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Abstract
In this study, the plant study was conducted with Hylotelephium erythrostictum as the plant re-
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search object, and a pot experiment was used to simulate cadmium-contaminated soil, and a com-
bined phytohormone and super-enriched plant remediation test system was constructed to inves-
tigate the effect of different concentrations of phytohormones and plant species on plant uptake of
heavy metals by applying gibberellin (GA3) and growth hormone (IAA) and investigating the effect
of phytohormones on the remediation of cadmium-contaminated soil by Sedum plants. The results
showed that the application of both phytohormones GA; and IAA increased the biomass, stem length,
root length, chlorophyll content and reduced malondialdehyde content of Cd in Hylotelephium eryt-
hrostictum compared with the control group. Under the same conditions of Cd concentration in the
soil, the root length growth of Hylotelephium erythrostictum was best with foliar spraying of 50 mg/L
IAA; the plant stem length growth, fresh weight growth and plant chlorophyll content were most
with foliar spraying of 50 mg/L GAs3; the plant MDA content was least with foliar spraying of 100 mg/L
GA;. The Cd enrichment effect of different concentrations of GAz and IAA in Hylotelephium erythros-
tictum was different. Under the same conditions of Cd concentration in soil, the highest Cd content
in both roots and aboveground parts of Hylotelephium erythrostictum was found in foliar spraying
of 25 mg/L GAs;.
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1. 5|

AR, B THMIRER. ARG KRS AV RIER B i1t S BOR R E e R 5 it A+
B, JFZHR R, At EE RS RS R EEN, &38R S BRI DAL A 5
WEE— R, BOR TIRIIEH ThEE, IEMIABTE L] [2] [38]. EEJmisdeh THAaEE R, A
e B LA Bl SRRSO 3305 e B A0 X s AN 4]

TIRE G RTT YD WOR IR IEH Th e, S B IR A AR S BN A A AL, A a3 rh R 1
WAYEESEZ BH], W LIRS RGN A S RGERGEE]. A, B Cd KT
ri, iR A RS, AR AR L WA R A S S, SRR
FRO MK IR, R P B R AR Sk, ELEALIE[6]. MM Cd i SRS IR AN NIRRT, 3T
SR NRMERE RS, SBEMBOIME IR, M. FIERE. MERG. KN, RN EIRSEEN
2 B [7] 8]

EYME R 2 —MHE A EeEG R HIRNEEROR, BABOR L3AEE, MR gefr HIRampE
W2 AF[9] [10]. M RAE HIRE RN AL RA ARG B Z A 5. HHEFTEm
FIHEME R R SRR EWERIR. ARES. [FENBERRBARESR, Ri) 7EyEeELE
N—FAEYME R BORIHET MR [11] [12].

BB BRI O BAEE E R, 25RO s R E S R R EE TR —, 1EF
i 48 R V5 e T R R R T ORBEAE F[13] [14] [15] (HARAZAE — L8R BR 4, 5 i 30 40 ' A
PkaRIE AN AEVEAR. ERERE . HENEEN K, HELHEEREH4[16] [17] [18].

VRN EWAEKA AR, AFFTERHAKRIAA)MIRER(GAs), EKEFRTZENEK
A SR (EHEAEARAEAE I [19] JREE R iR O O AR I A B A A, o 2R P 1 70 5t A i i
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YERI[20].

J\E 5 K (Hylotelephium erythrostictum) & St R FBHEY), ZFRE 2 il AR SR sy, 13
Cd ARGEM EER S, FNHAM R SRR, EERKER A, BAMAT Cd 5 HIBNE
[21] [22].

R, %A T S N RS, W R AR R SRR A P 3 b Cd B AR, A
R Cd ¥ B IR AR 5 R S AR} 2 AR A AR S

2. LW

P 358 A SIS B FH 3RS Y GO TR R 2 b i 1 e ot 3%, BRI AL 1% 5 - Ph: 6,634
FH & 1A # 8 (CEC): 19.30 cmol/kg. N: 346 mg/kg. P: 462 mg/kg. K: 2.61 mg/kg. Cu: 19 mg/kg. Zn:
53 mg/kg.

