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In recent years, the use of plant fibers has increased tremendously due to the remarkable variations in
chemical and physical properties. Plants require light, water, and nutrients for growth, reproduction and
efficient crop production. Plant nutrients are mostly absorbed by plant roots from soil. For satisfactorily
plant growth, it is urgency that soil provides a favorable environment for root development that can
exploit the soil sufficiently. Water exists in soil as a thin film which has very different properties to that
of a bulk volume of the same water. The organic part forms complex interactions with the water,
minerals, solute, and microorganisms of the soil, compounding the complexity of the system.
Furthermore, soil is a dynamic open system, continually subject to inputdgihd losses of energy, water,
organic and inorganic materials, and supports the plant structurally. The physical, chemical and
biological properties of soil lead to a series of physiological, biclogical and chemical changes along
with growth, yield and quality of the plant biomass, and thus of fibers. The purpose of this review is to

Sustainability summarize the impacts of the soil properties on the physical and morphological structure of plant fibers
growth. The present study further demonstrated the interaction effects and sustainability of soil
properties to produce quality plant fibers.

@ 2014 Elsevier Ltd. All rights reserved.
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1. Introduction

Plant fibers have recently gained researchers attention due to the
environmental concerns, sustainability. technological advancement,
flexibility and availability for diversified industrial products including
pulp and paper, rope, cords, reinforcement in composite matrices [1].
The uses of plant fiber reinforced composites have been increasing
significantly because of their improved property, which is competitive
to the synthetic composites [2,3]. Moreover, the natural fibers have
become promising viable altematives to glass fibers either alone or in
combination with many other materials [4]. Each fiber consists of long
cells with thick cell walls which make them stiff and strong with low
density due to the presence of cellulose. Like other biological products,
it has also a wide range of variations in their properties coming from
various sources such as genotype, soil, dimate and agronomic practice,
which influence the chemical composition and structural organization
of the cell ll polymers and thereby the fiber properties [5].

Soil is one of the most important natural resources for crop
production |7]. For efficient crop production, it is important to
understand the soil environment to identify the limitations of the
environment and ameliorate the possibility without damaging the
soil quality. Soil consists of mainly clay, silt, sand, gravel sized
particles, organic materials arising from the growth of flora and
fauna [7,8]. The root system of a plant absorbs water and nutrients
from soil and maintains the supply of it to the plant root for
continuous growth and development of the plant. However, plant
roots do not have an intrinsic ability to find water and nutrients in
soil. Most plant root systems have a symbiotic relationship with
soil mycorrhizal fungi, which influences on plant growth. Thus, the
growth of plant largely depends on the quality of the soil where it
grows, and different species respond and express their tolerance in
a different ways.

Fiber growth and development is affected by most factors
which influence plant growth [8]. Since the fiber is primarily
cellulose, any influence on plant production of carbohydrate will
have a similar influence on the fiber growth [7.8]. Moreover, the
factors influence the chemical composition and structural

o

Fibril matrix structure

organization of the cell wall polymers, ultimately affect the
properties of plant fibers [G]. Soil is one of the most important
factors which influence plant growth [7]. Soil composition, physi-
cal, mechanical, chemical and biological properties affect the plant
physical, physiological and chemical properties, thus, affecting the
fiber quality. There are limited studies have been conducted on the
interaction effects between plant fibers and soil properties. There-
fore, the present review article was conducted with the aim to
evaluate how the soil and its component influence the physical
and morphological properties of the plant fibers. The best soil
type, which most influences the good quality of fiber, was
determined. Moreover, the interaction between soil properties
and plant fiber was also assessed in the present study.

