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ABSTRACT 

 
This paper is the second of a series of studies which aimed at comparing the differences in characters of the 

same species of some Astragalus plant species, originated in the flora of Egypt and their correspondent species 
in the flora of Syria, when grown under the Egyptian habitat. It was intended to evaluate the effect of variation 
in origin of species on plant characters. Three species were chosen for this study; namely, Astragalus annularis 
Forssk; A. boeticus L. and A. hamosus L. . The present study dealt first with the morphology of the vegetative 
growth including various characters of root, stem, and leaf lamina and petiole; second with reproductive growth; 
i.e., inflorescence, flower and fruit. Surface of lamina samples were studied by means of Scanning Electron 
Microscopy (SEM). In addition, plant proteins fractioning was carried out through SDS-PAGE. Finally, a 
dendrogram representing the level of similarity in which the studied species have been shared was constructed, 
following numerical analysis. Results obtained proved that various tested characters responded in varied 
manners according to their flora and habitat conditions. However, numerical phenetic analysis confirmed that A. 
annularis and A. hamosus split-away-in-clusters process not count on kinship relation, but depends mainly on 
seed origin (flora). In the mean time, A. boeticus split away in two remote clusters, where that procured from 
flora of Egypt biased to group of Syrian origin, and the latter grouped with Egyptian cluster. This reveals the 
sensitivity of A. boeticus to variation of habitat more than the other two species. 
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Introduction 

 
I. Centers of Astragalus diversity: 

 
Astragalus L. (Fabaceae) is generally considered as the largest genus of vascular plants with an estimated 

2500 to some 3000 species (Podlech, 1986; Lock and Simpson, 1991 and Frodin, 2004). In Turkey there are 218 
endemic species of Astragalus and the genus is divided into 62 sections in the Flora of Turkey (Chamberlain 
and Matthews, 1970). However, Mouterde (1986) recorded 127 species and 8 varieties of Astragalus (40 species 
of them endemic plants) growing in flora of Syria and Lebanon. Boulos (1999) listed 60 species, 15 subspecies 
and 8 varieties of Astragalus among plants recorded in the flora of Egypt. It occurs primarily in cold to warm 
arid and semiarid mountainous regions of the Northern Hemisphere and South America. The genus is most 
diverse in the Irano-Turkish region of South-Western Asia (1000-1500 spp.), the Sino-Himalayan Plateau of 
South Central Asia (ca. 550 spp.) and the Great Basin and Colorado Plateau of Western North America (ca. 450 
spp.). However, the center of origin and diversity of Astragalus is Eurasia, specially the drier mountainous parts 
of South-Western and South-Central Asia and the Himalaya (Chaudhary et al., 2008). Iran alone has more than 
840 species and is one of the main centers of diversity of the genus. Astragalus has been divided into 
approximately 150 sections (Ranjbar, 2009).  
 
II. Astragalus morphological characters: 

 
Astragalus plants are herbs or subshrubs, sometimes planted in the rock-garden. Leaves usually odd-

pinnate, flowers papilionaceous, white, yellow or purple, in axillary racemes or heads, calyx-teeth nearly equal, 
wings of corolla adhering to keel, stamens 9 and 1, ovary sessile or stalked, usually with many ovules, pod 
various, inflated or thin and bladder-like, 1-2 celled (Bailey, 1969). 

Boulos (1999) described Astragalus as follows: annuals, herbaceous perennials or shrubs; leaves pari-or 
imparipinnate; stipules conspicuous, free or adnate to the petiole, herbaceous or glumaceous; inflorescence a 
sessile or pedunculate spike or raceme, or flowers sessile in upper leaf axils, rarely solitary; calyx campanulate 
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to tubular or deeply lobed; glabrous or hairy; hairs simple or biarmous; corolla white, pink, purple or yellow; 
wings and keel usually shorter than the standard; stamens diadelphous; fruit a variously shaped legume; seeds 
compressed, globular or ovoid. 

Kaye (1999) recorded that Astragalus australis var. olympicus plant produced large number of flowers and 
ovules (314.8 and 4106, respectively), but relatively few of these formed fruits and seeds (25.8 and 3.8%, 
respectively), due to predation, seed abortion, and lack of fertilization. 

Egypt and Syria represent two different habitats. According to El-Hadidi and Hosni (2000) phytochoria 
represented in Egypt are Mediterranean-Sahara regional transition zone, Sahara-Sinian regional zone and Sahel 
regional transition zone. On the other hand, Syria represents Irano-Turanian elements. 

Zoghlami and Zouaghi (2003) studied the morphological variation between Astragalus hamosus and 
Coronilla scorpioides populations using local germoplasm collected in northern and central Tunisia. Twenty-
one morphological traits were recorded and data were analysed using complementary statistical analysis. 
Considerable variation based on morphological and agronomical traits was found between populations and for 
both species. Pod and peduncle lengths as well as flowers number were the most discriminant variables between 
populations. Differences were also found for variables like seed number per pod, seed yield and dry matter 
production. Significant correlations were found between plant traits and the environmental parameters of the 
origin sites. This study reveals enough variation among populations to initiate a selection program for pasture 
improvement in arid and semi-arid areas of Tunisia, where the two species are well adapted. 

