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Abstract 

Based on recent results of phytoremediation techniques applied in curbing 
environmental contamination, various factors influencing the efficiency of 
phytoremediation of contaminated soils were analyzed and summarized. First of all, 
three aspects of the main factors of phytoremediation efficiency of heavy metal 
pollutants and organic pollutants in soil were analyzed. That is to say, the physical and 
chemical properties of pollutants and their interaction effects, soil and climate 
conditions, and plant species, rhizosphere effects and cultivation measures. And then, 
the influence of additives on the phytoremediation efficiency was elaborated. Finally, 
issues for further research on phytoremediation of contaminated soil were discussed to 
improve the efficiency of phytoremediation. 
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1. Introduction 

With the development of industry and agriculture, heavy metals are polluting the soil more and 
more seriously. Hg and Cd are the most serious soil heavy metal pollution in China, and the 
pollution of Pb, As, Cr and Cu is also more serious. Heavy metal elements in soil can not be 
decomposed by soil microorganisms, easy to accumulate, and ultimately endanger human 
health through biological accumulation, so how to effectively control heavy metal pollution of 
soil has become the focus and difficulty of current research. In order to control and control the 
soil that has been polluted by heavy metals, a certain plant is planted with heavy metal 
contaminated soil by plant restoration technology, and the plant has a special ability to absorb 
and collect the polluted elements in the soil, and the heavy metals can be removed from the soil 
after harvesting and properly handling (e.g. ash recovery), so as to control pollution and restore 
ecology. 

Plant restoration technology is a new technology to extract pollutants from polluted 
environment by using super-rich plants, the basic principle of which is to absorb, degrade, 
volatilized and transform pollutants in the environment by using plants and their root 
microbial systems, so as to realize the restoration of polluted environment[1]. Plant restoration 
has been gradually adopted with its significant advantages of low cost, no damage to soil 
structure and no secondary pollution, and good repair results have been achieved. However, 
due to the slow growth of plants and low repair efficiency, it is difficult to popularize the 
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application of this technology. Therefore, it is of great practical significance to solve the 
bottleneck problem that restricts the application of plant repair technology for the healthy 
development and large-scale application of plant repair technology. Based on the summary and 
analysis of the main factors affecting the restoration of contaminated soil, this paper analyzes 
and evaluates the effects of plant restoration on soil restoration, which provides reference for 
improving the efficiency of plant restoration of contaminated soil. 

2. Advances in plant restoration techniques 

The efficiency of plant absorption of pollutants is influenced by the chemical and chemical 
properties of soil. Generally speaking, organic matter can be de-absorbed in soil particles under 
acidic conditions, plant roots can be absorbed into plants, and under alkaline conditions, some 
humus in the soil provides a large number of binding points, reducing its biosoability. Moisture 
in soil can also inhibit the adsorption of pollutants on the surface of soil particles and promote 
biosuperability, however, when there is too much moisture, plants experience insufficient 
nutrients between roots to inhibit growth and affect degradation capacity[2]. The content of clay 
and organic matter is another important factor affecting the absorption efficiency of plants, the 
soil with high viscosity content has strong adsorption capacity to ionized organic pollutants, 
some hydrophobic organic matter will be fixed or adsorbed by soil with high organic matter 
content, thereby reducing its biosexuality[3], and the soil with high organic matter content has 
a high adsorption strength to polycyclic aromatic hydrocarbons, which affects the degradation 
of polycyclic aromatic hydrocarbons[4]. However, the degree of influence of soil organic matter 
on pollutant absorption is also related to soil type, characteristics and type and content of 
pollutants. 

2.1. Meteorological factors 

Meteorological conditions such as humidity, demeanority, lighting and temperature can affect 
plant growth and biomass, which in turn can affect the efficiency of soil pollutant plant 
restoration. Ordinary light promotes the growth and development of plants and promotes the 
degradation of pollutants[5]. The wind can spread the heat generated by plant astoning, and the 
low-speed wind promotes plant growth. Air humidity and water content affect the growth and 
development of plants. Usually, plant growth and flowering need high humidity and moisture 
content, soil repair process should be maintained in the field water holding at 70% to 80%, 
conducive to plant leaf stretching, improve the quality of flowers. However, because the humid 
environment is good for the development of some eggs, so in the humidity of more than 90% 
and poor ventilation will lead to the breeding and spread of pests and diseases, seriously 
affecting the growth and development of plants, and even lead to its withering, death, so that 
biomass decline. Temperature can affect the growth rate of plants, which in turn can affect 
biomass per unit of time. However, long-term high indoor temperature will also increase the 
risk of pests and diseases, such as peacock grass in a continuous room temperature of more 
than 35 degrees C and poor ventilation, about 1 week will be red spider pests. In a nutscape, 
the effects of meteorological conditions on plant restoration are as follows: affecting plant 
growth and development and biomass; affecting the volatility of pollutants in the soil; Affects 
the plant's leaf-absorption effect on contaminants[6]. 

