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ABSTRACT 
 

A field and pot experiments were conducted during 2011/2012 winter season at the Agricultural 
Experimental and Research station, Faculty of Agriculture, Cairo University, Giza, Egypt. Four cereal crops 
belonging to different species were adopted to create comparative investigation. Cultivar Sakha93 (Triticum 
aestivum), cultivar Beni Sweif1 (Triticum durum), rye (Secale cereale) and triticale (Triticale spp.) were 
included in this study. Plants of Beni Sweif1 cv. possessed longer main stems with significant differences. Rye 
plants were the shortest ones with the shortest uppermost internode and possessed tillers 4-6 folds compared to 
those developed by the other genotypes. Widest leaves, either flag or determined foliage leaves, were developed 
on main stems of Triticale spp. The differences were mostly significant. The lowest area was recorded for flag 
leaves of Secale cereale. Main spike length of Triticale spp. with or without awns was significantly longer than 
that of  the other three genotypes. Cluster analysis created by either arithmetic averages or individuals revealed 
finally four genotypes located in four separated groups. The latter (involved nine characteristics of 40 
individuals) exhibited the aggregation of Sakha 93 cv., Triticale spp. and Secale cereale between91%-94%level. 
Meanwhile, the durum cultivar Beni Sweif1was located separately. This may indicates that triticale is a resultant 
of crossing Triticum aestivum and Secale cereale. Regarding the anatomical features, higher numbers of 
protoxylem points were counted for the lateral seminal roots of all genotypes compared to the primary root. Two 
metaxylem vessels were observed in lateral seminal root of Sakha93 cv.  and main root at tip of Triticale spp. 
Numbers of lysigenous cavities in varying sizes were observed between cortex parenchyma of primary and 
lateral seminal roots of Beni Sweif1 and Secale cereale. Coleoptile transection of Sakha93 exhibited three 
stomata outwardly to both coleoptile bundles. Stomata were also found towards the adaxial first leaf surface. In 
Secale cereale one stoma was observed outwardly to each bundle. Moreover, stomata were found in outer 
epidermis towards the abaxial surface of the first leaf. Bundles of foliage leaves of Sakha93 and Triticale spp., 
even the largest main one, are bounded by incomplete bundle sheaths. Cells of outer parenchyma layer are 
hardly recognized from ordinary mesophyll cells, and contain fewer chloroplasts. Also, wide intercellular spaces 
were observed between mesophyll chlorenchyma. Foliage leaf of Secale cereale was characterized by 12 
bundles along the lamina transection. Also, abaxial epidermis curved as the bundles located. . Upper epidermal 
cells above ridges were apparently larger than those in grooves except for Beni Seif 1, both were uniform. 
Peripheral larger bundles in stems of each of Sakha 93 cv., Secale sereale and Triticale spp. seemed apart from 
epidermis by bands of lignified sclerenchyma cells. Band thickness and width was varied according to genotype. 
Wing-shaped chlorenchyma was recognized. Outer smaller vascular bundles of Secale cereale stem were 
separated from epidermis by layers of chlorenchyma. The inner bundles appeared smaller compared to those of 
the other genotypes. Flag leaf of Sakha 93 cv. exhibited thicker midrib, contains the largest vascular bundle, 
than the two sided lamina. In Secale cereale, no great difference was detected in size between the main bundle 
and the larger laminar ones. Flag leaf of the latter genotype appeared with reduced lamina thickness. Great 
similarity could be recognised between flag leaf of the durum cultivar Beni Sweif 1and that of Triticale spp. The 
bulliform cells are greatly typical in shape and size.  
 
Key words: T. aestivum, T. durum,Triticale, Triticale spp.,Rye, Secale cereale morphology, anatomy. 
 
