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Iran is considered as one of the diversity and distribution centres of the barley crop. The local barley landraces are well
adapted and widely cultivated in Iran. Most of these landraces, which were cultivated in desert climates, yield satisfactorily
despite environmental stresses. Even though there is broad genetic diversity of barley adapted landraces of the Iran deserts,
no comprehensive research has yet been conducted to describe the current diversity. In this study, 419 landraces that were
collected from the desert climates of Iran were evaluated in the Sistan region. The landraces were irrigated at only three
stages, at planting, rosette, and stem elongation, and then all landraces were not irrigated again. The studied landraces
showed substantial diversity in phenology, yield and its components. Correlation analysis findings showed a strong positive
correlation between grain yield and biological yield, harvest index, 100-grain weight, number of grains per spike, grain
weight per spike, peduncle length, and days to maturity. Canonical correlation showed that phenological and quantitative
traits are crucial to enhancing yield while playing a different role. Results of the path analysis revealed that biological yield,
spike grain number and plant height are the critical components of grain yield enhancement. Geographical cluster analysis
divided the landraces into eight groups, each group being morphologically distinct and partly related to the particular
geographical regions. This study identified several distinct six-row and two-row landraces with high yields that are
suggested for utilisation in barley breeding programmes.
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Barley (Hordeum vulgare L.) is an essential
economic grain that is ranked fourth in cereal
production worldwide (Matus and Hayes
2002). Most of the barley production originates
from high income countries such as France,
Germany and Russia. Low income countries
such as Ethiopia, Iran, India, Iraq, Morocco,
Syria and Turkey are also significant barley
producers (Dawson et al. 2015). Barley in the
Near East is mainly cultivated in low input,
drought stressed environments (Weltzien
1988). Cultivated barley varieties in the Near
East are commonly locally adapted landraces,
whereas high yielding varieties are less
cultivated (Ceccarelli et al. 1987; Ceccarelli et
al. 1995; Weltzien 1988).
Barley was one of the first domesticated
crops, having being grown over 10,000 years
ago (Dawson et al. 2015; Zohary and Hopf
2000). Barley cultivation occurred in the fertile
crescent, part of which is Iran (Ceccarelli et al.

