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Abstract: Effects of selenium (Se) pretreatment at different concentrations (0, 3, 6, 12, 24, and 48
pwmol + L™ Se) on growth and physiological characteristics of seedlings of cultivar ¢ Weishanhuhonglian’
of Nelumbo nucifera Gaertn. under cadmium (Cd) stress (25 mwmol + L' Cd) were investigated. The
results show that Cd toxicity to seedlings of cultivar ‘ Weishanhuhonglian’ of N. nucifera in Se,-Cd,,
(0 wmol + L' Se-25 pmol - L™ Cd) treatment group is the most serious, and the blades are yellowing.
With enhancing of Se concentration, Cd toxicity to seedlings is alleviated, but when Se concentration is
too high, the seedling growth is relatively weak, and some of blades appear withered. Compared with CK
(0 pwmol + L™" Se-0 wmol + L™' Cd) group, photosynthetic pigment content and chlorophyll a/b value in
blade, and activities of superoxide dismutase (SOD) and peroxidase (POD) and glutathione ( GSH)

K H . 2018-06-12

BEEWB : FEKARFAEE YT H (31400600) ; BRAL K% SRT TR H (1714A03) 5 TTLHERALFHE A F 0159 25 H (CX(16)1024)
EERA: LA (1998—) 2, WAL, AR, EZMGAAEE S8 )7 m i irs .

D EEY E-mail xyc@ njau. edu. cn



5 2 1]

EigAy, S ATAL BT AR 0 R (T AR AN B AR AN A B A R

65

content in blade, petiole, and root of seedlings of cultivar ‘ Weishanhuhonglian’ of N. nucifera in Se,-
Cd,; treatment group decrease significantly ( P < 0.05) in general, and MDA content increases
significantly. With enhancing of Se concentration, photosynthetic pigment content and chlorophyll a/b
value in blade, SOD and POD activities and GSH content in blade, petiole, and root of seedlings of
cultivar ¢ Weishanhuhonglian’ of N. nucifera generally show a tendency of first increase and then
decrease ; MDA content in blade and petiole shows a tendency of first decrease and then increase slightly,
while that in root shows a tendency of decrease gradually; Se content in blade, petiole, and root shows a
tendency of increase gradually, while Cd content shows a tendency of first decrease and then increase.
Among 6 treatment groups, photosynthetic pigment content and chlorophyll a/b value in blade of
seedlings of cultivar ¢ Weishanhuhonglian’ of N. nucifera in Se,,-Cd,s (24 pmol + L' Se-25 pmol « L™
Cd) treatment group are the highest, while MDA content in blade, petiole, and root is relatively low,
and Cd content in blade is the lowest; SOD and POD activities and GSH content in blade, petiole, and
root in Se,,-Cd,s (12 pmol - L™" Se-25 pmol + L' Cd) and Se,,-Cd, treatment groups are relatively high
in general, while Cd content in petiole and root is the lowest. Overall, SOD and POD activities and GSH
and Cd contents are the highest in blade, come second in petiole, and are the lowest in root in each
treatment group; MDA content is the highest in root, comes second in petiole, and is the lowest in blade;
Se content is the highest in blade, comes second in root, and is the lowest in petiole. It is suggested that
proper concentration (12-24 pmol - L") of Se pretreatment can effectively alleviate the toxicity of Cd
stress on seedlings of cultivar ¢ Weishanhuhonglian’ of N. nucifera, and can help to enhance its tolerance

to Cd.

Key words: selenium pretreatment; cadmium stress; cultivar * Weishanhuhonglian’ of Nelumbo nucifera
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Table 1 Effect of Se pretreatment on photosynthetic pigment in blade of seedlings of cultivar ‘ Weishanhuhonglian’ of Nelumbo nucifera Gaertn.
under Cd stress ( X+SE) D

R/ ( pmol - L™ ) j"ﬁﬁ@,?ﬁ/ﬁ\ﬁ/( mg * L7! ) Photosynthetic pigment content 442 a/b {8
Concentration W% ) Bitg% Sl s 2 Chlorophyll a/b
Se Cd Chlorophyll a Chlorophyll b Total chlorophyll Carotenoid value
0 0 10. 53+0. 33a 5.74+0. 53a 16.27+0. 49a 1. 11£0. 08a 1. 85+0. 19a
0 25 2.65+0. 53¢ 2. 62+0. 50d 5.27+1.00e 0. 66+0. 21cd 1. 01+0. 09b
3 25 5.49+1.08b 2. 87+0. 38cd 8.36+1.45d 0.75+0. 09cd 1.90£0. 14a
6 25 5.85+0.94b 2.92+0.31cd 8.77+1.25¢d 0. 85+0. 09bc 2.00£0. 11a
12 25 5.85+1.03b 2.75+0. 20cd 8.59+0. 99cd 0.78+0. 0led 2.14£0. 44a
24 25 9.41+0.77a 3.97+0. 79b 13.38+2. 04b 0. 97+0. 08ab 2.41+0.52a
48 25 7.17+0. 34b 3.63+0. 35bc 10. 79+0. 35¢ 0. 62+0. 04d 2.00+0. 26a

