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1.2 AEERIEX =S BETE B 7180
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1.5 FEBTENENSEHRETN

FEPS ARG, PR AP S R
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B RTE 0.85% JCR AL HER K P e 3 ¥k, JFIA
R (108 cfu-mL™), HIBURIRRE 7 ; %A
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FRERKAE Ry Xt AL B, BBk 20 mL it &2 (A4
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2 HERHH

21 AREW.RENFESEBTEBEREE R

AN [FVRBIEXT P S FTF i Cay(PO,)s REJIHY
SO TR AA ) o DA 50 W R A hy I — i
i, KRR ERE ISR, 435000 328.41 mg-L™
M1 337.76 mg- L7y FHR MR BE, B E N
272.59 mg-L™"; DARIIEPESER AR, =S
FRR I RE T A%, M 45.32 mg-L™', RIRIEIE
XS A R e g B3 (K’ 1B),
AR B i Ry M — ROV, 3% D R ) M 1 ) B
31842 mg-L™; HKCMAS R, M EE SN
270.3 mg-L™"; DAEFIMRN AR, %A bEEwEGE
Tk, fiwEE{Ch 25.25 mg-L™,
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o
2 400}
p=}
e} a
4042 300 ]
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=g 5] ¢
[0} K XA
2 100} RS
§ < e
o LA <
e EAN ARE O EERE B
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.U Nitrogen source

SU. JEHF Sucrose; FR: M B¥ Fructose; SS: HJ ¥ P 3E ¥} Soluble starch; MA: 7 Zf Hf Maltose; GL: #j%j B Glucose; NS: Fi 2 #
(NH,),S0,; PE: FEH i Peptone; BE: 4:P1E Beef extract; KN: fifiRéfl KNOg; YE: EEf:H} Yeast.
H: AFFHEFREINZER B (P <0.05), T,
Notes: Different letters indicated significant difference among treatments at 0.05 level. The same below.

E1 AR (A) & (B) BEHTSBHEE 25 C BHERT7d HERKPIIEHIE

Fig. 1

Soluble phosphorus concentrations in culture liquid of Enterobacter aerogenes cultivated 7 days

under 25 C in different carbon (A) and nitrogen sources (B)
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J3r9h 314.92 mg- L' Fi1 321.41 mg-L™", i
MR A 3/5 1 415 B, 2B Akt HL A B0 110 e
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mg-L™" (& 2A), #1th pH X 7= AT 18 11 ff
RE A W, Wih pHAEBOR, i wEAE ) B

W%, M4 pH {E 5.5 A1 6.5 i, %R kA KR
() fi 0% B8 1, M B a4 B b 307.2 mg-LTt AN
318.82 mg-L™", HIK A#ith pH{E 4.5, 3.5 fl12.5
BF, 7EWIEG pH {H 1.5 B fi#BERE )1 ik, frmkiEh
125.6 mg-L™ (& 2B). K& NaCl ¥k F+i, 7=
SIHFFR R RE )1 2 PR, 7 NaClVRE N
0 F11.0 g L™, IXEMEMIERE TR, w7l
4 331.45 mg-L™" 1 328.72 mg-L™", B EFE TIH
B (E 2C),
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Fig. 2 Soluble phosphorus concentrations in culture liquid of Enterobacter aerogenes cultivated 7 days under
25 <C in different liquid volume in flask (A), pH (B) and NaCl (C) levels
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CaHPO,; Al-P: #ilik4H AIPO,; C-P: 245 Calcium phytate.

B 3 AEBHRTESBATETE 25 C EFHEHR 7d AR
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Fig. 3 Fermented liquid pH and soluble phosphorus
concentration in culture liquid of Enterobacter
aerogenes cultivated 7 days under 25 C in
different phosphorus sources

331.83 mg-L™", X} FePO, fil AIPO, b ELA #5411
Vs Re 1, Hf W i 43 i O 253.61 mg-LT Al
203.65 mg-L™", XA RS A0 i A RE O B, H#
Wit 179.63 mg-L™" (&8 3A). FEXT 5 AR 1Y
W D, KEFREL pH BT (&13B ). A
FMEHTRN, B pH FI7= ST B R R
PR B 5 W AHOC (r=-0.54, n=25),
24 FEBHEMENLEENFSNLIEET
E3:0p=A
EREAREG, M SR I R R T
OGS S, IRy 50.6%, TN AR PR LS
RAAMSATRIEEELN (£ 1), AR
TR R T Rl e R DR AT P, B R 4 )
9 20.6% 1 21.0% ;111 % Bl 98 12 il A ok Ak &
1 BERMESHTENENLEEAARSSBNEM

