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ABSTRACT 

This study examines the taxonomic significance of sheath properties for the species of Agropyron Gaertn., 

comprising diagnostic anatomical features obtained from sheath surface micro morphology, the observations show that 

most of the characters, such as length of long cells, thickness and undulating of walls, the size, number and shape of 

stomatal complex, types and shapes of short cells, the presence and absence of prickle hairs and angular prickles are 

different in the studied species of Agropyron .  
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INTRODUCTION 

The genus Agropyron belongs to the tribe Triticeae Dumortier, comprising more than 100 species [1]. [2] 

Restricted Agropyron to perennial taxa with keeled glumes, a group of species referred to in English as the crested Wheat 

grasses. 11 or more species in Iraq [3]. 

The first systematic study of non- flowering parts of grasses was made by Jessen in Germany [4], Twenty- six 

years later [5] published a beautifully illustrated treastise on the vegetative parts of some of the more important grasses of 

Switzerland. [6] Published an exhaustive study of the epidermis of leaf blades, sheaths and glumes of species of the genus 

Agropyron . 

Anatomical studies of grasses have provided some important diagnostic features in coastal and intercoastal parts 

[7]. [8] Mentioned that long cells have significant differences exist among genera and even species of the same genus.            

The shape of silica bodies varies among different grass species, macro hairs also vary in size, shape and wall thickness [8]. 

The foliage of the grass plant consist of the sheath, the ligule and the leaf-blade, the three combined to form one 

organ, the leaf. Limited number of studies based on the anatomy of sheath epidermis, so the aim of the present study is to 

reveal the diagnostic anatomical characteristics of sheath epidermis of the Agropyron species found in Iraq which can be 

effected in taxonomical treatment. 

MATERIALS AND METHODS 

Ten of herbarium Iraqi species namely A.caespitosum, A.elongatiforme, A.kosaninii, A.libanoticum, 

A.longiaristatum, A.panormitanum, A.podeperae, A.repens, A.tauri and A.trichophorum were studied anatomically, one 

species was not included because it is rare and the materials were not available. Secondary leaf below the inflorescence 

was selected in all cases. 
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Epidermal preparations were made by scraping pieces of softened sheaths (boiled in water for 3-5 minutes) with a 

razor blade [9], decolourised in 5% solution of Sodium hypochlorite for 1-2 minutes, the cleared epidermal peels were 

washed with distill water, stained in Safranin, mounted in 1:1 glycerol and safranin. The anatomy characters were observed 

and recorded photographically with an Olympus microscope and digital microscopic camera.  

RESULTS 

A. Caespitosum (Abaxial Sheath Surface) 

(Figure 1 and table 1) 

Long Cells: Rectangular, intercoastal long cells with slightly undulating and heavily thickened walls, 75.0 to 

337.5 µm long in stomatal rows and 175.0 to 385.0 µm long in non-stomatal rows, number of rows between two coastal 

zones is 7.0 to 14.0. 

Short Cells: Present over and between veins, solitary or paired, silica cells circular or elliptical, cork cells 

crescent, solitary short cells square to rectangular. Number of cork- silica cells pairs is 38.0 to 48.0; number of solitary 

short cells is 5.0 to 15.0. 

Crown Cells: Absent 

Prickle Hairs: Absent 

Angular prickles present on sheath margins, 30.0 to 45.0 µm long. 

Stomatal Complex: Parallel- shaped, 75.0 to 125.0 µm long, 10.0 to 14.0 in microscopic field, number of stomtal 

rows is 2.0 to 4.0. 

A. caespitosum (Adaxial Sheath Surface) 

(Figure 2 and Table 2) 

Long Cells: Rectangular, conspicuously elongated, intercoastal long cells with straight and slightly thickened 

walls, 70.0 to 225.0 to µm long in stomatal rows and 145.0 to 442.5 µm long in non- stomatal rows, number of bulliform 

cells rows is 4.0 to 6.0 . 

Short Cells: Present over veins and solitary, 1.0 to 5.0 in microscopic field. 

Crown Cells: Absent 

Prickle Hairs: 45.0 to 130.0 µm long. 

Stomatal Complex: Parallel- shaped, 100.0 to 112.5 µm long, 0.0 to 2.0 in microscopic field, number of stomatal 

rows is (1.0 to 2.0). 

