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Abstract

This study was conducted to determine the different ploidy levels of various
species of the genus Avena, located in northern Algeria, using different mor-
phological and eco-geographical parameters. The specific objectives of the
investigation were to estimate phenotypic diversity for different morpholog-
ical descriptors. One hundred and thirty-eight populations of the genus Av-
ena were collected from 98 different sites in northern Algeria. Harvest sites
were determined based on latitude, longitude, and altitude. The pluviother-
mic Emberger quotient (Q2) was identified by combining three climatic fac-
tors (P = annual rainfall, M = average of the maximum temperature of the
warmest month, and m = average of the minimum temperature of the cold-
est month). The interpretation of this quotient required the use of the Em-
berger climate diagram, which placed each station in one of the 54 combi-
nations of bioclimatic Mediterranean climate. To evaluate intra and inter-
specific morphological variations and the extent to which they express ge-
nomic variations, the ordination-based Principal Component Analysis was
performed. The results showed the presence of the following species:
A. barbata with 59 accessions, A. wiesti with 27 acessions, 21 accessions of
A. hirtula, 13 accessions of A longiglumis, 9 accessions of
A. macrostachya, 3 accessions of A. clauda, 4 accessions of A. eriantha (ex-
Pilosa), and 2 accessions of A. ventricosa. Quantitative traits were crucial for
distinguishing inter and intra-specific individuals. Morphological variations
proved largely to express genomic variation among the species studied,
especially in distinguishing between species carrying both A and C
genomes. The morphological differences could not convey the genomic
differences among species that share the C genome.
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Introduction

Oats are one of the most important cereal crops in the world. The genus
Avena L. belongs to the tribe Aveneae Dumort, the subfamily Pooideae
Benth, and the family Poaceae (Gramineae). It includes about 28 wild and
cultivated species worldwide (1), with different ploidy levels (diploid, tetra-
ploid, and hexaploid), which limits their morphologic differentiation. Wild
species reflect a wide range of botanical and ecological diversity, mainly
growing in Mediterranean climatic regions.
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The diploid species are clearly divided into two
distinct lineages with the A and C genomes. Recent
developments in molecular cytogenetics, particularly
fluorescence in situ hybridization (FISH) and a related
technique, genomic in situ hybridization (GISH), have
aided research into the genome composition of allopoly-
ploids, the pairing of homologous chromosomes, and
the identification of translocations between chromo-
somes of different genomes (2). Two different probes
were used for fluorescence in situ hybridization to
distinguish between A- and C-genomes types: A genome-
specific pAs120 (3) and C genome-specific AF226063 (4,
5).

It has been reported that the number of Avena
species found in Algeria varies from 10 to 15 (1, 6, 7).
Although these species grew wildly, they mainly oc-
curred in northern regions of Algeria. Wild species of the
genus Avena are among the most competitive weeds in
winter cereals (8) and are of great importance. Many pre-
vious studies showed the main morphological (1, 6, 9-13)
and cytological (4, 14-19) differences between various
species of the Avena genus. Algeria, by its geographical
position represents a high biodiversity of plant popula-
tion, due to its climatic conditions. Oats are among the
well-known cereal products in Algeria. Despite the
importance of this cereal, only few studies have been
reported about this plant in Algeria. This study was
conducted to examine the different species of the Avena
genus in northern Algeria. To the best of our knowledge,
we reported here for the first time, the influence of sev-
eral eco-geographical factors on the distribution and
morphological traits of different species of the studied
Avena genus in Algeria. Furthermore, this research was
done to check whether morphological differences are
expressions of genetic and cytological differences
between the species.
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Materials and Methods
Plant material and taxa identification

One hundred thirty-eight populations of the genus Avena
from different bioclimatic and ecological conditions were
used for the present study, they were collected from 98
different sites, while the species were classified into the A
and C-genome. The Avena genus accessions were collected
from 98 different sites in Northern Algeria as shown in Fig.
1, including, 59 accessions of A. barbata, 27 A. wiesti, 21 A.
hirtula, 13 A. longiglumis, 9 A. macrostachya, 3 A. clauda, 4
A. eriantha (ex pilosa) and 2 A. ventricosa. Varying number
of plants were randomly collected at each sampling site.
Identification was verified using the key of Loskutov (7).

