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Abstract

Industrial hemp (Cannabis sativa L.) is a sustainable source of fiber due to its fast growth rate and adaptability to diverse climates and low
demand for pesticides and water. Additionally, hemp fibers are versatile and used for a variety of products, including clothing, textiles,
paper and building materials. As a bast fibers with a high cellulose content, industrial hemp is both sustainable and resource-efficient
sources. Considerations of environmental protection, as well as their intrinsic qualities like low density, high specific strength and
stiffness, increased researchers' interest in hemp fibers. This review examines the current status and significance of hemp fiber in the
textile sector, comparing it with cotton and synthetic fibers while discussing its processing and use. Although, industrial hemp shows
great promise, further research is needed to improve its quality and expand its applications. Hemp fiber processing is a significant issue in
the textile sector and thus this review provides comprehensive information on the complete value chain of hemp fiber, its challenges and

future implications.
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Introduction

Pakistan’s economy is primarily driven by the textile sector,
that serves as the heart and soul of the nation. As the eighth-
largest textile exporter in Asia, Pakistan’s textile industry
plays as crucial role in job creation and foreign exchange
earnings. Textile-related products account for more than 60%
of country’s exports and contribute 8.5% to the GDP (1).
Climate change has significantly impacted the agriculture
sector globally including Pakistan, leading to extreme
weather events like droughts, temperature fluctuations,
nutrient deficiencies, heavy metal contamination, diseases
and pest outbreaks (2 - 4). Pakistan is among the top 10 most
climate affected countries. Over the past few years, the
cotton crop has been drastically damaged by climate change,
including a rise in temperatures during sowing months
coupled with water shortage, causing a severe heatwave and
affecting germination and seedling establishment. Additional
challenges, include land shrinkage, shortage of quality seed,
disease and pest infestation (4 - 6). To mitigate these
challenges, it is imperative to work on alternative sources of
natural fiber crops that are climate-resilient, sustainable and
cost-effective. Diversifying fiber sources will help meet the
rising the demand for textiles, while supporting the economic
growth of the country.

Industrial hemp (Cannabis sativa L.) has the potential
to be sustainable, cost-effective and environmentally friendly
source of natural fiber for the textile industry. It is an annual
herbaceous bast fiber «crop with low delta-9-
tetrahydrocannabinol (<0.3% THC) (7-9). Given that hemp is
native to western and central Asia, including Pakistan and
has been used for various purposes for over 2 millenia, it
could help reduce the country’s dependence on cotton. The
agro-climatic and edaphic conditions in Pakistan are ideal for
the cultivation of industrial hemp (10, 11). However, no
estimates of its production and cultivation are currently
available across the country (12). In 2020, the Government of
Pakistan conditionally permitted the cultivation of industrial
hemp for industrial and medical purposes, to boost the
country's economy. In 2024, the “Cannabis Control and
Regulatory Authority Ordinance” was approved by the
Government of Pakistan.

Hemp cultivation has become legalized in several
countries such as China, the United States, Canada and some
European countries leading to the development of new
markets. Some of these countries have experienced
significant growth in their hemp industries, with the number
of industrial hemp licenses doubling in recent years,
indicating a likely increase in hemp production in the coming
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years (13-16). Beyond its diverse application, industrial hemp
offers agricultural and environmental benefits, as it can
withstand various abiotic stress conditions (17-19). Industrial
hemp is increasingly recognized as a cost-effective and
resource - efficient crop which can also improve soil health.
Field retting in hemp cultivation can give back as much as
70% of the nutrients taken from the soil, ultimately lowering
the expenses and environmental effects of field preparation
(20). This results in a subsequent crop cycle requiring only
around one-third of the initial fertilizing input, thereby
reducing the environmental impact of field preparation (7).
Hemp, a climate - resilient and resource-efficient fiber crop,
offers unique chemical properties for the textile industry (21).

This review provides a comprehensive overview of
industrial hemp as a sustainable natural fiber, covering its
properties, production and processing. It also compares
hemp fibers with cotton and other synthetic fibers while
highlights challenges and future research directions.

Challenges of the textile industry in Pakistan

The textile industry in Pakistan has experienced fluctuations
in recent years due to various factors such as limited raw
material supply, high production costs, power shortages,
outdated machinery, poor strategies and government
policies (22-24). The production cost is primarily influenced
by the raw material, which accounts for 35% of the total
production cost of the textile industry. As a cotton-based
industry, Pakistan sources a significant portion of its raw
materials locally. However, the country faces a shortage of
cotton, especially long soft cotton produced in Punjab and
Sindh provinces (25, 26). The decline in cotton production,
driven by multiple factors (Fig. 1), has forced the industry to
import raw materials to meet domestic demand.

Globally, competition in the textile market is high; with
strong demand for high-quality products at reasonable
prices. Despite low wages and domestic cotton availability,
Pakistani goods faces intense competition with Bangladesh,
India and Vietnam, which offer cheaper and better-quality
goods (27, 28). Over the past 20 years, pesticide use in
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Pakistan has increase by an average of 11.6% annually, with
cotton cultivation accounting for more than 80% of total
pesticide consumption (29, 30). Rising cost of production has
stifled investment and export competitiveness. Moreover, the
country is also facing a massive energy crisis, with a demand
of more than 5000 MW. To manage this defecit, the
government imposes daily power cuts, disrupting
manufacturing, shutting down textile mills and reducing
export orders. The garment sector is affected by continuous
shifts in global fashion trends, requiring immediate response
to market demand (30, 31). Moreover, inadequate marketing
and advertising strategies also limit the demand for Pakistani
textile products in the US and European markets (32).

The industry also faces a shortage of skilled labor,
hindering its ability to compete with local and global
standards. Technological advancements further challenge the
workforce, as many struggle to acquire the necessary
expertise. Additionally, inadequate knowledge of product
development and design hampers the industry's ability to
create high-demand products (33, 34). A lack of significant
research and development efforts further weakens Pakistan's
textiles sector, limiting its competitiveness in the global
market. To address these issues, the industry needs
sustainable and cost-effective solutions. Industrial hemp
presents a promising alternative, as it reduces the cost of
production, yield more fiber per unit area and serve various
industrial applications.

Industrial hemp as a sustainable source of natural fiber

Textiles and clothing are highly polluting industries due to
high energy, water and chemical consumption, generating
substantial industrial waste, leaving a significant ecological
footprint (35, 36). Cotton, a widely used natural fiber, requires
extensive land and has high water and chemical demands. As
the demand for raw materials grows, interest in sustainable
and economical alternative natural fiber has increased (37).
Currently, industrial hemp has emerged as a promising
sustainable source of natural fiber due to its fast-growing
nature, low water and pesticide requirements and high fiber
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Fig. 1. The change in area/hectare, production/bales and yield/hectare of cotton in Pakistan due to various factors from 2011-12 to 2022-23

(86, 87, 88).
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versatility. Compared to cotton, hemp adoption may reduce
agricultural activity costs by 77.63% and reduction in
production costs (7, 38). It thrives in various climates, requires
fewer inputs (water, land and pesticides) and has low

Table 1. Environmental footprints for producing one kg of hemp
and glass fibers. Data taken (75).

