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Abstract- Medicinal Cannabis is one of the earliest herbs globally used as traditional medicine by the human being for million years
ago. Medicinal Cannabis (Cannabis sativa L.) is a dioecious and an annual plant that belongs to Cannabaceae family. It has long
history of cultivation for food, intoxicants & medicine, rope, paper, fiber, and oil extraction. Due to diverse therapeutic properties, it is
legalized over 50 countries and cultivated as medicinal and recreational crop. This review was aimed at collecting information about
medicinal cannabis ranging from traditional use to commercial utilization. This review article is based on gathering scientific literature
from Google Scholar, Scopus, PubMed, Science Direct, Wiley Online Library, Taylor Francis and Springer with 95 documents
including original articles, review articles, books and thesis from 1977 to 2022. It entails detailed discussion on medicinal uses linked
with major secondary metabolites. Besides, cultivation practices are being discussed in detail for both controlled and indoor
environmental conditions coupled with nutrients application. It can be concluded that much of the work need to be done for the
validation of ethnobotanical claims by conducting detailed studies on exploring various phytocannabinoids regarding medicinal use
through in vitro and in vivo activities and way forward for its commercial utilization.

Index Terms- Cannabinoids, CBD oil, Phytocannabinoids, Inflammation, Cultivation practices

. INTRODUCTION

Hemp (Cannabis sativa L.) is dioicious, monotypic, erect and annual herbaceous plant belonged to family Cannabaceae. This
species has diploid number of chromosomes (2n=20), with an estimated haploid genome of ~830 Mb [1]. The existing gene pool
is reflection to be comprised predominantly of cultivated or specific populations, cultivars, and selection with a subsection having
been subject to sheer choosy gradient toward phenotypes for precise end-uses [2] since many thousand years, cannabis had been
grown in European countries from where it was domesticated to Africa, North America and now it is cultivated globally [3].

Cannabis has long history of domestication and one of the earliest most important crops [4]. It is versatile plant is cultivated for
various purpose including fibers, food, oil, medicine, recreation and religious purposes since Millennia [5]. Its cultivation was started
for textile and fiber from Egypt and Western Asia and afterward introduced in Europe and rest of the world. [6] As a medicine, it is
popular in almost all region and religions. The plant is very hardy nature and can be grown in a variety of habitats and altitudes
ranging from sea level to the alpine foothills of the Himalayas. Its geographic origin is believed to be from Central Asia that was
expanded to East and South Asia and West to Europe [7,8].

Hemp is considered to be originated from china since 12 thousand years ago. Utilization and cultivation of hemp started from China
[9]. Commercial market could get many positive products by the use of hemp plant. Hemp production was strictly banned in many
countries of the world as it contained many drug contents in it. These contents are basically psychoactive in hemp plant [10]. Since the
emergence of wonderful empires of Prussia, America and EU, hemp was grown throughout the times. Hemp industry became symbol
of downfall as it is resembled to the marijuana plant [11]. Cannabis plant is mainly confused with marijuana and hashish. In contrast to
this, marijuana, hashish and hemp contained THC compounds in it, which is thought to be major booster compounds in it. Hemp have
very minute amount of THC as compared to hashish and marijuana [12].

Since many decades, hemp has been considered as a rising industry in UK, Canada and other countries of the world. Hemp has three
varieties that grow up to length of 4 meter. This plant has global distribution including China, Europe and America. In the past, people

http://xisdxjxsu.asia VOLUME 19 ISSUE 02 FEBRUARY 2023 1015-1025



Journal of Xi’an Shiyou University, Natural Science Edition ISSN: 1673-064X

usually planted the hemp by insensitive manual labor [13]. Furthermore, as the technology progressed gradually, cultivation of hemp
shifted from manual labor to the mechanized process. As hemp have very high socio-economic value, its cultivation can be beneficial
in every aspect of life to raise the standard of living in textiles, construction, automobile industries and many other [14]. Scientists and
Researchers of Pakistan have focus on research for molecular studies, environmental conditions necessary for the growth of hemp and
to elaborate the difference between marijuana and hemp [15]. In the department of agriculture, hemp has several uses. Hemp can be
considered to give a new lease of life in many sectors in the agriculture. Hemp is supposed to give new jobs and employment in
agriculture engineering, textiles and construction companies [16]. Many different kinds of oils can be extracted from hemp by GC-MS
techniques. The extracted oils may be different in their composition due to the presence of psychoactive compounds in it. Pakistan is
an agro-based country and more research is needed for the complete investigation of this plant [17].

American federal government enforced a ban on growing of cannabis due to presence of psychoactive compound (THC) that affects
on the mental health of the people. The reason behind this ban was the resemblance in the genetics of hemp and marijuana. According
to the Federal Law, cultivation of marijuana is strictly banned in USA. Presently, it is prohibited to grow hemp or marijuana in the
United States by the federal law in contrast to this bill. A new act of 2014 showed a slight permission to cultivate hemp in different
regions in USA [18]. This bill allows cultivation of hemp that can be obtained from hemp for producing range of products as shown in
Fig. 1. Different universities have been permitted to cultivate hemp for source of knowledge and different educational and research
purposes since 4 years. Some well reputed institutes are engaged in research on the pesticides and their impacts on hemp crop.
Additionally, few institutes are engaged in research about economic policies and production on hemp crop [19]. This crop has
potential to develop a stable promising industrial unit in country.

Materials and methods

Documents reported from 1977 to 2022 were considered, Cannabis sativa its synonymies were used as search terms in 5 databases.
Duplicate documents were eliminated, registering 95 documents including original articles, review articles, books, and theses. Search
terms were included ¢‘Cannabis sativa’> OR ‘‘Cannabis’” OR ‘‘Hemp’’ OR ‘‘Industrial hemp’” OR ‘‘Medicinal hemp”’

Results and Discussion
Distribution and history

China has common distribution of hemp that is essentially used in making paper, medicines, textiles and foods. Since ancient times,
hemp was used by people for different purposes and become very important crop [20].

