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Salvadora species has been promoted by World Health Organization and as an arid zone climate plant, it is at risk of extinction;
however, sustainable high economic, and ecological benefits of limited land resources could be achieved through cultivation
of such hardy plants to feed ever increasing population of the world. More than 870 million people of the world are
malnourished with 2.6 million children’s death every year. As potensive halophyte, Salvadora is an arid horticultural and forest
crop, successfully grown in harsh conditions of desert zones of the world in changing climate scenario of the world. All plant
parts of Salvadora has medicinal, pharmaceutical, industrial and nutritional importance. Desert ecosystem and arid zones of
the world could be conserved through massive plantation of halophytes. However, global warming, less precipitation, water
scarcity, population pressure, deforestation and over grazing made Salvadora an endangered species in the world. This review
will cover the prospects of Salvadora in agriculture, plantation success on marginal lands, molecular based germplasm
conservation and breeding to facilitate viable agricultural practices on earth.
Keywords: Salvadora persica, Oleoides, morphological traits, biodiversity, medicinal importance, propagation, conservation.
INTRODUCTION
Pakistan is enriched with halophyte plants, containing 410 of
22,000 species of the world with economic usage in food,
fodder, fuel, medicine, ornamentals and chemical industry
(Khan and Qasir, 2006). About 19% flora of the country
consist of halophytes with major cultivation and distribution
in coastal areas, Balochistan plains, moist mountains, deserts,
arid mountain sand Potuhar plateau (Khan and Qasir, 2006).
Natural vegetation in most parts of the world is reducing for
increasing salinity level (FAO, 2011). Moreover, Pakistan,
Egypt, India, Australia, South America, Central Asia and
Mexico have major areas with trouble shooting issues of
water scarcity and salinity (Menzel and Lieth, 1999).
Alkalinity and salinity are reducing productivity in arid and
semi-arid regions of the world (Boivin et al., 2002), could be
reclaimed by developing appropriate biological production
system of halophytic horticultural fruit crops (Khan and
Qasir, 2006). Salvadora can constitute ≥10% vegetation in
natural habitats (Kumar, 1996). Information in this review
article is an effort to promote production and conservation of
Salvadora species to excel arid zone horticulture and forest

industry, improve agro-ecosystem and livelihood of desert
zones of world especially the deserts of Thar and Cholistan.
History, origin and species distribution: Persia is the native
place where specimens of Salvadora were found and named
as S. persica originated from Iran, Israel, India, Jordan,
Kenya, Nigeria, Egypt, Oman, Chad, Pakistan, Senegal,
Somalia, South Africa, Sri Lanka, Saudi Arabia, Sudan,
Syrian Arab Republic, Zimbabwe, Uganda, Tanzania
Republic of Zambia and Yemen (Bailey, 2003; Wu et al.,
2001). The plant is widespread in stream bank vegetation,
rivers, thorn shrubs, desert flood plains, grassy savannahs,
Thar deserts of Pakistan and western India (Ahmad, 2007;
Orwa et al., 2009). The species Persica has replaced S.
oleoides in southern Punjab and arid and coastal regions of
Sindh (Tahir et al., 2010). Salvadora grows well in soils with
excessive underground water and tolerate a range of dry soil
with mean rainfall of 200 mm. It can easily grow on a variety
of sandy to loamy soils with high tolerance in saline and
alkaline soils (Orwa et al., 2009), with promising production
on sandy coastal soils irrigated with saline water (Dagar et al.,
2002).