1995; Morrell and Clegg 2007). The crop was
domesticated followed massive migrations and
is a crucial explanation for barley’s adaptation
to different climates (Dawson et al. 2015). Iran
has emerged as one of the barley diversity and
distribution centres, and most of Iran's locally
adapted landraces are historically eastern
(Morrell and Clegg 2007). Barley's wild
parents dispersed widely in the fertile crescent,
some of which were in drought stressed
environments. Barley is one of the most
important crops in the fertile crescent, with
about 5 million hectares of cropland, most of
which are marginal areas with limited fertiliser
nutrition and under stress from drought.
Furthermore, most of the barley cultivated in
these areas are locally adapted landraces,
which are very common among farmers due to
their excellent nutritional value and use for
livestock feed as well as for grain and straw.
Conventional methods of plant breeding and
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cultivation of high yielding varieties in these
areas have not been productive (Ceccarelli et
al. 1995). Locally adapted landraces gave
higher yields than commercial cultivars in
conventional farms, although lower yields are
obtained in fertile fields (Ceccarelli et al.
1995). Therefore, locally adapted landraces of
barley meet the requirements of sustainable
agriculture, due to their high adaptability to
conventional farming. Studies on collected
barley landraces from farmers' fields and also
gene banks accessions of different countries
showed high genetic diversity in the studied
traits; studies that explored the high
heterogeneity of local barley landraces include
the study of single plant progenies (Ceccarelli
et al. 1987), 67 landraces of near east
(Weltzien 1989), 70 landraces from different
regions of Syria and Jordan (Weltzien 1988),
39 landraces from ICARDA and one landrace
of Egypt (Ibrahim et al. 2011), gene Bank
germplasms of the US Department of
Agriculture, collected from various regions of
southwest Asia (Shtaya et al. 2006), 133
accessions of Pakistan Gene Bank (Ahmad et
al. 2008), Ethiopian barley collections (Engels
1994), 278 landraces of the National Plant
Gene Bank of Iran collected from tropical and
dried regions (Shahmoradi et al. 2011) and 32
autumn type landraces from western regions of
Iran (Khazaei et al. 2011).
Barley is the best model for understanding
crop responses to climate change (Dawson et
al. 2015). According to Russell et al. (2014)
wild barley varieties will be eliminated from
large areas of Iran by 2080 due to global
warming and climate change. Drought stress
reduces grain yield in barley by reducing grain
filling duration, tiller number, panicle number
and number and weight of grains per plant
(Samarah 2005). According to Ivandic et al. 2000
wild landraces (Hordeum spontaneum) show
less vulnerability to drought stress compared to
other genotypes (Ivandic et al. 2000). Barley
landraces constitute a significant source of
genes for resistance to environmental stress. A
study of the indices of drought resistance
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revealed the yield variability of the landraces
from different regions under irrigated and
dryland conditions (Rizza et al. 2004). Besides
climate change, breeding crops and modern
farming systems are additional factors in
reducing the genetic diversity of barley
(Fischer 1981). Hence the current diversity
needs to be recognised and preserved,
particularly in tropical and dry climates. Due
to the importance of locally adapted landraces
in barley diversity, this study was conducted to
obtain information on the amount of diversity
among barley landraces from the desert
climate of Iran and to recognise their
agronomic value in barley breeding
programmes. In the study, 419 landraces
collected from desert climates of Iran were
investigated to determine their yield and other
quantitative traits under less irrigation
conditions. The experiment was conducted in
the Sistan region, where cereal crops,
especially barley, are associated with drought
stress during the late season. Studying this
diversity under conditions of environmental
stress, including drought, will therefore allow
us to recognise tolerant varieties and other
desirable traits.

Material and methods
The current research was aimed at determining
the genetic diversity capacity of barley
(Hordeum vulgare) landraces under late season
water retention. To this end, 419 accessions of
the National Plant Gene Bank of Iran which
were collected from desert climates were
studied. All accessions were assessed at the
Zahak Agricultural Research Station in the
Sitsan region in the form of an augmented
design. Each accession was cultivated in four
lines 2 metres with 20 cm between plants.
Flooding irrigation was done three times:
planting, rosette (35 days after planting), and
stem elongation (80 days after planting). The
25 traits of barley landraces were evaluated
including coleoptile length, days to first node
appearance, days to 50% of booting, days to
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spike appearance, days to 50% of flowering,
days to maturity, plant height, grain yield,
biological yield or biomass weight, harvest
index, 100-grain weight, number of grains per
spike, grain weight per spike, spike length,
awn length, tiller number, fertile tiller number,
peduncle length at flowering stage, peduncle
diameter at flowering stage, peduncle length at
maturity stage, peduncle diameter at maturity
stage, stem diameter at flowering stage, stem
diameter at maturity stage, flag leaf length and
number of nodes. Descriptive statistics mean,
standard deviation, minimum and maximum
were calculated. Pearson correlations among
quantitative traits were estimated. The
standardised canonical correlations were
evaluated between different classes of
quantitative traits and their significance was
determined via the Wilks Lambda test. Path
analysis was utilised to identify the influence
of quantitative traits on one another. Factor
analysis was conducted using rotated
component matrices to describe the major
components; Kaiser-Meyer-Olkin (KMO) test,
Bartlett analysis and chi-square tested the
significance of the factors. Principal
component analysis was used as a method of
extraction. The geographic segmentation of the
studied landraces was calculated based on
quantitative characteristics using the Ward
method of cluster analysis. The values
obtained for quantitative traits were all
standardised to Z values and compared in
different cluster derived classes. Excel,
XLSTAT (XLSTAT, 2007) and SPSS were the
software used in the current analysis.

