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Mobilization of inorganic phosphorus from soils by five azotobacters
ZHANG Liang', YANG Yuhong”, LI Qian', WU Yekuan', HUANG Jianguo' "

1 College of Resources of Environment, Southwest University, Beibei, Chongging 400716, China
2 Yunnan Academy of Tobacco Agricultural Sciences, Yuxi 653100, China

Abstract; Phosphorus (P) is one of the most important essential elements for plant growth and function. However, both
the concentration and the availability of P are very low in most soils. The chemical P supplemented through fertilization is
rapidly adsorbed by soil minerals or transformed by soil microbial organisms resulting in a 10% —20% of P use efficiency.
Studies have found that Azotobacter sp. , which can fix nitrogen from the atmosphere to contribute plant nitrogen nutrition,
also has the capacity to mobilize soil P for plant use. As a result, the improvement of plant P use efficiency through some
specific soil Azotobacter to mobilize soil P has attracted much attention around the whole world. However, less information is
available to illustrate the mechanisms how Azotobacter sp. could directly mobilize P from the soil. Five strains of Azotobacter
sp. , which isolated from a gray brown purple soil in Chongging, southern China and coded as N 01 N 02 N 03 \N 04 and
N 05, respectively, were grown a liquid medium to study their capacity to mobilize soil phosphorus (P). The medium
contained 1L H,0, 10 g mannitol, 0.2 g KCI, 0.2 g MgSO, - 7H,0, 0.2 g NaCl, 0.2 g CaSO, - 7H,0 and 5.0 ¢
CaCO,. Compared to the non-Azotobacter control, concentrations of proton in the liquid media under all five Azotobacter
treatments were increased by 58 times leading a significant pH decrease after 7 days of incubation. All Azotobacter strains
exuded oxalic acid and malic acid, but varied their capacity to exude succinic acid, formic acid, acetic acid, citric acid
and lactic acid. Total P in the liquid medium was significantly higher whilst inorganic P was significantly lower in the soil in

the Azotobacter treatments than in the non-Azotobacter treatment. pH in the liquid medium positively correlated with soil total
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inorganic P (r=0.959"", n =6), but negative correlated correlations with both inorganic P and total phosphorus in the
liquid medium (r=-0.850" or —0.918 " ,n =6). Meanwhile, soil Ca-P was significantly reduced by all Azotobacter
treatments, while Al-P, Fe-P and occluded P were decreased depending on the Azotobacter strain used in this study. On
one hand, our results suggest that the capacity of exuding organic acids and hence mobilizing soil P by Azotobacter may be
species dependent. On the other hand, our results showed that the pH decrease in the liquid medium might be one of the
most important mechanisms to mobilize soil Ca-P and/or Mg-P while the organic acids might contribute directly in the
mobilization of soil P through the complexion and acidic solution. As a result, our results demonstrated an alternative
pathway to enhance plant P nutrition through Azotobacter and could offer a potential effective practice to increase crop
productivity by intercropping or growing cereal crops with legumes, in which the latter could not only provide nitrogen, but
also P, to meet the growth requirements of both nitrogen and P for the cereal crops. Nevertheless, more research on the
capacity of Azotobacter to mobilze soil P and associated nitrogen and P benefits to its host plants and neighbouring plants are

further required.

Key Words: azotobacter; soil; phosphorus
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10%—20% " J& AL R L3 B A M B T TCE Y B R S R A BEE L, MAEYAFRRENSS -
HERE ROTE AL, B AR e MR A VA MR B 255 R AMTEAS

H T, 75 ST E DT b VA P Bl 1 BF 5 22 J5) B AR 2F J8FF B ( Bacillaceae ) LB B HiT 90K
ST 1935 Fhe N 4B th 1 BRI Y B R ZEAHT B ( Bacillus megaterium ) | A7 73 fff A% 198 F1 51