D &)%) i AR R M/ INE FRE 7R 24 55 3% (P<0. 05) Different lowercases in the same column indicate the significant ( P<0.05) difference.
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Se FALBEXT Cd ril T faf £ & B < Aol Ll i 2138
WA R FR AL H MDA 5 & SOD A1 POD 3 14 DA )
GSH & & iy mi L& 2.,
2.3.1 *f MDA 4%
Se,—Cd,s (0 pmol -

fap ALt A LI 213 G 7 AR RTAR H MDA
SEYEE(P<0.05)H T CK(0 pmol - L™ Se-
0 wmol - L™' Cd) 41, 43 # % CK 41 F+ & 29.26% .
56.06% 1 65. 10%, 6 TACERL B Se ¢ 142
B, R R R MDA 5 8 5 e R AR IS AT T = A
R MDA & 5 W 2 REE AR a5 AT
RO ,BR Sey—Cd,s(48 wmol - L' Se=25 wmol - L7

MFa MR 2 ATLLAEW.
L' Se-25 wmol + L™ Cd) Ab B4

F2 SeTAEX Cd BB FHEERM MM E HELEIBAF R _E(MDA) FE EENLYELE(SOD) fid
BABHEK(GSH) 2 2HIS(X+SE) Y
Table 2 Effect of Se pretreatment on malondialdehyde ( MDA ) content, activities of superoxide dismutase (SOD) and peroxidase (POD) , and

TS Y ES (POD) iEHE L

glutathlone (GSH) content in different parts of seedlings of cultivar ‘ Weishanhuhonglian’ of Nelumbo nucifera Gaertn. under Cd stress
(X+SE)Y
WelE/ (pmol - L) AN[FEBLE o MDA 24/ (nmol - L") ANFEFRAE SOD iE /(U - g7')
Concentration MDA content in different parts SOD activity in different parts
Se Cd it 5 Blade 4 Petiole # Root it 5 Blade 4% Petiole # Root
0 0 2.70+0. 14bC 7.51+£0. 61cdB 15. 33+0. 60cA 310. 97+3. 86bA 291.43+7.37abB 149. 31+2. 57abC
0 25 3.49+0. 65aC 11.72+1. 19aB 25.31+4. 81aA 297. 66+0. 78cA 268.31+3.21cA 132. 81+28. 70bcB
3 25 3.38+0. 60abC 9.49+0. 26bB 22.00+2. 29abA 299. 49+4. 59cA 271. 87+0. 89¢B 146. 40+6. 55abC
25 3.33+0. 04abC 8.27+0.21cB 20. 15£2.91bA 297.77+5.28cA 287.32+9. 66abA 148.24+17. 94abB
12 25 1.94+0. 19¢C 7.73+0. 19¢B 14.33+1. 13cA 321.20+5. 68aA 289. 20+5. 68abB 167.73+19. 45aC
24 25 0.99+0. 10dC 6.49+0. 14dB 9. 85+0. 37dA 311.98+6. 31abA 297.20+9. 26aA 120. 49+10. 91bcB
48 25 1.33£0. 47¢cdB 8.51+0. 93bcA 8.21+0. 80dA 304. 96+7. 70bcA 279. 17+8. 12bcB 109. 33+17. 04cC
W/ (ol - L) RIFHBE POD 144/ (U - g - min™") RO GSH &/ (pmol - &™)
Concentration POD activity in different parts GSH content in different parts
Se Cd I+ F Blade 47 Petiole H Root A Blade 4 Petiole 2 Root
0 0 7 221.88+441.36bA 2 450.00+198. 95aB 634.38+69. 10aC 75.19+22. 82aA 11. 14+0. 59aB 4.41+1. 16aB
0 25 4 561.88+169. 62dA 1627.75+14.21dB 323.96+12. 63cC 50. 85+1. 53bcA 6.07+1.99bB 1.93+0. 78¢cC
3 25 5031.25£178. 55dA 1 737.50+46. 25¢dB 378. 13+14. 32¢C 54. 48+4. T4bcA 7.66+1.56bB 2.00+0. 02cB
6 25 5 881.25+533.33¢cA 1 672.92+19. 09¢dB 475.00+32. 92bC 59.50+15. 12abA  10. 59+1. 26aB 3.40+0. 39abcB
12 25 7 856. 25+235. 50aA 1 816.67+10.97¢B 644.79+17. 77aC 78.22+4. 15aA 12.55+0.93aB 3.90+1. 35abhC
24 25 7 675.00£75. 20abA 1 996. 88+40. 86bB 440. 83+£29.91bC 65.73+1.91abA 12.62+1. 67aB 2.56+0. 87hcC
48 25 7 392.71£252.77abA 2 012. 50+70. 99bB 255.33+25.01dC 37.56+1. 69cA 11. 84+2. 74aB 2. 67+0. 58bcC

D @30t AR [\ /NS Bk R AN [ A R 2H 6] 24 5 5 35 ( P<0. 05) Different lowercases in the same column indicate the significant (P<0.05) difference

among different treatment groups;

significant (P<0.05) difference among different parts.

