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(122 R AR 2E B, S 22 5610005 2. 22024 B Ge 5 535S TAE# B, S0 22 5610005 3.5 M 4E B £ AHR 5T
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WE. RSB bR I - Hes R A R, DU ZH DX IR 9 1 AR B VA B B T A il 2 D {1 i
T (QHR-9) S B0 AT ik , 3 40 28 PN FR R 35 1 B0 A0 X DA AR A i P . 1R8N IR QHR-9  QHR-9+7Hj % % . QHR-9+
HE WIS 4 A0 B 58 =S IR B BT TR AR A -3 A VR R B i G A AH DGR R A58 ), 38 IN RO
FRIRIEE R R, 555 7 d,QHR-9 X BERR =45 B4R W o My (¥ R 8 J1 73 518 645. 82 mg/L . 269. 17 mg/L,
272.45 mg/L; QHR-9 7E 10 FURRIBRIR A5 1F R BERE 71 428. 06~ 645. 82 mg/L, 7 10 Fh 2 ARk IR 5514 T MO B 6
F17992.31 mg/L, ‘A IR FHRIGSEHF I QHR-9 AT L S35 30 0 + S04 S50 & 4 TR 7L Tl A Tl R W 1R il
TP YA R B B E R4S QHR-9+ A 4548 5 QHR-9+Z4H A B Ab B0 |58 4 W48 F5 195 T QHR-9 AbHE; 4- 45
pH DL QHR-9+H 4 FAb B AR, 5 QHR-9 ,QHR-9+2H G- i 25 b 3 22 R 1 35 ; QHR-9 Ab BRI A W A SR SE 5 5
Jit ( GT') FAH B i PR (AA) BEPRUAR XS 2 B 55 X0 REAH LU B AR, B K S it ( GH ) 22 RURE X =2 BE 3G 0, QHR -9+ 7] 2 1 R
QHR-9+H1 S HEZSAL BN T 13X — A fbtash . AHICHE /AT 45 WA, - 96 S50l & & pH BRIk ( Bk ) B I I 05 2k
55540 U RRAIE B AH 5 FE DR AH X = Y A S 25 b S A G

KA MEE SRR R RRIBRIR; ARG EEE

RE SRS S154.3 XEkFRIREG: A XEHS: 1000-4440(2023)05-1151-08

Phosphorus solubilizing characteristics of a Pseudomonas nitroreducens
strain and its effect on carbon cycling related genes

QIAO Zhi-wei"*?, LIU Chao’, WANG Hong’
(1. College of Agriculture, Anshun University, Anshun 561000, China; 2.College of Resources and Environmental Engineering , Anshun University, Anshun
561000, China; 3.Rural Revitalization Research Center of Guizhou Universities, Anshun 561000, China)

Abstract: To improve soil phosphorus availability in yellow soil area farmland of central Guizhou, a Pseudomonas

nitroreducens strain (QHR-9) with phosphorus-solubilizing

%5 H 87 . 2022-09-29 ability was selected from this area as the test strain. The

ELW B . SN RO H (BB 20181401) 5 SN phosphorus solubilization characteristics of the strain were
e A R BHRR R AA SRR (B #E KY 5
2017091) ; M BF T HFRHLAA BRI H G & &
KY 5% 2017289)

TEBE ST A (1985-) 5 INPURIALA 1t Bl S0, B
SRR I 5 18 K B PSS . (E-mail) 704725646@ qq. genes, based on four treatments which contained CK,
com QHR-9, QHR-9+glucose and QHR-9+combined carbohy-

studied by laboratory shaking flask culture test. Outdoor
soil culture experiments were conducted to study the effect

