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Heavy metal pollution in the environment is a major concern for humans as it is non-biodegradable and can have a lot of

effects on the environment, humans as well as plants. A solution to this problem is suggested in terms of a new, innovative

and eco-friendly technology known as phytoremediation. Bast fiber plants are typically non-edible crops that have a short life

cycle. It is one of the significant crops that has attracted interest for many industrial uses because of its constant fiber supply

and ease of maintenance. Due to its low maintenance requirements with minimum economic investment, bast fiber plants

have been widely used in phytoremediation.
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1. Morphology and Characteristics of Bast Fiber Plants (Hemp,
Kenaf, Jute and Flax)

Bast fibre is a natural fibre derived from the bast environment of certain dicotyledonous angiosperm plant stems. It is made up

of cellulose and hemicellulose combined with a lignin or pectin mixture. In this research, the potential of four different fiber

plants from various places in the uptake of heavy metals from contaminated soil was highlighted. The four fiber plants are

Hemp (Cannabis sativa), Kenaf (Hibiscus cannabinus), Jute (Corchorus olitorius) and Flax (Linum usitatissimum) (Table 1).

Table 1. Morphology and specifics characteristics of bast fiber plants (Hemp, Kenaf, Jute and Flax).

Fiber Plants   Morphology
  Roots Stems Leaves Flowers Seeds Reference

Hemp
(Cannabis

sativa)

Root system
is well

developed
with depth of

about 1 to
1.5 m

The stems are
normally hollow
with diameter
ranging from 5
to 25 mm. The
base and top

stem have
different

diameters.
Mature plant

reaches up to 5
m

The first true
leaves are single

leaflets; later
leaves become

palmate
compounds. The
second leaf pair
consists of three
leaflets per leaf,
the third leaf pair
has five leaflets
per leaf, and so
on, up to eleven
leaflets per leaf

Male flowers
and female

flowers
available.
Female

flowers are
more

compact

Hemp seeds
are achenes

seeds. Seeds
are ellipsoid in
shape, 2 to 7

mm long and 2
to 4 mm wide in

diameter.
Seeds vary in

colour from light
brown to dark

green

Kenaf
(Hibiscus

cannabinus)

It has a
prolific root
system with

a long
taproot and
extensive

lateral roots

It mainly has
unbranched
stems and

grows up to 4.5
m tall

Young leaves are
simple and entire.
Divided leaf can
produce 3 to 10

entire young
leaves prior to the
first divided leaf

It produces
large showy,
light yellow,

creamy
coloured

flowers that
are bell-

shaped and
widely

open. The
flowers

are solitary,
short-stalked
and auxiliary
and are 8 to

13 cm in
diameter with

5 petals, 5
sepals and
numerous
stamens

The seeds are
normally brown
with 6 mm long
and 4 mm wide.

The seeds of
Kenaf are

produced by
the fruits,

known as fruit
capsules in 1.9
to 2.5 cm long

and 1.3 and 1.9
cm in diameter

with many
seeds, around

20 to 26

Jute
(Corchorus

It has an
extensive

The height
range of the

The leaves are
edible with a bitter

It consists of
small pale-

Seeds are
greyish- black
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Hemp is a member of the Cannabaceae plant family, and the fibre derived from this plant is one of the strongest forms of

natural fibre . It has the potential to be an environmentally friendly and a highly sustainable crop if it is well managed. On the

other hand, Kenaf and Jute come from the same family of Malvacea. Kenaf is a non-wood fiber that can be used for

reinforcement and it is the world’s third traditional crop after wood and bamboo, which originate in Asia and Africa . Jute

fibers are totally biodegradable as it is partially wood . Flax is a member of the Linaceae family of plants, and because its

exceptional qualities, Flax fibres are significant raw materials for textiles . Flax and Hemp do not have much difference

because they are both cellulose fibers, except that Hemp has ten chromosomes (2n = 20), whereas Flax has 15 pairs of

chromosomes (2n = 30) . Kenaf and Jute are woody-stemmed herbaceous dicotyledons grown in the tropics and subtropics.

