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Abstract? A field exp.eriment with an orthogonally designed experiment L9 (3*) was designed to investigate the effect of different N, P,
and K devels on plant growth and Cd uptake by Hylotelephium spectabile. The results showed that the biomass of H. spectabile
significantly increased with the N application rate. The highest dry weight in the shoot occurred in the treatments with a high level of N
(337.5 kg-hm ™) , which was 0. 86-2. 00 times higher than the value with no fertilizer treatment. The addition of K contributed to
promoting the Cd absorption of H. spectabile, while no effect was observed when N and P were added. Consequently, NPK fertilizers
contribute to increasing the Cd uptake of H. spectabile, and the N and K fertilizer play important role in plant growth and Cd absorption
respectively. Moreover, the effect of fertilizers on Cd uptake of H. spectabile was in the order of N > K > P, which indicated that N
fertilizer was the main factor for promoting the Cd phytoextraction efficiency of H. spectabile by increasing the biomass. Therefore, the
application of high levels of N combined with moderate levels of P and K will be an effective approach to improve the Cd
phytoremediation efficiency of H. spectabile by promoting its growth, and the Cd uptake can be increased by a factor of 0.9-2.2
compared to no fertilizer treatment condition.

Key words : Hylotelephium spectabile; phytoremediation; cadmium; nitrogen, phosphorus and potassium; fertilizing intensification

TR R EE T BRI A SR, ARk, R
AT -5 Cd 5 G A 47 i Cd M 0]
ok Az BN TR R . R E L Cd S 058
FRFIK 7%, AAEE“ WEE" LR ZH , % Cd 154K
FH T A 12 00077 hm?® | Hy5 YL F 1 LA ol i A 32
YN = A X —BUIR, R85 DR AT
DERAE X P B /IN R BT A SR S TR A R

SR THEE KA Cd ¥ e qk H Y s EL v TV )
LR B S BRI [ A A0 BR 548 5 45U A B 5

;ﬂhjj [5,6]

THN AN

PR & EAYIE R Cd 150 B3N CHAE T
ARAFBA M A= Wy ek AN o b L8 Cd L 4R
1, H AT Cd s SRAE Y S BRI T T Cd {55+
SR MB S 5 P P i A7 A A W R BN B SRR

rfs B : 2020-02-27; f&ITHHEA: 2020-03-19

BEE&WHE: BRAAPAIEEIHE (41771509, 41907125) ; EHKE
OB R K B I R B OB ( 2018YFC1802604,
2018 YFD0800600) ; J™ P4 Hl 5 4 i 5 YL B if e i R
BRSS9 (H:Rl AA17204047 ) ; [T+ )5
Bl2E 3410 H (2019M650827 )

YEE R SBREE(1990 ~ ), I 1 J5 , FEHFIE Iy o 4TS
&4 E-mail ; 2jim19900321@ 163. com

® i@{%_ﬁi%,]z—mail;yangajx@ 126. com



9 4 TR U . HE] A R FR A\ SRR Cd B kR 4227

AR T SA A 0 [R) R 308 sk e 20 VR 4 i it e 4B )
AR i -4 Cd A R SR AL A 1B R AR Y
S0 e A 2 Al A 7 R PR A R A
R 3 o i e A AR A 2 — , AT s
TIEFR PRGN FEAE G S 5 B b 4 2K 1 3R T
R AT S R Y i R AL AT i
e -3 b Cd A TAF T 285 R0 A= 0 R0, DT 52
HPIXT Cd ARG A2k gE 2 I, it A
PR EEMYBE Cd 155 ORI EE 4B
T, i N2 A A 3 T 2R B 5K ((Sedum afredii
Hance) fEH" 5 K ( Sedum plumbizincicola ) | ¥fH U5
( Amaranthus hypochondriacus ) Fl B € %4 ( Cosmos
sulphureus ) FFFHYI ) Cd 3-8 &Sl

= REHMEY) )\ E 5K (Hylotelephium spectabile )
SEFRE T A Y B AR SR A AR A, X 3R Cd A
R E ERE S [A) I AT TR 5 A Mo | AR )
BRAER R, HANT Cd 154 :tt%%ﬂ'](%jjm 271
R SE o\ 5 B AR fE F L G Y5 2
ACH (Cd:2.22 mg-kg™") I AFJE CA {508 T ik

