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Mobilization of potassium from Soils by rhizobium phaseoli

ZHANG Liang, HUANG Jianguo ™, HAN Yuzhu, WU Yekuan
College of Resources of Environment, Southwest University, Beibei, Chongqing 400716, China

Abstract; Potassium (K) is one of the most important essential elements for plant growth and function. However, both the
concentration and the availability of K are very low in most soils. The chemical K supplemented through fertilization is
rapidly adsorbed by soil minerals resulting in a 20% —35% of K use efficiency. Studies have found that rhizobia, which
have the capacity not only to fix nitrogen from the atmosphere to contribute plant nitrogen nutrition, but also to mobilize soil
K for plant use. As a result, the improvement of plant K use efficiency through some specific rhizobia to mobilize soil K has
attracted much attention around the whole world. However, less information is available to illustrate the mechanisms how
rhizobia could directly mobilize K from the soil. Eight strains of rhizobium sp. , which isolated from a gray brown purple soil
in Chongqing, southern China and coded as R 01, R 02, R 03, R04, R05, R06, R 07 and R 08, respectively, were
grown a liquid medium to study their capacity to mobilize soil K. The medium contained 1L H,0, 10 g mannitol, 1.0 g
yeast powder, 0.5 g NaH,PO,, 0.2 g MgSO, - 7H,0, 0.1 g NaCl, 0.1 g CaCl, - 6H,0 and 4. 0 mL microelement
solution (each 1 L contained 5. 0 g H,BO, and 5. 0 g Na,MoO, dH,0). Compared to the non-rhizobium control,
concentrations of proton in the liquid media under all eight rhizobium treatments were increased by 22 times at least leading
a significant pH decrease after 7 days of incubation. All rhizobium strains exuded oxalic acid and malic acid and most of
them exuded acetic acid, but varied their capacity to exude succinic acid, formic acid, citric acid and lactic acid. Soluble

K in the liquid medium was significantly higher whilst mineral structure K was significantly lower in the soil in the rhizobium
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treatments than in the non—rhizobium control. Mineral structure K in soil negatively correlated with total organic acids (r=
-0.878"", n=9), but positively correlated with pH in the liquid medium (r=0.863", n=9). So, rhizobia could
mobilize soil K through the exudation of organic acids and protons. Oxalic acid has a strong capacity to complex calcium,
magnesium , iron and aluminum and positively correlated with total organic acids (r=0. 870", n=9), which suggests that
oxalic acid exuded by rhizobia might contribute directly in the mobilization of soil K. In addition, protons ionized from
organic acids were from 4. 15% to 27.56% of the total protons in liquid medium, which showed that rhizobia could exude
directly protons and led pH reduction in liquid medium. Our results demonstrated an alternative pathway to enhance plant K
nutrition through proton and organic acid exudation 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 to meet the
growth requirements of both nitrogen and K for the cereal crops. Nevertheless, more research on the capacity of rhizobia to

mobilize soil K and to benefit to its host plants and neighbouring plants are further required.

Key Words: rhizobium phaseoli; soil ; potassium

PR LT REEFRTRZ —, —RIME , TS R, FEUR RS &M WiIE 17
TE MET AR R . FRE A Z /D SR 805, 1 R 58 B8 O, A A & 5 IR, 75 S E Ab
Foo AR, FRE AR Z T Ak A AR AR A P T

TR Eh 40 ( Silicate bacteria ) B 1k Ak 8 JoRCER FIE P 20 4 50 4EAR SR IR R
e APy B T RERRERAN TR , PR AR RERRER T B AR R RERRER AN B Y NTB 18
PREEHE S H0 v B S5 A B L Ry SRS, BEAR AE R AR AT S AT E KRR R = m ™, IR EK
b ) R I ZE AT T ( Bacillus mucilaginosus ) H-3 T RE , B A 43 AR ik BRER S A0 0 W) O BE 1, VB BE 71 /515 35. 36
peg/mL' o PR RERRER AN B — FRRIR AR BRI B, RRAS 0 ML REIR | LR A1 IR TR SR AT LI,
HLB AR S T B A KA bk AR A SRR ER S W Bk BB B VBRSO A R B
T HERE SR