Introduction 
 

Cereals are the foremost important plants of angiosperms. From the time of the earliest seed gatherers to the 
present, cereals have been the staff of life. They yield mature grains that are not perishable and therefore can be 
stored for long periods of time and gradually used for food production or as seed for future sowing. Cereals are 
undoubtedly the largest supplier of calories (Serna-Saldivar, 2010). Cereal stems are with nodes where buds and 
leaves originate. The inflorescences of wheat, rye and triticale are spike (Stoskoph, 1985). Rye (Secale cereale) 
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has a better resistance to harsh winters, cold weather, diseases, and lack or water compared to wheat, and it 
generally planted in less fertile soils under dry land conditions. Most ryes cultivated nowadays are still diploid 
(2n = 14) (Serna-Saldivar, 2010). Triticale (Triticale spp.) is the only plant species created by man. Darvey et al. 
(2000) estimated that triticale is a hybrid resulting from the cross of wheat (mother) and rye (father) aiming to 
obtain kernels with the best qualities of those cereals. Serna-Saldivar (2010) estimated that triticale flour can be 
used to partially replace wheat flour in most food applications. Thomas et al. (2006) pointed out that, large 
number of wheat varieties have been bred over years to sustain higher production levels. These varieties have 
been described primarily by morphological characteristics, which show stage and tissue specific expression and 
interaction with the environment. The author suggested relatively narrow genetic bases of the tetraploid varieties 
as compared to the hexaploids by using random amplification of polymorphic DNA (RAPD). Cluster and 
principal component analysis clearly distinguished the tetraploids from the hexaploids. Cluster analysis is used 
frequently for categorizing the organisms (individuals) into morphologically similar (share a number of 
attributes), and presumably genetically similar groups. Thus,this analysis seemed to be an efficient approach for 
extracting the structured relationships between accessions and provides a hierarchical classification of them. 

The present work was laid out to differentiate between four genotypes those belonging to different cereal 
species. Some morphological and anatomical features were concerned. Cluster analysis was adopted to examine 
differential aspects in some morphological and reproductive attributes aiming to explore similarity between the 
studied genotypes.  
 
Materials And Methods 

 
The current investigation was carried out at the Agricultural Experimental and Research Station, Faculty of 

Agriculture, Cairo University, Giza, Egypt during the winter season 2011/2012. Four cereal crops of different 
species viz., Cultivar Sakha93 (Triticum aestivum), cultivar Beni Sweif1 (Triticum durum), rye (Secale cereale) 
and triticale (Triticale spp.) were included in this study. Grains were obtained from the Filed Crop Research 
Institute, Agricultural Research Centre, Giza, Egypt. Grains were sown on November 2nd. The layout of the 
experiment was Complete Randomized Design (CRD). Grains were drilled in rows, 4m long and 20cm apart. 
The normal cultural practices were carried out as recommended in the vicinity. 
 
Growth and Reproductive Characteristics: 

 
Vegetative growth characters were estimated at the adult stage (100 days after sowing) from the field trial. 

Main stem length (cm), uppermost internode length (cm), number of leaves/main stem and tillers/plant, main 
spike length with and without awns (cm), number of spikelets/main spike and area of flag as well as the upper 
third leaves (cm2) were estimated. Measurements were taken for 10 random individual plants of each genotype. 
The data were subjected to regular analysis of CRD according to Snedecor and Cochran (1982). Means were 
compared by L.S.D. values at 5% level. Cluster analysis was performed following the agglomerative 
hierarchical procedure developed by Sokal and Michener (1958) using Genstat Software released (2009).  This 
analysis was carried out using the nine morphological and reproductive attributes those recorded on the ten 
random individual plants of each genotype. A dendrogram was created to show successive fusion of individuals. 
Those culminate at the stage where all the individuals belong to the same cluster. Such analysis was performed 
using either the means or the individuals of four studied genotypes.                                                                                                     
 
Anatomical study: 

 
Specimens of four studied genotypes taken three days after sowing in pots were from the coleoptile, about 

2cm length, main root and seminal one (one centimetre from the root tip), main root base (one centimetre from 
the kernel). Others were from the first foliage leaf at17-day old.  Specimens of flag leaf and the second 
internode beyond the main stem spike were taken at the age of 100 days from the field trial. Specimens were 
killed and fixed at least 48 hrs. in FAA (10 ml formalin, 5 ml glacial acetic acid and 85 ml ethyl alcohol 70%). 
The selected materials were washed in 50% ethyl alcohol, dehydrated in a normal butyl alcohol series, 
embedded in paraffin wax of melting point 56oC. Sections were cut 15 µ thick. Safranin- fast green combination 
method (Sass, 1961) was used for staining. Stained sections were cleared in xylene and mounted in Canada 
balsam (Willey, 1971). Sections were microscopically examined and photomicrographs were taken.  
 
