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Abstract: A field study was carried to assess phenotypic variation for 32 barely landraces in Jordan collected
from two divese environments. Three long-term checks: Harmal, Zanbaka and Arta were also used in this study.
Triple lattice design with three replications was used. Half of the collected barely landraces were six-row type
that dominated in Ajlun area (favorable environments) and the remaining landraces were two-row type that
dominated m Muwagqqar area (dry envirommment). This reflects the expected landrace adaptability to the stressful
climatic conditions. The phenotypic variation exhibited by the landraces for 13 quantitative traits indicated that
these landraces are heterogeneous populations to various degrees for most desirable agronomic traits, except
for growth habit and early growth vigor that were monomorphic. Considering all traits, the average diversity
mdex (H") for the collected landraces was 0.71+0.05. Similarity indices using Euclidean distances ranged from
0.99 to 0.60 with an average of 0.8]1. Wide range of similarity confirmed the high level of phenotypic
polymorphism. Collected landraces were completely separated into two main clusters according to the row types
and the collection sites. The first canonical variable, on average, explained 89.1% of the total variation and
shows that spike weight, gramn yield/plant and grains/spikelets are the major discriminating coefficient among
clusters. Jordanian barely landraces have higher level of diversity in desirable traits that can be exploited in

breeding programs.
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INTRODUCTION

Barley landraces are genetically heterogeneous
populations comprigsing inbreeding lines and hybrid
segregates generated by a low level of random out
crossing in each generation (Nevo, 1992). Moreover,
having evolved across thousands of years in a multitude
of environments and local farming systems, these
landraces have developed abundant patterns of variation
and would represent a largely untapped reservoir of
useful genes for adaptation to biotic and a biotic stresses
(Brush, 1995). Although Jordan is one of the countries
comprise barley's center of diversity, the land area under
landraces is declining and almost of all accessions
maimtained 1 ex situ collections are advanced cultivars or
breeders' lines.

Landrace populations of barley from Jordan proved
to be a rich source of genetic variation for a number of
agronomic characters. An mnportant feature, detected in

these landrace populations 1s inter- and intra- regional
diversity. This diversity was noticed more in the six-row
group rather than the two-row group of landraces.
Obviously, geographic and environmental factors
caused these populations to differ from each other.
Therefore, Jaradat et al. (1996) concluded that the
drier regions of Jordan harbor lugher levels of variability
for most morphological and vyield-related characters.
Ceccarelli ef al. (1987) estimated the diversity in barley
landraces originating from Jordan found that some lines
were be better than the improved cultivated check for
some agronomically desirable traits, which prove their
importance and potential for breeding.

Jaradat et al. (2004a) assessed the genetic diversity
in the Batimi Barley Landrace from Oman for spike and
seed characters and also for response to salinity stress
found that total genetic vamation and genetic
differentiation estimates for qualitative traits were 25%
lower than for quantitative traits strong, nonrandom trait

Corresponding Author: Mohamad A. Shatnawi, Department of Biotechnology, Faculty of Agriculture and Technology,
Al-Balga Applied University, Al-Salt 19117, Jordan

232



Biotechnology 6 (2): 232-238, 2007

associations among four seed phenotypic markers
showed a lierarchical pattern, indicating an adaptive
response to environmental conditions and human
selection and they concluded that the long history of
in situ conservation of this landrace in a multitude of
subsistence farming systems, undoubtedly, contributed
to the high variability and it contains diversity for
salt tolerance that be  exploited
(Jaradat et al., 2004b).

Although farmers may have several socio-economic
incentives to replace landraces with modern introduced
varieties (Kebebew ef al., 2001), thus landrace 1s still being
cultivated by subsistence farmers in Jordan. Nevertheless,
the continued cultivation of this landrace and other
indigenous crop genetic resources of Jordan are
potentially threatened and could be lost before they are
adequately collected and thoroughly evaluated.

Very little 15 known about the genetic diversity and
morphological variability present in barley landraces in
Jordan, a country experiencing loss of biodiversity,
because of replacement of landraces with modern
cultivars, land fragmentation and frequent drought period
during last decades.