2.2. The physiological basis for the absorption of heavy metals by super-
accumulated plants 

Under normal growth conditions, the production and removal of reactive oxygen in plants is in 
equilibrium, while the free fundamentals produced by the metabolic processes induced by the 
bad environment have harmful effects on plant biofilms, but soDs and PODs of the plant's own 
protective enzyme systems can remove free fundamentals, thus preventing the poisoning of 
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free fundamentals[6]. Under the condition of environmental stress, the biosynthetic, 
accumulation, transportation and root secretion of organic acids will increase significantly. 
Organic acid is an important class of heavy metal ligands, involved in the absorption, 
transportation, storage and detoxification of heavy metals and other physiological metabolic 
processes, but the types of organic acids vary according to plant species, metal types and 
concentrations and other factors. Therefore, the physiology of the absorption of heavy metals 
by super-accumulated plants still needs further study[7-8]. 

3. The absorption of heavy metals in soil by super-accumulation plants 
and their detoxification 

3.1. Molecular biology of super-accumulation plant absorption and 
detoxification of heavy metals 

Research has been carried out on the molecular biological mechanisms of super-accumulation 
plant-rich heavy metals, from zinc and cadmium super-accumulation plant sky blue cabbage 
(Thlasp i caerulescens) clones to Zn/Cd transfer protein ZN T1, ZN T2, ZN T1-LC genes, etc[9]. 
These genes are expected to be used to grow genetically modified plants with large biomass-
rich heavy metals. Although the MT gene has been proven to exist in many plants, most plants 
show no tolerance for heavy metals, and their expression and function in plants remain unclear. 
It remains unclear whether MTs are the main mechanism for plant heavy metal 
resistance[10].Plant chelating peptide (PCs) is an important non-protein form of cysteine-rich 
oligopeptides in plants, is regarded as the third type of MTs, involved in the process of heavy 
metal detoxification in plants, therefore, in recent years, PCs research has received 
international attention. The current state of PCs' structure, composition and synthesis is 
described in detail. PCs non-toxic compounds by integrating the base with metal ions, reducing 
the amount of heavy metal ions that free the cell, thereby reducing the toxic effects of heavy 
metals on plants[11]. Ino uhe  Studies such as Ino uhe have found that red bean cells are sensitive 
to Cd, and that Cd treatment does not induce them to synthesize PCs because the cell line lacks 
PCs synthase activity[12],In addition, PCs also protect the activity of heavy metal-sensitive 
enzymes[11]. However, it has also been reported that plant heavy metal resistance is not related 
to PCs, but is caused by different enzyme systems' avoidance and regionalization of heavy 
metals[13]. 

3.2. Heavy metals in plant subcellular distribution and chemical form 

The study of subcellular distribution of heavy metals helps to determine the effect of this 
element on cell activity and its biochemical effects. The distribution of heavy metal elements in 
super-accumulative plants always avoids damaging relatively important tissues, cells and 
organors, thus demonstrating selective distribution. The accumulation in non-protosur parts 
and the spatial distribution of in-cell regions are two important aspects[14]. Hall[15]believes that 
the concentration of heavy metals in cell fluid should be lower than the concentration of heavy 
metals in liquid bubbles to ensure the normal physiological metabolic activity of cells. study of 
cadmium and zinc distribution in the cells of the sky is mainly in the cell walls and soluble parts 
by Zhou Shoubiao[16]. Liao Binand others[17]have also shown that Cu distribution in Commelina 
communis cells is mainly distributed in the cell walls and cytocytes. Cell walls bind to metal 
ions entering plants to form precipitation at the cell wall site, thereby reducing the 
concentration of metal ions in the protosite and avoiding damage to tissues, cells and organors 
with relatively important functions, so cell walls are the first barrier for heavy metals to enter 
the cell[18]. Li and others[19]found that Zn in the leaves of the super-accumulated plant Sedum al 
f red ii mainly exists in 4 extraction states of deionized water, ethanol, sodium chloride and 
acetic acid, and it is believed that Zn binds to a variety of metal lipoloms in the plant. In Potent 
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il la gri f i thi i, Zn is combined with a variety of metal ligations, which are jointly coordinated to 
participate in the distribution of plant Zn (including organ, tissue and subcellular levels) and 
Zn detoxification, wherein water-soluble and ester-soluble endometoral ligations may play the 
most critical role in Zn super-accumulation[20]. 

3.3. The activity of super-accumulation plants to heavy metals in the root soil. 

The plant's root system secretes protons, thus facilitating the plant's activity of elements in the 
soil and the absorption of root bags (rhi zobag) tests[11], which show that the concentration of 
the effective state Zn in the soil decreases by less than 10 percent of the total amount of Zn 
absorbed by the super-accumulated plant sky blue cabbage (Thlaspi caerulescens). Zhang 
Shuxiang and other studies[22]have found that the accumulation of fatty acids secreted by the 
root system of crops in the root environment, especially under reduced conditions, will cause 
local soil acidic environment. Some scholars have also suggested that super-accumulated plants 
secrete special organic matter such as organic acids from roots to acidify the inter-root heavy 
metals, thus promoting the dissolution of soil heavy metals and the absorption of roots, or the 
idea that the root hairs of super-accumulated plants exchange adsorption of heavy metals 
directly from soil particles[23]. 

