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RERMEEE T EFLAIREIRN N EZDNA
215 B9 SRS

LA#, REW, UM, T BIE, REFA EHH
BEE AR, B
TR R SRR =, Gt 321004, 2HH T R 5 4 A IR BERL 5Bk, i 310036
Sef [ B2 e T B LA A2 5B JURT, YRR 110016

WE  OPEEEES S K EE YRR —. DL R 4 (Ardisia mamillata) IR EP AR (A. crenata)y 2 #4
BE, R AMFGE B 2R (MT) AR B AN [ 94 R 45 il 38 R 2R 490 2E B 157 K DNAJS G BP0 o &5 SRR A, A FR] AL TR A 7] A,
WEE A B R T, FRE ALS RADAR 1 3PP A AL B S 1 T 2R (Pro) B nT VA M B (1 (SP) & LI SE T s 5 BRI, T —
M (MDA & 56 (AR G TH i, MR BRI & B35 T, W R DNATR S R it B0k B (SRR B R (MT) G, AR
HYRhIE R 2R O B AL S MRS B SO 5R, HAY7E100 umol-L™t MTALHE I ik 3 5 K AE, ProfISP4r &3 52 7t &,
MDA & & U5 i 25 BRI JE 28 TH i, AR & B RSN, R ADNARUSG 2 EE, MEMTIRE RS m, Ha
SRR PR S o AR T PR AL, ARPART B (U S s, AR N SR AR o M AMIEMT 0 R AR B 8 %o R 4T
AR AR A 75 31 ) (AR RO RO > 1R T 40), 1458 — F XA A0 321, L1100 pmol-L™" MTAb B F 22 ik SR i i o BF

TR T P LLAURRAAR U L IO 55 S SMIEMT R B 53 (0 R R AN, 58 e/ SR A DL LRI TSR BR 2%

KR RN, KO, BEME, R, DNASR

Y&, R, Wi, EE5E, BRXE, RER, EHE

, EEE, SRR, XM (2022). HE AL EE T R 4L

SRWD AR A B Y fz DNATR 73 R #5308, A= 57, 171-181.

Hi(plumbum, Pb)RZ & i A s E S8 o
%2 —(Izbianska et al., 2014), 7£ 35k DLtk %
HABRE A VIR AR (B3R5, 2016), S AL,
NI 52 T R4 T 2R B R B (B 4, 2016). K4
4 & (Ardisia) HE 4 22 73 At T Fvis AL ARy 1 XA
GEAR, ARSI EEMZ ANE, Hh s
(A. mamillata) AP HL(A. crenata) 7 A 4T H
SUNER A JRE LR, R, WA w
KR E, WIRAE “FE9R M Z s
WE A — 2542, G0 MAGHS RS AFR Tk,
JRGE 5 A% 0L o /N J L AR B IR 9 08 S5 350 97 3k (%
HBEE, 2019). ARRIUEES, KRB0, 5
ERUH AR, AR AT DL I R, R

Woke H 9: 2021-11-10; #2252 H #1: 2022-02-07

FH 2802 S0 s 240 ™ Bk S B eggg, tbab, S&mT AT
YEIT P T JE G AN B ST A (SR AR A, 2011). B
T LU AR A ARAE R SR 24549 T el bk A 5 v 250 A K 1)
TF 18 1A 7 37 80 i 5t SR T, 2804 £ o A 1
KT R L X, X IE 2 E AR E S
Mo, KT CERVL = AN X 3R AR £ 1810%
(F&AK BB, 2018). it & (KA S IR A 470 (1) 40
ARG & R G0 (T AL, 2018) 4k REIR A ] (i B3]
&, 2015). AR R I EYE R R (055,
2016). DKk, ZEffsnt e & ALANUR IR I # H E H
ST A R R L) ) R

#8 22 2 (melatonin, MT){E NAEYIA N — Ff s 3%
MIPTEL R R, SHEMRAE KRB (L et al., 2018)F1

HEA T B E AR5 4 (No.41571049, No.30540056). #i 1T 4 [ 44 K 2% 5 4 (No.Y5100390) I #i 1T 4 2 25 1 A 4 k. 3 H (No.