A. elongatiforme (Abaxial Sheath Surface) 

(Figure 1 and table 1) 

Long Cells: Rectangular, intercoastal long cells with moderately thickened and slightly undulating walls, 137.5 to 

325.0 µm long in stomatal rows and 300.0 to 575.0 µm long in non-stomatal rows, number of rows between two coastal 

zones is 8.0 to 11.0 . 
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Short Cells: Solitary or paired, silica cells circular or elliptical, cork cells crescent or elongated, solitary short 

cells rectangular. Number of cork- silica cells pairs is 19.0 to 28.0; number of solitary short cells is 1.0 to 4.0. 

Crown Cells: Absent 

Prickle Hairs: Absent 

Angular prickles present on sheath margins, 250.0 to 470.0 µm long. 

Stomatal Complex: Parallel- shaped, 100.0 to 115.0 µm long, 7.0 to 11.0 in microscopic field, number of stomtal 

rows is 4.0 . 

A. elongatiforme (Adaxial Sheath Surface) 

(Figure 2 and table 2) 

Long Cells: Rectangular, conspicuously elongated, intercoastal long cells with straight and slightly thickened 

walls, 95.0 to 500.0 to µm long in stomatal rows and 200.0 to 557.5 µm long in non- stomatal rows, number of bulliform 

cells rows is 5.0 to 9.0 . 

Short Cells: Absent 

Crown Cells: Absent 

Prickle Hairs: 17.5 to 50.0 µm long. 

Stomatal Complex: Low dome- shaped, 77.5 to 100.0 µm long, 0.0 to 1.0 in microscopic field, number of 

stomatal rows is 1.0. 

A .kosaninii (Abaxial Sheath Surface) 

(Figure 1 and table 1) 

Long Cells: Rectangular, intercoastal long cells with moderately thickened and undulating walls, 87.5 to 350.0 

µm long in stomatal rows and 125.0 to 337.5 µm long in non-stomatal rows, number of rows between two coastal zones is 

5.0 to 10.0. 

Short Cells: Almost paired and over veins, silica cells circular, cork cells crescent. 6.0 to 14.0. 

Crown Cells: Present Over main veins with semi- circular shaped, 1.0 to 5.0 in microscopic field. 

Prickle Hairs:  150.0 to 375.0 µm long. 

Stomatal Complex: Low dome- shaped, 80.0 to 115.0 µm long, 1.0 to 8.0 in microscopic field, number of 

stomtal rows is 2.0. 

A. kosaniniii (Adaxial Sheath Surface) 

(Figure 2 and table 2) 

Long Cells: Rectangular, conspicuously elongated, intercoastal long cells with straight and slightly thickened 

walls, 575.0 to 1725.0 to µm long in stomatal rows and 90.0 to 137.5 µm long in non- stomatal rows, number of bulliform 

cells rows is 3.0 to 6.0 . 
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Short Cells: Absent 

Crown Cells: Absent 

Prickle Hairs: 312.0 to 575.0 µm long 

Stomatal Complex: Parallel- Shaped, 85.0 to 100.0 µm long, 0.0 to 2.0 in microscopic field, number of stomatal 

rows is 1.0 to 2.0. 

A. libanoticum (Abaxial Sheath Surface) 

(Figure 1 and table 1) 

Long Cells: Rectangular, intercoastal long cells with moderately thickened and slightly undulating walls, 125.0 to 

287.5 µm long in stomatal rows and 202.5 to 412.5 µm long in non-stomatal rows, number of rows between two coastal 

zones is 9.0 to 21.0 . 

Short Cells: Solitary or paired and over veins, silica cells circular or elliptical, cork cells crescent, solitary short 

cells square or rectangular, number of cork- silica cells pairs is 30.0 to 42.0, number of solitary short cells is 3.0 to 13.0 . 

Crown Cells: Present over main veins with semi- circular shaped, 0.0 to 1.0 in microscopic field. 

Prickle Hairs: Absent 

Stomatal Complex: Parallel- shaped, 80.0 to 100.0 µm long, 8.0 to 13.0 in microscopic field, number of stomtal 

rows is (3.0-7.0). 

A. libanoticum (Adaxial Sheath Surface) 

(Figure 2 and table 2) 

Long Cells: Rectangular, conspicuously elongated, intercoastal long cells with straight and slightly thickened 

walls, 125.0 to 400.0 to µm long in stomatal rows and 150.0 to 420.0 µm long in non- stomatal rows, number of bulliform 

cells rows is 2.0 to 3.0 . 

