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Abstract: [Objective] Multipurpose bioorganic fertilizers contribute to the sustainable
development of the Carya cathayensis Sarg. industry. This work aims to explore the resources
of phosphorus (P)-mobilizing bacteria (PMBs) with plant growth-promoting effects from the
rhizosphere soil of C. cathayensis Sarg. [Methods|] PMBs were isolated with the dilution-plate
coating method and identified based on 16S rRNA gene homology. Moreover, plate and liquid
culture tests were conducted to determine their biological functions. [Results] A total of 34
strains of PMBs were isolated from the rhizosphere soil of C. cathayensis Sarg. These PMBs
belonged to 10 genera of four phyla: Bacillota, Proteobacteria, Actinobacteriota, and
Gracilicutes. Among them, Bacillus (12 strains), Burkholderia (9 strains), and Pseudomonas
(5 strains) were the dominant genera, with the strains accounting for 76.47% of the total isolated
PMBs. After inoculation of PMBs, the content of soluble P produced by PMBs was 7.01-49.97,
3.61-27.11, 4.56-342.82, 27.71-544.53, and 3.28-27.17 mg/L in the culture media with AIPOy,
FePO4, Ca3(PO4),, sodium phytate, and lecithin as the sole P source, respectively. Twenty-three
strains were capable of simultaneously mobilize insoluble inorganic and organic P components.
Additionally, 20, 7, 23, 12, 10, 14, and 13 strains of PMBs could produce indole-3-acetic acid
(IAA), siderophores, extracellular protease, B-1,3-glucanase, cellulase, phosphatase, and lipase,
respectively, among which strains S3-6L and S3-22L exhibited five biological functions.
[Conclusion] The PMBs identified in this study possess high P mobilization capability and
multiple biological functions, enriching the resources of PMB strains and laying a foundation
for the development of efficient, green, and composite microbial fertilizers for C. cathayensis
Sarg.

Keywords: Carya cathayensis Sarg.; rhizosphere microorganisms; phosphorus-mobilizing
bacteria; multipurpose
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FRVBIE A RO L R 8, g L) 32 D0 T B 5 e
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RSN/ R
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1.1 o8
1.1.1  #is

MR 138G A0 & R BE R T — R LA kAR
(PRI 2 20-25 4F), HipEd 1 (SO THITL
AN TG X B HEH 1E (30°18'N, 119°65'E),
FEML 2 (S2)FIEEH 3 (S3)AL T WivL & b M i Il %¢
X 2L (30°16'N, 118°52'E), Ffh -+ R4k
RN 1 PR, XA T A IS, ik
R1 EHLFMR

WTA TR H X, 2 s Ad A T $hs 2 X
X%, BN UE, RERE, St
&, TR TR, PO s AR R & 1 628.4 mm,
AR R 16.4 °C, 44 H BEATEC 1 847.3 h,
PR 75 23K 76.5%

1.1.2 EHE

LB ¥ Ak (g/L): AR 10.0, BEREHEE
P 5.0, FALEN 10.0, ZEIEKESE] 1.0 L, pH
7.2-7.4,

NA Ki#t 5k (g/L): 4FHE 3.0, HE AWk 10.0,
NaCl 5.0, Bifig 20.0, ZEMKEZ% 1.0 L, pH
7.0-7.5,

NBRIP }i 55 (g/L): % H% 10.0, Cas(POs),
5.0, MgCl, 5.0, KCI 0.2, MgSO,47H,0 0.25,
(NH4),SO4 0.1, ZifiEkr 20.0, pH 7.0,

King 335 3(g/L): B I 20.0, K,HPO, 1.5,
MgSO, 7TH,0 1.5, %R 0.1, ¥l 15.0 mL/L,
FHIBAERFI10L, pH 7.2,

IR R IR 3 (g/L) . AR WIH 15.0,
BifEky 20.0, ZEIRKESE 1.0L,

I I RS- 5 5 B (2/L) . B FHIA B 0.05, 1%
43 0.2, NaCl 0.5, KH,PO, 0.5, Na,HPO,-7H,0
3.5, (NH4),S80,5.0, f64:3H 1.0, ZiIgH 20.0,
HIBAERFN 1.0L, pH6.0,

ot 12 T A 000 5% 7 3 (/L) . A4 BE 10.0,
CaCO0; 5.0, (NH4),S0,40.5, NaCl10.3, KC10.3,
MgS0,-7H,0 0.3, FeSO,-7H,0 0.03, ZEIE/KE
4% 1.0 L, pH 7.0-7.5 . FPFARHT A 100 mL il 3-4 mL
EEBCYERS 0.8% NaCl LA 1:1 BhhRES] .