2015C32127)
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YUl A FH i N (Debnath et al., 2018)#) B4 5 E 4
Mo W FHED G SRR, A RGE T E
Vit RSB AAOCEIE RS, GRS T
i ERT, AMEAR SN 28 T T R A (1R )
K 2011; FFEREESE, 2021). TR R EE, 2021)
FERGRANNAE S5, 2021)55 85 i, HXH e S Tl
Wi A B s AT DINAT A3 R 52 00 o A IR T8 o ASHIE 7
DA & 2L RN RO AR DR, a8 K 55 S8, BR FU M
MT X AN [R] 3 B 40 JBip B % o 40 0 2R 0 AR e 38 4
DNATR A I RZ R, 5 172 ) B — 38 Bran i n ik 25 & ok
JEMT X EY R IR AR AN, 5 4 2 T R P P 1
RBEHE S,

1 #MRE5HE

1.1 Hidp R e

SEI6 T 202142 3—6 H 1 Wi LMo K AH ) 22 s i =
HEAT o EEK A —BUW A AR I O SR s A
Bl . R 4 (Ardisia mamillata Hance) % 2k #) 12
(Ardisia crenata Sims)#k=£J15 cm, B AEFF4E R
HILTEE KRESEMNEILX. EH L. TORS 58
18F110 cm. =% 910 em P BRE /R N T 5 4,
PSS LA FERD(3:1, vIVTE MR IR, B R L
1 kg, BEFHAIRSIE . R FEE N H 3,
WARLE R POK, (R R . KR T LM SR D AR E
HIEYE, FH0.1% sl B B I R AR I, THEZ10
Sk, ARG FRAEKEE, T500 mg-L™" ABTAER A
W25, BT BN KB B IR 2 28 (K 98 v 1
810 cm), WInkriEHoagland ® 9% /K 15 I i bR 2%
HEATARIC o AR 40 70 ST 56 (o i 6 45 SR 3% B A0 | AR 1R
AR VA 55 568 PR T 40 AR AR D AR TG 3 A ) o ) R B
Fofs B AL R R 75 LT AR B AR o FFIPD(NO )i il Bk FE
J50. 1001600 pmol-L™", FE7EA MG T 1% B it
ZRLFRVRE 4> 50 50 100, 150F1200 umol-L™",
£ 2 R Wit 1% (T-20:00-21:003 AT AL F) . 15 B Ab B
4% 90 9 AR Y 3 4 PboMT, (CK). PboMTso -
PboMT100 «  PboMTyso Al PboMTooo; 16 4 iy 38 2H
PbiooMTo~ PbigoMTs0+ PbigoMT 100+ PbyogMT 50l
Pb1goMT200; 1 4% Bl 38 ZH PbgooMTo ~ PbeooMTsp
PbeooMT 100~ PbeooM T 150F1PbeooMTag0. i i 1E 35, 7
FEHA AR IR 3R A S TR 5 A3 E 3N

