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ABSTRACT 

 

 This is the third in a series of papers aimed at spotting any changes might occur in plants of a given flora 

when grown in another flora (habitat).  Three species of Astragalus L.; namely, Astragalus annularis Forssk, A. 

boeticus L. and A. hamosus L. from flora of Syria were grown under Egyptian conditions side by side their 

correspondent species from flora of Egypt. In this study, anatomical characters and chemical components were 

followed up. Data obtained of this study and those of previous papers were subjected to numerical analysis. 

Results of anatomical features and chemical analysis showed that Egyptian types recorded higher values than 

their correspondents from Syrian flora in most investigated characters at both vegetative and reproductive 

growth stages. However, for qualitative characters, studied species almost showed no differences. Both A. 

annularis and A. hamosus showed similar behavior, but A. boeticus behaved differently in a way of its own. 

Syrian types were more influenced by variation of habitat, Egyptian types; however, were more adaptal to local 

conditions. Numerical analysis proved that origin of seeds in case of A. annularis and A. hamosus played a 

prominent role. They splitted away in clusters process depended on origin where A. annularis and A. hamosus 

from flora of Egypt grouped together. Similarly, those, from flora of Syria clustered with their own selves. In 

contrast, A. boeticus from Egypt biased to Syrian group and Vise versa. This means that the response of plants 

when grown under different habitats (flora) differed according to plant species; where each species showed a 

distinct response.  
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Introduction 

 

 Mouterde (1986) recorded 127 species and 8 varieties of Astragalus growing wildly in Syria and Lebanon. 

Boules (1999) listed 60 species of Astragalus, in addition to 15 subspecies and 8 varieties, growing in flora of 

Egypt. Astragalus L. (Fam. Fabaceae) comes on top of the biggest 57 flowering plants genera having 500 or 

more species, Astragalus includes 3270 species of herbaceous perennial and annual plants (Frodin, 2004). The 

genus is most diversified in the Irano-Turkish region of South-Werstern Asia, the Sino-Himalayan Plateau of 

South Central Asia and the Great Basin and Colorado Plateau of Western North America (Chaudry and 

Srivastava, 2007). 

 

I. Astragalus anatomical features: 

 

 Metcalfe and chalk (1957) revealed that Astragalus petiole structure has the main vascular strand composed 

of separate bundles, U-shaped. Pericycle containing either isolated strands of fibers or a composite and 

continuous ring of sclerenchyma. Tanniniferous cells, sometimes containing protein, mucilage, and other 

materials in the primary cortex. Astragalus stem xylem in young stems very loose in texture, divided into sectors 

by broad medullary rays. Vessels are small, very thick-walled, solitary or in short tangential clusters, with 

reticulate thickening. Ground-mass of the wood composed mostly of thin-walled parenchyma, interspersed with 

small patches of fibers. Haddad and Barnett (1989) examined transverse sections of petioles from the fourteen 

species of European spiny Astragalus. Two major groups of species may be recognized on the basis of 

anatomical features. In the subcircular outline the abaxial and the adaxial sides in some species are convex. The 

other species were found to have a semi- triangular  outline in which their abaxial sides were convex and their 

adaxial sides either flat or only slightly convex. Pirani et al. (2006) studied transverse sections of petioles in 35 

species of Astragalus. They found that Astragalus amblolepis,  A. andalanicus, A. floccosus, A. meyeri, A. 

paralipomenus, A. pycnocephalus and A. stenolepis were characterized by large pith and relatively large 

sclerenchymatous bundles. Mehrabian et al. (2007) studied anatomical characters in transverse sections of 

petioles in 24 species of Astragalus Sect. Incani. The results revealed that anatomical characters were not useful 

http://www.sciencedirect.com/science/article/pii/S0367253005001325
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for circumscribing section but were suitable evidences for taxonomical differentiation in species in this section 

and could be used for delimiting small natural groups.  

 

II. Astragalus chemical features: 

 

 Rios and Waterman (1997) mentioned that Astragalus is used, mainly, as forage. There are two groups of 

Astragalus related to health; the toxic species and the medicinal (with hepatoprotective, antioxidative, 

immunostimulant, and antiviral properties) plants. All the medicinal properties of the astragalus lie in its root. 

The dried root from 4- to -7-year-old plants are collected in the spring before leaves appear or in autumn after 

they have fallen, then are produced by frying the sliced root with honey. A. membranaceus and A. mongholicus 

yield most of the root in commerce and on which most the chemical and pharmacological research has been 

performed. Niknam and Ebrahimzadeh (2002) found that, Astragalus content of phenolics in leaflets was higher 

than that of the roots and seeds. Pistelli (2002) found that the biologically active principles of Astragalus species 

consisted of polysaccharides, saponins and phenolics while the toxic compounds included imidazoline alkaloids, 

nitro toxins and selenium derivatives. Niknam and Salehi Lisar (2004) found that, reducing sugars, 

oligosaccharides and polysaccharides content in roots of some Astragalus species varied from 0.11-0.90, 2.21-

7.27 and 1.3-7.33% dry weight, respectively. The mucilage content in leaflets of different species varied from 

5.32 to 19.24% dry weight. Semmar et al. (2005), in the leaves of Astragalus caprinus, characterized 14 

flavonol glycosides. Further analysis highlighted four chemotypes more or less abundant according to 

geographical sites which corresponded to different climatic conditions. Ağar et al. (2009) used 69 different fatty 

acids (FAs) to examine phenotypic relationships among five Astragalus species. 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. Mohamed et al. (2009) declared that in Astragalus kahiricus DC., a herb 

highly toxic in livestock, hypaphorine alkaloid was isolated. El-Haweit et al. (2010) mentioned that Astragalus 

species used in traditional medicine of China, Bulgaria and Russia, mainly for shortness of breath, general 

weakness, lack of appetite, stomach ulcers, diabetes, nephritis, chronic bronchitis, postpartum urine retention 

and leprosy. Moreover they isolated and identified eight compounds from the aerial parts of two Egyptian 

Astragalus species. From A. annularis, soyasaponin III (1), isorhamnetin-3-O-glucoside (2), isorhamnetin-3-O-

rutinoside (3) and sorbifolin (4) were isolated. Antimicrobial activity of the isolated compounds was tested 

against Staphylococcus aureus, Esherichia coli and Candida albicans. Moussaoui et al. (2011) found that the 

chemical composition of Astragalus armatus contained a low percentage of lignin (around 17%) and an 

acceptable content of holocellulose (54%). The ash content was around 3%. Zhang et al. (2011) isolated 24 

secondary metabolites, including 16 isoflavonoids, 7 astragalosides, and 1 benzoquinone from the roots of 

Astragalus membranaceus. Naghiloo et al. (2012) declared that leaves of A. compactus were a rich source of a 

variety of biologically active compounds including phenols, saponins, polysaccharides and essential oils. The 

leaves of plant were harvested at vegetative, flowering and fructification stages and were analyzed by gas 

chromatography coupled with mass spectrometry (GC-MS). The presence of terpenoides (phytol) was 

significant at the flowering stage. Fructification phase was characterized by the absence of phytol. Benchadi et 

al. (2013) extracted seven known compounds from the methanol extraction of the whole plant Astragalus 

cruciatus Link. including two saponins, four flavonoids and one phytosterol glycoside. The chemotaxonomic 

and systematic characters of the genus Astragalus were summarized in that study to show its interesting 

chemodiversity throughout the world, as well as to establish the chemotaxonomical classification of this genus. 