Taeb et al. (2007) found that, fruit morphology, does not provide strong evidence in delimitation of the 
sections within annual Astragalus. Presence of long and thick hairs with largely tuberculate base are advanced 
characters and important synapomorphy among annual Astragalus. There are not enough supports from hair, 
floral morphology and biogeography for considering A. annularis as separated from Astragalus (as suggested by 
molecular data). 

Ağar et al. (2009) used fatty acid (FAs) and RAPD profiles to examine phenotypic and genetic relationships 
among five Astragalus species, namely A. declinatus, A. microcephalus, A. aduncus, A. xerophilus and A. 
erinoceus, which were grown as wild in Eastern Anatolia region of Turkey. All of five Astragalus species tested 
in this study were separated based on the presence and composition of 69 different FAs. Four of Astragalus 
species including A. declinatus, A. xerophilus, A. erinoceus and A. aduncus, were rich in terms of FA contents 
containing at least 28-55 different FAs. Six of the twelve decamer primers examined were selected to find out 
genetic polymorphism in Astragalus species. Total 36 polymorphic bands were observed, ranging in size from 
300 pb to 2100 pb. The RAPD results suggested that A. microcephalus, A. erinoceus, and A. aduncus are closely 
related and completely different than the other species. Three genetically distinct groups were found between 
Astragalus species. The results obtained suggest that both RAPD and FA analysis are useful methods, which can 
be used for differentiation of Astragalus species. 

Anand et al. (2010) stated that 40 accessions belonging to four closely related species of the Astragalus 
rhizanthus complex (i.e., A. rhizanthus,  A. candolleanus, A. malacophyllus and A. pindreensis) were collected 
from different parts of the Indian Himalaya and analyzed for intra – and inter-specific relationship using 
Random Amplified Polymorphic DNA (RAPD), Inter Simple Sequence Repeats (ISSR) and Directed 
Amplification of Minisatellite DNA (DAMD). Eighteen RAPD, 15 ISSR and 6 DAMD primers were used to 
study the genetic diversity between the species. A total of 449 bands for RAPD, 326 bands from ISSR and 179 
bands from DAMD were obtained. Nearly 98.44% of RAPD, 99.38% of ISSR and 98.32% of DAMD bands 
were polymorphic. Pair-wise genetic similarity for a cumulative data was determined using Jaccard's similarity 
coefficient which varied from 0.23 to 0.82 and a Neighbor-joining (NJ) dendrogram was generated. The genetic 
similarity from the data matrix estimated by Jaccard's coefficient shows that all four species are distinct in 
accordance with obtained morphological findings as well as previous taxonomic treatment in which these 
species have been treated distinctly. The highest degree of genetic similarity was observed within A. rhizanthus 
followed by A. malacophyllus, A. candollearus and A. pindreensis. This study has proved that these markers 
have the ability to distinguish the closely allied species as well as analyze the genetic diversity within and 
between the species. 

On the basis that empirical data on functional growth dynamics do not exist for milkvetch (Astragalus) 
species, although they are essential to understand plant ability to acclimate to new habitat, needed to predict its 
performance in future climate scenarios (Aniszewski, 2010),  

Knaus (2010) demonstrated significant relations among morphological diversity within A. lentiginosus and 
climatic parameters, which are generally stronger than geographic relations. 

Mourad and Sharawy (2010) investigated the pod morphological and anatomical characters of 20 species, 
one sub-species and five varieties of Astragalus out of the 32 species growing in Egypt by light and scanning 
electron microscopy, and numerically analysed to show the inter-as well as the infra-specific relationships. It 
was concluded that both A. trimestris and A. corrugates showed marked affinity to other species investigated in 
their work. Moreover, an approach was tried to study the interspecific relationships through the investigation of 
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morphology and anatomy of the pod of the studied taxa and for a numerical evaluation of such characters. Also, 
the outcome data were matched against their numerical classifications on other criteria by other researchers. 

The classical classification of Astragalus mainly depends on morphological characteristics. These 
characteristics are mainly affected by environmental factors during plant growth. Although identification of 
some sections within the genus Astragalus is relatively simple, however, some sections pose much more 
complex situations. The positioning of the species within each section is the most challenging task facing the 
taxonomists (Meher et al., 2012). 

This paper is the second of a series of studies. The first one (El-Sahhar et al., 2013) dealt with seed features 
and germination of Astragalus annularis Forssk; A. boeticus L. and A. hamosus L.; all procured from Egyptian 
and again Syrian florae. All were tested under the same conditions (Egyptian habitat). It was intended to find out 
if there is any effect for origin on studied characters. The present study is a contribution of the same concept 
where morphological characters of plant, scanning electron microscopy of leaf and SDS-PAGE of proteins of 
the three above mentioned species from Egyptian and Syrian florae are considered.   
 