ATRIIRAL, 280 ) % 45 BEHLHES o

1.2 $BEMESE

SR ATEAS I AR FEEE T . 14R121 K BURE PR 55 3—4 )
(BhEEM), BYRRM-RKJEHL0.2 gt F B T 1A b B i P
BWER A, IAN1.0 mLBERE Z2 i S o, FEm
ZZi a2 mL. ZHRAAE(2000)777%, FNBT
PRIBJEE | v B R A S R A B A I v 43 ) ) 2
AP LS (superoxide dismutase, SOD). i€ %1k
& B (catalase, CAT) il it % 1k ¥ B (peroxidase,
POD) V& P . F B = F &2 €0y 00 a2 i A 7 5 Mk 2 R
(proline, Pro)# &, 5 5 M W5kl e viatE & H
(soluble protein, SP)& &, it b Z Bkl E i —
fi (malondialdehyde, MDA) & & . ZiKohle%%(1985)
[ 79200 R RS IR 2 £ o 7 AL BE 55 21 R B RRAE
Y EBEHLETENS 25 K10 mmtgiR4R, B T4°C. 95% 2
B {4712/, B11.0 mL 1.0 mol-L™" NaOHA T,
W 5 e # 21,5 mLGE B0 h, 80°C/K¥30%>
BPEAEIEER, 12 500 xg&.0105%; B400 pL
FIEWT10 mLEOE S, FEIA2.0 mLR G A
W WRE400 pL B3 T10 mLE LA, iA2.5 mL
AW, R G T50°CK‘E20 8, ZimAH, T
400 mmiE R L1485 mm g 54 R E TOE .
SR FH P2 458 fl PRV (S8 M5, 2008 ) il AR 2 DNAT
o ¥ )5 AR AS BT 52O i i 8% (Axio Scope A1)
T, H515-560 nmifk gL, 400155 N IRILE
B ER (A FEARBEALME107N 4 i), F£H CASPHK
e HEK R EDNA S & i AIOlive B (Olive
tail moment, OTM). PA_E&FaFrI%)E LM E3IK.

1.3 RS

K H Microsoft Excel %X f % 3 st 46 % 4% . H1 1BM
SPSS Statistics 25.0% {11247 #LK 2 77 2 43 #T (One-
way ANOVA). fDuncani:i#17T % &t % (a=0.05).
25 CASP 3K 1 43 T 3k 43 5 2 S 36 4R oG Hd , f3 H
Origin 2019b/E &,

2 #R5i1e

21 FRIREREBRMHME T ESLINKDR
MELEEE R
100 pmol-L™ 4 ke & 2 5 T B T 2L AR AR
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B A A T (B MR EYIME T, BEE 3, BB 3M MG R R 7 RIFMT 004 2 F &

Ardisia mamillata A. crenata
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. =3 : 2
3 I C| < —
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S5 i P aaaa, 28 gL s -
IS rEbH i [z 1 [ bbb bH b
9, 150 1 KHNH | (<A O e © 2150 1 M §
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05 1 H [ a8 i H
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Il MT, MTs, BEEMT e COMTis, I MTog

B AN [EDR R Ao B AN EE R e T PR T AL (A=C) AR IS AR (D-F) St E AL BE R A K520
Pbg. Pb1ooflPbeoode 7~ £ & 43 71250 1001600 pmol-L™"; MTo. MTsos MT1gos MT1soFIMT o003 77~ it B8 25 A0 TR 22 /3 M0 50,
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Figure 1 Effects of different concentrations of melatonin on antioxidant enzyme system of Ardisia mamillata (A—C) and A.
crenata (D-F) under lead stress

Pbg, Pb1go, and Pbego represent 0, 100, and 600 umol-L~" of Pb, respectively; MTo, MTs0, MT 100, MT 150, and MTzqo represent 0, 50,
100, 150, and 200 pmol-L™" of melatonin, respectively. Different lowercase letters indicate significant differences among the
treatments during the same stage at 0.05 level.
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Bl Ko PbigoMT ok B ZH ) H2 4L AR P FRSOD

POD J CAT i 14 73 5l 5 PbyooMTo 41 3 151 14.31% «

23.96% F130.96% /% 10.25% . 23.96% H1 53.62%;
PbeooMT 100 &b 3 2H 1 35 B % 1K I L PbgooMTo 2H 3 155
21.95% . 58.97% #123.81% % 22.56% . 80.99% #1l
82.16%. HI2FIHEIREE R, MTX R EPHL AN e i 2%
il BRI T R E 4L

