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Preface

Our planet is burning, and all living beings are under threat. The thresholds like sea
level rise and Arctic sea ice loss have already been crossed. The academicians keep
on talking about priority areas for global action, but few successful actions have
been taken. Today, we see that climate indicators have worsened, in spite of the
pandemics. The world population has reached nearly 7 billion, 1/6 of the population
of our Earth lives in the arid or/and semi-arid areas. The global problems are
expected to come to the forefront because of the activities of living beings living
under these conditions. An immediate action is needed because we see droughts,
heatwaves, wildfires, storms, and floods. There is need for mitigation of destructive
weather events. We must look for acceptable climate restoration before 2050. If we
want to save all living beings, we must learn to use resources efficiently, develop
and adopt alternative sources so as to get significantly positive results by 2050. The
success depends on the stringent protection and restoration of our ecosystems. The
carbon-accumulating systems such as forests, wetlands, and grasslands should be
protected from degradation. The success in this connection will depend on address-
ing simultaneously the climate change and biodiversity loss rapidly. The urgent
areas for action include nature, food, population, energy, pollutants, and economy.
This will be an opportunity for humanity and the resilience. Food production must
be arranged in such a way that we succeed to enhance regional self-reliance.

The food systems running successfully depend much on locally available foods,
their varieties, as well as traditional and modern systems. Humanity is facing an
unprecedented challenge in the globalization of food production and supply. These
are a must in the health and well-being of Asian as well as African populations. The
simplification of diets could help much in the transitions in food insecurity and
nutrition, as these contribute to the emerging epidemics of non-communicable dis-
ease. In order to increase regional productivities, for improving food production we
have to promote agroecological practices, intensive fertilizer/pesticide use should
be reduced, and depleted soils and degraded lands should be restored. The innova-
tions supporting greater well-being on lighter footprints are to be followed. In order
to control agricultural emissions, the best way is to use less fertilizers. The timings
of application should be organized and smaller amounts used during the annual
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growth cycle. For biodiversity safety as well as production, very few ecosystems are
sustainably managed. The interdependent ecosystem services like pollination, natu-
ral flood control, and water purification have suffered seriously and only few eco-
system goods and services are now available to our “biosystems.” The human
population outburst has destroyed 83% of wild animals and 50% of biomass. In
order to protect our intact ecosystems, biodiversity, structural complexity, soils,
mycorrhizal associations, plants, lichens, insects, and others, a nature-based solu-
tion like reforestation is needed which can protect humanity. If we cross the global
aim of protecting an effective land-water percentage by 2050, much of our biodiver-
sity can be restored safely. The global ecosystems will show a stability. Protection
as well as restoration of forests as well as other ecosystems will prove highly benefi-
cial. A large-scale conservation is needed for the recovery of natural habitats in
order to get enough resilience for supporting the survival and migration of biodiver-
sity, including humans. There is an urgent need for “reduction-removal-repair
(restore).” This has to be applied at all levels from our homes to the global level. The
habitat transformation needs to be reduced even stopped because big natural solu-
tions are required for restoration of abandoned farmland soils for food systems.

Following much improvement in the nutrition levels, number of undernourished
people globally has started to go up again. The droughts are affective and will affect
food production at all levels. Reports mention that food production will increase by
2050. However, the current affects are already beyond the levels complying with
planetary health goals. An overuse of lands is degrading our soils, the fertilizers will
soon become scarce and costly; if our business continues as usual, food production
up to 2050 will be insufficient. Approximately 3 billion people can continue to live
sustainably with the current production and consumption and a balanced diet. If we
move to plant-based dietary ways, these will provide greatest benefits from under-
utilized food systems. For food security, mitigation of climate change, and safety of
our biodiversity, soil protection practices should be followed and prioritized follow-
ing regenerative agriculture. In Asia and Africa, low yields suggest potential for
productivity gains, but the soil needs replenishment of nutrients removed by the
crops grown, big irrigation investments, as well as widespread fertilizer use. Most
crucial elements of food system transformation are the shifts in production in the
form of high-impact foods, e.g., animal products to low impact foods like underuti-
lized crops may prove helpful to a large extent. An urgent action is required across
the entire global food system simultaneously on many fronts for a convergence of
various resource limits and environmental crises. We get services of immense eco-
nomic value from Earth’s natural capital as well as the biodiversity it supports.
These also provide critical sources of food and medicine. Protection and restoration
must be the core strategy of economic development and climate action in order to
prevent early collapse of ecosystems and dependent economies. This is needed
because of the immense ecological and economic returns of protecting what’s left
and restoring natural capital and ecosystem services as these are the need of the day.
The vast ground saline water or seawater resources can be used for the production
of economically important crops from the indigenous plants distributed in coastal
and inland salt marshes and dry lands.
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“Halophytes” are known as plants naturally equipped with the mechanisms to
survive under highly saline, arid conditions and produce high biomass. These
include salt-tolerant plants: Hygrohalophytes and Hydrohalophytes include plants
in salt marshes, Xerohalophytes comprise salt-desert species, Psammohalophytes
cover sandy habitat taxa found on littoral or inland sand dunes, and Xerophytes
include desert species suspected as halophytes. These ecological types are based on
the habitats where they are distributed. Their habitats too are expected to get severely
affected by the foreseen climate trends in the future, potentially more acceleration
will be observed and negative changes in the distribution and abundance of some
endangered halophytes can be expected.

The halophytes can be evaluated as medicinal plants, in the production of edible
and essential oils, fodder, and forage because they hold great potential. There is
aneed to study to development of coastal salt deserts into man-made ecosystems for
agricultural productivity. Several medicinal/aromatic plants can be cultivated easily
on slightly saline-alkaline soils using seawater irrigation. Many salt-tolerant plants
can be domesticated for better economic returns. Halophytes can counteract adverse
environmental affects like climate change, marine discharge waters, ecosystem res-
toration, and the enhancement of primary productivity. It is now well known that
conventional agriculture cannot be a solution for food security. Halophytes are natu-
rally equipped with the mechanisms to survive under highly saline and arid condi-
tions and produce high biomass, which could be used as fodder, forage, medicine,
edible oil, and in some cases as food for humans. Halophytes are an intriguing
ecological group of plants that could be approached for a better understanding, only
in an integrated manner, by interdisciplinary and multidisciplinary studies. Each
topic has been examined in a comprehensive way, presenting relevant knowledge
about halophytes. These plants can contribute to food security and dietary quality.
Today, humans are exposed to new health challenges due to ecosystem degrada-
tions, dieting simplifications, and species loss, and the knowledge about them is
getting lost too. Several underutilized plants are rich in nutrient quality, including
foods which reduce the risk of several diseases. In order to improve their livelihoods
and offer nutritional and cultural benefits, small-scale farmers can manage and use
wild biodiversity.

The information pooled up in this book will demonstrate the relationship between
biodiversity and nutrition, convincing decision-makers about the validity of food-
based approaches to health. The data available on the mechanisms of action of halo-
phytes give a perspective on their contribution to the health of individuals from
biomedical point of view. However, such data are minimal for many species.
Currently, an analysis of composition, digestibility, and safety food function holds
high priority. The under-investigated wild foods deserve much attention for basic
characterization and for ecological, agronomic, and marketing purposes. In order to
support the biodiversity use for health purposes, successful interventions are
required. These should be considered at multi-sectoral, multidisciplinary levels and
must be problem focused. For resolving health problems related to malnutrition, we
must first accept the dietary diversity as a fundamental, cost-effective, and sustain-
able way. For ensuring environmental sustainability, including a reverse in the loss
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of environmental resources, biodiversity has an important role in addressing the
goal of eradicating extreme poverty and hunger together with others related to health.

In Asia, nearly 260 million indigenous communities are living in 17 countries.
The bio-cultural treasure of the continent is maintained by these people. This trea-
sure includes foods and medicines of direct importance to human well-being. In
addition to medicinal uses, the large number of species that are consumed as part of
traditional diets and their contributions to health stand out. The recently emerged
pandemic of “Coronavirus” has led to mass mortalities. There are plant-based bio-
molecules which can be effective alternative medication for various diseases. Herbal
medicines can overcome the drawbacks associated with synthetic drugs, in the man-
agement of neurodegenerative disorders.

This book is of great significance in developing awareness about the beneficial
utilization of halophytes as a potential solution to the food security of people in the
salt-effected areas with a focus on the details related to the themes like; introduction
covering information on the saline — alkaline areas, morpho-anatomical characteris-
tics of these plants, their floristic, syntaxonomical/ecological features supported by
the panoramic views of saline habitats in Chap. 1. In Chap. 2, details on some rep-
resentative medicinal halophytes have been dealt with as these play an important
role as therapeutics. The phytochemistry and biological activity of representative
species have been summarized in Chap. 3, which confirms their nutritional and
medicinal importance for being a rich source of vitamins, antioxidants, primary/
secondary metabolites, minerals, and fibers. The fourth chapter presents ethnic
aspects and their importance in the economy. The last chapter includes concluding
remarks and future prospects related to the halophytes.

This group of plants is an underutilized one but has the potential to serve as an
alternative food source which can reduce pressure on conventional cropping sys-
tems, restore the degraded lands, and serve as a source for economically useful
therapeutics.

The global society is at a highly critical juncture, and we have to decide how we
can reach the goal. We hope the readers will make use of this book for finding inno-
vative and necessary models to achieve food security in dry lands. It discusses
important medicinal aspects related to the halophytes, adds to the understanding of
halophytes’ significance for food security, as well as the economy of dry regions.
We hope if this book is evaluated thoroughly by the saline research institutes, indus-
try, and others for a proper utilization of this plant group, it could be a blessing for
dry lands together with health as well as food security. We believe this book will
further open new perspectives in the research on halophytes. It is expected to sup-
port decision-makers globally at different levels in implementing the urgent food
systems by 2050.

Izmir, Turkiye Munir Ozturk
Hatay, Turkiye Volkan Altay
Islamabad, Pakistan Moona Nazish
Islamabad, Pakistan Mushtaq Ahmad

Islamabad, Pakistan Muhammad Zafar



Acknowledgment

Authors of this book are highly indebted to several colleagues for sharing the origi-
nal photographs of some halophytes. These are: Prof. Bilquees Gul from Prof.
Ajmal Khan Halophyte Centre (Pakistan), Prof. Kristina N. Toderich (Uzbekistan-
Japan), Dr. Hadi Pirasteh-Anosheh (Iran), and Prof. I. Faridah-Hanum (Malaysia).
From Turkiye, many young colleagues helped us by providing their original photo-
graphs, and they are Mustafa Keskin, Aykut Giivensen, Giil Nihan Tug, Ahmet
Emre Yaprak, and Giil Ayyildiz. Dr. Khafsa Malik (Pakistan) too has helped us in
certain aspects.

The motivation from IPBES mail messages inspired us greatly to work on this
book. The editors would like to express their special thanks to them.

The success in the preparation of this volume depended largely on the encour-
agement from the Springer team, who were patient enough to accept our delay in the
completion following pandemic. Our greatest appreciation goes to this team.

ix



Contents

nm A W N =

Introduction. . ... ... ... .. 1
Some Representative Medicinal Halophytesin Asia . ............. 41
Phytochemistry and Biological Activity in the Halophytes. ........ 149
Ethnic Aspects of Halophytes and Importance in the Economy. . . . . 173

Concluding Remarks and Future Prospects. . ................... 199

xi



About the Authors

Munir Ozturk (PhD, DSc, FIAS, FFPAS) has served as chairman of the Botany
Department and founding director of the Centre for Environmental Studies at
Ege University, [zmir, Turkiye, including 50 years of teaching and other services in
different positions. He has received the fellowships from Alexander von Humboldt,
JSPS-Japan, and National Science Foundation of the USA. He has served as a con-
sultant fellow in the Faculty of Forestry at Universiti Putra Malaysia, Malaysia, and
as distinguished visiting scientist at the International Centre for Chemical and
Biological Sciences, Karachi University, Pakistan. His fields of scientific interest
are biosaline agriculture and crops, plant eco-physiology, medicinal and aromatic
plants, conservation of plant diversity, as well as pollution and biomonitoring. Dr.
Ozturk has published more than 50 books, 80 book chapters, and more than 200
papers in journals with impact factor. He has also been guest editor of 13 journals.

Volkan Altay (PhD, DSc) is a full professor in the Biology Department, Faculty of
Science and Arts, Hatay Mustafa Kemal University, Turkiye. His fields of interest
are: plant ecology, vegetation ecology, taxonomy, biodiversity, biomonitoring and
pollution, and sustainable use of medicinal plant resources. He holds a proven track
record of nearly 100 publications in highly reputed professional journals, and has
also published 5 books with Springer, nearly 45 research articles in impact factor
journals, more than 40 book chapters and reviews, and more than 70 international
and national congress reports.

Moona Nazish (PhD) is working in the field of biodiversity. She provided the first
draft information on the systematics as well as anatomy, morphology, palynology,
adaptations, and structural strategies of halophytes for this book. Dr. Nazish is a
member of many national and international science journals/societies. She has pub-
lished many research articles in national and international journals, and is serving as
the reviewer of many well-reputed journals. Her research interests include halo-
phytes, medicinal plants, plant systematics, biodiversity, and pharmaceutical and
nutraceutical studies.

Xiii



Xiv About the Authors

Mushtaq Ahmad (PhD) is teaching in the Plant Sciences Department at Quaid-i-
Azam University Islamabad. His specialty is plant systematics and biodiversity, and
identifying wild plant resources as alternative sources for food, medicine, and bio-
mass energy. He has published over 600 papers in impact factor journals, 25 books,
and 17 book chapters. He has been awarded many international and national awards
including top 2% influential scientist of the World (2020) including the Best
Research Paper Award (HEC 2011), Best Book Award (HEC 2013), and Gold Medal
by Pakistan Academy of Sciences (2011). He is member of many international and
national academic bodies.

Muhammad Zafar (PhD) is an assistant professor in the Department of Plant
Sciences, Quaid-i-Azam University, Islamabad, Pakistan. He is working in the field
of medicinal plants, plant biodiversity, and renewable energy. He is also the founder
of first nutraceutical and traditional medicinal plants and biofuel/biomass energy
laboratories at Quaid-i-Azam University and has published 23 books, several chap-
ters in the field of medicinal plants/biodiversity and energy technology, and 400
research papers in impact factor journals. The Ministry of Science and Technology
and Pakistan has awarded him a gold medal and productive scientist award. He is a
member of many societies and associate editor of various journals.



®

Check for
updates

Chapter 1
Introduction

1.1 Introduction

We come across diverse ecosystems spread over varying habitats, at different alti-
tudes, and climatic features in the Asian continent, with reasonably good impact on
its biodiversity which is representing reasonably rich plant diversity. There are vari-
ous combinations of biomes differing in their biodiversity which includes thousands
of plant taxa and high endemics (Ozturk et al. 2021a, b, 2022; Malik et al. 2021).
There are 10 biodiversity spots in the continent out of global 34 international biodi-
versity hotspots (Malik et al. 2021). An occurrence of 42 plant families points out
that 40% of global plants are distributed here, 1500 genera being endemics
(Raghunandan and Basavarajappa 2014; Malik et al. 2021).

The number of biomes too is on the whole very rich here, because its landscape
shows similar combinations of climate, vegetation, and animal life (Egamberdieva
and Ozturk 2018; Ozturk et al. 2021a, b). The major vegetation types are based on
the richness and type of each regional flora, showing parallel variation with changes
in precipitation and temperature. We find a full spectrum of vegetation from tundra
to tropical rainforest, with a typical latitudinal distribution pattern (Majumder et al.
2013; Malik et al. 2021).

The subpolar climate occurs in the north of Asia, covered by tundra vegetation
full of mosses, grasses, and other small plants (Park and Sohn 2010; Malik et al.
2021). The tundra gives way to the taiga when one moves further inlands from the
Arctic coast. This is followed by vast forested regions of conifers such as spruce,
larch, and fir. The taiga mixes with broadleaved tree forests in the south together
with a mixed forest of broadleaved as well as needle-leaved trees. In the interior
parts of northern areas, the forests merge with vast grasslands, dominated by short,
steppe grasses. The semiarid or desert vegetation is mostly covering the larger area
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2 1 Introduction.

of southwest Asia and interior parts. The other vegetation types and short grasses
require minimum precipitation, which are surrounded by many barren deserts
(Harrison et al. 2001; Malik et al. 2021). The semiarid tropical vegetation is distrib-
uted mainly in the eastern parts of South Asia and tropical rain forests dominating
the south coastal strips of Sri Lanka (Shuyu and Zhe 2004; Malik et al. 2021). In the
coastal strip of the mainland of Southeastern Asia, we come across tropical forests,
extending up to south China. The temperate forests are distributed on the north side
with chaparral vegetation covering the Bo Hai Gulfs, which is full of up to 5 m tall
woody shrubs. Palestine, Israel, Jordan, Lebanon, and Turkiye form the west Asian
side which is rich in maquis and phrygana resembling chaparrals (Malik et al. 2021).

The flora generally consists of: trees and shrubs (Altay et al. 2012b; Karahan
et al. 2015; Ozyigit et al. 2015; Sezer et al. 2015; Altay 2019; Rajpar et al. 2020;
Ozturk et al. 2017a, 2021a, b, 2022), orchids (Ozturk et al. 2021a), crop species
(Hameed et al. 2017; Igbal et al. 2018; Kafi et al. 2018; Sardar et al. 2018; Mercimek
et al. 2019; Raza et al. 2019; Taspinar et al. 2019; Mushtaq et al. 2020; Ayub et al.
2021; Haq et al. 2021; Ozturk et al. 2021c; Shahrasbi et al. 2021; Hocaoglu-Ozyigit
et al. 2022), garden plants (Osma et al. 2010; Altay 2012; Eskin et al. 2012; Altay
et al. 2015a), ferns, bryophytes, and lichens (Ozturk et al., 2018a, b, 2021a, b),
grasses, weeds and ruderals (Yarci et al. 2007; Karahan et al. 2012a, b; Yarci and
Altay 2016; Altay and Karahan 2017b; ur Rehman et al. 2020; Ozturk et al. 2012a,
2021a,2022; Altay etal. 2010a, b, 2011, 2012a, 2015b, 2020), native taxa (Severoglu
et al. 2011; Tarakg¢1 et al. 2012; Imanberdieva et al. 2018a, b; Ozturk et al. 2021a,
2022), endemics and relicts, some endangered and/or extinct species (Eskin et al.
2013; Eroglu et al. 2014; Altay et al. 2013, 2016a, b, 2017; Ozturk et al. 2020,
2021a, 2022), and medicinal-flowering plants (Altay and Celik 2011; Altay and
Karahan 2012, 2017a; Altay et al. 2015c; Letchamo et al. 2018; Pleskanovskaya
et al. 2019; Masoodi et al. 2020; Younessi-Hamzekhanlu et al. 2020; Malik et al.
2021; Ozturk et al. 2012b, ¢, 2017b, c, d, 2018c, d, e, f, 2021a, 2022).

Saline regions are among the great contributors to biodiversity worldwide. The
varied gradients in saline areas require specialized plant species such as halophytes,
which represent great diversity of the habitats where they grow and are salt tolerant.
Later represent the characteristic vegetation of the “halobiome,” an ecologically
special situation. The continent under question is a global plant diversity paradise
(Malik et al. 2021; Ozturk et al. 2021a, 2022). The halobiome distributed here
deserves high priority in conservation practices (Ozturk et al. 2014a, 2016, 2018g,
2019a, b, 2021a; Altay and Ozturk 2012, 2021; Caparro6s et al. 2022).

1.2 Saline: Alkaline Areas of Asia and Halophytes

Salinity is the central character of semi-arid and arid environments in the world. It
is the major cause of land degradation resulting in an economic loss in such regions
(Wang et al. 2018). Sandu (1984) has given the definition of saline soil as “the soils
affected by the minerals present in the upper layers of the water table or by the high
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contents of soluble salts in profile or by the sodium amount in colloidal complex.”
The salinity of soils is closely related to their aridity, and such regions are increasing
day by day due to the weathering of rocks, upper surface evaporation, low precipita-
tion and irrigation with saline waters. Nearly 50% of the globally occurring arid
regions are expected to become more saline by 2050 (Shrivastava and Kumar 2015).
Globally, many chemical and biological processes and land degradation have
resulted in the harmful effects on natural resources during the last century. Salinity
is the main cause of threats to natural resources and human health in many countries
(Patel et al. 2011).

The area of saline lands in the world is around 6.5 million ha, while 2 million ha
are moderately saline. These lands face an important constraint in irrigated agricul-
ture affecting almost 7% of the total land area or more. Currently, more food is
required for the our growing population and reclamation of saline lands by making
these fertile is not the potential but a need. We have to utilize these resources for the
cultivation of cash crop salt-tolerant plants (Flowers and Colmer 2008). We come
across such lands in several continents including Asia and large regions in many
Asian countries are facing severe salinization such as Pakistan and India (Khan and
Qaiser 20006).

Pakistan is number eight in terms of saline lands (Corbishley and Pearce 2007).
The soil in the deserts and salt ranges of Punjab are salt-affected due to the presence
of sodium and potassium chloride, calcium sulfate and sodium bicarbonate. The
species such as Chenopodium album, Suaeda fruticosa, Salsola kali, and Tamarix
aphylla are the most common halophyte taxa distributed on these saline areas,
resulting in micro-edaphic arrangements. The coastal areas in the plains of Sindh
and Balochistan show a rich diversity of halophytes. The deserts in Punjab and
Potwar plateau are also the centers of halophytic plant taxa. The Punjab Salt Range
is spread over the Mianwali, Jhelum, Chakwal, Khushab, and Attock districts. The
two hill tracts in the salt range run parallel from east to the southwest. We find sev-
eral salt and brackish water lakes in the Range of Punjab and Sindh such as Khibbiki
Lake near Soon valley, Uchalli Lake near Sakesar mountain and Hadero Lake, all
showing a variety of halophytes.

In India, out of 9.38 million ha of salt-affected soil 5.5 million ha are saline.
Salinity-covered areas in the country are Nicobar and Andaman Islands in the east,
Gujarat in the west, Kanyakumari in the south, and Ladakh in the north. The semi-
arid and arid regions in Uttar Pradesh, Haryana, Gujarat, and Rajasthan are poor in
fresh waters. The extremely salted groundwater is the only water source in these
regions.

In Turkiye, the saline areas are represented by the inland and coastal halophytic
areas. The coastal saline habitats are located mainly alongside the Aegean, Marmara
and Mediterranean Sea coasts. Central Anatolia is the center of inland saline habi-
tats, which shows great halophytic diversity due to the several salt lakes such as
Seyfe, Tuz, and Kayseri Lakes.

In the Arabian Peninsula, Gulf has the significant submerged coastal halophytic
vegetation. The Aralo-Caspian, Central Iranian, Armenian and Azerbaijani areas
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linked to Iran, and the Persian Gulf are the four significant distribution habitats for
halophytic species in Irano-Turanian regions of Iran. The vast desert regions in the
southwest are the center of halophytic flora in Iraq, while in Israel, the saline regions
are located in Sede Boger in the south, Jordan valley in the east, and Negev in
the west.

The Huang Ho valleys and Huai and Hai rivers in north China are salt-affected.
The saline and arid areas of Afghanistan lie in the southeast and southwest such as
Registan, Dashte Margo and Seistan.

Halophytes in the Asian constitute comprise nearly half of the halophytic fami-
lies and taxa recorded globally. Approximately 1 billion ha of the land in the world
is salt-affected but the deserts in Asia constitute a major portion of this area, as it
includes different countries, namely, Pakistan, Oman, Iran, Iraq, Israel, Afghanistan,
China, India, Jordan, Turkiye, and Yemen. The continent on the whole is mostly
semi-arid and arid having sandy and gravel deserts. In Iran, the central plateau is
mostly arid. The majority of the deserts are saline with salt flats. Most of the regions
of Asia are arid instead of having great resources of water (Ghazanfar et al. 2014).
The Euphrates and Tigris rivers flowing through Iraq and Turkiye are important for
agriculture in these countries.

Scientists have been studying at length during the last 15-25 years, the distribu-
tion of halophytes and their evaluation for food production in semi-arid and arid
parts of the world, using salt water for irrigation. The availability of resources of
fresh water is scarce in these countries and reserves of salt water are huge (97.47%)
(L’vovich 1974). In the 1960s, interesting experiments have been carried out in
Israel on the irrigation of plants using seawater. These studies have attracted a great
attention of scientists towards the halophytes in saline soil of the semi-arid and arid
zones. In view of the global significance of halophytes which has come to the fore-
front lately, the IAEA has started the research project entitled “Sustainable Use of
Saline Groundwater and Wastelands for Plant Growing” in Pakistan, Iraq, Egypt,
Germany, Italy, Algeria, Morocco, Jordan, and Syria. These countries are sharing
their collected data from the national programs on halophytes. The member coun-
tries of this project are utilizing the halophytic sources for the betterment of their
economy and to convert the saline wastelands into halophyte cash crop lands utiliz-
ing saline waters. Israel is among the largest exporters of ornamental salt-tolerant
taxa with an annual profit of $90 million (Shamsutdinov et al. 2017). The faming of
halophytes in Asia can help in solving the multidimensional issues such as environ-
mental reclamation, soil fertility, agricultural production, and economy in under-
developed arid regions (O’Leary 1985). Landscape implimentations using salt
tolerant species results in controlled climatic conditions, reduced negative effects on
environment and more economic benefits. Arid and hot areas in different countries
of Asia with limited potable water resources can earn profit by promoting a national
program on the production of ornamental and halophytic crops (Shamsutdinov and
Shamsutdinov 2002).
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Regulation of the tissue-salt concentration relationship in halophytes may cause
specific changes at cell, tissue and organ levels through different mechanisms and
species-specific morpho-structural and eco-physiological changes (Koyro et al.
2008; Rancic et al. 2019). Adaptation features of the salt-tolerant plants against the
current high salinity conditions of the environment are considered as “xeromorphic
adaptations” (Rancic et al. 2019). Among these features, the presence of waxy epi-
dermal cuticle and sclerenchyma are accepted as to minimize water loss from plant
tissues, the presence of well-developed bulliform cells in leaves, and also the den-
sity of trichomes in leaves are some prominent morpho-anatomical features in this
connection (Koyro et al. 2008; Flowers et al. 2010; Rancic et al. 2019).

The studies on the halophytes at morphological level reveal that the leaf
organ can negatively affect leaf size in proportionality to salinity by providing a
water-saving advantage. It has been reported that mangroves develop smaller
leaves as salinity increases and stomata density and size, which are critical in
controlling water loss in leaves under conditions of salt stress, generally tend to
decrease (Omamt et al. 2006; Maricle et al. 2009; Hameed et al. 2010a, b; Reef
and Lovelock 2015; Akcin et al. 2017; Rancic et al. 2019). Conversely, where
stomatal density is high, the stomata are smaller and embedded in small-sized
leaves, if the stomata are not embedded, guard hairs usually predominate on the
leaves (Reef and Lovelock 2015; Rancic et al. 2019; Grigore et al. 2014;
Grigore 2021).

Existing trichomes, especially on the leaf surfaces of some halophytes, distrib-
uted in coastal habitats, have also been observed to be of functional importance such
as reducing transpiration as well as providing a protection from sea water droplets
(Grigore et al. 2014; Grigore 2021).

The bulliform cells present in halophyte taxa belonging to some families such as
Cyperaceae, Juncaceae and Poaceae play a great role in the rolling of leaves and
prevent excessive sweating. From an ecophysiological point of view, this provides
an advantage of being able to cope with the physiological drought caused by the
salinity in the xeromorphic leaves (Stevanovic et al. 2010; Grigore et al. 2014;
Grigore 2021).

In the investigations carried out by different researchers, high salinity in terms of
morpho-anatomical features often causes significant changes in the structure of a
leaf such as organization and distance between vascular bundles, diameter, and
number of xylem veins (Reef and Lovelock 2015; Al-Taisan and Gabr 2017; Akcin
et al. 2017). It may also cause a decrease in xylem vessel diameter, especially with
increasing salinity levels (Akcin et al. 2017).

Another morpho-anatomical feature seen in halophytes is the presence of
mucilage, which represents a special case conferring the plant’s an ability to over-
come physiological drought in existing environments, particularly on high saline



6 1 Introduction.

habitats. This feature increases the tissue capacity of halophytes due to their
hydrophilic properties, allowing more water to be stored in their body (Clarke
et al. 1979; Ghanem et al. 2010). Many studies by different researchers have
reported that the mucilage content increases due to salt stress in the vegetative
parts of halophytes such as Kosteletzkya virginica, Limonium spp., Salicornia
brachiata and Suaeda maritima (Batanouny et al. 1992; Ghanem et al. 2010;
Jaiswar and Kazi 2016).

Although it generally varies according to the ecological conditions of the envi-
ronment and the plant species, the salt content in the vegetative organs of halo-
phytes increases with aging and can reach toxic levels. Therefore, the salt-tolerant
species tend to increase the water content in their tissues and/or decrease the salt
concentration (Dajic 2006). Considering these features, one of the adaptive mech-
anisms frequently seen in halophytes is leaf and stem succulence. This represents
the dilution mechanism in halophytes and provides an advantage in reducing the
negative osmotic and toxic effects of salt ions (Waisel 1972; Flowers and Colmer
2008; Hameed et al. 2010a, b; Rancic et al. 2019). The succulence present in some
characteristic succulent halophytes thriving in the arid environments is induced
by the deposition of salts in the cytoplasm, leading to an increase in the osmotic
concentration of the cell sap and allowing these plants to easily absorb the saline
water. The concentration of salt ions in the cell sap can be much higher than in a
soil solution. In addition, water storage allows for greater water uptake and dilu-
tion of salts accumulated in the vacuole, which covers more than 70% of the
parenchymal cell (Hajibagheri et al. 1984; Youssef 2009; Hameed et al. 2010a, b;
Rancic et al. 2019).

Apart from the strategy of succulent halophytes to dilute excess salts in photo-
synthetic tissue, another group of salt-tolerant species has evolved the strategy of
salt excretion by specialized structures of the aerial organs, and this plays an impor-
tant role in removing salts from buds and young stems (Rancic et al. 2019). Such an
excretion is the mechanism typical for plant taxa which develope special features,
mostly localized at the leaf and epidermis-the salt glands, salt hairs or salt bladders
(Fahn 1988; Rancic et al. 2019). These structures are a key trait of salt-excreting
plants, the so-called crynohalophytes. Such halophytes are represented globally by
nearly 370 species (Yuan et al. 2016). Excess salt is released through the leaf cuti-
cle, by dissolving in the guttation fluid or by exclusion via special secretory struc-
tures (Stenlid 1956; Rancic et al. 2019). About half of all halophytes possess salt
bladders or salt glands (Flowers et al. 2010; Rancic et al. 2019; Grigore 2021),
which shift ions from leaf tissues to leaf surfaces, where saline solutions crystallize
and can be blown away by wind or washed away by rain (Rancic et al. 2019). In
some halophyte taxa, the crystallized salts remaining on the leaf surface provide a
reflective coating protecting the leaves from strong sunlight; sharp salt crystals also
provide an important advantage in terms of serving as a mechanical deterrent for
herbivores (Dickison 2000; Rancic et al. 2019).
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Salinity also induces changes in root morphology and anatomy (Hameed et al.
2010a, b). Halophytes usually develop many shallow roots. If growing in muddy or
loose sandy soil, like some mangrove species, they can develop many stilt or prop
roots from the aerial branches of the stem, or a large number of adventitious root
buttresses from the basal parts of tree trunks, which provide sufficient support to the
plants. Mangrove halophytes have stilt roots developing from stem branches or
underground roots, necessary for efficient anchorage in muddy or loose sandy soil
(Hameed et al. 2010a, b; Rancic et al. 2019; Grigore 2021).

The root of a typical halophyte has a well-developed cork and a lacunar primary
cortex with sclereids and secretory cells and well-developed mechanical and vascu-
lar tissue. The anatomical characteristics of the roots of saline desert plants is a
reduced cortex, which shortens the distance between the epidermis and vascular
bundle in the central part of the root (Dajic 2006). In the roots of halophytes, the
endodermis represents a significant barrier controlling salt penetration into the plant
body. It plays a crucial role in salt exclusion from the inner tissues, suberization of
the exodermis and endodermis is also evident (Dajic 2006; Ding et al. 2010;
Krishnamurthy et al. 2014; Reef and Lovelock 2015; Rancic et al. 2019). It has been
shown that the Casparian strip of the root endodermis of halophytes is usually much
wider (Schreiber et al. 1999; Grigore and Toma 2010; Shabala and Mackay 2011;
Rancic et al. 2019; Grigore 2021).

Aerenchyma is well expressed, especially in the underground vegetative organs
such as rhizomes and roots. The aerenchyma tissue is found in halophytes in rela-
tion to water logging or flooded saline habitats (Flowers and Colmer 2008; Hameed
etal. 2010a, b; Rancic et al. 2019), where the plants are subjected to hypoxia or even
anoxia and have to store oxygen in the root aerenchyma (Schulze et al. 2005; Rancic
et al. 2019). The soil in coastal regions is low in oxygen and to compensate for the
lack of soil aeration, plants develop negatively geotropic breathing roots called
pneumatophores. The cortex of pneumatophores is made of aerenchyma with large
air chambers which are in contact with numerous lenticels on the root surface. These
“breathing pores” enable gaseous exchange in poorly aerated soil, and prominent
aerenchyma enclosing large air cavities inside the roots help in the conduction of air
down to the subterranean or submerged roots (Reef and Lovelock 2015; Rancic
et al. 2019).

Palynological studies too are important as these reveal the taxonomic status
of flowering plants (Ozturk et al. 2013, 2014b; Altay et al. 2018; Bahadur et al.
2018; Khan et al. 2018). Therefore, such studies are needed to detect and distin-
guish the taxonomic positions of halophytes at species and genus level. The
palynological evidence plays an important role in distinguishing and identifying
closely related taxa by providing valuable information about them (Quamar
et al. 2018).
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1.4 Floristic, Syntaxonomical, and Ecological Features

1.4.1 Floristic Features

Saline soils play an important role as significant ecological entities in many semi-
arid and arid landscapes. Halophytes have been able to perform function medici-
nally as well as a great feed due to their morphological, physiological and ecological
characteristics. Such plants are specifically adapted to the environmental limiting
factors that determine their geographical distribution in arid regions (Walter 1974).

Plants growing naturally in arid and semi-arid areas are affected by salt and are
therefore generally grouped by ecologists as halophytes. These plants are found in
arid and semi-arid areas, although common in coastal habitats, tidal lands, salt
marshes, inland salt lakes and salt deserts, varying according to the ecological char-
acteristics of environment (Flowers and Colmer 2015; Stevanovic et al. 2019). In
addition, the saline habitat plant diversity exhibits different ecological abilities at
the molecular, cellular and tissue levels according to their eco-physiological charac-
teristics. This situation has caused each plant to develop its own salt tolerance mech-
anism (Stevanovic et al. 2019). The special salt-tolerant plants, which represent
about 2% of the terrestrial plant species, form an important halophytic flora and
vegetation structure of saline habitats (Stevanovic et al. 2019).

In some characteristic arid and semi-arid regions where terrestrial climatic con-
ditions prevail, different salinity types emerge, which vary depending on the geo-
logical structure and soil properties of the existing area, depending on the ecosystem
formation processes. The best example of this situation is Central Asia, which is an
important biodiversity center for halophytes (Wucherer et al. 2001; Breckle et al.
1998, 2001; Breckle 2021). Breckle (2021) has reported that the fourth largest lake
on Earth started to shrink since 1960. The same author emphasized that today only
small remnants of water bodies are left. The desiccated seafloor is a huge new des-
ert: the Aralkum. Most parts of the Aralkum are saline; thus the region is rich in
halophytes which have migrated from the adjacent areas. The new flora of the
Aralkum is now about 421 species. About 201 species of these taxa show halophytic
features (Breckle 2021).

The majority of the halophytic plants present in Asia belong to the families
Asteraceae, Amaranthaceae, Cyperaceae, and Poaceae. According to Ghazanfar
etal. (2014), Turkiye has the largest number of halophytic taxa followed by Pakistan,
Afghanistan, Yemen, Saudi Arabia, and Oman. The regions of Irano-Turanian
including the western Pakistan and Persian Gulf areas are thought to be the diversity
center of several halophytic Amaranthaceae genera, namely, Caroxylon, Salsola,
Suaeda, Halanthium, Gamanthus, and Kalidium (Akhani 2004).

In the Arabian Peninsula nearly 120 taxa are reported as halophytes, constituting
nearly 4% of the total flora of the Arabian Peninsula (Ghazanfar et al. 2014). In the
southwest Asia, the halophytes represent almost half the number of all taxa (and
families) recorded for the world by Aronson (1989). In the Arabian Peninsula, the
majority of halophytes belong to the families Amaranthaceae, Poaceae,
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Zygophyllaceae, Fabaceae, and Plumbaginaceae (Ghazanfar et al. 2019; Ozturk
et al. 2019a).

High salt-tolerant plants are among the possible options to use salt-containing
soil economically. National development programs with institutional projects need
to be developed in rural areas of Asian countries for the economic use of saline
lands. In Pakistan from 2001 to 2003 WAPDA has carried out a survey on saline
lands and salinity and reported highly saline (7%), medium saline (4%), and slightly
saline (10%) lands out of the total land surveyed. A total number of 410 halophytes
have been reported by Khan and Qaiser (2006). Out of which 274 have great poten-
tial utilization at an economical level. Kokab and Ahmad (2010) also characterized
the ecosystem and potential economical utilization of halophytes in Pakistan.
Prosopis Cineraria, Aeluropus lagopoides, Tamarix alii, and Salvadora oleoides are
the commonly found halophytes in the deserts of Pakistan.

Ozturk et al. (2014a) have reported that a total of 304 halophytic taxa from 50
families belonging to 172 genera are distributed in Eastern Mediterranean countries
(especially Turkiye, Syria, Lebanon, Palestine, and Jordan), which is a typical tran-
sition zone between the Saharo-Arabian desert biome and temperate climates. The
families with the highest number of taxa found here are Chenopodiaceae/
Amaranthaceae (51 taxa), Poaceae (44 taxa), Asteraceae (23 taxa), Fabaceae (22
taxa), Cyperaceae (17 taxa), and Plumbaginaceae (13 taxa), respectively. The gen-
era with the highest number of species are Limonium, Juncus, Atriplex, Salsola,
Suaeda, Tamarix, and Plantago. Also, out of 304 taxa 9 are endemics, and 24 are
rare plants (Ozturk et al. 2014a).

The saline areas in Turkiye mainly include salt marshes, salt steppes, and salt
meadows. Based on occurrence, these can be separated into coastal and terrestrial
areas (Tug et al. 2019). In total, 420 halophytic taxa have been recorded in Turkiye
and out of these 65 are endemics (Yaprak and Tug 2006; Ozturk et al. 2008, 2016).
A total of 47 endemic taxa are distributed around Tuz Lake (Tug et al. 2011).
Salicornia frietagii, Salsola stenoptera, Lepidium cartilegineum subsp. caespito-
sum, and Petrosimonia nigdeensis occur in almost all halophytic habitats of Central
Anatolia. A high level of endemism is especially seen around the southern part of
Tuz Lake, being rich in local endemics as well for example Kalidium wagenitzii,
Hypericum salsugineum, Acantholimon halophila, and Verbascum pyroliforme. A
higher endemic ratio is recorded in the terrestrial salt marshes, compared to the
coastal ones. This is mainly the result of isolation of these areas after the receding
of the Tethys Sea (Tug et al. 2019).

The salt marshes and steppes of Eastern Anatolia in Turkiye have similar species
composition to the salt steppes and marshes of North Iranian area. Atriplex portula-
coides and Salicornia emerici are common coastal salt-tolerant plants in Turkiye.
Artemisia santonicum characterizes the salt marshes of Central Anatolia. In Arabian
Peninsula, the majority of salt-tolerant plants belong to the families of Fabaceae,
Poaceae, Amaranthaceae, and Zygophyllaceae.

Iran has the great diversity of halophytic flora. Akhani (2006) has reported that
nearly 365 species belonging to 151 genera and 44 families are distributed in the
saltine habitats in Iran. Out of these Chenopodiaceae/Amaranthaceae are
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represented by 139 species, Poaceae 35 species, Tamaricaceae 29 species, Asteraceae
23 species, Zygophyllaceae 12 species, and Brassicaceae and Juncaceae, each 10
species (Akhani 2006).

Movsumova and Ibadullayeva (2019) have reported that 287 halophytic species
of vascular plants are distributed in the flora of Duzdag area in Nakhchivan
Autonomous Republic (Azerbaijan). The families here are dominated by
Chenopodiaceae/Amaranthaceae, Asteraceae, Fabaceae, Brassicaceae, Poaceae,
Apiaceae, and Lamiaceae (Movsumova and Ibadullayeva 2019).

In Afghanistan, Salsola rosmarinus is the commonly found halophyte in saline
lands. Halocnemum strobilaceum is the dominant salt tolerant plant of Afghanistan,
North Iran and Central Asia. Aeluropus lagopoides, Anabasis, Alhagi, Haloxylon,
Limonium, and Salsola are other commonly found species (Breckle 2016).

Most of the halophytes belong to the family Amaranthaceae which are dominant
in the halophytic flora of Iraq. Haloxyletum salicornici is the widespread halophyte
of the deserts of Iraq. Peganum harmala and Tamarix passerinoides are the com-
monly halophytes in the saline habitats of Iraq (Ghazanfar 2006a).

According to Saenger et al. (2019), approximately 7% of the global mangrove
area lies in the South Asia (also known as the Indian subcontinent), which hosts 42
species belonging to 22 genera; maximum number of species occurring in the main-
land India (37 species), with a marked decline in numbers with increase in distance
from the continental land mass (e.g., Sri Lanka, the Maldives, and the Chagos
Archipelago) (Saenger et al. 2019).

The information on the number of halophytic taxa and areas of salt-affected soils
present in some Asian countries are summarized in Table 1.1.

1.4.2 Syntaxonomical Features

The high osmotic pressure, ion toxicity, unfavorable soil structure, suboptimal soil
pH and nutrient deficiency are the major factors affecting the halophyte vegetation
(Fiizy et al. 2010; Stevanovic et al. 2019). The vegetation composition in the saline
habitat communities is highly influenced by such factors as soil pH and elevation
(Wanner et al. 2014; Stevanovic et al. 2019). The vegetation in such habitats is very
diverse, complex, fragile, and changing. The vegetational development here too is
affected by several notable important factors such as changes in the intensity of
salinity and moisture. There are several controversial concepts in halophytic vegeta-
tion classification inspite of many years of research. These depend on the classifica-
tion criteria, geographical scale, and research “school” (Stevanovic et al. 2019).
According to Vuckovic (1982) the local soil conditions and hydrological charac-
teristics are the factors responsible for the inland halophytic vegetation which rep-
resents arelevant type of intra-zonal vegetation. We come across high landscape-scale
patchiness and rapid shifts among vegetation types in the inland alkaline and saline
vegetation due to uneven salt accumulation in the soil and water supply. As per
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Table 1.1 Number of halophytic taxa present and areas of salt-affected soils in some Asian
countries

Native vascular Number of halophytic | Salt-affected soil areas (x
Country plants taxa 1000 ha)
China 31,362 587 36,658
Asian Russia 6961 510 170,720
Turkiye 11,000 420 352
Pakistan 6000 410 10,456
Iran 8000 365 27,085
Palestine 2076 300 28
Jordan 2531 263 180
Saudia Arabia 2282 250 6002
Iraq 3300 135 6726
Yemen 2838 120 483
Oman 1239 120 290
Syria 4200 110 532
Bahrain 357 97 6
Afghanistan 5000 96 3103
Kuwait 407 80 209
United Arab 650 70 1089
Emirates
Qatar 379 70 225

Modified from Yensen (2008), Shamsutdinov (2008), Zhao et al. (2011), Nanduri et al. (2019),
Ozturk et al. (2019a), Malik et al. (2021)

Kelemen et al. (2013) and Stevanovic et al. (2019), we observe several tolerance
responses of plant species to salt stress and different human disturbances.

