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Abstract: 
The current study involves the systematic relationship between the eight species belonging to  family Geraniaceae in the Egyptian flora reexamined based on  the whole plant morphology were collected from different habitats in Egypt during the period from February 2022 to May 2023 for systematic studies. Morphologically, identification and classification of collected plants species of family Geraniaceae occurred by utilizing the light microscope, regarding the taxonomic revisions of the reference collected specimens in other Egyptian Herbaria. The results obtained show annual habit in five species Erodium ciconium, Erodium cicutarium, Erodium laciniatum, Erodium malacoides and Erodium texanum but Erodium crassifolium, Erodium glaucophyllum and Monsonia nivea found as perennial, all species have hairy surface. Stem ranged from erect in Erodium crassifolium, Erodium glaucophyllum, Erodium malacoides and Monsonia nivea and prostrate in Erodium ciconium, Erodium cicutarium, Erodium laciniatum, Erodium texanum. The relationship between the examined species expressed as UPGMA tree depended on the coefficient of similarity utilizing the NTSYS program. In the tree, all specimens clearly distinguished into two clusters reflect the morphological resemblances between them.
Geraniaceae is represented by five to eleven genera and nearly 830 species and is a worldwide family in distribution particularly in the temperate and warm temperate regions of the northern hemisphere. first_page
Download PDF
settings
Order Article Reprints
 Keywords: Geraniaceae, morphology, Erodium, Monsonia.

1. Introduction

Geraniaceae name is derived from the genus Geranium L., is represented by five to eleven genera and nearly 830 species, and is a worldwide family in distribution particularly in the temperate and warm temperate regions of the northern hemisphere, the Mediterranean regions, Southern Africa being centers of greater diversity, a few in lowland tropical areas and excepting Antarctica. (1,2,3)
The family Geraniaceae is a eurypalynous and is divided into two tribes: Geranieae (Geranium L., Erodium L., Monsonia L., and Sarcocaulon (DC.) Sweet) and Pelargonieae (Pelargonium L. Herit ex Aiton). These genera own an average number of species than Geranium and also had a more tight distribution. (4) 

Geraniaceae is placed in the order of Geraniales along with the families Ledocarpacecae, Francoaceae, and Melianthaceae and is recognized for the production of essential oils and ornamental. The largest genera Geranium L. (430 species put in 10 section), the garden plants called geraniums, which modern botany classifies as the genus Pelargonium L. (280 species), Erodium L. (80 species) and Monsonia (25 species).(5,6,7)
The present investigation aims to distinguish and describe the eight wild species belonging to the genus Erodium and Monsonia (Family: Geraniaceae) which were collected from natural habitats in different regions in Egypt and to show how far the morphological variations could be used to distinct between the species studied and taxonomic relationship between them.
2. Materials and Methods 

2.1. Sampling and Collection of Plant Specimens 

Fresh and healthy plants of each species (8 species) were collected by Dr. Ahmed Moubarak and Rabab Rashad from different habitats in Egypt across 2 seasons during the period from February 2022 to May 2023 (Map 1). List of the studied taxa of species collected from different habitats. (Table 1)
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Map (1). The satellite map image shows collection sites examined material in different habitats in Egypt. (Source: www.google.com.eg/intl/ar/earth/)
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Table (1). The studied taxa of species collected from different habitats.

2.2. Taxonomical Studies 

The proper identification and taxonomy of each species was carried out with the help of available literature (8,9,10,11,12,13). The authenticated at Botany department, Faculty of Science, Benha university, Egypt.
2.3. Morphological Studies
According to (8,9,10,11,12,13) the morphological descriptions as; habit, root, stem, leaves, petiole, peduncle, flowers and fruit was recorded in table (2).
2.4. Morphological analysis
The data obtained from the morphological characters were subjected to numerical analysis. For the construction of  a data matrix, a total of 82 morphological characters for each specimen (Table 3). The matrix was analyzed with the aid of the PAST software, version 3.18 and this program can be used to find sets of similar objects (clusters) and to display low dimensional views (ordinations). Distance estimates were performed by unweighted pair-group method analysis using arithmetic averages.(14,15)
3. Results and discussion 

