£ T OB O¥ S S, BRASAHETARERYEOEEREESE
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Jul. 25, 2021, 37(7): 2463-2473

DOI: 10.13345/j.cjb.200459 ©2021 Chin J Biotech, All rights reserved

- INEEEA -

RFL, BUM, BHF, B)OR Rk KER, RER

TR K2 M2EBE, RS ABMH 450002

RTHLL, RRLIMg, ZEMNEE, . B, WS G NA T AAEHIAR 2 A B B AR REAE. AR TRESA4R, 2021, 37(7): 2463-2473.

Zhu XH, Cheng HM, Ji LY, et al. Physiological and enrichment characteristics of Paulownia fortunei seedlings under zinc,
cadmium and their combined stress. Chin J Biotech, 2021, 37(7): 2463-2473.

B OE: RAKBREAGRE T %, Eﬁ%@%;@#ﬂéﬁ%&% (Zn). 4@ (Cd) $£— R A A& Wit T o4 4 38 4 ok B
Bt ELBE L. HBFIERL, SREAY, $—ARILELEMAT, ARG AENE. KRS ATRMLY
B (Peroxidase, POD) &M 3 A RE Mk, EAAFE T, Zn. Cd EHKOKZ ALY T ELI
ERFAER ., SRk, LA T, A Zn REGE M, Aitem-t4E4EmT Al ﬂﬁﬁ (Catalase, CAT)
EM A IG S R ), B ALY B ACEE (Superoxide dismutase, SOD) &M A&, H B3R & & (Malondialdehyde,
MDA) 42t B3, A Cd REGEm, tREALEFLAMNEAR (CAT) FHAZG, RAMAYEIE
(SOD) &M A L3 A =8 (MDA) 224 mEm ), ZE6MAT, NAIE EmE RGEEAL., ARLA
w4 @At Cd 495 %3045 B b AR, xF Zn 69 F R F A L3, HAEHS ZAKT 1.00; Zn #9m AR 4LE
Fh B LRSS, AREBREAN IS ELETERETARGESKRLNGHE].

. é'ﬁ’;/@;*mé‘j]%, ﬁ/—ﬁ\r}%, 4!%) é%, i%f‘g\g

Physiological and enrichment characteristics of Paulownia
fortunei seedlings under zinc, cadmium and their combined
stress
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Abstract: The hydroponic culture test method was used to study the physiological and biochemical responses of Paulownia
fortunei seedlings under Zn stress, Cd stress, and combined Zn and Cd stress as well as changes in the enrichment and transfer
characteristics of heavy metals. Under single and combined heavy metal stress, the biomass, plant height, and peroxidase
(POD) activity of P. fortunei decreased as the treatment concentration increased. Combined Zn and Cd affected adversely plant
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height and biomass. As the concentration of Zn increased when applied alone, the chlorophyll content and catalase (CAT)
activity of P. fortunei first increased and then decreased, the superoxide dismutase (SOD) activity increased, and the
aboveground malondialdehyde (MDA) content first decreased and then increased. As the concentration of Cd increased when
applied alone, chlorophyll content and CAT activity increased, and SOD activity and aboveground MDA content first
increased and then decreased. Under both Cd and Zn, the physiological response was more complex. Cd in the seedlings of P.
fortunei was concentrated in the root. In contrast, Zn was concentrated in the upper part of the ground, and its transfer
coefficient was greater than 1.00. Thus, the addition of Zn promotes the transfer of heavy metals to the above-ground portions
of plants. Generally, P. fortunei can effectively promote ecological restoration under complex forms of heavy metal pollution.
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Table 2 Effects of different heavy metal treatments on the biomass and seedling height of P. fortunei seedlings

CERETTIE (B 1),

TERHEZR) Zn, Cd EaMHA T, Y= FE N
FEE RSN, W SRAREE R RERIR, iR

L
b,

Treatment

Height (g)

Biomass of root

(9)

Biomass of leaves (g)

CK
C1
Cc2
Z1
Z2
Z1C1
Z2C1
Z1C2
22C2

9.03+0.269
10.93+0.66a
10.26+0.53b
8.23+0.53h
8.070.17i
9.66+0.62d
9.34+0.87¢
9.91+0.66¢
9.06+0.26f

0.381+0.0 035¢
0.451+0.0 010a
0.404+0.0 087b
0.313+0.0 046e
0.291+0.0 053f
0.384+0.0 036¢
0.346+0.0 036d
0.406%0.0 017b
0.267+0.0 0509

1.006+0.0 025¢
1.120+0.0 026a
1.082+0.0 010b
0.805+0.0 051f
0.659+0.0 026h
0.897+0.0 072e
0.789+0.0 0469
0.914+0.0 072d
0.582+0.0 046i