Flowers

Fig. 1: Different Uses of the hemp plant

Since five thousand years, hemp was domesticated and interlinked with human beings [21]. In south Asia, hemp that has high THC
contents is used for medicinal and frivolous activities. Hemp grown in low temperature, have low in THC contents that is used for
making fiber and these hemp are used as source of diet as well [22]. Global multi-billion dollar industry has a strong share contributed
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by hemp as it gives well foundations of it. It is the 5" most important crop after corn, soya beans, hay and wheat (Fig. 2). There is little
work available on development and research on hemp plant as this was under restrictions under Federal laws. Due to Federal
government restrictions very less research is reported [23]. But in recent era, few states of US have permitted for growth of cannabis
formedicinal especially for manufacture of cannabidiol (CBD) [24].

[":CORN  2:SOYBEANS 3" HAY A" WHEAT 5™ CANNABIS

Fig 2: Cannabis is the fifth most valuable crop in the U.S., passing Cotton, Rice and Peanuts

Taxonomy of Cannabis

Cannabis has been identified with racemose inflorescence that is of compound type. This inflorescence have specific character with
growth in monopodial in nature, apical meristem that is persistent in origin, or terminal undefined inflorescences in some orders [25].
The inflorescence is acropetal in succession where new flower are produced toward terminal position and older toward the base [26].

Reproduction system in cannabis

The hemp has separate male and female plant. Sometime, there is emergence of male flower with female flower. It enhances self-
crossing in hemp plants. .in addition to this, it leads to the development of feminized seeds [27]. Feminize seeds are valuable in
medicinal purpose, which depend on CBD that is ultimately extracted from female plant [28]. Plant hormone especially ethylene is
involved in sex expression. This hormone if suppressed stimulates maleness in plant [29].

Compounds found in Hemp

The bioactive compounds specially CBD, CBN and CBG present in hemp plant are used in pharmaceutical industries and preparation
of foods [30]. There are nearly 400 active compounds present in hemp. Cannabinoids are of crucial importance among all of these
compounds [31]. There is different concentration of compounds present in hemp seed. Hemp oil has highest percentage among all
compounds present in it. Seed oil 25-35 percent, carbohydrates 20-30 percent, omega 6 and omega 3 with 20-25 percent proteins. In
addition to this, almost 50-70 percent fatty acid present in it [32]. In the treatment of fatal disorders like cancer, high blood pressure,
high cholesterol level and sclerosis, hemp seed oil is found to be best remedial solution. Hemp oil have omega 3 and 6 which play
important role in improving human health [33]. In the eradication of diseases and improvement of lipid metabolism, skin disorders and
cardiovascular diseases, hemp seed has special antioxidants present [34]. Cannabis plant has a large amount of secondary metabolites
present as alkaloids, flavonoids, glycoproteins and terpenoids. These compounds have antioxidant pharmaceutical properties present
[35]. Cannabinoids present in cannabis plant have special production of compound named terpenophelics, which have excellent
properties of medicinal [36]. Cannabis crop especially female flower have glandular trichomes that have secretary cells. These
secretory cells have accumulation of phytocannabinoids. Female flower are avoided of pollination. If pollination occurs, the amount of
secondary metabolites reduced in concentration [37]. Cannabis plant has confirmed pharmacologaical properties due to the presence
of cannabidiol (CBD) and tetrahydrocannabiodiol (THC). These compounds have excellent properties of medicinal importance [38].
Female inflorescence has trichomes that have non- psychoactive compounds including CBD, their related acid and CBN [39].

Cannabis plant has active compound precursor as CBDA and CBGA. These compounds after natural decarboxylation give their
predecessor as CBD and CBG respectively. This decarboxylation takes place either by light or temperature in the course of elongated
storing process [40]. In addition to the properties of neuroprotection and anxiolytics, CBD have excellent remedies not only for
anticholinesterases but also for antiemetic’s [41]. Presence of flavonoids compounds in hemp is responsible for antioxidant properties
[42]. Additionally, excellent nutraceutical properties are assumed to be related with hemp oil when it is taken as diet source [43]. The
hemp oil has vital compounds like fatty acids, amino acids, vitamins and polysterols. In addition to above compounds a-linolenic acid
is also present in minute concentration in hemp seed oil [44]. In the battle of disease of cancer, Cannabis plants have accumulation of
certain chemicals in their trichomes. These are named as B-pinene, o-humulene, B-myrcene, and limonene (Table 1). These
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compounds are member of sesquiterpenes and monoterpenes[45]. In the sector of medicine, cosmetics, agriculture, textiles and
construction, hemp oil have numerous applications [46].

Table 1: Uses of some important compounds present in Hemp plant.

S. Chemicals Formul | Uses REFERENCE
No. a S
1 linoleic acid | CsHeO | Treating  symptoms  of | [47]

(omega 6) 4 chronic diseases; strengthen

Skin and hair growth,
maintain bone health,
regulate  metabolism and

maintain  the reproductive

system
2 a-linolenic acid | CisH30O | Help manage cholesterol, | [48]
(omega 3) 2 triglyceride, and  blood

pressure  levels.  Prevent
depression, Parkinson’s

disease, and psychosis

3 Phytosterols CaHs0O | Enhance heart health. lower | [34]
cholesterol levels by
reducing cholesterol
absorption

4 Tocopherols CasHssO | Helps nervous and muscular | [49]

2 system in working, helps

anticoagulant proteins to stop
blood clotting and boost up

immune system

5 Glycoproteins CyHa7N | Glycoproteins  help  for | [33]
5018 proper functioning of
collagen and boost up
immunity. It serves as
lubricant in digestive track
and secrete mucins in

