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Effects of lead and cadmium on physiology and biochemical
indexes of Davidia involucrata seedlings
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Abstract: Lead (Pb) and cadmium (Cd), which are very toxic heavy metals found in soil, severely impair plant
growth. This study focuses on Davidia involucrata, a rare relic plant in China, exploring the responses of the antioxidant

enzymes, malondialdehyde ( MDA) and free proline, soluble protein to different concentrations Pb and Cd by pot
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experiment. The results were as follows; (1) The concentrations of MDA in D. involucrata seedlings were higher in
different concentrations of Pb than that in the control group. The MDA concentrations of the different concentrations of
Cd, except for the concentration was 10 mg + kg™, was significantly higher than that in the control group, indicating the
increased degree of cell membrane lipid peroxidation of D. involucrata. (2) Free proline concentration of osmoregulation
substances initially increased and then decreased with the increase concentrations of Pb and Cd, which was lower than
that in the control group under treatment of Pb concentration =800 mg - kg and Cd concentration =20 mg + kg,
respectively. With the increase of Pb concentration, the soluble protein concentration also showed an initial increase and
then decrease trend. The concentrations of soluble protein were higher in the treatment groups of Cd than that in the
control group. The increase of soluble protein and free proline enhanced the stress resistance of D. involucrata to resist
the damage. In addition, the high concentration of heavy metals inhibited the growth of D. involucrata. (3) Antioxidant
enzyme activities also initially increased and then decreased with the increase of Pb and Cd concentrations, indicating
that low concentrations of heavy metals(Pb concentration <600 mg + ke and Cd concentration <5 mg + kg") could
easily activate the antioxidant capacity of D. tnwolucrata and it could deal with the harm, while high concentrations of
heavy metals could inhibit the activities of antioxidant enzymes. (4) The correlation and principal component analysis

showed that antioxidant enzymes and free proline in D. involucrata seedlings had important indicative effects on the

41 %

stresses of the two heavy metals.
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S, A S I A R 0 R R A AR W A A2 B A
FIPREE Z5F T 0Y —Fh A 2g AL, W PE R
ZHES B EMENE FE R A RS
MG, 2 5 i E s R A D se =L (B
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Table 1  Design of different concentrations of Pb and Cd stresses
b {(I87:3:3 ik Tk
Treatment Low concentration Medium concentration High concentration
o (mg - kg™) (mg - kg™") (mg - kg™)
% Pb 200 400 600 800 1 000
f% Cd 1 5 10 20 30

1.3 £EEHIERNE

1.3.1 %k EAJEAPERT, H G R 5k 3 R
MRS 3 IREE , 2490 d e @A B,
YO AR A W MR, Y 3 IR, KA
g B A B S A g ek 2 A BT R S

1.3.2 MDA # B A B A TaE R E S R —
WREX MR 3~5 F BT ok& b, 57 Bk B s2 5
FIMAT TR AR AR . MDA SR B 2 L2
B 5E ( AbdElgawad et al., 2019) , Ji7 25 Jif 2 B2 i
FRfE B KA BRI 52 (Jin et al., 2019) , W] iE MK
H 2R F 2% S 322 #5300 5% ( Cheng et al., 2016)
1.3.3 #AAMABEEME  SOD . POD Fll CAT K H 4t
JEREE TR E . FREUT 0.2 ¢ THFES R AR
2 ml Wl EE 2% vh O BT vk D A SRS
H4°CF10000 - min'B.0 15 mln,qﬁ%J_{jﬁa{ﬁi
YER T MAE o AR IS Donahue et al. (1997) i J7
2, W 560 nm ALY OD {E 5L 50% fiff 22 #5 U &
W (NBT) 0 Jir 3 25 300 il e 75 114 il k> 0 2t SOD 1%
PE ., POD ¥ P38 iok 8 A A 1 4 A6 75 U 5E (Merey et
al., 2018) , M4 K 470 nm bW BE (9 58 i,
CAT 1 PERE 2 oA IR H, 0, 11 #E 1 5 B K
240 nm Ak YU BE AU E (Jing et al., 2018)

1.4 it o

K SPSS 23.0 (IBM Inc., 35 [# ) % 52 56 %0 ¥
PEATGETE A3 AT , AL 48 S (B RN AR HE 25 AN [R] Ak 3 24 ]
74 d 5 22 S BT DA B Bz R 38 AH S 4 b, SR
Origin 2018 #47T E W53 50 #7 .