[A] 47 W AN R B R 2B 22 7R A ] B 407 7] 22 57 i 3% ( P<0. 05) Different capitals in the same row indicate the
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Bt e POD J PR, AR H POD 3 PR IR 2, R
t POD IEPERAK, H 3 NERALN] POD V& PEAAAE B
25t

2.3.4 X GSH A Ewi%Hwm HMEE2ETLIEH.

Sey—Cd,s AbIHZH faf 48 b Bl ¢ Sl Ll 0 2138 S i
AR AR R GSH 2 it 3 B KT CK 41, 6 4 b3
i Bl Se VML i AR AR o GSH &
WA RETF AL B Se),—Cd,s AP
AFEERA P GSH & &4 m . WARFERALE, 6 4k
FRLLFT CK 41 a7 46 & B < B 1L i) 20 3 g it 5 op
GSH &, MR GSH &8k, R GSH &
AL, B R GSH % &2 8 3 & T AR AR o
GSH &,
2.4 SeFAIEXT Cd BB TafE4 B AR EPALH
Se 1 Cd & ER M

Se FALHEXT Cd JHri8 T faf 6 b Bl < 1L 21 3%
YA FIEBAIH Se B Cd T HEAYZI ILFE 3,
2.4.1 *FSe &FWyHvem HEI LG KEH Se
WP B AR R Ao 46 P ¢ AR 23 &y A R R A
i Se HREMEZEHT R BT, DR G, %
AL FHZH faf AE i B < SOL BT 2T 35 Qb Se F R
i, MR Se HIEIRZ, AR Se A AR,
2.4.2 sCdAEHHm HRERIBTLUAEL .64
ARFRZ R BB Se Wk L (045 5, ar 46 b Bl Sl il 21
FE G0 A AR AR T Cd = Y RO RS T
i A, Hodr Se,, = Cdy (24 pmol - L' Se-25
pmol + L™ Cd) ZbHRZI Nt | rf Se i eIk, Se,, —Cd,s
(12 pmol « L' Se-25 pmol - L' Cd) Fl Se,,~Cd,, 4t
PR AR FIAR b Cd & = RAK, B Se, - Cdys
(0 wmol + L' Se=25 pmol - L' Cd) AbFRZH 22 (P<
0.05) FEAIK, MWARTRIFAIE ,6 MAbBELL T Se,,—Cd,s
Aab B L A A AR ¢ B L 213 4l AR AR R Cd
ErR R, R T Cd SRk HoAb A BRAE ¥ Rt

R3 Se WXt Cd BB TRIEMAM  RILMLE SRR Se F1 Cd S EMH M (X=SE) "

Table 3 Effect of Se pretreatment on contents of Se and Cd in different parts of seedlings of cultivar ‘ Weishanhuhonglian’ of Nelumbo nucifera

Gaertn. under Cd stress (X+SE)"

ANRIEREH Se 5 HE

Se content in different parts

WelE/ (pmol - L)

Concentration

AREAEH Cd i

Cd content in different parts

Se Cd i A Blade -4 Petiole R Root I F- Blade -4 Petiole #R Root
0 0 — — — 0.33+0. 01fA 0. 35+0. 02fA —
25 — — — 1 061.34+17. 10aA 550.22+2. 64aB 450. 50+100. 79aC

3 25 6.26+0. 07eA 3.33+1.00dB 4.04+0. 10eB 447. 47+24. 29bA 445. 14+7. 25bA 359.01+5. 65bB

6 25 10. 94£0. 54dA 7.74+0.47dB 10. 18+0. 47dA 373.92+18. 46¢cA 337.20+13.91cAB 327.23+4.30cB
12 25 20. 85+0. 58cA 13. 63+0. 74cB 19.91+0. 74cA 232.55+20. 83dA 81.38+2. 40eB 78.80+12.77eB
24 25 32.08+0. 02bA 24.06+1. 16bB 25.80+1. 16bB 57.39+10. 48eB 89.97+8. 80eA 87.76+3. 76eA
48 25 68.71+£0. 91aA 55.94+2. 69aB 56.21+2. 69aB 242.48+15. 42dA 215.28+19. 59dB 126. 66+50. 67dC

D [R13 bR [ 14N E 3 R AN [RI A B 4H [7] 2% 5 58 3 ( P<0. 05) Different lowercases in the same column indicate the significant ( P<0.05) difference
among different treatment groups; [F 47 S 6] 1 R 5 - Bk e s A [a) 3 A ) 22 53 8 3% (P< 0. 05 ) Different capitals in the same row indicate the
significant ( P<0.05) difference among different parts. —: F7~ 5 EARAK, T Z 0% Indicating content is so low, and can be ignored.
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