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Abstract Little is known about the diversity of field
crops in Oman. The objective of this study therefore
was to characterize wheat accessions from this country
using individual spikes collected from different wheat
cultivation areas. The phenotypic assessment of 15
qualitative and 17 quantitative characters showed
variations among Omani wheat landraces. The standardized phenotypic diversity index (H0 ) was with 0.66
higher for quantitative characters than for qualitative
characters (0.52) in tetraploid wheats and with 0.63 and
0.62, respectively, in hexaploid wheats. Overall, the
morphological data revealed a surprisingly high
diversity among landraces and showed that simple
morphological characters can be used for an effective
characterization of diversity in Omani wheat.
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Introduction
Wheat is a major globally grown cereal, second
largest in total production (FAO 2005). South West
Asia is the primary centre of diversity for wheat and
barley, and most certainly the region in which wheat
was first cultivated about 10,000 years ago (Zohary
1969). In Oman wheat has been cultivated since
millenia. The discovery of emmer wheat Triticum
dicoccon Schrank) in Oman underlines the old
presence of wheat cultivation in the country (Hammer et al. 2004; Al Khanjari et al. 2005). Due to its
location, Southwest Asia is close to the old wheat
growing countries Iran, Ethiopia and Yemen of which
the first two are known as major centres of wheat
diversity (Vavilov 1964). On the Arabian Peninsula
archeological evidence of carbonized rachis and
seeds of wheat and other cereals date back to
approximately between 5,000 and 3,500 BC (Potts
1993; Willcox and Tengberg 1995).
The evolutionary processes leading to the development of wheat landraces depend on various factors;
natural and artificial selection, domestication history
and several thousand years of adaptation to cultivation environments. This is one of the invaluable
heritages that traditional farmers have given to the
world (Hammer 1984; Myers 1994).
The apparent loss of genetic diversity in many
crop plants has triggered widespread interest in niche
environments from where novel genes often preserved in landraces might provide valuable genes for
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disease resistance, high protein content, tillering,
drought tolerance and other economically desirable
attributes (Srivastava and Damania 1989). Therefore,
collection, conservation and use of landraces have
often been linked to breeding programmes (Brown
et al. 1989). Future gains in yield potential will most
certainly require exploitation of the largely untapped
resources of both domestic and wild crop species
(Skovmand et al. 2001; Sneller et al. 2005).
The boundary among wheat species is often difficult
to define because of the similarity, crossability and
hybrid viability within the groups of different ploidy
levels (Mac Key 1966). This is particularly true for
closely related cultivated landraces such as the ones
from Oman which may share a long history of
cultivation and seed exchange. Nevertheless, it is
possible to classify wheat landraces in their respective
taxonomic species using the accumulated experience
codified in the respective formal keys (Hanelt and
Hammer 1995; Belay and Furuta 2001).
Morphological markers are often useful classification indicators for crops but require profound
taxonomic knowledge and the availability of well
elaborated keys. Stalker (1990) suggested that morphological characters can contribute much to the
study of relationships among taxa and be used as an
initial step in defining systematic relationships,
particularly for numerical taxonomy. After visual
observation and evaluation, morphological characterization has been successfully used in many studies
(Belay et al. 1994; Maxted et al. 1997; Teklu et al.
2005). It is, however, well known that many phenotypic traits are affected by environmental conditions.
Qualitative and quantitative characters of spike
parts are frequently used to evaluate and characterize
wheat traits as they allow for the estimation of diversity
and discrimination of closely related types (Tesemma
et al. 1993; Porceddu et al. 1994). Results of initial
surveys in the Al Hajar mountains of northern Oman
and subsequent characterization of the collected wheat
landraces were reported for T. aestivum L. by AlMaskri et al. (2003) and for T. dicoccon Schrank by
Hammer et al. (2004). The reported findings of Triticum aestivum var. baladseetense K. Hammer et A.
Filat., T. aestivum var. maqtaense A. Filat. et K.
Hammer and T. dicoccon Schrank ssp. asiaticum Vav.
var. haussknechtianum A. Schulz were extremely
interesting. Subsequent more thorough surveys
revealed an additional four scientifically new aestivum
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varieties and three tetraploid wheats which will be
published in a separate paper.
Given the very limited information available on
tetraploid wheats from Oman the objective of this
study was to characterize landrace accessions collected during 2003 in a large number of ecosystems
across the country using individual spike characters
(Al Khanjari et al. 2005).

