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Abstract 
 

Heavy metal contamination in soil has become a serious problem, and cadmium (Cd) in particular is of increasing global 

concern due to its readily taken up by plants. The selection of plant genotypes with low Cd uptake in roots and its transport to 

edible parts is a realistic approach to alleviate adverse effects of Cd contamination. In view of these considerations, series of 

experiments were performed to identify the genotypic difference in physiological and biochemical characteristics of soybean 

genotypes by applying different Cd concentrations. Twenty three soybean genotypes were grown at 0 and 2.0 μmol L
-1

 Cd in 

nutrient solution to compare the difference in Cd tolerance. Biometric, physiological and biochemical parameters revealed 

better performance for S951-3 and high sensitivity of Q17-3 to Cd toxicity. S951-3 and Q17-3 were used in the succeeding 

experiment to investigate the mechanisms of Cd tolerance in soybean. The Cd (5.0 μmol L
-1

) reduced growth, chlorophyll 

content and photosynthetic rate in both genotypes, but the extent of reduction was different. Cadmium, MDA contents, and 

activity of antioxidant enzymes were significantly increased with Cd treatment, being higher in Q17-3. These data suggest 

S951-3 as more resistant genotype than Q17-3 to Cd stress. © 2014 Friends Science Publishers 
 

Keywords: Soybean; Cd accumulation; Vacuolar Cd retention; Symplastic Cd transport; Genotypic variation; Root/shoot 

ratio; Cd extraction capability; Antioxidant system 
 

Introduction 
 

Cadmium (Cd
2+

) is categorized as a long biological half-life 

heavy metal. It is readily absorbed by roots and finds its way 

into the food chain, resulting in toxicity for living organisms 

(Sanita di Toppi and Gabbrieli, 1999). Moreover, high Cd 

concentration restrains seed germination, decreases 

photosynthesis and plant growth, and interferes with the 

supply of nutrients (Vecchia et al., 2005; Rodriguez et al., 

2006; Horemans et al., 2007). Plant metabolism may be 

affected by Cd
2+

 in different ways, and the photosynthetic 

process in particular appears to be sensitive to this trace 

metal (Van Assche and Clijsters, 1990). Cadmium causes 

structural change in chloroplast (Vassiliev et al., 2004), 

inhibits chlorophyll biosynthesis, and its interaction with 

essential elements (Ciecko et al., 2004; Mazen, 2004). 

The plant species and their cultivars showed different 

responses to Cd in the growth medium. The lowest observed 

effect concentration (LOEC) of Cd on plant biomass was 

6.25 mg (lettuce), 12.5 mg (oat) and 50 mg (Chinese 

cabbage) Cd/kg dry soil (Da Rosa Correa et al., 2006). 

Legume crops showed low tolerance ability to Cd toxicity 

as compared to cereals, and show great inhibition in even 

low Cd levels (Inouhe et al., 1994). Bingham et al. (1980) 

gave the following order of decreasing sensitivity to Cd 

toxicity, based on the Cd concentration in the soil causing 

25% decrease in yield: Spinach > Soybean > Turnip > 

Cabbage.  

Cultivars within the same species can also differ 

widely in their response to trace elements. Genetic variation 

within the species for tolerance also exists in soybean 

(Zhang et al., 2002; Zhao et al., 2002; Hassan et al., 2005a). 

De Oliveira et al. (1994) reported genotypic difference in 

soybean for Cd accumulation, cv. ‘Doko’, in most cases, 

exhibited higher Cd content than cv. ‘Bossier’. The 

difference in root Cd uptake and shoot accumulation is used 

as a marker to explain the genotypic variation in tolerance to 

Cd toxicity (Kochian, 1995; Wahid and Ghani, 2008). 

Hence, it seems possible to find the cultivars with low 

Cd concentration in plant edible parts. This approach has 

been fruitfully applied so far in sunflower and durum wheat 

(Wang, 2002). Qadir et al. (2004) studied ten Brassica 

juncea cultivars to determine their Cd extraction capability 

and extent of resistance to Cd stress, and found that cv. Pusa 

Jai Kisan possessed a better Cd-binding and antioxidant 

system.  
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Stolt et al. (2003) described the vacuolar Cd retention 

in the root cells is supposed to influence the symplastic Cd 

transport to the xylem and shoots, give rise to genotypic 

difference in grain Cd accretion. The mechanisms that affect 

the root uptake and Cd transportation in shoot can also 

influence the expression of Cd toxicity in plants (Dunbar et 

al., 2003). As compared with the normal rice cultivars, the 

hybrid ones are intended to taken up more Cd from the same 

polluted soil by root and transport it to shoots and edible 

parts (Wang and Gong, 1996). The higher abilities of the 

hybrid rice cultivars for Cd accumulation is due to their 

higher root activity, increase root/shoot ratio and extra water 

consumption per gram of grain (Wu et al., 1999). 

In order to determine genotypic difference within 

different soybean genotypes on the basis of Cd stress, this 

study was conducted to screen and assess the response of 

genotypes to different Cd levels using growth, 

physiological, and biochemical characteristics as marker. 
 

Materials and Methods 
 

Plant Material and Growth Condition 
 

Screening experiment: Twenty three soybean cultivars, 

differing in ecotypes and growth habits were used in this 

study for comparison of Cd tolerance. For the surface 

sterilization of seeds, H2O2 (2%) was used, washed five 

times with deionized water and germinated in sterilized 

sand. After second compound leaves, seedlings were 

resettled to plastic kettles, covered with plastic lid with 

equally distributed holes. In each hole, one seedling was 

planted with each container; 4-5 seedlings of each cultivar 

were planted. The composition of the basic nutritional 

solution is presented in Table 1.  