2. Application of Bast Fiber Plants (Hemp, Kenaf, Jute and Flax)

Fiber plants are useful not only for phytoremediation but also in a variety of other fields in the world (Table 2). The bast fibre of

hemp plants is used in the automotive industry and textile industry, whereas the whole plant part is used for feedstock and

biofuel. Hurds are used for paper production and as a building material such as fiberglass. Hemp oil from the seeds is used in

shampoos, soaps and bathing gels. The seeds are also applicable in the food industry as hemp milk and are used as a salad

dressing. Technical commercial products such as oil paints, ink and coatings are also produced by these plants . However,

the usage of the plants is based on the quality of the hemp. On the other hand, Jute is the second most important fiber plant

in the world, and it is also one of the cheapest-grown fiber plants in the tropical region. It is traditionally used to manufacture

packaging materials such as sacking, ropes, twines and carpet-backing cloth. Moreover, diversified Jute is also used in the

production of home textiles, composites, geotextiles, paper pulp, technical textiles, chemical products, handicrafts and fashion

accessories. The woody central core is used as a rural building material for fences, fuel and for charcoal-making. In the

Philippines, the leaves of Jute are used to treat headaches .

Table 2. World countries ranking of producing fibre plants.

Fiber Plants   Morphology
  Roots Stems Leaves Flowers Seeds Reference

olitorius) lateral
branching

and deep tap
root system

Jute plant is
between 2 and
4 m. The stems
are about 1 to 2
cm in diameter

with few
branches. The
colour of the
stem, petiole

and leaf varies.

taste. Leaves are
usually 6–10 cm

long and 3.5–5 cm
broad

yellow flower,
bracts

lanceolate, 2
to 3 cm wide,
sepals 3 mm

long and
petals are 5

mm long

and angled

Flax
(Linum

usitatissimum)

It has short
and

branched tap
root that can
extend to a

depth, of1 m,
with side
branches

spreading to
30 cm

It has one main
stem, but two or
more branches

(tillers) may
develop from

the base when
plant density is
low or with high

soil nitrogen
levels

The leaves are
normally small

and lance- shaped

The flowers
parts are

normally in
units of five

and can
range from a
dark to a very

light blue,
white or pale

pink

The seeds are
flat, oval and

pointed at one
end. Normally
the seeds are

covered in
mucilage,

giving it a high
shine
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Types of
Fiber Plants Hemp

(Cannabis sativa)
Kenaf (Hibiscus

cannabinus)
Jute (Corchorus

olitorius)
Flax (Linum

usitatissimum)Ranking

1 China India India Russia

2 Canada China Bangladesh Canada

3
United States of

America
Thailand China Kazakhstan

4 France Brazil Uzbekistan China

5 Chile Vietnam Nepal United States

6 North Korea Cuba South Sudan India

7   Indonesia Zimbabwe  
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Kenaf also has its own uses and one of them is paper production. Kenaf paper is stronger and more resistant to yellowing

compared wood paper and it requires fewer bleaching agents. Furthermore, Kenaf seeds produce edible oil, which is one of

the best cooking oils. Dried Kenaf leaves are consumed as a vegetable in some countries because they contain 30% crude

protein. The fruit of Kenaf helps in lowering blood pressure and the presence of vitamin C and antioxidants in Kenaf help in

fighting some diseases. Kenaf will be used in new applications such as medicines, textiles, natural fiber compounds and

environmental cleaning . Flax is used for fruit, medications and textiles and has therefore been used for food processing. It

has been of considerable significance for human civilization and growth for more than 8000 years. For many years, Flax was

commonly used for the manufacture of fabrics, although nowadays, oil is the main source in production .

3. Case Study on Phytoremediation of Heavy Metals Pb, Zn and Cd
by Bast Fiber Plants

In this research, Hemp (Cannabis sativa), Kenaf (Hibiscus cannabinus), Jute (Corchorus olitorius) and Flax (Linum

usitatissimum) were chosen to compare their potential for phytoremediation of Pb, Cd and Zn in the soil (Table 3). Hemp

plants were harvested from agricultural activities with acidic soil value. The concentrations of these metals were higher in the

root than in the leaves and shoots. Hemp can tolerate high concentrations of Zn and most of the Zn absorbed is retained in

the roots . The uptakes of these heavy metals are significantly influenced by the pH of the soil. This statement is supported

by the study caried out by Gray et al. , where the results showed that increasing the pH will cause a significant reduction in

the concentration of cadmium in clover, lettuce, carrot and ryegrass.

Table 3. Heavy metal concentration in Bast Fiber Plants. Listed tissues represent those with the highest concentration of

metals in the roots, leaves and shoots.