Materials and methods
The characterization was undertaken on non-replicated landrace material collected from each farmer’s
field of which one head from each botanical variety
comprising the landrace was further analyzed [tables
of the material used are presented by Al Khanjari
et al. (2007a) for the tetraploid wheats and by Al
Khanjari et al. (2007b) for the hexaploid ones]. A
similar approach was used previously to characterize
morphological and agronomical traits of bread wheat
elsewhere (Hede et al. 1999; DeLacy et al. 2000).
Morphological description
Heads were visually classified following the standard
procedure developed at the Vavilov Institute in St.
Petersburg, Russia (Dorofeev et al. 1979). The 15
qualitative characters were: spike shape, spike awns,
direction of the awns, colour of the awns, rudeness of
the awns, roughness of the awns, sector hairiness,
glume hairiness, sector thickness of hairiness density,
glume shape, glume shoulder shape width, glume
colour, glume rigidity, keel tooth roughness and grain
colour. The following 17 quantitative characters were
determined: spike width (mm), spike length (cm),
spikelet number per spike, number of sterile spikelets
at the base, length of the first awn (cm), length of the
second awn (cm), spikelet length (mm), spikelet
width (mm), number of grains per spikelet, sector
length (mm), glume length (mm), lemma length
(mm), palea length (mm), keel tooth length (mm),
grain length (mm), grain width (mm), grain height
(mm) and spike density.
Statistical analysis
Each character was categorized into specific class
states. The 15 qualitative and 17 quantitative
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characters were assigned to classes ranging from 1 to
7, and analyzed using the Shannon–Weaver diversity
index (H; Shannon and Weaver 1949) as defined by
Jain et al. (1975) to calculate phenotypical variation
of each accession:
H¼

n
X

Pi ln Pi

i¼1

where n is the number of phenotypic classes for a
character and Pi is the genotype frequency or the
proportion of the total number of entries in the ith
class.
H was standardized by converting it to a relative
phenotypic diversity index (H0 ) after dividing it by
Hmax ¼ logðnÞ
e
H0 ¼ 

n
X

Pi ln Pi =Hmax

i¼1

Using NTSYS PC software vers. 2.11 (Rohlf 2002)
a multivariate analysis was performed to discriminate
accessions with cluster and principal component
analysis ordination using similarity, after standardization, according to the procedure of Sokal and Sneath
(1963). The first and second principal component
scores were plotted to generate the two-dimensional
model that indicated differences among characters.

