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Heavy Metal Accumulations of 24 Asparagus Bean Cultivars
Grown in Soil Contaminated with Cd Alone and with Multiple
Metals (Cd, Pb, and Zn)
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Crops grown in heavy metal contaminated soils are an important avenue for these toxic pollutants
entering the human food chain. Information on how crops respond to soil contaminations of single
versus multiple metals is scarce and much needed. This study investigated the accumulation of Cd
by 24 cultivars of asparagus bean (Vigna unguiculata subsp. Sesquipedalis L., family Fabaceae)
under a low level (0.8 mg kg=?1) and a high level (11.8 mg kg~?1) of Cd exposure in a garden experiment,
and that in a field experiment with Cd, Pb, and Zn (1.2, 486, and 1114 mg kg1, respectively)
contaminated soil. Both experiments showed that there were highly significant variations among the
tested cultivars in Cd accumulation by roots, stems, leaves, and fruits of asparagus bean. In the
garden experiment, all cultivars under the low Cd exposure and 41.7% of the tested cultivars under
the high Cd exposure bore fruits (pods) whose Cd concentrations were lower than 0.05 mg kg fw
and therefore were safe for consumption. In addition, the fruit Cd concentrations of cultivars with
black seed coats were significantly lower than those with red or spotted seed coats. These results
suggest that asparagus bean is a hypo-accumulator to Cd pollutant and the trait of Cd accumulation
is genetic-dependent among cultivars. In the field experiment, correlation between fruit Cd and Pb
concentrations was significantly positive (p < 0.05). Additional correlation analyses between two
experiments showed that fruit Cd concentrations in the field experiment were significantly correlated
with those exposed to the high level of Cd stress, instead of to the low level of Cd stress in the
garden experiment. This suggests that the presence of other toxic heavy metals in the soil might
have facilitated the accumulation of Cd in fruits, and the selection of pollution-safe-cultivars (PSC) in
multi-metal polluted condition could refer to the PSCs selected under a high level exposure of a
single heavy metal.
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1. INTRODUCTION Although there are many studies on the uptake and accumulation
Substantial increase in heavy metal contamination of agri- ©f Cd pollutants by a number of crop species (€/g:11), most
cultural soils is becoming a global problem accompanied with €XPeriments were conducted with single-metal treatments.
rapid industrial development, population expansion, and insuf- HOWeVer, in the field, heavy metal contaminations are often
ficiency of pollution controls. The area of contaminated farmland ComMPounded with multiple metaliZ—15). We know very little
in China is estimated to reach up to 20 million h(d), and aboqt how toxic m.etals.such as Cd affect plants in single- versus
there is reportedly 314 750 Fmof farmland that has been ~Multi-metal pollution situations.
contaminated by Cd in Japa@)( Cadmium is a toxic heavy On the other hand, in recent years, great stride has been made
metal that is readily taken up by growing plants from the over various techniques of remediation of contaminated soils.
contaminated soil (3—5). Consequently, it can easily enter the However, in many developing countries, it is difficult to practice
human food chain and cause acute and chronic illnéss ( them in farmland because the high cost and slow process of
remediation often succumb to the high demand to produce
* Author to whom correspondence should be addressed [telephone/fax foodstuff. In a recent study, a novel alternative strategy to reduce
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accumulate certain pollutant at low enough level for safe 2
consumption when grown in contaminated soil, were screened
and explored among the cultivars of a major staple crop-paddy l[]l-.z.. NS ns NS ns ns ns ns

NS & % & % &% #% &% %

rice (Oryza satival.) when they were grown experimentally N s ne ns s s s s _DD ' [
in Cd contaminated soil (16). e
The concept of PSC is grounded on the basis of prior studies, % ,, 0 Red

which have shown that the uptake and accumulation of metal & O spotted
pollutants by plants not only differ among species, but also ' | B s
among cultivars. Intraspecific variation in Cd accumulation has -«
been investigated in rice (17—25), wheat (Triticum aestivum
L.) (5, 25—27), maize (Zea mays) (8, 10), soybean (Glycine
max Merr.) (7, 11), barley Hordeumwulgare L.) (28), and i
potato (Solanum tuberosum) (9). In Australia, potato varieties
with low or medium ability to uptake Cd are recommended for
quality production (29). These studies laid the foundation of
the PSC strategy for controlling Cd contamination in agricultural
products. Cultivars