AR T AR e A [ ) R SR R R SR FSE R T, LA M) P e v Ml 1)
B3R AR T RS S S R HLIR (W0 LR RERR FPIRIR SRR ) WAL L B AR
H T 0B 7RI HLIR VA e 2 0 Rk I R ™ ) O AL B SIS D W R, A 00 AR R T ] Rt B A 3% 1 - S T30 Y T
RE HA CHFGE /D, SRS (AL & | 0 2 7 FEL 245 ) 2 o BRI A9 32 8 A RHBR S, WF 50 3 MU i Ak
TP AOVE T SPLE AT LA 1R A TR A D RE . TR Wi AR - S TE R O T, R 2 BT ST AT AR
T RERRER AN T, SRR T TS EL D St e A 2l 33 b A3 BOARAR 1  \BRSE TARE T, FSE T AR
SO HTEIEN .
1 #R57EZ%
1.1 #rRifEsE

Sk SIMURITE [ Rhizobium sp. (Phaseolus) JPRAF T 7Y B R 22 BRI AR 27 e WU E W) S 30 %, TR AR 2 A S L)
32 5[ Phaseolus vulgaris Linn. TR AR B J] il 40 8 R R, BOH Y 8 **ﬁfﬁlﬂ%**,?ﬁ%ﬁj? R 01.R 02,
R03 R 04 R 05.R06.R 07 F1R 08, Fe M wm bl {AR: 7R EE2 K (((121£1) °C,30 min) W& A0J5 AL
R, (30+1) CRIMIGE 4 d, AR TE AR IR O  Z8187K 1000 mL 355 20 g H 85 10 g BEERH)
1.0 g KH,PO, 0.5 g MgSO, + 7H,0 0.2 g NaCl 0.1 g .CaCl, - 6H,0 0.1 g f#zEI T KK 4 mL( 4% 1000 mL 7%
H,BO, 5.0 g,Na,Mo0O, 5.0 g,dH,0) .pH 1 6. 8—7.2, SRJ5 , F-F AR & o1 4 Fh 2B A 50 mL( NaH,PO, 10EF
KH, PO, ) MAREFRIL A 250 mL —ffirh 3B RHE 7 ((28+1)°C 160 r/min)3 d, RIS HEMR S

MR HHONRD LR O Te A KT RS R I, 289K E B 58 pH {H 6. 15 A HLIT 14.96 g/kg 4=
R 1.07 g/kg 2W50.59 ¢/kg 240 16.32 g/kg HRUH 92. 59 mg/kg, KT+, B4t 100 H i, B 1. 0000 g
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T T W O AR (R =1 emx2 em) WK, SR 5 Wivin JE A S 4 4k 8 IS AE b ] F 6
FL B B2 W iy , 287K 125 °C KA ERBHE 150 min £, FEPRG 55 T AR DA T, A 1 iy SRS A IR
PRIEFRIL T KT TOHLES T ARG T HLRR S 2 ] NGRS 117 -5 A 38 e, (1 = 398 SO 25 28 30 98 35 2 4k
RS IT HE AT

G A MR PR IE N S 2l AR A sl REARBUR R A SERIR . T M Al
iz L BR45 100 mg, ISR AI 2T 100 mL A BLE AL 1.0 o/ L A MLER bR ETR SR W,
TSR W DI FE 22 0.01.0.02.,0. 04 .0.06 ,0.08 F10.10 g/L,
1.2 ARt

L 250 mL =), LA 50 mL NaH, PO, 18 KH,PO, 3 2805 K ((121£1) °C,30 min) , 1%
H, AL mL 1.1 e A BRI, BN 1 AR R K B SRS s N A T A B 5 I S xR A )
FhAbFE A 3 R, PSR ((28+1) °C .60 r/min)7 d, &4 10,
1.3 Em H 5