Results
Descriptive statistics
Of the 419 barley landraces investigated, 319
six-row (six kernels in each row; kernels have
a symmetrical center, but the two lateral rows
of kernels are a little shorter, thinner, and
twisted slightly) 58 two-row (two kernels in

each row; kernels tend to be symmetrical and
of an even size) landraces, and 42 combined
two and six-row landraces were observed.
Although the two and six row ecotypes cannot
be studied and analysed in comparisons, they
are used in general analysis. The results of
phenological traits (Table 1) showed that the
first nodes of landraces appeared after 77 ± 10
days. The first node appeared in landraces L6-51(Yazd) and L-2-239 (Bushehr) 26 days
earlier than the mean of landraces. L-6- 432
(Bojnourd), L-2-428 (Esfarayen), L-2-55
(Yazd), and L-2-13 (Quchan), flowered
earliest (96 days after planting) of the
landraces. Furthermore, L-2-16 (Bojnourd), L2-11 (Quchan), L-2-372 (Izeh) and L-2-374
(Izeh), L-2-370 (Ramhormoz), L-2-242
(Bushehr), L-2-216 (unknown), L-2-255
(Dashtestan), L-6-32 (Yazd), L-6-43 (Yazd),
L-6-54 (Yazd), L-6-333 (Taft), L-6-341 (Taft),
L-6-327 (Taft) and L-6-329 (Taft) matured the
earliest (123 days after planting). It was also
found that two-row landraces passed all
phenological stages considerably faster than sixrow ones; on average two-row landraces matured
after 134 days and six-row landraces matured
145 days. Six-row landraces were shorter in
height than two-rows, but with more node
numbers. L-6-443 (Semnan) was the tallest
landrace. A relatively lower number of nodes
was found in six-row landraces than in two-row
landraces. In terms of peduncle length, at around
20 cm differences were observed between sixrow and two-row landraces; the longest peduncle
lengths were found in L-6-493 (Dashti) followed
by L-2-446 (Kermanshah) with lengths of 273
and 207 mm respectively. The thickest
peduncles were found in L-6-482 (Taft) and L-22 (Ilam), with diameters of 3.27 and 2.00 mm
respectively. Six-row landraces were thicker than
two-row landraces in their stems. The thickest
stems with diameters of 4.97 and 3.67 mm
respectively were found in L-6-326 (Taft) and L2-428 (Esfarayen). The longest flag leaf lengths
were 172 and 165 mm in length in L-6-101
(Mehriz) and L-2-387 (Dashtestan), respectively.
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Quantitative features of landrace spikes were
also studied. L-6-381 (Unknown), L-6-369
(Ramhormoz), L-6-159 (Jiroft), L-6-143
(Naein), and L-6-492 (Dashti) among the sixrow landraces and L-2-129 (Shirvan), L-2-279
(unknown), L-2-244 (Bushehr) and L-2-53
(Yazd) among the two-row landraces had the
most grains in their spikes. The heaviest spikes
belonged to L-6-450 (Gonbad) with 4.16 g
among six-row landraces and to L-2-14
(Ghochan), and L-2-17 (Bojnourd) each with 2 g
among two-row landraces.The longest spikes
were observed inL-2-429 (Esfarayen), L-6-449

(Shiraz), L-6-453 (Arak), and L-6-409 (Yazd) all
having spikes longer 100 mm. The longest awns
with 195 and 175 mm were found in L-2-239 and
L-6-347, respectively.
In terms of grain yield, L-6-437 (Kerman)
with 4.6 t/ha and L-2-385 (Dashtestan) with
3.8 t/ha showed the highest yield among sixrow and two-row landraces, respectively. The
highest biological yields among two-row and
six-row landraces, respectively, were L-2-384
(Dashtestan) with 37.5 t/ha and L-6-191
(Bandar Abbas) with 17.6 t/ha.