Nafees, Bukhari , Aslam, Ahmad, Ahsan & Anjum
Plant taxonomy and description: Taxonomic description
indicates that Mustard tree (S. persica L.) comprised of three
genera (Azima, Dobera and Salvadora) and 10 species, named
S. australis, S. biflora, S. capitulate, S. cyclophylla, S. wightii
and S. villosa (Mabberely, 2008). Its generic name had been
given in the honour of Juan Salvador Bosca (1598-1681) in
1749 by Dr. Laurent Garcin, a renowned botanist and a plant
collector. In the customs of Arab, Japan, Hebrew, Aramaic,
Latin, Ethiopia and Indo-Pakistan, the chewing sticks of
Salvadora are known by arak (miswak), koyoji, qesam, qisa,
mastic, Mefaka and Datun respectively (Bos, 1993; Almas,
1993). Commonly called as Salt bush or Toothbrush tree
(English), Mosterdboom (Afrikaans), Yeharer-mefaqya
(Amharic), Jhal (Bengali), Arbre a cure-dents (French), Jhak
/ Kharjal (Hindi), Adhei (Somali), Msuake (Swahili), Kalawa,
Karkol (Tamil), Pilu and Karir (Sanskrit), Vann (Punjabi), Jar
(Sindhi) and Jall in Saraiki. It is a shrub or small tree with 69 m height, short crooked trunk, often twisted or bent with up
to 2 m in diameter (Ahmed et al., 2008). Salvadora species
like Oleoides are bush or small spreading plant with 6-9 m
height, containing twisted or bent short trunk with numerous
drooping branches of grey bark with linear or lanceolate
fleshy leaves, greenish- white sessile spiked flowers and
sweet drupe fruits of various colors depending on species
(Tahir et al., 2010; Orwa et al., 2009).
Morphogenetic diversity: Morphological studies of
Salvadora plants recognized two species (S. oleoides and S.
persica) in Pakistan (Praveen and Qaiser, 1996). A
remarkable variation has been observed in leaf, fruit, seed and
pollen characters of S. persica in micro-morphological and
chemical analysis (Tahir et al., 2010). Leaves of red and white
S. persica fruits are ovate and lenceolate (respectively),
inflorescence is pale greenish and greenish yellow, fruit are
Globose-pink to red and Globose–green, while seeds are dark
brown and light brown and roughly globular as shown in
Figure 1.
Traditional and medicinal usage: Salvadora plants are
narrated in Quran and Sunnah as the oral hygiene tool being
used as root and shoot sticks for many years (Khafagi et al.,
2006; Anonymous, 2009). The Prophet Muhammad (PBUH)
used Miswak and its gums to clean the teeth and declared
Aarak (Salvadora Persica L.) as excellent tooth cleaning stick
(Wu et al., 2001; Ezoddini-Ardakani, 2010). This custom was
adopted and Islamized by Prophet Muhammad (PBUH)
around 543 AD, used by the Arabs, Babylonians in 7000 years
ago (Wu et al., 2001; Raed, 1999; Wu et al., 2001) reported
that modern toothbrush may be drew from chewing sticks by
Babylonians in early 3500 BC as discussed in Greek and
Roman literatures. Modern research has recognized various
anionic components (antimicrobial agents) in extract of S.
persica miswak (Darout et al., 2002). Halawany (2012)
recorded low concentration of cariogenic bacteria in the saliva
of miswak user; moreover, methanol and other heterogeneous
compounds of S. persica plant are effective against various

isolated oral pathogens (Al-Bayati and Sulaiman, 2008)
extracted with different chemical procedures (Akhtar et al.,
2011). World Health Organization Consensus Report on Oral
Hygiene declared that chewing sticks of Salvadora play
important role in oral hygiene. Sustainability of natural
ecosystem is supported via Salvadora plants by providing
habitat for rodents, snakes, lizards (hollow stems), mammals
and a variety of birds (Khan, 1996). The established
Salvadora plants prevent soil erosion, act as windbreak and
withstand on stagnant flood water for months in desert zones
because of high spread of its root suckers (Tomar et al., 1998).
Non-edible oil extracted from seeds of Salvadora, contain
glycosides, terpenes, sterols, alkaloids, flavonoids and
volatile oil (Ahmed et al., 2008), benzylamides used in
manufacturing detergent and soaps (Khalil, 2006). Sweet
succulent Salvadora fruits are excellent source of glucose,
fructose and sucrose, however, leaves are used as treatment of
joint and knees pain (Monforte et al., 2001). Plants are used
as carminative, vulnerary, stomachic, antiseptic and antiinflammatory and good for spleen, gum, scabies, syphilis,
gonorrhea and appetizer in some countries (Ramoliya et al.,
2004). Flower and other parts of Salvadora are used in
medicines to cure the diseases of toothache, gum problems,
skin diseases, snake bites, kidney stones and constipation
(Monforte et al., 2001).
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Figure 1. a. Seedlings; b. inflorescence; c. muswak; d.
leaves and fruits of Salvadora species (Korejo et
al., 2010); e. ripped fruits of Salvadora species
(Malik et al., 2010).
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Table 1. Salvadora plant parts and their chemical composition and pharmacological uses.
Plant parts
Leaves