of the strain in soil and its effect on carbon cycling related
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drate. Results of laboratory shaking flask culture test showed that, the dissolution capacity of QHR-9 to tricalcium phos-
phate, aluminum phosphate and ground phosphorite were 645. 82 mg/L, 269. 17 mg/L and 272. 45 mg/L respectively on
the 7" day of culturing. The phosphorus solubilizing capacity of QHR-9 was 28.06-645.82 mg/L under ten carbon sources
conditions, the phosphorus solubilizing capacity under the combined ten carbon source condition was 92.31 mg/L. Results
of outdoor soil culture experiments showed that, QHR-9 could significantly increase soil available phosphorus content, acid
phosphatase activity, alkaline phosphatase activity and relative abundance of Pseudomonas nitroreducens strain, etc. Under
QHR-9+glucose treatment and QHR-9+combined carbohydrate treatment, the above four indexes were significantly higher
than those under QHR-9 treatment. Under QHR-9+glucose treatment, the pH was the lowest, and there was no significant
difference between QHR-9 or QHR-9+ combined carbohydrate treatment. Compared with CK, the relative abundance of gly-
cosyltransferases (GT) and auxiliary actives (AA) genes of microbial carbon cycle under QHR-9 treatment decreased,
while the relative abundance of glycoside hydrolases ( GH) genes increased, the variation trend was exacerbated by QHR-9
+glucose treatment and QHR-9+ combined carbohydrate treatment. Correlation analysis showed that, soil available phos-
phorus content, pH, acid phosphatase or alkaline phosphatase activity were significantly or extremely significantly correlated

with relative abundance of microbial carbon cycling related genes.

Key words:

BEERIYE K R B T kR A B
RN F B AR 2 AR G A R R T AR I AR e
2R o) A e rh B2 s g M) P R AR Y B 2 i
PR, VAW AT DAk Sl 2R A A R, R
o IERER A B SRR ), Sl A T Y
VEF, XA 2 B A 0 2 38 28R IV 4y 7 i 2 R A
FURAROR > ARFBRIE AT A i pig
P/ NN 1 PR v T N /3T S R N
BRI R AR 2 — . BRI HR AfhR 2
B ZEIRAT B B 2 T P VF 2 R S B TR AR
HATEWERE ST 2 5 T Sk D A 5 M 1 1 O i
AR TR ISR DLARGE

WIS AR YA MUK B BE TR i, 2 F 2 A0 45
FMI I, AR 5 B9 B A1 B 2 M BR W) S0 30 19 o
SRR I3, LA W K Sl HIL A R S B Dy R [N
FEMIE A MBS 0T LAE i B A5
RIS R W SR A 1 A3 A | e A
BRI RE M SRR AE IR LR
BERAGIRAR S 5 [N = J8E 55 15 B, 70 M 55 A 4 D) 5%
FU I 2 KRR K A S W P (CAZY ) B
a2 BN W58 38 Dy TN SR AE M BRAG R AR S E [
Pefit TR AT, W ORAR G IR T A Sk
O PRI BRI WA S B0 A R
IR G EE A 1 2, it 2t — 20 A, Hoad
A 75 R DR A R A 200 T X R P e G 0 AR S
P IR EEA DI

AW I B R B A I R R A A R S A

Pseudomonas nitroreducens strain; phosphorus solubility; different carbon sources; carbon cycle gene

PR e % N R IR IR, T AR AN TR B IR 4 R
T HORBERE ST @ L SR, S T A
2 A AR AN T+ T R AN + AR AR 4
KRB I E TR R R I R A 2 i
(BRI B 2B BIRAR P OCIE R 2 B S48 b, 0B
ANTRIHE B Z 6] R AR S, LS S v i 40 TR 4 L FH R
TRTC W2 0T L S WA B0 1) 52 R 412 B 3
SER

1 ARSIk

1.1 RIEE#

T TR AR A i 2 A S B ER ML R QHR -9, SR I T
BN A BE A S 0 28, 440 5 Ry Tl 3 SR By
B, DSR4 2 T e EH - 3 v 43 ok, HLA 4505k
(IYATEGE ST . kR 16S tDNA JE5140 0% 519 7t
(5'-CAGAGTTTGATCCTGGCT-3") ., 1540r (5’-AG-
GAGGTGATCCAGCCGCA-3") Hr ™14 5 Ak & 9F:
M ¥ 3R 15 B DNA F 51 i A GenBank,
BLAST &7 5808 2 v (0 i 4 7P 92647 He X, 3 ek
MEGA 7.0 %% {4 H Neighbor-Joining jﬁ‘?z*im] HITHR
SR Bt
1.2 BB E
1.2.1 AHRBFNBRE(FAFTEOHRIZERL)
AE 5.0 g, BN 10.0 g, 8L 5.0 g ,7K 1.0
L, 875 pH 6.5~7.5,

