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Abstract: In this study, 16commercial microbial samples were collected. Leveraging available phosphorus content as the screening
criterion, we conducted preliminary screenings of phosphate-solubilizing efficiency in different microbial sources, optimized inoculation
quantities, and developed composite microbial consortia through strain combination. Pot experiments were then carried out to evaluate
the effects of tailings with composite microbial consortia on the growth and quality of Chinese cabbage. The results show that four
efficient phosphorus-solubilizing bacteria were identified after delicately screening and then three composite bacterial agents (numbered
as C3, C4 and C6) were obtained by orthogonal experiments. After cultivating for 7d, the phosphate-solubilizing efficiencies of these
inoculants were increased by 7.1~7.6 times compared with that of comparison group. The pot experiment indicated that with phosphate
tailings and composite microbial inoculant C4 were significantly improved in comparison group, that is the chlorophyll content and yield
increased by 15.96% and 40.78%, respectively. Moreover, the contents of soluble protein and vitamin C in Chinese cabbage were
significantly increased by 18.52% and 229.36%, respectively. In summary, the composite microbial inoculants significantly increased the
available phosphorus content in phosphate tailings and demonstrated an important theoretical significance and a broad application
potential in managing harmless treatment and efficient utilization of phosphate tailings.

Key words: phosphate tailing; phosphate solubilizing bacteria; available phosphorus; resource utilization; compound microorganisms

WA % U5 LA AN v A o AR 2 [ IR
S AN A EE A P B RE H R LT
TR 567 i 2 2 T TSR R IR 6 0 2B 7 e A5,
WAL T )2 N T s aRb A b A5 Ak,
X R B A o A = A i LA o PR A T R
fiti i = H P38 S A A A1, 75 38 0 28 5 A R
TEHEAT B A B, D B I A 2 sk P e
W F R b 2 = AR KR R R St R e
T RERE,207 24 0.44¢ B R P H R BE A (1A
wieEEERARETT Y. By EigP. gss

e SRR AR A =V 1 AR L £ R T A 2
10%™. 46K 2 BURY ™ )5 LAEAE )7 AT R P,
AN R R 3 3 PR 58 XU, S S5 IR A
FIRE BRI X NS 2050 e A ) p ™) 8T B T
JEBE A5G A I 5 IF R AT R ) B A 5 2
Kb BRI YA TR AT A, R SO IE T

Wis B 2025-04-20

EEWB . bt w4 28 K e -0 i AP £ B0 BA AR £ 555 H
(11000024T000002961733)

* SUTLAER, #d%, dis@bua.edu.cn



6390 A 45 %

| AN D | K E Y S NS R E SR 2 3 Y (OB ER VI
R B S AT E NI E S B RS
HICHE UL B B E TR, JE TR E i
T 3% I IR UR AE AR ML AL 2% BRI I e
)38 SR A v e v e o D v, T AR Ak 2B ) e
Vo HME Y 1 Mol 2 A kg A A0 T LR WO R F TR AT s
O LA BTSSR A O L AR A A T
WL PA AR Ok R S5 U 2 M AR e, AT
LT 16 & (Bacillus) i 5. U 1 J& (Pseudomonas)
FIVEE 75 1 8 (Streptomyces )25 B E IAE R K
AU R E T I FE b, v [ A7 K FE A TR g L TR g
AT HURR S, — 7 10, Bl 12 g P AV PR SR R b 4
Ak Ay R R A R FE B e s e w55 — i,
AHUR AT R I IR AL, AR pH (EAAEE T,
HHR S, 5. B8 FEARBCH BRI S 1,
T A2 20 08 R R P AR T R A O N ) A
e /b B I AU I R A A R A LR, DK 40 W i A7
TEA0 M P, 5 0 ]IS 32 0035 B AR A K B mT i P 1l
WOREIBCEIIRBE b g VDR BOR B A a1,
SRS S K7 d=r) ey | DA R Ga B/ S s o N
AR AT PR T T 22 A PE L a2 PR 1458

e 5% LRI 4% BB 3% B b
5% il 2% 526 BT, BE S ey R o B R R B A A 2R
i 78.7% LI A W SN R R g kv
BB TP21-05,45 7 HJB A F A4 LA AR, 56
€ AN NS PN E (Pseudomonas  ginsengisoli), 1% 1%
FRAEAS (2 30t A SEMAR A KOF 3 R bk A U %
HA A A i R e T 2 [ S AR TC LR AR B2
T A GG R TR A TR 5, (e gk R AR AR
KO A e A v R I g 3 A R A

