106—116 ok % 358 H10M
2026 4F 10 H ACTA PRATACULTURAE SINICA Vol. 35,No. 10

DOI:10. 11686/cyxb2025415 http : //cyxb. magtech. com. cn
RIA, B, SR, AT R A O a0 M RN 2 A AR A A KRR AR IR L Rl A4, 2026, 35(10): 106—116.
SONG Juan, ZHAO Gen, WANG Jing-han, et al. Screening of cadmium-resistant bacteria and its effect on the growth and cadmium accumulation of

Pharbitis nil seedlings. Acta Prataculturae Sinica, 2026, 35(10): 106—116.

MFAENFERENEF LY EEK
ﬂ:n%’]*/\ E,JE'/ r'ﬂ

RELRR, ZHB,BOF  AREILERE, KR, RA#

CL. N5 27 BE A= Bk 2 24 Be , WiV 1M 3130005 2. W T Al Bh2A 58 B, @i W11 313002)

T < AR T AR T T 0 5 1 0 118 ) R X R T 4 T 1 S R O ) — R B A S T S T e R R
PERE 22 A o DTS Y B vl 77 32 1t 4 TR R L B0 A 2 AR AR AR R 16S rDNA T B 43 17 14 7 5 AT 58 A8 5 R R
PRG0S Cd)&ﬁ-@i%ﬁ[%ﬁi(%) B (Cu) 5 (Pb) ] BT 32 1 ;5 F Al 2041 6 38% (FTIR) $ R
X AT FRAE A3 BT 5 38 521 L3R 50 53 B B bk Hz_ Cp 5 & 4= JE 0K & 5 SR iR AR JH‘IJFH RT-qPCR K i %2 4= 24 Tt 47
MOEIER M FRIE . 4B Wbk Hz_ Cp % %E N W 8 3 & (Cupriavidus sp. ) , ¥ Cd* 1 it 52 #¢ B 3% 1600 mg- L', 1E
pH 7.0 ZF T, HOA A A 23 BR 3 i 35 90. 16 00 . 12 1A bk B [ 260 430 W s W -3- S TR (TA A ) IR A4 1 ik 1, HL g T
ZH 4R WA B IRE . Hz Cpiliid Hi—OH.,—COOH ., —PO,” 3L X 4@ 8 7T kAT LE e it . & 4161
57 B B 57 3 25, 34 % AU AR S T (M 200. 00 I 2 149. 32 mg-L 1), HAME R N Hz_Cp W3 #2517 Hxt Cd
M 32 M . TR Hz Cp AL EBESR TR AL R4 3% el D RAET R & & 0485 17 Sk W i (POD)
FE AL Y B AL B (SOD) &, 3 B3 T IpYUCT IpPAP1 45 3L H i 35 K F . Hz_Cp RE % 42 7E 45 28 16 41 1 15 4%
Jofh e R A A A R B R AR A FRBR R B AE 3 T A e v e A P i R R T

SR AT Y AL A TR 5 B2 AR AL 5 4 TR R 5 T AZ L3

Screening of cadmium-resistant bacteria and its effect on the growth and cadmium
accumulation of Pharbitis nil seedlings
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Abstract: This study investigated the biological characteristics of Cd-resistant microorganisms and their effects on
plant cadmium tolerance, providing scientific evidence for the joint microbial-plant remediation of heavy metal-
polluted soils. Cd-resistant bacteria strains were isolated from polluted soil and identified using morphological,
physiological, biochemical, and 16S rDNA sequence analysis. The liquid culture method was used to assess the
strain’ s tolerance to Cd and other heavy metals (Fe, Cu, Pb). Fourier transform infrared (FTIR) technology was
applied for characterization. The effect of the strain Hz_Cp in conjunction with Pharbitis nil on cadmium

