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ABSTRACT

This is a review on a traditional sweetener and medicinal plant widely used in
Bangladesh as well as many other countries. As Bangladesh Sugarcrop Research
Institute (BSRI) is mandated with research on all kinds of sweetener crop, Liquorice is
thus targeted for this purpose. This study gathered various information on Liquorice
(Glycyrrhiza glabra L.) through different books, journals and e-sources. It mentioned a
brief description on the history, origin and distribution, agro-ecology, botanical
descriptions including morphology, scientific classification, synonyms and sweetening
agents, pharmacological properties, use in soil reclamation, halophyte or salt tolerance
activity, drought tolerance activity and finally its cultivation procedure. It concluded with
more research demand which can make it a possible cash crop for anywhere of the
country specially for the southern coastal areas.
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INTRODUCTION

Glycyrrhiza glabra is one of the most traditional sweetener and medicinal plant
belongs to the family Leguminosae (also known as Fabaceae). The genus Glycyrrhiza
is derived from the Greek words glykos (sweet) and rhiza (root). It is also called
Liquorice, ligeorice, glycyrrhiza, sweet wood, and Liquiritiae radix (in English);
sussholz and lakritzenwurzel (in German); reglisse and bios doux (in French); shirin
bayan and mak (in Persian); and liquirizia and regaliz (in Italian and Spanish,
respectively) (Pastorino et al., 2018). This species is a native of Mediterranean areas,
but it is now also present in Bangladesh, India, Russia, China and many other
countries. The extracts are currently used in pharmaceutical and food industries, as
well as in the manufacture of functional foods and food supplements (Hayashi & Sudo,
2009; Herrera, et al., 2009).

Liquorice extract and glycyrrhizin is allowed to use in foods by the United States
Food and Drug Administration, the Council of Europe, and the Joint FAO/WHO Expert
Committee on Food Additives (FAO, 2005). U.S. Flavor and Extract Manufacturers
Association has grouped it in Generally Recognized As Safe (GRAS). The use of
glycyrrhizin is also used as a flavoring for hydrolyzed vegetable protein, soya sauce,
and bean paste to control saltiness (Gloria, 2003).
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Demand for alternate sweeteners are increasing broadly with the increasing rate of
health conciseness and world economy. Thus the average growth rate in the 1990s
was around 2% which was increased up to 9% in 1997. The world consumption is at
that time was 12 million tonnes. Asian production is about 50-55% of the total, and the
rest are almost equally from Americas and Europe. More than 70% among all alternate
sweeteners is saccharin followed by aspartame 18% and cyclamates 5%. If the
consumption is measured in terms of value, aspartame is 62%, followed by saccharin
17%, cyclamates 5%, and others 16%. The high share of Saccharin is cheap and is
suitable for use in almost all applications where sweet taste is required. It is also being
used for nonfood item, such as pharmaceuticals, animal feed, and toothpaste. Other
widely used sweeteners are acesulfame-K and stevioside. These two are especially
used in soft drink items (Gloria, 2003).

History

Ozturk et al. (2017) reported that Theophrastus has referred to the liquorice plant,
mentioning that Romans cultivated it after the thirteenth century and called it as Radix
dulis. In England, it was first cultivated in 1562 (Trease and Evans, 1983). Currently,
the plant is widely cultivated in different parts of India, Iran, Turkey, Greece, Spain,
Russia and many other countries and is traded in Spain, Iraq, ltaly, Egypt, Belgium,
France, and Germany.

Rittenhouse (1895) mentioned, in United States total imports of Liquorice were about
5,000,000 pounds during 1872. At that time, it was more profitable than that of either
sugar cane, sugar beets, rice or cotton. Although the industry was not as large as any
of those but it gave higher profit.

