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SR AR B [ Rhizobium sp. ( Phaseolus) ] P17
TV R R B PRI 2 B U W S TR AR R A
5 B3 S [ Phaseolus vulgaris Linn. ] AR AR B 5
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SR, B 7 B BT R 300 S
R-1.R-2 R-3 R-4 R-5R-6FMR-7, 5
MR 9 TR AR B 3R RE 2R ROK I (121°C £1C,
30 min) , R H 5 43 B4R B B R, 30°C £1°C R
Figi 4 d, BiRERdU8Ch . Z8187K 1000 ml BiiiF20 g,
HEEEL 10 ¢ BB 1.0 g KH, PO, 0.5 g, MgSO, -
7H,00.2 g NaCl 0. 1 g.CaCl, - 6H,00. 1 g & C
EW 4 ml (£ 1000 ml & H,BO, 5.0 g, Na, MoO,
5.0 g,dH,0) .pH 6.8 ~7.2, SRJ5, FHEf 2k A
50 ml( KCI f0#: KH, PO, ) [ H3 T8 1 T A4 15 77 3 v |
PEIRIG S5 (28°C£1°C (128 rmin~')3 d %,

A HER RS 2 R b e s K B KRS
FEVRRK G 3E pH 6. 15 AL 14.96 g kg ™' 4>
A 1.07 gkg™ 2W50.89 g kg ' 2H16.32 gkg ',
ERHE 70.36 pg g ' Bk 29.87 pg ¢ B AW
2148 pg g™, A5 BE 279.0 pg g7 A AL B
20.01 mg kg ™" AR 92. 59 mg kg ™', KT A3
405 100 H, B 1.000 0 g 35 B T 3w IF 10 0 &
R em P EBHE s SR 5 PR v 2E A BB £ 4
A E ], ALIERE (FLAR 0. 22 wm) 25 3
Uiy, 121°C 2875 K 150 min £ H, 7E4R 35 55 32 MO8 B
B A IR SRS A A B SR T K
THLE S MRS A HLIR 55 24 P UR] 3 s 5+ g4
filt, 107 - 198 OS2 2 0o BB 4 A R Pt 1 AV VAR
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MR IR TR IR AN 6 28 0 BB £F 2 A ke A -3
1.2 Kigit

B 250 ml =, A 50 ml KC1 f{% KH, PO,
PR TR TRV 8 R R, ZE VR OK I (121°C £1°C,
30 min) 2 H, A mll. 1 35 A0 E B R,
TN 1 AR A KD SR s AN 0 W AR B
FRIEF N R AR BRI AL B A 6 R, FEMLRE IR
(28C£1°C 128 r min ' )7 d, 2 ST,

1.3 WEmMBSFH*®

PRI 55 3L 58 5], F PHS-3C R % B2 2 110
FE pH HL 10 ml VARKE SR 3 H,S0,-H, 0,744k, 4
WA Ll £ T D T A Y B i A5 53 B 20 ml KA
i 77T 10 000 r min ™' B0 8 min, 515 H @ 1A
E IS T &

FFH v RO AH 4,35 1 ( H 8 HITACHI 24 ®) 4=
7N E W AR S SR B A LR Y i, ik AR
4 :Diode Array L-7455 S4MGEMES , Ton-300 A HLER
43 H7% FAE (Phenomenex, Torrance, CA, USA) , i
ZhAH.2. 5 mmol Lflﬁ,ﬁfi,‘?ﬁ@;o. 5 ml min "' , BERE
.20 pl BRI (FEWRCEBRBR IR AL ) , 58 A0 R I I
$:210 nm, B3 :35°C, K J7:450 psi, W A HL
FRALHE REIR Fr e SRR . T W AL R |
R, Ho g B R 4K R S 9.20, 10. 83, 14. 06,
15.36.17. 03 .18.09 .19. 65 min([& 1) ,

[
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{388 i ] Retention Time (min)
aBlR; bATEEER; cERER; d TR eIl PHIR; g dR

a: oxalic acid; b: citric acid; ¢: malic acid; d: succinic acid; e: lactic acid;f: formic acid; g: acetic acid

Bl 1
Fig. 1

IRV I 58 KT IS T Olsen B4R,
B P I - A R A RO
WL A3 2 BRSCHR [ 13 ] i 7 e L g8 oLk
434 :1 mol L™'NH, Cl IR B A #E,0.5 mol L'

A HLURR B 0 1 5]

