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Abstract

Mulberry trees are indeed remarkable for their versatility and environmental benefits. Their wide
distribution across various continents and ability to thrive in different climates make them a significant
plant species. The robust root system of the mulberry tree plays a crucial role in improving soil shear
strength and enhancing the land's resistance to erosion. This not only helps in the conservation of water
and prevention of soil erosion but also contributes to the restoration of degraded lands due to heavy
metal contamination and the bioremediation of polluted sites. This review explores the role of mulberry
in the remediation of soils contaminated with heavy metals such as Lead, Arsenic, Cadmium,
Chromium and Cobalt, as well as its potential for improving soil quality in polluted environments.

Also highlights the different mechanism and response mulberry plant to heavy metals. Recent advances
in mulberry research related to heavy metal response are highlighted, with a focus on its ecological
functions. The discussion also covers the well-developed root system of mulberry roots which is non-
hyper accumulator, having rapid growth rate, and resilience to specific environmental stressors. The
paper also examines the potential implications of heavy metal accumulation in mulberry leaves on the
health and productivity of the silkworm, an important economic insect that feeds exclusively on
mulberry leaves.

Keywords: Environmental, important, economic

Introduction

Mulberry is widely cultivated across the world, primarily for its leaves which serve as the
sole food source for silkworms, an economically important insect. The ability of mulberry to
accumulate heavy metals raises concerns about the transfer of these contaminants to the
silkworm, which can potentially impact its health and productivity.

Mulberry plants have been reported to accumulate significant amounts of heavy metals
within their tissues, particularly in their roots. This ability to bioconcentrate heavy metals has
made mulberry a promising candidate for phytoremediation of soils contaminated with toxic
metals. (Ma et al., 2016) 1“1 (Sharma et al., 2023) (04,

The global accumulation of heavy metals in the environment is an escalating concern. The
simultaneous presence of multiple heavy metals, rather than a single stress factor, often poses
the greatest risk and complexity (Atkinson et al., 2012) ©°!. Even in trace amounts, heavy
metals can be highly toxic to various organisms, including humans. Among these, lead (Pb)
and cadmium (Cd) are of particular concern to the scientific community due to their high
toxicity and non-biodegradable nature, which makes them especially harmful to entire
ecosystems.

In addition, the ecotoxicity of these heavy metals is relatively large, and the impact on the
environment and the health of the population is more worthy of attention. Therefore,
reducing the concentrations of toxic metals to safe levels is an urgent priority. Soil
contamination by heavy metals has proved to be a serious global environmental issue, so
developing an innovative, effective and sound remediation technology is necessary (Zeng et
al., 2011; Zhong et al., 2015) 3481,

The cultivation of mulberry (Morus spp.) is crucial to sericulture providing the primary food
source for silkworm (Bombyx mori L.). However, heavy metal contamination from industrial
activities poses a significant threat to the agro-ecosystem. Accumulation of heavy metals
from sources like mining, electroplating and pesticide application affects mulberry plant
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health and consequently silkworms consume contaminated
leaves. While essential micronutrients contain heavy metals
exceeding phytotoxicity thresholds damages plant growth
(Bennett, 1993) M. Tolerant plants often sequester non-
essential metals in cell walls and vacuoles to mitigate
damage (Wang et al., 2008) "),

It has been documented that heavy metals with inorganic
and water-soluble forms in plants have higher activities
(Wang er al., 2008) ™! that enable them to be easily
transferred to the next trophic level. Compared to plants that
are sensitive to heavy metals, tolerant plants usually
accumulate more non-essential metals in the cell wall and
vacuoles to prevent them from injuring the more sensitive
cell metabolic sites. The non-essential metals in the cell wall
often are integrated with pectates and protein, in addition to
becoming water insoluble.

Silkworms sensitive to their diet, suffer from reduced
growth, increased mortality and impaired silk production
when exposed to heavy metals, threatening sericulture
economic viability. Understanding heavy metal uptake in
mulberry and its transfer to silkworms is crucial for
developing mitigation strategies. Utilizing silkworm studies
on excrement, pupae and cocoons can help reduce
environmental health risks from heavy metal contamination.
Silk larvae have been successfully used as a bioindicator
and to identify environmental pollution with insecticides
because of the insect's high sensitivity to them. Literary
sources indicate as good bio indicators of environmental
status of mulberry trees and silkworm larvae. The silk larva
has been successfully used as a bioindicator and for
detecting environmental pollution with insecticides due to
the high sensitivity of the insect to them.

What is a Heavy Metal?

A heavy metal is a type of chemical element that typically
has a high atomic weight and density, which is at least five
times greater than water. Heavy metals have a high density
(more than 5 g/cm?3) and a high atomic number. Many heavy
metals are toxic or poisonous at low concentrations. For
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example, lead (Pb), mercury (Hg), cadmium (Cd), and
arsenic (As) are well-known toxic heavy metals that can
cause serious health issues if ingested, inhaled, or absorbed
by the body. Heavy metals do not degrade or break down in
the environment easily. Once they are released into the
environment, they can persist for long periods and
accumulate in the soil, water, and living organisms. Some
heavy metals, such as iron (Fe), copper (Cu), and zinc (Zn),
are essential for biological processes in trace amounts but
can be harmful in excess. Others, like mercury and lead,
have no biological role and are toxic. Heavy metals are
widely used in various industries for manufacturing
electronics, batteries, pigments, and other products. Their
widespread use has led to environmental contamination and
concerns about their impact on human health and
ecosystems. Exhibit toxic properties and can have adverse
effects on the environment and living organisms due to their
persistence and potential for bioaccumulation. Concern in
areas such as pollution, environmental chemistry, and
industrial processes where their presence may pose risks to
human health and ecosystems.

Sources of Heavy metals

Various heavy metals are essential in nature, playing critical
roles in the normal growth and development of plants. Key
heavy metals such as copper (Cu), zinc (Zn), iron (Fe),
manganese (Mn), molybdenum (Mo), and nickel (Ni) are
vital in plant biochemistry and physiology (Zhuang et al.,
2009) ™21 As essential micronutrients, Cu and Zn are
particularly important for normal plant growth, serving as
cofactors and activators in enzyme reactions, or acting as
catalytic agents in metalloproteins, such as those with
prosthetic groups. These metals are also involved in redox
reactions, electron transfer processes, nucleic acid
metabolism, and are integral components of several
enzymes. While the presence of these metals in specific
concentrations is crucial for healthy plant growth, their
excess can lead to toxic effects (Nagajyoti et al., 2010) 51,

Table 1: Different sources of heavy metals in the agriculture and environment.

