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Abstract: Oman has enormous diversity in important
crops of global significance like wheat and barley con-
sidered as strategic crops. The country has an ancient
cultivation history of barley because of its location on
the eastern edge of the Arabian Peninsula and is known
to have several landraces spread across all the agro-eco-
logical regions. The present study was undertaken to
comprehend genetic diversity in 16 indigenous Omani
USDA accessions repatriated recently to select parents
for hybridization in national crop improvement programs.
The trial was conducted consecutively for two cropping
seasons (2017–2018 and 2018–2019) from November to
March on the layouts of loamy soil sites under sprinkler
irrigation system in augmented design under spacing and
crop husbandry practices as per national recommenda-
tions. The data on eight quantitative characters and presence
(score 1) or absence (score 0) of anthocyanin pigmentation
on two plant parts were subjected to both hierarchical
cluster analysis (HCA) and principal component analysis
(PCA) to know the contribution of characters toward diver-
sity and form prime diverse clusters. The results indicated
not only significant differences between accessions (p < 0.05)
with respect to the most of quantitative characters but also
two significant correlations involving four characters asso-
ciated with maturity and inflorescence (p < 0.05). The results
of two multivariate analyses led to the formation of four
diverse clusters with similar constituents of accessions to
the most extent, thus supporting each other in discerning

diversity. The parents were selected for hybridization for
improving characters of growth for higher yield or produc-
tivity with anthocyanin-related characters.

Keywords: anthocyanin, barley, landraces, multivariate
analysis, variability

1 Introduction

Barley (Hordeum vulgare L.) is grown in about 47.4 mil-
lion hectares in the world with production of about 140
million metric tons [1,2]. Developing countries account
for about 18% (26 million tons) of total barley production
and 25% (18.5 million hectares) of the total harvested area
in the world [3]. Barley grain is mostly used as feed for
animals, malt, and food for human consumption [3]. Due
to the fact that barley crop is utilized for animal feed and
human nutrition, poor production and any kind of loss
after harvest adversely affect farmers’ livestock produc-
tion and consequently socio-economic conditions [4,5].

Barley landraces form the major genetic resource in
several countries of the Arabian Peninsula because of their
inherent tolerance to biotic (insect pests and diseases) and
abiotic (salinity, drought, and high temperature) stresses
prevailing in the region [6,7]. These landraces form poten-
tial parents for hybridization in crop improvement not only
for yield productivity but also for resistance to diseases
and pests. However, these landraces have not been fully
utilized in modern breeding [8,9].

In Oman, barley is traditionally grown for fodder by
planting as a mixture with local alfalfa perennial multi-
cut (Medicago sativa L.) across all governorates in plains
and mountains of the country. Currently, the cultivation
of barley is limited to only 613 ha with a meager produc-
tion of 1,901 tons [10]. The country is experiencing loss of
biodiversity not only because of replacement of landraces
with modern cultivars, increasing salinity, and decreasing
freshwater resources for irrigation [11] but also because of
the shift of lands of field crops cultivation including barley
to vegetable cultivation in either open field or plastic
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houses [12]. The first germplasm collection activities were
begun with the collection of landraces of field crops dur-
ing the late 1980s and early 1990s in Oman jointly by
the officials of the Ministry of Agriculture and Fisheries
(MAF) and international collectors under the FAO pro-
gram, which ended up with a collection of 510 accessions
of 58 crop species, which included 51 barley landrace
accessions [13,14]. Most of these accessions were deposited
in international gene banks, of which the National Plant
Germplasm System (NPGS) of United States Department of
Agriculture (USDA) [15] lists 16 accessions of Omani barley
used in the present study. These collection activities were
continued subsequently either independently or jointly with
other international institutions like International Center of
Agriculture Research at Dry Areas (ICARDA) and Interna-
tional Center for Biosaline Agriculture (ICBA) by the national
collectors from MAF and SQU [16–19], and the collected
accessions were deposited in their respective conservation
facilities. Despite the farmers being encouraged by MAF
through some socio-economic incentives to replace landraces
with modern high yielding introduced varieties [19,20], the
dual-purpose landraces are still cultivated for both feed and
forage by subsistence farmers in Oman. This is because of
their high adaptability and tolerance to salinity [21–23].

