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Accumulation and Subcellular Distribution of Cadmium in Vegetables Grown in Hydroponic Solution
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Abstract Knowledge of intracellular distribution pattern of heavy metals could help to understand their effects on cellular activities. Cadmi—
um Cd uptake and subcellular distribution in vegetables Brassica rapa L. spp. Chinenesis, Raphanus sativus L. and Daucus carota L. were
studied in hydroponic solutions containing 1.0 or 5.0 pmol L™ Cd in a controlled condition. Roots and shoots were sampled after 7 days of ex—
posure to the Cd solutions. The average dry matter values for roots and shots in the different treatments showed no significant difference. Cd
addition did not significantly reduce the yield and growth of the tested vegetables and no Cd toxicity symptoms were observed. Generally root
and shoot Cd concentrations were higher in plants grown in nutrient solution containing 5.0 pwmol - L™ than in plants grown with 1.0 pmol - L
Cd. Cd was accumulated in leaves mainly in the cell wall fraction  62%~85% and this accumulation was independent of Cd level in nutrient
solution. Cd concentrations in fractions increased with the increasing level of Cd. Cd concentrations of the roots were much higher than that of
the shoots, but the ratio of Cd in the roots decreased from 44%~59% to 27%~38% with the increasing Cd concentration. Significant differ—
ences were found in the Cd uptake of roots and transportation into shoots between vegetables.
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1.1 Ramos Pl
Brassica rapa L. spp. Chinenesis o 200 mL, 50
50 . Brassica rapa L. spp. Chinenesis mmol - L, pH7.4 5 mmol - L™ MgCl,
N Raphanus sativus L. 300 mmol - L™ 300
Daucus carota L. 1 o 250 mL, 50 mL
30% H,0, 30 min 2 000 gx10 min
CaS0, 2d
o 2 o N
o mol-L" Ca NO; ,5.79x107 o
KNO; 8.02x10° NH,H,PO, 1.35x107° MgS0, 4.17x107 o
MnSO, 8.90x10~¢ H;BO; 4.83 %107 ZnS0, 0.94x10° 1.4
CuS0O, 0.20x10° NH, ,M00, 0.015x10° Fe-EDTA 3
7.26x107, SPSS Turkey o
25 °C/14 h 20 °C/10 h
60%~70% 240 2
pmol -m™>s7, 3L 2.1
6 4d 1
1.2
4 N
3 1 o N N
o CdSO, °
1.0 wmol-L™" 5.0 wmol - L, N
1.3 N
1 N
o 60 C °
g 7—8000 Cd o
1 mg kg
Table 1 Cd concentrations and percentages in the subcellular fractions of vegetable leaves mg-kg™, FW
Cd /
pmol - L Vegetable species Cell wall Chloroplast Protoplast excluding chloroplasts
1.0 0.81+£0.22 a 81% 0.13+£0.05 a 12% 0.08+0.04 b 7%

0.72+0.17 a 75%
0.56+0.13 b 62%
0.63+0.22 a 74%
5.0 1.86+0.55 a 72%
1.41£0.36 a 72%
1.49+0.18 a 72%
1.54+0.12 a 77%

0.13+0.07 a 12%
0.08+0.05 a 8%
0.08+0.04 a 9%
0.38+0.02 a 16%
0.310.11 a 16%
0.22+0.05 a 10%
0.22+0.08 a 10%

0.12+0.03 b 13%
0.26+0.03 a 30%
0.14£0.04 b 17%
0.30+0.06 a 12%
0.23+0.08 a 12%
0.43+0.30 a 18%
0.27+0.07 a 13%

+

P<0.05 .

Note Data are shown as mean + SD of three replicates percentages in brackets. Different letters in the same column indicate significant differences be—

tween vegetables for the each treatment at P<0.05.
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Figure 1 Cd amount accumulated in vegetables
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Table 2 Cd concentrations in different part of vegetables mg-kg™ DW
Cd /mol - L Cd Cd Cd
Cd concentration Vegetable Cd in leaves Cd in stems Cd in roots
1.0 19.03+5.84 a 26.34+1.00 a 83.20+17.31 ab
19.91+6.06 a 22.19+391 a 106.39+7.19 a
10.96+3.47 b 17.78+4.34 ab 103.02+10.72 a
20.18+6.04 a 13.00+5.47 b 72.30+15.03 b
5.0 46.57£9.26 a 45.07+1.64 a 117.21+20.77 a
38.35£9.54 a 53.34x17.50 a 133.74+12.66 a
22.57+3.50 b 43.54+3.47 a 116.52+19.01 a
39.64+6.02 a 40.07+2.44 a 7144597 b
+ P<0.05 .

Note Data are shown as mean+SD of three replicates. Different letters in the same column indicate significant differences between vegetables for the each

treatment at P<0.05.
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Table 3 Cd distribution in different parts of vegetables as proportion of the total amount %

Cd /mol - L™
Cd concentration Vegetable species Leaf proportion Stem proportion Root proportion
1.0 33.7 22.4 439
36.5 16.3 472
24.7 16.7 58.6
45.7 8.8 45.5
5.0 42.5 21.6 359
39.7 26.8 335
34.7 27.1 38.2
57.1 16.0 26.9
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