The coastal vegetation in general comprises of marine algal vegetation in the lit-
toral and sub-littoral zones, while the salt and brackish marshes are covered by the
phanerogamic and algal vegetation. According to Stevanovic et al. (2019), the veg-
etation of sand dunes as well as their “slacks” is a specialized vegetation associated
with the drift line; on the shingle beaches the plants occupy coastal cliffs and man-
grove vegetation is met with. The regular flooding at high tide is responsible for the
saline soils on the seashore where salt concentration decreases proportionally to the
distance from the waterline. In accordance with this halophytic species associations
differ in degree of salinity tolerance. These are arranged as strips running parallel to
the seashore; exceptions being the concentric vegetation belts at the shores of salt-
or brackish-water lagoons cut off from the open sea by maritime dunes, which are
relatively similar to the vegetation zones around ordinary lakes (Borhidi et al. 2012;
Stevanovic et al. 2019).

The prominent halophytic communities and main vegetation types in some Asian
countries are presented in Table 1.2.
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Table 1.2 The halophytic communities and main vegetation types in some Asian countries

Countries — vegetation types/plant communities — references
Country: CHINA (Chia-Chi and Tsen-Li 1993)
Mangrove communities

Bruguiera formation

Rhizophora formation
Kandelia formation

Aegiceras formation

Avicennia formation

Sonneratia formation

Nypa formation
Salt bush communities

Tamarix chinensis formation

Tamarix ramosissima formation

Tamarix hispida formation

Halimodendron halodendron formation

Nitraria tangutorum formation

Nitraria sibirica formation

Salt desert communities

Reaumuria soongorica community

Ceratoides latens community

Salsola passerina community

Salsola abrotanoides community

Sympegma regelii community

Ilijinia regelii community

Nanophyton erinaceum community

Anabasis aphylla community

Anabasis salsa community

Anabasis brevifolia community
Saline steppe communities

Aneurolepidium chinese community

Saline meadow communities

Saline meadow of rosette grass

Achnantherum splendens formation

Puccinellia tenuiflora and P. distans formation

Hordeum brevisubulatum formation

Saline meadow of rhizome grass

Aneurolepidium dasystachys formation

Achnantherum hookeri formation

Aeluropus littoralis var. sinensis and A. littoralis formation

Phragmites communis formation

Saline meadow of Cypereous grass

Fimbristylis sericea, and Calystegia soldanella formation

Saline meadow of mixed grasses

(continued)
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Table 1.2 (continued)

Iris lacta var. chinensis formation

Sophora alopecuroides formation

Trachomitum lancifolium and Poacynum hendersonii formation

Glycyrrhiza injlata formation

Alhagi sparsifolia formation

Karelinia caspica formation

Potentilla anserin formation

Polygonum sibiricum var. thomsonii formation

Saline meadow with annual plant communities

Crypsis aculeata community

Suaeda heteroptera community

S. glauca community

S. corniculata community

S. linifolia community

Salsola ruthenica community

Salicornia herbacea community

Salsala ruthenica community

Scorzonera mongolica var. putnatae community

Limonium aureum community
Country: TURKIYE (Tug et al. 2019)
Coastal salt marshes associations

Aeluropetum littoralis

Arthrocnemo glauci — Halocnemetum strobilacei

Arthrocnemo macrostachyi—Halocnemetum cruciati

Bolboschoenus maritimus community

Bupleuro tenuissimi-Inuletum viscosae

Carici extensae-Halocnemetum strobilacei

Cressetum cretica

Cresso creticae-Hordeetum marinae

Elytrigio junceae-Zygophylletum albi

Halimiono-Artemisietum santonici

Halimiono portulacoidis-Junceteum littoralis

Halimione portulacoides community

Juncetum maritimum

Juncetum subulati

Junco littoralis-Tamaricetum parviflorae

Limonio gmelinii-Aeluropetum littoralis

Limonio gmelinii-Juncetum gerardii

Limonio gmelinii-Junceteum littoralis

Plantagini weldenii-Parapholidetum incurvae

Phragmito australis-Juncetum maritimii

Phragmites australis community

Puccinellio festuciformis-Arthrocnemetum perennis

(continued)
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Table 1.2 (continued)

Introduction.

Puccinellio festuciformis-Caricetum extensae

Puccinellio festuformis-Hordeetum marini

Puccinellio festuciformis-Sarcocornietum fruticosae

Ranunculo marginati-Caricetum divisae

Salicornietum ramosissimae

Sarcocornion fruticosae

Spergulario marinae-Halimionetum portulacoidis

Suaedo-Kochietum hirsutae

Suaedo-Salsoletum sodae

Suaedo-Salicornietum patulae

Tamaricetum smyrnensis

Zygophyllo albi—-Halocnemetum cruciati

Terrestrial salt marshes associations

Alopecuretum arundinacea

Bupleuro gracili-Limonietum gmelini

Cardopatio-Juncetum heldreichianii

Cresso creticae-Halocnemetum strobilacei

Eragrostio collinae-Puccinellietum anatolicae

Halocnemetum strobilacei

Inulo aucheranae-Elymetum salsi

Juncetum maritimimum

Lepidio casepitosi-Halimionetum portulacoides

Lepidio caespitosi-Limonietum iconici

Limonio tamaricoidis-Puccinellietum convolutae

Petrosimonietum nigdeenso-brachiatae

Pucciniellio distantis-Juncetum maritimi

Puccinellietum giganteae

Scorzoneretum parviflorae

Sphenopodo divaricati-Halaocnemetum strobilacei

Suaedo anatolicae-Salsoletum nitrariae

Tamaricetum parviflorae-tetrandrae

Salt steppes associations

Achilleo wilhelmsii-Artemisietum santonici

Artemisio scopariae-Peganetum harmalae

Halothamno hierochunticae- Salsoletum incanescentis

Hymenolobo procumbentis-Aeluropetum lagopoidis

Country: KAZAKHSTAN / UZBEKISTAN (Desert Aralkum) (Breckle 2021)

Therophytic plant communities

Salicornia europaea community

Suaeda species (S. acuminata and S. crassifolia) communities

Tripolium vulgare community

Perennial plant communities

Haloxylon aphyllum community

(continued)
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Table 1.2 (continued)

Halocnemum strobilaceum community

Kalidium caspicum community

Limonium suffruticosum community

Open salt deserts communities

Suaeda acuminata community

Petrosimonia triandra community

Climacoptera aralensis community

Salt meadow communities

Phragmites australis-Puccinellia dolicholepis community

Limonium otolepsis-Aeluropus littoralis community
Country: IRAN (Akhani 2006)
Halophytic communities

Juncus maritimus-Aeluropus littoralis community

Halanthium rarifolium community

Suaede arcuata community

Anabasis setifera community

Gamanthus pilosus community

Aeluropus littoralis community

Tamarix ramosissima-Aeluropus littoralis community

Salicornia europaea-Suaeda salsa community

Seidlitzia rosmarinus community

Halocnemum strobilaceum-Halostachys belangeriana community

Salicornia persica-Salicornia europaea community

Seidlitzia rosmarinus and Anabasis setifera community

Suaeda cochlearifolia community

Anabasis haussknechtii, Artemisia sieberi, Launaea acanthodes community

Salsola dendroides, Acroptilon repens, Artemisia fragrans community

Halocnemum strobilaceum, Tamarix aucheriana community

Haloxylon ammodendron, Artemisia sieberi community

Halopeplis pygmaea, Cressa cretica community

Halanthium rarifolium, Halothamnus auriculus community

Anabasis haussknechtii, Salsola tomentosa community

Tamarix, Suaede linifolia, Atriplex verrucifera community

Salsola drummondii, Halocharis sulphurea, Halocnemum strobilaceum community

Tamarix, Climacoptera turcomanica community

Tamarix mascatensis, T. kermanensis, Bienertia sinuspersici community
Country: INDIA (Dagar 1995)
Mangrove vegetation (mangal formation)

Excoecaria agallocha community

Avicennia spp. community

Sonneratia apetala community

Ceriops decandra community
Littoral woodlands

(continued)
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Table 1.2 (continued)

Casuarina equisetifolia community
Coastal salt marshes

Suaeda fruticosa community

Atriplex stocksii community

Salicornia brachiata community

Urochondra setulosa community

Saline sand formations along beaches

Ipomoea pes-caprae community
Inland salt marshes

Suaeda fruticosa-Aeluropus lagopoides community

Haloxylon salicornicum-Salsola baryosma-Sporobolus marginatus community

Sporobolus halvolus-Cyperus rotundus community

Peganum harmala-Eleusine compressa-Sporobolus marginatus community
Country: IRAQ (Ghazanfar 2006a)
Desert and sabkha vegetation

Haloxyletum ammodendri community

Haloxyletum salicornici community

Zygophylletum coccinei community

Seidlitzietum rosmarini community

Halocnemum strobilacei community

Bienertietum cyclopterae community

Country: SAUDI ARABIA

(El-Sheikh and Youssef 1981; El-Sheikh et al. 1985; El-Shourbagy et al. 1987; Mandaville 1990;
Boer and Warnken 1992; Boer 1994, 1996; Shaltout et al. 1997; Chaudhary 1998)

Coastal salt marshes

Suaeda monoica, S. fruticosa, and S. vermiculata communities
Freshwater communities

Tamarix nilotica and Salvadora persica communities

Littoral salt marsh communities

Aeluropus massauensis community

Avicennia marina community

Halopeplis perfoliata community

Limonium axillare-Suaeda pruinosa community

Rhizophora mucronata community

Tetraena coccineum community
Inland sandy saline plains

Caroxylon spp. and Hammada salicornica, associated with Acacia tortilis

Sabkhas vegetation

Seidlitzia rosmarinus community

Tetraena decumbens-Caroxylon imbricatum community

Country: YEMEN

(El-Demerdash et al. 1995; Kiirschner et al. 1998; Al-Gifri and Gabali 2002; Al Khulaidi et al.
2010; Al Khulaidi 2013)

(continued)
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Table 1.2 (continued)

Coastal vegetation

Avicennia marina community

Suaeda vermiculata community

Limonium cylindrifolium-Suaeda fruticosa-Limonium axillare community
Dunes and flat sandy areas

Cyperus conglomeratus/C. aucheri associations

Odyssea mucronata-Suaeda monoica community

Odyssea mucronata-Panicum turgidum community
Sandy-salty depression communities

Urochondra setulosa association, with the codominant Arthrophytum macrostachyum, Limonium
cylindrifolium, and Crotalaria saltiana

Clayey-salty, relatively wet areas communities

Arthrophytum macrostachyum community
Sandy coastal plain communities

Anabasis ehrenbergii-Pulicaria hadramautica-Tetraena hamiense association

Karstic limestone plateau communities

Stipagrostis paradise, Commiphora gileadensis, and Euphorbia rubriseminalis
Coastal dunes

Cyperus aucheri, Coelachyrum piercei, Halopyrum mucronatum, Odyssea mucronata, and
Panicum turgidum

Country: OMAN

(Kiirschner 1986; Heathcote and King 1998; Ghazanfar 1992, 1993, 1995, 1998, 1999, 2002,
2006b; and Ghazanfar and Rappenhoner 1994)

Coastal vegetation

Avicennia marina community

Atriplex-Suaeda community

Limonium axillare-Sporobolus-Urochondra community

Limonium sarcophyllum-Suaeda aegyptiaca community

Limonium stocksii-Tetraena qatarense community

Phragmites australis and Typha spp. communities
Low coastal dunes which receive salt spray

Atriplex farinosa and Suaeda moschata community
Stabilized dunes

Halopyrum mucronatum-Urochondra setulosa community
Saline, silt plains

Arthrocnemum macrostachyum-Suaeda vermiculata community
Shallow sands

Limonium stocksii-Cyperus auheri-Sphaerocoma aucheri community

Country: UNITED ARAB EMIRATES
(Deil and Miiller-Hohenstein 1996; Boer 2002; Boer and Saenger 2006; Brown et al. 2008)

Coastal dunes and sabkhas vegetation

Avicennia marina community

Arthrocnemum macrostachyum community

Cornulaca monacantha-Sphaerocoma aucheri community

(continued)
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Table 1.2 (continued)

Frankenia pulverulenta-Tetraena simplex community

Halopyrum mucronatum, Atriplex leucoclada, and Suaeda aegyptiaca community

Halopeplis perfoliata community

Halocnemum strobilaceum community

Juncus rigidus-Aeluropus lagopoides community

Limonium axillare community

Salicornia perennans community

Seidlitzia rosmarinus community

Tetraena gatarense community
Country: BAHRAIN (Abbas and El-Oqlah 1992; Abbas 2002)
Sabkhas and coastal lowland commnities

Aeluropus lagopoides community

Avicennia marina community

Halopeplis perfoliata community

Sporobolus ioclados community

Tetraena gatarense community

Country: QATAR

(Batanouny 1981; Batanouny and Turki 1983; Babikir 1984; Abdel-Razik and Ismail 1990;
Abdel-Razik 1991; Babikir and Kiirschner 1992; Boer and Al Hajiri 2002)

Coastal littoral plain communities

Aeluropus lagopoides-Tamarix passerinoides community

Anabasis setifera community

Arthrocnemum macrostachyum community

Avicennia marina community

Caroxylon cyclophyllum-Panicum turgidum-Anabasis setifera community

Halopyrum mucronatum-Sporobolus consimilis community

Halocnemum strobilaceum community

Halopeplis perfoliata community

Juncus rigidus-Aeluropus lagopoides community

Limonium axillare, Suaeda vermiculata, and Cistanche tubulosa community

Panicum turgidum and Pennisetum divisum community

Salicornia perennans-Suaeda maritima association

Suaeda vermiculata community

Tetraena gatarense community

Country: KUWAIT

(Halwagy and Halwagy 1977; Halwagy et al. 1982; Halwagy 1986; Omar et al. 2002; Omar
2007)

Coastal vegetation

Salicornia perennans community

Halocnemum strobilaceum community

Seidlitzia rosmarinus community

Nitraria retusa community

Tetraena qatarense community
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1.4.3 Ecological Features
1.4.3.1 Ecological Groupings of Halophytes

The data published by Liang et al. (2017) and Stevanovic et al. (2019) points out
that native flora of saline habitats are the “Halophytes.” They grow successfully in
conditions of 2-6% salts, withstanding even upto 20% soil salt. According to
Hasegawa et al. (2000), Dajic (2006), and Stevanovic et al. (2019) the most typical
features of the saline habitats are the salt-tolerant plants represented by several dif-
ferent species occupying these habitats and these have evolved a range of adaptive
strategies and mechanisms to survive the different levels of salt stress.

Based on salt tolerance, we divide the plants as “euhalophytes (tolerant)” and
“glycohalophytes (sensitive),” with several transitional types such as salt-excreting
plants and salt-avoiding plants, for example as stressed by Voronkova et al. (2008)
and Stevanovic et al. (2019). Just within the same habitat we come across several
different types of salt-tolerant plants, distributed spatially and temporally on local
and specific environmental conditions. The conditions can vary on a very narrow
scale, depending on the composition and concentration of salts in the soil. However,
different sets of soil characteristics influence the distribution pattern of species and
communities (Castafieda et al. 2013; Stevanovic et al. 2019).

We find a range of halophyte species suitable to grow in different saline regions
globally. These are: coastal saline soil, soils of mangrove forests, wetlands, marshy
lands, arid and semiarid regions, and agricultural fields (Kumar et al. 2019). Such
plants do represent an ideal model to understand complex physiological and genetic
mechanisms of salinity stress tolerance. An effective improvement of saline soils is
possible by growing halophytes, as these are well adjusted to the saline environment
because of their diversified adaptation mechanisms such as succulence, osmotic
adjustment, ion compartmentalization- transport - uptake, salt inclusion or excre-
tion, antioxidant systems and maintenance of redox status (Lokhande and
Suprasanna 2012; Kumar et al. 2019).

Lately, halophytes have been identified, classified and studied by many investi-
gators notable among these being von Sengbusch (2003), Devi et al. (2019), and
Kumar et al. (2019). These researchers have reported that halophytes can be classi-
fied on their habitat features as “obligate halophytes,” “optional halophytes,” and
“habitat indifferent halophytes.” Obligate halophytes are specific to saline habitats
and thrive well only in saline environments, e.g., Chenopodiaceae family (Devi
et al. 2019; Kumar et al. 2019). Facultative halophytes can grow on salt-affected
soils, except that their threshold performance is possible only under minimum saline
or no-saline conditions, e.g., majorly Poaceae and Cyperaceae families (Devi et al.
2019; Kumar et al. 2019). Habitat-indifferent halophytes are the ones not neces-
sarily native to saline habitats but are capable of living on such soils. As exotics of
the saline habitats they compete with plants sensitive to salt and under extreme
conditions are capable of salt tolerance (Devi et al. 2019; Kumar et al. 2019).
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Another ecological grouping is the classification of plants based on eco-
physiological features in saline habitats (Devi et al. 2019):

1. Salt-requiring halophytes:

(a) Obligatory: These taxa depend on salts for their growth and survival like
Salicornia sp.

(b) Preferential halophytes: The growth and development are improved in
such taxa in the presence of salts like Aster, Nitaria, and Suaeda species.

(c) Salt-enduring: Enduring a high protoplasmic salt content such as Suaeda
monoica.

2. Salt-resistant halophytes:

(a) Salt-excluding: These accumulate salts in specific hairs; and secrete salts
from their shoots like Atriplex, Aeluropus, Limonium, and Tamarix species.

(b) Salt-evading: Keeping away from the salt uptake; avoid salt transport into
their leaves like Rhizophora species and Prosopis foxia.

In addition to these classification systems the plants distributed on saline habitats
have also been classified into three categories by Rajpurohit (1980):

1. True halophytes show optimum growth only on saline soil (above 0.5%
NaCl level).

2. Facultative halophytes very well growing on saline (at 0.5% NacCl level) soils
vis-a-vis nonsaline soils, behaving as halophytes or glycophytes, respectively.

3. Glycophytes that is the plants of non-saline habitat showing their optimal
growth here.

Breckle (1995) has classified halophytes into three categories depending on the
mode of ion accumulation and transport:

1. Recretohalophytes: (a) Exo-recretohalophytes - exluding the salt through leaf
salt glands (b) Endo-recretohalophytes - excluding the salt through leaf vesicles
(Breckle 1995; Li et al. 2019).

2. Euhalophytes: (a) Leaf succulent euhalophytes, these accumulate the salt ions
in vacuoles of succulent leaves. The “Stem succulent euhalophytes™ in the cen-
tral column (Breckle 1995; Li et al. 2019).

3. Pseudo-halophytes: Accumulating salt ions in the vacuoles and root xylem
parenchyma (Breckle 1995; Li et al. 2019).

All three grow on saline-alkali land in China (Li et al. 2019).

The halophytes have been classified by several authors based on ecological types
as “Xerohalophytes, Psammophytes, and Hydrohalophytes” (Khan 2003; Altay
and Ozturk 2012; Guvensen et al. 2006; Ozturk et al. 2006, 2008, 2014a, 2016;
Bueno and Cordovilla 2021). Xerohalophytes includes plants which can tolerate a
certain amount of drought and salt in zones where they live. The salts are retained
in the soil because of the great evaporation of water, as such they are also subjected
to varying salinity conditions, depending on the type of soil and rainfall year round
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(Bueno and Cordovilla 2021). The sandy habitats are the places occupied by psam-
mophytes because they are adapted to living on such habitats, usually having mobil-
ity (dunes). They too are saline when influenced by the sea (Bueno and Cordovilla
2021). Hydrohalophytes are capable of surviving in areas subject to flooding and
therefore tolerate fluctuations in salinity levels in their habitats (Bueno and
Cordovilla 2021).

Halophytes belonging to different ecological groups are presented in Table 1.3.

Table 1.3 Some of the halophytes belonging to different ecological groupings

Ecological groupings — Halophytes samples

Obligate halophytes

Aeluropus lagopoides, Arthrocnemum macrostachyum, Avicennia marina, Caroxylon spp.,
Cyperus aucheri, Halocnemum strobilaceum, Halopeplis perfoliata, Juncus rigidus, Limonium
spp., Odyssea mucronata, Salicornia perennans, Seidlitzia rosmarinus, Sporobolus spicatus, S.
consimilis, Suaeda spp., Tamarix spp., Tetraena spp., and Urochondra setulosa

Facultative halophytes
Anabasis setifera, Salsola drummondii, Suaeda vermiculata, S. aegyptiaca, and Tetraena
qatarense

Recretohalophytes (exo-recretohalophytes)

Acanthus ebracteatus, Aegiceras corniculatum, Aeluropus sp., Castilleja pallida, Cenchrus sp.,
Crypsis sp., Frankenia pulverulenta, Glaux maritima, Ipomoea polymorpha, 1. pes-tigridis,
Limonium bicolor, L. aureum, Reaumuria sp., Spartina sp., Sporobolus sp., and Tamarix spp.

Recretohalophytes (endo-recretohalophytes)

Atriplex, Chenopodium, and Salsola species

Euhalophytes (leaf succulent euhalophytes)

Suaeda salsa, S. glauca, Salsola scopparia, and S. junatoxxii
Euhalophytes (stem succulent euhalophytes)

Halostachys belonggeriana, Halocnemum strobilaceum, Kalidium schrenkianum,
K. cuspidatum, and Salicornia europaea

Pseudo-halophytes

Lotus siliquosus, Phragmites communis, and Trifolium fragiferum
Xerohalophytes

Atriplex halimus, Chenopodium quinoa, Tamarix ramosissima, and Zygophyllum xanthoxylum

Psammophytes

Cakile maritima, Distichlis spicata, Ficinia nodosa, Halopyrum mucronatum, Haloxylon
ammodendron, Sporobolus virginicus, and Urochondra setulosa

Hydrohalophytes

Arthrocnemum macrostachyum, Juncus acutus, Phragmites australis, Salicornia europaea, and
Sarcocornia fruticosa

Modified from Khan (2003), Altay and Ozturk (2012), Ozturk et al. (2014a, 2016), Ghazanfar et al.
(2019), Li et al. (2019), Bueno and Cordovilla (2021)
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1.5 Panoramic Views of Saline Habitats

Halophytes characterize complex and heterogeneous ecological taxa containing a
variety of plants with different adaptive characteristics and taxonomical and habitat
diversity (Grigore and Toma 2017). These include a cluster of taxa which complete
their life cycle and growth in a habitat with great salt content (Grigore and Toma
2010). Salt tolerant taxa can reproduce in the salt concentration of 200 Mm NaCl or
more (Flowers and Colmer 2008). Halophytic taxa are able to grow in varied envi-
ronmental situations dependent on the tolerance and response ability to several salts
in the substrate. Halophytes can be categorized in many ways such as inland, coastal,
and near coastal plants dependent on their habitats, i.e., salt marsh or desert (Song
et al. 2008).

Some specific habitat types where halophytes are naturally distributed are sum-
marized in Table 1.4.

Table 1.4 Some important halophytic habitat types

Coastal habitats
Coastal dunes

Coastal littoral plain areas

Coastal saltmarshes / littoral salt marsh

Coastal stable dune grasslands (gray dunes)

Humid and semi-humid areas of seashore

Low coastal dunes which receive salt spray
Marine mud shores

Sandy coastal plain

Sandy shores

Saline sand formations along beaches

Seagrass beds on littoral sediments
Inland habitats
Alpine steppe

Brackish lakes, ponds and pools

Clayey-salty, relatively wet areas
Continental inland salt steppes
Dry grasslands

Inland salt marshes / terrestrial salt marshes

Inland sandy saline plains

Karstic limestone plateau areas

Permanent inland saline areas

Saline reedbeds

Saline, silt plains

Sandy areas around lakes

Sandy plains

Semi-humid and semiarid meadow steppe

(continued)
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Table 1.4 (continued)

Semi-humid and semiarid tillage steppe

Saline steppe

Salt steppes

Desert and sabkha habitats
Arid desert

Arid desert steppe

Dune valleys
Dunes and flat sandy areas

Extreme arid region desert

Oases

Open salt desert

Open sand desert
Salt desert
Sandy desert

Sandy-salty depression areas

Semi-desert areas

Semiarid semidesert steppe
Shallow sands
Stabilized dunes

Modified from eHALOPH (2019), EUNIS (2019), Kapler (2019), Li et al. (2019), Obdn
etal. (2021)

The halophytes are using amazing diversity of cell and tissue mechanisms an
based on their ecophysiological processes which shed new light on adaptations to
extreme environments (Kapler 2019). In the case of phylogenetic origins of the
present diversity in halophytes a better understanding is required which can be
highly critical for obtaining novel organisms for land reclamation, phytoremedia-
tion and salt pan-based agriculture (Flowers et al. 2010). As per Bosiacka et al.
(2016), we are indebted to the genetic investigations as well as thorough morpho-
logical studies on the saline habitat plants because the researchers have started to
discover the hidden species diversity of the halophilous and subhalophilous coastal
and inland grasslands. The coastal salt marshes and meadows are threatened by
reclamation for agriculture, destruction for urbanization and tourisim facilities as
well as dumping of organic and inorganic wastes together with sand removal. These
destructive practices should be controlled strictly to save these ecosystems (Ozturk
et al. 1995, 2006; Guvensen and Ozturk 2003; Guvensen et al. 2006; Tug et al.
2011; Altay and Ozturk 2012).

Panoramic views of saline habitats in some countries of the Asian continent are
presented in Figs. 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, and 1.10.
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Fig. 1.2 Jashak Salt Dome, Iran
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Fig. 1.3 PMDC Warcha Salt Mines, Khushab, Punjab, Pakistan

Fig. 1.4 Panoramic view of Asia’s largest Khewra Salt Range, Jhelum, Punjab, Pakistan
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Fig. 1.5 Inland salt marshes and salt steppes in Tuz Lake, Turkiye
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Fig. 1.6 Mangrove forests on the coast of Malaysia
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Fig. 1.7 Coastal salt marshes of the Aegean region of Turkiye

Fig. 1.8 Sandy shores of the Agean region of Turkiye
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Fig. 1.9 Humid and semi-humid areas of the seashore in the United Arab Emirates

Fig. 1.10 Wet solonchaks of Bukhara oasis in Uzbekistan

29
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2.1 Aerva javanica (Burm.f.) Juss. ex Schult

Family: Amaranthaceae

Synonym(s): Achyranthes javanica (Burm.f.) Pers.; Iresine javanica Burm.f.; lllecebrum
Jjavanicum (Burm.f.) L

English name: Kapok bush, Desert cotton
Flowering period: July—September

Distribution: Afghanistan, India, Iran, Iraq, Lebanon, Syria, Myanmar, Oman, Pakistan,
Palestine, Saudi Arabia, and Yemen (Malik et al. 2021)

Altitude: Up to 1630 m
Habit: Shrub
Ecological type: Xerophyte

Habitat: On sandy or calcareous soils in semi-arid and arid regions

Phytochemicals: Steroids, triterpenes, lipids, flavonoids, tannins, saponins, alkaloids, sulphates,
carbohydrates and glycosides (Mouhoub et al. 2018a)

Potential biological activity: The plant shows antioxidant, antiviral, antiplasmodial,
antidiabetic, and anti-ulcer activities (Khan et al. 2012).

Toxicity: Subacute toxicity (Mouhoub et al. 2018a)
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Botanical description: The plant is densely hairy, with thick foliage, woolly white to greyish in
color, much-branched; erect shrub with the much-branched stem at the base; taproot is deep up
to the same length as the aerial part of the plant, forming woolly tufts; leaves simple, alternate,
shortly petiolate, oval, lance-shaped, hairy pinnately veined; two types of inflorescences, female
(whitish with a purplish hue) and male (whitish with a golden yellow), both male and female
inflorescence form woolly terminal panicles; each inflorescence is composed of 10 small
racemes arranged on a 20 cm long twig; racemes and the main axis 6 cm long and laterally
borne with very small flowers (2 mm) and pedicels of equal length; the female flower
hypogynous, surrounded by three smooth transparent bracts, with 5 tepals and a nectariferous
disc (10 nectariferous glands) in intrastaminal position; ovary with a short style and bifid
feathery stigma; male flower consists of 5 tepals surrounded by bracts, stamens (5 fertile and 5
sterile or staminodes) attached to their basis, sterile ovary with a short style and small bifid
stigma; fruit a pyxis, ovoid, blackish purple, surrounded by a persistent perianth (Fig. 2.1)
(Palmer and Lally 2011; Mouhoub et al. 2018b).

Pollen features: The pollen grain is pantoporate (Miiller and Borsch 2005).

Anatomical features: Mouhoub et al. (2018b) report that the plant organ surfaces are generally
covered by glandular and non-glandular trichomes, developing from epidermal cells. The former are
exclusively in uniseriate clusters, interrupted by secretory glands with unicellular star-shaped cells
surrounded by a thick cellulose wall; the latter too are in uniseriate clusters and long. The epidermis
is single layered in the leaves and stems, surface covered by numerous glandular and non-glandular
branched trichomes, with typically star shaped tips of glandular ones. As the drought conditions
increase, the number and length of trichomes also increase. A large number of submerged (pressed)
stomata present on two faces of the epidermis (Fig. 2.2) (Mouhoub et al. 2018b).

Nazish et al. (2020) have reported that amphistomatic leaves observed in the plant, with
anisocytic type of stomata. The trichome type has been reported stellate (Nazish et al. 2020).

Part used: Root, flower, stem, leaf, seed

Mode of utilization: Decoction, powder, extract, and paste

Route of administration: Oral, topical

Disease treated: Hematuria, kidney stones, dysuria, abortion, depression, bee sting, aphrodisiac,
itching, cholera, phthisis, gonorrhea, Alzheimer’s disease, and stomachic

Traditional uses: The plant is used in relieving the swelling and pain due to kidney stones. A
decoction is used for dysentery, gonorrhea, and cutaneous infections (Khan et al. 2012).

Recipes:

*  Flower extract is used orally for gonorrhea.

*  Decoction of leaves is taken orally to cure stomachic.

*  Dried stem powder is taken with milk to cure hematuria.

e The paste from leaves is used as poultice on bee sting to reduce pain.

*  Seed powder is mixed with Piper nigrum seed powder and taken orally to cure cholera.

Potential economic significance: A good soil binder, drought-resistant, and helpful in
controlling soil erosion. As per Global Sustainability Assessment System criteria, the plant has
been categorized among the native species that could be used for urban landscaping particularly
in desert climates (Global 2014; Phondani et al. 2015).
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Fig. 2.1 Aerva javanica (Burm.f.) Juss. ex Schult

Fig. 2.2 Abaxial surface of Aerva javanica (Burm.f.) Juss. ex Schult
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2.2 Alhagi maurorum Medik

Family: Fabaceae
Synonym(s): Alhagi alhagi (L.) Huth; Hedysarum alhagi L

English name: Camelthorn, Camelthorn-Bush, Caspian Manna, and Persian Mannaplant

Flowering period: July

Distribution: Afghanistan, Azerbaijan, China, India, Iran, Iraq, Jordan, Kazakhstan,
Kyrgyzstan, Kuwait, Lebanon, Syria, Mongolia, North Caucasus, Pakistan, Palestine, Russia,
Tajikistan, Transcaucasus, Turkiye, Turkmenistan, Uzbekistan, and West Himalayas (Malik et al.
2021)

Altitude: Up to 1000 m
Habit: Shrub
Ecological type: Hydrohalophyte

Habitat: The plant grows in different habitats such as inland salt marshes, dry salt marshes,
disturbed lands, dry riverbeds and dunes, saline depressions, in low-lying steppe vegetation, on
stabilized sand dunes in shady sites, on calcareous wastelands, in semi-arid regions, and sandy
banks of some rivers on fresh alluvial deposits rich in calcium carbonate (Olama and Shehata
1993; Shaltout and Mady 1996; Abd el Ghani 2000).

Phytochemicals: Alkaloids, flavonoids, phenolics, anthraquinones, cardiac glycosides, sterols,
coumarins, saponins, phlobatannins, tannins, terpenoids, vitamins, and fatty acids (Samejo et al.
2012; Ahmad et al. 2015)

Potential biological activity: The plant shows antibacterial, antipyretic, antidiuretic, antiulcer,
antidiarrheal, anti-inflammatory, analgesic, antiproliferative, antioxidant, and antinociceptive
activities (Samejo et al. 2012; Chakou et al. 2021).

Toxicity: Not reported

Botanical description: Rhizomatous, perennial shrub; leaves grayish-green and hairless,
simple, entire oval to lance-shaped and arranged alternately; flowers pinkish purple to maroon,
borne on short, spine-tipped branches; fruits reddish-brown, constricted between the seeds, with
a short narrow beak at the end (Fig. 2.3) (Wazir et al. 2014).

Fig. 2.3 Alhagi maurorum Medik
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Pollen features: The pollen grains of the species similar to the Ononis type; trizonocol-
porate, compressed oval in equatorial view, circular in polar view; exine <3 pm thick

with a micro-reticulate surface; colpus membrane granulate; grain size <20 pm (Sekina
and Moore 1995).

Anatomical features: The root cortex of the plant is large and collenchymatous surrounded by
the epidermal layer. Numerous vascular bundles comprising of well-developed protoxylem and
metaxylem are arranged radially. Metaxylem is lying towards the center while the protoxylem is
towards the cortical zone. In the center, the parenchymatous pith retains moisture to help the
xerophytic adaptation (Wazir et al. 2014).

The stem of the plant has a thick epidermis and a poorly developed cortex. Vascular bundles are
arranged radially from the center towards the periphery. Xylem is well developed helping in the
conduction of large amounts of water from the ground with no pith (Wazir et al. 2014).

Part used: Flower, leaf, gum

Mode of utilization: Extract, oil, powder, paste, decoction

Route of administration: Oral, topical

Diseases treated: Blood purifier, jaundice, respiratory diseases, asthma, aphrodisiac, laxative,
demulcent, urinary diseases, syphilis, ringworms, measles, itching, abdominal diseases, malaria,
blood purification, and sciatica

Traditional uses: Used in India as laxative, purgative, diuretic, for curing rheumatic pains /
bilharzia and expectorant. The oil extracted from leaves is evaluated for curing rheumatism
(Singh et al. 1990; El-Sayed et al. 1993). Seed decoction is used for curing kidney stones in
Jordan, Israel, and Palestine (Fahmy 1963; Dafni and Lev 2002; www.cabi.org).

In folkloric local medicine, the plant has been used to treat nasal polyps, glandular tumors and
bile duct related ailments, as diaphoretic, gastroprotective, diuretic, laxative, expectorant,
antiseptic, anti-diarrheal and healing of wounds. The oil from leaves is used in the treatment of
hemorrhoids and rheumatism. The flowers are used in the treatment of piles (James 2011;
Shinwari et al. 2006; Ahmad et al. 2015).

Recipes:

*  Flower extract is used to treat skin allergy.

e Leaf oil is used thrice a day to treat sciatica.

*  Flower powder is taken before breakfast to cure glandular tumors.

e Extract of gum exuding from stem is taken orally for measles.

*  Flower paste with Anethum graveolens leaf paste is taken twice a day against piles.

*  Leaf decoction is used as ointment for itchy skin.

Potential economic significance: Widely cultivated as a highly palatable forage in China
(Wang et al. 2001). In Afghanistan as well as India, it is used for making hay for small
livestock and camels (Bhandari 1978; FAO 2002). In the desert regions, the plant is used
locally as a source of fuel (Thalen 1979). In Indian arid regions, dry branches are widely used
in making screens after wetting. These screens are evaluated for protection of the land against
desiccating hot winds; sometimes planted for stabilization of sand dunes following the rains
(www.cabi.org).

The stems and leaves provide a sugar exudate called “Manna” which is shaken from the bushes
during flowering (Brandis 1972). Manna is sold as “torajabin” in India, being imported from
Afghanistan and Iran, used for extracting mannitol, made into tablets and used in the cosmetic
and pharmaceutical industries to produce laxatives, diuretics, and sweeteners (Maheshwari
1963; Goncharov et al. 2001).
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2.3 Artemisia scoparia Waldst. & Kit

Family: Asteraceae

Synonym(s): Artemisia capillaris f. elegans (Roxb.) Pamp.; Artemisia capillaris var.
grandiflora Pamp.; Artemisia capillaris f. kohatica (Klatt) Pamp.; Artemisia capillaris f.
myriocephala Pamp.; Artemisia capillaris var. scoparia (Waldst. & Kit.) Pamp.; Artemisia
capillaris £. villosa (Korsh.) Pamp.; Artemisia capillaris f. williamsonii Pamp.; Artemisia
elegans Roxb.; Artemisia gracilis 'Hér. ex DC.; Artemisia kohatica Klatt; Artemisia piperita
Pall. ex Ledeb.; Artemisia scoparia var. heteromorpha Kitag.; Artemisia scoparia t. sericea
Kom.; Artemisia scoparia f. villosa Korsh.; Artemisia scopariiformis Popov; Artemisia
scoparioides Grossh.; Artemisia trichophylla Wall. ex DC.; Draconia scoparia (Waldst. & Kit.)
Sojak; Oligosporus scoparius (Waldst. & Kit.) Less (Malik et al. 2021)

English name: Redstem wormwood
Flowering period: June—September

Distribution: Afghanistan, China, India, Iran, Iraq, Kazakhstan, Kyrgyzstan, Mongolia,
Myanmar, North Caucasus, Pakistan, Russia, Saudi Arabia, Tajikistan, Tibet, Transcaucasus,
Turkiye, Turkmenistan, Uzbekistan, West Himalayas, and West Siberia (Malik et al. 2021)
Altitude: Up to 2200 m

Habit: Herb

Ecological type: Psammohalophyte

Habitat: In the hot dry areas, on sandy clayey soil, wasteland, and rural areas, as well as stony
steppes, and dry river beds (Boakye et al. 2017; Dolezal et al. 2018; Malik et al. 2021).
Phytochemicals: Flavonoids, monoterpenes, sesquiterpenes, quercetin, quinic acid,
3-caffeoylquinic acid, 5-feruloylquinic acid and rutin, and essential oils (Malik et al. 2021)
Potential biological activity: Carminative, antipyretic, antiparasitic, anthelmintic, antiseptic,
antispasmodic, antimicrobial, antibacterial, antiseptic, antipyretic, vasodilator, diuretic,
anti-inflammatory, appetite, stimulating, digestive, fungicidal, emmenagogue, stomachic,
vermifuge, vulnerary, and hypnotic, human periodontal infection (Malik et al. 2021).

Toxicity: Hepatotoxic and phytotoxic (Malik et al. 2021).

Botanical description: A biennial plant, branched above, 41-81 (—91) cm in length, hairy,
glabrous, purple-brownish, and ting stem; lower stem has a long petiolate leaf 1.6 cm long,
hairy, glabrous, ovate with orbicular lamina, 4.0-7.1 x 2.6-5.1 cm long; leaves on the upper
stem sessile to sub-sessile, hairy, articulate, glabrous; heterogamous capitulate, many and short
pediculate, 21-51 x 11-36 cm panicles with long primary and secondary branches; receptacles
glabrous, conical; involucres 4-5-seriated, imbricate, glabrous, broad scarious hyaline; floret
11-13, yellowish; marginal florets 67, fertile, with 0.8 mm long, tube-like, petals double
dentate; disc-florets 6—7, functional stamina, with 1.26 mm in length, and glandular corolla
(Fig. 2.4) (Malik et al. 2021).

Fig. 2.4 Artemisia
scoparia Waldst. & Kit
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Pollen features: pollen shape: prolate, polar length: 19.2-24.5 pm, equatorial length: 11.2—
15.7 pm (Ghahraman et al. 2007).

Anatomical features: Leaf symmetry: isobilateral 3 layered, stomata type: anomocytic,
palisade cell wall: few depressions, midrib size: small (Noorbakhsh et al. 2008;

Hussain 2020).

Part used: Leaves, bark

Mode of utilization: Decoction, extract

Route of administration: Oral

Disease treated: Skin infections and skin rashes

Traditional uses: Used for the treatment of burns, jaundice, hepatitis, and cure earache (Boakye
et al. 2017; Malik et al. 2021).
Recipes:
* 25 gofleaves are boiled in 400 mL water, filtrate used in the morning and evening for
14 days to treat skin infections (Malik et al. 2021).
* 50 g of bark boiled in 200 mL of water for 30 minutes at low heat. 50 mL of hot extract
given to children in the evening for 10 days for treating skin rashes (Malik et al. 2021).

Potential economic significance: The plant is generally known to be used as animal feed, but
the shoots of plant are also used for making brooms, and fuel purposes (Ozturk et al. 2019;
Hussain 2020). In addition, the uses such as ornamental and food has also been reported
(Wiersema and Le6n 1999).
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2.4 Atriplex halimus L.

Family: Amaranthaceae

Synonym(s): Atriplex halimoides Tineo; Atriplex halimus var. serrulata (Pau) Alcaraz, Garre &
Sanchez-Gomez; Atriplex kataf Ehrenb. ex Boiss.; Atriplex serrulata Pau; Chenopodium
halimus (L.) Thunb.; Obione halimus (L.) G.L.Chu; Schizotheca halimus (L.) Fourr

English name: Mediterranean saltbush, sea orache, shrubby orache, and silvery orache
Flowering period: June—July

Distribution: Iraq, Iran, Jordan, Lebanon, Syria, Oman, Palestine, Pakistan, Saudi Arabia, and
Turkiye

Altitude: Up to 1200 m

Habit: Shrub

Ecological type: Xerohalophyte

Habitat: In coastal sands, and saltmarshes

Phytochemicals: Alkaloids, phenolics, steroids, flavonoids, saponin, tannin and glycosides
(Walker et al. 2014; Petropoulos et al. 2018).

Potential biological activity: Antibacterial, antidiabetic, antioxidant; anti-leishmanial;
anti-multidrug resistance, immunomodulatory, and anticancer (Walker et al. 2014; Petropoulos
et al. 2018).

Toxicity: Cytotoxicity (El-Aasr et al. 2016).

Botanical description: A sturdy erect branched shrub, 2-3 m, greyish white, peeling bark on
older stem; leaves alternate, ovate-deltoid, or oblong ovate, up to 6 x 4 cm, silver grey,
entire-repand lobed, subhastate, obtuse, mucronulate or emarginate, petiolate, petiole 0.3—

1.0 cm; inflorescence terminal, paniculate, leafless; glomerules many-flowered forming
congested lateral and terminal spikes; male flowers: perianth small, very few in number than
female flowers; fruits many, condensed, often horizontally spreading; bracts thick-textured,
fused at base, reniform, broad triangular to orbicular, 3.5-4 x 5-6 mm, entire or serrate dentate,
without tubercles; seeds 1.5 mm, brown-dark brown (Fig. 2.5) (www.efloras.org).

Pollen features: Diameters: 22.33-30.03; exine thickness: 2.00-3.08 (Angelini et al. 2014).

Fig. 2.5 Atriplex
halimus L.
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Anatomical features: “Kranz” anatomy is a typical characteristic of the leaves, with a layer of
bundle sheath cells surrounding each vascular bundle and radially arranged palisade cells, the
bundle sheath is open (Shomer-Ilan et al. 1981; Walker et al. 2014); epidermis relatively thin
and beneath it lies hypodermis — able to store water (Blumenthal-Goldschmidt and Poljakoft-
Mayber 1968). The vesicular trichomes are present on the leaf surface, which is an important
characteristic, particularly for stress tolerance (Smaoui et al. 2011; Walker et al. 2014). We
find balloon-like hairs or bladder cells, 80-200 mm in diameter, with a surface coating of
waxy material and attached to a stalk embedded in an epidermal cell (Smaoui et al. 2011;
Walker et al. 2014).

Part used: Leaves

Mode of utilization: Boiling, decoction

Route of administration: Oral, topical

Disease treated: Heart diseases, diabetes, and rheumatism

Traditional uses: In diabetic patients, this plant is used in glycemic control and also for treating
cardiological problems. It is also used to treat chest ailments, as a laxative, to cure stomach and
muscular pains, treat intestinal worms and to regulate gall bladder excretions in the Arabian
countries (Chikhi et al. 2014; Slama et al. 2020).

Recipes:

* A decoction of the plant leaves is drunk as a remedy for heart disease and diabetes (Said
et al. 2002).

e The plant extract prepared with boiling water is added to bathwater to treat rheumatism
(Said et al. 2002).

Potential economic significance: A recycling of plant mineral nutrients, incorporation of
organic matter (root material and leaf litter) into the soil to improve soil physical features
(such as water permeability) and provision of shelter and food for birds and mammals are the
beneficial effects of planting this species (Henni and Mehdadi 2012; Walker et al. 2014).

The spore density of arbuscular mycorrhizal fungi increases in the desert soils in the presence
of this species, also increasing the organic carbon and microbial biomass at soil depths down to
50 cm and augments the numbers of protozoa and nematodes (He et al. 2002; Pen-Mouratov
et al. 2003; Rodriguez Zaragoza et al. 2005; Barness et al. 2009; Walker et al. 2014).

This plant is the best option for reclamation of degraded agricultural land in arid and semi-arid
zones because it has a deep root system (Walker et al. 2014).