Parameters Hemp fiber Glass fiber
Power consumption (MJ) 3.4 48.3
CO, emission (kg) 0.64 20.4
SO, emission (g) 1.2 8.8
NO, emission (g) 0.95 2.9

environmental footprints than other fiber crops (Table 1).

Hemp fiber is strong, durable and versatile, making it
suitable for various applications (37, 39). Industrial hemp is a
naturally resource - efficient and climate resilient crop
capable of producing economic yield under various soil and
environmental conditions such as drought, salinity, metals
and temperature extremes (40 - 42). Fiber hemp seeds
germinate at temperatures ranging from 5 -35°C, with the
optimal germination rate of 95% at 20°C (42). Hemp plants
can survive at low temperatures (0°C) and endure 6-week
drought conditions (43). However, suboptimal conditions can
reduce the stem dry matter content of the hemp plant. Hemp
plays a crucial role in improving soil properties and climate
through phytoremediation and carbon sequestration (44 -
46). Hemp requires a minimal amount of nutrition for
maximum fiber production. It offers 50% nutrient reduction
and improved water use efficiency, compared with cotton (7).
Moreover, it produces three times more fiber per unit of water
than cotton, making it a naturally cost-effective crop (7, 47).
Hemp fiber is economically viable due to its low cost of
production and high demand across various industries.

Processing of hemp fiber

Hemp provides an environmentally sustainable solution for
fabrics and other materials. Hemp stalks consist of 2
fundamental components: long bast fibers and hurd. The
bast fiber is a long, durable fiber used in textiles, paper and
various other products, while the hurd is a non-fibrous solid
material used in building materials such as insulation, bio-
composites and particleboard.

Harvesting hemp fibers involves two main processes:
collecting the plant’s stalks and extracting fibers. Hemp plants
are typically harvested during the early to mid-flowering stage,
when the fibers are the strongest and the longest (17).
However, the exact timing depends on the hemp variety,
climate conditions and intended use (fiber, seed or both). Fiber
hemp varieties are cultivated to produce long stalks and
minimal flowering parts. Harvesting techniques vary and may
include manual cutting with sickles or specialized machinery
like combines adapted for hemp. The plants are normally cut
at the base stem just below the lowest flowering branches and
gathered in rows. The windrows are left to dry for a few days. At
12% moisture content, the stalk rows are baled and
transported for further processing to strip and separate longer
fibers and hurd. Longer fibers dominate in the bark of the stem,
whereas hurd and lignin abound in the rest of the stem. As a
result, larger diameter stems are required for higher fiber
productivity. Common fiber yields, on the other hand, range

from 15 to 22% of dry stem weight (17).

After harvesting and drying, the stems undergo retting
to seperate the bast fibers from the inner hurd (48). This
process relies on microbial activity to breakdown pectin that
bind the fibers and hurd together. A variety of processes for
retting hemp fibers have been implemented and explored
depending on the environment and end use. Fibre extraction
can be achieved through using enzymatic treatments,
microbiological activity and physical and chemical techniques.
However, none of these methods are cost-effective for large-
scale industrial applications. As a result, dew retting and water
retting are the most widely used and valued techniques (49).

Dew retting is a natural process that entails leaving
the hemp stalks in the field and exposing the dew and
elements. The pectin that keeps the fibers together is broken
down by naturally occurring bacteria and fungi. This process
is a time - consuming process, often lasting many weeks and
requires frequent turning of the stalks to ensure even retting.
The other method is water retting which includes immersing
the stalk in water (ponds, tanks or slow-moving streams) for a
set period, usually 7 days. Microorganisms in the water break
down the pectins, making fiber separation easier. However,
effectiveness of retting is influenced by crop maturity at
harvest, retting procedure, ambient conditions and the type
of bacterial and fungal populations. The retting process also
affects the fiber composition because dew-retted hemp fiber
contains less cellulose and hemicellulose content but more
lignin and ash compared to water-retted fiber (49).

Both dew and water retting have drawbacks such as
inferior fiber quality, variable fiber strength and significant
polluted wastewater. To improve retting efficiency, crop
varieties with higher cellulose contents and lower pectin and
lignin elements may be preferable as they enhance yield,
quality and fiber strength while while reducing labor and
processing time. After the retting process is completed, the
fibrous ribbon is separated from the stalk using specialized
machinery like decorticators or hemp processing equipment.
The fibrous ribbon is brushed, a process that crushes and
scrapes the outer woody layer, releasing the fibers from the
core.

The fibers must be dried after mechanical processing
to reduce moisture content. Proper drying avoids mold
growth and keeps the fibers in good shape for subsequent
processing. Depending on their intended application, the
recovered fibers may go through additional processing stages
such as carding (to align the fibers), spinning (to make yarn)
and weaving or knitting (to create fabrics) are examples of
these steps.

Uses of hemp fabrics

Hemp is a viable sustainable raw material for the textile
industry. China is generating massive amounts of hemp fibers
and hemp yarns because of its well - established industrial
infrastructure and greater export potential for textiles (50).
Dry spinning processes with shorter drafting times are
preferable over wet spinning processes for hemp yarn (51).
Hemp fibers have high lignin and pectin contents, which
make processing challenging. To address this, hemp is often
blended with cotton to avoid spinning challenges. Blended
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fabrics offer superior moisture absorption, UV protection, anti
-mold, antibacterial and antistatic qualities. Increasing the
hemp component in the blend such as using 50% hemp
fibers with cotton in a rotor spinning machine, resulting in
high-quality yarn. Hemp can also be vortex-spun and studies
indicate that hemp/Tencel blended vortex-spun yarns
outperformed Siro-spun yarns in terms of hairiness and
evenness (52-54).

Knitted fabrics made with these yarns have a improved
hand feel and are easier to process. Moreover, research
suggests that employing folded yarns in hemp-knitted fabrics
substantially improves air and water permeability. The
moisture absorption and breathability of knitted fabric are
improved by combining cotton/hemp/lyocell with a higher
hemp ratio, while abrasion and pilling resistance remain
unchanged. The evenness of hemp blended yarn is normally
reduced as the hemp ratio increases; however, it can be
enhanced with proper humidification by spraying mist in the
ring-spinning frame. The GSM of hemp fabrics ranges from 270
to 540 gm? depending on the intended use (apparel or
technical applications) and the composition of raw material
such as hemp/wool/silk/synthetic fibers (55). Different natural
fibers are utilized to make protective clothing, but hemp has
some advantages. Union fabric made from hemp in weft yarn
and cotton in warp yarn has higher breaking strength,
resistance to flammability, pilling resistance and rigidity (51).
While natural fiber-based textile fabrics often have greater
comfort characteristics, but poor UV absorption. However,
blended fabrics comprising hybrid yarns where hemp serves
as the staple fiber and synthetic as filament - provide better
UV protection.

