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Summary
Wheat as the major cereal crop in Egypt is the core of the government s food
security policy. But there are rapid losses of the genetic resources of the country as
a result of ongoing modernization and development. Thus we compiled the largest
possible number of Egyptian accessions preserved in the world gene banks. In the
present study we collected nearly 1000 Egyptian wheat accessions. A part from the
Triticum species of the Egyptian flora four species have been found, which were
recorded for the first time T. turanicum, T. compactum, T. polonicum and T.
aethiopicum.
To classify the Egyptian wheat species using morphological studies, 108
accessions were selected. Thereafter, these accessions were cultivated and
evaluated morphologically to confirm the validity of the classified species.
During the morphological evaluation study, a new case was noticed for the
number of glumes in one of the Egyptian wheat accessions. Three glumes per
spikelet were observed in a branched spike. This led us to assess the phenomenon
in all varieties with branching spikes within the genus Triticum. All varieties which
have branching spikes at least in some spikletes have three glumes. We considered
the case of the third glume as indicator for the domestication syndrome. Also, a
new case of other forms of branching in the genus Triticum was investigated,
which was a compromise between true and false-branching. We called it true-false
branching.
Comparative anatomical studies were carried out between Egyptian Triticum
species to investigate the possibility of using anatomical features to classify the
Egyptian wheat species. It was concluded that it is difficult to use anatomical
features alone to differentiate between two Triticum species, especially when they
belong to the same ploidy level.
A key for the identification of Egyptian Triticum taxa was established.

x

Zusammenfassung
Weizen ist als das wichtigste Getreide in Ägypten der Kern der nationalen politischen
Programme zur Ernährungssicherung. Dennoch gibt es große Verluste der genetischen
Ressourcen des Landes als Folge der laufenden Modernisierung und Entwicklung zu verzeichnen.
In der Vergangenheit gelangte eine große Vielfalt der ägyptischen Weizen als Keimplasma in die
weltweiten Genbanken. Dies sollte ihren Schutz und ihre Erhaltung und somit ihre mögliche
Verwendung in der Zukunft sicherstellen. Für die vorliegende Studie wurden fast 1.000
Akzessionen dieser ägyptischen Weizen zusammengestellt und analysiert. Das Ergebnis war eine
Sammlung aller bisher in der ägyptischen Flora beschriebenen Weizen, dazu kamen als neue
Arten "T. turanicum, T. compactum, T. polonicum und T. aethiopicum ".
Um die ägyptischen Weizen-Arten anhand morphologischer Untersuchungen zu
klassifizieren, wurden 108 Akzessionen ausgewählt. Danach wurden diese Akzessionen
angebaut und morphologisch ausgewertet. Anhand der Ergebnisse konnte die bisherige
Benennung von elf Akzessionen korrigiert und als Sorten von T. aethiopicum identifiziert
werden.
Während der morphologischen Beurteilung wurde eine neue Beobachtung gemacht: die
Anzahl der Spelzen in einer der ägyptischen Weizensorten entsprach nicht den Beschreibungen.
In diesem Fall konnten erstmals drei Hüllspelzen je Ährchen in einer verzweigten Ähre
beobachtet werden. Daraufhin wurden die Hüllspelzen aller Sorten mit Ährenverzweigungen
innerhalb der Gattung Triticum untersucht. Das Ergebnis war, dass bei allen Sorten mit
Ährenverzweigungen Ährchen mit drei Hüllspelzen auftraten. Damit sind die drei Hüllspelzen
ein Indikator für das Domestikationssyndrom. Außerdem wurde ein neuer Fall von
Verzweigungsformen in der Gattung Triticum gefunden, ein Übergang zwischen echter und
unechter Ährenverzweigung.
Vergleichende anatomische Studien wurden zwischen den ägyptischen Triticum-Arten
durchgeführt, um die Möglichkeit der Verwendung von anatomischen Merkmalen für die
Klassifikation zu untersuchen. Die vorliegende Untersuchung lässt den Schluss zu, dass
anatomische Merkmale allein nicht ausreichen, um zwischen zwei Triticum Arten zu
unterscheiden, besonders wenn sie zur gleichen Ploidie-Stufe gehören.
Die

vorliegende

Untersuchung

liefert

Identifizierung der ägyptischen Triticum Taxa.

xi

einen

morphologischen

Schlüssel

zur
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General Introduction

Chapter 1

Introduction
Egypt covers a land area of about one million km2 in the hyper arid regions of North Africa and
West Asia. The annual rainfall in most parts of Egypt is less than 50 mm. The country consists of
three main parts: Sinai (61,000 km2), the Eastern desert extending from the River Valley to Red
Sea Coast (223,000 km2) and the Western desert extending from the Nile River Valley to the
Libyan border (681,000 km2). The coastal belt extends along the Mediterranean Sea from Rafah
to El-Salloum (850 km2). Egypt is situated at the crossroads of three continents, and at the
junction of three biotic realms: Europe, Asia and Africa.

The ecosystems found in Egypt as well as their associated flora and fauna reflect the influence of
these distinct biotic regions. The biotic regions in the North are related to those of the
Mediterranean Basin. The Eastern part of Egypt reflects influences from the Levant and the
Arabian Peninsula. The biotic regions found in the South are influenced by Sudanian and
Tropical Africa, and to the West, areas are related to the Saharan biotic regions found elsewhere
in North Africa. Many of the biotic regions found in Egypt represent the extreme limits of their
respective ranges, which makes the biological diversity found in these areas of special scientific
importance (Madcor and Abo Zaid 1995).

The vegetation of Egypt, however, is not restricted to wild plants. Egypt is an agricultural
country, and it would give quite a false view on the flora if one does not also deal in this
connection with Egyptian crops, such as bersim (clover), cotton, barley or wheat. The vegetation
of Egypt is rich, although not comparable with that of certain Mediterranean countries such as
Syria and Palestine. The weed flora of the canals and cultivated lands is not as uniform as might
be expected. On the contrary, it changes from the south to the north and from the east to the
west.

Egypt as no other country possesses a tomb flora. A tomb flora includes the plants existing in
tombs that have been preserved for thousands of years through which we can read the human
history. In Egypt every plant has a history. All the fruits, vegetables and flowers are owed to the
dry and hot climate. The prolific yield from the ancient tombs of plant remains in such condition
which is nessary to be identified accurately. These fruits transmit an idea to us not only about the
flora of ancient times but also about the cultural history of Egypt. Also these help us to ascertain
when a certain plant was introduced into the country and to know when this or that plant
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disappeared. We might trace them through connections between Ancient Egypt and Persia,
Abyssinia, India or Syria. The oldest findings originate from the Neolithic age, more than 6000
years ago, and thereafter, to judge from the plentiful materials of wheat and barley found in
underground pits in the desert, Egyptian agriculture was highly developed.

Egypt is a unique country which is famous for its history, agriculture, and pharmacology.
Everybody who has dealt with the Egyptian flora has realized this. Pehr Forsskal, the gifted
Swedish pupil of Linnaeus, wrote the first scientific flora, named as Flora Aegyptiaco-Arabica
(1775) of this country. The French botanist, Alire Raffeneau Delile, came with Napoleon on his
expedition to Egypt and afterwards gave us his Florae Aegyptiacae Illustratio accompanied by
a volume of magnificent drawings (1813). The pioneer in modern times is, no doubt, the German
scientist, Georg Schweinfurth among the army of botanists. In his Illustration de la Flora
Egypte

(1887-1889) and in his other innumerable publications, he has shown us how

intimately the wild flora is connected with the cultivated plants, the drugs and the tomb plants
(Täckholm et al. 1941).

Wheat is one of the most widely cultivated cereal crops in the world. It belongs to the Genus
Triticum (Cronquist 1981). This genus contains 27 wild and domesticated species (Dorofeev et
al. 1979). Wheat is one of the most important cereals grown successfully in Egypt. Täckholm et
al. (1941) and Boulos (2005) mentioned that there are five species of Triticum to be
distinguished in Egypt, namely: Triticum aestivum, Triticum dicoccum, Triticum turgidum,
Triticum durum, Triticum pyramidale. Dorofeev et al. (1979) mentioned that Triticum turanicum
is also distributed in Egypt.

Wheat is the most important staple crop produced in Egypt. It occupies about 32.6 percent of the
total winter land area and is mostly used to make bread, a very important component of the
Egyptian diet. Average consumption of wheat and wheat products is about 200 kilograms (kg)
per capita per year, one of the highest levels in the world (Kherallah et al. 1999).
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Problem Statement
Wheat as the major cereal crop in Egypt is the core of the government s food security policy.
Efforts to increase food production, in particular wheat, have received top priority in the
agricultural development programs starting since 1983. In the context of Egypt s food security
policy, wheat policy has two main dimensions: 1) The food availability dimension, where the
main focus is to increase the self-sufficiency ratio of wheat production from the current level (55
percent) to full self-sufficiency. 2) The second is the accessibility aspect to ensure that the lowincome households are able to acquire food (Siam 2006).

Plant genetic resources belong to the most valuable assets available to mankind. Protection and
conservation of these resources for future generations assume a great significance.
Characterization is an important component for effective and efficient management of plant
genetic resources as well as their utilization of the germplasm. It is essential not only for
identification of various species but also to determine genetic relatedness among them. The
information generated could be used successfully in breeding programmes wherever possible.
This also assumes great relevance in the present context of intellectual property rights and trade
agreements.

Displacement of landraces by other crops was the prominent factor for ending landrace cultivation.
Farmer s preference to yield potential and cash crops subsequently reduced the chance of
maintaining landraces. The problem of loss of genetic variation through inappropriate maintenance
of ex situ collections was also recognized and assessed. The threat of genetic erosion is very
important in order to save the landraces which are raw materials for breeding and are irreplaceable
if lost (Teklu, 2006).

To the best of the author s knowledge, despite the abundance of studies that have dealt with the
Egyptian wheat in most aspects of agricultural production, pathological and physiological,
comprehensive taxonomic studies are very rare and a challenge for new development.
Anatomical studies are considered as one of the effective tools in taxonomic studies.

Egyptian civilization, one of the first and oldest civilizations of the world, has played with the
environment and climatic conditions a major role in maintaining much of the history of our
forefathers, which helps us to understand and chart the course of transmission. Also it helps us to
know how plant species moved from regions of origins to areas of diversity.

4
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Aim and Scope
The aim of this thesis is to identify the source of the Egyptian wheat species.
To achieve this aim, the following five specific objectives have been formulated:
1- To compile the largest possible number of Egyptian wheat accessions preserved in the
world gene banks.
2- To classify the Egyptian wheat species using morphological studies.
3- To identify the architectural inflorescence in the genus Triticum in respect to ramification
and multiple glumes targeting.
4- To classify the Egyptian wheat species using anatomical studies.
5- To study the Egyptian wheat history.
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Chapter 2

Egyptian Wheat: A Review
Wheat (various species of the genus Triticum) is a grass with so many important uses that it is
cultivated worldwide. Wheat is one of the first cereals known to have been domesticated. Wheat
is not only an important crop today, it has also influenced human history. Wheat was a key factor
enabling the emergence of city-based societies at the start of civilization because it was one of
the first crops that could be easily cultivated on a large scale, and had the additional advantage of
yielding a harvest that provides long-term storage of food. Bread wheat is known to have been
grown in the Nile Valley by 5000 BC and it is believed that the Mediterranean region was the
centre of domestication. The archaeological record suggests that this first occurred in the regions
known as the Fertile Crescent, and the Nile Delta. The civilization of West Asia and of the
European peoples has been largely based on wheat.

Wheat grain is a staple food used to make flour for leavened, flat and steamed breads, cookies,
cakes, pasta, noodles and couscous; and for fermentation to make beer, many different alcoholic
spirits including grain whiskey and vodka, and recently, biofuel. The husk of the grain, separated
when milling white flour, is bran. Wheat germ is the embryo portion of the wheat kernel. It is a
concentrated source of vitamins, minerals, and protein, and is sustained by the larger, starch
storage region of the kernel - the endosperm. Some wheat is planted as a forage crop for
livestock, straw made from stems and leaves can be used as bedding for livestock, or as a
construction material for roofing thatch.

2.1 A Brief History of Wheat Classification
The existence of many different varieties of wheat has been recognized for more than 2300
years. Theophrastus (1916), a pupil of Plato in his Enquiry Into Plants written about 300 years
B.C. states: There are also many kinds of wheat which take their names simply from the places
where they grow as Libya, Pontic, Thracian, Assyrian, Egyptian, Sicilian. They show differences
in their capacities in general and especially in their value as food (Clark and Bayles 1939).

Theophrastus mentioned many of the differences between these kinds of wheat and his
observations were repeated and amplified in the first century B.C. and later on. The following
notes were presented in the translation in Columella s (1745) book entitled Of Husbandry
(Clark and Bayles 1939): Triticum common bare wheat which has little husk upon it was,
according to Varro, a name given formerly to all sorts of grain beaten or bruised out of ears by
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trituration or threshing; but afterwards it was given to a peculiar species of grain of which there
are many sorts which take their names from the places where they grow as African, Pontic,
Assyrian, Thracian, Egyptian, Sicilian, etc., which differ from one another in color, bigness and
other properties too tedious to relate. One sort has its ear without beards and it either grows in
winter or in summer. Another sort is armed with long beards and grows up sometimes with one,
sometimes with more ears. Of these, the grains are of different sorts: some of them are white,
some reddish, some round, others oblong, some large, others small. Some sorts are early ripe,
others late in ripening. Some yield a great increase, some are hungry and yield little. Some put
forth a great ear, others small. One sort stays long in the hose (follicle), another frees itself very
soon out of it. Some have a small stalk or straw, others have a thick one as the African. Some are
clothes with few coats, some with many as the Thracian. Some grains put forth only one stalk,
some many stalks.

According to Percival (1921), pre-Linnean botanists of the sixteenth and seventeenth centuries
generally adopted the classification of the cultivated wheats suggested by Columella, dividing
them into two sections:
I.

Species of Triticum or wheats whose ears have a tough rachis and grains so

loosely invested by the chaff that they fall out when the ears are threshed.
II.

Species of Zea, whose ears possess a fragile rachis which breaks into short

lengths and grains so firmly enclosed by glumes that they are separted from the latter with
difficulty.

Those comprising the Zea section are often spoken of as spelt wheat, the term spelt being used in
a generic sense and embracing T. monococcum (Einkorn), T. dicoccum (Emmer) and T. spelta
(common spelt). The real classification work, however, started with Linnaeus who placed all the
cultivated wheat under the genus Triticum. In the first edition of his Species Plantarum (1753),
he mentiond five species: T. aestivum (Bearded spring wheat); T. hybernum (Beardless winter
wheat); T. turgidum; T. spelta; and T. monococcum. He divided the common wheat into two
species: T. aestivum (awned spring wheat) and T. hybernum (awnless winter wheat) apparently
believing that all spring wheats were bearded and all winter wheats beardless. In the second
Edition of his Species Plantarum (1764), he added to the previous classification T. polonicum.
Later, in 1781, his son introduced the species T. compositum, a form of T. turgidum with
proliferous ears.
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Lamarck (1786) in Encycl. Methodique recognized five species: T. aestivum (T. aestivum L. +
T. hybernum L. + T. turgidum L.); T. compositum L.; T. polonicum L.; T. spelta L.; and T.
monococcum L. Villars (1787) in the Histoire des plantes de Dauphine referred all the wheats
to seven species: T. vulgare (T. aestivum L.); T. touzelle (T. hybernum L.); T. turgidum L.; T.
maximum (a wheat resembling T. polonicum); T. compositum L.; T. spelta L.; and T.
monococcum L.

Schrank (1789) arranged the cultivated wheats in three species: T. cereale, with the two varieties
T. aestivum and T. hybernum; T. spelta L.; and T. dicoccon Schrank. Desfontaines (1800)
established the species T. durum Desf. for the group of wheats having long awns and long
vitreous kernels.

Host (1805) extended the list of Triticum to eleven species: T. vulgare (a form of T. durum
Desf.); T. compositum L.; T. turgidum L.; T. zea (T. spelta L.); T. spelta L. (T. amyleum Ser.); T.
polonicum L.; T. monococcum L.; T. hordeiforme (a form of T. durum Desf.); T. villosum (a
pubescent white glumed of T. durum Desf.); T. compactum Host; and T. atratum (a variety of T.
amyleum with dark, brown or black pubescent glumes). Host was the first botanist who united
the Linnean T. aestivum and T. hybernum under one species: T. vulgare; he also first described
and named T. compactum Host, to include the club wheats.

Persoon, in his Synopsis Plantarum (1805) united T. aestivum, T. hybernum and T. durum
under one species T. sativum. Seringe (1819) arranged the common and club wheats into 10
groups based on the following characters: density of the ear, beardness, ear colour, kernel colour
and hairyness of the glumes. Metzger (1824) followed the same system as Seringe but
considered in addition the winter and the spring habit of growth.

Alefeld (1866) classified the wheats into two genera and species: T. vulgare and Deina polonica;
the latter contained four subspecies or varieties of Polish wheat, T. polonicum, and the former
was divided into many subspecies containinig all other races of Triticum.

Koernicke (1873) and Koernicke and Werner (1885) prepared the most complete classification
of wheat. They recognized three species:
1- T. vulgare Vill. (Common wheat)
2- T. polonicum L. (Polish wheat)
3- T. monococcum L. (Einkorn or small spelt
10
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T. vulgare was divded into six subspecies:
A) Rachis tough, grains easily separated on threshing:
1- T. vulgare Vill. (Common wheat)
2- T. compatum Host (Dwarf wheat)
3- T. turgidum L. (English wheat)
4- T. durum Desf. (Hard or Macaroni wheat)
B) Rachis fragile, grains firmly enclosed in the glumes.
5- T. spelta L. (Common spelta)
6- T. dicoccum Schrank (Emmer)

Koernicke and Werner followed Alefeld s system of applying Latin names to the botanical
groups. Vilmorin (1889) grouped the wheats into 50 sections according to their characters. Each
section was briefly described and the synonyms were given. The common and club wheats were
considered as one species. Hackel (1896) classified the genus Triticum according to a key very
similar to the one adopted by Koernicke and Werner. He recognized three species: T. sativum
Lamarck which includes: spelta, dicoccum and tenax.; T. monococcum L.; and T. polonicum L.
which includes vulgare, compactum, turgidum and durum as subrace.

Howard and Howard (1909) classified the wheats of India largely according to the methods of
Koernicke and Werner. They also considered in details the characters used for classification.
Schulz (1913) assembled the first phylogenetic classification of wheat from the morphological
view point by studying the phylogenetics. He divided the genus Triticum into three major
taxonomic groups: Einkorn, Emmer, and Dinkel. These three groups do not only differ
morphologically but also according to the resistance to fungi diseases, serum reaction,
etc. Einkorn is a diploid species, has spikelets with one grain only (in others 2-4), and paleas
splitting at maturity. Emmer is a tetraploid species with glumes strongly keeled from the base to
the summit. The culm is entirely filled with or at least with a thick layer of pith. Dinkel is a
hexaploid species with glumes, at least in the lower half, not or faintly keeled. The culm is with
little or no pith.

Flaksberger (1915) published extensive treatises on the taxonomy of Russian wheat, and
considered Schulz s series as aggregate species. In the monograph by Percival (1921), these
series are expressed in terms of Species I Perciv. and Species II Perciv., respectively. Sakamura
(1918) supported Schultz s classification in his pioneering cytological study, and found that
Schultz s three wheat groups also differ in their chromosome number; the einkorns are diploid
11
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(2n = 2x = 14), the emmers are tetraploids (2n = 4x = 28), and the dinkels are hexaploids (2n =
6x = 42). Kihara (1919) provided information on genome constitution, phylogny and the
evolution of Triticum species.

In 1919, Vavilov increased the extent of the genus Triticum L. by inclusion of a new species of
tetraploid wheat, T. persicum Vav. (T. carthlicum Nevski). Percival (1921) described and
classified a large number of wheat varieties of the world and discussed the morphology of the
wheat plant. He also described for the first time tetraploid naked wheats: T. orientale Perciv. (T.
turanicum Jakubz.), T. pyramidale Perciv., and a hexaploid species, T. sphaerococcum Perciv.
He divided the wheat forms into eleven groups distributed into two species. Within these groups
Percival used the term race instead of the term species and his classification came as
follows:
Species I.
race 1
Species II.
race 2
race 3
race 4
race 5
race 6
race 7
race 8
race 9
race 10
race 11

T. aegilopoides Bal.
T. moncoccum L.
T. dicoccoides Korn.
T. dicoccum Schubl.
T. orientale Percival
T. durum Desf.
T. polonicum L.
T. turgidum L.
T. pyramidale Percival
T. vulgare Host
T. compactum Host
T. sphaerococcum Percival
T. spelta L.

Wild small spelt
Small spelt
Wild emmer
Emmer
Khourassan wheat
Macaroni wheat
Polish wheat
Rivet or cone wheat
Egyptian cone wheat
Bread wheat
Club wheat
Indian dwarf wheat
Large spelt or dinkel

Kajanus (1927) found it appropriate to consider Schulz s above-mentioned series as species: T.
monococcum (L.) Kajanus (diploids), T. acuminatum Kajanus (tetraploids), T. obtusatum
Kajanus (hexaploids), which he then subdivided into subspecies and retained specific names for
the latter. In 1928, Flaksberger s classification was a significant step forward. He established
sections within the genus Triticum: 1) Monococca Flaksb., 2) Dicoccoidea Flaksb. and 3)
Speltoidea Flaksb. This grouping gained acceptance of many triticologists. Zhukovsky (1928)
described a new species, T. timopheevii, which has 14 haploid chromosomes and is very resistant
to several diseases. Thereafter, the genus Triticum L. was supplemented by species as follows: T.
macha Dekapr. et Menabde (1932); T. vavilovii Jakubz. (1933); T. abyssinicum Vav. (1939); T.
aethiopicum Jakubz. (1947); T. palaeocolchicum Menabde (1940); T. karamyschevii Nevski
(1935); T. araraticum Jakubz. (1947); T. ispahanicum Heslot (1958); T. zhukovskyi Menabde et
Ericzjan (1960); T. militinae Zhuk. et Migusch. (1969); T. petropavlovskyi Udacz. et Migusch.
12
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(1970); T. sinskajae A. Filat. et Kurk. (1975); T. jakubzineri Udacz. et Schachm. (1976); T.
kiharae Dorof. et Migusch.

Vavilov et al. (1931) published a contribution to the knowledge of the 28 chromosome groups
of cultivated wheat . Zhukovsky (1933) described and classified botanically the wheat varieties
of Anatolia. Nevski (1934) modified the Flaksberger s classification (1928), who arranged the
wild and cultivated one-grained wheats as Sectio Crithodium (Link) Nevski, the tetraploid
species as Sectio Orthatherum Nevski, and the hexaploid species as Sectio Spelta Nevski. In
addition, he distinguished Sectio Gigachilon Nevski for the species T. polonicum L. Flaksberger
(1935) presented the result of extensive studies on the origin and classification of the species and
varieties of wheat of the world. Flaksberger (1939) revised and enlarged his earlier publications
on the species and varieties of wheat of the world. He and his associates recognized the species
grouped according to chromosome number with their common names used in the United States
as follows: Diploid series (14 chromosomes): T. spontaneum Flaks. and T. monococcum L.;
tetraploid series (28 chromosomes): T. dicoccoides Körn., T. timopheevi Zhuk., T. dicoccum
(Schrank) Schübl., T. durum Desf., T. abyssinicum Vav., T. turgidum L., T. polonicum L. and T.
persicum Vav.; and Hexaploid series (42 chromosomes): T. spelta L., T. vulgare (Vill.) Host, T.
compactum Host, T. sphaerococcum Perci. and T. macha Dek.& Men.

Clark and Bayles (1939) published a classification of wheat varieties grown in U.S. which
followed the classification of Flaksberger (1939). They classified all varieties of eight species of
Triticum grown in U.S. with a description for all of them. Schiemann (1948) published a
monograph of wheat taxonomy in addition to barley and triticale. She classified the genus
Triticum in the same manner as Flaksberger (1939) did, except for differences in nomenclature
and incorporation of T. compactum Host in T. aestivum L. under the name of T. aestivum
aestivo-compactum Schiem. Menabde (1948) abandoned the subdivision of the genus into
sections and arranged the wheat species on a phylogenetic basis into four series (groups) of
species: 1) segetal and wild; 2) primary; 3) secondary; 4) geographical races. Sinskaya (1955)
subdivided the genus Triticum into three sections. In doing so, she rejected the criteria of naked
vs. chaffy grains and of ploidy level.

Mac Key (1975) subdivided the genus Triticum into sections on the basis of genetic data
obtained: 1) Monococca Flaksb.; 2) Dicoccoidea Flaksb.; 3) Speltoidea Flaksb., and thus reduced
all the diversity of wheats to six species. Tzvelev (1976) subdivided the genus Triticum into
sections: 1) Monococcon Dum.; 2) Triticum and 3) Pyrachne Dum. In this classification both the
13
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ploidy level and the character of naked vs. chaffy grains are ignored. Dorofeev et al. (1979)
published the complete monograph on Triticum (table 1) in flora of cultivated planta in Russian
language which is nowadays to be translated into English.

Löve (1984) reclassified the genus Triticum with nomenclatural corrections. The classification
was part of a taxonomic revision of the Tribe Triticeae. Following a broad interpretation of the
biological species concept, Löve defined genera by their unique genome constitution, either as
genera of diploids or polyploids. Thus, the genus Triticum was split into three genera, each
corresponding to one of three ploidy levels in the genus as follows:
Genus Crithodium Link (A genome)
Crithodium jerevani (Tumanian) Á.Löve (4x)
Crithodium monococcum (L.) Á.Löve
subsp. monococcum Boiss. and subsp. aegilopoides (Link) Á.Löve
Crithodium urartu (Tumanian ex Gandilyan) Á.Löve
Genus Gigachilon Seidl (BA genome)
Section Gigachilon
Gigachilon aethiopicum (Jakubz.) Á.Löve
Gigachilon polonicum (L.) Seidl
subsp. polonicum, subsp. carthlicum (Nevski in Kom.) Á.Löve, subsp. dicoccoides
(Körn. ex Asch. & Graebner) Á. Löve, subsp. dicoccum (Schrank ex Schübler)
Á.Löve, subsp. durum (Desf.) Á.Löve, subsp. palaeocolchicum (Menabde) Á.Löve &
D.Löve, subsp. turanicum (Jakubz.) Á.Löve and subsp. turgidum (L.) Á.Löve
Section Kiharae (Dorof. & Migush.) Á.Löve
Gigachilon timopheevii (Zhuk.) Á.Löve
subsp. timopheevii and subsp. armeniacum (Jakubz.) Á.Löve
Gigachilon zhukovskyi (Menabde & Ericzjan) Á.Löve
Genus Triticum L. (BAD genome)
Triticum aestivum L.
subsp. aestivum, subsp. compactum (Host) Thell., subsp. hadropyrum (Flaksb.)
Tzvelev, subsp. macha (Dekapr. & Menabde) MacKey, subsp. spelta (L.) Thell., subsp.
sphaerococcum (Percival) MacKey and subsp. vavilovii (Jakubz.) MacKey
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Van Slageren (1994) classified the genus Triticum in the sense of Mac Key (1988) with the
exception of several name and ranking changes.
Mac Key (1988)
T. monococcum subsp. boeoticum
T. turgidum subsp. turgidum
convar. durum
convar. turanicum
convar. polonicum
T. turgidum subsp. georgicum

van Slageren (1994)
T. monococcum subsp. aegilopoides
-T. turgidum subsp. durum
T. turgidum subsp. turanicum
T. turgidum subsp. polonicum
T. turgidum subsp. paleocolchicum

Filatenko and Hammer (1997) published new descriptions of hulled wheats on the infraspecific
level. New morphological variation was detected in the hulled wheats Triticum monococcum L.
(cultivated), T. urartu Thum. ex Gandil. (wild) and T. baeoticum Boiss. em. Schiemann (wild)
and four, five and six new botanical varieties were described, respectively. This formal approach
complements the classical intraspecific classifications.

Filatenko et al. (2001) state without doubt, there are many rich genebank collections in the
world, but very often the diversity of their accessions is estimated only by the number of plant
samples collected. Hence, the qualitative aspect is often neglected. Through intraspecific
classifications, traditional botanical taxonomy provides a scientific approach for the evolution
and maintenance of a collection, reduces the threat of genetic erosion of valuable plant properties
and plant samples, and makes it possible to develop a well-grounded interpretation of the newest
data of molecular biology.

