75 Ao 5T 2745 HdH 1.0 ml
phosphate buffered saline (PBS)7} &71 1.5 ml FHof Y& 5,
EtAY YRR Y27 Aokt WA EZAE AT
£ AleF kS £ 2] 517] $18ho] 80°C water bathol 3087 5%
A2 & ottt T2 E dx7o] Z3tE PBS &F W2 1/10
tryptic soy agar (TSA) Bl A of] =2Hgt 2 30°C vl F 7] of| A] 124
Zh ok o of|, i FE o U2 &l Al J =k FES
2 A 9 x@F o w2t £ 5ok 22H 1,0567H +5+
+ 96-well platesZ -80°C =+ A 25 Lo = &3} Tt

d

TEYEE HEEZXYY FFo MEsH 84 2
MY FF & 29" 10567 7= A=A 24
S =2A3}7] 93 A protease, chitinase, lipase 42 =4

S} t}. Protease 4] 2 Hl 2] (1% skim milk, 0.02% sodium
azide, 2.0% agar) 9| /| &7 3} 1 2L (Chantawannakul 5, 2002),
chitinase €32 1} %] (5% v/v chitin, 0.7 g K,HPO,, 0.3 g KH,PO,
0.5 g MgSQ, - 5H,0, 0.01 g FeSO, + 7H,0, 0.001 g ZnSO,, 0.001
g MnCl,, 1.5% agar) ol A =743} 1L (Hsu2} Lockwood, 1975),
lipase ¥H/3-2 ul| 2] (1.0 g yeast extract, 5.0 ml corn oil, 2.0 g NaCl,
0.4 g MgSO, - 7H,0, 0.7 g MgCl, - 6H,0, 0.5 g CaCl, - 2H,0, 0.3
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g KH,PO,, 0.3 g K,HPO,, 0.5 g (NH,),SO,, 1.0 ml vitamin solution
[DSM catalogue No. 141], 1.0 ml trace element solution [DSM
catalogue No. 141], 1.5% agan 9| /| =75} th(Lee 5, 1999).
Zt a2 B34S 7 232 Yoz FUsH7] $18f 96 well
plate AE| 2 R 5H HAAZ} 35 96-well microplates
stampS ©] &3l 250x250x11 mm’ 27] 2] AL E|olE
(square dish; SPL, Suwon, Korea)©f| & o] 4| &35} t} o] &
30°C B F71 00l A 12417t v F= 7F $-of] 2} ulj =] &} 7] o]
o HUA 7= B FFE St A=A &
S 245

a8 S UAY sU ez GHA 2
3} 35 potato dextrose agar (24 g/l potato dextrose broth
[Difco™; BD Diagnostic Systems, Sparks, MD, USA], 2.0% agar)
of F3t Fof] 30°C| A vl 3t 4] E W Y+t Botrytis cinerea
(KACC accession No. 40573; Han -5, 2012), Collectotricum
graminicola (Behr 5, 2010)2] 8 %F9H & 250%x250x11 mm’ =
7)9) Azt Ed ol Eof 2zt 1 mid =Stk o) 5 30°C
7104 129 Bt B Fol, YA E 2Tl 93 2
PLEEREERES LR EEE o

e =%
=

E2|El PGPB ZF9| YAEYEs £F. Ed¥ 14
7N A2 #FE AR 2 F 9 Al Rifampicin 297%
[HPLC] powder; Sigma-Aldrich, St. Louis, MO, USA) 9] 5= 50
ug/mizZt ZHE TSA | o A 71 9] A AFE S 85
SHE= & =8 Th TSB vl &] o] 30°Col| Al 8A] 7t 54 vl &t
7, 497H AT 159 QA ODge=12 M F F
FES BHE T, BRI o §3te] 13 el wjere)
= AEZSAC 7LA 10U A HF5 AT 132 S
37MA HA] A St 23 H 2 E 08319 10 mm 27
o Qr7te 7 3 A THR PPN 3RS At
2 A=ZFE01MMgCL7F 7] 1.5mltubed] Y S XL}
o] #| (homogenizer) & o] &-3to] ZtolZ %, g gru]Alo] L3t
H TSA i R o] H=of what o2}& 2 2 &= W(serial dilution)
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MUtEl PGPBE 0|88 Fo| MESHH &4 £F
2 Q8 TR MY, I ZIPNIL SFHETZ JYF