BRIfE ST Sundara ZEF FHBERR =45 M BEIR , Zo0d 14 d BOBE 3R )T K 25 06T 16 A8 7 TG 1 A vA B BE ) f%
SR BEAN, FESe U L AT W OO LB BE 1, B AT B BB (Penicillium ) F1 AM T MR T ( Arbuscular
mycorrhizal fungus) ; Bk B 2455 TE i ( Strepromyces) 7, #E—BIBFSE K B, BB E W) — I ER BE > WA AT
MR, IR | LR KPR T —RAE, FEiX S ALER , F R A £ IR 1 F B Bl R, BB HL B Hh &0 7, I
F SR AT S AT R A SRR RR A AL BB R AR ) kA DLAR AR5 R AR TR iR E 45 A, RN R
fif BB A AL KR SRR AR R AR ek AR AR, AR AR I H R
REVA Ml | st b mRE 1 (RSB 0 R it A BT . N2 07 ISR A A= T R0 1 2 0 “# g
AT AT b AR T AT A AR AR A b R AR R IR S
1 #R5FEE
1.1 MEhfEs

A [ R (Azotobacter sp. ) PRAF-TVH B R 2 BE IR FABE 2% Be (26 W S 06 =, DA PR T b ik K A 55 U1 S
b o B GRS O AT AR I e . BOE Y 5 pkoh tiE R 540 N 01N 02 N 03 \N
04 FIN 05, S A A= [ 0 T4 FR 3L 289 KT8 ((1211) °C,30 min) W@ EF HMHEEBR, (3021) CH}
W5 4 d &5, IEW IR0  Z818K 1000 mL B 20 ¢ #%H# 10 g KH,PO, 0.2 g MgSO, - 7H,0
0.2 g .NaCl 0.2 g.CaSO, - 7H,0 0.2 g.CaCO, 5.0 g .pH { 7.0—7.2, #RJ5 , M EEA 50 mL(KCl 1L
KH,PO, ) 9 A A= [ BB AR SRk b 75 R 9% ((28+1) °C (60 +/min)3 d, A HEM &

B RO R T 2 R e s LT WK . 287K S ) 3 pH {E 6. 15 A LT 15.0 g/kg 2 A
1.07 g/kg 25 0.89 g/kg 24 16. 3 g/kg 5 94. 3 mg/kg kM 65.9 mg/kg & 8 130. 8mg/kg  F51E
274.0 mg/kg A HL#E 320. 8 mg/kg A &L 20. 0 meg/ kg, HALH 92. 6 mg/kg, W1 HHE, B4 100 H i, B
1.0000 g +3EE TP IF O EAR N 1 em BSEDRHE HHE0, SR 5 W0 i 28 A B 35 21 4 f 38 /e vh ], 1 AL
#590.22 wm FOHALIEE S B W 121 C 287K KA 150 min, EVRTGHGIE E 2R B A0 A 3 i k)
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AR SEE TR K AL A LR AT A ik B 3 SOR S 2 b B R M i AV, F 2B
i 8 P AN R 2 2o BB AR A 1= 4

RIS A MLRR bR UE S R 2l AR A g, RS AR IR IR AR SRR L T R 3L H
R | 1245 100 mg, IR AR AT 2 ¥ T 100 mL 25 f D BLE AL 1. 0 o/ L A ALIR AR TEIR SV W, P
TS AR R AES 0 WA FE 22 0. 01 ,0.02.,0. 04 0. 06 0. 08 £10. 10 g/L,
1.2 K5t

B 250 mL =AM, A 50 mL KC1 {88 KH,PO, MHbREE 35 58 287 KA ((121£1) °C,30 min) , 133,
FEA T mL 11 A R TR, PRI 1 A2 IR0 R TR RS s NP () W AR 15 7 35 R v B A [R]2h Ak
HLESE 6 W, FREIR((28+1) °C 160 v/min)7 d, &4 5,
1.3 e H 57k

PR AR R IR IR 5], I PHS-3C KE B MR 1T pH {H ; B 10 mL WA 5258 H,S0,-H,0, THAk, 515 L
T S T AR ) B 5 59 B 20 mL BRI R SR T 10000 r/min #5200 8 min, £H I L6500 VS W TG
ML & i