Table 1  Soil chemical properties

Samples pH Available nitrogen Available phosphorus Available potassium Organic matter (g/kg)
(mg/kg) (mg/kg) (mg/kg)

S1 4.73+0.09b 169.8+12.3a 15.02+1.03a 162.4+21.2a 50.90+2.83a

S2 4.924+0.06ab 110.3+10.1b 4.23+£0.91c¢ 127.846.0a 38.48+4.97b

S3 5.21£0.10a  132.8+5.2b 8.65+0.58b 147.0+24.8a 55.87+1.95a

Different lowercase letters indicate significant differences (P<0.05).

<l actamicro@im.ac.cn, & 010-64807516



TRHEAG S | BRI, 2024, 64(10)

3813

CF A R BEASIN 1G FE 3 (/L) - 32 F LA Gl R 4
2.0, WIHELr 2.0, (NH,)SO, 2.0, NaCl 0.5,
MgSO0,-7H,0 0.5, K,HPO4 1.0, BHUIEHS 20.0, 7
WKERFN1.0L, pH7.2,

B-1,3- ) S W T A6 000 5 9% R (/L) « 8 260 A
1.0, £%5#; 4.0, K,HPO, 1.0, Na,HPO, 3.0,
MgS0,-7H,0 0.5, FeSO,7H,O 0.05, i Hr
20.0, &K EREF) 1.0 L, FIEHATINA 60.0 mg
IR R R 5T -

CAS K5 EE (/L) HEME 2.0, FRIK I
% 3.0, CaCl, 1.11, MgS0,0.24, gk 20.0,
2K ERS 1.0 L,

CAS Y4 (g/L): %K 0.61, FeCl;0.016,
7S BE B = L IR Ak % (hexadecyl trimethyl
ammonium bromide, HDTMA) 1.458, 0.1 mol/L
i R £ 2% M (g/L) : Na,HPO,-12H,0 24.27,
NaH,PO,-2H,0 5.905, KH,PO, 0.75, NH,CI 2.5,
NaCl 1.25, pH 6.8, flifEF 10 f5Fik . FF4
BFZZM2 A 0.1 mol/L BEFRELZZ IR AN CAS Yt
W& 5mL, IBEHA.

1.2 TIEXRE

2022 45 7 F, 1E 3 AMFEHLPY 2 BB
FHERTF 10 m. KEI— #EEH S tkirdEl
KRR R SR AFEXT 52, RIS PR AR L 4%
2 m NAYRE TR M SE R SIS, NOIZ R
TR PRI ANHRAE i, W 0-30 om TR L 3EAE:
air, BHREISCEAR bR 1458, F1 4328 0 % PMBs.
W [F]—HEHL I 5 AFESL A B TIR A, R A
JE 3EAE] 3 0y 3R
1.3 BEESE4L

43 ) P DA TR — 465 B i R T 5 Ay e
— WY 3 FPARBE TR 2 B B R A, . 7
200 mL = A TEA 8 BB B ERIFUS I 49.5 mL
KB TR, SRIEHAIKEH 121 °CKIE 0.5 h,
REG TR TAES HFREL 0.5 g MR HHEE A
Fop, PR = MARE TRER T, 180 r/min 4%

PEA] 1h, #'E 15 min, BUEWEWR, FICHKE
10 F5FR FIATR RN 10710 BRI TR, )
B 0.1 mL B 53 900 U A T i T O 4 1
B BB 3 AN EK, THIFRAR(28.0£0.5) °C
MG 3-7 do PRBUE A4 701 Hif W e i S
(D/d>1, D: EREEAAR; d: R ER)W R it
— R Zeaifh, R 2R H R R T EE
RSl tk, JER el b bk BR S 40% H il
2 11 1RA TRAF T80 CHEEARIRL VKA
1.4 BEHRBIEEESES T
141 HEHREEFFMTF R &