Filatenko and Hammer (2007) published a new gross morphological variation in the genus
Triticum L. The new character state hairy neck was found in Triticum dicoccoides Korn. from
Lebanon, differing morphologically from that which can be occasionally found as an
introgressed character from rye into wheat. The material is newly described as botanical variety:
T. dicoccoides var. johnsonii.
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Table 1 Outline of the Dorofeev et al. (1979) classification system
Genus

Subgenus

Section / Genomes

Urartu Au
Dicoccoidea
AuB

Species
T. urartu (4)*

Subspecies

Convar

Subconvert

Var.
4

T. dicoccoides

incertum (4)
judaicum (10)
dicoccoides (11)

25

serbicum (3)
transcaucasicum (11)
euscaldunense (1)
dicoccon (39)

65

abyssinicum (8)
asiaticum

T. dicoccon

1

dicoccon
maroccanum (3)

3
2
turgidum (45)
compositum (26)

T. turgidum

Triticum

Triticum

T. karamyschevii (3)
T. ispahanicum (2)

71

T. jakubzineri (1)

1
caucasicum (5 )
duricompactum (21)
durum

T. durum

durum

duriramosum (7)
durum (42)
muticum (13)

121

falcatum (8)
villosum (8)
aglossicum (10)
horanicum (7)

T. turanicum (20)

20
abyssinicum (6)

T. polonicum

polonicum

T. aethiopicum
turgidoides
aethiopicum (53)
1

T. dicoccum

16

polonicum (22)
compactum (13)
elongatum (45)
densum (35)
recognitum (17)

41
203

Egyptian Wheat: A Review

vavilovianum

vavilovianum (34)
compactum (19)

T. carthlicum2 (18)

18

T. macha
kuckuckianum

T. spelta

macha (10)
densiusculum (4)
kuckuckianum (40)
tarakanovii (1)

14
55

spelta (14)

T. vavilovii (7)

7
compactum (23)

Triticum
AuBD

inflatum

T. compactum

rigidicompactum
inflatum
hadropyrum

T. aestivum

roshanum (28)
bartangiense (4)
rigidicompactum (37)
eligulatum (4)
inflatum (42)
eligulatinflatum (14)

rigidum (24)
semirigidum

semirigidum (59)
eligulatum (17)

96

194

aestivum (38)

T. sphaerococcum (17)
T. petropavlovskyi (4)

Boeoticum

Monococcon Ab

Total

2

boeoticum (37)
thaoudar (24)

T. boeoticum

61

T. monococcum (14)
T. sinskajae (1)

Timopheevii
AbG
Kiharae AbGD
6

14
1
araraticum (10)
kurdistanicum (3)

T. araraticum

13

T. timopheevii (4)
T. zhukovskyi (1) bAbG
T. militinae (2)
T. kiharae (1)
27

4
1
2
1

19

* (nuber of varieties)

2

17
4

T. persicum

17

32

11
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2.2.1 Domestication of Emmer Wheat
Emmer is one of the first crop plants on the Earth which had the greatest economical importance
in ancient times. Its grains have been found by archaeologists in prehistoric layers in many
localities in Egypt. Findings of a mixture of spikelets of one-grained wheat, emmer and barley in
Iraq are dated from the same time (the 5 th millennium B.C.). Forms intermediate by their
morphological characters between wild and cultivated emmers are also found there. During
excavations in the mountains of Kurdistan (Iraq), in layers dated from the early 7th millennium
B.C., grains of T. dicoccon type mixed with grains of wild one-grained wheats and T.
dicoccoides have also been found (Dorofeev et al. 1979).

The domestication of emmer wheat (Triticum dicoccoides, genomes BBAA) was one of the key
events during the emergence of agriculture in southwestern Asia, and was a prerequisite for the
evolution of durum and common wheat (Lue et. al 2007). The emergence of agriculture in the
Fertile Crescent, an arc of land stretching from the Levant to southeastern (SE) Turkey, northern
Iraq, and western Iran, was founded on the domestication of three cereals: diploid einkorn wheat
(Triticum monococcum), tetraploid emmer wheat (T. dicoccon, genomes BBAA), and diploid
barley (Hordeum vulgare). Domesticated emmer began to appear in southern Levant and SE
Turkey about 9,600 to 9,000 B.C. (Nesbitt and Samuel 1996). The domestication of hulled
emmer was the first step that ultimately resulted in the evolution of free-threshing tetraploid
durum wheat (T. durum, genomes BBAA) and hexaploid bread wheat (T. aestivum ssp. aestivum,
genomes BBAADD) that are today globally two of the most important field crops (Lue et al.
2007).

Most of the researchers have related to origin of T. dicoccon with T. dicoccoides (Dorofeev et al.
1979). Flaksberger (1935, 1939, etc.) shares this view, but with a reservation that T. dicoccon
and T. dicoccoides might originate independently from a common ancestor. The hypothesis for
the origin of the cultivated emmer wheat from the wild one was based not only on resemblance
of their morphological characters and regularity of the meiosis course in their hybrids but also on
demonstrated resemblance of the average amount of nuclear DNA in both emmers (Rees and
Walters 1965) and a resemblance of enzymograms of acid phosphatase obtained by
electrophoresis of seedling extract (Jaaska 1974). Mac Key (1968) believes that common emmer
was separated from wild emmer in a gradual process of domestication, the latter being
responsible for polygenic changes having taken place. Dorofeev (1972) agrees with such an
interpretation and sees a way of origin of the common emmer from the wild emmer in genetic
rearrangements of hereditary material. In the course of taming, the wild emmer lost a number of
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characters (e.g., a strong lignification of glumes, spontaneous fragility of spike, sprawled type of
bunch) and acquired other ones.

A long temporal transition from wild forms with brittle spike rachis to cultivated forms with nonbrittle spike rachis and almost simultaneous appearance of domesticated forms at archeological
sites across the Fertile Crescent has thwarted the effort to identify the site(s) at which the cereals
were domesticated on the basis of archaeology alone (Willcox 1998). Several studies based on
this rationale have been reported.

The site of emmer domestication has remained inconclusive. Wild emmer (T. dicoccoides) grows
in a discontinuous arc from southern Levant to northwestern (NW) Syria, SE Turkey, northern
Iraq, and NW Iran. Morphologically, wild emmer consists of two races. Most emmer is slender
and is classified as the race dicoccoides. A robust judaicum race grows sporadically in Israel.
Blumler (1998) suggested that the judaicum race originated from hybridization between wild
emmer and durum wheat. Ozkan et al. (2002) compared wild and domesticated emmer using
AFLP and showed that wild emmer formed two populations: southern and northern.
Domesticated emmer was more related to the northern than to the southern wild emmer. Since
populations from the Kartal Dagi mountains, Urfa plateau, Iraq, and Iran were sampled
inadequately or not at all, the identification of the site at which emmer was domesticated
remained inconclusive.

To fill this gap, Mori et al. (2003) investigated chloroplast microsatellite variation in samples
that included these populations. They discovered a large number of ctDNA haplotypes that could
be allocated into two broad lineages, I and II. These findings led them to hypothesize that emmer
was domesticated twice, once in the Kartal Dagi region and a second time somewhere else.
Ozkan et al. (2005) acquired accessions investigated by Mori et al. (2003), performed AFLP on
them, and concluded that Kartal Dagi was not the site of emmer domestication. The reason is
that the wild emmer accessions from the Karaca Dag region and from the Sulaimanyia region
along the Iraq/Iran border appeared equally closely related to domesticated emmer.

This finding left the issue of emmer domestication open to various interpretations. Emmer could
be domesticated only once. In that case, the site would be either Karaca Dag Region or
Sulaimaniya Region. The other possibility would be that emmer has been domesticated in both
regions independently.
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This uncertainty led Lue et al. (2007) to employ experimental techniques different from those
used previously. Single and multilocus genotypes based on RFLP (Restriction Fragment Length
Polymorphism) at 131 loci were analyzed to describe the structure of populations of wild and
domesticated emmer and to generate a picture of emmer domestication and its subsequent
division across Asia, Europe and Africa, and concluded that wild emmer consists of two
populations, southern and northern, each further subdivided. Domesticated emmer mirrors the
geographic subdivision of wild emmer into the northern and southern populations and also shows
an additional structure in both regions. Gene flow between wild and domesticated emmer
occurred across the entire area of wild emmer distribution. Emmer was likely domesticated in the
Diyarbakir region in southeastern Turkey, which was followed by subsequent hybridization and
introgression from wild to domesticated emmer in southern Levant. A less likely scenario is that
emmer was domesticated independently in the Diyarbakir region and southern Levant, and the
Levantine genepool was absorbed into the genepool of domesticated emmer diffusing from
southeastern Turkey. Durum wheat is closely related to domesticated emmer in the eastern
Mediterranean and likely originated there.

2.2.2 The Diversity Center of Domesticated Emmer Wheat
The existence of differences between wild and cultivated emmer wheat gave ground to doubt
about the origin of both. Vavilov (1931-1935) and Sinskaya (1955) published an idea that T.
dicoccoides was not an ancestral form for T. dicoccum, but instead these species had originated
in parallel series from a common ancestor (Dorofeev et al.1979).

The present centre of diversity of emmer is Ethiopia, including the mountain regions of
Eritrea and Yemen. No other region of the world emmer is cultivated in such a multitude of
forms. Because of this reason, Vavilov, Flaksberger and others suppose that emmer originally
arose in this area and that it spread from here to other countries. Flaksberger pointed out that the
ancient Egyptian emmer is most closely related to Ethiopia forms. It is also a well known fact
that Egypt had during ancient times many connections with Ethiopia. In addition a curious fact
is that the wild emmer T. dicoccoides is not native to any southern country but to Syria,
Palestine, Transcaucasia, Iraq and Iran. Vavilov explains this by regarding T. dicoccoides as a
wild species of the Linnean conception, not concerned with the cultivated emmer and its allies.
Likewise he denies the affinity of wild barley, Hordeum spontaneum, to cultivated forms
(Täckholm et al. 1941).
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Schiemann (1931), on the other hand, suggested that wild emmer and barley may very well be
the origin of corresponding cultivated forms, especially as once the distribution area of emmer
was a uniform one and stretched from Asia Minor over Egypt down to Ethiopia, thus also
including the area of the wild T. dicoccoides. It is more likely that Ethiopia is an isolated relic
centre of an ancient wide-stretched emmer culture. Emmer at an early period wandered from
Asia southwards until it reached the Ethiopia highland. Here the alpine and equatorial
conditions acted as a fence and did not allow it to proceed further southwards. It remained here
and due to the culture of the Ethiopia people who did not try to improve the crop by breeding
pure selected forms, emmer was left to itself and to a natural development which resulted in the
multitude of endemic emmer forms known from this country. Later, the emmer cultivation
ceased in Egypt, Ethiopia became an isolated area, a relic culture of the emmer.

Schiemann (1931) hypothesized that emmer either as a wild plant, T. dicoccoides, or cultivated,
T. dicoccon, in West Asia (Syria-Palestine-Persia) wandered in two different directions. Firstly
southwards to the East African mountain region where it gave rise to the manifold diversity of
cultivated forms, secondly it wandered eastward where it played in Mesopotamia a very
important part in the oldest known history. From Ethiopia it wandered northward in Neolithic
time as the most important cereal together with barley over Upper Egypt and Lower Egypt, until
it reached the other Mediterranean countries where it constituted during ancient times the main
cereal. From Mesopotamia and Syria it wandered over Anatolia towards Middle Europe where
it is known as one of the most important constituents of the Neolithic pile-dwelling finds.

Later Schiemann modified her opinion, especially after the discovery of Neolithic emmer in the
Delta region of Egypt. In a communication to V. Täckholm, 1939, she suggested that: "There is
also a possibility that at least Lower Egypt might have got its emmer cultivation direct from
Syria and that the cultivation of Lower Egypt belongs to an earlier culture than that of Upper
Egypt, or, at least that the two have developed independently from each other (Täckholm et al.
1941). Thus, it is probable that two parallel developments took place in Neolithic times:
1. Syria

Lower Egypt

2. Syria

Yemen

North Africa westwards.

Abyssinia

Upper Egypt.

Recently, Lue et al. (2007) used RFLP (Restriction Fragment Length Polymorphism) to describe
the structure of populations of wild and domesticated emmer and to generate a picture of emmer
domestication and its subsequent division across Asia, Europe and Africa. The structure of
domesticated emmer differentiated into two principal populations: northern and southern. The
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former is subdivided into two populations North West (NW) and North East (NE). NE
population consists of landraces located in NE Turkey, Transcaucasia and Iran. This group
probably evolved by diffusion of domesticated emmer from the place of its origin in SE Turkey.
NW population is located in Greece, northern Balkans (Serbia, Bosnia and Croatia) but includes
also the Yugoslav region, in northern Russia and emmer in NW Turkey.

The southern domesticated emmer is subdivided into population 4 and 5. Population 4 consists of
landraces from Ethiopia, Oman, southern India, and Levant, but also several landraces scattered
elsewhere. Emmer was the dominant cereal in ancient Egypt until the third millennium BP when
it was replaced by free-threshing durum (Nesbitt and Samuel 1996), and is an important cereal in
Ethiopia. It is highly probable, although not shown, that Ethiopian emmer is a remnant of
Egyptian emmer. Population 4 has affinity to population 5 of domesticated emmer and
population slender race dicoccoides" of wild emmer and likely originated in southeastern
Mediterranean. The close proximity of Ethiopian emmer to landraces from Oman and southern
India suggests that emmer reached those regions from NE Africa via maritime trade. Emmer
cultivation has been limited in India and largely restricted to Andhra Pradesh. India has been the
destination of ships that sailed from the Red Sea across the Arabian Sea or directly across the
Indian Ocean since the Greco- Roman times (Hourani 1963). It is possible that maritime trade
was also responsible for the location of several landraces of population 4 in the Balkans and the
eastern area of the Black Sea.

Population 5 is almost entirely comprised of landraces from the Levant and Mediterranean and
two accessions from SE Turkey and two from Armenia. Population 5 is sympatric with southern
emmer and presumably originated by geographic isolation from the northern domesticated
emmer accompanied by gene migration from southern wild emmer into the sympatric
domesticated emmer, which could have happened by introgressive hybridization or via dual
domestication and absorption of the southern domesticate into the genepool of domesticated
emmer arriving from the north. Population 5 shows the greatest gene diversity of the four
domesticated emmer populations paralleling the greatest diversity of Levantine wild emmer
populations.

2.2.3 Origin and the Diversity Center of Ethiopian Wheat T. aethiopicum
Ethiopian wheat is cultivated within the Ethiopia mountains and in the southern part of the
Arabian Peninsula. Flaksberger (1935) traced the origin of T. aethiopicum from the durum wheat,
which had come to Africa from the East. Dorofeev et al. (1979) hypothesized that such a

22

Review of Literatu re
superposition of characters did not take place, and the Ethiopian and European-Asian naked
tetraploids have originated independently of one another. With this, the former have originated
from T. dicoccon, which had three or more conducting bundles in coleoptile, and the latter from
T. dicoccon with two such bundles. This character still distinguishes the Ethiopian tetraploids
from the European-Asian ones. Hanelt (2001) considers the native Ethiopian tetraploid wheat (T.
aethiopicum Jakubz.) as subspecies of T. turgidum and characterizes them as obviously not yet
fully understood with respect to T. durum Desf. and T. turgidum L. The group went through
specific evolution in the Ethiopian highlands. In the last decennia T. durum has been
introduced especially from the Mediterranean, changing gradually the specific characters of local
T. aethiopicum by intended (breeding) and unintended (natural introgression) action. T.
aethiopicum Jacubz., a tetraploid wheat, which is morphologically very similar to T. aestivum, is
'endemic' to the Ethiopian highlands (Phillips 1995). Mackey (1966) and Löve (1982) regarded
it as a morphological variant, not even meriting the subspecific rank.

It is speculated that early immigrants of Hamites some 5,000 years ago introduced wheat to the
Ethiopian highlands and Emmer wheat (T. dicoccon Schrank) was the first to arrive (Helbaeck
1959; Feldman 1979). In 1931 Vavilov wrote about the Ethiopian wheat as about a very ancient
culture. He admitted West Asia, including Transcaucasia, as primary gene centre of tetraploid
wheats. Later in 1964, it has become evident to him that Ethiopia was a region of the diversity of
tetraploid wheats and the secondary global base of this group (Dorofeev et al. 1979). Schiemann
(1948) had a similar point of view. Sinskaya (1969) also considered Ethiopia as a region of
influence by the African and the ancient Mediterranean cultivated flora, and regarded the
endemic Ethiopian wheat as the result of penetration of this culture in ancient times from West
Asia.
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2.3 A Historical View of Agriculture and Egyptian Wheat
Wheat in Egypt has been known since the earliest times of history. Substantial discoveries were
found in Neolithic settlements; since more than 6000 years ago and even earlier, where it has
been frequently pictured on tomb paintings and mentioned in old texts. The general term used to
designate cereals is NEPRI . The term Na PE in the Coptic language (Feldman 1977) which
means wheat, can be related to the Arabic word

(Nabari) which mean grains. Thiellement

(1990) suggested a possible relation between the Arabic term QAMH

which means wheat,

and a hieroglyphic term found in the lists of offerings found in the Pyramid texts which
designates a sort of long loaf (

).

From the first dynasties in ancient Egypt two distinct terms were used to designate wheat bdt and
st (Feldman and Sears 1981, Loret and Poisson 1895 and Loret 1889). In the oldest antique
pieces found at Saqqrah bdt a representation of an ear of wheat was written with the aid of a
simple ideogram. This is the most ancient form of writing, which would seem to indicate the
oldest sign used to represent wheat, while st is written phonetically (Loret 1889). These written
forms had developed over time and the bdt of the old Kingdom became bty in Middle Kingdom
time, and st became swt, sw in masculine (Loret 1889).

The terms designating wheat were found in texts which concern very different matters, such as
lists of offerings that the king made to temples, lists of offering figuring on the walls of tombs
and sarcophagi, amongst the cereals contained in miniature granaries found in tombs or painted
on walls (Candolle 1883).

2.3.1 Palaeoclimatic Conditions
Palaeoclimatic changes in Egypt were reported by Butzer (1959), Wendorf et al. (1977), Said
(1981 and 1990) and Shata and Shata, As. (1997). They are summarized as follows (Omran,
1996):
1) Strong pluvial phase. South Egypt was wet while North Egypt remained less humid and arid
(Miocene, 5.0 million years, B.P).
2) Aridity continued in North Egypt whereas some climatic fluctuations were manifested in
South Egypt (Pliocene, 2.0 million years, B.P.).
3) Arid climatic conditions were dominant in Egypt with some pluvial periods (1.0 million years,
B.P.).
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4) Pluvial interval of long duration (Lower Pleistocene, 1.0 million years and Middle Pleistocene,
0.5 million years, B.P.).
5) Pluvial interval of short duration (Late Pleistocene, 0.2 and 0.08 million years, B.P.).
6) Rather short pluvial interval (Holocene, 0.009 million years B.P.). This was followed by a
number of minor climatic events, which include a sub-pluvial phase (7000-5000 years, B.P.),
a desertification phase (4000 years B.P.), a very short wet phase (2500 years, B.P.) and
finally a phase of relatively stable climate with some odd episodes during the last 2000
years.

2.3.2 Egyptian History Phases
Three phases of the Egyptian history can be identified in the literature:
1- Palaeolithic or Old Stone Age.
2- Neolithic Age 6000 B.C. (Neolithic Revolution).
3- Pharaonic Age and Following Phases 3200 B.C. - 641 A.D.

2.3.2.1 Palaeolithic or Old Stone Age (deep striker period): Archeological studies and other
scientific methods have provided us with a view of human development that begins millions of
years ago. Most of the 2 million-plus years of our existence as species have been described as the
Palaeolithic or Old Stone Age. The Palaeolithic Period lasted through most of the Pleistocene Ice
Age, until the final retreat of the ice sheets about 8300 B.C. It is generally divided into three
parts, the lower, the middle, and the upper Paleolithic. First, the lower Paleolithic is associated
with the earliest forms of humans (Australopithecus and Homo erectus) and the dominance of
core tools, such as pebble tools, hand axes, and choppers. Equipment found in the south Egyptian
desert indicates how old the Palaeolithic human was Lowe. As in Balate village in Dakilah
where subterranean artesian wells can be found which go back 150,000 years, and which are
considered by Hamdan to be the oldest Human residues on Egyptian earth (Faraj 2005). The
middle Paleolithic age is associated with Neanderthal humans and the predominance of flake
tools over most of Eurasia. Second, Middle Palaeolithic Age: The oldest stone relic giong back
to this age were found as a result of Archaeologists fossils [Caton Thompson (1946 - 1952),
Caton and Gardner (1934) and Sandford and Arkell (1933 & 39)] and its history goes back to
more than 36000 years. Third, the upper Palaeolithic age, which started perhaps as early as
38,000 B.C., is associated with Homo sapiens, tools and weapons, and the cave art of Western
Europe. Stone machines found in the Kom Imbo plain and the Nile Valley go back to history
ranging between 18000 - 7000 B.C. indicating that the Nile Valley was an area of diversity and
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civilization. Saleh (1962) pointed to the fact that wild wheat and barley were the most spread and
popularity wild grains in fertile areas on the two sides of Nile valley.

2.3.2.2 Neolithic Age 6000 BC (Neolithic Revolution)
Neolithic Revolution is the term for the invention of agriculture. This revolution in economic
production began in the Middle East as early as 10,000 B.C. and gradually began to spread into
other centers, including parts of India, North Africa, and Europe. With agriculture, human beings
were able to start to live in permanent settlements and specialize in particular economic activities
and in political and religious functions. Modern plants and animals existed. The appearance of
new practices of food production, which is sometimes called the Neolithic Revolution, began in
Asia between 9000 and 6000 B.C., and might be considered the single most important advance
ever made by humans because it allowed permanent settlements.

Places where humans lived and have stabilized in his age were encompassed by lower desert
around Wahaet and in Fayoum where swamp remains and valley borders were found first, then
in the center of it in later stages. Examples such as Qena Valley and Al-Alaqi Valley which are
considered the biggest valleys in the Eastern Desert; Fyran Valley and Arish Valley which are
considered as the biggest valleys in Sinai. All of these valleys were active rivers in the past and
mainly depended on local rainfall. Neolithic age civilizations appeared clearly in the Kharge
oasis, Fayoum and before that appeared on the River Nile basin in Egypt. Examples are the
Dyrtasa and Badari civilization in Upper Egypt, the first Fayoum civilization in middle Egypt
and Mermada Bniy Salama civilization in Lower Egypt. In these civilization sites, agricultural
life has existed 5500 B.C. approximately.

In the middle of the third millennium B.C. rainfall was less to the south, Egyptian deserts grew
and the sand dunes covered a lot of the Western Sahara (Hamdan 1994). These changes caused
migration of inhabitants to the middle of Egypt. This step is considered as a start of creating the
population generation aspect in the Nile River as it reaches the end of Paleolithic Age. When the
river stabilized and its bank stopped, the inhabitants moved more into the valley and left its stone
painting in all deserts from different ages behind them (Baines and Malek 1992).

2.3.2.3 Pharaonic Age and Following Phases 3200 B.C. – 641 A.D.
The old Kingdom Age (3200 BC - 2880 B.C.) which is called the pyramids building stage, which
is depicted by a lot of achievements, architectonic art rise and flourishing agriculture. The
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middle Kingdom however achieved irrigation projects. By the end of the Pharaonic age, rainfall
agriculture was uprising also water and soil resources were maintained.

2.3.3 Emergence of Agriculture
Questions to consider about the emergence of agriculture: When and why did agriculture emerge
as a way of life? Why is agriculture necessary to the development of civilization? Roughly 97
percent of Egypt's land is desert; imports naturally play a vital role in food supply. Nevertheless,
the remaining 3 percent of Egypt's arable land is a powerhouse of agricultural production. The
agriculture handicraft and cleverness were discovered in Egypt and the Fertile Crescent area
before being discovered in European countries (Saleh 1976). Human had settledown and known
agriculture in the Neolithic Age for 8000 years. However, new researches and archaeological
discoveries in Upper Egypt in Isna, Toshka and in Kobaniaha valley in Kom Ombo, have
revealed that the Egyptian knowledge of agriculture was even before that (Khatab 2004).

Before the Paleolithic age ended humans started to depend on themselvs to acquire grain and
plants important for nutrition. Humans began to plant grains and plants in Upper Egypt, Sinai,
Nubia and the Oases. These attempts in agriculture go back to 12000 or 14000 years ago in the
Isna area and around in Al-Sabil village, Toshka and other places. In general, old Egyptian
generation planted wheat from wild wheat as wild wheat has been found in the past in Egypt
which proved that Egypt was the first place in the world which invented agriculture and Egypt is
the first state to export agriculture civilization to other countries (Khatab 2004).

2.3.4 Egyptian Wheat in Antiquity
While the economy is in transition, Egypt's geomorphology largely remains as in antiquity. Since
pre-history age, wheat, barley and sorghum were the most important crops which were cultivated
by the ancient Egyptian farmers. Wheat and barley were cultivatied as winter crops from the
Delta (north) until Aswan in the south. Also they were cultivated in Sinai and the north-west sea
coast and in the (oasis) Wahaet. Wild wheat found in the Nile Valley and ancient Egypt were the
source of the cultivated wheat planted in wide areas (Breasted, 1905). Grain harvest hooks have
been found in areas like Ayon Helwan and at the Kom Ombo Basin in Toshka (Saleh 1976).
Every house in these areas had private grain (wheat) storage (Midant 1992). This phenomenon
also founded in Al-Omary village in the same period (Saleh 1976). Fayoum and desert border in
Fayoum are considered one of the grain vessels. They get out with embedded grains out of
housing area. This embedded grain keeped with rare residues from wheat, barley and other plants
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seeds (Caton and Gardner 1934). In Alkopania valley north of Aswan, the extraction of some
grains of barley and wheat goes back for more than 17000 years (Midant 1992).

2.3.4.1 Roman Empire and the Egyptian Wheat
The literature of the Mediterranean Levante history in the era of the Romans focuses on political
and military history which gave a picture of the Romans as a key player since the second century
B.C. Egyptian wheat was the most important target that was played by the Romans. Egyptian
wheat was a focal point in the history of the political relations between Ptolemies and Romans.
Also it played a role in the conflict between Roman leaders and the conquer Egypt.

Since the second century B.C., the demand of Egyptian wheat by Romans is increased. The first
requirement of Egyptian wheat from Romans appears before the Hannibal wars ended (200-194
B.C.) (Lewis1983). This war caused the destruction of agriculture areas which were used in the
Romans Kingdom. As soon as Romans gets in the multiply wars with other forces in the
Mediterranean Levante, no other sources remained than Egypt which maintained its high and
stabilized production. As a result, the Romans started to import Egyptian wheat regularly. They
bought it at low prices from Ptolemy. During this time the numbers of lower classes of the
society had developed in Rome and start of local wars between them and the aristocracy which at
the end lead to the establishment of the Roman Empire. Egyptian wheat played an important role
in internal political issues in the Roman Empire. It helped in solving the public problems
between different Roman classes of society, by providing wheat to the lower classes of society in
large amounts. With increasing of lower classes of society, wheat sources were not enough to
meet the demand. Romans tended to maintain the stability of their empire by buying Egyptian
wheat (Noshi 1998).

The question arises is: What let the Egypt Empire to be the grains store from the beginning?
Due to thousands of years the Egyptian farming wheat which makes the production high and
stable. Wheat and other grains were expensive in all Mediterranean regions (Rostovtzeff 1960).
Because of that the Romans could not get a large amount of wheat other than from Egypt.
Moreover the complexity of transport increases the cost. However in Egypt transport was less
costly due to the existence of Nile River.

Egyptian wheat in Romans Revolution (133-43 BC.): Due to the importance of Egyptian wheat
supply to the Romans, the Roman leaders are focued on Egypt. They started to insert the
Batlmip family in Roman political circles to get Egypt under Roman rule. Also Egyptian wheat
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plays an important role in the Roman villagers war during the end of the commonwealth age
(Caesar 1998). Romans looked to Egypt as a region of wheat production and gave them a fixed
income, so the first Roman ruler of Egypt was "Octavus Augustus" by himself to differ Egypt
from other consulates states which under senate supervision (CAH 1996). Since the Octavus age
Egypt was supplying Rome with 2/3 of its needs of wheat (Chapot 1998). Egypt was a final
factor in the conflict between Filavien and Alklaudein (68-70 m) (Salmon 1995). The Romans
still took a fixed amount of Egyptian wheat every year during the Roman Empire Age (Salmon
1995).

There were substantial discoveries of wheat remains. The oldest ones dat from late Paleolithic
time before 15000-17000 years ago T. monococcum (Harlan 1981). For these species of wheat
and periods of excavations, see table 2 and Vartavan and Amoros (1997).

2.3.5 Egyptian Agricultural Exporting and External Relations in Antiquity
"Hurdout" said about Egypt that if the world starves, Egypt feeds it, and if Egypt starved, there is
no one to feed it (Khatab 2004). Ancient Egyptians had a long experience in agricultural
production, which had a big effect on exporting - importing, moving especially in normal years
which River Nile over flow in it. As arid years increased in the neighboring area, Egypt was
considered a refuge and resort. As we saw in our Prophet Ibrahim "peace on him" story when he
and his family came down to Egypt because of drought in the Levant and how Pharaon generous
him and give him money, grain and animals (about 2100 B.C.). Also our mister Prophet Joseph
"peace on him" when his father Jakoub "peace on him" sent his sons to Egypt to get feed grain
because of starvation in Levante countries (about 2000 BC). This starvation and drought
extended to seven years which made all countries come to Egypt to get grain as Egypt was saved
from this starvation. Egypt was hermitage of old world and bread basket.