FIH 5 BORAR AT ( H A HITACHI 23 m] A7) I8 W ARG FR A HLIR & 2, (B335 257124« Diode
Array L-7455 5482 , Ton- 300 A HLER 73 #1 & 4 ( Phenomenex, Torrance, CA, USA), i si4H°~ 2.5
mmol/L B , i K 0.5 mL/min, HFEE N 20 wL FEK (FRBSEABIRRR AL ) | 2SN KN 210 nm, #EiR
435 °C,EJ1 450 P, E A LR AL 4G FE R AP IR S RIR FLIR LT R VW L LR, Y I (]
(min) KK FE9.57 11.52 13.31 ,14.53 15.95 17.47 20.72(K 1),
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Fig.1 Standard chromatogram of organic acids
a. BIRR;h. APMERRe. YEREA TR e. TREGL TRGe OW

IR B 48, T A Olsen 32 B2 5, 41 i HU 6 000 2 - 39 v (0 A kil & 100 R e ML 41
SIMZE SRR SFAIURT Jackson 482 H T L %07 B0k H ML 434 1 mol/L NH,C1 RHRBIAAAHE 0.5
mol/L NH,F 242 Al-P,0. 1 mol/L NaOH {24 Fe-P,0.3 mol/L ¥/ R#1+1.0 g Na,S,0,+0.5 mol/L NaOH {2
P E S (0-P),0.5 mol/L (1/2H,50,) 74 Ca-P,
1.4 Fdkab

HH Excel2003 X £ 1T 3AN A, SPSS18. 0 #4748 1434, AN [R) Ab B[] ) 25 5 Wb 25 Pk S 2R
LEAYHTHEAT LA (8 ] Pearson WeitEA T AU 240 364047
2 #R
2.1 HAEMEREIEFRHE pH (HA 50

B2 AT 5557 7 d ZJ5 AR TR R0 pH (B 2 2 I8 TX0 IO R (HIEHRAR], ARG 72k 09 pH A
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Rt A —FE, M N 02 Z )5, MARE: FR L1 pH (E R 3. 45, BEIE AR B2 Fh N 04, IR B FE 500 pH (EH N
5. 45 [/ ; AR MREE IR LA pH {EAT 3,50 F14.00 Z[4],

2.2 HAFEEREAYILIR T

T AL FEM ARG SR PRI B R | LR | B
MR VFLIR . T R TR CERIRSE T MA LR, TEA
FERD BRI TR R (6T BR) R I 3 B R S-SR PR AN T
TR AR EARAR, v AT, (EAR R R, A A
R RIS WA HLIR ) R R A —FF . 7E
FERD A [ R R A s R e | R RIS SRR ) B i
b 2 T BR U B AR TR A RE G A R N S R
MR, e PP R R D 3k ey 5 MG AN R 2240 A A T R
AT T —FR AR (N 04 BR4M) ,N 01 N 03 N 05 fig
AU T N 02 N 03 N 05 fEZr MR ;N 02 A1 N 04
REsTIAFLIR . DA S FAALIR Y LA N 03 /4 b it
B, N 01 K2 N 02 F1 N 05 JE%5 = N 04 51,

8 a
_I_
T 1
c d
T4+ © e
P
0

CK NO1 NO02 NO3 NO04 NO5
Hifp Strain

2 WfkiEFFE S pH T

Fig.2 The changes in pH in liquid culture mediums

®1 REEFETEFINRNSE

Table 1 Contents of organic acids in liquid culture mediums/( mg/L)

R PIRIR T R LR FEREIR LR S
KR Strain Oxalic Malic Succinic Formic Acetic Citric Lactic Total
acid acid acid acid acid acid acid content
CK 9.91d 8.83d 5.46¢ ND ND ND ND 24.20d
N 01 77.50ab 38.54a 12.41a. 12.22a 15.21a ND ND 155.88ab
N 02 48.75b 19.39b 9.22b 8.78b ND 22.0la 10.26a 118.41hb
NO03 84.87a 34.88a 12.23a 10.92a 5.03b 26.18a ND 174.11a
N 04 17.07c 17.77¢ ND ND ND ND 7.56a 42.40c
N 05 42.83b 21.50b 10.03ab 9.08b 2.0lc 18.62a ND 104.07b

TE[R|—Fh A R 783 7R 22 53 .35 (P<0. 05) s ND FoR A I

2.3 BiRETHRIES SR

F2 AT B R T d Z )5, WAREEFRIL T JCHLBE & & R EARAS TR 55 7E4%AP N 02 N 03 F1 N 05 AU
R R p O & W T IR, 23 W e PR 28, 54% (N 02) \21.12% (N 03) 1 15.73% (N
05) ; HAT MBS F2 5L i OO & & 5 0 FRARL, 2846 T 4. 58—4. 82 mg/L ZJf]

