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Abstract. Taibi W, Belletreche A, Kharsi M, Gaouar SBS. 2019. Phenotypic diversity for quantitative and qualitative characters of
barley (Hordeum vulgare) accession from Algeria. Biodiversitas 20: 3794-3803. Little is known about the diversity of barley in Algeria.
An inventory has been conducted in Algeria (North and South) to collect local accessions of barley (Hordeum vulgare L.). A collection
of 34 traditional and exotic accessions of barley was characterized using 12 quantitative and 18 qualitative agro-morphological traits.
The phenotypic diversity was determined by the Shannon-Weaver diversity index (H") at different levels (global, by type of barley and
varietal name). The H' estimates showed a wide phenotypic variability for different traits with H> average of 0.74 and 0.53 from
quantitative and qualitative characters, respectively. The results of the multiple correspondence analysis and hierarchical clustering
showed a clear distinction between the different accessions. The results of this work have revealed a great phenotypic diversity of barley
accessions that only partially matches the names of varieties because of the existence of homonyms and synonyms in the names given
by farmers. The information gathered from this study could be used in conventional breeding programs and in situ conservation of

diversity.
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INTRODUCTION

In Algeria, barley occupied in the past a very important
place, more than durum and bread wheat and formed the
basis for human food. The local germplasm suffered a great
genetic erosion following the introduction of new
performing varieties (Rahal-Bouziane et al. 2015).
Landraces are still the backbone of the agricultural systems
in many developing countries, mainly in marginal
environments and are characterized by high genetic
heterogeneity, good adaptation to local environmental
conditions and low productivity (Ceccarelli 1996). In
addition, locally adapted germplasm shows many
interesting traits that may be used for the improvement of
current  cultivars  (Hadjichristodoulou 1995). Thus,
assessment of the genetic variability within barley
landraces is fundamental for barley breeding (Bettaieb and
Attias 1992).

Barley landraces exhibit variation both between and
within population. Diversity within population of these
barley landraces might allow them to cope with environ-
mental stresses, which is very important for achieving yield
(Zzhu et al. 2014). Morphological diversity, yield
components, and yield depend on the genetic potential of
the wvarieties used and the environmental conditions
(Gabillard 1983). The use of morphological traits remains
the most basic method to analyze initial germplasm

resources (Zeng 2015). Morphological characterization is
the foundation of genetic diversity research (Chandran and
Pandya 2000), it has been used to evaluate distinctness,
uniformity and stability and to establish the description of a
genotype in crops including barley. This method is thought
to be often influenced by environmental conditions and is
labor intensive also (Russell et al. 1997).

Morphological and anatomical characters are the basis
for distinguishing different species of the genus Hordeum
and can be associated with agricultural productivity in
many ways. For example, straw length and vyield
components, response to various diseases, photosynthesis,
time and quantity of water requirements, applied fertilizers
and pesticides, and the effects of environmental stresses
such as drought, soil deficiencies, and toxicity are all partly
related to plant anatomy and plant morphology (Reid 1985).

Of the thousands of Hordeum accessions available in
gene banks, a significant proportion is believed to be
suitable for a wide range of environments (Dawson,2015).
Local varieties are generally more genetically and
physically diverse than official breeds (Harlan 1975).
Under unfavorable conditions, landraces may yield higher
yields than modern varieties, with or without inputs
(Ceccarelli 1996). Similar studies have already been carried
out in Algeria on other species such as wheat (Bellatreche
et al. 2012, 2016; Yakoube et al. 2018), carob tree (Yassine
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and Gaouar 2016) and olive tree (Mohamed and Gaouar
2017; Boukhari et al. 2018).

MATERIALS AND METHODS

Study area

In this study, 34 populations of Algerian diploid barley
landraces were used (Table 1). The collection was made in
2016 in Tlemcen, Side Belabess, Media, Ain Defla, Bechar
and Adrar regions (Figure 1).

Plant materials

The word population corresponding to a given
accession cultivated by a farmer describes each collected
sample. Some accessions are represented by several
populations. Samples used in this study consisted of 1020
entries collected from 30 individual ears of 30 different
plants taken randomly in the field from the 34 Barley
accession (Table 1).