Materials and Methods 
 
I. Source of seeds: 

 
Investigated plant species were: Astragalus annularis Forssk., Astragalus boeticus L. and Astragalus 

hamosus L.. Nomenclature details of studied species and source information of seed samples were given in the 
first part of this study (El-Sahhar et al., 2013) 
 
II. Field work procedure: 

 
The field work was carried out during the two consecutive seasons of 2011/2012 and 2012/2013 in the 

experimental field of Department of Agricultural Botany, Faculty of Agriculture, Cairo University, Giza, Egypt. 
Seeds of studied species were dropped into about 6 times their volume of 100ºC pre-heated water and left 

soaked in the water to cool for 36 hrs to break seed dormancy. Seeds were then sown in divided foam trays (a 
seed/hole) in a mixture of equal volume of peat moss and vermiculite. Resulting uniform transplants of each 
plant species were then cultivated in the open field. The experimental layout was a Randomized Complete Block 
Design at the rate of four replicates for each investigated plant species. Transplants were planted in ridges 45cm 
apart, on the eastern side, and inserted at 30cm distance between each other. All field practices were then 
performed as recommended for the investigated plants. Data were recorded on 5 plants/species from each 
replicate; totaling 20 plants/species. Vegetative and reproductive growth of studied species was followed up 
through the two consecutive seasons of the experiment.  
 
III. Vegetative growth: 

 
Data were recorded when plants were 21-22 weeks old. The following characters were measured using as 

tools when needed, a meter ruler, a clipper and an area measuring meter, model Cl-202 Laser Area Meter, USA.    
 

1. Root and stem:  
 
Root type, primary and secondary root length (cm), primary and secondary root thickness (mm), hypocotyl 

length (mm), stem habit, plant height (cm), stem length (cm), number of internodes on the main stem, average 
length of internode of the main stem (mm), stem thickness (mm) at median portion, number of branches, 
average length of branchs (cm) and diameter of plant canopy (cm). 

 
2. Leaf lamina and petiole:  
 
a. Cotyledonary leaf: 
 

Length (mm), width (mm) and area (cm²). 
 
b. Foliage leaf:  

 
i. First leaf: 
 

Length (mm), width (mm) and area (cm²). 
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ii.Leaf morphological characters at mid-node of main stem: 
 

Leaf type: As illustrated by Hickey and King (2000), phyllotaxy: As determined by Keller (2004), leaves 
number of main stem, leaf length (cm), leaf width (mm), leaf area (cm²), petiole length (mm),leaflets number 
(pairs)/ leaf, average leaflet length (mm), average leaflet width (mm), leaflet shape: As illustrated by Radford et 
al. (1974), leaflet apex shape, leaflet base shape and leaflet margin: As shown by Simpson (2010), stipule length 
(mm) and stipule colour.       
 
IV. Reproductive growth: 
 
1. Inflorescence:  

 
Inflorescence type, node of first inflorescence, number of inflorescences on main stem, number of 

inflorescences on branches, inflorescence length (mm), inflorescence diameter (mm) and number of 
flowers/inflorescence. 
 
2. Flower (median portion of inflorescence): 

 
Flowering date (days), flower length (mm), flower diameter (mm), bract length (mm), calyx colour, calyx 

fusion, calyx length (mm), calyx width (mm), calyx teeth length (mm), corolla colour, corolla aestivation, index 
of standard, standard length (mm), standard width (mm), wing length (mm), wing width (mm), keel length (mm)  
and keel width (mm). 
 
3. Fruit:  

 
Maturity date (days), fruit colour, fruit shape, fruit surface, fruit length (mm), fruit width (mm), number of  

pods/inflorescence, pod weight (g) and number of seeds/pod.            
 
V. Scanning Electron Microscopy (SEM):  

 
Using critical point dryer, lamina samples become completely dry and their cells do not deform. Using 

Edwards Sputter Coater, S150 B, Samples be coated by a thin layer of gold palladium to get a highly focused 
image and avoid damaging the samples. JSM-5200 Scanning Electron Microscope (SEM), JEOL model (Japan) 
operates at 10-5 torr vacuum, accelerating voltage 60 kv and 40µA filament current (Cole and Behnke, 1975 and 
Clougher, 1990).  

SEM on lamina epidremis was applied by mounting dry leaflets. The studied micro-morphological features 
were; upper lamina surface texture, lower lamina surface texture, lamina margin texture, hair density and 
stomata characteristics; i.e., stomatal type, stomatal pore length and width (µ) and number of stomata/cm2 on 
lamina upper and on lower surfaces. The magnification power was expressed by (X) for each SEM photograph, 
varied according to the sample sizes (Hicky and King, 2000; Arpita et al., 2002; Simpson, 2010; Youssef et al., 
2006 and Khattab et al., 2007).  
 
VI. Plant protein fractioning: 

 
Sodium dodecylsulphate polyacrylamide gel electrophoresis (SDS–PAGE) was used to identify the 3 

studied species through their plant storage protein fingerprints. The samples were randomly chosen. Protein 
fractions were performed exclusively on 0.75 mm-thick vertical slab gels, being cast and electrophoresed using 
the BioRad miniprotein II system as given by Laemmli (1970) and modified by Studier (1973) as follows: 
1. Protein extraction.              2. Gel preparation.              3. Samples application. 
 
