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eI’ AZEX Cd. Zn BYE SE4FAE AN A

WIEG, BN, B, ZEA
CAEFORL KR BB . IR A TREEATEIT L, 0% SR BHE RS . JE5T 100083)

 E NS A ZEXT Cd L Zn 1Y & SRR AT PR AL, DL OGS 22 (Rosa “Spectra’ ) IWFE RG22k F A5 S A 40LI
5 WF AT Cd &4 (0.25.50,100,200 mg- kg™ ) M Zn &5 (0.500.1 000, 1 500.2 000 mg-kg™ ) B— it F i A Fp AP
A B FR AL, AR E 4 B AR B AL . 45 R AR SR Cd . Zn A PR UE OGS A B0 E K BEE AL PRS- p ke, i
HZ g Kz 20 HECR B i A RN Cd Zn EEFEIER R, 82050 68.48 .918.74 mg- kg™, Horb Cd 32
DL NaCl 42 BUBAETE , o5 H R 25.19%~60.80%, Zn 3252 DL HAc 32 BUS 258 7K R BUSAETE , o5 H 4 1 0 20.20%~46.65% Fil
12.69%~29.33% . FfiAb PR f (G IN, Cd \Zn A0 BRAL AR = T s MR BRI SR IBUE 5 e, AVEES Cd Zn X REIAR R sk . AR
B Cd Zn 34 32 B 5 SRR A0 065 5 443, o5 HE 203919 55.019%~77.38% . 52.35%~63.17% , Fik S 4x i a5 4 ok 40 4y Mk 2 B H 4l
gy BEALFRE RGN, OEiE H AR R A Cd . Zn T M ol AR RE. Cd ZnlbBE T, Y655 H =M R AN h 1y
BB AASTURLY 0T, HIL B R A AL S R i . AR R ANAEEE | Cd Zn S5 A 0 E AR AR IE Ak, WRSR AR
T AR s PR A AT AR T TRV X R AR Cd Zn B AR S IRTE M TR S AT, DA R AN R, 1 (g #2 3k  S(SEBR b4 A (8, TR
JEOLRE A ZERIXE Cd Zn i A AL

KHEIR O H ZE;Cd;s Zn B AERHIE ; T HEML
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Cd and Zn accumulation characteristics and tolerance mechanism of Rosa ‘Spectra’

YU Shiyin, PAN Shuzhen, TANG Min, WANG Meixian

(School of Landscape Architecture, Beijing Forestry University, National Engineering Research Center for Floriculture, Beijing Laboratory
of Urban and Rural Ecological Environment, Beijing 100083, China)

Abstract : Simulated pot pollution was adopted with Rosa ‘Spectra’ as the research object to further study the enrichment characteristics
and tolerance mechanisms of Cd and Zn in Chinese rose. The biomass and physiological indexes, as well as the mechanism of heavy metal
accumulation and transport of Rosa ‘Spectra’ were studied under the single stress of Cd content (0, 25, 50, 100 mg-kg™, and 200 mg-kg™)
and Zn content (0, 500, 1 000, 1 500 mg - kg™, and 2 000 mg - kg™). The results showed that: the treatment of low Cd and Zn content
promoted the growth of Rosa ‘Spectra’. With an increase in content, the growth of Rosa ‘Spectra’ was inhibited, but no death was caused.
Cd and Zn absorbed by the Rosa ‘Spectra’ were mainly accumulated in the root system, with contents of 68.48 mg kg™ and 918.74 mg -

kg™ respectively. Cd predominately existed in NaCl- extracted forms, accounting for 25.19%—60.80%, while Zn primarily existed in HAc—
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extracted and deionized water forms, accounting for 20.20% —46.65%, 12.69% —29.33% respectively. With the increase of treatment

gradients, both Cd and Zn treatment groups increased the proportion of extraction states with low toxicity, so as to weaken the toxicity of Cd

and Zn in plant roots. Cd and Zn enrichment in the roots were mostly in the cellular debris fraction, accounting for 55.01% -77.38%,

52.35%—-63.17% respectively, and followed by the metal-rich granule and heat stable protein fractions. With the increase in treatment

gradients, Cd and Zn in the root of Rosa ‘Spectra’ showed characteristics of transferring to soluble components. Under Cd and Zn

treatment, black particulate matter appeared in root cells of Rosa ‘Spectra’, and the density increased with increasing treatment gradients.

