
Introduction

During the last few decades, heavy metal 
contamination become one of the most noticeable 
environmental problems in developed as well as 
developing countries with the rapid development 
of industrial and modern agricultural practices [1]. 
Although soil heavy metals can naturally occur from the 

erosion of certain rocks and minerals, they are released 
in excess into the environment by anthropogenic 
activities such as the use of pesticides, agricultural 
fertilizers, industrial production, sewage, metalliferous 
mines, and transportation [2, 3]. These non-
biodegradable heavy metals in soil can cause long-term 
deleterious effects on ecosystem health as they can get 
absorbed by the root system and accumulate in different 
parts of plants, which disturbance plant physiological 
and metabolic processes, and further adversely affects 
human health and environment ecosystem by entering 
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Cadmium (Cd) and lead (Pb) generally occur simultaneously with low concentration in soil. 
However, anthropogenic activities have significantly raised these non-biodegradable heavy metals and 
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(MDA) and soluble protein (SP) changed significantly with increasing concentration of Cd and Pb, 
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into the food chain in amount increases even at very 
low concentration [4-6]. Heavy metal toxicity in plants 
varies with specific metal and their content [1]. As the 
most hazardous pollutants presenting in agrochemicals 
and rich in industrially contaminated soils, Cd and 
Pb are the most toxic heavy metals and often occur 
simultaneously in soil, but single metals are commonly 
focused on toxic metal stress [7-9]. It was complex  
and important to understand the mechanisms of 
interaction between heavy metals due to design 
agronomic or genetic strategies to limit contamination 
of plants [10].

As the most significant stages in a seed plant’s life, 
seed germination and seedling growth are the most 
sensitive to soil chemical and physical conditions, thus 
these parameters become the most prime important 
toxicity assays for detecting the inhibition effects 
caused by heavy metal [2, 11-13]. Many recent studies 
have confirmed that single heavy metals Cd or Pb and 
their interaction cause negatively influence on seed 
germination and seedling development by affected 
soluble protein (SP), malondialdehyde (MDA) and the 
degradation of antioxidant enzymes activities such as 
superoxide dismutase (SOD) and peroxidase (POD) 
[14-16]. However, some other experiments showed that 
seed germination was stimulated at low concentrations 
and inhabited under high concentrations, some 
other experiments documented gradual reduction in 
germination with concentration increase under single 
heavy metal stress [17-19]. 

More studies concentrated to the effects of 
combined heavy metal stress on herbaceous plants 
[1, 15]. However, woody plants are more widely used 
in urban landscaping and play an immeasurable 
role in improving the ecological environment in the 
urban ecosystem. Rhus typhina L. (Anacardiaceae) 
is a perennial shrub or a small tree and it may clone 
through rhizomes and production by seeds [20, 21]. As 
an introduced species from eastern United States, Rhus 
typhina has been distributed in most areas of China 
with anthropogenic assistance due to its expansive, 
admittedly decorative and attractive tree, and it may 
pose a threat to the environment because ripening 
inflorescences during pollination may pose an allergic 
hazard to humans [22, 23]. The fast-growing species 
with a brightly colored foliage tree during fall, has 
gradually become an ideal species for soil conservation 
and urban forestation because it can grow better under 
environmental stresses and highly effective retain water 
and soil [24]. Compared to agricultural soils, heavy 
metal pollution soil in urban is becoming more and 
more serious with the development of urbanization, 
so it is essential to better understand how the seed 
germination and seedling growth of R. typhina will be 
affected by the environmental factors such as heavy 
metal stress in its non-native habitats where it is widely 
planted [25, 26].

The aim was to detect the phytotoxic effects 
of Cd and Pb in Rhus typhina by investigating the 

morphological and physiological characteristics of seed 
germination and seedling growth of Rhus typhina under 
single or combine stress. With this experiment, we also 
evaluated how the contemporaneous presence of the 
Cd and Pb can affect each other. By examining, we 
will be able to assess its growth plasticity at different 
heavy metal pollution and to improve our mechanistic 
understanding of the survival and growth of R. typhina 
individuals in its introduced habitats. We hypothesized 
that the resistant capacity seed germination and seedling 
growth in R. typhina would be adversely affected by 
Cd and Pb stress, thus, to reveal whether it would be a 
potential species to resist heavy metal pollution.

