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The third largest plant family is the legume family Fabaceae, which was previously, called Leguminosae under the subfamily
Papilionaceae. The Iraqi flora states that it consists of 650 genera and 17,000 species, while modern sources state that it
includes more than 751 genera and 19.500 species.
One of the genera of this family is the Cassia plant. Despite its medical and economic importance, in addition to the beauty
of its flowers as one of the best ornamental plants, it has not received a comprehensive study in Irag, and previous studies
have not shed light on its anatomical aspects in separating and distinguishing among species spread in the central and
southern provinces of Iraqg.
Nine species were reported in this study, which showed a significant overlap of species within the genus, many of which
were reclassified into other genera. Nine species were collected, four of which remained within the genus Cassia: Cassia
fistula L., Cassia javanica L., Cassia nodosa (Buch.-Ham. ex Roxb.), and Cassia singueana (Del.) Lock. The last three were
recorded as new cultivated species for the first time in Iraq: Cassia javanica, Cassia singueana, and Cassia nodosa. The other
five species were recorded within the new genus Senna: Senna occidentalis L., Senna artemisioides (Gaudich. ExDC) Randell,
Senna didymobotrya (Fresen) Irwin & Barneby, Senna surattensis (Burm.f) Irwin & Barneby, and Senna sulfurea, two of which
are recorded for the first time as new cultivated species in Iraq: Senna surattensis and Senna sulfureae.
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Taxonomic position of the Fabaceae family

The Fabaceae family is one of the largest plant families and in terms of its taxonomic position it was divided into
three subfamilies by Bentham & Hooker (1862) Papilionoideae, Caesalpinioideae and Mimosideae. However,
(Hutchinson, 1934) made them independent families, namely Papilionaceae, Caesalpiniaceae and Mimosaceae.
Modern phenotypic and molecular studies have been used to confirm the fact that the Fabaceae family is a
monophyletic family (Kajita et al., 2001). Monophyletic family) and studies of DNA sequences and characteristics
of the plastome genome (Choi and Choi, 2017) have also been used to confirm this fact.

Common names of the Fabaceae family and general description of the genera
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The common names of the legume family are the Bean family, Pea family, and the Legume family (Steven et al.,
1995). The basis for naming it Fabaceae is taken from the Latin word (faba), which means bean, which is one of
the most famous genera of this family. As for its other name, Leguminosae, it refers to the fruit of these plants,
whichisin the shape of a legume, and it was called Papilionaceae because its flower resembles a butterfly corolla
Papilionaceous (Doyle and Luckow, 2003).

The plants of the family are trees, shrubs, or herbs and in many different forms, some of which are in the form
of climbers. Out of approximately 380 families of angiosperms, only ten families can form symbiotic relationships
with nitrogen-fixing bacteria in the root nodules.

The Fabaceae family is one of the most prominent of these families (Soltis et al., 1996). Many legumes add
bacteria to their roots in special structures called root nodules. These bacteria are called Rhizobia and have the
ability to take nitrogen (N2) from the air and convert it into the form (NO3, NH3) so that the legume plant can
absorb it. This process is called nitrogen fixation (Sprent, 2001).

The leaves in the Fabaceae family are usually alternate and compound, often even or odd pinnately compound
as in the genera Caragana and Robinia, and sometimes trifoliate as in the genera Trifolium and Medicago, and
rarely palmately compound as in the genus Lupinus. In the subfamilies Mimosoideae and Caesalpinioideae, the
leaves are Bipinnate as in the genera Acacia and Mimosa. The leaves always contain stipules and take different
shapes, they may be leaf-like as in the genus Pisum, or thorn-like as in the genus Robinia, or the stipules may be
indistinct, and the edges of the leaf are either smooth, Entire or serrate, in some genera the leaflets are
transformed into tendrils and we see this in Vicia (Watson and Dallwitz, 1992).

The flowers of the genera are bisexual, hermaphrodite, actinomorphic or zygomorphic, the flowers usually have
five fused sepals and five petals, either separate or papilionaceous, the keel (with the stamens and pistil inside
it and two separate lateral ones) wings (one posterior, which is the largest in size), the stamens are usually ten,
either diadelphous or monodelphous or numerous and distinct, the flowers are arranged in unlimited
inflorescences that may be racemes or spikes as in Ceratonia and may be gathered in a semi-capitulum as in
Trifolium, and insects pollinate these plants, this family is characterized by it has a special type of fruit, which is
the legume, which is a pod that opens along the two strands when the seeds ripen The seed has different shapes
and has a large embryo, and the endosperm is usually absent (Hill, 1937).

