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Effects of Phosphate—solubilizing Microbial Inoculums on Soil Nutrients and Corn Growth

QIAN Lin-zhao'% GONG Ming-bo", GU Jin—gang', LI Shi-gui', WANG Qiang”

(1.Key Laboratory of Microbial Resources, Ministry of Agriculture/Institute of Agricultural Resources and Regional Planning, Chinese A—
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Abstract: Phosphate—solubilizing microorganisms (PSMs ), which are commonly found in soil, can solubilize insoluble phosphate (P), reduce
phosphorus fertilizer fixation, increase the utilization ratio of P fertilizers, and promote crop growth. In order to analyse the effects of different
phosphate—solubilizing microbial inoculums in field, the experiment was conducted to study the effects of soil nutrients and output of corn af-
ter three phosphate—solubilizing microbial inoculums in plot experiment. The results showed that available phosphate in soil was increased
remarkably after Penicillium oxalate 11 (11), Aspergillus niger H1 (H1) and Bacillus Megaterium (BM ) were inoculated. When the concer—
tration of P,0s were 0, 46, 75 kg-hm™ and 92 kg-hm™, the content of soil available phosphate was increased 6.47%~37.13%. At prophase of
corn growth, when P,05 was 92 kg-hm, the soil pH was decreased, and the soil exchangeable Ca, Mg and available Fe, Cu and Zn were in—
creased significantly, and the activity of SOD, POD and CAT enzyme was also increased. However, at the same condition, the content of
available Mn was decreased higher than CK. As a whole, the ability of increasing exchangeable Ca, Mg and available Zn was H1>I1>BM, the
ability of increasing available Fe was H1 =BM>I1, and the ability of increasing available Cu was BM>H1>I1. The output of corn increased
remarkable after three inoculums were inoculated, and the output were increased 8.2%~12.1% higher than CK at 92 kg-hm™ of P,0s.

Keywords: microbial inoculants; phosphate—solubilizing; soil nutrient elements; corn
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pH 8.25, A2 (P)9.02 mg-kg™, SH LS BE49.78 |
3.26 cmol -kg ™, AR 4 H L BEON 2.76.5.25,
0.52.1.26 mg-kg™,
1.2 st
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Table 1 Effect of inoculums inoculation on soil available P at different P levels (mg-kg™)
wkE L
10 17 24 31 45 71 110
PO 11 10.12a 9.08a 9.22ab 9.19a 8.01ab 7.21a 6.25a
H1 10.59a 10.22a 10.01a 8.90ab 7.63ab 7.14a 6.54a
BM 9.38a 8.55a 8.67b 8.55ab 8.55a 7.20a 6.59a
CK 8.70a 8.50a 7.84h 7.10b 6.97h 6.63a 5.87a
P1 11 12.67a 9.90ab 8.96b 9.57a 9.27a 7.77a 5.52a
H1 12.07ab 9.82ab 9.97a 9.07a 8.06b 7.87a 5.27a
BM 12.05ab 11.58a 10.40a 9.06a 8.11b 7.61a 5.39a
CK 9.63h 9.03b 9.30ab 8.69a 7.92h 7.06a 4.87a
P2 11 12.10a 10.47he 9.72ab 10.22a 10.37a 6.35a 5.54be
H1 12.42a 12.03ab 10.70ab 10.02a 10.27a 6.50a 6.87a
BM 13.48a 12.75a 11.00a 9.62a 10.12a 6.37a 6.17ab
CK 9.79h 9.40¢ 9.33h 8.36b 8.56a 6.14h 5.01c
P3 11 12.36ab 11.38h 11.17he 9.57a 8.76ah 7.54h 6.93a
H1 12.06ab 11.56b 12.81a 10.26a 9.25ab 9.0la 7.36a
BM 13.74a 13.31a 12.17ab 11.15a 10.12a 9.88a 7.26a
CK 11.61b 10.41b 10.32¢ 9.64a 8.24b 7.49h 6.58a

T : PR RV NG FREROR 225738 5% B E KK TR

HI 4b¥E 5 CK WA B E 25, SR Lo
BM>HI>IL, ZEWCER I, it FH B 590 11 . H1 #1 BM 5, &
B WOWE o e CK 43 BB 5.32% . 11.85% Fl
10.33%,
2.2 P3KET, AEEFIT LI pH BRI