Commercial connection binds Egypt with other countries back to 5000 years approximately. The
main Egyptian exports were grain, papyrus, white and colored precious linen soft goods,
brocaded sails which are famous for ships in Egypt, dry and salted fish, lentils and white honey.
In the twenty-sixth dynasty (644 to 525 B.C.), the Phoneacins who lived in coastal areas of the
Lebanon, play a second role in Egyptian products, exporting and importing the commodities
which Egypt needs from its neighbors. Alexandria harbor which was established in the fourth
century B.C. led people to the exchange goods by themselves. There was trade between Egypt
and Mesopotamia especially Babel, which extended to Persia, Baluchistan, Indus River, and the
country of India, to get spices, sandalwood, cinnamon and precious stones.
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17

18

Roman Period 30 B.C.

6

Graeco Roman Period 358 - 30 B.C.

5

Parsian Period 525 - 356 B.C.

Late Period 664 - 525 B.C.

New Kingdome 1570- 1070 B.C.

4

3rd Intermediate Period 1070 - 664 B.C.

3

2nd Intermediate Period 1640 – 1570 B.C.

Middle Kingdom 2040- 1640 B.C.

1st Intermediate Period 2181- 2055 B.C.

2

Old Kingdome 2688- 2134 B.C.

1

Early Dynastic 3150 B.C.

Predynatic 5000 – 3100 B.C.

T. aestivum & T.compactum
T. boeoticum
T. dicoccon
T. durum
T. monococcum
T. spelta and T. turgidum

Neolithic 10000 - 5000 B.C.

Late Palaeolithic 45000-10000 B.C.

Table (2) Egyptian wheat excavations.
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2.3.5.1Trade with East Africa and the Arabian Peninsula
King "Khufu" (2613 - 2493) sent delegations to Punt land (Oman and East Africa especially
Somalia's coast). The Egyptian trade armada carried Egyptian crops, particularly grain, clothing,
bread, pastries, cakes, etc. The Prince of Punt sent a delegation and acquired the Boswellia sacra
(olibanum) from Yemen. The delegation returned with monkeys with long tails, big monkeys,
hunting dogs, wild cats, tigers and tiger's skin, ebony and sandalwood. Egyptian wheat is closely
related to Ethiopian wheat, which indicates that the linkages between them were a long running
(Nzir 1968).

Yemen was associated with Egypt by commercial links from ancient times. The country of
Yemen traded in hunting dogs, incense, gum, chewing gum, spices, henna and monkeys. They
were subjected to the ancient Egyptians to work as mediators to bring the various commodities
from East Africa in exchange for Egyptian linen textiles, oils, cereals, etc.

2.3.5.2 The Country of Nuba and Central and West Africa
Nuba, south of the city of Aswan and northern Sudan, was under the sovereignty of Egypt and
the Egyptian civilization. Aswan was a market for Egyptian goods, other goods from Sudan and
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Africa such as leopard s skins, ostriches etc. The Egyptian goods which offered for sale were as
grain, fruit etc. There were commercial trips from Aswan towards the south, as well as the "path
of forty," which was between Asyut and the Al-Kharga oases. This route headed south to the
Sudan, through the Nile and to Darfur, or moving to West Africa. The King "Nkhao" (610 to 595
B.C.) sent a delegation for discovery and commercial purpose around Africa, to contact people
and tribes, which continued for three years. This trip has been described by the Greek traveler
Hurdot .

31

Chapter 2
2.4 Morphological Studies
All cultivated wheat belongs to the genus Triticum, tribus Triticeae, family Poaceae and
subfamily Pooideae. Plants taxonomy in the past relied on morphological and structural
characteristics. In spite of the progress of science and the use of modern techniques and genetic
engineering in the classification of plants, the morphological characteristics are considered at the
present time to be most important for the classification of plants.

Wheat is an annual plant: Culms 14 180 cm, solitary or branched at the base; internodes usually
hollow throughout in hexaploids, usually solid for about 1 cm below the spike in diploids and
tetraploids, even if hollow below. Sheaths open; auricles present, often deciduous at maturity;
ligules membranous; blades flat, glabrous or pubescent. Inflorescences usually terminal spikes,
distichous, with one spikelet per node, occasionally branched; internodes (0.5)1.4 8 mm;
disarticulation in the rachis, the spikelets usually falling with the internodes below to form a
wedge-shaped diaspore, sometimes falling with the adjacent internodes to form a barrel-shaped
diaspore, domesticated taxa usually non-disarticulating, or disarticulating only under pressure.
Spikelets 10 25 (40) mm, usually 1 3 times the length of the internodes, appressed to ascending,
with 2 9 florets, the distal florets often sterile. Glumes subequal, ovate, rectangular, or
lanceolate, chartaceous to coriaceous, usually stiff, tightly to loosely appressed to the lower
florets, with one prominent keel, at least distally, keels often winged and ending in a tooth or
awn, a second keel or prominent lateral vein present in some taxa; lemmas keeled, chartaceous to
coriaceous, lowest two lemmas usually awned, awns 3 23 cm, scabrous, distal lemmas unawned
or awned, awns to 2 cm; paleas hyaline-membranous, splitting at maturity in diploid taxa;
anthers three. Caryopses tightly (hulled wheat) or loosely (naked wheat) enclosed by the glumes
and lemmas, lemmas and paleas not adherent; endosperm flinty or mealy. x = 7. Haplomes A, B,
D, and G. Triticum is the classical Latin name for wheat (Percival 1921, Dorofeev et al. 1979,
Kimber and Sears 1987, Watson and Dallwitiz 1992 and Morrison 2001).

2.4.1 Growth Analysis
The erect grass stem branches at the base of the culm. It is produce erect lateral shoots,
horizontal, aboveground stolons or subterranean rhizomes (Frank and Robert 1983). The genus
Triticum is annual herbs; their leaves are flat, shortly auriculate, ligule membranous. In addition,
Triticum dicoccoides (wild emmer wheat) plants are annual; their stem is a 100-150 cm long,
glabrous, nodes sometimes hairy (Zohary 1972).
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The shoot system of T. aestivum plant is a short rhizome bearing several axillary leafy culms
(tillers). Each grows to about a one meter in height. The number of culms varies according to the
studied cultivar. Each culm has five to seven nodes, only three or four foliage leaves develop.
The lower internodes are short and often below the soil surface, the uppermost internodes have a
flage leaf subtending the inflorescence (Lersten 1987). The spelt wheat cultivars (Triticum
spelta) have grain yields similar to those of commercial bread and durum wheat cultivars, but a
lower harvest index and higher spikelet sterility. Spelt yield is slightly lower than the yield of
winter emmer landraces (Triticum dicoccon). Hybrid spelts generally have better grain yield than
traditional landraces or cultivars (Antuono et al. 1997). Szwed-Urbas et al. (2002) studied the
differentiation of biometric features in the Triticum durum collections (230 genotypes of spring
durum wheat). All the genotypes were cultivated during three consecutive years in the Lublin
region, Poland. The following characteristics have been taken into consideration: The length of
the vegetation period and plant height. They found significant differences between the studied
material and the analyzed traits. A considerable interaction between the genotypes and years in
relation to the weight of grain per spike was estimated. Furthermore, Gowayed (2003) studied
the growth analysis of eight Triticum taxa and found that there were varied. It is evident that T.
durum and T. timopheevii produced in most cases the highest yield of grains. Moreover, Teklu
(2006) studied the growth analysis for 271 tetraploid wheat landraces collected from all
geographical regions of Ethiopia, which used the 13 quantitative traits. Significant differences
appear between regions in most cases.

2.4.2 Morphological Characteristics
2.4.2.1 Inflorescence Architecture
Plant architecture has long been the only criterion for systematic classification. It is the best
means of identifying a plant species (Reinhardt and Kuhlemeier 2002, and Wang and Li 2008).
Plant architecture is primarily determined by patterns of branching (Doust 2007). Vegetative
branching patterns play a major role in determining overall plant biomass as well as the number
of inflorescences produced, while inflorescence branching patterns influence the number of
seeds that each inflorescence will bear (Zhao et al., 2006). Vegetative branching is much more
variable, responding quickly to changes in environmental conditions while, inflorescence
branching is less variable, and is often used as a source of taxonomic characters for separating
both species and genera (Clayton and Renvoize, 1986 and Doust et al. 2005). Higher plants
include a wide range of inflorescence architectures, which do not contribute only in plant
architecture and distinguish them from each other but also to the success of reproduction that
safeguard survival and regeneration.
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The inflorescence is the outcome of a temporal and spatial pattern of gene expression, which
drives the process of morphological development, named inflorescence architecture (Doust and
Kellogg 2002). All grasses have inflorescences that terminate the main axes of growth (Linder
and Rudall, 2005). Grass inflorescence architecture is largely determined by inflorescence
branches, from which the spikelet meristems initiate. During the phase transition from a
vegetative SAM (shoot apical meristem) to a reproductive SAM, a vegetative meristem is first
converted into an inflorescence meristem either indeterminately (as in Arabidopsis) or
determinately (as in rice), and then the inflorescence meristem produces floral meristems on its
flanks in a species-specific manner (Wang and Li 2008). Grass inflorescences have complex
branching patterns. They contain more distinguishable types of branch meristems than do
Arabidopsis or other model dicot inflorescences (Bommert et al., 2005 b). The constituent unit
(building of inflorescence) is the spikelet (Clifford, 1987). The spikelet is a short branch that
encloses one or more florets within two leaf-like organs (McSteen 2006). Grasses species differ
in many aspects of inflorescence architecture, but in most cases the genetic basis of the
morphological difference is unknown (Doust et al. 2005). Comparative developmental
morphology establishes that much of the inflorescence variation we see in groups of related
grasses is due to changes in the number of branches, the numbers of orders of branches, and the
amount of axis elongation (Doust and Kellogg, 2002).

The spike inflorescence of the genus Triticum has four types (fig. 1):
1- Simple spike: The rachis (main axis) consists of internodes (segments) and bears one spikelet
in each node.
2- Pseudo branched spike (false ramification): The rachilla (secondary axis) is elongated and
bears florets, well-developed in each node of rachilla. Usually, the most rachilla of
spikelets is elongated throughout spike, as in T. vavilovii (Dorofeev et. al 1979).
3- Branched spike (True ramification):

The rachilla elongated and bears spikelets well-

developed in each node of rachilla or bearing two spikelets instead of one, as in T.
turgidum convar. compositum (Flaksberger 1935).
4- Heterobranched spike: The terminal end of a single tiller/culm bears two fully developed
spikes on a single tiller/culm instead of one as occurrences of spikes in bread wheat T. aestivum.
Meena et al. 2008 found this case when they made direct and reciprocal crosses between two
bread wheat varieties (WH 147 and PBN 51) bearing normal spikes. The F1, BC1 and BC2
generations of straight and reciprocal crosses showed normal spikes. However, the F2
generations of direct and reciprocal crosses showed segregation for various spike morphotypes.
The most striking morphotype was characterized by two fully developed spikes on a single
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tiller/culm. Interestingly, the segregation of spike morphotypes was seen to be associated with
the sowing time of the experimental material because different morphotypes expressed only
under early sown F2 material (16th November 2005), while there was no such type of segregation
in F2 material planted on 21st December 2005. The corresponding mean minimum and maximum
temperatures at the flowering stage during early and late planting were 6.90°C/ 8.39°C and
22.79°C/24.09°C.

Figure 1 Types of Triticum spike
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2.4.2.2 Structure of Inflorescence
The Triticum inflorescence is a terminal spike. Spikelets are solitary at nodes of fragile or tough
shortly hairy rachis. Flowers are laterally compressed, hermaphrodite, self pollinated, 1-2
uppermost usually sterile. Glumes were ovate or oblong and ventricose shape mostly shorter than
spikelet, coriaceous, asymmetrical, veined, more or less keeled, 1-2 - dentate, apiculate or
awned. Lemma is subventricous, boat-shaped, coriaceous, keeled towards apex entire, 1-2
dentate or awned. Palea is membranous, 2-veined, 2-keeled, ciliate along keels. The flower has
two lodicules were ciliate on the upper margin and three stamens (Townsend and Guest 1968 and
Zohary 1972).

The spike of T. dicoccoides is 3-10 cm long and 1.5 cm width, awns are laterally compressed,
dense, rachis fragile when mature breaking up spontaneously, or on pressure and ciliate on
margins with a tuft of hairs up to 5 mm long at each node. Spikelet is 14-15 mm long, imbricate,
appressed to rachis, glabrous or hairy, straw-colored or russet to black, florets 2, glumes sharply
keeled with a midevening produced as a sharp tooth and with a lateral vein ending in a weak
obtuse tooth, lemma was awned, awn is 15-20 cm long flattened and straight (Zohary 1972).
Grain is not easily separable from lemma and palea on threshing (Townsend and Guest 1968).
The T. aestivum spike is 5-12 cm long, 1-1.5 cm width, with a main axis (rachis) bearing
spikelets separated by short internods. Each spikelet is a condensed reproductive shoot of two
subtending sterile bracts (glumes) enclosing two to five florets, all borne distichously (doubleranked) on a short axis (rachilla). Each floret is enclosed by two bractlike structures (lemma /
palea). Within each floret, three stamens with large anthers and a pistil bearing two styles with
feathery stigma branches exist. There are also two ovate lodicules which are interpreted as highly
modified perianth structure (Frank and Robert 1983, Lersten 1987 and Mandaville 1990). Elings
(1991) observed that the awn and spike length, awn and spike color and spikelets number per
spike were varied between studied durum wheat cultivars. However, Slafer and Miralles (1993)
studied the number of fertile florets and grains per spike and individual grain weight of the three
cultivars of bread wheat ( Klein Favorito , Eureka FCS and Buck Pucara ) and showed that
number of fertile florets at anthesis was greater in the Buck Pucara cultivar than in the other
studied two cultivars. Differences in number of florets and number of grains/spike are
independent of the number of spikelets/spike. Spikelet numbers did not vary among the three
cultivars. Therefore, both the number of fertile florets produced per spikelet and the ability of the
cultivar to set grains in those florets are responsible for the differences in number of grains/spike
among the cultivars. Furthermore, Belay et al. (1997) studied the patterns of morphological
diversity in thirty-four tetraploid wheat (Triticum turgidum) landraces and found that the glume
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pubescence, beak awn and spike density varied according to attitude and morpho-agronomic
traits. In addition, Miller et al. (1999) studied the present-day Spanish hulled wheats, Triticum
monococcum, T. dicoccon and T. spelta, largely collected from the Asturias mountains have been
grown and conserved at the John Innes Centre. A number of morphological characters have been
recorded, including height, glumes color and pubescence, awn color and grain color. Moreover,
Hammer et al. (2004) used a morphological classification to describe a Triticum dicoccon
collected recently in northern Oman. The material was analyzed morphologically and
phenologically. In addition, Gowayed (2003) and Hassan et al. (2005) studied the morphological
of eight Triticum species and observed the characters of inflorescence spike, rachis, spikelet
(glumes, lemma and palea) and flower (anther and pollen grains), which were variable among
species. Furthermore, Kharazian (2005) studied the evaluation of 19 vegetative and reproductive
characters (7 qualitative and 12 quantitative) among 45 accessions belonging to wild and
cultivated tetraploid Triticum species: T. turgidum, T. durum, T. dicoccon and T. dicoccoides,
occurring in Iran. He found that T. turgidum is a distinct species from T. durum, and T. dicoccum
showed high similarity to T. dicoccoides. The strong relationship between the latter pair of
species may result from a high degree of gene flow between them. The diagnostic characters
between T. turgidum and the other 3 species are the number of awns in the uppermost spikelet,
form of the keel of the glume, leaf indumentum, spike shape, lodicule form and quality of the
endosperm. Klaimi (1966) discussed the contribution to the classification of Triticum species and
found that there are no different reasons to consider T. sphaerococcum as distant species from T.
aestvum subsp. aestivum. T. aestivum subsp. compactum can be morphologically distinguishable,
but the compact and dense head due to the presence of gene C club wheat is only produced by
the effect of this single gene. The tetraploid wheat T. turgidum and T. durum have a great degree
of similarity.

2.4.2.3 Multiple Glumes
The vast majority of polyploidy plants, including wheat, are originated by hybridization between
different species (allopolyploidy). Allopolyploidy results in the convergence in a single organism
of genomes previously adapted to different environments, thus creating the potential for the
adaptation of the new allopolyploid species to a wider range of environmental conditions
(Dubcovsky and Dvorak 2007). There have been always debates surrounding the taxonomy of
the genus Triticum among wheat researchers. Allopolyploid origin, along with natural and
artificial hybridization, has obscured the morphological limits of the species and caused
taxonomic difficulties in this genus (Morrison 1993a &1993b). Accordingly, the taxonomic
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status of tetraploid Triticum species has been the matter of debates and disagreement among
Triticum researchers for a long time.

Up till now the natural diversity within the genus Triticum did not record any state of three
glumes per spikelet, although the state of four glumes was recorded in T. jakubzineri (Dorofeev
et. al 1979 and Schultze-Motel et al. 1979). Within the order Cyperales, the family Cyperaceae
has very close similarity to Poaceae in the chemistry (Hegnauer 1962-1986) and in the
inflorescences in which the spikelets and not the flower represent the basic unit for classification
(Dahlgren et al. 1985). In Cyperales, the spikelets consist of an open axis bearing one to many
glumes (Vegetti 2003). Within the family Poaceae which comprise seven subfamilies the
spikelets in the subfamily Bambusoideae genus Aulonemia has many glumes (Clark 2004) and in
the subfamily Panicoideae, Bommert el al. (2005) found spikelets with three glumes in Zea sp.
after treatment with mutant substances. Within the subfamily Pooideae barley is known to have a
form with three glumes, from Afghanistan (Dorofeev et. al 1979 and Schultze-Motel et al.
1979). Also Sakamoto (1974) found spikelets with three glumes when he did intergeneric
hybridization between Eremopyrum bonaepartis x Hordeum depressum. The spike of
Eremopyrum bonaepartis consists of solitary spikelets with four or five florets at each node of
the rachis, while that of Hordeum depressum is composed of three spikelets with single florets at
each rachis node as mentioned in the previous hybrid combination. Sakamoto observed in the F1
plants, 46 % of nodes had three glumes in single spikelets with two complete florets.

2.4.2.4 Grains
The mature wheat seed is fused with its thin pericarp or fruit coat consequently seed and fruits
form one unit namly caryopsis or grain. Grain shape is affected by its position in the spike or
spikelet and by the amount of stored endosperm (plumpness); grains may be ovate, elliptical, or
oval. On the ventral face of the grain is the crease, in which there is a single vascular bundle with
an accompanying parallel strand of crushed cells (pigment strand) the walls of which are coated
by polyphenolic and lipoidal substances. The pericarp usually has a tuft of hairs (brush) at its
stigmatic end and an attachment scar at the opposite end. Grains are reddish brown, amber
(yellow), white, or intermediate color (hues) depending on endosperm texture, for example,
hard-textured (vitreous) red and amber grains appear darker in color than soft-textured (starchy)
white grains (Lersten 1987). The grains are free between lemma and palea or adherent, oblongelliptic shaped, hairy at the apex and deeply grooved adaxillary embryo (about 1/5 length of
caryopsis), hilum linear as long as caryopsis (Townsend and Guest 1968, Zohary 1972 and
Watson and Dallwitiz 1992).
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Triticum dicoccon Caryopses: 9-1 1 mm long; ovate or elliptic; compression none, caryopses
circular in transverse section or irregularly compressed; lateral ridges none; sulcus medium to
deep, closed, with a small rounded opening adjacent to hilum; corona 1-2.5 mm long, cap-like;
apical hairs dense, length medium to long; embryo I/3-l/4 as long as caryopsis. Triticum
aestivum Caryopses: 5.5-7.2 mm long; ovate, broadly elliptic, or broadly oblong; compression
none or slight, caryopsis circular in transverse section or slightly compressed ventrally; lateral
ridges none; sulcus deep to medium, very narrow or closed, with small rounded space adjacent to
hilum; corona 0.5-1.5 mm long, cap-like; apical hairs dense, short to long; embryo l/3-l/4 as long
as caryopsis (Edward and Peterson 1993). Furthermore, Belay et al. (1997) studied 34 tetraploid
wheat (Triticum turgidum) landrace populations and noted that the seed color was varied
according to the cultivar studied and geographical distribution. In addition, Shouche et al. (2001)
quantified in 15 Indian wheat varieties by digital image analysis using custom-built software,
which shape variation is based on grain morphology. In addition, Gowayed (2003) studied
morphological characteristics of eight species of Triticum caryopsis. He found that there are
varible 100 grain weight, shape, embryo shape and grains separable from lemma and palea
during threshing.
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2.5 Anatomical Studies
Anatomical characteristics which were used as taxonomic evidence were rare a hundred years
ago. Even now with assistance of microscopic structure and the morphological characteristics as
a source of information, the anatomical studies are not a stand-alone. However, the anatomical
studies of vascular plants and the relationship of this classification have proved that the
anatomical characteristics are equal in importance with the morphological characteristics and not
disregarded.

2.5.1 Stem
Stem in most of grasses has three tissues system, the epidermal, the fundamental and the vascular
tissues (Esau 1965). A stem of wheat is composed of five tissues: epidermis, hypodermis or zone
of mechanical tissue beneath the epidermis, green assimilating parenchyma, colorless ground
parenchyma and the vascular bundles (Percival 1921). The epidermis of wheat stem consists of a
slightly thick cell wall with a cuticle on the outer surface (Watson and Dallwitiz 1992 and Setia
and Bala 1994). The epidermis is lacking bulliform cells. Stomata occur only in one or two rows
just outside each of the several vertical strips of hypodermal chlorenchyma. A conspicuous
separated lacuna (hollow pith) occurs in each internode, occupying 70 to 80 % of culm volume
(O Brien and Zee 1971, Hitch and Sharman 1971, Chambers and Hamiliton 1973 and Busby and
Brien 1979). The hypodermis is characterized by four layers of non-lignified sclerenchyma.
The ground tissue consists of oval to round cells. Two types of vascular bundles are present, the
smaller ones in the hypodermis and the larger ones in the ground tissue (Watson and Dallwitiz
1992 and Setia and Bala 1994). All vascular bundles of the Triticum stem internode are in one
ring (Watson and Dallwitz 1980) or two (Esau 1965 and Watson and Dallwitiz 1980) or three
rings (Frank and Robert 1983, Hassan and Eid 1998 and Gowayed 2003). The outer rings have
very few bundles (Watson and Dallwitz 1980). The smaller bundle is nearer to the stem
periphery and the larger bundle of wheat was deeper in the ground tissue (Esau 1965). The
transverse section in outline is fistulose (Dahlgren et al. 1985). The outline of transverse section
of stem is almost circular in the most bread wheat and wavey in the other species especially in T.
dicoccoides, T. turgidum and T. polonicum. The surface of the clum in these species is more or
less deeply furrowed (Percival 1921).

Frank and Robert 1983 mentioned that the vascular bundles of the internode of Triticum
aestivum stem are arranged in two to several rings around a central ground tissue that breaks
down to form a hollow stem as characteristic of the Pooideae. In addition, a large central cavity
was found in the stem internode of T. aestivum. The epidermis of the wheat stem which is similar
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to that of the leaf blade consists mainly of rows of long-and short cells with stomata developed at
intervals in some of the columns of long cells. Beneath the epidermis, there is a cortex of
variable width. In the early stages of stem development, the cortex is made up of both
parenchyma cells containing chloroplasts which are referred to as chlorenchyma cells. As the
stem matures, lignifications of cortical cells often continue and one to several layers of
sclerenchyma is developed immediately beneath the epidermis. Moreover, the xylem, phloem
elements, associated fiber and parenchyma cells of the vascular bundles vary according to the
bundle size. Often there were two protoxylem and two metaxylem vessels and a number of
tracheids, at maturity one or both of the protoxylem vessels usually break down and make
irregular cavities or lacunae. Frequently, the outer vascular bundles of the stem are in the cortical
region and partially or completely embedded within the mechanical tissue. In addition, Hassan
and Eid (1998) studied the stem anatomy of bread, durum wheat and Triticale. They revealed
that thickness of chlorenchymatous, sclerenchymatous, phloem and ground tissues, diameter of
vascular bundle, metaxylem vessel and bundle sheath as well as number of bundle sheath layers
are variable among them. Moreover, they observed the sclerenchymatous tissue above large
vascular bundle in T. aestivum cv. Bahtime1 and two types of vascular bundles in two rings, the
outer ring consisted of small vascular bundles, while the inner ring was composed of large
vascular bundles. Gowayed (2003) studied the stem anatomy of eight species of Triticum and he
observed that the vascular bundles of Triticum species were arranged in two or three rings, and
he noticed that the thickness of different tissues of Triticum species are variable.

2.5.2 Leaf
The leaf anatomy in the grass family has two types. The first type has a thick walled mestome
sheath, connected by sclerenchyma to the upper and lower epidermis, a poorly developed
parenchymatous sheath and irregularly arranged chlorenchyma. This type is called Festucoid
type . The second type is characterized by the large size of the sclerenchyma next to the upper
epidermis and by the radial arrangement of the chlorenchyma cells. This type is called the
Panicoid type (Khan and Tsunoda 1971). The mesophyll of the grass leaf blade is composed of
thin-walled chlorechyma cells and associated with colorless parenchyma cells. Rarely in grasses,
there is a differentiation of the mesophyll into palisade and spongy tissue. The chlorenchyma
tissue exhibits various cellular arrangements from irregular ones with large air space to tightly
packed forms which are moderately or distinctly radiating around the vascular bundles. Vascular
bundles of the leaf blade contain the same characteristic xylem and phloem elements as those of
the stem. Small vascular bundles may be reduced to one or a few tracheids and a similar number
of sieve elements. Most of the blade veins are made up of a single vascular bundle encircled by
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one or two bundle sheaths. These sheaths are composed of large, usually, thin wall cells and are
referred to as the parenchyma sheaths. Sometimes, these sheaths may have single or double
layered. In the case of double sheaths, the inner sheath usually consists of small cells with
greatly thickened inner and radial walls. This is called an endodermis or mestome sheath.
Sclerenchyma fibers may be presented in clusters between the epidermis and the outer bundle
sheath, or they may interrupt the bundle sheath on one or both sides to connect with
sclerenchyma of the vascular bundle (Frank and Robert 1983). The transverse section of the
Triticum leaf blade with mesophyll tissue is composed of non-radiate chlorenchyma, leaf blade
with distinct, prominent ribs with one bundle only. The lamina is symmetrical on either side of
the midrib. Bulliforms are present in discrete, regular adaxial groups (in the furrows) in simple
fans. Many of the smallest vascular bundles are unaccompanied by sclerenchyma. Combined
sclerenchyma girders may be present (rarely) or absent; if present, they are formed there. All
sclerenchyma are associated with vascular bundles (Watson and Dallwitiz 1980, 1992). The
vascular bundle is composed of a well-developed mestome sheath surrounded by a poorly
defined parenchyma sheath of small and thin-wall cells. Chloroplasts are present in the
parenchyma sheath cells. The chlorenchyma cells of the mesophyll are loosely or irregularly
arranged with large intercellular air spaces (Brown 1958). In addition, Waffa (1983) studied the
leaf anatomy of 22 species of wild gramineous plants, and showed that the mesophyll structure,
arrangement, bulliform cells, type of vascular bundles, bundle sheath, structure and
sclerenchymatous strands are variable among the species studied. Jellings and Leech (1984)
showed variations in various leaf characters among Triticum genotypes (leaf area, leaf width,
mean leaf thickess, number of vascular bundles, mean distance between bundles, number of cells
in transection, number of epidermal cells, number of vascular cells, number of mesophyll cells,
mesophyll cell area, chloroplast number per cell and chloroplast area). Also, Ivezic et al. (1996)
studied the leaf blade area, blade thickness, photosynthetic tissue, thickness of mesophyll and
vascular bundle thickness of thirty wheat genotypes and observed significant differences among
genotypic coefficients. Moreover, Lukovic et al. (2001) studied the characteristics of the flag
leaf vascular tissue in two Triticum species. The analysis included 7 genotypes of the tetraploid
T. durum and 36 genotypes of the hexaploid T. aestivum. Using the standard anatomical method,
highly significant differences were recorded in the height of main vein bundle, the height and the
width of the large lateral bundles, the height of both main vein and large lateral bundles and the
width of large lateral bundle metaxylem vessels. Sterelogical (three dimensions) analysis of the
flag leaf vascular tissue pointed to a significantly greater volume of the entire flag leaf vascular
tissue, the main vein and the main vein parenchyma in T. durum. In T. aestivum, significantly
higher volume density of the main vein xylem was recorded. Greater and mainly positive
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interrelationship between characteristics of the vascular tissue and morpholical characteristics of
the spike was determined in T. aestivum. Gowayed (2003) studied the anatomical characteristics
of the flag leaf in eight Triticum species and in two main regions midrib and mesophyll. He
observed significant differences among the species.