Medicinal and economic uses of the Fabaceae family

Legumes are an essential food source as edible grains for humans, such as Vicia, Lens, Phaseolus and Cicer, as
they contain proteins in much higher proportions than any other vegetables, and their nutritional value reaches
the value of fresh meat. They are also an important food source as animal feed, such as clover and alfalfa (Hill,
1937). Studies have shown that legume seeds are rich in fats, proteins and water-soluble sugars (Pinzon-Torres
et al., 2009). They also contain minerals such as potassium, magnesium, manganese and copper the credit for
increasing the production of crops grown after harvesting legumes is because the latter works as a green manure
that increases soil fertility (Viswanathan et al., 2001).

Some plants belonging to the Fabaceae family have many medical and therapeutic benefits, the most prominent
of which is the plant Genista tinctoria, whose emulsion is drunk to treat rheumatism, gout, low blood pressure,
expel sand and small stones in the urinary system, and to treat constipation and fluid accumulation in the body's
tissues or cavities (Saad, 1984). Previous studies have also shown that licorice powder Glycyrrhiza glabra is useful
as a laxative, improves the taste of medicines, and softens mucous membranes (Al-Shahat, 1986). Its extract has
also been used in many agricultural fields by spraying on plants or by soaking the seeds of plant crops before
planting them (Al-Hadeethi, 2008). Phaseolus are also considered plants with important medical benefits, as
their seed powder is used to treat itchy skin infections and eczema (Ruwaiha, 1983). Some genera of the legume
family are used in industries, for example, Seslania is used as a source of wood.

Etymology of the word Cassia, taxonomic status

Cassia is an ancient Jewish word (quetsioth) first used by the scientist Dioscorides and Cassia means the shape
of the bark-cinnamon-like bark (Frodin, 2004). The scientist Linnaeus (1753) is considered the first to classify the
genus Cassia in his book (Species Plantarium) as belonging to the Fabaceae family of the order under the family
Caesalpinioideae, contained more than 500 to 600 species spread throughout the world (Airy-Shaw, 1973) while
another source stated that it consists of 692 species (Tripathi and Mondal, 2012). Cassia was previously among
the 25 largest genera of dicotyledonous flowering plants (Irwin and Turner, 1960) as Bentham and Hooker (1862)
with studies on the Cassia and also the study of Bentham (1871) which led to its classification into three
subgenera, namely Cassia, Senna and Lasiorbegma. This classification remained in place until the scientists Irwin
and Barneby (1982) made taxonomic and nomenclature changes that eventually led to the separation of the
genus Cassia into three genera, namely Cassia, Senna and Chamaecrista, relying in its classification on the
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characteristics of the stamens and the characteristics of the horns and the presence or absence of nectary glands
on the leaf axis. Lock (1988) also noted a series of problems that followed the previous study that arose due to
the change in the name, as a group of researchers, especially on African floras, preferred to keep the name
Cassia in the species that did not overlap between African floras and South America, but this did not solve the
problem because many species of this genus are widespread in tropical regions on different continents, which
prompted him and the scientists Randell and Barlow to reclassify some species. In continuation of the study of
Irwin and Barneby (1982), the number of Cassia species became only 30 species, while the number of Senna
species became 260, and 270 species of the genus Chamaecrista.

It is worth noting that the name Cassia is given to a number of species of the genus Cinnamomum belonging to
the Lauraceae family (Haw, 2017). The Iraqi Botanical Encyclopedia (Townsend and Guest, 1974) states that the
genus Cassia consists of two secondary genera: Subgenus: Cassia L. It contains one species, Cassia fistula L. The
second is Subgenus: Senna, which includes eight species, Cassia occidentalis L., Cassia obtusifolia L., Cassia
sophera L., Cassia artemisioides Gaudich, Cassia corymbosa Lam., Cassia senna, Cassia italica (Mill) F.W.Andr and
Cassia didymobotrya Fres. While Chakravarty (1976) stated that there is only one species in Iraqg, Cassia
artemisioides.

Cassia is a medicinal plant known for its laxative and purgative properties. Its use is widespread in India, where
Indian exports reach more than 5,000 tons per year, and the demand for it in the market increases by
approximately 10% to 15% annually (Seethapathy et al., 2015).

