
 

 

 

INTRODUCTION 

 

Soil pollution due to heavy metals has increased sharply in 

recent years (Ningyu et al., 2016). Heavy metal pollution of 

rural and urban soil cause risks to human health, plants, 

animals, ecosystems, or other media (Li et al., 2015; Zeng et 

al., 2019; Jiang et al., 2020; Sarker et al., 2020). Cadmium 

(Cd) is considered one of the most potentially toxic heavy 

metal in soil and the environment (Rizwan et al., 2018). 

Cadmium in the soil is easy to accumulate in plants and has 

potential to enter in the food chain. It has been reported that 

Cd has potential to accumulate in animals and humans and 

cause severe posing and threat to human health (Cui et al., 

2017). According to the National Survey Communique on 

Soil Pollution in 2014, the heavy metal Cd concentration in 

China’s soil is ranked at number first and its concentration is 

7% more than the standard point. Therefore, it is considered 

that Cd is one of the most critical pollutants in the agricultural 

ecosystem of China. 

Hunan is known as “the hometown of non-ferrous metals”. 

Years of mining and smelting of non-ferrous metals in Hunan 

province of China resulted in the most prominent Cd 

pollution. It has been reported that mining, smelting and 

industrial pollution resulted in Cd pollution (Deng et al., 

1996) and soil Cd exceeded 6.8 times (Cheng et al., 2018). 

This Cd pollution in soil resulting higher concentration of Cd 

contents in crops. For example, from 2008 to 2015, the Cd 

contents in rice of Hunan province showed an increasing trend 

(Xu et al., 2016). In 2016, Government of China began to 

explore the pilot of farmland rotation fallow system (Lu et al., 

2019). Government reports indicated 100,000 acres of land in 

the Chang-Zhu-Tan Heavy Metal Contamination Area of 

Hunan Province in recent years and Hunan provincial 

government with help of Government of China has fully 
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The objective of current study was to explore the phytochemical potential of elephant grass cultivated on cadmium (Cd) 

polluted soil of Hunan Providence, China. Results of current study explored that the plant height, yield and tiller number were 

similar in elephant grass planted on soil with different Cd concentration (P>0.05). In stem, the Cd contents increased from 

0.80±0.14 mg·kg–1 to 5.67±4.25 mg·kg-1 with the increase of the soil Cd contents from 1.68 mg·kg–1 to 2.99 mg·kg–1 (P<0.05), 

while the Cd contents in stem decreased from 3.26±1.89 mg·kg–1 to 1.24±0.30 mg·kg–1 with further increase in the soil Cd 

concentration from 5.34 mg·kg–1 to 9.37 mg·kg–1 (P<0.05). Similar trends of results were observed for Cd contents in leaves 

and roots of elephant grass (P<0.05). Bioconcentration factor (BCF) results showed that BCF of Cd in stem, leaves, roots and 

whole plant of elephant grass initially increased when Cd concentration of soil increased from 1.68 mg·kg–1 to 2.99 mg·kg–1 

(P<0.05), while the BCF of Cd in stem, leaves, roots and whole plant of elephant grass decreased with further increased of Cd 

concentration of soil (P<0.05) and the lowest BCF of Cd in stem, leaves, roots and whole plant of elephant grass was observed 

when the Cd concentration of soil was 9.37 mg·kg–1 (P<0.05). Translocation factor (TF) results showed that TF initially 

increased when Cd concentration of soil increased from 1.68 mg·kg–1 to 2.99 mg·kg–1 (P<0.05), while the TF decreased with 

further increased of Cd concentration of soil (P<0.05) and the lowest TF of was observed when the Cd concentration of soil 

was 9.37 mg·kg–1 (P<0.05). Cadmium distribution coefficient results of stem explored that soil Cd concentration did not 

influence the Cd distribution coefficient of stem (P>0.05). Similarly, Cd distribution coefficient results of leaves explored that 

soil Cd concentration from 1.68 mg·kg–1 to 5.34 mg·kg–1 did not influence the Cd distribution coefficient of leaves (P>0.05), 

however, Cd concentration 9.37 mg·kg–1 in the soil significantly decreased the Cd distribution coefficient of leaves (P<0.05). 