Materials and Methods

Materials

Seeds of R. typhina were collected from campus 
of Jilin Agricultural University, Changchun (43°52’ N, 
125°21’ E), China in Oct 2017, Then sun-dried, stored 
at 4ºC. Heavy metal ions were made up in aqueous 
solutions at Pb(NO3)2 (100, 300, and 500 mg·L-1) and 
CdCl2 (25, 75, 125 mg·L-1) for germination tests.

Seed Treatment and Seed Germination 
Experiments

Seeds of R. typhina were firstly surface-sterilized 
(1 % NaClO for approximately 10 min) and thoroughly 
washed with distilled water 3 times, then soaked into 
90ºC boiled water and kept for 24 hours after the 
water cooled down naturally, finally soaked in distilled 
water for 2 hours and dried with sterile filter paper. 30 
seeds were distributed in 9 cm diameter Petri dishes, 
containing two sheets of filter paper, and 3 mL different 
concentrations of Pb(NO3)2 or/and CdCl2, and distilled 
water was used as a negative control. The samples were 
incubated in a climate-controlled incubator at 85 % 
humidity with diurnal lighting (3500 lx light intensity, 
25±1ºC, 14 h light, and 20±1ºC, 10 h dark) for 14 days. 
During the incubation, solution was supplied daily 
according to the amount of precipitation. 

Seed Germination and Seedling Growth 
Measurements

The numbers of germinated seeds were counted 
daily at incubation time. Ten seedlings per Petri dish 
were selected at random for measurement. Germination 
rate (GR), germination index (GI), root length (RL) 
and shoot length (SL) were determined. Germination, 
defined as visible radicle emergence (>2 mm).  
GR was calculated by using the ratio of the final 
numbers of seed germination to the total numbers of 
seeds when no new germination occurred after 7 days 
of incubation. RL and SL were measured by using a 
digital caliper. 
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Physiological Measurements

For heavy metal quantification, MDA, SP content, 
SOD and POD activities, were plotted under the same 
conditions. All these characteristics were evaluated at 
the end of the experiment with 14-day seedlings.

The content of MDA was determined by 
thiobarbituric acid (TBA) reaction, as described by 
Heath and Packer [27]. Firstly, 0.5 g of fully expanded 
leaves were grinding in solution containing 6 mL 5% 
(v/v) trichloroacetic acid by mortar, then the solution 
was centrifuged at 4,000 rpm for 15 min. Next,  
2 mL of enzyme extract was taken and then added  
2 mL 0.6% (v/v) thiobarbituric acid. The mixture 
solution was heated at 100ºC for 15 min using water 
bath, and then quickly cooled in an ice-water bath. 
Eventually, the solution was centrifuged at 4,000 rpm  
for 15 min. The absorbance of the supernatant at  
450, 532 and 600 nm was recorded. The content of 
MDA was calculated as follow follows: C (μM) = 6.45 
× (A532 - A600) – 0.56 × A450; MDA (μmol∙g-1) = (C × VT) 
/ (1 000 × WF). C: MDA concentration (μM); VT: total 
volume of sample extract (mL); WF: quality of fresh 
sample (g).

0.5 g fully expanded leaves of R. typhina were 
homogenized in a pre-chilled mortar and pestle with 
6 mL of 50 mM ice-cold Na2HPO4-NaH2PO4 buffer 
(pH 7.8) containing 0.1 mM Na2-EDTA and 1% (W/V) 
polyvinyl-polypirrolidone (PVP). The extract was 
centrifuged at 10000 rpm for 15 min at 4ºC, and the 
supernatant was prepared for measurement of SP 
content, SOD and POD activity.

The SP content in the supernatant was determined 
using the dye-binding method by Bradford [28], the 
absorbance of the reaction solution was measured at  
595 nm after 2 min and before 1 h using a 
spectrophotometer (ultraviolet-2006). The activity 
SOD was determined by monitoring its ability to 
inhibit the photochemical reduction of nitroblue 
tetrazolium chloride (NBT). The absorbance of the 
irradiated solution was recorded at 560 nm with a 
spectrophotometer (ultraviolet-2006), and one unit SOD 
activity was defined as the amount of extract required 
to cause 50% inhibition of the rate of NBT reduction at 
560 nm [29]. The POD activity was determined by the 
change in absorbance of OD470 due to guaiacol oxidation 
according to the method described by Polle [30]. 