2.5.3 Grains
The mature wheat seed is fused with its thin pericarp or fruit coat. These seeds and fruits form
one unit (Briggle and Reitz 1963). Moreover, the pericarp is composed of five or six thick cell
layers (Pecival 1921). The epidermis and the underlying one- or two-layered hypodermis make
up the outer pericarp, the cells are closely packed and elongated parallel to the grain axis (Lee
and Atkey 1984). The inner pericarp is made up of thin-walled intermediate cells and underlying
cross and tube cell layers. Elongated, sclerified cross-cells form a tight layer with cell axes
perpendicular to the grain axis. The underlying tube cells are longer and thinner, and are isolated
or only infrequently touching each other with extensive intercellular spaces (Lersten 1987).
Beneath the pericarp, there is a scanty seed coat which consists of only a thin layer of crushed
cells in which an outer and inner cuticle with a pigmented color layer in between may be
detected (Bradbury et al. 1965). The nucellus has only one or two cell layers or is merely a
hyaline layer (substance with a glass-like appearance). The nucellar projection is a cellular bund
occurring parallel to the pigment strand. Furthermore, the endosperm consists of starchy tissue
that forms during grain development; flour is produced from this tissue. The endosperm occupies
about 90% of the mature grain s interior, except where it is displaced by the embryo. The
endosperm is bounded externally by the aleurone layer which consiste of blocky to somewhat
radically elongated cells in contact with a nucellar remnant. Aleuronic granules lack starch but
are rich in protein contents and each granule is surrounded by lipid droplets (Fulcher et al. 1972).
Nuclear chromatin is strongly aggregated in aleuronic cells and dictyosomes are difficult to
identify (Swift and O Brien 1972). Aleroune cells remain alive in mature grains (Bradbury et al
1956). Starchy endosperm fills most of the grain. The cells are dead at maturity stage but packed
with starch and matrix protein (Campbell et al. 1981). Moreover, the mature grain of most
grasses is made up of the embryo, the endosperm that usually much exceeds the embryo in
volume, and the fused seed coat and pericarp. The general structure of the grass embryo at either
end of the embryonic axis is the plumule, or embryonic shoot and the radical. The scutellum is
attached laterally at the scutellar node or transitory node; the coleoptile, which is attached at the
scutellar side of the embryonic axis, is enclosed by the plumule (Dahlgren et al. 1985). In
addition, Hassan and Eid (1998) described the transection of wheat (T. aestivum and T. durum)
mature grain and Triticale and found that the caryopsis consists of pericarp, the remaining of the
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testa, the aleuronic layer and the starchy endosperm and embryo. The testa and pericarp are fused
in all studied wheat and Triticale genotypes. The thickness of pericarp, remaining testa, aleuronic
layer and aleuronic cell shape were variable among wheat and Triticale genotypes. Gowayed
(2003) recorded the anatomical measurements of the mature caryopsis of eight Triticum species
taken at dough ripe stage and showed a difference in the thickness of different layers.

2.5.4 Coleoptile
Coleoptile or plumula sheath encloses the first shoot and has a hollow cylindered structure with a
bluntish apex slightly curved to one side. In some forms of wheat coleoptiles, it is pale green or
colorless, in others it is pink (Percival 1921). An important element of the embryo was a plumule
which consists of a prophyll (coleoptile), two to four embryo roots and the apical point. The
coleoptile is elongated conical in shape and has a firm sharpened apex which contributes to the
protection of young embryo leaves during their movement towards the soil surface. After coming
from the soil, the coleoptile dies out and an apical bud continues to grow (Dorofeev et al. 1979).
European emmer and Khorasan wheat have two vascular bundles (Percival 1921). The coleoptile
of some plants of Indo-Abyssinian emmer wheats has two to six vascular bundles, instead of two
vascular bundles which are the characteristic numbers in wheat and in the Gramineae generally
(Percival 1927). Coleoptile with two vascular bundles in T. ispahanicum, T. turanicum, T.
carthlicum, T. macha, T. vavilovii, T. aestivum L. subsp. compactum and T. aestivum subsp.
aestivum, two or three bundles in T. dicoccon, durum wheat is mainly represented (95.4% of
plants) by forms of two conducting bundles in a coleoptile. Only individual plants of the species
(3.2%) are characterized by three bundles and fewer of them have (1.3%) four bundles. Five
bundles are found in less than 0.1% of the durum wheat plants. In 1931 Yakovlev and
Nikolaenko found that there are two conducting bundles in the coleoptile of Ethiopian forms T.
polonicum are an exception, having four to six such bundles. T. aethiopicum of has two bundles
but some forms have three to six bundles (Dorofeev et al. 1979). In addition, Wiedenroth et al.
(1990) studied the morphological and anatomical characterization of the coleoptile of T.
aestivum with regard to the evolution of forms with different ploidy levels and found that in both
inner and outer epidermis, guard cells were located in well-ordered longitudinal rows, e.g. the
number of stomata rows on both sides of the bundle region of the fully grown coleoptile of
Triticum aestivum is four to five rows in the outer epidermis and one to two rows in the inner
epidermis and the coleoptile has two vascular bundles.
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2.5.5 First Leaf
The blade of the first green leaf of the wheat plant differed from all the succeeding ones having a
somewhat stiffened bluntish apex and forms an archlike outline, a form which enables the top to
push its way through the soil without damage. The first leaf of the seedling plant of T. aestivum
usually has 11-13 bundles, 3-5 of which may be traced to near the apex (Percival 1921).
Furthermore, Jellings and Leech (1984) studied the anatomical variation in the first leaf in
Triticum genotypes for different ploidy levels of six species. The measurements of quantitative
aspects of leaf tissue structure were determined by analysis of photographs of leaf transactions. It
was assumed that the tissue on each side of the midrib was identical and the measurements for
each half leaf transaction were converted to represent a complete leaf transection in every case.
These measurements compared number of vascular bundles, leaf thickness, leaf width and
others. They found that these characters varied in different genotypes.
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Egypt has a tremendous wealth of biodiversity and plant genetic resources, but the wealth of
today is lacking a significant risk of threatening and perhaps even extinction. During the last
century and the beginning of this century, modern technology and other genetic engineering
became the most dangerous threats. It becomes evident by exciting race of companies and
individuals in developed countries to gain dominance of genetic resources in developing
countries that there is need to take all necessary actions to protect our biodiversity and genetic
resources to ensure the continuation of life in our homeland and ensure the availability of food,
clothing and medicine over the future.

3.1 Plant Materials
A total of 1001 accessions of Egyptian wheat Triticum genus were obtained from different
source as follows in table 3:

Table 3 Number of Egyptian wheat accessions collected
N. of acces. Resource
64

Agricultural Research Center, Wheat Resource Center, Bahtiem, Egypt

237

International Center for Agriculture Research in the Dry Areas (ICARDA) Syria

539

National Small Grains Collection (NSGC) USDA-ARS Aberdeen USA.

75

Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben,
Germany.

32

Center of Genetic Resources (CGR), Wageningen, Netherlands

39

John Innes Center, Norwich United Kingdom

15

Vavilov Research Institute of Plant Industry, Petersburg, Russia.

1001

Total

All these accessions belong to nine taxa: T. aestivum subsp. aestivum, T. aestivum subsp.
compactum, T. turgidum convar. turgidum, T. turgidum convar. compositum, T. durum subsp.
durum convar. durum, T. durum subsp. durum convar. durocompactum, T. aethiopicum, T.
turanicum, T. polonicum and T. dicoccon. 108 accessions were chosen, included all species and
all locations in table 4.

We tested 803 accessions of Triticum genus in the herbariums of the genbank IPK in Gatersleben
Germany (table 5), these accessions included all varieties found in the genbank of T. turgidum,
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T. durum, T. dicoccon, T. vavilovii, T. polonicum, T. aethiopicum and T. turanicum. Many
accessions of Triticum genus we tested in the herbariums of the Vavilov-Institute in St.
Petersburg (Russia); these accessions included herbariums material of Egypt, Iran, Syria, Cyprus,
Azerbaijan and Ethiopia.

Table 4 Accession numbers and locations of Egyptian wheats used in the study (preliminary
determination):
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

Accession
A. Daleb
EGY 9
EGY 21
EGY 52
EGY 11
EGY 51
EGY 19
EGY 15
EGY 17
EGY 13
EGY 50
EGY 55
EGY 211
EGY 527
Gemeiza 1
Gemeiza 7
Seds 1
Asuit 367
G Afife
Asuit 382
Asuit 792
EGY 22-1
EGY 87-3-2
Cltr 7236
Cltr 12345
Cltr 15401
PI 133462
PI 185611
PI 185614
PI 210971
PI 211572
PI 220425
PI 366069
PI 366103
PI 472028
Cltr 7530
PI 366118
PI 366117
Cltr 2431
PI 211708
PI 532136
Cltr 7264
Cltr 7265
Cltr7505
Cltr8455
Cltr 7519
PI 366108
Cltr 1580
Cltr 1751
Cltr 7262
Cltr 7520
Cltr 7531
Cltr 7532
Cltr 7533

Species/ ploid
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum

T. durum
T. durum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. compactum
T. aestivum subsp. compactum

T. polonicum
T. turanicum
T. turanicum
T. turanicum
T. turgidum
T. turgidum
T. turgidum
T. turgidum
T. turgidum
T. turgidum (pyramidale)
T. durum
T. durum
T. durum
T. durum
T. durum
T. durum
T. durum

Location
Sharkia
Marsa Matrooh
Marsa Matrooh
Sinai
Marsa Matrooh
Sinai
Marsa Matrooh
Marsa Matrooh
Marsa Matrooh
Sinai
Sinai
Sinai
Sinai
Sinai
Egypt
Egypt
Egypt
Egypt
Ismailia
Asuit uni.
Asuit uni.
Sinsi
Marsa Matrooh
Egypt
Egypt
Egypt
Giza
Giza
Giza
Egypt
Egypt
Giza
Giza
Giza
Asuit
Sinai
Sinai
Sinai
Cairo
Egypt
Egypt
Minya
Minya
Sinai
Egypt
Cairo
Egypt
Sawhaj
Alaxendria
Minya
Giza
Sinai
Sinai
Sinai

No.
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
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PI 133457
PI 133458
PI 133459
PI 153774
PI 171406
PI 185609
PI 185610
PI 192502
PI 366101
PI 366104
PI 602421
IG 85496
IG 82584
IG 97878
IG 83473
IG 88108
IG 127502
IG 97998
IG 97943
IG 97985
IG 98364
IG 83481
IG 42040
IG 89501
IG 89786
IG 139056
W 6601
W 589
1180205
1180222
1180144
1180225
1180065
1180129
1180193
1180210
1180215
1190305
1180226
1180218
1180221
1190328
CGN 21066
CGN 16065
CGN 08194
CGN 06578
CGN 16057
CGN 07989
CGN 16058
CGN 06552
CGN 06566
CGN 06551
TRI 19233
TRI 27970

Species/ ploid
T. durum
T. durum
T. durum
T. durum
T. durum
T. durum
T. durum
T. durum
T. durum
T. durum
T. durum
T. turanicum
T. durum
T. durum
T. durum
T. durum
T. durum
T. durum
T. durum
T. durum
T. durum
T. durum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum
T. aestivum subsp. aestivum

T. turgidum
T. durum
T. durum
T. durum
T. durum
T. durum
T. durum
T. durum
T. durum
T. durum
T. aestivum subsp. aestivum

T. durum
T. durum
T. durum
T. aestivum subsp. aestivum

T. turgidum
T. turgidum
T. turgidum
T. turgidum
T. turgidum
T. turgidum
T. turgidum
T. turgidum
T. turgidum
T. turgidum
T. aethiopicum
T. dicoccon

Location
Giza
Giza
Giza
Giza
Egypt
Egypt
Egypt
Egypt
Giza
Giza
Gharbiya
Egypt
Egypt
Egypt
Giza
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Giza
Marsa Matrooh
Egypt
Egypt
South Sinai
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
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Table 5 List of Triticum species and their accessions (non-Egyptian) used in the study
Species
Accessions (TRI )
T. urartu Thum. ex Gandil.
11496
T. dicoccoides (Koern. ex Aschers. 17420
et Graebn.) Schweinf.
628, 900, 1682, 1777,2020, 2111, 2880,2884, 3423, 4277, 4413,4450, 4755,4991, 6305, 7011,
T. dicoccon Schrank
5220,5221,9636, 10320, 11168, 13158, 14078, 15032, 15033, 15513, 11551,15821, 16608,
16257,16812, 16877, 16881, 17753, 18260, 19125, 19152,19214, 19294,
4568,4607,5223, 6732, 7486, 8410, 9481,9630, 11946, 12092, 12750
T. karamyschevii Nevski
T. ispahanicum Heslot

T. turgidum L.

T. jakubzineri Udacz. et Schachm.
T. durum Desf.
T. turanicum Jakubz.
T. polonicum L.

6177, 7117, 7257, 7260, 7261,7297, 9483, 19149
591, 758, 1253, 1256, 1257, 1258, 1285, 1413, 1423, 1434,1459, 4461, 1622, 1623, 1625, 1627,
1641, 1662, 1663, 1669, 1676, 1695, 1696, 1715, 1716, 1718, 1740, 1755, 1768, 1769, 1771, 1780,
1781, 1782, 1797, 1795, 1799, 1802, 1918, 1935, 2230, 2290, 2318, 2322, 2334, 2969, 3023, 3041,
3042, 3241, 3261, 3307, 3365, 4341, 3350, 3355, 3411,3468, 3504, 3517, 3655, 3657, 3661, 3720,
4045, 4082, 4083, 4241, 4262, 4270, 4291, 4292, 4296, 4297, 4354, 4405, 4437, 4446, 4448, 4522,
4602, 4652, 4653, 4654, 4655,4697, 4761, 4786, 4809, 4810, 4812, 4868, 4879, 4886, 5283,5888,
5911, 5948, 5951, 7021, 7056, 7064, 7099,7502, 9546, 9547, 9548, 9628, 9629, 9652, 10089, 11066,
13541, 14166, 15229, 15232,15902, 15925, 16771, 17236, 19052, 19112, 19115,19117, 19153,
19165, 19202,19292, 19357, 28877
12911
438, 440, 441, 447, 448, 477, 481, 482, 490, 491, 500, 508, 509, 514, 515, 516, 517, 576, 707, 871,
873, 874, 878, 879, 880, 881, 882, 883, 887, 888, 897, 1257, 1684, 2719, 3033, 3038, 3043, 3307,
3481, 3499, 3621, 4654, 9802, 9346, 9629, 9639, 9640, 9642, 9644, 9921, 10657, 12731,12732,
15082, 17721, 17755,17918, 19132, 19161, 19199,19333, 28787
680, 909, 2377, 3287, 4326, 5254, 6243, 9485, 9517, 9925, 10341, 10343, 11533, 11562,
16772,16930, 18957, 19049, 19216, 19225, 19236, 19242, 28864.
768, 1951, 2233, 3203, 3428, 6961, 15114, 19114, 19192, 19195, 19210, 19222, 19228, 19244

4412, 7222, 7300, 9484, 9633, 9634, 14795, 14804, 14999, 15013, 15015, 15024, 15055, 15059,
15062, 15065, 15067, 15074, 15076, 15171, 15358, 15383, 15390, 15392, 15405, 15416, 15421,
15426, 15427, 15435, 15438, 15481, 15501, 15506, 15585, 15646, 15662, 15684, 15687, 15691,
T. aethiopicum Jakubz.
15703, 15705, 15709, 15721, 15724, 15739, 15749, 15780,15801, 15816, 15819, 15844,15877,
15881, 15882, 15884, 15885, 16128, 16147, 16150, 16158, 16163, 16165, 16211, 16215, 16216,
16243, 16259, 16269, 16279, 16286, 16368, 16377, 17211, 19233, 19272,26162
T. carthlicum Nevski
518
T. macha Dekapr. et Menabde
1867
T. spelta L.
13350, 13351, 17780
T. vavilovii(Thum.) Jakubz.
4630,7315, 9416, 9632, 11554, 11555, 11556, 14266
T. aestivum L.
981, 2620, 3315, 4032, 9537, 14638
T. sphaerococcum Perciv.
3009
T. petropavlovskyi Udacz. et Migusch. 9934, 12908
T. boeoticum Boiss.
1774
T. monococcum L.
1986
T. sinskajae A. Filat. et Kurk.
1398, 11525, 12910, 14732, 18397, 18399, 18401
T. araraticum Jakubz.
11564
T. timopheevii (Zhuk.) Zhuk.
3433, 7259
T. zhukovskyi Menabde et Ericzjan. 12094
T. militinae Zhuk. et Migusch.
17488
General
1- 400

3.2 Data Collections
The grains of different Triticum taxa (107 accessions) were propagated in a randomized
complete block design in the Experimental Farm of the Faculty of Organic Agriculture Sciences,
Kassel University, Witzenhausen, Germany, on 15 th March throughout the two successive
seasons of 2007 and 2008. The experimental area was 117 m2. The grains were sowed in lines,
the distance between two lines was 15 cm and between plots 50 cm. Fertilization, irrigation and
other management were done according to plant need. At the same time, all these accessions
were propagate in a greenhouse. The plant samples were collected to study the following
characteristic: -
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3.2.1 Morphological Studies
3.2.1.1 Quantitative Characteristics
Growth parameters of all studied Triticum taxa were recorded on the basis of 10 plants for
two replicates per each taxon. The following studied characters are:First spike formation days, harvest time days, average maximum length of flag leaf,
maximum width of flag leaf and flag leaf area at spike formation. Flag leaf area (cm2) = 0.75
× maximum blade length × maximum blade width (Owen 1968). Main stem length cm,
number of nods/ main stem, length of terminal internodes cm, length of node (2) mm,
thickness of main stem (internode 3) mm, number of spikelets which bears, segment length
mm, segment width mm, spike length cm, number of spikelets/spike, spike density, awn
length cm, front said of spike mm, lateral said of spike mm, number of grains/ spike, number
of awn/ spikelets, number of grains/ spikelets, spikelet length mm, glume length mm, glume
width mm, grains length and 100 grains weight in gm at harvesting time.

3.2.1.2 Qualitative Characteristics
a- Spike Inflorescence: Ear- bearing internode, infilling, spike shape, spike nike curvature,
appears of awn, segment tubercles distinct, state of consecutive spikelets to each other in the
rachis, similarity of lower and upper glume, glume texture, glume indumentum, glume waxy
bloom, glume shape in outline, glume keel development, degree of rounded keel, glume keel
tooth shape, glume shoulder shape, glume lateral vein tooth, glume length to nearby lemma and
palea, lemma shape of apex (present of horn), length of lemma for the first flower (lowest) to
palea and awn length of the first flower to awn of the second flower,
b- Grains: Texture, shape in outline and embryo shape in outline

3.2.2 Anatomical Studies
For studying the characteristics of transverse section of the terminal internodes of the main stem
below the neck by 1cm at the spike formation stage, flag leaf in midrib and mesophyll region at
the spike formation stage and mature grain at dough ripe stage, coleotile at the length 5-6 mm
below the tip by 2ml, first leaf in middle of leafs after 7 or 8 days from sown when the leaf
becomes a full expansion. Killing and fixation in FAA solution, (70% alcoholic base)
dehydration and clearing with ethyl alcohol and xylene respectively, infiltration and the samples
were embedded in pure paraffin wax (M.P. 56-58 Co) were carried out as described by Willey
(1971). Sections of twenty microns thick were cut by sliding microtome. The sections were
stained with safranin and light green, then mounted in Canada Balsam and in such cases were
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microscopically examined. The examination, measurements and photographing were done
through Microscope Leica DMLS and digital camera DC300F with image recording and
processing system IM50.

Anatomical parameters of all studied Triticum taxa were recorded in three replicates per each
taxon. The following studied characters are:

3.2.2.1 Terminal internodes Characteristics
Average thickness of stem except the pith (mm), thickness of sclerenchyma under epidermis
(mm), thickness of sclerenchyma against the vascular bundle (mm), width of
chlorenchymatous tissue (mm), thickness of chlorenchymatous tissue (mm), number of
parenchyma rows from sclerenechyma until pith, number of vascular bundle rings, thickness
of large vascular bundle (mm), width of large vascular bundle (mm), number of xylem
vessels in large vascular bundle, thickness of xylem tissue of large vascular bundle (mm),
diameter of xylem vessels of large vascular bundle (mm), thickness of phloem tissue of large
vascular bundle (mm), distance between the two vascular bundles (mm), distance between
the pith and the nearest vascular bundle (mm), number of parenchyma cells from the pith
until the nearest vascular bundle, number of parenchyma rows between the two vascular
bundles, presence of furrows in the epidermis, maximum diameter of stem.

3.2.2.2 Flag Leaf Characters
Average thickness of the midrib (mm), thickness of upper epidermis and sclerenchyma
(mm), thickness of lower epidermis and sclerenchyma (mm), distance between the midrib
and nearest wing vascular bundle (mm), number of sclerenchyma rows upper vascular
bundle, number of sclerenchyma rows under vascular bundle, thickness of vascular bundle
(mm), width of vascular bundle (mm), thickness of xylem tissue (mm), diameter of xylem
vessels (mm). number of xylem vessels per vascular bundle, thickness of phloem tissue
(mm), level of the nearest bulliform cells to the midrib, maximum thickness of bulliform cell
(mm), cuticle intensity on lower epidermis, homogeneity of lower epidermis cells, intensity
of sclerenchymatous tissue between the main vascular bundle and upper epidermis.

3.2.2.3 Mature Grains Characteristics
Average thickness of caryopsis coat (mm), thickness of pericarp (mm), thickness of seed coat
remains of testa and nucellus layers

(mm), homogeneity of outer epidermis cells,

maximum thickness of epidermis and hypoderms layers (mm), maximum number of
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epidermis and hypoderms layers, thickness of aleuronic layer (mm), homogeneity of
aleuronic cells, aleuronic cell shape.

3.2.2.4 Coleoptile Characters
Number of vascular bundle, average maximum diameter from outside (mm), average
minimum diameter from outside (mm), maximum diameter from inside (mm), minimum
diameter from inside (mm), maximum thickness (mm), minimum thickness (mm), maximum
number of cell rows, minimum number of cell rows, thickness of vascular bundle (mm),
width of vascular bundle (mm), shape in outline, thickness of inner epidermis and ground
tissue against the vascular bundle (mm), thickness of outer epidermis and ground tissue
against the vascular bundle (mm).

3.2.2.5 First Leaf Characters
Average thickness of the midrib (mm), thickness of lower epidermis and sclerenchyma
(mm), thickness of upper epidermis and sclerenchyma (mm), number of vascular bundle per
wing, length of wing (mm), thickness of vascular bundle (mm), width of vascular bundle
(mm), the distance between the midrib and nearest wing vascular bundle (mm), the distance
between the terminal vascular bundle and end of the wing (mm), maximum thickness of wing
between midrib and terminal vascular bundle (mm), average minimum thickness of wing
between midrib and terminal vascular bundle (mm), homogeneity of lower epidermis cells.

3.3 Data Analysis
All experimental data were analyzed with SPSS-statistical (SPSS, Chicago, USA). Data were
tested for normal distribution and variance homogeneity and means subsequently by Turkey test
at p

0.05, to test the data for normal distribution. We used the One-way Kolmogrov-Smirnov

test. Cluster analysis was also performed to examine the pattern genetic diversity in the 7 species
of Egyptian wheat.
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Results and Discussion
4.1 Morphological Studies
4.1.1 Quantitative Characteristics
Twenty quantitative items existing in the different parts of eight Triticum taxa at different
periods of growth during 2007and 2008 seasons are illustrated in table 6.

It is clear from table 6 that the maximum value of most quantitative parameters was recorded in
T. polonicum. The minimum values of most of them were observed in T. aestivum subsp.
compactum. On the other hand, the values of various parameters of the other taxa are ranged
between these two species. It was also noted that there are differences among all 107 accessions
under study which shows the diversity of the abundance of Egyptian wheat.
The maximum time for first spik formation 74 days, harvest time 136 days, flag leaf area 42cm2,
spikelet length 30.33mm, glume length 28.67mm, thickness of main stem 3.91 mm, number of
spikelets / spike 16, spike length 11 cm, front said to lateral said of spike 1.13 and segment
length 7.93 mm were observed in T. polonicum L. Whereas, the minimal values for the pervious
parameters, in the same respect, were 68 days in T. aestivum subsp. aestivum, 120 days, 17
42cm2, 14.75 mm, 6.68mm in T. aestivum subsp. compactum, 2.87 mm, 12 in T. turgidum convar.
turgidum, 4.63cm, 0.86, 3.17 mm in T. durum subsp. durum convar. durocompactum. Morover,
the highest valus for awn length 14.63 cm, grains length 9.73 mm, 100 grains wight 6.67 gm and
length of terminal internode 50.40 cm were existed in T. turanicum. Whereas, the lowest values
for the pervious parameters, in the same respect, were 4.35 cm, 6.17 mm, 3.64 in T. aestivum
subsp. compactum and 33.03 cm in T. polonicum. Other highest parameters as main stem length
94.30 cm, spike density 30.24 were recorded in T. aestivum subsp. compactum, number of
grains/ spike 31, number of grains/ spikelets 2.50, glume width 4.80 mm in T. durum subsp.
durum convar. durocompactum. Whereas, the lowest values for the pervious parameters, in the
same respect, were 75 cm, 13.96, 19.83 in T. polonicum, 1.7 in T. aethiopicum and 3.78 mm in T.
aestivum subsp. compactum. Furthermore, the highest value of glume keel tooth length was 4.4
cm in T. aestivum subsp. aestivum, whereas, the lowest value was 0.87 mm in T. durum subsp.
durum convar. durocompactum. In addition, the other parameters as number of nods/ main stem
was 3-4 and some times 2 or 5, length of node 2.2-7.5 mm, number of spikelets which bears one
and some times 2, segment width 2.4-4 mm, number of awn/ spikelets 2-4. These results are in
agreement with those obtained by Lersten (1987) who showed that the culm of T. aestivum has
five to seven nodes, only three or four foliage leaves develop, the lower internodes are short and
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often below the soil surface, the uppermost internode has a flage leaf subtends the inflorescence.
Similar resultus were found by Szwed-Urbas et al. 2002, Gowayed 2003 and Teklu 2006 who
reported that there are a lot of growth parameters in Triticum species varies with the studied
Triticum taxa.

In spite of the existence of significant differences between most species under study in most
quantitative traits, we can only use some of them for differentiate between some species, thus,
spike density as we can distinguish between T. aestivum subsp. aestivum and T. aestivum subsp.
compactum and also between T. durum subsp. durum convar. durocompactum and T. durum
subsp. durum convar. durum. We can also use the segments and glume length characteristics to
distinguish between T. turanicum or T. polonicum and other tetraploid species. Spikelet length
character is used to distinguish between T. polonicum and other taxa. It would be observed in
most or all of the quantitative characteristics, that almost T. aethiopicum is a compromise
between T. aestivum, T. turgidum and T. durum.

4.1.2 Qualitative Characteristics
The qualitative characters of the spike, spikelet, rachis, glume, lemma, palea and grains observed
at harvesting time from eight different Triticum taxa, are shown in table (7-8). They reveal the
differences between taxa. In T. aestivum subsp. aestivum and T. aestivum subsp. compactum the
culm below the spike was hollow and the keel was clearly developmed to the middle of the
glume. In the others taxa the culm was complete or with weak, or intermediate culm infilling and
the keel was clearly developmed to the base of the glume. In T. polonicum the glume texture is
herbaceous, the glume is longer than the lemma and palea, and the glume shape was linear. In
the other studied taxa the glumes are coriacous, shorter and oblong, oval or elliptic. State of
consecutive spikelets to each other in the rachis was less inclined in T. aestivum subsp.
compactum and T. durum subsp. durum convar. durocompactum, while it was inclined in others.
Spike shapes were ranging from oblong, clavate, tapering and fusiform. Grain texture was glassy
in T. polonicum and T. turanicum whereas, glassy or mealy in the other species.

From the statistic cluster analysis we show the morphological relationship between these taxa in
this dendrogram (Fig. 2):
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Figure 2 Dendrogram resulting from cluster analysis of the morphological similarity
among eight Egyptian wheat taxa.
These results are in agreement with those obtained by Townsend and Guest (1968), Zohary
(1972), Lersten (1987), Lersten (1987), Watson and Dallwitiz (1992), Miller et al. (1999),
Szwed-Urbas et al. (2002) who reported that inflorescence characters of Triticum genus are very
important in recognization of Triticum taxa. Also, these resultus are in harmony with Klaimi
(1966) who observed that T. aestivum subsp. compactum can be morphologically distinguishable
from T. aestivum subsp. aestivum and the tetraploid wheat T. turgidum and T. durum have a great
degree of similarity.
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Table 6 Quantitative characters of eight different Triticum taxa during the growth seasons of 2007 and 2008.

