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The phosphate-solubilizing ability and growth promoting effects of
Pseudomonas vancouverensis strain PAN4 on walnut

QIAO Tianmin, LI Shujiang, HAN Shan, ZHU Tianhui, WANG Shushan
(College of Forestry, Sichuan Agricultural University, Chengdu 611130, China)

Abstract ; [ Objective ] The dynamic change of phosphate-solubilizing ability of Pseudomonas vancouveren-
sis strain PAN4 under different culture conditions and the effects of growth promotion and the photosyn-
thetic characteristics of walnut, Juglans sigllata, seedlings were studied. [ Method] The phosphate-solu-
bilizing property was studied in liquid Pikovskaya medium (PVK). The influences of carbon source, ni-
trogen source, initial pH and temperature on phosphate-solubilizing of P. wvancouverensis strain PAN4 were
determined using a single factor test. The growth promoting effects on walnut seedlings were conducted in
sterilized soil and unsterilized soil , respectively. [ Result and conclusion] The available phosphorus content
in supernatant of strain PAN4 significantly increased with time extending, with the maxium content of avail-
able phosphoru reaching a peak at 48 h. The malt and corn steep liquor was the optimal carbon source and
nitrogen source, respectively. The maxium growth mass and the maxium phosphate-solubilizing ability were
obtained at 28 °C under pH 7, and both had a significantly positive correlation. The increase of plant

height, basal diameter, net photosynthetic rate, transpiration rate and chlorophyll content correlated with
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the concentrations; the higher the concentration, the more increases. The effect of compound fertilizer

was less than those of the bacterial inoculant with the concentrations of 10%and 10° cfu

- mL™". The

growth promoting effect of the bacterial inoculant was better in unsterilized soil than that in sterilized soil.

Key words: Pseudomonas wvancouverensis; phosphate-solubilizing ability; walnut; growth promoting

effect; photosynthetic characteristic
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Fig.1 Dynamic changes of the phosphate-solubilizing ability of
Pseudomonas vancouverensts strain PAN4
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Fig.2 Dynamic changes of the bacterial growth mass of Pseudo-
monas vancouverensis strain PAN4
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Fig.3 Effects of the bacterial mass growth of Pseudomonas vancouverensis strain PAN4 under different conditions
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Fig.4 Effects of the phosphate-solubilizing ability of Pseudomonas vancouverensis strain PAN4 under different conditions
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Tab.1 Effects of different treatments on the plant height and basal diameter of walnut seedlings

A Ak 3/ § Bt /em . H42" /mm .
Cefu-my T i e WA R LEHKEY /%
10° K+ 42.06 +1.21 45.77 +1.56 8.82Bh 10.11 £0.55 10.67 £0.57 5.53Be
FEKHE+ 48.79 +1.17 54.34 +1.71 11.37Ag 11.73 £0.42 12.55 £0.50 6.91Af
10° KE+ 41.26 +1.09 45.76 £1.51 10.91Bg 11.37 £0.35 12.03 £0.48 5.72Be
JEXE L 42,78 £1.15 49.35+1.55 15.36Af 11.09 £0.51 11.02 £0.62 8.38Ae
10* Kt 41.84+1.23 47.22 +1.46 12.86Be 11.02 £0.61 11.79 £0.77 6.98Bd
FEKE L 46.20 +1.55 53.75+1.48 16. 34 Af 9.77 £0.67 10.86 £0.76 11.15A¢
10° KiFit+ 52.38 +1.30 58.40 +1.50 11.49Bf 12.89 £0.55 13.78 £0.72 6.90Bd
FEXKHE L 43.80 1.13 52.12+1.62 18.99Ae 12.20 £0.48 13.41 £0.55 9.92Ad
10 KE+ 48.22 +1.25 55.06 +1.72 14.23Bd 10.27 +0. 54 11.24 £0.74 9.44Bc
JEXRE L 47.15+1.33 56.42 £1.60 19. 66Ade 10.70 £0.41 12.01 £0.55 12. 06Abe
107 K+ 44.66 +1.10 52,24 £1.53 16.97Bc 10.67 £0.32 11.77 £0.49 10.31Bbe
JERA L 47,40 £1.07 57.66 £1.41 21.65Acd 10.85 +0. 44 12.31 £0.52 12.63Ab
10* KE+ 50.68 £1.24 59.10 £1.55 16.61Bc 11.37 £0.56 12.56 £0. 63 10.47Bb
FEKE L 46.80 +1.27 58.23+1.78 24.42Ab 12.15 £0.50 13.60 +0.61 11.85Abe
10° K+ 42.50 +1.44 51.67 +1.33 21.58Ba 11.28 £0.61 12.59 £0.69 11.61Ba
JEXE L 45.75 £1/40 57.56 £1.41 25.81Aa 11.00 +0. 67 12.58 £0.70 14.27Aa
ZAIE K+ 45.23 £1.42 54.32 £1.30 20. 09Bb 11.80 +0.53 12.96 +0. 68 9.83Bc
EXE L 50.23 +1.50 61.38 +1.42 22.19Ac¢ 11.25 +0.39 12.59 £0.50 11.82Abe
ToHk Kt 45.60 £1.22 48.68 £1.10 6.75Ai 11.92 £0.28 12.30 £0.33 3.10Bf
FEKH+ 51.93 +1.55 55.52+1.25 6.91Ah 9.33+0.29 9.88 +0.34 5.89Ag

