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Table 1
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Effects of different concentrations of cadmium on germination rate and germination

energy of Brassica seeds

Wt +Cd2 T MS+HCd*™
Ab g Single salt medium-Cd?* MS culture medium-+Cd?*
Treatments Y o R oS KR
Germination energy/ % Germination rate/ % Germination energy/ % Germination rate/ %

0(CK) 93.33+1.17d 93.3341.17 d 93.3341.26 ¢ 95.0042.00 e
5 mge L} 91.6742.03 d 93.3342.88 d 91.6741.95 e 95.0041.35 e
10 mg-L! 86.67+1.53 ¢ 86.67£1.53 ¢ 88.33+1.51d 90.00+2.41d
50 mgeL! 86.67+1.46 ¢ 86.67+1.46 ¢ 88.33+1.51d 88.334+1.51d
100 mg-L! 80.0040.35 b 81.67+2.47 b 83.3341.80 ¢ 85.0041.40 ¢
200 mgeL! 81.67+1.57 b 83.33+2.15 be 76.67+1.84 b 81.67+1.82 b
300 mg-L! 71.67+1.28 a 71.67+1.28 a 73.33%+2.06 a 75.00+1.40 a

Y« SR B AT R /N 4% % 5 i (P<< 0. 05) . F I,

Note: Different lowercase letters in the same column indicate significant difference( P<C0. 05) ,the same below.

5 Cd* " Ak PR 1 T Fh Tl A R AL Y
Cd*" b P <5 mg L' X [ ¥ 75 Ff 1 9 A
HRIC R E 0,00 Cd® A Pk B =10 mg- 1!
W, BT B R TR GR 2) . BEE CdT
Ve A T i R R B MR R B+ CdP b3

TE Cd* ¥ BE S 300 mg« L i 3 3k 51 f Ik (B HL
5 H AL FAATE B 22 . T MSHCd* 4b BRAE
Cd*" #eJE 7 200,300 mge L " it 15 21 B IR {E LM
140 PR A] 25 S L A A PR A 2 S

x2 FAARENRLEN LEFSMFREENZI
Table 2 Effects of different concentrations of cadmium on the seedling rate of Brassica
iigh +Cd?t MS + Cd?*
b7 Single salt medium-Cd?* MS culture medium-+Cd?*™
Treatments 3 d LR 7 d LR 3 d LR 7 d B R
Seedling rate/ % Seedling rate/ % Seedling rate/ % Seedling rate/ %
0(CK) 73.33£0.87 e 88.33+1.01 e 85.00+1.32 d 95.00+1.16 e
5 mgeL! 73.33£0.71 e 90.00£1.09 e 86.6741.47 d 93.33+1.58 e
10 mg-L! 71.67+41.27 ¢ 81.67+1.00d 81.67+1.33 ¢ 90.00+1.16 d
50 mg+L! 68.3341.64 d 80.00+E1.09 d 81.67%1.26 ¢ 85.00+E1.12 ¢
100 mg-L! 48.33+2.83 ¢ 66.67+1.50 ¢ 40.00+1.58 b 48.334+1.08 b
200 mgeL! 6.67+0.59 b 10.00+0.77 b 8.33£0.70 a 11.67+0.76 a
300 mgeL! 3.33+0.78 a 5.00+£1.54 a 10.00+0.53 a 10.00£0.53 a
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Fig. 1 Effects of different concentrations of single

salt+ cadmium on the stem length of Brassica
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Fig. 2 Effects of different concentrations of

MS+ cadmium on the stem length of Brassica
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Fig. 3 Effects of different concentrations of single

salt+ cadmium on the root length of Brassica
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Table 3 Effects of different concentrations of cadmium on fresh weight of Brassica

R 4 Cdzt MS+Cd?*™
bl b
i i3 Single salt medium+Cd?™ MS culture medium-+Cd?™
Ttems Treatments
5d 10d 15d 5d 10 d 15 d
fif 5 0(CK) 19.4+0.89 ¢ 27.3%2.26c 35.54+3.97 ¢ 92.6+6.26 ¢ 131.3%6.29 ¢ 206.7+7.92 ¢