Farhan et al. (2013) found that leaves and stems of five Lebanese Astragalus spp. contained polyphenol, 

flavonoid, tannin, saponin and terpenoid in different concentrations. They concluded that these compounds may 

be used in the prevention or treatment of some diseases. Lee et al. (2013) isolated a new cycloartane-type 

triterpene glycoside, agroastragaloside V (1) from the roots of Astragalus membranaceus. Four known 

cycloartane glycosides, namely, agroastragaloside I (2), agroastragaloside II (3), isoastragaloside II (4) and 

astragaloside IV (5) were also isolated. 

 The goal of the present work is to detect any variation might occur when plants grow out of their flora. 

Three species of genus Astragalus; namely, A. annularis, A. boeticus and A. hamosus from flora of Syria were 

cultivated side by side under local conditions with their correspondents species from flora of Egypt. In a 

previous study (El-Sahhar et al., 2013a) seed features and germination were investigated. In another work (El-

Sahhar et al., 2013b) plant morphology, SEM of lamina surface and SDS-PAGE of proteins were elucidated. It 

is intended in this paper to follow up plant anatomical characters and chemical components. Data are subjected 

to numerical analysis. 

 

Materials and Methods 

 

 Source of seeds was given in the first part of this study (El-Sahhar et al., 2013a). The field work procedures 

were mentioned before (El-Sahhar et al., 2013b). Anatomical and chemical studies were carried as follows: 
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I. Anatomical studies: 

 

 Five plant samples from each replicate, totaling 20 samples/species, were taken. Basal portion of the main 

root (at primary, 2 weeks old, and secondary, 22 weeks old, growth stages), the main stem (apical and median 

internodes), the leaf (lamina and petiole), the reproductive organs (flower bud and pod) were collected. All 

specimens were killed and fixed in F.A.A. solution, then dehydrated in a normal butyl alcohol series, before 

being embedded in paraffin wax (m. p. 56 ºC). Transverse and longitudinal sections (20µ-thick) were cut using a 

rotary microtome, then double stained with Safranin and Light green in succession, before mounting in Canada 

balsam (Nassar and El-Sahhar, 1998). Counts and measurements of different tissues were recorded using a 

micrometer eye piece and micrometer stage. The average of 5 readings from different samples was calculated. 

The experimental of the anatomical study was carried out at the Microtechnique Laboratory of Agricultural 

Botany Department, Faculty of Agriculture, Cairo University, Giza, Egypt. Micro-photographs of studied 

sections were taken using Microscope Olympus Camera AX70, Japan. 

 

II. Chemical studies: 

 

 Chemical analysis was carried out in Cairo University Research Park (CURP), Faculty of Agriculture, Cairo 

University, Giza, Egypt and Crops Researches Institute, Agricultural Research Center (ARC), Ministry of 

Agriculture, Giza, Egypt. Investigated concentrations (as percentages; gm/100gm) was determined on dry 

weight basis.  

 

A.  Precursors:  

 

1. Moisture% (Chapman and Pratt, 1961): 

 

                                          Sample fresh weight–Sample dry weight (80ºC) 

Primary moisture% =                                                                                             × 100 

                                                                Sample fresh weight 

 

                                          Sample fresh weight (80 ºC) –Sample dry weight (105ºC) 

Secondary moisture% =                                                                                                       × 100 

                                                                  Sample fresh weight 

Total moisture%= Primary moisture% + Secondary moisture% 

 

2. Total Nitrogen %:  

 

 Using Micro-Kjeldahl method (Chapman and Pratt, 1961 and Jackson, 2005).  

 

               
A: Volume of consumsed HCl ; B: Standard of HCl ; C: Volume of digested extraction 100 ml; D: Sample 

weight 0.2 g;  E: Volume of sample extraction 10 ml; 14: N weight equivalent. 

 

3. Total ash:  

 

 Ashing was carried out in a muffle furnace by heating of  3 gm grand dried sample at 155ºC for half to one 

hour then rise heater to 550-600 ºC for 4-8 hours  until complete burning, weighed the melting pot with sample. 

Ash percentage was calculated according to the following formula (Chapman and Pratt, 1961): 

 

                            Weight of sample and             Weight of melting pot  

                            melting pot after burning    –        before burning  

Ash % =                                                                                                   × 100 

                                                   Sample dry weight 

 

B. Primary metabolites: 

 

1. Organic carbon:  

 

 Weight method was used as stated by Chapman and Pratt (1961) and Jakson (2005). Weigh the dried 

melting pot, weigh 1 to 2gm of sample and place them in the muffle at 155 ºC for half hour then at 550-600 ºC 
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for 4-8 hours, weigh the melting pot and sample. The organic material and carbon percentages were calculated 

according to the following formula:  

 

 
2. Total hydrolysable carbohydrates%:  

 

 The total hydrolysable carbohydrates were determined as glucose using phenol-sulfuric acid method 

(Dubois et al., 1956). Spectrophotometer Heλ10S ∞-UNICAM, USA. 

 

3. Total lipids%:  

  

 Total lipid content was determined by the standard Soxhelt extraction method using chloroform and 

methanol (2:1 by volume) as solvents, in Soxtec System HT, 1043 Extraction Unit, Sweden (Anon., 2000). 

 

4. Crude and true protein%:  

 

 After determining total nitrogen using the Kjeldahl method (Anon., 2000) the crude (total) protein was 

calculated by multiplying the total organic nitrogen by 6.25. The percentage of true protein was obtained as 

follows: 

True protein = Crude protein – Nitrogen percentage 

 

C. Secondary metabolites: 

 

1. Crude fibers%:  

 

 Sulfuric acid (200 ml, 1.25% W/V) was used then aqueous sodium hydroxide solution (200 ml, 1.25% 

W/V), then ethyl alcohol and acetone, before being dried at 110 ºC to a constant weight. The content of the 

Gaoch crucible was ignited in an electric muffle at 525 ºC to a constant weight. The ash content was determined 

and subtracted from the dry weight of treated material to give the fiber content (Anon., 2000). 

 

2. Chlorophyll a, b and total (mg/g):  

 

 Determination of photosynthetic pigments was carried out according to Makinny (1941) and Arnon (1949). 

The absorbance was measured at 650 and 665 nm. The concentration was calculated using the following 

formulae: 

Total chlorophyll (mg/g) = Chlorophyll a + Chlorophyll b  

 

                                               (16.5×D665  - 8.3 × D650) × V 

Chlorophyll a (mg/g) =                                                   

                                                                    1000 ×  W 

 

                                                (33.8 × D650 – 12.5  × D665) × V 

Chlorophyll b (mg/g) =                                                     

                                                                     1000 ×  W 

D: Light density of chlorophyll extraction at 665 and 650 nm. 

V: Volume of used acetone; W: Fresh weight of plant sample. 