Results and discussion
Morphological diversity
Tetraploid races
In general, tetraploid wheat landraces had a high H0
with, however, lower values in qualitative than in
quantitative characters. Generally, in all characters of
the Omani tetraploid wheat landraces, the Shannon–
Weaver diversity index was lower than reported
previously (diversity index of 0.71, 0.81 and 0.87) by
Jain et al. (1975), Negassa (1986a) and Firdissa et al.
(2005), respectively. Observations indicate that a
landrace’s character variation depends on the farmers’ regional preference. As reported previously for
wheat from Ethiopia, the center of wheat diversity
closest to Oman, total phenotypic variation was
highest among populations and lowest among regions
(Bekele 1984; Negassa 1986b; Belay 1997).
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Hexaploid races
Polymorphisms in spike length, glume shape, glume
hairiness and grain colour were observed among the
210 individual spikes indicating considerable diversity among landraces. Over all accessions H0 was 0.63
for quantitative and 0.62 for qualitative traits (data
not shown). These values were lower than those
reported by Bechere et al. (1996) and Firdissa et al.
(2005) for Ethiopian wheat where respective
H0 -values were 0.70 and 0.71.
For qualitative characters average H0 -values
between regions within districts ranged from 0.29 in
glume shape to 0.83 in spike shape. For quantitative
characters average H0 -values between regions within
districts ranged from 0.35 in grain height to 0.87 in
sector length (Tables 1 and 2).
For qualitative traits between-district H0 was
highest in Dakhilia (0.69) and lowest in Sharqia
(0.57). Similar results were obtained for quantitative
characters for which between-district H0 was highest
in Sharqia (0.72) and lowest in Dhahira (0.66).
However, within-district H0 strongly depended on
the observed character. In Dakhilia H0 -values ranged
from monomorphic in awn roughness over sector
hairiness with 0.5 to spike awns with 0.97. In
Sharqia H0 -values ranged from monomorphic in the
direction of the awns and glume shape to awn
rudeness of 0.96.
For qualitative characters overall within-district
diversity was highest in Ibri-Dhahira (0.72),
followed by the South Batinah (0.71). Lowest
H0 -values were found in Taeen-Sharquia (0.30;
Table 1). For quantitative characters South Batinah
had the highest overall within-district H0 (0.78)
followed by the Dank-Dhahira region (0.74). With
0.58 the lowest H0 -value was found at BahlaDakhilia (Table 2). The data thereby demonstrate
the importance of within-district diversity compared
to between-region diversity for overall H0 in Omani
hexaploid wheat.
The outcome of our study confirms earlier work on
wheat diversity showing that total phenotypic variation was lower within than among regions (Bekele
1984; Bechere et al. 1996; Pecetti and Damania
1996). For tef (Eragrostis tef (Zucc.) Trotter),
however, Kebebew et al. (2003) reported for all
measured traits a similarly large variation among
populations regardless of the geographic unit.
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Table 1 Estimation of the standardized Shannon–Weaver diversity index (H0 ) for 15 qualitative characters of hexaploid wheat races
among regions within four districts of Oman
Qualitative character

Region
YDH DDH IDH SOBT CEBT NOBT BDK HDK MSH TSH WBK Average

Spike shape

0.89

0.82

0.74 0.88

0.68

0.79

0.95

0.86

0.94

0.73

0.81

0.83

Spike awns

0.74

0.87

0.70 0.90

0.44

0.89

0.00

0.70

0.87

0.83

0.91

0.71

Direction of the awns

0.63

0.95

0.81 0.86

0.47

0.70

0.00

1.00

0.00

0.00

0.00

0.49

Colour of the awns

0.99

0.85

1.00 1.33

0.00

0.99

0.00

0.93

0.65

0.65

0.92

0.76

Rudeness of the awns

0.92

0.97

0.84 0.86

0.30

0.22

0.00

1.00

0.92

0.00

0.92

0.63

Roughness of the awns

0.39

0.44

0.92 1.00

0.00

1.00

0.00

0.00

0.00

0.00

0.00

0.34

Hairiness of the glume

0.80

0.77

0.79 0.90

0.92

0.86

0.82

0.42

0.00

0.65

0.84

0.71

Sector hairiness

0.48

0.59

0.81 0.94

0.81

0.68

0.00

0.34

0.95

0.65

0.60

0.62

Sector thickness of hairiness density 0.37

0.29

0.61 0.00

0.67

0.18

0.00

0.92

0.00

0.00

0.35

0.31

Glume shape

0.51

0.77

0.18 0.55

0.00

0.17

0.00

0.99

0.00

0.00

0.00

0.29

Glume shulder shape width
Glume colour

0.24
0.24

0.72
0.77

0.72 0.83
0.65 0.83

0.44
0.75

0.67
0.80

0.88
0.95

0.34
0.34

0.96
0.89

0.00
1.00

0.72
0.66

0.59
0.72

Glume rigidity

0.19

0.32

0.48 0.00

0.00

0.21

0.95

0.78

0.54

0.00

0.35

0.35

Keel tooth roughness

0.62

0.59

0.57 0.00

0.68

0.47

0.00

0.90

0.54

0.00

0.35

0.43

Grain colour

0.79

0.82

0.98 0.81

0.00

0.41

0.67

0.85

1.00

0.00

0.95

0.66

Average

0.59

0.70

0.72 0.71

0.41

0.54

0.35

0.69

0.62

0.30

0.56

Regions are abbreviated as: YDH = Dhahira (Yanqul), DDH = Dhahira (Dank), IDH = Dhahira (Ibri), SOBT = South Batinah,
CEBT = Centre Batinah, NOBT = North Batinah, BDK = Dakhilia (Bahla), HDK = Dakhilia (Al Hamra), MSH = Sharqia
(Maqta), TSH = Sharqia (Taeen), WBK = Wadi Bani Khalid (see also Fig. 1)