Figure 1: Some distinct spikes observed among barley landraces of the desert climate of Iran
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Coleoptile length (mm)
Days to first node appearance
Days to 50% booting
Days to spike appearance
Days to 50% flowering
Days to maturity
Plant height (cm)
Grain yield (t/ha)
Biological yield (t/ha)
Harvest Index
100 seed weight (g)
Seed number in a spike
Seed weight of a spike (g)
Spike length (mm)
Awn length (mm)
Tiller number
Fertile tiller number
Peduncle length at flowering (mm)
Peduncle diameter at flowering (mm)
Peduncle length at maturity (mm)
Peduncle diameter at maturity (mm)
Stem diameter at flowering (mm)
Stem diameter at maturity (mm)
Flag leaf length (mm)
Node number

2.20
51.00
44.00
92.00
96.00
123.00
28.67
0.04
0.4
1.71
0.28
2.00
0.07
38.33
48.33
1.67
1.00
50.67
0.80
45.00
0.77
1.17
1.27
45.00
3.33

Min

All ecotypes
Two-row ecotypes
Six-row ecotypes
Max Mean
Std.
CV Min Max Mean
Std.
CV Min Max Mean
Std.
CV
deviation %
deviation %
deviation %
4.10 3.14
0.37 11.79 2.20 4.00 3.07
0.40 13.03 2.40 4.10 3.15
0.36 11.48
99.00 76.70 10.32 13.46 51.00 92.00 77.11 10.48 13.58 51.00 99.00 76.46 10.33 13.51
130.00 106.34 8.16
7.67 44.00 125.00 103.44 9.93
9.59 87.00 130.00 107.15 7.57
7.07
136.00 111.36 8.13
7.30 92.00 130.00 108.99 7.91
7.26 92.00 136.00 112.11 8.14
7.26
142.00 117.72 9.02
7.66 96.00 135.00 114.38 8.68
7.59 96.00 142.00 118.72 8.93
7.52
162.00 142.46 10.02 7.03 123.00 154.00 134.38 9.39
6.98 123.00 162.00 144.80 8.91
6.16
83.67 52.38
9.49 18.12 39.00 73.33 55.53
8.72 15.70 28.67 83.67 51.66
9.46 18.31
4.64
1.5
0.84 58.30 0.18 4.00 1.48
0.82 55.17 0.04 4.64 1.44
0.84 59.54
37.5
5.2
3.42 65.50 1.30 37.50 5.07
5.06 99.73 0.40 17.65 5.21
2.49 47.74
73.81 29.80 13.10 43.97 8.00 65.00 33.30 13.07 39.26 1.71 73.81 28.73 12.79 44.52
4.93 3.03
0.69 22.81 1.74 4.38 3.36
0.63 18.64 0.28 4.93 2.94
0.68 23.08
56.33 31.11 10.70 34.38 10.67 49.67 19.54
7.57 38.73 2.00 56.33 34.12
9.12 26.73
4.16 1.09
0.49 44.82 0.33 2.05 0.83
0.41 49.92 0.07 4.16 1.17
0.48 41.36
108.33 67.09 14.10 21.02 43.33 108.33 81.58 13.02 15.96 38.33 100.00 63.28 11.65 18.41
195.00 119.52 21.08 17.64 75.00 195.00 134.89 21.45 15.90 48.33 175.00 115.68 18.52 16.01
5.00 3.45
0.63 18.28 2.00 4.67 3.55
0.69 19.44 1.67 5.00 3.43
0.62 17.93
3.67 2.65
0.47 17.74 1.33 3.67 2.64
0.49 18.46 1.00 3.67 2.66
0.47 17.47
273.33 124.59 35.61 28.58 85.00 210.00 140.00 29.59 21.14 50.67 273.33 120.62 35.90 29.76
3.27 1.53
0.50 32.89 0.80 2.50 1.21
0.33 27.06 0.80 3.27 1.62
0.51 31.17
255.00 123.74 36.13 29.20 71.67 215.00 136.93 30.92 22.58 45.00 255.00 120.36 36.94 30.69
3.27 1.52
0.48 31.80 0.83 2.53 1.27
0.35 27.61 0.77 3.27 1.59
0.49 30.95
4.97 2.97
0.67 22.64 1.73 3.67 2.70
0.48 17.73 1.17 4.97 3.05
0.68 22.35
4.67 2.96
0.64 21.53 1.50 3.77 2.73
0.50 18.19 1.27 4.67 3.02
0.64 21.20
171.67 120.95 22.15 18.31 48.33 165.00 119.48 24.64 20.62 63.33 171.67 121.91 20.87 17.12
7.33 5.24
0.77 14.66 3.67 6.33 4.80
0.59 12.25 3.33 7.33 5.36
0.77 14.42