Short Cells: Absent  

Crown Cells: Absent 

Prickle Hairs: 25.0 to 62.5 µm long. 

Stomatal Complex:Tall dome- shaped, 75.0 to 95.0 µm long, 0.0 to 2.0 in microscopic field, number of stomatal 

rows is 2.0. 

A. longiaristatum (Abaxial Sheath Surface) 

(Figure 1 and table 1) 

Long Cells: Rectangular, intercoastal long cells with moderately thickened and undulating walls, 55.0 to 1000.0 

µm long in stomatal rows and 157.5 to 300.0 µm long in non-stomatal rows, number of rows between two coastal zones is 

9.0 to 16.0. 
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Short Cells: Solitary or paired and over veins, silica cells circular or elliptical, cork cells crescent, solitary short cells 

rectangular, number of cork- silica cells pairs is 38.0 to 49.0; number of solitary short cells is 4.0 to 10.0. 

Crown Cells: Absent  

Prickle Hairs:Absent 

Stomatal Complex: Triangular- shaped, 87.5 to 100.0 µm long, 10.0 to 16.0 in microscopic field, number of 

stomtal rows is (3.0-6.0 

A. longiaristatum (Adaxial Sheath Surface) 

(Figure 2 and table 2) 

Long Cells: Rectangular, conspicuously elongated, intercoastal long cells with straight and slightly thickened 

walls, 152.5 to 340.0 to µm long in stomatal rows and 205.0 to 375.0 µm long in non- stomatal rows, number of bulliform 

cells rows is 6.0 to 7.0 . 

Short Cells: Absent  

Crown Cells: Absent 

Prickle Hairs: 25.0 to 27.5 µm Long  

Stomatal Complex: Parallel- shaped, 30.0 to 45.0 µm long, 1.0 to 3.0 in microscopic field, number of stomatal 

rows is 2.0. 

A.panormitanum (Abaxial Sheath Surface) 

(Figure 1 and table 1) 

Long Cells 

Rectangular, intercoastal long cells with moderately thickened and undulating walls, 125.0 to 400.0 µm long in 

stomatal rows and 295.0 to 562.5 µm long in non-stomatal rows, number of rows between two coastal zones is 6.0 to 14.0. 

Short Cells 

Paired, silica cells circular or elliptical, cork cells crescent or rectangular, 36.0 to 49.0 in microscopic field 

Crown Cells 

Absent  

Prickle Hairs 

62.5 to 100.0 µm long  

Stomatal Complex 

Low dome- shaped, 87.5 to 100.0 µm long, 4.0 to 10.0 in microscopic field, number of stomtal rows is (2.0-3.0) . 

A. Panormitanum (Adaxial Sheath Surface) 

(Figure 2 and table 2) 
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Long Cells/; Rectangular, conspicuously elongated, intercoastal long cells with straight and slightly thickened 

walls, 75.0 to 225.0 to µm long in stomatal rows and 55.0 to 335.0 µm long in non- stomatal rows, number of bulliform 

cells rows is 2.0 to 4.0 . 

Short Cells: Absent  

Crown Cells: Absent 

Prickle Hairs: 125.0 to 450.5 µm long  

Stomatal Complex: Low dome- shaped, 70.0 to 100.0 µm long, 0.0 to 1.0 in microscopic field, number of 

stomatal rows is 1.0 . 

A.Podeperae (Abaxial Sheath Surface) 

(Figure 1 and table 1) 

Long Cells: Rectangular, intercoastal long cells with heavily thickened and slightly undulating walls, 70.0 to 

250.0 µm long in stomatal rows and 75.0 to 195.0 µm long in non-stomatal rows, number of rows between two coastal 

zones is 6.0 to 7.0 . 

Short Cells: Solitary or paired, silica cells circular or elliptical, cork cells crescent, triangular or rectangular, 

solitary short cells oblong, number of cork- silica cells pairs is 37.0 to 41.0; number of solitary short cells is 3.0 to 13.0. 

Crown Cells: Over main veins, semi- square, 0.0 to 2.0. 

Prickle Hairs: 25.0 to 80.0 µm long  

Stomatal Complex: Parallel- shaped, 65.0 to 72.5 µm long, 2.0 to 9.0 in microscopic field, number of stomtal 

rows is (1.0-2.0). 