Vegetables, among all food groups, are most vulnerable to Figure 1. Biomass response to stress (BRS) of the tested cultivars in
soil Cd pollution. It is estimated that vegetables contributed to 9arden experiment. Note: ns not significant between low and high Cd; *
83% of the total intake of Cd in human bodi&d.(However, significant between low and high Cd at p < 0.05 level; ** significant between
information on PSCs of vegetables is much less available thanlow and high Cd at p < 0.01 level.
on staple crops. The only few attempts were made on Chinese
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cabbage (Brassica campesttisssp.chinensiszar. communis) ORed  Ospotted  MBlack
(30), pea Pisum satwum) (31), and flowering Chinese cabbage  _
(Brassica parachinensjg32), none of which had explored the =_ ;5 {‘

differential reactions of vegetable crops to single- versus multi-
metal pollutions.

Asparagus beanv/fgna unguiculatasubsp sesquipedali..) 0.10 A {; HEHSE
is an important legume vegetable in the world, especially in {
China, Southeast Asia, and the West Indies (33). In China, the
annual productions of asparagus bean in a regular year such a S o0s T

d concentration (mg kg

H3—
| ————

I ’
2003 were 7.25 million tons, and its growth area in 2003 was
342 000 hm based on government statistics. Dii.i
In this study, we use asparagus bean as a model vegetable " = 25 L o L ac wmwg sgzee—zBan
species to explore their differential reactions to single- (Cd) fefosifscigrreriiiiiis:s
versus multi-metal (Cd, Pb, and Zn) pollutions under the light §2% TRTEEEECETCEEESCETE
of screening potential PSCs. We hypothesize that the patterns - FVzRP 8 38 N g 3
of Cd uptake and accumulation by asparagus bean among the g = 74 Z £ N & ;E
24 tested cultivars are consistent between single- and multi- Culivar >

metal contaminations given the soil Cd concentrations are _ o . .
Figure 2. Cd concentrations in fruit of the tested cultivars under Cd heavily

gxposed in the garden experiment. Note: NFHSC, the maximum limitation
of Cd according to the National Food Hygiene Standard of China (NFHSC).

similar. In another word, it is hypothesized that plants react to
one toxic heavy metal, Cd in this case, regardless of the presenc
of other toxic heavy metals.

The experimental soil was collected from farmland adjacent to the
garden. It was air-dried and sifted thrdug 2 mmsieve. For each
2.1. Culitvars of Asparagus Bean.There were 24 cultivars of ~ experimental pot (18 cm in upper diameter and 16 cm in height), 1.5
asparagus bean used in this study, all of which were currently planted kg of the air-dried soil was used and fertilized with 2.0 g of compound
by the farmers of Guangdong province, China. These cultivars were fertilizer (N:P:K = 26:6:13) 2 weeks before sowing the seeds. Cd
grouped into three types based on the color patterns of their seed coatconcentration of the original soil was 0.8 mgRkgwhich exceeded
11 red, 9 black, and 4 striped. Seeds of the cultivars were acquired the Cd limit of the second grade soil (0.3 mgkghe highest allowable

2. MATERIALS AND METHODS

from a local seed market at Guangzhou, China. soil Cd concentration for vegetable production) of the National Soil

2.2. Experimental Design and Treatments of the Garden Experi- Environmental Quality Standard of China (NSEQSC, GB15618-1995),
ment (Single-Metal Effect). The garden experiment was conducted and therefore it served as the low Cd exposure with no additional Cd
in an experimental garden in the suburb of QingYuan city {55E, added. The high Cd exposure was implemented by adding Cg{NO

23"30'N)7 Guangdong Province, China, during the summer (—\]u|y 4H,0 solution, and the final Cd concentration in the soil was 11.8 mg