4. Preparation and adding of protein standard: 

 
SDS-PAGE molecular weight standard solution contained 7 proteins with the following molecular weights; 

225, 150, 100, 75, 50, 35 and 25 Kilo Daltons was used. 
 
5. Gel running: 
 
6. Gel photographing: 

 
All gels resulting from SDS-PAGE were scanned using the Gel Doc 2000 Bio-Rad system and analyzed 

with Quantity One Software package supplied by the manufacturer. The protein migration in cm was plotted 
against the protein markers, to obtain standard curve of molecular weight.     
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The resulting data were expressed in the proper units (kilo-Daltons), where the role of Gel-Pro analyzer 
software version 4.0 was concerning the precise determination of each band then counting and classifying the 
bands according to standard molecular weight (Farrell, 2001).  
 
VII. Statistical analysis: 
 
1. Conventional Statistics:  

 
Morphological data of this study were subjected to conventional methods of statistical analysis according to 

Snedecor and Cochran (1989). 
 
2. Numerical analysis: 

 
The resemblance between the fundamental taxonomic units (specimens) employed in numerical analysis, 

referred to as Operational Taxonomic Units (OTUs). After calculating the similarity (or distance) values 
between all possible pairs of specimens under study for all studied characters, similarity matrix (distance table) 
was calculated for all pairs, and then analyzed using Single Linkage Clustering technique (Sneath and Sokal, 
1973). The similarity coefficient between all pairs of specimens was calculated through the following formula:  

 
 
Similarity (a, b) =  
 
 
a,b: pair of specimens 
 
The final results of this technique were constructed in a dendrogram representing the level of similarity in 

which the studied species have been shared.  
 

Results and Discussion 
 
The present study follows up any variation might take place in different morphological plant characters and 

proteins SDS-PAGE of three species of genus Astragalus collected from both flora of Egypt and their 
correspondent in flora of Syria when grown in Egypt to spot the effect of habitat on characters of these plant 
species. Results obtained are given in what follows:  
 
I. Vegetative growth: 

 
In concern of root characters (Table 1), A. annularis and A. hamosus (Egypt) recorded a significant increase 

for secondary root length (17.51 and 15.40 cm) and thickness (0.75 and 0.87 mm) compared to the same species 
from Syria (15.57, 12.01 cm and 0.66, 0.78 mm; respectively). The differences of other investigated root 
characters of both species from Egypt and Syria were statistically indifferent. As to A. boeticus (Egypt) primary 
(6.25 cm) and secondary (22.31 cm) roots and hypocotyl (28.40 mm) lengths exceeded those of A. boeticus 
(Syria); 4.54, 16.23 and 15.70 mm, respectively. In contrast, secondary root thickness (0.87 mm) of A. boeticus 
(Syria) surpassed that of Egypt (0.79 mm). However, the primary root thickness was insignificant between 
species of Egypt and Syria. 

Concerning the hypocotyl length (Table 1), data recorded by A. annularis of Egypt and Syria were 
indifferent. A. hamosus, also, showed similar result. However, A. boeticus (Egypt) surpassed that of Syria, being 
28.4 versus 15.7 mm. 

In respect of stem characters (Table 1), A. annularis (Egypt) recorded significant higher values than those 
of A. annularis (Syria) for plant height (51. 09 cm), stem length (37.13 cm), average length of main stem 
internodes (12.90 mm), average length of branches (25.47 cm) and diameter of plant canopy (54.67 cm); 
compared to 39.93 cm, 27.41 cm, 9.70 mm, 16.79 cm and 38.06 cm, respectively. On the contrary, A. annularis 
(Syria) showed higher number of main stem internodes, being 23.30 compared to 16.90 for A. annularis 
(Egypt). Other studied characters were insignificant. 

Regarding A. boeticus (Egypt) plant height (58.80 cm), average length of main stem internodes (12.20 mm), 
average length of branches (32.34 cm) and diameter of plant canopy (51.70 cm) exceeded those of A. boeticus 
(Syria) being 53.04 cm, 8.40 mm, 25.40 cm and 37.96 cm, respectively. In contrast, stem thickness at top (2.59 
mm) and branches number (7.60) of A. boeticus (Syria) were higher than A. boeticus (Egypt) being 2.12 mm and 
4.70, respectively. The remainder of studied characters was insignificant. 