Morphological studies
Description of Morphological characters is the first basic tool, and classified species of family Geraniaceae are shown in Table (3).
Key to the species:

Annual habit:
Seed with truncate apex and petal oblong-ovate                                  Erodium ciconium
Seed with rounded apex and petal ovate
       Erodium cicutarium
Seed with sub basal hilum and petal oblong 
      Erodium laciniatum  
Seed with basal hilum and petal obovate 
Erodium malacoides
Seed with truncate apex and petal ovate 
Erodium texanum
 Perennial habit:
Seed with truncate apex, leaf alternate and petal obovate                          Erodium crassifolium 
Seed with rounded apex, leaf alternate and petal ovate                           Erodium glaucophyllum
Perennial habit:
Seed with truncate apex, leaf opposite and petal obovate                             Monsonia nivea
1- Erodium ciconium (L.) L,Her. in Aiton, Hort. Kew., ed. 1, 2: 414 (1789) (Fig. 1,2).
Synonyms

Erodium brevicaule Bertol. in Novi  Novi Commentarii Academiae Scientiarum Instituti Bononiensis 6: 229 (1844)

Erodium ciconium f. brevicaule (Bertol.) Paol. in A.Fiori and al., Fl. Anal. Italia 2: 243 (1901)

Erodium ciconium var. brevicaule (Bertol.) Rouy in G.Rouy and J.Foucaud, Fl. France 4: 114 (1897)

Description

Annual, herb, non-succulent, not climbing, not threatened, spines absent, 15-60 cm high. Stem spreading, prostrate, reddish brown, covered with hirsute, spines absent on the internode of the stem. Tipped of lateral branches not spiny. Leaf stipule present, length 4-10 mm, acute-acuminate. Leaf present, length 15 cm or less, ovate-lanceolate, opposite, compound, apex dentate-serrate, green, dissected or dissected twice or more. Leaf-blade pinnate, ovate. Petiole length 5 cm or more. Bract ovate. Flower bisexual, zygomorphic. Inflorescence umbel, with 2-8 flowered. Peduncle length 30 cm or less. Calyx persistent, five teeth, evergreen. Sepal length 5 mm or more, ovate. Corolla persistent, five teeth. Petal length 5 mm or less, oblong-ovate. Flowers violet. Pedicle 2.5 cm or less. Stamen length 5 mm or more. Ovary superior. Mericarp 5 mm or more, hairy. Seed length 2.3- 3 mm, elliptical-cylindrical, apex truncate, brown color, glabrous, Hilum basal, rigid present, spines absent. Fruit a characteristic beak-like projection, beak length 5 cm or more, schizocarp.  

Phenology Flowering time February to April.  
2- Erodium cicutarium (L.) L,Her. in Aiton ,Hortus Kewensis, ed.1, 2: 414 (1789) (Fig. 3).
Synonyms

Geranium cicutarium L.,Sp. PL. ed. 1, 680 (1753). 

Erodium arenarium Jord. in Mém. Acad. Sci. Lyon, Sect. Sci., ser.2, 1: 256 (1851)

Erodium baeticum Pau in Mem. Real Soc. Esp. Hist. Nat., 12: 302 (1924)
Description

Annual, herb, non-succulent, not climbing, not threatened, spines absent, 10-40 cm high. Stem spreading, prostrate, usually green to reddish, covered with hirsute, spines absent on the internode of the stem. Tipped of lateral branches not spiny. Leaf stipule present, length 4-10 mm, acute-acuminate. Leaf present, length 15 cm or less, ovate-lanceolate, alternate, compound, apex dentate to serrate, green, dissected or dissected twice or more. Leaf-blade pinnate, oblong-lanceolate. Petiole length 5 cm or more. Bract ovate. Flower bisexual, zygomorphic. Inflorescence umbel, with 2-12 flowered. Peduncle length 30 cm or less. Calyx persistent, five teeth, evergreen. Sepal length 5 mm or less, ovate. Corolla persistent, five teeth. Petal length 5 mm or more, obovate. Flowers pink. Pedicle 2.5 cm or less. Stamen length 5 mm or less. Ovary superior. Mericarp 5 mm or more, hairy. Seed length 2.3- 3 mm, oblanceolate-ovate, apex rounded, brown color, glabrous, Hilum basal, rigid present, spines absent. Fruit a characteristic beak-like projection, beak length 5 cm or less, schizocarp.  