X2 BHEERRHBEFRRTHBEESSSE

Table 2 Phosphorus forms and contents in the liquid culture mediums grown with Azotobacter sp. /(mg/L)

FE i Strain TJEALB% Inorganic phosphorus A ML organic phosphorus 4 Total phosphorus
CK 4.45¢ 2.12¢ 6.57¢
NO1 4.82bc 4.03a 8.85ab
N 02 5.72a 4.17a 9.89%a
N 03 5.3%a 4.09a 9.48a
N 04 4.58bc 3.66ab 8.24ab
N 05 5.15b 4.03a 9.18ab

FERERP F AR B R R RS SR 36, 2k & 2 8 8 = T R, FeX B & 25. 42% —50. 53% , (H 3% Fh
AR E AR Z B TC i 3% 25 5, A6 8. 24—9.89 mg/L Z[H] (£ 2)

R AR b i BRI OB 5 T AL , /12 AR R W A AILBE , I o A7 e T A A 1 2600 A i v
(TRIFR A A= [ 2008 40 il ) o 4 30 42 F B ik 1 YR R 5% 3% 35 v A ML % 1 38 0 3 T IR L X IR R
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72.64%—96.70% (£ 2) .
2.4 +HHEERWE

B3 np U, -3 R0 i o A R B R R R R
A5, SAEERAHEL N 01 A1 N 05 i 88 in + 1
R g B3R 7 d e o T 28.01% #122.06% ,
FLARTA bR 1338 v A 0 55 6 BRAE AL
2.5 HEETHEEMA S G E

CK NO1 NO2 NO3 NO4 NO5

Wigk 71 d 20, B3R 0 M S Wk 3, 1F @itk Strain
AR IR B e 1 A B R0, IR Bk A R R
P& ST IR IR A, o B N 04 Z 40 4 Bk H
A T A S R AR R R R R B, R S ik T
22.03%—29.19% Z i), Fx N 04 F1 N 05 Z4h,3 tk H A [ & w25 B AR g b iy 20w, Be e A2 1k T
6.52%—9.60% Z[[], Br N 04 Z5h, 4 Bk H A= [ A R 35 FEAR 4198 b i D) 3 28, B A2 4k T 16. 94% —
24.39% Z [0, AR b 2 AR L R A B, B IR AR AL T 8. 15% —17.89% Z[H), M - HETCHLEE &
A, HAE R A R R R i oL S, B IR AR AT 8. 11% —19. 54% Z [a] . thoh, WAk A A,
TR TCHBEAS A IRt —#F . IR TCHLBE B 5, N 02 FRIE R R, N 04 FEIF A, HAEHRAN T
e <18

13
[\S]
d
[

ab

be be be

(S}
=
T

o]
T

Available phosphorus
>

AR/ (mg/kg)

S

B3 TEPAEAMSETN

Fig.3 The changes in available phosphorus in soils

R3 TERENBESREN

Table 3 The changes in inorganic phosphorus fractions in soil /( mg/kg)

7S ik ek Gy 5k TeHL

Strain Al-P Fe-P 0-P Ca-P Total inorganic P
CK 91.25a 63.00a 125.15a 267.22a 546.62a

N Ol 71.15b 57.73b 102.26bc 224.66¢ 455.80c

N 02 68.82b 56.95b 94.63¢ 219.41c 439.81d

N 03 65.08b 58.89b 98.02bc 236.64bc 458.63c

N 04 79.72ab 59.63ab 117.52ab 245.43b 502.30b

N 05 64.61b 59.74ab 103.95bc 232.99be 461.29¢

2.6 SHEMAHELST

T4, R IR P A pH (H 5 55 320 B9 JC LB A4l 5t 3 o 2 A 56 (r=-0. 850" Fl 7=
-0.9187" ,n=6, 5 TIE KB B S BEFMIE(r=0.959"" ,n=6) ; A A= [H ZU R 8R4 - 5 A HLIR
b B B EIEASC(r =0.9917 ,n=6),