2. A brief review of the plant fibers

g nature, there is a wide range of natural fibers whicl?m be
eminent by their origin. Precisely, natural fibers can be divided
into three categories including animal fibers, mineral fibers, and
plant fibers. Plant fibers are renewable natural resource, which are
biodegradable, recyclable and eco-friendly [9]. Generally, plant
fibers are sophisticated in structure. It is referred as cellulosic or
lignocellulosic fibers due to compose mainly of cellulose, hemi-
celluloses and lignin [10]. The plant fibers consist of a group of
macrofibrils arranged in the cell wall layers, which are composed
mainly of elementary fibrils consisted 30-36 cellulose molecule
chains that cross-linked by other components of the cell wall [11].
The schematic design of cellulose fibers and its properties is
shown in Fig. 1.

Fiber derived from plants can be defined as a dead cell, hollow at
maturity, exists in bundle in all types of fiber except in seed [12].
Bast fiber consists of filament groups and each group has 15-30
pieces linked by middle lamellae [4]. The middle lamellae consist of
various substances including pectin, lignin, and hemicelluloses.
According to Olesen and Placket [13], the structure and combination
of these substances have given the plant fiber unique properties like

Covalent bonds
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@ Hemicellulose

@ Licsin

Fig. 1. The schematic design of plant fiber and its structural properties.
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Fig. 2. The classification of plant fibers.

excellent strength, superior heat and sound protection, higher
energy, readily biodegradable as well as good dimensional stability.
Providing unsmooth surfaces for superior adhesion in a composite
matrix is another unique property of the fibers [ 14]. Many factors
determine the efficiency of the properties of plant fiber. These are
physical, chemical, morphological properties such as plant fiber
origin, cellulose content, crystal structure and diameter cross-
sectional area of the fiber [15]. Generally, all plant fibers are single
cell materials and exist as bundles except seed fibers [16].

The classification of plant fibers is presented in Fig. 2. Based on
their origin, plant fibers can be classified as wood fibers and non-
wood fiber [ 17]. Wood fibers are usually cellulosic elements; those
are extracted from trees and used to make materials including
paper. Wood fiber can be classified as hard wood fiber and soft
wood fiber. Non-wood fiber can be classified according to its origin
into agricultural by-products, naturally growing plants and indus-
trial crops. Wherein, agricultural by-products can be categorized
by a moderate quality non-wood fiber. High quality fiber can be
produced from industrial crops such as hemp, kenaf, sorghum,
maize, etc.

2.1. Plant fiber composition and their structural morphology

ﬁe term fiber describes numerous botanical entities: a
mechanical cell type belonging to the sclerenchyma (true fibers),
long cells used to produce paper (true fibers and tracheids),
vascular bundles used for textiles or to produce ropes (manila
and sisal), long trichomes used for textiles (cotton), and the
dietary fibers. Plant fibers consist of three major components,
which are cellulose, hemicelluloses and lignin [9]. The cellulose,
hemicelluloses and lignin present in plant fibers serve to form the
cellulose superstructure as a matrix substance.

Cellulose is the most available renewable polymer that forms
the basic structure of higher plant cell walls and about 40-45% of
the dry weight of normal wood tissue [15,18]. It is a polysaccharide
with long-chain linear sugar molecule, which composed of -D
glucopyranose units linked at 1-4 carbon [18]. However, the
length of polymer chains varies according to the source of

cellulose and part of the plant [ 10]. The function of the cellulose
is not only provides the required strength in plant cells, but also to
maintain the size, shape and division of plant cells, eventually the
trend of plant growth [19]. Most cellulose occurs and produced in
nature as crystalline cellulose which is known as cellulose (1)
[4,20]. It is well known that the glucose chains in the cellulose
(I are arranged in parallel to each other and set side by side to
form microfibrils, which is in most of the plants reach up to 3 nm
thick, except in certain algae wherein it can reach 20 nm of widths
|20-22]. Cellulose (1) is a combination of two crystalline forms
with different hydrogen bonding patterns which are cellulose la
and cellulose Ifp [21-23].