Results And Discussion 
 
Growth And Reproductive Characteristics: 
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Data in Table (1) represent some morphological and reproductive traits of the studied genotypes at the age 
of 100 days after sowing. Plants of Beni Sweif 1 cv. possessed longer main stems (80.6 cm) with significant 
differences compared to all studied genotypes. Rye plants were the shortest ones (62.7 cm) with the shortest 
uppermost internode (14.0). Meanwhile, they possessed tillers 4-6 folds compared to those developed by the 
other genotypes. Insignificant difference was detected in main stem length, area of upper third leaf and main 
spike length between Sakha93 and Secale cereale, but the former has the longest uppermost internode (31.4 
cm). Insignificant difference was detected between numbers of tillers developed by the durum cultivar Beni 
Sweif1and Triticale spp., both developed lower numbers of tillers. Higher number of leaves/main stem was 
produced by Beni Sweif1 cv. (7.1), the lowest was for Sakha93 cv. (4.7). Widest leaves, either flag or 
determined foliage leaves, were developed on main stems of Triticale spp. The differences were mostly 
significant. The lowest area was recorded for flag leaves of Secale cereale (11.2) with significant differences 
compared to the other studied genotypes. 

Insignificant differences were detected between each of Beni Sweif1 and Sakha93 & Triticale spp. and 
Secale cereal concerning the number of spikelets/main spike. Spikelets, number in the two latter genotypes were 
significantly more than those of the formers. Uppermost internodes of cultivars belonging to the genus Triticum 
were apparently longer than those of Triticale spp. and Secale cereale with significant differences. Main spike 
length of Triticale spp. with or without awns was significantly longer than that of the other three genotypes. It is 
worthy to notice that plants of Sakha 93 were produced significantly longer main spikes, with or without awns, 
compared to the durum wheat cultivar Beni Sweif1. Hayward (1938) estimated that the wheat plant height vary 
from 2-5 feet. Abou-Taleb and Gomaa (2011) reported that the durum cultivars possessed shorter spikes 
compared to the aestivum ones.  
 
Table 1: Mean performance of some growth and reproductive characteristics of four cereal genotypes at the age of 100 days after sowing in  
              2011/2012 season. 

      Character 
 
 
Genotype 

Main 
stem 
length 
(cm) 

Uppermost 
internode 
length 
(cm) 

Leaves 
no./main 
stem 

Tillers 
no./plant 

Flag leaf 
area 
(cm2) 

Upper 
third leaf 
area (cm2) 

Spiketets, 
no. /main 
spike 

Main 
spike 
length 
(cm) 

Main 
spike 
length+ 
awn (cm) 

Bani Sweif1 80.6 29 7.1 4.2 32.8 38.9 23.3 11.0 16.3 
Sakha93 63 31.4 4.7 6.3 42.3 28.9 23.1 12.8 20.4 
Triticale spp. 72.4 15.6 6.8 4.1 51.2 45.4 37.8 18.6 23.5 
Secale cereale 62.7 14 6.8 26.5 11.2 34.9 37.1 12.8 21.8 
LSD at 0.05 8.2 5.4 0.6 1.8 9.4 6.3 2.3 0.9 1.3 

 
Cluster Analysis: 

 
The dendrograms created for clustering the investigated four genotypes obtained with the agglomerative 

hierarchical method using arithmetic averages is illustrated in (Fig. 1). At the level of 70%, the four studied 
genotypes appeared as independent groups. As, four independent clusters could be recognised. Just before that 
level the durum wheat cultivar Beni Sweif1 was in the same cluster with the aestivum one, Sakha93 .At a 
previous level, around 62%, Triticale spp. was grouped with Secale cereale in one group. 

