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SR T IR P R R e T R AL, TR A A R R 10 mg kg IR AN, JLARAL R —
P R B, 2 T IR, SR T VRIS S G T B AR A AR . (2) VB IR R
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Effects of lead and cadmium on physiology indexes of

Davidia involucrata
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Abstract: Lead and cadmium, which are the most toxic heavy metals found in soil, impair plant
growth. This study focuses on Davidia involucrata, a rare relic plant in China, exploring the
responses of the antioxidant enzymes, malondialdehyde and soluble proteins to different
concentrations lead and cadmium by pot experiment. The results were as follows: (1) The
concentration of malondialdehyde is higher in different concentrations of lead than that in the
control group. The malondialdehyde concentration of the different concentrations of cadmium,
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except for the concentration is 10 mg kg™, is 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 increases and then decreases with an
increase concentration of lead and cadmium, which is the lowest under treatment of lead
concentration =800 mg kg™ and cadmium concentration =20 mg kg™, respectively. With the
increase of lead concentration, the soluble protein concentration also shows that initially increases
and then decreases. The concentration of soluble protein is higher in the treatment groups of Cd
than that in the control group. The increased of soluble protein and free proline enhances 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
increases and then decreases with an increase in lead and cadmium concentrations, indicating that
low concentration of heavy metals(lead concentration<<600 mg kg and cadmium concentration
<5 mg &g ) could easily activate the antioxidant capacity of D. involucrata and it could deal
with the harm, while high concentration of heavy metals could inhibit the activity of antioxidant
enzymes. (4) The correlation and principal component analysis shows that antioxidant enzymes
and free proline have important indicative effects on the stress of the two heavy metals.
Keywords: Davidia involucrata, lead, cadmium, antioxidant enzymes, cell membrane lipid
peroxidation

b AR IR, AN ZRVEENREE IR, s Vs KA AR IR
HET PR FAR BRI R, [ HAE AR (Ewa et al., 2009; Lin et al. 2012; T
U5, 2015). iR EEMY AR EAS B, MR AR Y R K B YRR, B
FARNETIFE T LS rmE. i, TRESESREEERER. 5. BRI
KA V5 YRR, FRIE 5295 Gl i ™ o (1) Bl B 4 V5 )2 Y (Pb) AR (Cd) (#6655, 2016;
BAIESE, 2018). XTI S, . FIFEEMAKTREN R, AEfiEd EmR
R IHEHIT R RBEY AN, ', R MHEY AR S T Re, THUED T
WAEAAER, HMmEASEANAKEE, ERAREENS JT@EE%, 2014; FEEZE,
2015). TEYIPUA B 5 A E AR YT S e 1 B AR R TR bR, L R e A
SN, AR R AR AL AL (SOD), ALl (POD) At &b Al (CAT)
ST SRR A E HEE (L%, 2013; ELITLE, 2014). F, HOETERINE
R A HRA AR L B 8 o 3 A, Ui 0 i R ) AR 3R R A A 52 B AN R BR B 2% A
TN —FEEEHENG . TENEAZRESEEEEN G T ERE A BRSNS,
MITERE S 5RENE s R A DhRe AL (B HEEE, 2013; BHRSE, 2015). AT, WM
SR R 7S A 52 B0 55407 5 AR A iy, IR A0 B S5 M B i IR TR

BtAF (Davidia involucrata), &FRAST#, J& T HAWEL (Davidiaceae) v&Mt7rA, £
= Y X A, REREA R AT, O E R B AR (Spongberg 1993;
SRR W4, 1995; Wuetal., 20000, HAT, FREIA W AR AAEN A TR, Wit
BRI . BT B R A RS RS AME . @M EMZHNE, Tz e R
AR X R X EmX (E7 7%, 201D, W2 giiie it rms, £
SEHTE N TEFEAI G P FIEFAESSE. M50 CRRIESE, 2007), B4 (1995)
WEIT T BEAR 2 BRI AR B R R A AR RFAE AN 430 X (1 AR Bk L. Tang et al. (2017) iz %)
T o3 A ABE SR 1 EHAR S5 B DX S AR SR A AR . X HTSE (2009) 1E 42 T #UbEE T
XTHA L AT T 5T RNA-Seq (2SRRI /8T, S BUAR 0 70 A R 5 m ARG R DL