Phenology Flowering time February to September. 
3- Erodium crassifolium (L.) L,Her. in Aiton, Hort. Kew., ed., 1, 2: 414 (1789)(Fig.4)
Synonyms

Geranium hitrum Forssk., Fl. Aegypt.-Aran. 123(1775), nom. illeg., non Burm. f.
Erodium hitrum (Frossk.) Wild., Sp. Pl., ed., 4, 3:632 (1800)

 Description

Perennial, shrub, non-succulent, not climbing, not threatened, spines absent, 10-28 cm high. Stem spreading, erect, much branched, green to reddish, covered with hispid-pubescent, spines absent on the internode of the stem. Tipped of lateral branches not spiny. Leaf stipule present, length 4-10 mm, acute. Leaf present, length 10 cm or less, triangular or deltoid, alternate, compound, apex dentate-crenate, Green-reddish, dissected or dissected twice or more. Leaf-blade pinnate, ovate. Petiole length 5 cm or less. Bract ovate. Flower bisexual, actinomorphic. Inflorescence umbel, with 3-6 flowered. Peduncle length 8 cm or less. Calyx persistent, five teeth, evergreen to gray. Sepal length 5 mm or more, ovate. Corolla persistent, five teeth. Petal length 5 mm or more, obovate. Flowers pink-violet. Pedicle 2.5 cm or less. Stamen length 5mm or less. Ovary superior. Mericarp 5 mm or less, hairy. Seed length 2.3- 3 mm, oblanceolate, apex truncate, reddish brown color, glabrous, Hilum basal, rigid present, spines absent. Fruit a characteristic beak-like projection, beak length 5 cm or more, schizocarp.  
Phenology Flowering time April to November.  
4- Erodium glaucophyllum (L.) L,Her. In Aiton, Hort. Kew., ed. 1, 2: 416 (1789)(Fig. 5,6,7)
Synonyms

Erodium glabrum Pomel in Nouv. Mat. Fl. Atl. 2: 342 (1875)

Erodium glaucophyllum var. glabrum (Pomel) Batt. in J.A.Battandier & L.C.Trabut, Fl. Algérie, Dicot.: 124 (1888)

Erodium glaucophyllum var. syrticum Pamp. in Prodr. Fl. Ciren.: 296 (1931)

Geranium crassifolium Forssk. in Fl. Aegypt.-Arab.: 123 (1775)
Description

Perennial, herb, non-succulent, not climbing, not threatened, spines absent, 15-50 cm high. Stem spreading, erect, much branched, reddish brown, covered with villous hairs, spines absent on the internode of the stem. Tipped of lateral branches not spiny. The Leaf stipule present, length up to 1.5-3.5 mm, acute. Leaf present, length 15 cm or less, ovate- triangular to cordate, alternate, simple, apex crenate-dentate, Green-reddish, entire (not dissected). Leaf-blade pinnate, ovate-cordate. Petiole length 5 cm or more. Bract ovate. Flower bisexual, actinomorphic. Inflorescence umbel, with 3-5 flowered. Peduncle length 30 cm or less. Calyx persistent, five teeth, evergreen. Sepal length 5 mm or more, ovate. Corolla persistent, five teeth. Petal length 5 mm or less, ovate. Flowers pale violet. Pedicle 2.5 cm or less. Stamen length 5 mm or more. Ovary superior. Mericarp 5 mm or less, hairy. Seed length 2.3- 3 mm, oblanceolate, apex truncate, reddish brown color, glabrous, Hilum basal, rigid present, spines absent. Fruit a characteristic beak-like projection, beak length 5 cm or more, schizocarp.  