Traits observation

Thirty agro-morphological traits (quantitative and
qualitative) were recorded based on the international
descriptors (UPOV 1988).Thel8 qualitative characters
were: Ear attitude(EA),number of rows(NR), ear
shape(ES),curvature of first segment(CFS),sterile spikelet
attitude(in mid-third of ear)(ATE),media spikelet lenght of
glume and its awn relative to grain(MS/G),Grain: rachilla
hair type(RH), Lemma: shape of base (SB),Awn
color(BC),spiculation of inner lateral nerves of lemma(SL),
disposition of lodicules(DL),kennel: color of aleurone
layer(CK), ear: shape of the extremity (ESE), alignment of
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articles at the middle tier of ear( zig zag ),Grain: hairiness
of ventral furrow(HVF),bosse of articles at the middle tier
of ear (BA),Awns: anthocyanin coloration of tips (Pig)
Awn: length compared to ear(AIE).The following 12
guantitative  characters  were  determined:  Plant
length(PL),stem length(SL),ear length(EL),ear length
(excluding awns) (EL/excA), number of grains per ear
(NG/E), awn length (AL),density of grains per ear
(DG/E),ear width(EW),ear density(ED),rachis: length of
first segment (mm)(R/Is), grain length (mm)(GL), grain
width (mm)(GW).

Data analysis

Each character was categorized into specific class
states. The 16 qualitative and 12 quantitative characters
were assigned to classes based on characteristic humber
quoted from UPOV (Union for the Protection of New
Varieties of Plants), 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:

n

H=-YPiLnPi
=l

H was standardized by converting it to a relative
phenotypic diversity index (H’) after dividing it by Hmax

n
H’= Y PiLnPi/Ln(n)

=1
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Figure 1. Location of different farmers' fields collection sites in Algeria. A. Tlemcen, B. Sidi Belabbes, C. Ain Defla, D. Media, E.

Bechar and F. Adrar

Table 1. Origin of accessions studied in Algeria

Accessions Region Locations Longitude Latitude Altitude
Saida G3 Tlemcen Tlemcen 1°19'4.82"0 34°53'18.26"N 745m
Saida G4 Tlemcen 1°19'4.82"0 34°5318.26"N 745m
Saida R1 Sid Abdli 1° 7'58.47"0 35° 3'49.79"N 465m
Saida Sidi Belabbes Sidi Belabbes 0°3817.72"0 35°12'8.01"N 478m
Saida2 Sidi Lahcene 0°4329.18"0 35°12'6.11"N 515m
Ascad Sidi Belabbes 0°3817.72"0 35°12'7.84"N 478m
Rihane Sidi Belabbes 0°3817.72"0 35°12'7.84"N 478m
Faouara Sidi Belabbes 0°38'17.72"0 35°12'7.84"N 478m
Tichedrett Sidi Belabbes 0°3817.72"0 35°12'7.84"N 478m
Faouara2 Sidi Belabbes 0°38'17.72"0 35°12'7.84"N 478m
Azrir Adrar Oueled Ali 0°5'52.95"0 28°42'51.56"N 251m
Safra Oueled Ali 0°5'52.95"0 28°42'51.56"N 251m
Bourabaa Adrar 0°11'12.99"0 27°58'18.55"N 257m
Salt Oueled Ali 0°552.95"0 28°42'51.56"N 251m
Ras el mouch Oueled Ali 0°5%52.95"0 28°42'51.56"N 251m
Chater Kerzaz 1°26'19.08"0 29°27'44.71"N 387m
Bourabaa Kerzaz 1°26'19.08"0 29°27'44.71"N 387m
Chater 2 Adrar 0°11'12.99"0 27°5818.55"N 257m
Zraa beldi Zaouiet Konta 0°12'3.68"0 27°13'34.73"N 204m
Ras el mouch Oueled Ali 0°5%52.95"0 28°42'51.56"N 251m
Ghir Bechar Bechar 2°10'58.22"0 31°33'28.58"N 789m
Saida Bechar 2°10'58.22"0 31°33'28.58"N 789m
Safra3 Beni Abbes 2°101.66"O 30° 7'56.89"N 505m
Saida Beni Abbes 2°101.66"0O 30° 7'56.89"N 505m
Safra2 Beni Abbes 2°101.66"O 30° 7'56.89"N 505m
Zraa byadl Beni Abbes 2°101.66"0O 30° 7'56.89"N 505m
Zraa byad2 Bechar 2°10'58.22"0 31°3328.58"N 789m
Rihane Ain Defla Khemiss Meliana 2°12'49.78"E 36°15'12.70"N 281m
Saida Khemiss Meliana 2°12'49.78"E 36°15'12.70"N 281m
Faouara Khemiss Meliana 2°12'49.78"E 36°15'12.70"N 281m
Saida Media Beni Slimane 2°56'15.27"E 36° 3'12.55"N 588m
Rihane Beni Slimane 2°56'15.27"E 36° 3'12.55"N 588m
Tichedrett Beni Slimane 2°56'15.27"E 36° 3'12.55"N 588m