1.2.2 B AR A1 3% A A (NBRIP) '™ ) b
10.0 g, B2 —55 5.0 g, FALEE 5.0 g, LR EE 0. 25
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o BRIRE 0. 1 g, AL 0.2 o BEMR =45 (ki BERREE |
B #5)5.0 g, 7K 1.0 L, #4795 pH 6.5~7. 5,
1.2.3 HAseER HRET 4 COREE I Tk
I RN TE KRR A G BTG AL R 3R 3 LG 5% 24 h,
#H
1.2.4 BB BERR =45 BRELAR BRA B 00 U5 R AR
1 K BC IR NBRIP 55332 203478 250 ml =
P BHHSE RS IR 100 ml, KE G, 1 ml 7%
I PR D TR A5 19 NBRIP 5320, k3%
B TR E T S 1 d 53 d 5B5d. 5 7d
HURE IR S ml, 50 Jo B L35 VR0 s HoA Rl 5
JFBCE 2 IR AR R0 TR AR S IR WA SO 5 1
NS R IR A 50 B i 1 25 (B T R R R A S
WERRER (WhR —45 BERRAED WEDRY) MR RRE ),
AL (ALFEES XTI ) T 3 KER
1.2.5 REBRFHTAMREHRLSA  TE NBRIP
WAREE TR ME AW BEIR =85, 430 LA B2
Wi TEM | REAE LB AN H EREE P AR
Wi A RS S I B e A, (WS
HARBATLE T - 100) R 3R 7 d, P CE S H
XF BRI B SRR RO & i1, e AR R IR A5
PRIRR ()75 i g

F£ NBRIP 355756 DL 2508 | B 0E T8 .
FEWE FLUE AKE T #8022 2000 2148 0 R
8510 FIBEZR Y BT AL B A A B IR, 45 BE S o i L R
11 AERIES N 10 o/L, 256 (HR 55370
TRFLEE N 2 100) PR35 HEE 9% 7 d, IR B2 A% IR,
N B 2000 B 1 i, A T AL B B IR A% 1 TR B
A HERE T
1.3 SMINERREE M TEK T EEFIKE
1.3.1 KB E3E 8 L HORE T M Z
PUF XA, KT e i 4 . ISR o S A 1
JianF . pH 4.23, BfF A S & 137. 12 mg/kg, A 4L
W5 & 79. 65 mg/kg, HALH & it 318. 10 mg/kg, 4
RO 2.45 g/kg, 2T 0.91 g/kg, 2 & i
28.02 o/kg, AMLET i 39. 03 g/kg.
1.3.2 K&t BOREN R, i i 5 2
% B 105 kg, LUEE 4 DAEIR 5350 %t A
(CK) \QHR-9, QHR-9+7 Zj % ( QHR-9P ) . QHR-9+
HEMK (QHR-9C) , AL EE 3 Rk, H
QHR-9 TH K =i h 19% (W5 TR R &
o) AR i ek LS RS H R

22PN AR AT 4R R R RBESE 10 FlbE
et MR A5 HEC i A, R B LR 1

B L RPN A SR S 5 e R A
BIEESN, B FRIT RN 60 d, i W B, KigR4s
J&  RERZ B LA 50 g oA, B K e B A5 IR o
JEAE T IBEAR A A il R 2R 58 R CHE T VA
8 EE TR TR () By A PR 2w, 8T 4 3
TRHE DV Fe 5 A R T S a0, 04T L8R
G R R I P I 7E
®1WAERT
Table 1 Experimental design

TR
i3 R WM LA
(ml/kg) (g/'kg) (g/’kg)
CK 0 0 0
QHR-9 10 0 0
QHR-9C 10 10 0
QHR-9P 10 0 10