Frequency distribution
Tetraploid races
The phenotypic distribution showed considerable
variation in spikes. The spike shape was very polymorphic and mostly cylindrical. The highest frequency
distribution was observed in the sector hairiness (97%)
and awn roughness (89%). Sector hairiness was mostly
very dense with rough awns. The awn direction was
mostly parallel to slightly straight with a frequency of
73%. The awn colour was dominantly black with a
frequency of 88% and most of the farmers prefering the
black colour. They also preferred straight and rough
awns stating that these characters protected the wheat
from bird damage. The glume shape was mostly
oblong-oval with a frequency of 88% and the glume
colour ranged from white to straw-coloured with a
frequency of 67%.
The function of the glume hairiness is to protect
the glume from insects and to prevent diseases
(Warham 1988). However, its adaptive nature is not
clear (Jain et al. 1975). The study indicates a wide
variation in the amount of hairiness, ranging from

123

less dense (weak) to more dense (intermediate) with
respective frequencies of 34.62 and 50%. The result
agrees with previous findings by Bekele (1984) and
Firdissa et al. (2005) in Ethiopian wheat that indicated polymorphism in glume hairiness. But it
contradicts Bechere et al. (1996) and Belay (1997)
who reported a higher frequency of Ethiopian wheat
landraces without hairiness. Tesemma et al. (1991)
also observed monomorphism for glume pubescence
and Bechere et al. (1996) reported glabrous glumes in
many of their landraces.
Glume shape was more frequent among all characters with 88% having a oblong-oval glume shape,
followed by a glume colour which ranged from white
to straw-coloured with a frequency of 67%. Seed
colour was widely distributed in most of the
landraces. The colour ranged from red to brown with
red being dominant (81%). This is in agreement with
previous studies of tetraploid wheats (Bekele 1984;
Bechere et al. 1996; Firdissa et al. 2005) in which
brown seed colour (dark red) was predominant.
The majority of the spikelets had five flowers,
ranging from three to four fertile flowers and a few of
them were sterile. The number of spikelets per spike

Genet Resour Crop Evol (2008) 55:1185–1195

1189

Hexaploid races

Fig. 1 Map of Oman indicating the districts where the wheat
landraces were collected

averaged 23 and the compact spikes were generally
well filled with grains. Most spikes had an intermediate density and lax, very dense spike types were
rarely recorded in the landraces of this study. Spike
traits were polymorphic ranging from low density to
moderately dense (72%), lax (18%) and only 5% very
dense. Similar results indicating the predominance of
dense spike types in all the Ethiopian regions were
reported by Bechere et al. (1996) and Negassa
(1986a).
Today most of the traditional Omani mountain
farmers prefer large, full spikes, black awns, long
straight awns and tasty grains for home consumption. The awns of our accessions varied in length. In
most landraces longer awns predominated with a
frequency of 63% for the first awns and 44% for the
second ones. Tetraploid wheats tended to have the
lower frequencies of short and intermediate awn
lengths. This confirms earlier findings in Ethiopian
tetraploid wheats where long awns were predominant in most of the landraces (Tamiru 1999; Firdissa
et al. 2005).