The relative diversity index (H ') reaches its minimum
value, which is zero for monomorphic characters.
Moreover, the value of this index increases with the degree
of polymorphism and reaches a maximum value (1) when
all the phenotypic classes are present in equal frequencies.
Using R. Software a multivariate analysis was performed to
discriminate accessions with Hierarchical Ascending
Classification (HAC) and principal component analysis.
Hierarchical Ascendant Classification, using the Facto
MineR software (version R-2.15.3) it is used to better
classification of the 33 accessions of barleyPrincipal
component analysis was carried out on the correlation
matrix with Facto MineR software (version R-2.15.3).

RESULTS AND DISCUSSION

Relative diversity index of the qualitative and
guantitative characters

The relative diversity index (H' average) of all studied
accessions is 0.74 for the quantitative characters and 0.53

for the qualitative characters (Table 2 and 3). At population
level, for the quantitative characters, this index ranges
from0.51 to 0.94 respectively for the accessions Saida and
Bourabaa. This index ranges from 0.52 of stem length and
0.85 for the width of the spike (Table 2). For the qualitative
characters, this index ranges from 0.39 to 0.65 respectively
for the accessions (Ascad, 2 Rang) and Saida. This index
ranges from 0.0 of number of rows and 0.74 for longer
compared to ear (Table 3).

According to all the features and all accessions: the
highest diversity index (H '= 0.99) was obtained for grain
per ear density character of the Ascad variety at Sidi
Belabbes region and the Ghir variety at Bechar.Among the
qualitative characters, the same value was found for the
character Grain: hairiness of ventral furrow of the Zraa
Beldi accession at Adrar region.

Relative index diversity of different characters
depending on the region

The index of Shannon and Weaver was calculated from
the different characters in six regions surveyed: Tlemcen,
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Sidi Belabbes, Ain Defla, Media, Bechar and Adrar (Table
2). For quantitative characters concerning overall, the
region of Adrar had the highest average diversity index
with 0.81, followed by Sidi Belabbes region (0.80). Lowest
average value was found in Tlemcen (0.54). For qualitative
characters, Media experienced the highest average diversity
index with 0.57 followed by the Bechar region with 0.54.
The lowest average value was found at Sidi Belabbes
region (0.50) (Table 3). For qualitative characters, the
highest diversity indices (H'>0, 60) are obtained from six
accessions, intermediate values (0, 40<H <0.60) were
obtained from twenty-six accessions, and the lower values
(0, 10<H <0.40) were observed from one accession. The
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average H’ between regions ranged from 0.35 in Median
spikelet to 0.74 in Awn: length compared to ear.

To analyze the structure of the genetic diversity among
the set of accessions that constitutes this collection,
principal component analysis was performed on the matrix
of accessions by characters, separately for quantitative and
qualitative traits. The PCA of barley accessions for the
quantitative traits (Figure 2) explained 65.50% of the
variation.

The second principal component calculated for the
qualitative characters (figure03) represented 41.2 % of the
variation.