P80 CUKFEPITRRIRG, XIZekzmh
T LB BAEFRIEE, FFEAE R 1(28.040.5) °C
B 9E 3-7 do P NA ARG IR, B 20 mL
3R 50 mL AN, T 121 °CKE N 7875
K 0.5 h, WM. B LB BARRE SR A,
PRBCATE VR H MR RN 2 NA WA IR 2L, EIR
i #5(28.0+0.5) °C . 180 r/min 535 3 d J5 T8¢ T
YE& TR RS 2 J0H 20 E T, 10 000 t/min
B0 15 min, RE 240N, InJCH AR FEE K IR,
FEL, R 3 S, FITCRA K1 e
W45 1.0x10° CFU/mL 1 1.0x10° CFU/mL,
#=H.
1.4.2 FREEE ISR

A3 BB ] 5 AS RIS P T LB [Cas(PO,), -
AIPO, I FePOLJFIA AL (BRHEE . AEFREH) Y
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Table 2 Phosphorus-mobilizing bacteria (PMBs) isolated from the rhizosphere soil of Carya cathayensis Sarg.

Serial number Samples Phosphorus source Strains D/d Phosphate dissolved zone
1 S1 Lecithin S1-2L 2.65
2 S1 Lecithin S1-11L 1.56
3 S1 Tricalcium phosphate S1-12T 2.16
4 S1 Lecithin S1-17L 2.63
5 S1 Lecithin S1-23L 1.97
6 S1 Calcium phytate S1-9C 2.81
7 S2 Calcium phytate S2-10C 1.24
8 S2 Tricalcium phosphate S2-11T 2.25
9 S2 Tricalcium phosphate S2-13T 2.29
10 S2 Lecithin S2-17L 2.43
11 S2 Calcium phytate S2-19C 2.15
12 S2 Lecithin S2-1L 1.71
13 S2 Lecithin S2-23L 3.82
14 S2 Tricalcium phosphate S2-25T 1.14
15 S2 Lecithin S2-21L 3.06
16 S2 Lecithin S2-4L 2.63
17 S2 Tricalcium phosphate S2-4T 1.09
18 S2 Calcium phytate S2-5C 1.41
19 S2 Lecithin S2-8L 1.95
20 S3 Calcium phytate S3-12C 3.75
21 S3 Tricalcium phosphate S3-14T 3.18
22 S3 Lecithin S3-15L 1.91
23 S3 Calcium phytate S3-16C 2.83
24 S3 Tricalcium phosphate S3-17T 2.15
25 S3 Lecithin S3-1L 2.60
26 S3 Lecithin S3-21L 1.19
27 S3 Lecithin S3-22L 2.98
28 S3 Tricalcium phosphate S3-29T 3.12
29 S3 Tricalcium phosphate S3-31T 2.18
30 S3 Calcium phytate S3-32C 2.20
31 S3 Calcium phytate S3-35C 1.95
32 S3 Calcium phytate S3-3C 1.24