The cylindrical spike shape (42%) had the highest
frequency in the Dakhilia district followed by the
Batinah, Sharqia and Dhahira districts with club and
spindle spike shapes. Most of the sector hairiness was
very dense with rough awns. Glume shape was mostly
oblong-oval monomorphic in Sharqia and Dakhilia.
Glume rigidness was lowest in Dakhilia and highest in
Batinah (97%). Most glumes were white to strawcoloured in Dakhilia (71%) and in Dhahira (54%).
Our study indicated a wide variation in the amount
of hairiness. About 79% of the glumes were hairy in
Dakhilia, compared to 62% in Dhahira and in all
districts most spikes were dense. This finding agrees
with reports by Bekele (1984) and Firdissa et al.
(2005) showing polymorphism in glume hairiness for
Ethiopian wheat but contradicts Bechere et al. (1996)
and Belay (1997) who reported higher frequencies of
glumes without hairs in Ethiopian wheat landraces.
Tesemma et al. (1993) also observed monomorphism
for glume pubescence and Bechere et al. (1996)
reported glabrous glumes in many of the tetraploid
Ethiopian wheat landraces of his study.
An oblong glume shape (95%) characterized all
accessions from the Batinah (95%) over the Dhahira
(85%) to the Dakhilia (71%). In most landraces grain
colour varied widely. It ranged from white to red or
brown-red, whereby the white grain colour dominated in Dakhilia (58%), followed by red 57% in
Batinah, 40% in Sharqia and 38% in Dhahira. These
results are in contrast to previous ones from Ethiopian
wheat in which a brown or dark red seed colour
predominated (Firdissa et al. 2005).
Spike traits were polymorphic ranging from low to
moderate density. For grain height an average
frequency of 83% was found in Dakhilia, 83% in
Sharqia, 98% in Batinah and 91% in Dhahira.
The majority of spikelets had six flowers with four
to five being fertile. This led on average to 23.5
spikelets per spike. Spikes tended to be compact, well
filled with grains and had an average size of 7 cm.
The majority of spikes were intermediate to dense
and lax spike types were rare. Spike traits were
polymorphic ranging from moderate to dense with
frequencies of 34% in Dakhilia and Sharqia, 53% in
Batinah and 58% in Dhahira. Similar results were
reported for Ethiopian wheats by Bechere et al.
(1996) and Negassa (1986a).
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Table 2 Estimation of the standardized Shannon–Weaver diversity index (H0 ) for 17 quantitative characters of hexaploid wheat
among regions within four districts of Oman
Character

Region
YDH

DDH

IDH

SOBT

CEBT

NOBT

BDK

HDK

MSH

TSH

WBK

Average

Spike length (cm)

0.65

0.64

0.65

0.85

0.68

1.00

0.82

0.71

0.50

0.79

0.80

0.74

Spike width (mm)

0.78

0.88

0.85

0.78

0.91

0.89

0.82

0.71

0.89

0.79

0.57

0.81

Number of spikelets per spike

0.91

0.90

0.76

0.84

0.55

0.78

0.75

0.67

0.55

0.74

0.92

0.76

Number of sterile spikelets

0.67

0.56

0.56

0.60

0.55

0.54

0.00

0.52

0.46

0.50

0.56

0.50

Length of first awn (cm)

0.52

0.65

0.54

0.63

0.50

0.74

0.00

1.00

0.00

0.65

0.00

0.48

Length of second awn (cm)

0.99

0.73

0.81

0.92

0.99

0.83

0.00

0.81

0.92

0.00

0.92

0.72

Spikelet length (mm)

0.66

0.77

0.72

0.83

0.44

0.97

0.95

0.34

0.95

0.92

0.73

0.75

Spikelet width (mm)

0.86

0.82

0.93

0.99

0.85

0.97

0.82

0.90

0.54

1.00

0.80

0.86

Number of grains per spikelet

0.44

0.52

0.47

0.95

0.55

0.35

0.00

0.55

0.00

0.92

0.00

0.43

Sector length (mm)

0.56

0.96

0.94

0.94

0.69

0.77

0.98

0.90

0.95

0.94

0.95

0.87

Glume length (mm)
Lemma length (mm)

0.88
0.86

0.98
0.87

0.93
0.92

0.94
0.83

0.95
0.94

0.85
0.74

0.54
0.98

0.95
0.64

0.60
0.54

0.92
0.92

1.00
0.88

0.87
0.83

Palea length (mm)