2 BHER 54

2.1 i EKR BT UIFE

BT R, A JE A B EaE 90 d e it
i 407 ¥ P R v 50 T 1 0 S 2 A R T G o
e 3G S8 R/ . Herh AR BE TR 200 ~ 800
mg - kg i [ PR B AR AR B B0 AR R AR i
1 000 mg - kg A K EIMMFIEH . H 600 F1 800
mg « kg AR R BRI B S TR, REE
R B T e, SRR &) PR R A 1S R S
JE VR A AR ] 5 mg - kg I R S A A
R (HE R P E 2R,
2.2 MDA . B S BEFATA M E QBT

ME 2:A,C,E A %1, MDA | {7 55 it 42 % 1 AT
VAS I B U R L VAR B A B e T e e R R, X
HEZH MDA YR B 25K T H A AL B2 ( P<0.05) ,
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Fig. 1
involucrata seedlings under different concentrations

of Pb and Cd stresses

Change characteristics of plant height of Davidia
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HFXTIR L (P<0.05) , H A Ay ik B2l 200 mg -
kg 'IF CAT 3G MER T

BEYCEE SR 1.5 F1 20 mg - kg B, SOD 1%
P E T H A AL B4 (P<0.05) . POD Al CAT
TEYEFERR MR EE 49 0 5 A1 mg - kg ' B e, CAT
T P I A A 2 %) 8 o 8 3 R AT, LR VR B E 10 ~
30 mg - kg I AR T X B2 (P<0.05) .
2.4 EEE MDA MUK SERTYRBXMES T

Hi % 2 Al FEET A T, SOD I 4 5 i S
SR AT IE A C (P<0.01) ,POD i
PE5 MDA ¥ ¥ 8 3% IEAH 56 (P<0.01) , CAT i
P AT A 0 A 6 (P<0.01), IR 3 AT
H1,S0D i 5 CAT 3% MDA ¥ i i 3% 1F M ¢
(P<0.01,P<0.05) ,It4h POD & 5 MDA | o] %
PEER A B PR IE A OGP (P<0.05) . AN[RFR2E
T4 X B AR 45 30 A B A b FE B G e A AE 22
T OB SBIME R SOD 1 POD By 77 AE 5 A VA R
P B2 1 38 I AH G , 45 TP 38 PR BE R SOD 14 iy 1
58 5 U0 5 I T VR R MG R A DG, IR Ab, b
R SOD {GPEM AR T AER A CAT G PE 1S5
2.5 EMNEE MDA UESERTHWRAOERS
v

4. A vl A, WA Bk s L E R T
75.49% {5 8, Hirp PC1 f# B¢ T 45.63% , PC2 fi#
BT 29.86% ., P AL MDA i &5 Jifi 2 iR Fi v]
WEE AN E RS PCL I EE AR AR, vl MR A
5 pCl MR, AT 3 Pt A AL . MDA | JiF
BNz R A A AR — R L R et
X A8 TR 38 1wy i KA BT 4. B RTHL, PCL O
PC2 kA B T 64.98% 1y {5 A, Hidh, PC1 H
39.98% .PC2 K 25% ., BRii e IR Ih, KA ds b
¥15 PC1 A Bk 1) 1EAH O Ui 25 &R | CAT
A1 SOD 5 PC2 A Bk A E , MDA Fl] {5 4 2
M5 PC2 A Beom iy i AH Pk, 3 Fl 4 48 1k il |
MDA ¥ J3 1] 54 B R R0 M 48 7 B AR 6T 4 119
M) SO AREAIE