BERHEY) . HE R\ FE SR, MERBCTT R AEA T I o

P E: 3-BIWLIR(AA), 2ifE: 98%;: /RER(GAs), 4ifE: m4l, 98%.

3. Bt

B R B 3 IR ZEA A BB R, KT R 28t 60 AN, SRJEHEshiRs], fEEAR 15 cm x
12,5 cm A%t 0.8 kgo Cd MBI /KIEM AL AN L3, K 3570y 4 43, fE— M H3EPImA
FARIE Cd R, F45 4 2 HIIR 2], BT BT RANTEE 30 K. i a3 22N 25 mg/kg A1 50 mg/kg
RT3, S BAIIN Cd 1 T3

SCEG Pk PR N A K SAR Bk, KA E T Hoagland 35 78 K555 75—, JFHEE 7K
R ZRAEIEAT R, AR 5 bR, Db TR SEIR B I ER I, JFE 2 4INHIE.
ARSI T 7 HAEE, AN L.

Table 1. Experimental pot group
1 EWARSE

IAA (mg/L) GA; (mg/L)
THEFE
25 50 100 25 50 100
CK Al A2 A3 Bl B2 B3

ENERRBME 7RG, EIXREINAERER IAA T GA;, 2 Ja6F 15 Kitihn—, FLitmi 4 &,
BRI 1AA FI GA, (15 #REHIZE 5 mi, W57 7 2R FH I TEI, 435 2R 1 IBH R J5 136 60 K,
HOREI s F AR AR AR FR bR o S AR vR FH 288K e S e, FZR TR/ A A O ARIZ IR 20 min, X3
PR AR R EEE AT E, W lile \E R ROHSRETE. N B(MDA) S &. ARG ATicEIEY
7E 105°C il P25 60 min, FFFIRZE 80°CA LM T HE, G THL E3. AR HENE.

SO E IR AE SEIR = AT, SR HOGITREROR BB, 4 H AT 6~8 /NI HDEIR, BT st =
WSO T, AR A SRR, B ORAE A BT AR IR A SR E S AN — B, P 3 RBe— oK,
Fff DR - 3880 5 R FETE 80% 75 £ .

4. & Cd SENE

WOE BB B, KR P e T4 Ja oK BT RIRK 25, T 105°CH/%E 1h, #
T T0CHTRIEE, BT 60 Hifn, AEMFRE 0.5 g #:T 50 mL =iIBEA 1, il HNOg:HCIO, (4:1,
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L) RATR 5 mL, 5= i BB, KR SO SR AT s b, TP B2 18 TR 28 190°C,
RELIHALZE HCIO, KE B, FiiN 5 mL MRV AR 2 F R4 2 mL, RIRWMRE LB EENIE, #
HIH 0.45 pm JEAREUE . EA, AR TR ORI E AN Cd & & .

5. 8BS

BdE 48R FH Excel 2016, f#i ] SPSS 24.0 H1(Duncan )% #7472 8 L4 # 40 1A) 2 5 (P < 0.05)
HRRE T Z5HT.

6. RE5S
6.1. HEPIRIK

R4E I 1, BEE LT Cd RN, N\ FESRIRKIEK R TRES . 138 Cd REEAHE 1
THEOLT, B IAA R GAs At T\ E SRR B A K. 2 CdKJE N 0 mg/kg I, FHIHIBHT LAA i
BI\E R R B K, 25 mg/L. 50 mg/L AT 100 mg/L ¥ IAA JEINfE )\ E SR IR KK
RO IR BB IN T 29.17%. 43.23%7F1 35.94%. 4 Cd #</E N 25 mg/kg i, TR IAA 15 )\ %
SRR AR KB/ K, 25 mg/L. 50 mg/L #1100 mg/L ¥ ) LAA i InAE J\ 5 5% Rk AR K 3 KB geonf
JREH A 3G IN T 21.47%. 32.06%7F1 27.35%. 4 Cd ¥ A 50 mg/kg i, TG IAA 15\ E SR 1
MR K S K, 25 mg/L. 50 mg/L F1 100 mg/L 3 TAA Jiti i )\ 5t R AR K38 K & B0 2 4
FEINT 16.30%. 29.15%F1 26.96%. FrLA, fE-4Hr Cd iR FAFMFEIEN T, \EFRRIRKHEK
RCRAE M TG 50 mg/L [ IAA S i (1, 1 bl 5 AN R B 13 i, )\ 3 SR AR 3 K B e 1 B
I, BB NI R AN R N R SRR AR KIS KA IHIE . ESRE[23IRIERF KM T, KR
FFREFFAHE RO AE K EE — e e, XSRS, KU IAA T GA; #i 58 n] LA & il

