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Differences inlead Pb zinc Zn and cadmium Cd concentrations in plant
tissues of 24 asparagus bean cultivars grown on lead/zinc Pb/Zn  mining

wastewater-irrigated farmland
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Abstract Heavy metal pollution has been a serious worldwide problem which is impacting on the ecosystem and human

health. These toxic metals exist in agricultural soil in rather high concentrations in many areas all over the world and easily
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enter the human body mainly via the food chain. Reducing the risk of exposure to the metals is as important as remediation
of the contaminated soils. As uptake and accumulation of heavy metals are indicated to be varied in different cultivars of
crops select and use of the cultivars accumulating fewer heavy metals in their edible parts shall be effective and facile
strategy to reduce the influx of heavy metals to the human food chain. Vegetables are important sources of heavy metals
transferred from the soil to the human body consequently they are an excellent model system to explore the strategy In this
study asparagus bean Vigna unguiculata subsp. sesquipedalis L. an important legume vegetable and a farmland multi-
contaminated by lead zinc and cadmium were used for investigating the feasibility of the strategy under the condition
contaminated by multiple heavy metals. Twenty four cultivars of asparagus bean were planted in a farmland that had been
irrigated by Pb/Zn mining wastewater for over 50 years. Lead zinc and cadmium concentrations in roots stems leaves and
fruits of the cultivars were analyzed. Average Cd concentrations in roots stems leaves and fruits were respectively

1.212 0.425 1.051mg kg ' and 0.011 mg kg ™' those of Pb were 92.53 9.79 33.08mg kg ' and 0.120 mg kg™

and those of Zn were 130. 14 59.40 99.94mg kg ™' and 6.32 mg kg™'. In the fruits of the tested cultivars the
maximal differences of Cd Pb and Zn concentrations were 4.4 4.2 and 1.6 fold respectively. Analyses of variance
showed that the variations among different cultivars in concentrations of Cd Pb and Zn in all tissues were significant p <
0.01 . The tested cultivars were divided into three types striped red and black according to their seed capsule color.
Cd concentration in root was significantly higher in striped than in the other types p <0.01  and that in stem was
significantly higher in red than in the others p <0.05 . Pb concentration in root was significantly higher in black than in
the others p <0.05 . Zn concentrations in root of black in stem of red and in leaf of red and black were significantly
higher than the others p <0.05 . While no significant differences were found for the concentrations of all the tested metals
in fruits between the three types each other. Although Cd Pb and Zn concentrations in soil of the wastewater-irrigated farm
exceeded the maximum limitation of the second grade soil according to the National Standard for Soil Environmental Quality
of China concentrations of the tested metals in the fruits of most tested cultivars were significantly lower than the National
Food Hygiene Standard of China NFHSC . Lead accumulation in the fruits is noticeable because Pb seems to be relatively
easier to translocate to fruit and there is one cultivar in which Pb concentration in fruit exceeded the maximum limitation of
NFHSC. Correlations among the three tested metals in roots and stems were highly significant and the correlation between
Cd and Pb in fruits was also significant. This suggests that absorptions of Cd Pb and Zn in asparagus bean might be tightly
associated which in turn may help the selection of cultivars that accumulate multiple heavy metals at lower levels in their
edible tissues. The overall fruit yield of all tested varieties were not affected by the high Cd Pb and Zn concentrations in
the wastewater-irrigated soil. This places asparagus bean at extra risk of heavy metal contamination from polluted soils

because the farmers will not receive any warning about the toxic level in the soil by the appearance of yield. Therefore the
selection and breeding of cultivars that accumulate lower levels of heavy metals are believed to be important and much in

need in reducing the exposure of human beings to heavy metal pollutions via the food chain.