B AR R 10, B EER R S BT E SRS R Bl KRR 5K
BAFHEA B3, A HE e R A IR, B AT AR
NS IEFEAERKE, BRAEMES (FSE, 2020). BUHHAE KB 5 e 1) 2
Ry IEBE RIS B A B B RN R o SRIM, SQF H3RE JR i 5 GxS LA
A A B A AT AR R R AT FU D, MR BORHERGER = o DRIk, ASHT U A T BEAR 2l )
PUAALEE . N YRR A DL B A 2 R AE A [V H IR B SR T AR5 ek T i
TR R AR A R, DUYIERS B ) B <5 o v S i S ML AT AE e R 3R, Dtk — B i
FCBURAEEE T AIZEAFRE 15 0 TR TCBORE, R ORI BENR | $R s i R i e & B PR
MR T 25K .

1 MBI S

1.1 sEE PRt

BN (4R Yk NA AR, e prfe F 3 pH v 7.67 £0.07, 2%
LS EY N 513.47.472.5 mg kg *, Hi Pb. Cd (Y SHE & &9 5.71.0.09 mg kg .
1.2 MhekRIE b

FR A IR BT T EAn il (GB15618-1995), f#iH Pb(NOs), il CdCl, 2.5H,0 fill % 4%
VWL, A3 VR TARIRBE . AR SR FE A S R R AL AR e A 88 (LR 1D Il AV s
BB IR G, HRAR B IS0 U kT P ARITE R 2 S i e i B 77 90 K (2018 4
6 H % 2018 4 8 H), WAHAHIEE 3K,

1 AR BMba Tt
Tablel Concentration design of Pb and Cd pollution

iRz Tk g kL
i Low concentration Medium concentration High concentration
Treatment
(mg kg™ (mgkg™ (mgkg™
Y Pb 200 400 600 800 1000
% Cd 1 5 10 20 30

1.3 AEALLIRIRI B
1.3.1 kken

HEROHRT, G RN SRR ke, 3IRES. £ 90d EE R s, i
NGRS, ¥ 3 IRER . THEMEINE, RISk s 2s A 2 TR =
1.3.2 %, WS mamRM SR

FEUA — DR X M 3~5 F, BT Uk, 7RIS RS = 347 5 T bs s . 7
TR E L2 5k E  (AbdElgawad et al., 2019), i 9 i 22 R £ FH Al 3 K A R R
€ (inetal., 2019), Al MESE ARHHE BB %N % (Cheng etal., 2016).
1.3.3 PrAMEEE T

SOD. POD #il CAT KH e e iR « FREUHF 0.2 g THFBEERAR, RN 2 mL
W h 22T B T UK h Mol i g%, SRJS7E 4 <T F 10 000 rrmin™ 2.0 15 min, U4 gk
YERAFIIFE S o H29% Donahue etal. (1997) 97772, ¥+ 560 nm AL OD B 51 50 % fiff 3k
WEPUZME (NBT) 345 240 B 75 B SR DI 5 SOD 314 . POD v Vs i i G ARy 4 ik
BIE (Merey et al., 2018), &K 470 nm AW (I ANAE . CAT &ML & B VR
H,O, (1 AT F B K 240 nm &b W 98B Jing et al., 2018).
1.4 Giitor#r



K SPSS 23.0 (IBM Inc., E[ED X Seiefimdt Tt otr, SEAEMREZE. A
7 Ak B ) 1) 3 25 2 5 O M DA BIIAR SGIE 3 #r SR Origin2018 BE4T 3 il 70 #7 -

2 4ER

2.1 BHRLTE R R B RRE

HE 1 a5, SELES. FE 00 d f5, BURLE sk s A s in, BEE R E
FR N, ks R R SE AR KR /N . eI B AE 200~800 mg kg™ S R A o BEAR A= K (410
1 FAHE, 17 1000 mg kg™ B AR aRImA| £ . HL 600 H1 800 mg kg™ AbHE T #k g & i
Fm TR, MR TR, B4R Y e R e SR A, ERIR BN
5mg kg I, PR ERIE, (HBE R LEEEER,

40t

& Pb a
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e E
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i
Increment of plant height(cm)
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FEFIERALIE

Pb and Cd treatment (mg'kg")

ANTF] - BER R AS FI R AR AL B2 [R)E 0.05 /KF B2 R 3% . R
Different letters represent significant differences at 0.05 level among different Pb and Cd treatments. The same
below.
K1 ANFIREEEY . AR aa o0 BERR 2 Ak e A AR AE
Fig.1 Characteristics of stem length of Davidia involucrata in different concentrations of Pb and
Cd

