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Abstract: [ Objectives ] Phosphorous (P) is easily immobilized in soil and hardly converted to available P. The

capacity of soil P activation and growth promotion of phosphate-solubilizing bacteria strains were studied for
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solving the problem in this paper. [ Methods ] Burkholderia XQP35 (P35) and Raoultella SQP80 (P80), which
have been identified as high P solubilizing strains, were used as test materials. The calcium phosphate in liquid
NBRIP medium was replaced by aluminum phosphate, iron phosphate, calcium phytate and lecithin respectively
as the phosphorus source treatments, and the pH of the liquid NBRIP medium was adjusted to 4, 5, 6, 7 and 8,
respectively. The dissolved P amount was measured at 24, 48, 72, 96, 120 and 144 h of incubation. A soil pot
experiment was conducted using maize as test material. P35, P80 and commercial bacteria (EM) were inoculated
in soil as treatments, taking no strain as control. The maize growth and soil available P contents were measured at
the 20, 40, 60, 80 and 100 days of maize growth. The neutral and acid phosphatase activities, and the contents of P
fractions in the soil samples of 100 days were measured. [ Results ] Both strain P35 and P80 were strong in
activating calcium phosphate and calcium phytate, and poor in activating aluminum phosphate, iron phosphate and
lecithin. The solubilizing capacity was affected by medium pH within 24 h for P35 and 48 h for P80, afterwards,
the influence became less and the dissolved P amount reached stable with the incubation time. Strains P35 and
P80 improved maize plant height, P uptake and dry weight significantly, and the plant dry weights were increased
by 32% and 36%, compared with CK. At the 20, 40, 60, 80 and 100 days, the soil available P contents in both P35
and P80 strain treatments were always higher than those in CK and EM treatments, some time the differences
were significant. While the soil available P contents in EM treatment never showed significant differences with
CK. At the 100 day, the bacteria strains did not show significant effects on the activities of soil neutral and acid
phosphatase, but on the contents of inorganic phosphorus fractions to different extent. P80 significantly increased
H,O-Pi content, and P35 sighificantly in creased NaOH-Pi and NaHCO;-Pi contents, and the phosphorus
activation coefficient was increased by P80 as well. [ Conclusions ] Phosphorous solubilizing strains P35 and
P80 have strong solubility to calcium phosphate and calcium phytate and could adapt wide range of environmental
pH conditions. P35 is fast in activation of P, which might cause the re-immobilization of P in soil as showed in the
increased content of NaOH- Pi and NaHCO;-P1i at last. P80 is more effective than P35 as its relatively slow
activation of P and mainly increase the content of H,O-Pi, which is more conducive to the absorption and
utilization of maize.

Key words: phosphate-solubilizing bacteria; P activation efficiency; pH adaption; available phosphorus;
phosphorus activation coefficient; growth-promoting effect
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Fig.1 The amount of dissolved phosphorus in liquid NBRIP medium containing different phosphorus sources after

inoculated with P35 and P80 strain
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Table 1 Effects of different bacteria agents on maize growth and P uptake