33 S3 Lecithin S3-6L 2.08 N
34 S3 Calcium phytate S3-7C 1.41 o
.

S1: Sample site 1; S2: Sample site 2; S3: Sample site 3. D: Colony diameter+halo (¢m); d: Colony diameter (cm).
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Table 3  Species identification results of PMBs isolated from the rhizosphere soil of Carya cathayensis Sarg.
Strains Appraisal result Name of closely related specie NCBI reference Similarity (%)
sequence
S1-11L Bacillus cabrialesii Bacillus cabrialesii TE3 NR 180419.1 99.73
S1-12T Bacillus xiamenensis Bacillus xiamenensis MCCC 1A00008 NR_148244.1 99.93
S1-17L Bacillus subtilis Bacillus subtilisDSM 10 NR_027552.1 99.93
S1-23L Bacillus cabrialesii Bacillus rugosus SPB7 NR_181236.1 99.59
S1-2L Bacillus cabrialesii Bacillus subtilisIAM 12118 NR_180419.1 99.80
S1-9C Xanthomonas melonis Xanthomonas melonis LMG 8670 NR _026384.1 99.79
S2-10C Bacillus velezensis Bacillus velezensis CBMB205 NR_116240.1 99.79
S2-11T Bacillus cabrialesii Bacillus inaquosorum BGSC 3A28 NR_104873.1 99.73
S2-13T  Variovorax ginsengisoli Variovorax ginsengisoli Gsoil 3165 NR_112562.1 99.73
S2-17L Bacillus velezensis Bacillus velezensis FZB42 NR_075005.2 99.59
S2-19C Bacillus velezensis Bacillus nakamurai NRRL B-41091 NR_151897.1 99.39
S2-1L Pseudomonas rhodesiae Pseudomonas rhodesiae CIP 104664 NR_024911.1 99.38
S2-23L Metabacillus niabensis Metabacillus niabensis4T19 NR _043334.1 99.86
S2-25T  Streptomyces atratus Streptomyces atratus NBRC 3897 NR_112503.1 99.86
S2-2L Pseudomonas rhodesiae Pseudomonas arenae VK110 NR_181728.1 99.11
S2-4L Burkholderia stabilis Burkholderia stabilis LMG 14294 NR_114522.1 99.65
S2-4T Bacillus subtilis Bacillus subtilis BCRC 10255 NR_116017.1 99.73
S2-5C Burkholderia stabilis Burkholderia stabilis CIP 106845 NR_116157.1 99.92
S2-8L Burkholderia stabilis Burkholderia contaminans 12956 NR_104978.1 99.44
S3-12C  Burkholderia ambifaria Burkholderia metallica R-16017 NR_042636.1 99.45
S3-14T Burkholderia stabilis Burkholderia stabilis LMG 14294 NR _041719.1 99.72
S3-15L Bacillus zhangzhouensis Bacillus zhangzhouensisMCCC 1A08372  NR 148786.1 99.73
S3-16C  Pseudomonas vancouverensis  Pseudomonas vancouverensis DhA-51 NR_041953.1 99.72
S3-17T Burkholderia paludis Burkholderia paludis MSh1 NR_178850.1 99.25
S3-1L Burkholderia stabilis Burkholderia stabilis CIP 105874 NR_116156.1 99.92
S3-21L Arthrobacter globiformis Arthrobacter globiformis DSM 20124 NR _026187.1 99.10
S3-22L Burkholderia paludis Burkholderia lata 383 NR_102890.1 99.25
S3-29T Rhodococcus fascians Rhodococcus fascians CF17 NR_037021.1 98.72
S3-31T Pseudomonas rhodesiae Pseudomonas marginalis LMG 2210 NR_027230.1 99.17
S3-32C Pseudomonas vancouverensis  Pseudomonas izuensis IzPS43 3003 NR _181014.1 99.45
S3-35C  Bacillusvelezensis Bacillus velezensis CBMB205 NR_116240.1 99.72
S3-3C Arthrobacter bambusae Arthrobacter bambusae THG-GM 18 NR_133968.1 99.18
S3-6L Burkholderia ambifaria Burkholderia ambifaria AMMD NR _074687.1 99.39
S3-7C Paenibacillus taichungensis Paenibacillus taichungensisBCRC 17757  NR_044428.1 99.74

2.2 BEMKREEREEE N E

221 EHRI A EMEA M AR AR AR
I BERRPR 2 B AR AR Y R AR Fh AL 25 #k

W (5 73.53%) 5 AT 1 A ik v M S LB 0 E

1, XEESMAT 7 ANE, W FRATEE

(Bacillus) . {702 /R 75 % 1 J& (Burkhol deria) . 1

BA I B J (Pseudomonas) 25 (1 2), & kT Al

MEE T TCHLBEIR VS iR RE AN (B 3A). Hirpr,

PP IR — 55 AP R i e, BE R i T i
PR S =N C anunS C anmunZ{EH, FIRDHK
4.56-342.82 mg/L, 12 ¥R RF SR B9l s
Wi EE T 50.00 mg/L, I HiERh#E#E S3-32C.
S3-1L. S3-35C. S3-22L. S3-7C (53R i
ALV MR & T 200.00 mg/L, FERIEI#E S3-32C
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Sampling sites

S1(6)

82 (13)

S3 (15)

1 AREIRHLTEN PMBs FREMIIMBRN 27

The classification for PMBs isolated from different sampling sites at phylum and genus levels.