Sources

Heavy metals References

Mining activities/smelting

Cr, Pb, Zn Sumner (2000) 72

Geological and anthropic activities

Cr, Co and Ni, Cr, Pb, Zn | Facchinelli et al. (2001) [16]

Sulfide mineral deposits As Nordstorm (2002) 1361
Earth’s crust Cd, Hg, Pb, As Jdrup (2003) 21
Phosphate fertilizers Cd Jdrup (2003) 21
Fossil fuels combustion, chemical industries, electroplating Ni, As, Cr Khodadoust et al. (2004) 13¢]
Coal mining and steel processing industries Zn Greaney (2005) 22!
Sewage, manures, sludge, limes Cd Yanqun et al. (2005) 331
Poultry waste, feed additives As Mukherjee et al. (2006) 48]
Surface runoff from rain/snow Hg Kowalski et al. (2007) 13
Weathering of sedimentary rocks like sandstone and dolomite Mn, Cr, As, Fe, Zn Viers et al. (2007) "4
Industrial wastes As Tripathi et al. (2007) 13

Anthropogenic activities

Pb, Zn, Cu, Co, Ni, As Jordanova et al. (2008) 1321

Waste dumping Cd, Pb, Cu Zhuang et al. (2009) %)
Ores/mineral dissolution Fe, Mn, Cr, Cd, Hg Huffmeyer et al. (2009) >
Pesticides Hg, As, Cu, Zn Arao et al. (2010) ¥
Aerosols As, Zn, Cd, Pb Nagajyoti et al. (2010) 1
Atmospheric aerosols, windblown dust Pb, Hg, Ni Kang et al. (2011) 13!
Industrial wastes and geological minerals As Murcott (2012) B9
Industrial waste pipes/additives Cu Mohod and Dhote (2013) 4]
Volcanic emissions, forest fires, atmospheric deposition Pb, Hg, Ni Li et al. (2014) 44
Geological minerals As, Cr, Pb, Mn Kibria (2014) (371
Sewage irrigation Cd, Pb, Cr, Hg Su (2014) 71
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Industrial pollution

As Gillispie et al. (2015) 121!

Geological processes and anthropogenic activities

Pb, As, Hg, Cd Nkansah et al. (2016) 15

Metallic mining Cd, Zn, Pb Romero-Baena et al. (2017) [61]
Chemical industries and geological minerals Cd, Pb, Zn, As Bech (2018) 19
Anthropogenic activities and industrialization Cu, Cr, Zn, Ni Adimalla (2019) !

Smelting activities and agricultural industry, industrialization and urbanization|

Ni, Cu, Cr, Mn, Zn, Fe Doabi et al. (2019) [19]

Geological and anthropogenic activities

Al Fe, Mn, Si, As Cr, Hg, Ni| Kambunga et al. (2019) B34

These heavy metals are also known as trace elements
(10mg/Kg or mg/L in soil/aquatic medium) or ultra-trace
elements (1pg/Kg or pg/L in soil / aquatic medium) because
of their presence in the soil environment.

In addition to these essential trace elements, another
category of heavy metals, Class B metals, considered to be
non-essential trace elements such as As, Cd, Hg, Cr, Pb, and
Co etc., are in nature very toxic. The mechanism of heavy
metal-induced toxicity in plants is summarized in Figure 1.

In terrestrial systems, plants are stationary, with roots
serving as the primary contact points for trace metal ions. In
aquatic systems, however, the entire plant is exposed,
allowing metal ions to be absorbed directly through leaf
surfaces due to particle deposition (Kibria, 2014) 37, Thus,
plants primarily absorb heavy metals through their roots,
though leaf surfaces also play a role, especially when
particles containing metals are deposited.

Heavy metals

( \ <
High affinity for _ Production of
proteins Displacement of reactive oxygen
essential metals from species )
enzymes

Disrupted proteins

Inactive enzymes

Oxidative stress

[ Mambrane damage Metabolic disturbance Nutrient loss }

Damage

Fig 1: Summary of heavy metals induced toxicity mechanism in plants (Adopted from: Kumar et al., 2016) 411,

Response of Mulberry plant to Lead (Pb) accumulation
Lead (Pb) is a non-essential and toxic trace element in the
environment. The soils in some locations are contaminated
by Pb due to anthropogenic activities (Stafilov et al., 2010;
Jin et al., 2015) U% 31 Pb pollution in soils is covert,
persistent and non-biodegradable. Soils polluted by Pb could
be a source of contamination for water and air (Laidlaw et
al.,2012) 421,

Biomass allocation and photosynthetic characteristics of
mulberry under different lead (Pb) concentrations are
studied by combining exogenous biochar and partial root
zone drought (PRD) treatments. The results revealed that
mulberry could reduce the stem mass ratio (SMR), as well
as increase the leaf mass ratio (LMR) and root mass ratio
(RMR) in Pb-contaminated soil, which supported the
functional balance theory of biomass allocation. (Wang et
al. (2020) 1781,

With higher soil Pb concentrations, the LMR of the control
revealed an upward trend. Under Pb-free and mild soil Pb
(50 mg kg1, both the PRD and biochar treatments tended
to increase the LMR of mulberry seed lings, while under

moderate and severe soil Pb stress, they tended to decrease
the LMR.

Nasir et al., (2007) ' reported the lead in soil results
obtained clearly showed that the amount of Pb (II) deposited
in soil by synthetic effluents was strongly dependent on
effluent pH and effluent Pb (II) concentration. The highest
deposited amount of lead was found to be 326.5-0.04 mg/kg
at pH 5 and initial lead concentration of 400 mg/litre.
Widely spread lead is leading toxic heavy metal to living
organisms. Ozer et al. (1994) " found that the main lead
contamination source were sugar finishing industries,
automobile batteries, pigments for printing processes, etc.
Results of this study clearly showed that lead concentration
was much higher in soil irrigated using lead-containing
effluent in comparison to the control soil sample. Lead
precipitation occurred after pH 5. It is suggested that
effluent pH should be increased to 5 to cause Pb (II)
precipitation from the effluent used for irrigation.

Heavy metals especially lead (Pb) and cadmium (Cd) are
pollutants of very high priority concern in the scientific
community because apart from being toxic to the entire
ecosystem, they are non-biodegradable. Si et al., (2021) 18]
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studied the effects of Pb and Cd on seed germination,
seedling growth and silkworm growth under single stress
and combined stress, attempting to explore accumulation in
mulberry plants. The experiment was conducted on
treatment with Pb concentrations of 0, 100, 300, 500, 700,
900, 1000, 1100, 1200 and 1300 mg L-1 and analyzed the
toxic effects of mulberry (Morus alba). Mulberry seeds
survived when the concentration of Pb is lower than 1200
mg L-1 indicating that mulberry seeds have a certain
tolerance to Pb. Lanier concluded that the Pb-treated plants
exhibited longer leaves and roots and less DNA damage
than Cd treated ones. Therefore, when screening plant heavy
metal species for soil restoration, whether the plant is
resistant to various heavy metals and the law of reaction to
heavy metal complex stress (Lanier et al., 2019) 3 Tt also
found that pb accumulated mainly in the roots of mulberry
plants and therefore has a greater influence on growth and
also found that mulberry is resistant to lead and cadmium
ions and can be used for metal fixation.