The properties of hemp fiber can be improved by
enzymatic and alkaline treatments. These treatments reduce
lignin content, improve fabric hand, improve tensile strength
and surface smoothness. Alkaline treatments also increase
cloth dye ability by widening the amorphous regions. The
application of liquid ammonia to fabric can improve its
wrinkle resistance and softness. Enzymatic treatments on the
surface of hemp cloth also make it softer, more elastic and
smoother. Blending hemp with wool, on the other hand,
improves the flammability of the blended fabric due to an
increase in amorphous areas (51, 56). Antimicrobial fabrics
have gained popularity in recent years due to their ability to
prevent or minimize infection transmission in medical and
healthcare settings. Hemp exhibits antibacterial properties
making it effective against infections. The active antibacterial
constituents of hemp include alkaloids, flavones and saponins.
Hemp fibers are resistant to microorganisms such as
Staphylococcus aureus, E. coli and Pseudomonas aeruginosa.
Furthermore, hemp fabrics are hypoallergenic and have anti-
mildew properties. Because of these characteristics, hemp
fibers are widely used in odor -free socks (57-59).

Comparison of industrial hemp fiber with cotton

Cotton, an important crop for the textile industry in Pakistan,
faces sustainability concerns due to high water consumption,
pesticide use, fertilizer dependency and chemical inputs, all
of which have negative environmental and economic impacts
(43, 60). In contrast, hemp requires less maintenance and
fewer inputs while yielding more fiber (7). It is also more
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sustainable, needing minimal chemical use for pest control
(61, 62). Compared to cotton, hemp requires only only one- of
the water to produce one kilogram of fiber, (63, 64). Hemp’s
stem bark produces 2 types of bast fibers: primary bast fibers
which range from 20 mm to 50 mm long and secondary bast
fibers which are approximately 2 mm long derived from the
vascular bundles of the hemp stalk (65, 66).

Currently, hemp bast fiber is more expensive than
cotton fiber due to its limited production. However, as its
cultivation increases, the cost of hemp fiber is expected to
decrease (67). Hemp fibers have a exceptional strength and
modulus, comparable to man-made glass fibers, making
them a excellent substitute for synthetic fibers in stiffness and
lightness (68). They are longer, stronger and coarser than silk
and are widely used in engineering fields like geo-textiles,
sports equipment and structural components (69). Hemp
fiber is a unique and versatile material with several distinctive
properties It has anti-bacterial, anti-static, non-irritant and
non-allergic properties (37, 70). Additionally, hemp fiber is
hypoallergenic, resistant to mold and mildew, breathable,
moisture-wicking and UV-resistant (50, 71). A comparison of
industrial hemp and cotton fiber is given in Table 2 and Fig 2.

Industrial hemp fibers vs petroleum based Synthetic
Fibers

In the textile industry, hemp and synthetic fibers represent two
distinct groups of materials categories each with unique
characteristics, manufacturing methods and environmental
impacts. Hemp is a sustainable crop with low environmental
impact (72). In contrast, synthetic fibers such as polyester,
nylon and acrylics are manufactured from petrochemicals.
Their production involves the extraction and processing of
fossil fuels, which contribute significantly to greenhouse gas
emissions, as well as water, air and soil pollution, leading to
resource depletion. One of the notable attribute of hemp fibers
is their biodegradability, as they degrade naturally in the soil
without harming the environment. Conversely, synthetic fibers
such as polyester persist contributing to microplastic pollution
and environmental disruption. Additionally, hemp fibers are
breathable and easy to wear, whereas synthetic fibers retain
heat and moisture, causing discomfort and odor.

Both hemp and synthetic fibers are robust and long-
lasting; however, the durability of synthetic fibers is
dependent on the raw material used. Synthetic fibers are less
expensive to produce due to the widespread availability of
petrochemical goods (73). Hemp cultivation and processing
are labor and expense-intensive activities that require
adequate laws. Traditionally, hemp fibers have been used in
textiles and ropes manufacturing. More recently, they have
gained popularity in applications as a building materials and
biofuels. Hemp's total biomass per ha is comparable to that
of energy crops such as poplar and switchgrass. Hemp fiber
has 73-77% cellulose, 7-9% hemicellulose and 2-6% lignin,

Table 2. Comparison between hemp and synthetic fibers Data taken
from (69, 75).

Property Hemp Synthetic Material
Strength Strong Strong
Durability Durable More Durable
Biodegradability Biodegradable Not biodegradable
Versatility More Versatile Less Versatile

Sustainability Sustainable Not sustainable
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Industrial hemp

« Stronger and durable fiber

* More fiber yield

* Biodegradable and recyclable
* More economic returns

* Grows faster (<120 days)

* More sustainable, requires less inputs
(water, fertilizers, and chemicals)

* Hemp enhances soil health

* Hemp hurd or shiv used for paper and
hemp concrete

* Lower carbon footprint

Weaker and less durable fiber
Less fiber yield
Biodegradable and recyclable
Less economic returns

Grows slower (>175 days)

Less sustainable, requires more inputs
(water, fertilizers, and chemicals)

Cotton can depletes soil nutrients

Cotton sticks are commonly burned as a
source of cooking fuel

Higher carbon footprint

Fig. 2. Competitive performance of hemp and cotton crops. Industrial hemp, a naturally resistant crop, requires less water and pesticides,
saving more water against cotton. Hemp also nourishes the soil, making it a valuable environmental asset (Based on information (7, 64).

whereas the hurd contains 48%, 21-25% and 17-19%,
respectively. The digestible cellulosic content in hemp fibers is
higher than in other energy crops (74). As a result, hemp is a
superior energy crop for biochemical-based biofuel applications.

In conclusion, hemp fibers are more environmentally
benign and sustainable than most synthetic fibers (Table 2).
They are biodegradable, require fewer chemicals for production
and have a lower carbon footprint. However, synthetic fibers
continue to dominate various industries due to their adaptability,
cost-effectiveness and specialized performance qualities. The
decision between hemp and synthetic fibers is frequently
influenced by the intended application, environmental concerns
and consumer preferences.

