RS FRIEAYER 2009, 15(6) 856~860 2009-12-25
Chin J Appl Environ Biol=ISSN 1006-687X DOI: 10.3724/SP.J.1145.2009.00856

PRIETFINEFIBEES 2 X4 bR AR
R BERE TR
DRE P REE ARET

(EREBRTTAL S EAEYBISAT PiT 810008)
(2 MR B S AR 2 730030)

CH Al B3R 2290 730070)

(PERI2ERRIA AR JLET 100049)
W E MERAERETIRT ARINAGCIHEE . IE . R BHE R I E B /NE (Triticum aestivum) . B
1§ (Medicago sativa)iR R4 WAL R BB AN E (Lx81, Jm92, Dm84., Lx191) IABERE B R . S5 R0 (1) 4Bk
B e m B R, E T Im92 R Dm844E #4545 5 1 Bk 1 A9 NaC I [ 5 5 B8 43 51 4% F18%, Lx81, Lx1917E NaCl¥k
R T 5% B SR Z BIHIH. (2) LxSU R IR R B 200, R O TEA 55 4103k T 7 78 250 e I TE M o Bk Ut
B BRI R BERE JT; ARKEASLEANBE R AT RS, (3) Lx81ATIm927E LA(NH,), SO, FINH,NO b ZUIR i 45 B I P 49 82
#, (NH,),SO & Lx I I A ZUR, MINH-NAFFE 2 S B DmB4R BPHE HEREAR. (4) SRR AR LHIREH, AR
R B X B FRBAF. (5) 4RI BRI XT Ca,-PHICa -PH B K MR BRCR, (HENJLTH A RERH Ca, -P. B3 R4
214
KGR B A EOEE NaCUR B ; BRIE; 2R WRA; BEEREL, WakEE
CLC S144.9

Effects of Different Habitats and Insoluble Phosphates on Phosphate Solubilizing

Activity of Four Phosphate Solubilizing Bacteria*
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Abstract The effects of different NaCl concentrations, carbon sources, nitrogen sources, dissolved oxygen and insoluble
phosphates on phosphate solubilizing activity of four phosphate solubilizing bacterial (PSB) strains isolated from rhizosphere
of wheat (Triticum aestivum) and alfalfa (Medicago sativa) were studied in liquid media. The results showed that the four
isolates had high phosphate solubilizing capacity to tolerate salt stress. Strains Jm92 and Dm84 could tolerate NaCl at 4% and
8% concentrations, respectively, while strains L.x81 and Lx191 could tolerate NaCl at 5% concentrations. Lx 81 had the highest
capacity to solubilize rock phosphate when supplied with glucose, and it was also able to use saccharose to solubilize rock
phosphate. The other three strains had higher phosphate solubilization activities when supplied with glucose and saccharose,
but all of them used a little starch to solubilize rockphosphate. Lx81 and Jm92 had stronger capacity to dissolve rock phosphate
when supplied with (NH,),SO, and NH,NO,, Lx191 showed strong ability to solubilize rock phosphate only at (NH,),SO,
medium. However, Dm84 decreased its activities for dissolving rock phosphate at NH,*-N medium. The four PSB strains
were not obligate anaerobic bacteria, but different strains differed in requirements for O,. All of them could readily solubilize
Ca (PO,), and Ca H (PO,), H,O phosphate. However, they almost could not solubilize (Ca,,(PO,), F, phosphate. Fig 3, Tab 4,
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RIS B4R T BRI (Lx81, Jm92, Dm84., Lx191) XA [F]
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1 bhet 5
L1 # #
1.1l 8 % HilEw o a/hE (Triticum aestivum) . 8
7 (Medicago sativa) 1R IR RIARREBEE (1) .
R HHLABE (PSB) HtkskiE

Table 1 Sources of the PSB strains used in this study

B BIFRRYE
Strains Resources of strains
Lx81*  ZM Lanzhou  /PEMRPFTHE Soil of wheat rhizosphere
Dm84*  EF Dingxi BTEREF L% Soil of alfalfa rhizosphere
ITm92* R Jiuquan HTEMBR-EI® Soil of alfalfa thizosphere
Lx191* =M Lanzhou  /NEMRPFFTHE Soil of wheat rhizosphere