accumulation was analyzed through petri dish experiments. RT-qPCR was used to detect the expression of genes
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related to cadmium tolerance in P. ni/. The isolated strain Hz_Cp was identified as a species of Cupriavidus, with a
cadmium tolerance concentration of up to 1600 mg-1."'. When cultured at pH 7.0 conditions, the strain removed
90.16% of cadmium. In addition to its ability to fix nitrogen, secrete indole-3-acetic acid (IAA) , and produce
siderophores, this strain also displays remarkable tolerance to a range of abiotic stresses, including heavy metals,
salt, and extreme temperatures. Cupriavidus sp. (Hz_Cp) bio-adsorbs cadmium ions through functional groups such
as —OH, —COOH, and —PO,”” . P. nil was able to remove 25. 34% of cadmium ions from the culture medium
(reducing from 200. 00 to 149. 32 mg-L '), and the addition of Hz_Cp significantly enhanced its cadmium tolerance.
The Cupriavidus strain Hz_Cp not only significantly increased the chlorophyll, carotenoid, and anthocyanin content
in P. nil but also improved peroxidase (POD) and superoxide dismutase (SOD) activities, and upregulated the
expression of genes such as IpYUCI and IpPAPI. Hz_Cp promotes the growth of P. ni/ seedlings under cadmium
stress while reducing cadmium accumulation, demonstrating its potential for application in remediation of soil heavy
metal pollution.

Key words: cadmium pollution; plant growth-promoting bacterium; Pharbitis nil; heavy metal adsorption;

tolerance mechanism

B Tk & 2 e FOK [l B M o2 1) o 4 J s e o i R, 3R B g T e K T AR E B 0 1. 3107 hm™ '
H F4 (cadmium, Cd) (9 8% gh M (B Pk & 75 4 H 38 I AR AR RF 2™, Aol A 2848 B2 5 05 e o 32 = 4 05 e - 81
AP BB S T A R A S B A I A 5T AR A a2 —

B B fb2e 8 2 7k & BB FE R, I B 3 a5 Gy, Qi B R VR BE DT TE IR A Ak SRR DL TE
H M ARG TR A B B R AR AR R AR B R A S s R A & 2 RS . B, R Z
Folof o — 0 4 JA LA T A2 MR A A L 0 TS B O A B B 8 3 1A R (Providencia sp. ) B2 SR 1H B
(Bacillus sp. ) , BETH 2 4% W B 7] 3k 650 mg-L ' SR, B iy i 4 Jm V5 Yol o & A5 70 Y, BB 62 W it
T} 52 01 25 Bk 22 ol i 4 i 000 G2 0 b IS RR G 50 i T Ok i L ) 3 A 5 7 M (B sl pHE Y BT LT s IR R R ) e 2
G B UME A0 v BE RS (>>1000 mg- L) Bk VB A I Z T RE R MR Y RGEME AN B Z . Rk, T ik BAT 2
ol 53 J T BRS RE R TAE AR

% P8 BN PR S CARLBE \pH 45 ) 23 X 30A 0 0 0% M 7 A S ), S O X AR Y B AR ROR KRR . TR — R
FHW A B E FORRNH ZF A R G L L™ A PR IR RONE |, 125K W 5 7 52 900 5 43 8 15 e - 1 = AL
RE HET, KA E Y A 604, WK (Solanum torvum) Je 3% (Solanum nigrum)%" . Jy 1 ik
— 0 SR W A SR B T A R 2 Rk T A 2R A (Pharbitis ni)VE R B ARAEY) o A2 4 A6 R —4F A2 L
AL HMR R KIS, Pt At 5% R0 R A E ARG AL RORE Y AR 2Rk rh & S 48 & (anthocyanins) | g
EAESEETF. BRESEE FAEMYIERNNTRE " hubfEn, 44 75 E 8B E i e g —a2 %
J1o ARBEFE VLG 2 5 4 @ 15 Y X, i 16— BR it Cd . Cu A1 Ph 0 B bR , L RE % Fi i SRR 4 22 2R fe A4 Il
B i AR K 1 &R 5|k -3- 2, R (indole-3-acetic acid, TAA) | 36 fb 58 (4 i gk R 55) SEE Rt m & e =
RO, DV HE S A ) — A W0k 6 18 S BOR Y T ARV FH B8 BR85S B LAl
1 MRt5R%E
1.1 XEAH