Mean ± se

59

27.56
±0.96
28.83
±3.68
22.97
±1.55
24.99
±0.86
31.00
±4.93
23.19
±1.14
22.98
±2.21
19.83
±3.77

6.26
±0.14
3.58
±0.48
4.36
±0.26
4.65
±0.17
3.17
±0.09
4.71
±0.26
6.05
±0.33
7.93
±0.35

1.98
±0.05
2.07
±0.12
1.80
±0.09
1.89
±0.05
2.50
±0.12
1.73
±0.06
1.70
±0.15
1.75
±0.23

17.17
±0.28
14.75
±0.48
16.62
±0.76
18.79
±0.37
18.33
±0.88
17.70
±0.54
24.25
±0.85
30.33
±0.88

10.20
±0.17
8.68
±0.35
10.00
±0.22
10.64
±0.29
10.00
±0.58
10.24
±0.25
13.75
±0.60
28.67
±0.88

3.98
±0.07
3.78
±0.10
4.12
±0.11
4.28
±0.06
4.80
±0.12
4.03
±0.19
4.28
±0.31
4.17
±0.44

4.54
±0.58
1.75
±0.48
1.32
±0.17
1.74
±0.30
0.87
±0.09
1.79
±0.54
2.15
±0.81
1.73
±0.15

100 grains wight gm

1.10
±0.03
0.92
±0.08
0.88
±0.03
0.88
±0.01
0.86
±0.03
0.89
±0.02
0.90
±0.06
1.13
±0.05

Grains length mm

6.52
±0.39
4.35
±1.13
10.12
±1.14
12.82
±0.39
12.13
±1.16
12.37
±1.21
14.63
±1.61
7.23
±1.47

Glume keel tooth length

18.46
±0.39
30.24
±1.98
25.25
±1.36
23.07
±0.70
29.36
±1.45
23.54
±1.14
17.81
±1.01
13.96
±0.58

Glume width

13.88
±0.33
13.78
±1.19
12.70
±0.38
13.24
±0.28
13.27
±0.90
13.42
±0.40
13.48
±0.23
15.63
±2.03

Awn length cm at
harvesting time
Fornt side to lateral side of
spike at harvesting time mm

Main stem length cm at
harvesting time
Length of terminal internode
at harvesting time cm
Thickness of main stem (3)
at harvesting time mm
Spike length cm at
harvesting time
7.62
±0.21
4.70
±0.75
5.26
±0.40
5.85
±0.16
4.63
±0.73
5.83
±0.36
7.63
±0.35
10.98
±1.32

Glume length mm

T. polonicum

3.21
±0.07
3.74
±0.60
2.87
±0.09
3.10
±0.07
3.38
±0.54
2.91
±0.14
3.43
±0.20
3.91
±0.52

Spikelet length mm

T. turanicum

41.00
±1.17
49.90
±4.93
39.94
±2.23
46.69
±1.51
49.67
±2.96
41.33
±3.53
50.40
±4.28
33.03
±6.24

Number of grains/ spikelets

T. aethiopicum

durum convar.

84.37
±2.45
94.30
±7.21
79.04
±3.01
90.31
±2.77
86.97
±2.64
87.36
±5.23
94.15
±8.21
75.00
±8.66

Segment length mm

T. durum subsp.
durocompactum

18.12
±1.14
17.62
±3.36
19.98
±2.74
26.25
±1.60
18.58
±0.07
28.97
±3.59
31.31
±4.06
41.62
±3.86

Number of grains/ spike

T. durum subsp. durum convar. durum

125.05
±0.65
120.75
±0.25
131.46
±0.74
131.90
±0.81
129.67
±0.88
133.00
±1.02
131.25
±2.69
135.67
±1.20

Spike density
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T. turgidum convar. turgidum

68.24
±0.67
68.50
±1.32
70.54
±0.92
73.07
±0.87
71.00
±0.58
73.30
±1.30
72.75
±2.25
73.33
±0.88

Number of spikelets / spike

T. aestivum subsp. compactum

Flag Leaf Area cm2

T. aestivum subsp. aestivum

Harvest time days

Species

First spik formation days

Recorded data

6.46
±0.06
6.17
±0.15
6.94
±0.16
7.61
±0.16
7.03
±0.58
7.30
±0.40
9.73
±0.47
8.05
±0.50

3.97
±0.10
3.64
±0.05
4.49
±0.13
4.83
±0.13
5.18
±0.17
4.48
±0.47
6.67
±0.53
6.00
±0.50
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absent

Oblong, clavate

Bent-Straight

T. turgidum convar. turgidum

weak

T. durum subsp. durum convar. durum

weak

T. durum subsp.
durocompactum

durum

convar.

Curved, bent,
straight
Oblong, tapering, Straight, bent,
fusiform
curved
Oblong, tapering

complete

Oblong

Straight

less inclined

weak

Oblong, tapering

Straight,
curved

inclined

T. turanicum

complete

Oblong, fusiform

Curved, bent

inclined

T. polonicum

complete

Oblong

Curved

inclined

T. aethiopicum
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Equal

With horn

Shorter,
Longer, Equal
Shorter,
Longer,

With horn
or without
With horn
or without

Shorter

With horn

Shorter,
Glassy,
Longer, Equal mealy
Glassy,
Equal, Shorter
mealy
Shorter,
Glassy,
Longer, Equal mealy
Shorter,
Glassy,
Longer, Equal mealy
Glassy,
Equal
mealy
Glassy,
Longer, Equal
mealy

Oval - oblong
- ovate

Ovate- oval- wide
oval- circular
Ovate- oval- wide
Oblong - oval
oval- circular
Oblong- oval- wide
Oblong - oval
oval
Oblong - oval

Oblong- oval

Oblong - oval

Oval - oblong

Oblong - oval

Oblong- oval- wide
oval

Longer, Equal Glassy Oblong - oval
Longer

Glassy

Embryo shape in outline

T. aestivum subsp. compactum

Shorter,
With horn
Longer, Equal
With horn
less inclined
Shorter
or without
Shorter,
With horn
Inclined
Longer, Equal or without
Shorter,
With horn
inclined
Longer, Equal or without
inclined

Grain Shape in outline

Bent-Straight

Grain texture

Oblong

Length of lemma for the first
flower (lowest) to palea

Spike nike curvature

absent

Lemma Shape of apex
(present of horn)

spike shape

T. aestivum subsp. aestivum

Species

Awn length of the first flower to
awn of the second flower

Ear- bearing internode, infilling

Recorded data

State of consecutive spikelets to
each other in the rachis

Table 7 Qualitative characters of spikes, lemma and grains of eight different Triticum taxa.

Oblong oval

Oval - oblong
Oval
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Oblong, oval,
ovate
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Glume length to nearby
lemma and palea

waxy

Glume Lateral vien tooth

Similar or
Glabrous,
Coriacous
unsymmetrically
Pubescent,

Without

Shorter

Without

Shorter

Awn, Acuminate,
acute, obtuse

Half
round

Acuminate, acute,
obtuse

Medium.
narrow

oblique, rounded

Round

Acuminate, obtuse,
curved, acute

Narrow,
medium

straight, oblique, Without or
Shorter
sloping, apiculate obtuse

Round

Awn. Acuminate,
acute, obtuse

Round

obtuse

Medium

Round

Awn, Acuminate,
acute, obtuse, curved

Medium.
narrow

straight, oblique, Without or
Shorter
apiculate, elevate
obtuse

Round

Acuminate, curved

Narrow,
medium

straight, elevated

Round

Acuminate

Narrow

oblique

Glume shoulder shape

Half
round

Glume shoulder width

Glume keel tooth shape

Distinct to
glume
base
Distinct to
Similar or
Coriacous Glabrous
Waxy Oblong, Oval,
glume
T. aestivum subsp. compactum
unsymmetrically
base
Distinct to
Similar or
Pubescent, Waxy or Elliptic, oval,
Coriacous
glume
T. turgidum convar. turgidum
unsymmetrically
Glabrous non-waxy
oblong
base
Distinct to
Similar or
Pubescent, Waxy or Elliptic, oval,
glume
T. durum subsp. durum convar. durumunsymmetrically Coriacous Glabrous non-waxy oblong
base
Distinct to
T. durum subsp. durum convar.
Similar
Coriacous Pubescent Non-waxy
Oval
glume
durocompactum
base
Distinct to
Similar or
Pubescent, Waxy or
Coriacous
Elliptic, oval
glume
T. aethiopicum
unsymmetrically
Glabrous non-waxy
base
Distinct to
Similar or
Coriacous Pubescent
Waxy
Elliptic
glume
T. turanicum
unsymmetrically
base
Distinct to
Similar
Herbaceous Pubescent
Waxy
Linear
glume
T. polonicum
middle

T. aestivum subsp. aestivum

degree of rounded Keel

Glume, keel development

Glume shape in outline

Glume, waxy bloom

Glume indumentum

Species

Glume texture

Recorded data

Similarity lower and uber
glumes

Table 8 Morphological characters of glumes of eight different Triticum taxa.

Medium. straight, oblique,
narrow, wide sloping, rounded

Medium. straight, oblique, Without or
Shorter
narrow, wide apiculate, elevate
obtuse
straight

Without

Shorter

Without or
Shorter
obtuse
Without

Longer
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4.1.3 Ramification and Multiple Glumes
Inflorescences architecture plays an essential role in grass plants not only for identifying a plant
species and breeding programmes but also in its domestication. There are many studies on the
genus Triticum in the previous few decides of various fields, especially classification studies.
Nevertheless, until now it has some features which do not often adequate consideration, such as
the phenomenon of multiple glumes and types of ramification. In this study, we investigated the
new inflorescence architectural character state three glumes and a new status of ramification in
the genus Triticum L. moreover, the relationship of them with domestication. Also we recorded
the ramification affected by environmental conditions.

4.1.3.1 Multiple Glumes
In this study a new architectural character three glumes is recorded in:
1) Twelve varieties of T. turgidum convar. compositum (fig. 3) in all accessions available in the
herbaria of IPK and Vavilov-Institute: var. nachitschevanicum, var. pseudocervinum, var.
plinianum, var. columbinum, var. mirabile, var. falsemirabile, var. lencoranicum, var.
compositum,

var.

pseudolinnaeanum, var. coeleste, var. ramosisalomonis and var.

ramosistriatum
2) Two varieties of T. vavilovii (fig. 4): var. manuru and var. mupuru
3) Five varieties of T. dicoccon (fig. 5): var. tragi, var. pseudomazzucati, var. mazzucati, var.
novicum and var. albiramosum
4) Five varieties of T. durum (fig. 6): var. muticitalicum, var. muticiboefii, var.
muticicoerulescens, var. muticivalencia and var. muticimurciense
5) Two varieties of T. polonicum (fig. 7): var. ramosum and var. kiritchenko
6) One herbarium sheet of T. aestivum from Iran (fig. 8).
7) The third glume was observed in many spikelets in varieties of T. turgidum convar.
compositum, not only in the branches of the spike, but also in simple spikelets in the main rachis
(fig. 9). The third glume was normally developed.

4.1.3.2 Ramifications: In this study, we recorded a new case of inflorescences ramification in
genus Triticum:
1- True ramification (branched spike): We show this state in T. turgidum convar. compositum, T.
vavilovii var. manuru and var. mupuru and T. dicoccon (fig. 10).
2- False ramification (pseudo-branched spike): We show this state in T. vavilovii var. vavilovii
(fig. 11).
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3- False-true ramification: In this case the rachilla elongated and bear florets at basal nodes while
bear spikelet at supreme nodes, we show this state in T. durum var. muticitalicum (fig. 12)

4.1.3.3 Influence of the Environmental Conditions on Ramification and Third Glume:
We noticed when we had sown the accession W589 from Egypt T. turgidum convar. compositum
in open field and in the greenhouse that:- In open field the spike formation started after 90 days from sown and 95 % from plants with
spike ramification and 5 % with simple spike.
- In the greenhouse the spike formation started after 110 days from all sown plants 100 % with
simple spike.
- All spikes in open field and greenhouse with three glumes (fig. 13). This means that spike
ramification is influenced by the environmental condition, while the state of third glume was
stable and unaffected by environmental condition. It proves the validity of this state. This state
has been recorded in all accessions which were collected from different areas and different
weather, whether from Africa, Europe or Asia.
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Figure 3 Varieties of Triticum turgidum convar. compositum with third glume.
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Figure 3 con.
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Figure 3 con.
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Figure 3 con.

Figure 4 Varieties of Triticum vavilovii with third glume.

Figure 5 Varieties of Triticum dicoccon with third glume.
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Figure 5 con.

Figure 6 Varieties of Triticum durum with third glume.
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Figure 7 Varieties of Triticum polonicum with third glume.

Figure 8 Triticum aestivum with third

glume.

Figure 9 Egyptian wheat W589 T. turgidum convar. compositum. Osiris
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Figure 10 True ramification

Figure 11 False ramification.

Figure 12 False-true ramification, Triticum durum var. muticitalicum

Egyptian wheat W589 T. turgidum convar. compositum. Osiris

Figure 13 Influence of the environmental conditions on ramification and third glume.

70

Results and Discu ssion
4.1.3.4 Domestication is likely to have involved selection for seeds to be retained in the spike,
rather than the shattering habit of wild species (Harlan 1992). also modification is involved of a
number of other traits, including selection for annual habit and modification of plant architecture
to increase yield, as architectural differentiation in cereal grasses that gives an insight into how
phylogenetic context can affect domestication potential (Doust 2007). The domesticated species
differ from their wild ancestors and relatives for a set of traits that is known as the domestication
syndrome (Hammer 1984). Dubcovsky and Dvorak (2007) mentioned that in wheat, as in other
cereals, a primary component of this syndrome was the loss of spike (brittle rachis), preventing
the grains from scattering by wind and facilitating harvesting. Another important trait for wheat
domestication was the loss of tough glumes, converting hulled wheat into free-threshing wheat.
Other traits of the wheat domestication syndrome shared by all domesticated wheat are increased
seed size, reduced number of tillers, more erect growth, and reduced seed dormancy. In this
respect, we find that the trait third glume is related to spike ramification thus to an increases in
the number of grains/spike, number of spikelets and size of spike. Also, the third glume increases
the units of photosynthesis. In wheat, the ear parts, including awn, glume, lemma, palea,
pericarp, and even peduncle, are capable of photosynthetic CO2 fixation and a considerable
portion of grain mass comes from their photosynthesis (Evans and Rawson 1970, Ram and
Singh1982 and Wang et al. 2001). In the tissues of ear parts, CA (carbonic anhydrate) activity
significantly decreased in glumes from the heading to dough stage and within the same variety,
CA activity was higher in glumes than in leaves at the heading and milk stages (Xingjun Li et al.
2004). For that we consider the third glume as indicator of the domestication syndrome.

In addition, we find in the genus Triticum, the spike of all wild species is not branched, but
branching appeared in cultivated and domesticated species in tetraploid and hexaploid wheat.
Hence, we can conclude that not only the domestication of panicoid cereal is linked by
inflorescences architecture but also pooid like wheat inflorescences are architecturally relevant
with domestication.
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4.2 Anatomical Studies
Cross-sections existing in the vegetative and productive parts represented with terminal
internodes, flag leaf (midrib and mesophyll region) taken at spike formation, grains of nine
Triticum taxa under study at dough ripe stage, coleoptaile taken at length 5mm and first leaf
taken at 7-8 days are illustrated in Tables 9-14 and Figures 14-19.

4.2.1 Cross-section of Terminal Internodes: Results shown in Table 9 and figure 14 illustrate the cross sections of terminal internodes of
various nine Triticum taxa taken at spike formation. The layer values of these sections were
different according to the taxa.

Eighteen measurements were done in these cross sections. It can be seen that the maximum value
of most measurements recorded in T. durum subsp. durum convar. durum, T. durum subsp.
durum convar. durocompactum and T. turgidum convar. turgidum, while the minimal values of
most of them were observed in T. aestivum subsp. aestivum, T. aestivum subsp. compactum and
T. turgidum convar. compositum.

In view of the results obtained, we found that the hexaploid wheat has a stem with a large hollow
sharply distinct and with the thin wall thickness, while the tetraploid wheat has a stem filled with
pith or small hollow. The thickness of large vascular bundles is larger than its width in T.
aestivum subsp. aestivum and nearly equal in T. aestivum subsp. compactum and T. aethiopicum
while the width is larger than the thickness in other taxa. In general, most of vascular bundles are
arranged in two rings but a few numbers of them arranged in a third ring. By statistical analysis
of these results we found that there are significant differences between species in most
characteristics, but no significant differences in the characteristics number of xylem vessels in
large vascular bundle, thickness of xylem tissue of large vascular bundle, diameter of xylem
vessels of large vascular bundle, number of parenchyma rows between the two vascular bundles
and maximum diameter of stem.
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Table 9 Anatomical structure of terminal internode of nine different Triticum taxa.
Thickness of stem except the pith (mm)

Thickness of sclerenchyma
under epidermis (mm)

Thickness of sclerenchyma
against the vascular bundle (mm)

Width of chlorenchymatous tissue (mm)

Thickness of chlorenchymatous tissue
(mm)

Number of parenchyma rows
from sclerenechyma until pith

Number of vascular bundle rings

Thickness of large vascular bundle (mm)

Width of large vascular bundle (mm)

Number of xylem vessels
in large vascular bundle

Thickness of xylem tissue of
large vascular bundle (mm)

diameter of xylem vessels of
large vascular bundle (mm)

Thickness of phloem tissue of
large vascular bundle (mm)

Distance between the two vascular
bundles (mm)

Distance between the pith
and the nearest vascular bundle (mm)

Number of parenchyma cells from the pith
until the nearest vascular bundle

Number of parenchyma rows between the
two vascular bundles

Maximum diameter of stem

Recorded data

T. durum subsp. durum convar. durum

0.416
±0.03
0.357
±0.02
0.671
±0.08
0.530
±0.02
0.852
±0.05

0.145
±0.00
0.177
±0.01
0.217
±0.01
0.167
±0.01
0.192
±0.01

0.086
±0.00
0.111
±0.01
0.148
±0.02
0.103
±0.01
0.145
±0.02

0.118
±0.01
0.138
±0.01
0.261
±0.04
0.121
±0.03
0.125
±0.03

0.071
±0.00
0.086
±0.00
0.123
±0.01
0.081
±0.01
0.116
±0.01

5-8
±0.63
4-6
±0.48
7-13
±1.50
8-10
±0.48
10-15
±1.04

3
±0.00
3
±0.00
3
±0.00
3
±0.00
3
±0.00

0.133
±0.01
0.138
±0.01
0.175
±0.01
0.138
±0.00
0.160
±0.01

0.148
±0.01
0.135
±0.01
0.123
±0.01
0.108
±0.00
0.145
±0.01

4-5
±0.29
4-5
±0.29
4-6
±0.41
4-6
±0.48
4-6
±0.41

0.069
±0.00
0.079
±0.01
0.096
±0.01
0.074
±0.00
0.084
±0.01

0.035
±0.00
0.042
±0.00
0.039
±0.00
0.027
±0.00
0.042
±0.00

0.039
±0.00
0.039
±0.00
0.052
±0.00
0.037
±0.00
0.044
±0.00

0.219
±0.03
0.335
±0.05
0.202
±0.04
0.239
±0.05
0.201
±0.04

0.192
±0.02
0.111
±0.01
0.417
±0.09
0.274
±0.03
0.530
±0.03

3-6
±0.71
2-4
±0.48
5-11
±1.31
7-8
±0.29
8-13
±1.03

3-8
±1.19
4-11
±1.55
4-11
±1.55
5-13
±1.71
3-8
±1.11

1.807
±0.01
2.000
±0.15
1.698
±0.22
1.381
±0.11
1.749
±0.18

T. durum subsp.
durocompactum

0.653
±0.04

0.237
±0.01

0.158
±0.01

0.158
±0.02

0.116
±0.01

7-9
±0.48

3
±0.00

0.177
±0.00

0.143
±0.01

5-6
±0.25

0.089
±0.00

0.039
±0.00

0.049
±0.00

0.204
±0.03

0.306
±0.02

5-6
±0.29

3-7
±0.85

1.674
±0.11

0.521
±0.03
0.792
±0.05
0.606
±0.02

0.163
±0.01
0.207
±0.01
0.182
±0.01

0.110
±0.01
0.133
±0.01
0.133
±0.01

0.138
±0.03
0.170
±0.04
0.184
±0.03

0.100
±0.01
0.101
±0.01
0.133
±0.01

7-8
±0.29
8-14
±1.25
7-10
±0.65

3
±0.00
30.00
±0.00
3
±0.00

0.133
±0.01
0.167
±0.00
0.172
±0.01

0.131
±0.01
0.140
±0.00
0.133
±0.00

4-7
±0.63
4-6
±0.48
4-6
±0.48

0.069
±0.00
0.081
±0.01
0.084
±0.00

0.035
±0.00
0.042
±0.00
0.035
±0.00

0.035
±0.00
0.044
±0.00
0.052
±0.00

0.185
±0.03
0.148
±0.02
0.236
±0.04

0.256
±0.02
0.499
±0.04
0.333
±0.01

5-6
±0.25
6-11
±1.04
5-7
±0.41

3-6
±0.65
2-6
±0.85
5-9
±0.96

1.456
±0.11
1.693
±0.09
1.985
±0.10

Species
T. aestivum subsp. aestivum
T. aestivum subsp. compactum
T. turgidum convar. turgidum
T. turgidum convar. compositum

T. aethiopicum
T. turanicum
T. polonicum

durum

convar.

Mean ± se
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Figure 14 Transverse sections of terminal internode of nine different
Triticum taxa taken at spike formation.
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Figure 14 con.
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Figure 14 con.
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Figure 14a Transverse sections of terminal internode of nine different Triticum taxa taken at
spike formation.

4.2.2 Cross-sections of Flag Leaf: Tables (10 and 11) and figures (15 and 16) show the cross sections of the flag leaf of nine
different Triticum taxa taken at spike formation. This flag leaf of each taxon consisted of two
main regions the first is midrib region and the second is mesophyll region. The layers of these
two regions of each taxon were differed according to the taxa and illustrated as under: 77
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4.2.2.1 Midrib Region
It is obvious from table 10 and figure 15 that the different layers existing in the cross section of
this region of the different tested Triticum taxa were differed according to the taxa.
Twelve measurements and four qualitative characters exist in these cross sections. It can be seen
that the highest of most measurements distributed between T. aethiopicum and other teteraploid
taxa, whereas the lowest values of most measurements were distributed among T. turgidum
convar. compositum, T. durum subsp. durum convar. durocompactum and , T. aestivum subsp.
compactum. On the other hand, the nearest bulliform cells to the midrib were higher than
epidermis cells in T. aestivum subsp. aestivum, T. aestivum subsp. compactum and T. turgidum
convar. turgidum and in the same level of epidermis in the other taxa. Cuticle intensity on lower
epidermis was thin in T. turgidum convar. turgidum and T. aethiopicum, medium in T. aestivum
subsp. aestivum, T. aestivum subsp. compactum and T. turanicum and thick in other studied taxa.
Homogenous lower epidermis cells were observed in T. turgidum convar. compositum whereas
they were heterogeneous in the remaining studied taxa. Furthermore, intensity of
sclerenchymatous tissue between main vascular bundle and upper epidermis was thick in T.
turgidum convar. turgidum, T. durum subsp. durum convar. durocompactum and T. aethiopicum,
and medium in the other studied taxa.

4.2.2.2 Mesophyll Region
Data in table (11) and figure (16) pointed out the cross section of the mesophyll region of the
flag leaf taken from nine different Triticum taxa at spike formation. The layers of each cross
section differed according to the taxa. It is clearly shown that the highest values of most
measurements were recorded in T. polonicum, whereas the lowest were observed in T. durum
subsp. durum convar. durocompactum then T. turgidum convar. compositum.

Such results are in accordance with those previously reported by Watson and Dallwitz (1980 and
1992) and Gowayed (2003) who found that the midrib region has one vascular bundle only and
presence of bulliform cells and all sclerenchyma cells were associated with the vascular bundle.
Also, these results are in agreement with those obtained by Watson and Dallwitiz (1992) who
observed that all Triticum vascular bundles have sclerenchymatous tissue and bulliform cells
presented in discrete adaxial groups.

On the statistical analysis of these results, we found that there were significant differences
between species in most characters, but no significant differences in number of xylem vessels per
vascular bundle and thickness of phloem tissue (mm).
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Table 10 Anatomical structure of midrib region of the flag leaf of nine different Triticum taxa.

Thickness of vascular bundle (mm)

Width of vascular bundle (mm)

Thickness of xylem tissue (mm)

Diameter of xylem vessels (mm)

Number of xylem vessels per vascular
bundle

Thickness of phloem tissue (mm)

At the level of epidermis cells

Deeper than epidermis cells

Higher than epidermis cells

0.065
±0.01

0.175
±0.02

4-5
±0.29

3-5
±0.58

0.121
±0.01

0.121
±0.01

1.267
±0.02

0.037
±0.00

4-5
±0.25

1.483
±0.04

-

-

+

Medium

Hetero

Medium

T. aestivum subsp. compactum

0.270
±0.01

0.091
±0.00

0.056
±0.00

0.191
±0.03

3-4
±0.29

3-4
±0.29

0.117
±0.01

0.121
±0.01

1.264
±0.04

0.037
±0.00

3-5
±0.48

1.539
±0.06

-

-

+

Medium

Hetero

Medium

T. turgidum convar. turgidum

0.377
±0.06

0.141
±0.04

0.094
±0.01

0.193
±0.02

3-7
±1.03

3-6
±0.65

0.129
±0.01

0.129
±0.01

1.197
±0.05

0.043
±0.01

4-5
±0.25

1.439
±0.06

-

-

+

thin

Hetero

Thick

T. turgidum convar. compositum

0.251
±0.00

0.096
±0.00

0.054
±0.00

0.136
±0.01

6
±0.00

3-4
±0.25

0.096
±0.00

0.106
±0.00

1.395
±0.02

0.029
±0.00

5
±0.00

1.539
±0.01

+

-

-

Thick

Homo

Medium

0.321
±0.04

0.106
±0.02

0.079
±0.01

0.229
±0.01

4-5
±0.29

3-5
±0.48

0.128
±0.01

0.129
±0.02

1.250
±0.03

0.037
±0.00

4-5
±0.25

1.459
±0.06

+

-

-

Thick

Hetero

Medium

0.245
±0.01

0.077
±0.00

0.062
±0.00

0.205
±0.01

4
±0.00

3-5
±0.41

0.106
±0.00

0.103
±0.00

1.318
±0.02

0.029
±0.00

5
±0.00

1.570
±0.03

+

-

-

Thick

Hetero

Thick

T. aethiopicum

0.471
±0.01

0.202
±0.02

0.125
±0.00

0.171
±0.02

6-8
±0.41

6
±0.00

0.130
±0.00

0.132
±0.01

1.281
±0.04

0.035
±0.00

3-5
±0.41

1.483
±0.04

+

-

-

thin

Hetero

Thick

T. turanicum

0.443
±0.02

0.172
±0.01

0.112
±0.01

0.170
±0.00

6-8
±0.41

5-6
±0.29

0.140
±0.00

0.161
±0.01

1.195
±0.02

0.046
±0.00

4-5
±0.25

1.391
±0.04

+

-

-

Medium

Hetero

Medium

T. polonicum

0.436
±0.01

0.188
±0.01

0.088
±0.00

0.177
±0.01

7-8
±0.25

4-5
±0.29

0.156
±0.00

0.145
±0.00

1.195
±0.02

0.040
±0.00

4-5
±0.25

1.411
±0.04

+

-

-

Thick

Hetero

Medium

T. durum subsp. durum convar.
durum
T. durum subsp. durum convar.
durocompactum

Mean ± se

Homo = Homogenous

Hetero. = Heterogeneous

79

Intensity of sclerenchymatous tissue
between the main vascular bundle and
upper epidermis

Number of sclerenchyma rows under
vascular bundle

0.100
±0.02

Homogenity of lower epidermis cells

Number of sclerenchyma rows upper
vascular bundle

0.291
±0.03

Cuticle intensity on lower epidermis

Distance between the midrib and nearest
wing vascular bundle (mm)

T. aestivum subsp. aestivum

Species

Thickness of lower epidermis and
sclerenchyma (mm)

Thickness of upper epidermis and
sclerenchyma (mm)

Nearest
bulliform cells
to the midrib

Thickness of the midrib (mm)

Recorded data
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Figure 15 Transvers sections of midrib region of the flag leaf of nine different
Triticum taxa taken at spike formation.
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Figure 15 con.
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Figure 15 con.
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Table 11 Anatomical structure of mesophyll region of the flag leaf of nine different Triticum taxa.