Based on results of current study, it could be suggested that Cd polluted land in Hunan province of China could be repaired by 

planting elephant grass. 
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started the work of restoration and planting structure 

adjustment of Changsha-Zhuzhou-Xiangtan Heavy Metal 

Contamination Land from 2014. 

Keeping in view the Government of China polices to reduce 

the Cd pollution in soil, new technologies should be adopted. 

It has been reported that new green ecological technology or 

phytoremediation technology has the advantages of low cost, 

long-term effectiveness, environmental protection, and have 

ability to apply on large heavy metal polluted area (Pandey et 

al., 2016). Therefore, phytoremediation technology is 

considered a sustainable way to restore contaminated soil. 

The Chang-Zhu-Tan area of Hunan, which is severely 

contaminated with Cd, is considered widespread Cd polluted 

area and the phytoremediation of contaminated soil and make 

this area suitable food production is still a big challenge. 

In China, livestock production is facing shortage of fodder 

(Holstein et al., 2019) and cultivation of fodder on Cd 

polluted land, will not only repair soil but also could provide 

feed materials for livestock. Previous studies have 

successfully planted energy crops on heavy metal polluted 

land (Wang et al., 2014; Soudek et al., 2014). Hybrid elephant 

grass is a new kind of elephant grass with characteristics of 

high yield, good palatability, and good reproduction 

performance that is suitable for many different types of 

livestock and being cultivated southern China for livestock 

production. Therefore, the objective of the current study was 

to cultivate the hybrid elephant grass on Chang-Zhu-Tan Cd 

polluted area of Hunan province and to evaluate Cd 

accumulation in hybrid elephant grass through the 

concentration gradient experiment (Wiszniewska et al., 

2016). In the experiment, elephant grass growth, 

bioconcentration factor (BCF) and translocation factor (TF) 

were also determined. 

 

MATERIALS AND METHODS 

 

Experimental materials and design: The experiment was 

carried out on Chang-Zhu-Tan Cd polluted area of Hunan 

province, China which is considered Cd polluted fallow land. 

Vegetable fields and paddy fields were considered sample 

plots. The details of sample plots and sample sites are given 

in Table 1. The test crop in the current experiment was hybrid 

elephant grass, cultivated and provided by the Hunan Institute 

of Animal Husbandry and Veterinary Sciences, Changsha, 

China. 

The results of soil Cd contents, pH, soil texture and organic 

matter are presented in Table 1. The Cd contents in the test 

sample plots were 1.68, 2.42, 2.99, 5.34 and 9.37 mg·kg-1 

respectively. These Cd contents were far higher than the risk 

screening value as compared to the Soil Pollution Risk 

Control Standard for Agricultural Land (GB15618-2018). 

The contents of soil organic matter were ranged from 39.6～
46.2, which were at a moderate level. The soil at the sampling 

site was acidic, with mean values of 4.65, 4.58, 5.73, 5.62 and 

5.82 respectively. Among the test sample plots, the three plots 

were under regular cultivation before the fallow. 

 

Table 1. Cd content, pH value, and organic matter of soil 
Test 

sample 

number 

Cadmium 

content in soil 

(mg·kg–1) 

pH value Soil texture Organic 

matter 

(g·kg–1) 

zq-1 1.68 4.65±0.39 Vegetable field 39.6 

zq-2 2.42 4.58±0.26 vegetable field 43.4 

Xt-3 2.99 5.73±0.44 Paddy field 40.9 

Xt-4 5.34 5.62±0.31 Paddy field 46.2 

nx-5 9.37 5.82±0.81 Vegetable field 41.7 

 

In January 2019, 5 test plots were selected in Chang-Zhu-Tan, 

Hunan, China, fallow land. Each plot was 5×5m in size, and 

each plot had three sampling points, and 3 replicates. After 

ploughing, each sample plot was raked evenly and repeatedly 

to control the cadmium contents error of each sample plot. 