Standard chromatogram of organic acids

NH,F 2 #& Al-P, 0.1 mol L' NaOH % 42 Fe-P,
0.3 mol L™"FBRR4N +1. 0 g Na,S,0, +0. 5 mol L™
NaOH ¥ $2& 9 M & &2 # (0-P), 0.5 mol L'
(1/2H,80,) iZ## Ca-P,
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1.4 HEAE X 3 R TR BE 4 A B ; ZEHE AP R-1 . R-4 (RS,

H Excel 2003 X} i 5 4 ¥5 o 17 56 A 3 &,
SPSS 18. 0FAT LI 43 M, A [ AL S I] 114 26 5 Wb 25k
FRRZE 7 2250 Bt 47 e 4, i Pearson 15 547
XU AT

2 R0

2.1 R\BEEFRE pH SN

B2 ATOL 355952 7 d Z 05, AR EE 3R 351 pH 1
FACT R IR AR A ARAS[R], AR5 IR 2 1
pH FEIRIA—E, 3R R -1 Z )5, AR 3R
pH 47 3. 38, B MRS K el R - 6, 55 AR R 319 pH
4. 24 BRSO s FRTE MR R IR pH /1 T 3. 50
F14.00 2z,
2.2 WREEMNEIES W

IR IR SR R O HER |
FLIR | T IR Mg SRS T MARR (£ 1),
FEANFERP A 35 75 v (6 JR) A 00 28] 2 e | 77
RRFATEETR . (EA57E B2, M A [F) B Ak 43
WA HLER () Fp S RB AN —FE TE3EFP R-1,
R-4 R-5 BYMARIE SR RO & &t W& s T X IR

R-6 AR SR Bk h SRR & W = T IR X
4 BRARIE B REZr WA SR R 7F R-4 FI R-6 MWK
FRI P FPIEEIR S T IR X 2 BRAR IR TR A 4
FEREIR . MLAb, K 2 R 98 TR BB 3 Wk & R (R-2 B
#h),R-1 R-2 R-7 fig5r i T & ;R-1 . R2 .R-4 R-5
BEJTILFI TR ; R-4 \R-5 R-6 AEZP WA FLIR., M 7 Fh
LRI B F, R-4 1970 Wb fe =5, R-1 F RS IR
Z ,R-6 Fll R-7 JE%6 = R-2 fll R-3 ik,

°T +
b
c
st cd de . + d
jas)
(=9
2 -
0 )
R-1 R-2 R-3 R-4 R-5 R-6 R-7 CK
i FkStrain

E: ARFHERRZEREE (p<0.05) , FR; Note:

Different letters mean significant difference at p< 0.05. The same below

B2 WilkE IR AL pH AL

Fig. 2 Variation of pH in liquid culture mediums

®1 BEEFEDENRBRNESE
Table 1  Contents of organic acids in liquid culture mediums (g ml™")
Sk Strain R FIRR T R LR PR LR M
Oxalic acid Malic acid Succinic acid Formic acid Acetic acid Citric acid Lactic acid Total content
R-1 91. 66a 40.01b 9.0la 13.32a 2.95b 49.07¢ ND 206. 0b
R-2 39.09¢ 15.38cd 13.90a 8.27a ND ND ND 76. 64d
R-3 41.73¢ 15. 14cd ND ND 18. 83a ND ND 75.70d
R-4 76.79b 50. 68a ND 12. 86a 3.03b 99.03a 20. 17b 262. 6a
R-5 64.94b 43.15a ND 13. 46a 3.35b 43.17¢ 29.42a 197.5b
R-6 34.78¢ 20. 50¢ ND ND 1. 08b 72.68b 11.41¢ 140. 5¢
R-7 40. 03¢ 10.90d 9.71a ND 18.53a 43.30c¢ ND 122. 5¢
CK 30.55¢ 10. 59d ND ND ND 40.45¢ ND 81.59d

TR S h AR 5B R 225w B3 (p <0.05) , T IRl s ND R R KT Note

: In each column, data followed by different letters are

significantly different at p <0. 05. The same below; ND indicates not detected

2.3 BREPBNESESE

T2 AW KGR T d ZJE IR SR AR R TEHL
WS AR 5, 7R R -4 FTR -1 1Y
WARS: SR v, JOHLIE % & W3 v T B, 40001
BNt BB 7 20. 50% #1118, 96% ; HAT AR RS 37 Fe b
M AL BE & & S O B L, 2 4 T 4060 ~
5.63 wg ml~' Z ],