A possible application of the plant, suggested by its ability to stabilize soils physically and its
tolerance of elevated concentrations of trace elements in the growth medium is in the
remediation of trace element-contaminated soils (Walker et al. 2014).

The plant is also used as fodder to feed for camel, cattle, goat, and sheep (Walker et al. 2014;
Ozturk et al. 2019).

The wood from this species has been used for centuries for heating and cooking, which is
continuing even now in rural areas (Bouzid and Benabdeli 2011; Walker et al. 2014).
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2.5 Bassia indica (Wight) A.J.Scott

Family: Amaranthaceae

Synonym(s): Bassia joppensis Bornm. & Dinsm.; Kochia griffithii Bunge ex Boiss.; Kochia
indica Wight

English name: Indian bassia

Flowering period: July—October

Distribution: Afghanistan, Iran, Iraq, Kuwait, Pakistan, Palestine, Saudi Arabia, and West
Himalayas (Malik et al. 2021).

Altitude: Up to 1500 m
Habit: Herb
Ecological type: Xerophyte

Habitat: Dry localities in the plains

Phytochemicals: Phytoecdysteroids, sterols, alkaloids, flavonoids, and saponins (Othman et al.
2021).

Potential biological activity: An extract of leaves is useful as an anti-inflammatory and
analgesic (Qari et al. 2019). The plant has been reported to be used for improving cardiac
activity, as well as anticancer, and antioxidant (Youssef 2013; Othman et al. 2021). In addition,
the plant shows anti-fungal activity (Javed et al. 2018).

Toxicity: Resinous alkaloid, isolated from alcoholic extract of the plant, showed nicotinic action
on autonomic ganglion and neuromuscular junction of voluntary muscles (Khare 2007).

Botanical description: Annual or biennial herb, up to 2 m, softly villous or pubescent, stem
pale, brown to yellowish, with many spreading branches from the base and distant leaves; leaves
5-15(—30) x 1-5 mm, lanceolate, oblong or linear, entire, acute or sub-acuminate at apex,
cuneate-sessile or subsessile, soft hairy to sub-glabrous; flowering branches usually whitish
1-3-flowered clusters arranged in loose shape, scattered, leafy spikes; bracts linear, leaf-like,
longer than clusters, softly hairy; perianth + woolly, connivent, up to 3 mm in fruit; shortly
winged or not, with the variable wing shape at the back, rudimentary (or suppressed) to
triangular-ovate to sub-orbicular, up to 1 mm long in diameter, scarious; seed c. 2 mm in
diameter (Fig. 2.6) (www.efloras.org).

Pollen features: Pollen grain diameter: 21 pm, width of aperture: 1.25 pm, exine: smooth, small
pollen (Turki et al. 2006).

Anatomical features: Nazish et al. (2020) have reported that amphistomatic leaves found on the
plant, with anomocytic type of stomata. In addition, various types of trichomes have been
reported, including glandular, non-glandular, and conical (Fig. 2.7) (Nazish et al. 2020).

In the young stem cross-section is terete having slightly ridged margins 2.0-2.3 mm in diameter.
It is hairy with multicellular hairs which are uniserate, papillate and smooth, with swollen basal
cell and acute apical cell. The epidermis is of one layer, covered with wavy cutine, with more or
less pentagonal shaped cells. Cortex is wide, has 2-3 outer layers of pentagonal-hexagonal cells
collenchyma, 3—4 layers of irregularly flattened parenchyma follow it with well-defined sand
crystals; endodermis well defined, pericycle as sclerenchymatous patches facing vascular
bundles; vascular cylinder composed of 16—18 vascular bundles which are equidistant from the
center of the stem, separated by medullary rays; phloem 2—4 layers, cambium 1-3 layers; xylem
vessels angular, arranged in rows; pith 1200 pm in width, having pentagonal - polygonal
thick-walled parenchyma, with sand crystals (Turki et al. 2006).

Part used: Leaf, flower, seed

Mode of utilization: Decoction, paste, raw

Route of administration: Topical

Disease treated: Heart tonic, toothache, contraceptive, bug bites, urinary problems, swollen
feet, kidney disorders, urine inflammation, and blood formation.

Traditional uses: Traditionally, the plant is used to treat renal and rheumatic diseases (Qari
etal. 2019).
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Recipes:

¢ Leaf decoction is applied externally to treat sunstroke.

¢ Flowers are chewed to stop tooth bleeding.

e Leaf paste is applied as poultice to reduce pain on bug bites.

¢ Seed decoction is applied on swollen feet to reduce swellings.

Potential economic significance: The plant is considered to have potential as green fodder on a
global scale (Inam-ur et al. 2011; Hashem et al. 2019; Qari et al. 2019). It grows on saline soil and
provides a dense cover for the soil surface, aiding in soil conservation and management (Shaltout
and El-Beheiry 2000; Hand 2003); these traits have also been used for the detection of microbial
habitats in certain locations (Hashem et al. 2015). It is adapted to abiotic stress and has been used
in the repair of desert ecosystems, phytoremediation of saline soils and for livestock grazing on
lands affected by salinity (Hashem et al. 2019; Qari et al. 2019).

People have used the plant for nutrition, house construction, manufacture of clothes, medication,
cosmetics, ceremonial use, and also in magic (Qari et al. 2019).

In addition, the plant has a high content of sugars, lipids, and proteins, making it suitable as a safe
fodder for animals, such as cattle, and as a natural organic fertilizer (Nafea 2017; Qari et al. 2019).

Fig. 2.6 Bassia indica (Wight) A.J.Scott

Fig. 2.7 Abaxial surface of Bassia indica (Wight) A.J.Scott
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2.6 Cakile maritima Scop.

Family: Brassicaceae

Synonym(s): Bunias cakile L.; Cakile cakile (L.) H.Karst.; Crucifera cakile (L.) E.H.L.Krause;
Rapistrum cakile (L.) Crantz; Rapistrum maritimum (Scop.) Bergeret

English name: Sea rocket

Flowering period: June—August

Distribution: Iran, Lebanon, North Caucasus, Palestine, Russia, Syria, Transcaucasus, Turkiye

Altitude: Sea level — 40 m

Habit: Herb

Ecological type: Psammohalophyte

Habitat: Sandy and shingly shores.

Phytochemicals: Alkaloids, phenolics, ascorbic acid, flavonoids, phytosterols, terpenoids,
triterpenes, coumarins, sulpher glycosides and fatty acids (Ksouri et al. 2012; Petropoulos et al.
2018; Placines et al. 2020).

Potential biological activity: Antioxidant, antibacterial, antiscorbutic, anti-inflammatory, and
anti-proliferative activities (Petropoulos et al. 2018; Fuochi et al. 2019).

Toxicity: Cytotoxicity (Tawfik et al. 2021).

Botanical description: Annual herb with a long taproot and a + prostrate or ascending stem up
to c. 40 cm; lower leaves 2—11 c¢m, pinnate or pinnatifid, the lobes oblong or more rarely
toothed; upper leaves sessile and entire; petals 11x4 mm, white, lavender or rose; fruiting
pedicels thick, 2-5 mm, erect-spreading; fruit 20-25 mm, glabrous, of 2 unequal, 1-seeded
members, rarely the basal member 2-seeded; each member indehiscent; the upper oblong-ovate,
c. 15 mm, the lower turbinate, c. 5 mm, often with 2 lateral horns, hastate at the joint (Fig. 2.8)
(Davis 1965).

Fig. 2.8 Cakile maritima Scop.
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Pollen features: Pollen grain: trizonocolpate; pollen sculpturing: macro-reticulate; pollen grain
size: 54 pm (Sekina and Moore 1995).

Anatomical features: Jianu et al. (2014) have reported that the root has a secondary structure,
due to the phellogen and cambium activity; stem has one-layered epidermis, covered by thick
cuticle, a differentiated cortex and large number of collateral vascular bundles in upper part. The
leaves are amphistomatic, leaf lobes have a homogenous mesophyll. The sclerenchymatous
fibers in the root and collenchyma tissue in the stem represent the mechanical tissue (Jianu et al.
2014).

Part used: Leaves

Mode of utilization: Eaten fresh

Route of administration: Oral

Disease treated: Antiscorbutic, diuretic, and purgative

Traditional uses: The plant has been used for treating some chronic diseases such as cancer,
inflammation, atherosclerosis, and Alzheimer (Liguori et al. 2018; Tawfik et al. 2021). The plant
is also used as antidiuretic, antiscorbutic, headaches, and as purgative (Arbelet-Bonnin et al.
2019).

Recipes: The leaves are consumed fresh, used as antiscorbutic, diuretic, and purgative (Davy

et al. 2006).

Potential economic significance: Arbelet-Bonnin et al. (2019) have reported that this plant is a
good halophytic genetic model, possessing a small diploid genome, short life cycle and
produces large number of seeds. It is a promising species because of its large geographical and
ecological amplitude, economic potential, as well as ability to produce numerous secondary
compounds. It is valuable as an oilseed and energy crop and cultivation on saline marginal
lands is of practical significance in the context of the necessary development of future biosaline
agriculture (Arbelet-Bonnin et al. 2019).
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2.7 Capparis decidua (Forssk.) Edgew.

Family: Capparaceae

Synonym(s): Capparis aphylla Roth; Capparis sodada R.Br.; Maerua linearis Pax; Niebuhria
linearis DC.; Sodada decidua Forssk.

English name: Caper berry
Flowering period: March—April

Distribution: India, Iran, Oman, Pakistan, Palestine, Saudi Arabia, West Himalayas, Yemen
Altitude: 300-1200 m

Habit: Shrub

Ecological type: Xerophyte

Habitat: In dry, hot, sandy desert areas, and arid regions.

Phytochemicals: Alkaloids, phenolics, flavonoids, flavonols, terpenoids, sterols, polyamines,
and fatty acids (Nazar et al. 2020).

Potential biological activity: The plant has been reported to show antidiabetic, anthelmintic,
antibacterial, antifungal, analgesic, anti-nociceptive, antirheumatic, hypolipidemic,
antiatherosclerotic, anti-tumor, antigiardial, antioxidant, anti-inflammatory, hepatoprotective,
and anticonvulsant activities (Nazar et al. 2020).

Toxicity: Cytotoxic (Nazar et al. 2020).

Botanical description: A shrub of dense tufts, 4-5 m high; possesses many green vine-like
apparently leafless branches, hanging in bundles; branches and twigs glossy dark green and bark
turns whitish-grey with age; small, light brown spines occur in pairs on the twigs at each node;
leaves very minute (2 mm long) and emerge on young shoots; very short living and the plant
looks leafless most of the time; flowers pink, red-veined, emerge in small groups along with the
leafless shoots at the axils of the spines; fruit small many-seeded ovoid or sub-globulous,
slightly mucronate and becomes blackish when dry; the seeds 2-5 mm diameter, and embedded
in the pulp; large size fruits many (>30), small seeds while smaller fruits together with 1-2 large
sized seeds (Fig. 2.9) (Satyanarayana et al. 2008; Mahla et al. 2013; Malik et al. 2021).

Pollen features: Pollen grains prolate, tricolporate, trilobed, size: polar axis P 20.16 + 0.28 pm,
and equatorial diameter E 13.9 + 0.45 pm; exine 1.47 + 0.07 pm thick (Perveen and Qaiser
2001).

Fig. 2.9 Capparis decidua
(Forssk.) Edgew.
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Anatomical features: According to Rathee et al. (2009), the transverse section of the stem
reveals the presence of cuticle, epidermis, starch sheath, pericycle, phloem, cambium, xylem,
medullary ray, and pith.

Part used: Fruit, stem, root, flower, and bark

Mode of utilization: Raw, paste, powder, decoction
Route of administration: Oral, topical

Disease treated: Digestive disorders, blood purifier, aphrodisiac, impotence, tuberculosis, teeth
disorders, arthritis, Alzheimer’s disease, skin disorders, piles, painful menstruation, high blood
sugar, bone fractures, intestinal worms, sexual stimulant, increased perspiration, and joints
swelling.

Traditional uses: The plant is used for the treatment of rheumatism, asthma, cough, lumbago,
toothache, pyorrhea, dysentery, liver infections, diarrhea, febrifuge, cardiac troubles,
constipation, ulcer, piles, renal disorders, and skin diseases (Nazar et al. 2020).
Recipes:

e Fruit is eaten raw for digestive disorders and blood purification.

e The twig paste is applied on teeth for shining.

*  Flower powder is used dermally to treat pimples.

e Fruit is used to make local dish pickle which prevents from gastric pain.

e Stem is used as toothpick to cure toothache.

*  Paste of slender shoots is applied externally on skin blisters as cure.

e Decoction of root bark is applied externally to cure swollen joints.

*  Flowers are eaten in raw form with milk against intestinal worms.

Potential economic significance: A rich source of basic mineral nutrients with important
nutraceutical values. The calcium and potassium content is considerably high, and is thus
valued both for livestock feed and human food. The flowers and fruits are a potential source of
important electrolytic minerals, in particular iron and zinc. Both are present in the plant
supporting its potential use in the mineral deficiency in human diet (Gull et al. 2015; Nazar

et al. 2020).

The plant is extremely resistant to drought, salinity, and soil erosion, and tolerates frost,
resulting in a plant with excellent adaptations to arid conditions (Ozcan 2005; Ghangro et al.
2015; Nazar et al. 2020).

Jain (1994) and Mahla et al. (2013) have reported that the plant is used as firewood and for
preparing charcoal because its wood has good fuelwood features such as calorific value,
density, silica, carbon, ash-biomass ratio, moisture, volatile matter and fuelwood index. The
wood is also used to make water pipes and water troughs as it is very hard. The timber is also
hard, heavy and termite resistant, therefore the strength and durability of its wood are suitable
for making small beams, rafts, knees of boats, tool handles, cartwheels, axles, and even combs;
also used for making huts and fences.

In the semi-desert and desert areas, it is used in landscape gardening, afforestation and
reforestation as it prevents soil erosion (Bangarwa 2008; Mahla et al. 2013); reduces wind
erosion and alkalinity, improves soil fertility by increasing organic carbon and available N, P
and K; regarded as the best species for shelter belts to control sand movement. It has been
reported to play an important role in sand dune stabilization in the Indian Thar Desert (Pandey
and Rokad 1992; Mahla et al. 2013; Malik et al. 2021).
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2.8 Cenchrus ciliaris L.

Family: Poaceae

Synonym(s): Cenchrus anjania Buch.-Ham. ex Wall.; Cenchrus bulbosus Fresen. ex Steud.;
Cenchrus ciliaris subsp. ibrahimii Chrtek & Osb.-Kos.; Cenchrus glaucus C.R.Mudaliar &
Sundararaj; Cenchrus longifolius Hochst. ex Steud.; Cenchrus melanostachyus A.Camus;
Cenchrus mutabilis Wight ex Hook.f.; Cenchrus rufescens Dest.; Pennisetum cenchroides Rich.;
Pennisetum ciliare (L.) Link; Pennisetum distylum Guss.; Pennisetum incomptum Nees ex
Steud.; Pennisetum longifolium Fenzl ex Steud.; Pennisetum oxyphyllum Peter; Pennisetum
panormitanum Lojac.; Pennisetum petraeum Steud.; Pennisetum polycladum Chiov.; Pennisetum
rangei Mez; Pennisetum rufescens (Dest.) Spreng.; Pennisetum teneriffae Steud.

English name: Buffel-grass; Foxtail grass

Flowering period: July—August

Distribution: Afghanistan, Bangladesh, India, Iran, Iraq, Kuwait, Lebanon, Oman, Pakistan,
Palestine, Saudi Arabia, Syria, and Yemen (Malik et al. 2021).

Altitude: Up to 1000 m

Habit: Herb

Ecological type: Psammohalophyte

Habitat: Arid and semi-arid habitats

Phytochemicals: Alkaloids, anthraquinones, flavonoids, glycosides, steroids, phenols, saponins
and tannins (Aleem and Janbaz 2017).

Potential biological activity: The plant showed the presence of antifungal, antibacterial,
anthelmintic, antischistosomal, antiemetic, spasmolytic, antidiarrheal, dysmenorrheal, and
uterine relaxing activities (Aleem and Janbaz 2017).

Toxicity: Cytotoxic (Alothman et al. 2018), and phytotoxic (Hussain et al. 2010).

Botanical description: Perennial, often forming mats or tussocks; culms 10-150 cm high,
ascending, wiry; leaf blades 3-25 cm long, 2—10 mm wide; panicle cylindrical to ovoid,

2-12 cm long, 10-26 mm wide, grey, purple or straw-colored, the rachis angular and
puberulous; involucre elongate, 6-16 mm long; inner bristles greatly exceeding the spikelets,
one of them longer and stouter than the rest, at least the longest somewhat flattened at the base,
connate only at the base to form a disc 0.5-1.5 mm in diameter, sparsely or densely ciliate
below, grooved on the face or not, filiform above, flexuous, often wavy, antrorsely scaberulous;
outer bristles filiform; spikelets 2—4 per burr, 2-5.5 mm long, acutely lanceolate; glumes
distinct, acute, the lower as long as the spikelet (Fig. 2.10) (www.efloras.org).

Pollen features: Polar diameter: 45-55 pm; equatorial diameter: 42.50—47.50 pm; exine
thickness: 0.4—1.1 pm; exine sculpturing: verrucate-reticulate; shape: spheroidal; aperture
condition: monoporate; position of pore: endoporus; pore orientation: sunken (Shaheen et al.
2011; Ullah et al. 2021).

Fig. 2.10 Cenchrus
ciliaris L.
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Anatomical features: The salt stress has been reported to induce anatomical modifications in
the root, stem and leaf (Wasim and Naz 2020). These help in the survival of this plant under
adverse environmental conditions. The salinity increases the thickness of endodermis and
sclerenchyma tissues in the roots thereby preventing the water loss from the root surface and
increases the number of parenchyma cells in the pith and cortex region, improving the root
water storage capacity. Salinity contributes to the epidermis and sclerenchyma thickness in the
stems along with an increase in the number of vascular bundles and its area. These features
improve the conduction of water and solute, increase succulence ability and prevent water loss.
In the leaf and leaf sheath stomatal density decreases but the area is increased by bulliform cells.
A rich density of vesicular hairs and trichomes looks like an essential feature for water
conservation and salt excretion (Fig. 2.11) (Wasim and Naz 2020).

Part used: Whole plant

Mode of utilization: Powder, infusion, extract, paste

Route of administration: Oral, topical

Disease treated: Increase lactation, body pain, emollient, kidney stones, wounds, tumors, sores,
blood diseases, diuretic, skin allergy, hepatic disorders, psoriasis, polyuria, fever, and stomach acidity.

Traditional uses: The plant is used as a galactagogue, emollient, purgative and diuretic, also in
renal colic, tumor, wound, sores, menstrual disorders, and urinary tract infections (Mahmood
et al. 2011; Ashraf et al. 2013; Aleem and Janbaz 2017).

Recipes:

e Dried seed powder is used as diaphoretic.

*  Dried leaf powder is taken with water for fever.

* Infusion of whole plant is used orally for kidney pain.

*  Seed extract is taken orally to treat hepatic ailments.

*  Seed powder is taken after meal to reduce stomach acidity.

*  Paste of stem is applied dermally to cure psoriasis.

e Leaf infusion with Piper nigrum seed powder is taken orally to cure polyuria.

Potential economic significance: In India, sometimes the plant seeds are added to the millet
for making bread (Quattrocchi 2006). This plant is also economically important as fodder for
domestic animals. Its tolerance to drought and overgrazing lead to an increased production
compared to native grasslands, especially in marginal environments (Martin et al. 1995;
Marshall et al. 2011; www.cabi.org).

In Australia, it has been used to restore productivity on degraded lands around the mining sites
(Bisrat et al. 2004; www.cabi.org).

Fig. 2.11 Abaxial leaf surface of Cenchrus ciliaris
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2.9 Chenopodium album L.

Family: Amaranthaceae

Synonym(s): Anserina candidans (Lam.) Montandon; Atriplex alba (L.) Crantz; Atriplex viridis (L.)
Crantz; Blitum viride (L.) Moench; Botrys alba (L.) Nieuwl.; Botrys alba var. pauper Lunell; Botrys
pagana (Rchb.) Lunell; Chenopodium agreste E.H.L.Krause; Chenopodium album . cymigerum
(W.D.J.Koch) Aellen; Chenopodium album f. dubium Arlt & Jiittersonke; Chenopodium album f.
glomerulosum (Rchb.) Aellen; Chenopodium album f. heterophyllum Wang-Wei & P.Y.Fu;
Chenopodium album f. lanceolatum (Muhl. ex Willd.) Schinz & Thell.; Chenopodium album f.
leiospermum Kuntze; Chenopodium album t. opuliforme Aellen; Chenopodium album f. ovalifolium
Aellen; Chenopodium album f. paucidentatum Aellen; Chenopodium album f. pseudozschackei
Aellen; Chenopodium album t. spicatum (W.D.J.Koch) Aellen; Chenopodium album subsp.
bernburgense Murr; Chenopodium album subsp. collinsii Murr; Chenopodium album subsp.
densifoliatum Ludw. & Aellen; Chenopodium album subsp. hastatum (C. Klinggr.) Graebn.;
Chenopodium album subsp. pedunculare (Bertol.) Murr; Chenopodium album subsp.
pseudopulifolium (Scholz) Murray; Chenopodium album var. album; Chenopodium album var.
candicans Moq.; Chenopodium album var. coronatum Beauge; Chenopodium album var. cymigerum
W.D.J.Koch; Chenopodium album var. dacoticum Aellen; Chenopodium album var. desertorum
Kuntze; Chenopodium album var. glomerulosum (Rchb.) Peterm.; Chenopodium album var.
lanceolatum (Muhl. ex Willd.) Coss. & Germ.; Chenopodium album var. laxiflorum Wang-Wei &
P.Y.Fu; Chenopodium album var. missouriense (Aellen) Bassett & Crompton; Chenopodium album
var. paganum (Rchb.) Syme; Chenopodium album var. polymorphum Aellen; Chenopodium album
var. pseudopulifolium (Scholz) Abrom.; Chenopodium album var. spicatum W.D.J Koch;
Chenopodium album var. stevensii Aellen; Chenopodium album var. subaphyllum (Phil.) Reiche;
Chenopodium album var. viride (L.) Moq.; Chenopodium album var. viride (L.) Pursh; Chenopodium
bernburgense (Murr) Druce; Chenopodium bicolor Bojer ex Moq.; Chenopodium borbasiforme
(Murr) Druce; Chenopodium borbasii FMurr; Chenopodium browneanum Schult.; Chenopodium
candicans Lam.; Chenopodium catenulatum Schleich. ex Steud.; Chenopodium concatenatum
Willd.; Chenopodium diversifolium var. montuosum F.Dvotak; Chenopodium elatum Shuttlew. ex
Moq.; Chenopodium glomerulosum Rchb.; Chenopodium laciniatum Roxb.; Chenopodium
lanceolatum Muhl. ex Willd.; Chenopodium lanceolatum R.Br.; Chenopodium lanceolatum t. opizii
FEDvotédk; Chenopodium lanceolatum £. sessiliflorum EDvoték; Chenopodium lanceolatum var.

antiquitum FE.Dvotak; Chenopodium leiospermum DC.; Chenopodium lobatum (Prodan) F.Dvordk;
Chenopodium missouriense Aellen; Chenopodium missouriense var. bushianum Aellen;
Chenopodium neglectum Dumort.; Chenopodium neoalbum F.Dvotak; Chenopodium opulaceum
Neck.; Chenopodium ovalifolium (Aellen) F.Dvotak; Chenopodium paganum Rchb.; Chenopodium
paucidentatum (Aellen) FDvotak; Chenopodium pedunculare Bertol.; Chenopodium probstii Aellen;
Chenopodium probstii t. lanceolatum Aellen; Chenopodium probstii f. parvoangustifolium Aellen;
Chenopodium pseudoborbasii f. aellenii F.Dvoték; Chenopodium pseudoborbasii . albiforme
FEDvotédk; Chenopodium pseudoborbasii t. borbasiiforme F.Dvorak; Chenopodium pseudoborbasii f.
longipedicellatum F.Dvotak; Chenopodium pseudoborbasii f. ramosum F.Dvotak; Chenopodium
riparium Boenn. ex Moq.; Chenopodium serotinum Ledeb.; Chenopodium subaphyllum Phil.;
Chenopodium superalbum F.Dvorak; Chenopodium superalbum f. kuehnii F.Dvotak; Chenopodium
viride L.; Chenopodium viridescens (St.-Amans) Dalla Torre & Sarnth.; Chenopodium vulgare
Gueldenst. ex Ledeb.; Chenopodium vulpinum Buch.-Ham.; Chenopodium zobelii Murr ex Asch. &
Graebn.; Chenopodium zobelii f. hircinifolium Aellen; Chenopodium zobelii f. multidentatum Aellen;
Chenopodium zobelli A. Ludw. & Aellen; Chenopodium x borbasioides f. hircinifolium (Aellen)
Hyl.; Chenopodium x densifoliatum (Ludw. & Aellen) FE.Dvorak (www.powo.science.kew.org).

English name: Lamb’s quarters, Melde, White goosefoot

Flowering period: July—October

Distribution: Cosmopolitan
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Altitude: Up to 3600 m

Habit: Herb

Ecological type: Xerohalophyte

Habitat: The plant is distributed alongside the roads, riverbanks, pastures, strips of uncultivated
land and on wasteland.

Phytochemicals: Phenols, lignins, alkaloids, flavonids, glycosides, saponins, essential oils,
trigonelline, chenopodine, potassium, and vitamin C (Singh et al. 2010b; Choudhary and
Sharma 2014).

Potential biological activity: According to Poonia and Upadhayay (2015), pharmacologically
this plant is a good candidate for the development of treatments for muscular spasms and pain.
Sikarwar et al. (2017) have reported that the leaf extracts of this plant (methanolic and aqueous)
have shown antilithiatic effects on experimentally induced urolithiasis in rats compared to a
standard antilithiatic agent, cystone. This plant also shows significant anthelmintic activity
against cyathostomins, an important gastrointestinal nematode infecting equids. The plant has
considerable potential as an anthelmintic forage or feed supplement (Peachey et al. 2015; www.
cabi.org).

Toxicity: Due to the amounts of oxalic acid and nitrate that the plant contains, a high
consumption is not recommended. The consumption of 400 g of fresh leaves of the plant could
surpass the minimal lethal dose of oxalic acid for an adult (Guil et al. 1996, 1997).

Botanical description: Annual, 10-150 cm, usually erect, variously branched, + grey farinose;
stems yellowish to green, green-striated, sometimes reddish or with red spots at leaf axils; lower
and medium leaves petiolate, blade usually 2-6(—10) cm, variously trullate, rhombic-ovate to
lanceolate, clearly longer than broad, base narrowly to broadly cuneate, margins irregularly
serrate to entire, often somewhat 3-lobed, teeth mostly acute, often unequal in size; uppermost
leaves lanceolate, usually entire; inflorescence a variable spiciform or cymosely branched
panicle, mostly terminal; perianth segments 5, dorsally keeled; perianth falling with fruit;
pericarp thin, + adherent; seeds horizontal, black, 1.1-1.5 mm in diameter, somewhat ovate,
margin weakly acute; testa with faint radial striae, otherwise almost smooth (Fig. 2.12) (www.
efloras.org).

Pollen features: Pollen type: apolar; pollen shape: spheroidal; pollen ornamentation: micro-
echinate; polar diameter: 12.75-18.25 pm; exine thickness: 1.0-1.5 pm (Nazish et al. 2019).

Fig. 2.12 Chenopodium
album L.
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Anatomical features: According to Nazish et al. (2020), amphistomatic leaves have been
observed in the plant, with paracytic type of stomata. In addition, various types of trichomes
have been reported, including glandular, non-glandular, and conical (Nazish et al. 2020).

Part used: Seed, leaf, root

Mode of utilization: Raw, cooked, oil, extract, infusion, juice, and powder

Route of administration: Oral, topical

Disease treated: Constipation, jaundice, aphrodisiac, abdominal pain, eye disorders,
anthelmintic, laxative, sciatica, hepatitis B, gastric disorders, improve appetite, blood dysentery,
sexual tonic, skin warts, and sleep apnea.

Traditional uses: Hindu physicians have been recommending this plant for the treatment of
hepatic disorders and splenic enlargement (Chopra et al. 1958). Zulu tribals have been using the
finely powdered leaf of this plant as a dusting powder to allay irritation of the external genitalia
of children (Watt and Breyer-Brandwijk 1962). For appetite improvement he seeds are being
used traditionally. It is also used as anthelmintic, laxative, aphrodisiac, tonic as well as to treat
biliousness, stomach pains, eye and throat problems, piles, and diseases of blood, heart and
spleen (Jansen 2004).

Recipes:

e Seeds are eaten in raw with water to get relieve from constipation.
*  Seed oil is used orally to kill intestinal worms.

*  Root extract is used orally to treat hepatitis B.

e Leaves are eaten as salad for gastric problems.

*  Leaf extract consumed in the morning improves appetite.

*  Leaf infusion is taken orally to cure sciatica.

e Root juice is used orally to cure blood dysentery.

*  Seed powder is taken orally with water to cure sleep apnea.

Potential economic significance: The leaves and tender branches of the plant can be used as a
vegetable at global level; also used in the production of curd, locally known as Raita in India
(Maheshwari 1963). Young shoots are boiled and eaten often with other vegetables, also dried
and stored for later use (Jansen 2004; www.cabi.org).

Previously seeds of the plant were harvested all over Europe, dried and ground into flour for
making bread, cakes and gruel. In the Americas, they are still using it for this purpose (Hatfield
1971; www.cabi.org). Grain is also used as poultry and livestock feed. It may also be used as
fodder for livestock (Ozturk et al. 2019).
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2.10 Chenopodium murale L.

Family: Amaranthaceae

Synonym(s): Anserina muralis (L.) Montandon; Atriplex muralis (L.) Crantz; Chenopodium
biforme Nees; Chenopodium carthagenense Zucc.; Chenopodium carthagenense Zuccagni;
Chenopodium chamrium Buch.-Ham.; Chenopodium congestum Hook f.; Chenopodium flavum
Forssk.; Chenopodium gandhium Buch.-Ham.; Chenopodium guineense Jacq.; Chenopodium
laterale Aiton; Chenopodium longidjawense Peter; Chenopodium lucidum Gilib.; Chenopodium
maroccanum Pau; Chenopodium murale f. albescens (Moq.) Maire; Chenopodium murale var.
acutidentatum Aellen; Chenopodium murale var. albescens Moq.; Chenopodium murale var.
angustatum Fenzl; Chenopodium murale var. biforme (Nees) Moq.; Chenopodium murale var.
carthagenense Moq.; Chenopodium murale var. latifolium Fenzl; Chenopodium murale var.
microphyllum Coss. & Germ.; Chenopodium murale var. paucidentatum Beck; Chenopodium
murale var. spissidentatum Murr; Rhagodia baccata (Labill.) Moq.; Rhagodia baccata var.
congesta (Hook. F.) Hook. F.; Rhagodia congesta (Hook. F.) Moq.; Vulvaria trachisperma
Bubani (www.powo.science.kew.org).

English name: Nettleleaf goosefoot

Flowering period: May—July

Distribution: Mostly in subtropics and warm-temperate regions in Asia (Malik et al. 2021).

Altitude: Up to 2000 m

Habit: Herb

Ecological type: Psammohalophyte

Habitat: Waste places, roadsides, rocks, and seashores.

Phytochemicals: Phenols, phytosterols, glycosides, terpens, monoterpenoids, alkaloids,
coumarins, Vitamins A and C, and calcium (Kokanova-Nedialkova et al. 2009).

Potential biological activity: The plant shows antihypertensive, anthelmintic, laxative,
analgesic, diuretic, and anti-inflammatory activities (Kokanova-Nedialkova et al. 2009; Ahmed
et al. 2017). Many other medicinal uses such as antibacterial, antifungal, anti-diaphoretic,
anti-asthmatic, migraine, digestive problems, sterility, anxiolytic, and antidepressant have been
reported (Khan et al. 2019).

Toxicity: Due to the amounts of oxalic acid and nitrate that the plant contains, a high
consumption is not recommended (Guil et al. 1996, 1997).

Botanical description: Annual, stem yellowish to green-striped, rarely tinged with red, to
70(=90) cm, usually erect, often much-branched especially in basal parts, branches + spreading,
lowermost subopposite; leaves usually olive green, sometimes yellowish or tinged with red, +
farinose; petiole shorter than or equal to the blade; blade thin to somewhat fleshy, 1-8(—10) cm
long, usually broad, (triangular -) broadly ovate - broadly trullate (— rhombic), coarsely dentate,
not 3-lobed, teeth often slightly incurved and acute to obtuse, apex acute to obtuse, base
variously attenuate to truncate; uppermost leaves lanceolate, sometimes entire; inflorescence
terminal and axillary, mostly leafy, divaricately branched, branches shorter than subtending
leaves, glomerules small, + densely arranged; flowers bisexual and sometimes female; perianth
segments 5, connate below the middle, prominently keeled near apex, green, sometimes red
when old, vesicular hairy; stamens 5; stigmas 2; fruits falling with perianth; pericarp
prominently papillose, firmly adherent; seeds horizontal, black, 1.1-1.4 mm in diameter, round
in outline, margin acutely keeled; testa prominently pitted, pits not elongated (Fig. 2.13) (www.
worldfloraonline.org).

Pollen features: Pollen type: apolar; pollen shape: spheroidal; pollen ornamentation: scabrate;
polar diameter: 13.75-15.75 pm; exine thickness: 1.0-2.0 pm (Nazish et al. 2019).

Anatomical features: Amphistomatic leaves found in the plant, with paracytic type of stomata
(Fig. 2.14) (Nazish et al. 2020).
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Part used: Leaf, stem, seed, flower

Mode of utilization: Cooked, powder, paste, smoke

Route of administration: Oral, topical and inhale

Disease treated: Night blindness, snake bite, measles, hepatitis, paralysis, headache, lice killer,
fever, intestinal ulcer, and obesity.

Traditional uses: The plant is used for the prevention of liver disorders; leaf decoction is used
in the treatment of jaundice (Khan et al. 2019).

Recipes:

Young shoots and leaves are cooked as vegetable often eaten to reduce obesity.
Seed powder is taken with the powder of wheat seeds to cure hepatitis.

Leaf paste is applied on snake bite to reduce venom effects.

Flower paste is applied externally to cure victims of measles.

The smoke of flowers is given before sleep to treat night blindness.

Potential economic significance: The leaves and young shoots of the plant are eaten as leafy
vegetable, either steamed in its entirety, or cooked like spinach (Le Dang et al. 2010).

Fig. 2.13 Chenopodium
murale L.

Fig. 2.14 Abaxial surface of Chenopodium murale L.
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2.11 Citrullus colocynthis (L.) Schrad.

Family: Cucurbitaceae

Synonym(s): Citrullus colocynthis subsp. insipidus (Pangalo) Fursa; Citrullus colocynthis
subsp. stenotomus (Pangalo) Fursa; Citrullus colocynthoides Pangalo; Citrullus
pseudocolocynthis M.Roem.; Colocynthis officinalis Schrad.; Colocynthis vulgaris Schrad.;
Cucumis bipinnatifidus Wight ex Naudin; Cucumis colocynthis L.; Cucumis colocynthoides
Pi.Savi; Cucurbita colocyntha Link (www.powo.science.kew.org).

English name: Colocynth, Bitter Apple

Flowering period: November—July

Distribution: Afghanistan, Bangladesh, India, Iran, Iraq, Kuwait, Lebanon, Myanmar, Oman,
Pakistan, Palestine, Saudi Arabia, Syria, Turkiye, Turkmenistan, and Yemen (Malik et al. 2021).
Altitude: Up to 1000 m

Habit: Herb

Ecological type: Xerophyte

Habitat: Sandy arid soils

Phytochemicals: Cucurbitacins, alkaloids, flavonoids, phenolic acids, terpenoids, glycosides,
carbohydrates, fatty acids, tocophenols, carotenes, amino acids, and essential oils (Hussain et al.
2014).

Potential biological activity: Antidiabetic, anticancer, anti-inflammatory, antioxidant,
antiallergic, insecticidal, and antimicrobial (Hussain et al. 2014).

Toxicity: Cytotoxic (Hussain et al. 2014; Bourhia et al. 2020).

Botanical description: A perennial herbaceous vine, with small flowers; stems angular, rough
with rough hairs; leaves alternately arranged on the petioles and rough to touch, 5-10 cm in
length, 1.5-2 cm in width, deeply 3—7 lobed; solitary pale yellow blooms; flowers yellow and
seen on the axils of the leaves; monecious, single and pedunculated; fruits about 7-10 cm in
diameter, green with undulate yellow stripes, become yellow all over when dry; the fruit bitter
and globular with a smooth texture; hard and a rind around it and contains 200-300 seeds/gourd;
seeds small (6 mm in length), ovoid, compressed, smooth and brownish when ripe (Fig. 2.15)
(Schafferman et al. 1998; Savithramma et al. 2007; Amamou et al. 2011; Hussain et al. 2014).

Fig. 2.15 Citrullus
colocynthis (L.) Schrad.
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Pollen features: Shape: oblate-spheroidal; polar axis: 58.78 pm (47.32-71.81); equatorial
diameter: 59.23 pm (53.23-64.62); exine thickness: 2.28 pm (1.79-3.59) (Perveen and Qaiser
2008).

Anatomical features: The plant has tetrarch primary root anatomy. The parenchymatous rays
are relatively narrow, with parallel sides and are formed opposite to the xylem pole. The
secondary xylem parts between the rays are almost fully composed of parenchyma in radial
files, filled with scattered vessels or clusters of 2 to 4 vessels, each encircled by lignified
parenchyma cells 1-2 layers deep (Burrows and Shaik 2015).

The leaf surface of the plant shows diacytic and cyclocytic stomata. The epidermal cell wall
shape: polygonal, and epidermal cell size: 24.31-28.69 pm (Abdulrahaman et al. 2011).

Part used: Fruit, root, seed

Mode of utilization: Decoction, paste, extract, raw, powder
Route of administration: Oral, topical

Disease treated: Constipation, gastric problems, hemorrhoids, dysentery, liver diseases,
excessive menstruation, legs tingling, diabetes, digestive disorders, sciatica, gall bladder stones,
toothache, sexual tonic, respiratory diseases, and blood purification.

Traditional uses: In Pakistan, India, and China, traditionally the plant is used for gut disorders,
indigestion, dysentery, gastroenteritis, constipation, leprosy, asthma, bronchitis, jaundice, joint
pain, cancer and mastitis and colic pain as well as common cold, cough, toothache, wounds, and
diabetes (Qureshi et al. 2010; Amamou et al. 2011; Gurudeeban et al. 2011; Hussain et al. 2014;
Malik et al. 2021).

Recipes:

e Fresh fruit pieces are boiled in water with sugar to make paste which is used for constipation.
*  Root decoction is used as ear drops to get relieve from earache.

*  Fruit paste is recommended to treat diabetes and to improve eyesight.

e Tooth stick made from root is used to relieve pain from toothache.

e Fruit decoction is taken orally to treat sciatica.

*  Dried unripe fruit powder is taken with milk for gall bladder stones.

e Half spoon of root extract is taken orally before breakfast to cure digestive disorders.

*  Seed flour is used to make loaf which is consumed to cure diabetes.

Potential economic significance: The fruits of the plant are used as food for animals and
humans (Sadou et al. 2007). The nutritional and functional features of seeds have been studied
at length by the United States Department of Agriculture (USDA). They have concluded that
this plant has potential to find a place in the food industry (National Research Council 2006;
Hussain et al. 2014).
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2.12 Cleome viscosa L.

Family: Cleomaceae

Synonym(s): Arivela viscosa (L.) Raf.; Arivela viscosa var. deglabrata (Backer) M.L.Zhang &
G.C.Tucker; Cleome acutifolia Elmer; Cleome icosandra L.; Cleome viscosa var. deglabrata
(Backer) B.S.Sun; Cleome viscosa f. deglabrata (Backer) Jacobs; Cleome viscosa var.
nagarjunakondensis Sundararagh.; Cleome viscosa var. parviflora Kuntze; Cleome viscosa var.
viscosa; Polanisia icosandra (L.) Wight & Arn.; Polanisia microphylla Eichler; Polanisia
orthocarpa Hochst. ex Webb; Polanisia viscosa (L.) Blume; Polanisia viscosa var. deglabrata
Backer; Polanisia viscosa var. icosandra (L.) Schweinf. ex Oliv.; Sinapistrum viscosum (L.)
Moench (www.powo.science.kew.org).

English name: Asian spider flower

Flowering period: June—September

Distribution: South-Eastern Asia, Southern Arabia, and throughout India (Das and Layek
2021).

Altitude: Up to 1000 m
Habit: Herb
Ecological type: Xerophyte

Habitat: The plant grows under warm and wet conditions on sandy soils, but sometimes on
calcareous and rocky soils (Graveson 2012).

Phytochemicals: Flavonoids, glycoflavanone, diterpene lactones, triterpenes, sterol, coumarins,
glycosides, saponin, fatty acids, amino acids, and sucrose (Mali 2010; Bose et al. 2011; Das and
Layek 2021).

Potential biological activity: The plant possesses antipyretic, antidiarrheal, anti-inflammatory,
antimicrobial, immunomodulatory, local anesthetic, and antimalarial activities (Mali 2010; Bose
etal. 2011).

Toxicity: Cytotoxic (Bose et al. 2011).

Botanical description: Erect yellowish-green annual herb; stem densely clothed with glandular
and simple hairs, grooved; leaves 3-5 foliate, leaflets elliptic-oblong, entire, subacute, central
one largest, all subsessile; flowers yellow, axillary, growing out into a lax raceme, sepals
oblong-lanceolate, glandular, hairy outside, stamens 12—20; fruits capsule linear, erect, narrowed
at both ends, viscid, pubescent, striate (Fig. 2.16) (Das and Layek 2021).

Pollen features: Pollen grains prolate, tricolporate, monad; polar axis 19.5 pm and equatorial
axis 18.9 pm; exine 2.6 pm (Kasem 2016).

Anatomical features: Onoja (2016) has reported that the lower (abaxial) and upper epidermis
(adaxial) contain anomocytic stomata and glandular trichomes as the distinguishing features.
The epidermis has a single-layered round cell, hypodermis has two layers, the vascular bundles
are not conjoint and surrounded by bundle sheath (Kasem 2016). Epidermis cells are irregular in
shape and cell walls are sinuous in outline. Leaves are amphistomatic. Ca-oxalate crystals are
found on both the epidermal layers (Das and Layek 2021).

Part used: Seed, leaf, root, and stem

Mode of utilization: Powder, decoction, paste, oil, and cooked
Route of administration: Oral, topical

Disease treated: Ring worms, improve appetite, digestive disorders, diarrhea, increase lactation,
wound healing, rheumatism, urethral ulcer, earache, sexual tonic, bone fractures, abortion, insect
repellent, gastric pain, premature ejaculation, and hiccups.
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Fig. 2.16 Cleome viscosa L.

Traditional uses: The plant is used in uterine complaints, leprosy, treatment of malarial fevers
and those due to indigestion, skin / blood diseases, as laxative and diuretic (Kirtikar and Basu
1987; Mali 2010; Bose et al. 2011). The seeds are also documented as anthelmintic and given to
treat fever and diarrhea in the Unani system of medicine (Chopra et al. 1958; Bose et al. 2011).
According to Bose et al. (2011), a poultice made from the plant is efficacious as a counter
irritant in chronic painful joints and the juice is used to remove pus from the ear.

Recipes:

e Seed powder is given with milk to treat ring worms.

*  Boiled leaves are eaten to improve appetite.

*  Leaf decoction is digestive stimulant and cure diarrhea.

e Leaf powder taken with water increase lactation in pregnant women.

e Seed decoction is used externally to cure rheumatism.

*  Root paste is used externally to cure earache.

e Seed oil is used externally to treat urethral ulcer.

*  Young crushed stem is cooked with salt and chilies and eaten as sexual tonic.

Potential economic significance: The pleasant flavoring seeds are used in India in the
preparation of vegetables, curries, sausages, pulses and pickling spices as a condiment in place
for mustard seed and cumin The narcotic properties of tobacco are reported to increase if dried
and powdered leaves and seeds are added to it as reported from Sumatra (Windadri 2001).
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Family: Convolvulaceae

Synonym(s): Cressa ballii Batt.; Cressa humifusa Lam.; Cressa indica Retz.; Cressa intermedia

T.Anderson; Cressa microphylla St.-Lag.; Cressa monosperma Stokes; Cressa villosa
Hoffmanns. & Link (www.powo.science.kew.org).

