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Abstract; Screening endophytic strains with phosphate-dissolving and exploring the characterization of growth promo-

ting and resistance were conducive to broad the phosphate dissolving microbial resources, to develop microbial fertiliz-
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ers, to improve soil phosphorus nutritious and to increase agricultural yield. We isolated 50 endophytic bacteria from
interior tissues of Cinnamomum longepaniculatum, and 24 phosphate dissolving endophytic bacteria strains were
screened using phosphate solubilizing zone (PKO) inorganic culture medium, subsequently, the capacity of dissolving
phosphorus of 24 strains were determined by phosphor-molybdate blue color methods, and the characteristics benefited
to plant-microbe interaction-indoleacetic acid (IAA) , siderophore, 1-aminocyclopropane-1-carboxylic acid deaminase
(ACC) and chitosanase activities were also evaluated. The results showed that 24 strains could release phosphate from
tricalcium phosphate with the range of dissolving phosphate from 51.26 wg + mL™" to 237.0 wg + mL™", and the maxi-
mum phosphate content in the solution was obtained with strain YG60. Among 24 strains, 6 strains ( YG60, YG43,
YG36, YG25, YG49, YG44) showed the higher phosphate solubilization capacity (237.08, 211.53, 180. 68,
166.85, 151.28, 150.20 wg - mL" respectively). Furthermore, 24 strains could decrease the pH of the medium with
the pH value range from 4.5 to 5.5, and the relationship between pH and phosphorus solubizition was also discussed;
however, there were no close relationship between them. The further experimental results showed that most of the 6
strains with higher phosphate dissolving capacity had the ability to produce TAA and siderophores, and had ACC deam-
inase and chitosanase activity. Among them, YG43, YG60 and YG25 possessed higher IAA producing capacity
(22.55, 18.75 and 16.41 pg - mL"' respectively) ; YG43 and YG60 possessed higher siderophores of As/Ar<0.6
(0.459, 0.579 respectively ) ; YG43, YG60 and YG25 had strong ACC deaminase activity (0.194, 0.224, 0.208
U - mg'),YG43 and YG60 had strong chitosanase activity (2.968 U,2.502 U). In terms of all the properties of dis-
solving phosphate, secreting IAA | siderophores, ACC deaminase and chitosanase, strains YG43, YG60 and YG25
isolated from interior tissues of C. longepaniculatum have abundant biological characteristics related to plant growth
promotion, stress homeostasis regulation and biocontrol activity. They are possible to be further developed as excellent
strains for application.
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deaminase, chitosanase

Vi A ¢ RN A VA R R ) 07 0 S PR e 1397

BERMM A K LT LG ERITRZ — Y
BRI AR ) Y AR R R R, BRI,
A 74% BB 30 - S gl Ak~ AT /Y I 2 48
RERS MBI WE R B %, (5 ol Tl L33 v Y [ 2
FEWENE 2 R AR (B #AF,2010) , 7EFRE
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al,2002) . 1% ( Cinnamomum longepaniculatum) }
#R} ( Lauraceae ) 15 & ( Cinnamomum ) W ¥ 88T A
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1.2.1 b Ag A S B A R 05 i

1.2.1.1 WARBEEMAIE B0 bR 6 A5 A
PERP EFEAR PKO 15375 L AR EE 4 1K,28 C
Rig® 7 d  UERRETS A 7 i B A i, 00 45 TR AR 7
WERE AR & ELAE, 43 LA D d R, M P
SR A S BRI AD H R R O IS BE
1212 WMAE N AE A B bR R 8 % 50 mL
PKO AR 23 E T 150 mL =ff3, 121 °C,1.01
P 2B K 25 min, &, ¥ LB #HE IR I
A1 24 h I BEIR P AR R 22 R 10° cell - mL!
PRI, F R B S R 3L 1 1 50 HelaeRh AN iR
ViR %t HR, BERR B A 3 UK, 28 °C 160 1+ min #EJK
B2 8 d,4 °C .10 000 r - min B0 15 min,m#fﬁ
S VEVR, WA A S A pH A, A R
R R B Wl . A0 i P AR BT LL A )
SE , BRBR VA B N OB N B2 RO BRI (E (pg P -
mL™") ;pH {EHBRE T E