October) of 2003. Two levels of Cd exposure (0.8 and 11.0 mid)kg kg™

were implemented to evaluate the differential responses of asparagus Prior to the experiment, the soil pH was 5.2, as determined by a pH

bean plants to different levels of soil pollution by a single metal, Cd. meter (PHS-3C, Shanghai, China) in a soil to water ratio of 1:24%.(

For each treatment, three pots= 3) were planted for each of the 24  Contents of organic matter, NF—N, available P, available K, and

cultivars. total Cd, in the soil were 1.8%, 24.8 mg¥g 7.3 mg kg?, and 31.5
Five seeds per pot were initially sown into the soil in the pots. Within mg kg2, respectively. Organic matter content was determined by wet

15-25 days after germination, seedlings were gradually thinned until digestion following the method of Nelson and Somme35)( Am-

1-2 seedling pot' was left. Daily irrigation and monthly fertilization monia—N was determined with colorimetry using Nessler's reagent

with compound fertilizer (N:P:k= 26:6:13) for 2.0 g pot' were carried (36). Available P was measured by molybdenum blue colorim@&ry. (

out. By the end of the growing season, only one plant per pot was Available K (34) was measured using atomic absorption spectropho-

harvested and thoroughly measured. tometry (Perkin-Elmer AA 100, Norwalk, CT). Total soil Cd was
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Figure 3. Cd concentrations in fruit of the tested cultivars under Cd lightly
exposed in the garden experiment. Note: NFHSC, the same as in Figure
2.

determined by atomic absorption spectrophotometry following mixed
acid digestion (HN@-HCIO,—HF) (38).

2.3. Experimental Design and Treatments of the Field Experi-
ment (Multi-metal Effect). The field experiment was conducted in a
farmland located at Lechang county (223'E, 23°09'N), Guangdong
Province, China. This area was about 1500 m away from a Pb/Zn
mining factory and had been irrigated with wastewater from the Pb/Zn
mining for more than 50 years during the farming practice. The soil
concentrations of Cd, Pb, and Zn were 1.2, 486, and 1114 m§ kg
respectively. It exceeded the limits of the second grade soil (for safe
vegetable production) for Cd, Pb, and Zn and the third grade soil (for
common plant growth) for Cd and Zn of the NSEQSC. Over the years,
lime had been applied to amend the acidic soil by the local farmers.
Therefore, the soil Ga concentration was 13.94 mg Kg(Ca was
detected by flame atomic absorption spectrometry; refer t83efand
pH value was as high as 7.34. Contents of organic matter, total N, P,
and K were 6.31%, 3.49 g ké 1.01 g kg?, and 9.9 g kg%,
respectively.

The same cultivars from the garden experiment except cv. Fengle,
which failed to germinate, were used in the field experiment. For each

of the 23 cultivars, five seeds were sown to each of the 16 holes evenly

distributed within a 1.0 mx 1.0 m plot designated to this particular
cultivar. After the seeds germinated, seedlings were thinned to two
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the constant weight, crushed, and passed through a 100-mesh sieve.
The dry biomass of all tissue samples was measured before the chemical
analyses. Cd concentrations of the samples were determined with an
atomic absorption spectrophotometer (AAS, AA100 of Perkin-Elmer)
following HNO3:H,0; (4:1) microwave digestion (Microwave Digester
7295, O.l. Corp., USA). The veracity of the AAS was checked by
analyzing the standard Cd solution (GSB G62040-90, NACIS, China)
10 times. The relative standard deviation (RSD) of the measurement
was 1.36%, and the average recovery was 98.2%4%). We also

used a plant CRM (GBW-07603, National Research Center for Certified
Reference Materials, China, the certified Cd concentration is 0.057 mg
kg™) to ensure precision of the analytical procedure, and the results
averaged 0.059 mg kg with 0.099% RSD (n= 6).

2.5. Tissue Sampling and Chemical Analyses of the Field
Experiment. The experiment ended on July 10, 2005. Tissue samples
were prepared as in section 2.4. Heavy metal concentrations (Cd, Pb,
and Zn) of the tissue samples were determined.

