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MRE, M EARGE R, B, AT, BIR LBMA R ERARSREIR AR, BRI T
TLARY IR R T B A KR 4F 0 iBiE 16S rRNA KB 55| AT A AL F oA, AR oK, @il
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Isolation, identification, and functional characterization of
plant growth-promoting bacteria from peanut seeds
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Abstract: [Background] The application of plant growth-promoting bacteria is an important
measure for the sustainable development of agriculture. The seed-associated bacteria can
interact with plants in the early lifecycle, being of great significance to plant growth.
[Objective] To screen out the seed-associated bacterial strains with the function of promoting
plant growth and inhibiting plant pathogens, to underpin the application of the strains in
agricultural production. [Methods] The plant growth-promoting bacteria were isolated from the
surface and the inside of peanut seeds. The roles of the isolates in promoting plant growth
(nitrogen fixation, phosphorus solubilization, and TAA and siderophore production) and
inhibiting the growth of plant pathogens were examined. The 16S rRNA gene sequencing was
employed to determine the taxonomic status of the isolates. The biofilm formation and
rhizosphere colonization tests were carried out to measure the viability of the strains in plant
rhizosphere. Finally, pot experiments were conducted to examine the effects of the plant-growth
promoting bacteria on the seed germination and seedling growth of peanut. [Results] A total of
41 plant-growth promoting bacterial strains were isolated from peanut seeds. All of the strains
were capable of producing IAA, and 35, 2, and 14 strains showed the abilities of fixing nitrogen,
secreting siderophores, and inhibiting plant pathogens, respectively. The representative strains
(the surface/inside of peanut seed and the inside of peanut radicle), PS3, PES5, and PRS, were
chosen according to the results of phylogenetic analysis and identified as Bacillus sp. The three
strains formed folded biofilms on the surface of MSgg liquid medium and colonized the surface
of peanut roots. They increased the seed germination rate and promoted the seedling growth of
peanut. Specially, PS3, PE5, and PRS increased the seed germination rate from 14.17% to
38.33%, 30.83%, and 39.17%, respectively, on day 2. Compared with the control, PS5 increased
the seedling height, root length, fresh weight, and dry weight by 21.82%, 22.20%, 37.11%, and
35.64%, respectively; PES increased them by 17.45%, 18.93%, 26.10%, and 21.18%,
respectively; PRS increased them by 23.11%, 23.92%, 38.66%, and 37.47%, respectively.
[Conclusion] The bacterial strains with high efficiency in promoting plant growth were isolated
from peanut seeds, and significantly promoted seed germination and seedling growth. The
strains provide potential resources for agricultural production, with excellent application
potential.

Keywords: peanut; seed-associated bacteria; isolation and identification; plant growth-promoting;
Bacillus
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BRI, 35 °CHER 1 d, M EVETE A%
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K 2F R (%)=1E 8 K 2F 1B 50 8 R
%100,
1.9 ZHFHilwe

TETCR IS A R IMATCE MS & FR0U5 3
EAEGR, B4 300 g R, W4 RREA
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Figure 1 Siderophore production activity was tested
on CAS medium.
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Figure 2 IAA production of some peanut seed-

associated bacteria. Different lowercase letters
indicate significant differences (P<0.05).

#1 PR5), H: PS2. PS4, PS7. PS8, PS9. PS11
1 PRS iX 7 BREAXTAALHE ] oA A B 4 5E
J1, Ti#Ekk PS3. PE5 XtRHugE T wEbiAE

2.3 E#k 16S rRNA EE o1

PH 41 PR DNA FFiEfT 16S
rRNA JE K 540 97 3800 7, 4 3R 15 09 15 41 78
EzBioCloud 4 FEHEA T EL X438, 53R,
36 #k°M Bacillussp., 4 ¥k& Priestiasp., 1 #kN
Paenibacillus sp.