AR R I % e R A
R (38 Ak AR A48 0O OV 5 T A S0
J TSR UE T 308 43 A1 751 ) A Bl 25K e B PR — PR AR 42
A A AR 68 5245 Tl A 0 e R A R TR S B A
TR0 R« BRI )-S5 LA ELAE 20O, LR B 7R g 0k D e R
VR AT SR IR ZR GE e N R BI04 48k 1B = 1A Utk
ohy SIZEIARG o A7 3 R U R L B v R T AR
FHRGER, [ w647 7= b AR S AR 5 38 i |

)2 IS P B A R0, 0 A S AR RE ) L DAL R R

O A S 2 v AR I ELT B R TR AL SOR, B A

N A B F S LB AR A B AR S 4.
1 MREAE

1.1 flH K

111 RBFRES I P I R B E AR 5 0
WA R HLRER T -0.038mm R E 90%~
95%. JEN" T HIE o Fr 8 Ny 4 35, 7g/ke, % 0.13g/
kg, 241 4.59g/kg, W% 7.33mg/kg, A HLR 17.6g/kg.
1.1.2  BEWWR AR A R A —
B RUE T 16 KT R, 20 0l A oA 2 2F f AT R
(Bacillus subtilis)3 F (T1~T3), E. K 2f fi #F
(Bacillus megaterium)3 Fli (T4~T6), i A< 2F {4 AT
(Bacillus licheniformis)2 #(T7~T8), 75 2 4z 2 AT B4
(Bacillus thuringiensis)(T9)~ /K7~ F %6 /)N 2 fFF 1
(Bacillus pumilus Meyer and Gottheil)(T10). 3 [CHE
#F W (Streptomyces fradiae)(T11) Ji¢ J5 % # #TF
(Bacillus mucilaginosus Krassilnikov)(T12). Il %5
LR R (Brevibacillus laterosporu)(T13)~ f#GER) 2F
TN (Bacillus amyloliquefaciens)(T14). 4l #5555
(Streptomyces microflavus)(T15) FN AN 7K B 25
(Streptomyces ahygroscopicus)(T16).

1.1.3  HoRhk OB 10g HiFHE10g Cay(POy),
0.5¢ (NH4)S0,03g KCL03g MgSO47H,0,0.03g
FeS0O,-7H,0,0.03g MnSO,-7H,0, 1000mL 717K ,pH
7.0.M5 A B IR H AF SR AR AU oL S
FRIEHP) Caz(POy), HoAt 7> AR LLIE ML 77 3
Sh o R A 1 R Dk i 1k s R k.

1.2 Rk

121 REEAOGAL ey MR IR AR,
B E Rl ImL R A 1.0% (A R B R R T
37°C,150r/min EEFF PR PR, TP S 5 3d. 5d.
7dy 9d M1 11d HURE IR 52 A R0 & LAAN I B
F A I AL R T 3 UK.

1.2.2 #MERE KR 1.2.1 IR R
BT AT 2% 4% 6% FI1 8% (¥R
TP N BN A A AR R IR R v K R TR A T
T 37°C,1500/min fELRE AR IR 5d, 00 5E B IR
AT R R AR B AT 3 UK.

1.2.3 IERWE 7R 1.2.2 LAl F TRk H g ik
S8R e 1 4 B0 AT R e P B HEA T L9 IEAL
RIS (R 1) & AL BEAE B A R g Bk b B T 37 C e
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Table 1 Orthogonal experiment table of different strains and
inoculations(%)
GG b B LS
T3 T9 T14 T16
Cl 6 7 3 4
C2 6 6 2 3
C3 7 8 2 4
C4 7 7 3 3
C5 8 6 3 4
C6 8 7 2 5
C7 8 8 4 3
C8 6 8 4 5
C9 7 6 4 5

124 HHEESHENE  RAH BT 7k, IR
25/0(10000r/min) Ji5 5774 2.50mL T~ 200mL — £
I 50.0mL 0.5mol/L NaHCOs, i %E, 7 25°C
200r/min [{#E R 3% 16 ~) 30min J5 H JCHEIE4LL
V& WL JEWE 10.0mL T 50mL /NGEAR FR FE IV ES
P2 ) 5.0mL, 78 7084, 5 & 30min J57E 880nm
AT W WG BE I A Rk 1 &

1.3 ZRIRK

1.3 @RRIw  RIR BN 418 v
s A UZR /N 1, W 3 AN el 4-(CK), F 7l -
I FRAT (TW), H 8 -+ R AT+ 1R F1(TW). £ Ab 21
FEHEAT HUIE A I (30000kg/hm?). A HUIEFE 44 B -
HHUT 282.73g/kg. 4% 23.8g/kg, 4= 8.96g/kg, %4
18 3.69g/kg. T I AN N &0 135, 4 B 71l C4 R ot
h 20g BFACEREE ST 3 IR AR T I dke FEEIRE 6
RN S MOISH(LI R R S 35d)BURERR.