 

3. Total Alkaloids%: 

 

 Alkaloids were quantitatively estimated (Harborne, 2005). 5 gm of the powdered sample with 200 ml of 

10% acetic acid in ethanol, stand for 4 h. Filtered and the extract was concentrated on a water bath to one-

quarter of the original volume. Concentrated ammonium hydroxide was added drop wise to the extract until the 

precipitation was completed. The collected precipitate was washed with dilute ammonium hydroxide and then 

filtered. The residue was the alkaloid, which was dried and weighed. The alkaloid content was determined as 

follows: 
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     Final weight of sample 

 
Initial weight of extract 

 

 

Alkaloid (%) =      × 100 

      

 

4. Total saponins%:  

 

 The amount of saponins was estimated (Obadoni and Ochuko, 2001). The powdered sample (2 g) with 20 

ml of 20% aqueous ethanol added. The sample was heated over a water bath for 4 h with continuous stirring at 

55°C. Filtered and the residue re-extracted with another 200 ml of 20% aqueous ethanol. The combined extract 

was reduced to 40 ml over water bath at about 90°C. The concentrate was transferred into a 250 ml separatory 

funnel and extracted twice with 20 ml of diethyl ether and shaken vigorously. The ether layer was discarded 

while the aqueous layer was retained and to which 60 ml n-butanol was added. The n-butanol extracts were 

washed twice with 10 ml of 5% aqueous sodium chloride.The saponin content was calculated as follows: 

                             Weight of residue  

Saponins % =                                                  × 100 

                            Weight of sample taken  

 

5. Total phenols%:  

 

 The polyphenols were extracted (Vazquez-Roncero et al., 1973). 10 g of the sample was put with 50 ml 

methanol and the solution was extracted successively with three 20 ml portions of 60% aqueous methanol. The 

mixture was shaken each time for 2 min. The combined extracts were dried in a vacuum rotary evaporation at 40 

ºC. The residue was re-extracted with 1 ml methanol. The concentration of total polyphenols in the methanolic 

extract was estimated with Folin-Ciocalteau reagent. After 3 min, 1 ml of saturated (ca. 35%) Na2CO3 solution 

was added. The content was mixed and diluted to volume with water. The extraction was measured after 1 hr at 

725 nm against a reagent blank.  

 

6. Total glycosides%:  

 

 Glycosides were estimated (El-Olemy et al., 1994). The powdered dry sample (1 g) with 20 ml 70% alcohol 

was left overnight with shaking for 2 hrs then filtered, 8ml of extract was transferred into volumetric flask and 

60 ml distilled water and 10 ml 12.5% of lead acetate were added then all shaked well and volume completed to 

100 ml with distilled water, mixed well and filtered through a filter paper. Pipetted 50 ml of the filtrate was put 

into another volumetric flask with 10 ml of 4.77% disodium hydrogen phosphate (Na2HPO4) solution was added 

and mixed well and volume was completed to 100 ml with distilled water then mixed well again and filtered the 

mixture through a filter paper . Volume of 10 ml of the purified and clear filtrate transferred into a clean dry 

stoppered Erlynmeyer flask and 10 ml Baljet’s reagent freshly prepared (95 ml 1% picric acid + 5 ml 10% 

NaOH mixed immediately before use and filtered through a sintered glass funnel) was added. A blank was 

carried out at the same time. Then the solutions of all specimens were diluted with 20 ml distilled H2O and 

mixed. The intensity of the color obtained against the blank provided at 495 nm was read using a suitable 

spectrophotometer. The different between experiment and blank E-B = A was the original reading. The 

percentage of glycosides was calculated using the following formula: 

 

Glycosides % =                    × 100     

 

D. Interactive estimates: 

 

1. The ratio between carbon and nitrogen: 

 

2. Total fresh weight:  

 

 Of various plant organs; stem, leaves and root.  

 

3. Predicted dry weight:  

 

 By estimating the weight of total moisture for every species, then substracted from fresh weight in various 

organs; stem, leaves, root, and whole plant.  

 

 

A      

170 
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4. Predicted energy content:  

 

 By estimating weights of total carbohydrates (hydrolyses and crude fibers), total lipids and total protein, all 

from predicted dry weights for every species, in various organs; stem, leaves, root, and whole plant. Energy 

content enclosed in them could be predicted by the following formula:  

Energy content (K. Cal.) = (Hydrolyses Carbohydrates + Crude fibers + Proteins) × 4 + Lipids × 9 

 

III- Statistical analysis: 

 

1. Conventional statistics:  

 

 Data were subjected to conventional methods of statistical analysis according to Snedecor and Cochran 

(1989). 

2. Numerical analysis: 

 

 Data obtained in the previous two parts of this study (El-Sahhar et al., 2013 a and b) in addition to results of 

this third part were all subjected to numerical analysis (233 characters and 3 pairs of Astragalus species, OTUs 

(Operational Taxonomic Units). 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 

 

 Results of anatomical characters and chemical analysis of studied Astragalus species are given in what 

follows:  

 

I. Anatomical studies: 

 

 I. 1. Structure of the main root:  

 

 The anatomical structure of root of the studied Astragalus species was investigated through transverse 

sections of the tap root at different stages of plant growth. 

 

I. 1. 1. Primary growth stage of the main root: 

 

 The tap root of 2 weeks old seedlings is milky in colour. Transverse sections microphotographs (Fig. 1) 

show that seedlings have an uniseriate epidermis of tubular shaped cells. Cuticle on the outer walls and stomata 

are absent. The cortex is composed of 5-6 layers of thin-walled irregular parenchyma cells with well-developed 

intercellular space system. The innermost layer of the cortex is the endodermis, an uniseriate zone of small 

barrel-shaped cells forming a distinct layer surrounding the stele. Following the endodermis to the inside lies the 

pericycle, a layer of thin-walled parenchyma cells. The vascular bundle is radial, i.e., xylem and phloem 

arranged in separate patches on alternate radii, intervened by small parenchyma cells. The bundle is triarch, i.e., 

three patches of xylem alternate with equal number of phloem patches. Protoxylem vessels occur towards the 

periphery and metaxylem towards the center. The central portion is occupied by metaxylem vessels joined 

forming a solid core. Hence, a protostele (actinostele) develops. Pith is absent. 

 Data in Table (1) illustrate measurements and counts of various main root tissues at primary growth stage, 2 

weeks old, of studied Astragalus species. It is obvious that, the three studied species from florae of Egypt and 

Syria, more or less, followed the same trend of histological features. A. annularis, A. boeticus and A. hamosus of 

Egypt recorded significant higher values for most investigated characters compared to their correspondents from 

Syria. Such enhancements in anatomical structure of various tissues of Egyptian types might be referred to the 

habitat, being in favour of those of the local origin.  

 

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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Fig.1: Transverse sections of basal portion of the main root at primary growth stage, 2 weeks old, of the 3 

studied Astragalus species; 1: A. annularis, 2: A. boeticus and 3: A. hamosus; E: Egypt and S: Syria. (X 

150)  

Details: co, cortex; en, endodermis; ep, epidermis; mx, metaxylem; pe, pericycle; ph, phloem and px, 

protoxylem.  
 

Table 1: Measurements (µ) and counts of different main root tissues at primary and secondary root growth stages of the 3 studied 

Astragalus species (average of 20 readings, from different specimens).  

