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Table 1 Primers used in qPCR

S HI(5'—3")

B
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Actin GGAGCTGAGAGATTCCGTTG GAACCACCACTGAGGACGAT
IRT1 TGGCATTCTTTTTCGCGGTG GCCGAGCATGCATTGAGAAG
IRT2 CTCGTCGACCTTCTGGCTAC ACTTGGCGACGACAGACATT
Nrampl CCCCGAAGACCGTGCTAAAT TACCCACCACGTTTCGTAGC
Nramp3 TCTTGATTGTTTCGTCTTC TCCCATTGTAGCGATAAG
HMA2 GAGGATGCCACATGGTTGGA CTTTGGTACGGCGGAAGAGT
HMA4 TTCCCCACAAGAATCGCTCC CACTCGAACCTTCCACGTCA
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Table 2 The effect of foliar feeding of melatonin on the growth of Cd stress-induced Chinese cabbage seedlings

Hh b3R5 Jics
Kb BE
i i /g (k) /g (5HR) i 7 /g (SHE)” /g (5HR) KJ&/em
X g 1.65+0.03" 0.13+0.01* 0.20+0.01* 0.02+0.01* 16.3+0.7"
TRE 1.7740.11° 0.12+0.02° 0.200.02° 0.02+0.01* 15.2+0.3"
cd 0.88+0.02° 0.07+0.01° 0.14+0.01° 0.01+0.01° 11.240.7°
HE I E4Cd 1.24+0.04° 0.10+0.01° 0.18+0.01° 0.02+0.01° 14.6+0.3"

Xf I TECAAbHE Tl A 3R AL 2 R AR A [ 0T A A SR A B Cd: SRR s AR R IR Cd: R I IR v T R R 2R A
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e, MRS BMP,. G CHMTHE T £122.6%.
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W — DR T Cdha RN A S STE H p E
HRE RS, 5CAEEMLL, M Ea R RN
PRHR AR B0 T = 28%A114% (1),
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H,O0,FAIMDAFI Z #9520

TETEE(O; « H,O.) NI —EE(MDA) I & & 1]
DL 2 J N C d 38 0t A 4 g ol AR Ak 35 49 1 R
(Yang%52015). Cdfiid F/N A4 HO0; & &
BT, SXTHEARLG, THE T 2053%; T T i
HRER R AL FE AR A1 O, & B R FFAE B K, 5X¢
HERE L, o v it R R 2R S O & B FRAIR £ 55.7%,
5CAabBAR LG, - it R 2 2R B 0% [ R Cdiia
TO; K& EA63% (K2-A). Cdia F/NEZES)
1 H,O, MDA [ 7 & [F) R 2 25 7 1, 5 X HEAH
b, FHE T 2926.7%F134.5%; T i 8 2 2 s —
JEMEEREAS T CdJiia FH,O,MIMDA ) & &, 5Cd
ACFRAH EL, BRARZ133%F126% (E2-BAIC).,
2.5 MEREHREZEITCAiME /N B3E4TESOD,
POD. CATHIAPXGEM IS/

B BRI AR o 2 PR O T 4E R A IR
w0 AR B LG RO, R AR T R A B
e, HRAR B AE Y BE 7 R (Bowlers$1992) . Cd
i &5l i/ NEARY T FSOD. POD. CATHI
APXIEVE R4, HXTRALL, 2 l4em 74
28%. 40%- 22%F1156%; M- s it 4k 22 25 fe gk —

3T AR KR RO CA B T /N 1 S A P SR B A A S U

Table 3 Effect of foliar feeding of melatonin on chlorophyll content and photosynthetic parameters

in Cd stress-induced Chinese cabbage seedlings

b Mg /mg-¢' (FW)  P/umol (CO,)m™s’ G/mmol (H,0)-m?s'  C/umol (CO,)-mol’ 7,/mmol (H,0):m™-s™
X iR 1.13+0.02° 28.7+1.9° 0.53+0.01° 302.67+8.33" 12.240.1¢
LS 1.39+0.06" 27.5+0.8" 0.58+0.03" 320.00+6.09° 14.5+0.3°
cd 0.75+0.02¢ 17.241.9° 0.3440.04° 235.33+19.54° 12.341.2¢
BEEZE+Cd 0.92+0.01° 21.1+2.5° 0.63+0.02" 271.00+6.93™ 19.7+40.5*
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Fig.1 Effect of foliar feeding of melatonin on the accumula-

tion of endogenous melatonin in Cd stress-induced Chinese

cabbage seedlings
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Fig.2 Effect of foliar feeding of melatonin on the accu-
mulation of O; (A), H,0, (B)and MDA (C) in leaves of Cd
stress-induced Chinese cabbage seedlings
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in Cd stress-induced Chinese cabbage seedlings
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Fig.5 Effect of foliar feeding of melatonin on the concentra-
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NDZ 7R A A I 2K

i AR s BB R (Lin Ml Aarts
2012). HE4JHATPEEIE K (HMA2. HMA4)% 5
25 Cdm) A S5 35 (1) B 2, Ak Cd FH AR )ty |35 53 1Y)
iz (HaydonF1Cobbett 2007; VerretZ:2005), F-1H]
% it AR R 2R S, Cd P T X e e PR ) B s 7K P X
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DA] FR) 2 i SR 2 M /N L SE 407 0 CAFRTIRSCRI AR 2=