Cassia is widespread in most tropical and subtropical countries and has great biological and medical
effectiveness. For example, it is used as antibacterial, antifungal, and other antifungals (Maneemegalai and
Naveen, 2010 and Junior et al., 2006). Some of its species are used as an anti-histamine release substance. Some
of its species are used to maintain the integrity of the nerves and memory and also prevent the aggregation and
clotting of blood platelets (Sung et al., 2004 and Kim et al., 2007). The extract of the leaves of some of its species
is used to treat cough, acute bronchitis, and syphilis (Anis et al., 2012). It is also worth noting that some of its
species are not edible because their seeds are poisonous (Bakhiet and Adam, 1996) or cause chronic liver
diseases (Amao et al., 2010). These are the many valuable medical properties of the Cassia genus. Cassia is due
to the active metabolic substances present in it, as the chemical analysis of its different types resulted in its
containing active compounds such as flavonoids, tannins, alkaloids, saponins, steroids, phenols, and others
(Bhalerao and Kellar, 2012, Awomukwu et al., 2015 and Lavanya et al., 2017).

Morphological characteristics, common and medicinal uses of the studied species

Figures 1 refer to some morphological characters in the same species.

1.Cassia fistula L.

Fast-growing trees, abundant in tropical countries, native to India, Malaysia, Indonesia, Amazonia and Sri Lanka,
and spread in different countries such as China, East, and South Africa, and is the national symbol of Thailand, it
is widely planted in gardens and on roadsides as ornamental trees for the beauty of its bright yellow flowers. Its
common names include cucumber in Arab countries such as Saudi Arabia, Qatar and Irag, and Amaltas in India.
Globally, it is known as the Indian laburnum tree and the golden shower tree, in addition to being called purging
Cassia, purging fistula and purging Cassia (Karaboon et al., 2005 and Neelam et al., 2011).

Cassia fistula trees are medium-sized, 5-10 m tall, with spreading branches and smooth, thin bark on young
stems. Leaves are alternate, pinnate, 30-40 cm long, with 4-8 pairs of leaflets 7.5-15 cm long and 2-5 cm wide.
They have a smooth margin and bright yellow flowers in terminal, pendulous clusters. The calyx is oblong and
the corolla consists of five free, almost equal petals. Stamens are 10, the upper three are 0.7 cm long, and the
filaments are attached to the anthers basifixed, while the lower three are dorsifixed and the other four are
medium-sized, 1 cm long. The filaments are attached to the last anthers freely (versatile). The pistil is sessile or
stalked and the fruit is short in length from 40-60 cm long and 1-2 cm in diameter, cylindrical, hanging or round,
seeds lenticular (Orwa et al., 2009).

Cassia fistula trees are a rich source of flavonoids, so they are used as antioxidants and anti-inflammatory agents,
in addition to other medical uses (Sivakumaran et al., 2016 and Sharma, 2017). In China, its bark is used as a
source of red dyes because it contains tannins. The pulp of the fruits and seeds is used as a laxative, and the
wood is hard, so it is used in the manufacture of agricultural tools and in building bridges and supports (Brach
and Song, 2006). In Nigeria, a study showed that Cassia fistula fruits are more effective than Senna (Cassia
acutifolia) as a laxative, in addition to its very low toxicity in laboratory animals, as the study showed that there
is no toxicity or destructive effect on the kidneys and livers of the animals studied (guinea pigs, mice and rats).
After dissecting the animals and isolating their organs, no necrosis, inflammation, or fibrosis of the liver cells
was observed, and they are similar to the natural state. It was proven that it is safe for human use as a laxative
drug and a substitute for local Senna (Akanmu et al., 2004).
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Figure 1. Shape of Cassia and Senna species in Iraq

The methanolic extract of C. fistula seeds can be used as a medicine (Jothy et al., 2011). Previous studies have
found that the ethanolic extract of cassia roots and leaves has an activity against a wide range of bacteria such
as Streptococcus, Staphylococcus, Salmonella, Shigella, Echerichia coli, Pseudomonas and Bacillus. The
concentration of 200 pug showed moderate to good effect against these pathogens (Awal et al., 2010). The
aqueous extract of the flowers has also proven effective against fungi (Duraipandiyan and Ignacimuthu, 2007).
The extract of its fruits and seeds has been used to kill parasitic worms (Irshad et al., 2010). Therefore, it is
recommended to use and benefit from it in the pharmaceutical industries (Srividhya et al., 2017). It is called a
bactericide Disease killer (Mounika et al., 2017).