Key Words asparagus bean variation in cultivars wastewater irrigation heavy metals soil contamination
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3-8
Vigna unguiculata subsp. sesquipedalis L.
2003 342 x10°hm’ 725t http //www. agri. gov. cn/
7910
24 Pb
/n Cd Pb Zn Cd
1
1.1
50a
Pb Zn Cd 1 Pb Zn Cd
GB15618-1995 Cd 7Zn
Ca** 13.94 mg kg™ pH
Pb  Zn
Cd
1
Table 1 Characteristics of the soils in the experimental sites
mg kg ™!
Ttem pH  Organic mater TN TP TK Heavy metal concentrations
% g kg g kg g kg cd Ph n
* 7.34 6.31 3.49 1.01 9.9 1.19 486.2 1114.2
* 5.8 2.87 0.228 0.939 16.8 0.34 145.8 138.7
a — — — — — <0.3 <300 <250
b — — — — — <1.0 <500 <500
® Wastewater irrigated site Non-wastewater irrigated site a b GB15618-1995 The 2™ and the 3™
grade soil based on the National Soil Environmental Quality Standard of China GB15618-1995
1.2
24 2 9 11 4
1.3
1.0m x1.0m 16 2
2005 4 4 N:P:K =16:16:16 50g/
20g/ 20g/ Cd Pb  Zn 0.338
145.8 138.7 mg kg™ 3
1:1:1 10d 1
2005 7 10 8
65 C 100
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2

Table 2  Tested cultivars of asparagus bean

No. Name of cultivar Color of seed coat No. Name of cultivar Color of seed coat
1 78 Red 13 Red
2 4 Black 14 3 Striped
3 3 Striped 15 8 Black
4 1 Red 16 8 Black
5 Red 17 Red Red
6 88 Red 18 3 Striped
7 802 Black 19 Black
8 Red 20 7 Red
9 1 Red 21 3 Striped
10 Red 22 Black
11 Red 23 Black
12 2 813 Black 24 Black
1.4
— —1:10 — —
0. I. CORPORATION 0. L. Analytical 7295 HNO; H, O,
4:1 Hitachi Z-5300 Polarized Zeeman Atomic Absorption Spectrophotometer Cd Pb
Zn GBW-07603 3
Cd=<0.05
GB1520194 Pb<0.2 GB1493594 Z7Zn<20 GB13106-91 Excel 2003 for Windows
SPSS11.0 for Windows
2 3 mg k!
2.1 Table 3 Comparison of certified and tested concentrations of Cd Pb
and Zn for a certified reference materials mg kg '
42.0 312.0g m™> 64.6 g m™’ Item Cd Pb /n
1887 ¢ m™> Contified 0.057 +0.010  4.40+0.30  26.30 £2.00
35.4~50.4 g m” 226.3 ~ 0.059 £0.010  4.78+1.01  25.50 +3.84
4121 gm™™  31.7~99.5g m™> 1138 ~2530  _Tested
gm”’ 0.4 0.82.11.2
3 4
p>0.05
41.4 164 32.6 1680 ¢ m™’
Cd Pb
/n
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2.2
Cd 1.212 0.425
1.051 mg kg™ Cd 0.011 mg kg™
Cd 0.394 0.217 0.433  0.004 mg kg™
3.1 2.0 2.4 2.7 Cd
1
4 * gm2
Table 4  Average yields of root stem leaf and fruit of the three types g m >
Root Stem Leaf Fruit
Striped 43.8a+3.8 381.3 a%25.0 83.7a+14.3 1817a +180.7
Red 41.0a+4.2 306.5b +50.6 52.3b+21.4 2087a +325.4
Black 42.3a+3.9 288.0b +48.2 71.2a+14.0 1768a +£321. 1
* Fruit is described as fresh weight the others are dry weight p<0.05

Different letters within the same column indicate significance at p <0.05 level

Ph 92.53 9.79 33.08mg kg™' 0.12
mg kg™ Pb 15.62 4.30 16.92
mg kg™ 0.03 mg kg~' 5.9 2.3 2.0 4.0
Pb Pb
Zn 130. 14 59.40 99.94mg kg™
6.32 mg kg™ Zn 49.31 47.06 52.89
4.25 mg kg™ Cd Pb 2.6 1.3 1.9
1.5 Cd Pb
2.3 Cd Pb  Zn
Cd Pb  Zn 5 mg kg™
0.507 ~1.867 Cd 45.68 ~155.37 Pb 78.76 ~197.21 Zn 0.281 ~0.637 Cd 40.17 ~
83.746.81 ~15.09 Pb 40.17 ~83.74 Zn 0.687 ~1.832 Cd 25.08 ~44.24 Pb 59.54 ~149.23
Zn  ANOVA p<0.01

LSD 5 Cd Pb Zn
0.022 0.05~0.21mg kg™'  4.89 ~7.80mg kg™’