*15% % Not identified

112 B#%E 3 NPikovaskaias (PKO) WA 1% 575 (pH
{87.0), LBEA 5 F 5 (pH{E7.0) B,

113 B iR Ca,(PO,), (AT 4, RET AL TAHRAF
H:7) ; CaH,(PO,), - H,O#Ca,(PO,), F, (/47 4li, M 5 Rk
K =).

1.2 &

121 AERENaCLI IF R BB EARME  F150 mL=
FaE b 4> A B AR B AT $OE B A RINaCk B (0.15%
0.30%. 0.45%. 0.60%. 0.75%. 1%. 2%. 2.5%. 3%. 4%. 5%)
FIPKOWR R 52 550 mL, B K4 . ¥ & LBRHm B 57
B K24 BG4I BEARE (R MR SRS (AR
10°4~/mL) , 4 AR mLEAR T EAR RS FHREP,
A EIRER; UAERATE. BKEFRE (28 C, 160
r/min) 8d. 4 CT &.0» (10 000 r/min) 15 min, BUE B L&
W, WE S8 &

122 FERE. RiE. pHE. SRREXN THEABEEN
®NE  CRAPKOWMRIEFRIEL, SEFEELIBRKE . AK, pHE.
vk AR E, SR EBKT, RALY (3,) ERRIEST
AR EIKTRE, HHRE R ROKELLFR2. 2.0 %4
FAEFABRIEBEE, BRT RSB R E.

123 AEEMBEN BHREEERNEm B
SHI150 mL=MAMAHEARE IR (25 mL, 50 mL, 75 mL,
100 mL. 125 mL) BV APKORE FR 5, IN1.2. 157 3R 7 B 4K 3%
FRIL R L PR AR IS BB, B R R A T IS B
BRI .

1.24 BHRANTEARAMBRENBR  HPKOKF
EHHCa,(PO,),EHEEPO, K Ca,H,(PO,) - HOH
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Table 2 Factors and levels for orthogonal experiment

AT ‘ ? Factor
Level Bls N H ZE Salt (NaCl)
C sources N sources P (w/%)
1 H% % Glucose (NH,),SO, 6.5 5
2 PEPE Saccharose NH,NO, 75 8
3 &4 Starch NaNO, 8.5 12

Ca, (PO, - F,iAE, T150 mL=MMiA B A 3R A L B
EPKOMA S 32350 mL, &0 1.2.1 Fid i eI 24k i B
X R (RIS A M VA PR B TR B Y TR B
1.3 BESH

FExcel 2000F1SPSS (13.0) BAA-FEHHE YL L HEATEURE
IS, ST L E L.

