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Isolation of phosphate solubilizing fungus ( Aspergillus niger) from Caragana

rhizosphere and its potential for phosphate solubilization
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Abstract: Most phosphorus exists in saline-alkaline soils in the form of insoluble phosphates and the content of available
phosphorus is low. Chemical phosphorus fertilizer is often applied in farming to meet the nutritious requirement of crop
growing. However, saline-alkaline soils are rich in inorganic salts and poor in organic matter, and are prone to crusting,
making application of inorganic fertilizer unsuitable. Phosphate-solubilizing microbes are a class of micoroganisms that
transform the insoluble phosphates into available phosphorus, who provide a measure for improvement of soil nutritious
properties. Caragana Fabr. are shrubs cultivated to improve saline-alkaline soils, which enhance the availability of
nitrogen, potassium and phosphorus in soil.

In our study, the soil sample from rhizospheres of Caragana plants grown on saline-alkaline wasteland was collected
and used for culture to screen the phosphate solubilizing fungus and investigate its phosphate solubilizing proprties. The
tricalcium phosphate agar medium was used. The colonies with clear halos were considered to be phosphate solubilizing
fungus in the screening. One strain of fungus with phosphate-solubilizing ability was isolated in the current paper. The ITS

sequence of the strain determined by PCR was of 100% homology with that of Aspergillus niger when compared with the
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known sequence in NCBI database using pairwise BLAST. The isolated strain was identified as Aspergillus niger on the basis
of morphological characteristics and ITS genetic sequence analyses. To study the phosphate-solubilizing ability of the strain,
the pH value and available phosphorus content of inorganic phosphorus culture medium, the weight of mycelium and the
absorbed amount of phosphorous by the fungus were measured during a culture period of 168 hours. The pH value dropped
sharply from 7.0 to 2.0 within the first 36 hours of culture, and then generally leveled off during the rest of the culture.
This process provides an acidic condition for the solubilizing of insoluble phosphates and is probably one of the main reasons
for the changes in the rhizosphere of Caragana plants. At the same time, the available phosphorus content in culture
increased to 4. 7mg at the 36th hour of culture and remained at this level for another 96 hours, then underwent a slight
increase in the last 24 hours of culture. This indicates a high phosphate solubilizing ability of the strain. The weight of
mycelium reached its peak (0.32g) at the 60th hour of culture and stayed at around 0.20g for 60 hours before reached a
second peak (0.27g) at 144th hour and then decrease to 0.20g at the end of culture. On the other hand, the absorbed
amount of phosphorous by the fungus decreased dramatically from 5.4 mg dropped to 0. Smg during the first 48 hours of
culture, then stayed leveled off until the end of culture, indicating that the absorbance and the release of phosphorous later
on by Aspergillus niger may be one of the mechanisms for the transformation of insoluble phosphates into available
phosphorus by the fungus. These data evidence that Aspergillus niger isolated from the rhizosphere of Caragana plants is
able to utilize the insoluble phosphates in soil and transform it into available phosphorus for the plants, thus help with the
remediation of soil biology, growth of plants and improvement of soils. The results also provided scientific evidence for the
improvement of saline-alkaline soil environment by Caragana plants and the development of biological fertilizer made from

Aspergillus niger.
Key Words: Caragana thizosphere soil; phosphate solubilizing fungus; Aspergillus niger; phosphate solubilization
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(1)PDA KR35 S5 200g Il 20g  fi %54 20g 7518 7K 1000mL,

() MLBE R 4y #5%58E 10g, (NH,),S0, 0.5 g,MgSO0, - 7H,0 0.3g,NaCl 0.3 g,KCl 0. 3g,FeSO, - 7H,0
0.03 g,MnSO, - 7H,0 0.03 g,Ca,(PO,), 5 g, 7&K 1000 mL,pH7.0—7.5,121 °C K 30 min, FEAE; 555 d
A 15—20g/L Bl .