F p<0.01 LSD
No.1 36 19 No. 23 Cd 5 p <0.05
18 Pb No.1 3 12 13 16  No. 17
No. 24 p<0.05 Zn No. 6 11 16 No. 24
14 No. 20 p<0.05
No.3 Pb Pb=0.214mg kg™
Pb 0.18mg kg™’
Cd Zn Zn
Zn 39% Zn
Zn
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No.14  No. Zn No. 14
No. 24 No.3 12
No. 16
2.4 Cd Pb  Zn
Cd 6 Cd
p <0.01 Cd > > p <
0.05 Cd p>0.05
5 Cd Pb Zn mg kg !
Table 5 Cd Pb and Zn concentrations in plant tissues of tested asparagus bean cultivars
Cd Cd concentration Pb Pb concentration Zn Zn concentration
Cultivar
Root Stem Leaf Fruit Root Stem Leaf Fruit Root Stem Leaf Fruit
1 1.096  0.511 1.347 0.022a 102.660 11.911 35.723  0.173abed 131.30 62.65 92.26 6.57bcde
2 0.993 0.372  1.091 0.009cdefgh 87.743 10.850 30.545 0.156bcdef  122.08 50.03 95.16 6.70abcde
3 0.507 0.322 1.005 0.018ab 45.675 7.291 26.753 0.214a 88.48  49.37 59.54 6.89abed
4 1.410 0.411 1.832 0.013bede  92.830 8.414 31.043 0.143bcdefg 142.35 44.42  94.41 6.51cde
5 1.261 0.389 0.912 0.01lcdefg 86.294 11.297 32.578 0. 120fghi 127.52 81.04 125.78  4.89%h
6 1.786 0.638 1.022 0.014bc 123.017 13.681 40.003  0.129efghi 179.89 83.74 101.47  7.62ab
7 1.091 0.422 1.039 0.010cdefgh 88.601 9.309 26.366 0. 101ghij 126.35 52.74 77.21 5.94cdefgh
8 1.867 0.553 0.776 0.013cdef ~ 97.200 10.424 31.162 0.14lcdefg  133.85 74.57 104.25 5.28fgh
9 1.141  0.441 0.908 0.009cdefgh 86.336 7.012 25.079 0.064jk 114.61 61.59  99.98 5.12gh
10 0.958 0.458 1.222 0.01lcdefg 64.943 9.733 35.173  0.068jk 83.21 56.46  96.66 6.35cdef
11 1.294  0.500 1.000 0.010cdefgh 87.281 15.093 41.561  0.096hij 93.86 80.87 123.68  6.94abc
12 1.539  0.366 1.090 0.009defgh 149.209 7.619 35.712 0.185ab 170.51 46.84 149.23  6.05cdefg
13 1.540 0.410 0.815 0.008efgh  105.693 9.952  33.152 0. 166bcde 169.33  75.38 96.13 6. 11cdefg
14 0.658 0.292 0.951 0. 008{gh 54.633  6.814 29.691 0.064jk 78.76  44.21  63.89 5.6lefgh
15 1.540 0.432 1.195 0.005h 155.373 9.507 36.286 0.051k 197.21 56.62 101.56  5.98cdefgh
16 1.143  0.380 1.223 0.013bede  95.744 8.663 36.524 0.183abe 147.43  45.89 104.25 7.80a
17 0.896 0.473 1.088 0.007gh 56.398 8.393 29.263 0.166bcde 99.72  73.32 120.76  6.44cde
18 1.206 0.361 1.041 0. 008fgh 101.776 11.959 28.686 0.139defgh  131.74 61.82 97.38 6. 86abed
19 1.185 0.352 0.984 0.014bed 108.137 11.795 30.334 0.138defgh  167.29 56.06 106.60  6.15cdefg
20 1.585 0.534 0.818 0.011cdefg  93.573 9.279 32.948 0.069jk 119.23 64.97 93.42 5. 82defgh
21 0.679 0.281 0.687 0.010cdefg  64.626 7.300 31.183 0.150bcdef  106.93 47.58 74.04 6. 24 cdef
22 0.847 0.397 0.736 0.013cdef  58.061 8.198 44.241 0.089ijk 85.15 40.17  96.93 6. 07 cdefg
23 1.524  0.535 1.439 0.014bed 125.391 12.632 38.384 0.069jk 172.43  65.18 114.29  6.72abed
24 1.348 0.361 1.011 0.009cdefgh 89.640 7.744 31.541 0. 101ghij 134.11 49.96 109.73 7.02abc
F 27.85 12.93  37.76 3.92 21.33 6.85 17.40  9.16 6.66 15.27 3.03 3.30
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
p<0.05 Based on fresh weight for fruit and dry weight

for the others Different letters within the same column indicate significance at p <0.05 level

cd * mg kg~!