22 WZEE. W SRR n] MR B RRHIE

M 2: A, C, E RN, T BE. I 25 M S BRRT mT ik B 1 R R I A R P s n e
Ja N R TR Y ROV B AR T A AL B4 (P<0.05), WK 7 400~800 mg kg™ Vi
I, TR B T A B . BRI 400 mg kg I, 3 FRR R A
(P<0.05). 800 A1 1 000 mg kg™ ¥ J¥ (A R, I I BRI B 4K (P<0.05). ]
VAR AR IR B A R Dl 200 1 400 mg kg I 35 e T AR AL BEZL (P<0.05). BRI it
400 mg kg™ I, XEAIEES EIIE R E 2. AN . TR I R A A
EEREW S —ERNER (B 2: B, D, F).

WAVRE N 10 mg kg IR EEIS, A SRS AR, HUCGRXTIEAL, S8 E T Al bR
2] (P<0.05). #@U<SE A 20 A1 30 mg kg™ i, I 0 MR UBR (K96 1 2 I T X R4 (P<0.05)
ANFEIR R IE T SRR DK R S TR, 0B LR EER.
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Fig.2 Characteristics of MDA, Pro, and SP in different concentrations of Pb and Cd

2.3S0D, POD M CAT & H4HE

BEESHRE BB N, HiE LS SOD. POD Fl CAT &I ThE G k. HykE Ny 400
mg kg I, SOD &M E . AWK =T 600 mg kg™ I, SOD JiF M FEAR & 3K T IR 4H.

(P<0.05). %} &4 POD & 1t B 354K T HiAth 4b 31 2H.(P<0.05) , 4394 & 4 200,400 #1800 mg kg™

I5f, POD &ML o BRHTIAEE 800 mg kg™, &-ALBE4L CAT 31t 1 &5 3 w3 41 (P<0.05),
HA B g 200 mg kg™ I CAT 5 48 = -

WRVREE /A 1. 5 1 20 mg kgt I, SOD EIE R & T Hifbab #i4H (P<0.05). POD
HI CAT SEPEZESIRE /> 519 5 mg kg™ A1 1 mg kg™ 5tiEr. CAT WM a4 1 38 iz b
ik, HARWKEELE 10~30 mg kg™ it & Z (K T X B4 (P<0.05).
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Fig.3 Characteristics of SOD, POD, and CAT activities in different concentrations of Pb and Cd

24 PTEACEE. B REE ATV RAE SR

2 2 Al A0, 7EEIIMIE T, SOD WGk S5l B iR . Al it A B3 1IEA ¢ (P<0.01),
POD i 1 5 74 AUk B th 2 3% 1IEAH 5% (P<0.01), CAT i 5 Al 1 85 1 B35 2% (P<0.01)
M 3FLLE ), SOD iGEs CAT iffh. P R B3 LMK (P<0.01, P<0.05), it4h
POD JEME S A . RV R A A B3R IEA OCHE (P<0.05) . ANIRIF S = 45 & o BEAR 5
T B A AR R PR I SE M AEAE 22 5, B, RPME T SOD A1 POD I A 5 W]V 2 1 IR 2 1)
HEIARSS, AYRERAETS SOD V5P R 9 5 I 2 il s BRIV BE G I/ A OC I o BeAh, ARbaE
'~ SOD WG IR THIAEREAE CAT IG 1t 3G 5t o

2 ANFERREEET A N HUEALEE . I DL RS E R A Ok R B
Table 2 Correlation coefficient of antioxidant enzyme, MDA and osmotic adjustment substances
under different concentrations of Pb stress

& b Wl TrEWER AETEEA
SOD POD CAT )
Index MDA Free proline Soluble protein
SOD -0.079 0.289 0.220 0.853** 0.636**
POD 0.205  0.666** -0.261 0.374
CAT 0.180 0.09 0.702**
W% MDA 0.111 0.423
W B IR
) 0.411
Free proline

: *RREEER(P<0.05), **RINKEE ZR(P<0.01). FH.
Note: * represent significant differences at (P< 0.05), ** represent extremely significant differences
(P<0.01). The same below.
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Table 3 Correlation coefficient of antioxidant enzyme, MDA and osmotic adjustment substances
under different concentrations of Cd stress

EI= R Wl AR AYEtEE A
SOD POD CAT . .
Index MDA Free proline Soluble protein
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
N MDA -0.319 0.289
T B I R
) -0.169
Free proline