1.1.2  FEALER A

(1) EFAULE  OLYMPUS B ; YXQ-LS-5035BI H 77 2 7% K A (v TR S 06 A3 BR 28 7] BE 7 i %
J7) ;SW-CJ-1FD RIS TAES (LI HRSE A R A A BRI 4) ) s HH. BIL 600 18 & 15 3240 (L Bk
EEIFHL) ) s BS-B fHIRE e (E BB S AT PR F]) s DYY-8C BIHL kX (Jb i s —A &%) ) ; TGL- 16C-55
AEHEBE DL LI RERAER ) s HH-2A FCR fH iR s 8 (E AR B a8 Aa FRA R S b ; TC-25/H A
P (BTN T H B A RAF]) 3 Eppendorf BERSAR RS ;752PC 2E5M] WA 0GR ( I GBS A B
N 53-Star RS TH(EEBEFIE) .

(2) FZEGH Bk (RIRFEA ) R R (S 0 s ebkby (S 1) 5 507 2 PR 20 4 B 7
E(FEEYTEARATE) B EOAH & (TaKaRa) ; BEAEWE (PHPEF 745 ) ; EDTA (REEAH]) ;Tris(RKE
INTD) S TRIFUE ; Tris-161 F1 B ( Solarbio ) ; DNA Marker DI2000 ( TaKaRa ) ; B i 80b5 v 4 5 ( b BB 95 B%)
pGEM-T Easy AR ( Promega) ; HA 24 i1 344 EEN RN i T
1.2 Jrik
1.2.1 TR B 0718 R0 53 125

FREL Sg /NHEE XS JLAR FEl 38T 45mL TRk b i iR 5 A R e /iR 215 RV E 107 g/mlL, ¥ 5
J5 3 AR RS AT T ICHLBE A SS 3538 |8 T 28°C BE SR A 15 5% 5d, k3 I Pl d5c R 1) B ik A 4
Balifh, 4k RN
1.2.2 ITS FFAI5E

(1) RS FR ML 41 DNA (B2 HL

PR R T PDA Al B A TG AL S, T IOHUBE B AR RS 3R 58 1 BE 57 5—7d, FH KT ) B2 DA LI T 22 14
B C KB VU S AN R I, e B S Ve 20 R HRUE I 41 DNA |, -20°C AR A7 & H .

(2) PCR ¥ B4Rz BHA tDNA 19 ITS X FI=Hy iy 4lifk,

PLATHEBEN 4] DNA WA EFT PCR 4748, FHELIE 1TS 7513 H 514 1TS4 (5'-TCCTCCGCTTATTGATATGC-
3") FI TS5 (5'-GGAAGTAAAAGTCGTAACAAGG-3") , PCR LW f& £ (50pL) :4pl dNTP,ITS5 1L, ITS4 1pL,
Taq M 1L, Buffer Spl, Bk Spl, ddH,0 33pL, PCR #3250 4 95°C HiAE 1 Smin ;94°C A5k 305 ;58 C iR
K 30s372°C FEMf Tmin; JEFR 35 W B 72°C F4EMH 10min, PCR =104k I8 TAKARA S5 BEEEE DNA
SRR & 0 5 A T

(3) PCR ¥y sabe 4 Sy

RN KLl R PCR =415 pGEM-T Easy 2R IAEH:

BERER VAR ZR (10pL)  2xligation Buffer S, #4K 1wL, PCR 7##) 3uL, T4 DNA ZE4E8F 1wl Brf i 5E
FEREFREL 200 TRBIF A LB/ &K/ IPTG/ X-Gal AR I, AR T 37°C il b 37 , 45 B 05 B 7o b SO, Pkt H:
H U BERE T3 2R A LB TR FR BT 1, AP i 4 A 1 1 SR BUSURE DNA

15BN =y HEA T B BRI R VIR T A R BOR A Ak, B A BU )8 INE B TaKaRa A F]
AT,
(4) BHBRIG TTS JEH 75 404t
BERRR A 1TS FER T FAEXT 5, 76 NCBI ) GenBank H15 B H1F 51 BE4T BLAST F#¢, 3 FH 50 [R) AR 43
BT, R KRR Y 4 S A
1.2.3  fRwRE ST A E

(1) bR Zeny 2
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VB WA ) 5T (1000mey/ L) i R S il BB AR TR U (100 me/L) , 43 51 01,23 .4 .5.6.8 mL, T
AT, mZEBKE2) 30 mL, ITABHEEH R AR, €A % 50mL, BE#50.0.1,0.2.0.3.,0.4,0.5.0.6.0.8
mg/L ARifE RN, B BRI L ik I e O B | 2l 25
(2) TERRMARERE S R