27 (9 =1 36.353227°, 7 & 127.303475°) L= A 3
Aok 13709 £2lE 45 F 5S4 50123711 +F
£ TSA Hfj x| of| ujj gt ffoﬂ 10" cfu/mle) =2 113 g9
ol %] 2]+£(5B6, 8D4, 8G12, &3] 2]), 0.1 mM BTH, th =
2 A A 3 A (307F AN A 48HE)E SR H, 10Y 1+4

© 2 23], 17§AF 25 mIA A EZ5¢iTh o] % 204 7HH 0 =2
132] 4o E 60U 7R 43519 3L, 5 A ol Xanthomonas
axonopodis pv. vesicatoria (Yi 5, 2012) 0]] EHEF_P W3S =
A317] YA 0Dy =1 5= #+F=PGPB 2] 2] 204 & 11
FO T AA, A Y 7|22 243709 ol FAI = HF
stgith 013 209 7H2 © 2 80U 71 A] WRIIA = (0, W A 9l
=1L, 2718 a2 2T A2 dxH ) A2 JAFH 3
g 3, B2 AT ek E A I Al FH SA19 Al
4,47 Wuro] QRS HYT, BT Q| AlFo] 27
3t 5, 45 99 & I AHE S5 tHSahin} Miller,
1998). 115-0] =85 S S YA PGPBE A3 EHE

71%0 2 6aA(1 7T} 80U 12| A2 S3hlof
AYTHE 85 U e E FARE Ue B30 4
B S5

.l

<l

93

=2|E PGPB #F9| 72+ HE 4 H HESHH
2y Add. 2RE3eFY 2y, S ol Fu
Ao &d& SAsH] 8l 3dFE 7INte = g nj g EA|
A& A =3ttt 33 (586, 8D4, 8G12) 2] WA ZA} 2
STUH 2 FH ST &, &S Eol7] HsiA A2A
91 A1 2901(20 |; Agrotech, Seoul, Korea)S v 20 15 6.7 ml 3
7Feko] 4| THRYu 5, 2011). T F S Al Lo &f Yt
T U, o) Fuh ol = ul R 35 5240110 cfu/
m)E 20109 (192} 69 23, 8Y 3147 2011429 2h) 4Y
189, 69 2190] 22 204 A ESATh AFEA B
5745tz 209 A2 2 5 108 A S-S A H A A
e 52 1001590 2 100004 Yl A5
o] Q24 L G242 7)(SPAD 502 PLUS Chlorophyll
Meter; Konica, Tokyo, Japan)= & 7% 5} 3L(Coste 5, 2010; Ling
5 2011; Uddling 5, 2007), ¥] Y o] 78 2] 7 X (Electronic Digital
Micrometer; Chicago Brand, Chicago, IL, USA)S ©]-8-3}¢] ¢ 9]