4 3 B0 ER e 8] 7 6K AR KA [R]Is AG:
I+ 58 pH {EA8 4k, 3% 2 Hal F i, BRI 38 pH (.
SR R it FH R AT 31 d, B D 3 pH Y
M 22 5 i 25, 1498 pH {E4% CK AbFETRRE, 55 31 d B,
11 H1 F1 BM 40P 5 -+ pH {843 51 Fe B R [40.09
0.18 F1 0.12, %5 45d )5, S HEFIAHLRIRA B &2
5,3 BRIV EEAE LG WA VIR, FEE
RR A, 20 WA HILIER DA R AIK - 38 pH {8, 7655
45 d J5 , RARTE 1 S8 rh A7 36 B0 K am el b, A [m b 2

&2 PIKETHRARRENLE pH ETL

Table 2 The change of soil pH value after inoculums inoculation

at P3 level
e R KA /d
10 17 24 31 45 71 110
1 8.13b 8.18ab 747¢ 7.76ab 8.20a 7.62a  8.04a
H1 83la 8.20ab 7.60b  7.67h 8.14a 7.58a  7.96a
BM 82lab 8.04b 7.68ab 7.73ab 7.97a  7.70a  8.06a
CK 833a 832a 7.84a 7.85a 8.13a 7.63a 794a

f 43 pH [HZ M 22 57 A B3
2.3 P3KET, AEEFIN LELRESENZMm

M 3 AT LLE MBS Tk AR K, 3 ss e
Ca Mg & BB HIFFAC, AR B - 358 b Ca Mg
AR b a3 5 1 18 pH (HAR LB 5 —3K. i A 3 RS
] PR BRI R b B, A AR K SR, - 858 Btk Ca Mg 1Y
itk CK (R H2E Fo B 2 il RR 11 H1 F1 BM
J&  FESS 24 d B, 3RS Ca i LE CK 4351138
3.23% .4.76%F1 1.79% , +- Atk Mg 7 & kb CK 43
BN 6.96% .7.91%F1 6.95%
24 P3IKET , AREFIX LEFZ Fe Mn . Cu.Zn i
=2

F AL Fe CuZn & 57 £ KREEA A K
WA SRR I (R 4) iR S, HIEA
% Fe Cu.Zn &t CK &, 134 Mn & 827E
FORFA AR WA E, ARG,
e CKAK, MR 11 H1 A1 BM J5 , 2R
i, AR Fe S H CK 23BN 2.84% 7.46%
f13.23%, LHEARL Cu L CK 4351381 3.80%
5.85%M 15.51% . FIEARL Zn F a0 CK 43334 n
7.74% 11.64%F1 6.94%, +IEAEL Mn )75 H CK
A RREAR T 7.60% 4.56%F1 1.89% . F AAEA K3 8
H T 2L Fe Mn Cu Zn 058070, 43580t A
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& 3 P3KETHERAERIX LIS RN (cmol kg ™)

Table 3 Effect of inoculums inoculation on soil exchangeable Ca and Mg at P3 level (cmol-kg™)

- b FERE KA/
10 17 24 31 45 71 110

A Ca 11 10.038ab 9.834a 9.771a 9.638a 9.371a 9.007a 8.740a
H1 10.583a 10.116a 9.916a 9.782a 9.582a 9.183a 8.782a

BM 9.964h 9.803a 9.634a 9.503a 9.403a 9.034a 8.803a

CK 9.793b 9.627a 9.465a 9.331a 9.321a 8.927a 8.727a

APt Mg 11 3.657a 3.527a 3.490a 3431a 3.358a 3.322a 3.239a
H1 3.685a 3.553a 3.521a 3.465a 3.420a 3.331a 3.297a

BM 3.480a 3.445a 3.480a 3.413a 3.313a 3.275a 3.181a

CK 3.363a 3.302a 3.263a 3.261a 3.235a 3.297a 3.195a

x4 P3IAKETHEAEFLES & AEFENZIEN(mg-kg)
Table 4 The changes of soil available Fe, Mn, Cu and Zn after inoculums inoculation at P3 level (mg-kg™)
B0 Sb 3 LR T
10 17 24 31 45 71 110