Morphological analyses

The variation of 69 morphological characters was analyzed
(Supplementary Table 1). Stem, panicle, leaf, spikelet, and
seeds characteristics were examined using a microscope,
binocular, meter and caliper. Observations were made on
three individual plants per population. A total of 414 indi-
viduals were examined. Morphological characteristics
were selected from species descriptions of different floras
and from taxonomic studies (1, 6, 7, 9, 10, 13, 14, 20-22).
Leaf and stem characters were measured at the third
node. Seeds were observed in the harvested mature spike-
let’s.

Ecogeographic parameters

A global positioning system (GPS GARMIN eTrex model 30)
was used to record the latitude, longitude and altitude of
the sampled sites. Each sampling site was characterized by
the five ecological factors (Supplementary Table 2) of Med-
iterranean climate (P = annual rainfall, M = average of the
maximum temperature of the warmest month, m = aver-
age of the minimum temperature of the coldest month, Q2
= Emberger coefficient and A = altitude). The data submit-
ted to NOM (National Office of Meteorology, Algeria) were
used to characterize the climatic parameters of the stud-

] Fig. 1. Map indicating the location of the sampled d|pl0|d and tetrapl0|d accessions of the Avena genus.
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ied sites. However, data from three stations (Mila,
AinTemouchent, and Blida) were not available; therefore,
data from CLIMATE-DATA.ORG (http://fr.climate-data.org/)
was used for these sites.

Corrections of climatic data

The reference station data did not reflect the actual ecoge-
ographical and bioclimatic conditions. Namely, we applied
a correction to the climate data based on extrapolations
for different altitudes. According to the altitudinal gradient
of Seltzer in his study of the climate of Algeria (23) the fol-
lowing gradients are advocated: For pluviometry, for every
100 m altitude, there is an increase of 40 mm for continen-
tal sites and 80 mm for the coastline. For tempe-rature,
every 100 m, there is a decrease of 0.7°C for M and 0.4°C for
m. This results in an increasing altitude gradient for pluvi-
ometry and a decreasing one for temperature. The correc-
tion factors make it possible to obtain more accurate data
on the elements under consideration. The rainfall correc-
tion is performed as follows:

K= (A+P)/Peiiiiiiiiiiiiiiiiiinciceieeeeee (1)

Where; K : correction factor, A: rainfall increase calculated
as follows (mm):

A=d x40/100 for the continental ............ccceeeeeennn.(2)
A=d x80/100 forcoastline ........ccoevvieeriviiinininnnnn. (3)

d: difference in altitude between the two stations, P: sum
of the monthly average rainfall of the reference station.

The correction factor (K) is multiplied by the month-
ly rainfall data for the reference station. Calculation of Em-
berger’s bioclimatic coefficient and definition of biocli-
mate (24).

The pluviothermic Emberger quotient (Q2) is deter-
mined by the combination of three important climatic fac-
tors. This quotient is simple to interpret: The larger Q2 val-
ues, the more stations are wet. The formula of Stewart’s
(25) was used, who transformed the equation and ob-
tained the following formula for the Mediterranean region.

Q2=KXP/(M-M)..otriiiiiiiiiniiiiiniiiiiiie e (4)

Where; k: constant equal to 3.43; temperatures in degrees
Celsius for M and m; precipitation (P) in millimeter. The
interpretation of this quotient requires the use of the Em-
berger climate diagram which places each station in one of
the 54 combinations of bioclimatic Mediterranean climate.

Data analyses

Principal component analysis (PCA) was performed to clar-
ify the correlation between the morphological features
used and to identify the features that contribute mostly to
the discrimination of the accessions. Furthermore, ordina-
tion based on PCA was assessed to determine the effects
of PCA axes on the differentiation of harvested communi-
ties. The data were analyzed using the software STATISTI-
CA (version 6.1). To determine the correlation between the
Euclidean distance matrices of the morphological traits
and the ecogeographic parameters, a Mantel test Pearson
correlation (26) was used (XLSTAT Pearson edition, version
2014.5.03).
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Results
Eco-geographical variation

Ecogeographic characterization parameters revealed the
adaptation range of species and showed the most im-
portant environmental factors or variables for adaptation.
For this reason, the use of environmental information be-
came very important in the collection areas of conserved
germplasm (27). The data showed differences in distribu-
tion among the studied species, with A. hirtula in the fore-
ground and present in all climatic zones. A. barbata and A.
longiglumis followed with four climaxes, including Subhu-
mide (SH), Upper subarid (USA), Low subarid (LSA) and
Upper Arid (UA), followed by A. wiestii, A. clauda and A. er-
iantha. A. macrostachya was harvested in only two climatic
zones (H and SH). In conclusion, both A. ventricosa acces-
sions were found in the same climatic zone (SH) and
differed only in that one endured a mild and warm winter
while the other encountered a warm winter.