The functional groups binding Cd and Zn on the root cell wall are hydroxyl and amino groups. Research shows that root absorption

restriction, cell wall fixation, vacuoles segregation, conversion of Cd and Zn into less active forms, and the use of hydroxyl and amino groups

on the cell wall to provide binding sites may be significant mechanisms for Rosa ‘Spectra’ to cope with Cd and Zn stress.

Keywords: Rosa ‘Spectra’; Cd; Zn; accumulation characteristics; tolerance mechanism

Wi LR SRR C N AR H f3 HE R A
21, Cd I Zn i H FTTG G 3548k ™ 5 i) i A
&Jm, ZF AL, B FRE 4R TR, w Ik
fFF L8, Cd 2P ERKMIELT TR, BA
s PE R BRI Zn B A KT
BIRIUR, AR Y A B AR (H A Y Zn
SR EHYAE RS AR BCRE SR ALY, Y
16 52 B R 32 238 R Py 19 BT AR A R WA
R R IR AR R UL R AT
A RRE Y L A R A A, B )RR e
st HRT, A YE E Y S B AR TP AR AR
P B A Yy, H 2 B ARRES XAR KRR
BRI TEATER T R B S . A, T
Iy FH 9 B I % B 45 Jag LA T 1) Bl AR AR A A 40
MBI 5 a2

H 2% (Rosa chinensis) 3 EAE G T K462
— N T HE SR REAR R e AE M &2
K. BWEREWBEE LB ZERM ORI (R
‘Rainbow’s End’ ) X} Cd . Pb ZE B H et i Bk, 3
THES Cd . Ph 5 eighh . FRFFF-S5HE H T 2= 00 A
‘LR (R ‘Golden Marie’ )Xt Cd B — & & #E ik
1, EEFAT Cd & 5 7E 20 mg- kg PAF W75 47
Moo FEHCEERIBETE R A X Cd-Pb~Zn-Cu &
YR A IE R R . AR ERIA
A —E 1 Cd . Zn V5 9% 555 /90 I, (3 H AT XS
Cd Zn 38 T 7 A KA K ] ZEX] Cd Zn & 4R
PEFNT AL A I O H AR O E M

(B (I VL RE 7 9, 78 0 i DX T 2k Ak AT
ATZ BN AN R, AT LL e H 286
b, R A AR TS QAT , I E AN Cd \Zn AR BT
DL A A RAR R, 0 G O e as R E AR
MEAZ AL KR Z Cd Zn AL 2B 25 A 23 A1 2 i
Pl R AR BE T RE A5 S, 20 A il H 20 Cd
Zn 38 A AR R AE AN IR PR AL, LU A ZE G BAE
ST Cd Zn {55 LIRS

MRS %

1.1 REE R R AL I8

HECH R R SIS 20 (44842) W B
JCH AR S L, R - et BBk A =82,
PITE 26.5 em H AR 24 em B = IC RN 2 4%
e IS kg, - HEIAPRALM: RN E 4 Jm AN IS
UL 1o ARPEAE 5 X 438 Cd  Zn 5 8, DL T
T O I Y B Y L A U 1R 5 S Cd Ak
PSR, 400 0.25.50,100,200 mg - kg™, Arid A
CK. T\ T .Ts . Ts; 54 Zn &b B & &, 405 0,500,
1 000.,1 500.2 000 mg-kg ™", #ric K CK. T T2 Ts. Tuo
PR UE ) i, LU i 0 A4l CdCl - 2.5H,0 Fl ZnCl,
93 R 24 it T B P 3 T A SR i v Cd A Zn BT
U, AR RS 4 R I W ST
SRIGF G B TR LA RPN ESE
AR o PREERR S R AR AR — SO R AR
FE TR0 2 b, A AR L RR TR, B A L 15 3
ANEE ., R T 4—10 A 34T, B 8 i 1