 

No. of characters in which states are shared by a x b    
No. of characters in which a x b have been compared 
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Table 1: Morphological characters of root and stem of Astragalus studied species  

Species 
 

Characters 

A. annularis A. boeticus A. hamosus LSD(0.05) 
species 

X 
origin 

Egypt Syria Egypt Syria Egypt Syria 

1. The Root: 
Root type 

Tap Tap Tap  
- 

Primary root length (cm) 6.42 5.80 6.25 4.54 4.44 4.53 0.76 
Secondary root length (cm) 17.51 15.57 22.31 16.23 15.40 12.01 0.89 

Primary root thickness (mm) 0.18 0.19 0.23 0.21 0.19 0.23 n.s. 
Secondary root thickness (mm) 0.75 0.66 0.79 0.87 0.87 0.78 0.08 

2. Hypocotyl length (mm) 11.20 14.80 28.40 15.70 11.70 14.30 5.08 
3. The stem: 
Stem habit 

Aerial herbaceous erect  
- 

Plant height (cm) 51.09 39.93 58.80 53.04 64.34 34.15 4.35 
Stem length (cm) 37.13 27.41 36.72 36.81 47.94 28.01 3.04 

Internodes number of the main stem 16.90 23.30 18.70 18.30 17.60 15.40 1.08 
Avg. internode length of the main stem (mm) 12.90 9.70 12.20 8.40 14.30 7.00 1.46 

Stem thickness at median portion (mm) 3.00 3.39 3.54 3.60 1.76 2.65 0.48 
Stem thickness at the top (mm) 2.14 2.40 2.12 2.59 1.21 1.88 0.32 

Number of branches 6.40 6.40 4.70 7.60 5.20 6.00 0.83 
Average length of branches (cm) 25.47 16.79 32.34 25.40 36.71 20.04 2.49 
Diameter of plant canopy (cm) 54.67 38.06 51.70 37.96 85.96 34.94 6.71 

   n.s. = not significant                      
 
It is worthy to note that, in general, stem characters of A. hamosus behaved in a manner similar to that 

recorded for A. annularis apart from internodes number of the main stem where A. hamosus (Egypt) recorded 
17.60 higher than that of A. hamosus (Syria), being 15.40. In the mean time, A. hamosus (Syria) showed 
increase in stem thickness at median (2.65 mm) and top (1.88 mm) portions compared to 1.76 and 1.21 mm, 
respectively for A. hamosus (Egypt). 

Figure (1) illustrates the plant habit of the three studied species of Astragalus from Egypt and Syria florae 
growing under local habitat. 

Data in Table (2) and Fig. (2) demonstrate leaf morphological characters of investigated species. Results 
indicate that, area of cotyledonary leaf was biased along with significant excellence of its length only in Syrian 
types of A. annularis (7.10 versus 5.20 mm) and A. hamosus (7.00 versus 5.50 mm). In contrast, cotyledonary 
leaf of A. boeticus (Egypt) recorded length of 11.10 mm compared to length of 9.80 mm in case of A. boeticus 
(Syria). However, cotyledonary area of A. annularis (Egypt), 1.62 cm², exceeded that of Syria (0.81 cm²). In 
case of A. hamosus (Syria) recorded 1.57 cm² versus 0.92 cm² for that of Egypt. Values of the remainder of 
cotyledonary area characters were indifferent. 

Regarding the first leaf, A. annularis (Egypt) recorded higher values compared to that of Syria; i.e., length 
31.3 versus 20.3 mm, width 11.0 versus 5.8 mm and area 2.17 versus 1.45 cm². In contrast, A. hamosus (Syria) 
exceeded that of Egypt recording length of 37.0 versus 27.7 mm, width 9.0 versus 5.0 mm and area 2.18 versus 
1.72 cm². However, A. boeticus (Egypt) recorded length of 50.7 versus 38.0 mm for that of Syria. On the 
contrary, A. boeticus (Syria) showed width of 15.0 versus 10.5 mm and area of 3.77 versus 3.14 cm² for that of 
Egypt. 

At mid-node of the main stem, adult leaf is odd-pinnate with alternate spiral phyllotaxy (1/3), and has 
entire-margin elliptic leaflets with emarginated apex and oblique base, where stipules are green, tend to reddish 
in Syrian A. annularis type. With respect to foliage leaf characters, A. annularis and A. hamosus (Egypt) 
surpassed those of Syria in most studied traits. In contrast, A. boeticus (Syria) leaf characters recorded higher 
values compared to that of Egypt. 

No variation was observed for all studied qualitative leaf characters of all studied Astragalus species. 
 
II. Reproductive growth: 

 
Figure (3) illustrates that flowers entire, synsepalous, calyx with five united tubular green sepals, corolla of 

five petals; large standard (banner) oblance-ovate in shape, two lateral wing petals, and two fused petals that 
form the keel, in descending imbricate arrangement, almost white, but violet in A. annularis (Syria). The 
androecium of 10 stamens in two clusters form diadelphous tube; 9 fused and 1 free. The gynoecium of one 
pistil fused along the ventral suture; marginal placenta, ovary sessile or stalked, usually with many ovules.    