2.6. Safety Standard and Statistical MethodsThe National Food
Hygiene Standard of China (NFHSC) was employed to measure the
safety of consuming the fruits (pods) of asparagus bean grown in heavy
metal contaminated soil. The maximum limits of Cd (GB15201-94),
Pb (GB14935-94), and Zn (GB13106-91) concentrations in the
vegetables for safe consumption are 0.05, 0.2, and 20 myfkesh
weight, respectively.

Mixed model nested ANOVAs on fruit biomass and fruit Cd
concentration were conducted using SPSS 11.0 after normality and
homogeneity of variance were both confirmed in the data. The ANOVA
model included cultivar type (red, black vs striped seeds) as a fixed
effect, with cultivar nested within cultivar type as a random factor.
Correlation analyses (using Pearson progtmebment correlation) were
conducted using SPSS 11.0. To compare the relative response of
cultivars to different Cd exposures, we calculated the index of biomass
response to stress (BRS) as follows.

BRS (%)= (Bhighf Biow)/Biow % 100

whereBpigh and Biow are the fruit dry biomass (g) under the high Cd
and low Cd exposures, respectively.

To estimate Cd translocation to the fruits, the edible part, we
calculated the translocation rate (TR) (42) as follows:

TR (%) = (Cd accumulation in fruits)/
(total Cd in the whole plantx 100
3. RESULTS

3.1. Biomass Response to Cd Stress in the Garden
Experiment. Overall, the root (0.356 g 0.002 vs 0.225 gt

seedlings per hole, and bamboo sticks were used to support the growthp 001), stem (2.056 ¢ 0.195 vs 1.676 g- 0.148), leaf (1.388
and climbing of the tendrils. The seeds of the 23 cultivars of asparagus g + 0,129 vs 1.135 g 0.071), and fruit (1.375 ¢= 0.061 vs

bean were sown on April 4, 2005. Compound fertilizer (N:P:KL6:
16:16) was applied for 50 g per plot before the sowing, and an additional
20 g per plot was applied during the climbing and blossoming stages.
Although the physical layout of the experiment was not a complete
randomized block (CRB) design, all 23 1.0 m 1.0 m plots were

1.102 g+ 0.057) biomass of asparagus beans all decreased when
exposed to a higher level of soil Cd exposure. However, only
8 of the 24 tested cultivars had significantly lower fruit biomass
produced when exposed to a higher level of Cd contamination

located tightly close to each other. The experimental site was very flat (Figure 1). Out of the 24 tested cultivars, 8 cultivars had positive
due to many years of plowing. Because of the intensive disturbance BRSs (Figure 1), but the differences of the biomasses between
during the farming practice, contents of the heavy metals in the soil low and high Cd treatments were not significamt=( 0.05). In
were rather homogeneous. Coefficients of variation (CV) for Cd, Pb, another word, for each of the aboveground tissues, about one-
and Zn among the 38 soil samples picked randomly from the  third of the cultivars did not have biomass decrease in response
experimental site were only 7.5%, 3.7%, and 6.4%, respectively, and to the soil Cd exposure that was 14-fold higher (i.e., from 0.8
the variations were all not significant. Therefore, we consider our 5 11.8 mg kg?), while almost all cultivars responded negatively
experimental design equivocal to a CRB design. to the higher Cd exposure in their belowground biomass.

2.4. Tissue Sampling and Chemical Analyses of the Garden 3.2. Cadmium Accumulation and Translocation in the

Experiment. Plants of the garden experiment were harvested in Garden Experiment. Cd concentrations in root, stem, leaf, and
October, 2003, after the asparagus beans reached maturity. Roots, Stemﬁ‘uit under both Ievéls of Cd exposure were,all Si'nific,antl
leaves, and fruits of the 24 tested cultivars were sampled sepanately ( p g y