Hemp fiber-based composite Materials

Hemp is widely used as a raw material in composite synthesis
because of its exceptional mechanical qualities and
environmental benefits. Hemp-based natural composites are
made by combining hemp plant fibers with a matrix material,
usually a polymer, to create a composite with improved
qualities. These fibers are lightweight and possess high tensile
strength; making them ideal for reinforcement in composite
materials (75). Several composite forming techniques using
hemp fibers are under investigation, including film stacking,
manual winding, resin transfer molding and hand layup. Hemp
fibers have a high tensile strength of roughly 1110 Mpa,
therefore thermoplastic, thermoset and biodegradable
matrices have good mechanical properties (76). In comparison,
thermoplastic matrices outperform thermoset matrix
composites in terms of corrosion resistance, cost-effectiveness,
high specific strength and recycling. However, a key challenge
in using natural fiber as reinforcement in thermoplastic
composites is the heat degradation of fibers; thus, the

temperature is controlled below 230 °C (75, 77).

Natural fibers have a higher modulus than
thermoplastics, resulting in composites with enhanced
stiffness. Natural fiber-reinforced thermoplastic composites
exhibit improved mechanical properties, flexibility and
toughness. However, the random fiber orientation in these
limits property enhancement compared to thermoset
composites. Hemp fiber has specific applications in fiber
composites, including automobiles, construction, golf clubs,
tennis rackets and skis. These composites have the potential
to enhance product performance and durability (78).
Although still in its early stages of development, hemp fiber
utilization in fiber composites is a promising area of research.
As technology advances, its applications are expected to
expand further.

Challenges in industrial hemp cultivation and fiber
processing

The presence of the key photoactive component, THC, poses
a substantial obstacle to the legalization and widespread use
of hemp. This remains concern despite global discussions on
the research, development and economic potential of hemp
products. Hemp production is further complicated by its
illegal use and difficulty distinguishing between drug and
fiber types (79). Hemp plants contain two types of
cannabinoids: THC and cannabidiol (CBD), both are
pharmacologically active compounds (79). Most developed
nations restrict industrial hemp cultivation to varieties with
less than 0.3% THC content (81, 82), while European
countries impose a stricter limit of 0.2% (81). Hence, high-
standard laboratories are required to differentiate between
drug and fiber-type plants (83). Cannabinoids are quantified
using specialized techniques such as gas chromatography
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(GC), mass spectrometry (MS), GC-flame ionization detection,
high-performance liquid chromatography (HPLC) and liquid
chromatography (84). These techniques, however, are costly
and time - consuming, prompting recent research into
reducing analysis time and sample quantity requirements.

China is the world's leading hemp producer,
producing over 70% of global production followed France at
nearly 25%. Globally, over thirty countries produce industrial
hemp (80, 82). Pakistan has favourable conditions for high-
quality growth of hemp without need of special interventions.
Hemp is widely grown in most parts of the Northern Province,
Potohar Plateau, some parts of upper Punjab and across
Islamabad, the capital city (10, 84). Nevertheless, there is a
lack of sufficient germplasm, site-specific production
technology and hemp cultivation policy, which might limit its
large production. Moreover, a lack of awareness and expertise
among farmers and entrepreneurs regarding hemp cultivation
and processing, as well as the insufficient infrastructure and
technology for efficient extraction and processing of hemp
fibers further hinder large-scale production. Moreover, low
market demand and competition with other fibers remain
significant challenges that need to be addressed in the near
future.

Conclusion and future research directions

The textile industry, a highly polluting sector globally,
requires a more sustainable alternative  from fiber
production to final product development. Hemp crop is a
sustainable alternative to cotton in fiber production due to its
ability to produce high-quality fiber. Furthermore, its superior
resource efficiency, climate resilience and environmental
benefits make hemp fiber particularly attractive to this
sector. Hemp produces valuable biomass with the minimum
cost of production in terms of fertilizer, water consumption
and pest control. It can be used to make a wide variety of
products, including clothing, textiles, construction materials
and biofuels. As a natural fiber, hemp offers advantages over
natural fibers, including greater resistant to harsh weather
and UV rays and higher durability and anti-microbial
properties. Pakistan's economy is in need of a long-overdue
boost and recent research and recommendations on
industrial hemp production and legalization present a
promising opportunity. Investors, policymakers and
researchers should learn from the experiences of other
countries, especially China, Canada, France and other hemp
exporting countries, while implementing strict control
policies. Given its potential for sustainable growth and
innovation, hemp research is essential. The low production
cost of industrial hemp makes it affordable for small-scale
farmers, particularly those seeking environmentally friendly
cropping systems. However, the cultivation of hemp varieties
suitable to local climate conditions and specific applications
is pivotal for its success in the country. Moreover, germplasm
screening for low THC content, variety development for
higher fiber production and agronomic studies are highly
recommended to ensure the large-scale cultivation and
utilization of industrial hemp.

Acknowledgements

The authors gratefully acknowledge the financial support
provided by the Higher Education Commission (HEC),
Pakistan, under the funded research project CPEC-208.

Authors' contributions

SH and GMA conceived the idea and prepared outlines, MIFI,
MAJ and Al gathered the data and wrote intial draft. SHGMA
and AF. reviewed and revised the manuscript. All authors
read and approved the final manuscript.

Compliance with ethical standards

Conflict of Interest: Authors do not have any conflict of
interest to declare.

Ethical Issues: None

References

1. Ataullah MA, Sajid A, Khan MR. Quality-related issues and their
effects on returns of Pakistan textile industry. J Quality Technol
Manag. 2014;10:69-91.

2. Rivero RM, Mittle R, Blumwald E, Zandalinas SI. Developing
climate-resilient crops: improving plant tolerance to stress
combination. Plant J. 2022;109:373-89. https://doi.org/10.1111/
tpj.15483.

3. Zandalinas SI, Fritschi FB, Mittler R. Global warming, climate
change and environmental pollution: recipe for a multifactorial
stress combination disaster. Trend Plant Sci. 2021;26:588-99.
https://doi.org/10.1016/j.tplants.2021.02.011.

4. Abbas S. Climate change and major crop production: evidence
from Pakistan. Environ Sci Pollut Res. 2022;29:5406-5414. https://
doi.org/10.1007/s11356-021-16041-4.

5. Ali MA, Farooq J, Batool A, Zahoor A, Azeem F, Mahmood A,
Jabran K. Cotton production in Pakistan. Cotton Prod. 2019;249-
276. https://doi.org/10.1002/9781119385523.ch12.