0.70

0.72

0.94

0.83

0.69

0.75

0.82

0.69

0.95

0.63

0.69

0.76

Keel tooth length (mm)

0.75

0.76

0.80

0.65

0.99

0.69

0.81

0.90

0.82

0.46

0.45

0.73

Grain length (mm)

0.55

0.40

0.61

0.49

0.48

0.56

0.81

0.54

0.60

0.41

0.00

0.50

Grain height (mm)

0.82

0.77

0.53

0.44

0.00

0.00

0.00

0.00

1.00

0.00

0.28

0.35
0.56

Grain width (mm)

0.60

0.62

0.41

0.69

0.52

0.69

0.81

0.34

0.95

0.00

0.57

Average

0.72

0.74

0.73

0.78

0.66

0.71

0.58

0.66

0.66

0.62

0.60

Regions are abbreviated as: YDH = Dhahira (Yanqul), DDH = Dhahira (Dank), IDH = Dhahira (Ibri), SOBT = South Batinah,
CEBT = Centre Batinah, NOBT = North Batinah, BDK = Dakhilia (Bahla), HDK = Dakhilia (Al Hamra), MSH = Sharqia
(Maqta), TSH = Sharqia (Taeen), WBK = Wadi Bani Khalid (see also Fig. 1)

Multivariate analysis of phenotypic characters
Tetraploid races
The first four principal components in the PCA of the
15 qualitative characters accounted for 24.8, 15.4,
12.0 and 10.8% of the total variation, respectively
and together explained 63.0% of the total variation
among the 39 tetraploid wheat landraces (Table 3).
Glume rigidity, glume shape, spike awns and awn
rudeness were the most important characters contributing to the first principal component. To the second
principal component, sector hairiness density, directions of the awns, sector hairiness and glume colour
contributed significantly, whereas for the third principal component glume hairiness, glume shoulder
shape, colour of the awns and keel tooth characters
were the most important characters, and to the fourth
principal component grain colour and awn roughness
contributed most.
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For the 17 quantitative characters the Eigenvalues
of the first four principal components together
explained 56% of the total variation among the
wheat landraces (Table 4). They accounted for 26.5,
15.6, 7.5 and 6.7% of the total variation, respectively.
Following the interpretation of Johnson and Wichern
(1988) grain height, grain number, grain length, grain
width, spike length and glume length were the most
important characters contributing to the first principal
component. Spikelet width, sterile flower number per
spike, palea length and keel tooth length contributed
significantly to the second principal component. For
the third principal component, spike density and
spikelet length were important and to the fourth
principal component the number of spikelets per
spike and lemma length contributed most.
The principal component analysis also showed that
the distributions of the measured characters were
scattered in all four quadrants (Fig. 2). The first
principal component was the most important in
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Table 3 Eigenvalue, Eigenvector and scores of the four first
factors retained from the principal component analysis (PCA)
analysis of 15 qualitative characters performed on a collection
of tetraploid wheat landraces from Oman

Table 4 Eigenvalue and scores of the four first factors
retained from the principal component (PCA) analysis of 17
quantitative characters performed on a collection of tetraploid
wheat landraces from Oman