1.2.2 i AE W A S AR Ak 4 ik TAA #E

1.2.2.1 EMEIE 003 0% I Bl R s A A TR
PREEFP T REA 15 mL King RS IR 3L 10304, 28
C 160 r - min " FEREEFE 8 d, MR ER 3K, &4
AR REFIELE 7 S % IR AR AF (2010) o 4351 HL
S PRREE IR 50 wL i BT A A b AR b A
50 pL PC tea ik, VATE @MW P naE & 50 mg -
LUERKZE (TAA) AT RS SR AE AR, =i
MR 15 min PO B (0 A5 Ak, 26678 Ry By 41 €638
TNAT LTI TAA B BR R 2 7R 4306 TAA R BEBRR
AR FRIRANEE 53U TAA

1.2.2.2 EEE KM Glickmann et al (1995) )
Salkowski Fb{aik . il & 2.5 mg - mL" A9 {0 & R 1A
JFUERRE B L mL A 4 mL E 55 K# K LB )
PREEFRIE T AR A E] 0.5 mg - mL™, 735
LR HHA R 28 °C 160 1 - min  FEIKIEFE 3 d,4
°C .10 000 r + min™ &§.0> 10 min J5H 35 1 mL, il
A 50 pL 4 10 mmol - L' IE#EME, il A 2 mL
Salkowski’ s i (A7), BHE 554 (25 °C) &2 30 min,
DZE 530 nm T AYROGIE . PAZEIRAK X B | fiT
AN [V B 1Y TAA FEARIE IR 2, T35 IR0 TAA
W DL g - mL R

1.2.3 A% 7 A 75 B AR 7 Ak AR R A el 2
1.2.3.1 ML 0 0V BRI B A A TR
PRI A2 PP T 8% K7 ( chromea zural S, CAS) P4

BRI b 28 CHiFE 2 d JE SRR AL {0 8 {6
Rl HH B, 0 £ R RN

1.2.3.2 @il OB A 48 21 (0 0 (0 B 1 P Ak 43
SR T MKB 355 32 W0M & 2R 55 7R M P, 28 °C L 160
r - min” $EREEFE 24 h, B | mL ABEE T MKB il
BRI IEWT 28 °C (160 r - min ' FEK G 36 h,4
°C .10 000 r + min" R E.C> 10 min, BV AT 75 2] 2k 2 1A
VR TC R R AR BRI, A Bk
PR W T 0l v I ACH [ ER CAS A5
W, FEATIRAT, F 630 nm P K R 2 OB, LL As
FER | BN GEIKAE Ry %ot BE VA2 5 5 BOHA [l A AR ) i ik
RE R (KRR 5 CAS K N7, T 630 nm
KRG, DL Ar o, 11 As 5 Ar 9 HUAE
(As/Ar) ,Z: /8 Machuca & Milagres (2003 ) FFR 1 F
J5 BRI A5 DA T Bk B A 1 g

1.2.4 4% N A ZE B Ak ACC BLABE AL /1 69 m) 52
1.2.4.1 EMEME 3% Penrose & Glick (2003 ) )
J5, oy A A AT R T 5 mL W TC AR RS 57
28 °C 160 v - min PEIREEFE 24 b $Efp LR E:
FEM 0.1 mL F 5 mL DF JAKE; F= 31 28 °C 160
r e min” PERIEIE 24 h 2R 0.1 mL 53R TF 5 mL
ADF AR 323 rp 28 °C (160 r - min™ #5 JK 5 37
24~48 h, IANTEF AR B ADF 1% 3% 3 Ry % B B
ADF 53R 5 ) A AR B R e e RS 9% 3 Ik i
A KBRS ACC 8 20t BH M T Ak