At the seventh day after transplantation, two levels of 

Cd were used, 0 and 2 mol L
-1

 with maintained pH to 6.0 

every other day. The nutritional solution was changed once a 

week. 

At 20 DAT, SPAD values, photosynthetic rate (Pn) 

were determined and plants were harvested for 

determination of Cd contents in root and shoot and for 

measuring root, shoot dry weight. Completely randomized 

design (CRD) with three replicates was used.  

Evaluation experiments: Two soybean genotypes (Glycine 

max L.): S951-3(G2) and Q17-3(G1), with differential 

tolerance to Cd, based on previous experiment, were used in 

evaluation experiment. Genotypes were further compared at 

different Cd levels: T1=0, T2=0.2, T3=1.0 and T4=5.0 μmol 

L
-1

, in a hydroponics study. The treatment procedure was 

kept same as for the screening experiment. At 20
th
 DAT, 

data were collected for physiological parameters and plants 

were harvested for further processing. 
 

Measurement of Chlorophyll and Photosynthetic Rate 
 

At the 20
th
 DAT, the 2

nd
 fully emerged leaves were selected 

for the analysis of chlorophyll contents (Wang, 2002) 

(Minolta SPAD-502, Japan). Meanwhile, photosynthetic 

rate (Pn) was also measured with the help of an Infra red 

analyzer (LI-6400 System, USA) (Wang et al., 2011). 
 

Determination of Cd Contents 
 

The sampled shoots as well as roots were dry-ashed in a 

muffle furnace at 550
o
C for 20 h, incubated with 1:1 acid 

mixture of nitric acid (HNO3): hydrogen peroxide (H2O2) at 

72ºC for 2 h, and dissolved in 0.1 N HCl (Hsu and Kao, 

2003). The contents of Cd
2+

, in these plant tissues were 

determined by atomic absorption spectrophotometer (Model 

AA-6800; Shimadzu, Kyoto, Japan).  
 

Measurement of Plant Growth Traits 
 

At 20
th
 DAT, three plants per cultivar were harvested and 

separated into shoots (leaf blades and sheaths) and roots. 

Roots were soaked in 0.2% EDTA for 2 h and then rinsed 

with deionized water thoroughly. Both fresh shoot and roots 

were weighed, meanwhile shoot height and root length were 

also measured and then dried in an oven for 48 h at 85°C, 

and dry weight was recorded. 
 

MDA Content and Antioxidant Enzyme Assay 
 

At 20
th
 DAT, samples were collected for the measurement 

of antioxidant enzymes. After washing with deionized 

water, the samples were ground under chilled condition in 

relevant buffer for each enzyme. The mixture was passed 

through muslin cloth for filtration and centrifuged (4ºC) for 

20 min at 10,000, and the supernatant was used for enzyme 

assays. The MDA concentration and SOD/POD activities 

were determined as follow. 

The MDA content was measured by the method 

described by (Heath and Packer, 1968). Plant material (0.2 

g) were homogenized and extracted in 10 mL of 0.25% 

(w/v) TBA. Extract was heated at 95
o
C for 30 min and ice 

cool immediately. MDA contents were measured at 532 nm 

after centrifugation at 10,000 g for 10 min.  

Super oxide dismutase (SOD) activity was assayed 

with the method described by Giannopolitis and Ries (1977) 

with slight modifications. Briefly, 0.5 g of samples was 

Table 1: The composition of the basic nutrient solution 

 
Nutrients Amount (mg L-1) 

(NH4)2SO4  48.2 

MgSO4  65.9 
K2SO4  15.9 

KNO3  18.5 

Ca(NO3)2  59.9 
KH2PO4  24.8 

Fe-citrate  5.0 

MnCl2 .4H2O  0.9 
ZnSO4 .7H2O  0.11 

CuSO4 .5H2O   0.04 
HBO3   2.9 

H2MoO4   0.01 
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crushed in
 
5 mL extraction buffer.

 
The photo-reduction of 

NBT
 
was measured at 560 nm.  

Peroxidase (POD) activity was measured with slight 

modifications (Zheng and Huystee, 1992). The reaction 

mixture consists of 50 mM potassium phosphate buffer (pH 

6.1), 1% guaiacol, 0.4% H2O2 and enzyme extract. The 

absorbance was measured at 470 nm. Enzyme activity was 

calculated in terms of μ mol of guaiacol oxidized min
-1

 g
-1

 

fresh weight at 25+2°C. 
 

Statistical Analysis 
 

All data were presented in mean values of three replicates. 

Statistical analyses of data were performed by two-way 

analysis of variance, and treatment means were compared 

with least significant difference test at P≤0.05 and P≤0.01 

(Sokal and Rohlf, 1997). 
 

Results 
 

Biometric Traits 
 

Screening experiment: The dry weight is a genetic variable 

and an inherent difference in growth and biomass 

production among genotypes was found, however it is 

distinctly influenced by Cd stress as well. Thus, the 

maximum dry weight of shoot without Cd treatment was of 

E931 and E932, being 7.98 and 7.39 g per plant, 

respectively; however, it was much reduced in E932 

compared to other genotypes when subjected to Cd stress. 

