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Abstract: Cadmium (Cd) at higher concentration in soils is toxic to many plant species, resulting in severe
physiological and morphological responses. In the present study, it was found that 1.6 µM Cd treatments
resulted in the increase of water content in both AC Hime (a high Cd accumulator) and Westag 97 (a low Cd
accumulator) soybeans when compared to the 0 µM Cd controls. Cd significantly increased the water content
of the AC Hime 7 days sooner than that of the Westag 97, indicating that the physiological response of the AC
Hime is more sensitive than that of the Westag 97 when exposed to Cd. Compared to the controls, Cd
significantly inhibited leaf growth in both AC Hime and Westag 97. Cd promoted stem growth in AC Hime at
all the sampling times, but not in Westag 97 except on the 12  day sampling time.th
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INTRODUCTION control  [10]  and  damage   the   photosystems  I and II

Cadmium (Cd) is a toxic heavy metal naturally present Cd treatment  in  soybean  are  not  yet  clearly
in soils oranthropogenically released in natural and understood.
agricultural environments. Major sources of soil Soybean [Glycine max (L.) Merr] has long been a
contamination are short- or long-range atmospheric staple food for Asian, especially as soymilk, tofu and oil
depositions from miningactivities, phosphate fertilizers [12]. Many soybean cultivars can accumulate high Cd
and manures, municipalsewage wastes, urban composts concentration in seed when grown on Cd-polluted soil [5].
and industrial sludges [1,2]. Although this metal is not To prevent potential contamination and reduce the risk to
essential for plant nutrition, it can be easily taken up by human and animal health, the Food and Agriculture
roots and accumulated in vegetative and reproductive Organization (FAO) and the World Health Organization
plant organs [3,4]. Therefore, consumption, either directly (WHO) proposed an upper limit of 0.2 mg/kg Cd
or indirectly, of plant edible parts with high levels of Cd concentration in soybean grain. A major gene and/or
can be a human health concern. QTL, Cda1 was found to control seed Cd accumulation in

Cd at high concentration in soils is toxic to many soybean seeds [13], a single gene, GmHMA3,was reported
plant species, causing severe physiological and to sequester Cd in root to limit Cd transport to shoot [14].
morphological effects such as general root and shoot The objective of this study was to investigate the
growth [5-7], chlorosis and decreased reproducibility [8], physiological responses of soybeans to Cd and find out
diminished water and nutrient uptakes [9]. At the cellular whether Cd at high concentration in growth medium could
level, Cd stress can affect enzyme activities [8-10], alter influence the water uptake and dry matter accumulation of
membrane  permeability  [9],  disturb   cellular  redox soybean.

[11].   However,    the    physiological    responsesunder
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MATERIALS AND METHODS

Plant Materials and Growth Conditions:  Two soybean
cultivars, Westag 97 [15], a low Cd accumulator and AC
Hime [16], a high Cd accumulator, were used for this
study. The seeds of the two soybean cultivars were
treated in a similar way as described by Wang et al. [17].
On the 15 day, the plant roots were placed in nutrientth

solution (cmarashige and skoog) basal salt with minimal
organics, pH 5.7, Sigma) that contained 0 µM (control) or
1.6 µM CdSO . The pH of the nutrient solution and the4

high Cd concentration were based on Cd levels in soil
solutions of highly Cd-polluted soils [18,19]. 

Leaf, stem and root samples of the treated plants were
collected at 2 d, 7d, 12 d, 17 d and 22 d post Cd treatment
and weighed for fresh weight and then dried for two days Fig. 1: The water percentage of AC Hime and Westag 97
at 80 °C to weigh the dry matter. The experiment had a exposed to different Cd concentrations at different
total of 180 samples (two genotypes, three tissues, two times. Control: 0 µM Cd; High: 1.6 µM Cd; five
treatments, five sampling times and three biological sampling times on the 2, 7, 12, 17 and 22 d. Each
replications). data point is the mean of the three biological

Determination of Cd: To determine the Cd effect, the three biological replications. The values that
percentages of water in whole plant, plant tissues and the are statistically different (according to a Dunnett’s
soybean cultivars and their dry matter percentages were test (p < 0.05) from the corresponding control
calculated. All data were analyzed with Excel and all treatments are indicated by  (AC Hime) and *
figures were drawn with Sigma plot 12.0. (Westag 97).

RESULTS water  content  in leaves with Westag 97 on the 22 d (Fig.