Phenology Flowering time February to April.
5- Erodium laciniatum (Cav.) Wild., Sp. Pl., ed. 4, 3: 633. (1800) (Fig. 8,9,10,11,12,13)
     Synonyms

Erodium glabrum Pomel in Nouv. Mat. Fl. Atl. 2: 342 (1875)

Erodium glaucophyllum var. glabrum (Pomel) Batt. in J.A.Battandier & L.C.Trabut, Fl. Algérie, Dicot.: 124 (1888)

Erodium glaucophyllum var. syrticum Pamp. in Prodr. Fl. Ciren.: 296 (1931)

Geranium crassifolium Forssk. in Fl. Aegypt.-Arab.: 123 (1775)
Description

Annual, herb, non-succulent, not climbing, not threatened, spines absent, 15-50 cm high. Stem spreading, prostrate, much branched, green to reddish, covered with briefly pilose with deflexed hairs, spines absent on the internode of the stem. Tipped of lateral branches not spiny. Leaf stipule present, length up to 4-10 mm, acute. Leaf present, length 10 cm or less, ovate-oblong, alternate, compound, apex serrate-dentate, green, dissected, dissected twice or more. Leaf-blade pinnate or bipinnate, ovate-obtuse. Petiole length 5 cm or less. Bract ovate-reniform. Flower bisexual, zygomorphic. Inflorescence umbel, with 3-8 flowered. Peduncle length 8 cm or less. Calyx persistent, five teeth, evergreen. Sepal length 5 mm or more, ovate. Corolla persistent, five teeth. Petal length 5 mm or less, oblong. Flowers pink crimson. Pedicle 2.5 cm or less. Stamen length 5 mm or less.  Ovary superior. Mericarp 5 mm or more hairy. Seed length 2.3- 3 mm, oblanceolate, apex rounded, blackish brown color, glabrous, Hilum sub basal, rigid present, spines absent. Fruit a characteristic beak-like projection, beak length 5 cm or more, schizocarp.  
Phenology Flowering time March to May. 
6- Erodium malacoides (L.) L, Her. in Aiton, Hortus Kewensis 2: 415 (1789) (Fig. 14,15,16,17)
Synonyms

Erodion malachoideum St.-Lag. in Ann. Soc. Bot. Lyon 7: 125 (1880), nom. superfl.

Geranium malacoides L. in Sp. Pl.: 680 (1753)

Description

Annual, herb, non-succulent, not climbing, not threatened, spines absent, 10-40 cm high. Stem spreading, erect, much branched, green to reddish, covered pilose with deflexed hairs, spines absent on the internode of the stem. Tipped of lateral branches not spiny. Leaf stipule present, length up to 4-10 mm, acuminate. Leaf present, length 15 cm or less, oblong-ovate, alternate, simple, apex dentate-serrate, green, entire (not dissected). Leaf-blade pinnate, ovate-obtuse. Petiole length 5 cm or less. Bract ovate. Flower bisexual, zygomorphic. Inflorescence umbel, with 3-8 flowered. Peduncle length 8 cm or less. Calyx persistent, five teeth, evergreen. Sepal length 5 mm or more, ovate-oblong. Corolla persistent, five teeth. Petal length 5 mm or more, obovate. Flowers pink-violet. Pedicle 2.5 cm or less. Stamen length 5 mm or less. Ovary superior. Mericarp 5 mm or less, hairy. Seed length 2.3- 3 mm, oblanceolate, apex rounded, blackish brown color, glabrous, Hilum basal, rigid present, spines absent. Fruit a characteristic beak-like projection, beak length 5 cm or less, schizocarp.  