English name: Alkali weed, Rosin weed, Cressa

Flowering period: June—August

Distribution: Afghanistan, Bangladesh, India, Iran, Iraq, Kuwait, Lebanon, North Caucasus,
Oman, Pakistan, Palestine, Saudi Arabia, Syria, Tadzhikistan, Transcaucasus, Turkiye,
Turkmenistan, Uzbekistan, Yemen (Malik et al. 2021).

Altitude: sea level —175 m

Habit: Herb

Ecological type: Hydrohalophyte

Habitat: On sandy or muddy saline habitats along the seacoast (Priyashree et al. 2010).

Phytochemicals: Alkoloids, flavonoids, terpenes, tannins, saponins, phytosterols, coumarins,
glycosides, fatty acids, and vitamin E (Rani et al. 2011; Al-Snafi 2016).

Potential biological activity: Antibacterial, antifungal, antidiabetic, antitussive, antioxidant,
anti-inflammatory, antipyretic, analgesic, testicular functions and antifertility activities
(Priyashree et al. 2010; Rani et al. 2011; Al-Snafi 2016).

Toxicity: Cytotoxicity and genotoxicity (Mutlag et al. 2017; Mahdi and Abaas 2019).

Botanical description: Stems basally woody, much branched above, branches pilose; leaves
closely condensed, sessile, ovate-lanceolate to ovate, 2.5-9 x 1-6 mm, apex acute, basally
cuneate, rounded or sub-cordate, pubescent; calyx ovoid, 3—4 mm long, the sepals obovate,

abruptly acute, silky pubescent; corolla 5-6 mm long, the tube and the oblong-ovate lobes about

equal in length; stamens and styles exerted for about 2—4 mm; ovary 2-celled, 4-ovuled; fruit
ovoid, 3-4 mm long; seed usually 1, shining (Fig. 2.17) (www.efloras.org).

Fig. 2.17 Cressa cretica L.
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Pollen features: pollen class: tricolpate; polar axis: 30-33 pm; equatorial diameter: 35-37 pm;
pollen shape: suboblate (Osman and Abdel Khalik 2005).

Anatomical features: According to Rajput et al. (2014), the young stems are thick, circular in
outline, with stomata and non-glandular multiseriate trichomes in the epidermis, which is
single-layered and composed of thin-walled square parenchyma cells covered by a thin cuticle
in young stems. The epidermal cells are replaced by cork cells in the thick stems. The cortex is
fairly wide in the young stems, composed of small and large cells. The outer part of cortex has
irregularly distributed, thick-walled, lignified sclerenchymatous fibers. The large cells are oval
to polygonal, arranged in radial files; smaller cells are oval to circular, placed at the corners of
large cells. The endodermis is composed of single layer of barrel-shaped cells formed on the
inner side of cortex, with pericycle lying beneath it. The collateral vascular bundles 8—10 are
joined by interfascicular cambium forming a complete ring of vascular cambium (Rajput et al.
2014).

Part used: Whole plant

Mode of utilization: Decoction, paste

Route of administration: Oral, topical
Disease treated: Asthma, expectorant, and skin diseases

Traditional uses: The plant is used in diabetes, asthma, expectorant, stomachic, and antibilious;
also used as anthelmintic, stomachic, tonic and aphrodisiac, enrich the blood and is useful in
constipation, leprosy, asthma and urinary discharge (Rani et al. 2011).

Recipes:

* A decoction of the whole plant is drunk twice a day as a remedy for asthma and expectorant
(Qasim et al. 2014).

e A paste of the whole plant is applied locally in skin diseases especially boils (Katewa et al.
2004).

Potential economic significance: The fruits are a potential source of edible oil (Priyashree

et al. 2010). This halophyte plant is considered as a suitable candidate for biodiesel production

due to high-level seed oil contents besides good quality engine parameters (Jaafar et al. 2021).

The plant is also used for camel, goat, and sheep feed fodder (Ozturk et al. 2019).
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2.14 Cyperus rotundus L.

Family: Cyperaceae

Synonym(s): Chlorocyperus rotundus (L.) Palla; Chlorocyperus salaamensis Palla; Cyperus
agrestis Willd. ex Spreng. & Link; Cyperus arabicus Ehrenb. ex Boeckeler; Cyperus badius var.
inconspicuus (Nyman) Nyman; Cyperus bicolor Vahl; Cyperus bifax C.B.Clarke; Cyperus
bulbosostoloniferus Miq.; Cyperus comosus Sm.; Cyperus disruptus C.B.Clarke; Cyperus
elongatus Sieber ex Kunth; Cyperus herbicavus Melliss; Cyperus hexastachyos Rottb.; Cyperus
hildra Poir.; Cyperus hydra Michx.; Cyperus inconspicuus Gennari; Cyperus laevissimus Steud.;
Cyperus leptostachyus Griff.; Cyperus longus Boeckeler; Cyperus merkeri C.B.Clarke; Cyperus
micreilema Steud.; Cyperus nubicus C.B.Clarke; Cyperus ochreoides Steud.; Cyperus officinalis
Nees ex Godr.; Cyperus oliganthus Gand.; Cyperus olivaris O.Targ.Tozz.; Cyperus pallescens
Poir.; Cyperus patulus M.Bieb.; Cyperus platystachys Cherm.; Cyperus procerulus Nees;
Cyperus proteinolepis Boeckeler; Cyperus pseudovariegatus Boeckeler; Cyperus
purpureovariegatus Boeckeler; Cyperus radicosus Sm.; Cyperus retzii Nees; Cyperus
rubicundus Willd. ex Link; Cyperus rudioi Boeckeler; Cyperus stoloniferus var. pallidus
Boeckeler; Cyperus taylorii C.B.Clarke; Cyperus tenuifolius Walp.; Cyperus tetrastachyos
Dest.; Cyperus tuberosus Rottb.; Cyperus viridis Roxb. ex C.B.Clarke; Cyperus weinlandii
Kiik.; Cyperus yoshinagae Ohwi; Pycreus rotundus (L.) Hayek; Schoenus tuberosus Burm.f.
(Malik et al. 2021).

English name: Nutgrass, Nutsedge
Flowering period: April-October

Distribution: Afghanistan, Bangladesh, Borneo, Cambodia, China, East Himalaya, India, Iran,
Iraq, Kazakhstan, Kyrgyzstan, Lebanon, Myanmar, Nepal, North Caucasus, Oman, Pakistan,
Palestine, Philippines, Saudi Arabia, Sri Lanka, Syria, Taiwan, Thailand, Tibet, Transcaucasus,
Turkiye, Turkmenistan, Uzbekistan, Vietnam, West Himalayas, and Yemen (Malik et al. 2021).
Altitude: Up to 1000 m

Habit: Herb

Ecological types: Hydrohalophyte

Habitat: Agricultural areas, coastland, riparian zones, and watercourses (Malik et al. 2021).

Phytochemicals: Polyphenolic, alkaloids, cyperols, flavonoids, fatty oil, furochromone,
glycerols, linolenic acids, myristic acids, nootkatones, saponin, sesquiterpene, sitosterols, stearic
acids, terpenoid, valencenes, steroid glycoside, sesquiterpene hydrocarbon, a-cubebene, and
cyprotene (Malik et al. 2021).

Potential biological activity: Antidepressant, anti-hepatitis B, antimalarial, antidiarrheal and
antioxidant activities (Al-Massarani et al. 2016).

Toxicity: Fumigant toxicity (Chang et al. 2012), and phytotoxicity (EI-Rokiek et al. 2010).

Botanical description: Perennial, 21-61 cm long; rhizomes dark- brownish, woody; stolons
several, long-creeping, stout, 2—1.6 mm wide; stems 1.0-2.6 mm wide, trigonous, greenish, soft;
leaves shorter than stems; sheath 11 cm long, wider, greyish brown, acute, or brownish,
sometimes red-tinted, with lingulate margin; blade 31 cm long, 1.0-4.6 mm in diameter, greyish
green, folded, with a slight keel, margin soft towards the barbed long apex, trigonous, acute,
scabrous; inflorescences an antheridium, 41-101 mm long; 3—4 lower bracts longer than
inflorescences; spike 11-41 x 1.6-2.1 mm long, with 12-52 glumes, glume-like bracts

1.8-2.5 mm up to 3 mm long, spikes 3-angle, 0.6 mm broad, internode 0.8—1.2 mm in length,
winged; glumes (2.4-)2.6-3.6 mm, nerve areas wider, margins narrow sometimes wide scarious,
embracing towards the apex; nuts 1.4—1.7 x 0.6—1.1 mm length, oval, trigonous, brownish to
black brownish, obscure, reticulated papillose (Malik et al. 2021) (Fig. 2.18).

Pollen features: Pollen shape: sub oblate, polar length: 25-31 pm, equatorial length: 27-40 pm,
ornamentation surface: granulate (Sosam and Al-Mayyahi 2018).
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Fig. 2.18 Cyperus
rotundus L.

Anatomical features: A single layer of large epidermal cells forms the upper leaf surface with a
thick cuticle covering it (Wills and Briscoe 1970). The stomata are distributed only on the lower
surface; vascular bundles vary from collateral to amphivasal; passing from the leaves through
the bulb into the rhizomes and tubers. The rhizomes and tubers which have developed newly are
white and fleshy with a parenchymatous epidermis and cortex. We find brown and wiry mature
rhizomes with a deteriorated outer cortex, a lignified inner cortext and endodermis. The rhizome
apices are beset tubers and bulbs, each accumulating starch. The interconnecting vascular
system appears to remain intact throughout the growing season (Wills and Briscoe 1970).

Part used: Flowers, whole plant

Mode of utilization: Powder, infusion

Route of administration: Oral and topical
Disease treated: Skin diseases

Traditional uses: Several researchers have reported (Zhu et al. 1997; Joshi and Joshi 2000;
Puratuchikody et al. 2006; Sivapalan 2013) its evaluation as antimalarial agent, for stomach
disorders, wounds, boils, as an analgesic, sedative, antispasmodic, in blisters and to relieve
diarrhea. According to Yu et al. (2004) and Nima et al. (2008), this plant tuber is one of the
oldest known medicines used for the treatment of dysmenorrheal and menstrual irregularities.
Herbal infusion has been used in pain, fever, diarrhea, dysentery, an emmenagogue, and other
intestinal problems (Umerie and Ezeuzo 2000; Malik et al. 2021).

Historically, the tubers of this species were roasted in the Arabian countries and hot ashes from

burned tubers were used to treat carbuncles, bruises, wounds, and other related complaints

(Al-Massarani et al. 2016). In the Islamic herbal medicine and Ayurvedic practices the plant

tubers are reported to have been used to treat delayed menstruation and dysmenorrhea, fever,

uterine disorders, as stomachic, removal of obstructions and as emollient plaster (Pirzada et al.

2015; Al-Massarani et al. 2016).

In the traditional Chinese medicine, the tubers of the plant are used as an antidiarrheal,

antidepressant, analgesic, antiinflammatory and antiemetic remedy for dysentery and women’s

diseases (Chen et al. 2014; Oh et al. 2015; Al-Massarani et al. 2016).

Recipes:

e For 20 min 50 g of dry flower crushed into powder, 2 tablespoons used with water daily in
the evening for treating boils (Malik et al. 2021).

»  For 3 days 50 g of whole plant infused in 20 mL of water; infusion filtered and 2 cups
(200 mL) of infusion taken in the morning for 7 days daily for treating skin diseases (Malik
etal. 2021).

Potential economic signifance: The plant is harvested from the wild for local use and trade. It

is used mainly as a medicine but also for food, essential oils and basketry; sometimes also

cultivated in tropical regions for its edible tubers (www.tropical.theferns.info).
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2.15 Dactyloctenium scindicum Boiss.

Family: Poaceae

Synonym(s): Dactyloctenium glaucophyllum Courbon; Eleusine aristata Ehrenb. ex Boiss.;
Eleusine glaucophylla (Courbon) Munro ex Benth.; Eleusine scindica (Boiss.) Duthie (www.
powo.science.kew.org).

English name: Crowfoot grasses
Flowering period: July—September

Distribution: Afghanistan, India, Oman, Pakistan, Saudi Arabia, West Himalayas, Yemen
(Malik et al. 2021).

Altitude: Up to 1400 m
Habit: Herb
Ecological type: Xerohalophyte

Habitat: Dry rocky outcrops, sandy soil on hard ground and on wet ground; also grow on highly
saline soil tracks (Landge et al. 2021).

Phytochemicals: Not reported
Potential biological activity: Not reported
Toxicity: Not reported

Botanical description: Stoloniferous perennial forming extensive spreading mats; culms
slender with swollen bases, 7-45 c¢m high, erect; leaf-blades flat or loosely folded, tough and
rather glaucous, 1-11 cm long, 1.5-3 mm wide, scattered papillose-hispid especially along the
margins; inflorescence composed of 34(5) slightly falcate oblong spikes 0.8—2 cm long forming
a compact head, the spikes readily disarticulating at maturity from the top of the culm; spikelets
3-9-flowered, broadly lanceolate to ovate, 4-8 mm long; glumes broadly elliptic in profile, the
lower 1.7-2.5 mm long, the keel narrowly winged, the upper 1.5-2.3 mm long, the prominent
scabrid keel extended into an awn half to as long as the glume; lemmas lanceolate in profile,
3-3.8 mm long, obtuse to acute with the scabrid keel extended into a mucro up to 0.8 mm long;
palea-keels finely scabrid, unwinged; anthers 1.1-2 mm long; Grain 0.7-1 mm long,
transversely rugose (Fig. 2.19) (www.efloras.org).

Pollen features: Not reported

Fig. 2.19 Dactyloctenium
scindicum Boiss.
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Fig. 2.20 Abaxial surface of Dactyloctenium scindicum Boiss.

Anatomical features: Lamina transverse sections depict slight ribs and furrows on the adaxial
but flat on the abaxial surface; the vascular bundles are mostly with adaxial sclerenchyma
strands; the chlorenchyma cells are radially arranged around the vascular bundles, the keel is
conspicuous, rounded with single median vascular bundle, having 2-3 small vascular bundles on
each side; the bulliform and associated colorless cells are in the form of fan-shaped groups; the
large vascular bundles possess double sheath, complete or interrupted on the adaxial side, due to
colorless cells; in the small vascular bundles inner sheath is not prominent; the stomatal complex
in general has guard cells dumbbell-shaped, subsidiary cells triangular or high dome-shaped,
together with micro -macro hairs; hooks are absent (Fig. 2.20) (Ahmad et al. 2011).

Part used: Leaf, stem, root, seed, flower, seed

Mode of utilization: Paste, extract, powder, juice, paste, decoction
Route of administration: Oral and topical

Disease treated: Syphilis, liver diseases, leukoderma, spleen enlargement, abscess,
hydrophobia, toothache, gonorrhea, ulcer, earache, snake bite, analgesic, heart burn, kidney
diseases, diuretic, and wounds.

Traditional uses: Pennisetum typhoides seeds are mixed with the seed powder of this species
and used in making bread (roti); entire plant extract is used orally in rheumatism (Katewa and
Galav 2006; Ahmad et al. 2020). In addition, the plant is used to treatment of pain killer,
inflammation, and arthritis (Qasim 2014).

Recipes:

e Leaf paste is applied dermally to treat itching of wounds.

*  Culm extract after strained with milk is taken orally to cure gonorrhea.

¢ Root powder is taken orally to cure ulcer.

e The juice of leaves is used as ear drops to get relief from earache.

*  Root extract is applied on snake bite dermally to reduce the venom effect.

e Leaf paste is taken with milk to get relief from heartburn.

Potential economic significance: It is one of the well consumed plants by animals and
supposed to increase milk yield (especially cattle) (Singh et al. 2012; Gul et al. 2014).
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2.16 Halocnemum strobilaceum (Pall.) M.Bieb.

Family: Amaranthaceae

Synonym(s): Halocnemum cruciatum (Forssk.) Baill.; Halocnemum strobilaceum subsp.
Cruciatum (Forssk.) Arrigoni; Salicornia fruticosa Forssk.; Salicornia drepanensis Tineo ex
Ung.-Sternb.; Salicornia fruticosa Moq.; Salicornia glauca Sieber ex Ung.-Sternb.; Salicornia
strobilacea Pall.; Sarcathria strobilacea Raf. (www.powo.science. kew.org).

English name: Halocnemum

Flowering period: August—October

Distribution: Afghanistan, China, Iran, Iraq, Kazakhstan, Kyrgyzstan, Kuwait, Lebanon,
Mongolia, North Caucasus, Oman, Pakistan, Palestine, Russia, Saudi Arabia, Syria,
Tadzhikistan, Transcaucasus, Turkiye, Turkmenistan, Uzbekistan, West Siberia (Malik et al.
2021).

Altitude: Up to 1200 m

Habit: Shrub

Ecological type: Xerohalophyte

Habitat: Salt-lake shores, and salt marshes

Phytochemicals: Saponins, flavonoids, alkaloids, anthocyanins, coumarins, and fatty acids
(Nasernakhaei and Zahraei 2021).

Potential biological activity: Anticancer, antioxidant, anti-inflammation, and antimicrobial
activities (Ksouri et al. 2012; Nasernakhaei and Zahraei 2021).

Toxicity: Cytotoxicity (Razek et al. 2019; Pourabdollah Kaleybar 2021).

Botanical description: Plants 2040 cm tall; stems branched from base; old branches nearly
alternate, prostrate or ascending, brown-green, woody, bearing opposite, shortened, budlike,
dwarf branchlets; young branchlets opposite, suberect, gray-green, jointed, glabrous; leaves
opposite, connate; spikes borne on upper branches, decussate, 5-15 x 2-3 mm; perianth with 2
lateral segments incurved, outline obdeltoid; seed brown, ovoid or globose, 0.5-0.75 mm in
diam., densely finely papillate (Fig. 2.21) (www.efloras.org).

Fig. 2.21 Halocnemum strobilaceum (Pall.) M.Bieb.
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Pollen features: Pollen diameter: 20.77 pm; exine thickness: 2.61 pm (Dehghani et al. 2021).
Anatomical features: According to Yanbin et al. (1998), the leaves and assimilating branches of
this species are adapted to salt-morphic circumstances due to the possession of thick leaf blades
and cuticula; epidermal hairs; sunken stomata, well developed palisade and many equilateral
leaves. The assimilating branches take place of the photosynthetic function of some modified
leaves; leaves and assimilating branches possess mucilage or crystal cells; well-developed
water-storing tissues with large cells are observed in the interior of the assimilating branches
(Yanbin et al. 1998).

Part used: Aerial parts

Mode of utilization: Herbal tea, brew, decoction, extract

Route of administration: Oral

Disease treated: Pregnancy difficulties, dysmenorrhea, headache, expectorant, and digestive
diseases.

Traditional uses: The plant is used to treat fever, jaundice, headache, expectorants, digestion,

pregnancy difficulties, and dysmenorrhea, and hair loss (Nasernakhaei and Zahraei 2021).

Recipes:

e The plant extract prepared with herbal tea is used to treat of pregnancy difficulties and
dysmenorrhea (Heneidy et al. 2017).

* A decoction and/or brew of the aerial parts of the plant is drunk as treatment of headache,
expectorant, and digestive remedy (Zali and Tahmasb 2016).

Potential economic significance: The aerial parts of the plant are used to get extract to be used
as a probiotic in aquaculture feed (Messina et al. 2019). The plant is a good source of vitamins

C and E as well as sodium, potassium, calcium, and magnesium. The green or red-violet shoots
are consumed in Tunisia as gourmet vegetable due to their organoleptic properties and are used
as preservatives in the food and beverage industries (Zaier et al. 2020).
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2.17 Juncus acutus L.

Family: Juncaceae

Synonym(s): Juncus acutus subsp. acutus; Juncus acutus subsp. leopoldii (Parl.) Snogerup
English name: Spiny rush

Flowering period: March—June

Distribution: Iran, Iraq, Kuwait, Jordan, Lebanon, North Caucasus, Palestine, Syria,
Transcaucasus, Turkiye, and Turkmenistan

Altitude: Up to 150 m
Habit: Herb
Ecological type: Hydrohalophyte

Habitat: In sandy seashores, salt marshes, and disturbed saline areas, freshwater wetlands, and
saline and subsaline wetlands.

Phytochemicals: Phenolics, flavonoids, phenanthrenoids, coumarines, carotenoids, and
juncunol (Petropoulos et al. 2018).

Potential biological activity: Antioxidant, anti-inflammatory, and anti-acetylcholinesterase
(Petropoulos et al. 2018).

Toxicity: Cytotoxic (Rodrigues et al. 2014).

Botanical description: Plant densely cespitose with poorly developed rhizome; intravaginal
shoots present; stems (15-)50-150 cm, rigid, with 2-5 basal leaves; inflorescence many-
flowered, usually dense, globose; lowest 2 bracts well developed although usually short;
perianth segments subequal, oblong; outer obtuse or acute; inner with broad scarious apical
auricles; stamens equaling or slightly shorter than perianth; anthers 1.5-2 mm, several times
longer than filaments; capsule ovoid, 4-6 mm, much-exceeding perianth, with broadly conical
apex, shortly mucronate; seeds 80—120 per capsule, 1.5-2.5 mm, with equal appendages

(Fig. 2.22) (Davis 1985).

Pollen features: Not reported

Fig. 2.22 Juncus acutus L.
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Anatomical features: The anatomical structure of roots of the plant reveals these are
adventitious and very thin, the rhizodermis has relatively short, abundant absorbing hairs (Al
Hassan et al. 2015). The cortex is relatively thick with an exodermis having 2-3 layers of cells
having thin, less suberized walls; cortical parenchyma is thick, with many large air-storing
cavities, very close to each other and separated only by fragments of disintegrated
parenchymatous cells plus stele; the endodermis has large cells, with internal and radial walls
moderately thickened and lignified. The stele is relatively thick, with a pericycle having smaller
cells compared to the endodermis, and alternating with these, all walls are thin, in moderately
sclerified and lignified parenchyma, 7-8 large metaxylem vessels are embedded in a circle (Al
Hassan et al. 2015).

Part used: Seed
Mode of utilization: Eaten fresh

Route of administration: Oral

Disease treated: Diuretic

Traditional uses: Urinary diseases, jaundice (Miara et al. 2021).

Recipes: The seeds of the plant employed as diuretic (La Rosa et al. 2021).

Potential economic significance: Generally, the stems of the plant are used in making woven
baskets, thatching, and weaving mats.
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2.18 Limonium sinuatum (L.) Mill.

Family: Plumbaginaceae

Synonym(s): Linczevskia sinuata (L.) Tzvelev; Statice sinuata L.; Taxanthema sinuatum (L.)
Sweet

English name: Sea lavender, sea pink

Flowering period: May—September

Distribution: Lebanon, Palestine, Syria, Transcaucasus, and Turkiye
Altitude: Up to 300 m

Habit: Herb

Ecological type: Hydrohalophyte

Habitat: Coastal areas

Phytochemicals: Phenolic acids, flavonoids (Petropoulos et al. 2018).
Potential biological activity: Antioxidant activity (Xu et al. 2017).
Toxicity: Heavy metal toxicity (Ansari et al. 2018).

Botanical description: Annual or perennial herb, densely covered throughout with spreading
fairly long stiff hairs; leaves radical, oblong-lanceolate, 3—10 cm long, 1-3 c¢cm broad, deeply
sinuate-margined to pinnatifid or pinnatisect; terminal lobe piliferous; scape dichotomously
branched in the upper part or nearly at the top, broadly winged, produced at the nodes into 2-3
linear foliaceous appendages; spikes compact; spikelets 3—4-flowered; outer bract narrowly
triangular, 6-9 mm long, membranous, subulate acuminate; first inner bract slightly longer and
much broader than the outer bract, herbaceous, strongly convex with two ciliate dorsal heads,
and produced into 2-3 large, 2-3-toothed appendages; other inner bracts like the outer bract;
calyx funnel-shaped; tube puberulous; limb truncate, violet or yellow; nerves terminating below
the margin (Fig. 2.23) (www.efloras.org).

Fig. 2.23 Limonium
sinuatum (L.) Mill.
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Pollen features: Pollen unit: monad; size (pollen unit): 51-100 pm; pollen class: colpate
(www.paldat.org).

Anatomical features: The leaves of the plant are amphistomatic type (de Blas 1992).
Part used: Flower, leaves
Mode of utilization: Decoction

Route of administration: Oral

Disease treated: Anti-aging properties
Traditional uses: This plant is used as a food plant in Cyprus (Della et al. 2006).

Recipes:
* A decoction of the flowers of the plant is used for their anti-aging properties (Xu et al. 2017).
e A decoction of the leaves of the plant is used as treatment for diabetes (Idm’hand et al. 2020).

Potential economic significance: The plant is an economically valuable cut and dried flower
crop (Grieve et al. 2005).



http://www.paldat.org
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2.19 Noaea mucronata (Forssk.) Asch. & Schweinf.

Family: Amaranthaceae

Synonym(s): Anabasis echinus M.Bieb.; Anabasis spinosissima L.f.; Halogeton spinosissimus
(L.f.) C.A.Mey.; Noaea spinosissima (L.f.) Moq.; Salsola camphorosmoides Dest.; Salsola
mucronata Forssk. (www.powo.science.kew.org).

English name: Thorny saltwort
Flowering period: August—October

Distribution: Afghanistan, Iran, Iraq, Lebanon, North Caucasus, Palestine, Saudi Arabia, Syria,
Transcaucasus, Turkiye, Turkmenistan, and Uzbekistan (Malik et al. 2021).

Altitude: 500-2200 m
Habit: Shrub
Ecological type: Xerohalophyte

Habitat: Arid and semi-arid steppes and deserts (www.cabi.org).

Phytochemicals: Alkaloids, flavonoids, saponins, amino acids, and fatty acids (Aynehchi et al.
1981).

Potential biological activity: Anti-inflammatory, analgesic, and anti-diabetic activities (El
Eraky 2001).

Toxicity: Heavy metal toxicity (Rizwan et al. 2014).

Botanical description: The plant is a low, much-branched shrub, 20-50 (—75) cm high, with
stems hardened at their base; branches rigid, spine-tipped although with no stipules; leaves
0.5-1.0 (—1.5) cm long, glabrous, alternate and very narrow, cylindrical or terete, filiform and
mucronate; flowers green, hermaphrodite, solitary and axillary, situated at the axils of the leaves;
perianth segments 5 (3 outer and 2 inners), around 4 mm long, all developing a transverse wing
on the back in the white-reddish fruit with wings 3—-6 mm, obovate or obovate- to circular with
an irregularly toothed margin; stamens 5, stigmas 2; seeds vertical (Fig. 2.24) (www.cabi.org).

Fig. 2.24 Noaea
mucronata (Forssk.) Asch.
& Schweinf.
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Pollen features: Pollen grains: pantoporate; pollen grains: 12.2-15.6 pm in diameter
(Hayrapetyan and Sonyan 2021).

Anatomical features: Zarinkamar (2006) reported that various unicellular, simple trichomes,
extremely short sometimes similar to papillae accompanied by glandular trichomes are present
on both leaf surfaces. In addition, the epidermis includes small polygonal cells with thick
smooth walls. A stoma is brachyparacytic some anomocytic is present too. Numerous large
crystals (druses) are observed at the leaf margin (Zarinkamar 2006).

Part used: Leaves, stem

Mode of utilization: Infusion, decoction
Route of administration: Oral

Disease treated: Carminative, sudorific, antispasmodic, and colic.

Traditional uses: In Iran, the plant is used as a means of breaking up kidney stones (Ghasemi
Pirbalouti et al. 2013).

Recipes:

*  Aninfusion of leaf is used as a carminative, sudorific, and antispasmodic (Al-Khalil 1995).
*  Young stem decoction is used to treat colic in acute cases (Al-Khalil 1995).

Potential economic significance: The plant is commonly used as fuel for cooking and heating
(Al-Oudat et al. 2005). The soft shoots are occasionally consumed in spring by sheep and goats
in west Asia (especially in Syria) (Al-Oudat et al. 2005; Ozturk et al. 2019). It is an effective
accumulator, worth evaluation in heavy metal phytoremediation of polluted sites; good
accumulator of lead, zinc, copper, cadmium out of the 5 plant species tested in Iran (Chehregani
et al. 2009).
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2.20 Pentanema britannica (L.) D.Gut.Larr., Santos-Vicente,
Anderb., E.Rico & M.M.Mart.Ort.

Family: Asteraceae

Synonym(s): Aster britannicus (L.) All.; Aster orientalis S.G.Gmel.; Aster undulatus Moench;
Conyza britannica (L.) Moris ex Rupr.; Helenium britannica (L.) Kuntze; Helenium macrolepis
Kuntze; Helenium microcephalum Kuntze; Helenium repandum Kuntze; Inula britannica L.;
Inula britannica var. angustifolia Becker; Inula britannica var. eglandulosa R .Nabiev; Inula
britannica subsp. hispanica (Pau) O.Bolos & Vigo; Inula britannica subsp. latifolia U.P.Pratov
& R.Nabiev; Inula britannica var. longilepis R.Nabiev; Inula britannica var. ramosissima
Ledeb.; Inula britannica var. sericans Zalewski; Inula britannica f. sublanata (Kom.) Kitag.;
Inula britannica var. sublanata Kom.; Inula britannica var. tymiensis Kudo; Inula chinensis
(Kom.) Kom.; Inula comosa Lam.; Inula dichotoma Zuccagni; Inula encelioides Hornem. ex
Ledeb.; Inula hirta Pollich; Inula micranthos DC.; Inula microcephala Borbas; Inula oetteliana
Rchb.; Inula orientalis d’Urv. ex Boiss.; Inula serrata Gilib.; Inula squarrosa Krock.; Inula
tymensis Kudo; Inula vaillantii Schur ex Nyman (www.powo.science.kew.org).

English name: Meadow fleabane, yellow starwort
Flowering period: May—September (Malik et al. 2021).

Distribution: China, Iran, Iraq, Kazakhstan, Kyrgyzstan, Mongolia, Nepal, North Caucasus,
Russia, Tadzhikistan, Tibet, Transcaucasus, Turkiye, Turkmenistan, Uzbekistan, West
Himalayas, West Siberia (Malik et al. 2021).

Altitude: Up to 2500
Habit: Herb
Ecological type: Hydrohalophyte

Habitat: In semi-desert areas, steppes, and meadows, along the edges of rivers and lakes
(Zaurov et al. 2013; Malik et al. 2021).

Phytochemicals: Alkoloids, terpenoids, flavonoids, tannins, essential oils and vitamin C (Khan
et al. 2010; Zaurov et al. 2013).

Potential biological activity: Anticancer, antibacterial, antifungal, antioxidant, anti-
inflammatory, neuroprotective and hepatoprotective activities (Khan et al. 2010; WHO 2013).
Toxicity: Cytotoxicity (Khan et al. 2010).

Botanical description: Herbaceous perennial, with thin creeping rhizomes; stems mostly erect,
often villous or with orange glands, 10-70 cm tall; basal leaves elliptic, lanceolate or ovate,
3-13 cm long, 1-3.2 cm wide; cauline leaves alternate, sessile, elongate-lanceolate to lanceolate;
inflorescence a capitulum, 3-5 cm wide, single or in corymbiform groups; involucral bracts
linear, 4-6 mm long, in 2 rows; ray flowers many (ca. 40-70), 1-1.5 cm long, yellow, twice as
long as bracts; disc flowers 4-6 mm long, yellow; fruits linear-oblong achenes, ribbed, brown,
with gray-white pappus (Fig. 2.25) (Zaurov et al. 2013; Malik et al. 2021).

Pollen features: Pollen unit: monad; pollen shape: spheroidal; pollen class: colporate; pollen
aperture: sunken; aperture type: colporus; size (pollen unit): 10-25 pm (www.paldat.org).
Anatomical features: Toma et al. (2010) have reported an amphistomatic lamina; number of
stomata per unit surface being higher in the upper epidermis; protective hairs completely
resemble those found in the stem. The eco- anatomical observations reported by these workers
underlines the presence of aerenchyma in the root/stem cortex. A plant has been collected from
a salinized area, with a water table localized near the soil surface (Toma et al. 2010).

Part used: Underground parts, leaves

Mode of utilization: Infusion, decoction

Route of administration: Oral
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Fig. 2.25 Pentanema
britannica (L.) D.Gut.
Larr., Santos-Vicente,
Anderb., E.Rico &
M.M.Mart.Ort.

Disease treated: Cystitis, diabetes, jaundice, respiratory catarrh, bone tuberculosis, rheumatism,
hemorrhoids, vermifuge, hemostatic for uterine bleeding, to improve the appetite, an anti-
inflammatory and astringent remedy (Zaurov et al. 2013; Malik et al. 2021).

Traditional uses: The plant is used for hiccups, nausea and excessive sputum together with
other plants. The flowers are used to treat inflammation, bronchitis and intestinal diseases (Khan
et al. 2010). Aerial parts or flower decoction are used for asthma in the traditional Chinese
medicine as well as an expectorant (Khan et al. 2010). The flowers are used as stomachic, for
hepatitis, as diuretic, laxative, antibacterial, carminative, tonic rapid-healer, and in tumors (Khan
et al. 2010).

Recipes:

* Infusion or decoction of the underground parts used to treat bone tuberculosis, respiratory
catarrh, diabetes, jaundice, cystitis, rheumatism and hemorrhoids as well as a vermifuge, to
improve the appetite and hemostatic for uterine bleeding (Zaurov et al. 2013; Malik et al. 2021).

e Leaf infusion is taken as an astringent as well as anti-inflammatory agent (Zaurov et al. 2013).

Potential economic significance: None reported
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2.21 Pentatropis nivalis (J.F.Gmel.) D.V.Field & J.R.I.Wood

Family: Apocynaceae

Synonym(s): Asclepias nivalis J.F.Gmel.; Asclepias nivea Forssk.; Oxystelma caudatum
Buch.-Ham. ex Wall.; Pentarrhinum fasciculatum K.Schum.; Pentatropis cynanchoides R.Br. ex
N.E.Br.; Pentatropis fasciculata (K.Schum.) N.E.Br.; Pentatropis hoyoides K.Schum.;
Pentatropis madagascariensis Decne.; Pentatropis nivalis subsp. madagascariensis (Decne.)
Liede & Meve; Pentatropis rigida Chiov.; Pentatropis senegalensis Decne.; Strobopetalum
carnosum N.E.Br. (www.powo.science.kew.org).

English name: White milkweed
Flowering period: July-November

Distribution: Afghanistan, India, Iran, Oman, Pakistan, Palestine, Saudi Arabia, and Yemen
(Malik et al. 2021).

Altitude: Up to 1300 m
Habit: Shrub
Ecological type: Xerophyte

Habitat: Scrambling over shrubs in dry bushlands, frequently on the seasonally flooded ground,
or in riverine forests or thickets (www.powo.science.kew.org).

Phytochemicals: Alkaloids, cardiac glycosides, flavonoids, glycosides, phenols, resins,
saponins, tannins, steroids, and terpenoids (Babre et al. 2020).

Potential biological activity: The plant extract has been evaluated for its antioxidant property
(Babre et al. 2020).

Toxicity: Poisonous (Quattrocchi 2012).

Botanical description: Perennial twiner, nearly hairless, with tuberous roots; leaves very
variable, ovate to linear, 2—4 cm long and 0.5-2 cm broad, more or less thick, hairless, with a
short sharp point; flowers greenish-white, about 1.2 cm across, borne in 3—6 flowered cymes;
flower divided almost to the base, with narrow elongate tepals; corona scales laterally
compressed, vertically adnate to the backs of the anthers, with free tips and spurred bases,
staminal tube short; seed-pods 5-8 cm long, about 1 cm broad, lance-shaped tapering into a
beak, smooth, hairless; seeds with long hairs (Fig. 2.26) (www.powo.science.kew.org).

Fig. 2.26 Pentatropis
nivalis (J.F.Gmel.)
D.V.Field & J.R.I.Wood
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Pollen features: None reported

Anatomical features: The seed coat pattern with a few mounds and papillae in between is
characteristic; papillae covered by dense mounds and papillae in-between in the plant. The
epidermal cells are randomly arranged, 4-6 gonal, and isodiametric in the seeds examined
where they are elongated, slightly convex with a distinctly small protuberance in its central
portion in the plant. The surface of the outer periclinal cell walls is tuberculated in the plant.
These boundaries are well developed and indicated by channels in the seeds of the plant. These
channels are smooth and distinctly deep shallow in the plant (Heneidak and Hassan 2005).
Part used: Whole plant

Mode of utilization: Raw, decoction, extract, juice, and paste

Route of administration: Oral, topical

Disease treated: Painful urination, acne, body pain, chronic fever, blood purifier, gonorrhea,
dysuria, hepatoprotective, anti-smoking, heart tonic, astringent, mouth ulcer, muscle pain,
leukoderma, throat sores, itching, kidney problems, backache, and menses problems.

Traditional uses: The plant is used for inflammation, leukoderma, biliousness (Ayurveda),
gonorrhea, and emetic (Kirtikar and Basu 1987; Babre et al. 2020).

Recipes:

e Fruit is eaten raw for blood purification.

*  Leaf decoction is used externally for itching and sore throat.

e Juice extracted from the leaves is used orally against jaundice.

e Fruit juice is taken orally against leukoderma and muscle pain.

e  Root decoction is used as mouth wash for the treatment of mouth ulcer.

e Fruit paste with sugar is given to children twice a day as astringent.

Potential economic significance: The tubers of the plant are eaten (Ali 1983).
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2.22 Phoenix sylvestris (L..) Roxb.

Family: Arecaceae

Synonym(s): Elate sylvestris L.; Elate versicolor Salisb. (Malik et al. 2021).

English name: Silver date palm, wild date palm, Indian date, sugar date palm (Malik et al. 2021).
Flowering period: June—July (Malik et al. 2021).

Distribution: Bangladesh, Bhutan, China, India, Myanmar, Nepal, and Pakistan (Malik et al.
2021).

Altitude: Up to 1500 m (Malik et al. 2021).

Habit: Tree

Ecological type: Hydrohalophyte

Habitat: From the plains to the coast in low-lying wastelands, scrub forests, and disturbed areas
or the areas prone to periodic or seasonal inundation with water (Malik et al. 2021).

Phytochemicals: Anthocyanins, phenolics, sterols, carotenoids, procyanidins, flavonoids,
tannins, alkaloids, saponins, terpenoids, carbohydrates, amino acids, dietary fibers, essential
vitamins and minerals (Sharma et al. 2016; Jain et al. 2018; Malik et al. 2021).

Potential biological activity: Antioxidant, anthelmintic, antimicrobial, erythropoietic, antidiarrheal,
analgesic, diuretic, anti-ulcer, antihypertensive and anti-diabetic activities (Jain et al. 2018).
Toxicity: Acute toxicity and cytotoxicity (Mukherjee et al. 2014; Shajib et al. 2015; Jain et al.
2018; Malik et al. 2021).

Botanical description: The stem of the plant is single or in cluster form, with some shoots up to
20 m high, to 52 cm wide, with permanent, diamond-shaped leaf base; leaves 4—6 m, sheathed
with petiole up to 2 m, rachis 1-3 m; pinnae 200 per side of rachis, straight, not regularly
arranged, spread in the diverse plane; mid pinnae up to 41 x 3 cm; male inflorescence erect, up
to 2 m, with many rachillae, 31 cm; female inflorescences straight, become pendulum-like, up to
3 m; fruit flexible in shape, frequently oblong, 7.3 x 3.2 cm, brownish or blackish; endosperms
homogeneous (Malik et al. 2021) (Fig. 2.27).

Fig. 2.27 Phoenix sylvestris (L.) Roxb.
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Pollen features: Pollen class monocolpate, shape: subdolate oroblate-spheroidal,
ornamentation: tectum reticulate, polar length: 20.10-27.80 pm, equatorial diameter: 23.30—
27.20 pm (Rashid and Perveen 2014).

Anatomical features: A single layer of rectangular or squarish epidermis, a thin layer of
cuticles on their outer surface; 1-3 layers of hypodermis with squarish or oval cells, compactly
arranged. In the hypodermal layers of its fruit some resinous substances have been reported. The
conspicuous layer of tanniniferous cells is centrally placed, found in the multi-layered mesocarp,
with a few scattered vascular bundles. Endocarp membraneous, 5-10 cells thick, papery and
white (Biradar and Mahabale 1969).

Part used: Flower, leaves

Mode of utilization: Powder, decoction

Route of administration: Oral and topical

Disease treated: Hypertension

Traditional uses: The roots are evaluated for treating uterine tumors, swellings, menstruation
and related problems, also used as tonic with butter and milk; used for backaches and sexual
problems; as well as witchcraft. Domestic items made from the stems. Whole plants are broadly
used for joint pains and fevers. In pneumonia and typhoid fevers and for hair dyeing the root
extracts are used (Malik et al. 2021).

The plant is considered to cure fevers, heart complaints, loss of consciousness, abdominal
complaints and constipation; plant sap too is a laxative, nutritious with cooling effect, central
tender parts are used in the gonorrhea treatment; the root is also used in the treatment of
helminthiasis, nervous debility and toothache (Jain et al. 2018).

Recipes:

e Dry flowers crushed and 2-tablespoons consumed with one cup of warm water daily in the
early morning for hypertension for 14—15 days (Malik et al. 2021).

e A decoction made from 30 g of leaves by mixing these with 200 mL of water, used in a
100 mL cup 3 times a day for 14 days in hypertension patients (Malik et al. 2021).

Potential economic significance: According to Jain et al. (2018), P. sylvestris is a good source of
natural antioxidants, nutritional supplements, the plant parts are widely used as functional foods in the
food industry. It is highly popular among landscapers due to its low maintenance and beautiful
appearance. As per Punjani (2002), local inhabitants in some areas of India use it in the construction
of roofs of houses as supporting beams made from its trunk as well as for changing water path of
water mill turbines. The forest dwellers use its stem and leaf at a large scale as construction materials
(Kulkarni and Mulani 2004). The plant leaves are widely used for the preparation of hand fans and
brooms as well as floor mats (Reddy et al. 2008; Kumar and Bhagat 2012; Rekha and Kumar 2014).
Jain et al. (2018) also mention about the use of its long spines and other spines as toothbrush and
traditional needles.

The flowers of wild date palm are evaluated worldwide in the preparation of sugar and alcohol. Its
sweet fruits are consumed fresh as well as in the jelly form (Jain et al. 2018). The fat content of milk
in the farm animals improves if they consume these on daily basis (Patil et al. 2014). In the Bengali
cuisine, the plant sap is widely used for the preparation of sugar and traditional sweets (Ahmed 2007).
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2.23 Phragmites australis (Cav.) Trin. ex Steud.

Family: Poaceae
Synonym(s): Arundo australis Cav.

English name: Common reed

Flowering period: July—September

Distribution: Afghanistan, China, Georgia, Iran, Iraq, Kazakhstan, Kyrgyzstan, Kuwait,
Lebanon, Mongolia, Nepal, North Caucasus, Oman, Pakistan, Palestine, Russia, Saudi Arabia,
Syria, Tadzhikistan, Transcaucasus, Turkiye, Turkmenistan, Uzbekistan, Vietnam, West
Himalayas, West Siberia, Yemen (Malik et al. 2021).

Altitude: Up to 2400 m
Habit: Herb
Ecological type: Hydrohalophyte

Habitat: Lakes, rivers, ditches, swamps, fens, canal banks, and seashores (Davis 1985).

Phytochemicals: Phenolics, phytosterols, tannins, terpenoids, glycosides and flavonoids
(Petropoulos et al. 2018; Samir et al. 2019; Malik et al. 2021).

Potential biological activity: Antioxidant, anti-melanogensis, and hepatoprotective
(Petropoulos et al. 2018).

Toxicity: Heavy metal toxicity (Caparrds et al. 2022); and phytotoxicity (Rudrappa et al. 2009).

Botanical description: Perennial reed, with creeping rhizomes; culms erect, 1.5-3(6) m
high; leaf-blades 20—60 cm (or more) long and 8-32 mm wide, glabrous, smooth beneath,
the tips filiform and flexuous (sometimes stiff and pungent, see below); panicle 20-30(—50)
cm long and 6-10(—15) cm wide, the lowest node usually few-branched, some of the
branches bearing spikelets nearly to their base; spikelets 12—18 mm long, the rhachilla-hairs
6—10 mm long, copious, silky; lower glume 3—4.5 mm long; upper glume lanceolate,

5-9 mm long, sharply acute, usually apiculate; lowest lemma linear lanceolate to linear-
oblong, 8—15 mm long; fertile lemmas very narrowly lanceolate, 9—13 mm long (Fig. 2.28)
(www.efloras.org).