Figure 1
IR FR I P T A R TR 21 342.82 mg/L.
DA R AN BEIR 45y ME— BRI 5 SR R S
Hvp T s v gk & B4y o 3.61-27.11 mg/L Al
7.01-49.97 mg/L, P Fl B U o 4 51 DL 5 AP
S1-12T H1 S3-15L J5 ¥ A A5 () ] s M it ok 1
i o
2.2.2 BRI Bk R AR

SYEETA 31 BR(H EHE 91.18%) HAT [R S
1k 2 B HLBERIRE 1 (B 2), &R A HLEET
WAL BE ) IR IEAS [F] 1T 45 5% W&l 3B iR, LA
UNERE AR A B SR AR SRS, AT 31 Bk
RHAKEOINBENE R T, LR T 7 A~
J&, VSRR TR R 3.28-27.17 mg/L,
Horb, XFORBENS K i BE I BRI A S1-111
(27.17 mg/L). S1-2L (25.25 mg/L). S1-23L
(25.22 mg/L). S1-17L (25.09 mg/L), 4 ¥k )&
F2EHAF B & (Bacillus) .

JIF A TR ARG A R A 38 B K A se g, i HL LA
PR BN A IR 1 B FR AR B R 5 TP

0 Gracilicutes (1)

Proteobacteria (15)

H Actinobacteriota (3)

Phylum Genus
Bacillus cabrialesii (4) H
Bacillus xiamenensis (1)1

Bacillota (15) — i

Bacillus subtilis (2)]]
Xanthomonas-melonis (1)

Bacillus velezensis (4) H
Metabacillus niabensis (1)0
Pseudomonas rhodesiae (3) [
Burkholderia stabilis (5) {
Variovorax ginsengisoli (1)1
Streptomyces atratus (1)1

Bacillus zhangzhouensis (1)
Paenibacillus taichungensis (1)n

Pseudomonas vancouverensis (2)]
Burkholderia paludis (2) []

Burkholderia ambifaria (2) ]

Arthrobacter bambusae (1)0
Arthrobacter globiformis (1)1
Rhodococcus fascians (1)8

AR PERE S N 27.71-544.53 mg/L, HEk
S2-1L. S3-7C. S2-8L X 1 MR Al i /K it fie ) S o
HRE IR B T iR e S R 544.53
469.31. 360.28 mg/L.
2.3 BERFERE AR K AR ER A BE

Kl 4 )&/ T PMBs = k2% (A FN i S MK A filg o
WRETT . Hoh 24 BREAAG 2 FAEYERRE, b
Eb 70.59%: HA=BREAREETIA 7 #RTA, BE
Iy INMEANE B . B-1,3- W BMERG . LF4E K
WEIR NG S AR Wi MG R A A 230 120 10, 14
AL 13 k. Hop, S3-6L 1 S3-22L HAT 5 FlEW
Ui6E, B A e /R TEC T & (Burkhol deria) .
2.4 PMBs ;= IAA 8ETINE

PR 20 PRI Salkowski MK
SV I S BAS TR 218, WA A e B v X L
IAA B TINE, 45R03 4 R, HIAA P8 AE
2.73-426.14 mg/L Z[H], HH" 5K T 300.00 mg/L
) 4 AR TR SR &8 TR SR /R TR G I & (Burkhol deria),,
7= 1AA e 1ot S2-8L, Hy= ik 426.14 mg/L.
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Phylum Genus Function
O Paenibacillus
0 Metabacillus

H Bacillota Secreting hydrolytic enzymes (30)

Bacillus =

Organic phosphate-solubilizing (31)

O Rhodococeus

Pseudomonas
HProteobacieria = IAA production (20)

Burkholderia
Inorganic phosphate-solubilizing (25)

= Gracilicutes = Variovorax -
O Xanthomonas Siderophores production (7) |:|
O Actinobacteriota |:| Arthrobacter
[l Streptomyces
2 IIREEMKRAY o AL Gt

Figure 2  Classification for functional strains isolated in this study.