1.2.4.2 EEE S8 Seleh et al (2001) A F7 1%,
FEAMPE AL 1 mol T EARR A 0 1 N HIE 7 54000,
K HH Bradford 10 5 85 (15T, A5 #E 2R 10 4 100 H
EH, WS HITE S R 5% (2013) (071, i
WA U - mg' Fow,
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AR A A R Bk A LT B fg
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AP TR bR T LT Bl AR 3 57 H v, 28°C | 160
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min B 0.5 mL & BE I 0.5 mL JRIAJLT FUiRA,
37 C/KIB 30min,%fﬁ3 10 min,4 000 r - min ' B0 5
min, B 0.5 mL EEWINA 0.5 mL DNS, & #: 5 min
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JCAE . AR N- 2 Pk 2 56 7 250 W A o ih 6 1 5004 i
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J5,D/d>3 B A 6 Bk (R YG43 19 D/d fH 5
K, H3.84), HHEHKFEHREGER 12%, 2.5<D/d<3,
2<D/d<2.5 Fl 1.5<D/d<2 BIAHE A 43 94 11 ¥k 7
PR 15 #k, Hoar 9 #RANTE R D/d B4/NTF 1.5 BUE %
BRI, D/d (B2 R AR FE AR A B AE i —
ARSI, w1250 D/d>2 1Y 24 R 40l SR
RIS C AT BERE T1, 554 26 TR, ]
AR HE A PERE
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Table 1  Distribution of strains with different D/d values
vt EREC
D/d Value Code of strains
number
D/d>3 6 YY1, YG32.YG36, YG43, YG44 .YG60

2.5<D/d<3 11 XY8, YG2, YGI0, YG21,YG25, YG30,

YG35.YG41, YG49 ,YGS55, YG58

2<D/d<2.5 7 YG6.YG7.YGY.,YG23,YG46 ,YG51,YG61

1.5<D/d<2 15 XY6.YY7 ,YGI YG3 [ YG4 ,YGI8,YG20,
YG31,YG33, YG34, YG39, YG40, YG48
YG56.,YG65

Drd<1.5 9 YYS, YG8, YYI1, YGI2, YGI5, YG24,
YG31,YG50,YG66

FERIERR B0 24 BRI AR SR 8 d J5, Tl
E L TH R AT R O i R 2 R T RR X R
FEA R RE AR R 22 57, (IR B AR 10 T s 1 7
51.26~237.08 pg - mL" ZJa], Hod K F 200.00 pg -
mL A 2 BRI, 150 ~ 200 g - mL' YA 4 BRI,
100~150 g - mL ™A 10 BETE , 43 51 i A3 B ik Y
8.33% .16.67%F1 41.67% ., WK YCO60 [ 1 i 5
K, 0 237.08 pg - mL", 2V & B /N E R YG33
(51.26 wg - mL™) 4 4.62 %, HeAb, A4S B RR 014
W AE 0 e k5 2 SR T 0, X R P AR T R T

FrAEEPEE 1) D/d (A, 5 12 I A2 A ¥ ol o it
AR, YYD FYG60 B9 D/d (HE KT 3, ia i 20
4351k 237.08 pg - mL' A1 61.75 pg + mL"' R &
JE# ) 3.84 4%, PRI, BMACSTAR 15 % H O] % il B
RIS ELA VS BERE 1 VE R 25 28 1 0 B, T Ak i %
I 5E B TR VR B BE ) 7E FEIE b ER, Ak, 4T
HRAE PKO 853758 FAEK 8 d Je, LR 3R 1Y) pH {E
PP Ph T B B R, 45 TR AR RS SR pH AT
4.5~5.5, FREECRIIN YG9, pH {H R IR 4.4,

*®2 EHMEBREMERAN pH E
Table 2 Available phosphorus and pH value of
phosphate-solubilizing endophytic bacteria

e e
kR Available pH 1H TR Available pH 1H
Strain  phosphorus  pH value || Strain ~ phosphorus  pH value
(pg - mL™) (pg - mL")
YG60 237.08 + 7.45 49 YG38 125.63 + 6.93 5.0
YG43 211.53 £ 12.39 4.6 YG30 113.80 + 9.25 5.3

YG36 180.68 = 13.17 5.2 YG23 108.63 + 8.15 5.1

YG25 166.85 + 11.21 5.5 YG6 104.28 + 6.12 5.4
YG49 151.28 + 7.41 4.6 YGY 96.23 + 4.31 4.4
YG44 150.20 + 5.23 4.6 YG61 91.60 = 10.75 53
YG2 14590 + 8.49 4.8 YGI8  83.50 + 5.82 4.7
YG32 143.30 £ 10.27 5.1 YY7 69.36 + 8.58 52
XY8 139.30 = 8.40 54 YG4  67.11 = 6.40 7.0
YG46 137.00 = 9.29 52 YYI 61.75 £ 3.23 5.8
YG35 13545 £ 10.57 5.1 YG57 55.15 £ 5.11 6.0
YG7 126.74 + 7.82 4.9 YG33 51.26 + 4.34 53