Fig. 2.28 Phragmites australis (Cav.) Trin. ex Steud.
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Pollen features: Pollen type: apolar; pollen shape: prolate spheroidal; polar diameter: 27.5—
32.5 pm; equatorial diameter: 27.5-30.0 pm; apertures: monoporate; sculpture type: psilate
(El-Amier 2015).

Anatomical features: The transverse sections of mature plant leaf have been studies under light
microscope. These possess a mesophyll of 12—15 cell layers; several layers of tightly appressed
cells form the external part of the mesophyll, with limited intercellular spaces on both sides of
the leaves. The mesophyll internal part shows irregularly shaped cells, larger than peripheral
ones, separated by large intercellular spaces. Both leaf surfaces of leaves are studded with
stomata, more numerous on the abaxial surface whereas, adaxial surface has large number of
turgid bulliform cells extending from the leaf surface to the center of the mesophyll. A double
bundle-sheath surrounds the vascular bundles (Antonielli et al. 2002).

Part used: Juice of the plant

Mode of utilization: Decoction, infusion

Route of administration: Oral

Disease treated: Diuretic, and antipyretic agent

Traditional uses: It has been used for centuries as a fodder plant in summer and the stems are

traditionally harvested in winter as a raw material for crafts as well as for construction materials

including roofing (Kobbing et al. 2013).

Recipes:

e A decoction of the juice of the plant is drunk as a cup daily for 3—4 weeks for diuretic
effects (Ar1 et al. 2015).

* Aninfusion of the juice of the plant is used as an antipyretic agent (Ar1 et al. 2015).

Potential economic significance: In the wastewater management systems this plant plays a
useful role. It is evaluated for the reduction of total suspended solids, biological oxygen
demand and nitrogen from primary municipal waste waters in artificial wetlands (Gray and
Biddlestone 1995). Phragmites reed stands found on the artificial as well as natural wetlands
together with their associated microflora are excellent clean-up agents pollutant remediation
together with sediment and other undesirable materials from water (www.cabi.org). This plant
also helps in preventing soil erosion on the banks of rivers and channels (Bonham 1980).

For thatch and other traditional crafts this plant serves as a major harvested resource. In some
countries it is also cut for pulp production, for example in the Danube Delta as well as Romania
where we come across extensive reed swamp stands. The livestock also graze it, as such it is
used as fodder, mainly when young. This information comes from the Volga delta, Russia and
Kashmir (Langar and Bakshi 1990). In northern areas of China, the plant is grown as a crop (Li
and Cao 1981).

According to Dely-Draskovits et al. (1992), the plant stands of this genus distributed around the
wetlands play a major co-evolved wildlife support role, particularly in the temperate areas as
vital parts of the wetland ecosystem and support wildfowl and other animals.

A report published by Ar1 et al. (2015) mentions that this plant is used for roofing, neck strips
are used to transfer animals, as nests for migratory birds, fence construction, as animal shelters,
for mat weaving used for wrapping and protecting corpses in graveyards, as well as in the tents
for heat and sound insulation.

The species is used as animal food and has environmental uses for fuel and food (Ozturk et al.
2019; www.powo.science.kew.org).
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2.24 Plantago coronopus L.

Family: Plantaginaceae

Synonym(s): Asterogeum laciniatum Gray; Coronopus vulgaris Fourr.; Plantago lacustris De
Cresp.; Plantago stellaris Salisb. (www.powo.science.kew.org).

English name: Buckhorn plantain, Buck’s-horn plantain
Flowering period: March—April

Distribution: Afghanistan, Iran, Iraq, Kuwait, Lebanon, North Caucasus, Pakistan, Saudi
Arabia, Syria, Tadzhikistan, Turkiye, Turkmenistan, and Uzbekistan (Malik et al. 2021).

Altitude: Up to 800 m
Habit: Herb
Ecological type: Xerophyte

Habitat: Grassland, along rivers, in fresh and saline wetlands, and on coastal dunes (Weber
2003).

Phytochemicals: Flavonoids, phenolics, phenylpropanoid glycosides, and iridoids (Jankovié
etal. 2012).

Potential biological activity: Antioxidant (Ceccanti et al. 2022).

Toxicity: Cytotoxicity (Galvez et al. 2003).

Botanical description: Perennial or annual, small, stemless herb, up to 15(—20) cm tall, hirsute;
hairs more or less appressed; leaves oblong-lanceolate, 8—10(—12) cm long, 1(—1.8) cm broad,
pinnatidentate to (bi-) pinnatifid; segments linear to lanceolate, acute; scapes 5-8 cm long,
ascendent or erect, longer to sometimes shorter than the leaves; spikes narrow cylindrical; bracts
ovate, acute to acuminate, narrowly margined, covered with short appressed hairs; anterior
sepals narrow to broadly elliptic, 2-2.75 mm long, margin, ciliolate, carinate, posterior sepals
ovate, broad, up to 3 mm long; corolla tube pilose; seeds 4-5 (Fig. 2.29) (www.efloras.org).

Pollen features: Pollen class: pantoporate; polar diameter: 24.20-30.44 pm; equatorial
diameter: 19.69-24.94 pm; apertures: ectoaperture; ornamentation: verrucate (Klimko et al.
2004).

Fig. 2.29 Plantago
coronopus L.
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Anatomical features: Epidermal cells: rectangular with straight cell walls; stomata type:
diacytic; trichomes: two non-glandular types: bottle-like and larger, long-stalked, multicellular
trichomes; rarely, secretory trichomes could be observed (Andrzejewska-Golec 1992; Ianovici
2010; Cornara et al. 2022).

Part used: Leaves

Mode of utilization: Infusion, powder

Route of administration: Oral, topical

Disease treated: In the treatment of boils and wounds

Traditional uses: The plant is used for its analgesic, anti-inflammatory, antipyretic, anticancer
and emollient properties, as well as to treat respiratory problems (Gongalves and Romano 2016;
Pereira et al. 2017; Cornara et al. 2022).

Recipes:
*  Aninfusion of the leaves of the plant is used for wounds (Ozturk et al. 2014).
* A powder from the leaves of the plant is used for the treatment of boils (Ozturk et al. 2014).

Potential economic significance: The leaves of the plant are cooked as a vegetable in Balkan
traditional cuisine. In France and Italy the leaves are mixed with other species to prepare salads,
with a particular taste and crunchiness (Cornara et al. 2022).
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2.25 Plantago lanceolata L.

Family: Plantaginaceae

Synonym(s): Arnoglossum lanceolatum (L.) Gray; Lagopus lanceolatus (L.) Fourr.; Plantago
lanceolata var. lanceolata; Plantago sinuata Lam. (Malik et al. 2021).

English name: Narrow leaf plantain (Malik et al. 2021).
Flowering period: March—August (Malik et al. 2021).

Distribution: Afghanistan, China, East Himalayas, Iran, Iraq, Kazakhstan, Kyrgyzstan, Kuwait,
Lebanon, Mongolia, Nepal, Pakistan, Palestine, Russia, Saudi Arabia, Syria, Tajikistan, Taiwan,
Transcaucasus, Turkiye, Turkmenistan, Uzbekistan, West Himalayas, West Siberia, Yemen
(Malik et al. 2021).

Altitude: Sea level —3050 m (Malik et al. 2021).
Habit: Herb
Ecological type: Xerophyte

Habitat: Seashores, sandy beaches, meadows, marshy ground, macchie, streamsides, coppices,
roadsides, and waste places (Malik et al. 2021).

Phytochemicals: Flavonoids, iridoid glycosides (especially catapol and its precursor aucubin),
phenolics, terpenoids, tannins, alkaloids, some organic acids, mucilage, silica, zinc, and
potassium salts (Marak et al. 2000; Shah et al. 2021; Malik et al. 2021).

Potential biological activity: Used as an antibacterial agent for cuts, bruises and abscesses,
topical anodyne, immunoregulatory, anti-inflammatory, antispasmodic, expectorant, emollient,
astringent (Nichita et al. 2016; Malik et al. 2021). This plant has gained much popularity
because of its antioxidant and antiviral activities in Turkiye and the Indian subcontinent (Shah
et al. 2021). It is also reported to show anti-tumor and anti-ulcer activity, is anthelmintic,
possesing hypotensive features (Rahamoz-Haghighi et al. 2021).

Toxicity: Cytotoxic, and genotoxic (Celik and Aslantiirk 2006; Malik et al. 2021).

Botanical description: A herb, perennial, short 31 (—61) cm long; leaves membrane type,
narrowed lance-like to narrowed elliptical, 11-26 (—41) cm length, 2—4 (—6) cm wide, slight
glabrous, piloted, attenuate, acute, base narrow into narrow petioles, nerve 6; scape erect, 16-31
(—61) cm length, sulcate, thinly cover with whitish hair; spike densely, conical cylinder,
subglobose to globose, 1.2-3.1 (=5) cm long; bract broad oval, narrow caudate, 5—6 cm length,
undulate, craniate; sepal 3.2-3.6 mm length, margin glabrous villose, sepal anterior connote,
oval, bilobe, petal lobes narrowed oval; seeds 3, soft (Malik et al. 2021) (Fig. 2.30).

Pollen features: Pollen unit: monad; colpus: tricolporate; exine sculpturing: reticulate; polar
diameter: 16.7 (16.18-17.22) pm; exine thickness: 2.8 (2.7-2.9) pm (Khan et al. 2020).
Anatomical features: The epidermal cells of the plant have an isodiametric shape. The plant
has isolateral mesophyll with palisade parenchyma. The leaves are amphistomatic, and the
stomata are anomocytic (Fig. 2.31). Glandular trichomes reported on both sides of the leaf
epidermis. The plant has of an exclusive capitate glandular type is found trichome on both leaf
surfaces, with epidermal basal cell, a stalk cell and apex comprised of multiple spindle glandular
apical cells (de Souza Mesquita et al. 2017).

Part used: Leaf, root, seed

Mode of utilization: Paste, powder, decoction, extract, and raw
Route of administiation: Oral, topical

Disease treated: Rheumatism, fever, scorpion sting, hair problems, pulmonary diseases,
scorpion sting, hair problems, peptic ulcer, malignant ulcers, parasitic worms, eye diseases,
inflammations, hepatitis, diarrhea, cystitis, hay fever, and lung diseases.
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Fig. 2.30 Plantago
lanceolata L.

Fig. 2.31 Abaxial surface of Plantago lanceolata L.

Traditional uses: It is used to a large extent in the treatment of uterine cancer, pimples,
homeostatic, tuberculosis, stomach disorders, asthma, bronchitis, diarrhea and blisters (Shah
et al. 2021).

Recipes:

e Leaf paste is used externally to treat rheumatism.

¢ Root powder with Marrubium vulgare is taken orally for pulmonary diseases.

*  Seed decoction is used to treat dysentery.

e Warm leaf is placed on skin to treat scorpion sting.

e Leaf extract is used to wash hairs for shining.

*  Root extract is applied dermally to cure malignant ulcers.

e Seed extract is applied externally as eye lotion to remove circles.

¢ Roasted seeds are eaten orally for parasitic worms.
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Potential economic significance: According to Ahatovic et al. (2020) and Pol et al. (2021), this
species shows high tolerance towards eco-physiological conditions, therefore it may have good
potential for evaluation in the recultivation of heavy metal contaminated soils. It has been
reported to show good mutualistic relationships with arbuscular mycorrhizal fungi (Bennett

et al. 2009). In view of the toxins present in its biomass of P. lanceolata, it is reported to
contain special features of defense metabolites which protect it against herbivorous deterrent
and pathogens, which can be oviposition stimulants for specialized insects (Fontana et al. 2009;
Pol et al. 2021).

For the diet of pasture animals a mixture with another plant can serve as a richer source of
nutrients due to a higher digestibility of the organic matter and metabolizable energy content
(Somasiri et al. 2020; Pol et al. 2021).

The leaves of this species serve as a very good addition to livestock feed, as these are
characterized by above-average health values; can also be used as a substitute for hay in sheep
and a replacement for vegetables in animal diets (Pol et al. 2021).

These plants can be used to produce essential oil components for further evaluation in the food
industry in food flavorings (Pol et al. 2021).
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2.26 Portulaca oleracea L.

Family: Portulacaceae

Synonym(s): Portulaca hortensis Rupr.; Portulaca officinarum Crantz

English name: Common purslane, Purslain, Purslane, Wild purslane

Flowering period: May—September

Distribution: Afghanistan, Iran, Iraq, Kuwait, Lebanon, North Caucasus, Oman, Pakistan,
Palestine, Saudi Arabia, Syria, Transcaucasus, Turkiye, Yemen (Malik et al. 2021).

Altitude: Up to 1500 m
Habit: Herb
Ecological type: Xerophyte

Habitat: In the open fields, on dunes, beaches, salt marshes, waste areas, eroded slopes, bluffs
and riverbanks (www.cabi.org).

Phytochemicals: Alkaloids, flavonoids, phenolics, terpenes, monoterpene glycosides,
coumarins, organic acids, fatty acids, amino acids, and vitamin E (Ozturk et al. 2021).

Potential biological activity: Antioxidant, neuroprotective, antimicrobial, antidiabetic,
antioxidant, anti-inflammatory, antiulcerogenic, anticancer and antidepressant activities (Zhou
et al. 2015; Ozturk et al. 2021).

Toxicity: Cytotoxicity (Chen et al. 2010).

Botanical description: Annual herbaceous and succulent plant, the height reaching up to

30 cm; the plant erect or decumbent; stems cylindrical, 2-3 mm in diameter, green or red; the
stem glabrous except for leaf axils and scattered branches; leaves alternate or subopposite,
usually flat and obovate, 1-5 cm long and 0.5-2 cm in diameter; wide or slightly notched at the
apex, tapering at base, generally sessile and indistinctly petiolate; usually green in color and
green with red margin; flowers small, orange-yellow, purple or white pink color, in clusters
ranging from 2 to 5 groups or single at the ends of stems; the fruits approximately 4—-8 mm long,
as round shaped capsules, and each capsule contains a large number of seeds; seeds tiny, usually
less than 1 mm in diameter, circular to egg shaped, with a flattened white connection point and
vary in color from brown to black (Fig. 2.32) (Ozturk et al. 2021).

Pollen features: Pollen shape: spheroidal; polar length: 48.2-58.5 pm, equatorial length:
48.2-58.5 pm; exine ornamentation: microechinate-anulopunctate; aperture type: pantocolpate
(Shamso and Toshiyuki 2012).

Anatomical features: The epidermal cells are irregular in shape and cell wall outlines are
strictly wavy on both leaf surfaces. Leaves are amphistomatic, and on both surfaces, stomata are
paracytic type. Trichome is absent on both the epidermal surfaces. Star-shaped crystals of
calcium oxalate are present on both the leaf surfaces (Pal and Rahaman 2014).

Part used: Whole plant, leaves

Mode of utilization: Juice, cooked, paste, maceration

Route of administration: Oral, topical

Disease treated: Intestinal worm infestation, bilious dysentery, burn wounds, inflamed areas,
boils on the scalp and headaches, dysuria, high fever, gastritis, polymenorrhagia, bleeding piles,
and hemoptysis (Sultana and Rahman 2013).
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Fig. 2.32 Portulaca
oleracea L.

Traditional uses: It has been used in traditional Chinese medicine orally for the treatment of
dysentery with bloody stools, and externally for swellings, erysipelas, eczema, snake- and insect
bites, abnormal uterine bleeding and hemorrhoid bleeding, as well as sores (Chen et al. 2009;
Iranshahy et al. 2017). The leaves and seeds are used in the blood purification as well as curing
cardiovascular complaints and circulatory diseases and dental problems in Nepal. A paste is
applied to the teeth and gums to cure toothache after preparing it from the fruits and seeds (Joshi
and Joshi 2000). The findings reported by Nadkarni (1996), Belcheff (2012) and Iranshahy et al.
(2017) reveal that the aerial parts are recommended as anti-scorbutic, refrigerant, mild diuretic,
wound healer and anti-rheumatic in Philippines; and in the Ayurvedic medicine it is used to cure
scurvy, asthma, leprosy, hemorrhoids, gastric inflammation, diseases of lungs, liver, kidneys,
bladder and bowels and spitting of the blood. In the treatment of burning sensation the plant
juice from this species is recommended. In the treatment of diseases of kidney, bladder and lung
both plant and the seeds are used; externally used to alleviate burns, scalds and skin diseases
(Belcheff 2012; Iranshahy et al. 2017).

The fresh aerial parts of the plant are considered valuable in the treatment of urinary and
digestive problems in Pakistan since years. In the treatment of bladder ailments such as dysuria,
its juice is reported to be useful due to its diuretic properties. It is also used to treat
gastrointestinal problems such as diarrhea and dysentery. As per Ullah et al. (2013), its seeds are
demulcent, diuretic and vermifuge. The fresh leaves are slightly heated and applied topically on
swelling joints and the stem extract is applied on skin to cure burning sensation. This species is
believed to be depurative, febrifuge, cardiac stimulant and good for treatment of sores, burns,
earache, skin infections and coughs (Abbasi et al. 2015). In Afghanistan, The seeds are used as
an antidiarrheal and in the treatment of throat infection in Afghanistan (Younos et al. 1987). As
per EI-Ghonemy (1993), the aerial parts are considered as a useful febrifuge in United Arab
Emirates and Oman. The seeds are reported to be evaluated as a blood purifier and an
aphrodisiac in Jordan (Lev and Amar 2002; Iranshahy et al. 2017). The leaves are used to cure
urinary disorder, diabetes, headache, diarrhea, ulcers and wounds in Turkiye. The plant is
consumed in Saudi Arabia for the treatment of liver and gastrointestinal problems, and
inflammatory diseases (Al-Asmari et al. 2014; Iranshahy et al. 2017).
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Recipes:

e Juice of the plant (30 g) with sugar is administered orally and is beneficial in intestinal
worm infestation.

* A whole plant cooked with butter and onion is beneficial for bilious dysentery.

*  Paste of the whole plant made with rose oil relieves headache.

*  This paste is also used on burn wounds, inflamed areas, orchitis and pleurisy.

*  Juice with rose oil is effective to cure boils on the scalp and headaches.

e Juice of leaves and branches (60 g) is commonly useful in dysuria.

*  Orally, macerated leaves are given in high fever.

*  The whole plant or its juice is useful in gastritis. It is hemostatic thus used in polymenorrha-
gia, bleeding piles, hemoptysis (Sultana and Rahman 2013).

Potential economic significance: The species is in fact known to the humans for the last

2000 years in different parts of the globe. It has been traditionally consumed as food in several

regions of the world, and in the tropical Asian and Mediterranean countries it is added to soups

and salads (Altay and Celik 2011; Altay and Karahan 2012; Altay et al. 2015; Ozturk et al.

2021), and at the same time serves as a source of gum with emulsification characteristics for its

further evaluation in the food industry (Garti et al. 1999; www.cabi.org).

It is highly tolerant to chloride- as well as sulphate-dominated saline conditions; a moderate

selenium accumulator but a valuable vegetable crop for human consumption and for livestock

forage (Bianco et al. 1998; Ozturk et al. 2019).
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2.27 Prosopis juliflora (Sw.) DC.

Family: Fabaceae

Synonym(s): Acacia juliflora (Sw.) Willd.; Algarobia juliflora (Sw.) Heynh.; Entada juliflora
(Sw.) Roberty; Mimosa juliflora Sw.; Neltuma juliflora (Sw.) Raf. (www.powo.science.kew.org).
English name: Mesquite

Flowering period: March—June

Distribution: Bahrain, Bangladesh, Cambodia, China, India, Indonesia, Iran, Iraq, Kuwait,
Myanmar, Nepal, Oman, Pakistan, Philippines, Qatar, Saudi Arabia, Sri Lanka, Taiwan,
Thailand, United Arab Emirates, Vietnam, West Himalayas, and Yemen (EMPPO 2019).

Altitude: Up to 500 m

Habit: Tree

Ecological type: Xerohalophyte

Habitat: Coastal areas, forest, grasslands, wetlands, and ruderal areas (EMPPO 2019).

Phytochemicals: Alkaloids, flavonoids, phenolics, tannins, terpenoids, saponins, coumarin,
flavonol glycoside, glycoside and aminoacids (de Brito Damasceno et al. 2017).

Potential biological activity: Antimicrobial, antioxidant, antimalarial, antitumor, anthelmintic,
anti-emetic and cholinesterase inhibiting activities (de Brito Damasceno et al. 2017).

Toxicity: According to the data published by de Brito Damasceno et al. (2017), its toxic effects
are well reported in animals who have free access to the plant as a food source and this leads to
a muscle dysfunction. The juliprosopine and juliprosine alkaloids are possibly mainly
responsible for the neurotoxic damage in animals following consumption of this plant as per
Silva et al. (2013); a possible mechanism of action is supposed to be based on induction of
mitochondrial dysfunction, gliosis and autophagic vacuolation. The leaf suspensions made from
this plant during summer and winter seasons are reported to show significant larval toxicity (de
Brito Damasceno et al. 2017).The plant has also been reported to have a cytotoxic effect
(Hughes et al. 2006; de Brito Damasceno et al. 2017).

Botanical description: Tree 3—12 m tall; wood hard, branches cylindrical, green, more or less
round- or flat-topped, somewhat spiny with persistent, green (sometimes glaucous or greyish,
not reddish) foliage, glabrous or somewhat pubescent or ciliate on the leaflets; spines axillary,
uninodal, divergent, paired, or solitary and paired on the same branches, sometimes absent, not
on all branchlets, measuring 0.5-5.0 cm long, being largest on strong, basal shoots; leaves
bipinnate, glabrous or pubescent, 1-3 pairs of pinnae, rarely 4 pairs; petiole plus rachis (when
present) 0.5-7.5 cm long; pinnae 3—11 cm long; leaflets 6-29, generally 11-15 pairs per pinna,
elliptic-oblong, glabrous or ciliate, rarely pubescent, approximate on the rachis or distant a little
more than their own width, herbaceous to submembranous, emarginated or obtuse, pinnate-
reticulately curved; leaflets 6-23 mm long 1.6-5.5 mm wide; racemes cylindric, 7-15 cm long,
rachis puberulent; florets as usual, greenish-white, turning light yellow; legume straight with
incurved apex, sometimes falcate, straw-yellow to brown, compressed, linear with parallel
margins, stalked and acuminate, 8—29 cm long 9—-17 mm broad 4-8 mm thick; stipe to 2 cm;
endocarp segments up to 25, rectangular to subquadrate, mostly broader than long; seeds oval,
brown, transverse (Fig. 2.33) (EMPPO 2019).

Pollen features: Pollen class: tricolporate, shape: sub-oblate, polar: 25.13-28.7 pm, equatorial
length: 28.7-34.1 pm (Perveen and Qaiser 1998).

Anatomical features: It has a bipinnately compound leaf with entire margin, apex is blunt, base
round, venation reticulate, epidermal cells being thick and straight walled, paracytic type
stomata, and large mucilage cavities in the mesophyll tissue (Fig. 2.34) (Robertson et al. 2010).
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Fig. 2.33 Prosopis
Jjuliflora (Sw.) DC.

Fig. 2.34 Abaxial surface of Prosopis juliflora (Sw.) DC.

Part used: Bark, fruit, leaf, flower, stem, gum

Mode of utilization: Decoction, powder, extract, paste, raw

Route of administration: Oral, topical

Disease treated: Dysentery, pneumonia, influenza, improves memory, bladder tonic, paralysis,
testis swellings, skin disorders, bones weakness, gall stones, body swellings, increase lactation,
conjunctivitis, hay fever, hernias, and acnes.

Traditional uses: Its use has been reported in different studies. The drugs prepared from
different parts of the plant by infusion, decoction and syrup methods are used for treatment,
especially against asthma, bronchiti, conjunctivitis, digestive disturbances, skin lesions, and
relief of painful teeth (Hebbar et al. 2004; Tene et al. 2007; Agra et al. 2008; Singh and Swapnil
2011; Kayani et al. 2014).
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Recipes:

e Stem bark is boiled in water for 15 minutes which is used twice in a day to treat asthma.

*  Tea prepared using dried pods is used for gastric problems.

e Fruit decoction is used to treat hay fever.

*  Leaf powder with honey is applied externally to eyes to cure conjunctivitis.

*  Flower extract is given to mother for increase lactation.

*  Boiled stem paste is applied dermally on effected areas to reduce body swellings.

*  Flower decoction is taken orally to cure hernias.

*  Gum is applied dermally to open wounds.

Potential economic significance: EMPPO (2019) reported that the plant has been principally
used as wood for poles, posts, fuel and sawn timber. The pods are consumed as fodder as well as
human food sources. Several other tree products reported such as; wood as biofuel for electricity
generation, exudate gums, fibers, tannins, leaf compost honey from the flowers, medicines from
various plant parts, and chemical extracts from the wood or pods; also widely planted for soil
conservation, in hedgrooves, as an urban and general amenity tree (EMPPO 2019).
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2.28 Saccharum spontaneum L.

Family: Poaceae

Synonym(s): Imperata spontanea (L.) P.Beauv.; Saccharifera spontanea (L.) Stokes (Malik
etal. 2021).

English name: Wild sugarcane, Kans grass (Malik et al. 2021).
Flowering period: July—September (Malik et al. 2021).

Distribution: Afghanistan, Bangladesh, Cambodia, China, East Himalayas, India, Kazakhstan,
Kyrgyzstan, Lebanon, Myanmar, Nepal, Oman, Pakistan, Palestine, Philippines, Saudi Arabia,
Sri Lanka, Syria, Taiwan, Thailand, Tibet, Turkmenistan, Uzbekistan, Vietnam, West Himalayas,
and Yemen (Malik et al. 2021).

Altitude: Up to 1800 m
Habit: Herb
Ecological type: Hydrohalophyte

Habitat: Common along riverbanks, roadsides and railroads, on waste ground, and along the
banks of lakes and ponds (Holm et al. 1997; Malik et al. 2021).

Phytochemicals: Flavonoids, phenolic, tannins, and polyphenols (Sathya and Kokilavani 2013;
Malik et al. 2021).

Potential biological activity: The plant is recommended in the treatment of respiratory diseases
as well as gynecological troubles. The roots in the Ayurveda system are used as galactagogue as
well as diuretic, also evaluated as aphrodisiac, purgative, tonic, diuretic, emollient, as astringent,
refrigerant, in the treatment of dyspepsia, burning sensation, and piles (Khalid et al. 2011).
Toxicity: Low toxicity (Chaudhary et al. 2012; Malik et al. 2021).

Botanical description: It is a tall, perennial rhizomatous plant; culm 3-5 m in height; leaf
blades 0.6-3 m long, up to 7.6 mm broad, slowly tapering towards the base, glaucous, narrowly
winged, present on all sides of the petiole; panicles 26-41(—61) cm in length, peduncles
typically hairy; racemes 4-16 cm long, longer than the branches that support it, internodes and
pedicel hirsute; spikelets also hirsute, 2.6-6(—8) mm in length, silky whitish hairs present in the
callus; 3—4 times as longer as spikelet; glumes equal, in lower positions sub coriaceous, glabrous
below, margin are ciliate on upper side; lemmas of lower sides are lance-like, margins ciliate;
upper lemmas narrow, with shorter awns (Malik et al. 2021) (Fig. 2.35).

Pollen features: Pollen type: 1-porate annulate; pollen size: 36 (31-40) pm; exine thickness:
1.5-2 pm (Chaturvedi and Datta 2001).

Anatomical features: Distinct bulliform cells found in the leaves, which allow the leaf to fold
or roll (Fig. 2.36). The leaf vascular bundles are closed, numerous, collateral and diffusedly
distributed, larger in size and surrounded by a sheath of fibers. In the stem cross-section these
are more or less circular, ground tissue being parenchymatous, undifferentiated into cortex and
pith; bundles are collateral, usually surrounded by a sclerenchymatous sheath (Abd El-Gawad
and El-Amier 2017).

Part used: Leaf, root, stem, flower

Mode of utilization: Juice, extract, decoction, paste

Route of administration: Oral, topical

Disease treated: Tuberculosis, kidney stones, skin boils, wound healing, toothache, hysteria,
leukorrhea, scabies, mouth gums, throat pain, influenza, abscesses, and earache.

Traditional uses: According to Kumar et al. (2010) and Pandey et al. (2015), the roots are used
as an aphrodisiac, tonic, purgative, lithotriptic, diuretic, astringent, emollient, refrigerant and in
the treatment of sexual weakness, piles, respiratory disorders, burning sensation, dyspepsia, and
gynecological troubles. A fresh stem juice is good for the treatment of mental illnesses and is
being evaluated by different tribes in India (Pandey et al. 2015).
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Fig. 2.35 Saccharum spontaneum L.

Fig. 2.36 Abaxial surface of Saccharum spontaneum L.

Recipes:

e Leaf juice with milk is taken orally for treatment of cough in tuberculosis.
¢  Root extract is taken as cooling agent during the treatment of jaundice.

¢ Leaf decoction is taken orally to break kidney stones.

¢ Stem paste is applied dermally as a poultice on skin boils and wounds.

e Leaf paste is applied on teeth to get relief from toothache.

¢ Extract of inflorescence is applied externally to cure mouth gums.
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Potential economic significance: For a production of different grades of paper, especially
grease-proof paper culm of this plant is a good source of pulp. The leaves are well evaluated as
thatching material and to support their livelihood, local inhabitants in many areas use it for
making brooms, baskets, mats, ropes, in huts, etc. (Pandey et al. 2015). According to Pandey

et al. (2015) and Ozturk et al. (2019), it is good as a fodder for goats and camels in the juvenile
stage, and is suitable for the production of silage. Wapakala (1966) has reported long back that
its slow decomposition rate makes it an excellent mulching material.

The plant is rich in carbohydrates in Its cell walls (67.85% on a dry solid basis), making it a
novel and suitable substrate for ethanol production (Scordia et al. 2010; Chandel et al. 2011). A
fast-growing plant with good biomass and flowers are rich in fibers, which are white/purplish
silky and have better strength and fineness, distinctly different in appearance from other types
of fibers such as cotton, jute, flax, ramie and hemp (Pandey et al. 2015; Malik et al. 2021).

The ecological importance of this plant species is very high as it is effective against soil-
erosion, due mainly to its extensive rhizome network (Pandey et al. 2015; Malik et al. 2021).
Moreover, it also has religious importance in India (Pandey et al. 2015).
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2.29 Salsola imbricata Forssk.

Family: Amaranthaceae

Synonym(s): Caroxylon foetidum Moq.; Caroxylon imbricatum (Forssk.) Akhani & Roalson;
Chenopodium baryosmum Schult.; Salsola baryosma (Schult.) Dandy; Salsola foetida Delile ex
Spreng.; Salsola foetida var. glabrescens Maire; Salsola foetida var. scopiformis (Maire) Maire;
Salsola imbricata var. imbricata (www.efloras.org).

English name: Saltwort

Flowering period: August—October

Distribution: Afghanistan, India, Iran, Pakistan, the Arabian Peninsula (www.efloras.org).
Altitude: Up to 1500 m

Habit: Shrub

Ecological type: Xerohalophyte

Habitat: In naturally disturbed habitats such as eroded slopes, dry riverbeds and sea-shore cliffs
(www.efloras.org). In addition, it is growing deserts and arid regions.

Phytochemicals: Alkaloids, flavonoids, phytosterols, saponins, tannins and phenolics
(Andhiwal and Kishore 1984; Khan et al. 2003; Janbaz et al. 2021).

Potential biological activity: The crude extract of the plant is known for its tyrosine inhibitory
potential, antioxidant and spasmolytic action, vermicidal, antibacterial, male contraceptive,
diuretic, antispasmodic and broncho-relaxant, analgesic, anti-inflammatory, and antipyretic
effects (Khan et al. 2003; Javed and Jabeen 2021).

Toxicity: An animal cannot consume much of this plant because of its high salt content,
therefore restricting its consumption, an overconsumption can lead to mineral toxicity in animals
(Altay and Ozturk 2021).

Botanical description: Subshrub or small shrub, 0.3—1.2(2) m high; stems and lower leaves
densely covered with spreading or ascending, curved, warty, short and to 1.5 mm long straight
hairs, in young stage reddish-brown, later glabrescent, bracts and bracteoles only sparsely and
shorter hairy, glabrescent; stem to 2 cm thick, nodulated, grey or reddish, densely branched in
upper part; branches, ascending, the upper often spreading, in terminal parts milky white or
grey, with regularly arranged, spreading lateral catkin-like spikes; spikes 5-35 cm x 2-3(4) mm,
condensed or interrupted; leaves succulent, with flat to a convex surface, linear to narrowly
triangular in lower parts, in upper scale-like, cucullate, broadly ovate to circular in outline,
obtuse, (1.5)2-7 x 0.5-1.3 mm; leaf axils of long shoots with small rosulate scaly leaves; bracts
and bracteoles subequal in shape and size, similar to upper leaves, 0.7-1.5 x 0.9-1.5 mm,
usually glabrous, shorter than perianth; tepals ovate to ligulate, (1)1,2-1.5(2) mm long, the outer
0.8-1.2 mm wide, apex obtuse, usually crenulate, 1-veined, transverse line at 1/2, green blotch
small, obtusely triangular, margins of outer tepals ciliate up to 1/2 with almost smooth curved
hairs, blotch area sometimes with scattered ascending warty hairs; anthers 0.7-1.1 mm long,
including the 0.1-0.15 mm long obtuse appendage, divided for 1/2-2/3; filaments 1.5-2 x mm
long, at base 0.2 mm wide; disc absent; Style cylindric, 0.4-0.6 x 0.2 mm; stigmas 2, 0.4—

0.7 mm long, flat up to the apex, revolute, inside long papillose; fruiting perianth 3—5 mm, the
wings silky, translucent, subequal or the 2 inner narrower; upper part of tepals suberect or
incurved, forming an obtuse cone or a semi-globular dome; seed semi-globular, flattened at top,
1-1.2 mm (Fig. 2.37) (www.efloras.org).

Pollen features: Pollen type: apolar; pollen shape: spheroidal; pollen ornamentation: scabrate;
polar diameter: 16.0-18.5 pm; exine thickness: 1.25-2.25 pm (Nazish et al. 2019).
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Fig. 2.37 Salsola
imbricata Forssk.

Anatomical features: Nazish et al. (2020) report that amphistomatic leaves are observed in the
plant, with paracytic type of stomata. The types of trichome have been reported glandular,
non-glandular and conical (Nazish et al. 2020).

Part used: Leaf, flower, stem, seed

Mode of utilization: Ash, paste, extract, decoction, juice

Route of administration: Oral, topical

Disease treated: Abdominal distention, constipation, dyspepsia, ophthalmia, skin diseases,
blood clotting, abortion, bone pain, asthma, git worms, labor weakness, chest diseases,
pulmonary congestion, brain tonic, and kidney stones.

Traditional uses: The plant is used in gastrointestinal disorders including poor digestion,
vomiting, piles, dyspepsia, and abdominal distention. It is also used in the treatment of
headaches, migraine, vertigo, scabies, eruption, and wounds (Khan et al. 2003; Ahmad et al.
2014; Wariss et al. 2017; Javed and Jabeen 2021).

Recipes:

e Aerial parts ash with sugar is taken orally for abdominal distension.

e Leaf paste is used as poultice to treat ophthalmia.

*  Flower extract is used dermally for skin fairness.

e Stem decoction is used orally to cure kidney stones.

e Leaf juice is applied externally on wounds for blood clotting.

*  Flower paste is applied externally to treat bone pain.

e Seed decoction is used orally for abortion.

Potential economic significance: The plant is widely distributed in Punjab, northern Gujrat,
Rajasthan, and the Cholistan, where it is used to prepare “sajji,” a crude form of carbonate of
soda (Khan et al. 2003).

A promising camel fodder in the hypersaline, semiarid, and arid areas across the globe (Hanif
et al. 2017; Ozturk et al. 2019; Altay and Ozturk 2021). The plant is used as a potential
candidate for the rehabilitation of rangelands (Hanif et al. 2017).
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2.30 Salvadora oleoides Decne

Family: Salvadoraceae
Synonym(s): Salvadora stocksii Wight
English name: Toothbrush tree

Flowering period: March—April
Distribution: India, Iran, Pakistan, Yemen
Altitude: Up to 1000 m

Habit: Tree

Ecological type: Xerohalophyte

Habitat: Roadsides, canal and riverbanks, dryland salinities and saltmarshes, dry mountains,
and deserts and semi-deserts (Igbal et al. 2021).

Phytochemicals: Alkaloids, steroids, glycosides, saponins, tannins, triterpenes, mucilage,
carbohydrates, fatty acids, and essential oils (Arora et al. 2014).

Potential biological activity: Anti-inflammatory, analgesic, anti-ulcer, anthelmintic,
antimicrobial, and antidiuretic activities (Arora et al. 2014).

Toxicity: The seed oil of the plant shows 100% toxicity to Anopheles stephensi at 0.01% (www.
worldagroforestry.org).

Botanical description: The plant is a small tree, attaining 69 m height; trunk short, often
twisted or bent, up to 2 m in diameter; branches drooping, numerous, stiff, often swollen at
forks; bark grey or whitish-grey; leaves glaucous, linear-or ovate-lanceolate, coriaceous and
somewhat fleshy, dark greenish-yellow when young, grey when mature; flowers sessile,
greenish-white, minute in paniculate spikes, often clustered; calyx cup-shaped, in 4 rounded,
obtuse lobes; Fruit a drupe, globose, about 6 cm in diameter, usually yellow when ripe, dark
brown or red when dry; seeds greenish-yellow, about 3 mm in diameter (Fig. 2.38) (www.
worldagroforestry.org).

Pollen features: Pollen class: 3-zonocolporate; shape: sub-prolate to prolate - spheroidal; polar
diameter: 8.41-15.41 pm; equatorial diameter: 8.41-12.6 pm (Perveen and Qaiser 1996).

Anatomical features: Much variation is seen in various tissue systems; collenchyma, storage
parenchyma, shape, size of internal oil glands, the epidermis and epidermal appendages and
arrangement of vascular tissue, stomatal size, sclerification intensity, shape and orientation.
Additional parenchymatous layers found in the desert populations under multilayered epidermis,
phloem fully encircles the xylem by broad metaxylem vessels, in and outside vascular tissue
intensive sclerification is visible, with numerous and small sized stomata on abaxial leaf surface.
The salt-affected areas have populations which show multilayered epidermis, large storage
parenchyma, enlarged palisade parenchymatous cells, greater stem cross-sectional area and
sclerified vascular bundles. Sclerified vascular bundles and dense hairiness seen on the leaf
surfaces of roadside populations (Igbal et al. 2021).

Part used: Bark, stem, flower, leaves

Mode of utilization: Decoction, juice, powder, ash
Route of administration: Oral, topical

Disease treated: Purgative, skin diseases, blister, stomach ulcer, spleen enlargement, female
sterility, sciatica, pain killer, hepatitis, gum diseases, eye infection, liver diseases, abdominal
worms, blood cancer, and flu.
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Fig. 2.38 Salvadora oleoides Decne

Traditional uses: According to Qureshi et al. (2010), Naresh et al. (2013) and Saleem et al.
(2020), the leaves are used for the treatment of enlarged spleen and fever as well as for relieving
cough. The stem bark is alexipharmic and a stimulant (Verma 2016). It is useful in the treatment
of hypoglycemia, rheumatic pain, tumors, bronchitis, and piles (Galati et al. 1999; Naresh et al.
2013; Garg et al. 2014; Saleem et al. 2020).

Recipes:

*  Stem bark decoction is purgative.

*  Flower juice is used to treat skin ulcer and blisters.

e Decoction of young dried stem branches is used orally to get relief from body pain.
*  Powder of dry flowers is taken orally with water for stomach ulcer and diuretic.

*  Flower decoction is taken orally for spleen enlargement.

e Stem ash is used externally to treat sciatica.

*  Leaf decoction is taken orally to cure female sterility.

Potential economic significance: In the arid zones, it is extensively used as fuel and fodder;
being adaptable to a variety of soil and geographical conditions such as; saline/sodic or alkaline
soils, hard rocky foothills, pure or loamy sand (Nafees et al. 2019; Igbal et al. 2021).
Ecologically it acts as a windbreak in desert areas and stabilization of sand dunes (Khan 1994).
Leaves and young branches of the trees are favorite fodder for camel and other livestock
(especially goats and sheep) in the region due to their highwater content (15-36%). The tree is
an important source of fuelwood for the local inhabitants. The light-yellow wood is used for
building purposes, for agricultural implements, making Persian wheels, and boats (Arora et al.
2014; Barman et al. 2018). Fruits are sweet, consumed by the local people, and are a rich
source of calcium amounting to about 15 times that present in wheat (Rathore 2009; Barman

et al. 2018). Fruits are also mixed in cattle feed to enhance lactation (Khan 1994). Seeds
contain non-edible oil and large lauric and myristic acids and are thus used for making soap and
candles (Barman et al. 2018).
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2.31 Solanum surattense Burm. f.

Family: Solanaceae

Synonym(s): Solanum jacquini Willd. (Malik et al. 2021).

English name: Yellow Berried Nightshade (Malik et al. 2021).

Flowering period: Mostly throughout the year (Malik et al. 2021).

Distribution: Afghanistan, Bangladesh, China, East Himalayas, India, Iran, Myanmar, Nepal,
Oman, Pakistan, Saudi Arabia, Sri Lanka, Taiwan, Thailand, Vietnam, West Himalayas, and
Yemen (Malik et al. 2021).

Altitude: Up to 1300 m (Malik et al. 2021).

Habit: Herb

Ecological type: Xerophyte

Habitat: Along the roadsides and dry wastelands (Malik et al. 2021).

Phytochemicals: Alkaloids, flavonoids, phenols, saponins, steroids and triterpenoids (Malik
etal. 2021).

Potential biological activity: antimicrobial, anihelmenthic, antihyperglycemic, hypolipidemic,
cardiovascular protective effect, antiulcer, wound healing, uriolithiatic, and antifertility (Tekuri
et al. 2019; Malik et al. 2021).

Toxicity: Metal toxic (Deng et al. 2010; Malik et al. 2021).

Botanical description: A prickly, prostrate, and diffused herb; prickles 16 mm in length,
yellowish; stems and branches stellate, glabrous when mature; leaves 31-81 x 26-51 mm wide,
elliptical-long, deep lobed to sinuate, above greenish; unequal lobes, acute or obtuse, lobulated
or toothed; flowers 3-5, purplish; peduncles cymose; peduncles 11-21 mm in length; calyx lobe
6 mm long, prickly, acute; petals 3-2.9 cm wide; lobes 11-13 mm in length, triangular, ovate;

anther 7.6 mm long, elongate; berries globose, 16-21 mm broad; seed discoidal, faintly
reticulate (Malik et al. 2021) (Fig. 2.39).

Fig. 2.39 Solanum surattense Burm. f.
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Pollen features: Pollen type: tricolporate, pollen shape: subspheroidal, polar axis: 16.25—
17.50 pm, equatorial length: 27.50-29.25 pm (Ashfaq et al. 2020).

Anatomical features: According to Bibi et al. (2015), the first row of cells in the leaves is
epidermis, followed by a wide cortex and endodermis; radial vascular bundles are clear,
abundant water retention and conservation tissues; there is a parenchymatous cortex in the stem
storing large amount of water, with radially arranged vascular bundles; pith is large and
parenchymatous; in the roots epidermal layer has closely arranged elongated cells, the thick
parenchymatous cortex stores enough water; the vascular bundles are radial, protoxylem towards
the center and metaxylem towards the cortex.

Part used: Root, whole plant (Malik et al. 2021).

Mode of utilization: Powder, decoction (Malik et al. 2021).

Route of administration: Oral

Disease treated: Throat allergies, and curing cough

Traditional uses: As per Sharma et al. (2010), the roots have been used as a tonic for lactating
mothers. The data published by Parmar et al. (2010) mentions that in the Dhenkanal district of
Orissa (India) Kondh tribes are using the mature fruit hot aqueous extract as a traditional
medicine for the treatment of diabetes mellitus. The locals in Manipur (India) are using fruits as
a folk medicine to treat inflammatory problems as well as throat infection. According to
Madhavi et al. (2014) and Malik et al. (2021), entire plant is used for treating leprosy, dropsy,
and cough. The root paste is being evaluated by the Mukunda tribes (Rajasthan, India) for a
treatment of hernia (Pandey et al. 2018). For the treatment of piles root poultice is used as a
traditional medicine in many villages of South India (Tekuri et al. 2019). Panday (2004) has
reported that the fumigated seeds with mustard oil are used as an excellent remedy for the
treatment of tooth pain, dental caries and pus formation, together with the associated swelling of
gums. According to the data published by Rahman et al. (2003), Pingale (2013), and Malik et al.
(2021), the stem, flowers, and fruits are used as relief in the burning sensation in the feet and
seeds are used as a remedy for cough and asthma.