Chemical composition
Indole alkaloid salvadorocine, Benzyl
nitrile, Eugenol, Thymol, Isothymol,
Eucalyptol, Isoterpinolene, and βcaryophyllene, Glucotropaelin,
Different kind of amino-acids,
Flavanoids and flavonoid glycosides,
Different Organic acids

Stem

Glucotropaelin, Benzylamides, lignin,
flavonoids quercetin
Cellulose, hemicelluloses, lignin,
Inorganic constituent CaSO4, Ca, Mg,
Na, Ti, Cu, Mo, Ni, V, Al, Fe and K
1,8-cineole (46%), α-caryophyllene
(13.4%), β-pinene (6.3%), 9-epi-(E)caryophyllene
Sodium and Chloride

Sticks

Stem oil

Stem bark
Root

Root bark

Root and
stem
extracts
Seed oil

Fruit and
flowers

β-sitosterol, m-anisic acid,
Salvadourea, Benzylisothionate,
Glucotropaelin, sinigrin, Oleic acid,
linolic acid and stearic acids
Alkaloids, silica, salts (mostly as
chlorides), resins, Sulfur compounds,
tannins and saponins
chloride, sulphate, thiocyanate and
nitrate
lauric acid, myristic acid, palmitic
acid, stearic acid, oleic acid, linolic
acid, malvalic acid and sterculic acid
rutin

Pharmacological uses
Carminative, antiseptic, anti-fungal,
asthma, cough, rheumatism, virucidal
activity, scurvy, piles, leprosy, hepatic
disorders, antiscorbutic, deobstruent,
liver tonic, diuretic, analgesic,
anthelmintic, astringent properties,
hypoglycaemic, antimicrobial, antibacterial, anti-plasmodial
Toothbrush, anti-plaque
Anti-microbial activity

References
Abd El Rahman et al., 2003; AlOtaibi and Angmar, 2004; Joshi et al.,
1993; Chaturvedi and Maheshwari,
1998; Ali et al., 1997; Kamil et al.,
2000, Bahabri and Salem, 2000,
Sarvesh et al., 2007, Trovato et al.,
1998, Almas et al., 2005, Al-Bagieh
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1995

anti-ulcer activity

Alali et al., 2004

anti-microbial, Anti-spasmodic, antiarrhythmic and anti-cholinergic activity
Possess anti-oxidant and antiinflammatory activity

Rao et al., 2004

piles and hepatic disorders

Rao et al., 2004; Bader and Flamini,
2002; Al-Bagieh, 1998; Christy et al.,
2001; Arora and Kaushik, 2006,
2007; Abd El Rahman et al., 2003
Chopra et al., 1956; Farooqi and
Srivastava, 1968

anti-microbial, anti-caries,
antispasmodial, anticonvulsant

Hattab 1997; Almas 2001; Al-Bagieh
et al., 1994; Darout et al., 2000

Rheumatism

Khan et al., 1972; Hosamani and
Pattanashettar, 2002; Anonymous,
1972
Anonymous, 1972; Khan et al., 1972

Carminative, diuretic, stomachic,
rheumatism, de-worming, leprosy,
gonorrheae

rehabilitation on gypsum mined surfaces in desert zones
(Sharma and Gough, 1999).
Salinity and alkalinity resulting insufficient agricultural
production (Boivin et al., 2002), is increasing rapidly with
high evapotranspiration, poor quality irrigation water and low
precipitation (Flowers et al., 1997). This will affect 50%
arable land in 2050, if intensive vegetation practices are not
planned in desert zones of the world. Salvadora species are
highly salt tolerant, classified as mesomorphic xerophytes and
facultative halophytes (Rao et al., 2004). It is industrially
important oilseed crop in irrigated and non-irrigated desert
zones of the world (Reddy et al., 2008). Salvadora seedlings
can successfully be grown for the restoration of marginal
lands (Tomar et al., 1998). It is excellent bio-drainage plant
useful to minimize waterlogging and salinity (Kapoor, 1998),
suggested to promote its plantation in salt affected areas for
soil reclamation (Tewari et al., 1997). Seedling emergence
was significantly delayed with increase in salinity (Ramoliya
et al., 2004), however, early seedling emergence could be
ensured in wet soils, help to reduce the effect of salinity. Thus,