The existence of genetic diversity and variability
among the landraces of any crop species including barley
provides prospective competence and plays a vital role in
formulating a tangible and successful breeding program
for increased food/feed yield, wider adaptation, desired
quality, and tolerance to biotic and abiotic stresses [24].
In this respect, the information on genetic diversity within
the available germplasmwill have an impact on outputs of
crop improvement to be resilient to climate change and
diverse environments [7]. Hybridization and subsequent
selection are one of the most successful approaches uti-
lized for barley breeding [25,26]. There are several multi-
variate analyses such as hierarchical cluster analysis (HCA),
principal component analysis (PCA), and factor analysis
(FA), which are used to classify the genotypes/collections
into genetically divergent groups in several crops including
barley [27–31]. In view of the above, 16 USDA landrace
accessions of Omani barley, referred earlier, were subjected
to estimate genetic diversity using agro-morphological and
qualitative characters like anthocyanin pigmentation and
identify effective factors for genetic improvement.

2 Materials and methods

The experiment was conducted at Agriculture Research
Station, Jimah (22.93945 N, 57.27220 E, 532m), of the MAF,

which has a long-term mean temperature of 21.89°C and
receives an annual rainfall of 12.34mm during cropping
season (November to March) during winter. The trials were
undertaken consecutively for two cropping seasons
(2017–2018 and 2018–2019) on the layouts of a loamy
soil site under a sprinkler irrigation system. Sixteen
6-row indigenous barley (Hordeum vulgare) landraces,
the USDA-NPGS accessions [15], repatriated by Oman
Animal and Plant Genetic Resources Center (OAPGRC) of
the Research Council from USDA gene bank were exam-
ined (Table 1; Figure 1).

The barley accessions were planted in the plots of 3 m
three rows at a spacing of 0.2 m between rows and 0.15 m
between plants under augmented design with five check
varieties (Jimah 51, Jimah 53, Jimah 58, Jimah 98, and
Jimah 136) replicated five times. All the agronomic and
cultural practices were applied according to national
recommendations of the MAF, Oman [32], to raise a
successful crop. The days to flowering and maturity
were recorded as when each plot attained about 50%
flowering and 90% maturity of grains, respectively.
The characters, namely, spike density, spikelets/spike,
grains/spike, grain length (mm), grain width (mm), and
1,000-grain weight (g), were measured based on the
guidelines in Descriptors of Barley [33,34]. The qualita-
tive traits of pigmentation were recorded as the presence
(score 1) or absence (score 0) at respective growth stages
of the plants of each plot when the pigmentation on the
plant parts was observed intense and clear. Such pigmen-
tation traits have the potential for use as marker char-
acters during distinctness, uniformity and stability (DUS)
tests [35].

2.1 Statistical analyses

The required statistical analyses were performed using
XLStat software [36]. The 2-year data on five check vari-
eties were subjected to combined analysis of variance
(ANOVA) to know the effects of blocks, varieties, years,
and their interactions in respect of eight agro-morpho-
logical characters studied. The accessions were compared
for their significant differences for each character using
the corresponding least significant difference (LSD). The
results indicated insignificant effects blocks and GxE
interaction (p > 0.05).

HCA [37,38] was performed to group genotypes and
construct a dendrogram by Ward’s method. The measure
of dissimilarity was Euclidean distance. Six agronomical
traits/plant descriptor characters, namely, plant height,
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no. of tillers, row number/lateral florets, lemma awn/
hood, lemma awn barbs, glume color, and lemma type,
were not included in the analysis as landraces/accessions
were found similar (Table 2). PCA was performed on the
correlation matrix between 2-year means of eight agro-
morphological characters and scores of growth habit and
presence (1) and absence (0) of anthocyanin pigmenta-
tion on twoplant parts such as stemandauricle, in indigenous
barley accessions, to determine principal components,
proportions of eigenvalues, and the scores of the principal
components.

3 Results

3.1 Analysis of variability among the
accessions

The accessions were assessed for their variability in terms
of range and compared for their significant differences
based on LSD (at p = 0.5) obtained from the ANOVA of
check varieties (Tables 2 and 3).

The higher degrees of variability among the acces-
sions was observed in respect of five characters, namely,
days to maturity (95–123), flowering (63–90 days), grains/
spike (47–80), spikelets/spike (49–83), and 1,000-grain
weight (30–48.1 g; Table 3). There were three distinct
groups in terms of flowering and maturity. Five accessions
were early in days to flowering and maturity (PI 564648
and PI 564672 [63 and 95 days], PI 564646 [65 and 95
days], PI 564647 [66 and 97 days], and PI 564661 [68
and 99 days]), whereas three accessions were late (PI
564667 [85 and 123 days], PI 564649 [86 and 120 days],
and PI 564665 [90 and 120 days]). The accession PI 564666
was found to flower (78 days) but mature along with late
varieties (120 days; Table 2). The remaining seven acces-
sions were intermediate in flowering (70–82 days) and
maturity (112–116 days).