Shy a2 2 ke AR I ol P 2B TR DD AR SR BRI
Wi K F 150 pg - mL' 1Y 6 BREE (40514 YG60
YG43 . YG36, YG25., YG49 ., YG44 ) B 58 H: tE ¥ °#
Rk
2.2 NEE D IAA HEBES T

THVRE PN A 40 T 2 0 TAA BE 1 4 5 1k 65 2
GERE(E3) . 6 MU FE A B A 5 M
fEXEA MR BE T, MR8 A il A K R W DIRe,
YG43 [ 0 M IRA 4, YG60,YG25 1 YG44
FMRERB L0, YG49 Fl YG36 Lk kyar(a, & &
W e 45 3 3% W 45 B bR 70 W TAA HE7F 4.92 ~22.55
pg - mL72Z ] A TAA BT 20 pg - mL'HY
A 1HR(YG43,22.55 pg - mL™), #@it 10 pg » mL*!
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Table 3
phosphate solubilizing endophytic bacteria

TAA and siderophore producing ability of

TAA &k LN
Content of IAA Siderophore
Pk B g
. evoall]
Sir: cepppgz B R
train 57 R TIAA m,| ,\Lf’:l:ﬁ{jlj (As/Ar)
Spot test (pg - mL7) Qualitative Quantitative
P TAA value analysis lysi
analysis
YG43 +++ 22.55 £ 2.21 +++ 0.579 = 0.0334
YG60 ++ 18.75 = 1.97 +++ 0.459 + 0.0479
YG25 ++ 16.41 = 2.01 ++ 0.699 + 0.0298
YG44 + 9.68 = 1.17 + 0.847 + 0.0641
YG49 + 7.67 = 1.39 - -
YG36 + 4.92 + 0.84 + 0.821 + 0.3957

TE: L+t bt + SRR AL 6 AL ERNRB (B 2. +4+ 4+ -
I3 I BN R B A R T AR BN

Note: 1. +++ ++  + — + . means deep pink, pink and light pink respectively;
2. +++ ++ + - means larger, moderate, small and without orange—red hole re-

spectively.

M4 2 BE(YG60, YG25,TAA 43 s fa 43 5l N 18.75
pg « mL7 1 16.41 pg - mL™") Ay 3 BRAY TAA 4334
EHMT 10 pe - mL" 2 S22 PR e 25 A
XF—3,
2.3 NERFSEHEEE NS

1 6 BRIHAE PN AL AN B EERN T CAS PR 3555 2
dJ5, KIS BR YC49 Z AN HE 5 Rk (YG43,
YG60 ,YG25 ., YG44 \ YG36) [ 1 7% J&1 el 1) ) PR
(o508 UL X BE B RRTE CAS B3R 3L b=k T8k
A, Hirh YG43 ) YG60 Fll YG25 1 75 J8 IR i i #8 21
TR, RIIX 3 RIFRES - A 3 2 BRIk,
ERKIEREA R T L As 5 Ar B9 HUAH (As/Ar,
Ar AN BRI G ) /N FE A [ B ke 7 A k3 AR 1
A JT, As/ Ar {ELER /]N , 158 BH T M 77 4K 28 A4 11 i )
W, 128 3 AT, YG43 1 YG60 Y As/Ar fH/NT
0.6,43 5124 0.579 H1 0.458 , P B IX 2 #4177 AE 2k 3
HIRE J1 8T8 ; YG25 B As/Ar {EH 0.694, 13 B 7~
RIS BE S P45, YG44 FT YG36 1Y As/Ar {HH K
F 0.8, ULRHIX 2 MR TR Al 7™ A= BRI, (07 2k 4k M4 hE
PIEEE N
24 HERETTHRIEE(ACC)BEN R

P BERE T B = 19 6 AR IHRR PN AR A1 R T
SMA [EAE; L5 1 ACC 2 1 3% e S 1 i ok 52
WA RERII(E 4), 45 WAEG YC49 AREIEH

R, HE 5 MR (Y660, YG43, YG36, YG25,
YG44) BIREtEAE SMA AR F: 5L L IE# K Ui
B YG49 Ab , B R MRHEREA ACC BTG, &
HRME R R (R 4) & ERIY ACC i 22 i 7 1
KN A YG60>YG25>YG43> YG36> YG44, fif}
K/ T0.052~0.224 U - mg”; YG49 TG ACC
I 2 W RE T o
2.5 NERESILT REgse

