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Abstract 
 
In order to select a better plant to extract cadmium in heavy metal contaminated soil, a hydroponic germination experiment was 
designed to evaluate the effects of cadmium on seed germination characteristics of Grain amaranth (Amaranthus hypochondriacus 
L.), Indian mustard (Brassica juncea) and Ryegrass (Lolium perenne L.). The results showed that fresh weight, dry weight and 
germination index of Ryegrass were promoted at the low cadmium concentrations (≤ 25 mg/L), while that of 3 plants was inhibited 
at the high cadmium concentrations (≥ 50 mg/L). The inhibition rates of root and bud length of three plants were correlated 
significantly with cadmium concentrations (P < 0.05). The bud sensitivity of three plants to cadmium was in order of Grain amaranth, 
Ryegrass and Indian mustard, and the sensitivity of root length of three plants to cadmium was in order of Grain amaranth, Indian 
mustard and Ryegrass, based on the half inhibitory concentration (IC50). The tolerance of three plants to cadmium was in order of 
Ryegrass, Indian mustard and Grain amaranth based on the value of membership function. Our findings suggest that the root length 
inhibition rate can probably be used as an important indicator to assess ability of heavy metal (Cd2+) stress. Ryegrass is speculated 
to have better resistance to Cd2+ stress and may be further applied to heavy metal Cd2+ ecological restoration. 
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1. Introduction 
 

Heavy metal has caused major environmental 
risk for soil and groundwater due to improper human 
activity discharges (Mahar et al., 2016). Moreover, 
heavy metals enter in food chain and endanger human 
health (Sarwar et al., 2017). Cadmium is considered 
the most harmful in soil pollution (Irfan et al., 2013; 
Huang et al., 2018). It is mainly derived from 
atmospheric deposition, fertilizer use, municipal 
sludge and sewage irrigation (Monu et al., 2008). 
Cadmium is a nonessential metal for plant growth 
(Akhter et al., 2012; Meng et al., 2009; Wang et al., 
2009), and can affect biochemical and physiological 
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behavior of plants such as photosynthesis (Baszyński, 
1986; Cocarta et al., 2017) and nutrient uptake (Gill et 
al., 2011; Radojčić et al., 2017). Biological toxicity of 
cadmium is mainly manifested in inhibiting the 
germination of plant seeds and root growth, destroying 
plant cytoplasm and chlorophyll (Koolivand et al., 
2017; Padmaja et al., 1990; Shahabivand et al., 2017).  

The seed germination characteristic is closely 
related to the growth of the plants, and can be 
evaluated with some indexes, such as germination 
rate, germination potential, germination index, vigor 
index, root length, bud length etc. The seed 
germination is dramatically sensitive (Liu et al., 2011) 
to heavy metal stress (Gu et al., 2018; He et al., 2017; 

                                                           



 
Jun et al./Environmental Engineering and Management Journal 18 (2019), 9, 1873-1884 

 
Moya et al., 1993). These indexes represent the plant's 
ability to grow and they will change because of the 
effects of heavy metal concentrations. In this paper, 
the indexes were used to evaluate the effect of heavy 
metal (Cd2+) in plants.  

Heavy metal contaminated soil can be cleaned 
by phytoremediation, physical and chemical 
remediation technologies (Ehsan et al., 2014). Among 
them, phytoremediation is more successful because of 
its low cost, environmental friendliness, and less 
interference with the types of land applications (Hu et 
al., 2017; Raziuddin et al., 2011). It is important to 
choose the appropriate accumulator species for in situ 
remediation of heavy metal contaminated soil by 
phytoremediation method (Rojjanateeranaj et al., 
2017). Ryegrass (Lolium perenne L.), Grain amaranth 
(Amaranthus hypochondriacus L.) and Indian mustard 
(Brassica juncea) are often utilized in 
phytoremediation studies for heavy metal pollution 
soil, because of the fast growth of these plants and a 
multiple-cuts arrangement in a short time (about 4–6 
months), providing the opportunity to remove heavy 
metals from contaminated soil (Ding et al., 2013; 
Yuan et al., 2014). Indian mustard is the dicotyledon 
of the angiosperm, and prefers dry and sunny 
conditions. Ryegrass is angiosperm. It is a perennial 
plant and suitable for cool and humid climates. 
Amaranth is an annual herb of the genus Aphid. It is a 
thermophilic crop with a growth period of more than 
4 months, but it also grows well under temperate and 
cold temperate climates. Furthermore, Indian mustard, 
Ryegrass and Grain amaranth showed a good 
accumulation potential for heavy metal ions, 
especially cadmium (Ali et al., 2017; Hu et al., 2013).  