1

x1 TEEABAMRMESREARKE

Table 1 Basic physical, chemical properties and heavy metal background value of soil

AL 2R TR A 0 AR Exil A cd/ Zn/
pH Organic matter/  Total N/ Alkali=hydrolyzable N/ Total P/ Available P/ Total K/ Olsen-K/ (me-ke™) (m A_k 1)

(g-kg™") (g-kg™) (g-kg™") (mg-kg™") (mg-kg™") (mg-kg")  (mg-kg™) B8 g8re
7.55 329.2 11.28 1.75 556 493 3274 57.32 0.21 76.92

www.daes.org.an




nE3—>

VRES Rty FA3EE 1 H

PLRCHT R BRI, B R R B TR, A
T A A DEAIR K 1R 2 U, - ORA5 T3 1 H OB R
¥, W R B G R4 T R AR B

1.2 HmElgRIH

TR WO 56 F A Sk K Bk ¥, 757 20 mmol - L
Na,~EDTA ¥ HAR 20 min DA H3 2 1 R 25 119
Cd.Zn, fR ) 25 BT oK Ao ik 338 , W TR ik,
FFOR AR o3 AR A 3SR A, — RS
BN 105 “CHERS 2% 30 min, J5 &2 70 CHET
ZfEEE T R PRI P 55 i, f i T e Ry
PEBLH RS A, 2 0.15 mm 0, B F H B4 RR I 55
— AR AEIAE L ORAF T80 “CUKAR A& .

F I B AR A AR R A FRICL g, 4R R
HNOs~H,0,. 25 JEA 7 I i, TH i 58 42 e i 08 E 45 2 50
mL, >R Fi HL R 5 45 B 11RO 3 4 (ICP-OFS, Agi-
lent 5110) W€ 75 B H B JHITR Cd Zn FH 2
R Lan S5 Jy vk A A6 57 3200) 72 A0 4 B0k 4 BURE
PAN Cd Zn AR RALSIE S . 2 BRET AR S5
TR 22 3 B 07557 8 Cd Zn IR 4 . =
HE IR 35 S5 PO D7 v SR P 37 S5 P, 58 WL 2 L) A 40
0 MR T 2 AL . 2 BRI AE Y 7 VA SR ORI AR 2R
AN fLRE e Ao A B ZE AP R A [ B 4 S Ak 3
ZH AR PR 2R 200 B 1 2 B RE A L E A T R AE

'H 4 2% (Bioconcentration factors , BCF) =1 #) 14
NESE S E(ng ke )/ HIEFES RS E(mg-kg"),
U WAE H B 4 SR WS R B A N R RE )

7% Z # (Translocation factor, TF) =g 9 #b I3
EEETE (mg kg /M N ESE S E(ng ke,
FHRCPEAN A 40K B 4 J Db T 50 ) b1 355328 4 119 B

J1,
1.3 GitA%E

{55 Excel #1351 7 84 4L B, SR FH SPSS Statis-
ties 26 A H B 2R Uy 2243 5 1 (ANOVA) 7 7
B 22 S 200t , 3132 I Duncan Y4758 #4656 (P<
0.05) , K FH Origin 2022 2 /& .

2 HERE5HMH

2.1 RECd.Zn B3 HiE A FEYMEN RN

MR 2R, Cd Zn AL FEXT 63 A AR ER A K
PR ) R b35S, i Ak P S 3 o, AR AR
RS 7 TS BRI IR /MBI A 2
SAEY R Cd . Zn 2B R I K BT R R E
POERE YT MBS . CAAFET, S+
rRANE Cd 75 5 25 mg- kg B, OBIE T A B4 KAE
B, A K BRI AT G Cd 7 A >25 mg - kg
B, 6 T 2= SR A B REAR H T~ T A 3 5
AR IRATE R F2E5 . In b BT, 2
SR Zn & HE R 5001 000 mg- kg I, 6iE T A A4
Py REALFE O i 3G S T (B IR 25
AR Zn & 5>1 000 mg-kg ' B, GiE H 2RS4
HBESR T B (P<0.05) ,1 500 mg- kg™ Ab BRZH AV Ay Xt HE
A 73.97%, 5% R 22 57 5.3
22 AECAd. Zn S0 EEXT  HiE AFE R Cd.Zn TR E
5amsm