1.3.2 DI H 557 BRI 0w R T DU b
W A ) B (PO ) TR 13 S P A8 T B £ 3 0
52 PO fRAEBE ) S B AR IR A R P IR 2 AN
B B SR R O A R BB 3 B

KIS 3, 2R, FRH A B I 3 4 3
REMEFRE 6 Bk, T SPAD-502 744 230 Bk [] -
AL SPAD AR i J0T: R FH 2R By~ B v o ml s
S R SR 2 I s I v A e
KM 2,6- Sy e e i % C SR
1.4 B rbr

FIF Microsoft Excel 2010 #E47 %k Ak B A FH
SPSS 18.0 il A AT SIS0 HT - ANOVA VLT
AbF R) 2 55 3 35 43 M (P<0.05), F) H Duncan’s v2:3F
172 F LA, R Origin 2021 #A1E K.

2 HRE5SH

2.1 KRR I AT AR R () 5%

16 Fhis A=y e ) g s R an 18 1 o, e 1
TGRS [R) PRk A= 0 R ) () At e ) 22 el R A
A B B R 2 MM S IS 7 0 9d
B4l CK MIEL,T1. T3. T5. T9. T10. T11.
T14. T15 F1 T16 IX 9 il A5 4 e ) i) A 1ol 26 14 i
IKF) 40% LA L Hod T3, T10 ZE86R0 5 1955 9d A 4%
W& 70 4 18.22mg/kg A1 9.11mg/kg, fift ik = 5331l
B0 100.91%1 110.71%. HoAth 3k 25 40 081 70 A g 2 A
Lj CK 6 AR LU AR e ) ARG i 22, 3L T8 AR T
CK 0} HEAL Al ol B8 ) 5 59

HE—20XF 16 AN B FIAS [ I () (0 g il a0 A T 5%
HA3 M AERRRE 250 6.0 I K 16 ANBFI4 3 25(
2)0 T 2RBEE 2 ANBEAL N B 12.5%, 6035 T3 F T10,
5 CK A bl A H 34 1) 45 200 5 e T34 3 T 89% LA
R TSRS T AR AL 43.8%, 04E T1. TS,
T9. T11. T15. T16,5 CK H b, A3 1) 0w
HOTIIPE R T 50%LL LB T 2RBES 7 N AL A T
43.8%,fufh T2. T4, T6. T7. T8. T12 Al T13,5
CKAH b, Ak B ) A7 2800k 7 B384 i T 10% LA F.
R A0 B FR e Y T1. T34 TS5, T9. T10. T11. T14.
T15 FT16 X 9 P AR AT T —20 505,

20 20 : 20 . 20 -
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Fig.1 Effects of different microbial agents on phosphate solubilization of the used phosphate tailings
PR G5 N T B AR 22 (n=5)
2 2.3 BB BRI SE
2y RE DRl i A A LOGHIERL
10r WIREE DR C1~C9 9 BTl & AR A EE
w 8T FHJESE 7d 4780 & BUABRAE,C3 C4 A1 Co 416t
= 6 RO B AR TR 7d I A R & R
il 97.10,98.26,90.68mg/kg, 53¢ HEAH LU, s SR 43 I
| T 7.5, 7.6 F17.1 {5 Horh C4 LA RRIZSCRIRAE(E 4).
: | | 2.4 SIAHAHN AR K1
9‘4“ ’ I:l)‘l ,‘
M5 LU S I AR 2 A T 0 Ak
(G il . e b
' PR K BELF (B 5(a)), M R B R W e
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Fig.2 Cluster analysis of phosphate solubilization effects of

these 16 microbial agents

2.2
Al

PR N 2% 4% 6%F1 8% AN
T R B S R P G IR 9d S5 % Ab AT Ak T B 4
S 3 FroR.9 P AP o AN [R)FE T B 1 At 1ok e
DIFAAE 535 78 7(P<0.05), H i S AE W) TR 7] T3(8%)
T5(8%). T14(4%)H1 T16(8%)4b Bl A7 kbl 2 2y
Wk 48.66, 50.58,45.86 1 46.66mg/kg, 5 CK A b1
&3904 5.37. 5.58. 5.06 Al 5.15 1.

Bl 2 0 R TR A [ 2 o B 6 R e 2R (1

X HEAR BEAH LG, a = s g T 10.31% A1
15.96%(F& 5(b)). 55 xF FEAH L s i 24 77 4
T 5.56%, [NV N2 A B S, SR A B, 7 6
FHE T 40.78%(14 5(c)).
2.5  SABHFNT /N 300 T 1) 5