2.5 PrEfER. W B RBERTTYR K ERS 78

K4 ARTED, PN ER LRI T 75.49%)(5 K, Hr 8 — L0kt 7 45.63%,
PC2 fifi e 1 29.86%. PUéAALEG. TN /. ViF B IR AN il s 1 8 E v £ PCL 1) = 2
bR, FIVEPEER S PCLAHCME SRy . PIUL 3 A fb . TN VR EE . Ui = R A T i
PR AR AL — A b e BB X £ da e AR . 1 4: B SR, PCL Al PC2 FL[A]fif
T 64.98%I115 5, PC1 4 39.98%, PC2 Jy 25%. FRilfEaEmRIL, HAERY S PCLA
AR IE A . 7B IEER . CAT F SOD 5 PC2 iR, H AT MEEA
5 PC2 BRI . 3 T BB P R A AT VA I AR A BRI H S T B X 4
() RLREAIE o

[
08+ A 08+ B
: 2R : g
e POD HEMENe | s
3 - Free proline CAT ©®
e AR )
2 04+ ® MDA § 04 ,
< oL U S ool o
:?) CAT © ) -
& 00F Lt ) & 00 T
ﬁ Soluble protein ?rf POD ®
ﬂ BEmEEE M REEMDA @
g 04y ot i ,!4 -04 1 LELY =
- ﬁ,ﬁ%ﬁﬁ& Soluble protein
I‘r:-c proline
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Fig.4 Principal component analysis of antioxidant enzyme, MDA, Pro and SP under different
concentrations of Pb (A) and Cd (B)
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SEUAL N AT HE T 048 R dE AR (Liuetal., 20150, 78 RS HE P @ BN G UM AR F
P, WIS SR B R AN, ISR C . RS R TR S, R
VIR R R AR AR ROCR, e g RS, A ERS AR RN EE (BEESE,
2014). WEFLRIL, ASIEIREE T a2 5 B2 T ) BRI R N, HARTR
JELEART 800 mg kg SR, IR, BRI AR AR . XS
755 (2011) (MRFFEAHIRD, A5 58 v AR T 1 B 4 e O A P AL R P o i 2 e U IR T
IR R R N EE R GRIEIREE, 2016), I &5 T2 BRTE L3 4 i i 45 44 |
VR T A5 AR E e 1B B RS R R FE AR A . IV R 2R Tt Re i = Th e

E AR, DLAERRAN IR i AR B AHE S, TR S I PUEE (RE A%, 1989; BRIl
%, 2019). WAEBMESEFRMET, HEMEARE R, AMES. SIREREN, WHE
SRR L ST Ja BRI . B FL s SRR, R v Ui 25 i 2 R R B2 2 B A6 A 2 FE 1 34
M (A SCAE, 1997; T¥EZR%%, 2006; BEEBREE, 20065 #XrRRKAIEHET, 2007),
KRR TNERAAAEZE T, RALE— G, SR BRI G e B Il B A s e B A
SRIPLE SR Fain, (HH. BRI & ] et — DR IR B (1) 40 f 5 22 48 L R AR i
P, FEOLNRE IR, DRI B I S BRIR B A PRI R (RDGEREE, 2006), 7EAN
IR FZ4Y . 45 (B 10 mg kg ' 40 e R, 5 REAE &AL FRAL 4 3 v T HR 4 LS8 s
BT LAE— 2B EDAIE, 5 0hb [ Bf AR 130 I B T S B . R 0 il BE R . SRR FE D 10
mg kgt I, ETRAGEEIE B, (R BURS E AR R Db B R, XA
5 PR B IS TR B R B AR S R PR, R B0, AP IE SR H R T
BKo HHATS, nATER IR NE G, A EE S TRRRA, X 50K
AR AL, 3R B EURIR BE I B 75 5 BUAR ™= A= WV 14 B 11 DAVBC 0 W 2 o) B 1 1 5
AL v PRI IR PS8 2 = R AR E X 5 A JBE i oo A D el B R B s Th e, SR ARG
FARJRE A O, Wt — 2D EIE 1 Bl B 4 SRR B (R 3G 0, SR 4 v A 52 B/ A 3 5 (56
HiNN4E, 2009; F2F%%, 2010; 1RfEMEZE, 2016). BRxfME4L vt i Ak R ksh, AFE
R (BT T 3 T R 1 PR R T S P 2 5, 35 BT T A [R) 248 4 B 3 1 7 L i A7
EEFAR, FULrTE & A AR EWAAEER, R5R-RE (2015) W FLAHL.