Origin and distribution

Glycyrrhiza glabra is native to Eurasia, in central and south-western Asia and the
Mediterranean region (Lim, 2015). However, Fiore et al. (2005) claimed that it is native
to the Mediterranean region, central to Southern Russia and Asia, and now is widely
and popularly cultivated throughout Europe and Middle East. According to Hayashi
(2009), Hayashi and Sudo (2009), G. glabra is found in South Europe (Spain, ltaly),
Turkey, Iran, Irag, Central Asia and the north-western part of China; while G. uralensis
is found in Central Asia, Mongolia, north-western & north-eastern parts of China, and
G. inflata is found only in the north-eastern part, the Xinjiang Uygur Autonomous
Region of China. G. glabrais divided into two varieties: G. glabra var. typica (Spanish
Liquorice) and G. glabra var. glandulifera (Russian Liquorice) (Hayashi and Sudo
2009). however, Nomura et al., 2002 reported three varieties of G. glabra which were
the Spanish and ltalian Liquorice, assigned to G. glabra varity typica; Russian
Liquorice to G. glabra variety glandulifera and Persian and Turkish Liquorice G.
glabra varity violacea. Countries producing liquorice including Iran, Afghanistan, the
People’s Republic of China, Pakistan, Iraq, Azerbaijan, Uzbekistan, Turkmenistan and
Turkey are the major producer in the world. In China, commercial Liquorice is
produced from the three aforementioned species.
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Agro-ecology

The Liquorice plant grows from the shores of the Mediterranean, on the
south (latitude 30°), to Siberia, on the north (latitude 55°), and from the western
shores of Europe to the plains of Persia and farther India. It is also from low levels to
1,500 feet above the sea. Thus it was found to be well adopted of land and variety of
soil and climate (Rittenhouse, 1895). It grows well in temperate, warm and subtropical
climate. It prefers well-limed, well-drained, composted, loose, friable, sandy and clay
soil near to the river. It also prefers full sunlight. It remains dormant in winter, which
induces the translocation of assimilates to the underground rhizomes. Frost or
drought do not injure the root if it is well established. So, care should be taken for
young and tender plants of the first year of plantation which is vulnerable.

BOTANICAL DESCRIPTIONS

Morphology

It is a herbaceous perennial, with stem 0.5-1.5 meter high, woody at base,
densely scaly glandular punctuate with stoloniferous roots. Leaves compound,
imparipinnate, 7-15 cm long with 9-17 ovate-oblong, oblong-lanceolate, or elliptic
leaflets 1.7-4.0 by 0.8-2.0 cm. Stipules caducous, linear, 1-2 mm. Inflorescence open,
racemose, many flowered. Flowers 0.8-1.2 cm long. Calyx campanulate, 5-7 mm,
5-toothed, upper 2 teeth mostly joined; corolla purple or pale whitish blue, 9-12 mm,
standard ovate or oblong. Fruit oblong, flat, glabrous or sparsely hairy legume, 2-3 cm
long, usually containing 2-4, whitish, smooth seeds, 2 mm across (Lim, 2015). The
Glycyrrhiza is a member of pea family and grows in subtropical climates in rich soil.
The Glycyrrhiza glabra plant has an extensive root system with a main taproot and
numerous runners below the soil level. The main taproot, which is harvested for
medicinal use, is soft, fibrous, and has a bright yellow interior (Sharma and Agrawal,
2017a).

Scientific classification

As it was mentioned by (Sharma and Agrawal, 2017a) the Scientific Classification of
Glycyrrhiza are as follows:

Kingdom: Plantae

Division: Angiospermae

Class: Dicotyledoneae

Order: Rosales

Family: Leguminosae/Fabaceae

Genus: Glycyrrhiza

Species: glabra Linn
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Synonyms

The Synonyms of Glycyrrhiza as mentioned by Lim (2015) are as follows:
Glycyrrhiza brachycarpa Boiss.,

Glycyrrhiza glabra var. caduca X.Y. Li,

Glycyrrhiza glabra var. glabra ,

Glycyrrhiza glabra subsp. glandulifera (Waldst. & Kit.) Ponert,
Glycyrrhiza glabra var. glandulifera (Waldst. & Kit.) Regel & Herder,
Glycyrrhiza glabra var. glandulifera (Waldst. & Kit.) Boiss.,
Glycyrrhiza glabra var. glandulosa X.Y. Li,

Glycyrrhiza glabra var. laxifoliolata X.Y. Li,

Glycyrrhiza glabravar. typica L.,

Glycyrrhiza glabra var. violacea (Boiss. & Noe) Boiss.,

Glycyrrhiza glandulifera Waldst. & Kit.,

Glycyrrhiza hirsuta Pall.,

Glycyrrhiza pallida Boiss. & Noe,

Glycyrrhiza pallida Boiss.,

Glycyrrhiza violacea Boiss. & Noe

The genus Glycyrrhiza consists of about 30 species, such as G. glabra, G.
uralensis, G. inflata, G. aspera, G. korshinskyi, or G. eurycarpa etc. Like the
other plants of Fabaceae, G. glabrahas the capacity to fix nitrogen, with Rhizobium
bacteria through symbiosis at the root level. It is suitable for sandy and clay soils,
although it prefers humid soils. Since the Egyptian age, the therapeutic properties of
G. glabraare well documented (Fiore et al., 2005). The roots are the most used
parts whereas the leaves are considered an agrochemical waste. However, different
authors studied the phytochemical composition of G. glabraleaves and mentioned
that certain compounds present in the roots are also present in leaves, although in
smaller quantities (Hayashi & Sudo, 2009; Siracusa et al., 2011).