6. Bashir MA, Batool M, Khan H, Shahid Nisar M, Farooq H, Hashem
M. Effect of temperature & humidity on population dynamics of
insects’ pest complex of cotton crop. PLOS One. 2022;17. https://
doi.org/10.1371/journal.pone.0263260

7. Schumacher AGD, Pequito S, Pazour J. Industrial hemp fiber: A
sustainable and economical alternative to cotton. J Cleaner Prod.
2020;268. https://doi.org/10.1016/].jclepro.2020.122180

8. Zhao X, Wei X, Guo Y, Qiu C, Long S, Wang Y, Qiu H. Industrial
hemp-An old but versatile bast fiber crop. J Natural Fiber.
2022;19:6269-82. https://doi.org/10.1080/15440478.2021.1907834

9. Gill AR, Loveys BR, Cavagnaro TR, Burton RA. The potential of
industrial hemp (Cannabis sativa L.) as an emerging drought
resistant fiber crop. Plant Soil. 2023;493:1-10. https://
doi.org/10.1007/s11104-023-06219-9

10. Khan MA, Qureshi RA, Gillani SA, Ghufran MA, Batool A, Sultana
KN. Invasive species of Federal capital area Islamabad, Pakistan.
Pak J Bot. 2010;42:1529-34.

11. Rehman M, Fahad S, Du G, Cheng X, Yang Y, Tang K, Liu L, Liu FH,
Deng G. Evaluation of industrial hemp (Cannabis sativa L.) as an
industrial crop: a review. Environ Sci Pollut Res. 2021;28:52832-43.
https://doi.org/10.1007/s11356-021-16264-5

12. Khalid A, Haseeb A, Mushtag G, Kamal MA. Medicinal and
economic benefits of legalization of marijuana in Pakistan. EXCLI
J.2022;21:1304. https://doi.org/10.17179/Fexcli2022-5477

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1111/tpj.15483
https://doi.org/10.1111/tpj.15483
https://doi.org/10.1016/j.tplants.2021.02.011
https://doi.org/10.1007/s11356-021-16041-4
https://doi.org/10.1007/s11356-021-16041-4
https://doi.org/10.1002/9781119385523.ch12
https://doi.org/10.1371/journal.pone.0263260
https://doi.org/10.1371/journal.pone.0263260
https://doi.org/10.1016/j.jclepro.2020.122180
https://doi.org/10.1080/15440478.2021.1907834
https://doi.org/10.1007/s11104-023-06219-9
https://doi.org/10.1007/s11104-023-06219-9
https://doi.org/10.1007/s11356-021-16264-5
https://doi.org/10.17179/Fexcli2022-5477

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Raihan A, Bijoy TR. A review of the industrial use and global
sustainability of Cannabis sativa. Global Sustain Res. 2023;2(4):1-
29. https://doi.org/10.56556/gssr.v2i4.597

Adesina I, Bhowmik A, Sharma H, Shahbazi A. A review on the
current state of knowledge of growing conditions, agronomic soil
health practices and utilities of hemp in the United States.
Agronomy. 2020;10(4):129. https://doi.org/10.3390/
agriculture10040129

Parvez AM, Lewis JD, Afzal MT. Potential of industrial hemp
(Cannabis sativa L.) for bioenergy production in Canada: Status,
challenges and outlook. Renew Sustain Energy Rev.
2021;141:110784. https://doi.org/10.1016/j.rser.2021.110784

Liu H, Zhang B, Huang J, Tian K, Shen C. Prospects of blockchain
technology in China’s industrial hemp industry. J Nat Fiber.
2023;20:2160406. https://doi.org/10.1080/15440478.2022.2160406

Amaducci S, Scordia D, Liu FH, Zhang Q, Guo H, Testa G,
Cosentino SL. Key cultivation techniques for hemp in Europe and
China. Indust Crop Prod. 2015;68:2-16. https://doi.org/10.1016/
j.indcrop.2014.06.041

Cheng X, Deng G, Su Y, Liu JJ, Yang Y, Du GH, Chen ZY, Liu FH.
Protein mechanisms in response to NaCl-stress of salt-tolerant
and salt-sensitive industrial hemp based on iTRAQ technology.
Indust Crop Prod. 2016;83:444-52. https://doi.org/10.1016/
j.indcrop.2015.12.086

Hu H, Liu H, Du G, Fei Y, Deng G, Yang Y, Feihu L. Fiber and seed
type of hemp (Cannabis sativa L.) responded differently to salt-
alkali stress in seedling growth and physiological indices. Indust
Crop Prod. 2019;129:624-30. https://doi.org/10.1016/
j.indcrop.2018.12.028

de C Lambert CF, Barbosa Filho EA, Coronado KV, Malabadi RB.
Exploring the potentialities of industrial hemp for sustainable
rural development. World J Biol Pharm Health Sci. 2024;18:305-
20. https://doi.org/10.30574/wjbphs.2024.18.1.0205

Malabadi RB, Kolkar KP, Chalannavar RK. Industrial Cannabis
sativa (Hemp fiber): Hempcrete-a plant based and eco-friendly
building construction material. Int J Res Innov Appl Sci. 2023;8:67-
78. https://doi.org/10.51584/IJRIAS

Hussain A, Abidi SH, Syed Q, Saeed A. Current knowledge on
ethnobotany, phytochemistry and biological activities of Cannabis
(hemp) from Pakistan with emphasis on its legalization and
regulation: Current knowledge on Cannabis from Pakistan. Ethnobot
Res Appl. 2022;23:1-33. https://orcid.org/0000-0002-8611-322X

Mehar MA. Magnitude of investment and global value chain: a case
study of textile and clothing industry of Pakistan. J Textile Inst.
2022113:191-98. https://doi.org/10.1080/00405000.2020.1868138

Memon JA, Aziz A, Qayyum M. The rise and fall of Pakistan’s textile
industry: an analytical view. Eur J Business Manag. 2020;12:136-
42. https://doi.org/10.7176/EJBM/12-12-12

Shuli F, Jarwar AH, Wang X, Wang L, Ma Q. Overview of the cotton
in Pakistan and its future prospects. Pak J Agric Res. 2018;31
(4):396. https://doi.org/10.17582/journal.pjar/2018/31.4.396.407

Shahzad K, Mubeen I, Zhang M, Zhang X, Wu J, Xing C. Progress
and perspective on cotton breeding in Pakistan. J Cotton Res.
2022;5(1):29. https://doi.org/10.1186/s42397-022-00137-4

Irshad MS, Xin Q. Determinants of exports competitiveness: An
empirical analysis through revealed comparative advantage of
external sector of Pakistan. Asian Econ Finan Rev. 2017;6:623-33.
https://doi.org/10.18488/journal.aefr.2017.76.623.633

Atkar A, Pabba M, Sekhar SC, Sridhar S. Current limitations and
challenges in the global textile sector. In: Mondal IH, editor.
Fundamentals of Natural Fibres and Textiles. Woodhead
Publishing, Cambridge, United Kingdom; 2021. p. 741-64.