respiratory track

Phytocannabinoids

Cannabis plants possess chiefly cannabinoids named CBD and THC [50]. CBD is non- psychoactive compounds, hence recommended
to be used as medicine; while, THC has abundance of psychoactive components and boost up [51]. CBD has attested to have a number
of pharmacological properties (Table 2, Fig. 3), hence position amongst the utmost deliberate cannabinoids for its potential beneficial
consumption in various disorders [52]. There are different strains of hemp that possibly will yield cannabinoids in the form of
Cannabidiol (CBD) or tetrahydrocannabidiol (THC) [53]. There is slight difference between hemp and marijuana. Hemp has
abundance of cannabidiol (CBD) while marijuana is rich in tetrahydrocannabidiol (THC). This difference is based on the
concentration of THC. If it is below the 0.03 percent the plant will be considered hemp and if it crossed the figure of 0.03 percent it is
considered as marijuana [54]. Moreover it must be clear between hemp and marijuana that is based onTHC and CBD. Besides,
taxonomist selected a new strain that is rich in CBG. In recent times this strain is known as industrial hemp [55].
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Table 2. Uses of CBD and THC in human disorders [56,57].

CBD THC

Electrical disturbance in the General pain

brain (Seizures)

Inflammation of joints Muscle tightness due to

muscle contraction

Pain Glaucoma
Mental disorders Insomnia
Bowel diseases Low appetite
Nausea Nausea
Migraine Anxiety
Depression

Anxiety

Fig.3. Effect of CBD on Human systems

Use of hemp seed oil

Cannabis oilhave such balanced concentration of fatty acid that is highly recommended by World Health Organization Authority. The
reason behind this suggestion is fatty acids in hemp that are in balanced composition. It is perfectly matched with the standard of FAO
[58]. Hemp strains that are rich in cannabinoids are considered as most recommended varieties. Futura and Finola are two varieties
that are selected for industrial purposes. These varieties produced discrete amount of seeds [59] to the best of our knowledge, there is
no study regarding the evaluation of the comprehensive cannabinoid profile in this cannabis product. Our research group, and more
recently other groups [60] study revealed that higher performance liquid chromatograpy technique is used for identification of
different compounds present in cannabinoids in hemp. This method based on both exact mass and match of the fragmentation pattern
(MS2) of pure analytical standards of the known cannabinoids. Exploiting HRMS technique, it is possible to define the comprehensive
cannabinoid profile in commercial hemp seed oils in order to address their different nutraceutical properties to a specific cannabinoid.
The present work is indeed focused on the identification and semi-quantification of the main and best known cannabinoids in
commercially available hemp seed oils, CBD and THC, along with other “minor” cannabinoids, which contribute to the final
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beneficial effects. A multivariate statistical analysis (MSA) was also carried out to highlight the significant differences among the
commercial hemp seed oils [52].

Uses of CBD Oil

Cannabis plants have different types of cannabinoids present in it. It depends upon several factors and may vary from one strain to
other. A unique cannabinoid known as cannabidiol (CBD) is less psychoactive in nature and is isomer of THC. Female flower of
hemp have accumulation of cannabidiol [26]. Use of CBD boost up immune system and protect the nervous system from harm of
fluctuations. In addition to this, CBD is found to be protective against cancer as it behaves as antioxidant (Fig. 4). It reduces the risk of
production of free radicals of O2. Cannabinoids are equally recommended for children for severe syndrome (autism, Dravet syndrome
and ADHD) as well as for elderly ones (Parkinson’s disease, dementia and Alzheimer’s disease). CBD is used as effective remedy
against cancer, epilepsy, lack of appetite, anxiety, and sleep disorders [61].

Difference between Hemp and Marijuana

Cannabis has two variants, hemp and marijuana. Both belong to the species common in them. But they have a difference in hemp and
marijuana. The reason of difference is based on contents of tetrahydrocannabinoids. Marijuana contained THC range from 0.3 percent
up to 15 percent, while in the case of hemp it must be lower than the 0.3 percent (Table 3). Advancement in technology has made
possible the suppression of THC contents and increase in the concentration of CBD [62]. Industrialized hemp have very important role
in the sector of textile and oils.

Pain

CBD
Qil
Inflammat
ion
Stress
RETE

Fig. 4. Uses of CBD Oil against various diseases

Table 3: Difference between Hemp and marijuana [63].

Hemp Marijuana
Higher CBD Higher THC
THC: 0.3% THC: 5-25%
Longer grow period Shorter grow period
Legal in many countries Legal in few countries
Medicinal uses Medicinal uses
Industrial uses Recreational uses
Non-Psychoactive Psychoactive
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Cultivation and growing conditions

Farming of the crop depends on the strain to be grown. In ordinary conditions, height of the crop can be up to 12 ft [64]. The height of
the strains can be different; some are long with strong stem while some are short in stature. Although in the advancement of
technology, even developed countries like China and France are growing hemp by traditional methods that were in use before 19
century [65]. Universities of USA have started their research on modern agricultural techniques and few of them are on their trail [66].
Certainly, these techniques significantly affect the yield. Since twenty century, hemp was known for its use in textile and no concept
was there for extraction of its oil or CBD [67]. In first decade of twentieth century, new tools and techniques were developed to
modernize textile industry. Literature data of 1970 showed the usage of modern tools and techniques for hemp cultivation [68].

Cannabis may grow at 13°C to 30°C. Above 30°C, THC contents may increase speedily. Hence it is necessary to control temperature
in optimum range below 26°C [69]. Hemp grown in optimum temperature range gives complete structure. Hemp can be grow in
northern as well as southern regions and could harvest according to time period of sowing [70]. Maturation time for hemp crop is 4
months [71]. In open fields, there is cultivation of one crop while in controlled condition it may give 4- 6 crop per year [72]. Hemp
crop prefers deep and good-aerated soils having pH of 6, having appropriate moistness and nutrient holding capability [73].