3% KA, Wit A AR %W*bnﬁfﬁ ﬁ‘{ﬁ =

I—JHT ﬁﬁﬁiﬁﬂ?’\ﬁﬁﬁ% T/fkﬁi'eﬁ'ﬂﬂ E)ffﬁ‘ji
£% T/\jlf;,%iﬂﬁj:iﬁ Cd B2 SR i il

ST eI &*ﬁ%ﬂﬁﬁﬁ%%%*ﬁﬁﬁfﬁmﬁ
Jﬁ?ﬁ&$~mﬁﬁﬁﬂii HIPR S, H 205 ARRIT

g5 M I R g E3RRRIE N P, KR

NSERFFCd {P‘E_xﬁliﬂﬁﬁﬁﬁﬁﬁ"\ﬂ T
PRILE , 76 7% A A 9B 98 35l |, A% SCHUR P
EACHETEAT N P K Hi AR R0, B9 A [
ARt M TR P A 5 A 4 Cd 95 2
IS R I, R ) S R RS
FR Cd 185 SOR ML MR B, LAk /5 5
KE B Cd 159 + IR AL BB

1 #R57EE

1.1 R0 s AL

A S B T A R R R IR TS
523 (35°08733. 04" N, 112°31'33. 16" E) ,J& Ti
R R RE, Z5r B AR SRR 14, 6°C, 42
AEH N1 727. 6 h 4EREK B 860 mm. + 12 Y
i+, FIERAR RN R . pH 7.7, CEC 20. 1
VAL A R 19.4 gkg ', A 118
g-kg ™' EWEO0.86 g-kg ', 2H126.6 g-kg ', HUAUA
83.7 mg kg™ ERHE 23.0 mg-kg ', EALAN 140.0
AT Cd SRR 2,22 mgkg T
I IR T A Hb 39875 YL U A 1 bR v )
(GB 15618-2018) H UK 7 62 (0. 6 mg-kg™") ,

mmol - kg~

mg-kg ™'

BEARAS Cd 554 0. 84 mg-kg ™!
1.2 5t

ik YN cd & EHMY N EHK
( Hylotelephium spectabile) , T % N #E 47 PR 7. iR
Y65 % FHPU IR 28 =K IE ARG 511 [ 19 (3Y) ], AR
e 3 A it AE K S, LS it AR Sk X RE Ak B
(NOPOKO) , B:Aill B K F- (N1 | P1 A K1) BB E 45
B /N FE R R 5 a5 X A R ) it IE &, i
J112.5( LA N 1) . 112.5 (LA P04 i) Al 112.5
(LA K,0 31) kg-hm =, DL 3 Al il A 7K S oh v i
JEAE (N2, P2 F K2) , L 3 £ 3L Al it AR /K 7 Ky v B
JEAE (N3, P3 Al K3) , ik g0 L B 10 > 4ab 3, A4k
B3 RER AN EAY 10 m®. Z B IR S I
b G AL AP 2SS IR 45 A 12 T 0 A
Fii i ge s R (R R R) 7/ %"JncFFJJTg%?(
N46%) . it BB 45 (& P,0, 16% ) %n%ﬂ:%&ﬂ(
K, 0 62% ) , ¥IF D SE AL 42 3 i A 1 ¢ ZIK)ix“ﬁAﬂ:
2017 4 4 AN, 11 A A3 i 43 *%éﬁﬂ“@

i/ﬁiiﬂijﬁ#nnU&XTr‘ii%ﬁun, I_]H'J'{ME
%/J\B/\ia%iﬂquiﬁzlii%i :
1.3 HERFEGH ;

Uk B\ 5 R T EEE7J</FF/5’&£F’%%%E
AT -EIERVRL, SR ) 25 B K gt 0 HET- 4y
5 ST HNO,-HCIO, (5:, HRRLEL ) 384 i, 17 st 2

A5 U BRI AR EY) B ( GBWO7603 ) #E 47 k2
OYMT RS (95% +5% ) , T R FH L B &
2B TR B 3% {Y (ICP-MS, Elan DRC-e, Perkin
Elmer, 32 E) Jll & Cd & &

25 /INK R AR A RE A3 R B X 51 Ja T
1t 20 B, 58 pH WIE 7%:27% 1S0 103902005
(K 15, BTk i) . HIEARES Cd &k H]
DTPA 453 (GB/T 23739-2009) , F Ht Bkl 4 45 55
T i 3% AL I & (ICP-MS, Elan DRC-e, Perkin
Elmer, & [H).

1.4 FdEgitor

X IBM SPSS Statistics 26 B4 17 A0 i 56
ARG 0T, R /N B 22 B0E T 2 R
FYEREG (P <0.05) , 2R H Origin pro 2018 #4117
YER.

K H A ¥ & % & % ( bioconcentration factor,
BCF) PEA N5 5t K% Cd I E B R/E S, A FoR
mr.