= 3). To remove the heavy metal on the root surface, all root samples différent among the 24 tested cultivars (7mat< 0.01 level)

were submerged in 0.01 mol"L EDTA for 10 min twice @0, 41) except stem Cd concentration under the low Cd treatnent (
after they were washed with distilled water. All tissue samples were 0.05). Under the low Cd exposure, the Cd concentrations ranged
then washed with deionized water three times, dried undetC7@ from 0.068 to 2.942 mg kg and averaged 1.365 mg &gin
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Table 1. Average Cd Concentrations (mg kg™) in Fruit of the
Cultivars of Different Types Divided by Color of Seed Coat?

type root stem leaf fruit

High Cd Treatment
spotted 13.78+2.70a 8.83+247a 381+05lab 0.087+0.009a
red 1555+105a 946+155a 3914+033a 0.086+0.015a
black 1277+152a 488+059b 3.03+0.14b  0.040+0.007 b

Low Cd Treatment
spotted  169+049a 176+046a 133+0.18a 0.018+0.003a
red 146+0.17a 132+0.17a 101+0.06ab 0.011+0.004a
black 110+012a 119+0.07a 096+0.12b  0.009£0.002 a

a Different letters within the same column indicate significant difference at p <
0.05 level. Samples size n = 4 for spotted, n = 11 for red, and n = 9 for black.
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Figure 4. Cd concentrations in fruit of the tested cultivars under multi-
metal contamination in the field experiment. Note: NFHSC, the same as
in Figure 2.
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Figure 5. Pb concentrations in fruit of the tested cultivars under multi-
metal contamination in the field experiment. Note: NFHSC, the same as
in Figure 2.

root, and they were 0.6672.765 mg kg' and 1.364 mg kgt

in stem, 0.294-1.783 mg kg! and 1.045 mg kg' in leaf, and
0.000—0.029 mg kgt and 0.012 mg kg in fruit. The average
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Figure 6. Zn concentrations in fruit of the tested cultivars under multi-
metal contamination in the field experiment. Note: NFHSC, the same as
in Figure 2.

Cd concentrations in the vegetative tissues were similar to each
other, but were 86—113-fold higher than that in fruit. While
under the high Cd exposure, the Cd concentrations were greatly
increased and ranged from 8.849 to 22.855 mgtkg root,
2.465—17.328 mg kgl in stem, 2.47%6.770 mg kg? in leaf,

and 0.020-0.159 mg kgt in fruit. The averages were 9.4-, 4.7-,
2.4-, and 5.1-fold higher than those under the low Cd exposure
for root, stem, leaf, and fruit, respectively. Again, the concentra-
tions in the vegetative tissue were-4894-fold higher than that

in fruit. Therefore, only a small fraction of the Cd absorbed by
asparagus bean was translocated to its fruit. The TRs under the
low and high levels of Cd exposures wereN69% and 0.13—
0.87%, respectively.

3.3. Selection of Cd-PSCs of Asparagus Bean in the
Garden Experiment. Fruit Cd concentrations in fruit of the
tested cultivars of asparagus bean under the two Cd exposure
levels are shown irrigures 2 and 3, respectively. Under the
low Cd exposure, all tested cultivars had fruit Cd concentrations
lower than the NFHSC (GB 1526104, Cd < 0.05 mg kg*!

FW for vegetables). Under the high Cd exposure, 9 out of 24
tested cultivars (37.5%) still contained Cd in their fruits less
than 0.05 mg kg! while grown in the soil containing Cd as
high as 11.8 mg kgt. In another word, all of the tested cultivars
could be treated as Cd-PSCs under the low Cd treatment of 0.8
mg kg%, and 9 cultivars could be treated as Cd-PSCs under
the high treatment of 11.8 mg kg

Furthermore, although 80.8% and 87.8% of total Cd absorbed
were translocated to aboveground tissues under Cd heavily and
lightly exposed, respectively, only 0.40% and 0.28% of them
were translocated to fruit.