PR ARRTFRIEFE ST, ] PHS-3C RSB IR BE TN AE pHE ; JOHA 6 BE 1 52 15 328 b A8 8 7 5 1) v 30
ARSI ( H A HITACHT 22 ®1AE ) @ AR R SR 56 A ML & 1 . (354547 : Diode Array L-7455 424
£ , Ton-300 A7 HLIR 73 M7 & 1AL (Phenomenex, Torrance, CA, USA) , Ui 8IAH 2. 5 mmol/L BiFR , JiLi#k 0. 5
ml/min, AR 20 WL AER (FEIRAE A BRRRIR AL ) | SEAMEIN IR 1 210 nm , #7535 °C, K7 450 psi, P& RAH
MR FERIR AR SER MR FLRR . T 2/ W R | SR, L W i) (] (min ) KK JZ 9. 57 . 11. 52 13. 31,
14.53 15.95 17.47 20.72(Kl 1) ,

0.030
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11.52 &

O [ JI I

0 2 4 6 8 10 12 14 16 18 20 22
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1 BHEKRERILE
Fig.1 Standard chromatogram of organic acids

a. HIR;b. MR c. FERMR;d. FAMje. T HA;L Fﬁﬁ&,g LR
SRR ) - AR i XU MR FHZE T /K (1 mol/L IR 2 A 1 mol/ L W il 2 $2 UK V5 PR 31 A e M40 A
GERUA 2 E RV IR IBUS 1 ST SRR BN 450 SCIERIL, AT WU a5 R B0 2 R BB IR S - S T K I
SR

1.4 Bt
H Excel2003 XHAFRE HE 1T IEA T, SPSS18. 0 #4748 117,
2 BB

2.1 HURRRIEIREE pH (E AR
K2 UL B SRRV 7 d 25 ARG SR AY pH A 2R T 0 IR COR$ERD ) (BT MRS TR] A B 77 ik 14
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pH {E M iE A —FE, Hop 38 R 01 /9 pH X 61
3. 38, FRlE R A R R 07 (19 pH {H 0 4. 23, (iR 7 B

HH

B
I AR E BRI FE R pH (A T3.50 M4.00 2, % af , S D g o € E
BT pH {H(5.57) g
2.2 MBI A YIRS 2t

IR TR ARSI R LR E R AL
R TR e SRS T ﬁlﬁﬂwﬁ( * Do A 0 RO1 RO2 RO3 RO04 RO5 RO6 RO7 RO8 CK '
FEA B AR R AL (OO B A0 ) B R S SR R A Fikk Strain
B AL BERRAR, MR RN Rl B 7 A MLIR AU RIS M2 metkisse a0 pH EEH (RS FH35EF DY,
FECR A, R W RS S gk P =0.01)
U”ﬂ 'L'lj E@;‘i %ﬂ j’i %@?{ , ;H\:/Ei\i E%% 5':5@ ‘HF{ , U‘E% 'E ﬂjﬁj Fig.2 The changes in pH in liquid culture mediums ( Different
ﬁE ﬁ’/ JZ\ ﬁ @2 *ﬂ—TFJH" %%\( ’ é:}‘ /'JZ* ﬁ% jj —l% ;HE ﬁ: , [_% {EE *H % letters indicate significant differences at P =0.01)
2.63(HR) F 3. 37 A5 (AR MR) . Fr R 02, R 03
R 07 ZAb, HHR YR B e - IR, B Rk Z AR 22 2. 30 £, edh, R BRI H BE /W 2R (R 02 BR41)
R 01.R02.R 08 fE/rM T PR, PR Z I AH2Z 1.79 £%;R 01 .R 02 R 04 R 05 F1 R 08 GE/3 WA HI R , Ttk Z [A]
HH2E1.65 18 ;R 04 R 05 R 06 RESTMAFLIR, kR Z I AH2Z 2. 58 %, M7 FIrAHLER A SR EE R R 04 3G
By & E R 01 AR 05 ¥R, R 06 F1 R 08 JE45 =R 02. R 03 I R 07 fflk, Bk A A2 3. 78 15, 7E4R
Je TR BE SR, BRI R I Mk B = T E A LR