A. Podeperae (Adaxial Sheath Surface) 

(Figure 2 and table 2) 

Long Cells: Rectangular, conspicuously elongated, intercoastal long cells with straight and slightly thickened 

walls, 50.0 to 200.0 to µm long in stomatal rows and 125.0 to 232.5 µm long in non- stomatal rows, number of bulliform 

cells rows is 3.0 to 6.0 . 

Short Cells: Absent  

Crown Cells: Absent 

Prickle Hairs: 37.5 to 65.0 µm long  

Stomatal Complex: Parallel- shaped, 80.0 to 100.0 µm long, 0.0 to 1.0 in microscopic field, number of stomatal 

rows is 1.0. 

A.Repens (Abaxial Sheath Surface) 

(Figure 1 and table 1) 
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Long Cells: Rectangular, intercoastal long cells with moderately thickened and undulating walls, 50.0 to 325.0 

µm long in stomatal rows and 132.5 to 350.0 µm long in non-stomatal rows, number of rows between two coastal zones is 

7.0 to 14.0. 

Short Cells: Paired, silica cells circular or elliptical, cork cells crescent, triangular or irregular, 22.0 to 38.0 in 

microscopic field 

Crown Cells: Absent  

Prickle Hairs: Absent  

Stomatal Complex: Low dome- shaped, 40.0 to 52.0 µm long, 6.0 to 12.0 in microscopic field, number of 

stomtal rows is (2.0-3.0). 

A. Repens (Adaxial Sheath Surface) 

(Figure 2 and table 2) 

Long Cells: Rectangular, conspicuously elongated, intercoastal long cells with straight and slightly thickened 

walls, 125.0 to 425.0 to µm long in stomatal rows and 262.5 to 550.0 µm long in non- stomatal rows, number of bulliform 

cells rows is 4.0 to 9.0 . 

Short Cells: Solitary or paired, silica cells circular or ellipticall, cork cells crescent, solitary short cells oblong, 

number of cork- silica cells pairs is 0.0 to 12.0, number of solitary short cells is 1.0 to 13.0 . 

Crown Cells: Absent 

Prickle Hairs: 47.5 to 62.5 µm long  

Stomatal Complex: Tall dome- shaped, 87.5 to 100.0 µm long, 0.0 to 2.0 in microscopic field, number of 

stomatal rows is 1.0 to 2.0. 

A.Tauri (Abaxial Sheath Surface) 

(Figure 1 and table 1) 

Long Cells: Rectangular, intercoastal long cells with heavily thickened and moderately undulating walls, 125.0 to 

355.0 µm long in stomatal rows and 212.5 to 400.0 µm long in non-stomatal rows, number of rows between two coastal 

zones is 5.0 to 10.0 . 

Short Cells: Solitary or paired, silica cells circular or elliptical, cork cells crescent, solitary short cells 

rectangular, number of cork- silica cells pairs is 23.0 to 33.0, number of solitary short cells is 2.0 to 12.0. 

Crown Cells: Absent  

Prickle Hairs: Absent  

Stomatal Complex: Low dome- shaped, 80.0 to 100.0 µm long, 2.0 to 12.0 in microscopic field, number of 

stomtal rows is (4.0-7.0). 

A. Tauri (Adaxial Sheath Surface) 
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(Figure 2 and table 2) 

Long Cells: Rectangular, conspicuously elongated, intercoastal long cells with straight and slightly thickened 

walls, 105.0 to 325.0 to µm long in stomatal rows and 450.0 to 600.0 µm long in non- stomatal rows, number of bulliform 

cells rows is 2.0 to 4.0 . 

Short Cells: Absent 

Crown Cells: Absent 

Prickle Hairs: 52.5 to 62.5 µm long  

Stomatal Complex: Tall Dome- shaped, 80.0 to 100.0 µm long, 0.0 to 1.0 in microscopic field, number of 

stomatal rows is 1.0. 

A.Trichophorum (Abaxial Sheath Surface) 

(Figure 1 and table 1) 

Long Cells: Rectangular, intercoastal long cells with heavilty thickened and deeply undulating walls, 25.0 to 

125.0 µm long in stomatal rows and 75.5 to 130.0 µm long in non-stomatal rows, number of rows between two coastal 

zones is 8.0 to 14.0. 