Therefore, the present study was carried out to
assess phenotypic diversity among Jordanian barely
landraces (Hordeuwm vulgare L.) collected from two
diverse environments.

remains to

MATERIALS AND METHODS

Collection of landrace accessions: Collection missions
were carried out in two target areas: Ajlun and Muwaqgar.
Ajlun represents the semi-humid ecosystem in Jordan
with a latitude of 32°20'N and a longitude of 35745 E with
an elevation range from 500-1250 m above sea level
(Ehrenberg and Randall, 1990). While Muwaqqgar
represents the semi-arid ecosystem in Jordan which is
located 30 km southeast of Ammen at a latitude of 31°84'N
and longitude of 36°6" E with an elevation of 625-1110 m.
Long term average amnual precipitation for Ajlun 1s
583 and 1773 mm for Muwaggar. Within each area, many
sub-sites were selected to represent the possible range of
topography, climate and species concermed. A total of
33 accessions, representing the local varieties, were
collected during September, October and November
2000 (Table 1),

Experiment description: Thirty-three collected accessions
were grown in the Jubeiha Agricultural Research Station
at the University of Jordan during 2000/2001 growing
season. The study area has latitude of 32°N and longitude
of 35°E with an elevation of 980 m above sea level and has
a mean annual rainfall of about 491 mm.
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Table 1: Locations and mimbers of barley landraces collected

Area Sub-site (villages) No. of samples Accessions No.
Ajlun Al Wahadina 4 1,2,3,10
Ajlun Samta 1 4
Ajlun Hawd al Qala 4 5,6,9,33
Ajlun Al May dan 2 7.8
Ajlun Skhra 2 11,12
Ajlun Rajib 2 13,14
Mirwaqgar  Qaryyat Salim 4 15,16,17,18
Muwaqgar  Adh-Dhuhayba ash- 3 19,20,21
Shargiyya
Murwaqqar  Maghair Mahanna 4 22,23,24,25
Muwaqgar  An-Nugayra 4 26,27,28,30
Muwaqgar  Z-Zumay lat 1 29
Mirwaqgar  Rujm ash-Shami 2 31,32
al Gharbi
Total No. of samples 33

Triple lattice design (6x6) with three replications was
used. Thirty-three collected accessions and three long-
term checks were included in this experiment. The check
cultivars were Harmal, Zanbaka and Arta. The order of
treatments was randomized within blocks that were
randomized within each replication. Each replication
contains six blocks spaced by 0.5 m apart. Each block
consist of six treatments and each treatment 1s composed
of four rows spaced by 25 cm apart.

Germination test was carried out before planting and
seeding rate was adjusted according to germination
percentage. Seeds were hands sown in plots of one m” at
a seeding density of 200 plant m™ which is equivalent to
100 kg ha™'. To avoid border effects, no space was left
between plots. Planting was under typical farmer’s
conditions, when possible, 1.e., ramfed with no fertilizers,
no pesticides and no herbicides. Date of sowing was 15,
Jan/2001, while date of harvesting was 7, June/2001.
Weeds were removed by hands as they appeared in
the field.

The following traits were measured or scored through
out the growing season or after harvesting:

Days to heading: Number of days from emergence to the
day when the awns appeared in 50 % of the plot.

Days to maturity: Number of days from emergence to the
day when the peduncle is completely discoloured.

Grain filling period: As the difference i1 number of days
between days to maturity and days to heading.

Thousand-kernel weight: Weighting 1000 seeds in grams.

Growth habit: Refers to the angle between the axillary
tillers of a plant and it's actual or imaginary upright main
stem. It 1s best scored when there are about five tillers and
was divided into five classes: (1) Erect, (2) Semi-erect, (3)
Intermediate, (4) Semi-prostrate and (5) Prostrate.
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Early growth vigor: A visual assessment of growth vigor
scored six weeks after emergence. It was recorded in
categories: (1) excellent, (2) medium, (3) good, (4) poor and
(5) very poor.

The previous traits were recorded on plot basis, while
the remaming traits were recorded on single plant basis.
Five plants were selected randomly from the central rows
of each plot. The emergence date was on 7, Feb. the
mumber of days to heading and maturity was counted
according to that date.

Plant height (cm): The height of the plants at maturity
183 measured, from ground surface to tip of head
excluding awns.

Grain yield per plant: The grain yield for each plant was
weighted (g).

Biological yield per plant: The total dry matter (grain and
straw) for each mndividual plant was weighted.

Spike weight: Weighting the main spike.

Spike length: Length in cm of the main spike of the
tallest culm.