FEH A ¥ PDA 15 9R3E [H53% 48 h BREIATCRE/K Y, TUERIE SSRGS, &N EER, ¥
21 x 10" CFU/mL,

FIRRIATERE HIE 78 150mL B9 =M P2 A 50mL © KB R TCHLBESE F5 5L, 20 B3RP 1L 1H B0,
SEIREE 1 mL EHK, B MEHESE 3 K, 7E28%C 160 v/min fHIRFEIK FIRTGEFE 7d, 65 12 h BUREH pH
TR ZE R R pHAE ; [RI CR 3R AR 45001/ min 553 B0 15min, B W WO SR B BT HE (0 10 58 OB E
HRYEAREE T B IR P AT i 7 it 0 8 A5 20 % Rz s TR I B B 224K, T 80 C MEAR ML T 8 b, T L7
P22 IR T

PRI s B R K5 RS B B 22 4R 76 121 °C R K 3% 40 min, MILAGE B A9 H, S0, TH & ER400)5,
T 30% 1) H, 0, 4RSI & 2 300 54 , 8 25 J5 FHAR SR L 05 DN WO A8, AR H A ok it Ze o H 380 s B A
2 ZER551
2.1 WIS

FETCHLBE [EA G 73 1 43 B AR 1 TR R O PR 22tk L 55 35 5 1) 11 6 VS DT DE V4 A 132 W 1, 49
e L R R R ESOR
2.2 HERRAY ITS 7300 5E

PEPOZ AR EE K 20 DNA 52 U 56 KT 4H DNA
17 PCR ¥4 , 1. 0% 3 R ARHEE s L VIR I, 75 31 B 52 1
(), VIR EICH B DNA R Bt BB A Bt
TaKaRa A= 475 Gl 3547 ITS JFH)ME , 5 24 5 h 631bp
HF5
2.3 BRI 2000

TETE PDA 355 5E AR KB IETH iR, 7 1000
I, AR EETFEBENET ERE, 74 Zgg
ARTFEY , AT R E R A, W%

R RN,

FEI A5 Y 1TS 3 K5 0 7E NCBI _L i 47 [ U 14 4

ROERE, Bril 31 5 2 i B (Aspergillus niger ) [F)

PEMEN 100% o Z3G B ARHEFN ITS B LA 351 [] P4 P Bl 1 EEM DNA FITS EEF5 PCR §-1874

D5 T AT IR AR S D PR N B (Aspergillus niger) o Fig.1 The result of Genomic DNA ITS PCR amplification

2.4 FEENTMEE M TR £ SR RE Ty M:DNA Marker; 1 12320 DNA ; 1 and 2: Genomic DNA; 3
. PCR 250 and 6

2.4.1 BshruEmhR s 4.5 M6:PCRZH; 3 4.5 and 6:Result of PCR

WE 2 PR, 2 B 28 AT 56 250 R> =0. 99, AT LUK 35 WO B8 {1 Sfe il s s 75
2.4.2  fiwERe e

BSOGT 7 B )= 375 00 2 pH B, DAIEL 3 AT LUE Y BE A 55 52 B ] AN T B4, 9 pH (BRI R R, L 7.0
B FBES] 2.0 47, 1E 0—36h P pH A FREECH, XA B B il 85 iR AR & 72 A K B Bo R W B ik
INGY A HILIRR 38 2ok RO T T P PR B R VS A AN T PR B IR B . 36h S pH (HZ8 L8 2E | 48h J5 B Mt T
EARAS . BMED IR IAEE pH (E S Ak R 5| Ry A5 B IO B AR T i S PR i JECAR FBL ] DR o — A SR i
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(A pH LB I8, AN T MR £ 1 7 A 3 4 1 0s
el 4 R TAESTR 168h F A AITIBARIRIOE 2 o
TR A Wy (1 AT S T 1 B A R4 é 03 .
FRPEYIIR SR FORCRE . TR H B zf
BT TE RE I, 60h SR BB AN 0. 32, ERER ORI & | —
L, P T R R 9 TR Y P e Y

BRUR AN [ Fsf 03 355 7 R0 Wi 1t (9 A2 AL UL BT 5, %
FRE 168h A, 4 12h BEATHURE & WOL B R

Phosphorus concetraion/(mg/L)