ARk 11 2.936a 2.972a 2.999a 3.328a 3.484a 3.293a 3.404a
H1 2.977a 3.024a 3.163a 3.302a 3.324a 3.456a 3.557a

BM 3.014a 3.058a 2.954a 3.255a 3.178a 3.402a 3417a

CK 2.791a 3.038a 2.620a 2.625a 2.883a 2.963a 3.310a

ARGE 11 5.327a 4.851ab 4.961a 5.300ab 5.349a 5.448a 4.901a
H1 5.336a 4.402b 5.252a 4.966h 5.125a 5.464a 5.062a

BM 5.266a 5.025a 5.578a 5.533a 5.358a 5.369a 5.204a

CK 5.227a 5.026a 5.572a 5.294ab 5.400a 5.717a 5.304a

A R 11 0.592ab 0.614a 0.618a 0.648a 0.625a 0.608a 0.656a
H1 0.613a 0.601a 0.622a 0.631a 0.628a 0.645a 0.669a

BM 0.638a 0.646a 0.603a 0.697a 0.665a 0.631a 0.730a

CK 0.516b 0.533b 0.624a 0.611a 0.507a 0.518a 0.632a

B 11 1.330a 1.361a 1.388a 1.369a 1.298a 1.377a 1.351a
H1 1.375a 1.390a 1.486a 1.363a 1.332a 1.446a 1.400a

BM 1.256b 1.270b 1.397a 1.355a 1.248a 1.350a 1.341a

CK 1.268b 1.279h 1.337a 1.273a 1.191a 1.249a 1.254a

J& , BB BEER 40 Fe \Cu Zn, NI S b F—H
iy <k
2.5 P3KET, AEIEFI EXM AR EERNZ N
A AL P AL (SOD) | i Atk &R (POD) | i
A ALY (CAT) ZAH YA K R b LR EE 221 3 Fif
TR TERE . SOD REfEIs Br A AR ™ A A 4 A
3%, B b M A ) T AR R 2 G B
POD REFEFAAEMIH LN TAA, XFFEHRIA YA
TAA i, 2 M A 20 rp s — 2 VAl e DG B
CAT FE 35 B FN LR PR P9 P AR SO o 4
Fo Bk b RS e IES 24 d 31T AR 45
d FZEFEIEE 71 d,SOD . POD 1 CAT il 1% Pk 2 3 5
F CK,SOD F1 POD 7e4& 15 A Jinfiz 2 , CAT Jfis
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Figure 1 Effect of inocula inoculation on the leaf protective enzyme

in different growing periods of corn at P3 level
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W B el R MV A o6, A Tt — 298 5 22,

Tl A 0 TR R A VR B R v o R P R P A A LA
A YA S T BN = UEYTE I e
I [] — B RE A 35 31 40 d, Bifi 25 R [R] (9 S, TR AR 1Lk
7E AR TY, AHEST N 3 RIS, 13 pH
(B S MEEG EE A AR VR EEE T 31 d, SXTIRZ
)25 5 W3 X SRR AE KA —8, HIEpH HYS
MEV B VS A o P AR DG PER A AR A 4 Wbt 25
o1 A SRR AL, IR B L AR SRR FAEAR &R
AR HIERRAC AT — 2 2 Va1, 13 pH {E
/INF 6.5 J5 , 13 pH (EHE AT BERZ A VEP I IE 7 AR K
KA A Y 5 2 T B SRR e T 2 —
H IR

4 Hig

HR A EE AN B OREF AU BRI AE FH 18]

R 7P 5 P 7 T
REMZ E A $ i L A i i, 3 Y PR

IR A T RE

x5 TEBIKFTELEENRKSE (kg-hm™)
Table 5 The corn yield at different phosphorus levels (kg+hm™)

A PO Pl P2 P3
ISt -~ \ - . - \ - »
e e e e Fe e Fe B
11 6278a 15.7% 6557a 11.5% 7187a 14.9% 7251a 12.1%
H1 6293a 15.9% 6515a 11.0% 6989a 12.4% 7013a 9.2%
BM 6071a 12.8% 6 386a 9.2% 6788a 9.9% 6941a 8.2%
CK 5295h 5801b 6119b 6371b
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