According to Chengjun and Qinglin [23 ], cellulose chain in plant
cell wall contains 36 individual cellulose molecules, which are
connected to each other through hydrogen bonding to form
elementary fibrils and finally aggregated together to form micro-
fibrils. These microfibrils have two regions (ie., amorphous and
crystalline). Amorphous region is unarranged (messy) and is
distributed along the microfibrils. The second region is the crystal-
line region which is highly ordered and packed with a strong
complex intra and intermolecular hydrogen bond network. The
higher tensile strength of cellulosic fibers in axial direction is due
to the high number of hydrogen bonds between the cellulose
molecules of chains [24].

Hemicelluloses are polysaccharides, heterogeneous and branched
structure with lower molecular weight that contains short chain
of various pentose sugars. Further, hemicelluloses are amorphous
therefore it's partially soluble in water. The role of hemicelluloses in
the fiber cell walls is to cross linking between cellulose fibril
aggregate by forming complexes with lignin. Moreover, hemicellu-
loses work as filling material (cement) in the cavities between the
microfibrils, as its hydroxyl groups are much more accessible to
water [25].

Lignin is an aromatic, three-dimensional polymer structure,
with high molecular weight. It is a polyphenolic molecule and not
soluble in water [26]. Its role is to work as a strengthening material
between the cellulose microfibrils, and provides protection against
attack by pathogens and consumption by herbivores, due to the
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presence of phenolic components [25]. However, hemicelluloses
and lignin are the differences from cellulose. That is not only in
molecular weight, but also cellulose displays in crystalline and
amorphous structure [27]. Wherein, hemicelluloses and lignin
displays in only amorphous structure [27].

SOIL
SOLIDS

% Sand

Fig.4. Soil's textural class according to the percentage of the particles [29].

Table 1
Soil physical properties and their role in plant growth.

3. Soil properties and plant growth

2

Soil 1s considered as a dynamic living natural body, which has a
vital role in the global ecosystems by a balance between living and
dead [28]. Soils can be divided into four main textural groups such
as sands, silts, loams and clays. Depending on these components,
soil can be classified into different types, as presented in Fig. 3.
A healthy soil cofflins sufficient air, water, minerals and organic
particles [30,31]. In general, soil contains 2-5% organic particles
20-45%, minerals, 10-25% water and 15-25% air. However, these
proportions of these components may vary in different types of
soil d o locality and climate [30]. The quality of soil varies due
to the variation of its components. Not all types of soil are suitable
for all types of crops. Thus, the assessment of l quality is very
important. According to Stamatiadis et al. [32], soil quality can be
assessed by analyzing the physical, chemical and biological proper-
ties of the soil.

3.1. Physical properties

gil physical properties can be affected by the constituents and
concentration of the soil components [2832|. However, soil
physical properties can be classified into soil structure (gathering
the small soil particles to form clusters) and texture (the rate of
soil components such as clay, silt and sand), porosity (ratio of soil
pores volume to the total soil volume) and moisture content. Soil
textural class in accordance to the percentage of the three different
types of particles is shown in Fig. 4. Soil physical properties affect
plant growth, which determines the quality of fiber [32-39]. Many
researchers reported the soil physical properties and it role on
plant growth, as summarized in Table 1.

3.2. Chemical properties

The soil is a chemical entity and it is composed of solid, liquid
and gas; soluble and insoluble; and organic as well as inorganic
substances. The chemical properties of soil can be divided into two
groups: organic (decomposition of plant and animal), and inor-
ganic (N, NH3, Fe, Ca, Al, etc.) [45]. The chemical properties of soil
such as nutrient contents, pH, and salinity can be defined as the
presence of the major dissolved inorganic solutes in the soil
|45-49]. These chemical properties have great importance in soil
formation and in crop production [47-50]. Cation exchange is used
as a good indicator for determining the soil texture. The main role
of soil chemical properties is summarized in Table 2.