With the exception of A. macrostachya, all acces-
sions occurred at elevations above 1500 m, with a limited
distribution in the mountainous regions of Djurdjura and
Aures. However, some accessions of other species man-
aged to exist at similar altitudes, as in the case of A. ventri-
cosa and A. wiestii (ven88, wie87 and wie85; 1777 m, 1525
m, and 1446 m, respectively), followed by hir62 (1108 m),
bar69 (1062 m), and lon84 (1015 m), but also at very low
altitudes as in the case of the following individuals (hirl5,
barl6 and wiel7; 6m, 7Tm and 17m respectively), or rela-
tively low as in the case of lon12 (181m). In contrast, A.
clauda and A. eriantha (ex A. pilosa) occurred at identical
altitudes of not more than 200 m in all their growing areas
with a minimal spatial distribution (Supplementary Table
2).

Intraspecific morphology variation

To clarify the relationships among the morphological traits
and to identify the traits that contributed most to the sep-
aration of the populations, a principal component analysis
(PCA) was performed, which yielded the following results:

Forty-six morphological traits were excluded be-
cause they were 100% identical in all individuals in the A.
longiglumis collected population. PCA analysis showed
that the first two factors represented 70.83% of the total
variance. Features like SL-GUI-GLI-GUw-GLw-ScL-ScW-RL,
EM, and EM had the highest correlation (|r| > 0.70) in the
first factor, which made up 46.5% of the whole variance. In
the second factor, "SN" and "W" had the highest correla-
tion (Fig. 2A). Through the ordination results based on PCA
analysis, we noted that both axes contributed to the sepa-
ration of the A. longiglumis accessions, especially lo73 and
lo74 accessions, as the first axis had the strongest influ-
ence in separating them from the other populations (Fig.
2B).

Forty morphological characters were excluded be-
cause they were 100% identical in all individuals of the
collected population of A. hirtula. PCA analysis revealed
that the first 3 factors accounted for 72.4% of the total
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Fig. 2. Principal Component Analysis of morphological characteristics of: (A) A. longiglumis, (C) A. hirtula, (E) A. wiestii,and (G) A. barbata. Ordination based on
PCA of populations of: (B) A. longiglumis, (D) A. hirtula, (F) A. wiestii and (H) A. barbata.

variance. In the first factor (which accounts for 32.4% of
the total variance), traits such as Ghl-GLI-ScW-AD-RL and
EM had the highest correlation (|r]> 0.70) in the first factor,
while “SHe” had the highest correlation in the second fac-
tor and “L, W” in the third factor (Fig. 2C). Based on the
results of the PCA analysis-based ordination, we noted
that both axes contributed to the separation of the A. hir-
tula acessions, especially hi80, as the second axis had the
strongest influence on the separation from the other pop-
ulations (Fig. 2D).

Thirty-nine morphological characters were exclud-
ed because they were 100% identical in all individuals of
the A. wiestii collected populations. PCA analysis revealed
that the first two factors accounted for approximately 72%
of the total variance. In the first factor, which made up
56.67% of the whole, characters like SCa-SCu-SLi-LeB-LeS-
LeT-LeF-LLs-LLi-SL-Gul-GLI-GUw-GLw-SSf-SSt-SP-ScL-ScW
-LCe-AD-RL and EM had the strongest relationships (r>
0.70) in the first factor (Fig. 2E). Using the results of ordina-
tion based on PCA analysis, we noted that both axes con-
tributed to the separation of the A. wiestii accessions, es-
pecially wi44, as the first axis had the strongest influence
on separation from the other populations (Fig. 2F).

Thirty-six morphological characters were excluded
because they were 100% identical in all individuals of the
A. barbata collected populations. PCA analysis revealed
that the first two factors comprised 73.86% of the total
variance. In the first factor (accounting about 60.35% of
the total variance), characters as SCa-SCu-SHe-SHu-SLd-
SLi-SLr-LeW-LLi-SL-SN-Gul-GLI-GUw-GLw-GNu-SSf-SSt-ScL
-ScW-LCe-AN-AD-PV-RL and EM possessed the highest cor-
relation (|r]> 0.70) in the first factor (Fig. 2G). The first axis
helped divide the A. barbata accessions into two big
groups based on the results of the PCA analysis (Fig. 2H).