Recipes:

e For treating throat allergie, sundry root is powdered (60 g), one tablespoon used daily with
2 glasses (200 mL) of water for 8-9 days, 3 times a day (Malik et al. 2021).

* A decoction is made from the whole plant (50 g) boiled with 200 mL of water for 67 min;
2 glasses (200 mL) of this are taken for 68 days for curing cough (Malik et al. 2021).

Potential economic significance: Not reported
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2.32 Suaeda fruticosa Forssk. ex J.F.Gmel.

Family: Amaranthaceae

Synonym(s): Dondia fruticosa (Forssk. ex J.F.Gmel.) Druce; Lerchia fruticosa (Forssk. ex
J.E.Gmel.) Medik.; Salsola frutescens Forsyth f.; Schoberia fruticosa (Forssk. ex J.F.Gmel.)
C.A.Mey. (www.powo.science.kew.org).

English name: Shrubby Seablite
Flowering period: March—-May

Distribution: Afghanistan, India, Iraq, Iran, Jordan, Pakistan, Palestine, Saudi Arabia and
Yemen

Altitude: Up to 2000 m
Habit: Shrub
Ecological type: Xerohalophyte

Habitat: In flooded alluvial areas, dried areas, salt marshes, salt flats, and coastal areas (Saleem
et al. 2021).

Phytochemicals: Chromo alkaloids (especially betacyanins and betaxanthine), flavonoids,
tannins, saponins, terpenoids, coumarins, phenolics, polyphenols, and fatty acids (Naija et al.
2014; Ashraf et al. 2016; Saleem et al. 2021).

Potential biological activity: Antioxidant, hypolipidaemic, hypoglycemic, and antiophthalmic
activities (Bennani-Kabchi et al. 1999; Saleem et al. 2021).

Toxicity: Cytotoxicity (Saleem et al. 2021).

Botanical description: Shrub up to 1.6(2) m in height and 2(3) m in diameter, very variable in
growth form, mostly forming erect semi-globular bushes, more rarely prostrate mats, in living
stage very variable in color, from glaucous to purplish and from dark to blackish green, drying
black, youngest organs (preferably stems) covered with fugacious hairs; stem intricately
branched from base, base up to 3 cm thick, young branches erect, ascending or spreading, pale
green or purplish, smooth, with internodes of (1)2—5(8) mm, after shedding of leaves very rough
by the remains of leaf bases, turning grey, finally longitudinally fissured; leaves succulent,
(3)6-17(22) long, (1)1.5-4(8) mm wide, (0.7)1.2-2(2.5) mm thick, narrow leaves linear and
terete or semi-terete, wider leaves linear or oblong, semi-terete or flat on both sides, broad leaves
oblong to elliptic and even almost circular, flat on both sides, obtuse, at base attenuate into a
petiole of up to 1 mm, or sessile, straight, ascending or spreading with C4 anatomy and central
aqueous tissue; inflorescences terminal in simple or branched spikes, in upper parts mostly
clearly flexuose; bracts (1.5)3-5(9) mm long, (1)2-2.5 mm wide, 1.5 mm thick, spreading or
recurved, usually strongly arcuate, in case of dense floral clusters the upper sometimes hidden;
flowers 3-very many in axillary clusters; bracteoles membranous, (0.5)0.7-0.9(1) x 0.3-0.7 mm,
narrowly to broadly lanceolate, erose-dentate to ciliate; bisexual flowers +drum-shaped,

1.0-1.5 mm wide, 0.5-0.6(0.8) mm high, female flowers 0.5-1 mm wide, ovoid to ellipsoid;
tepals in bisexual flowers fused for about 1/3 and very succulent, in the female flowers shorter,
fused for Y2, non-succulent; stamens 5, inserted near tepal base; filaments (0.8)1-1.2(1.4) mm
long, band-shaped, anthers (0.5)0.6-0.8(1) mm long; ovary ovoid to conical or pear-shaped,
apically truncate, in female flowers often +cylindric, (0.5)1-1.3 mm high, c. 0.5-0.6 mm in
diam.; stigmas 3(4), (0.25)0.4-0.6 mm long, shortly papillose, inserted in the sunken center of
the collar-like ovary apex; fruiting perianth in bisexual flowers moderately enlarged, 1.5-2.5 mm
in diam., up to 1.5 mm high, at base conical, truncate, in female flowers tunchanged; seeds in
bisexual flowers horizontal, in female flowers vertical or oblique, 0.8—1.3 mm long, 0.65—

1.0 mm wide, 0.5-0.7 mm thick, almost globular to drop-shaped, slightly flattened, beak short,
testa black, shining, smooth (Fig. 2.40) (www.efloras.org).
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Fig. 2.40 Suaeda
fruticosa Forssk. ex
J.F.Gmel.

Pollen features: Pollen type: apolar; pollen shape: spheroidal; pollen ornamentation:
microechinate; polar diameter: 12.75-20.75 pm; equatorial diameter: 16.25-19.50 pm; exine
thickness: 1.5-3.0 pm (Nazish et al. 2019).

Anatomical features: Amphistomatic leaves have been observed in the plant, with paracytic
type of stomata (Nazish et al. 2020).

Part used: Leaves

Mode of utilization: Infusion, poultice
Route of administration: Oral, topical
Disease treated: Ophthalmia and emetic

Traditional uses: The plant is used as a diuretic, laxative, for pain, fever, skin, respiratory,
toothache, digestive, and genitor urinary disorders (Saleem et al. 2021).

Recipes: Leaves of the plant are used as poultice applied to ophthalmia; infused in water and
used as emetic (Malhotra et al. 1966; Saleem et al. 2021).

Potential economic significance: The data published by Wickens et al. (2012), Ozturk et al.
(2019), Saleem et al. (2021), and Altay and Ozturk (2021) point out that the seeds and young
shoots are consumed (cooked or raw) by humans. This species can be evaluated to reduce soil
salinity and for remediation of hazardous metal-contaminated soils (Hameed et al. 2012;
Caparr6s et al. 2022). According to Ozturk et al. (2019), Altay and Ozturk (2021), and Saleem
et al. (2021), the high salt content in the plants generally limits their use as stand-alone fodder
crop but can be used as the component of a feed mix. In Pakistan, the plant is used as fodder for
camels (www.efloras.org).

This plant species is one among the number of sodium rich plants called “Barilla” which was
used to make soda ash for soap production and evaluation in the glass industries. In the 18th
and 19th centuries, India has exported large quantities, even now this plant together with
various other chenopods are still collected from the seasonal salt marshes in the Rann of Kutch
(India) for local use in the manufacture of soap and baking soda (Wickens et al. 2012).
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2.33 Tamarix aphylla (L.) H.Karst.

Family: Tamaricaceae

Synonym(s): Tamarix articulata Vahl; Tamarix faras Edgew.; Tamarix furas Buch.-Ham. ex
Royle; Tamarix orientalis Forssk.; Tamarix pharas Buch.-Ham. ex Wall. (www.powo.science.
kew.org).

English name: Athel Tamarisk, Tamarisk Galls

Flowering period: May—September

Distribution: Afghanistan, India, Iran, Iraq, Kuwait, Oman, Pakistan, Palestine, Saudi Arabia,
and Yemen (Malik et al. 2021).

Altitude: Up to 1400 m

Habit: Tree

Ecological type: Xerohalophyte

Habitat: High alkalinity-salinity soils

Phytochemicals: Flavonoids, phenolics, tannins, steroids, cardiac glycosides, sesquiterpenes,
monoterpenes, alkaloids, and essential oils (Alhourani et al. 2018; Alshehri et al. 2022).

Potential biological activity: Analgesic, antioxidant, anti-inflammatory, antiproliferative,
antidiabetic, antibacterial, antifungal, anticholinesterase, wound-healing and antipyretic
activities (Alhourani et al. 2018; Alshehri et al. 2022).

Toxicity: Cytotoxicity, and acute toxicity (Alhourani et al. 2018; Bahramsoltani et al. 2020).

Botanical description: An evergreen tree to high shrub, slender, cylindrical, jointed branches
articulate at the base of the sheath; the bark reddish-brown to grey and the slender twigs often
hoary with deep punctate glands which produce a saline efflorescence; the salty “tears” drip in
the night and the soil beneath trees is generally covered with a salt layer; the foliage fine
bluish-grey or greyish-blue and superficially resembles long pine needles; the leaves are small
and reduced to tiny scales that ensheathe the wiry twigs and are well equipped to withstand
desiccation; the lamina reduced to a minute triangular tooth that marked with glands; the flowers
loosely arranged on the slender spikes, small, usually white, occasionally pink, unisexual or
bisexual, monoecious or dioecious, sessile and delicate, scattered on long, slender spikes usually
clustered at the end of branches in loose racemose panicles, bracts sheathing; vernal
inflorescences simple, aestival ones compound and more common; raceme 3—6 cm long,

4-5 mm broad, with sub-sessile flowers; bracts triangular to broadly triangular, acuminate,
somewhat clasping, longer than pedicels; pedicel much shorter than calyx; calyx pentamerous;
sepals ca. 1.5 mm long, entire, obtuse, the two outer slightly smaller, broadly ovate to broadly
elliptic, slightly keeled, the inner slightly larger, broadly elliptic to sub-orbicular; corolla
pentamerous, sub-persistent to caducous; petals 2-2.25 mm long, elliptic-oblong to ovate-
elliptic; androecium haplostemonous, of five antesepalous stamens; filaments inserted between
the lobes of the nectary disc; fruit small, bell-shaped sessile capsule, and ripens in the cold
season; the capsules contain minute seeds with tufts of long, soft, woolly hairs; ripe capsules
turn brown and open up gradually to allow the minute seeds to be dispersed by the wind

(Fig. 2.41) (Baum 1978; National Academy of Sciences 1980; www.cabi.org).

Pollen features: Pollen shape: prolate, surface ornamentasyon: reticulate, polar axis: 13.30—
18.56, equatorial diameter: 10.11-12.77 (Elkordy and Faried 2017).
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Fig. 2.41 Tamarix aphylla
(L.) H.Karst.

Anatomical features: Roots: Epidermal layer consists of closely elongated cells. Thick
parenchymatous cortex. Vascular bundles are arranged radially, protoxylem towards the center
while metaxylem towards the cortex. Pith, clear (Bibi et al. 2015).

Stem: Thick epidermis. Cortex is thick and composed of parenchymatous cells. Vascular bundles
are radially arranged from the center towards the periphery. Pith large and clear (Bibi et al. 2015).
Leaf: The epidermis is composed of elongated cells (Fig. 2.42). It covers the cortex composed of
mesophyll tissues. Water storing tissues are many in number. Vascular bundles, in rings (Bibi

et al. 2015).

Part used: Whole plant

Mode of utilization: Smoke, infusion, decoction, powder, paste, extract, and juice

Route of administration: Oral, topical, and inhale

Disease treated: Hepatitis, stomachic, leukorrhea, sexual weakness, jaundice, menstrual
problems, cooling agent, eczema, wound healing, burnt, chicken pox, ringworm, abscess,
earache, aphrodisiac, tonic, diuretic, throat infections, obesity, and spleen diseases.

Traditional uses: The leaves are used for wounds and abscess healing, as astringent, and for
rheumatism and joint pain (Alhourani et al. 2018); also used as carminative, eczema,
antimicrobial, antioxidant, aphrodisiac, anthelmintic, diuretic, anti-hemorrhoid, antidiarrheal, and
skin diseases (Alshehri et al. 2022). The plant is used to treat various infectious diseases, including
dental infections, smallpox, leprosy, tuberculosis, colds, and coughs (Alshehri et al. 2022).

Recipes:

*  Smoke of whole plant is used to treat fever.

e Decoction of stem bark is used to take bath to treat skin allergies.

*  Sweet substance on twigs is mixed in cold water to make a juice which is taken as cooling agent.
e Bark infusion is mixed with butter oil and applied dermally for wound healing.

*  Wood powder is applied dermally on burnt skin to reduce pain.

»  Twigs paste is applied dermally to treat chicken pox.

e Decoction of young stem and leaf is used as lotion to cure spleen swelling.

e Extract of flower galls is used as gargle to treat throat infections.

Potential economic significance: The rural carpentry workers in Pakistan and India are
evaluating the wood and also commonly using it as fuel source (Khan et al. 2005).

It has good potential if used for the stabilization and afforestation of sand dunes, in shelterbelts
and as windbreaks (www.cabi.org). It has also been introduced in Australia as a wind breaking
hedge plant, and as an ornamental tree (Griffin et al. 1989; www.powo.science.kew.org).
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Fig. 2.42 (a) Abaxial surface; (b) Adaxial surface of Tamarix aphylla (L.) H.Karst.
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2.34 Tamarix dioica Roxb. ex Roth

Family: Tamaricaceae
Synonym(s): Tamarix articulata Wall., Tamarix longe-pedunculata Blatt. & Hallb.
English name: Saltcedar, Red Tamarisk, Tamarisk

Flowering period: April-November

Distribution: Afghanistan, Bangladesh, East Himalayas, India, Iran, Myanmar, Nepal, and
Pakistan (Malik et al. 2021).

Altitude: 300-1500 m

Habit: Shrub

Ecological type: Xerophyte
Habitat: Saline soils and dry places

Phytochemicals: Flavonoids, saponins, terpenoids, steroids, tannins, phenols, pholbatannins,
amino acids and essential oils (Bughio et al. 2017).

Potential biological activity: Antifungal, antibacterial, ulcer-protective and anti-inflammatory,
hepatoprotective, antioxidant/free radical scavenger activities, cytoprotective against gastric
epithelial cell damage, and cardioprotective potential (Ahmad et al. 2002; Najmi et al. 2004;
Ashour et al. 2012; Zaidi et al. 2012; Nidavani et al. 2014; Bughio et al. 2017; Imtiaz et al.
2019).

Toxicity: Hepatotoxicity (Bahramsoltani et al. 2020).

Botanical description: Shrub or under-sized tree with reddish bark, entirely glabrous, leaves
vaginate, abruptly acuminate, 1.5-3 mm long, with a broad whitish margin; dioecious plants;
recemes aestival, simple or loosely compound male racemes, 3-8 cm long, 7-8 mm broad,
compact, female raceme as long as the male raceme or somewhat longer, 3-5 mm broad; flowers
purple or purplish-pink, subsessile; bracts semiamplexicaul, triangular, acuminate, 2.5-3 mm
long, 1 mm broad; sepals 5, ovate to broadly ovate or somewhat orbicular, c. 2 mm long, c.

1.5 mm broad, almost entire, obtuse; petals 5, free, obovate, 2.5 mm long, 1-1.25 mm broad,
entire, obtuse; stamens 5, filaments filiform, 1.75-2 mm long, inserted in between the notches of
the disc, notches almost entire to slightly emarginate, anthers obtuse, + sagittate; stamens
abortive in the female flowers; styles 3 as long as the ovary or slightly shorter, exserted, ovary
triquetrous 1-1.5 mm long, abortive or absent in male flowers (Fig. 2.43) (www.efloras.org).

Pollen features: Pollen shape: prolate-spheroidal, polar length: 19.36 pm, equatorial breadth:
16.9 pm (Qaiser and Perveen 2004).

Fig. 2.43 Tamarix dioica
Roxb. ex Roth
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Anatomical features: We find epidermal cells with little more thickened inner walls than outer
walls; pits are not deep; cortical parenchyma made up of small cells; a sclerenchymatous
pericycle more or less forms a loose ring of stone cells with thickened and radially striated
interposing cells; the wood forms a composite hollow cylinder; medullary rays are 2—6 seriate;
pith is composed of thick-walled cells; pericycle made up of large groups of stone cells; the
stone-cell groups in the plant are closely placed all around the soft bast and are interposed
between them; being characterized by sclerosis and radical striation of the wall; wood in the
plant forms a composite hollow central cylinder enclosing a small pith tissue, consisting of
xylem bundles connected together by interfascicular wood prosenchyma; medullary rays are 2—6
seriate; pith is formed of thick-walled cells, those near the periphery being filled with granules
(Sabnis 1921).

Part used: Stem, root, bark, seed, flower, leaf

Mode of utilization: Decoction, powder, paste, raw

Route of administration: Oral and topical

Disease treated: Kidney stones, hepatitis, leprosy, spleen tumor, edema, dysentery, leukorrhea,
menstrual problems, aphrodisiac, syphilis, ulcer, sores, hair lice, burns, toothache, measles,
blisters, backache, anemia, stop vomiting, and snakebite.

Traditional uses: The leaves are used to cure liver infection, splenic or inflammation; as a
diuretic and carminative. According to Said (1984), Zaidi et al. (2012), Bughio et al. (2017) and
Imtiaz et al. (2019), the plant is used in the case of indications such as vaginal discharge, in the
treatment of diarrhea, dysentery and inflammation, also used for colds, fever, flu, cough and as
an astringent in burns, being leukodermic and styptic in nature. The reports published by Anis
et al. (2000), Shah and Hussain (2012), Waaris et al. (2014), Chaudhary and Kumar (2015) and
Imtiaz et al. (2019), a paste of the dried bark and leaves is reported to have a soothing effect on
wounds, the plant is active against various serious bacterial and viral infections such as
tuberculosis, leprosy, gonorrhea, ringworm, polio, and measles.

Recipes:

*  Twigs boiled with wine taken to treat spleen tumor.

*  Powder of root bark is taken as aphrodisiac.

e Paste of twigs bark is applied externally to treat snake bite venom.

*  Seed decoction with wine and honey is applied externally to treat chest sores.

e Flower decoction is used to wash hair to kill hair lice.

*  Young stem is chewed to treat toothache.

e Leaf decoction with Arctium lappa seeds is applied externally to treat measles.

*  Leaf ash with honey is applied externally to treat blisters.

Potential economic significance: The plant is cultivated as ornamental and is also used in very
low quantities for fuelwood (Shah et al. 2014). It has also been locally used as fodder plant
(Kundu 2009).

In the flooded lands along the rivers, the plant springs up in the form of considerable thickets
and is used for wattling, baskets and roofs by local people (Yousaf 2014). The branches are also
used as brooms (Rajesh et al. 2013).




2.35 Tribulus terrestris L.

Family: Zygophyllaceae

Synonym(s): Tribulus lanuginosus L.; Tribulus saharae A. Chev.; Tribulus terrestris var.
sericeus Andersson ex Svenson (Www.powo.science.kew.org).

English name: Devil’s thorn, Puncture vine

Flowering period: Almost throughout the year (www.efloras.org; Malik et al. 2021).

Distribution: Afghanistan, Bangladesh, Cambodia, China, East Himalayas, India, Iran, Iraq,
Kazakhstan, Kyrgyzstan, Kuwait, Lebanon, Mongolia, Myanmar, Nepal, North Caucasus,
Oman, Pakistan, Palestine, Russia, Saudi Arabia, Sri Lanka, Syria, Tadzhikistan, Taiwan,
Thailand, Tibet, Transcaucasus, Turkiye, Turkmenistan, Uzbekistan, Vietnam, West Himalayas,
West Siberia, Yemen (Malik et al. 2021).

Altitude: Up to 3500 m

Habit: Herb

Ecological type: Xerophyte

Habitat: In dry, loose, sandy soils and prospers near sand dunes or loose blown soil around field
margins (Holm et al. 1977).

Phytochemicals: Flavonoids, flavonol glycosides, steroidal saponins, and alkaloids (Chhatre et al. 2014).
Potential biological activity: Diuretic, aphrodisiac, antiurolithic, immunomodulatory,
antidiabetic, absorption enhancing, hypolipidemic, cardiotonic, central nervous system,
hepatoprotective, anti-inflammatory, analgesic, antispasmodic, anticancer, antibacterial,
anthelmintic, larvicidal, and anticariogenic activities (Chhatre et al. 2014).

Toxicity: Hepatotoxicity, nephrotoxicity and neurotoxicity (Talasaz et al. 2010), and
cytotoxicity (Chhatre et al. 2014).

Botanical description: Annual or biennial, prostrate, densely appressed whitish silky pubescent
herb; stem hirsute to sericeous, branches spreading; leaves paripinnate, 2.5-5 cm long; stipules
lanceolate to falcate, 3—5 mm long; leaflets (4-) 5-6(—8) pairs ovate to elliptic-oblong,
5-10(—12) mm long, 3-8 mm broad, inequilateral, acute; flowers yellow, 1-1.5 cm across;
pedical up to 1.5(—2) cm long; sepals ovate-lanceolate, 5—6 mm long, c. 3 mm broad, acute;
petals obovate, 6—8 mm long, 3—4 mm broad, obtuse; stamens 10, filaments c¢. 3-5 mm long,
anthers versatile; ovary ovoid, hirsute; style c. 1.5 mm long, stigmas decurrent; fruit up to c.

1 cm in diameter, 4-8 mm long, mericarps densely crested and tuberculate on dorsal side,
densely hairy to glabrescent, with 2 long patent and 2 short downwardly directed spines

(Fig. 2.44) (www.efloras.org).

Pollen features: Pollen grains: pantoporate; pollen shape: oblate-spheroidal; polar length:
32-52 pm, equatorial length: 36-48 pm; exine ornamentation: reticulate (Perveen and Qaiser
2006; Semerdjieva et al. 2011).

Anatomical features: A C4 plant with anatomical structural adaptations typical in this
connection as per Nikolova and Vassilev (2011). It shows typical distinguished xeromorphic
adaptations; lamina is isobilateral and amphistomatous, with a thick cuticle; the “Kranz”
anatomical structure, mesophyll with reduced intercellular spaces, small stomata in the
epidermis, very low stomatal density with many unicellular trichomes, particularly on the lower
epidermis. According to Nikolova and Vassilev (2011), its poor performance under shade and
limitations in the distribution are explainable with its leaf structure; stem and root have compact
structures with well-developed vascular tissue, high sclerification and little parenchyma.

Part used: Fruit

Mode of utilization: Powder

Route of administration: Oral

Disease treated: Urinary disorders, and to cure impotency
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Fig. 2.44 Tribulus
terrestris L.

Traditional uses: In India, the plant is used as a tonic and diuretic, and for the treatment of

painful urination, calculous affections and Bright’s disease (www.cabi.org).

The fruits have been used as diuretic and cough expectorant as reported in the Chinese

Pharmacopoeia. It is reported to improve eyesight and is reported to be good for treatment of

skin pruritus, headache and vertigo, as well as mammary duct blockage (Zhu et al. 2017). In

India in Ayurvedic system, the fruits are used for the treatment of infertility, impotence, erectile

dysfunction and low libido. It has been used in Pakistan as diuretic and has uricosuric effects

(Akram et al. 2011; Mohammed et al. 2014; Zhu et al. 2017).

Recipes:

e Fruit powder is given orally to cure urinary disorders and mixed with sugar to ease delivery
(Qureshi et al. 2009).

e The powder of fruits is taken orally with a glass of milk by rural males to cure impotency
(Qureshi et al. 2009).

Potential economic significance: In India, this plant is cultivated to bring down and protect

soil erosion resulting from both wind and water. It also reported to prove helpful in the

protection of loss of soil moisture; also used to improve soil texture and water holding capacity

in wastelands (Brajeshwar 2001-2002; www.cabi.org).
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2.36 Typha angustifolia L.

Family: Typhaceae

Synonym(s): Massula angustifolia (L.) Dulac; Typha angustifolia subsp. angustata (Bory &
Chaub.) Briq.; Typha elatior Boenn.; Typha foveolata Pobed.; Typha glauca Seg.-Vianna; Typha
gracilis Rchb.; Typha media C.C.Gmel.; Typha minor Curtis; Typha pontica Klokov f. &
Krasnova (Malik et al. 2021).

English name: Lesser bulrush, Narrowleaf cattail, Lesser reedmace (Malik et al. 2021).

Flowering period: June—September (Malik et al. 2021)

Distribution: China, India, Kazakhstan, Kyrgyzstan, Lebanon, Nepal, Pakistan, Palestina,
Russia, Syria, Taiwan, Thailand, Turkiye, Turkmenistan, Uzbekistan, Vietnam (Malik et al.
2021).

Altitude: Up to 1930 m
Habit: Herb
Ecological type: Hydrohalophyte

Habitat: In the shallow lake waters, alongside the rivers, in ponds, marshes, and ditches (Malik
et al. 2021).

Phytochemicals: Alkaloid, protein, glycoside, tannins, steroid, phenols, saponin, flavonoid,
carbohydrate, oil and fat (Londonkar et al. 2013; Malik et al. 2021).

Potential biological activity: Immunosuppression, antiplatelet aggregation, antimicrobial,
cholesterol-lowering and antithrombolytic activities, and antiatherogenic effect (Umesh et al.
2014).

Toxicity: Heavy metal toxicity (Demirezen and Aksoy 2004), and cytotoxicity (Umesh et al.
2014).

Botanical description: Herbaceous, stout, stem is 1.6-3.0 m tall; leaves 53—121 cm x 4.0-

9.0 mm, lower side is convex, transversal sections semicircular; male spike 8.2 cm long, with
1.0-3.0 deciduous bracts; female spike (5.0-) 15.1-30.0 cm long, separated from the male by an
axis 2.6—7.0 cm; male flowers have 4 stamens, rarely 3 or 5; anthers 2.0 mm; female flowers
with bracteole; bracteoles fusiform; ovary too fusiform; stalk 5.0 mm, cylinderical; style
1.0-1.4 mm; stigma lanceolate to linear, 1.4—1.9 mm; the hair on the stalk shorter than style;
fruit narrow elliptical (Malik et al. 2021) (Fig. 2.45).

Fig. 2.45 Typha
angustifolia L.
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Pollen features: Pollen: monads, exine ornamentation: reticulate, polar length: 9.40-15.93 pm,
equatorial length: 14.65-24.17 pm (Hamdi et al. 2010).

Anatomical features: A wedge-shaped lamina margin, having thick zone of fibers at the
margin, containing 1—4 vascular bundles, embedded at the proximal edge of the zone (Mcmanus
et al. 2002). The abaxial and adaxial margins of the leaf are studded with subepidermal vascular
bundles, interspersed with fiber bundles in the chlorophyllous mesophyll. According to
Mcmanus et al. (2002), the epidermis located above the vascular bundles lacks enlarged
epidermal cells and extra thickened cuticles resulting in the surface being smooth to the touch.

Part used: Leaves, flowers

Mode of utilization: Powder, decoction

Route of administration: Oral, topical

Disease treated: Gynecological disorders

Traditional uses: Leaves are used to relieve abdominal pains, as carminative- antispasmodic,

lessen gastric acidity as an antiseptic and antibiotic. Its use as antilice and antidandruff agent is

reported in the form of water extract of leaves. The flower is a carminative, used in digestive

disorders and for colic pains (Malik et al. 2021).

Recipes: (Malik et al. 2021)

*  Dry leaves crushed into fine powder (40 g), 2 tablespoons used with 2-glasses (200 mL) of
water for 18 days, 2 times a day daily for treating genital tract infections.

e Flowers (70 g) boiled with 200 mL of water for 9 min, infusion filtered, used regularly for
20 days for treating gynecological disorders.

Potential economic significance: Typha plants play an important role in wetland ecology.
Dvorak (1996) has reported that these plants provide food, shelter and nesting sites for
waterfowl, fish and other wildlife; also playing an important role in wetland restoration projects
(Dobberteen and Nickerson 1991). The species has a great significance in navigable river
systems for protecting banks from erosion (Bonham 1980).

In the past, paper has also been made from Typha pulp. According to Holm et al. (1991), a set
of books published in 1765 with Typha paper still available (www.cabi.org). This plant has also
been considered as a biomass crop for energy purposes (Yurukova and Kochev 1993). It can
serve as a valuable component of constructed wetlands, for wastewater cleanup, as they are
efficient in the accumulation of heavy metals, and in removing nutrients and oils
(Tjitrosoedirdjo and Sastroutomo 1986; www.cabi.org).



http://www.cabi.org
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2.37 Typha latifolia L.

Family: Typhaceae

Synonym(s): Massula latifolia (L.) Dulac; Typha ambigua Schur ex Rohrb.; Typha crassa Raf.;
Typha elata Boreau; Typha elatior Boreau; Typha elatior Raf.; Typha elongata Pauquy; Typha
elongata (Dudley) Dudley; Typha engelmannii A.Br. ex Rohrb.; Typha intermedia Schur; Typha
latifolia f. divisa Louis-Marie; Typha latifolia var. elongata Dudley; Typha latifolia subsp.
eulatifolia Graebn.; Typha latifolia var. obconica Tkachik; Typha latifolia var. typica Rothm.;
Typha major Curtis; Typha media Pollini; Typha palustris Bubani; Typha pendula Fisch. ex
Sond.; Typha remotiuscula Schur; Typha spathulifolia Kronf. (www.powo.science.kew.org).

English name: Broadleaf cattail bulrush, common bulrush, common cattail

Flowering period: June—August

Distribution: Afghanistan, China, Georgia, India, Kazakhstan, Kyrgyzstan, Lebanon, North
Caucasus, Pakistan, Palestine, Russia, Syria, Tadzhikistan, Tibet, Transcaucasus, Turkiye,
Turkmenistan, Uzbekistan, and West Siberia (Malik et al. 2021).

Altitude: Up to 2300 m
Habit: Herb
Ecological type: Hydrohalophyte

Habitat: Marshes, wet meadows, lakeshores, roadside ditches, seacoast estuaries, pond margins,
and fens (Grace and Harrison 1986).

Phytochemicals: Saponins, phenols, alkanolamides, flavonol glycosides, allelopathic sterols,
alkaloids, and

fatty acids (Gescher and Deters 2011; Shinwari et al. 2019).

Potential biological activity: Antimicrobial activity (Shinwari et al. 2019).

Toxicity: Phytotoxicity (Aliotta et al. 1990).

Botanical description: Plants up to 100-200 cm high; stem thick, terete; leaves linear-broadly
linear, 8—20 mm broad; flowering stem equal to or somewhat shorter than the leaves; male and
female parts of inflorescence contiguous; female parts slightly longer than the male parts at
maturity, cylindrical, soft, dark brown or blackish brown; male flowers with simple hairs and
pollen in tetrads; filaments 2-3 times as long as anther; female flower ebracteate, ovary 1/3—1/4
the length of stipe, stigma lanceolate or rhombic, fleshy, dark brown or persistent brown, much
surpassing the perianth hairs (Fig. 2.46) (www.efloras.org).

Pollen features: Pollen: tetrads, exine ornamentation: perforate-reticulate, polar length:
23.21-27.80 pm, equatorial length: 25.20-34.22 pm (Hamdi et al. 2010).

Anatomical features: The leaf lamina margin oblong, often curved in shape, with a zone of
fibers at the margin, one vascular bundle embedded within the proximal curved zone of fibers.
The abaxial and adaxial margins of the leaf show that the subepidermal vascular bundles are
interspersed with fiber bundles in the chlorophyllous mesophyll; epidermal cells are located
above each vascular/fiber bundle and enlarged, thickly cutinized; giving the surface of the leaf a
ridged or ribbed effect (Mcmanus et al. 2002).

Part used: Rhizome, roots

Mode of utilization: Pounded rhizome, roots

Route of administration: Topical

Disease treated: Soothing of burns



http://www.powo.science.kew.org
http://www.efloras.org
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Fig. 2.46 Typha
latifolia L.

Traditional uses: In Pakistan, the root is used as an aromatic compound tonic for brain and
heart; demulcent during fever, anti-diuretic especially in children and to clot blood (Ali et al.
2020).

Leaves and pollens are also used as an astringent, diuretic, sedative and anticoagulants, also in
the treatment of kidney stones and painful menstruation (Ismail and Nisar 2010).

Recipes: Pounded roots of the plant are used for the soothing of burns (Igbal et al. 2019).

Potential economic significance: 7Typha plants are an important component in the wetland
ecology. They provide food, shelter and nesting sites for huge number of water birds (Dvorak
1996), also help in the wetland restoration (Dobberteen and Nickerson 1991). The species is
valuable for erosion control alongside the banks in navigable river systems (Bonham 1980).
The paper has been produced with 7ypha pulp in the past. Holm et al. (1991) state that some
books published in 1765 with Typha paper (www.cabi.org). It has also been considered as a
biomass crop for energy purposes (Yurukova and Kochev 1993).

A valuable component of constructed wetlands, used for wastewater cleanup, efficient at
accumulating heavy metals, as well as in removing nutrients and oils (Tjitrosoedirdjo and
Sastroutomo 1986; www.cabi.org). The plant is also cultivated as an ornamental (www.cabi.
org).
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2.38 Vachellia nilotica (L.) P.J.H.Hurter & Mabb.

Family: Fabaceae

Synonym(s): Acacia nilotica (L.) Willd. ex Delile; Gumifera nilotica (L.) Raf.; Mimosa nilotica
L.

English name: Gum Arabic Tree
Flowering period: August—October

Distribution: Bangladesh, East Himalayas, India, Iran, Myanmar, Nepal, Oman, Pakistan, Saudi
Arabia, Sri Lanka, West Himalayas, Yemen

Altitude: Up to 1500 m
Habit: Tree
Ecological type: Xerophyte

Habitat: The plant is most commonly found growing in grasslands, pastures and open
woodlands; near water sources in arid areas (www.keyserver.lucidcentral.org).

Phytochemicals: Alkaloids, flavonoids, polyphenols, tannins, terpenes, sitosterol and fatty acids
(Rather et al. 2015).

Potential biological activity: The plant possesses remarkable therapeutic potential against various
diseases such as bacterial, fungal, viral, amebic, leukodermal diseases, bleeding piles, hypertension,
hemorrhoid, cancer, congestion, menstrual problems and earache (Rather et al. 2015).

Toxicity: Cytotoxic (Rather et al. 2015).

Botanical description: Tree, 1.2—18 m high, variable in shape; bark on trunk rough, fissured,
blackish, grey or brown; young branches almost glabrous to subtomentose; stipules spinescent,
up to 8 cm long; leaf often with 1-2 petiolar glands and others between all or only the topmost of
the 2—11 pairs of pinnae; leaflets 7-25 pairs, 1.5-7 mm long, 0.5-1.5 mm wide, glabrous to
pubescent; inflorescence axillary pedunculate heads, 6-15 mm in diameter; flowers bright yellow,
calyx 1-2 mm long, pubescent or subglabrous; corolla 2.5-3.5 mm long, glabrous to more or less
pubescent outside; fruit very variable, indehiscent, straight or curved, glabrous to velvety,

4-22 cm long, 1.3-2.2 cm wide; seed blackish brown, smooth, 7-9 mm long, 67 mm wide,
subcircular, compressed, areole 6—7 mm long, 4.5-5 mm wide (Fig. 2.47) (www.tropicos.org).

Fig. 2.47 Vachellia
nilotica (L.) P.J.H.Hurter
& Mabb.
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Fig. 2.48 Abaxial surface of Vachellia nilotica (L.) P.J.H.Hurter & Mabb.

Pollen features: Pollen shape: rounded; pollen size - polar axis: 50 pm, equatorial diameter:
48 um; type of colpi: colporate; tectum surface: psilate-foveolate (Al-Watban et al. 2013).

Anatomical features: Majority of the fusiform initials are multinucleate in the non-stratified
cambium of this tree; length increases down the stem from the apex, attaining a maximum in the
old trunk and declining slightly near the base; short and uni- to biseriate rays are most abundant
in the young shoots, whereas tall and multiseriate rays dominate the cambial surface in the trunk
region throughout the year. The population is minimum in the early phase of cambial activity,
maximum during peak activity; overall proportion of fusiform initials in the cambial cylinder
initially increases with age, from young shoots towards the base, later becomes more or less
constant in the trunk region (Igbal and Ghouse 1987).

There are distinct growth rings, marked by defined growth zones and thin banded parenchyma;
vessels are diffused, solitary and radial; as multiples of 2—4, perforations simple; inter vessel pits
vestured, vessel-ray and vessel parenchyma pits same in type and size to intervessel pits; tyloses
and substances rarely found in the vessels; sparse to moderately abundant paratracheal,
vascicentric parenchyma, usually in prominent sheaths, 2—4 cells wide around the pores, tending
to form particularly around the smaller pores in 2—4 celled strands; the rays are 1-4 seriate;
fibers are without septate; material inclusion as prismatic crystals found in chambered
parenchyma strands (Krisdianto and Damayanti 2007).

Epidermis present above paranchymatous mesophyll tissues in the leaves (Fig. 2.48); vascular
bundles clear, in the ring form around the vascular tissues; bundle sheath cells present, the
characteristic feature of the xerophytes; epidermis encloses the cortex. In the stem; cortex is
composed of collenchymatous cells; beneath it the endodermis is found, next to the pericycle,
radially arranged parenchymatous tissues present with the capacity to retain large quantity of
moisture; numerous vascular bundles in the center and some are in scattered form; epidermis
surrounding the cortex in the roots; with scattered vascular bundles, protoxylems in the center
while metaxylems towards the cortex, xylem vessels, many in number, the plant a typical
xerophyte (Bibi et al. 2014).

Part used: Bark, leaf, fruit, flower, stem, gum




124 2 Some Representative Medicinal Halophytes in Asia

Mode of utilization: Decoction, infusion, extract, powder

Route of administration: Oral, topical

Disease treated: Mouth sores, teeth and gum disorders, blood purifier, diabetes, diabetes,
asthma, aphrodisiac, liver diseases, arthritis, eye diseases, high blood sugar, impotency,
leukorrhea, night fall, sexual debility, hepatitis, and heart tonic.

Traditional uses: All parts of the plant have been used as gastrointestinal disorders, diarrhea,
aphrodisiac, dressing of ulcers, anti-inflammatory, in Alzheimer’s disease, wounds, pharyngitis,
bronchitis, and diabetes, in cancers (especially ear, eye, and testicles), tuberculosis, and
indurations of liver and spleen (Rather et al. 2015).

Recipes:

e Stem bark is soaked in tepid water for few hours; water used for mouth sores and teeth and
gum disorder.

*  Fresh leaves are boiled in water and orally used for straining twice in day for dysentery.

e Flower extract is used to treat women infertility.

e Fruit infusion is used to treat hepatitis.

*  Leaf decoction is used to treat cough.

*  Gum mixed in sugar and wheat flour is roasted in oil and used as heart tonic.

*  The powder of young dried branches is used to treat sexual debility.

Potential economic significance: The gum extracted from the pod is used for making inks and
dyes. Wood is very hard, durable and preferred for agricultural implements. Fruits are used as
cattle feed (www.indiabiodiversity.org).

The plant gum is known as samogh or samuk (Arabic). It is sold in balls, being a commercial of
inferior quality; used as an emulsifying agent and emollient; is edible and used to relieve throat and
chest complaints (www.powo.science.kew.org).

The pods are desirable fodder for cattle; the leaves, young shoots and young pods are reported to
be useful in the milk production (www.powo.science.kew.org); wood burns without too much
smoke and provides good charcoal; flowers are attractive for bees as nectar source and provide
pollen for them. The plant gives suitable product for wheels, railway sleepers, boat building, mine
timber, live fencing and water wells; its wood is durable and resistant to borers and termites. In
ancient Egypt, the sap- and heart-wood have been used for furniture, paneling, house beams and
statues, it was regarded as impervious to insect and fungus attacks. In India, this tree is used as an
ideal windbreak used to encircle the fields (www.powo.science.kew.org). Adhikesavan et al. (2015)
have reported that biodiesel is produced from seed oil of the plant.

The tree possesses dark brown heartwood, clearly distinct from reddish brown color of sapwood,
the denser cell wall is attractively streaked in tangential surfaces; length of wood fiber decreases
from pith toward periphery; longitudinally, higher stem has shorter fiber; wood of the tree has
second class quality of fiber, which is moderately thick with narrow lumen diameter; timber is
suitable for carved products. Its timber is suitable for charcoal production and fuel wood because
of its high calorific value (Krisdianto and Damayanti 2007).

The tree holds great importance for reforestation, reclamation of wastelands and soil improvement;
moreover micro propagation and symbiotic relationship with rhizobium and mycorrhizal fungi
makes it one of the important species for increasing soil fertility (Rather et al. 2015).
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2.39 Withania somnifera (L.) Dunal

Family: Solanaceae

Synonym(s): Physalis somnifera L.; Withania kansuensis Kuang & A. M. Lu; Withania
microphysalis Suess. (Malik et al. 2021).

English name: Ashwagandha, Indian ginseng, poison gooseberry, winter cherry (Malik et al.
2021).

Flowering period: October—June (Malik et al. 2021).

Distribution: West and South Asia, Pakistan, India, and Sri Lanka (Kapoor 1990; Kirtikar et al.
1993; Malik et al. 2021).

Altitude: Up to 1900 m (Malik et al. 2021).
Habit: Shrub
Ecological type: Xerophyte

Habitat: Grows in dry areas in the Himalayas, open places, disturbed areas, and as under shrubs
in stony places; grows as a weed along roadsides and in open waste places (Malik et al. 2021).

Phytochemicals: Phenolics, withanolide A, 12-deoxywithastromonolide and withaferins A,
alkaloids, steroids, volatile oils, cysteines, glycosides, hentriacontanes, dulcitosl, withaniols,
prolines, alanines, tyrosines, glycines, hydroxyprolines, aspartic acids, glutamic acids, cystines,
valines and starchs (Dhanani et al. 2017; Malik et al. 2021).

Potential biological activity: The reports from Umadevi et al. (2012) and Malik et al. (2021)
enlighten the facts that this plant is an excellent rejuvenator, a general health tonic, and a cure
for a number of health complaints; diuretic, anti-inflammatory, a sedative and generally
respected for increasing energy, endurance, acting as an-adaptogen, a strong immunostimulatory
and anti-stress agent; taken for treating Parkinson’s disease, bronchitis, asthma, impotence,
nervous disorders, diabetes, conjunctivitis, epilepsy, ulcers, emaciation, insomnia, senile
dementia, leprosy, rheumatism, arthritis, intestinal infections, cold and coughs, and a
suppressant in HIV/AIDS patients.

Toxicity: Shows subacute toxicity and copper toxicity (Aphale et al. 1998; Khatun et al. 2008;
Malik et al. 2021).

Botanical description: Small or medium undershrub or attain the height of a small tree, ascending
and spreading, branching, 30-150 cm, at places 1-2 m in height, erect, grayish, perennial, with
strong disagreeable odor like horse’s urine, evergreen, cultivated all over the world, plant covered
with minute-stellate tomentum; the plant is covered and surrounded with very short, small, fine,
branched hairs and silver-grey in color; roots of Ashwagandha are fleshy when dry, straight,
cylindrical, tapering down, gradually unbranched 10-17.5 cm long and 6-12 mm diameter in
thickness; main roots are stout, fleshy and whitish brown in color, brownish outer and creamy
interior, have fiber similar to the secondary roots having acrid taste (Naveen et al. 2015); branches
ligneous, tomentose at the apex; leaves simple, 2—6 cm wide, 3-8 cm long, alternate, petiole 1-2 cm
long, ovate, glabrous, simple over 10 cm long, simple, petiolate, elliptic-ovate to broadly ovate,
entire, exstipulate, cunate or oblique, glabrous, sometimes up to 10 cm long, those in the floral
region are smaller and opposite, arranged alternately (opposite on flowering shoots), simple, margins
slightly waved, narrowing into 5-20 mm long petioles, broadly ovate or oblong, 29-80 mm long and
21-50 mm broad, generally stellate-tomentose, grayish; flowers generally small, greenish, axillary,
monoceous or bisexual and solitary or in few-flowered cymes; corolla is 5-lobed, constrictly
campanulate, 5-8 mm long and light yellow to yellow-green in color; fruit is usually a round hairless
berry, 5-8 mm across, orange-red to red in ripped condition and is enveloped by the enlarged calyx;
many seeds, discoid, reniform and yellow, most of the seeds are very pale brown, 2.5 mm across,
sometimes kidney-shaped and squeezed with a rough surface and netted surface; seeds poisonous;
the red fruit is enclosed by the brownish, papery, turgid calyx; a bad-smelling bush with generally
strong-smelling roots, leaves are mentioned as having strong smell of green tomatoes (Kapoor 1990;
Kirtikar et al. 1993; Mirjalili et al. 2009; Naveen et al. 2015; Malik et al. 2021) (Fig. 2.49).
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Fig. 2.49 Withania
somnifera (L.) Dunal

Pollen features: The pollen grains are tri- or tetrazonocolpate, measuring 29 pm. Surface
sculpturing of the pollen is scarbate-granulate (Alwadie 2002).