Fresh weight/g 5 011 17,940,098 ¢ 26.344.59 ¢
10 mgeL!  12.741.15b 15.640.95 b

50 mgeL! 7.3+1.04a 12.7+1.31 ab

100 mgeL.!  6.641.32a 9.7+1.06 a
T & 0(CK) 1.740.04 ¢ 2.4+0.19 ¢
Dry weight/g 5 .11 164004 ¢ 2.340.11 ¢

10 mgeL! 1.24+0.04 b 1.54+0.15 b
50 mge ! 0.8+0.85 a 1.2+0.13 a

100 mg-L! 0.740.14 a 1.0£0.22 a

34.242.80 ¢ 89.8x7.71c¢ 130.949.33 ¢ 204.9%£11.17 ¢

22.042.26 b 72.3%£6.97b 126.9410.49 ¢ 192.3%£16.1 bc

17.7£1.11 b 61.3£3.61 b 102.04+10.58 b 176.0+11.36 b

12.7£1.65a 38.5%6.94 a 80.848.92 a 92.618.75 a

3.340.27d 8.041.56 ¢ 11.0£0.82 ¢ 18.9£1.04 d

3.2+0.18d 7.9+0.38 ¢ 11.04+1.39 ¢ 18.5+0. 91 od

2.1£0.11 ¢ 6.220.11 b 10.02£0.35 be  16.520. 94 be

1.7£0.15b 5.5420.71 b 8.940.36 b 14.8£1.09 b

1.34+0.15 a 3.3+0.33 a 6.5+£0.61 a 9.5+£1.52 a
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Fig.5 Effect of different concentrations of cadmium

on POD activity of Brassica
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Fig. 6 Effect of different concentrations of cadmium

on POD activity of Brassica

2.5

CATYE

CATIE

REBpEN LEEIRUSE CAT 1

A

2 Cd*" bR, BT 1 AL AU (CAT) I
XA B ETE BB B s . Joig e ik +
Cd*" fit MS+ Cd*" ¥ FEZEHRE N 50 mge L' i 15
PR I8 B e e L - EL S At A PRA A 2 35 25 5%

7250

5 05d@10d m15d .

- 200

= |

=150 d d

%,100 b %I ¢
2 aa b b C%l
g s0| 2 a ﬂ

Q

<0 Al 0

© 0 5 10 50 100

Cd*¥JF Cd* concentration/(mg * L)

7 OR [ B ok -+ 4 b BT 1 7 AL A (CATD
T 4 B 5 )
Fig. 7 Effect of different concentrations of cadmium
on CAT activity of Brassica
350
g 05d@al0d mi5d R
5 300 d d
Ezso
¢ c
o : 5"
$.150 e
= & c c
B2
§ E j%i b H ﬂ
o 50
1
0 5 10 50 100
Cd*¥& ¥ Cd* concentration/(mg * L)
[€ 8 R[] vie BE MSH Ak BEXT i 75 i 4 AL S (CAT)
T 4 1Y 5 )
Fig. 8 Effect of different concentrations of cadmium

on CAT activity of Brassica

65



#3E A8 K% 2 %

ok X #H F 14

3 #whHihwe

AR AR A A A, o R s T R
A T B T R T R Zn M, Cu 45, 8%
1M1} oy — SE 43 J@ AN {H I 38 A A 0 s i a6 7 5 i HL
B X A SIS i A A 25 B B 1 ™ T A L WK
FRESY . DEEENAMNMHEEHRZ NS
@2 — BRI IOr w A L R L R
B4 AT LLAE B P SR B, 0 N A A B
P T R B A e R AR R 8 1 2 2R
I8 T ZREY TE T 4 8 Wl T R T i R
s Z200 KRN LM D L g g g
SO R ik S g 3 W T R TR T R
36 AR A% 0 1 R R AR ARV T AT R e R 2R
K 25, [RIRE 4, 26 A 9 o o vk B3 1 44 ) A
T R R W AR R R A R
¥ R A B 52 ) L 3 5 R 43 1 F 5 4 AR
KA AT B bR Cd BUR A L, Ak
By as AL B U T R T R R R
ERORK B E, THEYR S, XRE, SR E
Cd™* b BRI 75 Bl 1 A0 Ak (9 A= K 5 A 70 46
P+ Ve 2 0 v X W 7 2 R T 90 o 1 e