Properties Role in plant growth

Structure 1 Increase soil strength and facilitate the movement of water through the preservation of porosity [33]
2. Improve the soil fertility [33].
3. Facilities plant growth and root spreading to absorb water and nutrients [ 34].
4. Improves the water and oxygen penetration |35].

Texture . Enhance physical and chemical elements of soil [36]

B b

Moisture content

S

Porosity

SR

Impacts on the movement and availability of air, nutrients and water [37].
. Affect the bulk density of soil, stimulate crop production [38].
. Significant effect on the absorption efficiency of plant [39,40].

. Higher soil moisture can cause soil damage [41]
. Soil moisture content increment leads to reduce plant transpiration [42]

. Facilitate the plant growth and soil ventilation [43]
. Macroporosity assist in the revitalize structurally damaged soils [44]
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Soil chemical properties and their role in plant growth.

Properties Role in plant growth
Mutrient 1 Improve plant growth [45]
2. Improve soil structure, water penetration [46]
3. Increase soil biological activity, controls erosion and prevents surface sealing [47]
pH 1 gcilil:al:e the decomposition of organic matter which leads to increase the presence of phosphorus, manganese and calcium in the soil [48]
2. Affects the soil physical properties. At the higher pH value the aggregation form of soil particle is larger [49]
3. pH value is an indicator of nutrient cycling. Increasing pH will increase the adsorption of minerals [ 50]
Salinity 1. Control the CO; absorption rate and slow plant growth, which leads to reduce the agricultural yield [51.52]

2. Affects plant growth [53]

Cation exchange 1. Positive correlation with organic matter [50]

Table 3
Soil biological properties and their role on plant growth.

Properties Role in plant growth

Bacteria 1. Play an important role in ecosystem functioning [ 54|
2. Provide nutrents for plant, cycling of soil nutrient and organic matter decomposition [29,55]
3. Improve soil health and promote plant growth [55,56]

Fungi 1. Supports soil functions as a plant nutrient source [57]

R

Nematode and protozoa

= e

Earthworm

R

. Impact on plant growth and nutrients uptake [58]
. Effect on soil productivity and plant health [59]

. Improve plant growth and nitrogen uptake [G0]
Affect bacterial populations [61]

. Increase CO; evolution [62]

. Increase nitrogen and potassium mineralization [63]
. Increased substrate utilization |G4]

. Reduce leaching of phosphate [G5]

. Increases the amount of extractable nitrogen [G6]
. Modify plant growth and vegetation structure [G7,G8]
. Increase the nutrient availability to plant [69,70]

3.3. Biological properties

Soils are diverse systems consist of highly diverse microhabi-
tats which form complex arrangement of plant in soil microbial
communities [54-64]. Soil contains a complex community of
microorganisms include numerous groups of bacteria, fungi,
viruses, and nematodes with a range of abiotic constituents.
Despite of its usefulness to the plant growth, some of these
microorganisms can also cause plant diseases [G1]. Studies
reported that the soil biological properties plays effective role in
plant growth and development [54-70]. The finding of some
research articles are listed in Table 3. Soil organisms play key role
in the nutrient transformations [54,58]. Relative proportion of
various soil microorganisms, those transformation nutrient in
soil and enhance plant fiber growth and development, are: 83%
Bacteria (i.e., Rhizobium sp., Pseudomonas sp, Bacillus sp., Mesorhi-
zobium sp., etc), 13% Actinomycetes (i.e, Streptomyces spp,
Fusarium spp., Phytophthora spp., Pythium spp., Rhizoctonia spp.,
Verticillium spp., etc.), 3% Fungi or molds (ie., Glomus intraradices,
Paenibacillus macerans, Paenibacillus polymyxa, Cucumis sativus)
and others (Algae Protozoa viruses) 0.2-0.8% [71-74].