Damalas CA. Understanding benefits and risks of pesticide use.
Sci Res Essay. 2009;4: 945-49.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Khan FZ, Manzoor SA, Akmal M, Imran MU, Tagi M, Manzoor SA, et al.
Modeling pesticide use intention in Pakistani farmers using expanded
versions of the theory of planned behavior. Human Ecol Risk Assess.
2021;27(3):687-707. https://doi.org/10.1080/10807039.2020.1750345

Saki Z. An Investigation of US Textile and Apparel (TAP) Industry
Competitiveness (thesis). North Carolina State University, Raleigh,
North Carolina, United States. 2020.

Cororaton CB, Orden D. Pakistan's cotton and textile economy:
Intersectoral linkages and effects on rural and urban poverty. Int Food
Policy Res Inst. 2008; 158:107. https://doi.org/10.2499/9780896291676

Syed SA. Cotton market still looking for direction. Business
Recorder. 2006;18.

Fadara TG, Wong KY. A decision support system for sustainable
textile product assessment. Text Res J. 2023;93:1971-89. https://
doi.org/10.1177/00405175221135167

Franco MA. Circular economy at the micro level: A dynamic view of
incumbents’ struggles and challenges in the textile industry. J Clean
Prod. 2017;168:833-45. https://doi.org/10.1016/j.jclepro.2017.09.056

Niinimaki K, Peters G, Dahlbo H, Perry P, Rissanen T, Gwilt A. The
environmental price of fast fashion. Nat Rev Earth Environ.
2020;1:189-200. https://doi.org/10.1038/s43017-020-0039-9

Kostic M, Pejic B, Skundric P. Quality of chemically modified hemp
fibers. Bioresource Technol. 2008;99:94-99. https://doi.org/10.1016/
j.biortech.2006.11.050

Drastig K, Flemming |, Gusovius HJ, Herppich WB. Study of water
productivity of industrial hemp under hot and dry conditions in
Brandenburg (Germany) in the year 2018. Water. 2020;12: 2982.
https://doi.org/10.3390/w12112982

Gill AR, Loveys BR, Cowley JM, Hall T, Cavagnaro TR, Burton RA.
Physiological and morphological responses of industrial hemp
(Cannabis sativa L.) to water deficit. Indust Crop Prod.
2022;187:115331. https://doi.org/10.1016/j.indcrop.2022.115331

Hu H, Liu H, Liu F. Seed germination of hemp (Cannabis sativa L.)
cultivars responds differently to the stress of salt type and
concentration. Indust Crop Prod. 2018;123:254-61. https://
doi.org/10.1016/j.indcrop.2018.06.089

Viskovi¢ J, Zheljazkov VD, Sikora V, Noller J, Latkovi¢ D, Ocamb CM,
Koren A. Industrial hemp (Cannabis sativa L) agronomy and
utilization: A review. Agronomy. 2023;13:931. https://doi.org/10.3390/
agronomy13030931

Qin C, Wang F, Wen D, Qin W. Effect of different temperatures on
the germination of fire hemp seeds. Med Plant Sci. 2014;5:70.

Sandin G, Peters GM. Environmental impact of textile reuse and
recycling-A review. J Clean Prod. 2018;184:353-65. https://
doi.org/10.1016/j.jclepro.2018.02.266

Michael C. European hemp industry: cultivation, processing and
applications for fibres, shivs, seeds and flowers. Eur Indust Hemp
Assoc. 2017;1994:1-9.

Wu Y, Trejo HX, Chen G, Li S. Phytoremediation of contaminants of
emerging concern from soil with industrial hemp (Cannabis sativa
L): a review. Nat Rev Earth Environ. 2021;1:1-31. https://
doi.org/10.1007/510668-021-01289-0

Golia EE, Bethanis J, Ntinopoulos N, Kaffe GG, Komnou AA, Vasilou C.
Investigating the potential of heavy metal accumulation from hemp.
The use of industrial hemp (Cannabis sativa L.) for phytoremediation
of heavily and moderated polluted soils. Sustain Chem Pharm.
2023;31:100961. https://doi.org/10.1016/j.5cp.2022.100961

Tang K, Struik PC, Yin X, Calzolari D, Musio S, Thouminot C, et al. A
comprehensive study of planting density and nitrogen
fertilization effect on dual-purpose hemp (Cannabis sativa L.)
cultivation. Indust Crop Prod. 2017;107:427-38. https://
doi.org/10.1016/j.indcrop.2017.06.033

Manian AP, Cordin M, Pham T. Extraction of cellulose fibers from
flax and hemp: a review. Cellulose. 2021;13:8275-94. https://

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.56556/gssr.v2i4.597
https://doi.org/10.3390/agriculture10040129
https://doi.org/10.3390/agriculture10040129
https://doi.org/10.1016/j.rser.2021.110784
https://doi.org/10.1080/15440478.2022.2160406
https://doi.org/10.1016/j.indcrop.2014.06.041
https://doi.org/10.1016/j.indcrop.2014.06.041
https://doi.org/10.1016/j.indcrop.2015.12.086
https://doi.org/10.1016/j.indcrop.2015.12.086
https://doi.org/10.1016/j.indcrop.2018.12.028
https://doi.org/10.1016/j.indcrop.2018.12.028
https://doi.org/10.30574/wjbphs.2024.18.1.0205
https://doi.org/10.51584/IJRIAS
https://orcid.org/0000-0002-8611-322X
https://doi.org/10.1080/00405000.2020.1868138
https://doi.org/10.7176/EJBM/12-12-12
https://doi.org/10.17582/journal.pjar/2018/31.4.396.407
https://doi.org/10.1186/s42397-022-00137-4
https://doi.org/10.18488/journal.aefr.2017.76.623.633
https://doi.org/10.1080/10807039.2020.1750345
https://doi.org/10.2499/9780896291676
https://doi.org/10.1177/00405175221135167
https://doi.org/10.1177/00405175221135167
https://doi.org/10.1016/j.jclepro.2017.09.056
https://doi.org/10.1038/s43017-020-0039-9
https://doi.org/10.1016/j.biortech.2006.11.050
https://doi.org/10.1016/j.biortech.2006.11.050
https://doi.org/10.3390/w12112982
https://doi.org/10.1016/j.indcrop.2022.115331
https://doi.org/10.1016/j.indcrop.2018.06.089
https://doi.org/10.1016/j.indcrop.2018.06.089
https://doi.org/10.3390/agronomy13030931
https://doi.org/10.3390/agronomy13030931
https://doi.org/10.1016/j.jclepro.2018.02.266
https://doi.org/10.1016/j.jclepro.2018.02.266
https://doi.org/10.1007/s10668-021-01289-0
https://doi.org/10.1007/s10668-021-01289-0
https://doi.org/10.1016/j.scp.2022.100961
https://doi.org/10.1016/j.indcrop.2017.06.033
https://doi.org/10.1016/j.indcrop.2017.06.033
https://doi.org/10.1007/s10570-021-04051-x

MUHAMMAD ET AL

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

doi.org/10.1007/s10570-021-04051-x

Jankauskiené Z, Butkuté B, Gruzdeviené E, CeseviCiené J,
Fernando AL. Chemical composition and physical properties of
dew-and water-retted hemp fibers. Indust Crop Prod. 2015;75:206
-11. https://doi.org/10.1016/j.indcrop.2015.06.044

Ahmed AF, Islam MZ, Mahmud MS, Sarker ME, Islam MR. Hemp as
a potential raw material toward a sustainable world: A review.
Heliyon. 2022;8. https://doi.org/10.1016/j.heliyon.2022.e08753

Horne MRL. Bast fibres: hemp cultivation and production. In:
Koztowski RM, Mackiewicz-Talarczyk M, editors. Handbook of
Natural Fibres. 2™ ed. Woodhead Publishing, Cambridge,
Cambridgeshire, United Kingdom; 2020. p. 163-96.