0 4 47 il T AR R 9 38 3% 3 85 W 38
R4 A 4 B5E DA T G AR 1 55 P 360, HC 5 e s
Py %o JHh 36 B B ARSI . AR 2 5T R WL R A0
P DR AP il 22 T B A1 S T 36 7 2R A T R 4R RE
JykaR Y A A vk B Cd AL B 1R
1 A ALY G POD 306 M 1 5% i 14 b o B 4145 BT
Tt BB Cd™ v B2 Y T ey 52 20 1 o ok Ao 1 41
Hkas, BEIIREE Cd* e IE B TH R . b R R
A dr sk @ w . Cd® ' b BEAH T R 2 it
SRR (CAT) 16 M 3494 B 42 ey, 6 WA 7638 24 1Y
Cd b FRREME 4R = B A 70 CAT i64E, 28
s e, o 78 50 mge L b i Ml 5% 5 .
TS M) Cd ¥4 T CAT i, fff i
ELAT VAR 1 5 T ST PR PILRE

P T 8 & SOR R A K R KA &

66

KEEM, K ZFRAMRK W] DIAE — B B
£ 0 b 110 B R B, ™ il R . R T
Tl 09 4 25 58 U R VB R IR K E BT T
T A2 BN BT ) S — 1R X
Se 2 SR W LI T X R R AE A AR 7 R] A
FE/R TS Y A 5 DU T B AR U 15 7 PR
ol %4,
SE K
(1] EZZ. B 850 R AT 3 3R 7 &
HIAE PR [T ], AR S % 447, 2000(1) : 19-22.
[2] Vaculik M, Landberg T, Greger M, et al. Silicon modifies
root anatomy, and uptake and subcellular distribution of
cadmium in young maize plants[J]. Annals of Botany,2012,
110(2) ; 433.
(3] #hE Ok dg Ak a2, O EIL. 6 B 30 X3 4K 9 52 ol 1) BF 5% it
JeL)]. b S 2F , 2014(3) 148-52.
[4] Kim Y H,Khan A L,Kim D H,et al. Silicon mitigates heav-
y metal stress by regulating P-type heavy metal ATPases.,
Oryza sativa low silicon genes,and endogenous phyto hor-
mones[ ] ]. BMC Plant Biology,2014,14(1):13.
[5] YiT H,Kao C H. Cadmium toxicity is reduced by nitric ox-
ide in rice leaves [ J]. Plant Growth Regulation, 2004,
42(3):227-238.
[6] Nazar R, Igbal N, Masood A, et al. Cadmium toxicity in
plants and role of mineral nutrients in its alleviation[ J]. A-
merican Journal of Plant Sciences,2012,3(10) ;1476-1489.
[7] Rascio N, Navari-Izzo F. Heavy metal peraccumulating
plants: How and why do they do it? And what makes them
so interesting[ J]. Plant Science,2011,180(2) ;169-181.
[8] Sasaki A, Yamaji N, Yokosho K, et al. NrampS is a major
transporter responsible for manganese and cadmium uptake
in rice[J]. Plant Cell,2012,24(5) : 2155-2167.
[9] Kabata-Pendias A, Pendias H. Trace Elements in Soil and
Plant[M]. Florida: Florida CRC Press,1992:50-53.
L100 AR & 5 38 X 7S [R] 0 Aol aih i AR 2% 40 0 B 22 0 2 43 e G
W BA 5 9 S2 e L DL DR BH < 2 B AR K5, 2017,

(117 e, Xk, & o8 &, %, 6% & Lk b B b i35 It
P T S ()], R R, 2015,36(4) 1 247-253,