22 AEREREBERIAMIE TEELFKIIR
FRBR 3 SN E BT Y R0

MRE G R, BR O £0 A A D AR AE 34N 58 i 31 P 7]
P 2& 1 (SP) A7 2 il & R (Pro) & 23 & 1 m, H
PR LLIGHE R T ARAPAR, H ZB(MDA)S & LR ER
fb; EAYNE T, BE MK ProMISP & EA
Fi N, MDAS & &3 T, R A A0 B el
(EI2A-F). Wit 4N EMTAEET e R 5 & 20R R AP AR
ProfISP& &1, MDA® & FFAK, HAFMTkth
BOR . BRMTE, 18 & LR i Pro & & 43 )i
FE21 M4 K 1 Pb1ooMT 004k 2 413k B e K fH, HEL
TPbigo MToAbBEZH I /i1 T 18.04% (IKI2C)H158.72%
(K12D); MDA S &35 BEMT IR B2 1 38 i 52 S 96k 184 1)
fah, BRKPEIE Y HBLTE21 K PbeooMT ool FEZH, 4>
B RV B S R MT oAb R ZH [41%44.78% (08 &
21)H146.65% (ARHPHR). SPE & i KAE 7 7 i BLE14
21 R IPb10oMT 100k ERZH, 4353 HPb1ooMToAb 3
1. 14465 (EI2E)f1 1265 (KI2F). Likgh Rz, Kb
PR PR S HEMT i 0 52 R A T R T 41

23 ARREREBRMBHETERLERWIR
RRBFIE RS 2RI 00

P L1 AN R D R AR I FIG I B 2 o A A R 1) FF o T
EERIN(E3). PbigoMTAbHE T F2 & £LFl R P AR AR
PG5 2 & 43 7 A CKIR 3.9F13.01%, PbgooMTokk
PR P R AR BT & 43 0l N PbagoMTo 4h 2 1) 1.4 Al
1.61%, KRR A T, JBE R RPEATR & &1
MEER, R IE T, —HBEEA Y. HhiET,
MT AL BRI 2 52 7 B 0 20 A R O MR R 2R B AR R 5 2
EH A T, AR [F) R MT 4 B 56k 2K 0 MR AR 2 B I )5
TEEALE . MTsodb B F PR & LLAR AP AR T &5
BEERTHEOMHA, BRCKEEW N, HMiEN
6.53% . Pbioo 1 Pbgoo /BT, J&H 45 KW HLSA7E

MT oo b 38~ H B B¢ K 3G R, 23 3l 5L PbygoMTo
PbeooMTo & % 1 15 30.44% . 53.96% & 23.85% .
39.33%. fE2FHHHMEKE T, 100 umol-L™" MT X}
2 i IR S 18 T ) 2B R B A AR AR AR T R 4T

24 AERERERIAINETEELFAKIR
R ZADNA 15 B 21

AT, FRE LR AR AR SRDNASZ 21 B B 45147,
10 A B BB B AR B ) T v i AR . AMIRMT Ak 3
BE WG T 28 PR & DNA#R 1%, H 100-150
umol-L™" MTAf AL 5 5 1 (I4A-C) . Pbyoo b 4 j2
WK AR AR RDNASZ IR, AMEMT o & 2 R K 45
i, DNAS 713 2B E (EI5A, B). PbeookbHE T 2FH
VIR R DNAWT F 1 2 HARGGFEFE N, BitMT 5 1&
SRR AN . o 2R AR A 7E B2 B AS R I R 3 S
OTM{H i i@ | 71, DNAZZ$i ™ & (K 6A, B).
Pb1ooMT oAb H T 52 & 21 A1 A B MR O TMIE 43 51 CKIF)
4.9 F14.31%, PbeooMTo ik # F P % OTM1E 5 A
Pb1ooMTolf124%, R BMRE G T FE & APtk 2
AL EMTAL B, MTookb Bl BEH ZUM IR SR04
1145, PbiooMT oo b E T 8 H LA AR IO TMIA th
PbigoMT, 4b 2 4 73 %l B 1K 16.31% 1 14.21%,
PbgooMT 100 FE I N [%12.05%H112.78% . oL A,
— E W BEMT R] B 2 2 A 4 B 08 B 11 0% o £ N R A0 AR
TR ZADNASG, X = i G2 AR5 AR 2