FReZAh R-3 240, ARG IR 5 b i 2 5 i il
Fm TR B PR 14.01% ~31.08% ,{H 4%
FIAS R Bk 22 18] G & 3% 25 5, A8 fb T 18. 66 ~
21.89 wg ml ™' ZJA],

RS i A B T AL S T A DL, R A
e AR R T A0 B b (T PR AR R TR AN M ) o R
R-2 \R-5 R-6 1 R-7 ZJ& , WA KE 77 3 v (1) HLBk



51 Qe

S LR T X SO LR B 5 AR A 999

BEE T 2R E T 29.43% .41.15% |
30. 82% #1128.91% ;{HFh R-1 R-3 Fil R-4 Z )5,

PRBESRIE R A DB A RO BT T in , H 25 57K
KB EKE 2T 12,81 ~13.19 pg ml ™' Z[H],

x2 MEFEFREFHBESESE

Table 2 Forms and contents of phosphorus in the liquid culture mediums inoculated with Rhizobium (g ml™")

GRS TeHLE A HLBE e
Strain Inorganic phosphorus Organic phosphorus Total phosphorus
R-1 6.15a 13. 08bed 19.23a

R-2 4.60b 14. 91abc 19.51a

R-3 5.47ab 13. 19bed 18. 66ab
R-4 6.23a 12.81cd 19. 04a

R-5 5.63ab 16. 26a 21.89%a
R-6 4.71b 15. 07abe 19.78a

R-7 4.61b 14. 85abc 19. 46a

CK 5.17b 11.52d 16. 70b

2.4 TEXVBEASRENHISE

3R 7 d ZJa, RIETCHIBE A 4y Je L3R 3,
TER AR SR B 4 PO T8, T AR ol Rl A
FPA 8 WA [R) R P M AR, P BR R-4 Z 51,6
PRAR R B W 35 B IR 1 8 P A 48 B, BRI A8k T
13.46% ~34.51% Z 1], BR R-4 il R-6 Z5b,5 £k
IR TR I 35 AT g v 0 ke, B IR 2 6 T 9. 80%
~15.54% Z[8], HPP AR Y 0 2 BEAR 8 b 9 P4
EAWE, IR AR AL T 30.75% ~51.43% 2 06), B&

R-3F1 R-6 A, A 5 BRALIEE TR i 2 R A% 1 rh i 45
W KR AR T 15.33% ~26.90% Z 8], A TCHL
B S, MRS TR AR B I 2 R AIK 3 v ) TE ML
B EIEAS AL T 18.45% ~ 33.76% 22 [a] , 455 R-5 [%
WK, HEFh R-3 B AIR, R AR A T =8 Z [,

3R RO 1 B DR AR R B B AR A TR T
SOREEMAH I, R-1 F1 R-4 8 50 + 384 5ol &
HOEE T d SR INT 17. 01% F1 23. 64% , H
A DA 98 A A5 5 ) R AR

&3 TEBITVBASRENEBNEN

Table 3  Variations of the fractions of inorganic phosphorus and available phosphorus in the soil (g g™")

[EoE7S R PRk P A 20 T EE U
Strains Al-P Fe-P 0-P Ca-P Total inorganic P Available phosphorus