2. Cassia javanica L.

It is difficult to determine the origin of this species because it is widespread throughout America, Malaysia and
tropical Asia such as China, Thailand and Vietnam. These trees are called in most countries Pink and white
shower due to the color of their pink and white flowers and also called Apple blossom Cassia because their
flowers are easily similar in appearance to the flowers of the apple tree (Andrew et al., 2015 and Neog et al.,
2013). In Iraq, it is locally known as Nodosa, as its name overlaps with that of the species C. nodosa, as some
sources consider the species name Nodosa synonymous with Javanica and not an independent species (Sharma
et al., 2014). Cassia javanica trees are small to medium-sized, 25-40 meters tall, deciduous or semi-deciduous,
the leaves consist of 15-5 (20) pairs of leaflets with an ovate-elliptical to oblong shape and the base Rounded
and the apex is acute to rounded, the stalk is 1.5-4 cm long, the inflorescence is arranged in a terminal or lateral
inflorescence, more than 16 cm long, with many flowers and sepals, green or dark red, ranging in length from
10-4 mm, and the petals are 35-15 mm long and their colors range from whitish pink to red, the stamens are ten
in number, three of them are longer than the others, 2 cm long, and four are shorter, 1 cm long, and the last
three are reduced with very small anthers, the fruits are hanging and round, 60-20 cm long, and the seeds are
numerous (Orwa et al., 2009 and Sanyal, 2015).
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Cassia javanica, like other Cassia species, is a rich source of flavonoids, anthraquinones, and polysaccharides. It
is used as an antidiabetic, antioxidant, and anticancer agent. It has been used for a long time in folk medicine to
treat various diseases, as it is used as an antipyretic, antipyretic, and as a cold and flu medicine, as well as in the
treatment of malaria, pain, and digestive system diseases (Sharma et al., 2014).

3. Cassia nodosa Buch. -Ham.ex Roxb

They are trees that are abundant in India and are planted in Malaysia, Thailand, China, and other Asian countries
and can grow easily in basic lands without further attention and investment (Brach and Song, 2006; Kapoor,
2000). In Egypt, they are spread in public gardens to benefiting from them in shading (Abdel-Chani et al., 2011).
They are known locally in Iraq by the same scientific name, nodosa. They are planted in Baghdad for the beauty
of their flowers. They are treeing whose length ranges from 24-12 meters. The leaves consist of 12-6 pairs of
oblong leaflets and are slightly extended. Their base is oblique. The length is from 5-6.3 cm and width is from
2.5-3.1 cm. They have clear veins. The sepals are green and covered with hair (Hairy Ovate). The petals are
reddish-pink, oval in shape. The inflorescences are dense and the fruits look like a rounded pod. (Ridley et al.,
1967; Hooker et al., 1879), and the methanolic extract of C. nodosa shoots was used against four types of
cancers, namely breast cancer, colon cancer, lung cancer and hepatocellular carcinoma, and the plant is used as
an antioxidant (Jain et al., 2013) in addition to the antimicrobial activity of its leaf extracts (Sharma et al., 2013).
4. Cassia singueana (Del.) Lock

Widespread shrubs in African countries such as Niger, Mali, northern Nigeria, Sudan, eastern and southern Africa
(Ottu et al., 2013) are widespread in Baghdad and are known as Cassia carnival. This species was included in the
genus Senna by Lock (1988). It is a deciduous shrub with 5-8 pairs of elliptical leaflets, emarginated at the apex,
2-5 cm long, and 1-3 cm wide. The stalk and axis are 20 cm long and there are thin club-shaped glands between
each pair of leaflets. The flowers are in the form of cluster inflorescences and the clusters are at the end of the
branches. The fruits are semi-hard when ripe, pointed at the apex, 10-15 cm long, and 5-8 cm in diameter. The
seeds are arranged in a single row (Hutchinson and Dalziel, 1958).

This plant is used as a medicinal plant in northern Nigeria to treat certain diseases such as acute malaria. The
methanolic extract of its leaves is also used as an antipyretic and analgesic and to treat some diseases, especially
those that cause high temperature (Adzu et al., 2003, Dave and Ledwani, 2012; Hiben et al., 2016). In Kenya and
Burkina Faso, the hot extract of its leaf powder is given as oral doses to treat malaria and fever (Nanyingi et al.,
2008). The bark of the roots of this species also has a soothing effect on some pains (Adzu and Gamaniel, 2003).
5. Cassia artemisioides and Senna artemisioides (new binomial) (Gaudich. Ex DC) Randell