But E931 performed better under Cd stress, with maximum 

dry weight, and it was followed by E935-3. The minimum 

shoot dry weight was of S932 and SB under control and of 

W7-3 and H18-4 under Cd stress (Fig. 1). The value of 

T/C ratio was found highest (0.94) for three genotypes 

(S951-3, E935-4 and JOPB), and lowest for W7-3 and H18-

4 (Table 6). The root dry weight differed also among 

genotypes and between the treatments. Genotypes E935-4 

and S951-28 had highest dry root weight in control, while 

S951-28, S951-23-1 and S951-29 had maximum root 

weight under Cd stress. The lowest dry root weight was 

observed for W7-3 and S932 in control and of Q17-3 and 

Q15-4 under Cd stress (Fig. 2). The maximum T/C ratio 

(0.95) was observed in S951-3 and S951-28, while the 

lowest value (0.67) was in Q17-3 and Q15-4 (Table 6). The 

T/C ratio indicates that S951-3 is most tolerant whereas 

Q17-3 and Q15-4 were found as most tolerant and sensitive 

genotypes to Cd stress, respectively. 

Evaluation performance: S951-3 (tolerant) and Q17-3 

(sensitive) were further subjected to different Cd levels 

(T1=0, T2=0.2, T3=1.0 and T4=5.0 μ mol L
-1

) in order to 

evaluate their plant growth characteristics including plant 

height, root length and plant biomass (Table 2). The 

difference among various Cd concentrations was 

statistically significant for root length being lowest with Cd 

(5.0 μmol L
-1

) level. Under  the  lowest Cd level (0.2 μmol 

L
-1

), root growth and plant shoot height were enhanced 

compared with the plants exposed to highest (5.0 μmol L
-1

) 

Cd treatment. The dry biomass of roots and shoots showed a 

similar response to variable doses of Cd. The lowest Cd 

level increased plant biomass. However, the toxic effect of 

cadmium was quite apparent under 5.0 μmol L
-1

. The 

differences between two genotypes for all the studied 

growth parameters were not significant. However there was 

a significant interaction for root length, plant height and dry 

shoot weight, while non significant results were found for 

root dry biomass. 
 

Biochemical Components 
 

Screening experiment: The soybean genotypes used 

varied in Cd content of both shoots and roots (Table 3). 

There was a small difference under control treatment; 

Table 2: Effect of different Cd levels on growth characters 

of two soybean genotypes 
 

Treatment (T)/ 
Genotype (G) 

Root length 
(cm) 

Plant height 
(cm) 

Dry biomass (g per plant) 
Root  Shoot 

T1 22.00 b 26.70 a 4.40 ab 5.28 ab 

T2 25.40 a 28.90 a 4.65 a 5.63 a 
T3 22.60 b 28.00 a 4.06 b 5.13 b 

T4 14.00 c 16.10 b 2.49 c 2.94 c 

LSD (P≤05) 1.90 2.70 0.37 0.43 
G1 20.10 24.30 3.74 4.59 

G2 21.90 25.50 4.06 4.89 

LSD ns ns ns Ns 
T x G (Interaction) * * ns * 

Different letter after data within a column represents significant difference 

at *P 0.05, respectively 

 

Table 3: Difference among genotypes in Cd contents (µg 

g
-1

) of shoot and root as affected by Cd stress 
 

Genotypes         Shoot        Root 

Ck Cd treated Ck Cd treated 

S951-3 2.30 g 31.40 u 7.10 l 67.00 p 

S951-23-1 2.10 h 34.70 p 6.80 n 65.00 q 

S951-28 2.40 i 33.50 s 7.20 k 82.00  l 
S951-29 2.00 a 33.90 r 8.00 j 85.00  k 

E931 2.90 a 41.60 h 9.30 h 113.00  f 
E932 2.90 a 42.30 f 10.80 e 132.00  c 

E935-3 2.80 b 41.70 g 7.10 l 70.00  n 

E935-4 2.90 a 39.20 j 6.50 o 60.00  r 
E935-6 2.30 g 35.50 m 6.90 m 70.00  n 

SB 2.60 d 34.20 q 6.50 o 67.00  p 

S873-12 2.50 e 34.80 o 6.80 n 68.00  o 
S873-13 2.60 d 37.40 k 6.00 p 60.00  r 

HS4 2.90 a 43.10 b 11.30 d 132.00  c 

JOPB 2.40 f 36.90 l 12.60 a 150.00  a 

ZH1 2.90 a 42.60 e 12.20 b 123.00  d 

ZH3 2.00 f 32.40 t 11.30 d 112.00  g 

H18-4 2.80 b 45.70 a 6.80 n 70.00  n 
H18-6 2.30 g 34.90 n 10.50 f 106.00  i 

H18-25 2.70 c 43.00 c 6.90 m 80.00  m 

S932 2.30 g 34.80 o 8.70 i 100.00  j 
W7-3 2.60 d 39.30 i 10.50 f 120.00  e 

Q15-4 2.30 g 36.90 l 9.60 g 110.00  h 

Q17-3 2.60 d 42.70 d 11.70 c 138.00  b 
1
Different letter after data within a column represent 

significant difference at P ≤ 0.01 
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however, under Cd stress genotypes H18-4, HS4, H18-25 

and Q17-3 contained the highest Cd in their shoots, while 

S951-3 and ZH3 had low contents. The C/T ratio in shoots 

ranged from 0.6 to 0.8, with SB having highest value (0.8) 

and S951-23-1, S951-29, Q15-4 and Q17-3 the lowest (0.6) 

(Table 6). 