In respect of spikelets/spike and grains/spike, the
accessions showed greater range of variation from 49 to
83 and 47 to 80, respectively. Two accessions PI 564646
(49 and 47) and PI 564671 (52 and 50) had the least,
whereas two accessions PI 564466 (83 and 80) and PI
564464 (76 and 73) had the highest number of spike-
lets/spike and grains/spike, respectively. The remaining
12 accessions had spikelets/spike and grains/spike ran-
ging from 55 to 71 and 53 to 69, respectively. In respect of
1,000-grain weight, PI 564667 had the highest 1,000-
grain weight of 48.1 g followed by PI 564661 (43.8 g),Ta

bl
e
1:
In
di
ge

no
us

ba
rl
ey

(H
or
de

um
vu

lg
ar
e
L.
)a

cc
es

si
on

s
w
it
h
th
ei
r
U
S
D
A
-N
PG

S
ac
ce
ss
io
n
nu

m
be

rs
an

d
w
ila

ya
ts
,g

ov
er
no

ra
te
s,

la
ti
tu
de

(N
),
lo
ng

it
ud

e
(E
),
an

d
al
ti
tu
de

of
ea

ch
lo
ca
ti
on

of
co

lle
ct
io
n
du

ri
ng

19
90

s
by

M
A
F-
FA

O
jo
in
t
co

lle
ct
in
g
m
is
si
on

s

S
.
N
o.

U
S
D
A
A
cc
es

si
on

N
o.

Vi
ll
ag

e
W
ila

ya
t

G
ov

er
no

ra
te

La
ti
tu
de

(N
)

Lo
ng

it
ud

e
(E
)

A
lt
it
ud

e
(m

)