Sweetness agents : Chemistry and extraction

Liquorice has a high nutritional value and was used in foods since ancient
times. In food, it is mainly used as a sweetening agent. It also has properties to inhibit
the sensation of thirst (Yang et al., 2017). Liquorice oil is approved by the Food and
Drug Administration (FDA) and has applications in various food products such as
beverages, toothpaste, chewing gum, and cosmetics (Carmines et al., 2005).
Liquorice has been traditionally used as a sweetener due to its taste, (Tian et al.,
2013; Tong et al, 2015). The main primary active ingredient of roots for its sweet
taste is glycyrrhizin, a triterpenoid saponin Gloria (2003). Glycyrrhizin or
20-B-carboxy-11-0x0-30-norolean-12-en-3p-yl-2-O-B-d-glucopyranurosyl--d-g
lucopyranosiduronic acid (C42H62016, MW 822.92), is a triterpenoide glycoside
(saponin) with glycyrrhetinic acid, which is condensed with O-B-d-glucuronosyl- (1’
2) -p-d-glucuronic acid. It is almost 50 times sweeter than sucrose (Yu et al., 2015).
Glycyrrhizin (GL) contains about 10% of the liquorice root on dry weight basis which
is a mixture of potassium, calcium, and magnesium salts of glycyrrhizic acid that
significantly varies between 2% and 25% (Rizzato et al., 2017) due to geographic
sources, harvesting, and processing. After oral administration, glycyrrhizin is
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metabolized to 18-glycyrrhetic acid -3-omonoglucuronide and glycyrrhetic acid by
intestinal bacteria (Albermann, et al., 2010). Ahamed et al. (2001) found this as non
sugar sweetner for human as well as a sweet taste inducer in insects also.

After harvest, the roots are dried to reduce moisture below 10% level, cleaned
and extracted with aqueous ammonia. It is further concentrated in vacuum
evaporators, precipitated with sulfuric acid, and crystallized with 95% alcohol providing
a crude ammonium glycyrrhizin (AG). Other type treatment yields a white, crystalline
mono-ammonium glycyrrhizin (MAG). Both derivatives are the same in terms of
sweetness but they differ in solubility and sensitivity to pH. AG is relatively stable and
highly soluble in hot or cold water and in alcohol. Glycyrrhizin is 50 times sweeter than
sucrose and it has a slow releasing capacity of sweetness followed by a lingering
Liquorice -like aftertaste. It produces a sweet and woody flavor, which guides its use
as a pure sweetener. Glycyrrhizin increases food flavors, minimize any bitter flavors,
and increases the perceived sweetness level of sucrose. It has the great potentiality
for providing functional characteristics, for foaming, viscosity control, gel formation,
and antioxidant characteristics (Gloria, 2003).

According to Bahmani et al. (2014), liquorice can reduce diabetes symptoms,
such as polydipsia and frequent urination, but cannot reduce blood glucose. Takii
et al. (2001) suggested that glycyrrhizin has an antidiabetic effect in noninsulin
dependent diabetes mice, reducing the postprandial blood glucose rise. After
studying various alternate sweeteners, Wal et al. (2018) concluded that Stevia and
Mono ammonium glycyrrhizin should be encouraged as besides these two
compounds carrying the benefit of natural ingredients. these are also free from the
hazardous effects of other chemical based alternatives.

However, It has side-effects also and these are cardiac dysfunction, edema, and
hypertension those who receive high doses of glycyrrhizin-based pharmaceuticals or
consuming large amounts of Liquorice containing confectionery or health products
over a prolonged period of use (Gloria, 2003).