Table 2. Estimate of Shannon diversity indices for quantitative characteristics of Barley accessions, in Algeria

Variety PL SL EL EL/excA AL EW DE NGE DG/E GW LG R/ls H'mean
Sidi Belabbes

Ascad Sha 0.86 0.93 0.87 0.95 085 086 087 091 099 0.38 091 085 0.85
Tichedrett Sha 0.76 0.79 0.80 0.82 081 096 094 09 09 0.89 091 095 0.88
2 Rangs Sha 0.42 044 0.48 0.77 044 078 0.76 062 072 031 0.89 0.98 0.63
Saida Sha 0.67 0.61 0.77 0.93 071 096 0.67 073 065 091 075 0.58 0.75
Saida S.Lahsen 0.74 0.67 0.97 0.82 0.88 064 0.88 098 090 0.71 0.76 0.89 0.82
Rihane Sbha 0.68 0.76 0.71 0.53 090 090 0.93 097 092 0.70 098 0.52 0.79
Fawara Sha 0.84 0.76 0.98 0.81 091 091 098 078 099 084 079 0091 0.88
Mean Sidi Belabbes Region 0.71 0.71 0.80 0.80 0.78 086 0.85 085 087 0.68 0.86 0.81 0.80
Tlemcen

Saida G3 050 0.71 0.32 0.49 0.66 068 0.28 070 028 0.28 0.68 0091 0.54
Saida G4 0.58 0.00 094 0.98 0.87 042 0.38 061 049 092 034 0.38 0.58
Saida S. Abdli 0.39 0.58 0.48 0.77 044 080 049 060 072 044 018 0.18 0.51
Mean Tlemcen Region 049 043 0.58 0.75 0.66 063 0.38 064 050 055 040 0.49 0.54
Adrar

Azrir Ad 0.63 0.63 0.78 0.90 091 085 055 061 065 0.97 093 0091 0.78
Ras Elmouch Ad 0.11 0.11 0.89 0.95 093 084 0.92 095 090 091 0.80 0.93 0.77
Ras Elmouch O.Ali 0.28 0.00 0.87 0.93 0.80 085 0.78 057 070 091 095 0.78 0.70
Saltt Ad 0.71 0.70 0.64 0.74 0.77 091 0.89 09 082 0.72 082 0091 0.79
Safra O.Ali 0.78 0.78 1.00 0.59 091 100 0.87 099 085 0.92 094 0.92 0.88
Bourabaa Ad 098 0.98 0.93 0.93 079 093 0.82 099 080 0.90 049 0.9 0.87
Bourabaa Ker 098 0.95 0.97 0.82 097 091 097 092 093 0.94 0.88 0.98 0.94
Zraa Beldi Ad 0.58 0.54 0.98 0.97 0.76 032 0.71 072 058 0.78 0.77 0.96 0.72
Chater Ad 0.76 0.68 0.78 0.68 045 099 0.89 095 094 096 0.77 0.86 0.81
Chater Ker 0.66 0.63 0.77 0.88 0.67 082 0.98 097 095 0.88 0.87 0.88 0.83
Mean Adrar Region 0.65 0.60 0.86 0.84 0.80 084 0.84 086 081 0.89 0.82 0.90 0.81
Bechar

Zraa Byad Bechar 0.11 0.00 0.76 0.99 060 091 095 089 086 0.92 0.67 0.58 0.69
Zraabyad B.Abbes 0.18 0.18 0.48 0.54 059 097 0.60 070 069 0.81 097 0.68 0.62
Saida Bechar 0.36 042 081 0.84 0.82 086 0.77 085 084 0.80 0.83 0.94 0.76
Saida B.Abbes 0.11 0.52 0.93 0.83 094 075 0.16 085 078 0.94 0.78 0.00 0.63
Ghir Bechar 097 0.95 0.89 0.84 0.72 086 0.98 098 099 0.89 0.80 0091 0.90
Safra Bechar 0.11 0.11 0.68 0.58 066 087 0.83 071 091 0.88 0.87 0.65 0.66
Safra B.Abbes 049 046 0.98 0.74 075 084 0.82 061 079 0.82 063 094 0.74
Mean Bechar Region 0.33 0.38 0.79 0.77 0.73 086 0.73 080 084 0.87 079 0.67 0.71
Ain Defla

Rihane Ain.D 068 0.71 0.74 0.58 0.80 094 091 066 094 097 086 0.11 0.74
Fawara Ain.D 0.11 0.00 0.76 0.59 0.68 097 0.85 098 096 0.97 097 0.56 0.70
Saida Ain.D 0.49 0.65 0.76 0.75 0.84 089 093 078 096 0.92 091 0.77 0.81
Mean Ain Defla Region 043 046 0.75 0.64 0.77 093 0.90 081 09 0.95 091 048 0.75
Media