Chemical composition and usage in pharmaceutics:
Chemists, pharmaceutical companies and other researchers
did a lot of research on the importance of different plant parts
of Salvadora. The plant contains various organic compounds
used in the medicine and declared as it as excellent
pharmaceutical plant. Details of Salvadora plant parts, their
chemical composition and pharmacological uses along with
references is mentioned in Table 1.
Production of Salvadora on marginal soils: Flooding drives
plants toward hypoxia (oxygen limitation) and salinity mimic
drought condition for the plants thus reduce productivity even
with intensive inputs. Researchers are frequently studying the
accumulation of salts in tissues of plants growing in marginal
lands with objective to get benefits from such saline,
waterlogged and barren lands, covering largest area in all over
the world. (Patel et al., 2010). Salinity reduce seedling growth
even damage vegetation through osmotic effect, ions toxicity
and nutritional deficiency; however, plant can help in
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moisture conservation in the soils of desert zones in monsoon
season or canal water supply may promote Salvadora
vegetation in Thar and Cholistan deserts of Indo-Pakistan
(Kasera et al., 2003; Ramoliya and Pandey, 2002). The
growth of agriculture sector could be improved by promoting
the plantation of oil rich Salvadora plants in saline and alkali
soils of desert zones (Eganathan et al., 2006) contains 40–
45% industrial and edible oil in seeds (Reddy et al., 2007).
Plant height, spread and yield significantly high on saline as
compared to alkali soils without any effect on oil contents in
seeds (Muppala et al., 2008). Seed yield for oil extraction was
significantly high on saline as compared to alkali soils (Reddy
et al., 2008). Oil extracted from Salvadora seeds is a good
source of industrial oil for economic and ecological benefits,
not suitable for conventional farming (Ramoliya and Pandey,
2002). The Salvadora fruits are the grapes of desert and arid
zones of the world with pulp containing glucose, fructose and
sucrose (Khan and Shaukat, 2006). Thus, it is utmost required
to reclaim effective soils with intensive plantation of salinity
and drought tolerant halophytes by producing seedlings of
Salvadora through seed and shoot cuttings.
Propagation, breeding and germplasm conservation:
Propagation success in Salvadora is poor through seed for the
presence of high oil contents in it. Regeneration and
propagation issue are the major obstacle in worldwide spread
of this crop with only 30% viability through seed (Mathur et
al., 2002a,b, 2010); moreover, prolong seed storage is not
possible because of high oil contents which reduce its
viability and easily infestation by insects and pathogens
(Phulwaria et al., 2011; Jindal et al., 2006). Cultivar
characters could not be maintained in sexual propagation with
high degree of genetic diversity because the crop is highly
cross-pollinated in nature (Phulwaria et al., 2011). The seeds
collected from succulent healthy fruits during April-May
were kept wet to produce seedling in June (Khan and Qaiser,
2006; Korejo, 2010), germinated after one month in saline
soils (Ahmed et al., 2008; Ramoliya et al., 2004). Nitrogen
and gypsum application in sandy loam alkali soil during the
monsoon season can support to enhance the growth and
establishment of Salvadora seedlings (Arya et al., 2005). Seed
scarification in hands or rubbing in gunny bag, keeping
overnight for shade drying, pretreating in cold water and
sowing at 0.5 cm depth, could increase germination rate in
Salvadora oleoides (Mertia and Kunhamu, 2003). Seed
density and volume had direct effect on time and intensity of
germination, moreover, early and high germination was
recorded in heavy and healthy seeds (Dagar et al., 2004). In
proper field conditions, 15 gram Salvadora seeds can cover
one hectare land with 5x5 meter spacing between trees for
proper height and diameter development (Kasera et al., 2003).
Ploughing, leveling and fertilizer (manuring and chemical)
application in June is required for good fruit production.
Weeds are eliminated by hoeing after every 20 days in rainy
season up to 3-4 years of plant age. Plant height, collar