Note: The data in the table is the X s deviation, n=3, and different lowercase letters to indicate that there are significant
differences between different treatments under the same index (P<0.05).
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Fig. 1 Effects of heavy metal treatment on in seedlings. From left to right, from top to bottom, chlorophyll a content,
chlorophyll b content, chlorophyll a+b content, chlorophyll a/b, and different lowercase letters to indicate that there are
significant differences between different treatments under the same index, P<0.05.
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Fig. 2 Effect of heavy metal treatment on MDA content
of seedlings. Different lowercase letters to indicate that
there are significant differences between different
treatments under the same index, P<0.05.
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Fig. 3 Effect of heavy metal treatment on SOD enzyme
activity of seedlings. Different lowercase letters to
indicate that there are significant differences between
different treatments under the same index, P<0.05.
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Cd. Zn H— A 4 REAH I LA CAT 16 PG5
Cd B—JpHEF, FIfEHIM CAT & HtbEE W T
TGN, WREE R, Hb RS CAT & i =i
15.17 Ulg, Hb F3i5%) 32.83 Ulg, 5%} HR4H 5
SIFHER T 21.65%. 41.27%., Zn AT, 5
CK M, CAT & it bifih A Bk B2 i34 hn &2 5k E
THE T RS, 78 Zn ¥ H 8 mmol/L B ik 1) i
KAH, Bt CAT #EPE 14.60 Ulg. Mk
25.43 Ulg, 43Xt By 1.17 50 1.09 5. &
HWHAT, AN CAT SE7E CL KFE FHEE
Zn B RIS INTYE N, #E C2 AV TR Zn W
B InTTE/N - (& 5).
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H— Cd AT, AL AN Cd B &
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Fig. 4 Effect of heavy metal treatment on POD activity
of seedlings. Different lowercase letters to indicate that
there are significant differences between different
treatments under the same index, P<0.05.
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Fig. 5 Effect of heavy metal treatment on CAT activity
of seedlings. Different lowercase letters to indicate that
there are significant differences between different
treatments under the same index , P<0.05.

120.9%. Cd ) RV RIUNM > it > 2X, 15LH
H R ER A3 e RS BT BRI Cd wAERE D)
HAMHET, M. 22, T EERENEERTHR
— Cd Z4bF, 7E Zn ¥ FEH 8 mmol/L. Cd kN
0.10 mmol/L B, M. 25, iy Cd &t AT
HAbAb B, [UZRWEHR— Cd 4B 49.2%.
59.6% . 65.4%, UiH] Zn BIMA, AFIF Cd 7EH
RN E S, & IEPUER. Rk
B zZn, Cd B-&ACBERY, Cd (& 4 & T H
E A Wia, RS Zn XL, 25, 0 Cd 19
wENTEIUEREES (& 6).
222 HAEMHLNE LA Zn M EERES
B—Zn A, FIAEHHR RN Zn 09w S
B T HAMAN I, FEE Zn WA N
TE Zn W Ky 18 mmol/L Ik Bk, M, 2.
) Zn S e R4 66.9% . 149.0%
284.4%, R HALMIALI X Zn B & LR 25
FLzn v B ROBREL, XF Zn (08 4 AR ThE M T
gy Hi— Cd AT, FIAEIEMZI RN Zn 4
TR Cd ARHEVR BRSNS, AEH— Cd W



$EO S5, GRESAWETEELRDENERRSEST 2469

0.10 mmol/L B, . ZEXf Zn By 4 AU
HEIY) 68% . 84%. B AAFET, BEE Cd IMA,
ML 25 b Zn WE LR BT REE Zn 4
B, FEE Cd kBRI TS, FABIEMAIEAAN Zn
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i RRES (& 7).
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Fig. 6 The accumulation of heavy metal Cd in each part
of seedlings. Different lowercase letters to indicate that
there are significant differences between different
treatments under the same index, P<0.05.
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Fig. 7 The accumulation of heavy metal Zn in each part
of seedlings. Different lowercase letters to indicate that
there are significant differences between different
treatments under the same index, P<0.05.
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*3 EEREAET CdEBEBEHARNMESHES
Table 3 Cd transport and enrichment in Paulownia fortune under heavy metal treatment
Bioconcentration factors

Translocation factor

Treatment

Root Stem Leaf
C1 0.41+0.006b 2.30+0.040a 0.26+0.002a 0.70+0.006a
C2 0.32+0.006¢ 1.8740.021c 0.15+0.001c 0.43+0.006d
Z1C1 0.41+0.006b 2.03+0.032b 0.18+0.002b 0.64+0.010b
Z2C1 0.45+0.006a 1.64+0.035d 0.17+0.002b 0.58+0.015c¢
Z1C2 0.45+0.006a 0.77+0.015f 0.08+0.001e 0.26+0.006f
Z2C2 0.40+0.006b 1.05+0.015e 0.11+0.002d 0.31+0.006€

Note: the data in the table is the X s deviation, n=3, and different lowercase letters to indicate that there are significant
differences between different treatments under the same index (P<0.05).