1.3.3 X3RS feshmi By Em 2 U B
TR 0.5 mol/ LKL E NS IR HE 5 , (AR
Ptk tagkmz"  pH W#id pH B (K R
HHON 1) A BT R R IR AT 4
Sy A 5 SR e R R S R P
RO E

1.3.4 X3 RARmn T

1.3.4.1 3 DNA $#2ECRIZZ 3641 ARE -+
F£0.5 g, ffi ] E.Z.N.A Mag-Bind Soil DNA Kit {5
& IRV A L0y Oy PR USRS SE R 4 DNA,
i Qubit 4.0 JU & DNA ¥ HL 500 ng DNA #
mn AT 7% 3 AL 7, >R A Tllumina NovaSeq 6000
e I - 2 DY

1.3.4.2  ZHEHEAFHN AL DR 0 R GG 5
] Trimmonmatic #F 17 1 38 4b B, BRIA S K0 M
Q20, ZERAHIMEAR T Q20 1Y BT & )7 51, 753 Clean
B FHEE T De Bruijn graph JFEFRAYBHESR M ID-
BA_UD XTI reads #HATHHEZLH L, 3515 contigs;
BEFE 100 bp DA L3R, BIRR B AR5, BT
I R Y 3 R 5, B CD-HIT $RF it 17 52k
(EEZECN 95% identify 90 coverage) , 14 #HE T
AL

1.3.43 WRERE S KRR S L EE A
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Y ARAE B 0 (NCBI) £ 5 #E4T BLASTp [A] U4
PELEXT, 15 2 P FpAH A5 B AR B
1.3.4.4  BRKACS WG ERG R AT r ik i
HMMER3 ¥ #1120 8 H B35 5 CAZY Bl e L
XF A5 B AR R R K Ak A T PR A RS I A R
Evalue<1x107° 314011 CAZY B hEEI 2 ny F &
1.4 HEE

fdi 1] Excel 2016 1 SPSS 20.0 &84 47 50

64

b PR EAE AT
2 SRS
2.1 QHR-I ERMASTRRELER

Eitk QHR-9 (1) 16S rDNA JF5IHK K1 477 bp,
XTSI, 4558 (1 1) &1, QHR-9 iR 5k
AR P [ Pseudomonas nitroreducens strain ( NR
042435.1) | [F1 IR FReA%

98 [Pseudomonas citronellolis NR114194.1
77 Pseudomonas delhiensis NR043731.1

Pseudomonas panipatensis NR044209.1

80 Pseudomonas nitroreducens NR042435.1

Pseudomonas jinjuensis NR114197.1

499(szeudomonas aeruginosa NR117678.1
Ps

eudomonas guezennei NR114957.1
Pseudomonas alcaligenes NR114472.1

Pseudomonas guguanensis NR135725.1

60 ﬁ

0.005

Pseudomonas oleovorans NR114478.1

E1 QHR-9 RZEEZEH
Fig.1 QHR-9 phylogenetic tree

2.2 QHR-9 ABiHFE

2.2.1 QHR-9 xtBhB; =45 Bhds 4 Bh oy 5 09

et QHR-9 Xf BEFR =55 BERREN  BE 51

VEMRRESI DL 2, IR 2 AT, QHR-9 X RERR =45 |

WRTRBR WA TR R RE RS 1~ 5 d BERY ) HE <

S EIG &SR 7 d ERIETERE ) B T

SE . QHR-9 TESE 7 d XM =45 WEIRSH BE B iy

VSR BE J1 4> 9 K 645.82 mg/L., 269.17 mg/L.