The Cd content in roots was 3-4 times higher than 

shoot. The genotypes JOPB and ZH1 had the maximum 

contents in control, while under Cd stress JOPB and Q17-3 

had highest Cd content.  The Cd tolerance indicator, C/T 

ratio in roots was highest (0.11) for S951-3 and E935-4 and 

lowest (0.08) for E931, E932, Q17-3 and JOPB (Table 6). 

Evaluation performance: With increased Cd level in the 

growth medium, Cd content in both roots and shoots 

increased markedly (Table 4). Moreover, Cd content in 

roots was 3-4 times higher than in shoots. The highest Cd 

content was observed in the plants exposed to 5.0 μmol L
-1

 

Cd. Between the two genotypes; Q17-3 had significantly 

higher Cd content in both roots and shoots than S951-3. A 

significant interaction between treatment and genotype was 

also found (Table 4). 

It is obvious that MDA content rose with increased Cd 

level (Table 5). The highest MDA content was recorded in 

the plants exposed to Cd level of 5.0 μmol L
-1

. The 

difference between the two genotypes was also significant, 

with Q17-3 being higher than S951-3. In addition, the 

interaction between treatment and genotype was highly 

significant. 

The enhanced activity of antioxidant enzymes, like 

SOD and POD has been observed in the plant species and 

genotypes that are more sensitive to heavy metal toxicity, so 

it might be used as biological indicator for detecting Cd 

tolerance in plants. The results revealed that activities of 

SOD and POD were significantly increased when the plants 

were exposed to higher Cd level in comparison to lower Cd 
levels. Genotypic difference was also significant for both 

enzymes with Q17-3 having higher activity than S951-3.  

 

Physiological Parameters 

 

Screening experiment: Cadmium stress affected the 

chlorophyll content adversely of all 23 genotypes in 

screening experiment, and was higher (25.5) in the control 

than in Cd treatments (21.4) (Fig. 3). The genotypes also 

much differed in chlorophyll contents because of genetic 

differences as well as due to Cd toxicity. Therefore, it was 

difficult to evaluate these genotypes on the basis of absolute 

SPAD value either under control or Cd treatments. For that 

reason, a ratio of chlorophyll content in treated/control was 

calculated. SPAD value was highest for the genotype ZH3 

in control, and for S873-12 and JOPB under Cd treatment, 

respectively. The lowest chlorophyll content was observed 

in E931 in control and for Q17-3 under Cd treatment (Fig. 

3). The ratio of T/C was highest in E935-3 and the lowest 

was for Q17-3 (Table 6). There was a pronounced difference 

among genotypes in T/C ratio, indicating the genotypic 

variation among soybean cultivars for Cd toxicity tolerance. 

The change in chlorophyll content was directly 

correlated to photosynthetic rate (Pn). Cd stress reduced Pn 

in all soybean genotypes as compared to control. The 

highest Pn was recorded in ZH3 followed by SB under both 

control and Cd stress, while the lowest was for Q17-3 and 

E931 (Fig. 4). Large variation in Pn T/C ratio was also 

found among genotypes with the maximum value obtained 

in S951-3 (0.49), while the lowest value (0.44) for Q17-3, 

E931 and E932 (Table 6).  

Evaluation experiment: On the basis of the screening 

experiment, the genotypes having with (Q17-3) and highest 

(S951-3) values of both chlorophyll contents and 

photosynthesis rate were further scrutinized at different Cd 

levels (T1=0, T2=0.2, T3=1.0 and T4=5.0 μmol L
-1

) (Table 

4). The chlorophyll content in both soybean genotypes 

slightly increased when the plants were exposed to low Cd 

(0.2 μmol L
-1

). On the other hand, a significant decrease in 

chlorophyll content was found for the plants subjected to 1.0 

μmol L
-1

 Cd compared to the control. The difference 

between the two soybean genotypes was also significant, 

with, S951-3 being higher than Q17-3. This difference was 

also observed in all Cd treatments. There was a significant 

interaction between Cd treatment and soybean genotype.  

Table 4: Effect of different Cd levels on chlorophyll 

content, photosynthesis and Cd content in the two soybean 

genotypes 
 

Treatment/ Chl. content Pn Cd content (µg g-1) 
Genotype (SPAD value) (µmol CO2 m

–2 s–1) Root Shoot 

T1 28.00 b1 9.60 c 8.50 d 2.60 d 

T2 33.60 a 13.00 a 21.50 c 5.00 c 

T3 29.90 b 10.00 b 50.60 b 13.10 b 
T4 17.40 c 3.00 d 199.10 a 61.00 a 

LSD.05 2.80 1.20 12.50 2.30 

G1 25.80 b 8.00 b 77.20 a 22.40 a 
G2 28.60 a 9.80 a 62.60 b 18.40 b 

LSD.05 2.60 1.30 7.30 2.70 

Interaction 
(T × G) 

* 
 

* 
 

** 
 

** 
 

1Different letter after data within a column represents significant difference 

at *P ≤ 0.01 or **P 0.05, respectively 
 

Table 5: Effect of different Cd levels on MDA content and 

antioxidative enzyme activity in the two soybean 

genotypes 
 

Treatment /  MDA content Enzyme activity (U g-1 FW) 