1
PI

56
46

46
12

km
no

rt
hw

es
t
of

S
oh

ar
,
N
or
th

B
at
in
ah

S
oh

ar
B
at
in
ah

N
or
th

24
.3
6
6
6
6
7

56
.7
5

0
2

PI
56

46
47

M
aj
is
,
N
or
th

B
at
in
ah

S
oh

ar
B
at
in
ah

N
or
th

24
.4
56

38
9

56
.6
53

6
1

6
3

PI
56

46
48

25
km

w
es

t
of

Ru
st
ag

,
W
es

te
rn

H
aj
ar

Ru
st
aq

B
at
in
ah

S
ou

th
23

.5
0
0
0
1

57
.1
6
6
6
7

45
0

4
PI

56
46

49
2
km

no
rt
he

as
t
of

A
l
H
am

ra
,
In
te
ri
or

pr
ov

in
ce

A
l
H
am

ra
A
l
D
ak

hi
liy

a
23

.1
6
6
6
6
7

57
.3
33

33
50

0
5

PI
56

46
6
1

12
km

fr
om

A
l
H
am

ra
,
In
te
ri
or

pr
ov

in
ce

A
l
H
am

ra
A
l
D
ak

hi
liy

a
23

.1
6
6
6
6
7

57
.3
33

33
50

0
6

PI
56

46
6
2

8
km

no
rt
h
of

al
A
ys
hi
,
In
te
ri
or

pr
ov

in
ce

A
l
H
am

ra
A
l
D
ak

hi
liy

a
23

.1
6
6
6
6
7

57
.1
6
6
6
7

50
0

7
PI

56
46

6
3

10
km

no
rt
he

as
t
of

A
l
A
ys
hi
,
In
te
ri
or

pr
ov

in
ce

A
l
H
am

ra
A
l
D
ak

hi
liy

a
23

.1
6
6
6
6
7

57
.1
6
6
6
7

50
0

8
PI

56
46

6
4

15
km

no
rt
he

as
t
of

Ib
ri
,
D
ha

hi
ra
h

Ib
ri

A
l
D
ha

hi
ra
h

23
.3
33

33
3

56
.6
6
6
6
7

30
0

9
PI

56
46

6
5

30
km

no
rt
he

as
t
of

Ib
ri
,
D
ha

hi
ra
h

Ib
ri

A
l
D
ha

hi
ra
h

23
.5
0
0
0
1

56
.6
6
6
6
7

40
0

10
PI

56
46

6
6

Ya
nk

ul
,
D
ha

hi
ra
h

Ya
nk

ul
A
l
D
ha

hi
ra
h

23
.5
8
55
56

56
.5
40

8
3

50
0

11
PI

56
46

6
7

25
km

w
es

t
of

Ru
st
ag

,
W
es

te
rn

H
aj
ar

Ru
st
aq

B
at
in
ah

S
ou

th
23

.3
33

33
3

57
.3
33

33
6
50

12
PI

56
46

6
8

35
km

so
ut
h
of

Ja
br
in
,
In
te
ri
or

pr
ov

in
ce

B
ah

la
A
l
D
ak

hi
liy

a
22

.6
6
6
6
6
7

57
.3
33

33
40

0
13

PI
56

46
6
9

3
km

so
ut
hw

es
t
of

B
ah

la
,
In
te
ri
or

pr
ov

in
ce

B
ah

la
A
l
D
ak

hi
liy

a
23

.0
0
0
1

57
.3
33

33
50

0
14

PI
56

46
70

20
km

no
rt
h
of

B
ir
ka

t
al

M
au

z,
Je
be

l
A
kh

da
r

N
iz
w
a

A
l
D
ak

hi
liy

a
23

.1
6
6
6
6
7

57
.6
6
6
6
7

1,
8
0
0

15
PI

56
46

71
20

km
no

rt
h
of

B
ir
ka

t
al

M
au

z,
Je
be

l
A
kh

da
r

N
iz
w
a

A
l
D
ak

hi
liy

a
23

.1
6
6
6
6
7

57
.6
6
6
6
7

1,
8
0
0

16
PI

56
46

72
50

km
so

ut
hw

es
t
of

S
oh

ar
,
W
es

te
rn

H
aj
ar

S
oh

ar
B
at
in
ah

N
or
th

24
.0
0
0
0
1

56
.5
0
0
0
1

40
0

630  Ali H. Al Lawati et al.



PI 564649 (43.3 g), and PI 564662 (40.0 g). However, the
barley accessions did not show greater variation for spike
density, grain length, and grain width owing to their
lower level of standard deviation (Table 3).

3.2 Correlation analysis

Of 28 possible correlation coefficients estimated from eight
yield-related characters (Table 4), only two were highly sig-
nificant (p < 0.01). These two were among either maturity or
spike associated traits, for example, the correlation coeffi-
cient (r) between days to flower and days to maturity was
0.900**, whereas it was to the extent of 0.992** between
spikelets/spike and grains/spike. However, the remaining
coefficients were nonsignificant (p > 0.05).

3.3 Cluster analyses

Cluster analysis was performed to assess the quantum of
genetic diversity within and between the clusters of the
barley accessions studied based on the dissimilarity index
as indicated by the genetic distance between them to gen-
erate a dendrogram that classified them into four clusters
with distinct features (Figure 2). The distance between the

centroids of barley accessions is presented in Table 5. The
critical examination of dendrogram features indicated four
clusters with 41.96% dissimilarity in a clustering pattern.
Each of the first three clusters, cluster 1, cluster 2, and
cluster 3, consisted of five accessions each. Clusters 1
and 3 were composed of accessions of wilayats of different
governorates, whereas cluster 2 consisted of all its five
accessions from one governorate, Al-Dakhiliya.

The accessions of cluster 1 were from three governor-
ates – one from Al-Hamra Al-Dakhiliya governorate (PI
564661), one from Al-Rustaq represented by mountains
of South Batinah (PI 564648) and three accessions from
Sohar of North Al-Batinah (PI 564646, PI 564647 and PI
564672) (Figures 1 and 2). Five accessions of cluster
3 were from three governorates – three from Al-Dhahirah
governorate (one from Yankul – PI 564666 and two
from Ibri – PI 564664 and PI 564665) and one each from
Al-Dakhiliya (PI 564662 of wilayat Al-Hamra) and South
Batinah (PI 564667 of wilayat Rustaq) governorates
(Figures 1 and 2). However, five Al-Dakhiliya accessions
of cluster 2 included one accession, PI 564649, from
wilayat Al-Hamra and two accessions each from wilayat
Bahla (PI 564668 and PI 564669) and wilayat Nizwa
(PI 564670 and PI 564671; Figures 1 and 2). Cluster 4
was represented by a solitary accession, PI 564663 from
Al-Hamra of Al-Dakhiliya governorate. Interestingly, this
accession was found farthest to cluster 1 to the extent of

Figure 1: Locations of 16 indigenous barley (Hordeum vulgare L.) USDA accessions in five different governorates of Oman.
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45.811 Euclidean distance in comparison with cluster 2
(40.036) and cluster 3 (37.152; Figures 1 and 2). However,
distances between clusters 1 and 2 (25.117) and that
between clusters 2 and 3 (26.396) were at about mid-dis-
tance to the highest (Table 5). The average features of the
clusters in terms of quantitative characters are presented
in Table 6.