The Water Content under Cd Stress: To evaluate the with Westag 97 exposed to Cd is significantly higher than
effects of Cd on water uptake of the soybeans, the water other samples (Supplementary Fig. 1E). The water content
percentage of the whole plant treated at different times in stems with AC Hime was significantly increased under
was calculated and shown in Fig. 1. The water content Cd stress on the 22 d (Fig. 2C), but the water increase
was decreased with increasing treatment time. Compared started on the 17 d with Westag 97 (Fig. 2D). Starting on
to its control, Cd significantly increased the water content the 12 d, the water percentage in roots with AC Hime was
with AC Hime starting on the 7 d. The water content was significantly higher than the control under Cd treatment
significantly increased with Westag 97 starting on the 17 (Fig. 2E). In Westag 97, the water percentage in roots
d post Cd treatment. These results indicated that the under Cd stress was higher than the control starting on
physiological response of AC Hime was more sensitive the 17 d (Fig. 2D). The water percentage of all tissues with
than that of Westag 97 in high Cd growth medium.. Westag 97 exposed to Cd was higher than the control on

To investigate the effects of Cd on the water content the 22 d (Supplementary Fig. 1E). These results
of plant tissues, the water percentages in leaves, stems demonstrated that Cd increased the water percentage in
and roots were measured and calculated, respectively all tissues with both AC Hime and Westag 97, but the
(Fig. 2). The water percentage was the highest in root, effect occurred at different time.
followed by stem and the lowest in leaves (Supplementary
Fig. 1A-E). Compared to the control, the water content in Dry Matter Content under CD Stress:  Dry matter
leaves with AC Hime was not altered  by  Cd  treatment percentages of leaves, stems and roots were measured
(Fig. 2A). Cd, however,   significantly   increased  the and calculated,  respectively, to  investigate  whether  Cd

replicates. The bar represents standard errors of

2B). At this sampling time, the water content in leaves
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Fig. 2: The water percentage of tissues exposed to communication). Since Cd toxicity varies with growth
different Cd concentrations at different times. conditions [23,24], the Cd concentration used in this
Control: 0 µM Cd; High: 1.6 µM Cd; five sampling study, therefore, should be reasonable for studying the
times on the 2, 7, 12, 17 and 22 d. Each data point Cd effects on water uptake, plant growth and
is the mean of the three biological replicates. The development.
bar represents standard errors of the three It was reported that Cd inhibited water uptake in the
biological replications. The value that is root, increased resistance to water flow in stems and
statistically different (according to a Dunnett’s reduced the water content in leaves of bush bean
testp < 0.05) from the corresponding control (Phaseolus vulgaris L. cv. Contender) [25-26], the water
treatment is indicated by . content of the Cd-treated bush bean plants was usually

affects soybean plant growth (Fig. 3, Supplementary Fig. low Cd concentration stimulated soybean cell culture
2). With increasing treatment time, dry matter percentage growth [27]. In the present study, Cd in the growth
was decreased in leaves and roots (Fig. 3A, 3B, 3E, 3F), medium at 1.6 µM significantly increased the water
while it was increased in stem (Fig. 3C, 3D). Compared to content with both AC Hime and Westag 97 (Fig. 1).
the control, Cd significantly inhibited leaf growth with AC Because Cd accumulation capacity of roots is
Hime starting on the 2 d (Fig. 3A), but the inhibition different among different pants and/or cultivars [28,29],
started on 12 d with Westag 97 (Fig. 3B). Significant AC Hime, a high seed Cd accumulator with a low Cd
difference in dry matter percentage in  leaves  between accumulation capacity of roots and a high Cd
AC Hime and Westag 97 was observed on the 12 d under accumulation capacity of stems and leaves was more
Cd stress (Supplementary Fig. 2C-2E). Cd promoted stem sensitive to Cd than Westag 97 that is a low seed Cd
growth with AC Hime at all the sampling times (Fig. 3C), accumulator with a higher Cd accumulation capacity of
but the effect of this promotion with Westag 97was not roots, stems and leaves [38,29]. Therefore, Cd
significant, except on the 12 d. Interestingly, under Cd significantly increased water uptake by roots with AC
stress, the dry matter percentage of stems with AC Hime Hime and that occurred earlier than that with Westag 97.
were  significantly  higher  than  that in Westag 97 at all In contrast, the effects on stems and leaves with AC Hime
the sampling times, although their dry matter percentages were later than that in Westag 97.
were similar between controls (Supplementary Fig. 2 A- Cd can interfere with the uptake, transport and use of
2E). In root, Cd significantly increased the dry matter with other metal elements, such as Ca, Mg, P and K [30] and
AC Hime on the 2 d, but significantly decreased that on reduce  the  absorption  of nitrate and its  transport  from

the 12 d and 17 d (Fig. 3E). In Westag 97, Cd inhibited the
root growth on the 2 d and 7 d, but significant inhibition
was observed on the 12 d. On the 22 d, however, it
significantly increased the dry matter (Fig. 3F). Under Cd
stress, the dry matter of roots with Westag 97 was higher
than that with AC Hime starting on the 17 d
(Supplementary Fig. 2D-E).