Statistical Analysis

All treatment values are expressed as mean of five 
replicates±standard deviation (SD). Data were analyzed 
by analysis of variance (ANOVA) using SPSS (SPSS 
Statistics, Shanghai, China, version 17.0) to evaluate 
the effect of Pb, Cd and their interaction on the growth 
indexes and physiological measurements. Statistically 
significant differences were set at P<0.05. Duncan’s new 
multiple range tests were calculated when treatments 
were significantly different at 0.05 level.

Results

Pb and Cd Inhibited Seed Germination 
of R. typhina

The GR and GI of R. typhina seed greatly decreased 
with the concentration of Pb2+ and Cd2+ increased 
(P<0.05). GR decreased by 6.09-25.61 % and 6.09-34.15%,
and GI decreased by 10.2-22.35% and 3.91-41.62% 
under stress of single Pb2+ and Cd2+, respectively 
(Fig. 1, Table 1). Interactive effects of two heavy metal 
pollutants Cd and Pb in seed GR and GI were examined 
on their stress, GR and GI significantly decreased  
by 21.95-65.85% and 35.89-73.46% (P<0.05) (Fig. 1, 
Table 1). Compared with single heavy metal stress, 
combine stress significantly inhibited seed germination 
of R. typhina. When the concentration of Pb2+, Cd2+ 
and combine heavy metal stress was at 500 mg·L-1, 
125 mg·L-1 and Pb2+ 500 mg·L-1+ Cd2+125 mg·L-1, there 
were the lowest GR (67.78%, 60% and 31.11%) and  
GI (5.56, 4.18 and 1.9), respectively (P<0.05) (Fig. 1, 
Table 1).

Pb and Cd inhibited Seedling Growth

Single Pb stress under 100 mg·L-1 slightly 
promoted the root growth, while high concentration Pb 

Fig. 1 Effect of Cd and Pb on Germination rate and Germination 
index of R. typhina. Each value represents mean ± SE. Significant 
differences between different Cd concentration levels within a Pb 
concentration are indicated by lowercase letters (a-d); significant 
differences between different Pb concentration within a Cd 
concentration are indicated by capital letters (A-D; P<0.05). 
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significantly inhibited the growth of roots and shoots 
of R. typhina. Compared with control, single Pb stress 
at 500 mg·L-1 caused 60.54% and 25.73% decrease in 
root and shoot length, respectively (Fig. 2, Table 1). 
RL and SL significantly decreased with the increase 
of externally supplied Cd. Single Cd stress caused a  
8.15-55.95% and 10.07-35.02% decrease in root and 
shoot length, respectively (Fig. 2, Table 1). The lowest 
RL (13.52 mm) and SL (19.95 mm) were observed at Cd 
125, respectively.

Compared with control and single heavy metal 
stress, combined Pb and Cd stress significantly 
inhibited seedling growth of R. typhina, and RL and 
SL significantly decreased with the increase of Pb 
and Cd. Compared with control, combine heavy metal 
stress caused a 1.50-84.33% RL and 16.52-61.95% SL 
decrease, respectively (Fig. 2, Table 1). The lowest RL 

and SL were 4.84 mm and 11.68 mm at Pb 500 mg·L-1 

and Cd 125 mg·L-1, decreased by 84.33% and 61.99%, 
respectively.

Pb and Cd Impacted MDA and Soluble Protein 
Content

MDA content significantly increased with the 
increase of single externally heavy metal Pb and 
Cd stress (Fig. 3). Compared to control, the highest 
MDA content at 500 mg·L-1 Pb was 21.4 nmol·g-1 
FW, or 125 mg·L-1 Cd stress was 27.15 nmol·g-1 FW, 
which significantly increased by 35.87% and 72.38%, 
respectively (Fig. 3, Table 1). The percent of increase 
in MDA content was relatively more in the single heavy 
stress of Cd than Pb. At combined heavy metal stress 
treatment, MDA content significantly increased with the 
increase of Cd concentration at Pb 500 mg·L-1, however, 
there was no significant in MDA content between 
different Pb concentration at Cd 125 mg·L-1. Although 
there was a significant interaction effect in Pb and Cd, 
MDA content was affected by Pb concentration when 
Cd reaches the maximum concentration 125 mg·L-1 