4. Essential elements for quality plant fiber growth
Fig. 5 shows sustainable pathways of plant fiber properties. The

plant fiber properties depend on the genetic characteristics of
plant [55,69]. The genotypic characteristics are influenced by the

abiotic and biotic components of the environment. The factor,
which influences on plant growth, has similar influence on the
quality of plant fiber growth. Soil properties are the most dedi-
cated factors that determine the quality of fiber. After final use,
fibers returns to the soil as a component and play a role in
determining the physical, chemical and biological properties of
soil, which ultimately influence plant growth and plant fiber
quality [71].

The quality of plant fiber mainly depends on the genotype,
growth conditions and location of the fiber in plant [69]. Soil
physical, chemical and biological properties affect plant fiber
properties by modifying the growth conditions. However, it is
very difficult to estimate individual effect of one property on plant
fiber as the soil properties are usually correlated spatially due to
the inherent soil formation process [ 70]. Soil management prac-
tices affect the different properties of soil, which influence fiber
quality. There are some others factors also influence on plant fiber
quality [ 70-72]. Some of the important factors influences on plant
fiber growth are describe below.

4.1. Soil physical properties

Since the fiber is primarily composed of cellulose, any influence
on plant photosynthesis and production of carbohydrate will have
analogous influence on fiber growth. By determining the amount
and movement of air, nutrients, porosity and water which deter-
mines soil temperature, soil texture and structure influence the
fiber growth. Higher amount of sand and clay tended to increase
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Fig. 5. Life cycle assessment of plant fibers properties.

fiber length and strength [73]. Johnson et al. [ 75| obser that the
organic matter significantly influenced fiber quality. Changes in
the soil organic matter drive many of the other changes in soil
physical properties [29]. Higher nutrient and water availability
with the addition of organic matter results in longer and stronger
fibers [76,77]. Soil moisture influences the growth of fiber and
ultimately fiber length [75,78]. Excessive water supply and
drought may reduce the length of fiber [74]. As the expansion of
cell is strongly driven by turgor pressure, so plant water relation
affects fiber elongation in the period immediately following
anthesis.

Fiber elongation and fiber thickening are affected by tempera-
ture and radiation [75]. At lower temperature or cloudy weather,
reduction in fiber thickening occurs which leads to low fiber
micronaire [80]. Soil temperature and moisture significantly
increased the breakdown of lignin and cellulose [80-82]. There
is a curvilinear relationship between the breakdown of cellulose
and soil moisture. When moisture increased up to 40 to 60%,
cellulose degradation increased significantly in a curvilinear trend
and at higher moisture content |82 |. Increase in soil temperature is
associated with increase in cellulose decomposition [82]. Lignin
decomposition shows similar relationship with soil temperature
and soil moisture. Tuomela et al. [83]| determined that the
thermophilic phase is fundamental for faster lignocellulose degra-
dation with increasing temperatures. Therefore, it can be con-
cluded that the there is an inverse relationship between the fiber
properties and the physical, microbial properties of soil [84]. Soil
compaction decreases in macroporosity, and eventually leads to
increase bulk density. Compaction can decrease the plant nutri-
ents, specifically by the nitrogen uptake, which may affect the cell
wall portions of some plant made of cellulose and lignin [85].

4.2. Soil chemical properties
Soil fertility is considered as one of the most influential factors

for fiber quality [86,87]. Soil nutrient are essential element for
plants growth and fiber production. Nutrient stress of 20-40 days

post-anthesis is expected to impact fiber strength development
|87]. Nitrogen (N) is a constituent of the chlorophyll molecule and
hence affects the production of carbohydrates [87]. Beside this,
nitrogen plays a key role in all metabolic activities of plants. Thus,
by affecting plant growth, nitrogen also influences the fiber
quality. Deficiency in Nitrogen results in low productivity, which
is often associated with low fiber quality [88]. The quality of fiber
tented to deteriorate with the excess nitrogen. Micronaire, length,
uniformity, strength and elongation percentage properties are
most strongly correlated with soil moisture and soil phosphorous
| 74,89]. Soil phosphorous is an essential element of nucleic acids
(DNA and RNA), enzymes, proteins, lipids and several other
compounds, those affect fiber properties along with controlling
photosynthesis, respiration, cell division, and many other plant
growth processes.