715 245 QrhRyu 5, 2011).
AAX 2 PGPB 5] EHA|A o gt W EH A At
P91 8 22 g0 g2
33

A3t H]EE 74]”0}"*‘3} 2PUF Gg
o] & YT A /77 W A A S UF FHA ).
EARM., E AP o] &H FAEAL JIMPINS (SAS
Institute, Cary, NC, USA) ]| A A 5-=+= ANOVA (analysis of
variance) 2} Student’s t-testS ©]-8} o] E A5} 9 th
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3t % 1,056 SO Al 9157 o7} protease A=, 161
N T3 7} chitinase 84 &, 277 &5 7} lipase 242 24
thFig. 1). Z2%%3 A A A B. cinerea®ll T3} 8571 3,
C. graminicola®]] T3} 1067 w57 A= it 3714 &
28} 271A] Zato gt 435S shubete Hol=1,022
N 5= S0l A, 471 014 B4 S 7HA = 1370 #5¢
B. cinerea®} C. graminicola =5} o 8t &7t 7} 2| = 17 o
F(8G12)E XTI F 147 #-F5 YA S =2 165 rDNA £
Ag Fot] 2 35 T AdE 147 45 Fol
A] 3G7,4B9, 4C1, 5B4, 5B6, 8D4, 8D9, 8D11, 8E1, 8E11, 8F3, 8G1
L B subtilis -5 2 T =] 91 11, 8F62} 8G12+= Paenibacillus
polymyxa= 574 ¥ 3l tH(Table 1). ©] 5 586%] -9~ +3-9]
A A 84L& E 3 A B.amyloliquefaciens 586 - 2 57 =] ]l T}
(Kim 5, 2012). 2t #5292 GHA 5= &elst7| f1sto] 2+

2] 10 cfu/ml @] v} oF & 15=9f Qlof AXESF 157

Protease

Antagonist against
Botrytis cinerea

Lipase

Antagonist against
Colletotrichum graminicola

Fig. 1. Enzymatic and antagonistic activities against Botrytis ci-
nerea and Collectotricum graminicola of leaf-associated bacteria
isolated from tree species. The Venn diagram presented classifica-
tion of 1,056 bacterial isolates from leaf surface of tree based on
enzymatic activities such as protease, chitinase, and lipase assay
and antifungal activities against B. cinerea and C. graminicola. To
distinguish endospore-forming leaf-colonizing bacterial isolates
from tree phyllosphere, leaf disk samples were soaked in 80°C
water bath during 30 minutes.

Foll 44 Wl Mt JetaE S 3k rH(Table 1). #HF2 2
2 JUAE 50| L3 373 586, 8D4, 8G12E A3}
AT 8612w 9] 7B 2712 Aatof s A vt ddA-E=
HolHA A5 HA7o AL PGPB F 52 2 F
Ao TH(Table 1).

o3 ok S A Bl e ol A=

Z+-9] 57.24 cm@} H| 153 wf A=A & 4ol 7t STt
%t 19 2} 40 o] = 5B6°] 93.54 cm, T34 2] 2ol 4] 94.79
cmE ) 279] 85.97 cme]l H| 3 A EZX maaE H G,
8D49} 8G12= 717 31.12.cm@} 89.71 cmE 2 FHE 2
ol SVt oY SAA SR Aol & HolA] gyttt 1d
2L 60D A A= 371 FFot TEA B B 29 96.18
cm@} v 2 3}o ZFz} 5B6) A] 123.18 cm, 8D4] 4] 112.85 cm,
8G129)| 4] 107.55 cm, Z3A 2| o) A 10546 cmE 115 A &
Aol o7t R == axE v 29kl 20114 o=
2] T 2084 5B62 63.71 cm2} 8D4= 6232 cmE T 27
9] 5876 cmX.t} Aol ZX1 = Slrh 21 2 60 A of = 374
437} Z+2ZF 5B6°Y| 4] 123.16 cmZ, 8D4+= 119.54 cmZ, 8G12
L 12146 cmE 22 11518 cm @} H] L &lo] FAJ L B G
Tt} 5B6 #F+ 1d &} 202 ol A] 8.52%, 40 ol 4] 8.81%, 60
o| A 28.08% Z7}EL B ¢ 1, 2182} 20 of| 4] 8.44%, 60
o| A 6.93%2] B £ A5 B X THFig. 2A).