Thickness of lower epidermis and
sclerenchyma (mm)

Distance between large vascular bundle and
nearest vascular bundle (mm)

Thickness of large vascular bundle (mm)

Width of large vascular bundle (mm)

Thickness of xylem tissue (mm) of large
vascular bundle

Diameter of xylem vessels (mm) of large
vascular bundle

Number of xylem vessels per large
vascular bundle

Thickness of phloem tissue (mm) of large
vascular bundle

Maximum thickness of bulliform cell
(mm)

0.203

0.046

0.033

0.205

2-3

2

0.096

0.094

0.041

0.030

2-6

1.519

0.041

±0.01

±0.00

±0.00

±0.02

±0.05

±0.00

±0.00

±0.01

±0.00

±0.00

±0.85

±0.02

±0.00

T. aestivum subsp. compactum

0.228

0.064

0.038

0.190

3-4

2-4

0.096

0.089

0.041

0.028

2-4

1.543

0.054

±0.03

±0.01

±0.01

±0.04

±0.03

±0.08

±0.01

±0.01

±0.00

±0.00

±0.48

±0.01

±0.00

T. turgidum convar. turgidum

0.232

0.069

0.047

0.276

4-5

2-3

0.114

0.110

0.053

0.033

4-5

1.439

0.049

±0.02

±0.00

±0.01

±0.01

±0.03

±0.04

±0.01

±0.01

±0.01

±0.00

±0.25

±0.05

±0.00

T. turgidum convar. compositum

0.175

0.057

0.039

0.168

3-5

2-4

0.076

0.070

0.026

0.018

2-4

1.543

0.048

±0.00

±0.00

±0.00

±0.01

±0.05

±0.06

±0.01

±0.01

±0.00

±0.00

±0.41

±0.01

±0.00

T. durum subsp. durum convar. durum

0.229

0.071

0.041

0.274

3-4

2-4

0.107

0.111

0.047

0.035

3-4

1.488

0.037

±0.02

±0.01

±0.01

±0.01

±0.04

±0.07

±0.01

±0.01

±0.01

±0.00

±0.29

±0.04

±0.00

T. durum subsp. durum convar. durocompactum

0.165

0.046

0.025

0.210

2-3

1-2

0.094

0.088

0.044

0.029

3-5

1.575

0.036

±0.01

±0.00

±0.00

±0.02

±0.04

±0.08

±0.01

±0.00

±0.00

±0.00

±0.65

±0.03

±0.00

T. aethiopicum

0.255

0.083

0.042

0.273

4-5

2-3

0.121

0.118

0.052

0.035

3-5

1.488

0.050

±0.01

±0.01

±0.01

±0.02

±0.03

±0.05

±0.00

±0.00

±0.00

±0.00

±0.41

±0.04

±0.00

T. turanicum

0.259

0.088

0.047

0.230

4-5

2-4

0.111

0.114

0.049

0.031

3-4

1.444

0.047

±0.03

±0.01

±0.01

±0.03

±0.03

±0.06

±0.01

±0.02

±0.01

±0.00

±0.29

±0.04

±0.00

T. polonicum

0.280

0.084

0.062

0.291

3-5

4

0.128

0.127

0.055

0.036

3-6

1.464

0.054

±0.01

±0.00

±0.00

±0.02

±0.05

±0.00

±0.01

±0.01

±0.01

±0.00

±0.75

±0.03

±0.00

Mean ± se

+ = Presence

- = Absent
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Number of sclerenchyma rows the lower
epidermis

Thickness of upper epidermis and
sclerenchyma (mm)

T. aestivum subsp. aestivum

Species

Number of sclerenchyma rows beneath
the upper epidermis

Thickness of leaf wing (mm)

Recorded data

Chapter 4

Figure 16 Transvers sections of mesophyll region of the flag leaf of nine different Triticum taxa taken at spike formation.
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4.2.3 Cross-sections of GrainsData presented in Table (12) and figure (17) show the cross section of caryopsis (mature grains)
of different nine T. taxa taken at dough ripe stage. This caryopsis consisted of Outer epidermis,
hypodermis, thin-walled cells, cross cells, tube cells, remains of the testa, aleurone layer and
starchy endosperm beside the embryo. It is obvious that the thickness of different layers (mm)
varied in most cases, according to the taxa.

The highest values of most values measurements were noticed in T. polonicum then in T. durum
subsp. durum convar. Durum, while the lowest values were recorded in T. durum subsp. durum
convar. durocompactum followed by T. turanicum and T. turgidum convar. compositum.
Moreover, it is clearly shown from the same table and figures that outer epidermis cells,
aleuronic cells were heterogeneous in all Triticum taxa. In addition, aleuronic cell shape also was
quadrilateral to rectangular in all Triticum taxa.

Similar results have been found by Hassan and Eid (1998) and Gowayed (2003) who reported
that the caryopsis of wheat consists of pericarp, remains of the testa, aleuronic layer and starchy
endosperm, in addition to the embryo. Also, they found that thickness of such pericarp, remains
of the testa, aleuronic layer and aleuronic cell shape were varied among wheat genotypes. On the
other hand, the statistical analysis of these results shows that the high similarity between species
in most characteristics is significant in thickness of aleuronic layer.
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Table 12 Anatomical characters of various tissues of the mature grains of nine different Triticum species.
Recorded data

Maximum
number of Homogeneity
epidermis
of outer
and
epidermis
cells
hypoderms
layers

Thickness of
Caryopsis
coat (mm)

Thickness of
pericarp
(mm)

Thickness of
seed coat
remains of
testa and
nucellus
layers (mm)

Maximum
thickness of
epidermis
and
hypoderms
layers (mm)

T. aestivum subsp. aestivum

0.100±0.00

0.081±0.01

0.020 ±0.008

0.050±0.01

3-4±0.04

Hetero.

0.031±0.00

Hetero.

T. aestivum subsp. compactum

0.088±0.01

0.075±0.00

0.012 ±0.001

0.045±0.00

3±0.00

Hetero.

0.037±0.00

Hetero.

T. turgidum convar. turgidum

0.106±0.00

0.097±0.00

0.009 ±0.005

0.048±0.00

3±0.00

Hetero.

0.023±0.00

Hetero.

T. turgidum convar. compositum

0.077±0.00

0.071±0.00

0.006 ±0.001

0.055±0.00

2-3±0.06

Hetero.

0.046±0.00

Hetero.

T. durum subsp. durum convar. durum

0.105±0.02

0.096±0.02

0.009 ±0.000

0.060±0.02

2-5±0.12

Hetero.

0.030±0.00

Hetero.

T. durum subsp. durum convar. durocompactum

0.076±0.01

0.068±0.01

0.008 ±0.002

0.044±0.00

2-3±0.06

Hetero.

0.044±0.01

Hetero.

T. aethiopicum

0.105±0.01

0.091±0.00

0.014 ±0.003

0.051±0.00

3±0.00

Hetero.

0.022±0.00

Hetero.

T. turanicum

0.094±0.01

0.078±0.01

0.008 ±0.002

0.040±0.01

2-3±0.06

Hetero.

0.040±0.01

Hetero.

T. polonicum

0.113±0.01

0.105±0.01

0.008 ±0.002

0.041±0.00

2-3±0.06

Hetero.

0.057±0.01

Hetero.

Thickness of Homogeneity
of aleurone
Aleurone
cells
layer (mm)

Aleurone
cell shape

Species

Mean ± se

Homo = Homogenous

Hetero. = Heterogeneous
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Figure 17 Transvers sections of the mature grains of nine different Triticum taxa taken at
dough ripe stage.
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Figure 17 con.
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Figure 17 con.
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4.2.4 Cross-sections of Coleoptile
Data presented in Table (13) and figure (18) show the cross section of the coleoptile of ten
different Triticum taxa taken at 5mm length. This coleoptile consisted of outer epidermis, inner
epidermis, ground tissue and vascular bundles. It is obvious that the thickness of different layers
(mm) varied in most cases, according to the taxa.

The highest values of most measurements were recorded in T. polonicum then in T. dicoccon.
The minimal values measurements were observed in T. aethiopicum. Furthermore the number of
vascular bundle was four in T. polonicum and two in all other taxa. Moreover, number of
vascular bundle noticed four in two accessions of T. turgidum convar. turgidum and in two
accessions of T. durum subsp. durum convar durum, while, it was three in one accession of the
last taxa. On the other hand, we show that coleoptile or plumula sheath which encloses the first
shoot has a hollow cylindered structure with a bluntish apex slightly curved to one side. In some
forms of wheat coleoptile is pale green or colorless, in the other it is pink. Such results are in
accordance with those previously reported by Percival (1921 and 1927), Dorofeev et al. (1979)
and Wiedenroth et al. (1990).
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Table 13 Anatomical structure of coleoptiles of ten different Triticum taxa.

Minimum number of cell rows

Width of vascular bundle (mm)

Thickness of vascular bundle (mm),

Thickness of inner epidermis and ground tissue
against the vascular bundle (mm),

Thickness of outer epidermis and ground tissue
against the vascular bundle (mm)

0.068

±0.04

±0.01

2-3
±0.04

1.031

0.120

1.336

0.078

±0.03

±0.01

±0.04

±0.01

1-2
±0.08

1.055

0.109

1.292

0.068

±0.02

±0.01

±0.05

±0.01

2
±0.00

1.186

0.084

1.512

0.076

±0.00

±0.00

±0.09

±0.01

3-4
±0.03

1.055

0.104

1.261

0.083

±0.02

±0.01

±0.07

±0.01

2-3
±0.04

1.036

0.111

1.393

0.076

T. aestivum subsp. aestivum

2
±0.00

0.974

0.839

0.609

0.495

0.224

0.099

±0.03

±0.05

±0.04

±0.01

±0.01

±0.01

±0.00

T. aestivum subsp. compactum

2
±0.00

1.026

0.859

0.677

0.510

0.255

0.073

5-8

±0.03

±0.05

±0.05

±0.02

±0.02

±0.01

±0.05

T. turgidum convar. turgidum

2,4
±0.09

1.193

0.938

0.896

0.547

0.245

0.073

6-8

±0.04

±0.06

±0.04

±0.04

±0.02

±0.01

±0.03

T. turgidum convar. compositum

2
±0.00

1.005

0.848

0.620

0.543

0.250

0.076

5-6

±0.01

±0.01

±0.01

±0.01

±0.01

±0.01

±0.02

T. durum subsp. durum convar. durum

2,3,4
±0.07

1.156

0.953

0.786

0.552

0.281

0.125

6-8

±0.06

±0.06

±0.07

±0.04

±0.02

±0.01

±0.03

T. durum subsp. durum convar. durocompactum

2
±0.00

1.212

0.837

0.750

0.587

0.228

0.071

6-8

±0.07

±0.04

±0.03

±0.03

±0.03

±0.01

±0.03

T. aethiopicum

2
±0.00

0.849

0.751

0.522

0.453

0.218

0.075

4-5

±0.02

±0.01

±0.01

±0.01

±0.01

±0.01

±0.03

T. turanicum

2
±0.00

1.021

0.880

0.698

0.573

0.229

0.078

6-7

±0.04

±0.03

±0.03

±0.02

±0.03

±0.01

±0.02

T. polonicum

4
±0.00

1.287

1.256

1.003

0.706

0.272

0.116

8-9

±0.04

±0.05

±0.03

±0.04

±0.01

±0.00

±0.01

T. dicoccon

2
±0.00

1.238

1.162

1.008

0.649

0.313

0.071

7-8

±0.02

±0.01

±0.02

±0.01

±0.01

±0.01

±0.01

Number of vascular bundle

Minimum thickness (mm)

1.336

±0.01

Maximum thickness (mm)

0.099

±0.03

Minimum diameter from inside (mm),

1.110

Maximum diameter from inside (mm),

2-3
±0.04

Minimum diameter from outside (mm),

6

Maximum diameter from outside (mm),

Maximum number of cell rows

Recorded data

Species

Mean ± se
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2 ±0.0

±0.02

±0.00

±0.10

±0.01

1.162

0.080

1.432

0.052

±0.00

±0.01

±0.03

±0.01

2-3
±0.04

1.086

0.104

1.336

0.073

±0.05

±0.01

±0.04

±0.01

3
±0.00

1.052

0.111

1.221

0.095

±0.02

±0.00

±0.04

±0.01

1-2
±0.08

1.025

0.130

1.326

0.083

±0.00

±0.01

±0.00

±0.00

Chapter 4

Figure 18 Transverse sections of coleoptiles of ten different Triticum taxa taken at 5mm length.
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Figure 18 con.
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4.2.5 Cross-sections of First Leaf
Data presented in Table (14) and figure (19) show the cross section of the first leaf of ten
different Triticum taxa taken before the second leaf appears.

Eleven measurements were determined in these cross sections. It can be seen that the highest and
the lowest values were distributed among all taxa under study. Furthermore, the number of
vascular bundle per wing was 7 in T. polonicum L. and 5 to 6 in the other taxe. These results are
in agreement with those obtained by Percival (1921) who showed that the first leaf of seedling
plant of T. aestivum subsp. aestivum usually has 11-13 bundles, 3-5 of which may be traced to
near the apex, and also Jellings and Leech (1984).

Statistical analysis of the characteristics of the coleopitale and first leaf showed the significant
differences between the species under study in most characters.
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Thickness of lower epidermis and sclerenchyma
(mm),

Thickness of upper epidermis and sclerenchyma
(mm),

Thickness of vascular bundle (mm),

Width of vascular bundle (mm),

Distance between the midrib and nearest wing
vascular bundle (mm),

Distance between the terminal vascular bundle
and end of the wing (mm),

Maximum thickness of wing between midrib and
terminal Vascular bundle (mm),

Minimum thickness of wing between midrib and
terminal Vascular bundle (mm),

Length of wing (mm),

T. aestivum subsp. aestivum

0.261

0.060

1.123

5

1.123

0.071

0.266

0.904

0.207

0.992

1.457

±0.02

±0.01

±0.04

±0.00

±0.04

±0.01

±0.01

±0.02

±0.01

±0.04

±0.03

T. aestivum subsp. compactum

0.272

0.087

1.068

5

1.012

0.098

0.277

0.853

0.223

0.851

1.505

±0.01

±0.00

±0.05

±0.00

±0.03

±0.01

±0.01

±0.03

±0.01

±0.02

±0.04

T. turgidum convar. turgidum

0.332

0.130

1.012

5-6

0.988

0.103

0.283

0.811

0.261

0.868

1.815

±0.03

±0.02

±0.03

±0.02

±0.02

±0.01

±0.03

±0.05

±0.01

±0.02

±0.16

T. turgidum convar. compositum

0.310

0.114

0.944

5

1.092

0.087

0.408

0.868

0.245

0.904

1.598

±0.01

±0.01

±0.02

±0.00

±0.02

±0.00

±0.01

±0.02

±0.01

±0.02

±0.03

T. durum subsp. durum convar. durum

0.332

0.125

1.012

5-6

0.964

0.098

0.272

0.948

0.223

0.868

1.821

±0.02

±0.02

±0.03

±0.02

±0.00

±0.01

±0.02

±0.04

±0.01

±0.02

±0.09

T. durum subsp. durum convar. durocompactum

0.321

0.125

0.968

6

1.036

0.109

0.418

0.907

0.250

0.888

1.978

±0.01

±0.01

±0.04

±0.00

±0.02

±0.00

±0.01

±0.04

±0.01

±0.03

±0.03

T. aethiopicum

0.293

0.120

1.123

5

1.068

0.098

0.299

0.944

0.223

0.924

1.451

±0.01

±0.01

±0.04

±0.00

±0.05

±0.01

±0.01

±0.02

±0.01

±0.02

±0.04

T. turanicum

0.337

0.120

1.012

5-6

0.924

0.120

0.283

0.741

0.255

0.834

1.772

±0.01

±0.01

±0.03

±0.02

±0.02

±0.01

±0.03

±0.05

±0.01

±0.02

±0.15

T. polonicum

0.266

0.060

1.012

7

0.968

0.109

0.163

1.061

0.223

0.868

1.647

±0.01

±0.01

±0.03

±0.00

±0.04

±0.01

±0.01

±0.00

±0.01

±0.02

±0.01

T. dicoccon

0.315

0.120

1.012

6

1.012

0.098

0.261

0.851

0.228

0.924

1.908

±0.01

±0.01

±0.03

±0.00

±0.003

±0.01

±0.00

±0.02

±0.01

±0.02

±0.02

Recorded data

Species

Mean ± se
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Number of vascular bundle per wing,

Thickness of the midrib (mm),

Table 14 Anatomical structure of first leaf of ten different Triticum taxa.
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Figure 19 Transverse sections of first leaf of ten different Triticum taxa
taken at a full expansion.
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Figure 19 con.

97

Chapter 4
In general, in the anatomical characteristics there is a high similarity between T. aestivum subsp.
aestivum and T. aestivum subsp. compactum in all characteristics except one character Average
minmum thickness of wing between midrib and terminal vascular bundle in the antomy of the
first leaf. In the same case there are no significant differences in three characters between T.
durum subsp. durum convar. durum and T. durum subsp. durum convar. durocompactum. We
found that there are significant differences in most characteristics between T. turgidum convar.
turgidum and T. turgidum convar. compositum. In addition, in the characteristics of the flag leaf,
coleoptile and first leaf there are no significant differences between T. aestivum subsp. aestivum
and T. aestivum subsp. compactum and between T. durum subsp. durum convar durum and T.
durum subsp. durum convar. durocompactum. Whereas, we can find that there are significant
differences in eight characteristics between T. turgidum convar. turgidum and T. turgidum
convar. compositum. Moreover, we noticed that there are significant differences in most
characteristics between T. turanicum, T. polonicum, T. aethiopicum and other species.

In view of the results of previous anatomical studies, there is a high similarity between T.
aestivum subsp. aestivum and T. aestivum subsp. compactum and between T. durum subsp.
durum convar. durum and T. durum subsp. durum convar. durocompactum that have a reason to
agree with the view that combines both of these taxa under the same species category. On the
other hand, there are significant differences between T. turgidum convar. turgidum and T.
turgidum convar. compositum. This is also a reason to separating both of these taxa from each
other, at least under different subspecies category.

Finally, we can say that it is easy to separate two species from each other which have different
ploidy levels using the anatomical characteristic. Although there are significant differences
between species in many characteristics, it is impossible to separate two species from each other
by anatomical characteristics which have the same ploidy.
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4.3 Taxonomic Studies
According to the standard procedure developed by Vavilov-Institute in St. Petersburg (Russia)
(Dorofeev et al. 1979), some of Egyptian wheat materials have been identified as follows:

Table 15 Determination of Egyptian wheat
Accessions

Determination

EGY 51 &
Cltr 7530
PI 366118
CGN 16057
&CGN 16058
PI 366117
PI 185610

T. aestivum L. var. erinaceum (Desv.) Mansf. (T. compactum Host subsp. rigidicomp (Kudr.) A. FIlat. et
Dorof. var. erinaceum (Desv.) Koern)
T. aestivum L. var. rufulum (Koern.) Mansf. (T. compactum Host convar. compactum var. rufulum Koern.)
T. aestivum L. subsp. hadropyrum (Flaks.) Tzvel. convar. semirigidum A. Filat. et Dorof. var.
pseudoerythrospermum (Kudr.) A. Filat.
T. polonicum L. subsp. abyssinicum (Steud) Vav. var. pseudosporadicum Vav.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar. vavilovianum A. Filat. var.
pseudotomentosum (Vav.) A. Filat.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar. vavilovianum A. Filat. var. bialbum
(Vav.) A. Filat.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar. vavilovianum A. Filat. var.
densimenelikii (Vav.) A. Filat.

PI 366104
PI 602421&
IG 127502&
IG 97985
IG 98364
1180065

T. aethiopicum subsp. aethiopicum Jakubz. var. arraseita (Vav.) A. Filat.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar. vavilovianum A. Filat. var.
densarraseita (Vav.) A. Filat.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar. vavilovianum A. Filat. var.
nigridensischimperi (Vav.) A. Filat.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar. vavilovianum A. Filat. var.
nigridensarraseita (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. albiviolaceum (Vav.) A. Filat.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar. compactum. var. typicum (Vav.) A.
Filat.
T. turanicum Jakubz. var. notabile Perciv. Kamut wheat

1180193
1180226
1180218
TRI 19233
Cltr 2431 &
PI 211708

Furthermore, a re-determination of all herbarium sheets of Egyptian wheat was carried out in the
Herbarium of the Vavilov-Institute in St. Petersburg (Russia) (Table 16).

Table 16 Determinations of herbarium specimen ofEgyptian wheat in the VIR Herbarium
S.N Herbariu
m N.
1
20216
2
20216
3
20216
4
20216
5
20216
6
7
8
9
10
11
12
13
14
15
16
17

20216
20216
20216
20216
20217
20217
20217
20218
20218
20218
20218
20219

Old Determination

New Determination

T. vulgare var. graecum
T. durum var. lecumelan
T. durum var. coerulescens
T. durum var. italicum
T. durum var. erythromelan

T. aestivum L. var. graecum (Koern.) Mansf.
T. aethiopicum ??
T. aethiopicum subsp. aethiopicum Jakubz. var. rarissimum (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. praeapulicum (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. pseudopraehordeiforme (Vav.)
A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. rarissimum (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. uncinatum (Perciv.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. pseudorarum (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. praevalenciae (Vav.) A. Filat.
T aestivum L. var. pseudoerythrospermum (Kudr.) A. Filat.
T. aestivum L. var. erythroleucum(Koern.) Mansf.
T. aestivum L. var. graecum (Koern.) Mansf.
T. aestivum L. var. graecum (Koern.) Mansf.
T. aestivum L. var. erythroleucum(Koern.) Mansf.
T. aestivum L. var. graecum (Koern.) Mansf.
T. aestivum L. var. erythroleucum(Koern.) Mansf.
T. aestivum L. var. graecum (Koern.) Mansf.

T. durum var. libycum
T. durum var. murciense
T. durum var. africanum
T. durum var. vaelnciae
T. vulgare var. erythrospermum
T. vulgare var. erythroleucon
T. vulgare var. graecum
T. vulgare var. graecum
T. vulgare var. erythroleucon
T. vulgare var. graecum
T. vulgare var. erythroleucon
T. vulgare var. graecum

99

Chapter 4
18
19

20220
20188

20

20188

21
22
23
24
25
26

20187
20186
20185
20184
20183
20182

27

20181

28

20181

29

20180

30
31
32

20179
8649
8635

33
34

8634
8634

35
36
37
38
39

8633
8632
8631
8630
8628

40

8627

41
42
43
44

8626
8626
8625
8624

45

8624

46

5107

47

5107

48

5099

49

5099

50
51
52

5099
21984
21984

53
54
55

21982
21982
21983

56
57
58
59
60
61

21983
21979
21218
21198
21196
21196

62
63

21194
20257

T. vulgare var. graecum
T. durum var. leucurum

T. aestivum L. var. graecum (Koern.) Mansf.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. ptolomaeum (Vav.) A. Filat.
T. durum var. affine
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. ptolomaeum (Vav.) A. Filat.
T. vulgare var. graecum
T. aestivum L. var. graecum (Koern.) Mansf.
T. vulgare var. erythroleucon T. aestivum L. var. erythroleucum(Koern.) Mansf.
T. vulgare var. erythroleucon T. aestivum L. var. erythroleucum(Koern.) Mansf.
T. vulgare var. graecum
T. aestivum L. var. graecum (Koern.) Mansf.
T. vulgare var. graecum
T. aestivum L. var. graecum (Koern.) Mansf.
T. durum var. leucurum
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. vavilovii (Vav.) A. Filat.
T. durum var. apulicum
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. pseudotypicum (Vav.) A. Filat. or
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. carneum (Vav.) A. Filat.
T. durum var. melanopus
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. pseudotypicum (Vav.) A. Filat.
T. durum var. melanopus
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. pseudotypicum (Vav.) A. Filat.
T. vulgare var. graecum
T. aestivum L. var. graecum (Koern.) Mansf.
T. durum var. hordeforme
T. durum var. hordeiforme (Host) Koern.
T. durum var. melanopus
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. pseudotomentosum (Perciv.) A. Filat.
T. durum var. affine
T durum Desf. var. affine Koern.
T. durum var. leucurum
T. durum Desf. convar. durocompactum var. serengei (Aschers. et Graebn.)
Dorof. et A. Filat.
T. durum var. pseudoapulicum T. durum convar. durocompactum var. pseudoapulicum Flaksb.
T. durum var. reichenbachii T. durum Desf.var. reichenbachii Koern.
T. vulgare var. lutescens
T. aestivum L. var. lutescens (Alef.) Mansf.
T. durum var. murciense
T. durum Desf. var. murciense Koern.
T. durum var. erythromelan T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. pseudopraehordeiforme (Vav.) A. Filat.
T. durum var. melanopus
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. nubicum (Vav.) A. Filat.
T. durum var. melanopus
T. durum Desf. var. falcatimelanopus Jakubz. et A. Filat.
T. durum var. melanopus
T. durum Desf. var. falcatimelanopus Jakubz. et A. Filat.
T. vulgare var. graecum
T. aestivum L. var. graecum (Koern.) Mansf.
T. durum var. hordeifore
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. vavilovii (Vav.) A. Filat.
T. durum var. murciense
T. durum Desf. convar. durocompactum var. serengei (Aschers. et Graebn.)
Dorof. et A. Filat.
T. durum var. leucurum
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. vavilovii (Vav.) A. Filat.
T durum var. leucurum
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. vavilovii (Vav.) A. Filat.
T. durum var.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
pseudomelanopus
compactum (Vav.) A. Filat. var. nubicum (Vav.) A. Filat.
T. pyramidale (Perciv.) var. T. durum Desf. var. pseudomelanopus Flaksb.
pseudocompactum
T. durum var. melanopus
T. aethiopicum Jakubz.
T. durum var. pseudoapulicum T. durum Desf. var. pseudoapulicum Flaksb.
T. durum durocompactum T. durum Desf. var. pseudoapulicum Flaksb.
var. psaedoapulicum
T. durum var. melanopus
T. durum Desf. var. melanopus (Alef.) Koern.
T. vulgare var. graecum
T. aestivum L. var. graecum (Koern.) Mansf.
T. durum var. melnopus
T. aethiopicum subsp. aethiopicum Jakubz. var. protomelanopus (Vav.) A.
Filat.
T. durum var. reichenbachii T. aethiopicum subsp. aethiopicum Jakubz. var. nigrimenelikii (Vav.) A. Filat.
T. vulgare var. graecum
T. aestivum L. var. graecum (Koern.) Mansf.
---T. durum Desf. var. libycum Koern.
T. vulgare var. graecum
T. aestivum L. var. graecum (Koern.) Mansf.
T. durum var. leucurum
T. durum Desf. var. leucurum (Alef.) Koern.
T. durum var. leucomelan
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. marginatum (Vav.) A. Filat.
T. durum var. leucurum
T. durum Desf. var. leucurum (Alef.) Koern.
T. durum var. melanopus
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
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64
65
66

20255
20254
20253

T. durum var. murciense
T. durum var. apulicum
T. durum var. melanopus

67
68

20253
20253

T. aestivum var. graecum
T. vulgare var. erythromelan

69
70

20250
20250

T. durum
T. durum var. fastuosum

71
72
73
74
75
76
77
78
79
80

20250
20250
20249
20245
20189
20189
20193
20194
20195
20196

T. durum var. murciense
T. durum var. leucurum
???
T. vulgare var. erythroleucum
T. vulgare var. graecum
T. durum var. leucomelan
T. durum var. leucurum
T.. durum var. leucurum
T vulgare var. graecum
T. durum var. melanopus

81
82

20198
20198

T. vulgare var. erythrospermum
T. durum comp. pyramidale?

83
84
85
86
87

20198
20198
20199
20190
20200

T. aestivum var. vulgare
T. vulgare var. graecum
T. vulgare var. graecum
T. vulgare var. erythroleucon
T. durum comp.

88

20200

T. durum var. affine

89
90

20201
20202

T. vulgare var. erythroleucon
T. durum var. leucurum

91

20202

T. durum var. erythromelan

92

20203

T. durum var. leucomelan

93
94
95
96
97
98
99
100
101
102
103

20204
20221
20221
20221
20222
20222
20223
20223
20224
20224
20225

T. vulgare var. erythroleucon
T. vulgare var. graecum
T. vulgare var. erythroleucon
T. vulgare var. graecum
T. vulgare var. graecum
T. vulgare var. erythroleucon
T. vulgare var. graecum
T. vulgare var. erythroleucon
T. vulgare var. graecum
T. vulgare var. erythroleucon
T. durum var. erythromelan