Types of
Fiber Plants Hemp

(Cannabis sativa)
Kenaf (Hibiscus

cannabinus)
Jute (Corchorus

olitorius)
Flax (Linum

usitatissimum)Ranking

8   Pakistan Egypt  

9   Pakistan Vietnam  

10   Cambodia Bhutan  
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Types of
Fiber Plants Metals Concentration (mg/kg ) ReferenceRoots Leaves Shoots

Hemp (Cannabis sativa)

Pb 38.2 16.5 23.5

Pb 14.6 2.22 2.07

Cd 2.82 0.23 0.37

Cd 1.03 0.55 0.98

Zn 688.6 323.1 156

Zn 66.8 40.0 54.5

Kenaf
(Hibiscus cannabinus)

Pb 2.43 - 8.9

Pb 329.66 - 867.55

Cd 0.87 - 0.36

Cd 0.25 - 0.14

Zn 233.0 - 264.0

Zn 114 65 -

Zn 377.78 133.33 -

Jute
(Corchorus olitorius)

Pb 21.74 - -

Pb 367.83 370.43 -

Cd 163 - 48

Cd 261.83 41.35 -

Zn 148.53 151.42 -

−1

[19]

[20]

[20]

[19]

[20]

[19]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[29]

[30]

[30]



Bast Fiber Plants | Encyclopedia.pub

https://encyclopedia.pub/entry/39704 4/8

Research conducted by Nizam et al. , highlighted that the concentration and uptake of Pb by the shoot were significantly

higher than the root in the Kenaf plant. Most of the varieties grown in Pb contaminated soil accumulated more Pb in shoots

than roots, indicating that Pb was easily transported from root to shoot in Pb-contaminated soil. This could be related to the

Pb content and its relationship with other essential ions during nutrient uptake. Other studies by Shehata et al.  mention

that Kenaf plants were irrigated with wastewater, and sulfur soil addiction with humic acid was used as foliar spraying and it

showed the significant highest accumulation of cadmium, which was 0.87 mg/kg in the roots and 0.36 mg/kg in the shoots.

They noticed that humic acids are the most active components in soil and compost as it improves the uptake and

accumulation of heavy metals in the tissues’ plant . Cecília et al. , studied the phytoremediation of zinc and the results

showed that Kenaf is able to absorb 233 mg/kg of zinc in the roots and 264 mg/kg in the shoots.

Furthermore, the studies about phytoremediation in untreated industrial wastewater from textile factories by Ahmed and Slima

 show that there was very high concentration of Cd in the roots with 261.83 mg/kg and 41.35 mg/kg in the shoots of the

Jute. In contrast, the concentration of Pb in the roots was 367.83 mg/kg, whereas in the shoots it was 370.43 mg/kg. This

finding shows that the nutrients in the roots and shoots were decreased significantly because of contamination stress. Lead

(Pb) is a toxic heavy metal that can inhibit plant growth, seedling development and root elongation . They also state that

Flax is a fibre plant that is suitable for growing in industrially polluted areas because its root system removes significant

amounts of heavy metals from the soil and can be used as a potential crop for cleaning the soil of heavy metals . Hosman

et al. , studied the bioremediation potential of Flax under different concentration of Pb, Cd and Zn. The average ability of

the Flax plant to remove heavy metals from soil was 49% for Cd, 68.6% for Pb and 71.76% for Zn. Following that, the highest

accumulation of Cd was found in the root, whereas the highest accumulation of Pb and Zn was found in the capsule. He also

reported that by increasing the metal concentration in the soil, there was a gradual increase in metal uptake in the Flax plant.

Several phytotoxicity effects were observed when these metals exceeded the endogenous level .

4. Enhancing Phytoremediation of Heavy Metals of Bast Fiber
Plants by Chemical and Microbiological Amendments

The phytoremediation potential of bast fiber plants can be increased by using chemical amendments in the soil and microbial

enhancement through inoculation in the roots of plants. Chemical amendments play a key role in compensating for the

relatively low heavy metal availability in soil, and it helps the plants’ uptake and translocates metals toward the shoot .

Previous studies have reported that various chelators are employed to increase the solubility of metals in soil, including 1,2-

cyclohexane-diaminetetraacetic acid (CDTA), ethylene glycol tetraacetic acid (EGTA) and diethylene-triaminepentaacetic acid

(DTPA) . One of the most effective chelating agents is ethylenediaminetetraacetic acid (EDTA), which can increase

the solubility, absorption and complexation of metals (including Pb ions in soil) . Furthermore, metal-EDTA

complexes may form and function to significantly boost Pb ion absorption by plant roots and translocate them to shoots .