3 Wit

3.0 R R B R B AE
M E BB

WFTE B, B5E 0 5 0 1 o o i i ) A 3 B
i ie T R AR, A BT A



9 XS24 . B &)y i AR BRA AL AR Ao B A SR AT | B B 1 o 1405
~ 607 £ 25 8
= 2 C
A - E
o 4 ioa 2 50t i £ 3
5 r o0 = L a
= a E 6
g ab B = m%
M336 :§§15—b 2 fégg
Iﬁég i b gg c mg_u. b b b
g W £ B = mwd
1}324 EBIO_ .ﬁgw
BEH . - 2LE |
Q S a8~
g ggo d EO
3 £ d 5 27
2127 £ 5) 2
g & &
= o 3
(=3 (= (=) (=) o o R~ (=3 (=) (= o o [l (=3 (=) (=) (=] [ =] (=]
e (=] (=] S (=3 (=3 =) (=] (=] (=1 (=1 (=3 =) (=] (=] (= S (=3
[=9 o <t O 0 o [= o < o 0 (=} [= [o\] <t O 0 o
s » B 5 = © © B o = s ©» B o =
A A A~ & 0© A A A A o A A A &Aoo
= = =
60 S 25¢ 8r
S z
9 B _‘_] D = F
- - S
o0 48 + 50 g
3 Jﬁkﬁ& mg 6
£ a =
5l % § RS T Toa
5: ab & = mSL‘- a a
& S b ab 2 o 4
L E 24f £ 3 e w
= c ® g {(ﬁ?éé b
g *gg E;" 21
S 12t ¢ = )
< 2 =
g < &
= 3
() =
s
(= — s} o (=] (=) (=] — vy (=) (= (=] (= — s) (= (= (=)
$ 383533 $ 38533 $ 38533
@] @] @] @] @] @] @] @] @]

Ab3H Treatment (mg-kg™')

A 2

Fig. 2 Change characteristics of MDA, free proline and soluble protein under different concentrations of Pb and Cd stresses
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EEPRE K7/ UN I SR A7 BT A
2016) , Ui 25 1l 220 R 7 O 47 400 M JE 45 48 . A2 90 K o
TFEEM AR EE B A RS T R E
EH ., mIEtEE AW RERE S T RE E A EE, LU
Y R0 IE F A A AR S s, DT 4R A W Y
Privite, WA BMESEA0T, I WA i
o, AELBH 2 4 VR B 1 3860 , T 3 I 0 IR Ik Ot
THEJE AR, ST S5 R B, Mt A eboiie B

AN TR B2 A BRI E T TR R T R R A i R R A AR R AR

SRR B 2 Wit 25 Ty 200 7R R A0 456 M 10 348 o (i ¥ ke
%.,2013) , XEARMIE GRS, RUTE
—ZE VIR N, B A8 A A i 2 I AR A ]
PEEE R AN E & @ Y AR e (B R v B
150 T BB 2 — 25 Tl VR S AR 14 200 P S R 55 DA R AR
AT S SO N RE 7 REAR P I I S R Uk
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Table 2 Correlation coefficient of antioxidant enzymes, MDA and osmotic adjustment substances
under different concentrations of Pb stresses

i sop o cat WA e Solbie e
SOD -0.079 0.289 0.220 0.853 s 0.636
POD 0.205 0.666 s -0.261 0.374

CAT 0.180 0.09 0.702 #x
79— MDA 0.111 0.423
B Il %R Free proline 0.411

T # FRBEER(P<0.05), == FRthBEEF(P<0.01),

Note: * represent significant differences (P< 0.05),

T,

## represent extremely significant differences (P<0.01). The same below.

®3 FAEAREFMETHELE A_BUEKRESEERATYREXRY

Table 3 Correlation coefficient of antioxidant enzymes, MDA and osmotic adjustment substances

under different concentrations of Cd stresses

SOD 0.221 0.595 = 0.564 * -0.055 0.156
POD 0.300 0.555 * 0.081 0.503 *
CAT 0.180 0.365 0.028
[ MDA -0.319 0.289
e B2 Free proline ~0.169
T LAAERF AR ) AR B el R 0 T R AR TR 4 Y
BRI A L R R BT (Yang et 4 Z5 b

al., 2018) , BtH 4l 1 B &5 28 Ak & X85 W38 58 R
4%&Kﬁmf%ﬁﬁm@mm¢k@mrﬁﬁg
33 SEMETHESENEEERIER

BiIbaE T, SOD i M S5 B Il A iR v R
3B IEAHSG, CAT 5 a1 A W% IE A
Kok, FE AT BT SOD VAR 55— A
O3 R ZL A G, POD I P AN 25 i 2 e 5 25 —
F RS PR B i, X IR BT AL SOD |, POD
55 B i 2 2 AT LAAE Sy BT 417 15 X8 8 %) o) oz R
W EESZ b, SEWHa RF, #EiE T, SoD
TEPERTREZS 2 CAT 154, SOD  POD i 1 5 5 i
1A MDA () TE A G 26 B T 3 A Bt 420 fk 1
4R e, HEBR AR i SR TR R B A B Bk #5 . SOD
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