Table 1 Effect of adding Enterobacter aerogenes on
soil available nutrients of moso bamboo seedlings

PUMIE LS Xt g it FH 77

Observed variable Control Adding strain
%tk Available P/(mg-kg™) 4.62+0.38 b 6.96+0.45 a
A% Ammonium N/(mg-kg™) 0.97+0.13 a 1.1420.16 a
A4 Nitrate N/(mg-kg™) 2111025 a 2421028 a

i FITARE R R E R B3 (P<0.05), T,
Notes: Different letters in the same row mean significant
difference at 0.05 level. The same below.
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Fig. 4 Effect of Enterobacter aerogenes inoculation on soil enzyme activities
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Fig. 5 Effect of Enterobacter aerogenes inoculation on root total phosphorus and
leaf phosphorus functional fractions of moso bamboo seedlings



% 31

tRokAr, R R RO AR SO BAT R e AR AR 43

&2 EMPESETEXN BN SEHE KBRS
Table 2 Effect of adding Enterobacter aerogenes on
the growth variables of moso bamboo seedlings

AR Xof it FH 4 79
Observed variable Control Adding strain

i % Seeding height/cm 22.42+0.65b 29.36+1.27 a

142 Ground diameter/cm 1.49+0.08b 1.84%0.09 a
AW Total biomass/g 3.6210.21b 5.23+0.13 a
Ve Sl A3 %

Aol 257:0.36b 3.65:1.86 a

Net photosynthetic rate/(umol-m2-s™")

AR A SR A B A A AR B i
MEEVEREIRER M RE 1A B B W, B s,
it B A 0 P Ao A R AR AR 2 I PR
RV A PERERRER, 73U i Rt i oy ]
VN5 5 43— 12 e 200 A1 W98 T il A DG 6 1R 1) 2R K100,
ARWFFREER LI, 7T B e IR R o ol 4
TS X AR P VA SR B i, D T BB 2 P A
BT A 20 W SOR FHIX 2 il 43S B e i I Wt R G
FEH MR, St AEAAEHETE, SE A A
PRV A PRI o UG AR W A A T A 2R
RSB R EZ UK, SR e
ZHE AR A H EZEE T, Wenzel™ & 8
R s 4 T 7E AR A NH, ST Cay(PO,); ELAT &
FIVERRAE ST, A JEH NO3 X Cay(PO,); JLF-#

BERAE T . ABIRGR SR, PRI R e AR
S NH4" 1 NO3 B Xof 15 12 4 34 HLAT B 41 10 1 i g
F1, XA R A TR G L S,
NAPERAESR . DIAEBFRE R, iR irh 3k i . 4
f pH (BRI 2 X5 Bt 2 5 R R el 9 %o W
PEREIR 7 e 10", Zeng!™ X i 41 1A JW-
SD2 TR RFPERF I B 8L, ANFZEE . With
pH {ELFIAN 7]k e o X2 TR Ak 1 A BE T A 4
SR, GIESE T IR e U E R BaE
M, FRE R 7 b L X RS R R & 2%,
R RN AR SR AR, AP R R,
PR A R R R A R S TR, B
A AN R R R R T T .

FEBEUE D AL AN S A] R, A FE AR
FEBE A DT E L I VLR (R . SRR . Fr
R . RIRSE ) FRAR 4 pH, (R dExEA T
MRS, WA A R B U E PR S L3
Fe** . AP* | Ca®" M TE S, il SR
B A I PR (W) A R B  , RR T R AR 5
FUO BEAb, A= A R S A P vl L
1 B IREERG fL - EE L, B e S A
B ASHEE AR ARG SE T & B S AT X G
PUBRIRES TS . 2l . SRBEFIA DLBE IR A RR 5 SRR

* 3 MARBAS5ENEERZ BRIHEXE
Table 3 Correlation coefficients between leaf phosphorus fractions and each measured index

MR FR
Observed variable

H-FHLUE

Leaf inorganic P

#:25% Ammonium N/ (mg-kg™)