TFO W AP WSS Elsty] el Al s H =
o A Fof L AlFAFHAFHE S govl=X
axonopodis pv. vesicatorias %1 ol &8t o H7 2 PGPB
ol g AT g A ET 20100 = 115
Ly o] A== PGPB A 2] 200l = A adt
£ Holz] kAT 40U A 5B62> HAAYAH T 1.72, 8D4=
1.86,8G12%= 1312 T 2 2.92 T H] 55.0% ¥ o] ZH2 314l ch.
A2 $ 60U} 80U 3w ot T/ A YT B F 2
vl &l A =7F sk gith A 2] £ 60 ofl = 586
A2 P2 o YA =7} 1.20,8D42] 7-$-2.04,8G12 A 2
Al 138, £ A 2ol A 2042 T 29 3381} H| W5 =
o TAA o = Bo| Zasith A 2] 5 80¢ of = 5B6°] A
1072, 272 B8 A = 333 tH] 68.0%2] B AN E,
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Table 1. Identification and evaluation of leaf-colonizing ability of 14 isolates that have multiple enzymatic and antagonistic activities

Enzymatic activities*

Antagonist against’

The closest species based on

Leaf-colonization®

Strain + "
Protease Chitinase Lipasae B. cinerea C.graminicola 165 rRNA gene sequence (%) (log cfu/leaf disk)
3G7 0] - (0] (0] 0 Bacillus subtilis subsp. subtilis strain CICC 10078 16S 4.89cd
ribosomal RNA gene, partial sequence (100%)
4B9 ) - 0] (¢} (0} Bacillus subtilis subsp. subtilis strain CICC 10078 16S 534 bc
ribosomal RNA gene, partial sequence (100%)
4C1 0] 0 - (e} 0} Bacillus subtilis subsp. subtilis strain CICC 10078 16S 5.39bc
ribosomal RNA gene, partial sequence (100%)
5B4 (0] (0] (0] (0] (0] Bacillus subtilis strain AsK18 16S ribosomal RNA gene, 494 cd
partial sequence (100%)
5B6 ) (0] (0] - (0] Bacillus subtilis subsp. subtilis strain CICC 10078 16S 589a
ribosomal RNA gene, partial sequence (99.9%)
8D4 (0] - (0] (0] (0] Bacillus subtilis strain DmB4 16S ribosomal RNA gene, 5.64b
partial sequence (100%)
8D9 (0] 0] 0] (0] - Bacillus subtilis strain MZA75 16S ribosomal RNA gene, 472c
partial sequence (100%)
8D11 (0] - (0] (0] (0] Bacillus subtilis strain AsK18 16S ribosomal RNA gene, 5.16 ¢
partial sequence (100%)
8E1 (0] - (0] (0] (0] Bacillus subtilis strain MZA75 16S ribosomal RNA gene, 5.25c¢
partial sequence (100%)
8E11 (0] ) ) - (0] Bacillus subtilis strain AsK18 16S ribosomal RNA gene, 483 cd
partial sequence (100%)
8F3 (¢} 0] 0] (0} 0] Bacillus subtilis subsp. subtilis strain CICC 10078 16S 5.43 bc
ribosomal RNA gene, partial sequence (100%)
8F6 - - - (0] (0] Paenibacillus polymyxa SC2, complete genome (100%) 5.20c
8G1 (0] ) ) 0 (0] Bacillus subtilis strain MZA75 16S ribosomal RNA gene, 533c¢c
partial sequence (99.9%)
8G12 - - - (0] (0] Paenibacillus polymyxa SC2, 16S ribosomal RNA gene, 571ab
partial sequence (99.9%)
Control - - - - - - 5.10c

‘O’and’- means having activities or having not activities, respectively.

*Enzymatic activities were evaluated using protease, chitinase, and lipase assays.
*Antagonistic activities were tested against two fungal pathogens including Botrytis cinerea and Collectotricum graminicola.
*Taxonomical identification of 14 selected bacteria were checked using 16s rDNA sequence alignment based on National Center for Bio-

technology Information databases.

*Leaf colonization means remaining population of each 14 isolates after spraying on 4-week-old pepper leaves. Different letters mean dif-

ferent significance among 14 isolates.