Table 1: Results of statistical parameters of studied traits for barley landraces of the desert climate of Iran
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Pearson correlations

Canonical correlations

Pearson correlation analysis showed that
phenological traits were positively correlated
with each other, but negatively correlated with
yield related traits and other characteristics
which had a high impact on yield. Grain yield
showed a positive correlation with most of the
quantitative traits except for phenological traits
up to the stage of flowering (Figure 2).
Correlations between the traits were also
examined separately for two and six-row
landraces. In six-row landraces, plant height
was positively correlated with the number of
grains per spike, grain weight of a spike and
peduncle diameter, while in two-row
landraces, these correlations were not seen.
Positive correlations were observed in two-row
landraces between plant height with spike
length and awn length, but in six-row landraces
these correlations were not as high. In six-row
landraces, the positive correlations between
grain yield, peduncle diameter, coleoptile
length, number of grains per spike and grain
weight of a spike were observed; but these
correlations were not in two-row landraces.

Canonical correlations were calculated
between phenological and quantitative traits
and also yield and other quantitative traits. The
canonical correlation of phenological and
quantitative traits showed that the first two
canonical variates had coefficients of 0.76 and
0.57 respectively (Table 2). The canonical
correlation of yield and other quantitative
traits showed that canonical variates 1 and 2
had significant coefficients of 0.72 and 0.31
respectively (Table 3). The Lambda Wilks test
verified the significance of those coefficients.
The results of canonical correlation analysis
showed that all phenological traits except days
to maturity had a negative correlation with
quantitative traits, which were effective on
yield (Figure 3a). The findings of the canonical
correlation also showed that all quantitative
traits contribute to increased grain and
biological yield. The peduncle diameter and
days to maturity showed the highest
correlation with biological yield among the
quantitative traits. Several other quantitative
traits, in comparison, showed the highest
correlation with grain yield (Figure 3b).
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Figure 2: Pearson correlation of phenological and quantitative traits. White squares indicate no significance;
the blue to green squares indicate strong to moderate negative correlations; the red to yellow squares show
strong to moderate positive correlations. Phenological traits (five above and left traits of the figure)
included: DFN: Days to first node appearance, DB: days to 50% booting, DS: days to spike appearance,
DF: days to 50% flowering, DM: days to maturity. Quantitative traits (twenty below and right traits of the
figure) included: CL: coleoptile length, GY: grain yield, BY: biological yield, HI: harvest index, PH: plant
height, 100SW: 100-grain weight, SNS: number of grains per spike, SWS: grain weight per spike, SL: spike
length, FPL: peduncle length at flowering, FPD: peduncle diameter at flowering, FSD: stem diameter at
flowering, AL: awn length, FL: flag leaf length, NN: number of nodes, TN: tiller number, FTN: fertile tiller
number, MPL: peduncle length at maturity, MPD: peduncle diameter at maturity, MSD: stem diameter at
maturity,

Trop. Agric. (Trinidad) Vol 99 No. 2 April 2022 112

Characterisation of barley (Hordeum vulgare L.) landraces from desert climates of Iran; B.Bakhshi and S.S. Shahmoradi