Reiter et al. [90]| observed that micronaire improved signifi-
cantly with the transformation of N/P205 proportion from 5:1 to
5:3. Potassium (K} impacts on productivity and fiber quality in
direct consequences to water relations, photosynthesis, respira-
tion, enzyme transpiration and activation [79]. Short plant fibers
grow due to the insufficient K for plant growth [91 |. Micronaire, an
estimation of the fiber fineness, decreased with deficient K during
growth [91]. Fiber length is positively correlated with Ca, Mg and
Cation-exchange capacity [ 74]. Sawan, et al. [92] found a signifi-
cant improvement in cotton productivity and fiber quality (fiber
micronaire and strength) with the application of mepiquat chlor-
ide. Hossain et al. [93 | examined that fiber length and fiber yield
varies with carbon levels of soil. The other nutrient deficiencies
can also reduce fiber length [92].

Johnson et al. [75] and Ping et al. [79] found a strong negative
relationship in soil pH, fiber strength and fiber elongation. Lignin
breakdown in acidic soils (low pH) as compared to the natural and
alkali soil (high pH). Generally, soil salinity has harmful effect on
the plant growth, fiber yield and quality [94]. Soil salinity reduced
the fiber length of the cotton species. Khorsandi and Anagholi [95]
reported that moderate to high salinity levels of soil delays and
reduce seed cotton yield and fiber quality. Dong [96] reported a




1012 gj’. Abdul Khalil et al. / Renewable and Sustainable Energy Reviews 43 (2015) 1006-1015

Animal

wastos Dead animals

€O, +H,0<>CH,,04

Fig. 6. The atmospheric carbon cycle processed and soil organisms and released into the atmosphere [71].

reduction in soil salinity increase cotton yield and fiber quality.
Khattak and Muhammad [97] observed that chemical fertilizer
supplementation with humic acid in soil salinity improves the
plant crop production without compromising on yield and fiber
quality.

4.3. Soil biological properties

Soil organisms balance the mineral with the organic nutrients,
which ultimately support the plants growth and affect fiber
quality. Soil microorganisms can cause fiber biodamaging, which
increases with an increase of temperature, humidity and at limited
air exchange |98 . Donnelly et al. [99] found a curvilinear relation-
ship between the microbial biomass and soil moisture and
temperature with the degradation of cellulose and lignin. Their
result showed that the microbial biomass increase significantly
with increasing soil moisture and temperature.

Entry et al. [100] found that microbial biomass and cellulose
degradation rates were 3-6 times increased in soils treated with
fungus than in non-treated soils. They suggested that the increas-
ing microbiological activity results in higher lignin and cellulose
decomposition. Entry and Backman [101] confirmed that active
bacterial and fungal biomass correlated curvilinearly with both
cellulose and lignin degradation. In addition, Cook et al. [102]
confirmed the superior stalk fiber in nematodes infected soils.
Therefore, it can be concluded that fiber quality and yield need a
balance ratio between soil microorganisms which can be achieved
by soil management.

4.4. Soil management practices

Management practices that delays crop maturity lead to
reduced micronaire due to exposure of a crop to unfavorable
conditions. Some example are early stress with subsequent recov-
ery, or higher N fertility and different tillage or rotation systems
|79,89], planting date [103], green manure crops [104], irrigation
|8] and insect damage causing compensation and later fruit
production [105]. Blaise [106] observed better fiber length and
strength in the organic cultivation system (OCS) plots compared
with the modern method cultivation (MMC). Repeated application
of manure and mulch to the OCS plots increases the water holding
capacity, infiltration rate and hydraulic conductivity than the MMC
and as a result, quality of fiber quality improves in the OCS plots.