TP FZRTH .l PR B AR PR AR AT A TR
PRI TAA Ko P it T A K E T 45 e B
—MREAE i — 2P 4, A R PR PS3 .
PES F1 PR5, i1 16S rRNA K 51 H X 3k 45
5 H BB MEA RIS 16S rRNA FEH 751,
WERG L FWUE 3 iR, FHEPS3. PRS 5
Bacillus siamensis KCTC 13613 (ATVF01000043)
) 16S tRNA JEH P HIA LI =, Witk PES
5 Priestia gingshengii G19 (JX293295)i 16S
rRNA SER P SRR fe s, AR T 99%.

x1 (REENEYREREERE KNS &N

Table 1 Antagonistic assay against plant pathogens of plant growth promoting bacteria

Wbk~ fh 2 T AT T LR A 55 K IRTA
Strains No. Aspergillus sp. Fusariu oxysporum Phytophthora sp. Ralstonia sp.
PS1 ++ - ++ ++

PS2 ++ ++ + ++

PS3 ++ W ++ ++

PS4 ++ ++ ++ ++

PS7 ++ ++ ++ ++

PS8 ++ ++ ++ ++

PS9 ++ ++ ++ ++

PS10 ++ - ++ ++

PS11 ++ + ++

PE5 ++ W + ++

PE10 ++ - ++ ++

PE15 ++ - ++ ++

PR4 ++ - + ++

PR5 ++ + ++ ++

. BORFEHUEE PO REAR>2.0 mm); +: FEHUEEDIEER=0.5-2.0 mm); W GESHEHIEEPIEERE<0.5 mm); - &

ECeE A

++: Strong inhibition (the radius>2.0 mm); +: Inhibition (the radius=0.5-2.0 mm); W: Week inhibition (the radius<0.5 mm); —:

No inhibition.
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Bacillus atrophaeus JCM 9070 (AB021181)
Cytobacillus oceanisediminis H2 (GQ292772)

s >0 LUy o reA s I\ LN S T
\E‘ 99 Priestia paraflexa RC2 (FN999943)
Priestia flexa NBRC 15715 (BCVD01000224)
42 Priestia megaterium NBRC 15308 (JJIMHO01000057)
Priestia aryabhattai BSW22 (EF114313)
Bacillus zanthoxyli 1433 (KX865140)
PES (OR186620)

100

0.010 24 Priestia qingshengii G19 (JX293295)

3 ETHREMFHEIAER 16S rRNA REFIMENRZLER 5 HF 5 NFF GenBank
BT SR BUEAR IR bootstrap (85 43 A AR AR, $rR N 0.010
Figure 3 Phylogenetic tree of peanut seed-associated bacteria based on 16S rRNA gene sequence. The

GenBank accession number of aligned sequences are shown in parentheses. Values at branch nodes represent
bootstrap value. The length of branch represents the evolutionary distance and the coefficient is 0.010.

24 RAEFEVEENRGENRERERT 25 REENEEMFAFRIBEKD
EJE RE A

i A= TR R AR B vy A% R RS R AR A Y I AN TR A= T TR BIR X A8 AR 1 R 28 i 3
&, SEMemAYBENGE L IEME, HE w6 B, AEMT 2d I REA, 4d#
tk PS3. PE5 J¢ PRS #&Fl 2 MSgg WA Ir Ik
FFERE R 48 h JE S M BIE s oL, S5 R
Kl 4 F, 3 BRI AT TE MSgg WA R TP A
VI HA WAL B, UIRERE I BsR . dE— 2P %) | 7 A .
Btk PS3. PES Al PRS {546/ L H 0 2 HAE /) B T PRS
PEAT T, SEARAnE S s, R 3 MRIE Y 4 BT ES h)
FIAEARAE BORR AL, AR R g Figure 4 Biofilm formation was tested on MSgg
YA K PIRETT . medium (48 h).
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BEH ARG FREFOR A 1352 57 (P<0.05)
Figure 5 Colonization ability of strain PS3, PE5

and PR5 on peanut root. Different lowercase letters
indicate significant differences (P<0.05).