PHARMACOLOGICAL PROPERTIES

Liquorice is one of the oldest and most popular herbal medicines in the
world. Many of its historical uses are still practiced today Pastorino et al. (2018). A
summary of the most important pharmacological activities of G. glabra are explained
as follows:

Anti-oxidant activity

Antioxidants are defined as any substance that delays or inhibits oxidative damage
by blocking the propagation stage in oxidative chain reaction. The anti-oxidant activity
of G. glabra is one of the major reasons for its uses. Many authors observed the
powerful anti-oxidant activity though they differ on its phenolic content. (Rackova et
al., 2007, Varsha and Sonam (2013), Singh et al. (2015), Biondi, et al. (2003),
Sharma, et al. (2016).
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Anti-inflammatory activity

Anti-inflammatory substance that reduces inflammation (pain, redness, and
swelling) in the body by blocking certain inflammation substances in the body. They
are used to treat many different conditions including cancer.

Use of of G. glabrain the treatment of inflammatory diseases have been
documented since ancient times (Yang, et al., 2017). Shalaby, et al. (2004) observed
a significant decrease in the total cholesterol. Harwansh, et al. (2011) reviewed on
the treatment of the upper respiratory tract and gastric system diseases. Rackova et
al. (2007); Yin et al. (2017) found the healing action of stomach and mouth ulcers;
Xiao et al. (2010) used in renal and liver complications. Furthermore, Wang, et al.
(2017) described the anti-inflammatory effects on endometriosis.

Anti-tussic and expectorant activity

Antitussic mean cough suppressants. They relieve cough by blocking the
cough reflex. Similarly expectorants thin mucus. This may help to clear the mucus of
cough from airway. The anti-tussic and expectorant effects of liquorice have been
reported by different authors, particularly its useful effects on the treatment of sore
throat, cough, and bronchial catarrh (Damle, 2014; Fiore et al., 2005). Glycyrrhizin
helps to expel congestion in the upper respiratory tract and accelerates tracheal
mucus secretion (Sharma et al., 2016).

Anti-ulcerative activity

Antiulcer agents are commonly used drugs that inhibits gastric acid production,
neutralization of acid or protection of the gastrointestinal mucosa from acid injury.
The use of G. glabra extract as anti-ulcerative is widely known. The benefits of G.
glabrain the treatment of duodenal and peptic ulcers have been reported since 1970s,
and this traditional use is related to the presence of anti-inflammatory saponins
(Krausse et al., 2004). Reports are also available to to use Glycyrrhizin in gastric and
duodenal ulcers for the gastrointestinal system, (Bardhan, et al., 1978).

Anti-microbial activity

Different authors reported the anti-microbial properties of G. glabra,
particularly on Gram positive and Gram negative bacteria such as Staphylococcus
aureus, Escherichia colj Pseudomonas aeruginosg Candida albicans and Bacillus
subtilis (Gupta et al., 2008; Wang, et al., 2015). The antibacterial activity observed is
due to the presence of secondary metabolites, namely, saponins, alkaloids, and
flavonoids (Fukui et al.,1988; Wang, et al., 2015).

Anti-viral activity

Antiviral drugs are used to treat viral infections. Most of them are target specific.
G. glabra is mentioned as effective against a wide range of viruses. Antiviral drugs do
not destroy their target pathogen but they resist its development.

Different authors explained the anti-viral activities of G. glabra extracts against
different viruses has been reported, including herpes simplex, Varicella
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zoster, Japanese encephalitis, influenza, and vesicular stomatitis virus (Wang, et al.,
2015). Different studies have demonstrated that two triterpenoids are responsible for
the antiviral activity reported glycyrrhizin and 188 glycyrrhetinic acid (Wang, et al.,
2015). These compounds have the ability to inhibit virus gene expression and
replication, decreasing the adhesion force and stress and reducing HMGB1 binding to
DNA (Wang, et al., 2015). Fiore et al. (2007) mentioned Glycyrrhiza glabra derived
compound glycyrrhizin and its derivatives reduced hepatocellular damage in chronic
hepatitis B and C. They further mentioned a reduction of mortality and viral activity in
herpes simplex virus encephalitis and influenza on animal studies. Anagha et al.
(2014) mentioned Yashtimadhu (Glycyrrhiza glabra) is one such plant which has
shown remarkable activity against large number of viruses. Cited from ancient
Ayurvedic System they further stated Glycyrrhiza glabra or Licorice has been proven
beneficial against many DNA viruses such as Varicella zoster virus, Kaposi
sarcoma-associated herpesvirus, Herpes Simplex Virus™, Epstein Barr virus, Human
Cytomegalo virus, etc and RNA viruses such as Influenza A virus (IAV), H5N1 virus,
H1N1 virus, Hepatitis C virus, Newcastle disease virus, Rotavirus, SARS-associated
coronavirus, Human Immunodeficiency Virus etc. Omer et al. (2014) found 60 mg/100
ml concentration of Glycyrrhiza extract did not produce any toxicity in the embryonated
eggs and showed anti-viral activity against the virus. Thus they suggested that the
mechanism of action of these active phytochemicals as an antiviral agent would be
helpful to elucidate the pathogenesis of the disease.