DISCUSSION

In higher plants, high Cd concentrations have been
used in most studies to document the phytotoxic effects
and gene transcriptional changes during the past few
decades [7-11,20-22]. In the present study, although 1.6
µM Cd was not higher than those studies, brown spots
were observed on leaves after 3 weeks of Cd treatment
(data not shown), which is an indication of the phytotoxic
effects of Cd on soybean plants (Morrison; personal

lower than the controls. In soybean, however, relatively
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roots to shoots [31] to  adversely  affects plant growth 3. Wagner, G.J., 1993. Accumulation of cadmium on
and development [32]. Cd can alter the water balance in crops plants and its consequences to human health.
leaves to inhibit its stomatal opening and cell expansion Adv Agron, 51: 173-212.
growth in bush bean [25,26,32] Cd can induce cell death 4. Tamás, L.,  B.  Boèová,  J.  Huttová,  L.  Mistrik  and
to inhibit root growth and reduce the root biomass M. Ollé, 2006. Cadmium-induced inhibition of
production in barely [23,24,33,34], maize [34] and rice [7]. apoplastic   ascorbate   oxidase   in   barley   roots.
Cd also inhibited suspension cell growth in rice [7], but Plant Growth Regul, 48: 41-49.
stimulated the soybean cell culture growth under low Cd 5. Arao, T.,  H.  Takeda  and  E.  Nishihara,  2008.
concentration [27]. Although low Cd stimulated the water Reduction of cadmium translocation from roots to
uptake in soybean, it reduced the root dry weight shoots in eggplant (Solanum melongena) by grafting
percentage with both AC Hime and Westag 97, which onto Solanum torvum rootstock. Soil Sci. Plant Nutr.,
indicated that  Cd  inhibited  roots  growth. Interestingly, 54: 555-559.
Cd stimulated roots growth on the 12 d post treatment 6. Arao, T., N. Ae, M. Sugiyama and M. Takahashi,
with  Westag  97  so the root dry weight percentage of 2003. Genotypic differences in cadmium uptake and
Cd-treated Westag 97 plants was significantly higher than distribution in soybeans. Plant Soil, 251: 247-253.
its control, which was different from AC Hime. Cd 7. Yeh, C.M.,  L.J.  Hsiao  and  H.J.  Huang,  2004.
significantly reduced the dry weight percentage of leaves Cadmium activates   a   mitogen-activated  kinase
with both AC Hime and Westag 97 at all sampling times, gene and MBP kinases  in  rice.  Plant  Cell  Physiol.,
except on the 2 d and 7 d with Westag 97. Cd can 45: 1306-1312.
stimulate the soybean cell culture  growth  under  low  Cd 8. Larsson,  E.,  J.  Bornman  and  H.  Asp,  1998.
concentration [27]. Cd significantly  increased  the  dry Influence of UV-B radiation and Cd2+ on chlorophyll
weight percentage of stems with AC Hime at all sampling fluorescence, growth and nutrient content in Brassica
times, but only on the 12 d in Westag 97. These results napus. J. Exp Bot., 49: 1031-1039.
indicated that the effects of Cd on AC Hime were different 9. Sanità  di  Toppi,  L.  and  R.  Gabbrielli,  1999.
from that on Westag 97, which should be due to the Response to cadmium in higher plants. Environ. Exp
difference in Cd accumulation capacity of roots and Bot., 41: 105-130. 
shoots between these two cultivars and eventually 10. Smeets, K., J. Ruytinx, B. Semane, F. Van Belleghem,
resulted in the different Cd accumulation in seeds T.  Remans,  S.  Van  Sanden,  J.  Vangronsveld  and
between the two cultivars [13,14]. Therefore, Cd toxicity A. Cuypers, 2008. Cadmium-induced transcriptional
varies not only with growth conditions, but among plant and enzymatic alterations related to oxidative stress.
species and/or cultivars. Environ Exp Bot, 63: 1-8.
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