Heavy metals have many effects on plant growth and
metabolism, especially on photosynthesis. The results
showed that the net photosynthetic rate of mulberry leaves
was inhibited by Pb and Cd. The important reason may be
that the chloroplast structure of plants under heavy metal
stress is poisoned, which directly interferes with the
biosynthesis of chlorophyll (Arriagada et al., 2005) 15,

Jiang et al., 2020 B have evaluated effects of planting
density and mulberry varieties on heavy metal accumulation
and also studied the Bioconcentration factors and
Translational factors of Cd and Pb in mulberry.

The transportation of Pb in the soil mulberry-silkworm food
chain was also evaluated by pot experiment. Plenty of Pb
was stored in root, reducing its migration to stem and leaf.
Over 92% of the Pb in the leaves was deposited in the cell
wall, and 95.3-95.6% of the Pb in the mulberry leaves was
inte grated with oxalic acid, pectates and protein, which had
low bioavailability and reduced the damage to organelle
(Zhou et al., 2015) P,

Wang and Ji 2021 investigated the responses of mulberry
(Morus alba L.) to lead (Pb) contamination in soil, focusing
on glutathione (GSH) metabolism and calcium (Ca)
secretion. The study reveals that mulberry demonstrates
considerable adaptability to Pb stress, maintaining biomass
across various Pb levels, which highlights its potential for
phytoremediation efforts. The findings indicate that GSH
plays a crucial role in detoxifying Pb by chelating heavy
metals, thereby reducing their biological toxicity. The
expression of GSH-related genes is sensitive to Pb presence,
suggesting a biochemical response that aids in mitigating
toxicity. Additionally, the research identifies calcium
oxalate crystals as significant in the detoxification process,
particularly under severe Pb stress. These crystals may
facilitate the excretion of Pb-Ca oxalate complexes,
enhancing the plant's ability to cope with heavy metal stress.
Morphological adaptations, such as leaf thickening and
increased vascular development, were also observed, which
may improve Pb transport to aerial parts. Overall, this study
underscores the importance of understanding the
physiological and biochemical mechanisms in mulberry that
contribute to its resilience against heavy metal stress,
providing valuable insights for future environmental
remediation strategies. Mulberry has a higher resistance to
soil Pb stress, and it can be planted in moderate Pb-
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contaminated soils for no loss of biomass and can safely
harvest the branches and leaves.

Response of Mulberry plant to
accumulation

The transfer of Co from soil to plants appears to be viable
route to expose lower trophic levels to biologically
significant concentrations and potentially accumulates in
biomass and top soil (Gal et al., 2008) 1. Cobalt exposure
has been linked to reduced growth and nutritional quality in
mulberry leaves, with higher concentrations leading to
declines in total protein and chlorophyll content.

In higher plants, the absorption of Co** by roots involves
active transport, where the metal is taken up and then moved
through the cortical cells via both passive diffusion and
active processes. Once in the xylem, Co?*' is primarily
transported by the transpirational flow, while its distribution
through the sieve tubes is acropetal, facilitated by
complexing with organic compounds (Palit et al. 1994) 581,
The soil, in which mulberry plants were planted, was
irrigated with Co (II) synthetic effluents with pH ranging
from 3 to 5 and with initial Co (II) concentrations ranging
from 25 to 400 mg/L. The concentration of cobalt in soil
before irrigation using wastewater was 8.45-0.02 mg/kg.
After irrigating soil using wastewater, the concentration of
Co (II) in soil increased significantly. The maximum
amount of Co (II) resides in soil at pH 4 and 400 mg/L
initial concentration in synthetic wastewater. It was found
that the Co (II) contents in soil were increased with increase
concentration of Co (II) effluents. It reached to its maximum
value of 273.5-0.04 mg/kg at the highest concentration of
400 mg/L after 75 days of irrigation (Ashfaq et al., 2009) ®1,
Increasing concentration effect was also observed by Perez-
Espinosa et al. (2005) B!, The lowest Co (II) contents were
recorded to be 59.5-0.01 mg/kg at 25 mg/L dose rate after
the same time period. The Co (II) contents in soil were also
increased with the increase in pH and were maximum (206-
0.04 mg/kg) at pH 4 and minimum (19.5-0.01 mg/kg) at pH
3 after 75 days. The accumulation of Co (II) in other plants
was studied by previous researchers. They observed
significant effect of Co (II) on plant growth.

Cobalt (Co)

Response of mulberry plant to cadmium (Cd)
accumulation

Cd was reported to be the one of the most prominent soil
HMs with substantial toxicity (Calao and Marrugo, 2015)
121 Cd in the soil is easily transferred to phytophagous
insects (Gall et al., 2015) 1201,

Combined stress of cadmium and lead could increase the
transfer coefficient and enrichment coefficient of Pb and Cd
in the mulberry, and promote the absorption of heavy metal
ions from the soil. Further they have found that mulberry
seeds can be used to fix heavy metal ions from the soil and
mulberry roots was found to be key part in heavy metal-
enrichment in root as strong ability to enrich cadmium and
accumulated in the order root, stem and leaf. Thus, mulberry
can be considered for restoration of contaminated soils. (Si
etal., 2021) 681,

When the Cd content in soil was 8.49mg/kg, there was no
apparent harmful effect on mulberry growth. A yield
reduction in the leaves became distinct at the soil Cd content
of 75.8 mg/kg. Whereas at 145 mg/kg Cd in soil, the plants
exhibited marginal growth (Wang et al., 2004) U3, In one of
the studies found that 53.3-70.2% of Cd the mulberry root
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accumulated from soil was stored in the root and only about
10% was in the leaf. Lots of the Cd was located in the cell
wall of the mulberry root and in soluble fraction of the
mulberry leaf (Huang et al., 2018) 271,

Usually, toxic metal-tolerant plants utilize two of the most
important detoxification strategies-cell wall deposition and
vacuolar compartmentalization (Zhang et al. 2013) #81, Most
of the heavy metals deposited in cell wall can be fixed by
pectin acid, polysaccharides, and proteins so that they lose
their activity and do not injure more sensitive intracellular
metabolic sites (Wojcik et al. 2005) B!, The chemical forms
of Cd obtained from different extraction solutions are
closely related to their biological function and migration
ability (Wang et al. 2008) 171,

In Cd treatment groups (0-8 mg kg "), the concentrations in
the roots and stems were higher than those in the soil. These
indicated that the mulberry survives by sequestering the
majority of Cd in the roots to protect the leaves, whereas the
high TFs from the soil to roots and from the roots to the
stems favour phytoremediation. Subcellular distribution and
chemical forms of Cd in the mulberry leaves indicated that
mulberry plants use cell wall deposition and
compartmentalization as detoxification mechanisms. (Zhou
et al. 2015) Y. Percentage of Cd bound to the cell wall
declined for the 64 mg kg™! Cd group, the percentage of Cd
in the organelles was stable and remained lower than control
due to increased soluble percentage of Cd, that large amount
of intracellular Cd was transferred into vacuoles and
chelated with low molecular weight organic acids after the
cell-wall binding sites reached saturation (Kriamer 2000;
Weng et al. 2012) 10-80,