Phenology Flowering time February to June.
7- Erodium texanum A. Gery in Gen. Amer.  Bor., ed., 1, 2: 130 (1849). (Fig. 18)
Synonyms

None

Description

Annual, herb, non-succulent, not climbing, not threatened, spines absent, 10-50 cm high. Stem spreading, prostrate, much branched, green to reddish, covered with canescent, spines absent on the internode of the stem. Tipped of lateral branches not spiny. Leaf stipule present, length up to 4-10 mm, acuminate. Leaf present, length 10 cm or less, ovate-cordate, alternate, simple, apex serrate-dentate, green-reddish, entire (not dissected). Leaf-blade pinnate, ovate-triangular. Petiole length 5 cm or more. Bract ovate. Flower bisexual, actinomorphic. Inflorescence umbel, with 2-4 flowered. Peduncle length 30 cm or less. Calyx persistent, five teeth, evergreen. Sepal length 5 mm or more, ovate. Corolla persistent, five teeth. Petal length 5 mm or more, ovate. Flowers pink-violet. Pedicle 4 cm or less. Stamen length 5 mm or more. Ovary superior.  Mericarp 5 mm or less, hairy. Seed length 3 mm or more, oblanceolate, apex truncate, dark orange color, hairy, Hilum basal, rigid present, spines absent. Fruit a characteristic beak-like projection, beak length 5 cm or less, schizocarp.  

Phenology Flowering time February to April.

8- Monsonia nivea (Decne.) Webb., Fragm. Fl. Aethiop.-Aegypt.. 59 (1854) (Fig. 19,20,21)
Synonyms

Erodium bonacellii Pamp. in Agric. Colon. 22: 365 (1928)

Erodium glaucophyllum Bové ex Decne. In Annales des science naturelles, Botanique, sér. 2, 3: 285 (1835), not validly publ.
	


Monsonia commixta Rech.f., Aellen & Esfand. in Anz. Österr. Akad. Wiss., Math.-Naturwiss. Kl. 87: 300 (1950)

Monsonia nivea var. intermedia Täckh. & Boulos in Publication Cairo University Herb. 5: 48 (1972 publ. 1974)

Monsonia nivea var. villosa Täckh. & Boulos in Publication Cairo University Herb. 5: 48 (1972 publ. 1974)

Description

Perennial, shrub, non-succulent, not climbing, not threatened, spines absent, 10-25 (40) cm high. Stem spreading, erect, much branched, green to reddish, appressed silvery grey pubescence, spines absent on the internode of the stem. Tipped of lateral branches not spiny. Leaf stipule present, length up to 1.5-3.5 mm, acute. Leaf present, length 10 cm or less, ovate-lanceolate, opposite, simple, apex crenate-dentate, green, entire (not dissected). Leaf-blade pinnate, ovate. Petiole length 5 cm or less. Bract ovate. Flower bisexual, actinomorphic. Inflorescence umbel, with 2-6 flowered. Peduncle length 30 cm or less. Calyx persistent, five teeth, evergreen. Sepal length 5 mm or more, Ovate-oblong. Corolla persistent, five teeth. Petal length 5 mm or more, obovate. Flowers pink. Pedicle 4 cm or less. Stamen length 5 mm or more. Ovary superior. Mericarp 5 mm or less, appressed hairy. Seed length 2.3-3 mm, oblanceolate, apex truncate, orange brown color, sparely pubescent, Hilum basal, rigid present, spines absent. Fruit a characteristic beak-like projection, beak length 5 cm or less, schizocarp.  
Phenology Flowering time February to May.

Morphologically, Erodium crassifolium, Erodium glaucophyllum, Monsonia nivea are a perennial. Leaves are simple, petiolate, stipulate and opposite, cordate. Inflorescences is umbel, corolla is pinkish and violet. Fruit is schizocarpic. Erodium ciconium is a hairy annual herb with weak procumbent stem, leaves are petiolate, stipulate, small pinnatifid, ovate-deltoid and opposite. Flowers are pedunculated; umbels 3-5 flowered, bisexual, violet. Fruit is schizocarp; mericarps 1-seeded usually with a pit and furrowed beneath the beak. Fruit is ovoid, brownish and smooth. The result obtained is congruent with (12,16,17). 
The UPGMA tree generated from eighty two macromorphological characters (Fig. 22) displays that all studied specimens are divided into two major clusters and have an average taxonomic distance of about 1.3.