Number of bacteria cells
(CFU/cm root length)

TRE, 2 dif, SAMEEZERR 14.17%,
PS5 K% %N 38.33%, PE5 R#HF N 30.83%,
PR5 K% N 39.17%, 3 d it PS5, PES5 #l PRS
B G LK R MU & T2 IR, 25 R R4
TR A R RIS A A A A ] AR e

I AR a3 ) e A1 A B AE AR 2 i AR K
PIsEIR, 255N 7 PR, M T2 F40EE, PSS

_ . ) .
CK PS3 PE5 PR5
L a a g
0 1 1 1
CK PS3 PE5 PRS5

7 EVMREERNEESEE KT
HA 2% 75 57 (P<0.05)

Plant height (cm) >
= —_ [3*] (o]
wn (=] wn [ wh

(=1

Root length (cm) =
=V S

w

aaaa aaaa

100 - ©CK®PS3mPESmPRS

80 - 2
60 F b

40 - b

20 ¢

Germination rate (%)
I~
=]

Time (d)
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/NG RN HAG B 35 25 57 (P<0.05)
Figure 6 Effect of plant growth promoting bacteria

on peanut seed germination. Different lowercase
letters indicate significant differences (P<0.05).

XPAEAE A . AR BEE AT E S
21.82%. 22.20%. 37.11%%1 35.64%, PES5 435
PR 17.45% . 18.93% . 26.10%71 21.18%, PR5
IR E 23.11%. 23.92%. 38.66%F1 37.47%.
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Figure 7 Effect of plant growth promoting bacteria on peanut seeding growth. A: Plant height. B: Root
length. C: Fresh weight. D: Dry weight. Different lowercase letters indicate significant differences (P<0.05).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4860 (YIS Gk

Microbiol. China

3 Wik

IR AEY A ar B AR R s, Rk AR
PR BRI EE M
AR T o ) i 2 A ) A e R A
K, FR AP A2 A TR ) 25 T A 9 e 9 sl il
AR, AT DR SRS e, [
FFAll i m] Fig 2 ™o,

TR R AE R N IE BZEA, SR T bR
TEA BRI AP BE S, DR o AT
W — A A R Y . 2R B AT
W Z R R A R R, — AT A
WAL A . RS EEAE S L ED A SRS
2 PO S — 5 AT Ui 2K R
PR R AR BEOIAR AR RO,
T A SR AR 400 X6 5% 4 T K 40 B R i 225 P — 1
A DAFE A R AR I i vh o A 200 HLAA 0 T T
FIR A =W, X B R AT = YA 3 5%
HMRTER Z2 B i sa B 77, [A] Ao e 4 il
FEPIIR DT A ARG, R f R A
MG NAE AP - TH . B N R SRR N
DEER SRR, SA100E KA PiRE 14
RS E—ARFR, LEE 3 I N FAITE
J&, AELEFT . AB B I )it s R] U R
PERR SR B ZE RIS, A A B PR

R o 58— e B BRI P 70 R AR T 3
BT R FE— PR W RE T, R 3+
A R A YR bR e il . A R
R AR TR RT i, R YR
A AR AE HLAE AR PR ) B2 e B -5 LA A R
WA R A B ARl 2R 7 rp R A
T ELE AR DR A9 O HE AL TR 2R AR TR ZE A AR
PR ARG Ih RE B, T AR 0 A T R R M MR B
PEME NPT AP R Z R, &
M B E A A DNA SFEE RN T 454 T IR

PRA LR THI Y 2 A0 M SR AR A, ELAT LU B g R 2
SR A PR BT IE N BE ) Radi B &7 112 AR
UM RIS T 3 Phas A TR A ML SR Al b
B A W TR B S I, &30 PS3. PES il PR5 #f
AETE MSgg MARKE I 5Lt IE BUB R LE P I
HEA @M AR5, ik Lo 3 bR
BT A A R ROEIE . RARAEFD 2] L, 78
PR R A 20 A 3 03 R AR AR IR, A Bt
FEVE S ) 0B R AR P ROY i fe ) 5 HLRE A AL
HEFARR PR, 2B A BT B SEbRA: 7 1 W ) o

Tl A A E W A e R T 4G, & 2R R
R AT R T T AR R S PG B T &
g — BP0 A TR R, WA TR
PR I N PR BT T HOE AE e A TR, Rk
ZEIG SR, A 18 ) A A1 AH e e A R
ot T BH B B8 S A0 AR T R 2R Al A ik
WA, FigR A ds N B AR e A i) 2
PR R AR K, DL R B ARRE P A
W A AR B R A G, R IR i R
AL KA AL AR 7 o