+RER A WG % 5 48 V5 Y X (B2 30°37 7507, R4 119°597 04" ) o 4 A fE b T i AR S 50 == 42 1L
1.2 RKEFH*E
1.2.1  HIEPH I TE W VLI 22 5 4 @ ¥ g% X SR 88 5 A sSUAL ) 1 3EAE  (ad 0300 mm 7 ) o 7 #ff ik B
0.1~0.2 g(+0.0001 g) T B MUK 24 14 i it b, i A HNO,(HNO,: HCI=1:3) , 8 & % . K5 4 1 mL H,O,
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(30%) F1'1 mL HF (40%) , % #} J5 140~160 ‘Cii4 fi# 6 ho 14 fif W 120 CHE R % 0. 5~1. 0 mL, # 4l /K & 45 £ 50
mL,0. 45 pm U B U , 5 4 Jm A iR T RO G 5F B A BT AL (ICP-MS, Agilent 7900, % sefi L, i 4 Je
AN, 26 D) I A, [R5 15 s 6 B R AL (S IR AR A AR ) LB B BR BT L (k) (A8 (OB
) I AR BB BT ) i 2 IR BV R R A BT ) -
1.2.2 Hz Cp HEHRIY /B K PERE IR TR 4% B bk Hz_ Cp B9 20 B3 I R 48 & & 40 Br « T 4 40 181 2 B 2R T B
P10 g BRI 90 mL JCH K L 28 CHR 12 he BU1 mL 10 ° HHEEW KA T & 200 mg-L ' Cd* 19 LB #5537
# (Luria-Bertani Broth) -4, 3R & . X Hz_Cp @ #k PCR Y"1 16S rRNA , NCBI ¥ 4 BLAST X ,MEGA
7O ERG LB

Hz_Cp BB (R PUPE BRER AR 4010 R F1 B TAA G 8RR J1 1Al SR A& Cd™ 19 LB R KRG 323 (Cd* Wk
BB N 200~1600 mg- LB B ), A ML A 10 pL B, 28 °C, 12 h i Mg AE K (n=3) , B R A8 VM b ] UL 24~
V6T WU H 78 N e B N B AR KRR 0y o B4R S I T 4 R Rk, #2280 AR Ashby TE ARG R 36 oy (B L)
W H & 10.0 g, K.HPO, 0.2 g, MgSO,-7H,0 0.2 g, NaCl 0.2 g, CaSO,-2H,0 0.1 g, CaCO, 5.0 g, B Ji§
15.0 g, pH 7. 0~7. 2, FrA kA BT H R C A2 Bis 4. 28 °C K558 4 d, WA TR bR 2B KRB , %5 7E Ashby P-4 |-
A UL TR P AR DN 2D ) O R R YR AE Y TR RURR 0 o ARSI Hz_Cp TR R 1 7 BR 8RAR BE ) 8% Hz _Cp 3 T
Chrome Azurol S (CAS) M F- 4%, 28 “CHHE R 55 3% 1~7 d, 45 12 h WL 1V, 18 1 8% (0, 5% JB) (4 1175 0 0 bhir 1G>
BR# AR BE ). Hz_Cp ™ IAA 431 R J sucrose-magnesium sulfate (SMS) 15 77 56, gl 43 W R (BF L L8 1K)« i
B 20.0 g, BRBREE 0.2 g, IR 40 0.8 g, Wl — U4 0.2 g, S fLéh 0. 1 g, & AL%5 0. 05 g, BN 1.0 g, BUIE
¥ 15.0g. VWM pHE 7.0, 1% #EME,28°C,180 r-min ', #5354 d. BU%EF EIH M 1 mL T 2 mL Salkowski
TR R S BE 40 min, M O Dy 9 K T W OGAR , 8 5 TAA bRl 28T 80 8 B 40 00 TAA B9 LR YR (pg-mL D7,

Hz_Cp BB 9 % B 38 N7 1 Lk B 38 B o 4 Ja 0 PR P A < B A R 0 B0 T B M e 1006 48 b i (v/v) 43 il 48 A
LB W AR 72 5L, T 180 remin ' A [A]R EE (5,28 .40 °C) T 1538 1~7 d, 5 W1 3E ODypoo B¢ & NaClif BB B2 (0
1% .3% 5% ) B9 LB 55 35 5, 0 R 45 148 5 55 35 95 K0 ODyy, 3 — 45 0F 98 51 4 J8 W30 55007 L 76 LB 15 38 £ vh s m
FeCl,.CuSO,.Cd(NO,),.Pb(NO,),(Fe’" .Cu®" . Pb* &Mk FE 2 200 mg-L ' Cd* £k i 24 200~1500 mg-L 1),
PIJCHE 48 LB NI . 3RS T 28 °C . 180 remin "R i 3%, 4% 24 hill & ODy,, 21l A= K i 25 .