DA FPHEHS RELQTHMA £ 474£38;2) MAREBALEY 2 MBS, LEA—AMAXEFEE, AFRHEAL
A RBA L ZFARRE(LSD % ,P>0.05) ;48 F) 24 R FR LA A A2 04 R 5 4 e, LB A — AR B T, RF R
B Ak £ F R 2% (LSD i%,P>0.05).

x2 AELEIZHE L EHFENMm

Tab.2 Effects of different treatments on the photosynthetic characteristic of walnut seedlings

pnl L OS2 Tk Pn"/(pumol - m™> - s7") . Tr"/(mmol » m™> +s7") 1 522)
(cfu - mL") ST, g CEREY T g MkE%

107 K+ 4.56£0.22  4.67+0.20 2.41Bi 2.66 £0.25 2.78 £0.32 4.51Ag
B K+ 4.75 +0.18 5.05+0.33 6.31Ah 2.64+£0.20 2.77 +0.30 4.92Ag

10° KE+ 4.74+0.20  5.19+0.35 9.49Bh 2.68 +0.22 2.99 +0.21 11.56Bf
KR+ 4.85+0.23  5.56+0.37 14.64Ag 2.72+0.24  3.21+0.26 18. 01 Af

10 K+ 4.52+0.17 5.65 +0.30 25.00Ag 2.76 +0.19 3.09 £0.35 11.95Bf
K+ 4.82+0.18 5.99 +0.41 24.27Af 2.77 +0.18 3.34 +£0.30 20.57Ae

10° K+ 4.65x0.15 5.98 £0.39 28.60Be 2.72£0.20 3.11 £0.28 14.33Be
R+ 4.39 £0.27 5.77 £0.42 31.44Ae 2.51 +0.20 3.08 £0.29 22.71Ad

10° KE+ 4.53+0.26  5.96 +0.40 31.57Bc 2.70 £0.22 3.12 £0.40 15.55Bd
XKW+ 4.68 £0.23 6.23 +0.55 33.12Ad 2.66 +0.29 3.25+0.36 22.18Ad

10 K+ 4.39+0.19  5.84+0.45 33.03Bb 2.60 £0.27 3.06 +£0.30 17.69Bb
KA+ 4.53£0.20  6.25+0.51 37.97Ab 2.53+0.27 3.20 £0.26 26.48Ac
10° KE+ 4.78 £0.21 6.26 +0.52 30.96Bd 2.76 +0.26 3.23 £0.25 17.02Bbe
KB 1 4.4720.26  6.19+0.49 38.48Aab 2.53+0.25 3.23£0.30 27.66Ab

10° K+ 4.77 +0.31 6.51 +0.54 36.48Ba 2.74 £0.30 3.35 £0.31 22.26Ba
XKW+ 4.73 +0.35 6.56 +0.58 38.69Aa 2.66 +0.24 3.47 £0.33 30.45Aa

=Rl K+ 4.71 0.33 5.98 +0.55 26. 96Bf 2.71 £0.17 3.16 £0.25 16.61Bc
KA+ 4.56 +0.28 6.12 +0.52 34.21Ac 2.53+0.24 3.19 £0.29 26.09Ac

TH K K+ 4.55+0.16  4.58 +0.33 0. 66Bj 2.83+0.16  2.85+0.23 0.71Ah
JEKE 1 4.05+0.14  4.19+0.32 3.45Ai 2.31+0.13 2.32£0.20 0.43Ah

D) APHIEAS KRELGTHE £ F5E2;2) MEREAANLEG 2 AKESE , LEAA—AMAMRAXEFEHE, AFTREL
Foedf R L ZF R E2F(LSD % ,P>0.05) ;M F L HRRRERMNLE YR I H B/, LEA—ANHE NG FEH, LFFR
Bl Ak £ F AR B % (LSD %,P>0.05).
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Tab.3 Effects of different treatments on the chlorophyll
content of walnut seedlings
[l i3 e w(Hg%) "/ (mg-g™')  BKED/
(cfu+mL™") REPRG I %
102 Kt 4.27£0.21  4.56+0.19  6.79Bh
JEXHE L 3.80+0.15  4.20£0.20 7.96Ai
10° K+ 4.07£0.13  4.41£0.33  8.35Ag
X+ 4.26£0.22  4.62£0.29  8.45Ah
10* Kt 3.90£0.26 4.27+0.26  9.48Af
FKEL 3.92:0.20 4312024 9.94Ag
10° KHit 4.02£0.22  4.46£0.24  10.44Be
X+ 3.49:0.25 3.91£0.18  12.03Af
10° Kt 3.91£0.23 4.38£0.20  12.02Bd
FXEL 3.67+0.17  4.1420.19  12.81Ae
107 KEt 3.67£0.19  4.17+0.14  13.62Bc
FXF L 3.57£0.25 4.10£0.20  14.84Ad
10° Kt 4.09£0.20 4.65:0.22  13.69Bc
FxEE 3.68£0.21  4.28+0.14  16.30Ab
10° Kt 4.16£0.23  4.87+0.24  17.06Aa
EXKEL  3.72:0.28  4.37:0.25  17.47Aa
A KiEt 4.15£0.30  4.78+0.32  15.18Bb
KW+ 3.57:0.27 4132026 15.68Ac
Tk Kt 3.93:0.21  4.18£0.25  6.36Bh
FXKELE 3.25:0.17  3.48:0.18  7.074j