B2 R

E‘JE?&%@% , }J\IZ] 5 ﬂ%ﬂ , /ﬁ{& "JF E‘JE?&%@% Bﬁ% Fig. 2 Standard curve of Phosorus
FR IR ] P A SRR B R TE ARG, 7ERE R 0—
36 h Z [A] O & AR A LA i, 31 36 h J B B s A AR BIRRE M 4. Tme/ L 2240 IR MR B 1S Y

fWERE ST o

Il Il 1 1 Il Il 1 Il 1 Il Il Il 1 Il J

0 12 24 48 60 72 84 96 108 120 132 144 156 168 180
$EFERTE Culture time/h
B3 BHEARRMNRAEFR pH ENTH
Fig.3 Variation of pH during culture period
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Fig.4 Variation of fungi weight during culture period

BRI AN [ Bt ST i A UL BT 6, DT PR T LUt B ARl B P ) A A AT B3, 36 I B MR 1 e
EIRIR T, BAE MR B B AR RS E 1S . TR BRI E AR SRR — SR R
PR ER AT P A MERPERE T F RS 5 R AU R AL S W) OB RR AL VT, DR 7 R i o T 22 A 4
THMWOF BT R A TR A B e 2k 00 2 1 o 7 A 240 L Rl v R 2 R B o, O A A A I
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Fig.5 Variation of phosphate solubilization capacity during culture period
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Mycelium P uptake/mg
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Fig.6 Variation of mcelium P uptake during culture period

3 g

IR ATz, BT O ARGE B B B RE ) MR YRS AR T L A AR IR L AR
Xt VAl 10 A AR 32 R BT DR 3 B i), RS R R 2 R i Sl W AR TS M IR K 22 5 MO 2610 S R B
P bRk, | 0 b 52 b DO 2 25 3R 56 A 200 B (0 o B 45 4 SRR R AR K 22 5 . R/ SRR BN T R
RAEYHR B 5 AR o 398 v e i 40 B 1) 3 A R s R AR TR, SR 1) S5 IR 9T 2 B0 A7) S A A B A E
BONFE WA RS 2 AR S b i A S AP E 1 o0 15 O | 1 A e B A ) I R R IR
A B E R, R S R A 0. 75g/kg, pH 53k 10.0 LA b, ZEX R IR R T - HEAR S, , A 80wk o i 1
1.0mg/kg Zeda o LAATSRREARARH T 5800 52 ) HAR [ 73 B 4R A5 1Y % N A R RO T4 4. Tmg/ L B9 Sk 56 PR T
B A B T8 s 3 md Ak A R s SE iz X R A e A (R ke RAE Y A SR ma Ak 1
HH,

il W LR B FI AN AN 2, oAb 2R b BRI R B i ik B P i SR S R 2
S 1 ML TP AR 265 BRAITE B A0 B A 2—30 me/g Z A1, Paul %5 G RHHEMIHLER
AYES 12 BRYATEANGE , HirP 1 BRI AT IR (B. brevis ) ¥f# Ca, (PO, ), FURCR AT 35 18.53% , JuN A% f
A F) 2 MR A A E M EFRE B E (Penicillium oxalicum Currie & Thom) P8 Pnl,10d J& 50mL AR 57
BRI 0 9. 71 mg A1 6. 82 mg, FMNEEIE 5T — R BERCR A M T bR, H T 8 it & 5 i - ) i
WRER TS HGE L . Vassilev! ™ BIFSE T BRI B2 0 W W R 6 (1 V5 Ak i 1 T i3k 292 pg / mL, Illmer''”
Sl 1 RS 4 Fh AT AT DU SO A R RR AR . e RGN bk R AP22 BB 1
AW B N 141.94% 355 30 mg/ kg, JLHIE AP22 7 pH 4 8 (AR PE S5 F T L RE SR H AR 47 1 i i/
FAUST PR B T M S A LA 1 A B E T L TT REAE IR b R IR R RGP B & T R AEAE T, AR BT AT
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R AL AR ] S8 v 23 B AR A B A D o 0 T4 e B T A R i P A ROE B R TR, AGE R R AT SRR
R

WF5E R WA W0 O A BE 7 e JH™ A RVRE O ILRR S AU M O LE AL RE I R E il AT TR B R 2
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