Character

Character

PCA1

PCA2

PCA3

PCA4

PCA1 PCA2 PCA3 PCA4

Spike shape

0.14

0.26

0.13

0.15

Spike length

0.74

0.30

0.14

Spike awns

-0.77

-0.11

-0.11

0.30

Spike width

-0.29

0.71

0.23

0.15

Direction of the awns

-0.13

-0.69

0.45

0.01

Number of spikelets per spike -0.06 -0.17 -0.30

0.56

Colour of the awns

-0.49

0.26

0.50

0.22

Sterile flower number per spike -0.29

Awn roughness

-0.81

0.24

0.07

0.26

First awn length

Awn rudeness
Sector hairiness

-0.58
-0.47

-0.23
0.66

0.22
-0.28

-0.60
0.41

Glume hairiness
Sector hairiness density
Glume shape
Glume shoulder shape

Second awn length
Spikelet length

0.17

0.61 -0.41 -0.03

0.11 -0.59 -0.15

0.22

-0.20 -0.43 -0.26 0.30
-0.03 0.29 -0.40 -0.22

0.32

0.35

0.72

0.11

Spikelet width

0.28 -0.28

0.09 -0.44

-0.12

-0.85

0.13

0.28

Grain number

0.87

0.01

0.81

0.12

0.10

0.11

Lemma length

0.29 -0.27 -0.02 -0.52

-0.18

-0.12

-0.57

-0.06

Glume length

0.71

0.16
0.20

0.12

0.20

0.14
0.15

Glume colour

-0.18

0.47

0.30

-0.45

Palea length

0.10

0.58

0.05

Glume rigidity

-0.89

-0.05

0.06

-0.22

Keel tooth length

0.23

0.43

0.24 -0.10

Keel tooth

-0.08

-0.03

0.49

0.31

Grain length

0.86

0.03 -0.22

0.00

Grain colour

-0.03

0.22

0.06

-0.63

Grain width

0.74

0.29 -0.34

0.01

3.72

2.32

1.80

1.62

Grain height

0.94 -0.31 -0.20 -0.02

Total variance (%)

24.78

15.44

12.02

10.78

Spike density

0.29 -0.34

Cumulative variance (%)

24.78

40.22

52.25

63.03

Eigenvalue

Eigenvalue

separating the accessions. Spike width and sterile
flower numbers which were the most important
characters for the second principal component were
located in the first quadrant (above, left).
The landraces from the Musandam area came from
the most northern part of Oman, where—in contrast
to all other ecosystems of the country—rainfed
agriculture predominates. It is thus understandable
that they cluster in one distinct subgroup of the fourth
quadrant with the botanical varieties T. aethiopicum
Jakubc. var. pilosinigrum (Vav.) A. Filat. (Oman
Triticum, OMTRI, 232), T. aethiopicum var. comitans (Vav.) A. Filat. (OMTRI 233), T. durum Desf.
var. pseudorubripubescens (Vav.) A. Filat. (OMTRI
236), T. aethiopicum var. comitans (OMTRI 234) and
T. aethiopicum var. tchertchericum (Vav.) A. Filat.
(OMTRI 235).
T. durum Desf. var. affine Koern. (OMTRI 198),
isolated in the first quadrant, was only found at the
rather isolated Wadi Bani Kharus in the southern
Batinah, which is also reflected in its specific position
in the dendrogram.

4.52

0.62

0.23

2.64

1.28

1.14

Total variance (%)

26.56 15.55

7.52

6.71

Cumulative variance (%)

26.56 42.12 49.64 56.35

In the third quadrant (up, right) were OMTRI
197 from Khabura and OMTRI 228 from Sohar,
while varieties from the Batinah district closely
clustered in a different subgroup of the third
quadrant.
The cluster analysis of the phenotypic distance of
the quantitative characters of the 39 tetraploid
wheat accessions from Oman shows distinct groupings (Fig. 3) and yielded similar results as the
principal component analysis. Both analyses also
produced similar results in placing T. aethiopicum
var. hajirense (nom. nud.) (OMTRI 203) from the
southern Batinah area in an isolated subgroup with
OMTRI 215, a yet unclassified accession.
Hexaploid races
In quantitative characters the first four principal
components accounted for more than 99% of the
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Fig. 2 Scattergram
showing the results of a
principal component
analysis (PCA) of 17
quantitative characters of
tetraploid wheat landraces
from Oman named
according to the OMTRI
(Oman Triticum) catalogue
established by the authors

0.40

OMTRI198
OMTRI197
OMTRI228
OMTRI206
OMTRI207
OMTR202
I
OMTRI200
OMTRI196
OMTRI212
OMTRI221
OMTRI213
OMTRI230
OMTRI199
OMTRI226
OMTRI231
OMTRI220
OMTRI208
OMTRI217
OMTRI205
OMTRI2
OMTRI21619
O27TRI2M
OMTRI225
OMTRI204
OMTRI211
OMTRI214
OMTRI220 OMTRI209
OMTRI224