272.45 mg/L, i QHR-9 Bk % 45 Fb ol %5 A e iR

Th BB i i e

&2 QHR-Y XIHEEL =55 BEERSE  BEW MR RRRE

Table 2  Solubility of QHR-9 to tricalcium phosphate, aluminum
phosphate and ground phosphorite

B bR 2 ] KIHEF A BETRER A BERE ) (mg/L)
(d) B = 5 B RR B0 A
1 301.81+£16.60c 97.67+4.04c¢ 61.64+12.28¢
3 503.09+£20.07b  117.99+£8.68b  98.51+13.51b
5 658.02+35.06a  271.32+20.90a 266.04+13.19a
7 645.82+23.87a  269.17+22.98a 272.45+15.55a

[FIFEE G A R/NE FRERORTE 0.05 KF E2 R,

222 FRBEEZEMT QHR-9 $EBr4FE HE
3 AL FEANEIR IS S5 T QHR-9 Wi AE 1 22 5+ 4

Il

TR, TRk AR A A ik Y P T RE ) S T H A
WEZS, DLZLWE S o R B A Bl BB 1k 2, T 201. 82
mg/L, AVERY H #50E REWE  AKE 22200 | B
R OB A A ORE AR D i R, L R AR O I AE
100. 00 mg/ LA, TR XiF 33 6 2 1) 1) FH SR 541K
QHR-9 7E 10 FIERIF A 1F T ¥ B RE 773 [l #£28. 06 ~
645. 82 mg/ L, e KZAZALMEE A 617. 76 mg/L, QHR-
9 FELL A WIR S T I BERE 1 92.31 mg/L, [k
DL 2 BE SR B R TR RO IS B BE T RRAR T
85.71%.
2.3 QHR-9 HiEREFIXLE
23.1 EERSEE R4 OTH,QHR-9 £ 4bH
A R S R B E S T CK, QHR-9,QHR-9P |
QHR-9C 4b B + B4 &40 & /= 4y ) b CK 34m T
9. 74 mg/kg .20. 81 mg/kg 17. 16 mg/kg, Jiti FH QHR-
O X AT 0B B R B B N CR BE, QHR-9P |
QHR-9C AbHJ - 3FEA7 34 W 1% 1 2 % % T QHR-9,
BACFRA 3 pH 44, 11~4. 20, QHR-9 £ 4bF +
HpH ZH AR, QHR-9 AbFE +HEG WL & &N
38. 81 mg/kg, SXFHEZE FOAN 25, QHR-9P . QHR-9C 4k
PRAEHEA P 5 553510 40. 59 mg/kg 40. 89 mg/kg,
WEET QHR-9,H 2 M B 22 F A B2,



Fr b 555 : —RAN S SRR S T A PRI 2 B X BT A O PR A5 1155

#3 AEBFEEHGT QHR-9 IR = 45 A ME L
Table 3  Solubility of QHR-9 to tricalcium phosphate under differ-

ent carbon sources

e QHR-9 ¥ #EAE S (mg/L)
AT 645.82+23.87a
TER 57.44+3.58¢
FLAE 201.82+13.02b
R 64.43+2.55d
e 93.92+3.69¢
TR 59.77+1.62¢
N 34.97+1.81g
R 41.88+4.43f
24 46.35+3.50f
GBS 28.06+3.27h
HA IR 92.31+6.77¢

RIBVRCR e A lING 7R3 n e 0.05 KT L 25 W

R4 QHRY FRLETEFAHSE
Table 4 Soil nutrient content of different QHR-9 treatments

ol kA B =N
CK 81.12+6.92d 4.20+0.03a 38.94+1.24ab
QHR-9 90.86+0.58¢ 4.17+0.03ab ~ 38.81+0.35b
QHR-9P 101.93£0.11a 4.11+£0.04b  40.59+0.34a
QHR-9C 98.28+1.89b 4.15+£0.03ab  40.89x1.17a

CK: %t 8 ; QHR-9; QHR-9 B #% ; QHR-9P ; QHR-9+ % 7 # ; QHR-9C .
%Hﬁﬂzg%ﬂéﬁﬁée RIS ARG TR R TE 0. 05 KT B 2%
232 xgaEsEgE HIE 2 v, CK . QHR-9,
QHR-9P \QHR-9C Ab 38! + 18 i@ 1 Wl 1% iy 135 14 43 1) hy
2.24 mg/kg. 2. 67 mg/kg. 3.31 mg/kg,3.71 mg/kg,
QHR-9 ,QHR-9P ,QHR-9C Ab FH A1t -+ 538 iR 11 Bk 2 - 7%
P CK B AN T 19. 20% 47. 77% .65. 63% ,
VAR AN TR AT LS S I A TR M W TR il O
QHR-9P QHR-9C AbFH P14 i iR i 14 4 331 HE. QHR-
9 AbFR & E RGN T 23.97% 38.95% , VB AN T 5 A4
WS LB WEIE AT LAE— 2538 - S R Ve i R ity 1)
T ; QHR-9C Kb B 4 M 1 4 W 1 Il 4% P o vy, L
QHR-9P AbFH & 23N T 12. 08% , 45 Ab P+ e mul ik
AR VA A S S R VE IR B — 2L