Cluster 1 was characterized by early maturing acces-
sions, whereas accessions of clusters 3 and 4 were late
maturing and having a higher number of spikes and
grains per spike. However, the accessions of cluster 2
were characterized by higher grain length, whereas that
of cluster 3 had a highest 1,000-grain weight (Table 6).

3.4 Principal component analysis (PCA)

The PCA was performed to comprehend which combina-
tion type of eight quantitative characters such as days to
flowering and maturity, spike density, spikelets/spike,
grains/spike, grain length, grain width, and 1,000-grain

weight. In addition, three qualitative characters, namely,
growth habit, stem, and auricle pigmentation, were included
for higher productivity of the indigenous barley germplasm
with identification markers for DUS tests [39–42]. Of total 11
characters, only the first four principal components (PCs)
exhibited more than 1.0 eigenvalue (Table 7) and showed
maximum variability of 81.946% among the traits investi-
gated. The PC1 had the highest variability (36.500%) fol-
lowed by PC2 (24.918%), PC3 (10.351%), PC4 (10.178%),
PC5 (7.984%), and PC6 (6.111%) (Table 7). The PC1 had
higher magnitudes of positive loading in respect of charac-
ters of pigmentation on stem (0.420) and auricle (0.395) and
that of negative loading for days to flowering (−0.411), days
to maturity (−0.414), and growth habit (−0.401). PC2 had
only higher magnitudes of positive loadings for spikelets/
spike (0.586) and grains/spike (0.588), whereas PC3 had a
higher magnitude of positive loading for 1,000-grain weight
(0.574) and negative loading for grain length (−0.512). PC4
had only higher magnitudes positive loading for spike den-
sity (0.442) and 1,000-grain weight (0.685). PC5 had a higher
magnitude of positive loading for grain width (0.818) and
negative loading for spike density (−0.402). Similarly, PC6

Table 3: Statistical parameters for the mean values of agro-morphological characters of 16 indigenous Omani barley USDA accessions over
two years along with standard error (SE) and coefficient of variation (CV%) for the analyses of five check varieties (r = 5)

Character Minimum Maximum Mean Std. Dev. (accessions) F-test LSD of checks (df 16; p = 0.05) CV (%)

Days to flower 63.0 90.0 76.43 9.063 * 22.41 11.86
Days to maturity 95.0 123.0 110.62 10.411 * 25.74 9.41
Spike density 5.0 9.0 7.06 1.063 * 2.63 15.05
Spikelets/spike 49.0 83.0 63.69 9.755 * 24.12 15.31
Grains/spike 47.0 80.0 60.25 9.788 * 24.20 16.24
Grain length (mm) 7.2 10.9 9.11 1.010 * 2.50 11.22
Grain width (mm) 1.9 3.7 3.00 0.543 * 1.34 18.95
1,000 grain weight (g) 30.0 48.1 38.08 9.644 ns 23.85 25.33

*Significant (p < 0.05); ns, nonsignificant (p > 0.05).

Table 4: Simple correlation coefficients among yield associated characters in indigenous Omani barley germplasm

Variables Days to
flower

Days to
maturity

Spike
density

Spikelets/
spike

Grains/spike Grain
length (mm)

Grain
width (mm)

1,000 grain
weight (g)

Days to
flower

1 0.900** 0.232 0.416 0.458 0.295 0.307 −0.023

Days to maturity 1 0.430 0.385 0.431 0.363 0.328 0.091
Spike density 1 −0.217 −0.187 0.230 0.086 0.037
Spikelets/spike 1 0.992** −0.283 0.188 −0.032
Grains/spike 1 −0.244 0.275 −0.030
Grain length (mm) 1 0.193 −0.143
Grain width (mm) 1 0.043
1,000 grain weight (g) 1

*Significant at p < 0.05; **Significant at p < 0.01; ns, p > 0.05.
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had positive loading for grain length (0.580) and negative
loadings for spike density (−0.539) and grain width (−0.461).