Hybrid elephant grass was planted in early April, and the field 

management during the growth period was according to the 

local traditional mode. The June, July, August, September, 

October and November (Growth till maturity period) were 

considered sampling time and for each sampling time the 

quantitative surface soil samples, and plants sample for 

measuring plant height and yield, tiller number, the soil, root, 

stem, leaf and corresponding Cd contents. The samples were 

taken six times throughout the year to obtain the average of 

each sample as described above. 

Measurement indexes 

Determination of Soil pH: Water and soil ratio to prepare soil 

suspension was 2.5:1 as described in previous study (Saeedi 

et al., 2012). Measured by the conventional method. 

Determination of cadmium contents in the soil: The content 

of Cd in soil was determined by graphite furnace atomic 

absorption spectrophotometry according to GB/T 17141-

1997 standard (Borges et al., 2011). 

Determination of plant growth and yield determination: 

Five plants of hybrid elephant grass with the same growth 

were selected from each sampling site and dug out with roots. 

The plants was divided into three parts: root, stem and leaf. 

The height of the above-ground part was measured, and the 

fresh weight of stem and leaf was weighed. 

Yield was calculated by using the following formula: 

Yield (kg·m-2) = Fresh weight per plant (stem, leaf) (kg) × 

Actual number of plants per square meter 

Determination of plant cadmium contents: After plant 

maturity, stems, leaves and roots were collected, washed with 

tap water and deionized water successively, and dried. The 

plants were killed at 105℃ for 0.5 h, dried at 70 ℃ to constant 

weight, and each part dry matter was weighed with an 

electronic balance. The dried samples were crushed through a 

0.2 mm sieve, and the Cd contents in each part of the plant 

was determined by inductively coupled plasma mass 

spectrometry (ICP-MS) (Zurayk et al., 2001). 
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1.2.5 Bioconcentration factor and translocation factor 

Bioconcentration factor was measured by using following as 

described in previous study (Wang et al., 2016) 

BCF = Cd content in a shoot or leaves/Cd content in soil 

Translocation factor was determined by using the formula as 

described in recent study (Rajendran et al., 2019) 

TF = BCF in shoot or leaves/BCF contents in the root system 

Distribution coefficient was determined by the formula as 

described in recent studies (Melita and Papaloizou, 2020; 

Ullah et al., 2020) 

Distribution coefficient = Cd content in each organ of above-

ground part/total Cd content of above-ground part 

Statistical analysis: The experiment was accomplished 

following Completely Randomized Design (CRD). The data 

were subjected to analysis of variance (ANOVA) using 

SPSS® 22.00. The significance of variances between means 

was taken using the Duncan’s Multiple Range Test (DMRT) 

at p < 0.05. The values were displayed as the mean ± standard 

error (SE)2. 

 

RESULTS 

 

Plant growth measurements: Plant growth parameter was 

used as one of an important criterion to assess the plant 

tolerance to Cd stress. Results of growth status of elephant 

grass grown on soil with different Cd concentration are 

presented in Table 2. Elephant grass completed the whole 

growth period under the stress of different concentrations of 

Cd in soil. Results of current study explored that the plant 

height, yield and tiller number (P>0.05) were similar in 

elephant grass planted on soil with different Cd concentration. 

 

Table 2. Effects of soil cadmium concentration on the 

growth of Elephant grass 
Cd Concentration 

in Soil (mg·kg–1) 

Plant Height

（cm） 

Yield 

(kg/m2） 

Tiller Number

（PCS） 

1.68 181.11±10.35 3.19±0.35 23.32±6.32 

2.42 175.36±12.57 2.98±0.57 21.72±7.51 

2.99 188.73±15.66 3.33±0.23 24.17±8.66 

5.34 177.33±12.81 3.04±0.22 21.33±7.11 

9.37 176.89±11.73 3.03±0.58 21.58±6.99 

Note: Different lowercase letters in the shoulder tags of data in the 

same column mean significant difference (P <0.05), duplicate or no 

letters mean insignificant difference (P> 0.05) 