Under the high level of Cd exposure, fruit Cd concentrations
of cultivars with black seed coat (0.040 mg kgt 0.007) were
significantly lower than those with red (0.086 mg#gt 0.015)
or spotted seeds (0.087 mgKgt 0.009) (Table 1). The stem
and leaf Cd concentrations of cultivars with black coat were
also significantly lower than those with red or spotted seed coat
(Table 1). Under the low level of Cd exposure, a similar trend
existed, but the differences were not statistically significant
except partially in leaves. Because all three seed types produced
comparable fruit biomassp(> 0.05), the average total Cd
accumulation in fruits per plant of cultivars with black seeds
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Figure 7. Correlations of Cd, Pb, and Zn concentrations in the root, stem, leaf, and fruit of asparagus bean in the field experiment.

(5.88ug £ 0.07) was also significantly lower than those of respectively, their concentrations in fruit of the 23 tested
cultivars with red (10.66g + 0.11) or spotted seeds (9.28 cultivars of asparagus bean were almost all below the maximum
=+ 0.14). Overall, two-thirds of the Cd-PSCs under the high Cd limits of the NFHSC (0.05, 0.2, and 20 mg Kgfor Cd, Pb,
exposure was black-seeded cultivars, and the other one-thirdand Zn, respectively), except fruit Pb concentration in cv.
was red-seeded. None of the cultivars with spotted seeds werezhirong 3 (0.214 mg kgh). The fruit Cd concentrations varied
found to be Cd-PSCs under the high Cd exposure of this gardenfrom 0.005 to 0.022 mg kg, with an average of 0.011 mg
experiment. kg1, similar to the average fruit Cd concentration (0.012 mg

3.4, Cadmium, Lead, and Zinc Accumulation in the Field kg™1) under the low Cd exposure in the garden experiment.
Experiment. Fruit Cd, Pb, and Zn concentrations of the 23 Except cv. Zhirong 3, the fruit Pb concentrations ranged from
tested cultivars in the field experiment are showrFigures 0.051 to 0.185 mg kg with an average of 0.120 mg kg For
4—6, respectively. Although the concentrations of Cd, Pb, and Zn, it ranged from 4.886 to 7.805 mg &g with an average of
Zn in soil were as high as 1.2, 486, and 1114 mg%g  6.320 mg kg™.
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Figure 8. Correlations of Cd concentrations in fruit between the garden and the field experiments.

3.5. Correlations of Cd, Pb, and Zn Accumulation in the
Field Experiment. Correlations of Cd, Pb, and Zn concentra-
tions in four tissue types (root, stem, leaf, and fruit) of the field
experiment are shown ifrigure 7. All of the correlation

heavy metals has been shown to be species-depentiént (
46). Hyper-accumulator plants can accumulate certain metal in
aboveground tissues at a level of up to 1000-fold higher than
normal plant species1B, 47). They have been used in

coefficients were positive, which suggests that uptake and phytoremediation to absorb and remove toxic metals from the
accumulation of the three metals were positively correlated. The contaminated soil. On the other hand, for the purpose of
correlation between Pb and Zn concentration in root was the agricultural production, it is desirable to select crop species and

highest ( = 0.915,p < 0.01), and it was also very high between
Cd and Pb (= 0.774,p < 0.01), and Cd and Zn (= 0.729,
p < 0.01) in root. All three correlations in stem were also
significant atp < 0.01 level, while they were not significan (
> 0.05) in leaf. In fruit, only Cd and Pb concentrations were
significantly correlated (p< 0.05).

3.6. Correlation of Fruit Cd Concentrations between the
Garden and Field Experiments. Correlation of fruit Cd

cultivars that tend to accumulate less toxic metals in their edible
tissues when grown in polluted soils, so that less toxic metals
would enter the food chain. In this paper, we propose to call
this type of plant species “hypo-accumulator species”.