MER3IPIR, IS HEESE Cd Zn 25 7Y
Bifi b P S R N 2 BT R AR R Cd Zn
R TR, B R AH 430 K 68.48 mg - kg
918.74 mg-kg'c CAALHR T, ik’ A LA Cd

R2 AR Cd.Zn X HIE AEEYERZIE(g)

Table 2 Effects of different Cd and Zn concentration treatments on biomass of R. ‘Spectra’ (g)

4B M Metal specy  AbF Treatment M Leaf A% Branch 2 Root JdE Total

Cd CK 32.61+8.30a 37.87+5.54a 33.55+7.33a 104.03+10.63ab
T 39.60+4.93a 46.81+7.30a 33.13£9.27a 119.54+17.64a
T, 29.59+3.09a 36.97+3.46a 26.56+5.13ab 93.13+5.46h
T 33.69+2.37a 44.59+7.85a 29.96+1.74ab 108.24+9.41ab
T, 37.04+2.35a 40.11+1.58a 19.84+4.01h 96.99+7.79ab

Zn CK 32.61+8.30ab 37.87+5.54h 33.55+7.33a 104.03+10.63a
T, 34.41+3.29ab 42.43+3.23ab 27.75+6.70ab 104.59+12.34a
T, 37.09+1.79a 49.69+3.62a 30.38+7.33a 117.1649.32a
T 25.99+6.45h 33.64+6.18b 17.31+3.18bc 76.94+12.40b
T, 30.91+0.55ab 35.44+7.66b 13.79+1.63¢ 80.13+9.84b

T ANFINE PR F R AL B R 25 57 18 25 (P<0.05) . T IA].

Note: Different lowercase letters represent significant difference among treatments at 0.05 level. The same below.

P 1%) WHARTY
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T X Ak PR T e TR AR A AR BN, A%
i H X Cd BRI AN HAS B 22 A R, 24k
SR AR Cd S B R T A A Y Cd 3
o ZnAbPER, ZnAE OGRS H A A E A R W
Aab PR B o T T, LR A i R A TR, Zn AR
SN A1 I I8 R T A R AR A N S I

3 AR Cd.Zn X S AZE Cd Zn RERRIN (mg-kg™)
Table 3 Effects of different Cd and Zn concentration treatments

on Cd and Zn concents of R. ‘Spectra’ (mg-kg™")

fRmER b I ke i
Metal specy Treatment Leaf Branch Root
Cd CK 0.11£0.03¢  0.03+0.01d 1.23+0.18¢
T, 0.32+0.04c  0.15+0.04cd  6.00+0.34c
T, 0.21£0.08¢  0.35+0.06bc ~ 31.05+6.57b
Ts 0.59+0.18b  0.49+0.07b  41.26+11.26b
Ty 0.95+0.15a  1.19+0.27a  68.48+2.71a
Zn CK 15.60+5.48¢  12.38+2.07b  39.71+10.88d

T, 28.15+4.00c  29.67+3.3b 265.24+14.12¢
T, 35.03+7.37¢ 34.66+10.19b 585.51+154.91b
T; 77.96+13.87b 273.59+8.50a 822.84+86.00a
T, 182.81+31.59a 276.93+40.05a 918.74+73.15a

23 AECd.Zn R0EBX ik BFEERNEESHKIE
EpA!

A — & A CAdE Zn b HE T, i A SRR E
LRBEE® T AR & Ui Ok T R R
XF Cd . Zn BYWICRE 18 FIBLSR IR . IR 4 TR,
CAALFET, b H &8 B M Cd & 4 R B R
20 E FRAG, Horp To~T b BRAH R AR 2R S S TH S B
P S0 E AR L, Bl Cd AN =N, ok