At the 1.1 level, the first cluster (I) of four species (Erodium crassifolium, Erodium glaucophyllum, Erodium texanum and Monsonia nivea) delimited as four different specimens but appears from one group.
 At the 1.4 level, The second cluster (II) gather the four species, Erodium ciconium, Erodium cicutarium, Erodium laciniatum and Erodium malacoides delimited as two different specimens. The delimition of these species placed in these sections in the UPGMA tree based on the variatio macromophological characters, generally agree with (16,17,18).
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Figure (1). Erodium ciconium collected from The 22 km before the entrance to Marsa Matrouh.
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Figure (2). Erodium ciconium collected from Baltim Beach.
[image: image7.jpg]


Figure (3). Erodium cicutarium collected from 35-40 km Matruh Sidi Barani.
[image: image8.jpg]



Figure (4). Erodium crassifolium collected from Benzit Al-Taawon     2 km before Sidi Barani.
[image: image9.jpg]



Figure (5). Erodium glaucophyllum collected from Abu Dneiba-Paradis.
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Figure (6). Erodium glaucophyllum collected from 29 km from the entrance to Siwa (Matrouh-Siwa).
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Figure (7). Erodium glaucophyllum collected from from the entrance to the 10th of Ramadan Road.

Figure (8). Erodium laciniatum collected from 110 km toward Marse Matrouh.
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Figure (9). Erodium laciniatum collected Matrouh-Al-Zaytouna Village-In front of Cleopatra Beach.

Figure (10). Erodium laciniatum collected from Baltim Beach.
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Figure (11). Erodium laciniatum collected from Al-Hamam 2 km before the Mohamed Naguib Military Base
Figure (12). Erodium laciniatum collected from 9-11 km from the entrance to Siwa (Matrouh-Siwa).
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Figure (13). Erodium laciniatum collected from 8-11 km right the entrance Belbeis.
Figure (14). Erodium malacoides collected from 6 km Alexandria-Matrouh before Marina Entrance No. 1.
[image: image19.jpg]


Figure (15). Erodium malacoides collected from 45 km St. Catherine-Deir Al-Rahibat-Wadi Firan.
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Figure (16). Erodium malacoides collected from environmental Research Center-St. Catherine.
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Figure (17). Erodium malacoides collected from 3.5 km from the western side of the Mohamed Naguib Military Base.
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Figure (18). Erodium texanum collected from 70-90 km St. Catherine-Deir Al-Rahibat-Wadi Firan.
[image: image24.png]7. No.pdf - Adobe Reader;

Window _Help

View

Sign = Comment

Tools

File_Edit




Figure (19). Monsonia nivea collected from 65 km El Quseir-Marsa Alam.
Figure (20). Monsonia nivea collected from 100 km Ras Gharib-Hurghada.
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Figure (21). Monsonia nivea collected from 35 km Nuweiba.
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Figure (22). UPGMA tree explaining the relationship between the studied species of Geraniaceae, based on variation in morphological characters.

Table (2). The 82 morphological characters and their codes for numerical analysis of studied species.

	Macromorphological Characters

	Organ
	Serial Number
	Characters
	Abbreviations
	State
	Code

	Whole plant
	1
	Lifespan
	C1
	Annual
	1

	
	
	
	
	Perennial
	2

	
	2
	Life form
	C2
	Herb
	1

	
	
	
	
	shrub
	2

	
	3
	Succulence
	C3
	Succulent
	1

	
	
	
	
	Non- succulent
	2

	
	4
	Habit
	C4
	Climbing
	1

	
	
	
	
	Not climbing
	2

	
	5
	Conservation
	C5
	Threatened
	1

	
	
	
	
	Not threatened
	2

	
	6
	Spines
	C6
	Absent
	0

	
	
	
	
	Present
	1

	
	7
	Height (cm)
	C7
	10- 40
	1

	
	
	
	
	10- 60
	2

	Stem
	8
	Habit
	C8
	Erect
	1

	
	
	
	
	Prostrate
	2

	
	9
	Color
	C9
	Reddish brown
	1

	
	
	
	
	Green to reddish
	2

	
	10
	Surface:

Hirsute
	C10
	Absent
	0

	
	
	
	