Hepatoprotective activity

Hepatoprotective or antihepatotoxic activity is the ability of a chemical
substance to prevent liver damage. The hepatoprotective activity of glycyrrhizin has
also been extensively reported by some authors (Huo et al, 2011; Sharma and
Agrawal, 2017b). Al-Razzugqi, et al. (2012) reported that the aqueous extract of G.
glabra had a significant effect on liver functions as well as restoring hepatic tissue in
acute liver diseases. Therefore they mentioned the aqueous extract of G. glabra
roots can be used for prevention and treatment of liver disorders.

Anticarcinogenic and antimutagenic activity

The process of antimutagenesis and anticarcinogenesis is to inhibit of tumors
both extracellular and intracellular mechanisms. Different studies suggest that the
extract of G. glabramay be a potential supplemental source for different cancer
treatments (Lee, et al., 2008; Ohtsuki, et al., 1992). This activity was also found on
tumour cells (Lee et al., 2008), against the human cervix (Lee et al., 2008) and
chromosomal aberration in bone marrow cells of albino mice (Sharma, et al., 2014).
According to Wang et al. (2017), it also works in breast and ovarian cancer, gastric
tumours, leukaemia. and human breast cancer cell lines (Li et al., 2016).

Neuro-protective activity
Neuroprotection means the relative preservation of neuronal structure and/or

function. It is known to be a strong antioxidant which has broad anti-inflammatory
properties. Chakravarthiand Avadhani (2013) and Dhingra and Sharma (2006) suggested
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a possible neuro-protective role of liquorice in the prevention of diseases such as
Alzheimer. The basis of Alzheimer is the chronic inflammation of certain brain
regions. Thus, the anti-inflammatory activity of liquorice might contribute to the
observed memory enhancing effects (Yokota et al., 1998).

Sedative activity

Sedatives are used to treat anxiety, tension, seizures, panic disorders and
sleep disorders. G. glabra being able to induce sedative and anxiolytic effects
(Hoffmann et al., 2016). It is the major inhibitory neurotransmitter in the central
nervous system, for anaesthetics and neuroleptic, anxiolytic and anti-convulsant
compounds (Simmler et al., 2013).

Anti-depressive activity

Antidepressants are used to treat major depressive disorder, including anxiety
disorders, some chronic pain conditions and so on. As liquorice extract reversed
reserpine induced depression, its antidepressant effect can be associated with the
restoration of brain monoamines, such as norepinephrine and dopamine. Liquorice
extract may have potential therapeutic value for the treatment of depressive disorders.
(Dhingra & Sharma, 2006).

Oestrogenic and androgenic effects

Estrogens and Androgens are hormones produced by the body in greater
amounts in females and males respectively. These are for normal sexual
development. Since ancient times, the influences of liquorice on the action of cortisol,
reduction of testosterone synthesis, and the influence on oestrogen activity are well
known (Armanini et al., 2002). Kim and Park (2012) reported that isoflavones can
influence sexual development and impair oestrous cycling. This can also influence
ovarian and hypothalamus and pituitary glands function (Kim & Park, 2012).

Skin effects

The skin effect is usually an undesirable effect which occurs when using
alternating electric current signals. The main skin benefits reported for G. glabra are
based on the antioxidant and anti-inflammatory activities as well as on the
ultraviolet (UV) protection (Halder & Richards, 2004). Saeedi, et al. (2003) reported
the use of liquorice mainly for skin eruptions, including dermatitis, eczema, pruritus,
and cysts. In particular, the G. glabra flavonoids present depigmenting capabilities
and tyrosinase inhibition effects (Solano et al., 2006).