Accumulation potential of a heavy metal is 
controlled by a number of factors including the plant 
species and plant age present in the soil (Tang et al., 
2016). Therefore, a series of experiments on seeding 
inhibition and root length characteristics have been 
conducted to determine the biological toxicity and 
bioavailability of heavy metals at different 
concentrations (Pereira et al., 2017; Sharma and 
Archana, 2016). It is important to study dose-effect 
relationship of heavy metal in phytoremediation, in 
order to screen the proper plant seeds (Éric and Erick, 
2017). In addition, most studies have focused on crops 
phytoremediation (Arena et al., 2017, Chen et al., 
2017). Grain amaranth, Indian mustard, Ryegrass are 
all considered to be potential hyperaccumulators for 
remediation of heavy metals in soil (Acosta et al., 
2017; Mahmud et al., 2018). But there is still no 
comparative study on among three plants to remedy 
heavy metal Cd pollution soil, and do not 
quantitatively describe the concentrations of heavy 
metals that could be remedied based on different 
plants. 

In this paper, the seed germination test of 3 
plants, Grain amaranth, Indian mustard and Ryegrass 
were conducted under cadmium stress, by determining 
the germination characteristics of three plants using 
different concentrations of cadmium ion (Cd2+). Bud 
length inhibition rate, root length inhibition rate and 

other indicators were introduced into the study, and a 
comparative analysis was performed on the potential 
of the three plants for cleaning Cd2+ contamination 
soil, based on dose-toxicity analysis method. Finally, 
a suitable plant was selected for remediation of soil 
contaminated with Cd2+. Our study will provide a 
possible theoretical and experimental basis for the 
selection of plants for remediation of heavy metals (in 
particular, Cd2+) contaminated soil. 

 
2. Material and methods 

 
2.1. Experimental method  

 
The germination experiments were performed 

in biochemical incubators (PGX-450L, SaiFu 
Experimental Instrument Co., Ltd., Ningbo, China). 
As hydroponics test water we used deionized water. 
Cadmium treatment was prepared by using 
CdCl2•2.5H2O reagent (analytically pure). Cadmium 
treatment concentrations were 0, 1, 10, 25, 50 and 100 
mg/L respectively. Meanwhile, cadmium treatment 
concentration of 0 mg/L was set as a control group 
(CK). 

The seeds of Grain Amaranth, Indian mustard 
and Ryegrass were purchased from Xian Jinrui Seed 
Co., Ltd., Shaanxi, China. The seeds of full particles, 
uniform size and no damage were picked out. The 
seeds were surface sterilized with 70% alcohol for 2 
min, rinsed with deionized water. Then they were 
arranged in a sequence in a petri dish with a filter 
paper. Each dish contained 20 seeds and the space 
between each seed was maintained, ensuring a good 
contact with the cadmium solution (CdCl2 solution) 
and sufficient growth space. Three replications were 
designed in the test.  

Seeds germinated under dark conditions in the 
incubator at (25 ± 1)℃. The paper bed in the petri dish 
was kept moist to ensure the normal development of 
the seeds (Zhang et al., 2012). Seed samples were 
collected on the 3rd and 7th days after germination. 
Five samples of germination seeds were randomly 
selected in each petri dish to measure the root length 
(RL), bud length (BL), fresh weight (FW) and dry 
weight (DW) of 7-day-old seedlings. The root and 
shoot lengths of plants are measured with a ruler, and 
the dry and fresh weight are measured with analytical 
balances. Then, the germination potential (GP) of the 
samples was calculated in the third day after 
germination. Besides, the germination rate (GR), 
germination index (GI), vigor index (VI), bud length 
inhibition rate (BLR) and root length inhibition rate 
(RLR) (Salvatore et al., 2008) were determined after 
7th day treatment. The following indexes were 
calculated (Eqs. 1-6): 

 
GR=N7/Nt×100%  (1) 
 
where, N7 is the number of seed germination in the 7th 
days, Nt is the number of seeds tested. 
 