Growing of hemp in Field

Human being cultivated hemp for over 6000 years before it was introduced in the United States [74]. Hemp has been grown across the
world throughout time, from long-dead empires such as Prussia, to America and the rest of the world in 1937, to present day.
Unfortunately, the association of hemp to marijuana was a major cause of the downfall of the hemp industry in the 1950s [75]. In
recent years, hemp has become a re-emerging industry in the world. The hemp plant grows to about 3-4 m tall, has several varieties,
and prospers across several environments within America, Europe, and China. The cultivation of hemp in the past was done by hand
and harsh diligent labor [76]. Nowadays, the harvest of hemp is a mechanized process. The reintroduction of hemp growth can be
beneficial for social and economic development in the countries, as this crop can be used as a source of fiber for textiles, rope, and
other materials. Hemp can be used for many different things within the field of agriculture [16]. Hemp can be processed into oils and
other byproducts, such as rope and textiles. As an agricultural-based society, we need to investigate the properties of this plant, the
economic impact it can have on the agricultural system, and the benefits that its reintroduction can have on the textile industry [75].
Hemp can economically revitalize some parts of the agricultural industry and provide many new jobs to farmers and those in the
textile industries [16]. Weed control is one of the many factors that can affect the growth of industrial hemp. Determining the best
means of weed control is crucial for the future of this crop.

Growing in controlled conditions

The majority of medical C. sativa crop growing occurs in controlled conditions, such as greenhouses and indoor facilities that use
soilless cultivation systems such as Rockwool and Coco peat substrates irrigated with nutrients solution with synthetic fertilizers [77].
In combination, the use of artificial lights is becoming gradually popular as a means to reduce high temperature and energy limitations
requirements [78]. Mostly researcher and cultivators of C. sativa uses a variety of soilless cultivation systems, including nutrient film
technique, hand watering organic pot systems and conventional Rockwool with drip irrigation [79]. These systems have various root
zones: the presence of oxygen, movement of water, and availability of mineral nutrients can differ significantly, subject to the
physicochemical properties of the substrates used and agronomical management practices [80,81]. Despite the importance of root zone
management to the success of many greenhouse crops [82, 83, 84, 85], it is often overlooked as an important factor affecting C. sativa.
In a recent meta-analysis by [86], describing cultivation factors that affect C. sativa, it is suggested that some root zone factors, such as
pot-size and fertilization, can significantly influence C. sativa yield and potency. Furthermore, recent studies have found that root zone
macro-nutrients can alone influence C. sativa inflorescence yield and phytocannabinoid contents [87, 88]. C. sativa like other
flowering crops is suggested to have increased P and K demands during the flowering stage of growth in both soil and soilless systems
[87, 89]. When C. sativa was grown in a potting mixture, supplemented with 15% more N, P, and K than that supplied in a
conventional fertigation, total yield of crop increased considerably, indicating potential nutrient inadequacy of one or more elements.
While the nutrient requirements and stoichiometry have been minimally investigated in hemp, the nutritional requirements of drug-
type C. sativa cultivars, particularly in controlled environments, remains almost entirely unknown [87].

Effects of nutrients on the growth and yield of cannabis

Nutrient running is a main aspect that affects development and growth of plants. Specially, Nitrogen is the most important nutrient
required by plants. It is taken as macronutrient and has the role in metabolism and development as it is constituents of protein.
Nitrogen is needed for development and maintenance of chlorophyll in hemp crop [90]. For economic stability and cannabinoid
profile are highly dependent on macronutrient (Nitrogen, Potassium, Phosphorus) and micronutrients (Calcium, molybdenum, Zinc,
Iron, Manganese) and continuous supply of these nutrients [91]. The details of the nutrition on various plant parts are shown in Table
4.
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Hemp plant metabolic development and growth is highly dependent on mineral nutrition [92]. The application of the suitable
nutritional dealings including organic fertilizers, complements, and biostimulants is therefore a vigorous feature of medicinal plant
production comprising medicinal cannabis [93].

Table 4: Effect of nutrients on phytocannabinoids on different parts of plant.

Name of Effect on plant Effect on secondary
nutrient part metabolites
Nitrogen Inflorescence Increases CBG
Phosphorus Inflorescence Lowered CBD and CBT
NPK Flower Lowered CBN
NPK Leaf Did not effect
Humic acid Flower Lowered CBD, THC and
CBG
NPK Middle of the Increases THC and
plant THCV
NPK Top of the plant Increase CBG and CBC

This table showed the effect on nutrients on CBD contents in hemp. CBD productions as a result on application of nutrients were more
concentrated in inflorescence of female flower as compared to leaves or stem [94]. Further studies showed that CBD concentration
was more in upper most parts than lower parts [95].

Conclusions

Hemp has long history of ethnobotanical use. CBD and THC are two important compounds which possess variety of medicinal
properties. CBD being non narcotic metabolite is gaining popularity in treating cancer, epilepsy, glaucoma, migraine, inflammation
and arthritis as well as other chronic diseases. This review discussed detailed its economic and benefit along with cultivation practices
in hydroponic as well as field conditions.

(1]
[2]

(3]
(4]
(5]

(6]
[7]

(8]

[°]
[10]

[11]
[12]
[13]
[14]

[15]
[16]
[17]

http://xisdxjxsu.asia

REFERENCES
Welling, M. T., Shapter, T., Rose, T. J., Liu, L., Stanger, R., & King, G. J. (2016). A belated green revolution for Cannabis: virtual genetic resources to fast-track
cultivar development. Frontiers in Plant Science, 7, 1113.

Welling, M. T. (2020). Genetic characterisation of cannabinoid composition in a diverse Cannabis germplasm collection (Doctoral dissertation, Southern Cross
University).

Small, E. (2015).Evolution and classification of Cannabis sativa (marijuana, hemp) in relation to human utilization. The Botanical Review, 81(3), 189-294.
Koren, G., Cohen, R. (2020). The use of Cannabis for Hyperemesis Gravidarum (HG). J Cannabis Res. 2(1):4

Piluzza, G., Delogu, G., Cabras, A., Marceddu, S., Bullitta, S. (2013). Differentiation between fiber and drug types of hemp (Cannabis sativa L.) from a collection
of wild and domesticated accessions. Genet. Resour. Crop Evol., 60(8): 2331-42.