25 itig

H R A L B AR B A AR,
AT R B — e RN, S BH A SRR
S RE SO RE A AR (1) B AF FH (Shahid et al.,
2012). R BB E nT 5] A Y IR AE I S A (T A
&, 2017) IR0 EDE S LR AE H (T 32 #i155, 2015;
HEASE, 2018), mATHAFH IEH A& Wl %M
BN R B B T 2 A TR I 1) B 2 R R R AL A
AP ) 3 S S e ORI A, 25
YOI IR K R 2 A 2 B P U . AR R R A AE
ANEIEFAM T S5AFE G SHEARR, s
PR (ROS)AITE T Z(RNS) P2 48, 7R AT A4 #E
15 Bl e N 18 5 e vh R 4% B 2R F (Zhao et al.,
2021), AWFFFEY, BijiE100 umol-L™" MTHEA Rt
SR D T £L AT RO AR T 1 ST PR RN, PRI I 4
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Figure 2 Effects of different concentrations of melatonin on the contents of malondialdehyde (MDA) (A, B), proline (Pro) (C, D)
and soluble protein (SP) (E, F) in leaves of Ardisia mamillata and A. crenata under lead stress
(A), (C), (E) Ardisia mamillata; (B), (D), (F) A. crenata. Pbo, Pb1oo, Pbeoo, MTo, MTs0, MT100, MT150, and MTzgo are the same as
shown in Figure 1. Different lowercase letters indicate significant differences among the treatments during the same stage at 0.05

level.
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Figure 3 Effects of different concentrations of melatonin on
callose content in root tips of Ardisia mamillata and A. crenata
under lead stress

Pbo, Pb1oo, Pbeoo, MTo, MTso, MT100, MT150, and MTzoo are the
same as shown in Figure 1. Different lowercase letters indi-
cate significant differences among the treatments during the
same stage at 0.05 level.
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Figure 4 Effect of different concentrations of melatonin on tail length (A), tail DNA content (B), and tail moment (C) of Ardisia
mamillata and A. crenata under lead stress

Pbo, Pb1go, Pbsoo, MTo, MTs0, MT100, MT150, and MTg0 are the same as shown in Figure 1. Different lowercase letters indicate
significant differences among the treatments during the same stage at 0.05 level.
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Figure 5 Effects of different concentrations of melatonin on DNA damage in roots of Ardisia mamillata (A) and A. crenata (B)
under lead stress
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Figure 6 Effects of different concentrations of melatonin on Olive tail moment (OTM) value in roots of Ardisia mamillata (A) and
A. crenata (B) under lead stress

Pbo, Pb1oo, Pbsoo, MTo, MTs0, MT100, MT1s0, and MT2q0 are the same as in Figure 1. Different lowercase letters indicate significant
differences among the treatments during the same stage at 0.05 level.
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YR A BT S8 AL B 7K T (Tiryaki and Keles, 2012);
I BB OR A 4 45 b R B AL B e S2 S A i, (EMT
WRE I 2 S B R R S5 (Li et al., 2018). 5K
%2 37 %(2017) F10-0.4 mol-L™" 4% &b 3 5% & 21 F1 26 b
B, 458K 510.1 mol-L™ AL s AL B S i E Pk
B RG. X HOARBE UL RAT A, PR ORI R AR 45
3L RO 52 A2 BE AR T8 e . 2Fh i i A MDA