2 BR550
2.1 AREINaCl R B4R A E AN RN
NaClR E X IS B E M S BB B SR, 1AL
FH, AGRTE R R B YR NaClk B9 N 755, 24 NaCl
REASINFE - RENBHRERTNER, BENaCIHR B4
LT, £ RF R TA B BRI A R —KE. M, R
FIERTERFINaCHEE T BB KER, BEEK
TR RS B S (E A NaCIHk 2 R TH). W Lx8 13 ¥Rk 7E NaClHk fE
50.15%~0.30%HT 75 i B /DS, 24 NaClvk i 35 5] 0.45% 81 H
ERF AP (18348 mg L), BEE NaCIk kS FH55, £
0.60%~5% i} 1 B B 4E 3575 140~160 mg L2 6], 28 fL g BF R
K. DmBABI Bk 875 B B 7 NaCIHk B34 3 0.75%07 15 B i {H
MR 0.75%0T I BE BT K%, {HFE NaCliR B 1%~5% AT 55 75 B
HH] 2 R AREE (P>0.05). Im92FILx1917F 1% NaClyk B it v
B B, Y NaCIE 0 2%~4%B, Tm92¥% B B 45575 160
mg L7, M NaCI¥E B 51k 5%AT, A8 2 T % %88.87 mg L,
IR VA B B 1946.63%; M X T Lx191B#k, 2%~5%#INaCl
WET, RSB 7180 mg LG, B4R EBY R
B ER A B, Tm927E < 4%HINaClHk E TREAE R BN E
BEEM:, U bk 7E < S%MINaCIHR BF T A S iR gkt .
NaCIHk gk 438 I, BB BB 2R RAE, Kir2.20
IEASR B T DA RS,
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Fig. 1 Effect of different NaCl concentrations on P solubilizing ability by the
4 PSB strains
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Table 3 P solubilizing ability of the four PSB strains in orthogonal experiment (p/mg L)
2= vz R % Salt (NaCl
g c Sﬁfﬁes N i‘uies pH o ) N ) L8 Dmg4 Jmo2 Lx191
1 HEHE Glucose (NH,),SO, 6.5 5 180.62+12.7  106.92+8.3  99.62+10.4 100.71+11.3
2 HIHHE Glucose NH,NO, 7.5 8 52.6616.2 21.1043.7 8.10+1.5 8.15+1.4
3 #E B Glucose NaNO, 8.5 12 3,01+ 0.4 2.58+0.3 2.33+0.3 3.45+0.2
4 #EFE Saccharose (NH,),S0, 7.5 12 5.53+40.9 1.70£0.3 3.84+0.6 5.68+0.3
5 JEHE Saccharose NH,NO, 8.5 5 146.8316.2 3.16+0.4 89.3244.9 102.56+6.8
6 BB Saccharose NaNO, 6.5 8 10.43+2.7 121.08+11.4 5.29+0.8 5.34+1.3
7 E# Starch (NH,),S0, 8.5 8 0.4310.01 471407 0.30+0.03 83.217.5
8 EH Starch NH,NO, 6.5 12 2.29+0.3 1.08+0.2 0.54+0.04 0.93+0.06
9 ¥ Starch NaNO, 7.5 5 1.10+0.2 0.93+0.1 1.24+0.1 1.43+0.2
22 B, @R . pHE. SEREX4RBABMERR RESFHOBIE. SRS T LISk 3 IR & 7 & 23K

-0k A1

BRI . YR, pHE A NaCIEE 4K K TP ELRK
SEIGEER (83) MR 24007 (84) 20, BIE . 25, pH{E.
byl BT A S R A B KR, A& HE IR E Bk
IR0 AR iR 22400 (3R4) B, NaCHRE R T Lx81,
Im2ALx9IE B B R FERE, MENCHKEFS, 3
MEREBRE NSRBI TR, 4582 UREH, 4%MNaCllE
B ImO2 4 FE 8 = VA B IS Y M B KR E, 5% NaClik & &
Lx8UAILx 1914 f5 48 S i i E i e KB, 5 R 3B BE A
[/, ¥R pHE 2 ZHMDmS4A e Hi R T ENE, K
W HNaClk B, L MR 75 8% NaClilk [ TR R B 5 5
B, BE2158 R R, X R AT L 32 8% NaC ik i,

Fa BREBREDN
Table 4 Range analysis of P solubilizing ability

SEAF-1 y . D: # Salt
sﬁ% oy A B B pH  (NaCl)
train Csources N sources

average (w/%)

M1 78.77A 62.19A 64.45A 109.52A

Lx81 M2 54.26B 67.26A 19.77C 21.17B
M3 1.27C 4.85B 50.098 3.61C

R 77.49 62.41 44.68 105.91

M1 43 53A 37.73B 76.36A 37.00B

Dm8&4 M2 41.98A 8.44C 7.91B 48.96 A
M3 2.24B 41.53A 3.48B 178 C
R 41.29 33.08 72.88 47.18

Ml 36.69A 34.59A 35.15A 63.39A

o2 M2 32.82A 32.65A 4.39B 4.57B
M3 0.69B 2.95B 30.65B 2.24B
R 35.99 31.63 30.76 61.16

Ml 37.44A 63.20A 35.66B 68.23A

Lx191 M2 37.86A 37.21B 5.09C 32.23B
M3 28.52B 3.41C 63.07A 3.35C
R 9.34 59.80 57.99 64.88

FAL ) FEAERRERATE, FRFERREEKFA0.05
The same or different capital letters mean no significant or significant
difference between treatments, respectively (P < 0.05)
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2 BB £ 5(P>0.05). 703K TR I 7E LU A58 0 B TR A
RUBREREE, TR B IBIE, B A LSIENHM
ARBFEAE SR ER B E (P<0.05), Dm84FlIm924E —
EZBERABE (P>0.05), 0% B2 LSRR
TR, FLYR S, 1 %TLx191, Dm84FTIm92, FE M A4 4 b 0
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PANaNO Ay &R B i ¥ B 08 M 3R, MILx 191 B AR AR
(NH,),SO,, B A LB Bk LINH -Ny R B i Bl P,
FHLEFE R UNO,-NARBEIF AR, FENFE &
Elibge=ie