Genotype (µmol g-1 FW) SOD POD 

    
T1  15.20 d1 123.10 d 28.80 c 

T2  22.30 c 146.00 c 31.90 c 

T3  37.30 b 175.60 b 37.00 b 
T4 72.30 a 238.90 a 48.30 a 

LSD.05 6.40 19.70 4.30 

Q17-3 41.20 A 184.80 A 39.80A 
S951-3 32.30 B 156.90 B 33.20 B 

LSD.05 4.20 17.80 3.70 
Interaction between T × G **2 ** * 
1Different letter after data within a column represents significant difference 

at *P ≤ 0.01 or **P 0.05, respectively 
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Table 7: Comparison of stress tolerance index of different traits among soybean genotypes 
 

Genotypes Shoot (Dry weight) Root (Dry weight) SPAD Pn shoot (Cd contents) Root (Cd contents) 
T/C ratio T/C ratio T/C ratio T/C ratio T/C ratio T/C ratio 

S951-3 0.94 0.95 0.93 0.49 a 0.07 0.11 a 

S951-23-1 0.91 0.92 0.93 0.48 ab 0.06 0.10 ab 
S951-28 0.88 0.95 0.87 0.48 ab 0.07 0.09 ab 

S951-29 0.86 0.9 0.9 0.48 ab 0.06 0.09 ab 

E931 0.85 0.94 0.88 0.44 d 0.07 0.08 b 
E932 0.68 0.82 0.95 0.44 d 0.07 0.08 b 

E935-3 0.91 0.9 0.97 0.46 bcd 0.07 0.10 ab 

E935-4 0.94 0.68 0.76 0.48 ab 0.07 0.11 a 
E935-6 0.83 0.79 0.95 0.45 cd 0.06 0.10 ab 

SB 0.86 0.7 0.79 0.48 ab 0.08 0.10 ab 

S873-12 0.91 0.79 0.81 0.48 ab 0.07 0.10 ab 
S873-13 0.86 0.77 0.89 0.47 abc 0.07 0.10 ab 

HS4 0.88 0.67 0.78 0.48 ab 0.07 0.09 ab 

JOPB 0.94 0.69 0.83 0.48 ab 0.07 0.08 b 
ZH1 0.85 0.76 0.9 0.48 ab 0.07 0.10 ab 

ZH3 0.91 0.76 0.77 0.48 ab 0.06 0.10 ab 

H18-4 0.77 0.76 0.77 0.46 bcd 0.06 0.10 ab 
H18-6 0.86 0.93 0.81 0.47 abc 0.07 0.10 ab 

H18-25 0.91 0.78 0.85 0.48 ab 0.06 0.09 ab 

S932 0.93 0.87 0.77 0.48 ab 0.07 0.09 ab 
W7-3 0.76 0.84 0.7 0.48 ab 0.07 0.09 ab 

Q15-4 0.86 0.67 0.85 0.48 ab 0.06 0.09 ab 

Q17-3 0.82 0.67 0.69 0.44 d 0.06 0.08 b 

Different letter after data within a column represents significant difference at P ≤0.01 

 

 
 

Fig. 1: Comparison of shoot dry weight of different genotypes under control and Cd stress conditions 
 

 
 

Fig. 2: Comparison of root dry weight of different genotypes under control and Cd stress conditions 
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The photosynthetic rate in soybean plants was 

significantly affected by Cd toxicity (Table 4). It was found 

that lower Cd level (0.2 and 1.0 μmol L
-1

 Cd) enhanced Pn 

over control and high Cd level (5.0 μmol L
-1

) reduced Pn 

significantly. The difference between two genotypes was 

also statistically significant. Genotype S951-3 had higher Pn 

than Q17-3 at all levels of cadmium, indicating Q17-3 a 

more sensitive to Cd toxicity. 
 

Discussion 
 

The study revealed that Cd stress significantly reduced the 

shoot (Fig. 1) and root (Fig. 2) biomass of all the soybean 

cultivars. The Cd tolerance index, was found highest (0.94) 

for S951-3, and lowest for W7-3. Dong et al. (2005) also 

reported the negative impact of different Cd levels on the 

growth of tomato plants grown under hydroponic 

conditions. The T/C ratio for root dry biomass in present 

study showed a large variation among genotypes (Table 6). 

The maximum value observed in S951-3 and S951-28, 

while the lowest T/C index of root dry biomass was 

observed in HS4, Q15-4 and Q17-3. Inouhe et al. (1994) 

reported that legume crops constantly showed strong 

inhibition
 
under low amount of Cd while Metwally et al. 

(2005) reported that ten pea genotypes were significantly 

different from each others in growth response under Cd 

stress. Cadmium inhibited the roots biomass production 

greater as compared with the shoots in hydroponics, 

whereas contrary results were observed in sand culture of 

present study. 

The evaluation of contrasting genotypes for plant 

growth at different Cd levels depicted that Cd concentration 

lower than 1.0 μmol L
-1

 had no deleterious effect and was 

beneficial for the growth of soybean. Peralta et al. (2000) 

also reported that a 5 ppm Cd promoted the root growth of 

alfalfa by 22% as compared to the root growth of the control 

plants. Oncel et al. (2000) found similar effect in wheat 

seedlings where low Cd concentration enhanced root 

growth. However in present study, 5.0 μmol L
-1

 Cd showed 

markedly deleterious effect on plant growth (Fig. 1 and 2). 