Thirty-eight morphological characters were not
considered for the reason that they were 100% identical in
all individuals of A. macrostachya collected populations.
PCA analysis revealed that the first two factors involved
94.29% of the total variance. In the first factor (accounting

68.97% of the total variance), characters such as SCu-SLd-
SLi-Lel-LeB-LeS-LeT-LeF-LeW-LLi-PaS-SL-SN-Gul-GLI-GUw-
GLw-SSt-ScL-ScW-LPa-AD-AP-PR-RL-EM and L owned the
highest correlation (|r|> 0.70) in the first factor, while “T”
presented the highest correlation in the second factor (Fig.
3A). The PCA analysis results of ordination disclosed that
the first axis contributed to the separation of A
macrostachya populations among the groups’ mac90,
mac91 and mac92 that were harvested in the Aures Moun-
tains from the other group harvested from the Djurdjura
Mountains (Fig. 3B).

Fifty-one morphological characters were kept out
because they were 100% identical in all individuals of col-
lected populations of A. eriantha. PCA analysis revealed
that the first two factors comprise 91.47% of the total vari-
ance. Characters like SHe-SLd-SLi-LLi-SN-GUI-GLI-ScW-LPa
-AD-RL and L had the highest correlation (|r[> 0.70) in the
first factor, which makes up 65.76% of the whole variance.
Characters like SL-GUw-GLw-EM and W had the highest
correlation in the second factor (Fig. 3C). PCA analysis out-
comes showed that both axes contributed to the separa-
tion of the A. eriantha accessions (Fig. 3D).

Fifty-two morphological characters were excluded
because they were 100% identical in all the individuals of
the A. clauda populations. PCA analysis revealed that the
two first factors comprise 100% of the total variance. In the
first factor (which formed 63.97% of the total variance),
characters as SHe-SLd-SLi-LLi-SL-Gul-GUw-GLw-ScL-ScW-
AD-RL and EM owned the highest correlation (|r]> 0.70) in
the first factor, while L-W and T possessed the highest cor-
relation in the second factor (Fig. 3E). Ordination PCA anal-
ysis results stated that both axes contributed to the sepa-
ration of the A. clauda accessions (Fig. 3F).

Interspecific morphology variation

In this section we made a comparison between the species
that had the genome-A, between the species that had the
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Fig. 3. Principal Component Analysis of morphological characteristics of: (A) A. machrostachya, (C) A. eriantha and (E) A. clauda. Ordination based on PCA of pop-

ulations of: (B) A. macrostachya, (D) A. eriantha and (F) A. clauda.

genome-C and finally a comparison between the two
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groups of genome A and C.

When comparing the accessions of A. barbata, A.
longiglumis, A. hirtula, and A. wiestii, PCA excluded 19 mor-
phological characters. The results showed that the first
two factors accounted for 61.8% of the total variance. In
the first factor (comprising 38.24% of the total variance),
traits such as SHe-SLd-LeT-LLi-PaD-PaL-SL-Gul-GLI-GUw-
GLw-LCe-LPa and AN demonstrated the highest correla-
tion (Jr| > 0.70) in the first factor, while SCa-Lel-LeB-LeF-SSf
-ScL- CS -LHa-L-W and T possessed the highest correlation
in the second factor and SHu-SLr and EM in the third factor
(Fig. 4A). Based on the results of PCA analysis ordination
findings, the first axis contributed to the separation of the
species A. hirtula, A. wiestii, and A. barbata. At the same
time, the second axis was effective in separating A. longi-
glumis from the other species with A genome (Fig. 4B).

During the comparison of A. eriantha, A. clauda, A.
ventricosa, and A. macrostachya accessions, PCA analysis
excluded 13 morphological characters. The results re-
vealed that the first two factors accounted for 72.09% of
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the total variance), traits such as GhL -GhJ -Sca -SLd -Lel
-LeT -LeF -Lli -PaD - SL -SN -GS -Gul -Guw -GLw -FMd -
SSf-SP-ScW -AN -AD -AP -AV -PI -PV -RL -ET-EM -L -W
and T exceeded the highest correlation (|r] > 0.70) in the
first factor, whereas GLI-LPr-SSt- RT -ScL-RP-LCe and LTt
had the highest correlation in the second factor (Fig. 5A).
Using the results of ordination based on PCA analysis, the
second axis contributed to the separation of the three dip-
loid species with the C genome. At the same time, the first
axis was crucial to separate A. macrostachya from the oth-
er three diploid species with C genome (Fig. 5B).