R1 REEREFENRHSE

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

HR R TR TR b FPERIR LM SR
i tF Strain Oxalic Malic Succinic Formic Acetic Citric Lactic Total

acid acid acid acid acid acid acid content
RO1 91.76a 40.12b 9.11a 13.21a 2.98b 49.09¢ 206.27b
R 02 39.12cd 15.35¢d 13.93a 8.24a 76.64d
R 03 41.69¢ 15.17cd 18.93a 75.79d
R 04 76.89ab 50.58a 12.96a 3.01b 99.13a 20.08b 262.65a
R 05 64.98abc 43.11ab 13.56a 3.31b 43.16¢ 29.35a 197.47b
R 06 34.89¢d 20.49¢ 1.12b 72.71b 11.38¢ 140.59¢
RO7 40.11¢ 20.88¢ 8.49a 69.48d
R 08 51.42be 14.99d 7.78a 12.44a 12.37a 64.79b 163.79bc
CK 10. 65e 10.49e 10.48d 31.62e

TE R —F A [ 5B 3R 22 57 .35 (P<0. 05)

2.3 HiFRWEHE

B3 A0 5555 7 d Z ) 3SR i al s vh a3 i R RS [T 5 o BREERD R 02 Z 00, B TR & 47
R R TR R XS IR R T 8. 18% —14.05% , B, AR MR Z A TC % 2 5%, 2L T 16. 89 mg/
L—18.26 mg/L ZJi],
2.4 TEERMSH T R

K7 d Z )5, B oK e sc et SR A W A iR G i e AR 2, AR IR Z S,
MK AR T e B AR Ak, AP R 01 R 05 A1 R 08, + 38 52 fe 40 @ 25 3 v, e o AR 4 398 18 i
22.78% —37.38% , HAX MRS X BEAHAL . $%Fh R 02 R 04 R 05 F1 R 07, & 42 3 3 rh O 23 & & 1
XTREHE TN 8. 18% —11.58% , HARTE R 5 XF fEAHAL, #2280 R 01 R 04 R 05 F1 R 08, LI 8 Py 45 ke 15 £
L E R, L P 338, 31—390. 44 mg/ kg, HEATE MRy 45 0 4 G S 25 540
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AHOOKE ARSI 2 . & 0 A L oA ap aB A ama
LS D R e G Nt I I e I I B G I

5.80% —36.85%
2.5 PRI

3 A, IR W) A S A B AR
PR TRV (Y SR A LR G R pHL {22t 3 A

Gp {uRcl
Soluble K/(mg/L)
=

BRI MR RE 0 R r=-0.769" .r=-0.853"" |  “Rol ROz R0} R04 KOS RO06 R07 K08 CK
r=-0.878"" .r = 0.863"" (n=9) . HLJR & F Mt Hitk Strain

S5 PR 4y B B B IEAH K (r=0.870"" ,n= B3 EEhTRNELE

9) , 'j‘,‘i%?‘%{& pH {E%*&E%ﬁi 7]:@9&( r=-0.808** n= Fig.3 Contents of soluble K in liquid culture mediums

9), LAk, MR TR 43U A ML SR B S5 55 92 pH H
BB ENMME(r=-0.733" ,n=9),

x2 THEGWHREETH
Table 2 The changes in K pools in soils /( mg/kg)

G173 KR AL Evel Rk At
Strains Water-soluble K Exchangeable K Slow effective K Mineral K
R 01 1.75a 157.92ab 347.69ab 15362. 68b
R 02 1.52ab 138.31bed 361.27a 15548. 52ab
R 03 1.49b 130.53cd 339.11ab 15628. 42ab
R 04 1.50b 128.11cd 355.12a 15414.81b
R 05 1.60ab 148. 35abe 354.54a 15370.51b
R 06 1.69ab 145.55abed 335.25ab 15517.33ab
R 07 1.49b 138.27bed 350.25a 15584.57ab
R 08 1.65ab 166.00a 339.04ab 15368.06b
CK 1.68ab 120.83d 323.77b 15753.12a

£3 HEXEENEXEH

Table 3 Correlation coefficients among experimental factors

HIEA KPR S SRR W2k TR AR

Potassium Forms WSK EK SEK Mineral K Oxalic acid TOA pH
TR A WSK 1..000

M EK 0.479 1.000

50 SEK -0.500 0.163 1.000

WY Mineral K -0.219 -0.769 * -0.523 1.000

FERIR I Oxalic acid 0.103 0.486 0.576 -0.853** 1.000

A HLER M TOA 0.162 0.423 0.425 -0.878 ** 0.870 " 1.000

pH 0.098 -0.637 -0.635 0.863 ** -0.808 ** -0.733" 1.000

WSK = Water soluble K; EK=Exchangeable K; SEK =Slow effective K; TOA =Total organic acids; * , % * 435 R7E0.05 F10. 01 /KF_EAHIRK
PR 3 1 EKF