Merlin, M.D. (2003). Archaeological evidence for the tradition of psychoactive plant use in the old world. Econ. Bot. 57(3): 295-323

Clarke, R.C., Merlin, M. (2016). Cannabis: evolution and ethnobotany. First paperback printing. Berkeley Los Angeles London: University of California Press.
434 p.

Basyal, P. & Regmi, P. (2021). Ethnobotany, Taxonomy and Phytochemistry of Cannabis sativa. International Journal of Medicine & Biomedical Sciences, 5, 2:
13-19

Lane, A. (2018). Industrial Hemp: Building a Sustainable Future. (Unpublished thesis). Texas State University, San Marcos, Texas.

Ferraro, L., Russo, M., O'Connor, J., Wiffen, B. D., Falcone, M. A., Sideli, L., & Di Forti, M. (2013). Cannabis users have higher premorbid IQ than other patients
with first onset psychosis. Schizophrenia Research, 150(1), 129-135.

Lane, L., Popp, J., Popp, M., & Pittman, H. (2016). Industrial Hemp: Legal, Political/Social and Economic Issues Raised over Time (No. 1376-2016-109778)
Raman, A. (1998). The cannabis plant: botany, cultivation and processing for use. The Genus Cannabis, 29.
Jacob, J. W. (2009). Medical uses of marijuana. Trafford Publishing.

Sen, T., & Reddy, H. J. (2011). Various industrial applications of hemp, kinaf, flax and ramie natural fibres. International Journal of Innovation, Management and
Technology, 2(3), 192.

Zarhin, D. (2020). The trajectory of “medical cannabis” in Israel: Driving medicalization in different directions. International Journal of Drug Policy, 82, 102809.
Fine, D. (2014). Hemp bound: dispatches from the front lines of the next agricultural revolution. Chelsea Green Publishing.
Mohanty, A. K., Misra, M., & Drzal, L. T. (Eds.).(2005). Natural Fibers, Biopolymers and Biocomposites.CRC press.

VOLUME 19 ISSUE 02 FEBRUARY 2023 1015-1025



Journal of Xi’an Shiyou University, Natural Science Edition ISSN: 1673-064X

[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]

[27]
[28]

[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]

[43]

[44]
[49]
[46]
[47]
[48]
[49]
[50]
[51]

[52]

Stoa, R. B. (2021).Equity in Cannabis Agriculture. BUL Rev., 101, 1135
Stoa, R. B. (2017). Marijuana agriculture law: Regulation at the root of an industry. Fla. L. Rev., 69, 297.

Liu, F. H., Hu, H. R, Du, G. H., Deng, G., & Yang, Y. (2017). Ethnobotanical research on origin, cultivation, distribution and utilization of hemp (Cannabis
sativa L.) in China.

Adhikary, D., Kulkarni, M., EI-Mezawy, A., Mobini, S., Elhiti, M., Gjuric, R., & Bhowmik, P. (2021). Medical cannabis and industrial hemp tissue culture:
Present status and future potential. Frontiers in Plant Science, 12, 275

Tomko, A. M., Whynot, E. G., Ellis, L. D., &Dupré, D. J. (2020). Anti-cancer potential of cannabinoids, terpenes, and flavonoids present in
cannabis. Cancers, 12(7), 1985.

Chopra, A. S., Lordan, R., Horbanczuk, O. K., Atanasov, A. G., Chopra, 1., Horbanczuk, J. O., &Arkells, N. (2022). The current use and evolving landscape of
nutraceuticals. Pharmacological research, 175, 106001

Mark, T., Shepherd, J., Olson, D., Snell, W., Proper, S., &Thornsbury, S. (2020). Economic viability of industrial hemp in the United States: a review of state pilot
programs

Spitzer-Rimon, B., Duchin, S., Bernstein, N., &Kamenetsky, R. (2019).Architecture and florogenesis in female Cannabis sativa plants. Frontiers in plant science,
350.

Burak, O. N. O. L., & Yildirim, M. U. (2021).Breaking seed dormancy and regeneration in Cannabis sativa L. International Journal of Agriculture Environment
and Food Sciences, 5(4), 709-719

Jones, M., &Monthony, A. S. (2022).Cannabis Propagation.In Handbook of Cannabis Production in Controlled Environments (pp. 91-121). CRC Press.

Pawetkowicz, M. E., Skarzynska, A., Plader, W., & Przybecki, Z. (2019). Genetic and molecular bases of cucumber (Cucumis sativus L.) sex
determination. Molecular Breeding, 39(3), 1-27

Flajsman, M., Slapnik, M., &Murovec, J. (2021).Production of Feminized Seeds of High CBD Cannabis sativa L. by Manipulation of Sex Expression and Its
Application to Breeding. Frontiers in Plant Science, 2380.

Farinon, B., Molinari, R., Costantini, L., & Merendino, N. (2020). The seed of industrial hemp (Cannabis sativa L.): Nutritional quality and potential functionality
for human health and nutrition. Nutrients, 12(7), 1935

EsmaeilzadehKenari, R., & Dehghan, B. (2020). Optimization of ultrasound-assisted solvent extraction of hemp (Cannabis sativa L.) seed oil using RSM:
Evaluation of oxidative stability and physicochemical properties of oil. Food Science & Nutrition, 8(9), 4976-4986

Galasso, I., Russo, R., Mapelli, S., Ponzoni, E., Brambilla, I. M., Battelli, G., &Reggiani, R. (2016).Variability in seed traits in a collection of Cannabis sativa L.
genotypes. Frontiers in Plant Science, 688.