When comparing all accessions of the species, PCA
excluded 13 morphological traits. The results revealed that
the first four factors account for 72.1% of the total vari-
ance. In the first, second, third and fourth factors (which
has 25.28%, 24.48%, 11.70% and 10.64% of the total vari-
ance, respectively), characters such as SLd-SLi-LLi-PaD-
PaL-SL-SP-LCe-AN-AC and RL exhibited the highest corre-
lation (|r[> 0.70) in the first factor, while GhL-LeS-PaS-SS-
GR-ScL-LHa-PI-RT and RP displayed the highest correlation
in the second factor, FMd and AV in the third factor, LeF in

the total variance. In the first factor (comprising 50.8% of
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the fourth factor and SCu in the fifth factor (Fig. 6A). Accord-
ing to the PCA analysis data, the studied species were divid-
ed into two groups, as the species with the C genome took
their place below the species with the A genome, confirming
that the second axis (PC2) had the decisive word in this dis-
tinction between the two groups (Fig. 6B). On this basis, the
relationship of the species to each other is examined sepa-
rately for each group.

Correlation between morphology and eco-geography

To determine the relationship between the climatic chang-
es and the morphological changes of the studied oats spe-
cies, the correlation between the two Euclidean distance
matrices of the morphological characters (matrix A) and
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the eco-geographical parameters (matrix B) was carried
out with the Mantel test based on the Pearson correlation
of each species according to its own distribution. The re-
sults obtained with this test showed that the correlation
between morphology and eco-geography was statistically
significant for A. longiglumus, A. hirtula, A. wiestii and
A. macrostachya (p > 0.05), but not significant (p > 0.05) for
A. barbata and A. eriantha (Table 1). It should be noted
that this test was not applicable for the following two spe-
cies: A. ventricosa and A. clauda, because the number of
populations required to perform this test was insufficient
for both species.

Discussion
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Fig. 6. (A) Principal Component Analysis of morphological characteristics, (B) Ordination based on PCA of populations of all species.

General habit: Longevity (GhL), Juvenile growth (GhJ), Stem: Color appearance (SCa), Culm: (SCu), Height (SHe), Hairiness of upper most node (SHu), Lower
internode diameter (SLd), Lower internode length (SLl), Internodes (roughness) (Slr), Culm consistency (SCc), Peduncle (SPe), Leaf: Lobes (LeL), Intensity of
green color (Lel), Blade hairiness of margins (LeB), Lowest leaves: hairiness of sheaths (LeS), Total length of longest green leaf (including petiole) (LeT), Flag leaf:
glaucosity of sheath (LeF), Width at widest point (LeW), Ligules shape at younger (LLs), Ligules length on culm leaves (LLl), Panicle: Shape (PaS), Density (PaD),
Length (PaL), Spikelets: Length without awns (SL), Number of florets (SN), Separating from peduncle (SS), Glumes shape (GS), Glumes relative length (GR), Upper
glume length (GUL), Lower glume length (GLI), Upper Glume width (GUw), Lower glume width (GLw), Number of nervs of upper glume (GNu), Presence of keels
(GP), Florets dispersal unit: Florets: disarticulation (FDd), Florets mode of disarticulation (FMd), Separate (FSd), Scars Shape of first floret scar (SSf), Shape of
third floret scar (SSt), Periphery ring (SP), Length (ScL), Width (ScW), Callus: Shape (CS), Lemma: Color (LCe), Hairiness (LHa), Place of awn insertion (LPa), Struc-
ture (LSt), Shape of tip (LTt), Grain husk (LGh), Awns: Number of awns (AN), Dorsal awn length (AD), Color (AC), Pubescence (AP), Vestiture below awn insertion
(AV), Palea: Presence (PP), Apex (incision) (PI), apex (presence of awn) (PA), Rows of cilia along edges of keels (PR), Vestiture of back (PV), Lodicule: Type (LTy),
Prickles (LPr), Rachilla: Type presence (RT), Length (RL), Pubescence (RP), Epiblast: Type (ET), Median range (EM), Grain: Length (L), Wide (W), Thickness (T).