LiuY, Xu RC, Zhang YP. Development of fabric knitted by hemp/cotton
yarn. Adv Mat Res.  2011;332:667-71. https://doi.org/10.4028/
www.scientific.net/AMR.332-334.667

Stankovic SB, Bizjak M. Effect of yarn folding on comfort
properties of hemp knitted fabrics. Cloth Text Res J. 2014;32:02-
14. https://doi.org/10.1177/0887302X14537114

Kim HA, Kim SJ. Hand and wear comfort of knitted fabrics made
of hemp/tencel yarns applicable to garment. Fiber Polymer.
2018;19:1539-47. https://doi.org/10.1007/s12221-018-8275-z

Brzyski P, Fic S. The application of raw materials obtained from
the cultivation of industrial hemp in various industries. Econ Reg
Stud. 2017;10:100-13. https://doi.org/10.2478/ers-2017-0008

Singh A, Gahlot M, Negi M. A sustainable and potential alternative
to commercial household upholstery: hemp-cotton union fabric.
Ecol Environ Cons. 2016;22:373-378.

Appendino G, Gibbons S, Giana A, Pagani A, Grassi G, Stavri M,
Smith E, Rahman MM. Antibacterial cannabinoids from Cannabis
sativa: a structure-activity study. J Nat Prod. 2008;71:1427-30.
https://doi.org/10.1021/np8002673

Zeng XP, Liu JF. Alkali pre-treatment dyeing technology for hemp/
cotton/polyester knitted fabric. Adv Mat Res. 2014;915:871-74.
https://www.scientific.net/AMR.915-916.871

Guo Y, Sun Z, Guo X, Zhou Y, Jiang L, Chen S, Ma J. Study on
enzyme washing process of hemp organic cotton blended fabric.
Int J Cloth Sci Technol. 2019;3:58-64. https://doi.org/10.1108/
IJCST-08-2017-0117

Townsend T. World natural fibre production and employment. In:
Koztowski RM, Mackiewicz-Talarczyk M, editors. Handbook of
Natural Fibres. 2™ ed. Woodhead Publishing, Cambridge, United
Kingdom; 2020. p. 15-36.

Punja ZK. Emerging diseases of Cannabis sativa and sustainable
management. Pest Manag Sci. 2021;77:3857-70. https://
doi.org/10.1002/ps.6307

Burton RA, Andres M, Cole M, Cowley JM, Augustin MA. Industrial
hemp seed: From the field to value-added food ingredients. J
Cannabis Res. 2022;4(1):45. https://doi.org/10.1186/s42238-022-
00156-7

Cherrett N, Barrett J, Clemett A, Chadwick M, Chadwick MJ.
Ecological Footprint and Water Analysis of Cotton, Hemp and
Polyester; Stockholm Environmental Institute: Stockholm,
Sweden; 2005.

Wise K, Baziotopoulos E, Zhang C, Leaming M, Shen LH, Selby-
Pham J. Comparative study of water requirements and water
footprints of fibre crops hemp (Cannabis sativa) and cotton
(Gossypium hirsutum L.). J Agromet. 2023;25(3):392-96. https://
doi.org/10.54386/jam.v25i3.2260

Keller A, Leupin M, Mediavilla V, Wintermantel E. Influence of the
growth stage of industrial hemp on chemical and physical
properties of the fibres. Indust Crop Prod. 2001;13:35-48. https://
doi.org/10.1016/S0926-6690(00)00051-0

Salentijn EM, Zhang Q, Amaducci S, Yang M, Trindade LM. New
developments in fiber hemp (Cannabis sativa L.) breeding.

67.

68.

69.

70.

T1.

72.

73.

74.

75.

76.

TT.

78.

79.

80.

81.

82.

83.

Industrial Crops and Products.
doi.org/10.1016/j.indcrop.2014.08.011

2015;68:32-41. https://

Guedes G, Carvalhas R, Gomes G. Hemp fiber: the textile material
as a fashion value. In: International Fashion and Design Congress,
Cham: Springer Nature Switzerland. 2023; p. 483-494. https://
doi.org/10.1007/978-3-031-43937-7_43

Mahesha CR, Suprabha R, Harne MS, Galme SG, Thorat SG,
Nagabhooshanam N, et al. Nanotitanium oxide particles and jute-
hemp fiber hybrid composites: evaluate the mechanical, water
absorptions and morphological behaviors. J Nanomat.
2022;2022:1-7. https://doi.org/10.1155/2022/3057293

Nurazzi NM, Asyraf MR, Fatimah Athiyah S, Shazleen SS, Rafigah
SA, Harussani MM, et al. A review on mechanical performance of
hybrid natural fiber polymer composites for structural
applications. Polymer. 2021;13:2170. https://doi.org/10.3390/
polym13132170

Khan BA, Warner P, Wang H. Antibacterial properties of hemp and
other natural fibre plants: a review. Bio Resources. 2014;9:3642-
59. https://doi.org/10.15376/biores.9.2.Khan

Zhang H, Zhong Z, Feng L. Advances in the performance and
application of hemp fiber. Int J Simul Syst Sci Technol. 2016;
17:1-8.