R-1 59. 40bc 26. 32be 142. 8b 219. Ted 447. 6he 28.41a

R2 59. 35hc 26. 59bc 144. 1b 218. 7cd 448. 8he 24.65b

R-3 44.95d 26. 32he 140. 2b 268. 1ab 479.5b 24.51Db

R-4 64. 27ah 28. 16ah 102. 4b 226. 2cd 421. 1ed 30.02a

R-5 56. 05hc 24.90¢ 104. 6b 203.9d 389.5d 27.33ab

R-6 56. 00bc 27. 40abc 115. 1b 249. 8ahc 448. 3he 23.90b

R-7 54.29¢ 26. 50bc 146. 0b 236. 2bed 463.0b 23.61b

CK 68. 64a 29.48a 210.9a 278.9a 587.9a 24.28b

2.5 BRZEWMBEXSH
Fd Ll SRR B pH 5 BB P S
PHRER L SETCHLRA B G 2 R 2 TR A S A

KRB R 0.766" .0.801° 0.758% .0.893 "
(n=8) . MY M) FR 43 W 5 547 HLIR 43 Wb o it
BB EIEMRK(r=0.847"" ,n=8),
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Table 4 Correlation coefficients among experimental factors
BHES Fawk Bk P 2 2 5k TCHL FR AHLIR
Phosphorus Forms Al-P Fe-P 0-P Ca-P Total inorganic P Oxalic acid BHBE TOA
Bk Al-P 1.000
B Fe-P 0. 676 1..000
HEE#E 0-P 0. 364 0. 566 1. 000
F51% Ca-P -0.026 0. 655 0. 653 1. 000
TR \
0. 342 0.736 " 0.944 " 0.849 ** 1. 000
Total inorganic P
ER
0. 138 -0.309 -0.459 -0.636 -0.548 1. 000
Oxalic acid
HHLER
. 0.275 -0.130 -0.645 -0.603 -0.623 0.847"" 1. 000
KA TOA
pH 0. 487 0.766 * 0.801 " 0.758 " 0.893 " -0. 668 -0.553 1. 000

. TOA = Total organic acids; * , A3 FEIRTE 0. 05 F10. 01 /K EARSE: 53] i /K- Note; = s

at the 0. 05 and 0. 01 level, respectively

3 i i

W ARSI 5 ) e B S AL R LB, J5
A AE AR TR 20 A (TR R R R R A A )
PRI PR ARG SR 3 2 b B i B i 1
e T R R0 Ak AR PR TR AN A Y o
T 3R 4k BEIC LB & 2 W E O, S ueE e, +
BEICHLE B (BB DB S S S S
) G825 RRAIG Pl R R R S b e o —
SRR 1 IH R SR B AT A SR )V R R, DA IG
ML SRR A A R B 1) T8 A A TR IR S R S
(AR R 2, FEAR R DA VR AR B R 5, 5 b B
- SRR AL W AR, ol R R JUURY 3R T A P4
BRER ALY G TV 1 P B A Wl — PBoME T Bl A 0 WA
FFET L AR R R EL A Ak 0 OB Y 1
FH 3 AT B0 0 4 S RHE Y A DS MR RE 38
SRR 22—, BLAh, AR B TR RS ],
FERE BRBE R R AR AN TR R M R AIR, 1 B AR IR B
FIFH B3R [RE 25 (%) T AL B DX B Bk A TR T 5, 76
FEAh R-1 F R-4 B9Ab 3| 3984 3508 7 i 3
TIN5 TR 4 o L 4 TR R ) Ak B 2 v A A B
TG E A 25 U B R IR D R R AN R 3E AETC
LB RE I A —FF

5T 3% B, Wl 200 TR 78 1 i JC PIL B 1R 46 1Y) i
HORESM A EL R AR BRI HR R E 2 A
AHLIR , AT % Ak = 1m0 e s 1 W, o A Ak

## show that correlations are significant

it AR O U I R R T AR
SIRT5r WAL 5%, A T pH FEAR, DA T 35 F e 1R
£ Penicilliumauran tiosriseunrl 1 Pseudom onas sp.
REAS T 2 WA DA R S8l I A S5 T LR R AR, FEAIL
il AN A A BILIR , T 2 38 3k P 4 P = NHL [l 1k
FEAE B BT, S R VA R JE AL . Walland-
er " WG HRGH | B W RE T L PP IRV FHBEK CO,
FEAR L B Y pH, W RS IRER . Penicillium radicum
AR /N 2 K T H L BB I # CaHPO, |
Ca, (PO,), .FePO, - 4H,0  AIPO, %5 H AL FH 2 43 b
A BE R A HLIR, BEREFE AR pH, X REE &
AP A b 4 R 2 ORI T BE AT W &
B2 (R-2 BRAL) IR AN TR 0 iR R A7 AR
FUIR | T IR ANSEIR R, Ud BB ATy 7 Wl L3 7T B
AP 2E 5, % AR A, BT R )R (HOOC-
COOH) PR AL A L T E AR 5], ™ AR LR A
F R 2902 F R 1Y) 100 i, LR 1 000 fif; &
ML) T RSB A DL, ol B 80 1.8 x 107°
(25°C) , KFBRMAR (4.3 x 1077) 100 1%, BT S ™
AR R Tt TR R R ER IR