Table 1. Correlation results between morphologic and eco-geographic char-

acteristics of collected Avena L. species. The majority of wild oat species originate in the Mediterra-

nean region (between 20- and 40-degrees north latitude),

Avena species N R P which stretches north of Algeria (27). The results summa-
Avena barbata 10000 0.3806 0.0129 rized in Supplementary Table 1 are in the line with the
Avena longiglumis 10000 0.4170 0.0026 findings of Loskutov et al. (27), which reported that this
Avena hirtula 10000 0.5101 0.0073 region has the richest and highest genetic diversity of wild

oats in the world. The presence of two tetraploid species
Avena wiestii 10000 0.0421 0-189 (A. barbata and A. macrostachya) and six diploid species
Avena macrostachya 10000 0.5995 0.0059 (A. clauda, A. eriantha, A. hirtula, A. longiglumis, A. ventri-
Avena eriantha 10000 0.8732 0.2149 cosa, and A. wiestii) explains this. The current study was
Avena clouda 10000 ) achieved using 138 accgssions col.lected from 9§ difjferer)t

areas. The harvest area included five of the six bioclimatic
Avena ventricosa 10000 -

N= Permutations number, R=Pearson correlation coefficient, p-value of

Pearson test.

stages based on Emberger's pluviothermic quotient (28).
As shown in Supplementary Table 1, there is a clear dis-

https://plantsciencetoday.online


https://plantsciencetoday.online

crepancy in the distribution of the different species stud-
ied among the different bio-climatic regions. According to
the findings, all species with the A genome were widely
spread, except for the A. wiestii which presented a limited
distribution similar to that of A. clauda, A. eriantha, A. ven-
tricosa, and A. macrostachya with C genome. Constandi-
nou et al. stated that the main important climatic variable
that determines the distribution of A. ventricosa is the
mean daily temperature (29), which was translated by the
presence of the two accessions of this species in the cli-
mate “SH”, but with the only difference that the first has a
mild winter and the second a cold winter. The distribution
differences between species of the genus Avena might be
due to the variation in evolution and interaction with bio-
climatic changes.

The Mediterranean climate is characterized by
changing temperatures and an increase in precipitation.
Therefore, the harvesting stations coordinates showed
great importance in determining the quality of the climate
prevailing in the area and, from this, the manner of its im-
pact on the presence and distribution of the species, as
well as the extent of their response and adaptation to all
these variables (30). It is known that temperature is one of
the most important climatic elements that directly affect
the phases of the growth cycle and the vegetation period
of oats (31, 32). In addition, plant height, number of seeds
per plant, dry weight of seeds and moisture content, all
morphological quantitative traits of oats are directly
affected by decreases and increases in temperature (33).
Our outcomes were in accordance with those studies done
by Klink et al. (34) and Peltonen-Sainio (35), which found
that plants phenology and grain production and quality
are influenced by climatic factors such as precipitation.

In addition, drought stress reduced the number of
fertile flowers in the panicle because the more severe the
drought, the higher the rate of flower death (36). Soil mois-
ture results from the interaction between temperature and
precipitation. Although oats have a vigorous root system
that makes good use of the soil, their transpiration rates at
elevation, and thus their water requirements, are higher
than those of other small-grain cereals (37). Therefore, the
soil moisture degree is an important factor in the growth
and development of oats, especially for the total quantita-
tive characteristics. The most important traits affected by
soil moisture are plant height, leaf area production, and
biomass productivity, with different responses at different
stages of plant growth and among different species (38).
From all this, it is clear that climatic factors have a signifi-
cant influence on quantitative traits of oat growth.

At this point, it should be noted that quantitative
traits are important not only for distinguishing between
plant populations, but also for how these plants cope with
climatic and biotic conditions; the latter has shown that
oats with improved organs such as the thickness of the
straw and the height of the plant have a high resistance to
storage (33).

All studied species showed various differences
among themselves and even among their accessions for
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most quantitative traits. The quantitative traits showed a
high correlation (|r| > 0.7) with the PC1 and/or PC2 axes,
confirming their effective contribution in discriminating
between accessions of the same species. The results pre-
sented previously, all qualitative traits in diploid species
(A. clauda and A. eriantha) were excluded because they
were completely identical with in populations of the same
species. This stability in qualitative traits can be attributed
to the presence of different populations of these two spe-
cies in very similar climatic environments.