Saida M 091 0.82 098 0.93 097 091 090 095 093 098 0.86 0.89 0.92
Rihane M 042 042 058 0.64 079 095 0.84 044 082 0.77 071 054 0.66
Tichedrett M 0.18 0.00 0.84 0.78 0.67 098 057 036 068 0.95 028 052 0.57
MeanAin Defla Region 0.50 041 0.80 0.78 0.81 095 0.77 058 081 0.90 061 0.65 0.71
Mean 0.54 0.52 0.79 0.78 0.76 085 0.77 079 081 0.81 0.77 0.72 0.74
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Note: PL: Plant length,SL: stem length,EL: ear length, EL/excA: ear length (excluding awns), NG/E: number of grains per ear, AL:,
awn length, DGJ/E: density of grains per ear, EW: ear width, ED: ear density, GW: grain width (mm),GL: grain length (mm), R/ls:
rachis: length of first segment (mm).
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Table 3. Estimate of Shannon diversity indices for qualitative characteristics of Barley accessions in Algeria
Variétas EA ES HVFE CFES ATE MS/G SL DL RH SB Zig BA Pig AC KC AIE ESE NR H’Mean
Sidi Belabbes
Ascad Sha 054 0.22 035 080 0.56 061 020 057 0.21 035 053 021 035 022 030 058 0.69 0.00 0.39
Tichedrett Sba 040 0.87 035 088 0.73 072 066 021 0.79 084 045 098 051 061 086 0.82 049 0.00 0.62
2 Rang Sba 0.65 0.30 021 036 041 045 0.09 065 0.21 035 078 097 031 003 000 080 041 0.00 0.39
Saida Sha 0.82 0.58 073 089 0.36 0.62 046 0.65 0.00 000 056 021 058 061 057 100 0.36 0.00 0.50
Saida S.Lahcen 042 0.1 035 080 081 0.80 051 092 0.95 092 051 098 092 080 013 058 0.61 0.00 0.65
Rihane Sha 042 0.58 047 045 0.78 053 0.15 057 0.79 079 013 035 051 022 022 073 073 0.00 0.47
Faouara Sha 056 041 073 032 045 085 020 035 0.73 073 0.00 073 000 058 051 061 073 0.00 0.47
#\I/r Sidi-B Region 056 051 046 0.64 0.59 065 032 056 0.52 057 042 063 045 044 037 073 057 0.00 0.49
emcen
Saida G3 0.54 0.60 0.00 068 0.73 061 033 073 0.73 065 058 035 031 022 074 081 030 0.00 0.49
Saida G4 0.69 0.36 0.00 062 0.88 062 024 035 0.65 035 063 035 040 081 022 073 060 0.00 0.47
Saida S. Abdli 0.62 0.45 095 079 074 070 024 084 0.98 065 068 000 097 062 074 080 0.30 0.00 0.62
Mgantlemcen Region 0.62 0.47 032 070 0.78 064 027 064 0.78 055 063 024 056 055 057 078 040 0.00 0.53
Adrar
Azrir Ad 0.36 0.62 035 0.60 0.63 045 052 035 0.79 073 063 000 091 000 063 092 0.73 0.00 0.51
Rassel Mouch Ad 055 041 000 030 0.96 074 051 078 0.78 057 043 097 056 013 061 094 056 0.00 0.54
Rass El Mouch O.Ali 040 0.56 065 030 0.74 061 033 047 035 021 070 000 057 070 074 085 073 0.00 0.50
Sallt Ad 042 0.60 033 085 0.22 022 029 065 0.21 03 072 09 08 030 036 073 073 0.00 0.49
Safra O.Ali 043 0.62 000 062 0.73 062 033 057 0.73 021 045 098 045 000 062 0.60 045 0.00 0.47
Bourabaa Ad 043 0.61 000 081 074 061 044 079 047 035 068 021 058 061 030 085 076 0.00 0.51
Bourabaa Ker 040 0.36 039 057 092 060 054 057 047 057 081 073 000 045 051 081 036 0.00 0.50
Zraa Beldi Ad 052 0.85 099 056 092 094 024 072 047 03 08 097 038 036 035 063 073 0.00 0.60
Chater Ad 0.43 0.49 0.09 081 0.80 096 015 036 0.21 021 058 021 08 030 022 060 041 0.00 0.43
Chater Ker 043 0.88 057 081 092 074 0.09 088 0.21 047 043 097 098 063 063 087 070 0.00 0.62
Mearr: Adrar Region 0.44 0.60 034 062 0.76 065 034 061 047 040 063 060 061 035 050 0.78 062 0.00 0.52
Bechar
Zraa Byad Bechar 040 0.63 033 030 0.63 0.84 020 0.98 0.65 057 086 073 000 041 051 083 076 0.00 0.54
Zraa Byad B.Abbess 0.50 0.58 057 090 081 073 061 035 0.73 073 070 079 098 030 081 058 068 0.00 0.63
Saida Bechar 0.40 0.60 021 030 053 062 066 065 0.98 079 0.00 073 000 041 054 08 073 0.00 0.50
Saida B.Abbes 0.44 0.58 022 073 090 066 046 047 092 089 044 047 090 081 057 056 068 0.00 0.59
Ghir Bechar 043 0.62 065 090 0.72 0.80 056 092 0.35 03 057 021 065 041 022 061 036 0.00 0.52
Safra Bechar 0.42 0.60 014 063 074 063 063 073 0.79 079 049 092 089 036 057 084 041 0.00 0.59
Safra B.Abbes 0.15 0.3 000 030 0.73 049 020 047 035 047 030 053 059 045 081 0.72 070 0.00 0.43
Meanbe?lzhar Region 0.39 0.59 030 058 0.72 0.68 0.47 065 0.68 065 048 063 057 045 058 0.71 062 0.00 0.54
Ain Defla
Rihane Ain.D 041 0.63 092 079 0.73 062 033 0.73 047 03 041 095 057 045 073 070 0.76 0.00 0.59
Faouara Ain.D 0.63 0.53 057 066 0.95 096 013 065 0.79 0.57 0.67 021 000 058 030 061 053 0.00 0.52
Saida Ain.D 043 041 0.84 030 0.62 061 015 084 0.65 065 036 047 071 062 026 072 076 0.00 0.52
Meacljn Ain Defla region 049 0.52 0.78 058 0.77 073 020 074 0.64 053 048 055 043 055 043 0.68 068 0.00 0.54
Media
Saida M 0.42 0.60 035 090 093 062 015 095 035 021 057 079 051 061 022 092 022 0.00 0.52
Rihane M 041 0.70 044 0.88 0.90 081 046 065 0.92 047 062 065 071 030 051 056 058 0.00 0.59
Tichedrett M 042 0.56 021 092 096 063 021 092 0.72 0.84 030 097 054 081 051 097 060 0.00 0.62
Mean of Media region 042 0.62 034 090 093 069 027 084 0.67 051 049 080 059 057 042 0382 047 0.00 0.57
Mean 0.47 0.56 041 064 0.73 0.67 035 0.63 0.59 053 053 058 053 044 048 0.74 058 0.00 0.53