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

species 

X 
origin 

Egypt Syria Egypt Syria Egypt Syria 

A. Primary growth stage (2 weeks old) 

Epidermal thickness 7.00 6.50 12.50 11.25 16.00 9.50 1.21 
Cortex thickness 91.15 73.00 108.75 78.00 100.00 94.00 3.31 
Cortex no. of layers 5.00 6.00 5.00 5.80 5.00 5.00 0.23 
Stele type Actinostele with 3 

strands 
Actinostele with 3 

strands 
Actinostele with 3 

strands 
- 

Vascular stele diameter 165.90 96.00 142.10 73.50 85.60 88.00 4.52 
Phloem thickness 98.50 55.00 84.60 51.50 55.60 61.25 3.93 
Xylem thickness 63.00 40.50 57.50 21.50 30.00 26.50 5.47 
Pith diameter Absent Absent Absent Absent Absent Absent - 
T. S.  diameter 364.00 257.60 385.00 253.00 318.50 296.20 2.34 
B. Secondary growth stage (22 weeks old) 

Periderm remains thickness 36.00 23.50 24.00 36.00 25.50 30.00 5.34 
Cortex thickness 98.00 67.75 77.50 63.50 128.00 82.00 6.74 
Cortex no. of layers 7.40 9.20 9.40 12.60 11.00 9.40 0.84 
Vascular stele diameter 430.00 276.00 452.20 630.00 570.00 522.00 12.83 
Phloem thickness 126.00 63.00 102.00 75.00 103.60 179.00 7.49 
Xylem thickness 304.00 213.00 348.00 360.00 464.00 340.00 8.66 
T. S.  diameter 698.00 460.00 656.00 828.00 877.00 748.00 7.13 
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 The diameter of transverse section of the main root of Astragalus studied species from flora of Egypt 

exceeded those from flora of Syria by 41.30, 52.17 and 7.53 % for A. annularis, A. boeticus and A. hamosus; 

respectively. In case of A. annularis and A. boeticus (Egypt), the increments were due to the increase of the 

vascular stele diameter (72.81 and 93.33 %), thickness of xylem (55.56 and 167.44 %), thickness of phloem 

(79.09 and 64.27 %) and thickness of cortex (24.86 and 39.42 %).In concern of A. hamosus (Egypt), the 

excellence of transverse section diameter over the Syrian type was due to the increase in thickness of cortex 

(6.38 %) and epiderm (68.42 %) since there were no statistical differences in case of the vascular stele or any of 

its components for types of Egypt and Syria. 

 

I. 1. 2 Secondary growth stage of the main root: 

 

 Older root were thicker in diameter, greyish to brown in colour, encircled in transverse sections. 

Microphotographs (Fig. 2) illustrate that secondary growth occurs in the common way. The cambium 

differentiates on the inner side of the phloem forming strands of 2-3 layers as a result of tangential divisions of 

the parenchymatous cells. The cambium completes as a zigzag band by the inner cells derived from the 

pericycle layer at places opposite to the xylem poles. The cambial strips locate on the inner face of the phloem 

begin to function, producing xylem vessels towards the inside and small amounts of secondary phloem towards 

the outside. Later on, formation of secondary xylem and phloem proceeds. Fibers differentiate as small groups 

adjacent to primary phloem. By formation of secondary xylem opposite the phloem the cambium is moved 

being circular in the transverse section. In the mean time, the cortex is ruptured at various regions before being 

completely sloughed off, and a continuous well defined periderm develops. Parenchymatous rays develop from 

the cambium which is originated in the pericycle opposite to the xylem ridges. Tanniniferous cells are present in 

phloem tissue. 

 

 

 
 

Fig. 2: Transverse sections of basal portion of the main root at secondary growth stage, 22 weeks old, of the 3 

studied Astragalus species; 1: A. annularis, 2: A. boeticus and 3: A. hamosus; E: Egypt and S: Syria.                                                                                                                                  

(X 100)                                                                                                                                          

Details: ca, cambium; co, cortex; pe.r, periderm remains; ph, phloem; px, protoxylem; sx, secondary xylem; 

ta.c, tanniniferous cells and ve, vessels. 
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 Data in Table (1) demonstrate the mode of response of different secondary tissues of the main root of the 

studied Astragalus species from Egypt and their correspondents from Syria to local habitat. It is obvious that A. 

annularis and A. hamosus show the same trend previously given by the primary tissues, where most secondary 

tissues of the main root of Egyptian species surpassed their correspondents from Syria. On the contrary, the 

trend of response of measurements and counts of secondary tissues of the main root of A. boeticus differed with 

that recorded by primary tissues. Data of secondary tissues of A. boeticus (Syria) were higher than those of A. 

boeticus (Egypt), being in contrast with the trend of results of primary tissues. 

 Referring to the secondary stage of growth of the main root of studied Astragalus species, the diameter of 

main root transverse sections maintained their excellence of Egyptian types over the Syrian ones in case of A. 

annularis (51.74 %) and A. hamosus (17.25 %). In contrast, Syrian A. boeticus surpassed that from flora of 

Egypt (26.22 %). These enhancements were due to the increase of vascular stele diameter (55.80, 39.32 and 9.20 

%), xylem thickness (42.72, 3.45 and 36.47 %) for A. annularis, A. boeticus and A. hamosus; respectively. In 

addition, cortex thickness shared in excellence of Egyptian A. annularis (44.65 %) and A. hamosus (56.10 %) 

over the Syrian types.  

 Consulting the thickness of the main root of studied Astragalus species morphologically measured using 

clipper (El-Sahhar et al., 2013b), results obtained confirmed the locally cited behavior.   

 To the extent of author knowledge, no histological studies were carried out dealing with root of Astragalus 

spp. 

 

I. 2. Structure of the main stem:  

 

I. 2. 1. The apical internode:  

 

 The internode directly below the shoot apex of studied Astragalus species was anatomically studied (Fig. 3) 

as it represents the primary structure of the main stem. The stem at this point is pentagonal in outline. The 

uniseriate epidermis, the outermost zone, is consisting of tubular cells attached end on end without leaving 

intercellular spaces, covered with thin cuticle layer. Stomata are present at the same level of the epidermis. 

Trichomes are observed. The cortex composed of few number of collenchyma cell layers underlying the 

epidermis followed by 8-12 layers of thin walled parenchyma cells. The pericycle consists of 2-3 layers of thin-

walled compact parenchyma cells. A stele of eustele type develops. Vascular bundles are arranged in a ring, 

being separated from each other by wide panels of parenchyma tissue which are a part of ground tissue. There 

are 10 major collateral bundles located opposite to the ridges formed at the periphery of the pentagonal shape of 

stem, in addition to 5 to 8 minor collateral bundles between any of two major ones. The primary phloem of the 

vascular bundles, especially the major ones contains an outer portion consisting mainly of differently sized 

parenchyma cells.  The sieve tubes with their companion cells are found. The inner portion of the phloem, near 

to the xylem, comprises mainly of groups of sieve tubes with their companion cells separated by thin walled 

parenchyma cells. Tanniniferous cells are seen in the inner portion of the cortex and the primary phloem. The 

pith consists of polygonal parenchyma cells. 

 
Table 2: Measurements (µ) and counts of transverse sections of apical internode of the main stem of the 3 studied Astragalus species 

(average of 20 readings from different specimens). 