R ey thpHEHRE X mBEBHEER EWEE, &
FATTH, LxI9IFEWI 4G pHIE 8 S & T S B iR Ml s, i
Wk A R mN A B ) BB S M pHERE. HE3
R FER: F5 3L 0T R pHIE M 6.5 5 T IS B B8 1 IR 3.

23 AEBRBEIKABE AR M

KWBEREZWY AR BT EREN —1EHER
E, BmE ok, W e R, RS B A A R A K
AFl, RZIRR. FEE—HAS A ELS A9150 mL=A M
AN I BB £ SR i, B 97 FE AR B HL U B R AR IS B
EEBREEBHREINE RN (E2). ARENERE
T, AREARE —E R FEERE T, L BT RS i 5K
LHREHAY. SEREAFXBEETHEHRESS, I
M —EHRAEARERE FTHERERAER LSIALERE
925 mL. 50 mL&T, R E K, MW E TS mLAT, B8
BE15209.93 mg L', B3R ESO mL T 75, FES R E
B BE—80m, LxSIM7EBE BT B, (B W E H100 mL . 125
mLBf B B B S THWE 25 mL, 50 mLEf AR £

(P<0.01), HBALXSIFY B E S B N 75 mL, B &
Ay, B R E  BURE AR T, BB 1E AR ST A R
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Fig. 2 Effect of different dissolved O, on P solubilizing ability by the 4 PSB
strains
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BEHREFIF A ERRNE ). Dm84. Lx 19 7E R W &
75 mLE R KB E, HS5LBIAENE, EfIERKK
BoN25 mLAIS0 mLE WA B B 5 TR & 5100 mL.
125 mLE WS B &, W Dms4 . Lx19UB P A i s ¥ 3t
REH, MEMTRER K, M SRANFEE MR TEATE
BHEE I E . ME R E 0B, Im20y IS B R T MR, 2
WRATETS mL~125 mL2Zz B, 122 B AR 0 7 o 8 4 R A A0 X
BEKYE, BHZEENANTRERX, BTFEHEEN
Y, REMERREB SO ZLEM,
24 AR BRBARRESHEBEBNEEN

A [ B A A BB R 5 R X T A A R B B R TRD L R [)
— R R 3R B RS IR M RE Tt B £ 5 (P<0.05) (H
3) . AR R AR IS B B X BEER =%5[Ca (PO,),, Ca,-PJRIBERR /\
¥5[CaH,(PO,), * H,0, Ca,-P] ¥IH —EKIWMEE ST, HPLx8l
B B XF Ca-PFI Ca -PHY 1A B B 23 511°48199.64 mg L#1181.11
mg L, 53534k B (Dm84. Jm92. Lx191) ¥ #Ca,-PHIBE 1152
3R, HR N Ca,-P, 4RRIE BEE AR LT BOA W AR B ER T 45 (Ca
(PO,), - F,JHRE
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Fig. 3 Solubilization of different insoluble phosphates by the 4 PSB strains
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HEX.
T 5% 3% WA [) 8 bk =22 () % i BB 0 A 7R AR R By 22 SR 00,
T EL BT X S T 7 ot B B 0 0 B TR 285 B B PR O e
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VERRARCRES R I, AR B R A [F B IR S R 6B A 2R
KU, PR BF 5T KB, 7 T PR Ca,-PHY BRI BK,
HIR 2 Ca-P, FePO, 1 i BRI A UBE B 1. A5 ¥4
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Ca-PRIVEBERE 1 KT Ca,-P (P<0.01) , HEIMRE DR IA MR
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