GP=N3/Nt×100% (2) 
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where, N3 is the number of seed germination in the 3th 
days. 
 
GI=∑Gt/Ct (3) 
 
where, Gt is the number of germination of seeds, Ct is 
germination days. 
 
VI=GI×BL (4) 
 
BLR=(1- BL/ BLblank)×100% (5) 
 
where, BLblank is plant bud length in blank solution.  
 
RLR=(1- RL/ RLblank)×100%  (6) 
 
where, RLblank is plant root length in blank solution. 

 
2.2. Comprehensive tolerance evaluation method  

 
The seed germination tolerance indexes of 

three plants under Cd2+ stress were determined by 
membership function method based on fuzzy 
mathematical membership function (Canavese et al., 
2014). Firstly, the membership function values of GR, 
GP, FW, DW, BL, RL, GI and VI of each plant seed 
at different Cd2+ concentrations were calculated using 
Eq. (7). Secondly, the mean value of each index 
membership value was calculated at different Cd2+ 
concentrations. Finally, the average values of the 
membership function values of all indexes of each 
plant (TM) were calculated at all Cd2+ concentrations 
to evaluate the plant's tolerance to Cd2+. The greater 
TM, the stronger the tolerance of the plant seeds to 
Cd2+, and vice versa. 
 
M(ρ)=(M-Mmin)/(Mmax-Mmin) (7) 
 
where M= the index value of a hyperaccumulator in 
the same Cd2+ concentration, Mmax and Mmin are their 
maximum and minimum value, respectively.  

No control values are included. 
 
2.3. Data processing and analysis  

 
Variance analysis was performed by Duncan 

multiple comparison of one-way (ANOVA) using the 
SPSS 21.0 software. In addition, the means of three 
replicate data were analyzed. All data reported in this 
work were revealed as means ± standard deviation. 

 
3. Results and discussion 

 
3.1. Response of GR and GP of three plants to 
cadmium concentrations 

 
The GRs of three plant seeds at different Cd2+ 

concentration were shown in Fig. 1. The GR of 
Ryegrass, Grain amaranth and Indian mustard were 
decreased with the increase of Cd2+ concentration. At 
different Cd2+ concentrations of 1, 10, 25, 50 and 100 
mg/L, the GRs of the Grain amaranth seed were 
insignificant compared with the control. The GRs of 
Ryegrass and Indian mustard were not significantly 
different from control, at 1, 10, 25 mg/L Cd2+ 
concentrations. But at higher Cd2+ concentrations (50 
and 100 mg/L), GRs of two plant seeds were 
significantly smaller than the control (P < 0.05). 

At all Cd2+ concentrations shown in Fig. 2, the 
GPs of Grain Amaranth were not significant compared 
to control. This means that Cd2+ concentration had a 
slight effect on the GP of Grain Amaranth. The GP of 
Indian mustard was much lower compared to the 
control (P < 0.05), at only 100 mg/L Cd2+ 
concentration. At 10 and 100 mg/L Cd2+ 
concentrations, the GRs of Ryegrass were remarkably 
different compared with the control (P < 0.05), and it 
was notably higher compared to the control at 10 mg/L 
Cd2+ concentration. However, it was remarkably lower 
than the control at 100 mg/L Cd2+ treatment. 

 
 

 
 

Fig. 1. Response of three plant seed GRs to Cd2+ stress. Different letters show a remarkable change (P < 0.05) for all treatments 
based on Duncan’s multiple comparison of one-way. CK is the control (0 mg/L Cd2+ concentration) 
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Fig. 2. Response of three plants with seed GP to Cd2+ stress. Different letter shows a remarkable change (P < 0.05) for all 
treatments based on Duncan’s multiple comparison of one-way. CK is the control  

(0 mg/L Cd2+ concentration) 
 

The above analysis shows that the GP of 
Ryegrass can be promoted (low Cd2+ concentration) 
and be suppressed (high Cd2+ concentration) probably. 
This result are in agreement with the findings of other 
studies (Liu et al., 2011). 