Other activities

It is well known that myocardial ischaemia is one of the major diseases in the
world. It occurs through blockage of coronary arteries and results in myocardial cell
death. The pretreatment with G. glabra significantly reduce the risk of ischaemia and
improves antioxidant status (Di Paola et al., 2009; Ojha et al., 2013). The extract of
G. glabra has been used in the treatment of low bone mass, osteoporosis, fractures,
bone defects, osteomalacia, osteogenesis imperfecta, bone disease, and periodontal
diseases (Kumar et al., 2015).
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Use in poultry industry

Liquorice contains bioactive components, such as flavonoids and
glycyrrhizin, which have pharmacological properties and medicinal applications,
discussed earlier. The Liquorice extract has also been found to show immunogenic
and antioxidant activities, which mightimprove the growth performance, feed
efficiency, carcass traits, and blood biochemical indices of the poultry birds. It acts as
a potential solution for solving respiratory, digestive, and immune problems in poultry
(Alagawany, 2018). Ocampo et al. (2016) reported that broiler chickens treated
with glycyrrhizin presented better weight gain, final body weight, feed conversion
ratio, and lower mortality rate than the non-treated controls. they further mentioned
that Glycyrrhizin treated birds gained higher antibody against Newcastle disease
virus and other diseases. Alagawany et al. (2019 ) reviewed the updates of current
knowledge about the beneficial effect of licorice supplementation in poultry diets,
particularly its positive effect on the treatment of high-prevalence diseases of the
immune system, liver, and lungs.

Use in soil reclamation

Egamberdieva et al. (2015) observed the plant growth, nutrient acquisition
and symbiotic interactions between liquorice and rhizobia under salt stress was
higher. They also evaluated the interactions between rhizobia and root-colonizing
Pseudomonas in liquorice grown in potting soil and observed more biomass, nodule
numbers and nitrogen content after combined inoculation. Studies examined the
interactions between symbiotic bacteria and root-colonizing Pseudomonas strains in
areas where nutrient uptakes in the rhizosphere are remarkably high. Their
observations indicated that microbes living in the rhizosphere of liquorice can form a
mutualistic association and coordinate their involvement in plant adaptations to stress
tolerance. Varganov and Gladyshev (1989) revealed the utility of Liquorice cultivation
in stabilization of sand and quick improvement of soil. Mohammad and Rehman
(1985) also recorded the similar findings.

Halophyte or salt tolerance activity

Dagar et al. (2015) mentioned that the sodic lands could also be reclaimed
remarkbly in reducing soil pH and exchangeable sodium percentage by growing
Glycyrrhiza glabra; Egamberdieva and Mamedov (2015) and Mirkin et al. (1971)
also supported it.

Drought tolerance activity

Drought, which is increasing due to the climatic change resulting the scarcity
of irrigation water. This will limit our plant cultivation. Glycyrrhiza glabra can increase
the synthesis of glycyrrhizin under this stress. Hosseini et al. (2018) mentioned that
under drought condition, application of only 23% of the normal water with appropriate
choice of genotype can increase the growth and lead to acceptable glycyrrhizin
yields. Aprasidi (1978) reported drought resistant varieties of Glycyrrhiza glabra.
However Mohammad and Rehman (1985) concluded as irrigation is a must for better
yield.
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CULTIVATION PROCEDURE
Conventional plantation

Rittenhouse (1895) mentioned it needs only be one plowing and harrowing to turn
down the grass and weeds. Then it should be laid out in furrows about 25 to 30
inches apart. The buds or cuttings are to be planted in 6 or 8 inches apart in the
rows and covered by plowing. Set should be placed in a furrow so that the buds stay
each side. It can be covered 3 or 4 inches with a hoe. From time to time, during the
growing season, a cultivator should be run between the rows to keep down weeds or
grass. The author suggested to cut off the end of the tops during growing season.
This could be easily done with a mowing machine. He suggested the same treatment
for the second and third year. In the fall of the third year the crop would be ready to
harvest. The cost of harvesting are the most expensive part of the systems. In an acre
of land, with the row distance of 30 inches and the plants in the rows 6 to 8 inches
apart, would contain 20,000 plants. Narrower rows and closer planting is permissible,
so that more than 20,000 plants can be grown in an acre suggested by the author.

Douglas et al. (2004) found increasing plant populations at establishment had
alarge effect on production. Maximum root production was achieved with plant
populations above 24000 plants/ha. Low plant densities favoured stem production
and high densities favoured root production. Sampling roots upto 900 mm showed
that the majority of production was from the top 300 mm. Roots harvested from below
300 mm contained less glycyrrhizin than surface roots. Glycyrrhizin concentration
increased each year and varies location to location. The minimum international
standard of glycyrrhizin is 4% in the roots. By the third harvest amounts of glycyrrhizin
with 90% of the glycyrrhizin content in roots in the 300 mm to 600 mm soil layer in
different provinces of USA, they reported. These trials showed with fresh root and
rhizome yields of 17-28 tha™ in the second and third years of production and with a
glycyrrhizin content above the minimum international standard.

