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Optimizing the Phosphorus—solubilizing Condition of Multiple Species Inoculants

HOU Jia—qi', LI Ming—xiao?, JIA Xuan? XI Bei-dou', WEI Zi-min", DANG Qiu-lingZ, SONG Cai—hong?, ZHAO Guo—peng'

(1.College of life Science, Northeast Agricultural University, Harbin 150030, China; 2.Chinese Research Academy of Environmental Science,
Beijing 100012, China)

Abstract: Three strains of thermophilic phosphate solubilizing microorganisms named Py, P,, Ps, were selected and mixed as multiple species
inoculants (MSI) according to Simple—centroid method with Design Expert software. Then quadratic polynomial mathematical model of the
solubilized—phosphorus condition of thermophilic MSI was established by response surface methodology(RSM ). Compared with seven levels,
the results showed that the Phosphate—solubilizing quantity of P,:Py:Ps=0:50%:50%(241.70 mg*L™") level was significantly higher than other
MSI. Based on the design of Box—Behnken to optimize the optimal levels and the interaction of five important factors which included the incu—
bation time(x,), the incubation temperature(xz), pH(xQ, the content of rock phosphate(x4), the inoculum size of microorganism(xs). The re—
sults showed that: (1)Linear term of incubation time and pH, interaction term of incubation time and pH, interaction term of incubation time
and content of rock phosphate, interaction term of incubation temperature and content of rock phosphate, quadratic term of all the variable
were reached extremely significant level (P<0.01).(2)Incubation time and pH were the key factors on solubilized—phosphorus capability us—
ing MSI. The influence of other factors was the inoculum size of microorganism>rock phosphate proportion>temperature.(3)The optimized re—
sult of the solubilized —phosphorus condition of thermophilic compound bacterium was as follows:the inoculum size of microorganism was
6.07%, and the content of rock phosphate was 6.21 g+ L™ with the incubation temperature at 49.98 C for 7.18 d under 6.63 pH value. Verifi—
cation tests show that the response surface methodology can scientific and effective build a thermophilic compound bacterium model, reason—
ably optimize the influencing factors of the solubilizing conditions.

Keywords: high —temperature dissolved inorganic phosphorus strains; solution condition; response surface methodology; simple —centroid
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Table 1 Factors and levels in optimizing the solution condition of

inorganic phosphorus
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Table 2 The phosphate—solubilizing capacity of the complex
functional bacteria

FITETERE AR R R

WRIHE Pi%  P/%  Py% g1 mg-1 mg-1-
1 0500 0000 0500 53.76 44.64 98.40
2 0000 1.000 0000 49.25 141.45 190.70
30000 0.000 1.000 5691 121.05 177.96
4 0000 0500 0500 3586 205.84 241.70
5 0500 0500 0000 5240 136.12 188.52
6 1000 0.000 0.000 37.93 120.37 158.30
7 0333 0333 0333 4241 132.09 175.50

W (o) R (as) 1Y — L2230 [R] AR i
Y=250.22+10.48x,-0.37x,—12.83x;-0.84x,—3.54x5+
1.18x12~19.48x x5+27.75xx,~4.222x1x5—2.6 Tx,0+~20.49x 14—
4.96x:%5+4 . 14%364+2.99% 305 +3.19x05—36.45x7 —11.92x3 —
25.72x3-24.14x7-11.8243
AL )y 223 BT A R DL AR 4 R R4 A
BEER N 5,