A% Nitrate N/(mg-kg™)

H %% Available P/(mg-kg™")

pH/E pH value

W JF % Mineral N/(g-kg™)

41 Leaf total P/(g-kg™)

R & 4%k Root total P/(g-kg™)

£ Leaf biomass/g

T RA Y& Plant biomass/g

kA Urease/(nmol-g™")

1 IR Acid phosphatase/(nmol-g™)
TP ER Y Alkaline phosphatase/(nmol-g™")
4L Catalase/(nmol-g™")

A% 2R Net photosynthetic rate/(umol-m?-s™)

-0.130

-0.291
-0.252
-0.666

-0.680
-0.028

B LR -5 B
Leaf sugar P Leaf nucleic P Leaf residue P
0.041 0.631 -0.607
-0.461 0.628 -0.569
-0.613 0.948" -0.961"
0.217 -0.829' 0.895"
-0.342 0.701 -0.647

0.432 -0.951" 0.979"
-0.321 0.927" -0.924"
-0.279 0.925" -0.941"
-0.445 0.881° -0.937"
-0.242 0.758 -0.848
-0.626 0.853 -0.788

0.500 -0.055 -0.081
-0.841" 0.803 -0.777
-0.359 0.949” -0.948"

i REREREE (P<0.05) ; *REERREE (P<0.01).

Notes: * means significant difference at P<0.05 level; ** means significant difference at P<0.01 level.
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Phosphate Solubilizing Characteristics of Enterobacter
aerogenes and Its Growth-promoting Effect on
Phyllostachys edulis Seedlings

XU Bing-shi'?, CHEN Fu-sheng'?, ZHANG Lin-ping"?, YANG Dou', LIU Ren', ZHANG Yang'

(1. Key Laboratory of National Forestry and Grassland Administration on Forest Ecosystem Protection and Restoration of
Poyang Lake Watershed, Jiangxi Agricultural University, Nanchang 330045, Jiangxi, China; 2. Jiangxi Key Laboratory of
Forest Cultivation, College of Forestry, Jiangxi Agricultural University, Nanchang 330045, Jiangxi, China)

Abstract: [Object] This study aims to investigate the phosphate-solubilizing characteristics of Enterobac-
ter aerogenes and its growth-promoting effect on Phyllostachys edulis. [Methods] The effects of different
carbon sources, nitrogen sources, and environmental factors on phosphate solubilizing ability of E. aero-
genes were evaluated by culture method of shaking liquid. The effects of the strain on available nutrients,
enzyme activities, total phosphorus contents of roots and leaves, and phosphorus fractions of leaves in
rhizosphere soil of P. edulis were studied using pot experiment in greenhouse. [Results] E. aerogenes dis-
played the strongest phosphate-dissolving capacity on tricalcium phosphate when the initial pH was
5.5~6.5, the volume of liquid was 1/5 or 2/5, and salt ion concentration was 0 or 1.0 g-L™'. Carbon source
was sucrose or glucose, and nitrogen source was ammonium sulfate. The average phosphate solubiliza-
tion of E. aerogenes to Cay(PO,); and CaHPO, was 331.83 mg-L™" and 345.91 mg-L™", respectively. Com-
pared with the control treatment, the rhizosphere soil available phosphorus, phosphatase, urease activities
and leaf net photosynthetic rate increased by 50.9%, 20.6%, 21.0% and 42.0% in P. edulis seedlings in-
oculated with E. aerogenes. The ground diameter, seedling height, and biomass accumulation were high-
er by 31.0%, 23.5% and 44.5%, respectively. Total phosphorus contents of roots and nucleic acid phos-
phorus contents of leaves in P. edulis significantly increased while residual phosphorus contents in leaves
significantly decreased. Total phosphorus, metabolic phosphorus, and sugar phosphorus contents in
leaves were steady due to inoculating E. aerogenes. [Conclusion] E. aerogenes has potential to highly ad-
apt to the environment and improves the growth of P. edulis seedlings via increasing root phosphorus ab-
sorption and leaf nucleic acid phosphorus accumulation. It is also a potential strain for the development of
special biological fertilizer for bamboo forest in phosphorus deficient area of Southern hills and has a good
application prospect.

Keywords: Enterobacter aerogenes; phosphate-solubilization; Phyllostachys edulis; growth-promoting
effect; phosphorus functional fractions
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