Hasan et al.  reported that metallothioneins produced by certain genes could withstand conditions where metal stress is

present in the environment. Furthermore, this metal-binding protein with low molecular weight can facilitate the metal ion into

the plant cells and translocate them via the xylem. In phytoremediation technologies, the addition of nutrients to plants may

results in healthy plant growth with the development of flowers, leaves and branching of the root system, and can thus

increase the level of uptake contaminant in the study area. However, an excessive amount of nutrients given to the plants can

result in a significant reduction in plant growth. This symptom is known as nutrient toxicity. In a nutrient-enriched environment,

the bioavailable fraction of metals may be reduced because of the binding to the nutrient anions. The uptake of heavy metals

in plants may also be affected by competition since nutrient cations compete with the metal for uptake sites . Thus, the

uptake of the metal under investigation decreases with an increasing concentration of nutrients. However, a generous

availability of nutrients promotes plant growth, which in turn creates an increasing number of uptake sites for metal in plants.

This may increase the uptake as well as the metal concentrations in plants.

Interactions between plants and microbes are crucial factors in determining the efficiency of phytoremediation . These

interactions are implicated to play an essential role in plant metal uptake. The beneficial microbes associated with plants

directly improve the efficiency of the phytoremediation process by altering metal accumulation in plant tissues and indirectly

by promoting shoot and root biomass production. Whiting et al. , reported that the biomass and zinc concentration in the

shoots of Thlaspi caerulescens has been increased with the presence of rhizospheric bacteria. These bacteria can promote

plant growth by inhabiting the plant roots  and are known as plant growth-promoting rhizobacteria (PGPR) . The

Types of
Fiber Plants Metals Concentration (mg/kg ) ReferenceRoots Leaves Shoots

Flax
(Linum usitatissimum)

Pb 104.4 14.5 30.2

Pb 310.56 - -

Cd 13.06 - -

Cd 8.69 1.62 7.27

Zn 255.71 - -

Zn 211.8 32.6 62.9

−1
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generation of phytohormones, specialized enzymatic activity, nitrogen fixation in the atmosphere and pathogen-depressing

chemicals such sidephores and chelating compounds all contribute to the role of PGPR in promoting plant growth .

Sidephores and chelating compounds have been shown to promote plant growth even in the presence of heavy metals . 1-

aminocyclopropane- carboxylic acid deaminase is another plant growth-promoting compound that has been studied in relation

to heavy metals (ACC deaminase). ACC is an intermediate of ethylene produced by stressed plants, and bacteria that

produce ACC deaminase can reduce ethylene levels in plants, promoting plant growth .

In another study, Belimov et al.  discovered that bacteria containing ACC deaminase can improve plant growth in metals-

polluted conditions. Meanwhile, Braud et al. , studied the phytoextraction of agricultural Cr and Pb with sidephore-

producing bacteria, and highlighted that the inoculated Maize plant with bacteria enhanced the bioavailability and uptake of Cr

and Pb. Khan et al. , investigated the (Ni) accumulation of mycorrhizal and non-mycorrhizal Flax plants at various

concentrations of Ni, i.e., 0, 250, 350 and 500 ppm. He reported that the accumulation of metals was higher in mycorrhizal

than in non-mycorrhizal plants. Additionally, mycorrhizal plants showed noticeably greater growth and development than non-

mycorrhizal plants. The production of phytohormones by Arbuscular Mycorrhizal Fungi (AMF) can improve nutrient and water

uptake as well as improve metal bioavailability and aid in the phytoremediation process . Figure 1 shows the mechanism

of plant-microbe association that supports metal phytoremediation.

Figure 1. The mechanism of plant-microbe association that supports metals phytoremediation.

5. Molecular Mechanisms Involved in Microbial Resistance to
Heavy Metals

Microorganisms have been involved in the mechanisms of adapting to heavy metals either in water or soil . Some metals,

such as copper, nickel and cobalt, are given to microorganisms as micronutrients for use in redox processes, to stabilise

molecules through electrostatic interactions, to act as components of various enzymes and to regulate osmatic pressure.

Otherwise, non-essential metals are recognized as having little nutritional value and may be toxic to microorganisms. To

overcome the toxicity value, there are six metal mechanisms that exist in the microorganism, including the exclusion of the

permeability barrier, intra- and extra-cellular sequestration, active transport efflux pumps, enzymatic detoxification and

reduction in the sensitivity of cellular targets to metal ions.
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