St 2 Al tﬂ““&ﬂxéiﬂ 2612 2412 3.38%} H| w5}
o] & Qth2011d & 2 X} EAH A of| A = 5B62)
20 E!°ﬂ 1.032.2 279 1,561} H] 15} 33.90%2)
ZaE 2o, 40U o= 5862 1.56,8D4= 1322 T =
9] 2458 T} B o] ZFA 35 Th 60 o] = 5B69] 4] 1.96, 8D4
= 244,8G12+= 253, T3HA ] A] 1,682 T2 9] YA
= 352K o} 2| tff 46.20%9HE W o] Aaxst R, A2 $ 80
of| = 5869 A] 2,02, 8D4%] A] 2.24,8G1201| A 2.74, A 2]+
o| A 2452 Xt} 49.30% H o] ZHA 3 TH X 2] 2 60U T} 80
oA 3Tt EFA B BT W o] Hast= A

= 2 A thFig. 2B).

ohxjate 2 122 20108 (192 T 20119 ¥ 2} Z+
279 $-8+5ho] PGPBO] PHANZ 7} 113 0] S8heF S
o FFS v A=A AW EgIth 2 A 1239 =
27 8 A 2O BAE S YE W, 2192} 8G12E A 9
3t B E A Zo A 220 v wEte o 22 SFFS
Bk 192} 22} 28 A], tf 222 1.01 kgt B] L8}, 5B6
)| A] 1.7 kg 2. 2 58.14%, 8D4]| A] 142 kg2 2 32.56%, 8G12]
A 1,525 kg 2 2 41.86%, E3HA 2] o] 4] 15 kg2 & 39.53%
o] £ 2| E B, 2W A} 23} 23 Ao & T 272

41 =2 N
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A
2010 2011
1407 [ sB6 1407 3 s5B6
1 8D4 ] 8D4
1204 @@ 8G12 1201 @@ 8G12
- Il Mixture . Il Mixture
g 1004 MM BTH g 1004 MM BTH
= [®.3 Control = [®3 Control
5 80 =
2 2
[ [0
< <
5 60 &
Q. Q.
Q. Q.
[0 [0
o o
20 40 60 0 20 40
B Days after treatments Days after treatments
5 2010 5 201
[1 5B6 [1 5B6
1 8D4 1 8D4
4 = 8G12 4 = 8G12
© Bl Mixture ) Bl Mixture
<) MM BTH S MM BTH
2 3 [®.3 Control 2 3 (&3 Control
o 9]
> >
[0] (0]
(2] 1]
(O] (0]
(2] 1]
© @©
(O] [0
L L
a a
40
Days after treatments Days after treatments
Cc
6 * 6 -
st Il st
1 2nd 1 2nd
5 1 5 1
E 47 E 4]
=} =}
c c
> 31 > 31
o] ]
$ 2- 2,
14 14 i
0 - 0
8G12 M|xture Control 8G12 M|xture Control

Fig. 2. Effect of leaf-colonizing bacteria on pepper growth, disease severity, and yield for 2 years. Bacterial preparations from three se-
lected isolates 5B6, 8D4, and 8G12 at 1.0x10” cfu/ml were sprayed on pepper leaves twice within 20 days. Pepper height (A) and disease
severity (B) by Xanthomonas axonopodis pv. vesicatoria were evaluated every 20 days after microbial preparation treatments started from
March 2010 and March 2011. (C) Pepper yield was estimated at 64 days (1st) and 80 days (2nd) after treatments. Black and white bars
mean 1st and 2nd harvest, respectively. Asterisks display statistically significant differences compared to untreated control at P=0.05 (least
significant difference).