Mulberry trees could grow naturally in the soils strongly
polluted by Cd and Pb. The concentrations of Cd and Pb in
the mulberry root were higher than that in stem, branch or
leaf. Thus, the mulberry trees could become candidate
species for phytostabilization for heavy metals polluted soils
(Jiang et al., 2019) 121,

Basically, soil Cd pollution has no unfavourable effects on
mulberry tree. The leaf biomass and number of branches
showed initially a slight increase when the Cd concentration
in soil was up to 20mg/kg, and decreased afterward (Prince
et al., 2002) (601,

Jiang et al., 2018 7 studied adsorption behaviour of Cd
ions in rhizosphere soil (RS) and non-rhizosphere soil
originated from mulberry field. The maximum adsorption of
Cd?* for RS (5.87 mg/g) was slightly bigger than that for NS
(5.36 mg/g). Mulberry roots modified the physical and
chemical properties of the RS under field conditions, which
also affected the Cd sorption efficiency by soil components
during experiment. Understanding Cd** sorption processes
in the rhizosphere of mulberry trees are crucial if these trees
are to be used for phytoremediation of Cd-contaminated
soils.

Considering use of polluted paddy soils and the increase of
farmers’ income, Nongsang 14 and Qiangsang 1 could be
recommended to plant in the Cd and Pb contaminated soils
with the planting density 45,000 plants/ha. Once the
mulberry garden is established, they could reduce the soil
erosion and phytostabilize heavy metals by changing the
physicochemical properties of rhizosphere soil (Jiang et al.,
2017) 281,

Cadmium significantly inhibited mulberry plant growth and
primarily accumulated in mulberry roots. Antioxidant
enzymes were induced by cadmium in all tissues of

https://www.biochemjournal.com

mulberry. Subcellular fractionation analyses indicated,
majority was compartmentalized in soluble fraction in roots
while it mainly located in cell wall in leaves and stems.
Cadmium was integrated with proteins and pectates in
tissues and revealed various metabolic pathways involved in
cadmium response. (Dai et al., 2020) 14,

Biomass of M. alba L. was significantly increased with
cultivation time in Cd-contaminated soil. Normal
photosynthesis, antioxidant protection, and macronutrient
regulation contribute to high tolerance. Catalase (CAT)
activities in plant leaves and the Ca and Mg contents in
plant roots were enhanced in response to Cd stress after
180 d of cultivation Cd (Zeng et al., 2020) 871,

Response of Mulberry plant to Chromium (Cr)
accumulation

Cr (VI) seems to inhibit growth by act principally on plant
roots (Mukherji and Roy, 1978) ™. Cr causes oxidative
damage by destruction of membrane lipids and DNA
damage or may even cause the death of plant species (Singh
et al., 2013) 1, Chromium Cr (V]) is one of the most toxic,
especially when compared to trivalent chromium (Korshoj
etal., 2015) 138,

Solubility of Cr (III) in soil was dependent on pH and
decreased dramatically at pH greater then 4.5. At pH values
less than 3, the predominant form of Cr in the Cr (III)
system was Cr (III). The toxicity symptoms of Cr appeared
as severe wilting and chlorosis of plants. Chlorosis appeared
in the upper leaves of Cr-affected plants.

Cr (VD) bio accumulated in mulberry leaves was
51.43+0.001 mg/kg when initial concentration of chromium
in wastewater is 300 mg/L. In Cr (VI) uptake pH of
wastewater is one of most important parameters. When soil
pH 4 then maximum bioaccumulation of Cr (VI) in
mulberry leaves occurred were 89.76+.031 and at pH 8
minimum was 23.23+.02 And suggests that it could harmful
for ecosystem (Ali et al., 2021) 13,

The amount of Cr (IIT) accumulated into soil, in the Morus
alba leaves increased with pH of the effluent. The maximum
Cr (IIT) amount observed in soil and leaves was 99.89+ 1.02,
95.67 + 0.58, respectively at pH 5 and at 200 concentration
(200 mg/L). Concentration of Cr (III) in leaves of mulberry
was increased with increase in concentration and pH of
synthetic effluents and suggested that bioavailability of Cr
(IIT) can be reduced by decreasing the pH of effluents being
used for irrigation at certain limit (Ashfaq et al., 2012) "1,
Ali et al., (2009) ? reported that B. mori body length and
body weights were significantly reduced by Cr (III)
concentration in larval body and mortality rate increased.
Control larvae showed more body length and body weight
and less mortality rate in comparison to those larvae that
accumulated Cr (III) into their bodies. Some other research
workers also noted negative impact of heavy metal
accumulation on larval growth of silkworm larvae.

Response of Mulberry to other heavy metals

Shukla et al. (2011) 7! examined the heavy metal(loid)
uptake capacities in Morus alba L. plant and found in the
order of Zn > Cd > Pb > As. Heavy metal(loid) was
transported from underground parts to shoots via long-
distance translocation in the xylem, complexation with
cellulose in the cell wall, and storage in the cells' vacuoles.
In this study, Cd, Pb and Zn were mainly deposited in the
roots of M. alba L., and the maximum contents could reach
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234, 740 and 6155 mgkg, respectively. The
immobilisation or isolation of heavy metals in the cell walls
of the plant’s roots is one of the important detoxification
processes for plant growth (Zeng et al. 2018b) 361,

Mercury contamination from human activities, especially
industrial, increased significantly from the industrial era,
with Asia's share rising to 56%. Aerial organs of Mulberry
nigra have had significant difference for mercury
accumulation in various concentrations and suggested that
the absorption mercury in the root is more than it in leaf and
stem. The mercury accumulation in plant tissues in cell
surface is toxic and cause growth decrease (Hashemi et al.,
2018) 231,

Ashfaq et al. 2009 2! found deposition of Zinc in soil and
mulberry plants when irrigated with synthetic effluent, Zinc
(II) deposited in soil and plant was increased when pH of
the effluent was in the acidic range. The maximum Zn (II)
amount detected in soil and leaves was 386.51+0.03,
142.85+0.001 mg/kg. Further, concluded bioavailability of
Zn (IT) can be reduced by increasing the pH of effluents
being used for irrigation.

Reports have shown that mulberry trees could grow in soils
where the Pb, Zn and As concentrations were 734, 1194 and
53 mgkg™!, respectively, without showing noticeable stress
symptoms (Xu et al., 2015) 1821,

Nikolva, 2015 recorded the presence of heavy metals in
green and yellow mulberry leaves, among heavy metals
Zinc accumulated in higher concentration in the green 149
mg/kg and in the yellow leaves 112 mg/kg due to this
element plays a role in the cellular defense system by
affecting lipid, protein and chlorophyll. Pb also found in the
mulberry leaves (112.0 mg/kg in the green and 85 mg/kg in
the yellow) and this difference in accumulation is due to
rapid growth, nutrition and development of plants in the
growing season the concentration of heavy metals in the
aerial parts of mulberry can be influenced by the intensity of
transpiration. When the yellow leaves this process is
delayed and the number of heavy metals in plant samples is
less. The presence of copper (Cu) and cadmium (Cd) is low
and there is no essential for the prop er development and
function of the plants, thus ease of breeding, great foliage
and deep root system make it suitable for phytoremediation.