DA PHIEH S REL-TF I + 4042;2) MRKRER
RIAL L6 2 AN , LAA — MR KRB FH4 A TRHA
T AERFELEFAREZE(LSD %,P>0.05) ;M LHRE
RERMEEAR S KEE, LEA—NER NS FEH,
AT RE R R LR £ 5 R 2% (LSD #%,P >0.05).

3 it 5%ie

AP AR A B A AR i BE ), 22 s AR
PEA K AH3Z B 57 5510 (BRBE pH B FR I ] B 57
T BE A ) ARG o 35 v U B i R s e A K, HOAS
e A e A AR A AR AR R 22 5320 IR LA X A ) i
WA TS + e L oKL &Y A A
e H IR B CE Y B e IR A 5T, ok R IR 2 AR )
BUEFRY T, X T A 0 A B RN A B A A AR
A TR R XIS R B, LR Bk U
I, SR NI P. fluorescent T HERE JJ 45535 3 X1 3C
FLEIN, PEAAA S IR TE R T Burkholderia ce-
pacia TE LA SERERRIRET , FPES RO S fE. ol A
VR RIREN I , R T & Penicillium oxalicum TETES A,
TEAES 0 B B TR B S R B TS R AL B 5 i
Whitelaw ™' ({38 WA I : O 95 55 P. radicum 75
SRR EE P RS A R A h W 21
IR G A LR Al vh 22 200 L BR300

oA U, AR T 40 S I e U 2 U
FFEBEE AR R, B 05 m s R R
VABERE 1A RE ik BB K. FREE A1 1 U g B
VA B A 400 B9 A K RV S I R 3 , AR T 9 45
e pH S 7 R 28 C B i AF ARSI TR TR AR
PAN4 A= KA FVAB R IR, 5 2 il — 80,
ARG FR I pH R 35 T 1T L B 5 O I 14 A
KAE ) BUABERE 1. T3 oh, ARG 0 % 0 T TR A K
FO W i 22 ) AT AH 91, 55 Narsian 2577 #15%
i 7 2 RS — 8, BT R 5 [ A 0 1 v B AL
A, A A R R B B AR PANA B )
14 % EVABE RN B R . R, o R B A
i B T bk PANA SRS ER RO B ST, 1T LA — B4R
PP BEPLEFT T RS Y SE At

52 B4 B AL R 2R v 6 S 0 R 1) — S A Bl
LR AR W AR, BT L4 v b 1 P R
BE s R ST S8 R AR AR BR
A YRR HPTA R AT, & GE M
W1 T SRR A K 10 B 3 A YR TR
BB MR PANA J2 5355 B AR bR 1% 1 fk 4
P, I B TER AR bR & B A L A AR T 4. 1E
SR R, B S 56V 45 AN R
5 ARG R AR B T PANS S
PR bR AR £ I I o o I 4 2%
SR A R R R BE 10, 33X T B 5 R 1 0 3 AL
T 3 R 2R AR R RIS 2 564 1E
A K. mH B BRI A SOv A T2 A B, 2z X 2R
BT N R A, R — U W I R BT
S FAR R B AT S P A, TR E R K I A
BB LK 0, S5 A ARG iR I8, 4D T A2
T ARKE - h A B 5 — S B e Y, 8% R
A A 3T A PR o B R 1) B R T, B R
EFHE (I B A T bk PANG (R B AE T 5. AT
TR T ) S 1F R 34T 00 208 58, 107 P 19 T ok
PAFIE FIBONAF & K ZHERE R 45 8> HIE A A
SRR IR IR AR K, M R AR T AR
AR AR HOE B R ) 2 R SR N
— VPRI O v AN T R % S A )
K ACC AR Bk R W S5 ot M i 5
iy R A ) T A 25 BB, DT 7 ) A 4 41 A
Bl HOVE T, ASF 5% A I AR A (B MO TR B vk PAN4
XZBEET I AEVE B3, Bz e & HA Ll
YIRS B, R AR
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