N R REE NG BEEE Y 0.01~
0.06. ZnZbIT, Sty =M a2 R &K T
X HRZ A5 AR R B AL R O S N 2 e TR SR
AL, 7E 1 000 mg- kg™ Zn &b PRAS IR H/IME AR
RN EERB G B LR E 2R, O6E HE5H%
F B Zn b BB (4 3G 0 2 SRR R T R BUE
74 0.06~0.36.,
24 AECA Zn BT RiE AFREPCI.Zn 1Y
ZERS

A Cd Zn AR, ik 1 2= BN R R B 1Y
Za ek, KPR R ZE SR FEEARRE, B
HRZR T Cd.Zn & it B 2 & T R R 2%, DRI A5 X
S H R A0TSR, Cd4bH
T, otg 2R &R o LIS sl v R EE 1 AR Y NaCl
PEEUA & H M i £ (25.19%~60.80%) , HBE#E Cd
AR T, OEIE T AR NaClLERIUE & e
T AL AT S L 7E 50 mg- kg™ CAARFERT 5 L
B B R MH 60.80% . ZnAbFETR, L%’ H AR R Zn
FRIEASE HAc FEIBUR T2 8 /K SR HUS (HAc $2 1)L
A 1 20.209%~46.65%, £ B 1 K $& WU ¢ 12.69%~
29.33%) , B Zn b PR 5w 3G, —F S LR B
v, HILE 2 000 mg-kg ™ Zn A BRIk 55 RAB , 435910 H
46.65% F129.33%. W52 LB, W& Cd. Zn Kb 37 1
i, 6IE H ZEARE S B R R T NaCl 4 UGS 1
Cd 43 i FL B A HA ¢ 3 BUS Y Zn 23 e FL 1)
25 AEICA. Zn 0BT X AFREP Cd.Zn
A4y 7n

Wi 2 Fron , AN Al Cd  Zn ACFRE 20 6 B S 26 4
1E O A B R T RS AL 4 Cd  Zn B 43 L

Fz4 AECA Zn B KT AZEREHRCI.ZIn EERBIEB ZHHZ N

Table 4 Effects of different Cd and Zn concentration treatments on bioconcentration factors and transfer coefficient of R. ‘Spectra’

H)m Aib 3

H 4E Z U Bioconcentration factors

Metal specy Treatment I Leaf 4% Branch # Root Translocation factor

Cd CK 0.54+0.23a 0.2420.05a 5.84+0.86a 0.06+0.02a
T 0.01+<0.01b 0.01£<0.01b 0.24+<0.01b 0.04+0.01b
T, <0.01+<0.01b 0.01+<0.01b 0.62+0.13b 0.01+<0.01¢
Ts 0.01+<0.01b <0.01+<0.01b 0.410.11b 0.01+0.01¢
T, <0.01£<0.01b 0.01£<0.01b 0.34+0.01b 0.02+<0.01bc

Zn CK 0.20+0.07a 0.16+0.03ab 0.52+0.14a 0.36+0.03a
T, 0.06+0.01b 0.06+0.01¢ 0.53+0.03a 0.11+0.01¢
T, 0.04+0.01b 0.03+0.01c 0.59+0.15a 0.06+0.01d
T; 0.05+0.01b 0.18+0.01a 0.55+0.06a 0.21+0.02b
T, 0.09+0.02b 0.14+0.02b 0.46+0.04a 0.25+0.02b

www.daes.org.an
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Fe, HFRER SUALY R 0 TEHLER S SRR A s P KR PEAT DLIR L
ﬁﬁ H‘J*{ﬁ@?ﬁﬁﬁ'{[hﬂ ( Hzpozz)z]% H Fraa s %Hﬁcﬁfiﬂi N '7% E—l E\%%Zt%«jﬁ?
ﬁu&ﬁtj‘!ﬁ n’ﬂi%}ﬁ %‘ H Fuace, Xﬁﬁngéﬁ%@ﬁ H Fua, ﬁ@%ﬁ% H Fr, ﬁk
A
Fe, Nitrate, chloride based inorganic salts and amino acids, ete.; Fyv, Water—
soluble organic acid salt, primary phosphate of heavy metals[M (H.PO.).],
etc.; Fya, Pectinate , heavy metals in bound or adsorbed state with protein,
etc. ; Fua, Insoluble metal phosphates ; Fic, Oxalate , etc. ; Fr, Residual

form.