 
3.2. Effects of cadmium on FW and DW of three plants 

 
The FW and DW of seedling of three plant 

seeds at different Cd2+ concentrations were recorded 
as shown in Figs. 3-4. In all the range of heavy metal 
Cd2+ concentration (1-100 mg/L) set by the 
experiment, with the increase of Cd2+ concentration, 
the FWs of Grain amaranth and Indian mustard 
seedling were declined except the Ryegrass. There 
were a remarkable difference between Grain amaranth 
and the control (P < 0.05) at all Cadmium 
concentrations, except for 1 mg/L Cd2+ concentration. 
The FWs of Indian mustard at the 25, 50, 100 mg/L 
Cd2+ treatments were decreased strikingly, compared 
to the control (P < 0.05), and there were not 
remarkably different at the 1 and 10 mg/L Cd2+ 
concentrations. The FW of Ryegrass was increased at 
low Cd2+ concentrations, and the FW of Ryegrass of 
10 mg/L Cd2+ concentration was significantly 
promoted (P < 0.05), up to the highest value, and 
33.3% higher compared to the control. The FW of 
Ryegrass at 50 and 100 mg/L Cd2+ treatments were 
significantly inhibited by Cd2+ concentration (P < 
0.05). With increasing concentration of Cd2+, the DW 
of Grain amaranth and Indian mustard were decreased, 
except for Ryegrass. At high Cd2+ concentration (50 
and 100 mg/L), the DWs of Grain amaranth were 
much lower than the control (P < 0.05).  

Further, the DWs of Indian mustard were 
decreased significantly than control, at 10, 25, 50 and 
100 mg/L Cd2+ (P < 0.0 5). The DW of Ryegrass of 25 
mg/L Cd2+ reached the highest value, and 10.4% 
higher than the control. The DW of Ryegrass of 100 

mg/L Cd2+ was significantly inhibited compared to the 
control (P < 0.05). 

The FW and DW of Ryegrass were increased 
at lower concentrations compared to the control, while 
the higher concentration was declined. This result is 
the same as the change in GP. It shows that Cd2+ 
concentration in the lower range (≤ 25 mg/L) has 
facilitation to the FW and DW of Ryegrass. 
 
3.3 Effects of Cd2+ on BL and RL of three plants  

 
Effects of different Cd2+ concentration on BL 

and RL of three plant seedlings were also measured 
(Figs. 5-6).  

There was a significant difference between 
Grain amaranth of all Cd2+ treatments and the control 
(P < 0.05) for the BL. At 100 mg/L Cd2+ concentration, 
the BL of Grain amaranth was dramatically decreased 
compared to the control (P < 0.05), and the BL was 
only 10% of the control. There is no significant 
difference Indian mustard of 1, 10 and 25 mg/L Cd2+ 

concentrations compared with the control. The BLs of 
Indian mustard 50,100 mg/L Cd2+ concentrations were 
decreased significantly compared with that of the 
control (P < 0.05). Indicating that Indian mustard had 
been significantly inhibited at higher Cd2+ 
concentrations (≥50 mg/L). 

The BLs of Ryegrass of all Cd2+ concentrations 
were remarkably different than control (P < 0.05). But 
the BLs of Ryegrass at 25-100 mg/L Cd2+ were 
significantly inhibited by Cd2+ concentration, which 
was markedly smaller compared to the control (P < 
0.05), revealing that the BL of Ryegrass was 
significantly inhibited at higher Cd2+ concentration. In 
all range of heavy metal Cd2+ concentrations, the RLs 
of Grain amaranth, Indian mustard and Ryegrass were 
decreased significantly with the increase of Cd2+ 
concentration, and roots of the three plants were more 
sensitive to Cd2+ stress.  
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The RL of Grain amaranth of 100 mg/L Cd2+ 

concentration was only 8.4% of the control. Indian 
mustard RL of 100 mg/L Cd2+ concentration was only 
5.4% of the control. At 100 mg/L Cd2+ concentration, 
Ryegrass RL was only 7.5% of control. The roots of 
the plants are markedly inhibited and almost stop 
growing. Based on above analysis, the change of the 
Cd2+concentration was demonstrated to impact on 
plant BL and RL more significance than GP and GR 
of plants, because bud and root of the plants after 
germination completely were exposed to the 
environment was directly affected by Cd2+ stress in a 
petri dish (Salvatore et al., 2008). However, the seed 
was protected by the shell (Kuriakose and Prasad, 
2008). Therefore, the changes of Cd2+ concentrations 
to the influence of bud and root growth were greater 
than its impact on plant GR and GP for the three 
plants. 