YR
- 0 mg/kg Cd
7 25mg/kg Cd
| 50mg/kg Cd

—~ L a
g a % a a
S i
i R I PO T - T
iﬁ a % %:CE %:Ib: %b b ¢ b,
4+ ] == 0
Eoe. | TEBl Bl eyl T PR
K ] = = = = = —
= a2l E Bl 2|l
K N = = = = = = =
Hr — = = = = = =
1 2 = = = = = = =
= = = = = = = =
- ] — = = = = — =

SN =N SAN N AR NN =am =

0 T = T = T = T = T = T = f =

CK Al A2 A3 BI B2 B3

IAARLEE  A1:25 mg/L A2:50 mg/L A3: 100 mg/L
GAsfb#  B1:25 mg/L B2:50 mg/L B3:100 mg/L

Figure 1. Plant root length growth changes (Different letters indicate significant differences
under the same treatment)
1 EYRKEKTUAERNFERFEEELETHEZER)
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6.2. =K

RAEE 2, BEE L3R Cd RN, \ERRMZEKN KR N /£8P Cd WEAHF 1
THOLT, BT IAA R GAs H i T\ E S RZEKM K. 2 Cd AN 0 mglkg B, TG GAz
)\ E SR ARG K 25K, 25 mg/L. 50 mg/L 1 100 mg/L iR B ) GAg it infl )\ & R IR KK &
BN IR 23 3N T 61.63%- 79.00%F1 66.63%. 4 Cd k%N 25 mglkg B, FHTHIEHA GAs 15\ % 5
RIZERK I K BERK, 25 mg/L. 50 mg/L F1 100 mg/L #<FE T GA it il )\ 5 5 K B 25 KA K it i 41
Sy MBEINT 78.04%- 113.64%7#1 100.00%. 4 Cd #< &4 50 mg/kg B, HTHIBEI GAs f#15/\E 5 R M=%
KK E 5K, 25 mg/L. 50 mg/L F1 100 mg/L W FE 1] GA Jti s J\ 5 5 K 1) 22K 3G B 00 IEZH 43 7)1
BT 89.04%. 116.14%7F1 103.40%. LA, 7E-3d Cd IREEZLAFMFRIES T, J\EF KM ZEKIE KL
AL THIBETG 50 mg/L 1] GAg f& 5 UF ¥, T Bt SR R FE I 3 ey S S5 R B 2R & T B A1
W B it I i e B AR R\ SR 2K KA MHIE R . BRR 241550 7L KL, 40 mg/kg IAA + 25
mg/kg GA; IBAWE)E, HH B EMZEKMINGEE . XKW, GA; M IAA [N T AEELE | 8 48 MHE
VI ERIE, (2t TR K.

0 mg/kg Cd
: 25mg/kg Cd
16 50mg/kg Cd
J a
N a 2 ‘a} —kb jf_b
2 121 sl ) 7 o
2 a e
=R b | 7 =i =
° a %b b % % % %
= 8 2. | Ps < — = =
¥ b =Sl =N 3N SN —EN =
A
S el 22 al e
- ] = = = = = -
= = = = = = =
21 i dli el el Hl B
O L Ig' Ig' lg' IE' Ig' |g
C

K Al Al A B B B
IAARLEE  A1:25 mg/L A2:50 mg/L A3: 100 mg/L
GA34:¥E  B1:25 mg/L B2:50 mg/L B3:100 mg/L

Figure 2. Plant stem length growth changes (Different letters indicate significant dif-
ferences under the same treatment)
E 2 AYEKTUAERNFERAEERLETHEEER)