Table (3) depicts the morphological characters of inflorescence and flower of studied Astragalus species. 
No qualitative variance was recorded between any of the three studied species of flora of Egypt and their 
correspondents from flora of Syria.  
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Fig. 1: Plant habitat of Astragalus studied species; 1: A. annularis, 2: A. boeticus and 3: A. hamosus from two 

florae; E: Egypt and S: Syria. 
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(2- S) 
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Fig.2: Leaf morphological characters of Astragalus studied species; 1: A. annularis, 2: A. boeticus and 3: A. 

hamosus from two florae; E: Egypt and S: Syria, where F: First leaf and L: Leaf at mid-node of main 
stem 

 
Referring to the quantitative characters of inflorescence, most of values recorded by A. boeticus and A. 

hamosus from flora of Egypt surpassed those of their correspondent from Syria. However, in case of A. 
annularis no consistent trend was observed. 

Regarding the quantitative traits of flower, the majority of data recorded were statistically indifferent. 
However, little numbers of studied characters were higher in case of Syrian flora compared with those from 
flora of Egypt. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

1-E F 1-S F 1-E L 1-S L 

2-E 2-S F 2-E L 2-S L 

3-E 3-S F 3-E L 3-S L F 

F 
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Table 2: Leaf morphological characters (lamina and petiole) of Astragalus studied species 

Species 
 

Characters 

A. annularis A. boeticus A. hamosus LSD(0.05) 

species 
X 

origin 

Egypt Syria Egypt Syria Egypt Syria 

Cotyledonary leaf: 
Length (mm) 

 

5.20 
 

7.10 
 

11.10 
 

9.80 
 

5.50 
 

7.00 
 

 
0.80 

 
Width (mm) 3.90 3.20 5.80 6.20 3.00 2.70 0.86 
Area (cm²) 1.62 0.81 1.91 2.08 0.92 1.57 0.55 
First leaf: 

Length (mm) 
31.30 20.30 50.70 38.00 27.70 37.00  

3.50 
Width (mm) 11.00 5.80 10.50 15.00 5.00 9.00 0.37 
Area (cm²) 2.17 1.45 3.14 3.77 1.72 2.18 0.29 

At mid-node of main stem: 
Leaf type 

odd-pinnate odd-pinnate odd-pinnate  
- 

Phyllotaxy alternate spiral 
1/3 

alternate spiral 
1/3 

alternate spiral 
1/3 

 

Leaves no. of main stem 16.90 23.30 18.70 18.30 17.60 15.40 1.21 
Leaf length (cm) 14.40 12.83 14.21 17.52 13.66 13.58 0.11 
Leaf width (mm) 28.30 36.00 29.10 29.20 25.50 17.30 0.24 
Leaf area (cm²) 44.90 37.98 32.92 55.47 41.25 33.10 7.78 

Petiole length (mm) 31.20 19.50 9.50 21.00 26.60 32.90 0.85 
Leaflets no. (pairs)/leaf 10.75 9.00 11.13 12.00 10.00 10.83 0.85 

Average leaflet length (mm) 11.50 10.00 10.00 8.00 10.50 9.10 0.81 
Average leaflet width (mm) 5.10 4.90 5.00 4.10 4.30 4.10 n.s. 

Leaflet shape elliptic elliptic elliptic - 
Leaflet apex shape emarginate emarginate emarginate - 
Leaflet base shape oblique oblique oblique - 

Leaflet margin entire entire entire - 
Stipule length (mm) 6.80 6.10 7.40 9.00 6.70 6.30 1.31 

Stipule colour green reddish 
green 

green green - 

n.s. = not significant                        
 
Table 3: Morphological characters of Inflorescence and flower of Astragalus studied species 

Species 
 
 
 
 

Characters 

A. annularis A. boeticus A. hamosus LSD(0.05) 
species 

X 
origin 

Egypt Syria Egypt Syria Egypt Syria 

Inflorescence: 
type 

Indeterminate 
raceme 

indeterminate 
raceme 

indeterminate 
raceme 

 
- 

Node of first inflorescence 12.80 11.10 11.00 10.40 11.90 12.00 n.s. 
No. on main stem 2.80 7.80 5.00 2.10 2.50 2.00 0.58 
No. on branches 9.80 19.30 13.90 4.80 16.70 15.50 1.07 

Length (mm) 25.10 12.60 63.90 53.30 57.60 54.30 1.74 
Diameter (mm) 10.80 7.90 7.00 8.90 8.80 11.80 3.37 
No. of flowers 6.25 2.56 6.84 7.77 5.50 5.13 0.47 

Flower 
Flowering date (days) 

132.00 
 

125.00 
 

111.00 
 

119.00 
 

122.00 
 

153.00 
 

8.91 

Flower length (mm) 11.00 12.33 11.00 11.00 8.83 9.67 0.91 
Flower diameter (mm) 2.23 2.10 3.16 3.36 3.00 2.76 0.37 

Bract length (mm) 2.33 3.17 2.50 2.33 2.67 3.75 0.37 
Calyx color pale green green green green - 
Calyx fusion entire synsepalous entire synsepalous entire synsepalous - 

Calyx length (mm) 7.13 7.50 6.17 6.83 5.33 6.67 1.15 
Calyx width (mm) 4.13 4.50 2.83 4.33 3.33 2.67 0.43 