Using the recorded data of the 40 individuals of tested species for investigated traits, the formed cluster 
illustrated in (Fig.2). At the level of 85%, three groups were formed, A, B and C.  Group A represents the two 
cultivars belonging to the genus Triticum.  While, B&C appeared as a separated groups representing Triticale 
spp. and Secale cereale respectively. The cluster A included the 20 individuals belong to the two Triticum 
species, bread wheat (Sakha93 cv.) and durum wheat (Beni Sueif 1 cv.). Each of the 10 individuals of Triticale 
spp. and Secale cereale was clustered together. However, at more than 90% level, the wheat group A was split 
into two sub-groups, G.1 and G.2.The first group G.1 comprised all the individual plants of bread wheat with 
ungrouped individual from durum ones, number 14. The second group (G.2) included the rest nine individual of 
durum wheat. It seems that the ungrouped individual number 14 may be off type from mechanical mixture. The 
rest two groups i.e., B and C remained separated as shown in 85% level. At success in level, each group may be 
split to similar sub-sub groups. It is worthy to notice that at 91%-94% level the dendrogram exhibited the 
aggregation of Sakha 93 cv., Triticale spp. and Secale cereale. Meanwhile, Bni Sweif 1was located separately. 
This indicates that triticale variety used in the study might be the resultant of crossing Triticum aestivum and 
Secale cereale.  Thomas et al. (2006) estimated that cluster analysis revealed that the hexaploid aestivum 
varieties were most divergent from others and classified into a major group. The author added, tetraploid 
varieties (13 durums and I dicoccum) were clearly differentiated from the hexaploids and grouped in two major 
clusters. The only triticale variety included in his study was separated from all others and remained alone.  
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Fig. 1: Dendrogram from group average cluster on four investigated genotypes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Dendrogram from the 40 individuals of four studied genotypes. 
 
1-10  represent the individuals of Beni Sweif 1cv.       11-20 represent the individuals of Sakha 93 cv. 
21-30 represent the individuals of Triticale spp.           30-40 represent the individuals of Secale cereal. 

 
Anatomical Study:  
 
 Primary Root System: 

 
Maximum number of lateral seminal roots counted 30 days after sowing in pots were 5 for Sakha, triticale 

and rye. Bani Sweif1 plants produced 8 ones.  Transections made in primary root and lateral seminal roots, 1cm 
from root tip as well as 1cm from primary root base, cleared that the piliferous layer underlaid by cortex of 
about 4-6 layers of thin-walled parenchyma cells. Cortical parenchyma encloses triangular intercellular spaces 
and limited by well-defined endodermal layer. Cells of endodermis are with U shaped thickening on radial and 
inner tangential walls. Protostele is polyarch limited externally by pericycle which consists of one layer of thick 
walled parenchyma. Protostele has about 6-9 exarch protoxylem points, each contains one or two vessels 
arranged radially. Groups of phloem cells alternate with the protoxylem points. Wider central metaxylem vessel 
was observed. 

These observations are more or less in accordance with those detailed by Hayward (1938) for primary root 
structure of most wheats. He estimated that the ontogeny of seminal roots arising above the scutellar node is like 
that of primary root but the seminal root may be somewhat smaller with fewer protoxylem points. The author 
added that the primary system in genus Triticum consists of the tap root and two pairs of laterals. Chapman and 
Peat (1992) revealed the presence of large metaxylem vessels differentiated inside the protoxylem ones in grass 
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roots. The author referred that the number of protoxylem pools and metaxylem vessels is dependent on root size. 
Also the finer roots of many grass species contain only a single central metaxylem cell. Goller (1983) pointed 
out that the typical pooid (wheats) root contains relatively wide cortex of thickened lignified cells. The author 
estimated that stele formed with 10-12 metaxelem vessels embedded in slightly thickened ground tissue. 