Note: EA: Ear attitude, ES: ear shape, , HVF: Grain: hairiness of ventral furrow, CFS: curvature of first segment), ATE: sterile spikelet attitude(in mid-third of ear), MS/G: media spikelet
lenght of glume and its awn relative to grain, SL: spiculation of inner lateral nerves of lemma, DL.: disposition of lodicules, RH: Grain: rachilla hair type, SB: Lemma: shape of base,

zig: alignment of articles at the middle tier of ear, BA: bosse of articles at the middle tier of ear, pig: Awns: anthocyanin coloration of tips, AC: Awn color, CK: kennel: color of aleurone
layer, AIE: Awn: length compared to ear, ESE: ear: shape of the extremity, NR: number of rows.
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Figure. 2. PCA of different quantitative characters of Barley in
Algeria

Genetic relationship among the Algerian Barley
landraces

The dendrogram describes the relationship among the
landraces based on the quantitative traits (Figure 4),
dividing the accessions into two main groups, the first
group comprised a first subgroup shown the mixture of
barley accessions from Adrar and Bechar. Within the
second subgroup contained only accessions from Adrar
excepet for 2 Rangs accession which is from Sidi Belabbes.
The second group could be subdivided on 2 subgroup
where the first one is formed by accession namely Saida
from the regions of Tlemcen, Sidi Belabbes, Media, Ain
Defla and Bechar. Whereas the second subgroup includes
the mixture of barley accessions from Sidi Belabbes, Media
and Ain Defla.