 

Characters 

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

species 

X 
origin 

Egypt Syria Egypt Syria Egypt Syria 

Epidermis thickness 14.00 12.00 15.75 14.00 11.00 14.00 1.52 

Cortex collenchyma thickness 57.00 44.00 50.00 37.00 45.00 47.50 5.63 

Cortex parenchyma thickness 1160 51.00 86.50 137.50 80.00 89.50 5.74 

Cortex no. of layers 11.60 7.40 9.80 12.40 9.00 10.40 0.78 

Stele type Eustele Eustele Eustele - 

Vascular stele diameter 1426.00 1420.00 1805.00 1652.00 1290.00 1429.00 36.29 

Vascular bundle no. 17.60 16.00 16.00 18.00 15.00 18.00 0.29 

Fibers thickness 88.00 53.00 46.50 48.50 53.50 83.50 13.58 

Phloem thickness 56.00 38.00 38.50 58.00 57.50 34.50 10.63 

Xylem thickness 110.00 80.50 82.00 130.00 99.00 86.00 6.93 

Pith diameter 1182.00 1167.50 1567.50 1462.50 1005.00 1115.00 27.84 

T. S. diameter 1800.00 1635.00 2110.00 2030.00 1563.00 1733.00 11.76 

 

 The diameter of apical internode of the main stem of studied Astragalus species morphologically measured 

by means of clipper, locally cited (El-Sahhar et al., 2013b) coincided with data obtained anatomically.with small 

triangular intercellular spaces. The pith is connected with the cortex by medullary rays of some 5 rows wide, the 

previously given results agree with those of Metcalfe and Chalk (1957). 
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Fig. 3: Transverse sections of the apical internode of the main stem of the 3 studied Astragalus species; 1: A. 

annularis, 2: A. boeticus and 3: A. hamosus; E: Egypt and S: Syria.                                             (X 40)                                                                                                                                                                                                                                                                                                     

Details: co, cortex; ep, epidermis; mb, main lateral bundle; pi, pith and sb, small lateral bundle. 

 

 Data in Table (2) reveal that the apical internode of the main stem of studied Astragalus species scored 

significant higher transverse section diameter for Syrian species compared with their correspondents of Egyptian 

species by 1.94, 0.95 and 10.88 % for A. annularis, A. boeticus and A. hamosus, respectively. Number of 

vascular bundles of Syrian A. boeticus and A. hamosus scored significant increase of 12.5 and 20 %, 

respectively. A. boeticus (Syria), however, recorded significant increments in case of number of cortex layers, 

phloem thickness, xylem thickness by 26.53, 50.65 and 58.54 %, respectively. In case of A. hamosus (Syria), 

epidermis thickness, number of cortex layers, vascular stele diameter, fibers thickness and pith diameter, 

significantly increased by 27.27, 15.56, 10.78, 56.08 and 10.95 %, respectively. However, characters 

enhancements in case of A. annularis were in favour of that from flora of Egypt.  

 

I. 2. 2. The median internode: 

 

 The anatomical structure of the median internode of the main stem of studied Astragalus species was 

studied when plants aged 22 weeks (Table 3) in form of transverse (Fig. 4) and longitudinal (Fig. 5) sections. 

The main stem at its median portion (Fig. 4) is ribbed, however, ribs are comparatively smaller in size than in 

case of the apical internode. The epidermis cells, as well as, the collenchyma and parenchyma cells of the cortex 

are keeping pace with the increase in the stem girth. Stomata are present at the same level of the epidermis. 

Trichomes are observed. The collenchyma tissue in the ridges and furrows becomes well defined and the 

innermost layer of the cortex, the starch sheath, is easily recognized. The pericyclic cells transform into fibers of 

incomplete ring of fibrous strands. The stele consists of 15-22 collateral bundles arranged in a ring and 

separated from one another by the ground tissue. The bundles varied in size with vessels arranged in parallel 

rows.  A complete cambial ring developed. The pith consists of large polygonal parenchyma cells with relatively 

small intercellular spaces. A. boeticus, among studied Astragalus species, is characterized by a hollow stem 
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(Fig. 4). Disappearance of pith cells started earlier in case of Syrian A. boeticus (Fig. 3). Later on, both Syrian 

and Egyptian A. boeticus showed hollow stem (Fig. 4), which might justify the larger pith diameter of Syrian A. 

boeticus (2435 µ) compared with the Egyptian one (2135 µ). 

 

 
Fig. 4: Transverse sections of the median internode of the main stem of the 3 studied Astragalus species; 1: A. 

annularis, 2: A. boeticus and 3: A. hamosus; E: Egypt and S: Syria.                                              (X 25)                                                                                                          

Details: co, cortex; ep, epidermis; pi, pith; sph, secondary phloem; sx, secondary xylem and vb, vascular 

bundle. 

 

 Referring to Fig. (5) longitudinal sections of median internode of the main stem of studied Astragalus 

species proved that length and width of cortical and pith cells of A. annularis and A. hamosus from Syria 

surpassed those from Egypt. In contrast, A. boeticus (Egypt) exceeded that of A. boeticus (Syria). 

 Metcalfe and Chalk (1957) stated that in young stem of Astragalus the pericycle containing isolated streams 

of fibers. Sclerenchymatous parenchyma situated on side of the cambium united by the vascular bundles. 

Tanniniferous cells and other secretory elements situated in groups at the margin of the pith, in the primary or 

secondary phloem, and even more in the primary cortex, being in agreement with the present findings. 
Table 3: Measurements (µ) and counts of transverse and longitudinal sections of median internode of the main stem of the 3 studied 

Astragalus species (average of 20 readings from different specimens). 

 

Characters 

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

species 
X 

origin 

Egypt Syria Egypt Syria Egypt Syria 

A. T. S. of median internod 

Periderm  thickness 17.00 14.00 18.25 18.00 13.00 12.00 1.91 

Cortex collenchyma thickness 60.50 45.00 69.00 59.00 38.00 36.50 6.73 

Cortex parenchyma thickness 105.50 148.50 201.50 204.00 114.50 226.00 11.33 

Cortex no. of layers 12.00 11.00 12.40 14.00 12.80 11.00 0.67 

Vascular stele diameter 1858.00 2360.00 2485.00 2842.50 1550.00 1956.00 24.61 

Fiberous cap thickness 56.00 56.50 95.00 77.00 41.50 86.00 14.40 

Vascular bundle no. 19.00 16.00 20.00 22.00 15.00 18.00 1.09 

Phloem thickness 64.00 72.00 70.50 53.50 52.50 54.50 8.98 

Xylem thickness 124.00 215.00 175.00 156.00 149.50 107.50 26.05 

Pith diameter 1518.00 1767.50 2135.00 2435.00 898.50 1795 44.66 

T. S. diameter 2225.00 2775.00 3062.50 3406.00 1881.00 2507.00 10.76 

B. L. S. of median internode 

Cortical cell length 56.50 99.50 202.00 104.50 49.00 162.50 28.94 

Cortical cell width 17.50 15.00 30.00 20.00 10.00 15.50 3.21 

Pith cell length 62.50 126.00 122.00 99.00 104.00 100.50 19.89 

Pith cell width 26.00 73.00 83.00 61.50 54.00 65.50 9.61 
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Fig. 5: Longitudinal sections of median internode of the main stem of the 3 studied Astragalus species; 1: A. 

annularis, 2: A. boeticus and 3: A. hamosus; E: Egypt and S: Syria.                                         (X 100)                                                                                                                                                                          

Details: ca, cambium; co. col, cortical collenchyma; co. pa, cortical parenchyma cortex; ep, epidermis; fi, 

fibers; mx, metaxylem; pi, pith; and s.ph: secondary phloem.  