No great differences were detected in root structure of either root parts or genotypes under study. Generally, 
higher numbers of protoxylem points were counted for the lateral seminal roots of all genotypes compared to the 
primary root. Two metaxylem vessels were observed in lateral seminal root of Sakha 93 cv.  and main root at tip 
of Triticale spp. (Fig.3:2,4). Numbers of lysigenous cavities in varying sizes were observed between cortex 
parenchyma of primary and lateral seminal roots of Beni Sweif 1 and Secale cereale (Fig.4and5). Initiation of 
such lysigenous spaces were also observed in cortex of lateral seminal roots of Triticale spp. (Fig.5:4). 

 

 
Fig. 3: Transections of primary root, 1 cm from tip, at the age of 3 days. 

     (1-Beni Sweif 1 cv.; 2- Sakha 93 cv.; 3- Secale cereal; 4- Triticale spp.) 

 
Fig. 4: Transections of primary root, 1 cm from base, at the age of 3 days. 

     (1-Beni Sweif1 cv.; 2- Sakha93 cv.; 3- Secale cereale; 4- Triticale spp.) 
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Fig. 5: Transections of lateral seminal root, 1 cm from tip, at the age of 3 days. 

     (1-Beni Sweif1 cv.; 2- Sakha93 cv.; 3- Secale cereale; 4- Triticale spp.) 
 
The Coleoptile: 

 
Coleoptile, the second leaf of cereal grasses, is a protective modified leaf splits through the caryopsis when 

germination begins (Chapman and Peat, 1992). Transections were made in coleoptile, 1 cm from coleoptile 
base, of all studied genotypes. Coleoptile transection appeared as a cylinder of 4-6 layers of parenchyma bound 
by inner and outer epidermal layers. The outer epidermis has stomata outwardly to the vascular bundles. The 
outer 1-2 layers of the parenchymatous cylinder are assimilatory as they contain chloroplasts. Wider two sides 
of coleoptile contain two opposite collateral vascular bundles and more parenchyma cells. Vascular bundles are 
with relatively thicker phloem than xylem. Few rows of xylem vessels were embedded in parenchyma cells. 

The previous description was more or less in accordance with that of Hayward (1938) on wheat coleoptile. 
He reported the presence of one or two rows of stomata lying parallel to the collateral vascular bundles. The 
author pointed out the presence of two half-amphivasal bundles in Zea mays. 

The coleoptile encloses the first unfolded foliage leaf (Fig.6) at which well-defined bundle sheath could be 
observed. Margins of the first leaf enrolled towards its adaxial surface in coleoptile of each of Sakha 93cv. and 
secale cereale.(Fig.6:2,3) The first leaf of Beni Sweif 1 and Triticale spp. were enrolled spirally(Fig.6:1,4). The 
outline of coleoptile transection appeared as heart shape in each of Sakha 93 cv. and Secale cereale. Meanwhile 
it appeared circular to elliptical in Beni Sweif 1 and Triticale spp. Coleoptile transection of Sakha 93 
characterized by three stomata outwardly to both bundles. This may indicate three rows of stomata parallel to 
each vascular bundle i.e., extend along the coleoptile axis. Stomata were also found towards the adaxial first leaf 
surface (Fig. 6:2). In Secale cereale one stoma was observed outwardly to each bundle. Moreover, stomata were 
also found in outer epidermis towards the abaxial surface of the first leaf.  
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Fig.6: Transections of coleoptile, 2cm length, at the age of 3 days. 

    (1-Beni Sweif1 cv.; 2- Sakha93 cv.; 3- Secale cereale; 4- Triticale spp.) 
 