Calyx teeth length (mm) 3.38 3.67 1.67 3.17 2.00 3.33 0.24 
Corolla colour yellowish 

white 
violet pale yellowish white yellowish 

white 
white - 

Corolla aestivation descending 
imbricate 

descending 
imbricate 

descending 
imbricate 

- 

Index of standard oblance-ovate oblance-ovate oblance-ovate - 
Standard length (mm) 9.25 11.03 8.33 9.00 7.17 7.00 0.73 
Standard width (mm) 4.15 4.00 3.83 4.50 3.83 3.33 0.50 

Wing length (mm) 7.50 8.17 6.00 7.67 5.17 5.83 0.59 
Wing width (mm) 1.90 1.83 1.33 2.00 1.50 1.50 0.13 
Keel length (mm) 6.38 6.67 5.00 6.50 4.83 5.00 0.38 
Keel width (mm) 2.00 2.00 2.00 2.00 2.00 2.00 n.s. 

n.s. = not significant                        
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Figure (4) illustrates mature fruits of studied Astragalus species. Pods green in colour, tinged in brown. In  

case  of  A. annularis  and  A. hamosus  tubular  in  shape,  hooked,  long, tapered ended and pubescent. 
However, A. boeticus pods sack, strait, hooked ended and glabrous. Seeds of Astragalus studied species 
compressed, oblique, light brown. 

Noteworthy to state that pods and seeds of studied species procured from flora of Egypt did not differ 
qualitatively with their correspondents from flora of Syria. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Inflorescence and flower parts of Astragalus studied species; 1: A. annularis, 2: A. boeticus and 3: A. 
hamosus, from two florae; E: Egypt and S: Syria 

 
Morphological characters of pods of studied Astragalus species are given in Table (4). It was noticed that A. 

boeticus and A. hamosus from flora of Egypt matured earlier (166 and 171 days, respectively) compared with 
those of flora of Syria (188 and 197 days, respectively). The specific characters of pods were in favour of 
species of Syria in case of A. boeticus and A. hamosus. In contrast, in case of A. annularis those of Egyptian 
origin, in general, surpassed those from flora of Syria.   
 
III. Scanning Electron Microscopy:  

 
Referring to qualitative characteristics of lamina demonstrated in Table (5) and Fig. (5), lower lamina 

surface texture, in all studied species, contradicted that of the upper ones; they were glaborous in the former and 
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rough in the latter. A. boeticus has trichomes on midrib and edge of lamina. Stoma in all studied species has 3 
subsidiary cells of different size enclosing the guard cells; i.e., dicotyledonous anisocytic type. 
 
Table 4: Morphological characters of fruit of Astragalus studied species 

Species 
 

Characters 

A. annularis A. boeticus A. hamosus LSD(0.05) 

species 
X 

origin 

Egypt Syria Egypt Syria Egypt Syria 

Maturity date (days) 183.00 178.00 166.00 188.00 171.00 197.00 15.52 
Fruit colour green Green with brown ventral 

line 
Green with pale brown - 

Fruit type Legume Legume Legume - 
Fruit shape tubular sack tubular - 

hooked as 
half circle 

hooked 
with deep 
dorsal slip 

straight slightly 
hooked 

strongly 
hooked as 

circle 

- 

long tapered end hooked end long tapered end - 
Fruit surface pubescent smooth pubescent - 

Fruit length (mm) 54.00 36.80 31.60 34.00 30.80 56.30 3.24 
Fruit width (mm) 2.60 3.50 5.30 4.90 2.50 2.20 0.70 

No. of  pods/inflorescence 4.62 1.41 2.00 2.50 4.70 3.00 0.35 
average pod weight (g) 0.21 0.15 0.33 0.30 0.09 0.18 0.06 

No. of seeds/pod 27.2 28 6.33 7.25 20.6 26.6 1.95 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Inflorescence and flower parts of Astragalus studied species; 1: A. annularis, 2: A. boeticus and 3: A. 
hamosus, from two florae; E: Egypt and S: Syria 

 
Table 5: Micro-morphological characters using SEM of lamina of Astragalus studied species.  

Species 
 

Characters 

A. annularis A. boeticus A. hamosus LSD(0.05) 

species 
X 

origin 

Egypt Syria Egypt Syria Egypt Syria 

Upper lamina surface 
texture 

smooth smooth smooth - 

Lower lamina surface 
texture 

rough slightly rough; hairs 
concentrated on midrib 

rough - 

Lamina margin texture smooth slightly rough smooth - 
Hair density 5584.12 867.05 128.02 428.34 4769.20 1087.84 127.70 

Stomatal  type Dicotyledonous anisocytic Dicotyledonous anisocytic Dicotyledonous anisocytic - 
Stomatal pore length (µ) 12.5 7.81 6.47 10.88 9.06 10.31 1.49 

Stomatal apparatus 
length (µ) 

18.75 15.31 20.00 20.58 23.42 21.87 0.94 

Stomatal apparatus 
width (µ) 