PRI 144 R J3E AR B 77 56 1) pH, 2
DR T 133 S EAAL, BB YR RSN T2y 20
o AER  HEMP R TR 22 5, VR A B 37 v O AT AL
PR e AN 2. 22 5 (R-4 ), P IIAR R T 20 I &L
RO T I I BT A A DILIR B A AR R R T
MR, B IR 1Y pH 5 TS TCHLIE S 5
W FE A (r=0.893"" \n =8) , WE A5 LR
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ERAYHLILA 7T B 55 AR R T A A Y 5T A WA DR
DR AE R A5 T, %5 B Wl R b 1 A B 2 55
R Vi R il R ] 5 S 1T BB S5 A LR 43
WA 5, FONFFEIR RS A Fe’ T A1 ALY IRE T
Wi, I H ke’ AP 23 BRI IR L REFR 1) logK
& A 7.26, B B ik #] 25,007, H o,
[Al (C,0,),]° FI[Fe(C,0,), 1% MIFaE #5555
H]92.0 x10"°F13.9 x 10", FrLL, BERRAELS & 4k 40
PR AR AR AR A AL W I P i) AP Fe’ ™, S 30U
B R R A A 25 AW, 45 s R A sk ™ I
PR KA R o W R AT I TR | TR RN LR 45
AHLER , 2 15 fif 40 B A Bkl 0 E BRI W
U, PR R TR 5 R 2 Rl A o — A B RE o A
PUER, 7= A A RLIA B AL EE . R B =2 4h, MR B A B
B E BT, HAR S S e me iR AL, I AR
R EE T M MAE LR RE S, LI Fp
J5 G A - A [T A 9 TEHLEE , nT BE Al AH I 1) 5
FHEYE I 2 Fh R [RGB + 38, Shen 5 18,
TEBEA S, SRHEY R R B I A B T £
FiG HLER , T ARAS 3 (9 T AL , AR B pH (9748
165 G2 vl e A W BT S AR A 1) B T
RIS Ding %77 & BB AR 1 5 AR R B A
PR K G ARPRER A i 1 A8 v BLAT B R0, AR R
PR 22 J) L R AL 17 00 250 S [ R B g 34 - 7 A i 56
HhARLR TR B 40 W R i 1 S T R LR D
BT IR 22 000 U T R HLIRR S 20 o U T AR 98
WRIFATRES S T LR 0 IELE R, JF HaE
I PRI P ) T 38 5 R A ) AR o e b A
JE A 35T SR RS RDE 25 1 T HLeE , i 2
T8 N AN R I B A B

SRR B R [ R 2 A, B RE TR AL 3R
TCHLBE, BR8P 2 A s A e 2R BBk 1Y
T L RE T PR B AR AN ()7 5, M98 B 7% b 1= 3 oML
INLELEA ZFREME, 5T pH FEIRAT BB AR
J6 DR RE R FH - A9 85 B i 1 3 119 i R =2 — 5 70 WA L
R 25 TRl A0 Bl 0 DA 25 25l A VA i BRI
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EFFECT OF RHIZOBIUM PHASEOLI ON MOBILIZATION AND
RELEASE OF INORGANIC PHOSPHORUS IN SOIL

Zhang Liang Huang Jianguo'
(College of Resources and Environment, Southwest University, Chongqing 400716, China)

Abstract Seven strains of Rhizobium sp. were cultured in liquid mediums using soil as the sole source for phosphor-
us to investigate effect of the strains on mobilization and release of phosphorus in soil. The control treatment was set in the
same way except inoculation of Rhizobia. Results suggest that the bacteria released a large amount of hydrogen ions, thus
making the concentration of the ions multiplied by at least 20 times, which resulted in a significant decrease in pH of the
solution. Different strains of Rhizobia released different types and amounts of organic acids, including oxalic acid, malic
acid, succinic acid, formic acid, acetic acid, citric acid and lactic acid. However, most of the strains exuded acetic
acid. The treatments were significantly higher than the control in total phosphorus in the liquid culture mediums, while the
total inorganic phosphorus in the soil immersed in the liquid behaved otherwise. Taking into account the soil being the sole
phosphorus source, it could be concluded that Rhizobia could promote mobilization and release of inorganic phosphorus
from the soil. Correlation analysis shows that total phosphorous was extremely positively related to pH of the liquid (r =
0.893"", n=8), suggesting that the secretion of hydrogen ions from the bacteria is one of the causes for dissolution of in-
organic phosphorus in soil. Inoculation of Rhizobia reduced occluded phosphorus in the soil remarkably, and also Al-P,
Fe-P and Ca-P but to an extent varying with the stains of Rhizobia, which might be attributed to the different amounts and
types of organic acids they could secret. The phenomenon of Rhizobia releasing hydrogen ions and a variety of organic acids
suggests that inorganic phosphorus in the soil is mobilized in a number of ways, which demonstrates that inoculation of
Rhizobia may help legume crops make use of various forms of unavailable phosphorus in the soil, thus making them adap-
ted to different soils low in phosphorus.
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