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Evaluation of Phosphate-solubilizing Ability and Stability of Rhizobium Fredii in
Various Soils
WANG Jin-sheng, WU Jun-jiang, PU Guo-feng, LIU Qing-li

( Soybean Research Institute of Heilongjiang Academy of Agricultural Sciences/Key Laboratory of Soybean Cultivation, Ministry of Agriculture and Rural
Affairs/Heilongjiang Provincial Key Laboratory of Soybean Cultivation, Harbin 150086, China)

Abstract: In order to accurately evaluate the stability and adaptability of rhizobium fredii phosphate-solubilizing ability in
different soil environment of Heilongjiang Province, this study analyzed the phosphate-solubilizing ability of 10 strains of
thizobia isolated from soybean in the pnrophase under different soil types, and evaluated the stability of phosphate
solubilization ability with GGE biplot method. The results showed that the content of inorganic phosphorus in the supernatants
of black soil inoculated strains 113-2,112-1,114-2,111-2,114-1 and 115-2 were significantly higher than that of uninoculated
control by 0.68% —7.02%. The contents of inorganic phosphorus in the supernatants of meadow soil inoculated strains 112-
1,113-2,114-2,115-2,114-1,111-2,113-1 and 111-1 were significantly higher than those of the control by 0. 57% —-8.25%.

The content of inorganic phosphorus in the supernatants of chernozem soil inoculated different rhizobium strains were all
significantly higher than that of the control by 0. 75% —7.0% . The contents of inorganic phosphorus in the supernatants of
albic soil inoculated strains 112-1, 1132, 114-2, 111-2, 115-1,114-2,111-1 and 112-2 were significantly higher than those
of the control by 0.41% —14.8% . The contents of inorganic phosphorus in the supernatants of saline-alkali soil inoculated
strains 113-2, 112-1, 1142, 111-2, 114-1, 115-2 and 113-1 were significantly higher than those of the control, with an
increase of 0. 47% —9.9% . The contents of inorganic phosphorus in the supernatant of saline soil inoculated with strains 112-
1, 1132, 114-2, 111-2, 115-1, 114-2, 111-1 and 112-2 were significantly higher than that of control by 0. 41% - 14. 8%.

The available phosphorus content of soils inoculated with black soil, meadow soil, chernozem soil, albic soil and saline-alkali
soil as phosphorus leaching reservoir increased by 0.07% -21.53% , 0.08% -38.82% , 0.07% -25.94% , 0.27% -

17.40% and 0.34% —-34.71% , respectively. GGE two-plot mathematical model method was used to synthesize and compare
the strains 112-1, 113-2 and 114-2 which had strong phosphorus activation ability and good stability.

Keywords: Rhizobium fredii; Heilongjiang Province; Phosphate-solubilizing ability; GGE-Biplot; Stability
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Table 1 Code and original sources of the strains
FIRAS FRACS
e X e X
Code of Code of
) Original source ) Original source
strain strain

111-1 XU Shuangcheng 1132 F R Baiquan

1112 3%, Acheng 114-1 597 417 597 Farm
112-1 224k, Suihua 1142 #FHT. Mudanjiang
1122 % Yian 115-1 348 Hailun

113-1 852 4¢1% 852 Farm 1152 A =VT. Jiansanjiang
112 X 22 L HHER [ RBRBITAE 5 A
NS O w7 /5 B e 7 R
B4 I R SRR 0 ~20 em, it
I BT AR 2 s

®2 FRTEEBBUERNRE

Table 2 Comparison table of physicochemical properties of different soil types

e AL L o ‘ ; _
s vl Alkali-hydrolyzed ~ Available Available
pH Organic Total nitrogen Total phosphorus Total potassium
Soil type nitrogen phosphorus potassium
matter/ % /(g~kg_l) /(g’kg_]) /(g’kg_])
/(mg-kg™)  /(mgekg™') /(mg-kg™h)

2+ Black soil 6.5 3.8 1.05 0. 875 16. 41 324.12 13.25 172. 63
A + Meadow soil 7.2 4.1 1.01 0.742 15.24 224.56 11.51 165. 42
S4E + Chernozem soil 6.4 3.2 0.98 15. 87 214.53 12. 87 168. 31
F3% 1 Albic soil 5.8 3.3 0.85 0. 862 16. 10 198. 64 14. 56 178. 36
hod + Saline-alkali soil 7.4 3.1 0.63 0.784 15. 64 162. 38 11. 89 152.34
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Table 3 Analysis of inorganic phosphorus content in the supernatant of rhizobia culture medium after inoculation

R e
111-1 1112 112-1 1122 113-1 1132 114-1 1142 115-1 1152 CK
Soil type
Bt
5.85 e 5.88d 6.13 b 5.85e 5.84 e 6.25 a 5.88d 6.03 ¢ 5.86 ¢ 5.88d 5.84e
Black soil
Fif) +
5.24 ¢ 5.47d 5.64 a 5.22 f 5.24 ¢ 5.59b 5.49 ¢ 5.58 b 5.22 f 5.49 ¢ 5.21f
Meadow soil
SRAS -
5.33 e 5.63 b 5.52d 5.33 e 5.32 e 5.57 ¢ 5.65 a 5.52.d 5.32 e 5.58 ¢ 5.28 f
Chernozem soil
B+
4.88 e 5.45 ¢ 5.57 a 4.87 ef 4.86 fg 5.57 a 5.43d 5.5b 4.86 fg 5.43d 4.85¢
Albic soil
it
4.25 fg 4.58 ¢ 4.65 a 4.25 fg 4.26 ef 4.66 a 4.36 d 4.62 b 4.24 ¢ 4.27e 4.24¢

Saline-alkali soil

[l — 17 R REFRRTE 5% K TAFEREESR . T,

The different lowercase marked in the same line mean significant difference at the level of 5%. The same below.
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AR A st 28, A R Ak B Y
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TH BN AL PR, B P 2 (8] 04 L A 20wl & e 22
IR . HE 2 HRh b B 22 8] (Y 3 A ALt &
2550 W1, $E A A B B A AT RO e B Ak B
PEEREE ] 0.34% ~34.71% (% 4),

R4 BEMINERELETAEUBSESN

Table 4 Analysis of available phosphorus content in soil after inoculation with rhizobia

e
111-1 1112 112-1 1122 113-1 1132 114-1 1142 115-1 1152 CK
Soil type
At
13.47h 15.57d 16.02b 13.46h 13.291i 16.14a 15.05e 15.79c¢ 14.11 g 14.13f 13.281i
Black soil
Fif) +
12.33 h  13.25d 15.88 b 12.161 11.55 i 16.02a 13.22e 15.46c¢ 12.46g 12.48f 11.541i

Meadow soil
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