Soybean showed intra-specific genetic variation for 

tolerance and Cd uptake (Bell et al., 1997). All soybean 

genotypes varied significantly in response to Cd stress. Dry 

matter weight, SPAD value, Pn and Cd content in all 

genotypes decreased significantly. The chlorophyll content 

reduced under 2 µ M L
-1

 Cd stress. The T/C ratio for 

chlorophyll content was highest for E935-3 genotype and 

 
 

Fig. 3: The difference among soybean cultivars in chlorophyll content (SPAD values) as affected by Cd stress 
 

 
 

Fig. 4: The difference among soybean cultivars in photosynthetic rate (µmol CO2 m
-2

s
-1

) as affected by Cd stress 
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lowest in Q17-3 (Table 6). Chlorophyll content, and net 

photosynthetic rate, was also reduced by Cd treatment in 

another experiment (Shamsi et al., 2010). The decline of 

chlorophyll content in plants treated with Cd is mostly 

connected with its biosynthesis inhibition (Vassilev and 

Yordanov, 1997). Cd alone or in combination with Al 

inhibit Ca and Mg uptake, and reduced Fe, Cu, Mo, and B 

concentration in roots (Shamsi et al., 2007).  Based on low 

Fe and Mg concentrations in the foliar parts of Cd-treated 

sugar beet, Greger and Ogren (1991) recommended that 

reduction in chlorophyll concentration was linked with the 

deficiency of above mentioned elements. Chlorophyll 

concentration in plants under Cd stress could also be 

lowered by the activation of its enzyme degradation 

(Somashekaraiah et al., 1992). Based on T/C value the 

genotype Q17-3 seemed to be most sensitive to Cd stress.   

Net photosynthesis declines in soybean plants at higher Cd 

concentration (Poschenrieder and Barcelo, 1990). 

A highest Cd content was observed for the genotypes, 

with a marked reduction in growth and photosynthesis, 

while the reverse was true in Cd tolerant genotypes (Table 3 

and 4). The susceptibility of some plants to heavy metal 

stress is actually a network including physiological and 

biochemical system i.e. uptake and accumulation of metals, 

and biochemical
 
stress defense responses (Metwally et al., 

2005). The Cd tolerance index (T/C ratio) reflected the 

highest value in shoots of SB, while the lowest ratio was 

obtained for many genotypes, including Q17-3. For the root, 

the C/T ratio was highest for S951-3, E935-4, and the 

lowest for E931, E932, and Q17-3 and JOPB (Table 6).  

Chlorophyll content and photosynthetic rate were also 

reduced at 5.0 μmol L
-1

 Cd, but not affected significantly at 

1.0 μmol L
-1

 Cd (Table 4). Cadmium content in the roots 

and shoots was significantly enhanced with increased Cd 

level in the growth medium. The inhibition of Pn by Cd 

stress was either through the decline in chlorophyll content 

or/and stomatal conductance (Ouzoundidou et al., 1997). 

The data also corresponded with those of Oncel et al. 

(2000), who found that Cd reduced chlorophyll a and b in 

wheat. Genotype Q17-3 had significantly lower chlorophyll 

content, Pn and higher Cd content in both roots and shoots 

as compared with S951-3. De Oliveira et al. (1994) reported 

genotypic difference in soybean for Cd accumulation, cv. 

‘Doko’, in most cases, showed higher Cd concentration and 

content than cv. ‘Bossier’. The decrease in photosynthetic 

rate and chlorophyll content due to Cd toxicity is genotypic 

dependent (Hassan et al., 2005b). Intra-specific genetic 

variation in tolerance and Cd uptake in legume species 

including soybean had been reported by Bell et al. (1997).  

Oxidative stress is the phenomenon, which has been 

considered as one of the key factor causing damage to plants 

under stress. The presence of toxic metals in cell results in 

the formation of free radical species, which are toxic to 

various cell organelles (Radotic et al., 2000). The 

subsequence of the damage on cells by free radical species 

is characterized by lipid peroxidation, which may be 

implicated in the increased MDA content (Somashekaraiah 

et al., 1992). The present study results proved a concomitant 

increase of MDA content with increasing Cd level in culture 

medium.  Hegedus et al. (2001) reported increased in MDA 

level under Cd stress to the production of AOS.  

Superoxide dismutase provides a defense mechanism 

against harmful ions, by converting O2
-
 to H2O2 and further 

neutralized by POD. In our study, SOD and POD activities 

increased under Cd stress. Increase in POD activity was 

proportional to the ion concentration and was found 

increased by the progressive incubation time (Hegedus et 

al., 2001). The findings of Da Rosa Correa (2006) in three 

crop species (lettuce, oats and Chinese cabbage) revealed 

that activity of all antioxidant enzymes increased 

significantly compared to those in control plants.  

A significant difference between two soybean 

genotypes was observed for MDA content and activity of 

SOD and POD. The sensitive genotype Q17-3 had higher 

activity of antioxidant enzymes as compared to S951-3, 

which was relatively tolerant to Cd toxicity.   

In conclusion, out of 23 genotypes, biometric, 

physiological and biochemical parameters revealed better 

performance for S951-3 and high sensitivity of Q17-3 to Cd 

toxicity. The Cd level 5.0 μmol L
-1 

was found to reduce 

growth, chlorophyll content and photosynthetic rate in both 

genotypes, but the extent of reduction was different. 

Cadmium, MDA contents, and activity of antioxidant 

enzymes were significantly increased with Cd levels, being 

higher in Q17-3. These data suggest S951-3 as more 

resistant genotype than Q17-3 sensitive to Cd stress. Intra-

specific genetic variation in tolerance and uptake of Cd 

exists in almost every plant as depicted from the differential 

response of all the genotypes to Cd stress. Thus, Cd stress 

could be a valuable indicator to screen out the tolerant 

genotypes in crop species.  