7777777777777 [ Tricalcium phosphate
/7] [ Aluminum phosphate

/77777777777 Il Iron phosphate
\ZZ77777 :l Lecithin

77} Sodium hyaluronate

o4 Cr=H00

oot b B rgormm e olototooobo iyl

— R (YO — IO N (Y B NI RO — LN
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NNNMNNNNNwwH»wwuwwwwwwwww

25T

=230

- VI T T 7T

-19czZzzirin
S2-17LZ77770
S2-13TlZ7in
S2-11T 77T
S2-10CHZZ/774
S1-9
S1-2 71717173
S1-23L 222771773
S1-17LBZIIIITIA
S1-12T
S1-11L 222777777
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Figure 3 Determination of phosphate mobilization ability of bacteria. A: Inorganic phosphorus source. B:
Organic phosphorus source. The net soluble phosphorus content is the difference between the soluble
phosphorus concentration in the inoculated medium and that in the uninoculated medium.
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Siderophore B ||
Protease ........ .. .
Phosphatase .......
Celulase il N B B
Lipase [V} | H N

B-1,3-plucanase ||

4 PMBs =gk A7k fR B 57 1) 5E

B BB EEE Wrositive
HN BEE B B B 7 Negative
HE B |

| |
| HN B N
HEEEENE "N E | ||

Figure 4 Siderophore and hydrolase secretion capacity of PMBs.

*4 BT IAA BTN
Table 4 Strains produce [AA
Strains Ability of the strain to produce IAA c(IAA)/(mg/L)

S1-2L  + 9.87+3.80jk
S1-11L ++ 44.73+1.12hi
S1-12T — -

S1-17L + 2.73£1.05k
S1-23L ++ 89.59+10.1fg
S1-9C ++ 71.64+2.87gh
S2-10C — -

S2-11T — -

S2-13T ++ 40.59+1.06hij
S2-17L ++ 49.06+0.62hi
S2-19C + 6.98+0.77jk
S2-1L - -

S2-23L ++ 24.35+0.83ijk
S2-25T — -

S2-2L — -

S2-4L  ++ 67.33%£4.30gh
S2-4T ++ 107.90£10.20ef
S2-5C ++ 388.20+1.90b
S2-8L  ++ 426.10+3.30a
S3-12C — -

S3-14T ++ 251.80+42.20d
S3-15L — -

S3-16C — -

S3-17T ++ 111.70+1.30ef
S3-1L  ++ 340.76+1.10c
S3-21L — -

S3-22L - -

S3-29T ++ 83.2143.50fg
S3-31T — -

S3-32C — -

S3-35C ++ 135.70+14.00e
S3-3C  + 9.63£3.77jk
S3-6L  ++ 344.00+9.50c
S3-7C — —

+: Positive; ++: Strongly positive; —: Negative. Different

lowercase letters indicate significant differences (P<0.05).

3 Wik
3.1 WA #kIRER PMBs B9 % #E 1T

ABIGE 53 AFE RS | DR W IR — 45 K
MEATEREIRACH] PMB Tt R, A 34 HRiA
PRAEEFSE 7E S MEA PERR IR B 55 5 A K IR A
FEAEE, BT EAAHED T . B,
WA E H oy PMBs, AIRERA LY PMB
Rl LRI

HirC fkiER PMBs #id 30 210 wE, 1
5 5% % 0 1 J® (Pseudomonas) . [l &l # &
(Azotobacter) . B #T )& (Enterobacter)&s, fieil
B TAE R Z A R KB - ETw R
(Agrobacterium). 1 J& (Flavobacterium) . 4
EK 741 J& (Micrococcus) S5 ™ A HIF 5% it ir 20 5 AR AT
f) PMBs ] 16S TRNA JEFVEA T4 3450 Hr, H-0)
J¥ TS ¥ 9 7E NCBI ¥ BLAST X #6477
R, B iXLeR 2 417710 &, Hr
D JE (>10%) 1 28 AT 15 & (Bacillus)  fH 5e /K
4 G B J& (Burkholderia) . fi% A M B @
(Pseudomonas), 73l i b 35.29% . 26.47%F
14.71% (¥ 1) ZFH#IAF )& (Bacillus) . A 5E 8 /R
5 [C W J& (Burkholderia) . f&% A M B 8
(Pseudomonas) %R J& £ iz 18 XJ A8 ) A {2k AR KA
FARI AR, A FR0E 0 | s . AR BT i JE A
g, WAERDHRIBEWEE, W56 REE
(Variovorax) . i HJifl [% J& (Xanthomonas), 4<fiff
530 1 WA R 77 10 e e AT LA K A A R
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(ITIRE. FILET I, 7RI g
) PMBs %A .
3.2 PMBs #/E{LEEIELER