For the qualitative characters (Figure 5), the
dendrogram is divided into two major groups, the first one
gathered the first subgroup with accessions from Adrar in
the first class and the accessions of Bechar, Sidi Belabbes,
and Media in the second class. Whereas the second
subgroup gathered the accessions from Tlemcen in the first
class, the accessions from Sidi Belabbes (except Saida
accession from Ain Defla) and accession from Ain Defla in
the second. The second group could be divided also into 2
subgroups where the first one contains Rihana accessions
from Sidi Belabbes, Media accession, and Ain Defla
accession. Where the second subgroup is formed by
Tichedrett accessions from Sid Belabbes and Media
accession in the first class and mixture of barley accessions
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Figure. 3. PCA of different qualitative characters of Barley in
Algeria

from Adrar, Sidi Belabbes and Ain Defla in the second
class.

Discussion

In general, barley accessions studied had a high
diversity index (H’) with lower values in qualitative than in
quantitative characters. Overall accessions, the H' average
was 0.74 for quantitative characters, this diversity is close
to that reported in several studies (Dejene et al.2010,
Jaradat et al.2004 and Mekonnon et al.2015). Analyses of
diversity pattern, among accessions from different regions
for quantitative characters, revealed existence of
morphological diversity within regions due to differences
in agro-ecological conditions (Mekonnon et al.2015).
Concerning, the qualitative characters, the index H' average
(0.53) was lower than those reported by Derbew et al.
(2013) for Ethiopian barley where H' value was 0.63 and
by Geghaw and Hadado (2014) where H’ value was 0.59.
At population level, the highest H' obtained from
Bourabaa accession (Adrar region) with (0.94) and lowest
from Saida accession (Tlemcen region) with (0.51) for the
guantitative characters. Several factors could be involved in
explaining the difference in Shannon diversity indices
values between localities, including natural factors such as
adaptation to local conditions and human factors mainly
farmers' preference (Belhadj et al. 2015). Agro-climatic
features of the site (altitude, rainfall, temperature) had a
significant and positive impact on diversity and area
allocation of barley (Fetien et al. 2009). For qualitative
characters, the index H’ranged from 0.39 for Ascad and 2
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Rangs accessions in the Sidi Belabbes region to 0.65 for
Saida accession in the same region.
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Figure. 4. Hierarchical Ascendant Classification (HAC) for quantitative characters of Barley in Algeria

The lowest diversity index of the quantitative
characteristics was observed for stem length (0.52) and the
highest is in ear width (0.85). The degree of variation for
characters differed with districts and altitudes from where
the landraces populations originated (Gegnaw and Hadado
2014). The indices of density of grains per ear and grain
width are equal with (H'=0.81). Concerning the density of
ear, we have found (H'=0.77) which is near to the one
reported by Cross.1994 (H' = 0.78), with 20 entries from
Morocco, Portugal, and Spain, from the New Zealand but
lower than obtained by Tolbert et al.(1979) (H'=0.92), with
63 Spanish landraces. For the length of plant, we found an
index (H' = 0, 54) which was lower than the one found by
Fetien et al (2009) of a barley population in the north of
Ethiopia with an index of 0.63. For ear length (excluding
awns), ear length and density of grains per ear, we found
(H'=0.78), (H’=0.79) and (H’=0.81) respectively which are
higher than those found by Bellatreche et al. (2017) with
(H=0.59), (H'=0.46) and (H’= 0.58) respectively, for
Algerian accessions of bread wheat. As far as the three
characteristics are concerned: rachis: stem length
(H’=0.52), length of first segment (H' = 0.72), grain width
(H" = 0.81) and grain length (H '= 0.77) and after

consulting several databases we have not found similar
work.

Papa et al. (1998) also found geography- dependent
distribution of growth habit for local barleys in the
Mediterranean region (Sardinia), though the adaptive
explanation was not evident in their case.