It is a shrub native to Australia and is often grown in warm regions of the world. It is currently classified as a
genus of Senna artemisioides. This type of shrub is evergreen, densely branched, 0.6-3 meters long. The stem
and branches are short and the leaves have short petioles ranging from 12-6 mm. The number of pairs of leaflets
is 6-3, needle-shaped, silver in color. The auricles are very short. The racemes consist of 9-5 flowers, their length
is between 20-8 mm, and the bracts are oval. The petals range in shape from ovate to elongated, their length is
9-6 mm, and their width is 7-4 mm. They are yellow and have fine black veins. The sepals are unequal and the
stamens are ten in number, all of which are fertile. Two of them are 6.5 mm long, while the remaining eight are
4 mm long. The ovary and style are smooth except for the stigma surface. The fruit Compressed in shape and
the seeds are obovate (Townsend and Guest, 1974 and Ajaib et al., 2011). Chemical studies of this species have
proven the presence of anthraquinone, known for its antioxidant properties (Zaman et al., 2011). This species is
considered a harmful weed as the pods of this plant are toxic to livestock, causing diarrhea, difficulty walking,
and increased heart rate and may lead to death in some cases. (Simmonds et al., 2000)

6.Cassia didymobotrya and Senna didymobotrya (new binomial) ( Fresen) Irwin&Barneby

These are shrubs called locally African Cassia and in Africa and India they are called Peanut Butter Senna, and
they are also called Popcorn Cassia. This species is also classified within the genus Senna, Senna didymobotrya.
Africa is the original home of this species, while in India this species is grown as a green manure for agricultural
lands, in addition to being an ornamental plant for gardens and on the sides of roads (Irwin and Barneby, 1982).
The shrubs of this species produce golden yellow flowers that open from buds that are closed with dark black
oval bracts. The branches are arched with compound leaves 10-15 cm long containing 8-18 pairs of oblong-
elliptic leaflets with rounded petioles 1-8 cm long. The inflorescences are axillary, erect, spike-like, or raceme-
like, 10-50 cm long, consisting of 20-30 flowers. The sepals are five unequal, green in color, oblong to ovate. The
petals are five unequal, ovate to obovate, with a claw 1 mm long, smooth, and the petal is finely veined. Are 10
stamens, three of which are the longest, two are the shortest, and the remaining five are medium-sized. The
female organ consists of an ovary, a thin style 1 cm long, and a punctiform stigma. The fruit is a flat pod, linear
to oblong. Linear-Oblong, number of seeds ranges from 9-16 seeds (Singh and Singh, 2010; Orwa et al., 2009).
This species has wide medical uses, especially in Africa, as the extract of the roots, leaves, and stems is used as
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a laxative and antiseptic drink to treat abdominal pain. It is also taken to expel intestinal worms and get rid of
ringworms. The powder of the roots and leaves mixed in water is used to treat reproductive diseases. It can also
be said that it is a good treatment against fungal and bacterial infections, high blood pressure, and sickle cell
anemia of blood cells and in treating hemorrhoids. It also treats a wide range of gynecological diseases such as
inflammation of the fallopian tubes, fibroids, and backache. It also stimulates increased lactation and induces
uterine contractions. (Alemayehu et al., 2015, Jaca, 2017; Jeruto et al., 2017)

7. Cassia occidentalis L. and Senna occidentalis L. (new binomial)

They are shrubs known as Kasondi in Hindi, Kasmard in Sanskrit, Coffee senna in English, Negro coffee in Africa,
and local, seed, or seasonal cassia in Iraq. They generally grow in Burma, Sri Lanka, Australia, and the United
States of America. This species is the national symbol of southern India (Kirtikar et al., 1999; Kaur et al., 2014).
This species was reclassified and included in the genus Senna occidentalis by Irwin and Barneby (1982).

Cassia occidentalis shrubs have alternate pinnate leaves with 6-8 pairs of leaflets. The leaves are broadly
lanceolate to ovate with a sharp apex, with a gland near the base of the leaf axis. The seeds are oval, 4 mm long,
and flattened (Amponsah et al., 2016). This species has great medical importance as it was used in Greek
medicine to treat liver diseases (Jafrri et al., 1999) and in Jamaican medicine to treat diarrhea, dysentery,
constipation, fever, eczema and venereal diseases. The seeds of this plant are a good source as an alternative to
vegetable proteins and are rich in vitamin B3, calcium, iron, zinc, phosphorus and magnesium (Manikandaselvi
etal., 2016). Its flowers are used to treat skin rashes. The dried leaf extract can be used therapeutically to protect
against liver toxins (Uzzi and Grillo, 2013; Sastry et al., 2011). The importance of its seeds also lies in their
antibacterial properties against respiratory tract bacteria such as Staphylococcus aureus and Streptococcus
pneumonia (Rajni and Navneet, 2014).