3.4. Effects of cadmium on GI and VI of three plant 
seeds 

 
As Fig. 7 shows, the GIs of Grain amaranth and 

Indian mustard were declined with the exception of 
Ryegrass, as the Cd2+ concentration increased. The GI 
of Grain amaranth of 100 mg/L Cd2+ treatment was 
decreased significantly compared to the control. 
Indian mustard of 50 and 100 mg/L Cd2+ treatments, 
GIs were decreased sharply compared to the control (P 
< 0.05).  

The GIs of 1, 10 and 25 mg/L Cd2+ 
concentrations were rapidly increased compared to the 
control (P < 0.05) for Ryegrass. 50 and 100 mg/L Cd2+ 
treatments decreased gradually compared with the 
control, and 100 mg/L Cd2+ was markedly change (P 
< 0.05). 

 

 
 

Fig. 3. The fresh weight of the three plants at different Cd2+ concentrations. Different letter shows a remarkable change (P < 0.05) 
for all treatments based on Duncan’s multiple comparison of one-way. CK is the control (0 mg/L Cd2+ concentration) 

 

 
 

Fig. 4. The dry weight of the three plants at different Cd2+ concentrations. Different letter shows a remarkable change (P < 0.05) 
for all treatments based on Duncan’s multiple comparison of one-way. CK is the control (0 mg/L Cd2+ concentration) 
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Fig. 5. Bud length of three plants at different Cd2+ concentrations. Different letter shows a remarkable change (P < 0.05) for all 
treatments based on Duncan’s multiple comparison of one-way. CK is the control (0 mg/L Cd2+ concentration) 

 

 
 

Fig. 6. Root length of three plants with different Cd2+ concentrations. Different letter shows a remarkable change (P < 0.05) for all 
treatments based on Duncan’s multiple comparison of one-way. CK is the control (0 mg/L Cd2+ concentration) 

 
VI is a more comprehensive evaluation 

indicator for the seed vigor, based on the seed 
germination and seedling growth capacities. The 
higher the VI value is, the greater the vigor of the seed. 
VI of the seed was cut down with the higher Cd2+, as 
shown in Fig. 8. At 100 mg/L Cd2+ concentration, the 
VIs of three kinds of seeds were reached the lowest 
with decreases of 80.9%, 71.5%, 84.4% compared 
with the control, respectively.  

The VIs of Grain amaranth of 25, 50, 100 mg/L 
Cd2+ concentrations decreased significantly (P < 0.05) 
compared to the control, while other Cd2+ 
concentrations were insignificant. At 1, 10 and 25 
mg/L Cd2+ concentrations, VIs of the Indian mustard 
compared with the control did not significantly 
change. The 50 and 100 mg/L Cd2+ treatments 
decreased rapidly, which was significantly differed 
from the control (P < 0.05). The VIs of Ryegrass of all  

other Cd2+ concentrations decreased significantly 
compared with that of the control except 10 mg/L Cd2+ 
treatment (P < 0.05). At high Cd2+concentrations (25, 
50, 100 mg/L), the Ryegrass VIs decreased markedly, 
compared with the control (P < 0.05). 