 

Acknowledgments 
 

The authors express their sincere gratitude to the Chinese 

Ministry of Education, P.R China and Natural Science 

Foundation of Zhejiang Province, P.R China for their 

financial support in this research and study. 

 

References 
 
Bell, M.J., M.J. McLaughlin, G.C. Wright and J. Cruickshank, 1997. Inter- 

and intraspecific variation in accumulation of cadmium by peanut, 

soybean, and navy bean. Aust. J. Agric. Res., 48: 1151–1160  
Bingham, T., A.L. Page and J.E. Strong, 1980. Yield and cadmium content 

of rice grain in relation to addition rates of cadmium, copper, nickel 

and zinc with sewage sludge and liming. Soil Sci., 130: 32‒38 
Ciecko, Z., S. Kalembasa, M. Wyszkowski and E. Rolka, 2004. Effect of 

soil contamination by cadmium on potassium uptake by plants. Pol. 

J. Environ. Stud., 13: 333–337 
Da Rosa Correa, A.X., L.R. Rorig, M.A. Verdinelli, S. Cotelle, J.F. Ferard 

and C.M. Radetski, 2006. Cadmium phytotoxicity: Quantitative 

sensitivity relationships between classical endpoints and 
antioxidative enzyme biomarkers. Sci. Total Environ., 357: 120–127 



 

Shamsi et al. / Int. J. Agric. Biol., Vol. 16, No. 1, 2014 

 48 

De Oliveira, J.A., M.A. Oliva, J. Cambraia and V.H.A. Venegas, 1994. 

Absorption, accumulation and distribution of cadmium by two 
soybean cvs. Rev. Bras. Fisiol. Veg., 6: 91‒95 

Dong, J., F.B. Wu and G.P. Zhang, 2005. Effect of cadmium on growth and 

photosynthesis of tomato seedlings. J. Zhejiang Univ. Sci. B., 6: 
974‒980 

Dunbar, K.R., M.J. Mclaughlin and R.J. Reid, 2003. The uptake and 

partitioning of cadmium in two cultivars of potato (Solanum 
tuberosum L.). J. Exp. Bot., 54: 349‒354 

Giannopolitis, C.N. and S.K. Ries, 1977. Superoxide Dismutases: I. 

Occurrence in higher plants. Plant Physiol., 59: 309‒314 
Greger, M. and E. Ogren, 1991. Direct and indirect effects of Cd2+ on 

photosynthesis in sugar beet (Beta vulgaris). Physiol. Plant., 83: 

129–135 
Hassan, M.J., G. Shao and G.P. Zhang, 2005a. Influence of cadmium 

toxicity on antioxidant enzymes activity in rice cultivars with 

different grain Cd accumulation. J. Plant Nutr., 28: 1259‒1270 
Hassan, M.J., G.P. Zhang, F.B. Wu, K. Wei and C. Chonghua, 2005b. Zinc 

alleviates growth inhibition and oxidative stress caused by Cadmium 

toxicity in rice. J. Plant Nutr. Soil Sci., 168: 256‒261 
Heath, R.L. and L. Packer, 1968. Photoperoxidation in isolated chloroplasts: 

I. Kinetics and stoichiometry of fatty acid peroxidation. Arch. 

Biochem. Biophys., 125: 189‒198 
Hegedus, A., S. Erdei and G. Horvath, 2001. Comparative studies of H2O2 

detoxifying enzymes in green and greening barley seedlings under 

cadmium stress. Plant Sci., 160: 1085‒1093 
Horemans, N., T. Raeymaekers, B.K. Van, A. Nowocin, R. Blust, K. Broos, 

A. Cuypers, J. Vangronsveld and Y. Guisez, 2007. 
Dehydroascorbate uptake is impaired in the early response of 

Arabidopsis plant cell cultures to cadmium. J. Exp. Bot., 58: 4307–

4317 
Hsu, Y.T. and C.H. Kao., 2003. Role of abscisic acid in cadmium tolerance 

of rice (Oryza sativa L.) seedlings. Plant Cell Environ., 26: 867–874 

Inouhe, M., S. Ninimiya, H. Tohoyama, M. Joho and T. Murayama, 1994. 
Different characteristics of roots in calcium-tolerance and Cd-

binding complex formation between mono-and dicotyledonous 

plants. J. Plant Res., 107: 201‒207 
Kochian, L.V., 1995. Cellular mechanisms of aluminum toxicity and 

resistance in plants. Annu. Rev. Plant Physiol. Plant Mol. Biol., 46: 

237‒260 
Mazen, A.M.A., 2004. Accumulation of four metals in tissues of Corchorus 

olitorius and possible mechanisms of their tolerance. Biol. Plant., 48: 

267‒272 
Metwally, A., V.I. Safronova, A.A. Belimov and K.J. Dietz, 2005. 