2.3.3 3 AN KT RABCE R ( Pseudomonas nitrore-
ducens strain) F & HK 3 7] %1, 5555 60 d J5 QHR-
9 £ Ab H + 3 Pseudomonas nitroreducens strain ) 4
XFF B E S T CK, QHR-9 ., QHR-9P . QHR-9C 4t
P +3E Pseudomonas nitroreducens strain )X} =F &
3 CK 8N T 36. 56% (67. 44% .82. 90%

5 40
< 35
£ 30 a
# 25 e
Y —
= 2.0 —
& 1.5 —
£ 10 —
05 —
_H —
0 R B BB

TR NG
OCK; mQHR-9; D QHR-9P; B QHR-9C
CK.QHR-9 ,QHR-9P \QHR-9C W.3& 4 {, AN[F/NGFHFKRTE
0.05 /KF b2 57 B3,
E 2 QHR-9 7F[E14hFE + B ERE i 14
Fig.2 Soil phosphatase content in different QHR-9 treatments

QHR-9 7+ 4 v 3 3 M o 9 A= I S BR fiE 5
QHR-9P ,QHR-9C At # + 3 Pseudomonas nitroredu-
cens strain ¥ A0 X = B 435I [k QHR-9 I 38 fin 1
22.61% .33.93% , WS A %6 Bl 0 2 5 B2 T L
— 358 QHR-9 76 HIEH E AR .

Y 0.008 b a
i 0.007F c I

= 0.006f

—_

E 0.005- d

:ﬁ < 0.004r

=S 0.003F

% 0.002

S| 0.001F

=)

T CK QHR-9 QHR-9P QHR-9C

At

CK.QHR-9 QHR-9P .QHR-9C W.3& 4 ., NFE/NG FH:RKRTE

0.05 /K L2 57 3

B3 QHR-9 F[E 418+ M E X JE R L B H ( Pseudomonas
nitroreducens strain) = &

Fig.3 Soil Pseudomonas nitroreducens strain abundance under

different QHR-9 treatments

234 EEMAMBIEFANE LR T EE  GH
(BE K ) 25 1 DL o fft, GT (Wi L5575
fit) 25 LA PERAEY A, AACHBNGER) 25
RT3, B3R 5 AT, QHR-9 A FEfAE
YIRRAG IR FE IR G GT o PAF X = B2 -5 % HER L
WL, GH PR B S B ik 3, Bboxot e G 25 0
T, VB AR T T LAAE— R RS 3 S M1
R QHR-9+ 2 A QHR-9+2H A4S A0 FRAMAE Hyhik
PEFRAHOCHEEA AA (6T FJE 5 QHR-9 AbHRAHLL , 3452
R GH BEPARXT B Bk #A QHR-9 &
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IR AL A PEZSIL R , o — 2P 52 T 456
A= IRBRATG I A S 56 PR %) AEDGT = 52 5 QHIR-9+ 7 76 7 11
QHR-9+Z BRI PR MG IR 25 IR F 2
) 22 AN 2

235 LEMAMHBEATIARATFEL LER
ShT BRREEERV AL hFE 6 AT, LA
AT R PERR IR IS M MR M TS R S A4
GT SEPRIARXT B S B 8 35 T A 6, 5 GH JE R
X RE IR 3 IE A OC; pH 5 AA | GT BE DA X
F RN EAE, 5 GH SER AT 4 2 8
BE ARG AHLE SRS GH FE AR B S P
W IEAE, 5 AA GT FE AT 3 BE AH 56 P AN 1
E