Cerino, P., Buonerba, C., Cannazza, G., D'Auria, J., Ottoni, E., Fulgione, A., ..& Gallo, A. (2021). A review of hemp as food and nutritional
supplement. Cannabis and Cannabinoid Research, 6(1), 19-27

Liang, J., AppukuttanAachary, A., & Thiyam-Hollénder, U. (2015). Hemp seed oil: Minor components and oil quality. Lipid Technology, 27(10), 231-233.
McPartland, J. M., & Russo, E. B. (2001). Cannabis and cannabis extracts: greater than the sum of their parts? Journal of Cannabis Therapeutics, 1(3-4), 103-132

Brenneisen, R. (2007). Chemistry and analysis of phytocannabinoids and other Cannabis constituents. In Marijuana and the Cannabinoids (pp. 17-49). Humana
Press

Andre, C. M., Hausman, J. F., &Guerriero, G. (2016). Cannabis sativa: the plant of the thousand and one molecules. Frontiers in plant science, 7, 19

Solomon, M., &Leite, A. (2021).0ral Botanical Supplements.In Integrative Dermatology (pp. 57-73).Springer, Cham.

Marchetti, L., Brighenti, V., Rossi, M. C., Sperlea, J., Pellati, F., &Bertelli, D. (2019). Use of 13C-gNMR spectroscopy for the analysis of non-psychoactive
cannabinoids in fibre-type Cannabis sativa L.(Hemp). Molecules, 24(6), 1138

Liu, Y., Jing, S. X., Luo, S. H., & Li, S. H. (2019). Non-volatile natural products in plant glandular trichomes: chemistry, biological activities and
biosynthesis. Natural product reports, 36(4), 626-665

Baron, E. P. (2018). Medicinal properties of cannahinoids, terpenes, and flavonoids in cannabis, and benefits in migraine, headache, and pain: an update on
current evidence and cannabis science. Headache: The Journal of Head and Face Pain, 58(7), 1139-1186

Occhiuto, C., Aliberto, G., Ingegneri, M., Trombetta, D., Circosta, C., & Smeriglio, A. (2022).Comparative Evaluation of the Nutrients, Phytochemicals, and
Antioxidant Activity of Two Hempseed Oils and Their Byproducts after Cold Pressing. Molecules, 27(11), 3431.

Crini, G., Lichtfouse, E., Chanet, G., & Morin-Crini, N. (2020). Applications of hemp in textiles, paper industry, insulation and building materials, horticulture,
animal nutrition, food and beverages, nutraceuticals, cosmetics and hygiene, medicine, agrochemistry, energy production and environment: A
review. Environmental Chemistry Letters, 18(5), 1451-1476

Siano, F., Moccia, S., Picariello, G., Russo, G. L., Sorrentino, G., Di Stasio, M., ...& Volpe, M. G. (2018). Comparative study of chemical, biochemical
characteristic and ATR-FTIR analysis of seeds, oil and flour of the edible fedora cultivar hemp (Cannabis sativa L.). Molecules, 24(1), 83.

Ibrahim, E. A., C. sativa, M., Radwan, M. M., Wanas, A. S., Majumdar, C. G., Avula, B., ...&EISohly, M. A. (2019). Analysis of terpenes in Cannabis sativa L.
using GC/MS: method development, validation, and application. Planta medica, 85(05), 431-438.

Ely, K., Podder, S., Reiss, M., & Fike, J. (2022). Cannabis/Hemp: Sustainable Uses, Opportunities, and Current Limitations. Cannabis/Hemp for Sustainable
Agriculture and Materials, 59-87

Sova, N., Lutsenko, M., Korchmaryova, A., & Andrusevych, K. (2018). Research of physical and chemical parameters of the oil obtained from organic and
conversion hemp seeds varieties Hliana”. Ukrainian food journal, (7, Issue 2), 244-552

Devi, V., &Khanam, S. (2019). Study of ®-6 linoleic and ®-3 a-linolenic acids of hemp (Cannabis sativa) seed oil extracted by supercritical CO2 extraction: CCD
optimization. Journal of Environmental Chemical Engineering, 7(1), 102818.

Aladi¢, K., Jarni, K., Barbir, T., Vidovi¢, S., Vladi¢, J., Bili¢, M., &Joki¢, S. (2015).Supercritical CO2 extraction of hemp (Cannabis sativa L.) seed oil. Industrial
Crops and Products, 76, 472-478.

Namdar, D., Voet, H., Ajjampura, V., Nadarajan, S., Mayzlish-Gati, E., Mazuz, M., & Koltai, H. (2019). Terpenoids and phytocannabinoids co-produced in
Cannabis sativa strains show specific interaction for cell cytotoxic activity. Molecules, 24(17), 3031

Berman, P., Futoran, K., Lewitus, G. M., Mukha, D., Benami, M., Shlomi, T., & Meiri, D. (2018).A new ESI-LC/MS approach for comprehensive metabolic
profiling of phytocannabinoids in Cannabis. Scientific reports, 8(1), 1-15

Citti, C., Linciano, P., Panseri, S., Vezzalini, F., Forni, F., Vandelli, M. A., &Cannazza, G. (2019). Cannabinoid profiling of hemp seed oil by liquid
chromatography coupled to high-resolution mass spectrometry. Frontiers in Plant Science, 10, 120.

http://xisdxjxsu.asia VOLUME 19 ISSUE 02 FEBRUARY 2023 1015-1025



Journal of Xi’an Shiyou University, Natural Science Edition ISSN: 1673-064X

[53]
[54]
[55]
[56]
[57]
[58]
[59]
[60]
[61]
[62]
[63]
[64]

[65]
[66]

[67]
[68]
[69]
[70]
[71]
[72]
[73]
[74]

[75]
[76]

[77]
[78]
[79]
[80]
(1]
[82]
[83]
[84]

[85]
[86]

[87]

(88]

Sharpe, L., Sinclair, J., Kramer, A., de Manincor, M., & Sarris, J. (2020). Cannabis, a cause for anxiety?A critical appraisal of the anxiogenic and anxiolytic
properties. Journal of Translational Medicine, 18(1), 1-21.