Cadmium accumulation: Cd accumulation (mg.kg-1 per plant 

root, plant shoot or total plant) was calculated by taking into 

account the Cd content (mg.kg-1) and the dry biomass of root, 

shoot or total plant (mg.kg-1). The results of Cd contents in 

stem, leaves, and root are given in Table 3. Cadmium content 

in all organs was as follows: root > stem >leaves, and Cd 

content in roots was significantly higher than that in stems and 

leaves (P <0.05). The contents of Cd in stem, leaf and roots 

of the elephant grass were influenced by the concentration of 

the Cd of in the soil (P<0.05). In stem, the Cd contents 

increased from 0.80±0.14 to 5.67±4.25 with the increase of 

the soil Cd contents from 1.68 to 2.99 (P<0.05). However, the 

Cd contents in stem were 3.26±1.89 and 1.24±0.30 with 

further increase in the soil Cd contents from 5.34 to 

9.37(P<0.05). Similarly, in leaves, the Cd contents increased 

from 0.53±0.07 to 3.85±2.41 with the increase of the soil Cd 

contents from 1.68 to 2.99 (P<0.05), while the Cd contents in 

leaves were 2.42±1.11 and 0.35±0.10 with further increase in 

the soil Cd contents from 5.34 to 9.37 respectively (P<0.05). 

In roots, similar trend was observed for Cd contents and 

lowest Cd contents in roots of elephant grass were observed 

on the soil contains Cd contents 9.37 (P<0.05). However, in 

case of stem to leave ratio, Cd contents were similar at soil 

contains Cd contents 1.68, 2.42, 2.99, and 5.33 respectively 

(P>0.05). However, lowest Cd contents in stem to leave ratio 

of elephant grass was observed in the soil contains Cd 9.37 

(P<0.05). 

Bioconcentration factor: Bioconcentration factor of Cd in 

stem, leaves, roots and whole plant of elephant grass are 

presented in Table 4. Bioconcentration factor results showed 

that BCF of Cd in stem, leaves, roots and whole plant of 

elephant grass initially increased when Cd concentration of 

soil increased from 1.68 to 2.99 (P<0.05), while the BCF of 

Cd in stem, leaves, roots and whole plant of elephant grass 

decreased with further increased of Cd concentration of soil 

(P<0.05) and the lowest BCF of Cd in stem, leaves, roots and 

whole plant of elephant grass was observed when the Cd 

concentration of soil was 9.37 (P<0.05). 

Transfer coefficient and distribution coefficient: The TF is 

used to evaluate plants’ ability to transport heavy metals from 

roots to the above-ground parts (stems and leaves). The 

distribution coefficient reflects the accumulation and 

distribution of Cd to stems and leaves. The TF results and 

Table 3. Effect of soil cadmium content on the accumulation of cadmium in different parts of Elephant grass. 
1Cd Concentration 

in Soil (mg·kg–1) 

Cd content of stem 

(mg·kg–1) 

Cd content of leaves 

(mg·kg–1) 

Cd content of root 

(mg·kg–1) 

Stem-leaf ratio (Cd content 

in stem/leaf) (mg·kg–1) 

1.68 0.80±0.14e 0.53±0.07e 4.94±0.13b 1.55±0.47d 

2.42 4.01±1.28c 2.57±0.85d 5.57±0.57b 1.86±1.38d 

2.99 5.67±4.25b 3.85±2.41c 6.68±1.13a 1.52±1.39d 

5.34 3.26±1.89d 2.42±1.11d 4.51±1.67c 1.66±1.46d 

9.37 1.24±0.30e 0.35±0.10e 2.87±0.85d 3.92±0.99c 
Note: Different lowercase letters in the shoulder tags of data in the same column mean significant difference (P <0.05), duplicate or no 

letters mean insignificant difference (P> 0.05), 1represents cadmium 
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distribution coefficient results are presented in Table 5. 

Results showed that TF initially increased when Cd 

concentration of soil increased from 1.68 to 2.99 (P<0.05), 

while the TF decreased with further increased of Cd 

concentration of soil (P<0.05) and the lowest TF of was 

observed when the Cd concentration of soil was 9.37 

(P<0.05). Cadmium distribution coefficient in stem explored 

that soil Cd concentration did not influence the Cd 

distribution coefficient of stem (P>0.05). Similarly, Cd 

distribution coefficient results of leaves explored that soil Cd 

concentration from 1.68 to 5.34 did not influence the Cd 

distribution coefficient of leaves (P>0.05), however, Cd 

concentration 9.37 in the soil significantly decreased the Cd 

distribution coefficient of leaves (P<0.05). 