6.3. EYHE

R 3, FEE L3 Cd RGN, \FERRMEFEK 2 NEas . £ Cd WA 1
FEOLT, ST IAA A GAs H i T\ E S REFEAIEK . 24 Cd IKE N 0 molkg B, M GA; ff
13 )\ 5 5 R 0 o KB Bk, 25 mg/L. 50 mg/L T 100 mg/L ¥k S 9 G A, Jili i )\ 52 5% % ff 5 (g 186 K
BN R A3 3G T 51.74%. 78.26%F1 57.83%. 4 Cd #JE 4 25 mglkg i, IH-THIBETE GAs 115 )\ E 5
FAeE K B AR, 25 mg/L. 50 mg/L A1 100 mg/L < FE T GA it il )\ 5 5 K fif = g i < B e vt 4
S3MBEINT 41.75%- 58.74%7F 53.88%. 4 Cd #FE A 50 mg/kg B, WHTHIMETE GAs {15 )\ 5 5O EF E (1)
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WK ERK, 25 mg/L. 50 mg/L A1 100 mg/L ¥ £ 1) GA i i J\ 5 55 K 5 (1 484 1 B ot HELZEL 43 53 149
T 44.74%. 66.84%41156.84%. JTLL, fE3Erd Cd Wk EEAAMHEIRTEOL T, J\E SR B K HORE
TS 50 ma/L () GAg i UF I, TTREHE SN IR A s, I\ E SR KR th 2 R 8,
B Bt 3 v ) AN R O\ S R 0 e E A AT SR A o SR IR IR [25] 560 FE AL, KEE 26 AF R, 0.2
mg/L 7557 2 AL P A e A BB T I IR IA B 78.54%~174.73%. F] W E[26] T TR IL, 2 1AA +
GA; [T &9 3000 wmol/L B, o) SR i 5 J - B4 28 IR n 7 1 A5 0A b, KT 1AA B GAg H
MACFRRBOR . CA LRSI, AME GAS R LAA [t I3 R A HEAE A e 2 (3

0 mg/kg Cd
5 25mg/kg Cd
50mg/kg Cd
a
i a a0,
~ a a
i B b ¢
e 37 b 0 c %:IC: b C % %:Ic:
2 2 5| Al Bs| e B
il a ¢ — - = = =
o} Hb Sl alal gl gl a
i c = = = = = =
= 21 P& gl 2l dllallal s
1 = = = = = =
— = — = — ] =
- B = = = = =
17 =2 22|l 2| E
0 T T T T E T T g T T ; T I g T T ; T T E 1

CK A A A B B2 B3
IAAZCEE  A1:25mg/L A2:50 mg/L A3: 100 mg/L
GAs3#b#  B1:25 mg/L B2:50 mg/L B3:100 mg/L

Figure 3. Plant fresh weight changes (Different letters indicate significant differences un-
der the same treatment)

B 3. EMHETUARNFERTERRLETHERESR)

6.4. EYHERSE

RIEE 4, fEHIEP CdIREMIMMBN T, NERROHSERSER FHEE. g CdikE
RIS, HEBHE IAA I GAs M T\ FER RN SRR, 4 CdIKE N 0 mglkg i,
Wi GAs 15 \E S RHIH SRS ER A, 25 mg/L. 50 mg/L Al 100 mg/L ¥ i) GAg i infd )\ £ 5K
(£ 2% RO R 2> BI3E N 7 27.89%. 37.92%F1 31.65%. 34 Cd /% v 25 mg/kg B, I GA;
15\ EF R RS RN, 25 mg/L. 50 mg/L A1 100 mg/L iK% GAs M infii )\ 5 S RIS R &
TR IR/ 360 T 30.30%. 48.47%F11 42.43%. 24 Cd WK% N 50 mg/kg I, HIEIBH GA; 5\ %
FOREIH G5 S B H O, 25 mg/L. 50 mg/L 1 100 mg/L ¥ ] GA Il J\ 5 5 K i 425 & B o 18
4y AN T 40.98%. 47.54%F1 49.18%. ALk, 7E+IEr CdIREXMHIFEMEL T, \EFRKIH 4
A ELEI HIBET 50 mg/L ) GAg A& fc i 11, 1M Bl 5 A MR 2= VR 52 (3 e, DI 2R 3 B O 0 5 B
Wi B Bt b i = R AR R\ SR I S 2 A s o I E A . IRIA27IE AR L, 300 mg/L AREEE
MR, TEMASER LA A KW 1 O SRR S EAH L T X R 3 0 T 43.69%. il — FL[28]
S ORI IAA B B 5P A5 35 IEAR DS, Wik 50 mg/kg TAA AT DLUE 3 42 R 4 433 2R 63.99%,
SALFRE 23.17%, ZAMEIHE A 44.97%. UL EIARM, REER. ARKEMHEYCEIEREAREEN, X
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SENGIFIWESE 3y SR
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NEFRKMGERE R (mgkg FW)