4.5. Other factors affecting fibers properties

Generally, chemical, physical and morphological properties of
the plant species are quite different. This difference is due to the
variation in soil, climate as well as few other factors [71]. Yet, this
effect in one way or another involved the physiological and
morphological properties of the plant fiber. In the previous
discussing part the effects of the soil properties have been covered.
However, climate and other factors such as age of the plant, part of
plant which contains the fiber and the effect of heavy metal, these
factors need to be cover as well.

4.5.1. Climate

Climate element such as rainfall, sunlight, temperature, humid-

ity and carbon dioxide concentration has great effect on soil
quality and plant growth [107]. It is known that 85% of the
atmospheric CO, comes from decomposition of dead plants and
animals by soil microorganism, as this will complete the carbon
cycle by releasing the soil CO, into the atmosphere [72]. Fig. 6
shows the atmospheric carbon, which cycle is processed and
reduced by soil organisms and released into the atmosphere.
EN Climate has great effect on soil salinity, structure, formation
and fertility, which in return effect plant growth and thus the fiber
quality [104]. Plants are highly sensitive to climate as the climate
can determine the type of plant that grows based on the quantity
of light, temperature and moisture |[104,108]|. Moreover, high
concentration of carbon dioxide leads to increase the atmos@¥eric
temperature which will have many impacts on plant [ 108]. There
is a strong and direct relationship between atmospheric CO; and
plant fiber, as the fiber yi increases with CO, fertilization, that
process by soil microbs. Campbell et al. [109] reported that the
fiber yield increased 52 to 56%, when the plant was treated with
doubling CO, in open field plot and growth chamber. On the other
hand, atmospheric temperature effects on the fiber yield.

Reddy et al. [110] found that fiber quality was not significantly
affected by increasing CO,. Wherein, temperature increment
was found to have some impact on fiber yield. Pettigrew [111]
found that fiber production and cell wall fiber sucrose reduced in
light environments compared with rich sunlight environments.
Low light insufficient photosynthetic assimilates are the cause
BN the fiber quality reductions and the reduced sucrose levels
occur during fiber secondary cell wall deposition that match the
lower fiber micronaire produced under shade. However, Pettigrew
|85] found that fiber production was 3% stronger in the warm
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temperature regime than in the control treatment. Increasing
temperatures and ovule fertilization might become concession,
which may lead to fewer seeds per boll, smaller boll masses, and
ultimately lint yield reductions.

4.5.2. Age of the plant

Harvesting age is a crucial factor that affects the fiber proper-
ties, yield, and quality. Many studies have shown that physical
properties of plant fiber influenced significantly by the age of plant
[71,112-114]. Rowell et al. [ 113 | found that both bast and core fiber
length and width decrease significantly with increasing the plant
age as well as lumen width.

Jahan et al. [77] studied the effect of harvesting age on the
chemical and morphological properties of dhaincha plant as
potential fiber source. They found that there was slightly incre-
ment in the fiber length, holocellulose and alpha-cellulose content
while the lignin decreased with increasing age of the plant.
Physical properties of unbleached pulp increased significantly with
increasing plant age, wherein the bleachability of pulp was
improved with the increase of plant age. Conversely, Huang et al.
|114] found contrary result in their study of the effect of plant age
on fiber mechanical properties of Moso Bamboo. The study
parameters include tensile strength, modulus of elasticity (MOE),
and other mechanical related properties such as the microfibril
angle and fiber cross-sectional area. The result showed no sig-
nificant variation with increasing age in average MOE and fracture
strain of the bamboo fibers. Belkheiri and Mulas [115] observed
that fibere content of harvested plants increased with increasing
plant age and reached to the optimum at 120 days. Subsequently,
the fiber content decreased at 150 days. They relate this result to
the continued plant height with increasing age up to full maturity
and accounted for differences in yield. Thus, it can be concluded
that the effect of plant age on plant fiber properties significantly
varied with plant type.