1.05 kg ¥} H] .3} 5B60] Al 1.5 kg2 2 42.31%, 8D40]| A] 1.63 MutEl AR PGPB 0| Q|8 7249 MEkEt
kg 2 54.17%, EFA 2ol A 175 kg & &2 66.03%2] =8 o HAHY. HAYUHPGPB FFE HAFIA 4 el
22 312 ¥ ¢ t}Fig. 2C). AA T SHF YT, HyF °l ol A 2jsto] a5of A

gelgt U2 PGPB w79 B4 7tE oA &Ql
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A
60 - Gingko tree 60 - Cherry tree 60 - Chinese fringe tree
501 501 * 50 . *
40
o 40 40
o 304
o 30 30
. 20
5 10 * 20 20+
2
%01010
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Fig. 3. Effect of leaf-colonizing bacteria on tree photosynthesis and leaf thickness for 2 years. Microbial preparation from three selected
isolates 5B6, 8D4, and 8G12 at 1.0x10” cfu/ml was sprayed on leaves of gingko trees, cherry trees and Chinese fringe trees at three times
a year. (A) Photosynthesis rates of leaf from gingko trees, cherry trees, and Chinese fringetrees were evaluated by SPAD 502 PLUS Chlo-
rophyll Meter at 2,5,7,9,,11, 13,15, 17, 20, and 22 weeks after spraying. (B) Leaf thickness of gingko trees, cherry trees, and Chinese frin-
getrees were measured by Electronic Digital Micrometerat 2,5,7,9,,11, 13, 15, 17, 20, and 22 weeks. Black and gray lines indicate treated
tress and untreated control, respectively. Filled black dot, microbial preparation; filled gray square, control. Asterisks display statistically
significant differences compared to untreated control at P=0.05 (least significant difference).
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Fig. 4. Decrease of brown shot-hole disease severity in cherry trees and increase of ratio of defoliated trees in gingko tress for 2 years.
Microbial biopreparation from three selected isolates 1.0x10’ cfu/ml was sprayed on leaves of cherry trees and gingko trees at two times
per year. (A) Disease severity of brown shot-hole was measured by counting lesion holes per leaves of cherry trees. (B) Ratio of defoliated
gingko trees were evaluated as defoliated as the ratio of defoliated trees per total trees from each three sections (%). Black and gray lines
indicate treated tress and untreated control, respectively. Filled black dot, microbial preparation; filled gray square, control. Asterisks dis-
play statistically significant differences compared to untreated control at P=0.05 (least significant difference).



Research in Plant Disease Vol. 22 No. 2 89

& AFAEAYsh= A °*Eﬂl7€1 %A tHAgrios, 1997; Ma &,
2006). 214H% PGPB 7+ % ol A2 gh 3o HipFAte|
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67.70%, 195+ % 21.97% = XA 4 F L 1= 7f4=71 of
ZZo) BE) 2ol Stk 3 2011 W) F3 A& 15
5 NG LML Ly v BEAY 0] 44.44%, 175 B 24.14%
2 A3 tHFig. 4A).
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PGPBE &£2|3 & 2484 d4& S HFH2=8
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2012; Lee 5, 2015; Saraf 5, 2014). ¥ Aol A= PGPBE A
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586 7] A S BT A3}, 12 v B A5
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S, AlE HAF Y Al xS &3fst= b 7] ost=
surfactin (srf), bacillomycin (bmy), fengycin (fen) 2] 2 Z}2]
ZA &= 8215} tHKim 5, 2012; Koumoutsi 5, 2004). gt
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PGPB= protease, chitinase, lipase2} ZH-2 A1 & WU A A+
O Mzd FHaaE Eofste 8= 2L EH hernin
3} Chet, 2002; Saraf 5, 2014). WU F 2 F-A Z- A 1] 2
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PGPBE A1 M AAE 9o, A B FEARAY
(induced resistance)2 ¢ ©.7]+= A o] && A 3 thChoudhary
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=AY Atk 7 e 4 lth(Bashan} Holguin,
1998; Compant -, 2005; Enebak™} Carey, 2000; Eyles 5, 2010;
Whipps, 2001).
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