1 & AFERAPEUERECA Zn S E LB
Figure 1 Distribution ratio of Cd and Zn chemical forms

in roots of R. ‘Spectra’

He 912 22 30 A e K (Cd 2 55.01%~77.38% , Zn : 52.35%~
63.17%) . Fifi Cd Zb 35 5 38, 63k H R R
Cd 76 48208 26 (41 5 A A I 28 20 50 1 43 I e 9 22 1
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TURRER LA 53 1 20 T e ) 52 B T e, A MO v 40 03
4 8w F0R 2 o0 1 o3 i HL 91 22 F Bk 3, e e
VAL 1 0 BE L) AR fb B ORI S o fR U T A
Tk T A I PR O A M RE R R
Cd F1 Zn BURAE T, JLUR R vl s 4 4, T R 5 i 1)
AR A A D
2.6 AREICAd.ZnS0IBT SHik’ AR RAMREIXTEE
T2 3 6 4 8 W a i, R ) A L 2 2R B 25

P 1%) WHARTY

R AN AE
UL W Wb

CK T1 Tz T3
CdAb ¥ Cd Treatment
0r — o/ /1
777
RIEN N 2 7 7
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£ N 7
Z 60f N §
= N
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B 40r N
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FREEH.
F1,Metal-enriched particles; F'2, Cellular debris; F3, Organelle
components; 4, Heat—sensitive protein; 'S, Heat stabilized protein.

2 St AFRAPEZLAEMAS Cd. Zn 53 E LB
Figure 2 Distribution ratio of Cd and Zn in subcellular

components of roots of R. ‘Spectra’

B AR . MR AR B A R AU K2
WA B AR A AR ROIRES , e — 4R ST Cd \Zn 4k
B SETE A MR S 20 , PO R 4k B
(4 3 A4, 43 51 o8 X BR(CK) AR & i (o) Al 2 1
(T, 38 B S AR G A AR R A M 45 4 ok
Frxf oyt . TEM KGR B8 (K 3), Cd BT, Ot
"AZERAGM PR E R R AU, B Cd i
Py, RETURY R . SRR, CdPra T
O AR A A REAR IR TR A, B i BE AN
TEAT LA LR R R G TR M A, AR 0 B we
SER . W R Zn A BT, G A R R AR
KRR, A PN H B TR ) S8 R LR BURER
OB, FLER A I 18] i 22 4k LA K e boher JA R, ELAR
ZAMERIBRAE A e n] A, 6T A 2 AR A0 i
% InFEFEIRES B o

27 AECAd Zn KB iE’ AZERAEMENE
Brresh stk



ATETE %2 OBl 1 ZEXE Cd Zn OB SR IE RN LR 53

(b)Zn

co JZJZ s ph I K 5 ca, JEUZ s xy , R s SG, WEHMTRL; CW , AHIAE 5 1S, 4L (] B ; CP, MU B34 22 s BM, SR A TTFY)
co, Cortex; ph, Phloem;ca, Veambium;xy, Xylem; SG, Starch grain; CW, Cell wall;1S, Intercellular; CP, Plasmodesmata; BM, Black sediment

3 Cd.Zn IR i A SR A MAEBRHEEUE

Figure 3 Ultrastructure of root cells of R. ‘Spectra’ under different Cd and Zn treatments
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Figure 4 Infrared spectrum characterization of root cell walls of R. ‘Spectra’ under different Cd and Zn treatments
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Table 5 Analysis of infrared spectrum characteristic peaks in the root cell walls of R. ‘Spectra’ under different Cd and
Zn concentration treatments
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