Table 2: Canonical correlation between phenological and quantitative traits among barley
landraces of the desert climate of Iran
Canonical
variate
F1
F2
F3
F4
F5

Eigenvalue
0.57
0.32
0.19
0.09
0.03

Variability (%)
47.39
26.72
15.97
7.27
2.64

Cumulative %
47.39
74.12
90.09
97.36
100.00

Lambda
0.21
0.48
0.71
0.88
0.97

Pr > F
< 0.0001
< 0.0001
< 0.0001
0.02
0.60

Canonical
correlations
0.76
0.57
0.44
0.30
0.18

Table 3: Canonical correlations between yield and other quantitative traits among barley landraces
of the desert climate of Iran
Canonical
variate

Eigenval
ue

Variability
(%)

Cumulative
%

Lamb
da

F1
F2

0.51
0.10

84.04
15.96

84.04
100.00

0.44
0.90

Pr > F
<
0.0001
0.00

Canonical
correlations
0.72
0.31

Figure 3: Canonical correlation chart based on standardised canonical coefficients. a) Canonical correlation between
phenological traits (red vectors: DFN, DB, DS, DF and DM) and quantitative traits (green vectors: PH, GY, BY, HI,
100SW, SNS, SWS, SL, AL, TN, FTN,FPL, FPD, MPL, MPD, FSD, MSD, FL and NN); b) Canonical correlation
between the grain and biological yield (red vectors: GY and BY) and other quantitative traits (green vectors: PH, HI,
100SW, SNS, SWS, SL, AL, TN, FTN,FPL, FPD, MPL, MPD, FSD, MSD, FL and NN). CL: coleoptile length, DFN:
days to first node appearance, DB: days to 50% of booting, DS: days to spike appearance, DF: days to 50% flowering,
DM: days to maturity, PH: plant height, GY: grain yield, BY: biological yield, HI: harvest index, 100SW: 100-grain
weight, SNS: number of grains per spike, SWS: grain weight per spike, SL: spike length, AL: awn length, TN: tiller
number, FTN: fertile tiller number, FPL: peduncle length at flowering stage, FPD: peduncle diameter at flowering
stage, MPL: peduncle length at maturity stage, MPD: peduncle diameter at maturity stage, FSD: stem diameter at
flowering stage, MSD: stem diameter at maturity stage, FL: flag leaf length, NN: number of nodes
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Factor analysis

Path analysis

The KMO and Bartlett test of the recorded data
showed that the number of KMO is equal to
0.78, and its chi-square was significant.
Consequently, the data were appropriate for
factor analysis. It was found that 60% of the
variation accounted for the first four variables.
The rotated varimax matrix showed a strong
correlation of the first component with yield
and its components, including plant height,
grain weight, peduncle length and stem
diameter. The second component exhibited the
highest correlation with phenological traits.
Spike appearance was associated with the third
component, including spike and awn length.
The number of tillers and fertile tillers
exhibited the strongest correlation with the
fourth component.

Results of the path analysis (Figure 4) showed
that biological yield, number of grains per
spike and plant height are critical components
that have a positive and direct impact on grain
yield. Biological yield showed the most
obvious influence on grain yield, followed by
the number of grains per spike. The stem
diameter and the days to maturity showed the
most indirect effect of biological yield on grain
yield. Likewise, the grain weight of a spike and
the days to maturity exhibited the most indirect
effect on grain yield through the number of
grains per spike. The other feature was plant
height, which had a direct influence on grain
yield.