The distribution of 16 indigenous barley accessions
in the biplot graph of the first two principal components
as X and Y-axes that contributed together to 61.418% of

variation (Figure 3). This is a major proportion of total var-
iation, which reflected clustering in all the four quadrants of
the graph and separated correspondingly into four clusters.
The closely positioned accessions formed clusters in which-
ever quadrants of the graph they belonged due to their
similarities (Figure 3). The number of barley accessions
in clusters ranged from two (cluster I) to the highest of
five (cluster II and cluster III) with cluster IV containing
four accessions. Cluster I was formed of two accessions from
two different governorates, Al-Dakhiliya (PI 564661 from
wilayat Al-Hamra) and Al-Dhahirah (PI 564666 from wilayat
Yankul). The clusters II and III were composed of five acces-
sions each, which belonged to three different gover-
norates – two from wilayat Al-Hamra of Al-Dakhiliya (PI
564662 and PI 564663), two fromwilayat Ibri of Al-Dhahirah
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Figure 2: Dendrogram showing clustering pattern of 16 indigenous barley accessions using Ward’s method.

Table 5: Distance between centroids of four clusters of 16 indi-
genous barley accessions

Clusters Cluster 1 Cluster 2 Cluster 3 Cluster 4

Cluster 1 0 25.117 36.146 45.811
Cluster 2 25.117 0 26.396 40.036
Cluster 3 36.146 26.396 0 37.152
Cluster 4 45.811 40.036 37.152 0

Table 6: Mean values of morpho-agronomic characters and anthocyanin pigmentation in two plant parts of four clusters of 16 indigenous
barley accessions

S. No. Characters Cluster 1 Cluster 2 Cluster 3 Cluster 4 Grand centroid

1 Days to flowering 65.00 79.40 83.40 84.00 77.95
2 Days to maturity 96.20 116.00 118.80 115.00 111.50
3 Spike density 6.40 7.80 7.00 7.00 7.05
4 Spikelets/spike 59.60 56.00 74.00 71.00 65.15
5 Grains/spike 55.60 52.60 70.80 69.00 62.00
6 Grain length (mm) 8.27 9.85 8.88 9.06 9.01
7 Grain width (mm) 2.68 2.76 3.05 3.39 2.97
8 1,000 grain weight (g) 36.62 36.78 40.66 39.00 38.26
9 Growth habit 5.40 7.00 6.20 5.00
10 Stem pigmentation 2.20 1.00 1.40 1.00
11 Auricle pigmentation 2.00 1.00 1.40 1.00
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(PI 564664 and PI 564665), and one fromRustaq of Al-Batinah
South (PI 564667; Figures 1 and 3). The composition of
accessions in cluster III of PCA was found exactly similar
to cluster-2 of HCA (Figure 1). However, cluster IV of PCA
was formed of four accessions from two governorates –
three from Al-Batinah North (PI 564646, PI 564647, and
PI 564672) from wilayat Sohar and one from Al-Batinah
South (PI 564648 from wilayat Rustaq; Figures 1 and 3).

It is clear from Figure 3 that the accessions of cluster I
were greatly influenced by two pigmentation characters
as indicated by the direction and length of arrows (vec-
tors) [28], whereas as many as four of five characters,
namely, days to flowering and maturity, spikelets/spike,
and grains/spike greatly influenced the accessions of
cluster II and two out of remaining four characters,
growth habit and grain length influenced the accessions
of cluster III. However, the accessions of cluster IV corre-
sponding to the fourth quadrant were not greatly influ-
enced by any of the characters studied (Figure 3).

4 Discussion

Genetic variability and diversity can be both significant
and relevant as the sources of novel traits and their com-
binations for plant breeding to face the unexpected chal-
lenges of end-user needs of the products (new varieties)
because of climate change throughout the world [43,44].
The diversity per se has been of very limited application
[45,46], whereas sources of diversity and variation have