In India, many authors mentioned the cultivation technique. Among them, Central
Institute of Medicinal and Aromatic Plants (CIMAP) under the Council of Scientific and
Industrial Research (CSIR) in Lucknow released few varieties namely EC 111236, EC
124587, EC 21950 and Mishree. They mentioned it is propagated through root
cuttings, runners or underground stem pieces (10 cm length). The land is to be
prepared by ploughing twice and harrowing. A handful amount of 15-20 tonnes of
farm yard manure, 250 kg of single superphosphate, 65 kg of muriate of potash and
25 - 50 kg zinc sulphate per hectare are needed to be applied basally.

Planting is done at the end of the winter or in the spring season (February to
March) with a spacing of 90 cm between rows and 45-60 cm between plants. Dry
condition at the time of planting and in the next few months gives best result for a
good crop. Field should be irrigated weekly during summer months (Anonymous,
2018).
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According to some other expert, sandy-clay soil was good for its cultivation. January-Febru-
ary season is right time for its sowing. A nursery bed is needed to be prepared at this time.
After that seed can be sown in the month of February-March or July-August. It is necessary
to level the fields properly until the soil becomes soft. Weeds should be removed properly.
Transplanting distance for its field is 90 cm x 45 cm for direct sowing. The seeds are germi-
nated by 10-20 days. Intercrops like carrot, potato cabbage, etc can be grown. Marzi et al.
(1993) reported that intercropping had a detrimental effect on Liquorice root growth. De
Mastro (1993) also confirmed the result. Light irrigation at regular intervals of 30-45 days
during the summer season is also required. Although Marzi et al.(1993) reported irrigation
has no significant effect. Well drainage system is necessary to avoid root rotting. After two
or three years, the plant can be harvested in the month of November to December. It is
better to dry the roots in the sun after harvesting.

Another expert Sharma et al. (2005) from India mentioned to cultivate it in warmer
climatic conditions, sandy loam fertile soils having pH of 6 to 8.2 are ideal for better root
development. However the plant survives in places which receives 50-100 cm rainfall annu-
ally. Plantation is done by 15-25 cm long stolons having 2 or 3 buds from freshly cut root
stock. Old crowns can also be used as planting material. These materials (stolons or root
cuttings or crowns) are planted in the field at 6.8 cm deep in the soil and at a distance of 90
cm x 45 cm. Requirement of stem cuttings are 250 - 300 kg per hectare. The cuttings begin
sprouting in 15-20 days after planting. Light and frequent irrigation is necessary during
spring season. During field preparation, farm yard manure at the rate of 10 tons per hectare
should be used to enhance the growth of underground roots. In dry summer season irriga-
tion is requirement of the crop in an interval of 30-45 days. Water logging in field should be
avoided, because these may lead to soil borne diseases which causes root rotting. High
yields are obtained from 2 to 3 years old crop. Singh et al.(1984) mentioned removal of
flowers immediately results good quality of Liquorice. To get high yield of glycyrrhizic acid,
harvest of the crop should be done in winter. While storing in polythene lined bags, the
permissible moisture content of dry roots should be below 10%. CIMAP (1982) informed G.
glabra plants were affeced by weevil Myllocerus undecimpustulatus and few records are also
found on viral disease.

In vitro culture or micro-propagation

In vitro culture or Micropro-Propagation in Glycyrrhiza glabra is done from nodal
segments through axillary bud proliferation (Arya, 2009; Kukreja, 1998). Shah and Dalal
(1982) found successful establishment of plantlet using different MS medium and report-
ed 15-20 times higher multiplication rate than stem cuttings.

In conclusion Liquorice as an alternate source of sweeteners can also be an important
cash crop. It has a wide range of medicinal value. Literature said that, it does not increases
blood sugar level. Thus with the increasing trends of diabetic patients, extracts of it can be
a better option for the people. On the other hand, this plant is well tolerant to salt. Thus
it can also be a better option for the southern coastal belt of the country. However,
the crop demands more research in this climate and socio-economic conditions.
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