 Foliage leaf:  
 
The first foliage leaf: 

 
Transections were made in blade of the first foliage leaves of all studied genotypes 17 days after sowing in 

pots. Eleven closed collateral vascular bundles were counted along the blade. The main bundle was obviously 
the largest. Larger laminar bundles alternate with 1-2 smaller ones. Two-layered bundle sheath could be 
recognized especially around the main largest bundle. Cells of the inner layer are with thickening on radial as 
well as inner tangential walls. The outer layer is parenchymatous free of chloroplasts. They differed from the 
ordinary mesophyll chlorenchyma at which the bundles embedded. Adaxial leaf surface is ridged as the bundles 
located. Cells of the upper epidermis are not uniform in shape. Generally, epidermal cells above ridges are 
apparently larger than those in grooves. Abaxial epidermis is appeared more or less strait with uniform round 
thick-walled cells. Midrib is reinforced by sclerenchyma just above the lower epidermis. Highly lignified 
sclerenchyma cells were also recognized at leaf margins. 

Foliage leaf description was agreed with Hayward (1938).He reported that the outer parenchyma cells of the 
bundle sheath is usually devoid of chloroplasts at maturity. Chapman & Peat (1992) on wheats, reported that in 
C3 (pooid) grass species the vascular bundles are surrounded by two layers of cells, neither of which is 
photosynthetic. The outer bundle sheath is parenchymatous outside a mestome sheath. The author revealed the 
presence of strengthening columns of sclerenchyma cells often found close to, and sometimes connecting with 
the larger bundles in leaves and stems. The author added that the grass leaf vascular bundles are with varying 
sizes, the central is the largest particularly in species with a well-defined midrib. A series of alternating larger 
and smaller bundles was found on either side of the central main bundle.  

Regarding the foliage leaf, no great differences were observed in anatomical features between the studied 
genotypes. Bundles of Sakha93 and Triticale spp., even the largest main one, are bounded by incomplete bundle 
sheaths. Cells of outer parenchyma layer were hardly recognized from ordinary mesophyll cells, and contain 
fewer chloroplasts. Also, wide intercellular spaces were observed between mesophyll chlorenchyma (Fig. 7: 2, 
4). Foliage leaf of secale cereale was characterized by 12 bundles along the lamina transection. Unequal 
numbers of bundles were observed at two-sided lamina. Also, abaxial epidermis curved as the bundles located. 
In Beni Sweif1, adaxial epidermal cells above ridges are more or less similar to those in grooves (Fig. 7:1). 
Also, larger laminar bundles alternate with smaller ones along the lamina. It is worthy to notice that the 
bulliform cells described by Hayward (1938) in the upper epidermis of wheat foliage leaves did not recognized 
in any of the studied genotypes. This might be due to immaturity of those leaves at this stage of growth, 17 day-
old. 



3841 
J. Appl. Sci. Res., 8(7): 3834-3844, 2012 

 

 
Fig. 7: Transections of foliage leaf at the age of 17 days. 

     (1-Beni Sweif1 cv.; 2- Sakha93 cv.; 3- Secale cereale; 4- Triticale spp.) 
 
The flag leaf:  

 
Transactions made in flag leaf at the age of 100 days after sowing (Fig. 9) exhibited that the upper (adaxial) 

epidermal layer consists of uniseriate somewhat rounded cells located above the bundles, positions. These are 
intercepted by few numbers of enlarged bulliform cells located in areas of lamina free of the vascular bundles 
i.e., areas contains mesophyll. Stomata were noticed besides groups of the bulliform cells. Abaxial epidermis 
contains uniseriate small epidermal cells with fewer stomata. Mesophyll characterized by elongated palisade-
like chlorenchyma cells adjacent to the bundles especially towards the abaxial epidermis. It is worthy to notice 
that the bulliform cells overlie elongated palisade-like chlorenchyma cells beneath upper epidermal layer 
Groups of such elongated chlorenchyma are occasionally arranged as one layer around the vascular bundles in a 
radial manner and following the bundle sheath. The remainder portion of flag leaf transaction was occupied by 
spongy tissue with varying sizes of chlorenchyma cells and closed vascular bundles. Vascular bundles, either the 
main bundle (midvein) or the lateral ones (laminar bundles) are surrounded by two–layered sheath. The inner 
layer consists of thick-walled cells and the outer one with thin–walled parenchyma arranged radially. Generally 
the outer parenchymatous layer was appeared incomplete especially those of the larger bundles. Regardless of 
the main vascular bundle, the lamina contains large vascular bundles alternates with 1-3 smaller ones and all 
appear in strait manner along the lamina transection. The main and larger lateral bundles contain two large 
metaxylem vessels. Only one protoxylem vessel was observed opposite to the phloem position i.e., towards the 
adxial leaf side. Phloem composed of sieve tubes and companions cells. Few numbers of conducting elements 
were observed in the smaller lateral bundles. Vascular bundles especially the larger ones, were mostly joint to 
either both or one epidermis by bands of sclerenchyma cells. 