Hz_Cp & X Cd™ (19 23 B R M5 pH AR G PE 43 87 - SR FI 00 16 pH BB FE (5.7.9) 19 LB IR AR 35 5% 5 (5 200 mg-
L 'Cd* ), 480 10 pl. Hz_Cp A %01 14 7, 28 °C 180 r-min '$E 3% 15 3% 96 ho 345 5 , BUK Bk 8000 r-min '
B0 10 min, 0. 22 pm JE M I 38 , 2 BB (HT 700— 2014) KOG T I 6 e i sk il g Cd™ & 1 A B i 8 3
ASFATA
1.2.3 Hz Cp # 1fi Zeta H {3 % B fig H 4 b7 W 0T8O (24 18 h) (9 20 T8 25 0 W B T B R R 22 v R
(phosphate-buffered saline, PBS) Pk if 2~3 R L FR4k B 85 F B . WA E & T 0.500,.1000 mg-L ' Cd*" By 7K i
WL, R Cd* ik BE X Hz Cp 18] Zeta HUOL IR0 o T A B 5 I8 22 ODy,,=0. 5 Ji 57 B 5, #FFE 117 58 40 TR 50 1 17
WERAE

L2 %% 442 b ofF BB 0 W 4 R T 0 AR Cf BB ) A4 200 mg - L Cd MU LB 85 5 5 b, T3l B 4500 F 85
F%1.4.7dJ5,8000 r-min "0 5 min A WK, JF S TE PBS YRk 31K BEJS , #F M 7E 80 ‘CEIX TR AR h T 4%,
2 1:100 LA 5 06 1% 4 WAL B0 (KBr) By AR A BIF S 15, SR ) 3 0 4 S S — {8 B i 05 48 21 S0 )l 3% (attenuated total
reflectance-Fourier transform infrared spectroscopy, ATR-FTIR)43#7 , M3 )% 205 B 8 400~4000 em ™, 43 ¥R A
4cm
1.2.4  FEY) A 3 b 0l e AR AL 4 AR BE - 1) 25 X IR (CK) 52) Cd i X B (CK _Cd) 5 3) 42 147 4k
i (Hz_Cp) ;4) Cd Wi + 42 w4 (Hz_Cp_Cd) o # P 7 X 0 R AR (Hz_Cp B B W e )% o 1X10° CFU-
ML), A3 LR i 20 Ri gz - A6 FP 7 3R A ¥ B . T ARG 53 TR EDEA Y 16 hot f/8 h MBI, R
(23+1) C,LBET0% ], WFRTAERENHEHBERHEAR TR
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MR EEA R DR OSSR SO AR RS DS L R ARIO. 1 g F 15 mL B0 L A 2 mL LB
PHEIR A, 12000 remin "#.0 10 min, OB FIEWR B R 08 BRI ERE TG, AIFTA LIE . 450
E 665,649 nm AL WG EE (DL S BE R 25 (1) R4 3 a b & &5 50 I 470 nm AW S B, 4% Porra % Y 5
EITHEA Y PR

HHEZGEHWESBKERE WL, W7dHEE R 1 0.1 g, 10 mL 1% HCI-HEE(1:99, v/v)
WEGAEHC 24 h,4 °C (8000 remin ' #§.0> 5 min, W& FWE R A Bl Ay, LA 1% HCL-H B 28 (1 B A AL H B S
# (mgeg =[A,—0. 25X A, IXV/(eXm) I E(VARF ;e HEREGm BEEH) .

i 45 1k ¥ 1 1k I (superoxide dismutase, SOD) | i3 48 1k ¥ Bl (peroxidase , POD) i I i AR 45 18 551 & 1 i BH 45
(REFAEYRHEARA R HATEAE R R B R4 i 4 21(0. 1 g) 5K 1(1 mL) KB 2]
W ,8459 remin ', 4 ‘CES.L> 10 min, W4 E 58 T ok LR,

A CAd TR IR 7 d AR LA SRS 0. 2 g, 7% GB 5009. 268 — 2016 K ¢ I 1~ W ek 1 22 o
1.2.5 SERFOGE R PCR O M7 A4 4R AR 20 40, AR Y RNA $2 050 & (IR A= 4) 42 BUE RNA |, 2830 4%
sk ) & (PrimeScript RT Reagent Kit, Takara Bio InC. , # % H, H A ; Catd RRO47A) M cDNA . A5 R
FH SYBR Green 4B} 25 & %t 2 7t PCR A, i F Applied Biosystems 7500( ABI 7500) % ) 22 fit PCR % ( 3€ [
Applied Biosystems 2y ] , /[ i 4 7)) K il IpZIP2 . IpPAP1 . IpPOD K IpYUCT 3 [ AE AR R REA th i) ik &,
GAPDHE AN Z 3N P17 hrdifb . WK & (20 pul) : cDNA 2 pL 1F 2 11 51 % % 0.4 pL.. SYBR Green
supermix 10 pL.,ddH,O #M 2 o FHEFEJF : 95 °C 30 ;40 MEFR (95 °C 105,60 °C 30 s) s M5 M M1 2 /3B (95°C 10's,
58°C30s). MAAREL R 2 2RI AHN Rk, TP X EEFE MBI YR LR,