Anatomical features: The leaves contain 4 morphologically distinct trichome types: glandular
capitate, non-glandular dendritic (branched), non-glandular bicellular, and non-glandular
multicellular; cuticular striations visible on both foliar surfaces, radiating from the bases of
capitate and dendritic trichomes as well as from stomata; cuticular striations more frequent on
abaxial surfaces, decreasing with increasing leaf development; stomatal guard cells surrounded
by 3 subsidiary cells of differing sizes, arrangement of stomata on adaxial and abaxial surfaces
of the plant leaves is anisocytic (Fig. 2.50) (Munien et al. 2015).

Part used: Leaf, root, fruit, bark, and stem

Mode of utilization: Decoction, powder, paste, extract, infusion, and raw

Route of administration: Oral and topical

Disease treated: Rheumatism, aphrodisiac, kidney stones, phlegm, constipation, improves
memory, scorpion sting, hypertension, fever, analgesic, leukoderma, arthritis, cancer, asthma,
stress, paralysis, body selling, and old age debility.

Traditional uses: In traditional medicine, the leaves as well as roots are used, both in external
applications and as tonics (Senthil et al. 2009; Chatterjee et al. 2010; Singh et al. 2010a; Munien
et al. 2015). The plant concoctions act upon the nervous and reproductive systems, with
rejuvenating effects on the whole body (Chatterjee et al. 2010; Ram et al. 2012). It is widely
used to improve vitality, as well as help in the recovery of various illnesses (Khan et al. 2006;
Chatterjee et al. 2010; Kumar and Kumar 2011; Ram et al. 2012; Munien et al. 2015).

Recipes:
*  Fresh leaves are boiled in water; one cup of decoction is prescribed to take once in a day for
rheumatism.

*  Root powder is given with milk to remove kidney stones and phlegm.
*  Root paste is applied externally to treat swelling.

*  Root extract is used to cure debility in old age people.

*  Fruit decoction is diuretic.

*  Stem bark infusion is taken internally to treat asthma.

*  Young shoots are eaten as vegetable to reduce obesity in results.

Potential economic significance: An important plant both ecologically and economically. It is
as old as Ayurvedic medicine, with millennia of usage as one of the essential plants used in
Ayurvedic medicine. The Mediterranean region, and several Oriental countries are using it
(Afewerky et al. 2021). In India, it is readily available via cultivation and in the wild
agricultural land; and aside from being medicinal, it is also used for bioremediation, as well as
phytoextractions (Afewerky et al. 2021).
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Fig. 2.50 (a) Abaxial surface; (b) Adaxial surface of Withania somnifera (L.) Dunal
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2.40 Ziziphus nummularia (Burm.f.) Wight & Arn.

Family: Rhamnaceae

Synonym(s): Rhamnus microphylla Roxb.; Rhamnus nummularia Burm.f.; Ziziphus microphylla
Roxb.; Ziziphus nummularia var. glabrescens Bhandari & Bhansali; Ziziphus rotundifolia Lam.
(Malik et al. 2021).

English name: Wild Jujube (Malik et al. 2021).

Flowering period: July—September (Malik et al. 2021).

Distribution: Afghanistan, India, Iran, Iraq, Nepal, Pakistan, Palestine, and Saudi Arabia (Malik
et al. 2021).

Altitude: Up to 1700 m (Malik et al. 2021).

Habit: Shrub

Ecological type: Xerophyte

Habitat: In dry deciduous forests and scrub jungles (Malik et al. 2021).

Phytochemicals: Flavonoids, alkaloids, glycosides, pectin, polysaccharides, peptide alkaloids,
saponins, sterols, tannins, and fatty acids (Goyal et al. 2012, 2013; Hussain et al. 2017; Malik
et al. 2021).

Potential biological activity: Antitumor, anthelmintic, antibacterial, analgesic, anti-
inflammatory, anti-diarrheal, antisecretory, anti-spasmodic, and anti-ulcer effects (De Boer et al.
2005; Bachaya et al. 2009; Kumar et al. 2011; Goyal et al. 2013; Hussain et al. 2017; Malik

et al. 2021).

Toxicity: Genotoxicity and cytotoxicity (Padalia and Chanda 2017; Malik et al. 2021).
Botanical description: Straggling shrub, 2-5 m high; branches divaricate, flexuous, tomentose
when young; spines paired, one straight, very sharp, nearly as long as petiole, the other shorter,
hooked; leaves ovate, elliptic or orbicular, oblique or rounded at base, serrate at the margin,
acute or obtuse at apex, 1-2.5 x 0.5-1.8 cm, glabrous or tomentose above, tomentose to
white-wooly beneath, 3-nerved at the base; inflorescences axillary, 10-20 flowered cymes,
short-peduncled or not; flowers 4-5 mm across; calyx lobes deltoid, acute, keeled nearly to base,
1.7-2.2 mm long; petals obovate-spatulate, rounded, or truncate at apex, 1-1.5 mm long;
stamens 0.8—1.2 mm long; disc faintly 10-lobed; ovary 2-loculed; style 2-cleft; drupes globose,
ca 0.8 cm, woody, glabrous, shining, and blackish-red when ripe; seeds 1 or 2 compressed, black
(Malik et al. 2021) (Fig. 2.51).

Fig. 2.51 Ziziphus
nummularia (Burm.f.)
Wight & Arn.
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Pollen features: Polar length: 19.74-25.13 pm, equatorial length: 21.54-32.31 pm, exine
thickness: 0.71-1.79 pm, tectum: strio-rugulate (Perveen and Qaiser 2005).

Anatomical features: According to the findings of Dinarvand and Zarinkamar (2006), both leaf
surfaces are pubescent with simple short trichome; epidermis includes 1 layer of polygonal cells
with thick outer wall and thick cuticle on both surfaces, stomata are sunken, visible in crypts,
the papilla are visible on both surfaces more frequently on abaxial surface; mesophyll is
isobilateral with 3—4 layers of long palisade cells adaxially and 2-3 layers of short palisade cells
abaxially; the vascular bundles are collateral, surrounded by bundle sheaths with thin cell walls;
the stem is spherical in shape in cross section, showing secondary development; also covered by
thin walled unicellular trichomes; single epidermis includes polygonal cells with a thick outer
wall and brown part; the cortex includes layers of sub epidermal collenchyma and sclerenchyma
cells; in the vascular cylindrical, secondary development is important, it is surrounded by
periphloematic fibers; the pith is small and includes parenchymatous cells in the center of stem
(Dinarvand and Zarinkamar 2006).

Part used: Fruit, root (Malik et al. 2021).
Mode of utilization: Decoction, infusion (Malik et al. 2021).
Route of administration: Oral

Disease treated: Joint pain

Traditional uses: Leaves and fruits are used against the inflammation of gums, for indigestion,

diarrhea, dysentery, cold and tonic (Kapoor and Arora 2014; Malik et al. 2021); whereas unripe

fruits are prescribed in the burning sensations, management of vomiting, and as a tonic, the

dried fruits are reported to be useful as sedative, stomachic, anodyne, refrigerant, as anticancer

and in the treatment of chronic fatigue, bronchitis burns, diarrhea, hysteria, anemia, loss of

appetite and pharyngitis (Hussain et al. 2017; Malik et al. 2021).

Recipes: (Malik et al. 2021)

e 30 mL of decoction of 50 g fruits used for 4-5 days everyday daily at night for joint pains.

*  40-50 g of roots dipped in 200 mL water for full one night, infusion made and used for
joint pain for 14 days.

Potential economic significance: A multipurpose species valued for edible fruits, leaves as
forage, branches for fencing, wood as fuel, for construction, and furniture (Pandey et al. 2010;
Malik et al. 2021).
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Chapter 3
Phytochemistry and Biological Activity
in the Halophytes

3.1 An Overview of the Phytochemical Diversity

3.1.1 Important Sources of Primary
and Secondary Metabolites

Halophytes are highly specialized plants having specific morphological and phys-
iological adaptations that allow them to survive under saline conditions. Their
tolerance is determined by different factors, as they have variety of adaptations to
maintain their ion homeostasis in such environments and they acquire or store
water as well as protect their cells from a damage due to ROS “Reactive Oxygen
Species” accumulation (Flowers and Colmer 2008; Shabala and Mackay 2011).
These plants possess different types of biocompounds which are useful in view of
their biological activities such as anti-microbial and antioxidant ones (Ksouri
et al. 2012a). The biocompounds increase the nutraceutical value of such
plant taxa.

Galvani (2007) has reported that different profitable ingredients such as fibers,
oils, gums, resins, flavors and essential oils are found in the halophyte taxa, but the
change in their metabolic profile depends on the species, genus, cultivar, saline
condition, and growth stage of the species (Bernstein et al. 2010).

The plants included in this ecological group are a source of several primary and
secondary metabolites which play an important role in overcoming oxidative stress
under saline conditions (Bose et al. 2014). Environmental stress generates oxidative
stress in the form of ROS, which can damage the cellular structure. The halophytes
cope with this condition by increasing biosynthesis of metabolites which are osmot-
ically active, antioxidants and proteins. A positive correlation has been observed
between saline medium and increased production of secondary metabolites in halo-
phytes (Buhmann and Papenbrock 2013). One of the typical examples is Nitraria
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retusa which produces more flavonoid and phenol content under increased salt con-
centrations (Boughalleb and Denden 2011). An accumulation of the osmoprotec-
tants such as polyphenols, proline, soluble sugars, inorganic ions, and glycine is
evaluated as a defense strategy by these plants to deal with the environmental
stresses (Patel et al. 2016).

Thousands of compounds have been reported in different studies on the plants
and among these, especially considering their molecular structures, secondary
metabolites show greater diversity than primary ones. The structural properties of
secondary compounds reveal that these can generally be grouped chemically under
different groups such as alkaloids, phenolics, acetogenins and terpenoids (Wink
2003; Stevanovic et al. 2019). The richness and diversity of secondary metabolites
available in the plant kingdom represent a crucial biogenic resource for the discov-
ery of potential new drugs. Very few studies are available on salt-tolerant plants
which occupy ecologically special habitats on the planet and we are trying to make
them wonder as a separate mysterious natural potential resource (Dajic Stevanovic
et al. 2014; Stevanovic et al. 2019). Inspite of the limited studies, the halophytes
have been recognized as sources of polyphenols, terpenes and many other potential
secondary metabolites. Thus, the bioactive effects of these plants and their possible
uses as drugs and therapeutics has gained a great impetus (Menzel and Lieth 1999).

As the world population is increasing day by day, a constant reduction in arable
land is observed which is leading towards an increase in the area of saline soils.
Salinity has now started becoming a global threat to food security but hope lies in
the plants which occupy such habitats i.e., the halophytes. Such plants have great
potential for producing nutraceuticals and they could be a rich source of food in
saline-alkaline areas (Hameed et al. 2010). Maria et al. (2019) have reported at
length the presence of fatty acids, cinnamic acid, acylglycerols, carboxylic acids,
alkanes, alkenes, amino acids, carbohydrates, alcohols, ketones, flavonoids, alde-
hydes, alkaloids, terpenoids, polyphenols, tocopherols, and stilbenoids in halo-
phytic grasses.

Primary metabolites are the ones which play a direct role in growth, develop-
ment, and differentiation. These are generally synthesized directly by sunlight and
have a physiological function in the organism, being major constituent of organisms
or cells (Bernal et al. 2011; Arya et al. 2019). The carbohydrates and their deriva-
tives, lipids, certain amino acids, and related compounds are the primary metabo-
lites (Ksouri et al. 2012a; Arya et al. 2019). Carbohydrates (especially
polysaccharides) act as structural components in living beings and are important
molecules for energy storage. These molecules also show important bioactivity fea-
tures such as prebiotics, antioxidants, and anti-inflammators (Bernal et al. 2011).
The halophytes are drawing an attention as a natural source of compounds in terms
of lipids — the natural molecules which contain a rich group, especially fatty acids,
waxes, sterols, tocopherols, mono-, di- and triacylglycerols, phospholipids and gly-
colipids (Parida et al. 2019). The presence of these molecules in this group of plants
adds to their commercial value for many economic applications such as medicinal,



3.1 An Overview of the Phytochemical Diversity 151

cosmetic, pharmaceutical, food and nutraceutical ones, and also create an alterna-
tive potential source for biotechnological applications (Parida et al. 2019). Potential
bioactivity (especially antioxidant and antimicrobial) studies in many lipid mole-
cules of halophytes have also been carried out by different researchers (de Jesus
Cortés-Sanchez et al. 2013; Rodrigues et al. 2014; Parida et al. 2019). Interestingly,
in the seeds of various halophyte species, presence of high amounts of polyunsatu-
rated fatty acids shows that these can be used as a quality oil source, important in
human nutrition (Ksouri et al. 2012a). In fact, in several studies undertaken by dif-
ferent researchers, it has been reported that these oils contain 70-80% unsaturated
enough good quality edible oil and have higher nutritional value compared to tradi-
tionally used vegetable oils (Stuchlik and 74k 2002; Ksouri et al. 2012a, 2012b;
Qasim et al. 2011).

Acylglycerols in halophytes have great nutritional importance as it is an edible
oil source for industries and for the treatment of various diseases (Cagliari et al.
2011). The benzoic acids are reported as being the building blocks of primary
metabolites in halophytes (Widhalm and Dudareva 2015). Carboxylic acids and cin-
namic acid in halophytes highlight the fact that halophytes can prove beneficial in
human diet. The carbohydrates are the source of energy and sugars add flavor to the
plants, their presence reveals that halophytes have a good potential as functional
foods. These plants are capable of producing flavonoids and phenols against oxida-
tive stress for their defense mechanisms under extreme saline conditions
(Mohammed 2020).

Amino acids are important for maintaining the diet and are of great nutritional
significance. They play an important role during osmotic stress by maintaining the
homeostasis, and are therefore important in plant physiology. Some of the important
amino acids in halophytes are lysine, histidine, leucine, valine, threonine, and
methionine which reveals their importance as vegetal source (Fan et al. 1993;
Flowers and Colmer 2008).

Proline plays a significant role in maintaining osmotic balance under the salt
stress condition (Ozturk and Szaniawiski 1981; Ozturk et al. 1986, 2011; Turkyilmaz
Unal et al. 2013; Mansour and Ali 2017). It also acts as a protein and membrane
structure stabilizer and ROS scavenger (Rejeb et al. 2014). Glycine betaine is also
associated with the osmotic adjustment and play important role in enzyme protec-
tion and membrane stabilization (Sakamoto and Murata 2000; Chen and Murata
2011). Trehalose protects halophytes under abiotic stress (Mostafa et al. 2015). The
sugars such as fructose and glucose are also involved in the maintenance of osmotic
potential under salt and drought stress (Jayakannan et al. 2013). The application of
organic amines or polyamines have shown increased salinity tolerance (Minocha
et al. 2014).

Salt tolerant plants are the main source of natural trace elements and antioxidants
also (Qasim et al. 2011). Zinc, iron, and copper have been reported in halophytes in
high concentrations from the region of high saline soil. Copper is an important con-
stituent of an antioxidant that is the superoxide dismutase enzyme present in halo-
phytes (Scheiber et al. 2014). The development stage of plants plays important role
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in the concentration or production rate of secondary metabolites. Crithmum mariti-
mum and Mesembryanthemum crystallinum have shown the highest flavonoids and
phenols concentrations during the flowering period (Jallali et al. 2012; Ahmad
et al. 2013).

Stevanovi¢ et al. (2019) have reported different secondary metabolites in the
halophytic members of various families such as Amaranthaceae, Apiaceae,
Brassicaceae, Combretaceae, Euphorbiaceae, Fumariaceae, Lamiaceae,
Plantaginaceae, Primulaceae, Saxifragaceae, Salvadoraceae, and Tamariaceae. The
reported secondary metabolites are phenolic acids, flavonoids, aromatic acids, iso-
flavone glycosides, tannins, and coumarins. They have also reported fatty acids,
saponins, carotenoids, essential oils, polyacetylenes, and alkaloids in halophytes
(Ozturk et al. 2019; Raza et al. 2019; Shahrasbi et al. 2021; Khan et al. 2021;
Caparrés et al. 2022; Younessi-Mehdikhanlou et al. 2022).

While the majority of bioactive compounds generally identified from halophytes
are fatty acids and phenolic compounds, some lipid and glycoside derivatives have
also been identified (Rodrigues et al. 2014; Plouguerné et al. 2014; Parida et al.
2019). Abdel-Aziz et al. (2016) have reported that mangrove species, which repre-
sent an ecologically special group among halophytes, have bioactive compounds
rich in flavonoids, triterpenes, alkaloids, saponins, fatty acids, tannins, and quinones.

The hydroxyl group attached to the aromatic ring is the general structural char-
acteristic of all phenolic derivatives. A large group of natural products with this
structural fragment are the “natural aromatic compounds,” showing high antioxi-
dant properties depending on the nature and structure of the substitutions in the
aromatic rings in the chemical structure of phenolic compounds (Bernal et al. 2011;
Stankovi¢ et al. 2019). The phenolic compounds and flavonoids comprise all pheno-
lic derivatives, systematized in these two groups. The phenols, phenolic acids, and
condensation products of phenol — dephides, phenylpropane, tannins, and stilbene
form the first group whereas while the flavonoids and anthocyanins form the other
group (Crozier et al. 2006; Quideau et al. 2011; Stankovi¢ et al. 2019). Moreover,
these compounds can be found in different parts of halophytes. Different amounts
of phenolic compounds from plant sources change to some extent and this depends
on their function in the plant itself, particularly their role in photosynthetic appara-
tus protection as well as protection against herbivores and pathogens, including
other biotic and abiotic factors to which the plant is exposed during growth and
development (Alonso-Amelot et al. 2004; Stankovi¢ et al. 2019). One of the com-
mon abiotic factors in saline habitats is the physiological drought, caused by the
increased intensity of synthesis and accumulation of phenolic compounds to pre-
vent the negative consequences of drought (Stankovi¢ et al. 2019). It has been
reported that some halophytes are effective in human nutrition due to these chemical
compounds, as flavor precursors. These plants also show different bioactiviies such
as protection of blood sugar levels, and anti-inflammatory and anti-aging in humans
(Pandey and Rizvi 2009; Parida et al. 2019). During the last two decades several
authors have emphasized that halophytes are rich in phenolic molecules (Ksouri
et al. 2009; Falleh et al. 2011; Jdey et al. 2017).
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Other important natural molecules that exhibit different biological and pharma-
cological activities in the treatment of many diseases are alkaloids (Stockigt et al.
2002). Different alkaloid compounds have been identified in many halophytes.
Notable among these are natural alkaloid compounds such as quinolizidines, spiro-
piperidines, and quinazolines identified from different species of genus Nitraria,
and salsolin and salsolidin identified from the Salsola kali plant (Wang et al. 2007,
Sokolowska-Krzaczek et al. 2009).

In a phytochemical study conducted on some halophyte species, it has been
reported that the presence of terpenoids including monoterpenes, sesquiterpenes
and diterpenoids, makes significant contributions to the medicinal, functional, nutri-
tional and industrial usefulness quality of related halophytes (Qian et al. 2017).
Phytochemical compounds revealed in some of the halophytes to date are listed in
Table 3.1.

Table 3.1 Some important phytochemical sources of primary and secondary metabolites,
osmolytes, minerals, and amino acids in halophytes

Phytochemical compounds

13-earbolines
2,6-dimethyl phenol
2-methyl butyl glucosinolate

3-O-p-D-glucopyranoside
4-pentyl glucosinolate

8-Omethylretusin

acid polysaccharides

acylglycerol
aldehydes
aliphatic acids
alkaloids
alkanes

apigenin

ascorbic acid

avicularin

benzoic acid

benzoquinones

benzyl benzoate
beta-alanine

betacyanins

betaine

caffeic acid

calcium

camphor

carboxylic acid

carotenoids

catechin

catechin hydrate

(continued)
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chalcones

chenopodine

chlorogenic acid

cinnamic acid

copper

coumarin

cyanidin-3-O-diglucoside

cyclitol

diterpenes

ellagic acid

epicatechin

epigallocatechin

epigallocatechin-3-o-gallate

essential oils

ethyl glucosinolate

eugenol

falcarindiol

fatty acid

fenchyl acetate

ferulic acid

flavone

flavonoid glycosides

flavonoids

flavonol

flavonol glycoside

fructose

furochromone

gallic acid

gallocatechin

germacrene D

glucosinolates

glucotropaeolin

glucuronoxylans

glycerol

glycine

glycinebetaine

glycosides

hexadecanoic acid docosane

histidine

hydroxyacetophenone

hydroxyl fatty acid

hyperoside

1soflavone glycoside

(continued)
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1sorhamnetin

1sorhamnetin 3-O-glucoside

inositol

inositol

iron

isochinolin

isoquercetin

juncunol

kaempferol

ketones

lactone

leucine

linoleic acid

lipids

lipopolysaccharide

luteolin

lysine

magnesium

maltose

mannitol

m-coumaric acid

methionine

methyl-4-hydroxybenzoate

monoterpenes

myo-inositol

myrctin

myricetin

narinenin 7-O-glucoside

naringin

n-propyl -3,4,5-trihydroxybenzoate

oleic acid

omega-3 polyunsaturated fatty acid

ononitol

patuletin

pelargonidin-3-O-diglucoside

Phenanthrenoids

phenolic acids

phenolic compounds

phenols

phloretin

phytoalexins

pinitol

pipecolate

(continued)
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plumbocatechin A

polyacetylene

polyamines

polyphenol gallic

polyphenols

polyunsaturated fatty acids

potassium

proanthocyanidins

procatechuic

procyanidins

proline

propelargonidins

proteins

pyrocatechol

quercetin

quercetin 3-O-glucoside

quercetin dihydrate

quinazolines

quinolizidines

resorcinol

rhamnose

rosmarinic acid

rutin

salicylic acids

salsolidin

salsolin

saponins

scopoletin

sesquiterpenes

sodium

sorbitol

sorbitol

spinacetin

spiropiperidines

steroids

sterols

stilberoids

sucrose

sulfated flavonoids

sulfur glycosides

syringic acid

tannins

threonine

(continued)
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Table 3.1 (continued)

trans3-hydroxycinnamic acid

trans-cinnamic acids

trehalose

tricin

tridecane

trigonelline

triterpenes
triterpenic ketone

triterpenoid saponins

tungtungmadic acid

tyramine

valine

vanillic acid

vitamin A

vitamin B

vitamin C

vitamin E

o humulene

a-terpinene

p-carotene

Modified from Ksouri et al. (2012a), Slama et al. (2015), Arya et al. (2019), Parida et al. (2019),
Stevanovicetal. (2019), Stankovic etal. (2019), Obén et al. (2021), Stankovi¢ and Jakovljevic¢ (2021)

3.2 Biological Activity

Although showing an ability to overcome different extreme ecological conditions,
halophytes have a strong biological capacity because of their ability to produce
secondary compounds, especially phenolic molecules, as a result of metabolic
activities (Trabelsi et al. 2012; Stankovic¢ et al. 2019). The metabolites found in the
halophytes have a great potential to exhibit many biological activities, especially
antioxidant, antimicrobial, and anti-inflammatory. Such halophytic metabolites can
represent rich alternative natural resources in the treatment of a multitude of dis-
eases, popular in today’s world, especially cancer and cardiovascular disorders
(Ksouri et al. 2012a; Rodrigues et al. 2015; Stankovi¢ et al. 2019). During the last
two decades, studies on several potential biological activities, especially antioxidant
activity, of some halophytic species has been reported (Meot-Duros et al. 2008; Lee
et al. 2011; Oueslati et al. 2012a, b; Trabelsi et al. 2012; Slama et al. 2015; Arya
et al. 2019; Parida et al. 2019; Stevanovic et al. 2019; Stankovic¢ et al. 2019; Obdn
et al. 2021; Stankovi¢ and Jakovljevi¢ 2021).
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3.2.1 Antioxidant Activity

Antioxidants are the natural biomolecules, special metabolites which inhibit the
harmful activities caused by free radicals. They appear as biomolecules preventing
the oxidation of substrates exposed to the oxidation process. The mechanism of
action of these beneficial metabolites is based on their role as electron or hydrogen
atom donors, as well as their ability to destroy the hydroperoxide of lipid molecules
(Xu et al. 2017; Stevanovic et al. 2019).

Oxidative stress is the additional phenomenon of stress which has great impact
on plants, as a consequence of hyperosmolarity under conditions of increased salin-
ity, resulting in the appearance of reactive oxygen molecules, mainly hydrogen per-
oxide, hydroxyl radicals and superoxide anions (Xiong et al. 2002; Stevanovic et al.
2019; Garcia-Caparros et al. 2021).

According to Stevanovic et al. (2019), among the secondary metabolites, main
metabolite polyphenol compounds are also effective in antioxidant activity. These
authors have also emphasized the fact that qualitative compositions of these com-
pounds in the halophytes generally varies depending on the taxonomic status of
species together with the ecological conditions of habitat where it grows (Stevanovic
etal. 2019).

As arich source of natural antioxidants, phenolic compounds are the most prom-
inent secondary metabolites. They possess multiple applications such as additives,
functional food, and medical and pharmaceutical materials (Povichit et al. 2010;
Stankovi¢ et al. 2019). The pharmacological studies have been conducted in recent
years on some halophytes in an attempt to characterize their potential uses and the
reports reveal that these plants comprise rich sources of natural antioxidants
(Gourine et al. 2010; Ksouri et al. 2012a; Stankovi¢ et al. 2019).

3.2.2 Antimicrobial Activity

Many researchers have reported that halophytes have antimicrobial activity, because
of the presence of important secondary metabolites in these such as phenolic acids,
flavonoids, terpenoids, coumarins, and tannins (Stevanovic et al. 2019). As far as the
mechanism of action is concerned, particularly phenolic acids causing selective loss
of permeability of the bacterial membrane, flavonoids completely block some
enzymes involved in the replication process of bacterial DNA, terpenoids disrupt
the bacterial cell membrane, coumarins inhibit cellular respiration, tannins disrupt
the biomolecular functioning and enzyme activity of bacterial membranes (Cowan
1999; Cushnie and Lamb 2005; Lou et al. 2011; Stevanovic et al. 2019). Moreover,
as the habitats of halophytes vary, the antimicrobial effective features too show a
different intensity depending on the density of the secondary metabolites present in
the plant (Stevanovic et al. 2019).



3.2 Biological Activity 159
3.2.3 Anticancer Activity

Some of the secondary plant metabolites are reported to affect uncontrolled cell
division. However, the antitumor activity mechanism of such metabolites differs
depending on the cell and tissue type. They often have the ability to induce apopto-
sis, inhibit angiogenesis, or alter the activity of enzymes involved in cell cycle regu-
lation (Ren et al. 2003; Duangmano et al. 2010; Khoo et al. 2010; Stevanovic et al.
2019). There are few studies on the anticancer activity of halophyte metabolites,
albeit limited ones (Kang et al. 2011; Ksouri et al. 2013; Wang et al. 2013; Kong
etal. 2014, 2016; Rodrigues et al. 2014; Karker et al. 2016; Stevanovic et al. 2019).

An evaluation of the anticancer activity has revealed that the results of various
in vitro treatments of cancer cells are usually accompanied by quantitative and qual-
itative chemical analysis to identify specialized metabolites; these are present in
halophytes and are responsible for such activity (Stevanovic et al. 2019). The hex-
ane and dichloromethane extracts of Reaumuria vermiculata have pointed out that
they show significant anticancer activity against the A-549 lung carcinoma cells;
myricetin being the main component of these investigated extracts (Karker
et al. 2016).

Zygophyllum album contains triterpenes, flavonoids, and sterols. Their presence
is found in extracts of different polarities, which act as anti-cancer compounds
against human lung carcinoma (A-549) and colon adenocarcinoma (DLD-1) cells,
in addition to their involvement as antioxidant and anti-inflammatory effects (Ksouri
et al. 2013).

Rodrigues et al. (2014) have identified an active compound called “juncunol”
from the Juncus acutus plant. They report that this compound shows selective cyto-
toxic activity in various human cancer cells in in vitro studies (Rodrigues et al. 2014).

A study on the Salicornia herbacea ethyl acetate extract has shown that phytol
selectively inhibited HepG2 cells, whereas y-linolenic acid and pentadecyl ferulate
had potent antiproliferative activity against HepG2 and A549 cells (Wang et al.
2013). An anticancer potential of seed extracts on human HCT 116 and HT-29 colon
cancer cells tool has been reported (Kang et al. 2011).

On the other hand, according to Kong et al. (2014), two new flavonoid glycosides
are present in the Limonium franchetii plants. These show anticancer potential
against rat C6 glioma cell lines. In another study, it has been reported that some
chemicals (especially trans 3-hydroxycinnamic acid, myricetin and isorhamnetin)
obtained from the extracts of Limonium densiflorum plants have shown strong anti-
cancer activity against human plungous carcinoma and colon adenocarcinoma cell
lines DLD-1 (Medini et al. 2015).

It has been reported that the secondary metabolite called heterocarpine reported
to occur in the Corydalis heterocarpa halophyte taxon has significant cytotoxic
effects against human gastric cancer (AGS), human colon cancer (HT-29), human
fibrosarcoma (HT-1080) and human breast cancer (MCF-7) cells (Kong et al. 2016).
Similarly, the methanol extract of leaves of Imperata cylindrica too shows antican-
cer activities (Hansakul et al. 2009; Bayala et al. 2014).
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3.2.4 Other Bioactivities

Polyunsaturated fatty acids in halophytes have great pharmacological potential. A
polyunsaturated fatty acid — linoleic acid — has been studied by many workers. Its
antioxidant, anticarcinogenic, cardioprotective, anti-inflammatory and antimicro-
bial properties have been studied at length (Arora et al. 2017; Choi 2016). Cinnamic
acid such as sinapic acid has the ability to enhance anxiolytic effects and inhibit the
lipid peroxidation, therefore, it is involved in various biological activities (Yoon
et al. 2007). Ferulic acid present in some halophytic grasses too is well known for
its antidiabetic, anti-aging, anti-inflammatory, radioactive and anticarcinogenic
properties (Mishra et al. 2014; Kumar and Pruthi 2014). The presence of cinnamic
acids in halophytes confirms the significance of halophytes as food and their role in
the pharmaceutical industry. Leleka et al. (2016) have studied succinic acid in halo-
phytes as an antiradical, adaptogenic and antioxidant agent. The ursolic acid in
halophytes is playing a role in reducing obesity and hepatic steatosis and increasing
energy expenditure and glucose tolerance (Kunkel et al. 2012). Lupeol, a terpenoid,
has been studied in vitro and in vivo by Casuga et al. (2016). They have reported its
anticarcinogenic and anti-inflammatory activity (Lima et al. 2007; Saleem 2009).
The antioxidant potential of halophytes has been investigated by Wong et al. (2006)
using DPPH radicals inhibition capacity method. The antioxidant properties of
Salsola imbricata have been researched by Do et al. (2014). Al-Omar et al. (2020)
have investigated the antioxidant, antimicrobial, and a-amylase inhibitory activities
of traditionally used halophytes. Their findings have revealed that copper, zinc, and
iron in the halophytes enhance antidiabetic and antioxidant activities and Tamarix
aphylla has anti-infection property. Under high salt concentration, the polyphenols
in Atriplex halimus exhibit different physiological characteristics such as antioxi-
dant, anti-allergic, anti-microbial, anti-inflammatory, anti-thrombotic, vasodilatory,
and cardio-protective (Balasundram et al. 2006).

The bioactivity studies have been carried out till now on halophytes by many
researchers stressing mainly on ethnopharmacological aspects. In all 78, different
halophyte taxa with bioactivity potential have been identified (Table 3.2). These
halophyte taxa have been determined to be effective in a total of 29 different bioac-
tivity groups (Table 3.3). According to these findings, the halophyte taxa list includes
52 species with antioxidants, 33 species have antimicrobial, 15 are anti-inflammatory,
14 anti-cancer, and 6 species show antiviral features (Table 3.3). An evaluation
made on the basis of the species reveals that Atriplex halimus and Tamarix gallica
are the most bioactive among the halophytes; these are followed by Artemisia sco-
paria, Cakile maritima, Limoniastrum monopetalum, Limoniun densiflorum,
Chenopodium album, Mesembryanthemum edule, Nitraria retusa, Nitraria tanguto-
rum, Spergularia marina and Suaeda fruticosa (Table 3.3).
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Table 3.2 List of halophyte species with potential bioactivity features

No. Halophyte species

1 Aegiceras corniculatum
2 Apocynum venetum

3 Artemisia campestris

4 Artemisia capillaris

5 Artemisia maritima

6 Artemisia santonicum

7 Artemisia scoparia

8 Arthrocnemum macrostachyum
9 Aster tripolium

10 Atriplex halimus

11 Atriplex hortensis

12 Atriplex inflata

13 Atriplex portulacoides
14 Avicennia marina

15 Caesalpinia crista

16 Cakile maritima

17 Camphorosma monspeliaca
18 Capparis decidua

19 Ceriops decandra

20 Ceriops tagal

21 Chenopodium album

22 Cladium mariscus

23 Corydalis heterocarpa
24 Crambe maritima

25 Cressa cretica

26 Crithmum maritimum

27 Eryngium maritimum

28 Excoecaria agallocha
29 Frankenia laevis

30 Frankenia pulverulenta
31 Glehnia littoralis

32 Halimione portulacoides
33 Inula crithmoides

34 Imperata cylindrica

35 Ipomoea pes-caprae

36 Juncus acutus

37 Limoniastrum guyonianum
38 Limoniastrum monopetalum
39 Limonium algarvense

40 Limonium delicatulum

(continued)
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Table 3.2 (continued)

No. Halophyte species

41 Limonium densiflorum
42 Limonium franchetii

43 Limonium sinense

44 Limonium tetragonum

45 Limonium vulgare

46 Lumnitzera littorea

47 Lumnitzera racemosa

48 Mesembryanthemum crystallinum
49 Mesembryanthemum edule
50 Nitraria retusa

51 Nitraria tangutorum

52 Plantago coronopus

53 Plantago lanceolata

54 Reaumuria vermiculata
55 Retama raetam

56 Rhizophora mucronata
57 Salicornia europaea

58 Salicornia herbacea

59 Salsola imbricata

60 Salsola kali

61 Salvadora persica

62 Sesuvium portulacastrum
63 Sonneratia paracaseolaris
64 Spergularia marina

65 Suaeda fruticosa

66 Suaeda maritima

67 Suaeda mollis

68 Suaeda monoica

69 Suaeda pruinosa

70 Suaeda salsa

71 Suaeda vera

72 Tamarix aphylla

73 Tamarix boveana

74 Tamarix gallica

75 Thespesia populneoides
76 Tribulus terrestris

77 Typha domingensis

78 Zygophyllum album

Modified from Ksouri et al. (2012a), Slama et al. (2015), Arya et al. (2019), Parida et al. (2019),
Stevanovicetal. (2019), Stankovi¢etal. (2019), Obénetal. (2021), Stankovi¢ and Jakovljevi¢ (2021)
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Table 3.3 Halophyte species with bioactivity potential

No. Bioactivity types — Halophyte species
1 Antioxidative activity

1 Artemisia capillaris

2 Artemisia santonicum

3 Artemisia scoparia

4 Arthrocnemum macrostachyum

5 Aster tripolium

6 Atriplex halimus

7 Atriplex hortensis

8 Atriplex inflata

9 Atriplex portulacoides

10 Cakile maritima

11 Camphorosma monspeliaca
12 Cladium mariscus

13 Crambe maritima

14 Cressa cretica

15 Crithmum maritimum

16 Frankenia laevis

17 Frankenia pulverulenta

18 Halimione portulacoides

19 Inula crithmoides

20 Ipomoea pes-caprae

21 Juncus acutus

22 Limoniastrum guyonianum

23 Limoniastrum monopetalum

24 Limonium algarvense

25 Limonium delicatulum

26 Limonium densiflorum

27 Limonium tetragonum

28 Mesembryanthemum crystallinum

29 Mesembryanthemum edule
30 Nitraria tangutorum

31 Plantago coronopus

32 Plantago lanceolata

33 Retama raetam

34 Salicornia europaea

35 Salicornia herbacea

36 Salsola imbricata

37 Salsola kali

38 Salvadora persica

39 Sesuvium portulacastrum

(continued)
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No. Bioactivity types — Halophyte species
40 Spergularia marina
41 Suaeda fruticosa
42 Suaeda maritima
43 Suaeda mollis
44 Suaeda pruinosa
45 Suaeda salsa
46 Suaeda vera
47 Tamarix aphylla
48 Tamarix boveana
49 Tamarix gallica

50 Thespesia populneoides
51 Typha domingensis

52 Zygophyllum album

2 Antimicrobial activity

1 Aegiceras corniculatum

2 Apocynum venetum

3 Artemisia campestris

4 Artemisia maritima

5 Artemisia scoparia

6 Artemisia santonicum

7 Atriplex halimus

8 Avicennia marina

9 Cakile maritima

10 Ceriops decandra

11 Ceriops tagal

12 Crithmum maritimum

13 Eryngium maritimum

14 Excoecaria agallocha

15 Frankenia laevis

16 Limoniastrum guyonianum
17 Limoniastrum monopetalum
18 Limonium delicatulum

19 Limonium densiflorum
20 Limonium vulgare

21 Lumnitzera littorea

22 Lumnitzera racemosa

23 Mesembryanthemum edule
24 Retama raetam

25 Salsola kali

26 Sesuvium portulacastrum
27 Spergularia marina

28 Suaeda fruticosa

(continued)
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Table 3.3 (continued)
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No.

Bioactivity types — Halophyte species

29

Suaeda monoica

30

Suaeda pruinosa

31

Suaeda salsa

32

Tamarix boveana

33

Tamarix gallica

W

Anticancerogenic and/or anti-tumor activity

Artemisia scoparia

Cakile maritima

Corydalis heterocarpa

Juncus acutus

Imperata cylindrica

Limoniastrum monopetalum

Limonium densiflorum

Limonium franchetii
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Reaumuria vermiculata

Salicornia herbacea

— | —
— O

Sonneratia paracaseolaris

Suaeda fruticosa

Tamarix gallica

Zygophyllum album

Antiviral activity

Avicennia marina
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Table 3.3 (continued)

3 Phytochemistry and Biological Activity in the Halophytes

No. Bioactivity types — Halophyte species
15 Zygophyllum album

6 Anti-adipogenic activity

1 Spergularia marina

7 Anti-allergenic activity

1 Atriplex halimus

8 Antiarrhythmic agent

1 Nitraria retusa
2 Nitraria tangutorum

9 Antidepressant agent

1 Artemisia scoparia

10 Anti-diabetic activity

1 Capparis decidua
2 Tamarix aphylla

11 Antidiarrheic activity

1 Tamarix gallica

12 Anti-dysentric activity

1 Limoniastrum monopetalum
13 Antifungal activity

1 Cakile maritima
2 Mesembryanthemum edule
14 Antihyperlipidaemic activity
1 Capparis decidua

15 Anti-hypertensive activity
1 Apocynum venetum
2 Tribulus terrestris

16 Anti-hypertonia activity

1 Salsola kali

17 Antimalarial agent

1 Caesalpinia crista

18 Antineuropathic activity
1 Nitraria retusa
2 Nitraria tangutorum

19 Antinociceptive activity

1 Chenopodium album
2 Eryngium maritimum

20 Antiparasitic proporties

1 Atriplex halimus
2 Chenopodium album

21 Anti-proliferative activity
1 Glehnia littoralis

22 Antipruritic activity

1 Chenopodium album

(continued)
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Table 3.3 (continued)

No. Bioactivity types — Halophyte species
23 Antipyretic agent

1 Artemisia capillaris

2 Glehnia littoralis

24 Anti-scorbutic activity

1 Cakile maritima

2 Crithmum maritimum

25 Antiseptic agents

1 Mesembryanthemum crystallinum
2 Mesembryanthemum edule

3 Tamarix gallica

26 Antispasmodic agent

1 Nitraria retusa

2 Nitraria tangutorum

27 Anti-thrombotic activity

1 Atriplex halimus

28 Antiulcer activity

1 Excoecaria agallocha

29 Anti-cholinesterase activity

1 Arthrocnemum macrostachyum
2 Crithmum maritimum

3 Halimione portulacoides

4 Salicornia europaea

Modified from Ksouri et al. (2012a), Slama et al. (2015), Arya et al. (2019), Parida et al. (2019),
Stevanovic et al. (2019), Stankovic et al. (2019), Oboén et al. (2021), Saleh et al. (2021), Stankovié
and Jakovljevi¢ (2021)
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Chapter 4
Ethnic Aspects of Halophytes
and Importance in the Economy

4.1 Ethnic Aspects

Halophytes include plant species that are adapted to live especially in saline soils.
About 955 million hectors of land are salt-affected worldwide and the Southwestern
Asian deserts constitute the most part of this land. Nearly 30% of the semi-arid
irrigated areas of Asia are facing salinization. Afghanistan, Bahrain, Iran, Iraq,
Jordan, Kuwait, Lebanon, Oman, Pakistan, Palestine, Qatar, Saudi Arabia, and
Yemen are mostly arid countries having large sandy and gravel deserts. Some parts
of Asia are below sea level due to continental rifting, like the Dead Sea which lies
between Jordan and Israel. Anatolian Peninsula is located between the Mediterranean
and the Black Sea, while Arabian Peninsula is located between the Persian Gulf and
the Red Sea. Gravel and sandy plains cover the Arabian Peninsula in the Southwest.
Rubal Khali is also located here, which is included among the world’s large sand
deserts. Iran’s central plateau has large saline areas. Zagros mountainous range in
Iran is an arid area, divided into the salt desert (Dasht-e-Kavir) and Dasht-e-Loot.
Umma’s Samim is the large salt inland plain located in the western part of Oman.
Most of the plain areas in Asia receive less than 400 mm of precipitation in a year.
Some regions in Southwest Asia have insufficient resources of water. The Euphrates
and Tigris rivers flow through Syria, Iraq, and Turkiye and are considered critical
for the agriculture in the area. Most Asian deserts have large saline areas with salt
flats. The information on the accurate identification of salt-tolerant plants and their
potential medicinal and non-medicinal utilization and other economic benefits is
very weak and scattered in most regions of Asia. This information is necessary for
the research on rangeland management, biosaline agriculture, coastal management
and saline, and arid habitat restoration.
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Saline habitats are regarded as one of the most fragile ecosystems. Many floris-
tic, ecological, and ecophysiological studies have been carried out on these habitats
by different workers. In addition to these studies, lately some initiative activities
have been started emphasizing their sustainable use, management as well as impor-
tance of these sensitive habitats. In accordance with this aim agriculture, agro-
forestry and eco-tourism have started to come to the forefront. Although these
habitats seem harsh for alternative agriculture, the possible uses and potential evalu-
ations of halophytes, the characteristic natural plants of these habitats, allow them
to provide different ecosystem services (Yensen 2006; Lukovi¢ et al. 2021). Among
these ecosystem services, supply, regulatory, and cultural services top the list. In
supply services, halophytes are considered as an alternative potential for genetic
resources of medicinal plants, food and/or vegetables, animal feed, biofuel and fuel-
wood, lumber, fiber, and for ornamental flowers. Regulatory services refer to the
significant benefits halophytes and saline habitats provide such as climate regula-
tion, coastal reclamation and protection, land reclamation and landscaping, carbon
sequestration, biodiversity preservation, honey production, bioremediation or phy-
toremediation, pollination and pest control. Cultural services, on the other hand, are
based on the evaluation of these ecosystems in terms of alternative potential areas
these are of recreational value and have aesthetic sides as well that they provide to
human beings (Daji¢ Stevanovi¢ et al. 2019; Lukovi¢ et al. 2021; Radulovich and
Umanzor 2021).

4.2 Economic Significance

Halophytes are of great importance for restoration of saline and degraded lands.
They have a potential for biomass production for renewable energy, as cash crops,
for medicinal uses, as fodder, for CO, sequestration, and in building materials. In
arid and semi-arid zones, mostly vegetation is sparse due to extreme and unpredict-
able temperature ranges but the potential of medicinal plants in these areas has an
economic and social potential. Most of these areas are unexploited because of a lack
of water for agriculture. The economic potential of saline vegetation is greatly
imperative as it reduces the loss caused by the water and soil salinization.