For qualitative characters, the number of rows we found
(H'=0.00) which was different than reported by Cross
(1994) with (H' = 0.36) and by Derbew et al. (2013) with
(H' = 0.75). Concerning the kernel color, we found a value
(H> = 0.48) which was lower than found by Derbew et
al.(2013) with (H’ = 0.64), Fetien et al .(2009) with (H* =
0.85), and by Tolbert et al. (1979) with 40 entries from
Algeria, Tunisia, Morocco, and Egypt with (H* = 0.71), an
apparent exists association between phenotype and utility,
especially kernel color and human consumption (Asfaw
1988). Human/conscious selection for white against the
pigmented strains may be one of the factors responsible for
the striking preponderance of the white phenotypic class(
Demissie and Bjqrnstad,1996). For Rachilla hairs (H' =
0.59) value lower than ours was found by Tolbertet al.
1979 (H' = 0.88)and by Negassa et al.1985(H'=0.92), and
by Cross 1994. (H' = 1.00). The rachilla hair trait has been
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considered as selectively neutral, with no adaptive

significance (Takahash 1995).
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Figure. 5. Hierarchical Ascendante Classification (HAC) for qualitative characters of Barley in Algeria

Concerning the characters: Grain: hairiness of ventral
furrow, Awn color, Ear attitude, ear shape, media spikelet
lenght of glume and its awn relative tograin, sterile
spikelete attitude(in mid-third of ear), indices (H' =0.41),
(H' = 0.44), (H' =0.47) (H' = 0.56) and (H' = 0.67) were
found respectively.

Similar indices were registered for the characters:
alignment of articles at the middle tier of ear(zigzag),
Grain: hairiness of ventral furrow and Awns: anthocyanin
coloration of tips with (H'=0.53), and for ear: shape of the
extremity and bosse of articles at the middle tier of ear with
(H'=0.58). Nearby indices were found for disposition of
lodicules and curvature of first segment with (H'= 0.63)
and (H'= 0.64) respectively.

The first PCA of the 12 quantitative characters
explained 65.5 % of the total variation among the 34 barley
landraces (Figure 3). Characters related to yield (Number
of grains per ear, density of grains per ear, ear density, ear
width) presented the largest loadings on the first
component, and the morphology, like Plant length, stem
length, awn length, ear length, for the second component.
The correlation of these characteristics may be explained
by the influence of genes. These traits are controlled by a

number of genes, and in general, they react in the same
manner according to environmental conditions (Bellatreche
et al.2017). In the second PCA of the 18 qualitative
characters, the formation of three groups of characters is
distinguished. This shows a positive correlation between
the characters within the same groups and a negative
correlation among the characters at the level of the 1st
group (Beards color, kennel: color of aleurone layer, zig-
zag,and media spikelet length of glume and its awn relative
to grain,and the parameters of the 3rd group(Grain: rachilla
hair type, ear: shape of the extremity, Grain: hairiness of
ventral furrow).
In this study, the two dendrograms for quantitative and

qualitative characters show a relationship between different
accessions.

We also notice, different accessions in the same region or t
he same variety in different regions, that allows us to concl
ude that there are two effects: ~ 1)Environmental  effect
because we have the same variety in different regions as for
Saida Tlemcen, Saida Sidi Belabbes, Saida Media, Saida
Ain Defla and Saida Bechar for the quantitative characters,
whereas for the qualitatives characters, we have Rihane
Sidi Belabbes, Rihane Media and Rihane Ain Defla
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.2)Genetic effect because there are different accessions in
the same region as Salt, Chater, Safra, Bourabaa, Zraa
Beldi accessions in the region of Adrar for the quantitative
characters. The hierarchical ascending classification (HAC)
and the principal components analysis of the 12 recorded
quantitative traits revealed consistent relationships within
accessions. Similar results were found in barley by Molina
and La Cruz del Campo (1977).

In conclusion, this work has shown that there is a high
diversity due to the presence of high polymorphic
characters (plant height, stem length, spike length with
beard, spike length without beard, spike width, weight
spike, length beards, number of seeds per spike, weight of
seeds per spike). Finally, we want to stress that the use of
these accessions in our breeding program has produced
good results for semi-arid areas.
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