Implications of Heavy Metal Accumulation through
Mulberry on Silkworms

Silkworms (Bombyx mori) are poisoned by heavy metals
through a soil-mulberry-silkworm system, which inhibits
larval growth and development and leads to a decrease in
silk production. Silkworm is an important economic insect
that suffers severely from heavy metals toxicity via the soil-
mulberry-silkworm system (Jiang et al., 2020) %,

Cr (IIT) was found in larvae and faeces (61.32+0.036 and
58.97+0.451 mg/kg) when plants irrigated with synthetic
effluent in different concentrations. At pH 5 and at 200
mg/L. concentration, Cr (III) present in B. mori body
produced toxic effects on First instar of B. mori. Body
length, body weight of B. mori decreased with increase in
bio-accumulation Cr (IIT) amount in larval body (Ashfaq et
al., 2009) 1. Similarly, effects on silkworm were observed
in the silkworm body when deposited with Zinc (IT) (Ashfaq
etal., 2010) B,

Higher the accumulation of cobalt in mulberry leaves more
the toxicity to silkworm population. Accumulation of Co in
silkworm was maximum at pH 4.5 at an initial Co
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concentration of 400 mg/L in the synthetic effluent clearly
indicated that silkworm can be used as template to indicate
local cobalt pollution as its body length, body weight and
mortality rate was found to be strongly related to cobalt
concentration (Ashfaq et al., 2009) [©!,

At 300 mg/L Cr (VI) concentration and pH 4 there was
maximum deposition of Chromium (VI) in B. mori larvae,
faeces and silk glands from the synthetic effluent. The
maximum deposition 23.31£0.019 mg/kg, 41.32+0.069
mg/kg and 35.67+0.04 mg/kg observed respectively. Most
of Cr (VD) remains in its body. Cr (VI) found in B. mori
body was liable for toxic effects on its life cycle and the
body growth and silk production was also inhibited under
the effect of Cr (VI) accumulation. (Ali et al., 2021) B!,
Zhou et al., 2015 Y found no adverse effects of lead on
silkworm, which suggested that silkworms have a strong
tolerance to Pb due to two detoxification mechanism
“excrete” and “homeostasis”. Metallothionines (MTs)
played an important role in the tolerance mechanism of the
animals against adverse environmental factors, especially
heavy metal stress. MTs are a family of soluble, heat stable
and low-molecular-weight proteins rich in cysteine, which
exhibit a high affinity for metal ions and can detoxify non-
essential metals to protect the cells and tissues (Kaegi and
Schaeffer, 1988; Sauge-Merle et al., 2012) 3% 62 MTsl
found to be synthesized during low Pb stress, whereas MTs2
and MTs3 was induced strongly when excess Pb was
transported.

In experiment, the weight, length and survival rate of
silkworm were less affected by Pb and Cd, indicated that
silkworm had higher tolerance to heavy metals (Si er al.,
2021) ™81 It may be that the detoxification mechanism of
silkworm is influenced by different heavy metal types, the
growth stage of silkworm and environ mental temperature
(Schaller et al., 2011) 163!,

Cr (VI) found in B. mori body was liable for toxic effects on
its life cycle and the body growth and silk production was
also inhibited under the effect of Cr (VI) accumulation. A
considerable amount of Cr (VI) was also found deposited in
the silk glands, cuticle and alimentary canal, and
concentration of Cr (VI) in larval body increased B. mori
death rate significantly when mulberry plants were irrigated
with synthetic effluent of Cr (VI) (100mg/L with pH 4.5).
The mortality rate of silkworms reared on mulberry leaves
from fields with different contamination levels will vary,
with higher contamination generally leading to higher
mortality. This highlights the importance of monitoring and
controlling heavy metal levels in agricultural fields used for
growing mulberry, particularly in regions where sericulture
is a significant economic activity. Mortality of silkworms
might be due to the concentration of heavy metals in the leaf
(Pb, negatively) and the concentrations of as and Pb in the
leaf residual (both negatively) and the capacity of silkworms
to excrete as and Pb (both negatively) (Feng et al., 2019)
171

Endocytosis, oxidative phosphorylation, and the MAPK
pathways are involved in Cd toxicology in response of Cd
exposure B. mori midgut. Novel metallothionein in
silkworm, that improves heavy metal tolerance in B. mori
cell lines was identified and transgenic overexpression of
metallothionein in silkworm decreased larval death under
Cd exposure, a new possibility improving silkworm
breeding (Liu et al., 2021) 431,
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Gut microbiota of B. mori are reported to shape host health.
Phyllosphere bacteria was investigated to evaluate
endogenous Cd-polluted mulberry leaves at different
concentrations and found change in the gut bacteria of
silkworm and significant change in the abundance of
dominant phyla of gut bacteria of B. mori. A significant
variation in the specific bacterial community indicated the
adaptation of B. mori gut for its role in heavy metal
detoxification and immune function regulation (Chen et al.,
2023) 131,

Effect of Pb**-polluted mulberry leaves on intestinal
bacteria of silkworm exposure to Pb** increased the alpha
diversity of gut bacteria and changed the composition of gut
bacteria in B. mori. Silkworms increase in o-amylase and
trypsin activity and a decrease in lipase activity. The results
showed that the accumulation of peroxides induced by Pb**-
M exposure and the disorder of intestinal microbes led to
physiological damage of the midgut of silkworm (Shi et al.,
2024) 161,

Conclusion

Mulberry's extensive ecological flexibility to light,
temperature, water, soil, and other natural circumstances
enable it to serve a variety of ecologically protective roles.
Understanding the plant response characteristics to heavy
metals is important for the phytoremediation processes in
contaminated soil. As for some mechanisms and
morphological modifications in plants in the rhizosphere,
which can improve plant growth, increase the availability
and mobility of heavy metals (Loids) in contaminated soils,
strengthen the resistance of plants to heavy metals and
promote plant uptake of these metals.

The key parts of heavy metal enrichment are root and
mulberry have a strong ability to enrich Cd, Co, Cr, Zn and
Hg but a weak ability to enrich Pb. Most heavy metals are
translocated to silkworms and most of them were excreted
by silkworm faeces.

Mulberry can be planted in moderate Pb-contaminated soils
since there is no loss of biomass and you can safely harvest
the branches and leaves and find little effect on the
silkworms. Maintaining the productive function of crops is a
feasible option to mitigate the negative and toxic impacts of
low and moderate Pb-contaminated soils.