(Fig. 3, Table 2).
Single heavy metal (Pb or Cd) stress significantly 

increased soluble protein (SP) content (Fig. 3b). 
The highest SP content was observed 10.64 mg·g-1

at single Pb 500 mg·L-1 or 6.06 mg·g-1 at single Cd 
75 mg·L-1, as compared with control, SP content 
significantly increased by 3.124 times and 1.359 times, 
respectively (Fig. 3b). Combined Pb and Cd stress 
also significantly increased SP content compared with 
control, but it was significant different between different 
Pb stress at same Cd stress. SP content increased and 
then decreased as the concentration of Pb increases at 
Cd 25 mg·L-1, while decreased with the increase of Pb 
concentration at Cd 75 mg·L-1 and 125 mg·L-1 (Fig. 3b). 
The highest and the lowest SP content were 11.15 mg·g-1

and 3.51 mg·g-1 at combined stress, which increased 
by 3.322 times and 0.361 times compared with control, 
respectively (Fig. 3b).

Pb and Cd Impacted Antioxidant Enzymes SOD 
and POD Activities

SOD activities fluctuated in different concentration 
of single Pb stress compared to the control, the dynamic 
tendency of SOD ascended, and then declined below 

Table 1. ANOVA analysis of Pb2+ and Cd2+ on seed germination rate (GR), germination index (GI), root length (RL) and shoot length 
(SL).

Factors DF
GR GI RL SL

F        P F        P F       P F       P

Pb2+ 3 121.991<0.001 70.337<0.001 273.043<0.001 83.045<0.001

Cd2+ 3 116.353<0.001 59.678<0.001 361.484<0.001 82.858<0.001

Pb2+ × Cd2+ 9 3.084    0.009 3.354    0.005 27.105<0.001 2.209    0.048

Fig. 2 Effect of Cd and Pb on Root length and shoot length 
of R. typhina. Each value represents mean±SE. Significant 
differences between different Cd concentration levels within 
a Pb concentration are indicated by lowercase letters (a-d); 
significant differences between different Pb concentration within 
a Cd concentration are indicated by capital letters (A-D; P<0.05). 
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control levels at 500 mg·L-1 Pb (Fig. 4a). The highest 
SOD was 214.86 U·g-1 at 100 mg·L-1 and the lowest 
was 104.79 U·g-1 at 500 mg·L-1, which increased by 
53.82% and decreased by 24.98% in single Pb stress 
compared with control, respectively (Fig. 4a). While 
SOD activity decreased with the increase of single Cd 
stress concentration, the lowest SOD was 14.292 U·g-1 at 
125 mg·L-1 (P<0.05). In combine heavy metal stress, 
SOD activity all significantly declined with ascend of 
one heavy metal stress at another heavy metal stress 
except 300 mg·L-1  Pb and 75 Cd mg·L-1 (Fig. 4a). 
The lowest SOD was 26.10 U·g-1 at 500 mg·L-1 Pb and 
125 Cd mg·L-1 (Fig. 4a), which decreased by 81.31%. 

In single heavy metal stress, POD activity 
significantly increased with the increase of Pb or Cd 

stress except no significant different between 25 mg·L-1 

and 75 mg·L-1 single Cd stress (Fig. 4b). Compared to 
control, the highest POD at 500 mg·L-1 Pb and 125 mg·L-1 

Cd stress were 925 U·g-1 ·min-1 and 770 U·g-1 ·min-1, 
which significantly increased by 149.44% and 107.87%, 
respectively (Fig. 4b, Table 2). In combined heavy metal 
stress, POD activity all significantly increased with 
the increase of Cd stress at same Pb level, while POD 
firstly significantly increased, and then declined with 
the increase of Pb concentration at same Cd level except 
no statistic significant changes between Pb 300 mg·L-1 

and 500 mg·L-1 at Cd 125 mg·L-1 (Fig. 4b, Table 2). 
The highest POD activity was 1750 U·g-1 ·min-1 at Pb 
300 mg·L-1 and Cd 125 mg·L-1, which ascended by 
371.91% compared with control (P<0.05).

Fig. 4 Effect of Cd and Pb on superoxide dismutase (SOD) and 
peroxidase (POD) activity of R. typhina. Each value represents 
mean±SE. Significant differences between different Cd 
concentration levels within a Pb concentration are indicated by 
lowercase letters (a-d); significant differences between different 
Pb concentration within a Cd concentration are indicated by 
capital letters (A-D; P<0.05). 