104 20225
105 20225

T. durum var. hordeiforme
T. durum var. erythromelan

106 20225

T. durum var. apulicum

107 20225
108 20226

T. durum var. coerulescens
T. durum var. libycum

109 20226
110 20226
111 20226

T. durum var. leucomelan
T. durum var. valenciae
T. durum var. africanum

112 20226

T. durum var. coerulescens

compactum (Vav.) A. Filat. var. nubicum (Vav.) A. Filat.
T. durum Desf. var. pseudomurciense Flaksb.
T. durum durocompactum var. pseudoapulicum Flaksb.
T. aethiopicum subsp. aethiopicum Jakubz. var. protomelanopus (Vav.) A.
Filat.
T. aestivum L. var. graecum (Koern.) Mansf.
T. aethiopicum subsp. aethiopicum Jakubz. var. pseudopraehordeiforme (Vav.)
A. Filat.
T. durum
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. bialbum (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. rufescens (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. brownii (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. praevalenciae (Vav.) A. Filat.
T. aestivum L. var. erythroleucum(Koern.) Mansf.
T. aestivum L. var. graecum (Koern.) Mansf.
T. durum Desf. var. erythromelan Koern.
T. durum Desf. var. leucurum (Alef.) Koern.
T. durum Desf. var. leucurum ??
T. aestivum L. var. graecum (Koern.) Mansf.
T. aethiopicum subsp. aethiopicum Jakubz. var. protomelanopus (Vav.) A.
Filat.
T. aestivum L. var. aestivum
T. aethiopicum Jakubz. subsp. turgidoides A. Filat. convar. recognitum
(Steud.) A. Filat. Dorof. var. ruficompactum (Vav.) Dorof. et A. Filat.
T. aestivum L. var. erythroleucum(Koern.) Mansf.
T. aestivum L. var. graecum (Koern.) Mansf.
T. aestivum L. var. graecum (Koern.) Mansf.
T. aestivum L. var. erythroleucum(Koern.) Mansf.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. vavilovii (Vav.) A. Filat.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. ptolomaeum (Vav.) A. Filat.
T. aestivum L. var. erythroleucum(Koern.) Mansf.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. bialbum (Vav.) A. Filat.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. pseudosomalense (Vav.) A. Filat.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. marginatum (Chiov. ex Vav.) A. Filat.
T. aestivum L. var. erythroleucum(Koern.) Mansf.
T. aestivum L. var. graecum (Koern.) Mansf.
T. aestivum L. var. erythroleucum(Koern.) Mansf.
T. aestivum L. var. graecum (Koern.) Mansf.
T. aestivum L. var. graecum (Koern.) Mansf.
T. aestivum L. var. erythroleucum(Koern.) Mansf.
T. aestivum L. var. graecum (Koern.) Mansf.
T. aestivum L. var. erythroleucum(Koern.) Mansf.
T. aestivum L. var. graecum (Koern.) Mansf.
T. aestivum L. var. erythroleucum(Koern.) Mansf.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. pseudosomalense (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. rubescens (Perciv.) A. Filat.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. pseudosomalense (Vav.) A. Filat.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. pseudosomalense (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. prospicuum (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. prospicuum (Vav.) A. Filat. or
T. aethiopicum subsp. aethiopicum Jakubz. var. rarissimum (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. albisemineum (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. praevalenciae (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. pseudorubraristatum (Vav.) A.
Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. kirae (Vav.) A. Filat. + T.
aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. pilosinigrum (Vav.) A. Filat.
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113
114
115
116

20227
20227
20227
20228

117 20228
118 20228
119 20228
120 20228
121 20228
122 20228
123 20229
124 20229
125 20229
126 20229
127 20229
128
129
130
131
132

20229
20229
20230
20230
20230

133 20230
134 20230
135 20230
136 20230
137 20230
138 20230
139 20230
140 20230
141 20230
142 20231
143 20231
144 20231
145
146
147
148
149

20231
20231
20231
20231
20231

150 20231
151 20232
152 20232
153 20232

154 20232
155 20232
156 20232

T. vulgare var. erythroleucon
T. vulgare var. graecum
T. vulgare var. erythrospermum
T. durum var. apulicum

T. aestivum L. var. erythroleucum(Koern.) Mansf.
T. aestivum L. var. graecum (Koern.) Mansf.
T. aestivum L. var. aestivum
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. tomentosum (Perciv.) A. Filat.
T. durum var. murciense
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. praesemiticum (Vav.) A. Filat.
T. durum var. libycum
T. aethiopicum subsp. aethiopicum Jakubz. var. rarissimum (Vav.) A. Filat.
T. durum var. valenciae
T. aethiopicum subsp. aethiopicum Jakubz. var. praevalenciae (Vav.) A. Filat.
T. durum var. melanopus
T. aethiopicum subsp. aethiopicum Jakubz. var. protomelanopus (Vav.) A.
Filat.
T. durum var. leucurum
T. aethiopicum subsp. aethiopicum Jakubz. var. brownii (Perciv.) A. Filat.
T. vulgare var. erythrospermum T aestivum L. var. aestivum
T. durum var. melanopus
T. aethiopicum subsp. aethiopicum Jakubz. var. protomelanopus (Vav.) A.
Filat.
T. vulgare var. graecum
T. aestivum L. var. graecum (Koern.) Mansf.
T. durum var. coerulescens
T. aethiopicum subsp. aethiopicum Jakubz. var. kirae (Vav.) A. Filat.
T. durum var. erythromelan T. aethiopicum subsp. aethiopicum Jakubz. var. pseudopraehordeiforme (Vav.)
A. Filat.
T. durum var. melanopus
T. aethiopicum subsp. aethiopicum Jakubz. var. protomelanopus (Vav.) A.
Filat.
T. durum var. leucomelan
T. aethiopicum subsp. aethiopicum Jakubz. var. albisemineum (Vav.) A. Filat.
T. durum var. apulicum
T. aethiopicum subsp. aethiopicum Jakubz. var. praeapulicum (Vav.) A. Filat.
T. vulgare var. erythrospermum T. aestivum L. var. aestivum
T. vulgare var. graecum
T. aestivum L. var. graecum (Koern.) Mansf.
T. durum var. leucomelan
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. marginatum (Chiov. ex Vav.) A. Filat.
T. durum var. aegypticum
T. aethiopicum subsp. aethiopicum Jakubz. var. rubraristatum (Vav.) A. Filat.
T. durum var.
T. aethiopicum subsp. aethiopicum Jakubz. var. pseudodominans (Vav.) A.
pseudoalexandrinum
Filat.
T. durum var. valenciae
T. aethiopicum subsp. aethiopicum Jakubz. var. praevalenciae (Vav.) A. Filat.
T. durum var. africanum
T. aethiopicum subsp. aethiopicum Jakubz. var. pseudorubraristatum (Vav.) A.
Filat.
T. durum var. libycum
T. aethiopicum subsp. aethiopicum Jakubz. var. rarissimum (Vav.) A. Filat.
T. durum var. erythromelan T. aethiopicum subsp. aethiopicum Jakubz. var. pseudopraehordeiforme (Vav.)
A. Filat.
T. durum var. coerulescens
T. aethiopicum subsp. aethiopicum Jakubz. var. prospicuum (Vav.) A. Filat.
T. durum var. melanopus
T. aethiopicum subsp. aethiopicum Jakubz. var. protomelanopus (Vav.) A.
Filat.
T. durum compact. melanopus T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. nubicum (Vav.) A. Filat.
T. durum var.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. nubicum (Vav.) A. Filat.
pseudomelanopus
T. durum var. africanum
T. aethiopicum subsp. aethiopicum Jakubz. var. pseudorubraristatum (Vav.) A.
Filat.
T. durum var. melanopus
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. pseudotomentosum (Perciv.) A. Filat.
T. durum var. hordeiforme
T. aethiopicum subsp. aethiopicum Jakubz. var. rubescens (Perciv.) A. Filat.
T. durum var. leucurum
T. aethiopicum subsp. aethiopicum Jakubz. var. albisemineum (Vav.) A. Filat.
T. durum var. murciense
T. aethiopicum subsp. aethiopicum Jakubz. var. rufescens (Perciv.) A. Filat.
T. durum var. coerulescens
T. aethiopicum subsp. aethiopicum Jakubz. var. prospicuum (Vav.) A. Filat.
T. durum var. reichenbachii T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. pseudodensimenelikii (Vav.) A. Filat. +
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. pseudoptolomaeum (Vav.) A. Filat.
T. vulgare var. erythrospermum T. aestivum L. var. aestivum
T. durum var. provinciale
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. godjamicum (Vav.) A. Filat.
T. durum var. erythromelan T. aethiopicum subsp. aethiopicum Jakubz. var. albisemineum (Vav.) A. Filat.
T. durum var. erythromelan T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. pseudosomalense(Vav.) A. Filat. + T. aethiopicum
Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar. vavilovianum A. Filat.
var. nigrisomalense (Vav.) A. Filat.
T. durum var. erythromelan T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. pseudosomalense (Vav.) A. Filat.
T. durum var. alexandrinum T. aethiopicum subsp. aethiopicum var. pseudodominans (Vav.) A. Filat.
T. durum var. erythromelan T. aethiopicum subsp. aethiopicum var. albisemineum (Vav.) A. Filat.
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157 20233
158 20233

T. durum var. erythromelan
T. durum var. erythromelan

159
160
161
162

20234
20235
20206
20206

T. vulgare var. graecum
T. vulgare var. graecum
T. durum var. leucurum
T. durum var. valenciae

163
164
165
166

20206
20206
20206
20207

T. durum var. leucurum
T. durum var. leucomelan
T. durum var. valenciae
T. durum var. italicum

167 20207

T. durum var. affine

168 20207

T. durum var. apulicum

169 20207

T. durum var. murciense

170 20207

T. durum var. apulicum

171
172
173
174

T. vulgare var. erythroleucon
T. durum var. valenciae
T. vulgare var. graecum
T. durum var. coerulescens

20208
20209
20209
20209

175 20209
176
177
178
179
180
181
182
183
184
185
186

20209
20209
20210
20210
20210
20211
20211
20213
20213
20213
20213

T. durum var. hordeiforme
T. durum var. leucurum
T. durum var. italicum
T. vulgare var. graecum
T. vulgare var. erythrospermum
T. vulgare var. erythroleucon
T. vulgare var. erythroleucon
T. vulgare var. graecum
T. durum var. valenciae
T. durum var. fastuosum
T. durum var. apulicum
T. durum var.
pseudoalexandrinum

T. aethiopicum subsp. aethiopicum var. albinigrum (Vav.) A. Filat.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. pseudosomalense (Vav.) A. Filat. + T. aethiopicum
Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar. vavilovianum A. Filat.
var. densirubrinigrum (Vav.) A. Filat.
T. aestivum L. var. graecum (Koern.) Mansf.
T. aestivum L. var. graecum (Koern.) Mansf.
T. aethiopicum subsp. aethiop. var. brownii (Perciv.) A. Filat.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. praevalenciae (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum var. brownii (Perciv..) A. Filat.
T. aethiopicum subsp. aethiopicum var. albisemineum (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum var. praevalenciae (Vav.) A. Filat.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. stoletovae (Vav.) A. Filat.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. densimenelikii (Vav.) A. Filat.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. nubicum (Vav.) A. Filat.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. ptolomaeum (Vav.) A. Filat.
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat convar.
compactum (Vav.) A. Filat. var. nubicum (Vav.) A. Filat.
T. aestivum L. var. erythroleucum(Koern.) Mansf.
T. aethiopicum subsp. aethiopicum Jakubz. var. praevalenciae (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. brownii (Perciv.) A. Filat..
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. aegyptiacum var. nov. (new)
T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar.
vavilovianum A. Filat. var. somalense (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. brownii (Perciv.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. praevalenciae (Vav.) A. Filat.
T. aestivum L. var. graecum (Koern.) Mansf.
T. aestivum L. var. aestivum
T. aestivum L. var. erythroleucum(Koern.) Mansf.
T. aestivum L. var. erythroleucum (Koern.) Mansf.
T. aestivum var. graecum (Koern.) Mansf.
T. aethiopicum subsp. aethiopicum Jakubz. var. praevalenciae (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. amharicum (Perciv.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. praeapulicum (Vav.) A. Filat.
T. aethiopicum subsp. aethiopicum Jakubz. var. pseudorubraristatum (Vav.) A.
Filat.

Herbarium of Faculty of Science, Cairo Uni.: Contains 26 herbarium sheets of Egyptian wheat
to T. durum, T. pyramidale, T. aestivum and one sheet to T. turgidum var. fastigiatum branched
spike and with three glumes and written note on this sheet Pharaonic wheat .

Herbarium of Agric. Museum, Egyptian Ministry of Agric.: Contains 17 herbarium sheets of
Egyptian wheat to T. durum and T. pyramidale. One sheet T. dicoccon was collected from
Farafra Oasis in 1934 and another sheet of T. spelta but without any data. In addition, it contains
many sheets to T. aestivum.

With respect to the Triticum species mentioned in the above studies we note that:
1- T. durum, T. pyramidale and T. aestivum are reported in all studies.
2- T. turgidum is reported in all studies except in Forsskål (1775).
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3- T. dicoccon is described in all studies except in Delile (1813).
4- T. spelta was reported by Forsskål (1775), stating that it was collected from Alexandria
1761-62. This species has not been mentioned in other studies, but it was discovered in
Ancient Egypt and the presence of a herbarium sheet in the Herbarium of Agric. Museum,
Egyptian Ministry of Agric.
5- T. aegilopoides was reported by Forsskål (1775), it was collected in Alexandria in 176162. Christensen gives the synonomy Rottboellia hirsuta Vahl = Elionurus hirstus (Forssk.)
Munro.
6- T. monococcum and T. boeoticum are reported only in the A.O.A.D. report (2004). These
species were not mentioned in other studies, but this could be due to the same reason as
with T. spelta species (i.e only in Ancient Egypt).

In this study four Triticum species were reported for the first time for Egyptian Flora as follows:
1- T. turanicum, this species was reported previously by Dorofeev et al. 1979. In addition to
many arguments on some scientific websites, with respect to Kamout wheat being
native to Egypt or not, and the bio-piracy of this term.
2- T. compactum, this species was not reported in other studies but it was discovered in
Ancient Egypt. It is accepted here as T. aestivum subsp. compactum.
3- T. polonicum, this species may have been introduced to Egypt recently.
4- T. aethiopicum, this species was recorded for first time. It has been found in the Egyptian
collection of VIR. These herbarium sheets were collected in Egypt in the 1920s.

From the previous review of literature and the results obtained in this study, the following points
can be noted:
With respect to Ethiopian wheat: Sinskaya (1955) proposed the name of T. protoaethiopicum
nun. nud. for ancient Ethiopian wheat. This wheat has 28 chromosomes and was probably
widespread also in Egypt. Several authors differently determined the wheat from excavations in
Ancient Egypt: Unger (1859-1866) as T. vulgare antiquorum, Percival as T. durum and
Schweinfurt as T. vulgare. All these disagreements easily speak, according to Sinskaya that the
wheat which was widespread in Ancient Egypt was not T. antiquorum Heer, but T.
protoaethiopicum - the ancestor of modern Ethiopian wheat T. aethiopicum Jakubz. In fact,
modern Ethiopian wheat carries features of durum and soft wheat.
The culture of Ancient Egypt, according to opinions of historians (Avdiev, 1948), has developed
on the basis of mixtures of various native people and cultures of northern and southeast Africa:
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Berberish, Libyan, Nubian, etc. So, it is probable, that the most ancient wheat T.
protoaethiopicum has been brought to Africa from the Fertile Crescent in remote times. The
similarity of the old Ethiopian cultures and the old Egyptian ones is emphasized also by the
similarity of old Egyptian fossil of T. dicoccon and the modern Ethiopian T. dicoccon
(Flaksberger, 1928).
Sinskaya (1969) mentioned that the modern durum wheats of Egypt are T. durum proles
aegyptiacum Vav. There are many ears with a pyramidal structure. According to Vavilov, these
wheats are a link between T. durum subsp. abyssinicum, and forms of T. aethiopicum which are
similar to T. durum subsp. expansum Vav. Therefore, we consider, that widespread wheats with
naked grains in Egypt in antiquity have been T. protoaethiopicum - a primogenitor of modern
Ethiopian wheat

T. aethiopicum.

The early immigrants of Hamites (5,000 years ago) introduced the emmer wheat to the Ethiopian
highlands. At the same time (almost 4000 years ago), the Egyptian trade cruises started to PuntLand after that they extended to India, for the exchange of Egyptian products specially wheat
and barley. Before this time there were some middlemen were involved in this task. With regard
to T. aethiopicum, there are two possible ways of distribution are as follows:
- 1- Fertile Crescent Egypt
- 2- Ethiopia

Egypt

Ethiopia

North and North-west Africa

More research work is required to find the better solution of the two distribution ways and to
clarify the genetic relationships between Egyptian and Ethiopian wheat.

2- With respect to T. dicoccon: The Fertile Crescent region is considered to be the origin of
tetraploid wheats and Ethiopia is the center of their diversity. Therefore there are several
assumptions to clarify the course of the transition from the region of origin to the pathway of
diversity.
I- Fertile Crescent

Yemen Ethiopia

Upper Egypt.

II- Fertile Crescent

Lower Egypt

III- Fertile Crescent

Egypt

Ethiopia.

IV- Fertile Crescent

Egypt

Southwest-Asia.

North Africa.

It is evident from history that first reason was the long duration drought in the Middle East which
continued for seven consecutive years around 4000 years ago and the people of these countries
came to Egypt to buy wheat. Secondly, in the Roman era, Egypt was the grain basket of Europe.
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For these reasons, another assumption could be added to spread these groups of wheat as
shown in figure 20.

Figure 20 Ways of distribution of tetraploidy wheat

Table 17 Scientific names of Triticum used in this study
T. aestivum L. subsp. aestivum
T. aestivum L. subsp. compactum (Host) MacKey
T. turgidum L. convar. turgidum
T. turgidum convar. compositum (L.) A. Filat.
var. nachitschevanicum Kulesch.
var. pseudocervinum Koern.
var. plinianum Koern.
var. columbinum (Alef.) Koern.
var. mirabile Koern.
var. falsemirabile Flaksb. ex Jakubz.
var. lencoranicum Schreib.
var. compositum Doell
var. pseudolinnaeanum Flaksb.
var. coeleste (Alef.) Koern.
var. ramosisalomonis Schreib.
var. ramosistriatum Dorof.
T. durum Desf. subsp. durum convar. durum
subconvar. muticum (Orlov) Dorof. et A. Filat.
var. muticitalicum Dorof. et A. Filat.
var. muticiboeufii Flaksb.
var. muticicaerulescens Flaksb.
var. muticivalenciae Dorof. et A. Filat.
var. muticimurciense Flaksb.
T. durum Desf. subsp. durum convar. durocompactum Flaksb.
T. aethiopicum Jakubz.
T. turanicum Jakubz.
T. polonicum L.
var. ramosum (Alef.) Dorof. et A. Filat.
var. kiritchenko Jakubz.
T. dicoccon Schrank convar. dicoccon
var. tragi Koern.
var. pseudomazzucati Mansf.
var. mazzucattii Koern.
var. novicium Koern.
var. albiramosum Koern
T. vavilovii (Thum) Jakubz.
var. vavilovii
var. manuru Gandil.
and var. mupuru Gandil.
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4.4 Wheat in the Egyptian flora
Triticum L.

Wheat is cultivated in Egypt since Ancient times. The oldest discovery goes back to 1500017000 years. General Arabic names of wheat are Qamh

, Hinta

or Burr

. We

distinguished in this work seven species of Egyptian wheat including three species and one
subspecies for the first time.

The first scientific flora of Egypt in the modern age was written by Pehr Forsskål who was a
naturalist on the Royal Danish expedition to Egypt and Yemen during 1761-1763. His notes
were published by his travel companion Carsten Niebuhr as "Flora Aegyptiaco-Arabica" in 1775.
Main collections (c. 1850 sheets) from this trip are at the Botanical Museum, Copenhagen and
were published by F.N. Hepper and I. Friis (1994). In these collections there are four sheets of
the Triticum genus:
1- Triticum aegilopoides Forssk. 1775: 26 (LXI No. 87; Cent. I No. 94); Christensen 1922:
13. (T. aegilopoides (Link) Koern.)
Note; the application of this name is still in doubt. Christensen gave the synonmy
Rottboellia hirsuta Vahl = Elionurus hirstus (Forssk.) Munro.
2- Triticum durum Desf., Fl. Atlan. 1:114 (1798); Tackholm & Drar 1941: 228.
Note; T.A. Cope 1987 named and labeled this specimen on the assumption that the axes
are tough. If fragile it could be T. dicoccon.
3- Triticum spelta L. 1753: 86;

villosum Forssk. 1775: 26 (LXI No. 85; Cent. I No. 92);

Christensen 1922: 13.
4- Triticum spelta L. 1753: 86;

glabrum Forssk. 1775: 26 (Cent. I No. 93); Christensen

1922: 13.

The French botanist Alire Raffeneau Delile, who came with Napoleon on his expedition to Egypt
and afterwards gave us his Florae Aegyptiacae Illustratio

accompanied by a volume of

magnificent drawings (1813). In this work he found eight taxa of Triticum as follows: Triticum
sativum aristatum; vulgare, Triticum sativum fusiforme, Triticum sativum palmare, Triticum
sativum coloratum, Triticum turgidum L., Triticum durum Desf., Triticum pyramidale and
Triticum compositum.

The German scientist Georg Schweinfurth gave us his Illustration de la Flora d Egypte
(Ascherson and Schweinfurth 1887). He observed four subspecies as follows:
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Triticum vulgare Vill. s. lat. M. Körnicke.
1- subsp. vulgare Vill.
var. lutescens (Alef.) Körn. et Wern., var. leucospermum Kcke., var. delfii Kcke., var.
nigrum Kcke., var. graecum Kcke., var. erythrospermum Kcke., var. ferrugineum Kcke.
2- subsp. turgidum L.
var. mirabile Kcke.
3- subsp. durum Desf.
var. leucurum Alef., var. affine Kcke., var. leucomelan Alef. , var. reichenbachii Kcke.,
var. hordeiforme Host, var. murciense Kcke., var. erythromelan Kcke., var.
alexandrinum Kcke., var. provincia Alef., var. valenciae Kcke., var. fastuosum
Lagasca, var. melanopus Alef., var. africanum Kcke., var. italicum Alef., var.
aegyptiacum Kcke., var. apulicum Kcke., var. niloticum Kcke., var. coerulescens
Bayle-Barelle, var. libycum Kcke.
4- subsp. dicoccon Schrank
var. tricoccum Schuebl.

After that E. Sickenberger (1901) supplemented the work of Ascherson and Schweinfurth which
he published as Contributions a la Flore D Egypte . Lateror, R. Muschler (1912) followed the
traces of Ascherson and Schweinfurth. He stayed in Egypt for some time, carrying out his studies
which he published in the Manual Flora of Egypt . Both of these works did not contribute to
the Triticum genus.

In the late thirties and early forties of the last century, this difficult task of writing the flora of
Egypt, by revising, rediscovering and re-describing it in a comprehensive, detailed and accurate
manner was being undertaken by a capable botanist, the Swedish Mme V. Täckholm, in
collaboration with Mohamed Drar, curator of the herbarium of Fuad I Agricultural Museum in
Cairo. Mme Täckholm lived in Egypt, while her husband, the late Prof. G. Täckholm acted for
some time as Professor of Botany in the University of Cairo. They loved Egypt, made several
botanical excursions in the country, studied and collected a large number of the indigenous
plants and established the University Herbarium. The first volume of their work was published in
1941, containing the Pteridophyta, Gymnospermae, Typhaceae and Gramineae from the
Monocotyledoneae. The other volumes are issued afterwords. In this work they recorded five
species of the Triticum genus as follows:
1- T. dicoccum Schübl.
2- T. durum Desf.
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The same varieties as mentioned by Ascherson and Schweinfurth (1887) in addition
to var. obscurum Kcke.
3- T. pyramidale Perc.
var. recognitum Perc., var. ptolemaeum Perc., var. pseudorecognitum Diam., var.
pseudoptolomaeum Diam., var. compressum Perc., var. arabicum Perc., var.
pseudocompressum Perc., var. pseudoarabicum Diam., var. morissii Perc., var.
thebaicum Perc., var. pseudomorissii Diam., var. pseudothebaicum Diam., var.
copticum

Perc.,

var.

percivalii

Diam.,

var.

pseudocopticum

Perc.,

var.

pseudopercivalii Diam., var. ossiridis Diam., var. pharaonicum Diam.
4- T. turgidum L.
var. lusitaniaum
megalopolitanum

Kcke., var. columbinum Alef., var. nigrobarbatum Kcke. var.
Kcke., var. dreischianum Kcke., var. plinianum Kcke., var.

mirabile Kcke., var. alboatrum Fikry, var. fastigiatum Fikry.
5- T. vulgare Host
The same varieties as mentioned by Ascherson and Schweinfurth (1887) in addition
to var. meridionale Kcke., var. hostianum Kcke., var. erythroleucon Kcke., var.
turcicum Kcke., var. barbarossa Alef., var. fuliginosum Alef., var. albidum Kcke., var.
milturum Alef., var. alborubrum Kcke.

Dorofeev et al. (1979) mentioned that Triticum turanicum Jakubz. is also distributed in Egypt in
addition to species previously reported. Recently, the latest work of Egyptian flora has been
issued by Loutfy Boulos (2005). Although T. monococcum L. and T. baeoticum Boiss. have not
been reported by Loutfy Boulos (2005), the Arab Organization for Agricultural Development (A.
O. A. D: 2004) reported that Egypt is one of the regions for them.

Concerning, the cultivation of the five species of Triticum, which have been mentioned
previously in the Flora of Egypt by Täckholm, we noted that:
•

T. dicoccon Schrank. Emmer is no more grown in the country but was the most
important cereal in Ancient Egypt.

•

T. durum Desf. This species comprises the wheats commonly grown in Upper Egypt.
Formerly this species and T. pyramidale Perc. were the most widely cultivated wheat
throughout Egypt. Nowadays the cultivation of T. durum Desf. is confined mainly to
Upper Egypt and such distant places as Kharga, Dakhla and N. Sinai. In Upper Egypt it
has been replaced recently by T. aestivum L. The Agriculture Research Center, Wheat
Research Section has released many cultivars, beginning in 1921 for farmers (table 18).
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•

T. pyramidale Perc. (T. durum ssp. durum convar. durocompactum). This species was
chiefly grown in Fayum. It was grown on a small scale also in the Beni Suef and
Minia provinces. In Lower Egypt it was cultivated in many places but gradually
replaced by T. aestivum L. Nowadays, this species is not cultivated anymore.

•

T. turgidum L. This species is rare in Egypt and was never grown as an economic crop. It is
grown on a small scale. It was formerly propagated at Damietta, also sometimes at Mallawi,
Assiut, Manfalut province.