iz s

Tapat

T W

43R . , , SPAD{H
Ground diameter Plant height Leaf area Dry weight P uptake
Treatment SPAD value
(mm) (cm) (cm?) (g/plant) (mg/pot)
CK 6.12+04b 5098+1.6¢c 6538+35a 8.93+0.6b 269+3.0b 20.18+0.6 b
EM 720+0.1b 73.25+2.9 ab 7436+79a 10.39 £ 0.7 ab 40.2+4.8a 2570+02a
P35 733+03b 65.28+22b 79.73+28a 11.75+05a 402+29a 2598+02a
P8O 740+05a 80.68 £6.7 a 90.69+15.0a 12.13+04 a 47.0+50a 26.18+ 0.4 a
1 (Note) : ANEFHEFRRAFALB]E 22 5 83 (P < 0.05) Values followed by different letters are significantly different among treatments
(P<0.05).
20 ¢ OcK o o .
s L aa 2 EM P80 AbHiAY + 3 H,O-Pi & & (9.34 mg/kg) B &EH T
3z ' o Lo b I P8O HoAb 3 AMARFE, % CK WEHRS 67%; B P35
S H a o . IS
?%Ef g; b; afabf b3 -4 rf NaHCO,-Pi #1 NaOH-Pi & i, 4351
22w i % 17.59 Fl 120.70 mg/kg, BEET CK 4bH (P <
J
g2 8Q 0.05), H##| EM. P35, P80 %f NaHCO,-Po. NaOH-
=S 6 K
22 Po RN, TR EWESR . KBEHENELY
2 H "Fﬂ%@i%ﬁﬂ:%ﬁ(, 1 77 P8O 1M 2 1% b R B s
0 . o
20 40 60 80 100 K 2.44%, AT CRAM,
HFH B8 A (d) 2.6 {IRAEBMERRSSBYMEXSH
Days after application of microbial agent .
Hi % 2 AT, NaOH-Pi X 8508 5 2 1Y i B 5
B3 mAEMETRNELRNENHEE

Fig. 3 Soil available P content in different days after
application of bacteria agents

[ (Note) : #F EAFFEERIR AL I IE 22 57 W% (P < 0.05)
Different letters above the bars indicate significant difference among

treatments in the same time (P < 0.05).]
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Pi (x,). Residual-P (x,) [B] (38420 M2 A B X1,
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Different letters above the bars indicate significant difference among treatments (P < 0.05).]
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Fig. 5 Content of phosphorus fractions and phosphorus activation coefficient in soil after 100 days
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[ (Note) : #: FAFFRER RN 25 7 2 (P < 0.05)

Different letters above the bars indicate significant difference among treatments (P < 0.05).]
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NaHCO,-Pi > NaHCO,-Po > NaOH-Po > Residual-P > WREPIREER, B BT RN

HCI-Pi, ' NaOH-Pi, H,0-Pi, NaHCO,-Pi, y =3.397 +0.066x, +0.515x, — 0.076.x, +0.18 1 x,
NaHCO,-Po. NaOH-Po %145 % & it B A7 1E o] B2 (R*=0.924,P <0.001)

B, H NaOH-Pi Fl NaHCO,-Pi % B #: 0 v K T % — 1] NaOH-Pi. H,O-Pi [ fma] Difg
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Table 2 Correlation and path coefficients of P fractions to available phosphorus

il 4% 2% Path coefficient

e
Variable " P e X, X, X5 X, X5 X, x; &1 Sum

X, 0.819 0.316 0.259 0.116 0.025 0.359 0.010 -0.017 0.010 0.503

X, 0.857 0.164 0.141 0.223 0.029 0.391 0.033 0.010 0.006 0.693

X; 0.324 0.138 0.045 0.058 0.035 0.116 —0.001 —0.031 0.009 0.186

X, 0.924 0.475 0.439 0.239 0.135 0.034 0.041 -0.004 0.004 0.449

Xs 0.432 0.079 0.034 0.039 0.068 -0.001 0.249 -0.002 0.000 0.353

X —0.089 —0.155 0.014 0.034 —0.011 0.028 0.012 0.001 0.003 0.067

X -0.227 -0.036 0.008 -0.086 -0.029 -0.033 -0.056 0.000 0.013 -0.191

7 (Note) : r,—HIZEFEEL Correlation coefficient; p,—if 1% Z 4 Path coefficient; r,p,— % w4} R? [F)E.Fifk Total contribution of variable to
R% y— T HEA %0 & & Soil available phosphorus content; x,—H,0-Pi; x,—NaHCO;-Pi; x;—NaHCO,-Po; x,—NaOH-Pi; x,—NaOH-Po; x,—HCI-

Pi; x,—Residual-P.
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