 

I. 3. 1. Structure of the leaflet lamina: 

 

 Microphotographs shown in Fig. (6) depict leaflet lamina of the studied Astragalus species. Two epidermal  

layers develop on adaxial and abaxial surfaces of the leaflet. Each is uniseriate, composed of a row of 

compactly-set tabular cells. The outer walls are cutinised. Stomata occur on both surfaces, being more numerous 

on the lower epidermis compared with the upper one. At the midrib region, upper epidermis is concave and 

lower on is convex. Trichomes are present. The palisade tissue consists of 2-3 layers of slender cells of dense 

plastids occupying 2/3 of the whole thickness of the mesophyll. Palisade tissue extended in the midrib region. 

The spongy tissue is composed of 2-3 layers of chlorenchymatous loosely arranged cells with many wide 

intercellular spaces. A mass of collenchymatous cells is seen below the abaxial epidermis at the midrib region. 

Hence, the main vascular bundle at the midrib is not directly embedded in the mesophyll similar to smaller 

bundles. Xylem consists of parallel rows of vessels, phloem (toward the abaxial side) occupies a narrow area 

than xylem. 

 Results in Table (4) show that lamina thickness in transverse sections of all studied Astragalus species from 

flora of Egypt exceeded those of Syrian ones, being for Egyptian A. annularis, 160.0 µ; A. boeticus, 172.0 µ and 

A. hamosus, 150.5 µ compared to 145.5, 113.0 and 140.0 µ for Syrian ones; respectively. Such trend of results 

was confirmed with that of palisade tissue thickness where Egyptian types A. annularis, A. boeticus and A. 

hamosus scored 94.0, 101.0 and 78.0 µ; respectively, in comparison of 69.5, 58.0 and 61.5 µ for their 

correspondents from flora of Syria. It is a naive that the palisade tissue was responsible of the observed 

increment in thickness of leaf blade of Egyptian Astragalus species.     
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Fig. 6: Transverse sections of the leaflet lamina of the 3 studied Astragalus species; 1: A. annularis, 2: A. 

boeticus and 3: A. hamosus; E: Egypt and S: Syria.                                                                      (X 125)                                                                          

Details: low.ep, lower epidermis; pa, parenchyma; pal, palisade tissue; sp, spongy tissue; tri, trichome; vb, 

vascular bundle and  up.ep: upper epidermis. 
 

Table 4: Measurements (µ) and counts of leaflet lamina and petiole tissues of the 3 studied Astragalus species (average of 20 readings from 
different specimens). 

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

species 
X 

origin 

Egypt Syria Egypt Syria Egypt Syria 

A. Leaflet lamina 

Upper epidermis  thickness 19.00 11.50 10.00 12.00 11.50 14.00 2.07 

Palisade tissue thickness 94.00 69.50 101.00 58.00 78.00 61.50 6.19 

Spongy tissue thickness 37.00 61.00 40.00 30.50 47.00 49.50 7.08 

Vascular bundle thickness 60.00 61.00 91.00 92.00 69.00 63.00 4.94 

Phloem thickness 23.50 21.50 28.00 15.00 13.50 11.00 4.13 

Xylem thickness 36.50 39.00 62.00 28.50 34.00 26.00 4.18 

Lower epidermis thickness 10.00 12.50 20.00 12.50 13.50 16.00 1.63 

T.S.  thickness 160.00 154.50 172.00 113.00 150.50 140.0 5.21 

B. Petiole 

Epidermal thickness 10.00 13.00 20.00 13.50 15.00 12.80 1.25 

Cortex collenchyma thickness 45.00 52.00 97.50 45.50 43.00 37.00 6.62 

Cortex parenchyma thickness 98.00 100.00 166.00 91.00 54.00 48.00 10.54 

Fibers thickness 58.00 82.00 40.00 47.00 50.00 25.00 8.82 

Vascular stele diameter 1077.00 818.00 1125.00 1264.00 984.00 893.00 15.42 

Vascular bundle no. 5.00 5.00 5.00 6.00 5.00 6.00 0.47 

Adaxial Vascular bundle thickness 250.00 242.00 133.00 239.00 199.00 203.00 12.81 

Abaxial Vascular bundle 

thickness 

206.00 210.00 95.00 171.00 142.00 157.00 6.73 

Phloem thickness (abaxial) 108.00 52.00 40.00 100.00 55.00 65.00 7.26 

Xylem thickness (adaxial) 128.00 180.00 90.00 130.50 125.00 133.00 6.97 

Pith diameter 799.00 638.00 802.50 960.00 730.00 646.00 45.87 

T. S. diameter 1385.00 1149.00 1695.00 1566.00 1211.00 1092.00 21.18 

 

 

I. 3 .2. Structure of the leaflet petiole: 

 

 Microphotographs shown in Fig. (7) depict structure of the leaf petiole of the studied Astragalus species in 

transverse sections. Leaf petiole is almost pentagonal in outline with the two upper corners at the adaxial side 

protruding to some extent. The petiole is bounded by an uniseriate epidermis of nearly square-shaped cells. The 

outer walls of the epidermis are somewhat thickened and covered with a thin layer of cuticle. Stomata and 

trichomes are present. The ground tissue consists mostly of relatively large parenchyma cells. The angles, 

beneath the epidermis, consist mainly of collenchyma cells. There are, generally, from 2-3 layers of 
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collenchyma cells underlying the epidermis and the number increase at the corners. To the inside, there is a zone 

of 2-3 layers of parenchyma cells. The vascular tissues are formed of five main collateral bundles at the corners. 

The two bundles located at the adaxial side and the one at the abaxial side are laterally enlarged in size and 

flattened in shape. The other two lateral main bundles are small in size and each located opposite to a corner. A 

fibrous cap is obviously abutting on the phloem of each of the five bundles. The xylem vessels are arranged in 

radial rows each consists of 3 to 5 vessels. Vascular bundles are arranged in a ring within parenchyma tissue and 

separated by wide medullary rays connecting the cortex with the pith.    

 The aforementioned structure of petiole of studied Astragalus species is in conformity with those given by 

Metcalfe and Chalk (1957), Haddad and Barnett (1989), Pirani et al. (2006) and Mehrabian et al. (2007) 

 Worthy to state that the hollow stem character, previously mentioned in case of stem of A. boeticus is also 

here extending to the petiole, which means that the hollow stem and petiole character in this species is a genetic 

one and could be used as identification character for this species.  

 Data of the histological structure of leaf petiole of studied Astragalus species are given in Table (4). Petiole 

diameter in transverse section showed the same trend of results previously recorded by lamina thickness in 

transverse section, where studied Astragalus species from flora of Egypt surpassed those of Syrian ones. A. 

annularis recorded 1385 vs. 1149 µ, A. boeticus 1695 vs. 1566 µ and A. hamosus 1211 vs 1092 µ for Egyptian 

vs. Syrian species, respectively.  

 However, no consistent trend was observed by studied Astragalus species concerning all other investigated 

anatomical characters of leaf petiole. 