Fig. 3 Effect of Cd and Pb on malondialdehyde (MDA) and 
soluble protein (SP) of R. typhina. Each data point represents 
mean±SE. Significant differences between different Cd 
concentration levels within a Pb concentration are indicated by 
lowercase letters (a-d); significant differences between different 
Pb concentration within a Cd concentration are indicated by 
capital letters (A-D; P<0.05). 

Table 2. ANOVA analysis of Pb2+ and Cd2+ on MDA, soluble protein (SP), SOD and POD.

Factors DF
MDA SP SOD POD

F       P F       P F        P F        P

Pb2+ 3 373.718<0.001 2627.049<0.001 5503.596<0.001 674.270<0.001

Cd2+ 3 67.074<0.001 6295.351<0.001 6754.191<0.001 619.157<0.001

Pb2+ × Cd2+ 9 7.307<0.001 2241.736<0.001 622.261<0.001 53.921<0.001
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Correlation of Pb and Cd Stress on Seed 
Germination and Seedling Growth 

Pearson correlation analysis showed that 
morphological and physiological parameters of seed 
germination and seedling growth in Rhus typhina were 
strongly affected by Pb and Cd concentrations except 
SOD under Pb stress (Table 3). Pb and Cd stress had 
significant negative correlations with all morphological 
indicators and significant positive with MDA and 
POD. Pb had significant positive correlations with SP, 
nevertheless, Cd had significant negative correlations 
with SP and SOD. MDA and POD had significant 
negative with all morphological indicators of seed 
germination and seedling growth in Rhus typhina, while 
SOD had significant positive with GR, RL and SL. The 
highest correlation of heavy metal stress was observed 
in Cd and GR of morphological parameters with 0.679 
values, and MDA of physiological parameters with 
0.872 values (P<0.01).

Discussion

The present study examined the single and combined 
effects of the two key metal pollutants Cd and Pb in 
growth medium on their uptake and the contribution of 
oxidative stress in expression of their toxicities during 
establishment of Rhus typhina seedlings, in order to 
understand the combined effects of Cd and Pb on seed 
germination and early seedling growth in Rhus typhina 
and possible relationship of individual and combined 
excess levels as well as the response of antioxidative 
defence system of Rhus typhina seedlings.

Heavy metal contamination of soil causing toxicity 
has become one of the most damaging abiotic stress 
to restrict the survival and development of plants 
[31, 32]. Seed germination is the starting point in the 

life cycle of a plant and is also the earliest stage of a 
plant’s exposure to heavy metal stress, so detection 
of seed germination and seedling growth index is a 
good method to examine the capacity of higher plants 
to heavy metal toxicity pollutant [25, 33, 34]. Some 
previous studies and our results clearly indicate that 
seed germination and seedling growth index of higher 
plant significantly affected by Cd and/or Pb stress and 
greatly decreased with the concentration increased, 
regardless of whether individual effects of each metal or 
combined treatment [12, 35] (Figs 1-2, Table 3). Unlike 
other heavy metals (Cu, Zn, Mn, etc.) are considered 
as micronutrients by promoting seed germination and 
seedling growth in low concentrations and inhibiting 
in high concentrations, both Pb and Cd are known 
phytotoxicant to disturb metabolic and growth processes 
even at very low concentrations being nonessential for 
plant metabolic activities and without physiological 
function in plants [1, 36, 37]. Furthermore, compared 
with single heavy metal treatment, the toxicity on seed 
germination and seedling growth of Rhus typhina was 
strengthened remarkably under combined heavy metal 
stress (Figs 1-2). This phenomenon can be attributed to 
the synergistic effects of Cd and Pb [38]. 

MDA is generally used to indicate the degree of 
plant cell membrane damage as one final decomposition 
product of lipid peroxidation, and reflected the ROS 
level under heavy metal stress [39]. Our results showed 
an appreciable rise in MDA and SP compared to no 
heavy metal stress under single or combined Pb and Cd 
stress due to the free radical-induced membrane damage 
(Fig. 3). MDA significantly increased and correlated 
with the increase of single and combined Pb and Cd 
stress (Fig. 3a and Table 3). Nevertheless, different 
responses were observed in SP from MDA when 
exposed to Pb and various Cd levels (Fig. 3). Cd and Pb 
could induce plants to synthesize Phytochelatin (PC), 
and Pb could be complexed with metallothionein (MT) 