diameter, biomass, root yield and harvest index increased by
maintaining fortnightly and monthly irrigation schedule
during summer and winter months, respectively (Kasera et al.,
2003).
Salvadora propagation through tissue culture is successfully
used for cloning of desired genotypes (Cheliak and Rogers,
1990) to produce plants of desired traits. Cotyledonary node
(Mathur et al., 2002a) and explants taken from two-year-old
S. persica (Mathur et al., 2002b) used in vitro propagation for
somatic embryogenesis and plantlets regeneration. The
success of plant regeneration is too low to practice
commercially in various saline and drought resistant
horticultural crops (Bonga et al., 2010). Genetic expression of
young seedlings in tissue culture are not entirely branded, thus
shoots from adult explants are used to study genetics of
species (Bonga et al., 2010). Selection of explant and shoot
culture are important elements in cloning and maintenance of
clonal purity (Bonga et al., 2010). Recalcitrant contamination
occurs in Salvadora seedlings emerged from seeds harvested
in September to March, while, complete surface sterilization
of such explants is not possible, resulting in slow growth of
plants for the accumulation of growth inhibitors in winter
season (Phulwaria et al., 2011). Age and climatic condition of
explant directly effect on callus induction because of high
accumulation of recalcitrant microbes in shoots of older
branches (Phulwaria et al., 2011). Salvadora shoots lopped
during winter are best as explant for regeneration in tissue
culture (Rathore et al., 2005). Most effective cytokinins in
cultural media is 6-benzyladenine than Kinetin in several
horticultural and forest plants, result as rapid bud induction,
which is requisite for cloning in Salvadora (Zhang et al.,
2010). Rejuvenation in micro-cloning of halophytes was
completed by repeated transferring of mother explants (Deora
and Shekhawat, 1995). The cloned shoots of Salvadora
treated with IBA develop roots within short period, resulting
to reduce the steps in rooting and hardening of plants, save
time, labor cost and resources (Phulwaria et al., 2011).
Generally ex-vitro developed roots have numerous root hairs,
beneficial in plant adaptation during acclimatization (Sharma
et al., 2007) and better suited to tolerate the environmental
stresses (Tiwari et al., 2002).
Most molecular marker techniques are applied to evaluate
genetic diversity and association analysis for germplasm
conservation and variety improvement (Agarwal et al., 2008).
Morpho-chemical traits and molecular markers are key source
of germplasm diversity estimation (Mars and Marrakchi,
1999; Jalikop, 2010); moreover, molecular linkage based
association analysis has been successfully utilized in variety
improvement program in fruits of arid zones like
pomegranates (Jalikop, 2010). Biological and genetic
improvement of plant germplasm could be achieved from
vegetation growing in diverse agro-ecological conditions.
Morpho-chemical diversity in Salvadora germplasm was
previously verified, however, molecular based diversity
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estimation and conservation has potential to prevent complete
elimination of this highly useful halophyte (Arora et al.,
2010). The isozyme detection and molecular analysis were
carried out to estimate morphological and molecular diversity
in plants. DNA markers are being successfully used to know
the basis of genetic mechanisms and gene sequencing for
advance breeding programs (Pritchard et al., 2000). Allelespecific and co-dominant molecular markers (SSR) are most
reliable source to detect molecular diversity and relationship
of organisms, used in breeding and variety improvement
program (Zhang et al., 2008). Three group of pistachio
germplasm diversity were confirmed using seven AFLP
primers which provided useful information in variety
improvement and sustainable conservation of pistachio in
Syria (Basha et al., 2007). Genetic distance in Bread fruit
germplasm was measured to improve effective breeding (Ravi
et al., 2011) studied the molecular basis of drought tolerant
linked traits in groundnut. These informations could
successfully be utilized in breeding of endangered minor
fruits like Salvadora to sequence the drought and salinity
resistant genes.
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