Short Cells: Solitary or paired, silica cells circular or elliptical, cork cells crescent, solitary short cells 

rectangular, number of cork- silica cells pairs is 39.0 to 50.0; number of solitary short cells is 3.0 to 5.0 in microscopic 

field. 

Crown Cells: Absent  

Prickle Hairs: Absent  

Stomatal Complex:Low dome- shaped, 65.0 to 87.5 µm long, 11.0 to 20.0 in microscopic field, number of 

stomtal rows is (4.0-7.0) . 

A. Trichophorum (Adaxial Sheath Surface) 

(Figure 2 and table 2) 

Long Cells: Rectangular, conspicuously elongated, intercoastal long cells with straight and slightly thickened 

walls, 50.0 to 155.0 to µm long in stomatal rows and 145.5 to 437.5 µm long in non- stomatal rows, number of bulliform 

cells rows is 4.0 to 8.0 . 

Short Cells: Paired, silica cells circular or ellipticall, cork cells crescent, 18.0 to 50.0, number of solitary short 

cells is 1.0 to 13.0. 

Crown Cells: Present over main veins, semi- circular, 0.0 to 9.0 in microscopic field  

Prickle Hairs: 10.0 to 25.0 µm Long  

Stomatal Complex: Tall dome- shaped, 80.0 to 85.0 µm long, 0.0 to 1.0 in microscopic field, number of stomatal 

rows is 1.0. 
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Table 1: Quantitative Characters of the Abaxial Sheath Epidermis 

 

Table 2: Quantitative Characters of the Adaxial Sheath Epidermis  

 

 

 

Figure 2: Adaxial Sheath Epidermis, 1: A.caespitosum; 2: A. elongatiforume; 3: A.kosaninii;  
                 4: A.libanoticum; 5: A.longiaristatum; 6: A.panormitanum; 7: A.podperae; 8: A.repens; 9: A.tauri;  

10: A.trichophorum  
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DISCUSSIONS 

In this study, the anatomy of sheath of 10 species of the genus Agropyron were comparatively examined with 

light microscopey . 

The results of these anatomical observations suggested that anatomical data could have a considerable taxonomic 

significance for separating the species in the genus Agropyron, and in particular undulating and thickness of intercoastal 

long cells, stomatal complex density, size and shapes, presence or absent of short cells, their shapes, types, presence of 

crown cells, prickle hairs length and the presence of angular prickles. Tables 1 & 2 show that in many species certain 

characters have been found useful in identifying this group of plants 

[7, 10, 11] studied the leaf blades by light microscopy and concluded that the anatomical characters of leaf blades 

were of significant value in grass identification. This paper shows more apparent variations between the species and 

describes some potentially useful characters of the sheaths which have not been reported before  

According to the investigation of [12] the sheath is pubescent with soft, short, erect or retrorse hairs in A.repens, 

this study supports that conclusion in adaxial surface only where prickle hairs appear  

Glabrous indumentum is useful diagnostic character of A.longiaristatum, this character also appears in the abaxial 

surface of A.libanoticum, A.repens, A.tauri and A.trichophorm. Angular prickles observed only in A.caespitosum and 

A.elongatiforme. 

The occurrence of crown cells differs in distribution between studied species, on the adaxial surface it appear only 

in A.trichophorm, whilst in the abaxial surface it noticed in A.caespitosum, A.libanoticum, A.podeperae and A.trichophorm  

The short cells occur in pairs or solitary, they are generally classified as siliceous cells or suberose cells  

Epidermal long cells on the adaxial surface of the sheath are quite different from that of the abaxial surface. The 

abaxial long cells vary in length, wall thickness and the extent to which the walls are undulating, whilst it appear straight 

and slightly thickened in the adaxial surface. Bulliform cells occur in rows in the adaxial surface with straight walls [13] 

Mentioned that the Poaceae stomata generally occur in well-defined bands in intercoastal zones, and they may be classified 

according to the shape of subsidiary cells. Thus in all studied species stomatal complex are parallel but it also appear in 

low or tall dome, triangular shapes. 

The length and number of stomatal complex may vary between species as well as adaxial and abaxial epidermis 

[9, 14]. 

Our findings, provide a framework in the anatomy of sheath, in general, we consider that the features have 

Considerable systematic values in providing additional support to the distinctiveness of species  
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