8. Cassia surattensis and Senna surattensis (new binomial) (Burm.f) Irwin& Barneby

It is a shrub native to India, Southeast Asia, and tropical Australia. It was reclassified in 1982 and included in the
genus Senna surattensis by Irwin and Barneby (1982). It is also called Egyptian cassia. It is fast-growing, blooms
abundantly in the dry season, its length is 12-15 meters. The leaves are pinnate, 8-18 cm long, containing 6-9
pairs of opposite leaflets with an obovate to elliptical or oblanceolate shape. The upper surface of the leaflets is
green and smooth, while the lower surface is covered with a fine white or bluish dust-like substance. The apex
is rounded and sunken, while the base is oblique. There are also clavate glands between the first and second
pairs and sometimes between the leaflets of the third pair (Randell and Barlow, 1998, Kumar, 2016; Sihanat et
al., 2016). The inflorescences are racemes, 0.4-2.5 cm long, the petals are yellow or orange, ovate or oblong-
ovate, the calyx is inverted lanceolate, oblong, and the male organ, Androecium, consists of 10 stamens, all
fertile, and the anthers are unequal, opening with apical slits. The female organ consists of a green style, 2-3 cm
long, and the ovary has hairs. The pods are pendulous, chartaceous, compressed, 7-10 cm long, and 1.1-1.5 cm
wide. The seeds are arranged in a single row, brown (Wagner et al., 2014; Sanyal, 2015).

The extract of the leaves of this species is used as an antidiabetic agent at a concentration of 500 mg/kg, and is
used therapeutically against increased blood fats (Mazumeder et al., 2009). It is also considered a strong
antioxidant. In one study that included seven types of Cassia, they were: C. fistula, C. sophera, C. surattensis, C.
grandis, C. nodosa, C. occidentalis and C. didymobotrya were found to be the most effective in fighting oxygen
free radicals that cause cell and tissue damage and various disorders such as heart disease, aging, Alzheimer's,
mutations and cancer (Lee et al., 2003 and Tadhani et al., 2007). Therefore, it is considered a natural antioxidant
due to its content of phenolic and flavonoid compounds that are considered safe to use (Kumaran and
Karunakaran, 2007 and EL-Hashash, 2010). The extract of the stems and leaves is also used as antibacterial and
antifungal (Kittur et al., 2015).

9. Cassia sulfurea and Senna sulfurea (new binomial) (Colladon) H.S. Irwin&Barneby

It is a shrub that is closely intermingled with Cassia surattensis, so much so that the local name Cassia glauca is
used for both species. It is native to India, Burma, Malaysia, Thailand, and is also found in Brazil (Monkheang et
al., 2011). It was reclassified and included in the genus Senna sulfurea by Irwin and Barneby (1982). There is no
difference in appearance between S. surattensis and S. sulfurea, except that S. surattensis has smaller and more
numerous leaflets, and the stipitate pod is shorter, so Randell and Barlow (1998) from Australia considered these
two species to be subspecies of S. surattensis.

« Anatomical studies of Cassia

Figures 2,3,4,5 and 6 refer to some anatomical characters in the same species.

Phenotypic characteristics are directly affected by the environment, causing phenotypic changes and leading to
taxonomic confusions. Classifiers have relied on other characteristics and techniques to solve complex
taxonomic problems, such as leaf epidermis anatomy (Stace, 1980). Therefore, anatomical characteristics often
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provide valuable taxonomic evidence and help in identifying species (Devecchi et al., 2014), placing groups in
their correct location, and understanding the relationships that govern them (Al-Badri, 2014). Cassia has
received many anatomical studies worldwide due to its importance. Perhaps the oldest study that dealt with the
anatomy of plant families, including the legume family, is the study of Solereder (1908) found that some genera
of Caesalpinioideae contain crystals composed of calcium oxalate, individually or in groups, also noted the
presence of secretory cells, gum cells, cavities, and secretory ducts and mentioned that tannin sacs, which It is
widely distributed in Papilionideae and is not common in this subfamily. His study also included the anatomy of
the Cassia leaf and showed that its epidermis consists of a single layer, also showed that the secretory cells in
Cassia often cause clear dots in the leaf and are oval in shape in the columnar tissue while they are spherical in
shape in the spongy parenchyma.