Awn length: Was measured from the tip of the main spike
to the end of the awns.

Spikelets per spike: No. of spikelets per spike.
Grains per spike: No. of grains per spike.

Spike density: Was calculated as the ratio between the
no. of spikelets per spike over spike length.

Statistical analysis

Estimation of phenotypic diversity index (H): Mean (X')
and standard deviation (S) were calculated for each
quantitative trait. The two statistical values were used to
classify the traits into three categories groups:

Group 1: Less than or equal to X'-S.
Group 2: Greater than X'-5 to less than X'+3.
Group 3: Greater than or equal to X' +S.

Shannon’s information statistic (hs.j) as described by
Hutcheson (1970) was used to describe phenotypic
diversity. The following formula was used for calculating
hs.j for the j* trait with (n) states or classes:

hs.j=-3 PilnPi,

i=1

forn=12,3

Where Pi is the relative frequency in the i* category
of the j* trait.

The mimmum value of the mdex 1s zero for a
monoemorphic trait. The value of the index increases with
the rise in polymorphism and reaches the maximum value
when all phenotypic classes have equal frequencies.

The average diversity (H') over k character was
estimated as the following:

k
H'=Yhs.j/k
i=1

The diversity index (H') has been extensively used to
estimate phenotypic diversity in germplasm collection of
barley (Tolbert et al., 1979) and used for measurement and
comparison of geographical pattern of phenotypic
diversity in germplasm collection of wheat (JTaradat, 1992;
Yang et al., 1991 ; Jain et al., 1975).

Cluster analysis: The relationship between collected
accessions or measured parameters was studied using
cluster analysis that results in the grouping of variables
into clusters. Distances between clusters were analyzed
and reported as a Dendrogram of Euclidean distances.

RESULTS

Estimates of diversity indices (H'): Variation or
polymorphism was common, in varying degrees, for most
traits, thus, indicating a wide variability among Jordaman
landraces. Estimates of (H') for individual traits are
presented in Table 2. These estimates ranged from 0.0
(monomorphic) for growth habit to 1.0 (highly
polymorphic) for plant height. While most traits showed
high (H =0.60) levels of polymorphism, a few of these
traits (e.g., growth habit and early growth vigor) displayed
low H estimates (0.00 and 0.12), respectively. Days to

Table 2:  Phenotypic diversity index (H") of 15 characters for 32 collected
barely accessions from Jordan

Traits Diversity index ()

Days to heading 0.78

Days to maturity 0.48

Grain filling period 0.51

Thousand kernel weight 0.92

Biological yield/plant 0.84

Grain yield/plant. 0.83

Plant height 1.04

Spike length 0.9

Awn length 0.83

Spike weight 0.96

#Spikelets/spike 0.83

Grain/spike 0.77

Spike density 0.77

Early growth vigor 0.12

Growth habit 0

Average diversity index 0.7140.05
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maturity (H = 0.48) and grain filling period (H'=0.51) gave
intermediate level of diversity. High levels of diversity
were obtained from other characters (Table 2). The higher
level of polymorphism was obtained by the traits: plant
height, (H = 1.0), spike weight (H = 0.96), thousand kernel
weight (H'= 0.92) and spike length (H'= 0.90).

Cluster analysis: Cluster analysis was performed with the
quantitative data only according to Weltzien (1989). The
similarity matrix was constructed using Euclidean
distances to assess the phenotypic relatedness among
the 32 barely accessions and the three long term-checks.
The mean similarities indices ranged from 0.60 to 0.99
between accessions. All accessions showed an average
of 0.81, which means that the accessions share an average
of 81% of their agronomic traits.

The dendrogram of the similarity of 35 barely
accessions resulted in 10 sub-clusters based on the
means of quantitative data (Fig. 1). The results showed

that landraces from the same collection site did not tend
to cluster together in the same cluster, whereas landraces
of the same row type or the same subtaxa tend to cluster
together in the same cluster regardless of the collection
site. Therefore, corresponding to the barley row-type, the
32 accessions and three checks clustered into two main
clusters; the first cluster consists of accessions, which
have two-row type, including the three checks
(Harmal, Zanbaka and Arta). The second cluster consists
of all accessions of six-row type even collected from Ajlun
or Muwaqgqar. The first main cluster consists of five main
sub-clusters that ranged in similarity from 0.99 to 0.78.
While the second main cluster consists also of five sub-
clusters, that ranged in similarity from 0.96 to 0.84. The
three-long term checks are clustered in the first main
cluster; Harmal are more similar to many of the collected
two row types while Zanbaka and Arta are clustered in a
separate cluster for each one. It was interesting to
distinguish one of the accessions (No. 26), which has its