—MAEN, I S B i KA PMBs
(4 7 1% 2 A LA RS R 5 P ol g o — U 0 1 7 [
PRBESR, LA B B B R H e bt . 2R, I
SR 5 3R I AN LA A — Tl D8 ] 44 35 53 4
KRR AN AT, S ARV 2 R
PE” PMB. 5 S8 B FRTE O XER TR 0 35 3 3
PEF PR MR RE TR, R R 3 op 1 AT I Ml o A —
SEFHE, R REREAIR ; 2D PP Al X SR
RS - SR T A0 FDAE P i TR A ) BTk, HA D
HBOgaE A Je PMBPY, 38 pH ., BERRER L4 Fifk
SV 2RSSR, B, Rk IR EE SR Fe/Al
WEmRE:, M B3 L CaMg BERRER N .
X ONFRE b 2 ok 1Y PMB JCIATE &
A AR B A P i H A - 3 ep &4 SRR
KL, X B — BRI A e 1 ASREAE S PMB
M HUCR H Z R IR0 E PMB 75 ki RE
LA E T A B IR R (A5 A A TEIREY) .
P - S A R AR R IR £ LA K R A HLIR IR . A IS
XF 43 B ARAR M BRI T T 5 AR 0 S
BE SR AT PR O A AN R EE RN, 9 AL
KPR 23 AR RE IR BTG LA HURTCHLBR IR, 34 £k
RETG AL 2/ 2 R, 30 MRixmfEisik 4 Rk
Ui o KRB, ASHIE ST i 0 0 LA AR B
PMBs A i A [A] S Y i) 358

W5 & B, PMBs X B AP ISR H — i ik
B, AN[A PMBs XA R BER A BE &5, TR
— R B X AN [ VR R T R TR B AR Y
W, A DABEIRAS . MR . BEER 45 . HIFREN
TRV Bl A Ay I — U0 %) e 9 e 5% 3 3 v 0 A ]
R S VL B 7.01-49.97 , 3.61-27.11 .
4.56-342.82. 27.71-544.53, 3.28-27.17 mg/L,
PR BRGS0 6 A RE ) AR SR 3 A A TR >
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WiR = A5 >TER >N B e >Rk, SR AR
S5 AL, KEB A1 PMBs %5 iR s R 50 £5 1 BE
RFBERRE SRR . SRR, vl R AR HE
Vs VEBE IR R 4504 B 73 25 52 K, BUE it i
fff- B TT 25 5, W IR G Eh B 75 5 W S A T RE SR
T A 0 4 s A LR 45 - 0 o -V A LR A FH 1Y
SEIL T RETR B BRI KL T e Had 1 A LR 4%
HH5EAERRERDY . A4, EwE s
53 W RE 1 BE A A7 IR 5% P oA 23R 4 2 R i3
MR, HEE ek, AR5
R R S o I RN S AL IR 43 1 RE
FIFPGANHI ST e 4 IR 4 B RN
TR U PR A K A, R AR PRTEE
MR E Bn, AR AR, ISk
D AH OGO A LA, B AR T 3R 401 AL RE
1o SR B ARAF A BE S3-32C . S3-1L., S3-7C
&, UIERY TR A E] 50.00 mg/L DA
i, BN RAE ISR BE T EE, st A e
Hhit P IE R T BEAS S P il ) BE
33 MBEHMESEFRINEE

WFFE B, 452 PMBs AMUBEA D4 . 5
EA VLA . B YR (NI TR FN R 55 2%
), MSRE AR RO R B Rl O 3R (A AR
AR, T S 5 PR R AR A A K o I 2,18
(AA)ZE—FIER Y A 12 AR A K Y
WY, A TR A E KR, e
PEREI AN AR K | A R0 oAk B4 TR IR PR AR 2R A
Ko MR m, 2y wmas LA 1AA
FIRE 1, ik A B 1 & (Pseudomonas) . #
fi 4T 5 )& (Bacillus) . 14T 1 & (Enterobacter) . fif
FF @ (Microbacterium) . [ U ) (Azospirillum) .
lit] %2 I )& (Azotobacter) . a5 11 [ # & (Klebsiella)
SR LD, BRI SRR,
P2 38 L D ik B IS FLA AN 5 W A ) 4R
e AF e R ER AR — R B S BRI R4 T
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EY, Xt P A EAEM Y R, %
A= W Ak A3 IR B AT A S R ) Fe L B
BRI S AP Ak A AR R AR SCR) A 380
AR T VR Bk r it bR & TR R
RO Az B T 30 ek Ak 2R AR 5 i T o ik
B, ARANE T AR R AR oK
FRIE(B-1,3- 7 R PG . LF4E KB . E . MR
it P11 R U il 55 ) A ik S5O0 T 4 R BE R A AL, Bk
IR AT 2 M 8 2 A 97 T B A S B AL