& 6 ATLUE HL IR R A B AL BT
ANEEARELCR AR N R SR TE g
HAMgEAFE C S B INE RN G2 TW B
FI /DAY R C O R B I IN T 34.04%.
VS IR AT O A A BRI AL B TWIL W ey AT
W E YRR C o BN AR EL A 3 i T
18.52%%11 229.36%.
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Fig.3 Effects of different inoculations on phosphate solubilization of the phosphate tailings
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Fig.4 Effects of composite bacteriological agents on phosphate tailings
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Fig.5 Agronomic effects of Chinese cabbage after treated with phosphate tailings activated with the phosphate solubilizing bacteria
P PR G5 RN P IR 22 (n=3), N /NG P RER TR AR B 7] 2257 2. 34 (P<0.05). R[]

ENGE G NS PRI

100

7
() W PR (b) AT AR a (0) HEAERC a
1.2r 6t <
—_ a fer
% Lo} 2 j % sl b alb g -
g s £ g
]a 081 oW 4f = 60 -
& & @
g 06 i sp g ol o
ﬁ 0.4 # gt = ¢
=T i g 20|
02t Bl
0.0 : . ' 0 . : . 0 : . :
CK ™ T™WJ CK ™ T™WI CK ™ TWJ
K6 AR AL BERS  FE dh J5 R 5
Fig.6 Effect of the activated phosphate tailings on the quality of Chinese cabbage
3 e megaterium) fif 25 AT A1 I R S AF 2 ) A AT A R

Tl R A2 Wl PR SR A 2 Tl AR 77 e AR i
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VIR IE, R TR S A R E A BRI ) T
25 5L AR, P 23 B DL M Vs I B R 36 AR AE,
HME DL A8 ) WO R AN fig R R PR AR K
sf POV D b 388 358 58k A= 0 BT 70 1) A 0 3 A 1 P
WA A A i AN RE S R B R A A
b g 5 AL A 3 v A R sk 2 T 2R 2R 38 )
TG G 1) B8, o0 JF R ™ ) v 280 ) FH a4 42 it
B B AR TR TT 5

A% VT BT 2K R A A ) e AT AR
I8 2 Bl A W ox R AT e TS 28 Rk
%2 S S ARAT B — B R 2 SOOI T AN B AT
Wi (Acinetobacter indicus)JL—1 XJHERH; 1 20 2 i ik
&, B FUR IR B 7 12h J5 PUd 78 60h )
R Wl A AR B I AR B Bl 4.65pg/mL, W 8
h2.34%. F 3 2% 2B B I s ik B (Micrococcus
luteus)GZU-Mic02 Fl = K 2F 4 ¥ & (Bacillus

1220 H,pH 5. 5,35 & 100mL, 1% 77 5 18] 6d, 4 20
TE 167.52mg/kg T A RAE 20 H,pH 8.5, 8% &
80mL, K5 IR I 1] 4d, A7 %W = 155.26mg/kg. =]
N R | N N o]
(Pseudomonas panacis)JP21-05, 5t 55 7% i) 0] 34 0, A&
PRV T Ik Bl R B 1 0, 5d o S8 PR AR TS B
T FH B R AL ZFE AT B (Bacillus) @15 15 71 14
1y FIVGE 25 14 J8 (Streptomyces ) fif ik 11 771 2 43 30564 1
X 16 AP B I — E IR RS ), RE 1
AT T TG VR AR AW ORI P D A 1l o i D T A A
WA ) A 2850 38 sk 2R 2 40 BT 7 2% R T 4 i e
BRI LR S T RBE A S E
80% LA (R TE 71 2 AN, 45 T KB 0l & B = 50%
DL ERIBE 7 7 AN 50 T SR 28005 & A8 10%LA
TR T AN16 A7 T R A T AR B R R B A T
Br SR (] (28 4 RIS BT S TR A Ak
TR IEALE R ALY 7d NS od, iR fE 1 N
9.56~19.11mg/kg, 15 % M AH Lb 42 & T 5.35%~
100.91%. 373 B 751 fft i 280 S i B 52 Bk 34, v g
D] Ay 5 5 W 7 SR T8 I, 5 B0 43 B R AT
T A BRI 43 A HE TR R A A P UK 2 O AN
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WSR2, P R T 40.78%, 3 W L 4 9k
AL e 32 A W 0 A BT 200, 38 o 7 o
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SRE SR RPUR IR 10 A P AW TW AL
WS T/ANAEYEAEER C F(34.04%),1 TWI
WBEAEAE 2 C SRIINT 229.36%, 2 TP
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AH G B N it FH X /)y 1 S8 e = R 2 A8 B
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A A AN [ R E PR R v R £ T D 1 25 7 A
an TR o E TR,
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A 2 2R AR A TS IR I R B8
YRV DR A AR S E IR R, A R TR
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W™ S R R 71 4L 5 38 A AR R A A A g - ¢
B R R T B R AT A R
FIA G BRI T Ot R ORIl 25 ) Tt 7 A
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R 1 FH I 5%

4 Zhg

4.1 JEREN 16 R AL EFIE R SR VT
P ikl 9 MhE EAERE R A KIFRA R
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