Table 4. Bioconcentration factor for different organs of 

Elephant grass 
1Cd 

concentration 

in soil (mg·kg–1) 

2BCF of 

stem 

BCF of 

leaves 

BCF of 

roots 

BCF of 

single 

plant 

1.68 0.48±0.08e 0.32±0.04e 2.94±0.04a 0.79±0.04e 

2.42 1.66±0.53c 1.06±0.35d 2.30±0.09b 2.72±0.18a 

2.99 1.89±1.42c 1.29±0.72d 2.23±0.04b 3.85±1.55a 

5.34 0.61±0.35e 0.45±0.21e 0.84±0.02d 1.06±0.31c 

9.37 0.13±0.03e 0.04±0.02e 0.31±0.01d 0.17±0.05e 

Note: Different lowercase letters in the shoulder tags of data in the 

same column mean significant difference (P <0.05), duplicate or no 

letters mean insignificant difference (P> 0.05); 1represents cadmium; 
2Bioconcentration factor 

Table 5. Translocation factor and distribution coefficient 

of the above-ground parts of Elephant grass 
Soil Cd 

concentration 

(mg·kg–1) 

1TF Stem 

distribution 

coefficient 

Leaves 

distribution 

coefficient 

1.68 0.27±0.01e 0.60±0.01d 0.40±0.11d 

2.42 1.18±0.05b 0.61±0.01d 0.39±0.52d 

2.99 1.73±0.72a 0.59±0.11d 0.40±0.35d 

5.34 1.25±0.34b 0.57±0.07d 0.42±0.18d 

9.37 0.55±0.15d 0.77±0.06d 0.22±0.15e 

Note: Different lowercase letters in the shoulder tags of data in the 

same column mean significant difference (P <0.05), duplicate or no 

letters mean insignificant difference (P> 0.05); 1Translocation factor 

 

According to the distribution coefficient of stem and leaf, the 

Cd accumulation of stem and leaf was greater than that of the 

leaf, but there was no significant difference in Cd 

accumulation of stem and leaf except that the soil Cd 

concentration was 9.37 mg·kg–1 (P>0.05). The results 

indicated that the change of soil Cd concentration had no 

direct effect on the accumulation and distribution of Cd in the 

above-ground part of the plant. 

 

DISCUSSION 

 

Exposure of plants to some heavy or trace elements may lead 

to toxic effects on growth parameters, such as reduced total 

yield, plant height, root length, and tiller number, although the 

degree of these negative effects are depended on plant 

species, genotype and also plant tissue. All these growth 

attributes are considered very sensitive parameters used as an 

indicator to measure the response of plants towards metals 

toxicity. Worldwide, agriculture soil is polluted by Cd and 

causes a greater reduction of plant growth and decreases 

productivity (Ullah et al., 2020). In plants, the toxicity of Cd 

varies with growth conditions and experimental setup and 

depends on the Cd availability, exposure period and age of 

plants (Melita and Papaloizou, 2020). The recent study of 

Ullah et al. (2020) explored that high Cd stress (Cd2; 50 µM) 

induced greater toxicity and significantly reduced the root and 

shoot length of the plant (chickpea). Similar finding have 

been reported in sorghum by previous researcher who 

reported that the biomass of sweet sorghum was significantly 

reduced in the heavy cadmium contaminated soil (Xue et al., 

2014). The research results of Tian et al. (2015) also showed 

that with the increase of soil Cd concentration, the above-

ground biomass of sweet sorghum decreased significantly. 