8.43 6.87 7.05 8.82 8.12 8.43 1.00 

No. of stomata/cm2 on 
lamina  upper surface 

21119.82 11297.61 16431.15 23201.85 18376.21 15852.88 1485 

No. of stomata/cm2 on 
lamina lower surface 

21360.49 18092.10 19717.38 26054.38 27213.06 23201.85 1485 
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In respect of quantitative lamina and stoma measurements, results were contradicting between A. annularis 
and A. hamosus in a side and A. boeticus in another, where Egyptian types of the formers and Syrian type of the 
latter exceeded significantly the others. Stomatal distribution category in all studied species is Potato type; 
stomata are found on both surfaces of leaf, i.e., amphistomatic leaf, but these are more on the lower surface 
(multistomatic) than those on the upper surface; i.e., paucistomatic (Pandey and Chadha, 1998). Regardless 
species, aforementioned ultrastructural feature of leaves are in harmony with results obtained by Youssef et al., 
2006. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Lamina stomatal shape and density of Astragalus studied species as shown by SEM; 1: A. annularis, 2: 

A. boeticus and 3: A. hamosus, from two florae; E: Egypt and S: Syria. (Cont.) 
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IV. Plant protein fractioning: 
 
Electrophoretic separation of proteins in whole plants was achieved according to SDS-PAGE technique. 

Comparable data among the studied Astragalus species are illustrated in Table (6) and Fig. (6). 
It is realized from data that, molecular weights (M.W.) ranged between 148.55 and 25.23 K. Da. A 

maximum number of 6 protein bands were exhibited. All species shared all bands; i.e., no species own a distinct 
protein band, which clear the possibility to distinguish between them, on the basis of protein analysis. The 
aforementioned results emphasized the relation between all studied species, as grouping in one genus. It is 
worthy to mention that, the amount of each protein band is more elaborated in Egyptian types than Syrian ones, 
this might be a bale effect of altering the seed origin. 

 
Table 6: Analysis of total protein (SDS-PAGE) in plants of Astragalus studied species shown by molecular weight (K. Da.) for every band. 

Species 
Band no. 

marker A. annularis A.  boeticus A. hamosus 
Egypt Syria Egypt Syria Egypt Syria 

1 225.00 - - - - - - 
2 150.00 146.37 145.64 148.55 144.92 147.09 146.37 
3 100.00 93.77 94.14 95.24 94.51 94.87 94.14 
4 75.00 72.03 71.60 72.87 72.45 72.87 72.45 
5 50.00 45.13 44.65 45.37 45.16 45.13 44.89 
6 35.00 31.75 31.84 31.94 31.84 31.84 31.75 
7 25.00 25.34 25.29 25.29 25.26 25.29 25.23 

 
V. Numerical analysis: 

 
Various plant morphological, micro-morphological and protein fractioning features were used to determine 

the similarity/dissimilarity of investigated Astragalus species. The dendrogram (Fig.7), produced by  using  
specimen features of the  studied  species,  showed  the  highest  average  distance  between  clusters  (Similarity 
level)  at  0.89. At that level the studied specimens split into two major clusters. The first cluster enclosed sub-
cluster determined at level 0.32, and includes specimens representing the species A. annularis (Egypt) and A. 
hamosus (Egypt), while one specimen is linked hierarchically with the aforementioned species at level 0.39; i.e., 
A. boeticus (Syria). The second cluster is distinguished at level 0.26. Within this cluster some specimens are 

3-E 3-E 3-E 

3-S 3-S 3-S 

Fig. 5: (Cont.) 
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linked together at similarity level of 0.03; namely, A. boeticus (Egypt) and A. hamosus (Syria), this sub-cluster 
gathered with A. annularis (Syria) at level 0.26. 

In current case it might be concluded that species-split-away-in-clusters process not count on kinship 
relation, but depends, mainly, on seed origin; i.e., flora of Egypt or of Syria. Egyptian types of A. annularis and 
A. hamosus were grouped together, whereas Syrian ones clustered with themselves. Still, as governed by 
aforementioned principle, both genotypes of A. boeticus split away in two remote clusters, but they follow a 
trend of their own, where the Egyptian type biased to the Syrian group, and its Syrian one grouped with 
Egyptian cluster. Latter species may act independently to the other two species as to its more sensitivity to 
variation of seed source. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6: SDS-PAGE of total proteins in plants of Astragalus studied species 

 
Fig. 7: Dendrogram of specimens representing three Egyptian and their correspondent Syrian species of 

Astragalus based on morphological, micro-morphological and protein fractioning features of plant. 
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It is worthy to mention that in a former part of this series of studies on Astragalus dealing with seed and 
germination characteristics, A. annularis was the sensitive species practicing abnormal splitting distorted the 
depend-on-genetic-relations distinct the two clusters of A. boeticus and A. hamosus (El-Sahhar et al., 2013). 

Regardless the employed species, the present numerical analysis results were in accordance with those 
obtained by Khattab (2002) on some Vicia species, Youssef et al. (2003) and El-Sgai (2006) on some Poaceae 
species and Youssef et al. (2006) and Khattab et al. (2007) on some genera of Mimosaceae and Caesalpiniaceae. 
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