Table 6 Average Cd concentrations in root stem leaf and fruit of the three types mg kg !
Item Root Stem Leaf Fruit
Striped 0.763A +0.282 0.314¢ +0.036 0.921a 0. 167 0.011a x0.005
Red 0.349B +0.331 0.484a +0.079 1.067a +0.301 0.012a +0. 005
Black 0.246B +0.260 0.402b +0. 069

1.090a £0. 196

0.011a +0.004

*

p<0.01

p <0.05

Based on

fresh weight for fruit and dry weight for the others Different capital letters and small letters within the same column indicate significance at p <0.01 and p

<0.05 level respectively
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Pb 7 Pb

»<0.05 Pb 3 p<0.05
< < p>0.05

7 Pb * mg kg™!

Table 7 Average Pb concentrations in root stem leaf and fruit of the three types
Item Root Stem Leaf Fruit
Striped 66.678b +£23.008 8.341a +£3.089 29.079a +2.547 0.1417a £0.061
Red 90.566ab +20.709 10.472a £2. 440 33.426a £4.970 0.1214a £0.048
Black 106.433a +31.094 9.591a £2.096 35.548a +£5.569 0.1192a +0.048
* Based on fresh weight for fruit and dry weight for the others p<0.05

Different letters within the same column indicate significance p <0.05 level

/n 8 Zn
p <0.05 Zn
p <0.05 p<0.05 3 /n
p>0.05
8 Zn * mg kg™!
Table 8 Average Zn concentrations in root stem leaf and fruit of the three types
ltem Root Stem Leaf Fruit
Striped 101.48c £22. 11 50.74b +8.14 73.71b +18.24 6.411a+0.716
Red 126.81b +37.55 69.00a +12.49 104.44a +13.11 6.149a +1.067
Black 146.95a +35.40 51.50b +9.71 106.11a +18.00 6.467a £0.707
* Based on fresh weight for fruit and dry weight for the others p<0.05

Different letters within the same column indicate significance p <0.05 level

2.5 Cd Pb  Zn
Cd Pb  Zn 9 Cd-Pb Cd-Zn  Pb-Zn
»<0.01 3 Pb-Zn
0.915 3
3 p>0.05 Cd  Pb
p <0.05 Cd-Zn Pb-Zn p>0.05
9 Cd Pb Zn n =24
Table 9 Correlations between Cd Pb and Zn each other in root stem leaf and fruit
Cd Pb
Pb 0.774" * 0.584"* 0. 066 0.408 " - - - -
Zn 0.729** 0.680 " * 0.122 0.277 0.915** 0.675** 0.395 0.362
* % p<0.01 Significant at p <0.01 level * p<0.05 Significant at p <0.05 level
3.1
Cd Pb Zn 2 kg m -2
3

11 12
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3.2
Cd Pb  Zn 1.19 486.2mg kg™' 1114.2mg kg™'
Pb 3
Oryza sativa L. Pb  Zn
Pb  Zn . o 1
mg kg™'  Cd 10 Cd
3.3 Cd Pb Zn
Cd Pb
Pb Pb 0.6 Pb
3 Zn 3.5 7Zn
0.5 Cd Pb  Zn Cd Pb
Zn 2 Cd Zn
Cd Zn
3.4 Cd Pb
Cd Pb
1ot Cd Pb
4 No.1 No. 3 Cd Pb
No.7 9 11 14 15 No. 24 Cd Pb No.15 No. 14
Cd Pb Cd Pb
19 20
Cd Pb Cd Pb
3.5 Cd Pb  Zn
3 3
Raphanus sativusl & 2
Brassica campestris L. ssp. chinensis Zn Pb Zn Pb
Pb Cd 23 Brassica parachinensis
Pb Cd # Cd Ph
Cd » Pb Cd Pb Cd Liu %
Cd 20 Cd Cd 7Zn
Cd Pb 3
Cd Pb  Zn 3
/n /n
8 Cd Pb  7Zn 0.005 0.051 mg kg™' 5.981 mg kg™ 3
0.008 0.064 mg kg™' 5.606 mg kg™’ 0.009 0.101 mg kg™' 7.027
mg kg™ Cd Pb Zn Cd Pb
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