Considering multiple factors influencing HM tolerance and
accumulation, even if the heavy metal pollution in the soil is
serious, the accumulation efficiency along the food chain is
low, and the impact on the growth of silkworm is small.
Therefore, the use of mulberry-rearing silkworm in heavy
metal-contaminated areas can be considered for restoration,
and the economic benefits can be obtained at the same time.
The review provides valuable insights into the ecological
and toxicological effects of heavy metal accumulation in
mulberry and exposure to silkworm, provides a reasonable
method for minimizing heavy metal pollution, and promotes
sustainable development of sericulture. Thus, mulberry and
silkworm can be a promising approach for the remediation
of HM polluted soils.

References

1. Adimalla N, Qian H, Wang H. Assessment of heavy
metal (HM) contamination in agricultural soil lands in
northern Telangana, India: An approach of spatial
distribution and multivariate statistical analysis.
Environ Monit Assess. 2019;191(4):246.

11.

12.

14.

15.

17.

~ 106~

. Facchinelli

https://www.biochemjournal.com

Ali S. Effect of heavy metal (Cobalt) on silkworm
(Bombyx mori L.) larvae reared on mulberry (Morus
alba L.) grown in Cobalt impregnated soil. M.Sc.
(Hons.) Thesis, Dept Agri Entomol, Univ Agri,
Faisalabad; c2009. p. 64-70.

Ali M, Alamgeer M, Qayyum MA, Zia K, Ashfaq M,
Saleem MA. Transportation of Chromium (VI) to
Bombyx mori L. from mulberry (Morus alba L.) grown
at soil irrigated with Chromium (VI) containing
effluents. J Sci Agric. 2021;5:36-43.

Arao T, Ishikawa S, Murakami M, Abe K, Maejima Y,
Makino T. Heavy metal contamination of agricultural
soil and countermeasures in Japan. Paddy Water
Environ. 2010;8:247-257.

Arriagada CA, Herrera MA, Ocampo JA. Contribution
of arbuscular mycorrhizal and saprobe fungi to the
tolerance of Eucalyptus globulus to Pb. Water Air Soil
Pollut. 2005;166:31-47.

Ashfaqg M, Afzal W, Hanif MA. Effect of Zn (II)
deposition in soil on mulberry-silk worm food chain.
Afr J Biotechnol. 2010, 9(11).

Ashfag M, Ahmad S, Sagheer M, Hanif MA, Abbas
SK, Yasir M. Bioaccumulation of chromium (III) in
silkworm (Bombyx mori L.) in relation to mulberry, soil
and wastewater metal concentrations. J Anim Plant Sci.
2012;22(3):627-634.

Ashfaq M, Ali S, Hanif MA. Bioaccumulation of cobalt
in silkworm (Bombyx mori L.) in relation to mulberry,
soil and wastewater metal concentrations. Process
Biochem. 2009;44(10):1179-1184.

Atkinson NJ, Urwin PE. The interaction of plant biotic
and abiotic stresses: from genes to the field. J Exp Bot.
2012;63(10):3523-3543.

. Bech J. Reclamation and management of polluted soils:

options and case studies. J Soils Sediments; c2018 .p. 1-
5.

Bennett WF. Plant nutrient utilization and diagnostic
plant symptoms. Nutr Defic Toxic Crop Plants. 1993, 1.
Calao CR, Marrugo JL. Efectos genotéxicos asociados
a metales pesados en una poblacién humana de Ia
region de La Mojana, Colombia, 2013. Biomédica.
2015;35(SPE):139-151.

. Chen Y, Liu G, Ali MR, Zhang M, Zhou G, Sun Q, et

al. Regulation of gut bacteria in silkworm (Bombyx
mori) after exposure to endogenous cadmium-polluted
mulberry  leaves.  Ecotoxicol  Environ  Saf.
2023;256:114853.

Dai F, Luo G, Li Z, Wei X, Wang Z, Lin S, et al.
Physiological and transcriptomic analyses of mulberry
(Morus atropurpurea) response to cadmium stress.
Ecotoxicol Environ Saf. 2020;205:111298.

Doabi SA, Karami M, Afyuni M. Heavy metal pollution
assessment in agricultural soils of Kermanshah
province, Iran. Environ Earth Sci. 2019;78(3):70.

A, Sacchi E, Mallen L. Multivariate
statistical and GIS-based approach to identify heavy
metal sources in soils. Environ Pollut. 2001;114(3):313-
324.

Feng R, Zhu Q, Xu Y, Li W, Ding Y, Han L, et al. Safe
utilization of polluted soil by arsenic, cadmium and lead
through an integrated sericultural measure. Sci Total
Environ. 2019;659:1234-1241.

. Freitas MC, Pacheco AMG. Bioaccumulation of cobalt

in Parmelia sulcata. J Atmos Chem. 2004;49:67-82.


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Gal J, Hursthouse A, Tatner P, Stewart F, Welton R.
Cobalt and secondary poisoning in the terrestrial food
chain: data review and research gaps to support risk
assessment. Environ Int. 2008;34(6):821-838.

Gall JE, Boyd RS, Rajakaruna N. Transfer of heavy
metals through terrestrial food webs: a review. Environ
Monit Assess. 2015;187:1-21.

Gillispie EC, Sowers TD, Duckworth OW, Polizzotto
ML. Soil pollution due to irrigation with arsenic-
contaminated groundwater: Current state of science.
Curr Pollut Rep. 2015;1:1-12.

Greaney KM. An assessment of heavy metal
contamination in the marine sediments of Las Perlas
Archipelago, Gulf of Panama. School of Life Sci
Heriot-Watt Univ, Edinburgh; c2005.

Hashemi SA, Tabibian S. Application of Mulberry
nigra to absorb heavy metal, mercury, from the
environment of green space city. Toxicol Rep.
2018;5:644-646.

Huang RZ, Jiang YB, Jia CH, Jiang SM, Yan XP.
Subcellular distribution and chemical forms of
cadmium in Morus alba L. Int. J Phytoremediation.
2018;20(5):448-453.

Huffmeyer N, Klasmeier J, Matthies M. Geo-referenced
modeling of zinc concentrations in the Ruhr River basin
(Germany) using the model GREAT-ER. Sci. Total
Environ. 2009;407:2296-2305.

Jarup L. Hazards of heavy metal contamination. Brit
Med Bull. 2003;68:167-182.

Jiang Y, Huang R, Jiang S, Qin Z, Yan X. Adsorption
of Cd (II) by rhizosphere and non-rhizosphere soil
originating from mulberry field under laboratory
condition. Int J Phytoremediation. 2018;20(4):378-383.
Jiang Y, Huang R, Yan X, Jia C, Jiang S, Long T.
Mulberry for environmental protection. Pak J Bot.
2017;49(2):781-788.

Jiang Y, Jiang S, Li Z, Yan X, Qin Z, Huang R. Field
scale remediation of Cd and Pb contaminated paddy
soil using three mulberry (Morus alba L.) cultivars.
Ecol Eng. 2019;129:38-44.