Table 3. Pearson correlation matrix for Pb2+, Cd2+ concentrations and seed germination rate (GR), germination index (GI), root length 
(RL) and shoot length (SL), MDA, soluble protein (SP), SOD and POD of Rhus typhina

Items Pb2+ Cd2+ GR GI RL SL MDA SP SOD POD

Pb2+ 1  

Cd2+ 0 1  

GR -.642** -.679** 1

GI -.578** -.631** .893** 1

RL -.665** -.612** .806** .713** 1

SL -.645** -.637** .904** .814** .871** 1

MDA .308* .872** -.820** -.692** -.734** -.753** 1

SP .486** -.335* -.084 -.189 -.217 -.066 -.162 1

SOD .027 -.619** .324* .185 .531** .489** -.533** .404** 1

POD .580** .662** -.745** -.708** -.699** -.685** -.692** -.031 -.307* 1

** Correlation is significant at the 0.01 level (2-tailed).* Correlation is significant at the 0.05 level (2-tailed).
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to form metallothionein complex (Pb-MT) at their low 
concentrations to alleviate the toxicity of heavy metal 
stress to plant cells, which could be reflected by soluble 
proteins [40]. However, plant cells were damaged by 
excess heavy metal ions due to the inhibit expression of 
Pb-MT and Cd-PC with the increase of heavy metals, 
so SP content decreased. Pearson correlation analysis 
in present studies showed that although heavy metal 
stress caused the increase of SP, it was not related to the 
indicators of seed germination and seedling growth in 
Rhus typhina (Table 3).

Heavy metals stress can induce plants to produce 
reactive oxygen species (ROS) which can interact with 
DNA, pigments, proteins, lipids, and other essential 
cellular macromolecules ultimately leading to a chain of 
destructive processes [41, 42]. Being sessile organisms, 
plants have to develop a specific mechanism known as 
the plant antioxidant defense system that regulates ROS 
levels to keep ROS at physiological limit, preventing 
them from exceeding toxic threshold levels in the 
cellular system at a particular time [43]. As two primary 
antioxidative enzyme, previous studies revealed that 
SOD and POD play a relevant role in treatment of 
heavy metal enhances ROS formation [44, 45]. SOD 
can eliminate O2-, decrease peroxidation of membrane 
lipids and maintain cell membrane stability, and POD 
participate in the decomposition of H2O2 [25, 46]. In 
the present study and other studies showed that the 
activities of POD significantly increased and correlated 
with heavy metal stress, suggesting that plants adjusted 
their POD activity to protect membrane stability from 
heavy metal-induced oxidative damage [37, 47] (Fig. 4 
and Table 3). Interestingly, our experiment showed that 
SOD activity significantly decreased with the increase 
of Cd stress whether Pb is presence or not, except in 
500 mg∙L-1 Pb, but first increased and then decreased 
under Pb stress in the presence of Cd (Fig. 4). Although 
many experiments showed that the activity of SOD 
increased with the concentration of Cd and PB under 
single and combined stress, some previous studies also 
showed that Pb or Cd inhibited the SOD activity, who 
concluded that it may be the dynamic balance of ROS 
is broken by the excessive accumulation of ROS under 
elevated concentrations of heavy metal stress in plants 
[48, 49]. Heavy metals could produce severe toxicity 
symptoms which destroyed the antioxidant enzyme 
system in plants. These results suggested that plant 
antioxidant enzymes have different sensitivity to Pb and 
Cd stress which results in different antioxidant enzyme 
response ability in different plant species [50, 51, 52]. 
These results also indicated that there were significant 
ion interactions and antagonistic effects between Pb and 
Cd (Fig. 4 and Table 3).

Conclusions

In summary, Cd and Pb stress significantly 
influenced early plant growth in Rhus typhina, and 

seed germination and seedling growth of Rhus typhina 
decreased with increasing Cd and Pb, and the joint 
effect was more serious than single stress. MDA 
and POD can be used as critical indicators of the 
resistances to Cd and Pb stress and their interaction 
at seed germination and an early stage of seedling 
growth in Rhus typhina. Our results also confirmed that 
Rhus typhina was never completely inhibited in its 
early growth and could be used for phytoremediation  
on Pb and Cd contaminated soil, although seed 
germination and seedling growth of Rhus typhina 
decreased with increasing Cd and Pb whether single or 
combine stress.
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