x1 HKBAASIMET

Table 1 Primer sequences used in this test

4 H K T RETE B I FS CER S Y F/ 5 R)
Gene name Gene function annotation Primer sequence (forward primer F/reverse primer R)
IpZIP2 42 )@ BT WIS AN 32 B T 38 5 X Metal fon absorption and transport GATTTGACGGAGAAGGAGTA
functional genes GTTTGAAGCGTTGCCTGATG
IpPAPI 16T A W) A W Anthocyanin biosynthesis TCTTCCATTGTGCTTTCCCTG

GTTGCTGGAGTGTAGTCAGTAG
IpPOD i L) 8 Peroxidase CGCCAACACTCTTTGACAACAAG
ACTCATCCTTATCATTGCCTTCGC
IpYUCI AR F AW A L Auxin biosynthesis CAAAGAAAGGAGCAAAGTTTATGG
CTGAAGCCAAGTAGGCACGTT
GAPDH A4 {E R N 2 3 A The endogenous reference gene for P. nil AGCGGAAAGCCTCGCAGT
TGTCGTTACCATCTCGACCCA

1.3 HEa2
F FH Excel 2013 #4:5¢ LG8 20 01 S il B . % F SPSS 22. 0 844 #E 47 B & J7 2% 43 Bt (one-way ANOVA)
A Duncan £ 5% 2 & 42 (P<<0. 05) .

2 EREHW
2.1 W48 A Hz_ Cp 89 o b 547 4 45 3T %

WV 22 ¥ G X - 18 o 4 @ % i e A 45 R (3R 2) R : Zn(403. 95 mg-kg ') \Pb(117.43 mg-kg ') .Cd(1. 20
mg-kg ') \Hg(8.58 mg-kg ') \As(7.27 mg-kg "), Pb . Cd Hg 7 £ ¥ izt KUK 077 356 (5, 20 31 b o [ 35 S (3%
3)MY1.41.4.00F117. 16 £% , LA Cd Hg B AR 1 . %T Cd & & dbr , MUT e T80 .
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Table 2 Soil physicochemical properties

18 4% Indices 52 B{H Measured values #8475 Indices I 72 B (il Measured values
% Cadmium (mg-kg ") 1.2040.04 Bt Lead (mg-kg ') 117.4340.97
K Mercury (mg-kg ) 8.5840.10 A LI Soil organic matter (g-kg ') 23.85+0. 16
fift Arsenic (mg-kg™") 7.27+0.12 4 Total phosphorus (g-kg™") 0.57+0. 00
£ Zinc (mg-kg ") 403.9543. 62 428 Total potassium (g-kg ") 17.01+£0. 28
5 Calcium (mg-kg ') 204.44+2.93 AR Available nitrogen (g-kg ") 0.59+0. 06
i Copper (mg-kg™") 196.46+2. 21

®3 THEESRESETEERE

Table 3 Background values of heavy metals in soil in China (mg-kg™)

Fe V5 Y I H XU i %6 {H Risk screening value
Serial number Pollutant items* " pH<5.5 5.5<pH<6.5 6. 5<pH<7.5 pH>7.5
1 f# Cadmium 7k H Paddy field 0.3 0.4 0.6 0.8
HAlh Others 0.3 0.3 0.3 0.6
2 7K Mercury JK H Paddy field 0.5 0.5 0.6 1.0
HAlh Others 1.3 1.8 2.4 3.4
3 fifl Arsenic 7Kl Paddy field 30 30 25 20
HAh Others 40 40 30 25
4 £ Lead K 1 Paddy field 80 100 140 240
HiAh Others 70 90 120 170
5 # Chromium JK H Paddy field 250 250 300 350
HiAh Others 150 150 200 250
6 i Copper S Orchard 150 150 200 200
HAh Others 50 50 100 100
7 8 Nickel 60 70 100 190
8 B Zine 200 200 250 300