In the garden (under the low level of Cd exposure) and field
experiments of our study, the average fruit Cd concentrations
of all tested cultivars of asparagus bean were 0.012 and 0.011
mg kgt while grown in Cd polluted soils with Cd concentra-

concentrations between the field experiment and the gardentjons of 0.8 and 1.2 mg kg, respectively. None of the 24 tested
experiment under the low Cd exposure was surprisingly not species had fruit Cd concentrations higher than 0.05 mg kg

significant (r = 0.044,n = 23, p > 0.05) (Figure 8). One

(the NFHSC of vegetables for safe consumption) (Figures 3

exception was cv. Chuangshanjiang 78, which had the highestand4). The translocation rate of Cd from the root to the fruit is

fruit Cd concentration (0.0218 mg k§ among all tested

considerably lower than many other crop species. For example,

cultivars in the field experiment and the lowest one (nonde- the Cd concentrations in brown rice of 10 tested cultivars of
tectable) in the garden experiment under the low Cd exposure.paddy rice ranged from 0.48 to 1.17 mgkgvhile grown in

However, the correlation was still not significant even after
excluding this outlier cultivar (= 0.288,n = 22, p > 0.05).

the soil with Cd concentration of 1.1 mg kg(19). A similarly
high translocation rate of Cd in paddy rice was also found by

On the contrary, correlation of fruit Cd concentrations between vy et al. (16). Tomato (ycopersicon esculentum) also has a
the garden experiment under the high level of Cd exposure andre|atively higher translocation rate of Cd than asparagus bean.

the field experiment was significantly positive€ 0.506,n =
23,p < 0.05).
4. DISCUSSION

4.1. Some Cultivars of Asparagus Bean Have High
Tolerance to Soil Cd Toxicity. Although the average root, stem,

Seven out of the 36 tested cultivars (19.4%) bore fruit with Cd
concentration higher than 0.05 mgHKg(one of them was as
high as 0.09 mg kgh), while the soil Cd concentration was 1.1
mg kgt Cd (43). Engqvist and MartenssoB1) found that,
for 24 cultivars of pea grown in soil containing Cd from 0.09
to 0.55 mg kg?in 11 locations throughout France and Sweden,

leaf, and fruit biomass decreased significantly when exposed Cd concentration in the pea kernels reached up to 0.066 mg
to a higher level of soil Cd contamination, only one-third of Kg™* (cv. Laser). These data suggest that asparagus bean tends
the 24 tested cultivars yielded significantly less fruit biomass t0 accumulate less Cd at the edible tissue, and therefore is
(Figure 1). Among the two-thirds of the tested cultivars that qualified to be called a hypo-accumulator species.

did not produce significantly less fruit biomass when exposed 4.3. Cd Accumulation of Asparagus Bean Is Correlated

to a Cd stress that was 14-fold higher, one-half of them (8 to Pb and Zn Accumulations under Multiple-Metal Con-
cultivars) even had positive BRSs (i.e., biomass increase), andtamination in the Soil. Heavy metal contaminations rarely
some BRS was as high as 20%. Similar positive and neutral occur with a single metal. For example, a vegetable farm at
responses of biomass to heavy metal stress have also beeiNaning, Guangxi Province, China, was polluted with Pb, Zn,
observed in paddy ricel6), tomato 43), and other crop species. Cu, and Cd48). Vegetable products in Chongqging, China, were
Consequently, farmers may not get sufficient warning about the found be contaminated with Pb, Cd, and HP). Chinese
uptake of toxic heavy metals based on the apparent growth ofcabbage and cucumbe€cumis sativus) produced in about
these crops. The selection and breeding of PSCs would reducel0 000 hnd farmland in the suburb of Shenyang, Liaoning
the potential risk of heavy metal influx to the human food chain Province, China, were found to be contaminated with Pb and

more directly and effectively.
4.2. Asparagus Bean Is an Example of “Cd Hypo-
accumulator Species”. The ability of accumulating certain

Cd, and with Pb, Cd, and Hg, respectiveB0]. Vegetables
grown along the Sinza and Msimbazi rivers in Dar es Salaam,
Tanzania, contained relatively high concentrations of Cd, Pb,
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and Zn g1). Therefore, a feasible strategy of selecting PSCs (10) Kurz, H.; Schulz, R.; Romheld, V. Selection of cultivars to reduce
under the situation of multi-metal contamination is much needed the concentration of cadmium and thallium in food and fodder
and has been neglected in most previous studies. plants.J. Plant Nutr. Soil Sci1999,162, 323—328.