0.0

0 mg/kg Cd
25mg/kg Cd
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a a a Ji_b a
B Jfb I e %bc
]a bc %ECI; bb ?i é %i
RN SR e -
L.l Hl A2l 2|2
=l
N O O R R

IAAZLEE  A1:25 mg/L A2:50 mg/L A3: 100 mg/L
GA34b3  B1:25 mg/L B2:50 mg/L B3:100 mg/L

Figure 4. Effect of different treatments on plant chlorophyll content (Different letters indicate significant differences under

the same treatment)

E 4. TRLEMEIMERSENEMAFNFERTERRLETHEZER)

6.5. A _B (MDA E

&S (umol/g)
(9]
1

NEFRA

0 mg/kg Cd
25mg/kg Cd
50mg/kg Cd
a
=
bE
< = a
7% E= a
4 C /E = a a —
= = bE — = = a a
=2 e v= bME bHE = ==
= = p= H 2 b= b=
Iy K EN NN
= = = = = e Ve
E = =N =ER = = =
= = = = = = | =
2lEe|llalialidl alla
= = = | /g =il = =
= V= | B = = = | | =
kK Al A2 A3 Bl B2 B3
IAAZCEE  A1:225 mg/L A2:50 mg/L. A3: 100 mg/L
GAs#b¥E  B1:25 mg/L B2:50 mg/L B3:100 mg/L

Figure 5. Effect of different treatments on plant MDA content (Different letters indicate significant differences under the same

treatment)

5. FREISIEXIEY MDA B EHEM(ARNFRRTEEFLETHEEER)

WRAEE 5, £ CdIREEMIIEIL T, \EFHK MDA E&EE &% . EMF Cd IR ZMTT,
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H-TH I LAA FI GAg 2 7] PR\ E 5K MDA 8. 24 Cd RN 0 molkg B, I GA; f#43 )\ E
H R MDA & &5/, 25 mg/L. 50 mg/L AT 100 mg/L ¥R i) GAg fiti infili )\ 5 5t K ) MDA & & 5on 41
Iy AR T 39.86%- 48.48%F1 47.79%. 4 Cd KJ¥ N 25 mg/kg B, FHTHMHA GAs EfF/\E 5tk MDA
D, 25 mg/L. 50 mg/L A1 100 mg/L ¥R 5 ) GAg il infd )\ 5 5t K ) MDA 55 85060 B2 25l FRAK T
28.09%. 36.74%F/1 37.13%. 24 Cd ¥#</% > 50 mg/kg B, FFEIEEHTE GAs 15 )\ E H Kk MDA & &/, 25
mg/L.50 mg/L F1100 mg/L # FE 1) GAz i i )\ F 5 R i MDA & &= 506 ZH 23 il BRI T 25.85%.,.33.60%
H136.03%. Frbh, fELIES Cd IREZAMAHE GO, J\FEFKRE MDA & & AEM [HBHA 100 mg/L 1
GAg 2 5/b I, VLB IN/ME R RE 5> )\ F SR I MDA & & . BREB[29]5 0 58 &K L 0.5 mg/L Cd il
I RN 10 pmol/L 1AA BE T 3558 i FORHAR A B e &, B35 PR ¥ MDA il GSH & &. £
IW[3010F 78 KB4 Cd WKy 25 mg/kg I, 10 pmol/L WK 1) GA i A mi k. J\E S K& MDA &
ERTHE I R T 35%. [RIL, GAg I IAA [t hin £ 32 m b P4 0 B 7 SOD 1 CAT [vs e, AR
JRIE A, ARk, R THREYIRN MDA 18§, BRIK T 5 48 HE Y4 I i i 35 2= 4R .