BCF = C,,./C.,

K, € (mg- kg"ﬁﬂ Csuu<mg-kg”>§a\5ui%,%/\
EERM EF Cd et cd Fi



4228 H

i

Bl

e

2 HBREHW

2.1 FRAPVEEEN G5 RKAEYE A R

ZEAHT N, P K ERHIE X N E S RAE K
SN K BE (L 1), AS TR it IR Ak B R /N3 5 K
HEWEEAE2 516.7 ~7 573. 3 kg-hm *JELRE Z 6], 54
Jite A HEAH L, 4% it A Ack 1 2 4 i T He s B35 A= 4
HHHE L AT B N KSE R RS, O\ SR
AR A S G b DL N KPR B AE )
e N3P3K1 1 N3P1K3 b3 i 2 25 T Ho At it A
ARFR TP K AT 0D AR A 3 A SR I
FAE.

10000

a

om0 : 7L

6000 be

bed
bed

A4y fi/kg-hm ™

NI1P2K2
NIP3K3

NOPOKO
NIPIKI
N2ZPIK2
N2P2K3
N2P3KI1
N3PIK3
N3PZK2
N3P3KI1

e

i N
© /' Fig. 1 Shoot biomass of H. spectabile under

different fertilizer treatments

2.2 FEArIEEENT HHE pH FIA RS Cd &R A5 m
FiA N E 5 KA MR e 38 pH K DTPA 2 HUE
Cd FHANE 2 Fron. AFHEACAL T /55 KR ER
14 pH 78 7. 80 ~ 8. 04 {2 8], -1 DTPA 21K
A Cd HHEAE0.72 ~0.90 mg-kg ™' YU Fl 2 8. 4% it
HE AL B ] + 38 pH FI DTPA 2 HUS Cd & E k3%
BT E =
2.3 FRAPPEEEN\FERR Cd WA
AN, P K it I8 5 e b /5 55 R L
Cd & i A=) e 5 R BCF) RS2 &l 3 Jrs,
AL RE b B R\ 5 KM B3R Cd & i 7E 14. 81
~22.08 mg-kg ' EE Z ], 2%t AL AL R IA] Cd 7 dit
ToR#EER. N2P2K3 BT /N5 5 K BCF i, H
R T NIPIKI AbBE.
2.4 J\EFK Cd $2HUE K NPK 22 BAER 53t
AN, P K it HE 2 e b\ R R
Cd $EWC 52 an &l 4 B, AN )i BE 2 40 2R /A
Fo KM B Cd $EHUR A 42.3 ~136.6 g-hm >

bed
4000 cd d
d

2000 ‘ \ =

0 ;
" ral [ " F £ _F /

§ RFNG 7R SR 22 5 B % (P <0.,05) FRT

| ! = | Y I & g

| E1l FREEAETATEXRG EHEnE o

41 %
10

SN

2 a
s 1.0 F

a
a a a a

pH

1
2
&

m

AT HAECIE A

Is]

P3K1
2

NOPOKO
NIPIKI
NIP2K2
NIP3K3
N2P2K3
a2
N3PIK3
3P2K
N3P3KI

=)

P . 4
B2 4% pH & DTPA B cd a8/ [
Fig. 2 Sail HH_-'and DTPA-extractable Cd concenltt'éltiop_ _

i e aa

a
a
. a a
a
15
10
5
0

ab a

N
N

Cd g fit/mg-kg™!

BCF

]

o

2

ol
=

1P1K1

NOPOKO

NI1P3K3
PIK
N2P2K3
N2P3K1
N3PIK3

4 4 .
E3 AEEERLETNEZRM L CdEERENEERY
Fig. 3 Shoot Cd concentrations and BCFs of H. spectabile

el
”

N
N
N

i N3P2K2
N3P3KI

N I

under different fertilizer treatments

[B]. ST AL XS AR EE it AR 3R T /N E 5 R
T Cd HEECR, HAS ] it AT Ab 1 e] 22 5 5 3 | Bifi % it
N KP4t a7 T S 15 ¥ For N3P3K1 Fil N3P1K3
ARFRH 1 EB Cd $RHECE e, o T H b A L
ARAE I LT, X U0 i 0 0B kA1 3% ) )
LHAEHIEAT T 4007, 0 501 N, P,0, 1 K, 0 jifi it
K 5E 337.5 kg-hm > AR Y5 25 W12 I



9 PR . HIF S T R IRE N E R R Cd BEF 4229
200
a CA4R Ik g-hm™
175 - 20
. 40
150 . 60
]
D! ; 100
£ 15 be ab == 120
e — 140
= 100 be == 160
= . £ ke = 180
= ¢
T st . 300
- . z 200 >
50 b T
25 *‘
0 —
Z 0z L o2 L 2 oz 2 L 0z . 2
s EEEE 8 E 2 U
z z z z Zz Zz Z z z Z = ()
. . — ()
4 xlﬂﬁﬁﬂﬂﬂbii'ltlkiﬁiﬂﬂ ﬁ'ﬂ Cd #EHX% - )
Fig. 4 Cd uptake in shoot of H. spectabile under — g
different fertilizer treatments == (0
= 120
NN e gy . = N == 140
P AP AS R X UE R R Cd IR A H = 160