 

 

 

 

 

Fig. 7: Transverse sections of the leaf petiole of the 3 studied Astragalus species; 1: A. annularis, 2: A. boeticus 

and 3: A. hamosus; E: Egypt and S: Syria.                                                                                       (X 40)                                                                   

Details: abvb, abaxial vascular bundle; advb, adaxial vascular bundle; col, colenchymatous cells; ep, epidermis 

and pi, pith.  

 

I. 4. Structure of the floral bud:  

 

 Microphotographs shown in Fig. (8) represent longitudinal sections of the floral bud of studied Astragalus 

species. It is obvious that the floral bud is surrounded by a bract. Referring to the morphology of reproductive 

organs previously cited (El-Sahhar et al., 2013b), the calyx consists of five united sepals comprised of two 
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epidermal layers and 3-4 layers of ground tissue in between. Vascular traces extend through the ground tissue. 

The corolla is papilionaceous with one posterior petal (the standard), two lateral petals (the wings) and two 

lower united anterior petals (the keel).  

Each segment consists of two epidermal layers of nearly square-shaped cells surrounding the mesophyll. Traces 

are extending through the mesophyll. The stamens are ten, each consists of a two-lobed tetrasporangiate anther 

borne on the filament, a thin stalk with a single vascular bundle. The androecium is diadelphous, since the 

posterior stamen is free and the other nine stamens are with united filaments from the base to nearly more than 

half of their length, while the anthers are free. The stamens form an open tube enclosing the long ovary. The 

upper parts of the filaments bend toward the standard. The gynoecium is composed of a single carpel and the 

ovary locule divided by a false septum. Placentation is marginal. The ovary contains many ovules in two rows.  

 

 Data in Table (5) present microscopic measurements of different parts of the floral buds of studied 

Astragalus species. It is generally noticed that values recoded by Syrian types exceeded their correspondents 

from flora of Egypt. For example, floral bud length was for A. annularis (Syria) 3055 µ compared with 2220 µ 

(Egypt), A. boeticus (Syria) 2065 µ compared with 1905 µ (Egypt) and A. hamosus (Syria) 2850 µ compared 

with 2265 µ (Egypt). Similarly, floral bud width was 1146, 932 and 993 µ for Syrian A. annularis, A. boeticus 

and A. hamosus; respectively, compared with 934, 900 and 920 µ, for Egyptian ones. Other investigated 

characters, more or less, behaved similarly to the above mentioned trend.  

 
Table 5: Measurements (µ) and counts of the floral bud and the pod of the 3 studied Astragalus species (average of 20 readings from 

different specimens).  

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

species 
X 

origin 

Egypt Syria Egypt Syria Egypt Syria 

A. L.S. of floral bud 

Receptacle length 376 534 340 336 516 685 63.77 

Ovary height 1250 1440 768 1204 1282 1490 167.40 

Ovary width 325 449 274 319 283 343 32.22 

Ovary wall thickness 91 68 93 74 89 92 8.35 

Floral bud length 2220 3055 1905 2065 2265 2850 85.67 

Floral bud width 934 1146 900 932 920 993 31.05 

B. T.S. of pod 

Pericarp thickness 100 104 228 232 96 84 10.08 

Locule diameter 276 870 504 647 496 300 30.04 

Pod diameter 476 1078 960 1112 690 468 24.75 

 

 I. 5. Structure of the pod:  

 

 Transverse sections of the pod of studied Astragalus species are shown in Fig. (9). The exocarp includes the 

epidermis and sub-epidermal layer of 1-2 cells in thickness, both are composed of thick walled cells. The 

mesocarp consists of several layers lying next to the exocarp of thick and slightly lignified walls. The mesocarp 

contains the vascular traces supplying the pod. The endocarp comprises the remainder of the parenchymatous 

cells of the pericarp and the inner epidermis. The pericarp surrounds the locule.  

 

Noteworthy that the pod is partly divided into two chambers by a false septum growing in from the middle of 

the back of the single carpel. The characteristic leguminous seeds develop in two rows at the marginal placenta, 

where the seed coat envelops the embryo which consists of two large cotyledons, plumule and radicle.  

 Thickness of pericarp and diameter of locule and pod were microscopically measured for studied 

Astragalus species (Table, 5). In case of A. annularis and A. boeticus Syrian species surpassed Egyptian ones. In 

contrast, A. hamosus (Egypt) exceeded A.hamosus (Syria).  

 

II. Chemical studies: 

 

 Chemical analysis of various constituents of the studied Astragalus species was performed to detect any 

alteration might take place in chemical structure of investigated plants; moreover, to benefit from data obtained 

for use as extra taxonomic evidences in search for the similarity  and dissimilarity between studied species from 

flora of Egypt and their  correspondents from flora of Syria. Data obtained (Table 6) are given in what follows: 

 

II. 1. Precursors:   

 Total moisture, total nitrogen and total ash were estimated. The three investigated species from flora of 

Syria recorded higher values for all studied precursors concentration compared to their correspondents from 

flora of Egypt.  
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Fig. 8: Longitudinal sections of the floral bud of the 3 studied Astragalus species; 1: A. annularis, 2: A. boeticus 

and 3: A. hamosus; E: Egypt and S: Syria.                                                                  (X 60)                                                                                                  

Details: an, anther; br, bract; ca, calyx; co, corolla; fs, false septum; ov, ovule; ow, ovary wall; sg, stigma and 

st, style. 

 

 
Fig. 9: Transverse sections of the pod of the 3 studied Astragalus species; 1: A. annularis, 2: A. boeticus and 3: 

A. hamosus; E: Egypt and S: Syria. Notice the false septum partly dividing the locule.    (X 40)                                                                                                                                                                                  

 Details: end, endocarp; exc, exocarp; fs, false septum; lo, locule; mec, mesocarp; sec, seed coat and vb, 

vascular bundle. 
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II. 2. Primary metabolites:  

 

 Primary metabolites were estimated in studied Astragalus species; including organic carbon, total 

hydrolysable carbohydrates, total lipids and crude and total protein. It was noticed that values given by A. 

annularis (Syria) for primary metabolites surpassed those given by the same species from flora of Egypt. In 

contrast, both A. boeticus and A. hamosus from Egypt recorded values for primary metabolites higher than those 

given by their correspondents from Syria. 

 

II. 3. Secondary metabolites:  

 

 Secondary metabolites of studied Astragalus species were analyzed chemically; including, crude fibers, 

chlorophyll a,b and total, total alkaloids, total saponins, total phenolics and total glycosides. Values of 

secondary metabolites recorded by A. annularis (Syria) were generally higher compared by those of A. 

annularis (Egypt). On the other hand, A. boeticus (Egypt) and A. hamosus (Egypt) registered secondary 

metabolite components higher than those given by their Syrian correspondent species. 

 
Table 6: Chemical analysis of the 3 studied Astragalus species. 