	Present
	1

	
	11
	Hispid pubescent
	C11
	Absent
	0

	
	
	
	
	Present
	1

	
	12
	Villous
	C12
	Absent
	0

	
	
	
	
	Present
	1

	
	13
	Pilose
	C13
	Absent
	0

	
	
	
	
	Present
	1

	
	14
	Canescent
	C14
	Absent
	0

	
	
	
	
	Present
	1

	
	15
	Appressed silvery grey pubescence
	C15
	Absent
	0

	
	
	
	
	Present
	1

	
	16
	Spines on internodes
	C16
	Absent
	0

	
	
	
	
	Present
	1

	
	17
	Tipped of lateral branches
	C17
	Spiny
	1

	
	
	
	
	Not spiny
	2


Table (2). Continued
	Leaf stipule
	18
	Detection
	C18
	Absent
	0

	
	
	
	
	Present
	1

	
	19
	Length (mm)
	C19
	1.5-3.5
	1

	
	
	
	
	4-10
	2

	
	20
	Apex:

Acute
	C20
	Absent
	0

	
	
	
	
	Present
	1

	
	21
	Acuminate
	C21
	Absent
	0

	
	
	
	
	Present
	1

	
	22
	Acute-acuminate
	C22
	Absent
	0

	
	
	
	
	Present
	1

	
	23
	Detection
	C23
	Absent
	0

	Leaf 
	
	
	
	Present
	1

	
	24
	Length (cm)
	C24
	10 or less
	1

	
	
	
	
	30 or less
	2

	
	25
	Shape:

Ovate-lanceolate
	C25
	Absent
	0

	
	
	
	
	Present
	1

	
	26
	Triangular 


	C26
	Absent
	0

	
	
	
	
	Present
	1

	
	27
	Ovate-triangular to cordate 
	C27
	Absent
	0

	
	
	
	
	Present
	1

	
	28
	Ovate-oblong
	C28
	Absent
	0

	
	
	
	
	Present
	1

	
	29
	Arrangement
	C29
	Alternate
	1

	
	
	
	
	Opposite
	2

	
	30
	Type
	C30


	Simple 
	1

	
	
	
	
	Compound
	2

	
	31
	Apex


	C31


	Dentate-serrate
	1

	
	
	
	
	Crenate-dentate
	2

	
	32
	Status
	C32
	Green
	1

	
	
	
	
	Green-reddish
	2

	Leaf-blade
	33
	Leaf-blade
	C33


	Pinnate
	1

	
	
	
	
	Pinnate or bipinnate
	2

	
	34
	Leaf-blade shape:
Ovate
	C34
	Absent
	0

	
	
	
	
	Present
	1

	
	35
	Ovate-cordate
	C35
	Absent
	0

	
	
	
	
	Present
	1

	
	36
	Ovate-obtuse
	C36
	Absent
	0

	
	
	
	
	Present
	1


Table (2). Continued
	Leaf-blade
	37
	Ovate-triangular
	C37
	Absent
	0

	
	
	
	
	Present
	1

	
	38
	Oblong-lanceolate
	C38
	Absent
	0

	
	
	
	
	Present
	1

	Petiole
	39
	Length (cm)
	C39
	5 or less
	1

	
	
	
	
	5 or more
	2

	Bract
	40
	Shape
	C40
	Ovate 
	1

	
	
	
	
	Ovate-reniform
	2

	Flower 
	41
	Sexual
	C41
	Unisexual 
	1

	
	
	
	
	Bisexual  
	2

	
	42
	Symmetry
	C42
	Actinomorphic 
	1

	
	
	
	
	Zygomorphic 
	2

	Inflorescence
	43
	Type
	C43
	Umbel 
	1

	
	
	
	
	Cymose 
	2

	
	44
	Number of flowers 
	C44
	6 or less
	1

	
	
	
	
	7 or more
	2

	Peduncle 
	45

	Length (cm)
	C45


	8 or less
	1

	
	
	
	
	30 or less
	2

	Calyx 
	46

	Detection
	C46
	Absent
	0

	
	
	
	