merits in breeding programs in the integration of ideal
sources of diversity within each program to formulate
crossing schemes. Within this scope, 16 indigenous
barley races repatriated from the USDA gene bank were
studied to assess their potential in terms of their varia-
bility and genetic diversity. The landraces were charac-
terized by substantial variability in respect of days to
flowering and maturity and for the number of spikelets
and grains per spike (p < 0.05). In the present study,
availability of the vast ranges of 63–90 days in flowering
and 95–123 days to maturity observed among the acces-
sions, provided wider scope in selection for parents
to breed for early, medium, and late varieties. Such a
vast range of germplasm differing in maturity was not
observed in any previous or other contemporary studies
wherein barley germplasm had a very narrow range
of variation in heading/flowering in the early group
(74–107 days) [47] or middle group (127–134 days) [48]
or late group [49]. Furthermore, the germplasm in the
present study revealed higher ranges of variation either
in spikelets/spike (49–83) or grains/spike (47–80), which
were on the same range in the Hungarian barley germ-
plasm (spikelets/spike 61 to 87; grains/spike 45 to 83)
[50]. On the contrary, a lower range of variation in
grains/spike in their Iranian germplasm (29–49) was
also observed [49], whereas large ranges of variation
from 23 to 96 and 22 to 63 were found in the Indian and
exotic germplasm [47] and in both Iranian and European
germplasm [49]. In respect of 1,000-grain weight, our
germplasm had a moderate range of variation from 30
to 48.1 g, which could provide scope in selecting parents

Table 7: Eigenvectors and eigenvalues associated with each character with respect to nine agro-morphological characters and presence/
absence of pigmentation in two plant parts as explained by the first eight principal components (PC) in 16 indigenous Hordeum vulgare
accessions

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8

Days to flowering −0.411 0.257 −0.056 −0.055 −0.150 0.132 0.513 0.455
Days to maturity −0.414 0.228 −0.154 0.172 −0.172 0.094 0.413 −0.405
Spike density −0.233 −0.170 −0.336 0.442 −0.402 −0.539 −0.223 −0.146
Spikelets/spike −0.023 0.586 0.022 0.042 −0.089 0.087 −0.390 0.025
Grains/spike −0.053 0.588 0.003 0.047 −0.024 0.047 −0.368 −0.005
Grain length (mm) −0.260 −0.206 −0.512 −0.053 0.256 0.580 −0.245 −0.271
Grain width (mm) −0.194 0.167 −0.160 0.098 0.818 −0.461 0.081 0.065
1,000 grain weight (g) −0.055 −0.049 0.574 0.685 0.183 0.259 0.054 −0.187
Growth habit −0.401 −0.275 0.040 0.210 0.006 0.143 −0.340 0.621
Stem pigmentation 0.420 0.081 −0.318 0.331 −0.056 0.094 0.144 0.319
Auricle pigmentation 0.395 0.095 −0.375 0.364 0.079 0.167 0.151 0.083
Eigenvalue 4.015 2.741 1.139 1.120 0.878 0.672 0.261 0.116
Variability (%) 36.500 24.918 10.351 10.178 7.984 6.111 2.375 1.052
Cumulative (%) 36.500 61.418 71.769 81.946 89.931 96.042 98.417 99.469

Genetic diversity of Omani barley germplasm  635



for grain size (large or small). These results are similar to
the findings with other germplasm, for example, 30.00–
45.83 g [48] or 34.5–48.48 g [50], and 31.32–40.76 g [49].
On the contrary, in both Indian and exotic germplasm, a
wider range of variation in 1,000-grain weight (12–63 g)
was also reported [47]. The results of variability among
the accessions in our study are in line and comparable to
the reports of NPGS of USDA gene bank from their studies
of barley core collections. Sixteen Omani landrace USDA
accessions studied by us were part of these core collec-
tions [15].

In respect of relationships between quantitative char-
acters studied, only two correlation coefficients (r), for
example, between days to flower and days to maturity
(0.900**) and that between spikelets/spike and grains/
spike (0.992**), were found to be very highly significant.
These correlations can be useful in selecting varieties for
particular maturity group like early, medium early, inter-
mediate, late, and very late with higher productivity.
In the earlier studies also, significant correlations were
reported between days to flowering and days to maturity
in exotic and Indian barley germplasm (0.4811**) [51] and
in Ethiopian landraces (0.74*) [52]. However, there were
no reports of the correlation between the number of spi-
kelets/spike and the number of grains/spike in any barley
germplasm, so far, although their strong relation would
be an indicator of sustenance of germplasm in converting
spikelets into grains. This fact has been reported in sev-
eral earlier studies in wheat germplasm [53–55].