Observations recorded for flag leaf transections were more or less in accordance with the findings of 
Hayward (1938) &Chapman and Peat (1992) on foliage leaf of wheats and grasses respectively. Hayward 
(1938) estimated that curling or expanding of the blade along its longitudinal axis is controlled by the bulliform 
or motor cells on the adaxial wheat leaf surface. 

Transection made in flag leaf of Sakha93 cv. exhibited that the midrib is apparently thicker, contains the 
largest vascular bundle, than the two sided lamina. Moreover, the laminar bundles appeared in zigzag manner 
(Fig. 9:2). Flag leaves of the other genotypes possessed midribs slightly thicker than the lamina. In Secale 
cereale, no great difference was detected in size between the main bundle and the larger laminar ones. Flag leaf 
of the latter genotype appeared with reduced lamina thickness compared to the other genotypes. (Fig. 9:3). Great 
similarity could be recognised between flag leaf of the durum cultivar Beni Sweif1 and that of Triticale spp. 
Flag leaf of the latter appeared thicker. Also the bulliform cells are more or less typically in shape and size (Fig. 
9:1, 4). 
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Fig. 9: Transections of flag leaf at the age of 100 days. 

     (1-Beni Sweif1 cv.; 2-Sakha9; 3-Secale cereale; 4-Triticale spp.) 
 
The stem: 

 
Main stem cross section (Fig. 8) exhibits circular, slightly ridged-outline with uniseriate lignified epidermal 

cells. Epidermal layer is underlaid by layers of sclerenchyma. Two concentric rings of vascular bundles were 
observed. The outer peripheral bundles are embedded completely in sclerenchyma beneath the epidermal layer. 
Few layers of dense chlorenchyma cells were noticed at both radial sides of each small peripheral bundle. Those 
mostly appeared as a wing-like shape in transection. The innermost larger vascular bundles are surrounded by 
the fundamental tissue of parenchyma encloses triangular intercellular spaces. Layers of parenchyma enlarged 
centripetally separate the inner bundles from stem hollow cavity. The inner bundles appeared in zigzag manner. 

The vascular bundles are closed collateral type; each with phloem tissue located outwardly and consists of 
sieve elements and companion cells. Phloem abuts two large metaxylem vessels. Endarch protoxylem, 2-3 
vessels arranged radially in one row, is located opposite to the phloem position. A cavity of collapsed 
protoxylem vessel was occasionally observed.  Caps of sclerenchyma cells are noticed adjacent outwardly to the 
large inner stem bundles. The latters are encircled by incomplete lignified celled-sheaths. 

Stem anatomy described is more or less in accordance with that detailed for most wheats by Hayward 
(1938). He estimated that the culm is hollow in the internodal region and solid at the constricted nodes. He 
mentioned that the hypodermal mechanical tissue is made up of fibrous cells forming a continuous zone of 
variable thickness; and this encloses the longitudinal bands of chlorenchyma, as well as smaller peripheral 
bundles. 

Chapman and Peat (1992) stated that mature grass stem is with longitudinal vascular bundles embedded in 
parenchymatous ground tissue. The author added that grass species with hollow stems, the vascular bundles are 
arranged in one or more concentric rings. Also, column of strengthening sclerenchyma develop in close 
proximity to the vascular bundles. 