	Present
	1

	
	47

	Number of teeth
	C47
	4
	1

	
	
	
	
	5
	2

	
	48
	Status 
	C48
	Evergreen
	1

	
	
	
	
	Deciduous
	2

	Sepal 
	49
	Length (mm)
	C49
	5 or less
	1

	
	
	
	
	5 or more
	2

	
	50
	Shape
	C50
	Ovate
	1

	
	
	
	
	Ovate-oblong
	2

	Corolla 
	51
	Detection
	C51
	Absent
	0

	
	
	
	
	Present
	1


Table (2). Continued

	Corolla
	52
	         Number of teeth
	C52
	4
	1

	
	
	
	
	5
	2

	Petal 
	53
	Length (mm)
	C53
	5 or less
	1

	
	
	
	
	5or more
	2

	
	54
	Shape:

Ovate-oblong
	C54
	Absent
	0

	
	
	
	
	Present
	1

	
	55
	Obovate
	C55
	Absent
	0

	
	
	
	
	Present
	1

	
	56
	Ovate 
	C56
	Absent
	0

	
	
	
	
	Present
	1

	
	57
	Oblong
	C57
	Absent
	0

	
	
	
	
	Present
	1

	Flower 
	58
	Color:
Violet
	C58
	Absent
	0

	
	
	
	
	Present
	1

	
	59
	Pink 
	C59
	Absent
	0

	
	
	
	
	Present
	1

	
	60
	Pink- violet
	C60
	Absent
	0

	
	
	
	
	Present
	1

	Pedicle 
	61
	Length (cm)
	C61
	2.5 or less
	1

	
	
	
	
	4 or less
	2

	Stamen 
	62
	Length (mm)
	C62
	5 or less
	1

	
	
	
	
	5 or more
	2

	Ovary
	63
	Type
	C63
	Superior
	1

	
	
	
	
	Inferior
	2

	Mericarp 
	64
	Length (mm)
	C64
	5 or less
	1

	
	
	
	
	5 or more
	2

	
	65
	Texture
	C65
	Hairy
	1

	
	
	
	
	Glabrous
	2

	Seed 
	66
	Length (mm)
	C66
	2.3-3
	1

	
	
	
	
	3 or more
	2

	
	67
	Shape:
Elliptical-cylindrical
	C67
	Absent
	0

	
	
	
	
	Present
	1

	
	68
	Oblanceolate- ovate
	C68
	Absent
	0

	
	
	
	
	Present
	1

	
	69
	Oblanceolate
	C69
	Absent
	0

	
	
	
	
	Present
	1

	
	70
	Apex
	C70
	Truncate
	1

	
	
	
	
	Rounded
	2

	
	71
	Color:

Brown
	C71
	Absent
	0

	
	
	
	
	Present
	1


Table (2). Continued

	Seed 
	72
	Reddish brown
	C72
	Absent
	0

	
	
	
	
	Present
	1

	
	73
	Blackish brown
	C73
	Absent
	0

	
	
	
	
	Present
	1

	
	74
	Dark orange
	C74
	Absent
	0

	
	
	
	
	Present
	1

	
	75
	Orange brown
	C75
	Absent
	0

	
	
	
	
	Present
	1

	
	76
	Indumentum
	C76
	Glabrous
	1

	
	
	
	
	Hairy
	2

	
	77
	Hilum
	C77
	Basal
	1

	
	
	
	
	Sub basal
	2

	
	78
	Rigid
	C78
	Absent
	0

	
	
	
	
	Present
	1

	Fruit 
	79
	Spines
	C79
	Absent
	0

	
	
	
	
	Present
	1

	
	80
	Beak
	C80
	Absent
	0

	
	
	
	
	Present
	1

	
	81
	Beak length (cm)
	C81
	5 or less
	1

	
	
	
	
	5 or more
	2

	
	82
	Type
	C82
	Schizocarp
	1

	
	
	
	
	Capsule
	2
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Table (3). Data matrix of the 82 morphological characters and their states of studied species (OUT).

. 
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Table (3). Continued
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Table (3). Continued
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