In respect of clustering of genotypes, the present
study adopted HCA and PCA for classifying barley land-
races into clusters under the influence of characters/vari-
ables considered in terms of their contribution to the four
clusters. The results clearly indicated differential patterns
of classification of the two multivariate analyses used in
terms of the composition of four clusters, formulated in
each case. However, critical examination of landraces in
the four clusters formulated by HCA dendrogram (clusters
1–4) and PCA biplot graph (clusters I–IV) clearly indicated
a more or less similar pattern of clustering in terms of
inclusions of accessions either in the same or different
clusters. Regarding similarities of clustering between the
two methods, C2 of HCA and CIII of PCA had the same
composition of five accessions: PI 564649, PI 564668, PI
564669, PI 564670, and PI 564671. Furthermore, all the
four accessions (PI 564646, PI 564647, PI 564648, and PI
564672) of cluster IV in PCA were included in cluster 1 of
HCA (dendrogram) and four accessions (PI 564662, PI
564664, PI 564665, and PI 564667) were included together
in cluster 3 of HCA and cluster II of PCA (Figures 2 and 3).
However, in terms of dissimilarities between two methods,
PI 564663 was alone isolated as cluster 4 in HCA (dendro-
gram), whereas PI 564661 and PI 564662 were isolated as
cluster IV in the biplot graph of PCA (Figures 2 and 3). In
general, in the present study, both the multivariate ana-
lyses were found to support each other in the dispersion or
clustering of the accessions. However, recently conducted
study to compare different graphical dispersion analysis
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techniques like HCA dendrogram and PCA biplot graphs
indicated that the principal coordinate analysis was superior
in the dispersion of the genotypes [56].

In the present study, the pattern of distribution of
landrace accessions of barley indicated that few clusters
contained the accessions of the same region or gover-
norate, and the most contain the accessions of two or
more governorates together, indicating the existence of
widespread exchange of landraces of barley between
wilayats of neighboring governorates. This has happened
since the beginning of barley cultivation in Oman, and
our collected landraces/accessions could be the products
of centuries of selection by the farmers in their location
(governorates) for adaptation to local climatic, edaphic,
and cultural factors. Such accessions formed unique gene
complexes reflecting similarities and differences in agro-
climatic conditions through evolution [12,57]. The land-
races are known not only for their dual-purpose utility by
the local farmers’ community (green fodder and grains)
but also for unique adaptive traits to survive under harsh
conditions of drought, heat, and salinity [1,19,23,58].
Hence, appropriate accessions from these landraces can
be chosen as parents for hybridization in crop breeding.

The results of two multivariate cluster analyses had
revealed the existence of considerable diversity among
the Omani landrace USDA accessions, which could be
used for the selection of appropriate accessions as par-
ents based on characters to be improved, for producing
transgressive segregants in F2 in the crop improvement
program [5,7,29] Accordingly, the accession PI 564666 of
Yankul of Al-Dhahirah governorate could be chosen from
the cluster-I of PCA and cluster 3 of HCA (dendrogram) as
one of the parents for higher yield through higher test
weight, stem, or auricle pigmentation as identification
markers (Figures 1–3). Similarly, PI 564663 of Al-Hamra
of Al-Dakhiliya governorate can be chosen from cluster-
II of PCA and cluster 4 of HCA for higher yield with dif-
ferent maturity groups and spikelet features with glume
color as marker trait (Figures 1–3). PI 564668 of Al-Bahla
of Al-Dakhiliya from cluster-III of PCA and cluster 2 of
HCA can be selected for improving high yield required
through growth habit and spike features with glume color
as a marker trait. PI 564646 of Sohar, North Al-Batinah
governorate from cluster-IV of PCA and cluster 1 of HCA
can be preferred for improving productivity with glume
color as marker trait (Figures 1–3). In view of their merits
of having specific quantitative characters studied and
inherent adaptability to local conditions, it is required
to conserve and use these USDA Omani landrace acces-
sions for developing dual-purpose high yielding barley
varieties through hybridization in Oman.

5 Conclusion

Sixteen Oman landrace USDA accessions were found sig-
nificantly different (p < 0.05) with respect to days to
flowering and maturity, spikelets and grains/spike, and
1,000-grain weight. Only two correlations involving four
characters such as between days to flowering and maturity
and between spikelets/spike and grains/spike were signifi-
cant (p < 0.05). Two multivariate analyses applied in the
present study supported each other to the most extent
in discerning diversity with each forming four diverse
clusters with different contents of accessions. PI 564646,
PI 564663, PI 564666, and PI 564668 were recommended
for use as parents for hybridization for higher productivity
with at least one identifying marker character of pigmenta-
tion on certain plant parts, which act as reference traits in
the future released varieties to protect the genetic resources
through Intellectual Property Rights.
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