ARG ILAZBRAR R A 43 B TE R T 20, 7.

23, 12, 10, 14, 13 BR/™ TAA . BREMF 5300
MIANE I . B-1,3-F1 R WHNG . LF AR . iR
Titg % i J0 Tl P B R, o 2 Bk BE RIS HLA S Ak
BFINRE. 20 MREA TS TIAA eI AOfamEn, H
AT T AN o Hh ZEALFT TR & (Baci Hus) R
FE SR 75 [ 7 J (Burkhol deria) 73 114 8 #kFN 7 4k,
JrE IAA BIEJE . 7541, S3-11 . S2-5C . S3-6L .
S2-8L )77 IAA H#E 1t 300.00 mg/L, Hpr Hhit
LA AARGE B, A B N T
W i — 2R, A R 2R A S hRe, Xt
PEHETE FAY A KA SR e A R A
AF 58 DA LU AZ B AR B 4 e 7 o6 21 e 2L 2 D g 1
PMBs, XM IIAZBHL PR B = 22 A R A T
NERRE AL T 5 R SR, O HX S bk
A B aE T LA kb i 2 g AR A R
REAR f7- b 107 24 AR Hb 2% 1, 3 45 B 700 s 7 i Ak
B AT & B8 Wy i S, ok Foph 22 5 R
BRI ES%, MK, Fif—LHIh PMBs
PITRE . B UEH N FHRCR , JRELb T it — AR
LI K DR 2 2 T IR TR T L fire A B R 4 il
+, JRE T E R | RS DA S AR L
MR X0 FH R AR5 181 791 S PR AR,

4 B
A5 T VT4 e M T I 48 DX A8 L A% R AR

Br - SRE i rp o g ali kA5 5] 34 BRAEBETR . 4%
E 5 & T )R BE I ) (Bacillota) . A8 FE B 1)
(Proteobacteria) . i £k # [ ] (Actinobacteriota) .
HEEDA] ] (Gracilicutes) 4 M1, 437l )& T 2F AT i
J&(Bacillus) . 1A 728 /K 15 [X 14 J& (Burkhol deria)
)X B Ml % J® (Pseudomonas) . 17 #F i @
(Arthrobacter) % 10 M@ . H P EHTHE
(Bacillus)fy 12 ¥k, 15 E 35.29%; 1A 78 & /R IEIG
B J& (Burkholderia) g 9 ¥k, 5tk 26.47%, fRH
Jitl 1 & (Pseudomonas)f1 5 ¥k, (it 14.71%, K
g, b 24 BRI EA 2R AR (=2
i), 20 BRI A 7 TAA BB, BIIHBERE 5 1L
(70.59%) 4K o Fr AN [RIMERS A AL/ TSI IR 1 VR
PRI FE R RE Rl PMBs J& , 15 9500 h AT B &
YL E 29 R 7.01-49.97 mg/L (MR ) .
3.61-27.11 mg/L (BlR%k) . 4.56-342.82 mg/L (W
MR = 45) . 27.71-544.53 mg/L (HiFR M) .
3.28-27.17 mg/L (9P#EAR), KUK PMBs XA
[ B A TS AR T, P 23 AR g R B
LB AR TCHLBEUR , 34 BRBETE L 2/ 2 R U
ZIRE R EE T IR R ED IR, b
MR R, Sl E MY RIEEE T
Kt

1B & STk = WA

WA R, TR, MR
AT, BRI CHIE; RS B2 AU
DM TP IR s BUURE ZEUR s R
Rt 29, AT, UG R R
Riit, RECRR . SR, e

1B A 2t v RATE 7= A

VR P BB AT o] Al BB 22 52 WA AN SORT i
TAERME AR A e AR
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