Figure 2: Shapes of normal epidermal cells and stomatal complexes in the epidermis of stems of species
belonging to the genus Cassia.

¢ ' 1 f
S. didymobotrya K .

Figure 3: Shapes of normal epidermal cells and stomatal complexes in the epidermis of stems of species
belonging to the genus Senna.
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Figure 4: Cross-sectional characteristics of the stem of C. fistula.
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Figure 5: Characteristics of the cross-sections of the stems of species belonging to the genus Cassia.
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Figure 6: Characteristics of the cross-sections of the stems of species belonging to the genus Senna

Watari (1934) studied the leaves cross-sections of Cassia and included the anatomy of the vascular tissue of the
petiole and leaf axis. Martin (1946) studied the anatomy of the seeds of four species of Cassia, hamely Cassia
ligusteina, Cassia occidentalis, Cassia fasciculate, and Cassia tora. Metcalfe and Chalk (1950) studied the types
of crystals in species of Caesalpinioideae and the types of stomata. In Australia, Symon (1956) studied the seeds
of six species of Cassia and found that they were polyembryony.

The anatomy of the petioles of 62 species from Cassia was also studied by Irwin (1964). Carvalho (1967) studied
the venation patterns of 34 species of Caesalpinioideae spread in Brazil, nineteen of which belong to the genus
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Cassia. He concluded that it is possible to use this characteristic with some other characteristics of the leaves to
distinguish taxonomic ranks at the level of types, Okpon (1969a) studied the surface covering of different parts
of the Cassia plant and found two types of hairs, which are unicellular and multicellular hairs, also studied the
vascular anatomy of the cotyledons and described them in two types of Cassia, Cassia aeschynomene and Cassia
laevigata.

In the same year, Okpon (1969b) studied the stomata of Cassia and found that although the parallel type of
stomata is the most common, he noticed the presence of another type, which is actinocytic type.

As for Pandy (1970) studied the characteristics of the epidermis and leaflets of 12 types of Cassia, the study
included the shape of the epidermal cells, stomata, the surface covering, and the numbers and sizes of hairs.
Shah and Gopal (1971) described the stomata of 19 species of Caesalpinioideae, including 11 species belonging
to the genus Cassia, and concluded that they have similar growth patterns in different parts of the same plant.
Melotte (1972) studied the anatomy of the leaflets of Cassia laevigata willd, Cassia acutifolia and Cassia
angustifolia vah.

In India, Patel et al., (1976) studied the cross-sections of the fruits of the species Cassia occidentalis and
described them anatomically. Kamra (1976) from Sweden studied the seeds and fruits of 165 species of forest
plants from nine countries using X-ray imaging, the studied species included Cassia fistula, Cassia javanica and
Cassia nodosa.

Chouse and Jamal (1978) studied the anatomy of the wood of some Cassia species and Ghouse et al., (1980)
study the anatomical characteristics of the wood of some ornamental trees, including Cassia. In Ireland, Smith
(1983) studied the anatomy of the cotyledons of a large number of genera of the legume family, including the
Cassia genus. Carvalho (1983) presented a study on the anatomy of the Cassia leaf, and Mathur (1985) conducted
a comparative study of two species of Cassia, including the characteristics of the epidermis.

In Saudi Arabia, Al-Daiji et al. (2013) presented a study that included the leaves and stems of three species of
Cassia italic, Cassia occidentalis and Cassia alexandrina, in addition to a study of crystals.

Kamble (2013) conducted an anatomical study of the roots, stems and leaves of Cassia alata L. after treating
them with the herbicide (2,4-D). In Malaysia, an anatomical study was presented on the seeds of Cassia
surattensis (Kumar et al., 2014), and from India and West Bengal, Dubey and Sawant (2015) conducted an
anatomical study on the species Cassia tora, while Kamarapu (2015) studied the cross-sections of the leaves of
the species Cassia roxburghii, including the epidermis and hairs, and was conducted on the nectary glands
located at the base of the stalk of Cassia hirsuta L. using an electron microscope (Sharmila and Yogamoorthi,
2015). An anatomical study of the transverse sections of the auricles located on both sides of the stalk of Cassia
alata was presented to study the nectary tissues by Veeravagavan and Ramamoorthy (2016).

In Iraq, there are no detailed and comprehensive anatomical studies of the species found in Iraq, except for two
anatomical study and a few physiological and genetic studies, the first one by Al-Tamimi (2008) presented a
comparative anatomical study of three species belonging to three genera of the Caesalpiniaceae family, which
dealt with one species of the Cassia genus, C. didymobotrya, the study included the epidermis of the leaf, the
venation system, and cross-sections of the stems, petioles, and leaf.