PCA-2

0.13

OMTRI235

-0.15

OMTRI232

OMTRI229
OMTRI210

OMTRI234

OMTRI236
OMTRI215
OMTRI233

-0.42

OMTRI203

-0.69
0.73

0.80

0.86

0.93

1.00

PCA-1

Fig. 3 Dendrogram
showing the results
(phenotypic distance) of a
cluster analysis of 17
quantitative characters of
tetraploid wheat landraces
from Oman

OMTRI196
OMTRI212
OMTRI218
OMTRI221
OMTRI199
OMTRI200
OMTRI202
OMTRI206
OMTRI207
OMTRI228
OMTRI205
OMTRI219
OMTRI231
OMTRI230
OMTRI204
OMTRI213
OMTRI197
OMTRI224
OMTRI220
OMTRI208
OMTRI209
OMTRI225
OMTRI211
OMTRI217
OMTRI216
OMTRI226
OMTRI227
OMTRI210
OMTRI214
OMTRI229
OMTRI220
OMTRI233
OMTRI234
OMTRI232
OMTRI235
OMTRI236
OMTRI203
OMTRI215
OMTRI198

3.14

2.44

1.75

1.06

0.37

Distance coefficient

total variation (Table 5). The dendrogram constructed to describe the relationship among the
landraces (Fig. 4) divided the accessions into two
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main groups, in which the first group contained
only accessions from Ibri and the second one
comprised a first subgroup with the three subgroups
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Table 5 Eigenvectors, Eigenvalues, total variance and
cumulative variance of the first four principal components
(C1–C4) of 17 quantitative characters of 210 hexaploid landraces across 11 regions of Oman
Region

C1

C2

C3

C4

Khabura Centre Batinah

0.97

0.01

0.02

0.01

South Batinah

0.96

0.03

0.03

0.18

Sohar North Batinah

0.95 -0.30

Al Hamra

0.96 -0.06 -0.08

0.13 -0.01

Bahla

0.91

Al Raky
Taeen

0.99 -0.04 -0.06
0.88
0.48
0.28

0.01
0.00
0.14

0.00

0.15 -0.38 -0.14

Maqta

0.95

0.13 -0.05

Ibri

0.10

1.05 -0.02 -0.04

Dank

0.90 -0.22

0.15 -0.31

Yanqul

0.98 -0.24 -0.04

0.11

Eigenvalue

8.95

0.18

Total variance (%)

1.58

(Dhahira) and Khabura (Centre Batinah). The third
sub-subgroup comprised the accessions of Maqta,
Al Raky (Sharqia) and Hamra (Dakhilia).
Neither the cluster nor the principal components
analysis of the 17 recorded quantitative traits
revealed consistent relationship within or among
districts. Similar results were found in barley by
Molina and La Cruz del Campo (1977). There is no
clear reason why accessions from Ibri appear to be
rather isolated in one group although the topographically open nature of the Dhahira region
should have facilitated germplasm exchange among
farmers within this region and with neighbouring
districts.

0.28

81.36

14.33

2.53

1.61

Cumulative total variance (%) 81.36

95.69

98.23

99.84

of South Batinah, Taeen and Sohar (North Batinah). Within the second subgroup was Bahla
(Dakhilia) and Yanqul (Dhahira) but there was no
discrimination among accessions from Dank

Conclusions
In general, the studied Omani wheat landraces
showed a surprisingly high diversity which could be
a result of evolutionary processes allowing for
species mixtures and outcrossing after a long joint
cultivation history. This would require introgression
across different ploidy levels, thus leading to
increased polymorphism in the landraces.

Fig. 4 Dendrogram
showing the clustering
patterns in phenotypic
variation of 17 quantitative
characters of hexaploid
wheat accessions from 11
regions of Oman

Centre Batinah
Dank
Hamra
Al Raky
Maqta
Yanqul
Bahla
South Batinah
Taeen
North Batinah
Ibri

21.75

17.30

12.86

8.41

3.97

Euclidengenetic coefficient
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