5 QHR-9 REAGE TEMEYHBMEIREXERENEE

Table 5 QHR-9 soil microbial carbon cycle gene abundance under

different treatments

TREEIRRARIEE N T (%)

ENGE s

AA GH GT
CK 0.203+0.005a 1.574+0.008¢  1.519+0.002a
QHR-9 0.198+0.002a 1.600+£0.007b  1.474+0.007b
QHR-9P 0.189+0.006b 1.657+0.058ab  1.432+0.014c¢
QHR-9C 0.185+0.004b 1.691£0.015a  1.449+0.046bc

CK.QHR-9 QHR-9P QHR-9C .3k 4 1, GH ,GT AA 73 5| ARERAHH

KSR AL BE A BIEERG . [RIZVEE I AR NE TR RORTE

0.05 KF F25H 0%,

*o6 TEMEVREFREXEREANFEFESTIERSSE BHR
B E R R TR

Table 6 Correlation coefficient between soil microbial carbon cycle

genes and soil nutrients

T HEFRI A A AA FEH GH #£:H GT 3
BERREEE AR AR AAXT R AT AR 2
AR i -0.795* 0.744 ™ -0.773**
pH 0.743** -0.635" 0.715*
EERiINGintr s -0.560 0.651" -0.558

R M Ot 2 T 14 -0.763* 0.747* -0.824*
L P B R S 1 -0.766 ** 0.709 ** -0.828 "

AA GH .GT VL35 5 1, " 227 0.05 /K | @A, = 185 0.01 K
F L BEMK,
3 iR
3.1 ABAEERABERE N RAERIETEHY

TR WX M AR R £ 1 7 i e 1 SR PR L
BERE I R/ N B ARY VEBERE S N R R R

Je B SR SR 1 5 R TR B IR A K 1Y
ZEfH, ZE B XIAE LU 5 A2 AR - RS B AN T Y
WFFE R %6 5 A X Wl R — %5 5 i B 1 S 387.41 ~
479. 87 mg/ LAY TIMR ; AR %% 452 0 M A AR s 198
SYESH 42 BRICHLIE W20 1, X TR — A5V whBe 1 hy
66. 68 ~104. 10 mg/L; X ¥ 45" (A 55 25 1 w6
WA RPBO3 7F 48 iy 1Y I BE | 3k 2 FIBd M 2% 12 XoF
Wl R = 4% ¥ W BE 1 Y9 7F 300.00 mg/L UL L B R
SRR R A A O 1) A A R T IR — A VA
REJITE 200 mg/L LA b AR, 7EH 3755 7 d
QHR-9 XL —4% WEFRER Whe R iV A e 1 23 3l
A 645.82 mg/L.269. 17 mg/L 272.45 mg/L, X} £ F
M A BERRER A AT BRI AR RE ST, vl LIVE v
BEHE AR T - e B AT R AIF 2 A R AR WL

5 7 B IR0 X S B TR W) S W e T R e
HIST ARG T QHR-9 L Ay B U B 1 B g
1555, 7E 10 P JR 5% F T A Ak ) v 28. 06~
645. 82 mg/L, Fx KAEALIEEE N 617. 76 mg/L, X /&
] Ay 28 B 200 T %S T s DR 1 ) SRR AR [ o )
FHZR R B U5 2% 11 B s Wl e 0 ik, 76 0 R sl
FI AR BRI B IR 25 1 T il ae ) & Rk, ISR
S5 T R R B 5 38 2o 52 e Sl A 4 7 AR A HLER Y
R & AN IR A B RE 1, = AR A LR
JE N W T s 0 R LR 2 — P A R
T SCHEAE TR, B3P I RRIEFP R B 2 &l
ATAATR], R B B VR X B AR VA i RE 1 5 I, R
ALEL 3 M B — B R 1) 52 ) | B2 A3 AT A 6 ik D 1) 5%
Wi, ASHIFSE R 28 P FE LS 9%, QHR-9 78 41 4 hik I
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