®4 REREENEXREH

Table 4 Correlation coefficients among experimental factors

WRWEHBE  Himaen oA R A AR M
CMIP CMTP Total inorganic P Oxalic acid TOA pH

KR W TCHLEE CMIP 1.000
KR AW CMTP 0.884 " 1.000
TCHL#E dE Total inorganic P -0.836 " -0.973 ** 1.000
HR Oxalic acid 0.573 0.702 -0.772 1.000
HHLER B E TOA 0.668 0.728 -0.842* 0.991** 1.000
pH -0.850 " -0.918** 0.959 ** -0.835" -0.900* 1.000

CMIP ; Culture mediums inorganic P; CMTP: Culture mediums total P; TOA ; Total organic acids; * , * = Z}FZR/REE 0.05 F10.01 /KF EAIR
PEIRF] i F K-
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W AR FE B ) RS TTOLBE R MLBE , J5 & £ 24T B Az [ 200 40 i b (AT AR B AR 1 2008 40
W) o TEFRA B A A R AR B 3R 5L v JOH LRl b 25 15 5 76 40 AR B U R A s R Sk b, 1 A I 2R A
BEFNES SR ) R S B B TR S UL, 3RO B (BREE R B S AU
) WG S REAG, T R R R R I v — Sk R, U BN A A= U R AR 2 A HETC MR I R, LG
MU B AR 2805 20 Ml 1R SR A TR S 3 B b, (B R AR A2 438 A A B U VR B SR
T WAL, TR T ROR A R TSR BE R R A A R O BRI [ A [ AUA ARSI K R A R
BT R A AR ARG A TS U AR )RR IR R 22— A, B A 1 2R R R R AN ), b v %) P 5 A
R BRI A A AN TR R B A RAAIG, DA A T R TS AL AN R 28 A T L PR R AR S TR I 5, FE 3P N o1
FIN 05 AyAb R | - BEAT 08 O it i 3G I s WAL H R A MR AL 3 2 v ) - 338 ol 5 i e e 3 A Ak,
— 25U BH AR 20 TR RS RS TR OC AL I g ) A —HF

BRAN T RERS I AR SRR ELIR O R MRS 2 M AL, ARk M 22 AR K B RF R &N
Ry FE A AN A A B RE ) 5 RS R IR T A A O, BN B I NHE 9 IR VR F R 57, FAIS pHL (B, AT 5|
EBE R R . Wallander % HZ38 , 7B S0 25 4038 13 WP IR FHABR L CO, , RERRAR IS R M P A9 pH {H, M 1T
RO BERRIR B T, Whitelaw %50 & BB 20 R 1 A X 7o M W R R st J2 5% 3 W U - Ao HILIRR SL [l 1
HRZER . Hameeda 2572 WF5T 3B, S Wi i CHLBAE RO RE ) 5 H™ AR A A BE R (0 R A7 — 2 IO G R f G HL
B RE 1 0 B IR , AR DL A P A A MR 0 i th 22 | O HaR & FE R SR R v pH (R REARAY , FEARIRE
LT AMRIIRE I R AR IR . WA, K E A AR B A R /i T MR A R (N 04 BRAL) |, R #R AR 43
W TR FPERRMFLIR OO 5 X VIR R ) R AR A L AT B A T 22 5, W B4R HH R syt 5
AR 53 S A B E B (r=0.9917" [ n = 6), A A [ R0 A9 R 43 i o 38 ol e i, H T IR
(HOOC—COOH) "R IE I L BRI 51, 77 A= JLHEVE T, R B 24 2 R 1) 100 1%, SR Y 1000 £
CIRWJE THGR A LR, AL BI 80N 1. 8x107°(25°C ) , R TBRIR (4. 3x1077) 100 4% , HEl) HE AR 7 15 16 £ %
TCHLBE R A rh ] e B

PR AR 2P P R S B R R AR 2R 38 h i pH (A, AR T 1. 76 ASBRA07, BIVACES Tk BRIy 58
i o AR R0 H AR AR 25 AR IR 5 A ALRR S = O 7. 19 A5 (N 03) , 3N F A= 17 (58 430 &
BT Bk T R I e i T A ML B A AE S . AR R CRME YRR PR T RE e JR R - v
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