 
3.5. Comprehensive evaluation of cadmium tolerance 
in seed germination of three plants      
 

Different plants presented a different behavior 
of resistance and assimilate mechanism to heavy metal 
cadmium. It was more concerned by researchers to 
select plants which presented tolerance and 
remediation abilities for heavy metal in soil. It was 
significant to control and decontaminate soil of heavy 
metal pollution. Comprehensive index was general 
used to determine the heavy metal resistance of plants 
(Liu et al., 2013a; Shi et al., 2009). 
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Fig. 7. GI of three plant seeds at different Cd2+ concentrations. Different letter shows a remarkable change (P < 0.05) for all 
treatments based on Duncan’s multiple comparison of one-way. CK is the control (0 mg/L Cd2+ concentration) 

 

 
 

Fig. 8. VI of three plant seeds at different Cd2+ concentrations. Different letter shows a remarkable change (P < 0.05) for all 
treatments based on Duncan’s multiple comparison of one-way. CK is the control (0 mg/L Cd2+ concentration) 

 
The fuzzy mathematics membership function 

method was used to calculate the value of the 
integrated membership function of three plants. The 
membership function value was calculated by eight 
indexes, GR, GP, FW, DW, GI, VI, RL and BL of 
three plants (Table 1). The values of the integrated 
membership functions for Grain amaranth, Indian 
mustard and Ryegrass were 0.402, 0.434 and 0.556 
respectively. Therefore, the order of cadmium 
resistance of 3 plants was: Ryegrass > Indian mustard 
> Grain amaranth. 
 
3.6. The effect of cadmium on BLR and RLR of three 
plants  

 
The BLR and RLR of plants were important 

indicators for studying the bioavailability and 
ecological toxicity of heavy metals in soil (Lin et al., 
2016). The sensitivity for different plants in different 

Cd2+concentration can be determined by the inhibition 
degree of three plant bud and root length. Thus it was 
helpful to determine suitable plant species to clean 
heavy metal Cd2+ pollution soil. Each 
Cd2+concentrations presented different inhibitory 
effect on seed bud and root growth of 3 plants (Table 
2), and the inhibitory effect was increased 
significantly with Cd2+ concentration improving. Cd2+ 
concentration was significantly correlated with the 
BLR and RLR of 3 plant seeds (P < 0.05). The results 
of the regression analysis of BLR and RLR of 3 plant 
seeds were calculated in all Cd2+concentrations (Table 
2).  

The value of the half inhibitory concentration 
(IC50) (that is, cadmium concentration at 50% 
inhibition rate) was calculated by the regression 
equation (Zhang et al., 2007). The IC50s of bud length 
of Grain amaranth, Indian mustard and Ryegrass were 
29.2, 65.6 and 43.4mg/L respectively.  
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Table 1. The membership function value of cadmium tolerance of three plant seeds during germination 
  

Plants The membership function value TM Order GR GP FW DW GI VI BL RL 
Grain amaranth 0.397 0.398 0.286 0.400 0.677 0.413 0.226 0.420 0.402 3 
Indian mustard 0.448 0.312 0.333 0.467 0.528 0.509 0.353 0.521 0.434 2 
Ryegrass 0.544 0.614 0.513 0.567 0.533 0.577 0.457 0.642 0.556 1 

 
Table 2. Regression analysis of BLR and RLR, X is the Cd2+ concentration 

 

Plants Inhibition rate Y (%) Regression equation R2 IC50 
(mg/L) 

Grain amaranth BLR Y=0.5978X+32.3 0.9702 29.2 
Indian mustard BLR Y=0.6106X+10.0 0.9278 65.6 
Ryegrass BLR Y=0.5671X+25.4 0.9744 43.4 
Grain amaranth RLR Y=0.5836X+40.4 0.8633 16.4 
Indian mustard RLR Y=0.6551X+36.2 0.8692 21.1 
Ryegrass RLR Y=0.8824X+15.1 0.8699 39.6 

 
Thus, the sensitivity order of the bud length of 

the three plant seeds to Cd2+ concentrations was: Grain 
amaranth > Ryegrass > Indian mustard. The IC50s of 
the root length of Grain amaranth, Indian mustard and 
Ryegrass were 16.4, 21.1 and 39.6 mg/L respectively. 
The sensitivity order of root length of three plant seeds 
to Cd2+ concentrations was: Grain amaranth > Indian 
mustard > Ryegrass. This also indicated that the 
ryegrass presented a better cadmium tolerance, which 
was consistent with the previous comprehensive 
evaluation results. 

In summary, seed germination was an 
important stage to evaluate the tolerance of plant seeds 
to cadmium stress. The current study showed that, at 
the light Cd2+ concentrations (1, 10 and 25 mg/L), the 
FW, DW and GI of Ryegrass were promoted. Grain 
amaranth and Indian mustard growth indexes were 
insignificantly inhibited.  