Xiao-Rui et al., (2016) found similar results in wheat and 

reported that wheat plant height and dry matter weight were 

negatively correlated with soil Cd concentration. In contrary 

to above fidings, Wang et al., (2016) reported that rose 

varieties showed excellent tolerance to high concentration Cd 

stress. Similarly, Nie et al., (2016) showed that Macleaya 

Cordata plants’ growth was not significantly inhibited under 

different concentrations of Cd stress. A recent study of Hu et 

al., (2019) also confirmed that M. calendula showed good 

tolerance to Cd stress and plant growth was not affected even 

at Cd concentration was 100 mg·kg-1. Therefore, it could be 

concluded that the tolerance of plants to Cd is related to 

variety of the plants (Da-lin et al., 2011). In the current study, 

, there were no significant differences in plant height, yield 

and tiller number of hybrid elephant grass under different 

concentrations of Cd stress and plant growth and development 

were normal that represents hybrid elephant grass tolerance to 

Cd. 

The negative influence of Cd on plant growth is due to series 

of physiological and biochemical reaction by Cd in plant such 

change in plant cell membrane permeability, enzyme activity 

change, inhibition of photosynthesis and transpiration, and 

effect on root nutrient absorption (Bashir H et al., 2015; Jia et 

al., 2016; Xue et al., 2014). Cadmium also reacts with soil 

and change the composition, that reduce soil fertility changes 

and affect plant growth (Xiao-Rui et al.,2016) that results in 

plant dwarfness and biomass decline. In this study, the plant 

growth and development of hybrid elephant grass were 

normal under different concentrations of Cd stress, which 

may be due to the synergistic effect of the inhibition of Cd on 

plants and the adaptability of plants to Cd. 

It is important to understand the concentration and 

distribution proportion of Cd in the root tissues of the studied 

cultivars, to find out the tolerant and sensitivity of hybrid 
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elephant grass. Several studies have shown that root is the first 

site of contact and account for a greater amount of toxic 

metals (Yang et al., 2014; Jia et al., 2018; Ullah et al., 2020). 

In this study, the content of Cd in the roots of hybrid elephant 

grass was the highest. Ullah et al. (2020) showed that like 

other toxic metal, roots retained a higher concentration of Cd 

and transferred less to the above-ground parts. Moreover, in 

the current study, the contents of Cd in stem, leaf and roots of 

the elephant grass were influenced by the concentration of the 

Cd of in the soil. In stem, the Cd contents increased from 

0.80±0.14 to 5.67±4.25 with the increase of the soil Cd 

contents from 1.68 to 2.99. Similarly, in leaves, the Cd 

contents increased from 0.53±0.07 to 3.85±2.41 with the 

increase of the soil Cd contents from 1.68 to 2.99. Similar 

trend were observed in root. Our finding at this level were 

similar with the study of Jia et al., (2018) who reported that 

Cd content in various organs of sweet sorghum plants was 

significantly positively correlated with Cd concentration in 

soil. Similarly, Gao et al., (2018) found that Cd content in 

various parts of wheat increased with Cd stress concentration. 

Yang et al., (2014) also found that the absorption of Cd by 

maize was positively correlated with the content of 

exchangeable Cd in the soil. Gu et al., (2019) also found that 

the accumulation of Cd in the above-ground of the same plant 

(type) was positively correlated with the content of Cd in the 

soil. Sun et al., (2018) also found that Cd content in roots and 

above-ground of 4 kinds of chrysanthemum was increasing 

with the increase of Cd concentration in hydroponic solution. 

It can be seen from the above research results that there are 

differences in Cd enrichment characteristics between 

Elephant grass and sweet sorghum, wheat, corn, ground cover 

chrysanthemum and other plants, and different organs of 

Elephant grass also have different Cd enrichment, which may 

be caused by the absorption of Cd by plants related to the 

growth environment and interspecific differences (Clemens 

and Ma,2016; Du et al., 2017). However, the Cd contents 

decreased from 3.26±1.89 to 1.24±0.30 with further increase 

in the soil Cd contents from 5.34 to 9.37. Similarly, Cd 

contents in leaves decreased from 2.42±1.11 to 0.35±0.10 

with further increase in the soil Cd contents from 5.34 to 9.37 

respectively. In roots, similar trend was observed for Cd 

contents and lowest Cd contents in roots of elephant grass 

were observed on the soil contains Cd contents 9.37. 

Reduction in Cd accumulation in root, leaves, and shoot 

especially under high Cd stress, could be attributed to the low 

flowing of water and in turn, the xylem not sapped well (Ullah 

et al., 2020). Ullah et al. (2020) further reported that Cd has 

negative effects on plant water relations, and a limited supply 

of water decreased the uptake and accumulation of metals. 