3 g
BCHREMEKRETIELTHAEHME
GJEIuR, Cdiia & 5l Yk = 4 it & 1 iE P

S, I8 PR MR AR L AR, BB R A R 1) e B,
SO SR R PR, SR 1R A2 K (Drazkiewicz

Fl1Baszynski 2005; Agnieszka%52000). GuZ5(2017)
W70 K I C A ia 23 51 6 B 4 7 AL B 1 1 4
MR A i B 5 35 BRI . AT AT R IR, CdfaE T /b
HRAmEHEEEN S EREA S, AYERE
B, I HAEREM S R S B RO E S BT
F, KUICAHE 2 MHIEY 0 IR R A K, JREd s
FNA Y A R E R, R AR P A
1k, 18 AR IE

BB R PR RE IR R, B AT BLAE
4B P RS - OHATH, 0,70 1, (i I A AR 45 7
FERT AR B 7K ST, AT B AR 3 2 480 0T 40 A 3 st (1)
FH AL (Allegra®s2003; Pieri%$1994, 1995). ##
FEZ I VT I O P S P A R Ok
(ZRI%, S m R B S HTE LB S P (Rodri-
guezZ52004; YinZE2013), #hnduE b i (AsAFI
GSH) & :(Wang52012; 1117 4:462010), LLERRIE
Vb ERTEE . AR, HREE AT
T 3 5 e T LR 2R G0 R ok B e i 3 7 AR 1)
I B I (IR 17 45452010), 2 8 N4 6 v T
PO AL (R TR AR B 2R O AT DL S i B AR A R St
R BEARAS R 5 3 ) 35 T4 P 3 R SR AL i J8 (F
HEL2016). AGIE KRB, M THBE AR B R A
FARCdrit FO; - H,O,AIMDA & &, 8w
SOD. POD. CATHIAPXHiEHYE, #MAsARIGSH
ol 1A 0 S TN TR e = A AT A N =
I N EAR BRSBTS . RIHEI AR 3R 2%
e SEROE D INI EINE S NS ES T T €78
R HR PR 2 S T T PR MR SRR R R
i e REYE, WA R MR CA a X /N B 3240 TG
1 R ) S A AR A

AR I CAFME T /N H RS E T Cd Y &
A S 488 i, 7 T T VR R S 2R A R S BRI 3R
Hiith B Cdy &, HHFRARCd AR [ H_F 84
118 (E5-C) o TP AR R M LRI Cd, I
EFR A s S Ry, CAE BT IE B
X B R 57 — BB B[R] (1) )45 (Han552014) . IRTI .
IRT2 ¥ E 2 5 MY CAF W (Guerinot 2000;
Wuf§2015); RARPLPE B G40 i 25 1 (Nramp) 1] LA
AR Cd, G B A EnEiEEA
W H A 3E 340 i 5t o (Lin Al Aarts 2012), B4 JE
ATPRGIEP (HMA2. HMA4)Z: 58+ CdJa) A 5 &5
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Effects of foliar feeding of melatonin on cadmium tolerance of Chinese

cabbage seedlings

LIU Zi-Li, HUANG Yi-Fan, ZHU Zheng-Bo, CHEN Ya-Hua, CUI Jin'
College of Life Science, Nanjing Agricultural University, Nanjing 210095, China

Abstract: Potted Chinese cabbage cultivar ‘Aijiachuang’ were used to study the effects of foliar feeding of
melatonin (100 pmol-L™") on cadmium tolerance of Chinese cabbage seedlings under cadmium (20 pmol-L™)
stress. Biomass and physiological indices were determinated, and transcription of Cd absorption and transloca-
tion related genes were tested, too. The results showed that foliar feeding of melatonin significantly alleviated
the Cd toxic symptoms, including the improvement of both biomass and chlorophyll content. These responses
were consistent with a significant decrease of ROS (O;, H,0,) and MDA. Melatonin enhanced the activities of
antioxidant enzymes (SOD, CAT, POD, APX) and content of antioxidant substance (AsA, GSH), and signifi-
cantly decreased Cd accumulation of roots and shoots in Chinese cabbage seedlings. Furthermore, /RT1, IRT2,
Nrampl, Nramp3, HMA2, HMA4 were blocked by melatonin. Therefore, foliar feeding of melatonin could
scavenge active oxygen to alleviate the effect of growth inhibition on Chinese cabbage seedlings caused by Cd
stress. Meanwhile, melatonin may enhance Cd tolerance of Chinese cabbage seedlings by reducing expression
of genes which restrained Cd uptake and accumulation.
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