4.5.3. Part of plant that contain the fiber

Matural plants fibers properties depend on the type of cells
from which part the fiber was taken. Furthermore, fiber chemical
and physical properties also depend on the cell wall properties, as
these properties determine the function of cell wall content within
the plant [5,12]. Plants fibers physical properties depend on many
factors including the part of the plant are taken [37,69]. Physical
properties of fibers also vary from top to bottom of the plant,
distance from the center. Studies determined that the fiber content
and the fiber strength are highest in the middle of the stem of the
plant, and the morphological structures and chemical composition
varies between top and bottom of the plant [69]. Jahan et al. [77]
reported that the presence of higher w-cellulose and lower lignin
content with longer fibers length in the stem samples compared to
the branch samples of Trema orientalis.

4.5.4. Heavy metals content in soil

The devastating effects of heavy metals on plants growth and
fiber quality have been described by numerous authors [38,116].
Heavy metals contamination by plants strongly depends on
several soil and plant factors [117]. Plant genotype is considered
as the most important plant factors, among all the factors affecting
heavy metal contamination. Studies found that some genotypes
respond sensitively to Cd changes in soil. Wherein, the genotype
differences are restricted to Cd, and no general phenomenon of
sink source transport of micronutrients, e.g., essential metals Zn
and Cu [4591]. Bada, et al. [40] studied the effect of heavy metal
cadmium (Cd) presence in the soil on the growth, fiber yields and
Cd absorption of kenaf (Hibiscus cannabinus L). The study
observed that Cd significantly reduced the plant height, stem

girth, bast and core yields compare to the control. Moreover, there
is a significant (p < 0.01) positive correlation between the absorp-
tion and the presence of Cd by kenaf.

4.5.5. Soil's electrical conductivity 1
Soil's electrical conductivity (EC) can affect nutrient supplies
within a soil environment and to the plant fiber growth | B |. Soil
acts as home from plants nutrient, provides the plant fiber stability
and essential nutrients. The healthier the soil, the more likely a
plant will thrive and grow. The electrical conductivity of soil is one
of the ways of determining healthy or suitable soil an envilnment
for the plants and quality plant fiber growth [119]. EC actually
?(es place inside the pores that reside in between soil particles.
s a result, the EC levelffran vary depending on soil density and
chemical compositions. As different plants require diﬂ’Fnt types
of soil physical, biological and chemical properties, knowing a
soil's electric conductivity level caqlelp to determine the essential
soil environment for plants. Soil's pH level i€Birectly related to its
electrical conductivity level | 118,120]. The chemical composition
within a plant’s environment can be determined by measuring the
pH level present within the soil.

5. Conclusion

In recent years, the used of plant fibers in various industrial
products have gained popularity due their sustailility, environ-
mental friendly, flexibility and availability. Soil is one of the most
important resources for plant fiber production. The present review
was conducted in order to summarize the information of the
impact of soil properties on quality plant fiber growth. It was
observed that soil physical, chemical and biological properties
have lead to a series of physiological, biological and chemical
changes along with plant growth, yield and quality of the plant
fibers. However, it is very difficult to estimate individual effect of
plant fiber as the soil properties are usually correlated spatially
and among them due to the inherent soil formation process. In
addition, fiber quality and yield need a balance ratio between soil
properties, which can be achieved by efficient soil management.
Soil management practices affect the different properties of soil,
which influence the plant fiber quality. Nutrient, water availability,
microbial and organic matter of soils results in the production
longer and stronger plant fibers. Harvesting age, climate, presence
of heavy metals in soil is also important factor that affects the fiber
properties, yield, and quality. Thus, it is crucial to understand the
soil environment to identify the limitations of the soli environ-
ment and ameliorate the possibility without damaging the soil
quality. Therefore, the present study recommends conducting
further researches to determine the diverse effect of soil properties
on plant fibers yield, its sustainability, morphological properties,
physiological properties and quality.
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