The second study of the Cassia by Al-Lamy and AL-Hadeethi (2018) have addressed comparative anatomical of
some Cassia L. species from middle and south of Iraqi districts. The study showed a large taxonomic overlap of
the species of this genus, as many of them were reclassified to another genus. Nine species were collected during
the current study, four of which remained within the genus Cassia: Cassia fistula, Cassia javanica, Cassia nodosa
and Cassia singueana, and the last three were recorded as new cultivated species for the first time in Iraq: Cassia
javanica, Cassia singueana and Cassia nodosa. The other five species were recorded within the new genus Senna:
Senna occidentalis, Senna artemisioides, Senna didymobotrya, Senna surattensis and Senna sulfurea. Two of
them were recorded for the first time as new cultivated species in Irag: Senna surattensis and Senna sulfureae.
The focus was on the various anatomical aspects of the stems, leaf blades, petioles, and calyx. The study showed
important taxonomic results in isolating the species of the genus Cassia from each other as well as isolating the
Cassia species from the Senna species.

The study also revealed that the green leaves and calyx leaves of Cassia species were hypostomotic, meaning
that the stomata were only present on the lower surface. As for the species of the genus Senna, they were
amphistomatic, meaning that the stomata were present on both their upper and lower surfaces. The genus
Senna was also distinguished by the presence of a distinctive pattern for the stomatal complex, which is the
actinocytic pattern in the species S. artemisioides.

The study by Al-Lamy and AL-Hadeethi (2018) of the leaf surface covering was important in isolating the species,
based on the difference in their lengths, shapes and distribution in different areas of the plant parts, all of them
were of the type of non-glandular, single-celled, single-row hairs, except for the species C. fistula, which was
distinguished by containing glandular hairs on the surface of its stems, and the species C. javanica was unique
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in having branched hairs on the epidermis of its leaflets. This study showed also that the cross sections of the
leaf are bifacial, meaning that they have two layers spongy and palisade in the mesophyll, except for the species
S. artemisioides, which is characterized by being isobilateral, meaning that it has two palisade layers with a
spongy layer between them, while the transverse sections of the calyx leaves were homogeneous, meaning that
the mesophyll contains only the spongy layer. The study also highlighted the difference in the distribution of
crystals, starch granules and aleurone granules, as the species C. nodosa was characterized by the presence of
starch granules with a centrally wrinkled hilum, and the presence of oil droplets was recorded in C. fistula and
C. nodosa. All these results gave great and distinct anatomical taxonomic importance in separating the species
under study from each other, and this study is the first in Iraq.

On the other hand, some studies in Iraq have addressed other sides like Al-Amri et al. (2009) presented a study
that included the phenotypic characteristics of the Cassia italica Mill and the effect of alcoholic and hot aqueous
extracts on the growth of selected types of bacteria and yeasts, Jalal et al. (2009) also studied the genetic effect
of aqueous extracts of the seeds of the Senna on Soybeans, and Senna leaves in white mice. Also, a study by Al-
Mohammadi et al. (2013), they showed the response of caraway plant to spraying Senna extracts, cauliflower
and vitamin complex. In another study, some chemical, vegetative, and reproductive characteristics were
adopted in the numerical classification of six species of the legume family, including Cassia occidentalis (Abbas
et al., 2015). Hussein (2016) conducted a study that included early detection of chromosomal duplication
resulting from the effect of collagen in the species Cassia angustifolia. Finally, Youssef et al. (2016) focused on
the research of plant extracts of Cassia acutifolia leaves in the growth of Candida albicans yeast isolated from
women infected with it. Moreover, in study on twelve species belong to Mimosoideae family, Alrawi et al., (2023)
found various differences among those species in anatomical properties due to the variance among them
depending on their pedigrees and their habitats.

Legumes are an essential food source as edible grains for humans, and they also contain minerals such as
potassium, magnesium, manganese, and copper the credit for increasing the production of crops grown after
harvesting legumes is that the latter works as a green manure that improves soil fertility. Cassia from the
Fabaceae family is widespread in most tropical and subtropical countries. It has great biological and medical
effectiveness and these are the many valuable medical properties of the Cassia genus. Cassia is caused by the
active metabolic substances present in it. for these important plants must know taxonomy and active chemical
compounds found in them, to be used in herbal medicine instead of using it as just decoration.
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