Tl AH S A AL TR AT o 2 AP as A 4 A )
fa R, M RE 2 Hos 8 4 A A 58
bR A A . B A P 02 A= B e SEBR I A 4TS
FEAEI L, U HAE Ak 50 & B A o 1 3
JT R AETE I A, A SR R ER S
WIAA R R4 R TT, BIIRAT T — 2P &%t
XoJ TR PAAF 1% BsF (1) i 46 m) R 4 R A R B A S
W he . DKM BHERC G, $E e R A
PR R

4 Zi

ABEFEIARTG 41 BRAE ATl HH DA AR 20
B, P PS3. PE5 & PR5 % 16S rRNA %K
J¥ 5 X 0 2 22 Sk 2E A & (Bacillus sp.)
HA BRI TAA G 8RR ) S AS B P97 s 1 A=

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



EPHPIEE JEERD T ARSI AL 1 70 28 45 58 I D REVR A

4861

KT, HEEEMENGRAROET, FFURIE
PEAEAE PP T A e AE R Al R, A BRI
W T, Al A5 kAR AR e R PR
REFERENCES

[1] CHEN L, SHI H, HENG J, WANG D, BIAN K.
Antimicrobial, plant growth-promoting and genomic
properties of the peanut endophyte Bacillus velezensis
LDO2[J]. Microbiological Research, 2019, 218: 41-48.

(2] EFHF, BGERK, i, XIS, XIEEgE, PEFIL,
il RS 2L Rl AL A 1 A A B AR B 0 2 7R 20 B B )
RESSTE[T]. T4, 2021, 61(12): 4086-4096.
WANG DD, YIN ZQ, SUN L, LIU XB, LIU JN, PANG
SQ, XIE ZH. Isolation and identification of peanut
plant-growth promoting rhizobacteria with the potential
to alleviate continuous cropping obstacle[J]. Acta
Microbiologica Sinica, 2021, 61(12): 4086-4096 (in
Chinese).

[3] CHENL, WU YD, CHONG XY, XIN QH, WANG DX,
BIAN K. Seed-borne endophytic Bacillus velezensis
LHSB1 mediate the biocontrol of peanut stem rot
caused by Sclerotium rolfsii[J]. Journal of Applied
Microbiology, 2020, 128(3): 803-813.

[4] OLENSKA E, MALEK W, WOJCIK M, SWIECICKA
I, THIJS S, VANGRONSVELD 1J. Beneficial features
of plant growth-promoting rhizobacteria for improving
plant growth and health in challenging conditions: a
methodical review[J]. Science of the Total Environment,
2020, 743: 140682.

[5S] OLANREWAIJU OS, GLICK BR, BABALOLA OO.
Mechanisms of action of plant growth promoting
bacteria[J]. World Journal of Microbiology and
Biotechnology, 2017, 33(11): 197.

[6] PANG FH, TAO AL, AYRA-PARDO C, WANG T, YU
ZW, HUANG SL. Plant
stage-diversity of endophytic bacteria with potential as
biofertilisers isolated from wheat (Triticum aestivum
L.)[J]. BMC Plant Biology, 2022, 22(1): 1-16.

[71 GUOJJ, LING N, L1Y, LI KS, NING HL, SHEN QR,
GUO SW, VANDENKOORNHUYSE P. Seed-borne,
endospheric and rhizospheric core microbiota as

organ- and growth

predictors of plant functional traits across rice cultivars
are dominated by deterministic processes[J]. New
Phytologist, 2021, 230(5): 2047-2060.

[8] ABDULLAEVA Y, AMBIKA MANIRAJAN B,
HONERMEIER B, SCHNELL S, CARDINALE M.

Domestication affects the composition, diversity, and
co-occurrence of the cereal seed microbiota[J]. Journal
of Advanced Research, 2021, 31: 75-86.

(9] WHeiE, tRINAE, FR/NE, skREE, FiEHE, SRE.

KRBT HEOCAN T B RS B T S AR AR R I PFA [T,
W -8 5 R 2011(5): 83-87.
CAO YH, XU FH, CHEN XZ, ZHANG XX, WEI SJ,
MA XT. Analysis on growth-promoting ability and
phylogeny with rice seed associated bacteria[J]. Soils
and Fertilizers Sciences in China, 2011(5): 83-87 (in
Chinese).