In contrast, A. ventricosa showed variance in the
two qualitative characters in the vegetative part: young
growth and pubescence of the uppermost node. The vege-
tative traits (culm, pubescence of the uppermost node,
roughness of the internodes, and shape of the ligule at
anthesis) showed differences among the accessions of the
following species: A. longiglumis, A. hirtula, A. wiestii, and A.
barbata, the variance can be attributed to changes in abi-
otic factors such as temperature, rainfall, lighting, and
wind strength. With the exception of the last trait, more
detailed studies are needed to show what factors control
the change in this trait. The previous species populations
showed differences in the shape of first floret scar "SSf",
the epiblast type "ET" between A. longiglumis and A.
wiestii populations, which are two characteristics at the
reproductive system that also need more accurate studies
to show factors controlling their differences.

The most qualitative differences appeared between
auto-tetraploid A. macrostachya accessions that affected
the different organs of the vegetative and reproductive
systems. From the above observations the qualitative
traits among accessions of A. clauda, A. eiantha and A. ven-
tricosa species, which together constitute the diploid spe-
cies with the C genome, and they were more stable than
the accessions of A. longiglumis, A. hirtula and A. wiestii
species with A genome. Several reports disclosed that
morphological characters are associated with a relatively
small number of loci (39-41). The stability of these genes
between accessions of the same species resulted in the
stability of the whole genome. From the results, it can be
concluded that the C genome was more stable than the A
genome. This is fully consistent with the fact that A ge-
nome was found in several types as Ac, Ad, Al, Ap and As,
while the C genome exists only in two types (Cp and Cv) in
the diploid species of the genus Avena (42).

The diploid species with the A genome (A. hirtula, A.
longiglumis, A. wiestii and A. barbata) showed remarkable
differences in quantitative traits (Table 2). These differ-
ences appeared between A. longiglumis and the two other
diploid species. They varied significantly with respect to
the vegetative part or the components of spikelets, as
shown in Table 1. This makes it easy to observe the possi-
bility of the presence of some species by simple visual ob-
servation only. Also, there are important qualitative char-
acteristics in differentiating between these species, as they
recorded an absolute correlation coefficient higher than
|0.7]. Whereas, the differentiation between the three spe-
cies was decisive by four qualitative traits: SCa, SSt, CS and
LCe. We mention, for example that the shape of the callus
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Table 2. Means of quantitative traits.
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ven cla eri lon wie hir mac bar
SHe (cm) 62.5£7.3 67.15£1.75 67.4+2.7 55.55+19.95 53.7+15.5 42.05+13.55 82.25+6.95 79.25+18.85
SLd (mm) 2.07+0.01 1.84+0.03 2.215+0.045 3.91+0.17 2.555+0.385 2.445+0.065 1.545+0.415 7.08+1.25
SLL (cm) 12.4+0.2 13.9+0.4 13.6+0.5 18.9+3.1 21.62 10.35+0.95 17.7+2 17.543.1
LLL (mm) 1.775+0.015 2.915+0.025 1.76+0.08 3.11+0.51 3.55+0.33 1.7+0.16 3.59+0.84 3.74+0.66
SL (mm) 21.735%0.85 23.5210.04 21.32+0.09 22.865+0.675 20.255+3.435 16.46+0.67 27.645+2.475 22.105+3.905
SN 2 4 2o0r3 2o0r3 2 2o0r3 4or5 2o0r3
GUI (mm) 23.250.09 24.82+0.06 22.64+0.18 26.070.77 20.4613.47 17.155+0.925 30.685+2.745 22.4+3.96
GLI (mm) 18.02+0.05 11.24+0.04 15.705+0.025 25.975+0.765 20.435+3.445 17.135+0.945 15.35+1.33 22.24+3.8
GUw (mm) 4.9620.02 4.09+0.03 5.045+0.005 5.675+0.165 3.25+0.24 3.735+0.145 6.68+0.6 5.705+0.825
GLw (mm) 4.96510.025 3.98510.025 5.03+0.01 5.67510.165 3.2410.24 3.740.12 3.82+0.33 5.69510.825
GNu 8or9 7 7 9to 11 7 Tor9 7 9or10
ScL (mm) 4.49+0.02 1.45+0.01 2.02+0.01 1.61+0.05 0.865+0.065 1.055+0.045 1.81+0.16 1.195+0.085
ScW (mm) 0.18+0.01 0.5150.025 0.225+0.005 0.44510.015 0.27+0.02 0.315+0.015 0.67+0.06 0.5+0.09
AN 2 3orup 2 2 2 2 3orup 20r3
AD (mm) 55.25+0.56 54.36x1.75 58.64+0.52 52.47+1.55 58.09+4.27 34.375+1.025 43.33+0.8 48.84+8.63
PR lor2 2 2 1 1 1 lor3 lor2
RL (mm) 1.575+0.065 2.41+0.02 2.91+0.17 1.59+0.05 2.895+0.215 2.050.06 0.96+0.08 4.045%0.295
EM (mm) 0.345+0.015 0.295+0.015 0.315+0.015 0.3410.01 0.295+0.025 0.69+0.02 0.4210.04 0.395+0.025
L (mm) 4.77+0.01 4.01+0.01 4.0650.015 7.255+0.135 4.91+0.07 4.750.08 7.11+1.08 5.99+0.19
W (mm) 0.74+0.01 0.760.01 0.715+0.005 1.04+0.05 0.795+0.045 0.765+0.055 1.325+0.305 0.88+0.07
T (mm) 0.60.01 0.7050.005 0.685+0.005 1.04+0.03 0.73+0.06 0.6610.05 1.215+0.155 0.89+0.1