Ve B A A R A e R BRI PR T K R MR, SR T o B A KR R (o 1 5 M R TR AR ) M e Y e R A ol (K
1)
Note: " Heavy metals and metalloids, including arsenic, are calculated based on the total elemental content. * For water and dry crop rotation land, the

more severe risk screening value is applied. National standard for soil environmental quality : risk control of soil pollution in agricultural land (trial).

i I A R IR ARAS I 48 R Hz_ Cp (& 1a) , HoAE LB 15 357 3 th Xk Cd™" #8558 T A2 1% B 15 1600 mg- L' (& 2
a). 16S rRNA 3R 4 #1 i 78 12 6wk 5 W8 8 3 8 ( Cupriavidus sp. )FRLCE 1b) o PR3 W AEWF 5T 28, Hz_Cp 7£
28~40 CHI 0~5% NaCl4 M T ALK R4F B7E 5 Cof A K Z Ml (B 1c,d) . P HEZRMA(pH=7)T Cd*" Lk F i
1 (90. 16 %6) , b 35 00 T 2 M A ad v 2R 8% (18] Le) o 32 T bk [) I 38 B0 o 22 b 0 AR AR5 P TALA 43 6 2 34 (60. 17+
1.24) pg-mL ;7€ Ashby $5 3% 5 I 48 hJE WL 7% (&1 10) 5 CAS P I ™= A= B 8 1) 3% (K figk Bl (18] 1g)  BiE 52 H L
A RS T AR B AR Y A T o X R R B Hz_ Cp J& — Bk i 4 1 W 5L R P i 5 ) i 4 8 A 1
2.2 B Hz CptyE4L Btk Zetawiids ATR-FTIR & 4E 5 47

Hz Cp BARTE 0~1600 mg-L ' Cd* ¥k 488 R 4r A4 K (I 2a,b) , HoAE LB [ A K 37 36 b o4 4 1) B s Tid 52 7k
FEW 51600 mg-L ' MLAM X AR X Z R0 4 R T R BRI LR )y 138 Fe' (Cu® (PRI Cd™ (AP
AR (B 20),
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() S JRVEHITE Cupriavidus metallidurans strain R-51029 (LN995683.1)
& JRVEH T C. metallidurans CH34 (NR_074704.1)
06| & JBEM I C. metallidurans strain NBRC 102507 (NR_114128.1)
W& 4 @ Cupriavidus sp. DUT-1 (KU726429.1)
W4 T J& Cupriavidus sp. strain 3-6 (MT849768.1)
% J& VB B C. metallidurans strain AHTR4 (OM319719.1)
g 4 1 J& Cupriavidus sp. strain B925/15 (PQ699977.1)
W& 4 B R Cupriavidus sp. HB66 (KC190186.1)
{ % JEWE W B C. metallidurans strain Paddy-2 (KX290776.1)
Hz Cp

70 47 ﬂ%ﬁzj ® C. metallidurans strain TX1 (OM190442.1)
Fi /D WE W W Cupriavidus pauculus strain M5268 (PV596561.1)
99 Fi /D WA 18 C. pauculus strain NJ-EGZ-5-C (MW960228.1)
100x 70 T D WESE C. pauculus (AB109753.1)
70" W& 4 1 J& Cupriavidus sp. AP1(GU566329.1)
_ Lep (o —l— 5°C—e— 28°C—&— 40°C _ L.8r (@ NaCli % NaCl concentration
g 1.4} g ——(0) —=— 1% ——3% —m—5%
8 - o 1.6f
S 1.2t < T I.
22 10 @z 14r g———n
R & R 2
xg 08 =3 12} u
B D& g 1o}
g 0.41 g B b 4
0.2 r !
- — £
ol E——m B —m 0.6 ; ; ;
1 2 3 4 5 6 7 1 3 5 7
15 % 1 0] Culture time (d) B 1] Time (d)

b (g)