Borroto Fernandez, E., Peterseil, V., Hackl, G., Menges, S., de Meijer, E., &Staginnus, C. (2020).Distribution of chemical phenotypes (Chemotypes) in European
agricultural hemp (Cannabis sativa L.) cultivars. Journal of Forensic Sciences, 65(3), 715-721.

Wenger, J. P., Dabney lIlI, C. J., EISohly, M. A., Chandra, S., Radwan, M. M., Majumdar, C. G., &Weiblen, G. D. (2020).Validating a predictive model of
cannabinoid inheritance with feral, clinical, and industrial Cannabis sativa. American Journal of Botany, 107(10), 1423-1432.

Maccarrone, M., Maldonado, R., Casas, M., Henze, T., &Centonze, D. (2017). Cannabinoids therapeutic use: what is our current understanding following the
introduction of THC, THC: CBD oromucosal spray and others?. Expert Review of Clinical Pharmacology, 10(4), 443-455.

Deabold, K. A., Schwark, W. S., Wolf, L., &Wakshlag, J. J. (2019).Single-dose pharmacokinetics and preliminary safety assessment with use of CBD-rich hemp
nutraceutical in healthy dogs and cats. Animals, 9(10), 832.

Orsavova, J., Misurcova, L., Ambrozova, J. V., Vicha, R., &Mlcek, J. (2015).Fatty acids composition of vegetable oils and its contribution to dietary energy
intake and dependence of cardiovascular mortality on dietary intake of fatty acids. International Journal of Molecular Sciences, 16(6), 12871-12890.

Lachenmeier, D. W., Kroener, L., Musshoff, F., &Madea, B. (2004).Determination of cannabinoids in hemp food products by use of headspace solid-phase
microextraction and gas chromatography—mass spectrometry. Analytical and Bioanalytical Chemistry, 378(1), 183-189.

Calvi, Lorenzo, et al. "Comprehensive quality evaluation of medical Cannabis sativa L. inflorescence and macerated oils based on HS-SPME coupled to GC-MS
and LC-HRMS (g-exactiveorbitrap®) approach.” Journal of Pharmaceutical and Biomedical Analysis 150 (2018): 208-219.

Jones, M., &Monthony, A. S. (2022).Cannabis Propagation.In Handbook of Cannabis Production in Controlled Environments (pp. 91-121).CRC Press.
Spalding, D. (2014). Industrial hemp production. University of Kentucky Extend.
Decorte, T. (2011).Fibre hemp and marihuana: assessing the differences between distinct varieties. Working Paper Series on Policing, 38, 1-16

Leghissa, A., Hildenbrand, Z. L., &Schug, K. A. (2018).A review of methods for the chemical characterization of cannabis natural products. Journal of
Separation Science, 41(1), 398-415

Small, E., & Marcus, D. (2002). Hemp: A new crop with new uses for North America. Trends in New Crops and New Uses, 24(5), 284-326.

Malone, T., & Gomez, K. (2019). Hemp in the United States: a case study of regulatory path dependence. Applied Economic Perspectives and Policy, 41(2), 199-
214.

Marinotti, O., &Sarill, M. (2020). Differentiating full-spectrum hemp extracts from CBD isolates: Implications for policy, safety and science. Journal of Dietary
Supplements, 17(5), 517-526.

Potter, G. R., Bouchard, M., &Decorte, T. (2016).The globalization of cannabis cultivation. In Worldwide weed (pp. 21-40). Routledge.

Borille, B. T., Marcelo, M. C. A,, Ortiz, R. S., de CéssiaMariotti, K., Ferrdo, M. F., &Limberger, R. P. (2017). Near infrared spectroscopy combined with
chemometrics for growth stage classification of cannabis cultivated in a greenhouse from seized seeds. Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 173, 318-323.

Cosentino, S. L., Testa, G., Scordia, D., &Copani, V. (2012).Sowing time and prediction of flowering of different hemp (Cannabis sativa L.) genotypes in
southern Europe. Industrial Crops and Products, 37(1), 20-33.

Shea, A., Lawrence, M., & Walker, P. (2012).Hygrothermal performance of an experimental hemp—lime building. Construction and Building Materials, 36, 270-
275.

Pedrazzi, S., Santunione, G., Mustone, M., Cannazza, G., Citti, C., Francia, E., &Allesina, G. (2021). Techno-economic study of a small scale gasifier applied to
an indoor hemp farm: From energy savings to biochar effects on productivity. Energy Conversion and Management, 228, 113645.

Poniatowska, J., Wielgus, K., Szalata, M., Ozarowski, M. & Panasiewicz, K. (2019). Contribution of Polish agrotechnical studies on Cannabis sativa L. to the
global industrial hemp cultivation and processing economy. Herba Polonica, 65(2).

Barratt, M. J., Potter, G. R., Wouters, M., Wilkins, C., Werse, B., Peréld, J., & Blok, T. (2015).Lessons from conducting trans-national Internet-mediated
participatory research with hidden populations of cannabis cultivators. International Journal of Drug Policy, 26(3), 238-249.

Hooks, P. J. (2018). Production of industrial hemp in Kentucky (Doctoral dissertation, Murray State University).

Amaducci, S., Scordia, D., Liu, F. H., Zhang, Q., Guo, H., Testa, G., &Cosentino, S. L. (2015). Key cultivation techniques for hemp in Europe and
China. Industrial Crops and Products, 68, 2-16.

Farag, S., Kayser, O., 2015.Cultivation and breeding of Cannabis sativa L. For preparation of standardized extracts For medicinal purposes. In: Mathe, A. (Ed.),
Medicinal and Aromatic Plants of the World. Springer, Budapest, Hungary, pp. 165-186

Morrow, R.C., 2008.LED lighting in horticulture.Hort. Science, 43, 1947-1950.

