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Effects of Cadmium on the Growth and Nitrogen Metabolism in Brassica chinensis
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Abstract: Hydroponic culture was conducted to study the effect of Cd on the growth, metal accumulation and nitrogen metabolism in Brassica
chinensis . The enzymatic activities of nitrogen metabolism including nitrate reductase (NR), glutamine synthetase (GS) and GS-transferase as
well as the concentrations of chlorophyll, free proline, soluble protein, NO; -N, NH, -N and nutrients in Brassica chinensis were determined.

Results indicated that the addition of Cd reduced the content of the soluble protein and the accumulation of Cus Ca, Fe and Mg, but promoted
the P uptake. Low level of Cd (1 mg*L™") could significantly increase the biomass and the content of chlorophyll of Brassica chinensis and the
activities of NR, GS and GS-transferase when compared to control plants. However, when the Cd levels were above 2.5 mg*L™" in the culture
medium, the activities of these enzymes were inhibited. Accordingly, the contents of NO; -N, NH, -N, free proline and the activity of
protease in the leaf of Brassica chinensis increased significantly. These results suggested that Cd addition could interfere with the assimilation of
N in Brassica chinensis. The increase of free proline might alleviate the toxicity of ammonium in Brassica chinenss .
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Table 1  Effects of different Cd levels on the biomass

and content of Cd in Brassica chinensis

cd Cd & B CT ) /mgrkg ™! PEAEECT D
fmgel.7! e i gt

0 0.0550.04e  0.09%0.05d 0.99+0.05b

1 65.5+10.1d  152.6+25.6¢c 1.28+0.15a

2.5 311.7427.9¢  765.4+42.7h  0.79%0.05

5 405.1+17.4h 1538.2:121.5a 0.560.15d

10 521.7£22.7a 1659.4+130.8a 0.55+0.09d

D FZUAH R 7B RoR A BRIAAE 59 7K1 225 AN 2, R )



508 7N 58

F} 2% 29 &

2.2 Cd XJ/NE SRR B R RS

MK 2 KE, I cd Jam 5 2 d, BRxH IR 1
mge L™ Cd A BRI/ S A K R Ah, 4 4k RS
TR/ ELRAE G RN S8 AN AR I3, I ed &b
7 dJ5,10 mgeL™" Cd AbER /N 13 A B
B Rk, AR/ BN, B
REE AE Cd BIAEEE N, /N SEM4R 3 a RS b

F SR a+ b TRABBAAL, BRI A S
A 75 Cd AEPRIRPE R 1 mge L"), 4% 3% a 45
F D KHE PR TERE a+ b TR, 2 X
WS T 12.7%+16.8%+19.5%13.9% . {£ Cd &b
HIREN 10 mge L' B, 43R a  KHEY D3R 4%
Fa+b AR, 554X 50.4% . 88.8% -
51.9%61.7% .

%2 CAMDARHERSBEEMEW) /mgky!

Table 2 Changes in the chlorophyll content of Brassica chinensis leaves grown in different Cd treatmentsC FW)/mg* kg~

1

Cd/mg°L.~! H4% 3 a H4%E b ENEN S HE4%3 a+ b a/b
0 0.99+0.22 ab 0.41+0.10 ab 0.14+0.03 ab 1.40£0.32 ab 2.40+0.06 a
1.0 1.11+0.13 a 0.48+0.05 a 0.16+0.03 a 1.59+0.18 a 2.31+0.03 ab
2.5 0.71 +0.02 be 0.31+0.01 b 0.10+0.00 be 1.02:£0.03 be 2.26+0.02 he
5.0 0.64+0.04 ¢ 0.30+0.02 b 0.09 +0.00 be 0.94+0.06 ¢ 2.16+0.03 ¢
10 0.50+0.03 ¢ 0.37+0.01 ab 0.07+0.02 ¢ 0.86+0.03 ¢ 1.36£0.05 d
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Zn R Cp < 0.05)51 A1 2.5 mge L™ 1) Cd M F&A
T Hb BB Zn W R ZERA R E(p > 0.05).
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Table 3 Concentrations of nutrients in Brassica chinensis under Cd exposure

Cd Zn Mn Cu Fe Ca Mg P
/mg*L~! (DW)/mgkg™!  (DW)/mg*kg™'  (DW)/mg*kg™! (DW)/g kg™ ! (DW)/gkg™! (DW)/gkg™! (DW)/g kg™ !
0 109.3+5.17 b 3.02+0.21 b 92.3+£6.20 a 0.67+0.09 a 25.19+1.70 a 5.14+£0.35 a 5.79+0.39 ¢
1.0 89.5+591b 2.88+0.19 b 72.0£4.91 b 0.29+0.02bc 22.85+1.54ab 4.39:x0.30b 6.41£0.47 be
2.5 77.1£4.20 b 4.43+0.30 a 88.6+5.92 a 0.35£0.02 b 16.42+1.11 ¢ 3.47+0.23 ¢ 6.99+0.23 be
5.0 209.4+23.41 a 2.91+£0.19b 49.42+331¢ 0.17+£0.01 d 21.90+1.48 ab 4.28+0.29b 8.53+0.57 a
10 237.4+26.72 a 2.94+0.19 b 58.8+4.01 ¢ 0.24+£0.02cd 19.90+1.34 be  3.67+0.25 be 7.31+£0.49 ab
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Table 4  Effects of Cd addition on contents of NH; -N> NO; -N, soluble protein and free proline in leaves of Brassica chinensis

Cd/mg°1."! B (FW)/mgokg™! A Z (FW)/mgokg™! AV PR T (FW)/gokg ™! Wl 2R (FW)/mgokg™!
0 238.6+19.8 b 107.1+28.1d 29.7+2.7 a 16.0+0.6 ¢
1.0 228.8+14.3 b 232.2+£26.6 ¢ 26.2+5.0 ab 12.0+0.1d
2.5 245.2+27.6 b 470.2+£19.7b 22.5+0.6 b 25.2+0.3b
5.0 266.1+20.2 ab 468.2+15.6 b 22.3+1.0b 33.9+0.6 a
10 303.0£29.1 a 610.8+32.3 a 17.4+0.6 ¢ 349+2.1a
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Table 5  Effects of different Cd levels on the activities of key enzymes of nitrogen metabolism in leaves of Brassica chinensis

Cd 9SPSR R iF S 5 R 1 B 7 I R A
/mge1,7! JU(geh)~! (NO7 )/pg*(goh)~! Jpmol* (goh) ! /pmol* (goh) !
0 10.6+1.4 ¢ 15.0£0.1 b 429+2.5a 28.2+3.6b
1.0 11.6£1.2 be 19.4+0.1 a 43.3+7.4 a 37.8£6.3 a
2.5 13.0+ 1.3 abe 14.8+1.1b 40.3+3.7 ab 28.0+1.3 be
5.0 14.2+1.4 ab 14.0+1.1b 35.0£2.0 be 24.5+0.7 be
10 14.8+1.9a 9.6x1.3¢ 32.0£3.2¢ 21.0+3.5¢
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