Jiang Y, Jiang S, Yan X, Qin Z, Jia C, Li Z, et al. The
mobility of cadmium and lead in the soil-mulberry-
silkworm system. Chemosphere. 2020;242:125179.

Jin ZF, Zhang ZJ, Zhang H, Liu CQ, Li FL. Assessment
of lead bioaccessibility in soils around lead battery
plants in East China. Chemosphere. 2015;119:1247-
1254.

Jordanova N, Jordanova D, Tsacheva T. Application of
magnetometry for delineation of anthropogenic
pollution in areas covered by various soil types.
Geoderma. 2008;144:557-571.

Kaegi JH, Schaeffer A. Biochemistry of
metallothionein. Biochemistry. 1988;27(23):8509-8515.
Kambunga SN, Candeias C, Hasheela I, Mouri H. The
geochemistry of geophagic material consumed in
Onangama Village, Northern Namibia: a potential
health hazard for pregnant women in the area. Environ
Geochem Health. 2019, 1-23.

Kang J, Choi MS, Yi HI, Song YH, Lee D, Cho JH. A
five-year observation of atmospheric metals on Ulleung
Island in the East/Japan Sea: Temporal variability and
source identification. Atmos Environ.
2011;45(25):4252-4262.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

~107~

https://www.biochemjournal.com

Khodadoust AP, Reddy KR, Maturi K. Removal of
nickel and phenanthrene from kaolin soil using different
extractants. Environ Eng Sci. 2004;21:691-704.

Kibria G. Trace metals/heavy metals and their impact
on environment, biodiversity and human health — a
short review; c2014. Available from:
https://doi.org/10.13140/RG.2.1.3102.2568

Korshoj LE, Zaitouna AJ, Lai RY. Methylene blue-
mediated electrocatalytic detection of hexavalent
chromium. Anal Chem. 2015;87(5):2560-4.

Kowalski A, Siepak M, Boszke L. Mercury
contamination of surface and ground waters of Poznan,
Poland. Pol J Environ Stud. 2007;16:67-74.

Krimer U. Cadmium for all meals — plants with an
unusual appetite. New Phytol. 2000;145(1):1-5.

Kumar D, Singh DP, Barman SC, Kumar N. Heavy
metals and their regulation in plant systems: an
overview. In: Kumar V, Prasad R, editors. Plant
responses to xenobiotics. Singapore: Springer; c2016. p.
19-38.

Laidlaw MA, Zahran S, Mielke HW, Taylor MP,
Filippelli GM. Re-suspension of lead-contaminated
urban soil as a dominant source of atmospheric lead in
Birmingham, Chicago, Detroit and Pittsburgh, USA.
Atmos Environ. 2012;49:302-310.

Lanier C, Bernard F, Dumez S, Leclercq-Dransart J,
Lemiere S, Vandenbulcke F, et al. Combined toxic
effects and DNA damage to two plant species exposed
to binary metal mixtures (Cd/Pb). Ecotoxicol Environ
Saf. 2019;167:278-87.

Li Y, Yang R, Zhang A, Wang S. The distribution of
dissolved lead in the coastal waters of the East China
Sea. Mar Pollut Bull. 2014;85:700-9.

Liu Y, Yang C, Sun L, Wang A, Lan X, Xu W, et al.
In-depth transcriptome unveils the cadmium toxicology
and a novel metallothionein in silkworm. Chemosphere.
2021;273:128522.

Ma Y, Oliveira RS, Freitas H, Zhang C. Biochemical
and molecular mechanisms of plant-microbe-metal
interactions: relevance for phytoremediation. Front
Plant Sci. 2016;7:918.

Mohod CV, Dhote J. Review of heavy metals in
drinking water and their effect on human health. Int J
Innov Res Sci Eng Technol. 2013;2:2992-6.

Mukherjee A, Sengupta MK, Hossain MA, Ahamed S,
Das B, Nayak B, er al. Arsenic contamination in
groundwater: a global perspective with emphasis on the
Asian scenario. J Health Popul Nutr. 2006;24:142-63.
Mukherji S, Roy BK. Characterization of chromium
toxicity in different plant materials. Indian J Exp Biol.
1978;16(9):1017-9.

Murcott S. Arsenic contamination
London: IWA Publishing; c2012.
Nagajyoti PC, Lee KD, Sreekanth TVM. Heavy metals
occurrence and toxicity for plants: A review. Environ
Chem Lett. 2010;8(3):199-216.

Nasir MH, Nadeem R, Akhtar K, Hanif MA, Khalid
AM. Efficacy of modified distillation sludge of rose
(Rosa centifolia) petals for lead (II) and zinc (II)
removal from aqueous solutions. J Hazard Mater.
2007;147(3):1006-1014.

Nikolova T. Influence of heavy metals on cocoon
Bombyx mori L.

in the world.


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Nikolova TS. Absorption of Pb, Cu, Zn and Cd by
Morus alba L. cultivated on soils contaminated with
heavy metals. Bulg J Agric Sci. 2015;21(4):747-50.
Nkansah MA, Hayford ST, Borquaye LS, Ephraim JH.
Heavy metal contents of some medicinal herbs from
Kumasi, Ghana. Cogent Environ Sci.
2016;2(1):1234660.

Nordstrom DK. Worldwide occurrences of arsenic in
ground water. Science. 2002;296:2143-5.

Ozer D, Aksu Z, Kutsal T, Caglar A. Adsorption
isotherms of lead (II) and chromium (VI) on
Cladophora crispata. Environ Technol. 1994;15(5):439-
48.

Palit S, Sharma A, Talukder G. Effects of cobalt on
plants. Bot Rev. 1994;60:149-81.

Perez-Espinosa A, Moral R, Moreno-Caselles J, Cortes
A, Perez-Murcia MD, Gomez 1. Co phytoavailability
for tomato in amended calcareous soils. Bioresour
Technol. 2005;96(6):649-55.

Prince WS, Kumar PS, Doberschutz KD, Subburam V.
Cadmium toxicity in mulberry plants with special
reference to the nutritional quality of leaves. 2002
Romero-Baena AJ, Gonzalez I, Galdn E. Soil pollution
by mining activities in Andalusia (South Spain)-the role
of mineralogy and geochemistry in three case studies. J
Soils Sediments; c2017.

Sauge-Merle S, Lecomte-Pradines C, Carrier P, Cuiné
S, DuBow M. Heavy metal accumulation by
recombinant mammalian metallothionein  within
Escherichia coli protects against elevated metal
exposure. Chemosphere. 2012;88(8):918-924.

Schaller J, Dharamshi J, Dudel EG. Enhanced metal
and metalloid concentrations in the gut system
compared to remaining tissues of Gammarus pulex L.
Chemosphere. 2011;83(4):627-631.

Sharma JK, Kumar N, Singh NP, Santal AR.
Phytoremediation technologies and their mechanism for
removal of heavy metal from contaminated soil: An
approach for a sustainable environment. Front Plant Sci.
2023;14:1076876.