3 g

BRI 7 d Z )5 BRI TR ) . 2 R B 32 561 pH (A, /D FEAIR T 1. 34 A2 BB Tk
FEREINT 22 5L b HBEMANE], pH (BRI WA —FE . AT HLIR 1) 43 W17 DL, 4B AR A B 20 b TR
SR , REZ BRI HE LW R (R 02 BR4M) ,R 01 R 02 R 08 fE4Fi T K2, R 01 .R 02 R 04 .R 05 Al
R 08 AE4rILHR, R 04 R 05 R 06 REAFILFLIR , 25 HILFR 1Y 536 BE 1 R AILIR 43 1 Job 2k A1 PR PR AR A [] 1 5
GEit AR BRI pH (B 5 A ML SR B 5 W 3 ORI OC (r =-0.7337 ,n =9) , UG HA ARIR 1R 43 0 1) A3 AL
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PR 1t LT IR pH AERRARA IR 2 — (B2, 7 R AILRR i 8 BT AR i & B TR BB, A Y pH (E REAIR 1Y
4.15% —27.56% ,HEMARIE A T DL B W A B 1. PG, B 32 WY pH B R AP AR IR 71 23 WA BILITR A &
BT IR OSSR, 6 A HILIR b |, 4 KR 43 B R 0 i ) R R B i 22

e R BB TAUSAEAE G (K TR A sS40 ) 28 A SR (0 25 F )
EANTZ I EARS AL, AR DR SR & B i I 25 8 TR R (3R R 02 BRAL, S5%F BRARMRL) | th T R b
TRV B TR E— R TR 10 BA 5 R B (R B N SR ok A T SRR Vs A | MR D LA Ak g b ek
MIRE J1. A B 5T 3 % 52 W AR B A B0 0 A7 58 28 B, R 3 T T R EL A B A B 0 A MR R T (FKTL
FK8) '™ BLAN, 7EMIR B 5 IR P, 3000 TR AR AR oo - 9SS B kA o TR A AEG  HRAE F A, o 2 e R
EHAHR(-0.769" ,n=9) ., VELHHFEMRIEEMIVERT , 1580 W) rh A S50 B0 n] BB 1k ik 28 St B0, LR o L
A IS AT AR IO A BE T o RO XT A R 0 TR T b - A B A R B, 3 AR A
F25.4% , FEATRIG Y, 32 b AR S HE X BRI 5. 80% —36. 85% ) HILIN A, EB AR TR T B it
BRRE TP RER T 2 AT HRAE P BR AN , SRS B RE ) ARSI S, D3 A0, AT 2 W i A g TR A JE
AR AR W PR EE R, o 2 R i i i R A P R R AR R B Y R =2 S5, T
PAE Ak TR, B e S AR A Ak | i - g

Podgorskii 245 11, 81 40 B 0 6 OVE A S R o6 B il ad 2 A WLRR , R 419
AORRSH YA AR S SR A AE, AR MR ES 7 Malinovskaya ZFIA A, B 41 B 119 A 40
VERSH AN 2 Bl — 2N F 1A HLRR (TR iR SRR LIRS ) A '™ . Welch A1 Ullman 4 % BiL
[f]— pH (B2 1F T, A MLER VB L TCHLRR S TR ) i Rk BR R0 | 13002 DR A 5 B0 T 7 1 i ek R - g st
WEA BRVA TR A 4 AR L, B A0 B A TR AR R ER 2K A, BE NI R L LR R P iR 7L
B S8 22 P WILIR , DA I8 A - 49 m (0 v R 0 (A WO T, 3 - eIt g 1 0 ZE AR g6 b, 35w
Wyt K B0 5 AR R DA R IR W i RN A AR 43 o i 2l 3 UM O (r=-0. 853" .r=-0.878"" ,n=9) , VLB KR
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