PP T HiF S B N 2 0 4L e
PIURERE K,0 A1 P,0, 98IN85, HZ PO, Y
MR T K,0,P Al K AR ZBL AL BARHI. it
P,0, HEFEIEIN, Cd BRICREBEHE N K44 #g T,
% K0 Fm, NUR K X Cd SR 7 R
22 TR0, RO FEAE/\ K Gl BT
HEFE I3 T MR 1617 1 K, 0 KF F, Cd #1

O PO IS/, T BEHE N 7K P-4 e,
NFP MR R R TR o

2.5/ AFHARE /\ER K Cd & 5 E 1
o34 -

FILH 1E 22 158 B 1 5% A [ it A i B X N 5
SR Cd $EHUE 1Y 520, 388 o B 25 50 A ik 43 Bir 46 41
R 1 PR AERRS R R X\ 52 5 KA Wi 1Y) 52 i)
NN>P>K, R /\ER KM Cd &0
K>P >N, Bljii N KFX N\ R RAERKENRK,
T K ZKSEX N FE 5 R Cd WA — € 52 1.
X\ R R Cd HEBCR T, ARSI R
SEMFFAR N N > K > Pl M4 & A F 5K od
PR T B M N KRR, Hk i K
IKF.

3 iTig

JNFE SRR TR EE WA ALY, BA
SR Cd & AERE T, FLTH & | SR /o TR A5 Rt
HOE Y FAL 7 Cd I s 2 1Y) BRI, 558 1
TR 7 ML DX ARG 1) A B U0 2R Rl S R
PR KB R Cd 15 Y HHERYRCRA L, 76 H ) 4%
HRAANERRBE Cd 550K HaFH: cd &=
RORASREAR , R L, 75 R BRI i LR R e 2

300 == 180

— ()
()
= ()
= £()
== 100
== 120
mmm 140

Es

Fig. 5 Interactions among N, P, and K treatments

A HEEN/N\ERX CdIRNENZEER

on Cd uptake of H. spectabile

ROl A BAHEAL T B\ 55 R X3R4 I R
FIXE Cd AW, J2 4\ 5 R Cd B E BRI A
RO AL

AT, BB AL AL PR e E T SRR
Mo b AR AP N, AER [R) NPKRETiE FH 7K P00
AR A AR, RIS AR ) AR K e
BRVEFRIUR, N\ TR R AW B 220 N
KPR BEE N R P 2 60 38 i e 4R v
ATy e A I 23 SRS Tt N KSR 7R R
RS 5 K 25 & AR AW AR ORI Cd R i) 2
M2 g G BRI T 4 R — B, E — i R A B
AL NP e R A2 TR SR AR 5
KK, BEIETE—E R Be T \FE R KA,
AR TR AL it 2 18] 22 5 R 8835 3X S PR 5 3

CAht/ghm™
=



4230 7N b} s = 41 %
x1 AEBELEXMN\ESR Cd EEHFEZMAORESHT
Table 1 Range analyses on the effect of different fertilizer treatments on Cd accumulation of H. spectabile
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N P K /kg-hm /mg-kg /g+hm
NOPOKO 0 0 0 2517 17. 06 43.16
N1P1K1 1 1 1 3925 14. 81 58. 16
N1P2K2 1 2 2 3100 17.57 53.78
N1P3K3 1 3 3 4375 17.94 80.75
N2P1K2 2 1 2 3550 18.21 64. 44
N2P2K3 2 2 3 3317 22.05 71.56
N2P3K1 2 3 1 2517 16.57 42.31
N3P1K3 3 1 3 6427 16.93 108. 94
N3P2K2 3 2 2 4677 17. 65 82. 00
N3P3K1 3 3 1 7573 17.95 136. 55
k, 3800 4634 4672
Y k, 3128 3698 3776
/kg-hm =2 ky 6226 4827 4706 NPk
R 3098 1124 931
k, 16.78 16. 65 16.44
Cd /E\%l k, 18.94 19.09 17.81 , K>P>N e &1
/mg-kg ks 17.51 17.49 18.98 =/ I
R 2.17 PR 2.53 - 2T AN
K, 64.23 7748 79.01 | & ;S
Cd BRI k, 59.44 69.11 66.74 ' A A
/ghm 2 ks 109. 16 861 54 87.08 Pt N K>F a4
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