3.4. Plants chelate heavy metals in the soil. 

Super-accumulated plants can secrete certain metal binding proteins and certain special 
organic acids to chelate heavy metals. Some single leaf plants can release plant high-speed rail 
carriers under the condition of lack of Fe, promoting the dissolution of soil Zn, Cu and Mn. 
Super-accumulated plants may also secrete metal binding proteins (similar to metal sulfur 
proteins or plant chelating peptides) as ion carriers of plants, and may also secrete certain 
compounds that promote metal dissolution in the soil[24].Wanmin and other studies on low 
molecular organic acids and cadmium bioaccumulation in wheat root soil of different cadmium 
accumulation types confirm that plants can compound or chelate dissolved cd in soil by 
secreting organic acids[25]. However, Salt and others did not find any chelating substances of 
high affinity and Ni in the root secretions of the Ni super-accumulation plant Thalaspi 
goesingense[26]. 

4. Plants restore heavy metals in the soil 

Under the action of single-use metal reductase on the root cytocyte membrane, high-priced 
metal ions in soil are reduced and solubility is increased. The adsorption of Fe/Mn hydration 
oxides affects the mobility of heavy metals in the soil and, when these oxides are reduced, 
results in the release of absorbent heavy metals[27]. 

4.1. Metallic organic mating in rich and super-accumulated plants. 

There are a variety of metal ligands in plants, including organic acids, amino acids, phytic acids, 
plant chelating peptides (PCs) and metal sulfur proteins (MTs) [18]. Natural organic matter in 
plants such as organic acids, amino acids, polysaccharides, proteins, etc., they have a strong 
adsorption capacity with metal ions, the main organic liganding base is oxygen-containing 
functional groups, such as pyrethroids, phenol hydroxyl, alcohol hydroxyl, oleol hydroxyl and 
niobium- and phosphorus-containing functional groups, through the process of co-operation, 
regional separation, biotransm, cell repair, etc., to participate in the activity of metal-rich and 
detoxifying and other physiological functions in plants. Chen Tongbin et al. [19]found that the 
arsenic concentration on the veins of P tertsvi ttata was higher than that of the tissues on both 
sides, and the distribution difference was most obvious at the tip of the leaves, where arsenic 
had a strong tendency to transfer to the leaves and meat tissue on both sides, i.e. a strong wood 
unloading capacity. PCs chelate with metal ions to form non-toxic compounds (Cd-S4-complex), 
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reducing the free heavy metal ions in cells, thereby reducing the toxic effects of heavy metals 
on plants[20]. However, there are also studies that suggest that PCs are not the resistance 
mechanism of all plants that are resistant to heavy metals, and that this approach does not seem 
to work well in the study of the resistance mechanisms of super-accumulated plants to heavy 
metals[21]. 

5. Conclusions and prospects 

Soil-contaminated plant restoration technology is a promising new technology, which is less 
expensive than other repair techniques. However, the content of plant repair in heavy metal-
contaminated soil is still unclear, and further research is needed in many interdisciplinary 
disciplines, such as biology, plant genetic technology and environmental science, including the 
physiology of plant absorption of heavy metals, molecular biology, the distribution of heavy 
metals in plant subcellulars and chemical forms, plant-to-root soil heavy metals and metal 
organic ligands in plants, so as to improve plant repair efficiency. 

In recent years, many scholars at home and abroad have made some achievements in the 
theoretical research and practical application of heavy metal pollution soil plant restoration 
and reinforcement technology. But on the whole, the research scope of these enhanced 
technologies still needs to be further expanded, and there are still many problems to be solved 
in the intensive repair. To this end, work should be done in the future in the following areas. 

(1)Basic theoretical issues related to the absorption, transport, endurance, richness and 
detoxification of heavy metals by super-rich plants, the mechanism of action of root 
microorganisms and the influence factors of heavy metal biomass need to be studied in depth. 

(2)Since super-accumulative plants usually have a strong rich effect on only one type of heavy 
metal in the soil, and soil heavy metal pollution is usually caused by a variety of heavy metals, 
how to build a variety of heavy metals at the same time by means of genetic engineering. 
However, the application of genetic engineering technology is bound to produce many 
genetically modified plants, animals or insects to eat genetically modified super-rich plants 
consequences should also be considered. 

(3)We should strengthen the agro-management measures, systematically study the field 
experiment, and find out a set of practical plant cultivation management measures. Optimize 
fertilization techniques and use new fertilizers to improve the soil environment, promote plant 
growth and absorption of heavy metals, and improve the efficiency of plant restoration. 

(4)We should strengthen the practical application of joint restoration between different 
strengthening measures to jointly improve the efficiency of heavy metal soil restoration, which 
will also be the future development direction of heavy metal soil pollution plant restoration 
technology. 

(5)The recovery process of low-content heavy metal elements in plants should be studied in 
depth, so that the biomass of plant restoration can be properly handled and environmental risks 
reduced at low cost. 
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