The present study revealed that even though a greater amount 

of Cd was found in the root, however, still significant amounts 

were found in the shoot. The greater accumulation of Cd in 

the leaves, root and shoot with high shoot biomass production 

in hybrid elephant grass suggests its tolerance against high Cd 

stress, while cultivar IC8-B was sensitive. The obtained 

results are in harmony with the results of other authors Yang 

et al., 2014; Jia et al., 2018; Ullah et al., 2020), which 

demonstrated that certain tolerant cultivars accumulate high 

Cd in the shoot, which is the distinguishing feature of plants 

having high biomass. 

Additionally, to qualify the Cd accumulation in hybrid 

elephant grass, BCF and distribution coefficient must be taken 

into consideration. The BCF showed that the absorption of Cd 

by individual plant and organs of elephant grass had a 

significant relationship with the content of Cd in soil. 

Furthermore, BCF and distribution coefficient are excellent 

indicators of metals accumulation because it takes into 

account the ratio of Cd concentration in the soil and plant 

tissues (root and shoot, respectively (Ullah et al., 2020). The 

hybrid elephant grass studied here had BCF were higher than 

one (> 1) when soil Cd concentration was 2.99 mg.kg-1 and 

increased increase in soil Cd contents, which is an agreement 

with the findings of Ullah et al. (2020). 

The tendency to translocate Cd from the root to the shoot, as 

estimated by the TF was less than one (< 1), except in the 

highest Cd soil contents, suggesting that all of them were 

unable to move Cd from the root to the shoot efficiently, 

which agreed with other findings Ullah et al. (2020). 

The transport of heavy metals from the root to the ground is 

mainly through transpiration (Liu et al., 2015). In general, 

most of the Cd that enters the plant body forms complexes 

with proteins and is fixed in the roots, and only a small part 

of Cd is transported from the ground. However, the 

distribution of Cd in plants is also related to plant varieties 

(Liu et al., 2018). Some studies also believe that the stem 

biomass of plants significantly affects the absorption of Cd 

from the soil and the migration of Cd from roots to above-

ground (Niu et al., 2021). The distribution coefficient showed 

that the accumulation and distribution of Cd in the stems and 

leaves of elephant grass did not change with the change of soil 

concentration. 

Studies believe that phytoremediation is a slow process. 

Plants used for phytoremediation should be characterized by 

high biomass, rapid growth, extensive fibrous root system, 

easy planting, easy harvesting, high tolerance to toxic metals 

and easy operation (Steliga and kluk, 2020). Ebbs and 

Kochian, (1997) also proposed that the development and 

utilization of plant species with higher biomass is a significant 

development direction of phytoremediation technology. 

Based on the finding of the current study, it can be seen that 

within the test concentration range (under the condition of 

heavy Cd pollution), the Cd BCF, TF and distribution 

coefficient of hybrid elephant grass root is significantly 

higher than that of stem and leaf and the plant grows well 

under the condition of heavy Cd pollution, showing certain 

resistance to Cd stress. Although, under the stress of highest 

Cd concentrations, BCF and TF of elephant grass were less 

than 1, the above-ground biomass of elephant grass was 
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larger, which could compensate for the low Cd content in the 

above-ground part. 

 

Conclusion: Based on the finding of current study, it is 

concluded that hybrid elephant grass has a strong absorption 

capacity and tolerance for cadmium, and the absorbed 

cadmium is mainly stored in the root. There is a significant 

relationship between Cd uptake by the plant and soil Cd 

content in elephant grass. Furthermore, elephant grass can be 

recommended as a good Cd pollution remediation plant in 

fallow land. It is recommended that Elephant grass, a 

perennial forage with easy survival, short growth cycle and 

high biomass, could be cultivated in Chang-Zhu-Tan, Hunan, 

China’s Cd-polluted fallow land for consecutive years. After 

the restoration work was completed, deep ploughing was 

carried out to remove the developed root system (the main Cd 

accumulation organ) of elephant grass. 
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