At the high Cd2 + concentrations (50 and 100 
mg/L), the growth indexes of 3 plants were 
significantly inhibited. This may be related to the 
different mechanisms of cadmium tolerance in 
different plant seeds. Studies have shown that the low 
concentration of Cd2+ can promote some plant seeds 
higher reactive oxygen free radicals in cells, to 
stimulate the activity of protease and to promote the 
cells divide rapidly and value-added, so as to promote 
the growth of the seed (Liu et al., 2012, 2013b). At 
high Cd2+ concentrations, Cd2+ ion penetrated seeds 
skin into inside, interfered with nucleic acid in plant 
cells, induced high reactive oxygen free radicals, 
caused the phenomenon of peroxide, inhibited the 
germination of the seeds (Talanova et al., 2001). This 
was consistent with some scholar research results on 
wheat, cabbage, rice and white trifolium and solanum 
nigrum respectively (Sun et al., 2014; Yun et al., 
2014). 

The method of membership function was used 
to calculate the cadmium resistance of three plant 
seeds, and the order of resistance to Cd2+ stress was: 
Ryegrass > Indian mustard > Grain amaranth. This 
indicated that the Ryegrass presented possibly higher 
tolerance for cadmium pollution soil. 

At present, seed germination, bud and root 
length test are used to detect the toxicity of heavy 
metal to seed. It was a common method to quickly 
discover the physiological toxicity of plants at heavy 
metal stress (Tang et al., 2016). That can draw the 
inhibition of Cd2+ on the root length was greater than 
on bud length for 3 plant seeds, which was attributed 
to bud growth and root growth process are different, 
the necessary nutrients for bud growth is supplied 
mainly by the embryos, less affected by the external 
environment. Yet the root is easier to be affected by 
the toxicity of cadmium, it penetrates seed skin 
directly to grow (Rojjanateeranaj et al., 2017; Sfaxi-
Bousbih et al., 2010). In addition, when the seeds are 
sprouting after imbibition, radicle first break through 
seed coat, which causes the root to accumulate the 
Cd2+ time more than the bud, and there are many 
exchange sites in the root cell wall to immobilize 
heavy metal ions.  

At the same time, Cd2+ can induce the root 
system to produce stress ethylene, resulting in damage 
to the root cells and inhibiting root growth and 
development (Deng et al., 2010, Irfan et al., 2013). 
The RLR of three plants is a more sensitive index 
under heavy metal cadmium stress compared with the 
BLR, which can be better used to indicate the 
poisoning of plant seeds. This is consistent with the 
results of the root and bud length study of crops such 
as wild stork, acidophilus, wheat, tomato and so on 
under Cd2+ stress, indicating that Cd2+ toxicity has the 
same effect on bud and root growth of crops (Yun et 
al., 2014). The BL and RL of Ryegrass are insensitive 
to cadmium stress, revealing that it presented better 
resistance to cadmium concentration and may be 
suitable as a potential remediation species for 
cadmium pollution. 

 
4. Conclusions 

 
Seed germination of Grain amaranth, Indian 

mustard and Ryegrass were all affected by cadmium. 
As less than Cd2+concentration of 25 mg/L, the FW, 
DW and GI of Ryegrass were promoted, while Seed 
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germination of 3 plants were inhibited significantly (> 
50 mg/L) at high Cd2+concentrations. The root length 
of plants was more sensitive than shoot length to 
cadmium stress. The shoot and root length of Ryegrass 
were not sensitive to cadmium stress. Therefore, 
Ryegrass was speculated to present better resistance to 
Cd2+ stress and can be further applied to heavy metal 
Cd2+ ecological restoration. The RLR can probably be 
used as an important index to estimate heavy metal 
stress.  

Considering that different plant seeds may 
have different mechanisms of cadmium stress, it is 
necessary to further carry out experimental research 
on the physiological and biochemical and genetic 
structure of seeds. In addition, this paper was only 
seed selection for a hydroponic experiment of Cd2+ 
single pollution, hence the ecological remediation of 
combined pollution of heavy metals needs further 
study. 
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