Jin, D., Jin, S., Chen, J., 2019. Cannabis indoor growing conditions, management practices, and post-harvest treatment: a review. Am. J. Plant Sci. 10, 925-946
Van Os, E., Gieling, T.H., Lieth, J.H., 2019. Technical equipment in soilless production systems. In: Raviv, M., Lieth, J.H., Bar-Tal, A. (Eds.), Soilless Culture:
Theory and Practice. Elsevier B.V., pp. 587-635.

Zheng, Y.(2019). Developments in growing substrates for soilless cultivation. In: Marcelis, L., Heuvelink, E. (Eds.), Achieving Sustainable Greenhouse
Cultivation. Burleigh Dodds Science Publishing, Cambridge, UK, pp. 1-16

Clark, M.J., Zheng, Y., 2017. Effect of topdressed controlled-release fertilizer rates on nursery crop quality and growth and growing substrate nutrient status in the
Niagara region, Ontario, Canada. Hort. Science 52, 167-173.

Heller, H., Bar-Tal, A., Assouline, S., Narkis, K., Suryano, S., de la Forge, A., Barak, M., Alon, H., Bruner, M., Cohen, S., Tsohar, D., 2015. The effects of
container geometry on water and heat regimes in soilless culture: lettuce as a sase study. Irrig. Sci. 33, 53-65

Raviv, M., Lieth, J.H., Bar-Tal, A., 2019. Growing plants in soilless culture: operational conclusions. In: Raviv, M., Lieth, J.H., Bar-Tal, A. (Eds.), Soilless
Culture. Elsevier B.V., pp. 637-669.

Zheng, Y.(2020). Integrated root-zone management for successful soilless culture. Acta Hortic. 1273, 1-8.

Backer, R., Schwinghamer, T., Rosenbaum, P., McCarty, V., EichhornBilodeau, S., Lyu, D., Ahmed, M.B., Robinson, G., Lefsrud, M., Wilkins, O., Smith, D.L.,
2019.Closing the yield gap for cannabis: a meta-analysis of factors determining cannabis yield. Front. Plant Sci. 10, 1-15.

Bernstein, N., Gorelick, J., Zerahia, R., Koch, S., 2019.Impact of N, P, K, and humic acid supplementation on the chemical profile of medical cannabis (Cannabis
sativa L). Front. Plant Sci. 10, 1-13.

Caplan, D., Dixon, M., Zheng, Y., 2017.0ptimal rate of organic fertilizer during the flowering stage for cannabis grown in two coir-based substrates.Hort. Science
52, 1796-1803.

http://xisdxjxsu.asia VOLUME 19 ISSUE 02 FEBRUARY 2023 1015-1025



Journal of Xi’an Shiyou University, Natural Science Edition ISSN: 1673-064X

[89] Coffman, C.B., Gentner, W.A., 1977. Responses of greenhouse-grown Cannabis sativa L.To nitrogen, phosphorus, and potassium.Agron. J. 69, 832-836.

[90] Saloner, A., & Bernstein, N. (2020).Response of medical cannabis (Cannabis sativa L.) to nitrogen supply under long photoperiod. Frontiers in Plant Science, 11,
572293.

[91] Schluttenhofer, C., & Yuan, L. (2017). Challenges towards revitalizing hemp: A multifaceted crop. Trends in plant science, 22(11), 917-929.

[92] Wielgusz, K., Praczyk, M., Irzykowska, L., &Swierk, D. (2022). Fertilization and soil pH affect seed and biomass yield, plant morphology, and cadmium uptake
in hemp (Cannabis sativa L.). Industrial Crops and Products, 175, 114245.

[93] Schroder, P., Sauvétre, A., Gnadinger, F., Pesaresi, P., Chmelikova, L., Dogan, N., & Terzi, V. (2019). Discussion paper: Sustainable increase of crop production
through improved technical strategies, breeding and adapted management—A European perspective. Science of the Total Environment, 678, 146-161.

[94] Ryu, B. R., Kim, C. H., Kwon, T. H., Han, J. H., Gim, G. J., Jahirul Islam, M., & Lim, Y. S. (2022). Industrial Hemp Clone Selection Method under LED Smart
Farm Condition Based on CBD Production per Cubic Meter. Agronomy, 12(8), 1809.

ivar, T., Erzen, J., Kreft, S., Zagozen, M., Cerenak, A., Ceh, B., &Benkovi¢, E. T. . Cannabinoid content in industrial hemp (Cannabis sativa L.) varieties
95] Gli T., ErZen, J., Kreft, S., ZagoZen, M., C k, A., Ceh, B., &Benk E. T. (2020). C binoid d Ih C b L
grown in Slovenia. Industrial Crops and Products, 145, 112082.

AUTHORS

First Author — Saba Latif, M. Phil., Department of Botany, Pir Mehr Ali Shah Arid Agriculture University Rawalpindi, Pakistan.
Second Author — Syed Sabir Hussain Shah, PhD, Department of Botany, Pir Mehr Ali Shah Arid Agriculture University Rawalpindi,
Pakistan.

Third Author — Rahmatullah Qureshi, PhD, Department of Botany/Directorate of Hemp Project, Pir Mehr Ali Shah Arid Agriculture
University Rawalpindi, Pakistan.

Fourth Author — Zia-ur-Rehman Mashwani, PhD, Department of Botany, Pir Mehr Ali Shah Arid Agriculture University
Rawalpindi, Pakistan.

Fifth Author — Bushra Jabeen, PhD, Directorate of Hemp Project, Pir Mehr Ali Shah Arid Agriculture University Rawalpindi,
Pakistan.

Sixth Author — Mirza Faisal Qaseem, PhD, Department of Environmental Science and Forestry, Connecticut Agricultural Experiment
Station, 123 Huntington Street, New Haven, CT 06511, USA.

Correspondence Author — Rahmatullah Qureshi,

http://xisdxjxsu.asia VOLUME 19 ISSUE 02 FEBRUARY 2023 1015-1025


https://www.sciencedirect.com/science/article/abs/pii/S0367326X08000944#!