% 3 Box—Behnken &3+ SEiE & Fil{E

Table 3 Experimental values and predicted values of Box-Behnken design

g S fife i it /mg - L . ISES fAB St /mg - 1!
e — —— T o -
X X X3 EA xs SENE THNAEL X X X x4 xs SEE o fE
1 2 45 7 6 7 190.58 192.92 24 6 55 8 6 7 189.07 196.71
2 10 45 7 6 7 210.06 211.52 25 2 50 7 4 7 213.93 207.75
3 2 55 7 6 7 189.87 189.82 26 10 50 7 4 7 164.55 173.19
4 10 55 7 6 7 214.07 213.13 27 2 50 7 8 7 158.48 150.55
5 6 50 6 4 7 230.38 218.17 28 10 50 7 8 7 220.12 227.02
6 6 50 8 4 7 189.94 184.23 29 6 50 6 6 3 234.52 232.04
7 6 50 6 8 7 216.38 208.20 30 6 50 8 6 3 197.71 200.41
8 6 50 8 8 7 192.51 190.83 31 6 50 6 6 11 221.36 218.98
9 [§ 45 7 6 3 221.38 225.43 32 6 50 8 6 11 196.50 199.30
10 6 55 7 6 3 243.70 234.61 33 2 50 7 6 3 189.95 190.80
11 6 45 7 6 11 223.64 228.27 34 10 50 7 6 3 233.70 220.18
12 6 55 7 6 11 226.11 217.60 35 2 50 7 6 11 189.46 192.15
13 2 50 6 6 7 165.77 170.92 36 10 50 7 6 11 216.35 204.67
14 10 50 6 6 7 225.27 230.84 37 6 45 7 4 7 198.90 194.87
15 2 50 8 6 7 181.09 184.23 38 6 55 7 4 7 243.73 235.12
16 10 50 8 6 7 162.66 166.22 39 6 45 7 8 7 227.37 234.18
17 6 50 7 4 3 206.52 221.83 40 6 55 7 8 7 190.22 192.45
18 6 50 7 8 3 211.58 213.77 41 6 50 7 6 7 252.18 250.22
19 6 50 7 4 11 195.59 208.37 42 6 50 7 6 7 246.95 250.22
20 6 50 7 8 11 213.41 213.07 43 6 50 7 6 7 254.57 250.22
21 6 45 6 6 7 225.90 223.11 44 6 50 7 6 7 237.51 250.22
22 6 55 6 6 7 210.38 227.70 45 6 50 7 6 7 252.18 250.22
23 6 45 8 6 7 215.26 202.79 46 6 50 7 6 7 257.93 250.22
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Table 4 Analyze of mean square
P2l FOrE AmE 5 FAi P1H (R,
Source SS DF MS F  (Prob>F)
Model 26530.74 20 132654 13.62 <0.000 1
5% 2% Residual 2 434.31 25 97.37
JRADII Lack of fit 2 176.02 20 108.80  2.11  0.209 3
AR 2 Pure error  258.29 5 51.66
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Table 5 Test of significance for regression coefficients

EX ] EIEES s H H i 95% {5 TR 95% 815 TR P1H
Model term Coefficient estimate DF Standard error 95%Cl low 95%CI high Prob>F
Intercept 250.22 1 4.03 241.92 258.52
x 10.48 1 247 5.40 15.56 0.000 3
0 -0.37 1 247 -5.45 471 0.881 6
X -12.83 1 247 -1791 -7.75 <0.000 1
X -0.84 1 247 -5.92 424 0.735 8
Xs -3.54 1 247 -8.62 1.54 0.163 7
X 1.18 1 493 -8.98 11.34 0.8129
s -19.48 1 493 -29.64 -9.32 0.000 6
Xy 27.75 1 4.93 17.59 37.92 <0.000 1
s -422 1 4.93 -1438 5.95 0.401 1
X3 -2.67 1 4.93 ~12.83 7.49 0.593 5
Xt -20.49 1 493 -30.66 -10.33 0.000 3
X3 -4.96 1 493 -15.12 5.20 0.324 1
Xt 4.14 1 493 -6.02 14.30 0.409 1
X505 2.99 1 4.93 -7.17 13.15 0.550 3
Xas 3.19 1 4.93 -6.97 13.35 0.523 8
x -36.45 1 3.34 -4333 -29.57 <0.000 1
P -11.92 1 3.34 ~18.80 -5.04 0.001 5
P -25.72 1 3.34 -32.60 ~18.84 <0.000 1
P -24.14 1 3.34 -31.02 -17.26 <0.000 1
P -11.82 1 3.34 -18.70 -4.94 0.001 6
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Figure 1 Surface layer and contour of the mutual-affection of incubation time and culture temperature on solubilized—phosphorus capability
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Figure 2 Surface layer and contour of the mutual-affection of incubation time and inoculum size of microorganism on

solubilized—phosphorus capability
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Figure 3 Surface layer and contour of the mutual—-affection of temperature and pH on solubilized—phosphorus capability
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