Figure 4: A path analysis of quantitative traits in barley landraces of the desert climate of Iran. The yellow,
green, pink, blue, and orange boxes show related traits to spike, height, phenology, peduncle, and yield,
respectively. The number between the boxes indicates their path coefficients
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Cluster analysis
Cluster analysis was conducted based on
quantitative traits to find their relationship with
geographical regions. This analysis separated
geographic regions into eight classes shown in
Figure 5. Additionally, standardised plots of
the quantitative traits were also prepared for
each cluster and are shown in Figure 6. The
first cluster comprises landraces that belong
predominantly to Iran's central and eastern
desert climates. This group's landraces were
six-rows, with moderate yield (neither perfect
nor poor in yield and yield component). The
second cluster belongs primarily to the south
of Iran desert areas, which were six-row
landraces with low yielding landraces. The
third cluster belonged primarily to Iran's

western, eastern, and southeastern regions,
which included early maturing and low
yielding landraces of both two and six-rows. In
the fourth cluster, there was only a six-row
landrace of Bandar Abbas with inferior
quantitative traits. The fifth cluster included
delayed maturing and low yielding six-row
landraces that belong to Iran's northeast and
central areas. The sixth cluster consisted of
delayed maturing and high yielding six-row
landraces that belong to Iran's central and
western areas. The seventh group is composed
of six-row landraces belonging to Miandoab
and Shushtar which are early maturing and
high yielding genotypes. Lastly, the eighth
group consisted of delayed maturing and high
yielding landraces which were mostly two-row
and do not belong to a particular area.