Characters A. annularis A. boeticus A. hamosus 

Egypt Syria Egypt Syria Egypt Syria 

A- Precursors (%) 

Total moisture Root 68.21 70.52 74.20 75.95 77.01 75.61 

Stem 76.94 79.53 77.21 79.48 80.28 80.80 

Leaves 81.02 85.00 81.27 85.96 85.19 86.10 

Average 75.39 78.35 77.56 80.46 80.83 80.84 

Total nitrogen 3.28 3.89 4.57 4.28 4.96 5.53 

Total ash 12.82 12.68 11.35 14.25 11.17 12.68 

B- Primary metabolites (%) 

Organic carbon 50.57 50.65 51.42 49.74 51.53 50.65 

Total hydrolysable carbohydrates 11.37 11.41 9.98 8.56 8.27 7.43 

Total lipids 0.15 0.16 0.17 0.17 0.14 0.18 

Crude protein 20.90 24.00 24.50 20.30 25.30 20.90 

True protein 17.62 20.11 20.07 16.02 20.34 15.37 

C- Secondary metabolites (%) 

Crude fibers 19.22 14.37 18.72 16.16 17.92 16.47 

Chlorophyll a 0.08 0.12 0.06 0.06 0.10 0.10 

Chlorophyll b 0.05 0.12 0.04 0.03 0.11 0.11 

Total Chlorophyll 0.13 0.24 0.10 0.09 0.21 0.21 

Total alkaloids 9.46 11.55 11.7 11.57 10.75 10.72 

Total saponins 3.34 2.30 1.04 1.11 0.49 0.26 

Total phenolics 0.92 1.03 1.00 0.89 1.09 0.97 

Total glycosides 5.35 3.75 5.52 2.55 5.24 8.17 

Interactive estimates 

C/N ratio 14:1 13:1 11:1 10:1 11:1 9:1 

 
Total fresh weight (gm) 

Root 0.96 0.50 1.34 1.12 0.59 0.50 

Stem 8.42 5.04 16.91 17.34 19.68 2.74 

Leaves 18.54 11.43 32.20 36.69 26.10 8.34 

Total 27.92 16.97 50.45 55.15 46.37 11.58 

 
Predicted dry weight (gm) 

Root 0.31 0.15 0.35 0.27 0.14 0.13 

Stem 1.95 1.04 3.86 3.56 3.89 0.53 

Leaves 3.52 1.27 6.22 5.16 3.87 1.16 

Total 5.78 2.91 10.43 8.99 7.9 1.82 

Predicted energy content (K.   cal) 218.72 187.08 196.36 197.24 188.63 197.16 

 

II. 4. Interacted estimates:  

 

 The interacted estimates scored by the studied Astragalus species; included, C/N ratio, total fresh weight, 

predicted dry weight and predicted energy content. A. annularis and A. hamosus showed an identical behavior 

toward studied interacted estimates. Both A. annularis (Egypt) and A. hamosus (Egypt) recorded higher 

interacted estimates values than those of their Syrian correspondents. A. boeticus, however, showed a different 

manner, where C/N ratio, root fresh and dry weight and predicted energy content were higher in case of A. 

boeticus (Egypt) than those of A. boeticus (Syria). All other studied interacted estimates, however, were higher 

for A. boeticus (Syria) compared with A. boeticus (Egypt). 

 To conclude, chemical analysis of studied Astragalus species indicated that both A. annularis and A. 

hamosus from different flora (Egypt and Syria) when grew under local conditions showed, as previously 

mentioned, a similar behavior as to their chemical analysis. A. boeticus, however, behaved differently in a way 



151 
Res. J. Agric. & Biol. Sci., 10(2): 134-153, 2014 

 

of its own. Where some constituents were higher for A. boeticus (Egypt) and others were higher for A. boeticus 

(Syria). 

 However, Niknam and Ebrahimzadeh (2002) found that phenolics content in roots and leaflets of some 

Astragalus species using aqueous extracts varied from 0.13-0.80 and 0.63-5.16% dry weight, respectively, while 

using methanolic extracts ranged from 0.25-0.95 and 0.52-3.75% dry weight, respectively. Niknam and Salehi 

Lisar (2004) determined the reducing sugars, oligosaccharides and polysaccharides content in roots of some 

Astragalus species being 0.11-0.90, 2.21-7.27 and 1.3-7.33% dry weight, respectively. The mucilage content in 

leaflets of different species varied from 5.32 to 19.24% dry weight.  El-Hawiet et al. (2010) isolated and 

identified four compounds from Egyptian Astragalus annularis Forssk. namely, soyasaponin III (1), 

isorhamnetin-3-O-glucoside (2), isorhamnetin-3-O-rutinoside (3) and sorbifolin (4). 

 

III. Numerical analysis of studied characters: 

 

 Various characters of studied Astragalus species collected through a series of papers were used to 

determine the similarity and dissimilarity between each of the three studied Astragalus species from flora of 

Egypt and their correspondents from flora of Syria cultivated under local conditions. Characters investigated 

included seed morphological, anatomical, physico-mechanical features and germination tests (El-Sahhar et al., 

2013a) in addition to plant morphological, plus anatomical and chemical information and protein fractioning 

features (El-Sahhar et al., 2013b) given in this paper (including 233 characters of 6 Operational Taxonomic 

Units (OTUs)).  

 Dendrogram (Fig. 10) produced using previous information showed the highest average distance between 

clusters (similarity level) at 0.83. At this level, the studied specimens split into two major clusters. The first one 

enclosed sub-cluster determined at level 0.27 and included specimens representing the species A. annularis 

(Egypt) and A. hamosus (Egypt). A third species, however, was linked hierarchically with the previous species 

at level 0.39; namely, A. boeticus (Syria). The second cluster was distinguished at level 0.26, including species 

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 of 0.26. 

 In the current case, it is obvious that species split away in clusters process according to origin of seed; i. e., 

flora of Egypt or flora of Syria. A. annularis and A. hamosus from flora of Egypt grouped together, similarly 

those from flora of Syria clustered with their own selves. In contrast, A.boeticus of flora of Syria clustered with 

those from flora of Egypt and vise versa.   

 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), El-Sgai (2006) on some Poaceae 

species, Youssef et al. (2006) and Khattab et al. (2007) on some genera of Mimosaceae and Caesalpiniaceae. 

 

 
 

Fig.10: Dendrogram of specimens representing the similarity among some Egyptian and Syrian species of 

Astragalus based on morphological, anatomical, physic-mechanical features and germination tests of 

seeds, in addition to morphological, anatomical, protein fractioning and chemical features of plant. 
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Conclusion: 

 

 How a plant species of a given flora behaves when being grown under different habitat of another flora? 

With this question in mind, three plant species of genus Astragalus, were chosen for this study; namely, 

Astragalus annularis Forssk., A. boeticus L. and  A. hamosus L. Authentic seed samples of the three chosen 

species of Astragalus from Syria and their correspondents from Egypt where grown side by side under local 

habitat.  

 In essence, plant species varied in their response to change of their original flora (habitat). A. annularis and 

A. hamosus were similarly affected by change of habitat. They were more sensitive to change of their original 

source; i.e., species of flora of Syria gathered together in one group and those from flora of Egypt shared 

another distinct group. A. boeticus, however, was in favour of change of habitat and grouped in clusters with the 

plants of the newly flora; i.e., A. boeticus from flora of Syria clustered with plant species from flora of Egypt. In 

the mean time, A. boeticus from flora of Egypt grouped with Syrian species. 

 Referring to the question at the beginning, the response of plants to growing under different habitat (flora) 

differed according to species. Change of habitat might negatively affect some species; in contrast, such variation 

may be in favour of onther species; i.e., each species showed its own distinct response.  
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