•

T. vulgare Host. (T. aestivum). This species includes the wheat generally known in Egypt
as Hindi, a name applied to define wheat either introduced by the State Domains and the
Royal Agricultural Society in about 1898 from Delhi, India, or imported from India and
Australia by the Ministry of Agriculture and the Society during the Great War. Occasionally
other names are applied by farmers to the wheat of T. vulgare whether of Indian or other
origin, but we have excluded these as they are very local and not of much importance. Use of
the name has been finally disappeared at the beginning of the ninties of the last century.
From the latter introductions, the Ministry of Agriculture has selected many cultivars (see
table 18). The Italian wheat (Tuliani "Italian", Dux or Mentan, now Casoria wheat) was first
introduced into Egypt by M. Casoria. Also, in the 1970s, the Ministry of Agriculture has
imported Mexican cultivars from CIMMT Mexico (table 18). In the beginning of the last
century, Hindi wheat has spread very rapidly in the Delta. It is also gradually spreading in
Upper Egypt and has replaced the Baladi wheat in the greater parts of the provinces of Giza,
Faiyum and Minia. It has also been grown successfully in some of the large farms of the
South. The latter is decidedly better than the former in baking qualities and is being
substituted for it.
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Table 18.Cultivars released by Wheat Research Section of ARC with pedigree, year of releases
and grain yield potential.
Cultivar

Pedigree

Year Yield (t/ha)

Selected Local Variety

1921

1.73

Hindi 90/ Kenya B256

1947
1958
1958
1958
1958
1959
1960
1968
1972
1972
1972
1973
1976
1977
1977
1980
1980
1982
1987
1987
1987
1987
1991
1991
1995
1996
1997
1998
1999
1999
1999
1999
2004
2004

2.14
2.61
2.61
2.61
2.61
2.61
2.61
3.08
3.08
3.53
3.53
3.53
4.99
4.99
4.99
4.99
4.99
4.99
5.62
5.62
5.62
5.62
5.83
5.83
6.08
6.08
6.08
6.08
6.55
6.55
6.55
6.55
6.55
6.55

Selected Local Variety

1921

2.4

Gdo vz 469/Jo

1977
1987
1987
1991
1995
1999

6.3
6.3
6.3
6.3
6.3
6.3

Bread wheat
Hindi D, Hindi 62
Mabrouk,Mokhtar
Giza 135, Tosson
Giza 139
Giza 144
Giza 145
Giza 146
Giza 147
Giza 148
Giza 150
Giza 155
Giza 156
Mexipak 69 (Mexico)
Super X (Mexico)
Chenab 70 (Mexico)
Sakha 8
Giza 157
Giza 158
Sakha 61
Sakha 69
Giza 160
Sakha 92
Giza 162
Giza 163
Giza 164
Giza 165
Gemmeiza 1
Giza 167
Sids 1
Gemmeiza 3
Gemmeiza 5
Gemmeiza 7
Gemmeiza 9
Giza 168
Sakha 93
Sakha 94
Gemmeiza 10

Regent/ 2* Giza 139
Hindi 62/Mokhtar
Hindi 62/ Mokhtar
Hindi D/New Thatcher
Rgent/2* Mabrouk
Mida-Cadet2*Giza 139
Regent/2*Giza139//Mida Cadet2*Hindi 62
Rio-Negro/2*Mentana//Kenya/3/*2 Giza 135/Line 950
Penjamo / GB55/118156
Penjamo / GB 55
C271/W1 (E)//Son 64
Cno 67//SN64/KLRE/3/8156 PK 3418-6S-0S-0S.
Giza 155//Pit62/LR64/3/Tzpp/Knott
Giza 156/7C
Inia/RL 4220//7C/Yr

CM 15430-2S-55-0S-0S

Inia/RL 4220//7C/Yr

CM 15430-2S-55-0S-0S

Chenab / Giza 155
Napo 63/Inla 66//Wern

S.1551-1S-1S-1S-0S

Vcm//Cno 67/7C/3/Kal/Bb CM8399-D-4M-3Y-1M-1Y-1M-0Y
T. aestivum / Bon//Cno/7C CM33009-F-15M-4Y-2M-1M-1M-1Y-0M
KVZ/Buba

//Kal/Bb CM33027-F-15M-500Y

0MCnoMfd//Mon

CM43339-C-1Y-1M-2Y-1M-2Y-0B

Maya 74/On//1160.147/3/Bb/1991 Gall/4/Chat
AuUP301//G11/SX/Pew
HD2172/Pavon

/4/Mal

/ May

//1158.57/Maya 74

CM58924-1GM-OGM
// Pew

Bb/7C*2//Y50/Kal*3//Sakha8/4/Prv/WW/5/3/Bg
Vee

CM67245-C-1M-2Y-1M-7Y-1M-0Y

Sd46-4Sd-2Sd-1Sd-0Sd
// On CGM. 4024-1GM-13-GM-2GM-0GM

/SWM 6525 CGM 4017-1GM-6GM-3GM-0GM

CMH74 A. 630/5x//Seri 82/3/Agent CGM 4611-2GM-3GM-1GM-0GM
Ald

/Huac

//CMH74A.630/5x CGM4583-5GM-1GM-0GM

MIL/BUC//Seri CM93046-8M-0Y-0M-2Y-0B
Sakha 92TR 810328 S 8871-1S-2S-1S-0S
Opata/Rayon//Kauz,
Maya 74

/On//1160-147/3/Bb/4/Chat

/5/ctow

Durum wheat
Baladi 116
Dakar 49
Dakar 52
Sohag 1
Sohag 2
Bani Suef 1
Sohag 3
Bani Suef 3
Bani Suef 4

61.130/Lds

Cr

/Pelicano//Cr

Jo

/ AA//g

Mexi
Corm
RoK

/G

/Mgh/51792/Durum 6
/Rufo

CD4893-10y-1M-1Y-0M

/Mexi 75/a/

//Ruff

/FG

/3/Mexi 75 SDD1462-2sd-1sd-0sd.
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KEY FOR DETERMINATION EGYPTIAN WHEAT SPECIES
1. Spikes with glumes robust, semirobust or thinly coriaceous structure; lemma of the first floret
(lowermost) equalling or subequalling the palea, caryopses vitreous or mealy.................... 2
+ Spikes with glumes herbaceous structure, long lanceolate, lemma of the first floret in a
spikelet longer than palea, caryopses elongate-oval, vitreous, loosely encased in lemma
and palea .................

..

. T. polonicum L.

2. Spike rachis (axis) after maturing neither disarticulates nor breaks into segments even if
pressed or bent, but remains flexible; caryopses loosely encased in lemma and palea,
Spikes simple, less often branched, but then glumes with sharply prominent keel down to
the base; caryopses loosely encased in lemma and palea ................

. 3.

+. Spike rachis (axis) after maturing disarticulates or breaks into segments spontaneously or
when pressed or bent; caryopses closely encased in lemma and palea, frontal side of spike
always much narrower than its lateral side. Segments in the middle part of spike up to 4 5mm long, glabrous or pubescent in upper part along lateral ribs, sometimes pubescent
throughout the length, but with a stripe of very short, spinule-like hairs

..

T. dicoccon Schrank
3. Glumes only in upper half with sharply prominent, less often with distinct keel throughout the
glume length. Glumes at apex usually with only one well-developed tooth sometimes
turning into a short awn shorter than lemma awn, less often as long as lemma awn;
segments of spike rachis 2 3 mm wide; culm below spike usually hollow, very rarely
solid or with a small hollow in the centre, but then glume with distinct keel throughout its
length

..

6.

+. Glumes throughout the length with sharply prominent keel, awns long, parallel, culm thick,
below spike solid

...

.4.

4. Segments of spike rachis (axis) 5 6.5 mm long; glumes 13 16 mm long, caryopsis very long
(11-12

mm),glassy;

spikes

11 14

cm

long,

simple,

...........................................................................

rather

loose

(D=16 18)

T. turanicum Jakubz.

+. Segments of spike rachis 2.5 5 mm long; glumes 8 15 mm long; spikes 4 13 and more cm
long, quite often branched, loose or dense (D=16 50)

..

................. 5.

5. Glumes broad, inflated, 8 11 mm long, approximately 1.5 times shorter than adjoined lemma
and palea; lemma awn spontaneously breaks off at the base; caryopsis 5.5 9 mm long,
orbicular or oval, mealy, rarely glassy......................................................... T. turgidum L.
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+. Glumes 8 15 mm long, usually less than 1.5 times shorter than adjoined lemma and palea;
lemma awn does not spontaneously breaks off at the base, very rarely does; caryopsis
12 mm long, usually glassy

. T. durum Desf.

6. Culm under spike completely filled with pith or with a small hollow in the centre; transverse
impression at glume base lacking

T. aethiopicum Jakubz.

+. Culm under spike hollow; transverse impression at glume base sharply distinct, very rarely
lacking

..

7.

7. Spikes loose (D=10 22, less often 23 38), 5 17 cm long, over 4 5 times longer than wide;
spikelets in the spike spaced, directed obliquely upward; caryopses 5 9 mm long,
elongate-oval to ovate in shape, usually two times longer than wide, less often caryopses
as long as wide and then orbicular

. T. aestivum L. subsp. aestivum

+. Spikes dense (D=33 54), 3 7 (8 10) cm long, three times and more longer than wide;
spikelets in the spike tangent or pressing each other and directed aside perpendicular to
spike rachis (axis); caryopses 4 7 mm long, oval or subglobose, as long as wide or under
two times longer than wide. Spikes with more than 30 spikelets; spikelets with three to
four fertile flowers; caryopses oval in shape; leaves drooping

..

T. aestivum L. subsp. compactum (Host) MacKey

This key was made following Dorofeev et al. 1979 and I thank Prof. Dr. A. A. Filatenko
(Vavilov Research Institute of Plant Industry, Petersburg, Russia) for assistins me in compiling
this key.
T. polonicum L.: T. polonicum L. 1762, T. maximum Vill. 1787, T. glaucum Moench, 1794,
Deina polonica (L.) Alef. 1866. T. turgidum gr. polonicum Bowden, 1959, T. turgidum subsp.
polonicum (L.) Thell. 1918, T. turgidum subsp. turgidum convar. polonicum (L.) Mac Key, 1966.

General characteristics: Plants 100 160 cm high. The uppermost internode of the culm under the
spike filled with parenchyma. Leaves mainly blue-green, sometimes yellow-green, glabrous or
pubescent (velvety by touch); ligule rather short, somewhat obtuse, notched; auricles mediumsized, ciliate. Leaf sheath glabrous. Spike erect large. Spike rachis at margins pubescent or
subglabrous. Under glumes on the rachis segment clearly distinct tubercles present. Spikes loose,
medium-loose or dense (D=14 40). Spikelets broad (1.2 1.5 cm), long (2 3 cm), many-flowered.
Lemmas of the first and second flowers bear awns 7 20 cm long, lemma of the third flower has
abbreviated awn or awn-like point. Spikelet contains three to four caryopses. Glumes herbaceous
consistence, long or narrow (2.5 to 4 cm long with width 0.3 0.5 cm) lanceolate, pubescent
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(often pubescence weak) or glabrous. Keel weakly distinct, keel tooth short or long (up to the
awn-like). Lemma bearing the awn, lanceolate. Palea two-keeled. Palea of the first flower much
shorter than lemma. Caryopsis glassy, usually elongate (7 13 mm long, about 3 4 mm wide and
thick). It is about three times longer than wide.
Accession number: PI 366117 (NSGC-USA).
General distribution: Sinai, AL-Arich. This species is only known from this place provided by
National Small Grains Collection (NSGC) USDA-ARS Aberdeen USA.

T. dicoccon Schrank: T. dicoccon Schrank 1789, T. dicoccum (Schrank) Schuebl. 1818, T.
amyleum Ser. 1819, T. zea Wagini, 1819, Spelta amylea Ser. 1841 1842, T. vulgare var.-gr.
dicoccum Alef. 1866, T. sativum dicoccum Hack. 1887, T. turgidum subsp. dicoccum (Schrank)
Thell. 1918, T. turgidum gr. dicoccon Bowden, 1959, T. turgidum subsp. dicoccum (Schrank) A.
Löve et D. Löve, 1961, T. turgidum convar. dicoccon (Schrank) E. R. Morris et E. R. Sears, 1967.

General characteristics: Plants from short to tall (culm 50 to 150 cm long). Culm nearly filled in
upper internode or hollow. Sheath pubescent or glabrous. Leaves pubescent (velvety by touch) or
scabrous, sometimes glabrous. Ligule and auricles clearly distinct. Spikes 5 12.5 cm long, more
or less dense (D=21 40, less often more), flat, i.e., two-rowed side (0.8 1.2 cm) much wider
than frontal one (0.5 0.8 cm); spikes awned, awns 3 17 cm long. Rachis segments glabrous, but
often weakly pubescent at lateral ribs, with more or less distinct barbules at the base of spikelets
or nearly glabrous. Spikelets of various shape, elongate to oval, at cross section oval, but slightly
convex at the side adjacent to rachis segment, usually developing two grains only. When spike
disarticulates into spikelets, rachis segment remains attached by its upper end to the spikelet base.
Disarticulation of spike into spikelets is not so easy as in wild emmers. Glumes of various shapes
(oval, ovate, broad-lanceolate), with more or less clearly distinct keel (not wing-shaped)
changing above into a tooth; shoulder rounded or broad. Main lateral vein usually changes above
into an obtuse tooth. Keel tooth of various shape and size, from short and obtuse to large and
acute, straight or bent beak-like. Lemma convex, almost always bearing an awn. Palea as long as
lemma, two-keeled. Caryopsis 6.5 10 mm long, with narrow longitudinal groove on the ventral
side, laterally compressed.
Accession number: TRI 27970 (IPK- Germany)
General distribution: very rare, this species is apparently no longer grown. A specimen collected
on a plateau in the Eastern Desert by Simpson 1924 does not look like a cultivated plant, but the
species may still exist in remote places as a relic of former cultivation (Boulos 2005).
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T. turanicum Jakubz.: T. turanicum Jakubz. 1947, T. orientale Perciv. 1921, non M. Bieb. 18o8,
T. durum commune orientale (Perciv.) Flaksb. 1923, T. durum subsp. expansum gr.
durooblongum prol. orientale (Perciv.) Flaksb. 1935, T. percivalii Hubb. ex Schiemann, 1948, T.
percivalianum Parodi, 1959, T. turgidum gr. turanicum (Jakubz.) Bowden, 1959, T. turgidum
subsp. turanicum (Jakubz.) A. et D. Löve, 1961, T. durum subsp. orientale (Perciv.) Vav. 1964,
T. turgidum subsp. turgidum convar. turanicum (Jakubz.) Mac Key, 1966, T. georgicum convar.
turanicum (Jakubz.) Mandy, 1970.

General characteristics: Culm 3.5 4 mm thick, generally with six internodes; nodes thickened,
light brown, pubescent with very short hairs. Culm under spike, as a rule, solid, less often hollow
but thick-walled. Leaves pubescent with short hairs; leaf sheath glabrous. Auricles long, ciliate,
colourless. Wax bloom on stem and leaves weak or medium-intensive. Plants 106 125 cm high,
(sometimes 135 cm). Spikes strongly drooping, elongate, 11 14 cm long, at cross-section almost
square (the two-rowed side 1.0 1.1 cm wide and the frontal one 0.8 0.9 cm wide), very loose
(D=16 18). A spike has 16 20 spikelets and 34 37 caryopses. Spike rachis flexible; rachis
segments at ribs pubescent with white hairs, with a «barbule» at the spikelet base (on its frontal
side), narrow, cuneate, about 1.5 mm wide at the base and up to 3 mm wide in the upper part.
Spikelets elongated, 17 20 mm long, 8 10 mm wide and about 4 mm thick, 3 4-flowered.
Glume naviculiform, 13 16 mm long and 3 4 mm wide, with a slightly notched keel
approaching its base, with a short obtuse tooth (0.8 1.0 mm), the latter being uniform throughout
the spike length, and distinctly prominent main lateral vein; shoulder narrow, slightly elevated
due to extended medial vein. Lemma and palea slightly protruding over glume, quite closely
encase a caryopsis. Lemma elongated, with seven to eight veins, 13 15 mm long, pubescent at
margins. Awns 14 17 cm long, strongly notched, coarse, more or less readily falling off, and this
sometimes gives the impression of awnless spikes by the harvesting time. Palea of the first
flower somewhat shorter than lemma, bordered with hairs along both keels. The third flower of a
spike also bears an awn, but a tender one, 5 10 mm long. Caryopses very long (11 12 mm),
glassy, Embryo large, with a distinct depression.
Accession numbers: Cltr 2431 and PI 211708 (NSGC-USA)
General distribution: Sinai, AL-Arich. This species has been provided twice from this place by
the National Small Grains Collection (NSGC) USDA-ARS Aberdeen USA.

T. durum Desf.: T. durum Desf. 1798, T. trevesium Mazz. 1807, T. alatum Peterm. 1849, T.
vulgare var.-gr. durum Alef. 1866, T. vulgare subsp. durum Koern., T. sativum tenax

sativum

durum Hack. 1887, T. turgidum subsp. durum (Desf.) Husn. 1899, T. sativum tenax B. II durum

115

Chapter 4
Aschers. et Graebn. 1901, T. turgidum subsp. sementivum Rasse durum (Desf.) Thell. 1918, T.
aestivum subsp. durum Domin, 1935, T. turgidum gr. durum (Desf.) Bowden, 1959, T. turgidum
subsp. durum A. et D. Löve, 1961, T. turgidum subsp. turgidum convar. durum (Desf.) Mac Key,
1966.

General characteristics: Culm solid or hollow, 40 to 160 cm high. Leaves bluish-green, dark
green, yellowish-green, glabrous (smooth or scabrous) or pubescent (velvety by touch). Leaf
blade 16 35 long, 0.7 1.1 cm wide. Sheath usually glabrous, scabrous; auricles and ligule with
or without cilia (eligulate forms occur). Spikes simple or, less often, branched, their shape from
elongate thin to short thick (spike length 5 13 cm); the lateral side of spike wider than or equal
to the frontal one (spikes flat or square at cross section). Spikes loose to dense (D=16 50, mainly
25 35). Spike rachis usually strong. Spikelet rhomboid to orbicular in shape, 1.0 2 cm wide,
many-flowered, with two to five (less often up to six) caryopses. Number of spikelets in a spike
12 30. Segments of spike rachis at margins pubescent or subglabrous with weakly distinct
barbules at the spikelet base. Glumes are more or less coarse, from short and broad to long (8 15
mm long with width up to 4 mm), glabrous or pubescent. Keel mainly well distinct, often broad,
reaching the glume base, where rugosity and depression are lacking; keel in the upper part turns
into a broad, distinct, usually somewhat obtuse tooth. Lemma less convex than that of T.
turgidum, without keel, from short to elongate, gradually turning to awn. Awns from short to
very long (7 23 cm), scabrous, slightly scabrous or nearly smooth by touch, rarely breaking
spontaneously.
Accession numbers: Cltr 7262, Cltr 7520, Cltr 7532, PI 185609 and PI 192502 (NSGC-USA)
General distribution: Sawhaj, Alexandria, Cairo, Giza, Sinai, Minya, Gharbiya, Daqahliya,
Qalyubiya, Minufiya and Sharqiya. This species is the second most important species under
cultivation after bread wheat and the most important cultivation in Upper Egypt.

T. turgidum L.: T. turgidum L. 1753, T. sativum turgidum Hack. 1887, T. sativum b. sativum
turgidum Richter, 1890, T. tenax B 1 turgidum Aschers. et Graebn. 1901, T. turgidum subsp.
sementivum Rasse turgidum Thell. 1918, T. aestivum subsp. turgidum Domin, 1935, T. durum
subsp. turgidum (L.) Dorof. 1968, T. dicoccum convar. turgidum (L.) Mandy, 1970.

General characteristics: Culm long (120 180 cm), thick (up to 5 mm in diameter), mainly hollow,
less often solid, but with a small space in the center, internodes six to seven, nodes large. Leaf
blades are large (20 34 cm long, 1.0 1.5 cm wide), auricles mainly ciliate. Plants usually robust,
bushiness low (three to five stems per plant).

116

Results and Discu ssion
Spikes simple or branched, usually large, in cross section square or flat, loose (D=20 40),
medium-dense (D=30 40) or dense (D>40). In a spikelet five to seven flowers, up to five
caryopses develop. Spike rachis strong. Rachis segments along ribs usually pubescent with long
hairs. Glumes relatively short (8 11 mm long), inflate, asymmetrical, with five to seven veins.
Keel broad, distinct. Keel tooth small (1 1.5 mm high), acuminate. Main lateral vein of typical
forms clearly distinct. Lemma orbicular, convex, inflate (not naviculiform as in the durum
wheat). It is longer than glume and covered by the latter usually at two thirds. Awns 8 20 cm
long, thick, scabrous. Caryopsis short (5.5 9.0 mm long), broad, orbicular or oval, mealy (glassy
caryopses occur rarely).
Accession numbers: Cltr 7265, Cltr7505 and Cltr8455 (NSGC-USA) and W 589 (John Innes
Center, Norwich United Kingdom)
General distribution: rare: Minya, Sinai, Cairo and Damietta. This species is not grown today as
an economic crop.

T. aethiopicum Jakubz.: T. aethiopicum Jakubz. 1947, T. abyssinicum (Vav.) Vav. in Flaksb.
1939. T. durum abyssinicum Vav. 1931, T. turgidum abyssinicum Vav. 1931, T. durum
acutidenticulatum Flaksb. 1929, T. turgidum gr. aethiopicum (Jakubz.) Bowden, 1959.

General characteristics: Plant low 60 100 cm. culm thin, flexible, under spike solid or with a
small space. Sheath slightly pubescent. Leaf blades of adult plants scabrous. Auricles usually
violet, with or without very short cilia. Spikes from medium-sized to abbreviated (up to 10 cm)
and from loose to dense (D=16 59). Spike more soft and tender by touch, than of T. durum.
Spikes of some forms show a considerable similarity to the soft wheat: often their frontal side
(like soft wheats) a little wider than the lateral side. Glumes glabrous or pubescent, of various
shape, flat to convex (inflate), medium-rigid or soft (as distinct from T. durum). Glume keel
distinct to a various extent. Depression or longitudinal rugosity at the glume base lacking. Keel
tooth from short acute to awn-like. Lemma bears an awn in awned forms. Awns comparatively
tender, divergent from the spike rachis, like in the soft wheat, long (longer than spike) to
abbreviated and short. Awnless forms have awn-like points. Palea at maturity never split
lengthwise into two parts. Caryopses white, red and violet. All the forms spring, fast-ripening,
with a short period from seedlings to heading (44 55 days) and somewhat extended period from
heading to ripening (30 37 days). All the vegetative period varies dependent on the region of
sowing from 73 to 91 days.
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Accession numbers: PI 185610, PI 366104 and PI 602421 (NSGC-USA) & IG 127502, IG
97985 and IG 98364 (ICARDA- Syria) & 1180065, 1180193, 1180226 and 1180218 (John Innes
Center, Norwich United Kingdom) and TRI 19233(IPK- Germany)
General distribution: Giza and Gharbiya. This species has been found for the first time in Egypt
in samples collected from different regions, recently not collected.

T. aestivum L. subsp. aestivum: T. aestivum L. 1753, T. hybernum L. 1753, T. vulgare Vill.
1787, T. cereale Schrank, 1789, T. muticum Schuebl. et T. aristatum Schuebl. 1818, T. vulgare
var.-gr. muticum (Schuebl.) Alef. 1866, T. vulgare var.-gr. aristatum Alef. 1866, Frumentum
triticum E. H. L. Krause, 1898, T. tenax A. I. vulgare Aschers. et Graebn. 1901, T. aestivum
subsp. aestivum Rasse vulgare (Vill.) Thell. 1918, T. amplissifolium Zhuk. 1949, T. aestivum
subsp. vulgare (Vill.) Mac Key, 1954, T. aestivum gr. aestivum Bowden, 1959.

General characteristics: Culm 30 200 cm high, hollow throughout the length, rarely filled with
parenchyma under spike. Culm nodes glabrous or pubescent with short, wiping off hairs. Leaf
blades 8 35 cm long (sometimes more), 0.7 2.5 cm wide, glabrous (smooth), covered with
spinules (scabrous) or pubescent with very short hairs (velvety by touch). Leaf sheaths glabrous
or pubescent. In the place of their turning into the leaf blade ligule and auricles present. Auricles
with or without long cilia, the latter sometimes extending onto margins of the leaf blade.
Spikes pubescent or glabrous, 5 17 long, from loose (D=10 22) to dense (D=23 38), with easyto-thresh caryopses. Spikes spindle-shaped, cylindrical, pyramidal or clavate. Spike colour white,
yellow (straw-coloured), red, grey-smoky, black (sometimes with bluish reflection). Forms with
a black border at the glume margin occur. Spikelets 3 8 flowered. They develop two to three,
less often five to six caryopses. Glumes oval, rhomboid or lanceolate in shape. Keel narrow,
often does not reach the glume base, the latter usually has a transverse depression with a
longitudinal rugosity, the depression lacking in rigid forms. Keel in the upper part turns into keel
tooth, the latter from short and obtuse to acute and long, sometimes awn-like (up to 5 cm long).
Veins slightly prominent above the glume surface. Main lateral vein more distinctly expressed,
in the upper part ending with a tubercle or a short tooth. Glume shoulder oblique, elevated or
straight, sometimes broad. Lemma convex, bearing an awn or an acute tooth (rarely its apex
obtuse, without tooth). Palea two-keeled, never cleft lengthwise into two parts at maturity.
Accession numbers: PI 210971, PI 211572, PI 220425 and PI 366069 (NSGC-USA)
General distribution: all over Egypt
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T. aestivum subsp. compactum (Host) MacKey: T. compactum Host, 1809, T. vulgare var.-gr.
compactum Alef. 1866, T. sativum compactum Hack. 1887, T. tenax A. II compactum Aschers. et
Graebn. 1901, T. aestivum subsp. compactum (Host) Mac Key, 1954, T. aestivum gr. compactum
Bowden, 1959.

General characteristics: Leaf blades covered with spinules (scabrous by touch) or pubescent with
very short hairs (velvety by touch), of different length (10 35 cm) and width (0.7 2.4 cm). Leaf
sheath glabrous or pubescent. In the place of its turning into leaf, there are ligule and auricles,
the latter sometimes with long cilia. Spikes dense (D=33 54, more often 40 50), pubescent or
glabrous, 3 7 (less often up to 8 10) cm long, 1 2 cm wide. Lateral spike side often a little
wider than the frontal side. Spike rachis abbreviated, its segments very short, their ribs with cilia
of hairs. Glumes with a very narrow keel, not always reaching the glume base. Keel in upper part
turns into a keel tooth, the latter may be from short to awn-like. Glume veins slightly protruding
over its surface. The main lateral vein is expressed stronger that the others. It ends with a
tubercle or a short tooth. Glume shoulder from horizontally-elevated to oblique, sometimes
broad like the spelt. Lemma bears an awn, awn-like point or tooth (rarely lemma apex may be
obtusate, without tooth). Palea two-keeled, never cleft lengthwise into two parts at maturity. A
spikelet has three to four caryopses, their length 7 mm (usually they are under two times longer
than wide).
Accession numbers: Cltr 7530 and PI 366118 (NSGC-USA) and EGY 51 (Agricultural Research
Center, Wheat Resource Center, Bahtiem, Egypt)
General distribution: Sinai, AL-Arich. This race has been collected twice from this place, but not
collected recently.
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T. polonicum L.
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T. turanicum Jakubz.
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T. aethiopicum Jakubz.
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T. aethiopicum Jakubz. subsp. vavilovianum Jakubz. et A. Filat. convar. vavilovianum A. Filat.
var. aegyptiacum non. nud.
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T. aestivum subsp. compactum (Host) MacKey
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T. aestivum subsp. compactum (Host) MacKey
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Conclusions

The aim of this thesis is "to identify the source of Egyptian wheat". To achieve this aim, five
specific objectives have been formulated in chapter one. The following parts summarize the
overall conclusions related to the aim and give summary conclusions related to five specific
objectives.
1st objective is to compile the largest possible number of Egyptian wheat accessions preserved in
the world gene banks. The rapid loss of genetic resources of the country is responsible for the
ongoing modernization and the development of the country. This study compiles the accessions
preserved in the world gene banks to protect and maintain the Egyptian wheat germplasm and
the use and benefit of them later. 1000 Egyptian wheat accessions were collected. It was the
result of this task that seven species and one subspecies of Egyptian wheat were collected
namely T. dicoccon, T. durum, T. turgidum, T. turanicum, T. aethiopicum, T. polonicum, T.
aestivum subsp. aestivum and T. aestivum subsp. compactum.
2nd objective is to investigate the Egyptian wheat species using morphological studies. 108
accessions of Egyptian wheat were selected. The accessions that were selected included all
species and all regions of collection. Thereafter, these accessions were cultivated and evaluated
morphologically to confirm the validity of the classified species.

In this study will useful for establishing key for identification Egyptian Triticum taxa which can
be using in scientific purpose.
3rd objective is to identify the architectural inflorescence in the genus Triticum ramification and
multiple glumes targeting. During the morphological evaluation a new case for number of
glumes in one of the Egyptian wheat accessions was noticed. This case is three glumes per
spikelet which were observed in a branched spike. This led us to assess the phenomena in all
varieties with branching spikes within the genus Triticum. Approximately 800 herbarium sheets
including all varieties of the genus Triticum available in IPK Herbarium (Germany) were
evaluated. In addition, all herbarium sheets of Egyptian wheat and many herbarium sheets of
Iran, Ethiopia, Syria, Azerbaijan and Cyprus in the VIR Herbarium (Russia) were evaluated. As
a result of this evaluation we noticed that all varieties with branching spikes with some spikletes
have three glumes. We considered the case of the third glume as indicator for the domestication
syndrome.
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During the third glume case evaluation new cases of other forms of branching in the genus
Triticum, which is a compromise between true and false-branching was noticed. We called it
true-false branching. It is well known among researchers that the spikes branching sometimes
does not occur because of the impact of environmental conditions. The case of the third glume is
linked to branching spikes. An experiment had been done to determine the impact of
environmental conditions in both cases. The conclusion is that the case of third glumes is not
affected by environmental conditions and remained stable despite the branching of spikes was
affected and the spikes did not branch under hot weather conditions throughout the growth
period.
4 th objective is to classify the Egyptian wheat species using the anatomical studies. Comparative
anatomical studies were carried out between Egyptian Triticum species to investigate the
possibility of using anatomical features to differentiate between Triticum species. As a result of
this study, it was concluded that it is difficult to use anatomical features alone to differentiate
between two Triticum species, especially when they are under the same ploidy level.
5 th objective is to study the Egyptian wheat history, in addition to the review of literature for the
history of Egyptian wheat, and Egypt's international relations since ancient times, particularly
Ethiopia, South and South-Eastern Arabian Peninsula. Therefore, we consider that the Egyptian
wheat is the basis of Ethiopian wheat and add the hypothesis for the transition process of wheat
from its origin in the Fertile Crescent region to its center of diversity and spread in Ethiopia.

Overall, the most important result obtained in this study is to record Triticum aethiopicum for the
first time in Egypt. The research results confirm that this species existed before in Egypt and did
not enter recently. In addition, 110 herbarium sheets from Egypt in the VIR in Russia Herbarium
have been identified as Triticum aethiopicum. The herbarium specimens were collected from
Egypt in the 1920s.

Finally, it is necessary to use molecular genetics techniques in future research to confirm the
current results and to determine the relationship between Egyptian and Ethiopian wheat. We also
need intensive efforts in the field of taxonomic studies to determine the current situation of
Egyptian wheat.
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