In view of their ecological abilities, halophytes thrive well on saline soils. These
plants are also very important economically (Aronsen 1989; Ahmad et al. 2021).
Some halophytes are consumed as food, used as medicine and feed, which reveals
their great potential (Aronsen 1989; Ahmad et al. 2021). However, these natural
resources are decreasing gradually, and some representative species have reached to
the point of extinction, the reason being population pollution which have tremen-
dous anthropogenic impacts. The halophytes have been neglected for a long time as
natural resources (Ahmad et al. 2021). Their utilization as food, fodder and fuel-
wood have been reported in most regions of Asia (Rozema and Flowers 2008;
Ozturk et al. 2014, 2016, 2019a). Their use as medicinal plants has been acknowl-
edged in many research papers published in various parts of Asia together with their
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healing potential (Ahmad et al. 2014; Nadembega et al. 2011; Malik et al. 2021;
Ozturk et al. 2021a, 2022). Ghazanfar (1995) in his book on Middle East medicinal
plants has reported different beneficial uses of halophytes. She has mentioned that
Phragmites and Typha species are useful for making boats, mats and thatching, sa
well as the medicinal uses of halophytes by native people as a support towards their
regional socioeconomic conditions. Halophytes can be cultivated as energy crops,
fodder, and food crops on unused salinized lands, thereby resting them for produc-
tive purposes by planting halophytes (Boyko and Boyko 1964; Ozturk et al.
2014, 2016).

4.2.1 Halophytes as a Source of Medicinal Plants

Ethnobotanical assessments of medicinal plants provide knowledge about their tra-
ditional uses, conservation, indigenous communities, and the necessity for the
herbal drug development (Heinrich and Gibbons 2001; Vitalini et al. 2013; Altay
et al. 2015a, b; Malik et al. 2021; Ozturk et al. 2021a, 2022). These surveys are
crucial to enlighten the important plant species, mainly for developing new crude
drugs (Cox 2000; Leonti et al. 2002; Ozturk et al. 2017a; Pleskanovskaya et al.
2019; Masoodi et al. 2020). Indigenous knowledge has been held by the traditional
societies as a fundamental to their health and social interests (Cotton 1996; Getahun
1976; Malik et al. 2021). Moreover, the ethnomedicinal investigations support the
communities in sociocultural and socioeconomic contexts, being important for the
conservation of global plant heritages (Sanz-Biset et al. 2009; Younessi-
Hamzekhanlu et al. 2020; Malik et al. 2021; Ozturk et al. 2021a, 2022).

Several plants with great therapeutic potential have been broadly exploited in
different regions of the world. Ethnic knowledge about medicinal plants confirms
their therapeutic activities against many diseases (Balunas and Kinghorn 2005;
Nadembega et al. 2011; Malik et al. 2021). Several ailments have been cured by
plant-based medications in arid regions (Yaseen et al. 2015). Most people in rural
areas in the developing world do not have access to drugs, therefore, they use tradi-
tional herbal medicines to cure diseases (Calixto 2005; Malik et al. 2021; Ozturk
et al. 2021a, 2022). Almost 4 billion humans in developing countries are consis-
tently exploiting the therapeutic potential of plant species. The medicinally valuable
plants from the wild have been utilized since ancient times by different ethnic
groups in different areas of the world (Ahmad et al. 2020; Malik et al. 2021; Ozturk
et al. 2021a, 2022). Several pharmacological and ethnobotanical studies have been
carried out on the preference and utilization of plants by several ethnic groups glob-
ally (Jeruto et al. 2008; Walter et al. 2011; Altay and Celik 2011; Altay and Karahan
2012; Ozturk et al. 2012; Altay et al. 2015a; Altay and Karahan 2017; Imanberdieva
et al. 2018a, b; Ozturk et al. 2017b, 2017c, 2018a, b, c, d, e, f, g; Letchamo et al.
2018; Malik et al. 2021; Ozturk et al. 2021a, 2022).

The medicinal plants are still recognized as primarily health care in underdevel-
oped communities because of their cultural preferences while in developed
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countries these give an alternative for health care (Svarstad and Dhillion 2000;
Malik et al. 2021). The report shows that 70-80% of the people depend on the eth-
nobotanical and ethno-medicinal uses of medicinal plants in the world (Muthu et al.
2006). A rough estimate is that 35,000-75,000 medicinal plants provide the basis
for health care systems worldwide (Farnsworth and Soejarto 1991). Herbal pharma-
ceuticals play significant role in the cure of number of human ailments (Rehecho
etal. 2011). The ethnobotanical studies have gained significant attention among the
scientific communities concerning medicinal plants utilization (Tripathi et al. 2017).
A number of ethnomedicinal surveys have been converted into conservation and
health care programs (Quamar and Bera 2014). The ways of plant utilization are
diverse in various communities around the globe (Abebe et al. 2003; Kassaye et al.
2006; Malik et al. 2021; Ozturk et al. 2021a, 2022).

Many drugs available on the market are synthetic analogs of isolated compounds
from plants (Amjad et al. 2017). Traditional phytotherapy is still popularly prac-
ticed in many rural communities and handed down from one generation to the next
in spite of the variety of clinical agents developed by the pharmaceutical industries
(Abbasi et al. 2010). The extensive cultural value studies and their systematic docu-
mentation have been placed on high priority to highlight the pharmaceutical poten-
tial of plants and to explore their new properties during the past decades. The
traditional studies on the plants plays important role in farming, nutraceutical and
pharmaceutical industries (Cox 2000; Idrisi et al. 2010). The interactions of the
number of chemical constituents in medicinal plants cause harmony and synergy in
the human body and heal the body tissues progressively. The drug industries have
developed medicines using isolated chemical compounds from medicinal plants
which have physiological responses (Shinwari and Gilani 2003). To ascertain the
therapeutic uses of plant-based drugs, it is necessary to conduct the pharmacologi-
cal and pharmacognostic studies and explore their uses (Ahmad et al. 2009).

The increasing research interest in halophytes reflects their importance as valu-
able resources as a cash crop (Khan et al. 2009). The medicinal uses of halophytes
have been recommended for the increasing population since times (Rozema and
Flowers 2008). An increasing population in Asia is facing the challenges of food
security and increase in growth is exacerbated by fluctuations in climate change.
The high temperature, variable precipitation rates, and increase in salinity are major
impacts of climate change (Flowers and Muscolo 2015). The fresh water and land
of good quality are always used for the cultivation of crops and food but the real
potential lies in the reclamation saline lands for cultivation of cash crop halophytes.
Out of 6.5 million hectares of salt-affected land, two million hectares are moder-
ately affected, which can be evaluated for growing “halophytes” as these areas pres-
ent diverse environmental conditions and halophytes growing on such habitats
points out to their ability to tolerate different salts (Song et al. 2008).

Most of the saline areas in Asia are underdeveloped and the rural communities
depend on native flora and traditional therapeutics for health care. The ethnomedici-
nal significance of halophytes stresses the fact that the halophytes have potential as
a valuable resource (Khan et al. 2009). These plants give many alternatives in vari-
ous countries (Khan and Duke 2001). According to Koyro et al. (2011), these are of
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great ecological, industrial and agricultural value. Indigenous knowledge is decreas-
ing day by day due to rapid land degradation, modern cultural exposure, urban
development, and war effects much the rural communities, the traditional knowl-
edge about medicinal plants survives due to its transformation from one generation
to the next generation (Figueiredo et al. 1993; Kayani et al. 2015; Manandhar 1995;
Tabuti et al. 2003). The domestication of salt-tolerant plant species is of great sig-
nificance. The salinity has not threatened the food availability for humans. The con-
tinuous increase in population and climate change at the global level are predicting
a decrease of resources in the next century which will push us towards the need for
new avenues for food availability and health security.

Asian countries have a variety of climate zones and topographic regions and are
endowed with a diversity of halophytic medicinal plants. The parochial knowledge
and herbal utilization reflect the different natural resources present in different
countries. Ahmad and Waseem (2006) have reported that older people utilize more
the traditional knowledge about medicinal plant species than younger people. The
cultivation and conservation of such natural resources can uplift the socioeconomic
conditions of these communities in different countries (Qasim et al. 2010). In coun-
tries such as Afghanistan, Bangladesh, India, and Pakistan, the native medicinal
flora is facing the depletion threat due to biotic interference, less rainfall, cutting of
vegetation for fuel and fodder purposes, lower water table, high deforestation, acci-
dental fires, and overgrazing. In some Asian countries, medicinal halophytes are
declining because of over exploitation. Ashfaq et al. (2019) have reported the
medicinal halophytes significance for primary health care among the rural
communities.

According to Qureshi et al. (2007), 84% of population in Pakistan depends on
traditional medicines for the cure of various health disorders. Previous surveys have
described that about 60,000 traditional healers are involved in this practice in remote
areas and utilize medicinal plants against several ailments (Rehman et al. 2017).
Medicinal halophytes are used against genito-urinary disorders, pain, toothache,
digestion problems, fever, and in respiratory and skin diseases (Qasim et al. 2010).
Ghazanfar (1994) in her book on medicinal plants of Arabian Peninsula has reported
several medicinal uses of halophytes. She mentions that Aerva javanica, Portulaca
oleracea, and Vernonia cinerea are used against skin diseases and stings; Artemesia
spp. as antihelminthic, Salvadora persica as tooth cleanser, Centella asiatica and
Apium graveolens as diuretics, Teucrium spp. against digestive disorders; Phoenix
dactylifera and Cocos nucifera are reported to show multiple beneficial uses, these
are known plant species since ancient times.

The indigenous herbal medicines rely on the properties of local medicinal plants
(Bartam 1995). The traditional Unani medicinal system is practiced popularly
among the rural population of Asia (especially in Pakistan, India, and other Asian
countries) (Obdn et al. 2021). Unani medicinal system was adopted and documented
by Muslim scholars in the magnificent period of Islamic civilization and they prac-
ticed it for many centuries in Asian countries (Khan et al. 2012). Examples of some
medicinal halophytes used in this traditional medicine system are outlined below. In
Iranian medicine, the leaves of Atriplex leucoclada are used as an emollient to treat
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cough and sore throat (Guerreiro 2018). In different parts of Pakistan, Calotropis
procera in chest pain; Cressa cretica as expectorant; Suaeda fruticosa as diuretic,
laxative and emetic; Caesalpinia crista in asthma, cough, headache and stomach
upset; together with Thespesia populnea and some of the halophytes used in skin
disorders (Rashid et al. 2000; Ksouri et al. 2012; Qasim et al. 2011). Also in Bahrain,
Cressa cretica is used as anexpectorant; Phragmites australis in the treatment of
rheumatism in Turkiye and Lebanon. In Lebanon, Limbar crithmoides is a well-
known halophytes used as tonic (Priyashree et al. 2010; Rivera et al. 2012). The
halophytes distributed in some countries representing east Mediterranean part of
Asia, such as Turkiye, Syria, Lebanon, Palestine, and Jordan have been studied well
in this connection and halophytes are mostly used in traditional folk medicine for
urinary system disorders (Ozturk et al. 2014).

More than 100 medicinal halophytes are used in the treatment of various diseases
in traditional Chinese medicine, and some of these are also used for commercial
purposes (Kefu et al. 1995; Buhmann and Papenbrock 2013; Obén et al. 2021). Of
these halophytes, Nitraria tangutorum leaves, fruits, and seeds are used as antiar-
rhythmic, antineuropathic, and antispasmodic agents to treat weaknesses in the
spleen and stomach, including dyspepsia, neurasthenia, and common cold (Ksouri
et al. 2012; Obon et al. 2021). The fruits of this plant have even been used in
Northwest China to treat hypertension, abnormal menstrual bleeding and abdominal
pain, and to support milk secretion during lactation (Ksouri et al. 2012; Obdn
et al. 2021).

Other oldest medical system in the world is Ayurvedic, which generally consti-
tutes the widespread traditional health system applications in India (Ayush 2019;
Obén et al. 2021). Extracts prepared from popular halophyte species belonging to
the Tamarix genus in India are widely used in the Ayurvedic system for immuno-
modulatory and carminative (especially in children) purposes. The medicinal effect
of these plants has been confirmed by clinical case studies as well (Buhmann and
Papenbrock 2013). The extract obtained from Salsola kali is also used in liver com-
plications (Kshirsagar et al. 2011).

4.2.2 Halophytes as a Source of Bioactive Compounds

These plants are potential natural source which could serve as a source of various
bioactive molecules and innovative drugs (Stankovi¢ et al. 2015; Daji¢ Stevanovic¢
et al. 2019; Lukovi¢ et al. 2021). Several primary and secondary compounds in the
bioactive forms such as natural vitamins, fatty acids, amino acids, flavonoids, alka-
loids, terpenes, isoflavonoids, saponins, anthocyanins, and phenolic acids are found
in these plants (Arya et al. 2019; Lukovi¢ et al. 2021). This interesting group of
plant resources can play an essential role in community health and safety (Lagos
et al. 2015; Arya et al. 2019). Particularly, they may provide bioactivity compunds
with potential nutraceutical features and necessary for the treatment of a disease
and/or for people to lead a healthy lifestyle (Kalra 2003). These bioactive substances
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are generally known as functional enzymes, probiotics, proteins, saponins, phytos-
terols, phytic acids, peptides, isoflavones, and fibers (Stankovi et al. 2015; Jdey
et al. 2017; Arya et al. 2019). The halophytes are characterized by bioactive com-
pounds and various phytochemical profiles and often show many bioactivity proper-
ties such as antioxidant, antimicrobial, and anticancer (Stankovic¢ et al. 2015). Many
researchers have reported that halophyte taxa specific to the families such as
Chenopodiaceae, Fabaceae, Tamaricaceae, Amaranthaceae, Plantaginaceae,
Juncaceae, Plumbaginaceae, and Acanthaceae have attracted attention as a source of
bioactive compounds (Daji¢ Stevanovic¢ et al. 2019).

4.2.3 Halophytes and Nutritional Lipids

The adequate optimal composition as well as content of lipids and other nutritive
compounds in the seeds of some halophytes such as Salicornia species (especially
Salicornia europaea and Salicornia bigelovii), Suaeda salsa, Suaeda aralocaspica,
Halocnemum strobilaceum and Nitraria sibirica have revealed that these can be
used as alternative oilseed sources (Geissler et al. 2013; Abideen et al. 2015; Ozturk
etal. 2018g; Nanduri et al. 2019; Altay and Ozturk 2021). The seeds of species such
as Salicornia fruticosa and Kochia scoparia have been reported to be the sources of
fats and fat-soluble vitamins of good-quality edible oils (Geissler et al. 2013). Atia
etal. (2019) and Ozturk et al. (2021b) have reported that Portulaca oleracea, a well-
known food plant, is rich in omega-3 FA, while Nanduri et al. (2019) mention that
Quinoa (Chenopodium quinoa), known as a promising pseudocereal, irrigated with
salt water, contains high levels of unsaturated fatty acids, proteins, fiber, and miner-
als in terms of oleic and linoleic acids.

4.2.4 Halophytes as a Source of Food and Nutrition

The conventional crops are difficult to grow in saline regions which could develop
the gap between demand and supply of good quality food in saline regions.
Halophytes are the potential source of nutrition, thereby securing the livelihood of
people in saline areas (Ganesan et al. 2019). Despite all this information, the halo-
phytes are considered as underutilized sources (Lieth and Hamdy 1999). They pos-
sess great significance for subsistence and can play big role in local cultural heritage.
Beta vulgaris and Phoenix dactylifera are high salt-tolerant foods eaten by people
in Asia. Leaf and stem of Atriplex halimus, Portulaca oleracea, Sesuvium portulac-
astrum, Chenopodium album, Salicornia bigelovii, Suaeda maritima and Atriplex
hortensis have been and are consumed even now as vegetables and salads in many
countries (Khan and Qaiser 2006; Ozturk et al. 2008, 2014, 2016, 2018g, 2021b;
Altay and Ozturk 2021). Suaeda fruticosa, Salicornia spp., and Halogeton spp. are
economically important halophyte taxa as the sources of high-quality edible oil
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(Weber et al. 2007; Ozturk et al. 2018g; Altay and Ozturk 2021). Khan and Qaiser
(2006) have provided a checklist of 410 salt-tolerant plants from Pakistan and
reported significant economic uses of 274 salt-tolerant species. In Southwest Asia
evaluation of halophytes as food is as follows: the Mediterranean and Arabian Gulf
countries use over 10 taxa, as against the 40 taxa consumed in Afghanistan, Iran,
Iraq, and Pakistan (Ozturk et al. 2019a). Halophytes’ economic usage is one of the
most advantageous options for saline soil and saline water economic utilization
(Kokab and Ahmad 2010).

Although not widely used on a global scale, halophytes are generally used as
food by local people, mainly as vegetables, salads, and pickles (Ozturk et al. 2019a,
b, ¢, 2021a). Among these halophytes those worth mentioning are Salicornia,
Portulaca, Sesuvium, Sporobolus, Chenopodium, and Suaeda genera (Ozturk et al.
2019a, 2021b; Altay and Ozturk 2021). The halophytes are at the same time most
important candidates for future use both as fresh as well as processed food, due to
their functional and health properties (Loconsole et al. 2019; Lukovi¢ et al. 2021).

Some halophyte plants, such as date palm (especially fruits) have been domesti-
cated and cultivated for thousands of years and are widely consumed as food. There
are some halophyte taxa such as Crithmum, Salicornia, and Portulaca, which are
collected from nature and consumed with great admiration in traditional cuisines,
and some like Suaeda and/or Arthrocnemum are usually collected and consumed by
localas in times of famine. Under all circumstances, the halophytes have started tak-
ing place as an alternative food source in gastronomic cuisine (Rios et al. 2021).

The edible parts of Sesuvium portulacastrum (especially stem and leaves) are
rich in minerals such as Ca, Fe, and carotene, suitable for vegetable consumption
and traditionally consumed as a vegetable by local people in arid regions of India;
the leaves of some Salicornia species, especially Salicornia bigelovii, are rich in
omega-3 polyunsaturated fatty acids, making it advantageous to consume these
plants as vegetables (Lokhande et al. 2009; Zerai et al. 2010; Bhat and Hakeem 2021).

The use of halophytes as food may be a potential commercial option for the agri-
cultural sector, although only locally since most of the agricultural crops show low
salt tolerance and these may become unnecessary in the future as the soil salinity
increases with climate change. The plants from this interesting ecological group are
regarded as nontraditional products, although not easily available on our dining
table due to our established food preferences, their salt-tolerance may provide the
potential for their use as human food in the future (Shrivastava and Kumar 2015;
Bhat and Hakeem 2021; Ozturk et al. 2021b).

4.2.5 Halophytes as a Source of Animal Feed and Forage

In arid and semi-arid areas, feed reserves are very important for livestock, which is
one of the most important source of income for the localals who generally depend
on the breeding of camels, sheep, goats and other herbivores. In these areas, halo-
phyte plants are often preferred as natural feed reserves. The salt-tolerant
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characteristics of halophytes provide a potential for their use as livestock fodder in
the future. Among these plants, Atriplex spp., Nitraria retusa and Salsola spp. are
attracting much attention (Khattab 2007; El Shaer 2021). The species of genera
Salsola and Suaeda generally flourish on saline habitats as well as under extreme
climatic conditions, these can serve as a promising animal feed source. The species
of these genera are of significant importance and many taxa can be used as animal
fodder (Altay and Ozturk 2021).

A recently published study reports nearly 331 fodder halophyte taxa with distri-
bution in Southwest Asia (Ozturk et al. 2019a). In the Arabian Gulf countries,
Haloxylon salicornicum, Convolvulus glomeratus, Blepharis ciliaris, Cleome
brachycarpa, Senna italica, Tecomella undulata, Zaleya pentandra, Leptadenia
pyrotechnica, Lycium shawii, Aerva javanica, and Aizoon canariense are serving as
a good fodder for camels, cattle, goats, and sheep as major halophyes, while
Halocnemum, Salsola, Suaeda, Sarcocornia, Haloxylon, Aeluropus, and Aellenia
are among the 20 taxa evaluated as animal feed in the Mediterranean part of
Southwest Asia. In Afghanistan, Iran, Iraq, and Pakistan the number of halophytes
used as animal feed exceeds 100 taxa (Ozturk et al. 2019a). Evaluation of necessary
information on the ecological and ecophysiological status of halophytes naturally
distributed in arid and semi-arid areas sheds light on the importance of the establish-
ment of sustainable forage and livestock production in saline grassland habitats and
develop appropriate management practices (Dajic Stevanovic et al. 2008; Lukovi¢
etal. 2021). As an example, feeding with Panicum turgidum a halophyte is reported
to have resulted in better meat quality in the livestock (Abideen et al. 2011). The
quality of forage from halophytes varies a lot as it is affected by various factors such
as palatability, feeding value, nutrient digestibility, nutrient composition, quantity
of plant secondary metabolites, and voluntary animal feeding. The analysis of nutri-
ent contents and chemical composition of the feed can be determined and the forage
quality as well as suitability for cattle put forward (Duncan et al. 2000; Ahmad
et al. 2021).

Biomass production and nutritional values of halophytes in arid and semi-arid
areas may change from region to region, depending on the ecological conditions of
the area, as well as from season to season (Le Houérou 1992; El Shaer 1997, 2021).
This situation may lead to the variation in the flavor and nutritional values of exist-
ing halophytes (Le Houérou 1992; El Shaer 1997, 2021). Many studies report that
many halophytic plants contain sufficient levels of crude protein and other essential
nutrients to meet the nutritional requirements of animals under suitable climatic
conditions (especially during the rainy seasons) (Kandil and El Shaer 1988; Arieli
et al. 1989; Le Houérou 1992; Khan and Qaiser 2006; El Shaer 2010, 2021).
Halophytes have potential animal feed properties due to the complementary crude
proteins they contain, especially under arid conditions, as well as in times of famine.
The species belonging to the genus Atriplex have been evaluated as an alternative
feed source. Riasi et al. (2008) have emphasized that the amount of digestible “crude
protein” associated with Atriplex may contain more crude protein than many other
meadow plants. A similar study has been published by El-Hack et al. (2018). The
halophytes can produce fodder for livestock, especially in the areas where livestock
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is very limited because of fodder shortage and is directly linked to human survival
(Khan 2003, 2016). There is a preference for choosing different halophytic plant
species by different animals. They prefer to consume different species of these
plants. For example, Alhagi maurorum and Atriplex leucoclada are preferred by
sheep and goats, while camels prefer to eat Salicornia fruticosa (Glenn et al. 1999;
Ahmad et al. 2021).

4.2.6 Cash Crop Halophytes as Potential Genetic Resources

Parallel to the global population growth, the problem of food demand is constantly
increasing with a decrease in the agricultural lands. To overcome this problem,
alternative/complementary plant species that can be included in existing agricul-
tural systems are investigated. The halophytes have come to the forefront recently
as edible wild plant species. These have emerged as a promising option very recently
as a potential genetic resource (Ladeiro 2012; Molina et al. 2014; Corréa et al.
2021). In fact, many uses have been proposed for these plants, including food and/
or feed production as well as industrial raw materials and chemicals, for landscap-
ing, plant breeding, and evaluation for health benefits (Koyro et al. 2011; Ventura
et al. 2014; Petropoulos et al. 2018, 2019; Corréa et al. 2021).

This special group of plants occupies a special place in ecological and ecophysi-
ological terms. These can be used to save and rehabilitate lands that are currently
uncultivated and will not generate income, as well as make important contributions
to potentially sustainable farming systems, although on a small scale (Ventura and
Sagi 2013; Corréa et al. 2021). Some important abiotic factors such as salinity and
drought pose great challenges to food security and sustainable agriculture
(Murdiyarso 2000; Ahmad et al. 2021). On a global scale, these factors can cause a
significant decrease in crop yields, as well as adversely affect food and animal pop-
ulations (Ahmad et al. 2021). The fact that most of the cereals with high economic
value are sensitive to salt, negatively affecting crop productivity, poses a major
problem in terms of food safety (Ventura and Sagi 2013; Ahmad et al. 2021).
Therefore, the high potential for survival of halophytes in saline habitats provides
excellent opportunities for their cultivation as potential food and forage crops
(Colmer et al. 2006; Ahmad et al. 2021). One of the potential strategies to ensure
food security could be halophyte cultivation in arid and semi-arid regions (Ahmad
et al. 2021). According to Koyro et al. (2013), introducing the concept of sustain-
able agriculture could be a good solution for future food crisis. The so-called “cash
crop halophytes” can prevent the waste of limited freshwater resources and over-
come the water reserves problems in crop growing. Many halophyte plant taxa pos-
sess a potential commercial value as “cash crops” (Lieth and Menzel 1999). The
utilization of halophytes for industrial, ecological, or agricultural purposes is pos-
sible according to the data published today. Some halophytes are used as food even
at present and some for medicinal purposes, some as forage, and oil seed crops in
agronomic field trials (Li et al. 2019). Eisa et al. (2017) Chenopodium quinoa is
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accepted as an alternative cash crop worth growing in the salt-affected soils of
Egypt and very promising results have been obtained in terms of quality of the pro-
duced seeds. Similarly Aster tripolium too is considered a potential candidate for
biosaline agriculture as it shows improved salt tolerance through filtering excessive
Na and Cl ions in lateral shoots as well as a positive response to elevated CO,
through increasing photosynthetic rate and water use efficiency (Geissler et al.
2009). Currently, more research is needed to fine-tune all the requirements for sus-
tainable production and rational use of halophytes as natural resources, the cultiva-
tion practices for such species are based on practices for related conventional crops
(Corréa et al. 2021).

4.2.7 Halophytes as a Source of Bioenergy

These plants are of great significance as a source of bioenergy because salt tolerant
crops can be given sea water which does not cause any reduction in seed yield and
biomass (Ozturk et al. 2017d). Recently several halophytic plants have been identi-
fied having potential to produce large biomass on salt effected lands (Ventura et al.
2014). Xian-Zhao et al. (2012) mention about the halophytes whose use has been
banned for the production of biofuel in China. Atriplex, Saueda, Salicornia, and
Distichlus spp. are the halophytes that have high lignocellulose content. These can
be evaluated for biofuel production as well as improve the soil quality and reduce
the environmental footprint. The National Aeronautics and Space administration
(NASA) have Rhizospora mangle and Avicenia berminans in green lab as a source
of alternative energy (Bomani et al. 2011).

According to Ozturk et al. (2017d) and Bhat and Hakeem (2021), the use of
green wealth “feedstock” for biofuel generation can only be made in practice if we
can recognize better alternative plants, able to flourish in saline environs and must
show least competition for conservative agricultural services. Halophytes have an
incredible capacity to flourish in high saline environments. If these plants get
adapted in such environments they can be an excellent option as “bioenergy”
resource. Both oils extracted from the seeds and the “lignocellulosic biomass” from
halophytes can be used for biofuel extraction. With the presence of high content of
“lignocellulosic biomass” and their potential standing in high salt environments,
halophytes are considered as an alternative and a valuable candidate for the produc-
tion of biofuels.

The nonconventional plants or halophytes can produce two valuable harvests the
seed oil and lignocellulosic biomass and straw to produce biofuel separately. These
plants produce high oil yield, the oil containing a huge amount of long-chain fatty
acids (Joshi et al. 2021). The oil yield and fatty acids composition varies in differing
species. In the case of Suaeda aralocaspica, yield is more than 25% oil, as against
Suaeda acuminata yield of only 14%. The Crithmum maritimum seeds contain up
to 45% oil dominated by oleic acid, while Salicornia brachiata seeds contain 35%
oil but it is dominated by linoleic acid. The oilseed halophyte oil production is
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reported to be potentially useful to produced biofuel, mainly biodiesel. The bio-
diesel is primarily composed of monoalkyl esters of long-chain fatty acids where
their configuration provides reaction sites for the addition or cracking of the func-
tional group to produce liquid fuel with miscellaneous features (Kinder and Rahmes
2009; Joshi et al. 2021).

The cultivation of halophytes for the production of biodiesel could be a reason-
able option for sustainable use of saline lands, as these plants are well adapted to the
salinity and can tolerate irrigation with saline water. Salicornia bigelovii is culti-
vated for biodiesel and oilseed production on farms in Mexico (Lukovi¢ et al. 2021).
Aster tripolium too is recognized as a potential cash crop halophyte, with higher
content of triacylglycerol compounds in seeds than Suaeda fruticosa and
Chenopodium quinoa. Different species of Salicornia are considered as potential
new crops for biodiesel production, but there are some drawbacks such as a lower
yield of biomass (Duarte et al. 2019; Lukovi¢ et al. 2021). Many studies have
enlightened the fact that the “fatty acid methyl ester” composition of oils produced
from the plants growing on saline habitats is as good as the extraction of biodiesel
from other plants (Abideen et al. 2012; Gul et al. 2013). Currently studies are con-
tinuing on the possible capacity under saline conditions and these has been identi-
fied to yield large amounts of precious metabolites, which possibly can be converted
to produce oil as fuel (Hastilestari et al. 2013; Bhat and Hakeem 2021).

4.2.8 Halophytes as Landscaping and Ornamental Plants

Ornamental plants used in gardening, landscaping and as cut flowers are products of
high economic value on global scale (Altay 2012; Azadi et al. 2016; Kishi-Kaboshi
etal. 2018; Garcia-Caparrds and Lao 2018; Garcia-Caparrés et al. 2021). Halophytes
can be suggested as an environmentally and sustainable alternative choice for the
restoration of urban and degraded areas (Ozturk et al. 2014; Garcia-Caparrés et al.
2021). These plants have a high survival rate in different stressed habitats due to
their ecological abilities (Garcia-Caparrds et al. 2021). The intensity of anthropo-
genic activities is increasing as an increase in artificial structures such as industrial
areas, urban areas, roads and buildings increases, and the idea that new healthy
green areas with aesthetic qualities should be created as an urgent priority (Poortinga
et al. 2011; Garcia-Caparrds et al. 2021). Although the application of ornamental
plants is considered a good alternative, especially in urban areas, it is necessary to
have correct ecological information about the plant species to be planted (Ferrante
et al. 2011; Farieri et al. 2016). In this sense, the evaluation of halophytes as orna-
mental plants can be very practical (Ferrante et al. 2011).

During the last three decades, the surface of salt marshes has got reduced because
of the high anthropogenic pressures originating from agriculture and the high
demand for tourist urban facilities (Litalien and Zeeb 2020). Despite all this, the
implementation of local halophytes in these areas could be a promising alternative,
maybe the introduction of biosaline agricultural approach with the aim of restoring
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biodiversity and productivity could be another environmentally sustainable choice
(Daoud et al. 2016; Garcia-Caparrés et al. 2021). The ornamentals used in the res-
toration of urban areas initially prefer because of their attractiveness, flower colors
or fragrances. Unfortunately, the maintenance required for these plants is very
costly, and irrigation with poor quality water damages both the sensitive and aes-
thetic values of these plants thereby not accepted as a sustainable environmental
approach (Ferguson and Grattan 2005; Grahn and Stigsdotter 2010). Therefore, for
urban areas restoration, use of halophytes can be considered an environmentally
sustainable option (Miyamoto et al. 2001; Miyamoto and White 2002). Moreover,
in the case of dry ecosystems, marginal lands, salt marshes and even urban areas the
restoration of roads and roadsides is of particular importance among ecologists and
government agencies (Celentano and Rousseau 2016; Garcia-Caparrds et al. 2021).

The most common uses of ornamental plants include professional landscaping
(especially in urban habitats), home gardening, and cut flowers (Altay et al. 2010a,
2010b; Osma et al. 2010; Dobres 2011; Eskin et al. 2012; Tarakc¢i et al. 2012;
Garcfa-Caparr6s et al. 2021). The native species in general are well adapted to
stressed conditions. The increase in soil salinization and due to scarcity of freshwa-
ter, which is increasing day by day, take us towards the most viable solution, that is,
the utilization of halophytes for landscaping (Ozturk et al. 2014). Cassaniti et al.
(2013) points out that the ornamental use of halophytes is a must; they have pro-
vided an extensive list of different botanical families as well as species for their use
in ornamental landscaping. Much work has been done lately on the halophytes in
the east Mediterranean. Ozturk et al. (2014) have reported that Ipomoea imperati,
Salsola tetrandra, Halimione portulacoides, Inula crithmoides, Suaeda fruticose,
and Arundo donax can be used as ornamentals.

4.2.9 Halophytes and Climate Change Mitigation Potential

Within the scope of the global warming scenario, it is estimated that the emergence
of severe drought in many areas will cause the expansion of arid and semi-arid
areas. As a result of these effects, these may cause an increase in freshwater scarcity
and salinization of the existing lands. Over time, these may lead to a decrease in
cultivated areas as well as the yield. This will endanger food security on a global
scale (Wang et al. 2003; Imanberdieva et al. 2018b; Lukovi¢ et al. 2021). Keeping
this in view, the halophytes have potential to tolerate abiotic factors such as salinity
and drought, can easily cope with the effects of global climate change. This situa-
tion offers a promising alternative as farming option for these plants in future.
Moreover, United Nations Environment Program (UNEP) (1993) has suggested that
the use of “Cash Crop Halophytes™” and the ability of these plants to capture CO,
could serve as a potential alternative natural resource to reduce the negative impacts
on agriculture and the environment caused by global climate change (Cacador et al.
2002; Geissler et al. 2013; Lukovi¢ et al. 2021). The vegetation of saline habitats is
of great significance as it can prevent soil erosion, replenish sodic and saline soils
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which are imperative in the present global climate change scenario. In developed
countries, there is a focus on policymaking and research on the crops that can grow
well under limited resources. Mangroves and halophytes are looked upon as the
alternative crops for the next generation because they can give sustainable yields
under varying environments. Suaeda fruticosa is the best example of mitigation
potential in changing climatic conditions because it can complete its life cycle under
the salinity of 65 ds m~' (Wungrampha et al. 2019).

4.2.10 Halophytes as Carbon Sequestration Potential

For C sequestration in arid and semi-arid regions a large-scale production of halo-
phytes might be an attractive alternative. The reason being that salt-tolerant species
can be grown on lands which is usually too saline and unfavorable for the produc-
tion of most crops and trees. A high rate of productivity is being recorded from the
salrt marshes and these areas are excellent sinks for C fixation. Their carbon seques-
tration capacity is higher than other wetland systems. They show good potential to
sequester carbon continuously over thousands of years (Cagador et al. 2016).
Glenn et al. (1993, 1999) have studied halophytes as biomass crops used for the
sequestration of 0.7 Gt C. The plants from this group play an important role similar
to other plants in the environment by absorbing C from the air. Their ability in car-
bon sequestration can enrich the status of organic carbon in any infertile soil. These
authors have also reported that some halophytes are proposed as promising candi-
dates for carbon sequestration, referring to species of genera Atriplex, Batis,
Salicornia, Suaeda, and Sesuvium. The studies conducted by ICAR-CSSRI research
groups in India have reported many species with high potential for C sequestration
such as Populus deltoids and Eucalyptus tereticornis (Chinchmalatpure et al. 2015).

4.2.11 Halophytes as Potential of Phytoremediation

Halophytes have great potential for phytoremediation of heavy metals present in
saline soils, the reason being their high tolerance toward heavy metals (Liang et al.
2017; Caparrés et al. 2022). Many researchers have conducted research on the halo-
phytes as the potential for phytoremediation of heavy metals present in the soils,
indicating the environmental significance of halophytes (Christofilopoulus et al.
2016; Santos et al. 2015; Caparr6s et al. 2022). Atriplex halimus and Tamarix afri-
cana are well-known examples of halophytes’ potential for phytoremediation
(Manousaki and Kalogerakis 2009; Santos et al. 2017; Caparrds et al. 2022).
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4.2.12 Halophytes: Potential Economic Resources
as Cultural Values

The saline habitats represent a complex ecological and socioeconomic system. They
create an environment for a huge number of plants and animals; also offering a
multitude of services of cultural importance (Bingzhen et al. 2018). The halophyte
vegetation has a potential to provide cultural services which humans try to get from
other ecosystems such as recreation, tourism and aesthetic values, intellectual
development, and spiritual enrichment together with social relations for specific
interest groups. The cultural services of higher priority include the aesthetic value,
recreation and tourism, cultural heritage, as well as social relations for specific
interest groups (Everard et al. 2010) such as herbal tours for observing rare and
endemic plants (botanical safari) and bird watching (Everard et al. 2010).

A large number of visitors are attracted for enjoying natural saline habitats with
outstanding landscapes. The saline habitats provide many opportunities for recre-
ational activities, through their aesthetic values. One can walk, hike, go cycling, and
study nature. The ecotourism in such habitats will lead towards an increase in the
number of visitors, trying to follow recreation in natural areas. The cultural ecosys-
tem services in such areas will include the benefits to visitors and income opportuni-
ties for nature tourism service providers (Lukovi¢ et al. 2021). Nature-based tourism
is reflected in visits and exploration of unusual saline flora and vegetation through
herbal, educational, or photo tours (Loconsole et al. 2019; Lukovi¢ et al. 2021).
Keeping in the mind that most of these habitats are protected areas, their utilization
level is low. The services they provide are mainly regulatory and less cultural. In
addition to scientific and educational activities, cultural-artistic activities (painting
colonies) and touristic visits can be organized in such habitats, so as to learn more
about rare plant species distributed here or to observe birds (Lukovi¢ et al. 2021).

4.2.13 Other Potential Economic Uses of Halophytes

There are some provisioning services, which might be considered here. These refer
to the halophytes as a source of fibers, use as shelter and construction material.
Some salt marsh plants (particularly Bolboschoenus maritimus, Phragmites com-
munis, P. karka, and Typha latifolia) are the sources used for construction purposes
(Lukovi¢ et al. 2021). The saline habit plant sources can be evaluated as biomass
and used in many industrial applications. Abideen et al. (2011) have pointed out that
saline habite plants are one of the most productive sources of lignocellulosic bio-
mass. Very high amounts of cellulose are found in the xerohalophytic plants such as
Suaeda fruticosa and Atriplex halimus, while Limonium boitardii is rich in lignin.
In the halophytes lignocellulosic biomass can be considered as material for future
applications in the production of good quality paper and reinforcement of polymers.
The saline steppes, particularly the saline grasslands, are dominated by



188 4 Ethnic Aspects of Halophytes and Importance in the Economy

xerohalophytic plant taxa which can be used as renewable resources by different
fiber industries as an example; Suaeda fruticosa could be used in the production of
high-quality lightweight paper (Salem et al. 2019; Lukovi¢ et al. 2021). Moreover,
on the physical and chemical characteristics and composition we find good thermal
and acoustic insulation, good mechanical features, low density, high specific stiff-
ness, biodegradability, eco-friendliness, and toxicological harmlessness as the char-
acteristics of fiber plants where halophytes can be used. A range of halophytes
represent great potential for use in plastic industry (as reinforcement in polymers)
as well as automotive, and packaging industries (Salem et al. 2019; Lukovi¢
et al. 2021).
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Chapter 5
Concluding Remarks and Future Prospects

5.1 Conclusion

Salinized lands are considered a major problem in arid and semi-arid countries.
About one-third of the irrigated land of the world is salt-affected because of unsus-
tainable irrigation approaches. Fresh water resources are depleting rapidly. In this
situation, it is difficult to develop non-conventional agricultural technology that
could use saline soils effectively. In this scenario, brackish or seawater utilization
for agriculture in coastal and inland sandy soils are an attractive option. Such appli-
cations could be a source of feed, food, fiber, and oil on non-productive arid saline
lands. Desert land is about 43% of the total earth area. About 15% of this land is
close to the sea and it could be utilized for crop production.

The planting of halophytes is the key to rehabilitating salt-affected soils. This
will have sound economic and social impacts on the humans living around the sali-
nized areas. This approach is beneficial for underdeveloped arid countries where
farmers have limited resources and communities are experiencing migration and
poverty. Our past is a good evidence that farmers always shift from less to more
tolerant crops due to environmental and other pressures including salinity. The
saline habitat plants have a wide range of sustainable uses as “halophytes” while
more potential taxa are still under-explored. Crop diversification on saline soils and
water is the best alternative for high-income ventures. A successful cultivation of
halophytes is an open unexpected opportunity for farmers. It is also a challenge for
researchers to identify cash crop halophytes. The evidence of land degradation and
global climate change due to salinization are well known now. It is difficult to con-
vert saline lands into cultivated ones to meet the demand for nutritional and food
security of the increasing population. Keeping this in view, halophytes are expected
to play an important role in maintaining ecological and economic balance.
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Asian countries show a rich vegetation on saline lands. These can reduce the gap
between supply and demand for food, fodder, and economically significant other
products. The potential of halophytes as a renewable source of energy can prove of
great help in the mitigation of climate change as well as a reduction in the carbon
footprint, as it needs to be conceptualized on the basis of the field.

5.2 Future Prospects in the Use of Halophytes

Saline habitats are one among the arid and semi-arid habitats characteristic of dif-
ferent climatic regions of the world. We come across a great diversity of varying
saline habitats with specific ecological characteristics. These areas provide multi-
functional ecosystem services including different economic and regulatory ecosys-
tem services as well as provision and cultural services. All these have practical
benefits which are derived from their sustainable use and management. Therefore,
taking into account the potential adverse anthropogenic impacts on saline habitats,
an urgent attention should be given towards the development of different conserva-
tion measures and promoting sustainable use and multiple management options for
each identified service (Lukovi¢ et al. 2021). The halophytes possess different
potentials in their economic evaluation, including at the same time a multitude of
ecosystem and/or biodiversity services. Thus, halophyte crops with full domestica-
tion potential need to be identified and developed urgently within the scope of via-
ble production systems (Radulovich and Umanzor 2021).

To raise the socio-economic status of the people living around such areas, along
with the sustainable cultivation, following a sustainable use and protection of this
potential natural resource, many small industries can be developed by the relevant
governments with small grants. Therefore, both government and private sector
should urgently invest in this initiative to make halophyte plant resources a potential
resource for the future (Ozturk et al. 2019a). In addition, there is an urgent need for
cooperation and coordination at the local, regional, and international level (Ozturk
et al. 2019a).

The following proposed steps are needed to be taken to utilize the saline lands

properly.

* The coordination and cooperation at the global and regional levels are of great
significance to utilize saline land and water. The involvement of institutions,
farmers, politicians, and other associations is crucial because all should be famil-
iar with their role.

e The greenhouse experiments should be performed under local climatic condi-
tions to select the sites.

e The sustainable system of production should be developed for plantation in
inland or coastal areas that will be beneficial economically.
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* The economic acceptance of the product should be evaluated.

» Conservation status of halophytes should be identified before the utilization in
their habitats.

e Students should be educated at the college and university level about the tradi-
tional use of plants and the ethnobotanical and ethnomedicinal knowledge about
saline habitat plant life.

* Government institutes should provide proper information about the water and
land capabilities together with biodiversity data. The awareness programs on
bio-saline agriculture can be started for the communities inhabiting the areas in
the vicinity of saline lands about; identification of halophytes on a regional basis,
halophytic nurseries establishment, and further research undertaken on develop-
ing halophytes with basic requirements for spreading the concept of bio-saline
agriculture primarily based on halophytes (Ozturk et al. 2006, 2008, 2011a, b, c,
d, 2015a, b, 2018, 2019b, ¢, 2022; Chedlly et al., 2008; Ashraf et al., 2009, 2010,
2012; Khan et al., 2014, 2016a, b; Hakeem et al., 2013, 2015; Egamberdieva
et al., 2019; Hasanuzzaman et al., 2019; Shuyskaya et al., 2021; Yasin et al.,
2021; Caparros et al., 2022).

e Environment should be protected using appropriate irrigation and cultural
practices.

» Researchers should develop appropriate agronomic techniques for growing crops
in saline soil in a sustainable manner. This successful application would lead to
the halophytes’ domestication as oilseed crops, forage, and food.

* Physiology and ecology of halophytes should be investigated properly to develop
economically sustainable cash crops.

e The study of seed banks could provide significant information about the regen-
eration of halophytes communities under saline soils. Halophytes’ seed germina-
tion varies with temperature. The measurement of respiration rates during stress
on their metabolic systems appears to be an accurate method to determine stress
levels of halophytes.

* Initiatives should be taken about proper breeding programs for traits improve-
ment such as taste, yield, better quality, and quantity of biomolecules to adopt
halophytes-based production.

* The fundamental prerequisites should be considered to ensure saline vegetation
that would be environmentally safe, cost-effective, and economically
significant.

» Different marketing strategies should be developed for halophytes in a way that
the consumers are aware of their significance.

e Certain web tools should be promoted and developed to exchange information
between different countries on halophytes’ significance.
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