x4 EERAET Zn ZALBREANEENES

Table 4 Zn transport and enrichment in P. fortunei under heavy metal treatment

Bioconcentration factors

Treatment Translocation factor

Root Stem Leaf
CK 1.9040.031g 4.31+0.075a 4.08+0.076a 4.12+0.046b
C1 2.44+0.035f 3.47+0.056b 3.83+0.047b 4.62+0.061a
C2 2.61+0.070e 2.88+0.053c 3.42+0.066¢ 4.05+0.819b
Z1 4.38+0.020a 0.20+0.000de 0.33+0.001d 0.54+0.000c
Z2 3.52+0.031b 0.22+0.001d 0.35+0.001d 0.42+0.058d
Z1C1 2.66+0.040e 0.15+0.001e 0.16+0.001e 0.24+0.001f
Z2C1 2.67+0.075e 0.07+0.006f 0.07+0.001e 0.11+0.058g
Z1C2 3.02+0.045d 0.16+0.001de 0.15+0.001ef 0.32+0.058¢
Z2C2 3.31+0.085c¢ 0.08+0.006f 0.10+0.002f 0.18+0.000f

Note: the data in the table is the X ts deviation, n=3, and different lowercase letters to indicate that there are significant
differences between different treatments under the same index (P<0.05).

3 Wik
31 Cd. Zn E—RE&SMBAEX BB
TR ke LA

43 J A ) 1) 5 A P A S 3k o
W40y v A A K A R R R TS, AR,
BB, Cd JHB X AR TR AR %) i 0 A
PR AL HEVER , Zn Braa W6 T 40 i i bk s &
AP ZAEMAT, A Cd W &% H— Zn
itk e B A R (A, Zn L Cd KBNS BUIE A,
SEZ G2k W ih g L S S (19713
FEYS B AR N SR A RS BT, AT
HE I, AR S SR Rk, dEmfe
E A0 A 43 24 G B, 7 0 B R R A K

http://journals.im.ac.cn/cjbcn

2RI AR R 20,

B— Cd A g AR AR SRR A AR,
PEEHSEAVERT, 7= AR AN B A 5 ) 0 2 A 4
JBINTEE, 5 EFESPINE 4B KA
FRRZm 25 00 kB ME Ga T, m
HI RS R, 5P P g BF g 45 AR
o EAEMHEET, Zn BIMASIS T Cd X4 &K
A HEER, Zn. Cd I R Hsd.

H— Cd MHE T, FAEYH MDA & &3 & T
CK, H— Zn AT, HEHMALIE ) MDA &
WM CK, R LML) H X E 48 Cd 1)
Porkaess, X EAE Zn AR, Z4 A
T, R MDA S 2Bl Zn v 038 Jin i R AR
T Zn WIMA SR Cd i iy s k1
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F, iRt Cd RHEHUEM; A MDA %
T AL BRI R TR O R, R Zn, Cd £
R A 75 3 e B R P R

SOD. POD. CAT ix 3 Fh#ii &L BEFE Y3t
FALR G h G RR A A T A JE A T e A A A
2, X 3 I 1 A e (PR R AR X 4 R Y
i 32 ARl AR SOD Wl P 7 B —
Cd Wrif T BlE W TH = mREAL, 7EH— Zn Bhd
KAZ A WA T AR, R SRR PR
B LI BREE S, £ Zn RN ALE#E T SOD il
W EESEAH T, F1EH POD B 134
BT, X5 TSP e T
B83% 271 POD T4 52 L TH A5 ARTH, v RE &
EEEWET, B4R FET S e kn
R4 A, w0 POD ¥ st fBlididfE. H— Cd
MR, CAT WEMER RFHEa%, HAESKE Cd
AFER CAT Wik i ; H— Zn B F AH
K HAMHE T, FAEHH CAT &bl Wk
W R TS TR, RBUMRE E .
32 Cd. Zn B—RESMEBAETHENE
ERENERINESERN

R RER, B—PAT, Zn, Cd WE%E
AN B, 2 A W T R B R
YER . EAJRAFER X Zn B%E 12 280K T 1.00,
T AT D 5 2 B Zn IR A e 3R,
B eEP S U G e S GRS PIAOL I EAIN )
XF Cd B & 4L BE S ARSI >ZE ) XF Zn 1 RE
NE>ZESHE, KA Cd 1Y & A F
BLAEAEARES , X Zn 1 IR A e
W, XA Pk s PG B od R
AR EAER IR AR L5 IC A o F IR 5 R
AL, Zn BMART LAfEE Cd [myth 385046 %
DAL LM 76 ) RS A 2R 1 75 e R B S s, mlaE
A Zn B, TR Db BT 4 .

i bk, AR ARk E R Cd R
IR R, SWETMEI AR, Bo—aa
T, X zn, Cd MEEEZINAAREEHRG, H

&: 010-64807509

X Zn BB RECKT 1.00; 76 Cd BHa FmA
Zn, BEfeit Cd iy o pHeR%, T Bt
MG, A — B AR R
Bk, BAEA, i, Ak, AR
JEPRAERR A, I, AR NP E A Rk
o AR A Y R AT B
GIETGU L, R S MA T s, H
AR BRI
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