Similarity index

0.99 0.93 0.89 0.84 0.78 0.60
Accession No. Row type B de——- ommmm--- LEEE LR LR LR R e ===
accession. 15 2 8x333¢
accession. 19 2 1873 o
accession. 22 2 LN &
accession. 31 2 340 &
accession. 27 2 S & aly
accession. 28 2 3383Vl &
accession. 29 2 833 © c3P8y
accession. 32 2 33838 & - ®
accession. 16 2 3333388 &
accession. 17 2 3380 238330838
accession. 21 2 388w © @ =
accession. 18 2 38030v3300°® ®
Harmal 2 33883 & 2330
accession. 01 2 3333833x3vyr -4 &
accession. 23 2 3833000 & ® o338333883308030y
accession. 20 2 333808838 ® © ®
Arta 2 3080885038303830308882
=33333888388
Zanbaka 2 43333330080833833083338330r o
=
accession. 26 2 438388883083830083303330883083308333088308832
(=
accession. 02 6 838x338038 ®
accession. 07 [ LRI R1774 233338¢% @
accession. 30 6 3433838383 8p @ o
accession. 04 6 8303333808%x833¢ 238830 &
accession. 25 6 38383338832 & ® =3 o
accession. 05 6 34333880 L1374 & &
accession. 13 6 343838333 v8y & & &
accession. 24 6 3833888 =0y ® o o
accession. 08 6 3833033833 =0 233333 o
accession. 14 6 333333333830 & & &
accession. 03 6 83003%x3 & o &
accession. 09 8308082 033383830 &
'ﬂGGG&BGGUG&&&&UUQ&G&&&&
accession. 11 6 33388838 r ad Yy =4 &
accession. 10 6 8483388333383388p 03338 &
accession. 06 6 84383338333 33308388 &
accession. 12 6 8433383383333383380833333880838p

Fig. 1. Dendrogram for the 32 collected accessions and the three long-term checks based on similarity coefficient of

Euclidean distances
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Table 3: Canonical variables, Figen values, percent of wariation and
cumulative variation among different morphological characters of

Character CAN1 CAN2 CAN3 CAN4 CAN 5
Grain yield/plant) 0.288 1.01 0.418 -0.134 0.058
Plant height -0.914  -0.577 0.436 1.482 1.186
Awn length -0.043 -0.751 0.073 -1.257 1.012
Spike weight 0.842 1.783 -2.235 -0.838 -2.201
grain/spikelet 0.275 -1.185 1.46 1.529 1.412
Eigen value 11.876 0.566 0.433 0.285 0.165
Variance (%6) 89.1 4.2 33 22 1.2
Cumulative 89.1 93.3 96.6 98.8 100

variation (%)

own separate cluster, which means, it has agronomic
characters that differs from other collected accessions.
Also accessions No. 1 and 11, collected from Ajlun
showed good performance in grain yield and other
agronomic characters, which make them ideal to be used
1n breeding programs.

Canonical analysis: The canonical descrimenate analysis
was performed with the standardized mean values for
each of the quantitative traits (Table 3). The first
canonical variable, on average, explained 89.1% of the
total variation, while the second, third, fourth and fifth
varlables accounted for, 4.2, 3.3, 2.2 and 0.3% of the total
variation, respectively.

The first canonical variable coefficient shows that
spike weight, grain yield/plant and grains/spikelets are the
major discrimmating coefficient among clusters, while in
the second canonical variant spike weight and grain
yield/plant have played a major role in separating clusters.
The third, fourth and fifth canonical variant give the role
of separation for the grains/spikelets. The first two
cancnical variant accounted 93.3% of the total varations,
this conclude that spike weight and grain yield/plant traits
are more variables than the others.