[10] CARRIL P, CRUZ J, Di SERIO C, PIERACCINI G,
AIT BESSAI S, TENREIRO R, CRUZ C. Modulation
of the wheat seed-borne bacterial community by
Herbaspirillum seropedicae RAM10 and its potential
effects for tryptophan metabolism in the root
endosphere[J]. Frontiers in Microbiology, 2021, 12:
792921.

[11] DUMIGAN CR, DEYHOLOS MK. Cannabis seedlings
inherit seed-borne bioactive and anti-fungal endophytic
bacilli[J]. Plants, 2022, 11(16): 2127.

[12] COMPANT S, CAMBON MC, VACHER C, MITTER
B, SAMAD A, SESSITSCH A. The plant endosphere
world-bacterial life within plants[J].
Microbiology, 2021, 23(4): 1812-1829.

[13] SOLANKI MK, ABDELFATTAH A, SADHASIVAM
S, ZAKIN V, WISNIEWSKI M, DROBY S, SIONOV

E. Analysis of stored wheat grain-associated microbiota

Environmental

reveals biocontrol activity among microorganisms against
mycotoxigenic fungi[J]. Journal of Fungi, 2021, 7(9): 781.

[14] FIGUEIREDO dos SANTOS L, FERNANDES SOUTA
J, de PAULA SOARES C, OLIVEIRA da ROCHA L,
LUIZA CARVALHO SANTOS M, GRATIVOL C,
FERNANDO WURDIG ROESCH L, LOPES
OLIVARES F. Insights into the structure and role of
seed-borne bacteriome during maize germination[J].
FEMS Microbiology Ecology, 2021, 97(4): fiab024.

[15] KOLBAS A, KIDD P, GUINBERTEAU J, JAUNATRE
R, HERZIG R, MENCH M. Endophytic bacteria take
the challenge to improve Cu phytoextraction by
sunflower[J]. Environmental Science and Pollution
Research, 2015, 22(7): 5370-5382.

[16] PARMAR S, SHARMA VK, LI T, TANG WT, LI HY.
Fungal seed endophyte FZT214 improves Dysphania
ambrosioides Cd different
developmental stages[J]. Frontiers in Microbiology,
2022, 12: 783475.

[177HAMON MA, LAZAZZERA BA. The sporulation

tolerance throughout

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4862 WA

FiE Rk

Microbiol. China

transcription factor Spo0OA is required for biofilm
development in Bacillus subtilig[J].
Microbiology, 2001, 42(5): 1199-1209.
[18] COTTYN B, DEBODE J, REGALADO E, MEW TW,
SWINGS J. Phenotypic and genetic diversity of rice

Molecular

seed-associated bacteria and their role in pathogenicity

and biological control[J]. Journal of Applied
Microbiology, 2009, 107(3): 885-897.

(19 fE, sk, Wlam, £8, B85, FRER, g
T, TEAG. AEY) N A DN R A AR KR B A 1
IR HERE D). RERLE, 2017, 36(6): 965-969, 977.
XU M, WANG JY, HU JL, CUI M, LI MX, CHEN X,
GUO QX, MA LJ. Action of plant endophytes on
soybean growth and stress tolerance[J]. Soybean
Science, 2017, 36(6): 965-969, 977 (in Chinese).

[20) DARAZ U, LI Y, SUN Q, ZHANG M, AHMAD 1.
Inoculation of Bacillus spp. modulate the soil bacterial
communities and available nutrients in the rhizosphere
of vetiver plant irrigated with acid mine drainage[J].
Chemosphere, 2021, 263: 128345.

217 RRNG, Xdede, g%, JLAEARE, M54, VFEH
fitp W8 A A0 AR o i 2 TR ) 20 B AR B LT (0. )
HAO B2, 2017, 44(3): 94-100.

SONG FM, LIU JH, SHI ZJ, JIANG YX, YE YX, XU
JX.  Identification  and
growth-promoting rhizobacteria (PGPR) with ability of

screening  of  plant

phosphate-solubilizing or potassium-solubilizing[J].
Guangdong Agricultural Sciences, 2017, 44(3): 94-100
(in Chinese).