For asparagus bean in our experiment, Cd, Pb, and Zn (11) Arao, T.; Ae, N.; Sugiyama, M.; Takahashi, M. Genotypic

lati itivel lated with h oth hich differences in cadmium uptake and distribution in soybeans.
accumulations were positvely correlated with eacn otner, wnic Plant S0il2003,251, 247—253.

proved the rationality of our second hy_pothesis concerning that (12) Gigliotti, G.; Businelli, D.: Giusquiani, P. L. Trace metals uptake
the Cd-PSCs of asparagus bean are simultaneously Pb-PSCs or ~ and distribution in corn plants grown on a 6-year urban waste

Zn-PSCs when exposed in coexistence of Cd, Pb, and Zn compost amended soAgric., Ecosyst. Esiron. 1996,58, 199—
contamination. Many similar results reported before demon- 206.

strated a profile that [Cd+Pb+2Zn]-PSC would be existing for  (13) Wang, Y. M.; Chen, T. C.; Yeh, K. J.; Shue, M. F. Stabilization
many crops, which settles a foundation for applying the PSC of an elevated heavy metal contaminated sitédazard. Mater.
strategy to deal with the ubiquitous multiple-metal contamination 2001,16, 63-74. _

in soil. Liu et al. 62) reported that correlations between Cd  (14) Mapanda, F.; Mangwayana, E. N.; Nyamangara, J.; Giller, K.
and Fe, Cd and Zn, and Cd and Cu were significant in root and i‘el_;ecifr:?g;gLofr;%iﬁgr?ngggigogt:ﬁggs %aﬁ:x?;erz?:qgsg\\,’v}é
Ie_af in 20 rice cultivars at both _hgadmg and ripening stages. Agric., Ecosyst. Enuiron2005,10$, 151165, ’

an et a]. 63 repqrted that Cd toxicity enhanced when Pb ad(jca_d (15) Wang, F. Y. Lin, X. G.: Yin, R.; W, L. H. Effects of arbuscular
in solution contains Cd. Pb present could enhance the activity mycorrhizal inoculation on the growth @Isholtzia splendens
of Cd and as a result could enhance the activity of rice and

andZea maysand the activities of phosphatase and urease in a
wheat to accumulate more C84). Pb present also caused more
Cd accumulation in tobacco (Nicotiana tabacum) (55).

However, interactions between Zn and Cd and Zn and Pb were (16)

also indicated to be complex and dosage-dependshts({).

multi-metal-contaminated soil under unsterilized conditions.
Appl. Soil Ecol.2006,31, 110—119.

Yu, H.; Wang, J. L.; Fang, W.; Yuan, J. G.; Yang, Z. Y.

Cadmium accumulation in different rice cultivars and screening

for pollution-safe cultivars of riceSci. Total Emiron. 2006
370, 302—309.
Yang, X.; Romheld, V.; Marschner, H. Uptake of iron, zinc,

L manganese, and copper by seedlings of hybrid and traditional
In the present study, some scientific problems about Cd-PSC rice cultivars from different soil typesl. Plant Nutr.1994,17,

were investigated, and it was concluded that the PSC strategy 319-331.

is reasonable and practicable for asparagus bean. Furthermore,(18) Wang, K.; Gong, H. Compared study on the cadmium absorption
the needs for reducing risk of human exposure to heavy metal and distribution of two genotypes rickgro-Erviron. Prot. 1996

and the genotype-dependent accumulation of heavy metal in 15, 145—-149.

Therefore, it is still requested to check the metal interactions
for more species and more metals to confirm the feasibility of

the PSC strategy. ()

crops bring on a necessity and feasibility for the breeding of
PSC, which will efficiently and easily enhance a safer food

production for human. However, further studies, such as uptake,
translocation, and accumulation mechanism of pollutants in PSC,
as well as genetic principles and genetic stability of PSC, etc., 21)
are needed for establishing the breeding of PSC as a new crop

breeding direction.
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