Figure 5: Cluster analysis using Ward's method based on the geographical regions of the desert
climate of Iran
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Figure 6: Standardised plots of quantitative traits for each cluster. CL: coleoptile length, DFN: days to first node appearance, DB: days
to 50% booting, DS: days to spike appearance, DF: days to 50% flowering, DM: days to maturity, PH: plant height, GY: grain yield,
BY: biological yield, HI: harvest index, 100SW: 100-grain weight, SNS: number of grains per spike, SWS: grain weight per spike, SL:
spike length, AL: awn length, TN: tiller number, FTN: fertile tiller number, FPL: peduncle length at flowering stage, FPD: peduncle
diameter at flowering, MPL: peduncle length at maturity, MPD: peduncle diameter at maturity, FSD: stem diameter at flowering, MSD:
stem diameter at maturity, FL: flag leaf length, NN: number of nodes
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Discussion
In the current study, high variability in grain
yield, biological yield and harvest index was
found among locally adapted landraces of Iran
desert climates. However, this variability was
partially due to the variations caused by the
landrace biotypes (autumn or spring). Rizza et
al. (2004) also documented the significant
variations in the yield of barley landraces. In
this analysis, Kerman and Dashtestan
landraces produced the highest mean yields of
4.6 and 3.8 t/ha, while Gilangharb landraces
were previously recorded to produce 6 t/ha
(Khazaei et al. 2011). No significant difference
was observed in this study for days to spike
appearance. Faris and Klinck (1982) found a
considerable variation in spike appearance date
among barley cultivars. Days to spike
appearance is crucial for adaptation, especially
in drought stricken regions (Fischer 1981).
Based on our finding, 50% of spikes of Iran's
desert locally adapted landraces appeared after
111 days on average, while it has been
reported 133 days for landraces originally from
Syria and Jordan (Weltzien 1988). It has been
reported that Iran's locally adapted landraces
matured after 164 days (Shahmoradi et al.
2011), while we noted that desert landraces of
Iran matured 22 days earlier. This might be due
to the fact that all of the landraces evaluated in
this study were collected from desert climates.
Furthermore, late season drought stress is also
triggering landraces to escape from these
problematic conditions by early maturity. It
was reported previously that spikes appeared
earlier in landraces that are originally from
drier regions (Weltzien 1988). We observed
that locally adapted landraces from Yazd
province matured earlier than the others; they
would thus be beneficial for barley early
maturing breeding programmes, particularly in
dry tropical regions. Considerable variations
were observed in the number and weight of
seeds per spike. On average, the awn length
was 11.9 cm, which was shorter than that of
Turkish lines and the landraces of Syria and
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Jordan (Faris and Klinck 1982; Weltzien
1988).
A strong correlation between yield
components and grain yield was observed in
the current study. This sort of relationship has
been previously recorded in Iran's locally
adapted landraces (Shahmoradi et al. 2011).
Canonical correlation analysis showed that
while most of the quantitative traits examined
had a substantial impact on grain and
biological yield, their association with grain
yield might have been higher because of
drought stress. Path analysis suggested a direct
effect of the number of grains per spike on
grain yield. Ataei 2006 also established that the
number of grains per spike is a significant
factor affecting grain yield (Ataei 2006). This
study found that the larger the number of
tillers, larger spikes with more grain weight
would be observed. A high heritability has
been stated for yield and its components, such
as the number of fertile tillers, length of the
spike, number of grains per spike, and weight
of 1,000 grains (Khazaei et al. 2011).
Therefore, selection for these yield
components among the landraces would be a
reliable tool in barley breeding.
Another trait studied here that had
considerable variation was coleoptile length.
There was a positive correlation observed
between length of the coleoptile and the earlier
appearance of the first node with high yield, so
length of coleoptile and first node appearance
could be considered as an early diagnostic
markers to recognise high yielding landraces,
notably under late season drought stress
conditions. Such traits are likely to encourage
plants to extent their roots and allow good use
of the water sources available in the early
growing season. Based on the Pearson and
canonical correlations results, early flowering
landraces were typically taller. Furthermore,
the faster the landraces entered into flowering,
and the later into maturity, the heavier grains
were observed. It can be concluded that
landraces with these characteristics give more
opportunities for the plant to increase their
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remobilisation (transferring nutrients from leaf
and stem to the grains) time thus increasing
their grain weight and yield. The canonical
correlation and path analysis further verified
the essential and direct impact of plant height
on grain yield. It has been documented that
Iran's local barley landraces are often short in
height (Ceccarelli et al. 1992). The average
height of landraces examined in the current
study was 52 cm. This value is similar to that
of the landraces of Syria and Jordan, with an
average of 50 cm and less than the ICARDA
barley genotypes (Weltzien 1988). Since plant
height might be reduced in the arid regions,
longer stem genotypes would also be an
advantage for machine harvesting in these
areas.
We also noted a positive correlation
between peduncle characteristics and grain
yield. Canonical analysis suggests that the
diameter and length of the peduncle
contributed to biological and grain yield,
respectively. Grain yield was influenced by
both diameter and length of the peduncle. Path
analysis also verified the indirect effect of
peduncle via plant height on enhancing grain
yield. This partnership illustrates peduncle's
critical involvement in grain filling through
remobilisation. It has been reported that
drought stress in barley reduces grain filling
duration (Samarah 2005). Consequently, due to
the limited duration of grain filling, especially in
the conditions of drought stress, landraces with
long peduncles provide storage resources to
remobilise them under late season drought stress.
In the current experiment, Bushehr landraces
displayed the largest peduncle.
Factor analysis showed that the first
component relates more positively to the
quantitative component of yield. Similar
findings were also stated in the Pakistan
landraces (Ahmad et al. 2008), although
qualitative traits have been reported to
correlate with the first factor in Syrian and
Jordanian landraces (Weltzien 1989). In the
second component, a strong correlation was
observed for phenological traits, which were

necessary for landraces to escape from late
season drought stress. Canonical correlation
has also shown that these two key factors were
critical in increasing yield but in the opposite
direction.
Based on cluster analysis, two groups of
six-row landraces and one group of two-row
landraces were eventually selected. The sixth
and seventh clusters were identified as high
yielding six-row landraces that are from
central to western regions, which were
distinguished for their vigorous stems and
spikes, respectively. The eighth cluster was
selected as two-row landraces with high
yielding.

Conclusion
In this study, 419 locally adapted barley
landraces from Iran were evaluated under late
season drought stress. Relations of both
phenological and quantitative traits have been
examined and how they are affected by
drought stress has been discussed. Finally, the
best groups of landraces have been identified.
The identified resources are recommended for
utilising in the barley breeding programmes
against late season drought stress conditions.
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