[22] CARDOSO AF, ALVES EC, da COSTA SDA, de
MORAES AJG, DIAS da SILVA D Jr, LINS PMP, da
SILVA GB. Bacillus cereus improves performance of
Brazilian green dwarf coconut palms seedlings with
reduced chemical fertilization[J]. Frontiers in Plant
Science, 2021, 12: 649487.

[23] FAN B, WANG C, SONG XF, DING XL, WU LM,
WU HJ, GAO XW, BORRISS R. Bacillus velezensis
FZB42 in 2018: the gram-positive model strain for
plant growth promotion and biocontrol[J]. Frontiers in
Microbiology, 2018, 9: 2491.

[24] ZAID DS, CAI SY, HU C, L1 ZQ, L1 YG. Comparative
genome analysis reveals phylogenetic identity of
Bacillus velezensis HNA3 and genomic insights into its
plant growth promotion and biocontrol effects[J].
Microbiology Spectrum, 2022, 10(1): e0216921.

[25] WRHh S, 5K, BORWI. FEDHE T A2 7 2 AT TR 4T
ML 5 AL o RAFFE (7). R BEA4 3, 2003, 33(2):
97-103.

CHEN ZY, ZHANG J, HUANG DF. Research progress
on antimicrobial mechanism and genetic engineering of
Bacillus for plant diseases biocontrol[J]. Acta
Phytopathologica Sinica, 2003, 33(2): 97-103 (in Chinese).

[26] CHECINSKA A, PASZCZYNSKI A, BURBANK M.
Bacillus and other spore-forming Genera: variations in
responses and mechanisms for survival[J]. Annual Review
of Food Science and Technology, 2015, 6: 351-369.

[271 RABBEE MF, ALI MS, CHOI J, HWANG BS, JEONG
SC, BAEK KH. Bacillus velezensis: a valuable member
of bioactive molecules within plant microbiomes[J].
Molecules (Basel, Switzerland), 2019, 24(6): 1046.

[28) LUGTENBERG B, KAMILOVA F. Plant-growth-
promoting rhizobacteria[J]. Annual Review of
Microbiology, 2009, 63: 541-556.

[29] SANTOYO G, URTIS-FLORES CA, LOEZA-LARA
PD, OROZCO-MOSQUEDA MDC, GLICK BR.
Rhizosphere colonization determinants by plant
growth-promoting rhizobacteria (PGPR)[J]. Biology,
2021, 10(6): 475.

[301 PhEL, KB, BRUEGR. A0 AR PR Az 40 1 FE AF Y ik
JEN]. AWHARE R, 2017, 33(2): 8-15.

SUN Z, ZHENG L, QIU HB. Research advances on
colonization of plant growth-promoting rhizobacteria[J].
Biotechnology Bulletin, 2017, 33(2): 8-15 (in Chinese).

[31] ARNAOUTELI S, BAMFORD NC, STANLEY-WALL
NR, KOVACS AT. Bacillus subtilis biofilm formation
and social interactions[J]. Nature Reviews Microbiology,
2021, 19(9): 600-614.

[32] BUZZO JR, DEVARAJ A, GLOAG ES, JURCISEK JA,
ROBLEDO-AVILA F, KESLER T, WILBANKS K,
MASHBURN-WARREN L, BALU S, WICKHAM 1J,
NOVOTNY LA, STOODLEY P, BAKALETZ LO,
GOODMAN SD. Z-form extracellular DNA is a
structural component of the bacterial biofilm matrix[J].
Cell, 2021, 184(23): 5740-5758.e17.

[33] KARYGIANNI L, REN Z, KOO H, THURNHEER T.
Biofilm matrixome: extracellular components in

structured microbial communities[J]. Trends in
Microbiology, 2020, 28(8): 668-681.

[34] skEILME, XULEHk, FH/NHE, XNEBE, BArfE, Mk,

FH 5 07 N A= T 08 2 s B O R i s 0], b I
Ak B F4H, 2020, 22(6): 40-48.
ZHANG KY, LIU XL, DONG XY, LIU RJ, HE LH,
XIE ZH. Isolation of endophytic cultures from
Sesbania cannabina seeds and their effects on
germination[J]. Journal of Agricultural Science and
Technology, 2020, 22(6): 40-48 (in Chinese).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