Nath MK. Benefits of cultivating industrial hemp (Cannabis sativa
ssp. sativa)-A versatile plant for a sustainable future. Chem
Proceed. 2022;10:14. https://doi.org/10.3390/I0CAG2022-12359

Bambach MR. Direct comparison of the structural compression
characteristics of natural and synthetic fiber-epoxy composites:
Flax, jute, hemp, glass and carbon fibers. Fibers. 2020;8:62.
https://doi.org/10.3390/fib8100062

Schluttenhofer C, Yuan L. Challenges towards revitalizing hemp: A
multifaceted crop. Trend Plant Sci. 2017;22:917-29. https://
doi.org/10.1016/j.tplants.2017.08.004

Shahzad A. Hemp fiber and its composites-a review. J Comp Mat.
2012;46:973-86. https://doi.org/10.1177/0021998311413623

Hepworth DG, Hobson RN, Bruce DM, Farrent JW. The use of
unretted hemp fibre in composite manufacture. Composites Part
A: Appl Sci Manuf. 2000;31:1279-83. https://doi.org/10.1016/S1359
-835X(00)00098-1

Rahman MA, Rahman MM, Nemoto K, Sarwar AKM Golam..
Comparison of proximate composition and thermal properties of
Hemp and Flax fibres. Bangladesh J Sci Ind Res. 2023;58:55-70.
https://doi.org/10.3329/bjsir.v58i1.64236

Pickering KL, Beckermann GW, Alam SN, Foreman NJ. Optimising
industrial hemp fibre for composites. Composites Part A: Appl Sci
Manuf. 2007;38:461-68. https://doi.org/10.1016/
j.compositesa.2006.02.020

Fortenbery TR, Bennett M. Opportunities for commercial hemp
production. Appl Econ Persp Policy. 2004;26:97-117. https://
doi.org/10.1111/j.1467-9353.2003.00164.x

Glivar T, Erzen J, Kreft S, Zagozen M, Cerenak A, Ceh B, Benkovi¢
ET. Cannabinoid content in industrial hemp (Cannabis sativa L.)
varieties grown in  Slovenia. Indust Crop Product.
2020;145:112082. https://doi.org/10.1016/j.indcrop.2019.112082

Struik PC, Amaducci S, Bullard MJ, Stutterheim NC, Venturi G,
Cromack HT. Agronomy of fibre hemp (Cannabis sativa L.) in
Europe. Indust Crop Prod. 2000;11:107-18.  https://
doi.org/10.1016/S0926-6690(99)00048-5

Wylie SE, Ristvey AG, Fiorellino NM. Fertility management for
industrial hemp production: Current knowledge and future
research needs. GCB Bioener. 2021;13:517-24. https://
doi.org/10.1111/gcbb.12779

Broseus J, Anglada F, Esseiva P. The differentiation of fibre-and
drug type Cannabis seedlings by gas chromatography/mass
spectrometry and chemometric tools. Foren Sci Int. 2010;200:87-

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1007/s10570-021-04051-x
https://doi.org/10.1016/j.indcrop.2015.06.044
https://doi.org/10.1016/j.heliyon.2022.e08753
https://doi.org/10.4028/www.scientific.net/AMR.332-334.667
https://doi.org/10.4028/www.scientific.net/AMR.332-334.667
https://doi.org/10.1177/0887302X14537114
https://doi.org/10.1007/s12221-018-8275-z
https://doi.org/10.2478/ers-2017-0008
https://doi.org/10.1021/np8002673
https://www.scientific.net/AMR.915-916.871
https://doi.org/10.1108/IJCST-08-2017-0117
https://doi.org/10.1108/IJCST-08-2017-0117
https://doi.org/10.1002/ps.6307
https://doi.org/10.1002/ps.6307
https://doi.org/10.1186/s42238-022-00156-7
https://doi.org/10.1186/s42238-022-00156-7
https://doi.org/10.54386/jam.v25i3.2260
https://doi.org/10.54386/jam.v25i3.2260
https://doi.org/10.1016/S0926-6690(00)00051-0
https://doi.org/10.1016/S0926-6690(00)00051-0
https://doi.org/10.1016/j.indcrop.2014.08.011
https://doi.org/10.1016/j.indcrop.2014.08.011
https://doi.org/10.1007/978-3-031-43937-7_43
https://doi.org/10.1007/978-3-031-43937-7_43
https://doi.org/10.1155/2022/3057293
https://doi.org/10.3390/polym13132170
https://doi.org/10.3390/polym13132170
https://doi.org/10.15376/biores.9.2.Khan
https://doi.org/10.3390/IOCAG2022-12359
https://doi.org/10.3390/fib8100062
https://doi.org/10.1016/j.tplants.2017.08.004
https://doi.org/10.1016/j.tplants.2017.08.004
https://doi.org/10.1177/0021998311413623
https://doi.org/10.1016/S1359-835X(00)00098-1
https://doi.org/10.1016/S1359-835X(00)00098-1
https://doi.org/10.3329/bjsir.v58i1.64236
https://doi.org/10.1016/j.compositesa.2006.02.020
https://doi.org/10.1016/j.compositesa.2006.02.020
https://doi.org/10.1111/j.1467-9353.2003.00164.x
https://doi.org/10.1111/j.1467-9353.2003.00164.x
https://doi.org/10.1016/j.indcrop.2019.112082
https://doi.org/10.1016/S0926-6690(99)00048-5
https://doi.org/10.1016/S0926-6690(99)00048-5
https://doi.org/10.1111/gcbb.12779
https://doi.org/10.1111/gcbb.12779

84.

85.

86.

87.

88.

92. https://doi.org/10.1016/j.forsciint.2010.03.034

Su K, Maghirang E, Tan JW, Yoon JY, Armstrong P, Kachroo P,
Hildebrand D. NIR spectroscopy for rapid measurement of
moisture and cannabinoid contents of industrial hemp (Cannabis
sativa). Indust Crop Prod. 2022;184:115007. https://
doi.org/10.1016/j.indcrop.2022.115007

Rehman MS, Rashid N, Saif A, Mahmood T, Han JI. Potential of
bioenergy production from industrial hemp (Cannabis sativa):
Pakistan perspective. Renew Sustain Energy Rev. 2013;18:154-64.
https://doi.org/10.1016/j.rser.2012.10.01

Government of Pakistan (GOP). Pakistan Economic Survey 2015-
16. Finance and Economic Affairs Division, Ministry of Finance,
Govt. of Pakistan, Islamabad, Pakistan; 2016.

Government of Pakistan (GOP). Pakistan Economic Survey 2019-
20. Finance and Economic Affairs Division, Ministry of Finance,
Gouvt. of Pakistan, Islamabad, Pakistan; 2020.

Government of Pakistan (GOP). Pakistan Economic Survey 2022-
23. Finance and Economic Affairs Division, Ministry of Finance,
Govt. of Pakistan, Islamabad, Pakistan; 202.

Additional information

Peer review: Publisher thanks Sectional Editor and the other
anonymous reviewers for their contribution to the peer review of this
work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with
regard to jurisdictional claims in published maps and institutional
affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing
Group, is covered by Scopus, Web of Science, BIOSIS Previews,
Clarivate Analytics, NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any
medium, provided the original author and source are credited (https://
creativecommons.org/licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON
e-Publishing Group with support from Empirion Publishers Private
Limited, Thiruvananthapuram, India.

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1016/j.forsciint.2010.03.034
https://doi.org/10.1016/j.indcrop.2022.115007
https://doi.org/10.1016/j.indcrop.2022.115007
https://doi.org/10.1016/j.rser.2012.10.01
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