6.6. HEHIPFH Cd EE
6.6.1. HEYIRE Cd S ETWL

25mg/kg Cd
120 - 77} S0mg/kg Cd
100
£ a
E) % . s 72 a
E  80- a p b b 7] b
= T %
Y e %7b?7—1—//+?+?
4n T %// O
S 60- ) _ o .
2 . / . //
H< 7 % % 7 7
w44 | V| = -
2 7 7 7 7 7
1 Z 7 7
) // Z 7 7 7 7
o / 0l U =
20 7 7
1 / 1l
7 Z 77 Z.
' 1001 0| 7
0 :
B3

CK Al A2 A3 Bl B2
IAAZLHE  A1:25 mg/L A2:50 mg/L A3: 100 mg/L
GA3#b#  B1:25 mg/L B2:50 mg/L B3:100 mg/L

Figure 6. Changes of cadmium content in plant roots under different treatments (Different letters indicate significant differ-
ences under the same treatment)

6. FEILIBEYIRFES ETU(FENFERTEERLETHEEZER)

RIEE 6, 7ETIE Cd IREIEIMIAMET, \ERRMRE Cd MEELAE BB, fEHiES Cd
WEEAH RIS O T, TSI IAA FI GA 3885 17 /\E SRR Cd & &, (ABEE IAA R GAIKFEM
Pem, \ERRMEL Cd )& 2ZHIFK. 24 Cd IREN 25 mglkg B, FHHIET GAs 115 )\ % 5t RS
Cd & &K, 25 mg/L. 50 mg/L £ 100 mg/L ¥ % 1) GAg it i J\ = 5t RAREE Cd [ 2 = Bont B4 4y
RN T 12.50%. 10.57%7F1 9.38%. 4 Cd ¥ A 50 mo/kg I, T GAg 75 )\ 5 RHES Cd
TR, 25 mg/L. 50 mg/L F1 100 mg/L < FE I GA; Hiti i )\ 5 5 RARE Cd 1 =06t BZH 2 51038 n
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1 12.88%. 7.40%7 6.09%. FrlL, fE--sgErd Cd kAL ZAFMRIES T, \ERRIRE Cd 1 & &AEr
HWET 25 mg/L 1) GAg I fersr, 1T BEAE AH R AMEIER IR BE B3 &, W SRR Cd 1 & 2B WP,
W B I = (R MR ST )\ SR RAREE Cd & R K BATIEIE A . BUBE3LB 7R B, @i it 2
uM 110 uM JRBERISME 1AA, BEIS SRR 2SI T2 S E /e R, FEADRR AR & B 038 TS, SLE s
TS IAA BT DA O R e B E . DA B FEER I, N |AA SEHEDDIER Re A AR il Cd XHED)
M EIEH.

6.6.2. {EH FEHY Cd SE

RAEE 7, BEE % Cd RERT S, \ERERM S Cd FEEEAE BT, f£+3d cd
WIEMFEIREN T, HEBHE IAA F GA ¥R T\ 5 A B35 Cd & &, HEEE 1AA 1 GA;
WIERISR S, K\ E S KM s Cd & BIZHPEK. 24 Cd #kE v 25 mglkg B, M EIBHT GA;
15145 )\ 5 R F 384y Cd B9 & Bk, 25 mg/L. 50 mg/L A1 100 mg/L ¥ 5 () GA Nt J\ 5 5 K 1 5
43 Cd HI& B R BN 7 32.88%. 30.89%F1 20.11%. 24 Cd #/EA 50 mg/kg i, MW GA;
15145 )\ F S R M E B4y Cd & &k, 25 mg/L. 50 mg/L 1 100 mg/L ¥ (1) GA A J\ 5 5t Kt b &5
4y Cd (& B FRAH 2 I N T 27.31%. 2.78%F1 21.27%. FT LA, 78 3% h Cd W JE S AH RIS L F
JUFEFR M EERSY Cd A EAE M WE 25 mo/L ) GAG I B, 10 T B IAA A GAG Bt 1 \E 5
Kb B3y Cd & &, XATRER 1AA Bl GA; [t 45 Y7k N AH B S b B iE e 38 m, B#IKT Cd
ST AEYIAN RS R (45 0, 38 T RIS Cd BITNAZ 68 70, AT AE Y Cd B s SERE unas, AT X A4
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