In comparison to the other genotypes, stem outline of Beni Sweif1 was slightly ridged as the peripheral 
bundles located. The latters were just below the epidermis (Fig. 8:1). Peripheral larger bundles recognised in 
stems of each of Sakha93 cv., Secale sereale and Triticale spp. seemed apart from epidermis by bands of 
lignified sclerenchyma cells (Figs. 8: 2, 3, 4).  Band thickness and width was varied according to genotype 
.Smaller peripheral bundles are separated from epidermis by bands of highly lignified sclerenchyma in Sakha93 
cv. and Triticale spp. All are sided by wing-shaped chlorenchyma described. In Triticale spp., groups of highly 
lignified sclerenchyma were abutting, outwardly and inwardly, the inner larger vascular bundles (Fig. 8:4). 
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Stem transections of Secale cereal exhibited layers of chlorenchyma extended peripherally beneath 
epidermis. Chlorenchyma intercepted only by such bands of sclerenchyma. In other words, outer smaller 
vascular bundles are separated from epidermis by such layers of chlorenchyma (Fig. 8: 3). The inner bundles 
appeared smaller compared to those of the other genotypes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 8: Transections of main stem at the age of 100 days. 

     (1-Beni Sweif1 cv.; 2- Sakha93 cv.; 3-Secale cereale; 4-Triticale spp.) 
  
(pi: peliferous layer; co: cortex; cav: cavitiy; per: pericycle; en: endodermis; x: xylem; oe: outer epidermis; 

in: inner epidermis; lb: laminar bundles; plc: palisade-like cells; ep: epidermis; ue: upper epidermis; le: lower 
epidermis; st: stomata; bl: bulliform cells; ful: first unfolded leaf; bs: bundle sheath; ft: fundamental tissue; rpx: 
ruptured primary xylem; sc: sclerenchy; sb: sclerenchyma band; pc: parenchymatous cylinder; ph: phloem; mx: 
metaxylem; px: primary xylem; pb: peripheral bundle; ho: hollow cavity; ib: inner bundle; cl: chlorenchyma;int: 
intercellular space). 

To conclude, similarity between the studied genotypes cannot be exhibited by using the cluster analysis 
method. This result realised by either involving arithmetic averages or individuals in clustering. As the four 
studied genotypes were grouped or categorized finally to four separated clusters. At a certain level, 91%-94%, 
cluster analysis involved the individuals showed the aggregation of each of Sakha 93, Triticale spp. and Secale 
cereale. This result suggested that Triticale spp used in this study might be arising from hybridization between 
Triticum aestivum and Secale cereale. Regarding the anatomical features, root structure of the studied genotypes 
was greatly similar when examined at various levels or root types. Few exceptions were cleared as the presence 
of lysigenous cavities in main and seminal roots of Beni Sweif 1 and seminal root of Secale cereale. Another 
feature is the presence of two metaxylem vessels in main and lateral seminal roots of Triticale spp. and Sakha93 
cv.  respectively. Coleoptile structure of Beni Sweif1 and Triticale spp were similar and varied from those of 
Sakha93 and secale cereale. Epidermal cells above ridges were larger than those in grooves in foliage leaves of 
Sakha 93, rye and triticale. In Beni Sweif 1 no obvious deference were detected in epidermis of both regions. 
Also differences were detected in continuity of the bundle sheath and the absence of  the outer parenchymatous 
one as observed in foliage leaves of Sakha93 cv. and triticale. Peripheral larger bundles in stems of each of 
Sakha 93 cv., Secale sereale and Triticale spp. seemed apart from epidermis by bands of lignified sclerenchyma 
cells. Outer smaller vascular bundles of Secale cereale stem are separated from epidermis by layers of 
chlorenchyma. Great variability was determined comparing between flag leaves of the studied genotypes. They 
appeared in various thickeness, arrangement of bundles and state of bundle sheath. Similarity was realised only 
in flag leaf structure of  Beni Sweif1 and triticale.  

Differences between the four studied genotypes need further investigation. This may be obtained in the 
second part of this study. As scanning electron microscoppy (SEM)was used for scanning various plant parts of 
the studied genotypes. 
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