[12] Rao M V,Pafiyath C,Ormrod D P. Ultraviolet-B and o-

zone-induced biochemical changes in antioxidant enzymes



1 UM A AT AR K R TR YR #®iE-42H A%
of Arabidopsis thaliana [ J]. Plant Physiol, 1996, 110 RM[D]. B F B K% ,2017.
125-136. [20] ZEE 2, R H 8L, . M R — RE A5 I 11 A%
[13] Aebi H. Catalase in vitro[J]. Methods in Enzymology, O 3R R 5 R R &0 B AR KON i s ma LT ] G AR
1984,105:121-126. 2£4%,2015,36(11) :1951-1958.
[14] MEP . GLW. @A, % 900 E 4 E 5 R0 5P (210 k. axt LR LG S Fh W7 & %2 0 1 i 58 0 1. R0l 36
Fru[T]. +HES B, 2002(1)  79-84. L2, 2006 (S2) :480-486.
L1570 SR BTk, /N B 3% x5 W 30 f me B K% fF 22 A 5 2 5 19 L [22] ZEmiA A% 1l 050 1. % £ K Bl 7 i & R K 2
il [DJ. 7 & W A Al K%, 2009, W [ ], Ll 78 A 2 4 (SRR D 5 2001 (1) £ 93-94,
[16] & FF, sk gL, 7108 1, 45, /N2 Bl 0 R 00 40 38 1 2F B [23]  ZRBask, Z= 8, 22 J0 R, 4. f b 3E T 5 FhAS 18] /0N 113 0 A
w8 L. BRARA Al 2017 (12) ;17-19. R W W R S AR 0 A R AR ) . 3 B8 4k 2% 2011,
L1717 w WL, R A0 DI, 55 50 W 360 X AS [) K e o A b 1 K 30(6) :1075-1080.
g e A w2 L], AEIFSE ,2017,31(6) :659-663. [24] o] -6, 5k , 5 i A9 35 Aol xeh 590 2 17 K 1) A AR AR AR
(18] Zl =, BRAt T . A AN 2L 2. 4% 5 0 X A A R K A i % & RE[T]. Fl T, 2012(2) :42-47.
AR A L) . 30 B ARl e 2 4R . 2000(3) £ 205-207. (250 #0hde , BRBE. 50 % (R0 T 0 & R4 K i m [T,
(191 BRWH. 45 Moo & G & Fh 7 # % aof B2 v 1R 38 4 2% 1 i G820 SCHLAE g A R CH AR BR 2 RD 5 2007(2) £ 68-72.

Effects of Cadmium on Germination,Seedling Development
and Physiological and Biochemical Characteristics

of Brassica rapa var. chinensis L.

ZENG Wei-chao', LUO Wen-liang’, LUO Jin-ling', MAI Shu-hua', HUANG Dong-hua’,
CHEN Da-qing’

(1. College of Horticulture and Landscape Architecture,Zhongkai University of Agriculture and Engineering,
Guangzhou 510225, China; 2. College of Agriculture and Biology,Zhongkai University of Agriculture and Engi-

neering , Guangzhou 510225, China)

Abstract: For the safety of agricultural products and ecological security, the seeds of Brassica rapa var. chinen-
sis L. were dealed with different concentrations(5,10,50,100,200,300 mg+L"')of CdCl,. The physiological and
biochemical indexes were observed and measured. The results showed that, when the concentration of Cd*" is
5 mgeL"! or less,Cd*" has no significant impact onthe indexes. Signidicant diffrence of germination rate,germi-
nation potential, root length, plant height, fresh weight and dry weight between low concentration of Cd*" group
and hight concentration of Cd*" was observed ,suggsting that hight concentration of Cd*" has a obvious inhibi-
tory effect on Brassica rapa var. chinensis L. But seedling enzyme activity increased, seedling growth is re-
strained. As shown in the results that Brassica rapa var. chinensis L. was a cadmium sensitive plant and could
be used as an indicator of soil cadmium pollution

Keywords: Brassica rapa var. chinensis L.. ; cadmium; seed germination; growth and physiological effects
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