Shi YX, Bian DD, Chen FX, Jin Y, Jiang Q, Liu QN, et
al. Effect of lead exposure on silkworm midgut:
Insights into oxidative gene expression, digestive
function, and microbial community structure. Process
Saf Environ Prot. 2024;190:481-494.

Shoukat MA, Ashraf S, Ali M, Igbal Z, Shahzad MI,
Chaudary HR, et al. The effect of Cr (VI) on silkworm
(Bombyx mori) fed on in vitro accumulated mulberry
leaves. Asian J Agri Biol. 2014;2:119-128.

Shukla OP, Juwarkar AA, Singh SK, Khan S, Rai UN.
Growth responses and metal accumulation capabilities
of woody plants during the phytoremediation of tannery
sludge. Waste Manag. 2011;31(1):115-123.

Si L, Zhang J, Hussain A, Qiao Y, Zhou J, Wang X.
Accumulation and translocation of food chain in soil-
mulberry (Morus alba L.)-silkworm (Bombyx mori)
under single and combined stress of lead and cadmium.
Ecotoxicol Environ Saf. 2021;208:111582.

Singh HP, Mahajan P, Kaur S, Batish DR, Kohli RK.
Chromium toxicity and tolerance in plants. Environ
Chem Lett. 2013;11(3):229-254.

Stafilov T, Sajn R, Pancevski Z, Boev B, Frontasyeva
MYV, Strelkova LP. Heavy metal contamination of

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

~ 108~

https://www.biochemjournal.com

topsoils around a lead and zinc smelter in the Republic
of Macedonia. J Hazard Mater. 2010;175(1-3):896-914.
Su C. A review on heavy metal contamination in the
soil worldwide: situation, impact and remediation
techniques. Environ Skept Crit. 2014;3:24.

Sumner ME. Beneficial use of effluents, wastes, and
biosolids. Commun Soil Sci Plant Anal. 2000;31:1701-
15.

Tripathi RD, Srivastava S, Mishra S, Singh N, Tuli R,
Gupta DK, et al. Arsenic hazards: strategies for
tolerance and remediation by plants. Trends Biotechnol.
2007;2:158-65.

Viers J, Oliva P, Nonell A, Gélabert A, Sonke JE,
Freydier R, et al. Evidence of Zn isotopic fractionation
in a soil-plant system of a pristine tropical watershed
(Nsimi, Cameroon). Chem Geol. 2007;239:124-37.
Wang KR, Gong H, Wang Y, Van Der Zee SEAT.
Toxic effects of cadmium on Morus alba L. and
Bombyx mori L. Plant Soil. 2004;261(1):171-80.

Wang L, Dang QL, Tedla B. Biochar and alternate
partial root-zone irrigation greatly enhance the
effectiveness of mulberry in remediating lead-

contaminated soils. J Plant Ecol. 2020;13(6):757-64.
Wang L, Wang N, Ji G. Responses of biomass
allocation and photosynthesis in mulberry to Pb-
contaminated soil. Acta Physiol Plant. 2022;44(4):43.
Wang L, Ji G. Glutathione and calcium
biomineralization of mulberry (Morus alba L.) involved
in the heavy metal detoxification of lead-contaminated
soil. J Soil Sci Plant Nutr. 2021;21:1182-90.

Wang X, Liu Y, Zeng G, Chai L, Song X, Min Z, et al.
Subcellular distribution and chemical forms of
cadmium in Bechmeria nivea (L.) Gaud. Environ Exp
Bot. 2008;62(3):389-95.

Weng B, Xie X, Weiss DJ, Liu J, Lu H, Yan C.
Kandelia obovata (S., L.) Yong tolerance mechanisms
to cadmium: Subcellular distribution, chemical forms
and thiol pools. Mar Pollut Bull. 2012;64(11):2453-60.
Wojcik M, Vangronsveld J, D’Haen J, Tukiendorf A.
Cadmium tolerance in Thlaspi caerulescens: 1I.
Localization of cadmium in Thlaspi caerulescens.
Environ Exp Bot. 2005;53(2):163-71.

Xu N, Yu Y, Mao P, Du X, Peng X, Shi X. Research
progress of remedying the heavy metal contaminated
soils with mulberry. J Agri. 2015;5(1):37-40.

Yanqun Z, Yuan L, Jianjun C, Haiyan C, Li Q, Schratz
C. Hyper accumulation of Pb, Zn and Cd in herbaceous
grown on lead-zinc mining area in Yunnan, China.
Environ Int. 2005;31:755-762.

Zeng F, Ali S, Zhang H, Ouyang Y, Qiu B, Wu F, et al.
The influence of pH and organic matter content in
paddy soil on heavy metal availability and their uptake
by rice plants. Environ Pollut. 2011;159(1):84-91.

Zeng G, Liu Z, Zhong H, Li J, Yuan X, Fu H, et al.
Effect of monorhamnolipid on the degradation of n-
hexadecane by Candida tropicalis and the association
with cell surface properties. Appl Microbiol Biotechnol.
2011;90(3):1155-1161.

Zeng P, Guo Z, Xiao X, Cao X, Peng C. Response to
cadmium and phytostabilization potential of Platycladus
orientalis in contaminated soil. Int J Phytoremediation.
2018;20(13):1337-1345.

Zeng P, Guo Z, Xiao X, Peng C, Liu L, Yan D, et al.
Physiological stress responses, mineral element uptake


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research https://www.biochemjournal.com

and phytoremediation potential of Morus alba L. in
cadmium-contaminated soil. Ecotoxicol Environ Saf.
2020;189:109973.

88. Zhang C, Zhang P, Mo C, Yang W, Li Q, Pan L, et al.
Cadmium uptake, chemical forms, subcellular
distribution, and accumulation in Echinodorus osiris
Rataj. Environ Sci Process Impacts. 2013;15(7):1459-
1465.

89. Zhong H, Jiang Y, Zeng G, Liu Z, Liu L, He Y. Effect
of low-concentration rhamnolipid on adsorption of
Pseudomonas aeruginosa ATCC 9027 on hydrophilic
and hydrophobic surfaces. J Hazard Mater.
2015;285:383-388.

90. Zhong MS, Jiang L, Han D, Xia TX, Yao JJ, Jia XY, et
al. Cadmium exposure via diet and its implication on
the derivation of health-based soil screening values in
China. J Expo Sci Environ Epidemiol. 2015;25(4):433-
442.

91. Zhou L, Zhao Y, Wang S. Cadmium transfer and
detoxification mechanisms in a soil-mulberry—
silkworm system: phytoremediation potential. Environ
Sci Pollut Res. 2015;22:18031-18039.

92. Zhuang P, McBride MB, Xia H, Li N, Li Z. Health risk
from heavy metals via consumption of food crops in the
vicinity of Dabaoshan mine, South China. Sci Total
Environ. 2009;407:1551-1561.

~109~


https://www.biochemjournal.com/