6 BRI AR A B R AN T LT BB Y
AR B3 5% 7 d, R BA 0 37 B B A
VLA R B AT — 2 W™= LT BB 0 e 7, (H 4%
PRRE )37 B B 22 SR K, B P B B4R (D) S5 75 B
F(d) B (D/d) AT 1.59~3.12, 3l i A B
I R i R A4t B R A LT A O 2 1 G SR SR
(FR4) AR LT 5 E S PE I/ YG60>
YG25>YG43 >YG36 >YG44 > YG49, il 1% K /N T
0.618~2.968 U - mg™,

x4 B ACC REEEMEMILT REsE
Table 4 ACC deaminase activity and chitosanase

activity of phosphate solubilizing endophytic bacteria

ACC B JLT i
ACC deaminase Chitosanase
R ACC JUT Pl
Strain MR R EEHE M T
- X D/d & .
Qualitative ACC deaminase Chitosanase
. S D/d value .
analysis activity activity
(U - mg") ()
YG43 + 0.194 = 0.017 3.12 2.968 + 0.314
YG60 + 0.224 + 0.023 243 2.502 + 0.23
YG25 + 0.208 = 0.009 1.59 0.618 = 0.179
YG44 + 0.052 = 0.011 1.87 1.972 + 0.157
YG49 - - 2.01 1.428 + 0.169
YG36 + 0.081 = 0.014 2.35 1.624 = 0.201

T+ e - B,

Note: +, positive; —, negative.

3 b5

L) A A A0 T DR 1 SRR 2R 2 B AR
YRR, 3280 [ N S22 3 B e i R, 1o 3R
A AR 7 57 A AL ), AT 2 v i 2% 1R i A
( Cinnamomum longepaniculatum ) M 7 H $EHUL A+ Fh
AR R A S T X e ORI T B
s [E By B2 R A5 T B R AR AT R, BATI
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Vi A ¢ RN A VA R R ) 07 0 S PR e 1401

TR 1 10 HAE P 2 412 A5 200 A1 1% i o8 B AR AR e it 4
YRR RIS A B A W B IR AR A N
A=Y 55 1 JEAH B FEALE Y B AR R 3R 2R
R IRAR I AR A B L (BERSF,2010) .

A DI P AR A TR ) 0 3 24 BRELA I
AR BB 1 TR AR, WAR S FR A R ORI KT
200.00 pg - mL' AR PRA 2 #£,150~200 pg + mL!
AT PRA 4 Bk, SRR (2010) ORI 2 B RGN
A A TR S W R 0K 537.6 g - ml, Bk B
(2014) PR A= w3 B B9 I A A0 T i i
60.52 g+ mL, T HIARE PN A 200 TR TS AT Fr s i
RE B0, AT B B rh 2 0 I F R |
i SERTRASFTE N A A LR | iX SR ot Bk v]
FEARIE AR ALY pH AE 545 4k 4055 B 7P s
B0 AT o8 X5 P B R R 7 7 ( Rashid et al ,2004)
AWFFEH 24 BRIETE PKO 593 F/AEK 8 d J,
BRI pH (E BB AT ¥4 B 2 T [ R TR Bk
Wi SR pH (HZ R B FLM LR (P>
0.05) . BN A BN TR AE 3T F- I R], A 0 1) R
H— 5 FAK (BB IR P B LR &5 i L Fh S B IR
il 75 1 B 7 A 22 W A B s A AR AR, 382 X TR B B I
WERE ) P A 5 (2= RIS ,2012) .

YN AT E R A B G N Y A
WE KR (1AA) JRE R (GA) M2 K (CTKs)
JBIETR (ABA) RN 2 S AR KSR A R A ) A
R KR T, Hoh AR K R (TAA) R R BRI LA (9
W5 ,2013) , —EWREE Y TAA BEPT LML EAE )
A, SRR IE AT 3G 0 4 ) A RRURI ST £ | AR 240 i Y
WIRNER B4R 1 H Y (22 RNISE,2012) o ABESE
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