DISCUSSION

The higher level of polymorphism was obtained by
the vyield related traits confirm high level of diversity.
However, a low H' estimates may reflect unequal
frequencies of different classes rather than the absence of
the desirable class for a particular trait. These results were
agreed with those of Jaradat (1992). Average diversity
(H') estimated on traits evaluated in this study was
0.71£0.05. However, when only drought-related traits were
considered (Yang et al., 1991; Jaradat, 1992), H' estimate
dropped slightly to 0.70+0.08. Average estimate of
diversity was higher than that reported by Jaradat (1989)
for barley landraces collected in Jordan during summer of
1986 (H'= 0.55+£0.13), which was based on seven
morphometric and 13 qualitative traits, none of them
mcluded in our study. This low diversity calculated by
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Taradat (1989) compared with our results, is due to the fact
that qualitative variation is less limited by natural
selection than is quantitative variation, which is highly
affected by selection, environment and affects survival
and production. However, the high diversity indices
where agreed with Jaradat ez al. (2004a) where the total
genetic variation (H;) for quantitative (0.717) and
qualitative (0.533) traits were recorded and differed
significantly in Batini barley landrace. Also the lugh level
of phenotypic diversity m these landraces 1s higher than
phenotypic diversity levels reported for larger germplasm
collections of landraces in the primary (e.g., Jaradat ef af.,
1987, Parzies et al., 2000) and secondary ( e.g., Demissie
and Bjornstad, 1996) centers of genetic diversity. Also,
diversity estimate for barely landraces in this study is
higher than that reported for the Middle East Region
(0.40+£0.00) (Tolbert et al, 1979), which was based on
5 qualitative characters, one of them (growth habit)
was included in our study or 0.534 on the basis of mne
phenotypic markers in Ethiopian landraces (Kebebew et
al., 2001). However, it was argued (Bjornstad ef af.,
1997) that phenotypic diversity does not reflect a random
and chromosomally balanced sample of genetic variation.
Therefore, this high phenotypic diversity may not reflect
a higher average diversity at biochemical or molecular
levels (Lefebvre et al., 1991). Nevertheless, the functional
genetic diversity (i.e., based on morphological traits
deliberately targeted for selection by farmers) (Koehner
et al., 2002) and population differentiation (based on
phenotypic markers) were found to be ligher when
compared with biochemical markers in cultivated barley
(Jaradat et al, 1987), wheat (Tsegaye et al., 1996) and
sorghum (Dje” et al., 1998). Moreover, Donini et al. (2000)
and Koebner ef al. (2002) found m a detailed study of
genetic diversity in wheat and barley varieties released in
the UK during the 20th century that, the average diversity
per trait for four biochemical and molecular traits was only
20 to 70% of the average diversity per morphological trait;
these differences were attributed to the multigemc nature
of most individual phenotypic markers and hence
variation at more than one locus is being analyzed.

The wide range of similarity indices showed high
polymorphism among landraces and large amount of
phenotypic variation exists among the landraces.
However the landraces of six-row types are more related
to each other than landraces of two-row types, which
ranged from 0.98 to 0.78. This wide range indicated the
presence of higher variability among the two-row typed of
barley, which originated mainly under harsh conditions,
than six-row barely, which are grown in more humid areas.
These results are in agreement with Jaradat ef al. (1996)
who found that the drier regions of Jordan harbor higher
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levels of variability for most morphological and yield-
related traits. The similarity coefficient values suggested
that the resemblance among accessions within the same
cluster 15 lngh compared to the coefficient values between
accessions from different clusters (Migdadi, 2001). This
means that landraces in the same sub-cluster share the
same quantitative traits.

On average, the first and second principal
component, explamed the 49.8 and 26.9% of the total
variation m the seven subpopulations of barley land
races. The most mmportant traits found to explamn the
variation were seed weight, 1000 kernel weight and
number of seeds per spike for principle component one
and spike length and number of spikelets per spike in the
second principal component (JTaradat et al., 2004a).

Landrace cultivation has been discouraged in
many developing countries because of low yield
potential and susceptibility to diseases. Although exotic
barley cultivars out-yield local landraces under good
management practices testing
(Ceccarelli et al., 1987), local landaces usually out-yield
the exotic material under the low mput conditions that

m  selected sites

predominate in subsistence farming systems. Jordamian
barely landraces have higher level of diversity in desirable
traits that can be exploited in breeding programs.
Phenotypic polymorphisms were common, in varying
degrees, traits as indicated by a wide
phenotypic  variation among barely landraces
clustering of different accession were not based on

for most

and

locations of collection, but mainly according to the row
types of barley.
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