CK cd pH7 Hz Cp pH7 Hz Cp pH5 Hz Cp_pH9
4k ¥ Treatment
B 1 Hz_CpBEHRFFERR
Fig. 1 Study on the characteristics of Hz_Cp strain
(a) Hz_Cp 7¥ Luria-Bertani (LB) &4 L EETEA 5 (b) Bk Hz Cp IR R B M 5 (c,d) AR E NaClyk B X Hz Cp A KA PR32 00 5 (e)
-8 pH X Hz_ Cp 4 2 TR B 45 10 8808 5 (1) IRk Hz_Cp B &A1 5 (@) 7 BREIRBE 1 ORI o AN Rl /NG B R 7E AN [l b B ] 25 57 &t 2 (P<<0.05) o
T IA « (a) Colony morphology of Hz_Cp on Luria-Bertani (LB) agar plates; (b) Phylogenetic tree of strain Hz_Cp; (c, d) Effects of different

temperatures and NaCl concentrations on the growth characteristics of Hz_Cp; (e) Investigation of the effect of pH on cadmium adsorption by Hz_Cp
fermentation broth; (f) Detection of nitrogen-fixing activity; (g) Siderophore production capability of strain Hz_Cp. Different lowercase letter indicate

the significant differences (P<Z0.05) among different treatments. The same below.

Rk pH 264 F , Hz_Cp 41 1) Zeta B AV B Cd™' ¥ FE (0~1000 mg- 1 ") 38 i 52 B0 & 25 28 4k . MW 8R A9 — 4. 62
mV [ 2 500 mg-L 'l —12. 50 mV (P<C0. 05),1000 mg- LB B FF 2 —11. 23 mV (& 2d) , W] Cd* 1 Jff 1
AR T A R T L Hz Cp R MR AT SR W@ 71 o FTIR 43 #1458 (B 2¢) R FEAEIENL AL : 3416 cm
(—OH) 1449 cm '(—COOH) . 1073 em ' ( —PO,” ) 1 531 em " (B 3 A ) 19 f 7 UE 52X 2 fE A 2 5 Cd™ B A
1M 824 780 F1 642 cm ' b W3R 3 58 (C—H . =C — H 8 ) W 3R WY i /K Pk 5 A1 1, AL R4 i 1 Cd™ i A= 9 181 7
2.3 Hz Cpitit &304 K, mizds it

Hz Cp Xt 22 4 4eFl 7 AR K i 52 m 45 5 (8 3a) 7R : 5 CK_Cd A b, B2 i A BB 2 RS 88 D Z
z&ﬂ-(z«o 05, Kl 3b~e) , A 52 & T*E%Eﬁ;‘%ﬁaﬁﬁxﬁi *ﬁiﬂﬁu( CdAb B, Hz cpuﬂiﬂeﬁ?ﬁ%

(~7.



112 ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 10

(a)  200mg-L”  400mg-L"  600mg-L" 1000 mg L™ 1400 mg L™

T

800 mg-L™

1200 mg-L™' 1600 mg L™

= <L = S S o /
(b) Cd"¥#kJE Cd” concentration (mg-L™") (c) % JE¥KE Metal concentration (200 mg-L™) (d) Cd*'¥J¥ Cd* concentration (mg-L™)
1.8 —®—0 —=—50 ——200 —3—600 1.8 r —— Fe''—&— Cu*—8—Pb " —o— Cd™ 0 100 200 500 1000
—o—1000 —— 1500 0
~1.6¢f =16}
a 3 [a) L
g 1.4 I/I‘i\i 3 1.4 o
o B 1.2 o > 1.2 E
:gz, 1.0} ié 1.0 r H
=308 =3 08F 2E
[}
.2 I =S
204r 20471 g
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Fig. 2 Hz_Cp’s heavy metal resistance and attenuated total reflectance-Fourier transform infrared spectroscopy (ATR-FTIR) analysis
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Tk Hz_Cp 19 58 Jl 4 S 558 -0l BL i 28 45 21 AP O 1% (ATR-FTIR) )6 3% 43 #7 < (a, b) Determination of the cadmium resistance level of strain Hz_Cp; (c)

Assessment of the resistance of strain Hz_Cp to various heavy metals; (d) Effect of different Cd*" concentrations on the surface Zeta potential of Hz_Cp

(pH=7); (e) Attenuated total reflectance-Fourier transform infrared spectroscopy (ATR-FTIR) spectral analysis of strain Hz_Cp.
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Fig. 3 Effects of different treatments on the growth of P. nil
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(a—1) Effects of Hz_Cp treatment on the growth and pigment contents (chlorophyll, carotenoid, anthocyanin) of P. nil;

(g,h) Effects of Hz_Cp inoculation on SOD and POD activities in P. ni/; (i) Assessment of cadmium uptake and enrichment capacity in P. nil.
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