3.2 #. SN EHTEABEIE RN

L BR Y R 2 A A B, XEEEHESER. RAR. ZREYR
RARPL, 5IEEAR TS A B AR SIS, AN S M 4 (9 1 e I A A7 RE ), — B
WY ERIERRIEE S, B SEUHEYAET: (Maleki et al., 2017; K EHi%E, 2019). SOD &
— b & JE A, e IR AR P Sk R AR SR 0 A 1 E 3 (O™ Bk S I (il &, 2013),
A R IE TE LS9 (1) H0,, HETHT HH POD. CAT Z5{AL4HM A Ho0, B4 LA 1E 1t 484k
SN (Tian etal., 2001; XIPKFIZRELE, 2005; 158955, 2019). AR, HiHaHRE
T, SOD iEMEAELE “mRA%H” IF%, POD Ml CAT ([ 800 mg kg 4h) V&I BE
FxF WAL, EAE AL iR B A AL B R HE M08t B PR a3, X R B T ARIR BE R T BEA
PUEMIR L, BT E AL B 7 4 DL B & R AR e P2 AR I Ak B 3, H IR EE I
(800~1 000 mg kg ™) £/ EA R HMIAIIBIIRE, FEAR T HLEAL RGBSR N fE f, Ho
SOD i M X4 i i UK » 254555 (2007 ) FRIF 7Tt B0 R B 7E S [ IR FE A A R SOD .
POD. CAT &M injE Bk, 1h4h POD I CAT WH M Bt 5 SOD &M ) PR A 5%,
SRRFEN 1. 58120 mg kg ', POD 1tk il 4R vk B 38 n Ha A S 1 s BRAR A AR AL B0, 42
IR EEIAR (10~30 mg kg ) A A T CAT HINETE, Liu et al. (2010) %48 S0 w2
(R0 B R T VR F IO 78 o AR A B SIS0 B, BERRI4 1 I H Ak R S BE A S )
BRI ISR (Cd<<5mg kg ™) MHE, 1E 0% H0, 254 E W5 AAER A N 1 H3E 11
IEHACH (Tianetal., 2001; BiE 4, 2011; Liuetal., 2019), [a)F4R 25 ML sm 2 3 Hi 4K



ERAIMRINRES] (Yang et al., 2018) . BEAR &) ik 28 AL o0 5 e B8 9 sk, SRR B
X B L R AR AN 2
3.3 4. MMHE T BRI I E BRI

BYBETS, SOD iEtE Sl EIMERR . "Rtk AR EMHK, CAT 5EIEER
A REIEARNE, Rl trd SOD. Al PEE A 55— LM AR AU, POD i
PR I 2R 5 58 — R MR R, X R 4L SOD. POD 5 B It 2 e mI
CAAE S BRI Al B i S ) E B S fahe . SHRaANFE, fa T, SOD & TER]
REZ M CAT 351, SOD. POD i VE SRR S AL 0 8 —E A IEAH SR VER B 1 B D4R
e e, BRI AR A IS N %S . SOD. POD. TN & 55— 3 i A BRI
IEAHSRAE, CAT M BIMEIR 5 5 — 1 % th A s R IE A Sk, thadt— 2B Ui 1 f i
£ I R R AL N I 1Y PN KT B RS R E SN E (N (S

4 5Ep

(1) {EAEIREERS. 48 (Pb<<600 mg kg, CA<<5mgkg™?) WHaFrE~, BtAErHEML
SRR R SR, HAR SIS I ER R, BRAE B R A it s 3 FR P kiR B B w

(2) &Y. WhiaFEN —EAREP RN, KU 2 WESBIRE S 5 LBt H 4
i e 3o B 453 T A0 L A i« T 35 M R R R B R R O B8 o Sl T 7 5 B A
ATy e S R B e R R I 00 B I R AH R A e . SRTT, FE SRR B
BT, BRI BRI R N RE ST BRI

(3) Bt HTANER MK B AT FbhE TR BOoR IS, 3958 1 B 20 i
PSR E ISR HEY R TG RRAE ST BbAk, PUEAAGERE T U 2 Il IR v DU 45 s B A
KT E B AT B E e oA . AT R IEE T B AR S B AL TR, R
FUEARD T B 4 J 18 IR 1R 3 B B ) A SR AL T S KR

SE -
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