ﬁf;uﬁbn)ﬁl I(1&12). 1X 5 PR (2021) ) 45 1R AR —
. SRMAR T, 0 ymol- L4 A T, EHL 5%
WP AR TE AL B 5 24 K (A [RJR BE M T b 3 2H [ MDA & &
REREER. X5FLE2019) KM IER %M THE
AMEMT IR BE (i, i 5 (Pisum sativum)%h 5 5% ib
HMDAS B LR EZ RS RAMAE. G
PR, AT RE S A R R A PR E AN [R] A A B S0 MT iR 52
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MBURYER 25 . EWEAMT, EYkNProfliSP
ErENIN, AT S 20 ST 538 A AN ORA 2
45ty (Teh et al., 2016). AW 7, a5
(plasma membrane, PM)ZE ISP &30, {2t
VIS 5 5 S AT 45 5 Be ) (BEINIRSS, 2017), [FIR,
Prof & FF o 1 4B & T 8e 71, SNEEIIMT
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JE B T e R 2 T S B R %, 3E7E100 pmol-L”!
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FAMA R . 4G SARbRIIThRE, BT A AL 5 Pro
FSPIEHE P B AL R P AFAERL HAEH . 4b
JEMT TG T PR 215 0 R AR 34 A 19 2 A AL
FEA BRI E-BN R, HoE LS T
VIRAR U B R 5 52 22 Fh A B A 5 e S AR B
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& @ 1 52 PR SRS AT K

FE AT 38 A Y s AR B, DT & B T
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BEWTZE, SRR AR AL AT T (B 2%, 2012),
HET 9D /N T HERNAT B 5%, BRARAR 20 % Wy 3 1138
N (AR 25 %, 2020; Wu et al., 2020; 2 #E
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Effects of Exogenous Melatonin on Physiological Response and
DNA Damage of Ardisia mamillata and A. crenata
Under Lead Stress

Jinxiang A, Jlay| Song Zhenan Yan', Zh|chao Wang Wenq|an Chen
Yuhuan Wu Yanyan Wang Le|Ie| Pan’, Yutao Xu', Peng Liu'

'Botany Laboratory, Zhejiang Normal University, Jinhua 321004, China; College of Life and Environmental
Sciences, Hangzhou Normal University, Hangzhou 310036, China; ®Institute of Applied Ecology, Chinese
Academy of Sciences, Shenyang 110016, China

Abstract Lead (Pb) is a major abiotic constraint affecting plant growth. To compare the anti-lead ability of two Ardisia
species and investigate the physiological responses and DNA damage to the treatments of exogenous melatonin (MT)
under lead stress, hydroponic experiment was carried out with 2-year-old seedlings of A. mamillata and A. crenata. The
results showed that with the increasing of the lead stress concentration in the same period of time, the three antioxidant
enzyme activities, proline (Pro) and soluble protein (SP) contents of the A. mamillata and A. crenata were all increased
first and then decreased, while malondialdehyde (MDA) content decreased at first and then increased, the root tip callosin
content continues to rise, DNA damage in roots was increased. After the application of appropriate concentrations of
exogenous MT, the activities of antioxidant enzymes in both plants were effectively enhanced and reached a maximum at
100 pmol-L™" MT treatment under different concentrations of Pb, and the contents of Pro and SP were significantly in-
creased. However, the MDA content decreased significantly at first and then increased slowly. The root tip callosin con-
tent continues to increase and the root DNA damage was improved. With the increasing of MT concentration, the allevi-
ating effect of melatonin on A. mamillata and A. crenata gradually weakened. A. crenata is more resistant to lead stress
and its physiological response is more stable than A. mamillata. Exogenous application of MT can effectively alleviate the
toxic effect of lead stress on A. mamillata and A. crenata (relief effect of A. crenata > A. mamillata), and enhance its tol-
erance to lead toxicity, among which 100 pmoI-L_1 MT treatment has the best mitigation effect. We revealed the superior-
ity of lead resistance of A. mamillata and A. crenata, and the alleviating effect of exogenous MT on lead poisoning, thus
providing a theoretical reference for the study of lead resistance of Ardisia.
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