Genotypic variation of the response to cadmium toxicity in Pisum 

sativum L. J. Exp. Bot., 56: 167‒178 
Oncel, I., Y. Kele and A.S. Ustun, 2000. Interactive effects of temperature 

and heavy metal stress on the growth and some biochemical 

compounds in wheat seedlings. Environ. Pollut., 107: 315‒320 
Ouzoundidou, G., M. Moustakes and E.P. Eleftheriou, 1997. Physiological 

and ultrastructural effects of cadmium on wheat (Triticum aestivum 

L.) leaves. Arch. Environ. Contam. Toxicol., 32: 154‒160 
Peralta, J.R., J.L. Gardea-Torresdey, K.J.E. Tiemann, S. Gomez, E. Arteaga 

and J.G. Parsons, 2000. Study of the effects of heavy metals on seed 

germination and plant growth on alfalfa plant (Medicago sativa) 
grown in solid media. Proc. Conf. Hazardous Waste Research, May 

23-25, pp: 135‒140. Denver, Colorado, USA 

Poschenrieder, C. and J. Barcelo, 1990. Plant water relations as affected by 
heavy metal stress: a review. J. Plant. Nutr., 13: 1‒37 

Qadir, S., M.I. Qureshi, S. Javed and M.Z. Abdin, 2004. Genotypic 

variation in phytoremediation potential of Brassica juncea cultivars 
exposed to Cd stress. Plant Sci., 167: 1171–1181 

Radotic, K., T. Ducic and D. Mutavdzic, 2000. Changes in peroxidase 

activity and isoenzymes in spruce needles after exposure to different 
concentrations of cadmium. Environ. Exp. Bot., 44: 105‒113 

Rodriguez, S.M., P.M.C. Romero, A. Zabalza, F.J. Corpas, M. Gomez, L.A. 

Delrio and L.M. Sandalio, 2006. Cadmium effect on oxidative 
metabolism of pea (Pisum sativum L.) roots: imaging of reactive 

oxygen species and nitric oxide accumulation in vivo. Plant Cell 

Environ., 29: 1532–1544 
Sanita di Toppi, L. and R. Gabbrieli, 1999. Response to cadmium in higher 

plants. Environ Exp. Bot., 41: 105‒130 

Shamsi, I.H., J. Lixi, K. Wei, G.H. Jilani, S.J. Hua and G.P. Zhang, 2010. 
Alleviation of cadmium toxicity in soybean by potassium 

supplementation. J. Plant. Nutr., 33: 1926–1938 

Shamsi, I.H., K. Wei, G.H. Jilani and G.P. Zhang, 2007. Interactions of cadmium 
and aluminum toxicity in their effect on growth and physiological 

parameters in soybean. J. Zhejiang Univ. Sci. B., 8: 181‒188 

Sokal, R.R. and F.J. Rohlf, 1997. Biometry: The Principles and Practice of 
Statistic in Biological Research. WH Freeman, New York, USA 

Somashekaraiah, B.V., K. Padmaja and A.R.K. Prasad, 1992. Phytotoxicity 

of cadmium ions on germinating seedling of mung bean (Phaseolus 
vulagris): involvement of lipid peroxodes in chlorophyll degradation. 

Physiol. Plant., 85: 85‒89 

Stolt, J.P., F.E.C. Sneller, T. Brngelsson, T. Lunfborg and H. Schat, 2003. 
Phytochelatin and cadmium accumulation in wheat. Environ. Exp. 

Bot., 49: 21‒28 

Van Assche, F. and H. Clijsters, 1990. Effects of metals on enzyme activity 
in plants. Plant Cell Environ., 13: 195‒206 

Vassilev, A. and I. Yordanov, 1997. Reductive analysis of factors limiting 
growth of cadmium-treated plants. A review. Bulg. J. Plant Physiol., 

23: 114–133 

Vassiliev, A., F. Lidon, M. DaGraca and I. Yordanov, 2004. Cadmium-
induced changes in chloroplast lipids and photosystem activities in 

barley plants. Biol. Plant., 48: 153–156 

Vecchia, F.D., N. LaRocca, S. DeFaveri, C. Andreoli and N. Rascio, 2005. 
Morphogenetic, ultrastructural and physiological damages by 

submerged leaves of Elodea canadensis exposed to cadmium. Plant 

Sci., 168: 329–338 
Wahid, A. and A. Ghani, 2008. Varietal differences in mungbean (Vigna 

radiata) for growth, yield, toxicity symptoms and cadmium 

accumulation. Ann. Appl. Biol., 152: 59–69 
Wang, F., F. Chen, Y. Cai, G.P. Zhang and F.B. Wu, 2011. Modulation of 

exogenous glutathione in ultrastructure and photosynthetic 

performance against Cd stress in the two barley genotypes differing 
in Cd tolerance. Biol. Trace Elem. Res., 144: 1275–1288 

Wang, K.R. and H.Q. Gong, 1996. Compared study on the cadmium 

absorption and distribution of two genotypes rice. Agro-environ 
Prot., 15: 145‒149 

Wang, K.R., 2002. Tolerance of cultivated plants to cadmium and their 

utilization in polluted farmland soils. Acta Biotechnol., 22: 189‒198 
Wu, O.T., L. Chen and G.S Wang, 1999. Differences on Cd uptake and 

accumulation among rice cultivars and its mechanism. Acta Ecol. 

Sin., 19: 104‒107 
Zhang, G.P., F. Motohiro and S. Hitoshi, 2002. Influence of cadmium on 

mineral concentrations and yield components in wheat genotypes 

differing in Cd tolerance at seedling stage. Field Crops Res., 77: 93–99 
Zhao, F.J., R.E. Hamon, E. Lombi, M.J. McLaughlin and S.P. McGrath, 

2002. Characteristics of cadmium uptake in two contrasting ecotypes of 

the hyperaccumulator Thlaspi caerulescens. J. Exp. Bot., 53: 535–543 
Zheng, X. and R.V. Huystee, 1992. Peroxidase-regulated elongation of 

segments from peanut hypocotyls. Plant Sci., 81: 47–56 
 

(Received 08 January 2013; Accepted 03 September 2013)

 