ven=Avena ventricosa, cla=Avena clauda, eri=Avena eriantha, lon=Avena longiglumis, wie=Avena wiestii, hir=Avena hirtula, mac=Avena macrostachya, bar=Avena
barbata, Stem: Height (SHe), Lower internode diameter (SLd), Lower internode length (SLI), Leaf: Ligules length on culm leaves (LLl), Spikelets: Length without
awns (SL), Number of florets (SN), Upper glume length (GUL), Lower glume length (GLI), Upper Glume width (GUw), Lower glume width (GLw), Number of nervs of
upper glume (GNu), Scars: Length (ScL), Width (ScW), Number of awns (AN), Dorsal awn length (AD), Palea Rows of cilia along edges of keels (PR), Rachilla length

(RL), Epiblast median range (EM), Grain: Length (L), Wide (W), Thickness (T).

in A. longiglumis is very primitive compared to that of the
other two species (43). These distinct differences between
A. longiglumis and both species can be considered as an
explanation for the slight divergence between the ge-
nomes of these species "Al and As" respectively. According
to the results shown in (Fig. 4B), we noted that the A. longi-
glumis accessions were clearly separate from the other
three closely related species accessions, which is con-
sistent with previously mentioned that A. longiglumis car-
ries a genome "Al" different from the genomes of the other
two diploid species "As" (43). When comparing the diploid
species carrying the A-genome and the tetraploid species
carrying the AB-genome "A. barbata" (14), we found many
slight differences in quantitative traits. However, the
difference was very clear in a limited number of quantita-
tive traits, namely: SHe and RL (Table 1). As for the differ-
ence by qualitative traits, it was not much different for
quantitative traits. This slight difference can be traced
back to the fact that the A-genome of the tetraploid spe-
cies A. barbata was similar to the As-genome (A. hirtula and
A. wiestii) of the diploid species (44).

These results supported what some researchers
believe that A. barbata is an auto-tetraploid of a diploid
species (45), as a result of which the genome of this spe-
cies can consist of two identical or very close genomes

(AA') (45, 46). The number of identical morphological traits
(Fig. 6A) and the percentage of differentiation obtained by
the two first axes (Fig. 6B) confirmed that the species car-
rying the A-genome are closer to each other compared to
those with the C-genome.

In addition to the differences in the quantitative
traits that exist between the species carrying the C-
genome, the obtained results also recorded decisive quali-
tative differences in differentiating between these species
distributed between the vegetative and  reproductive
parts (Table 2), the most important of which are: LLi-LPa-
LTt were also crucial to distinguishing each pair of these
species. But in a special way, the following morphological
characters SCa-AN-AD-AV-RT-FMd and SSt, were decisive
in  distinguishing  between A clauda  and
A. eriantha. As for, the following morphological traits LLs-
GR-GNu-CS-LCe-LHa and PV, were crucial in distinguishing
between A. ventricosa and each of the two following spe-
cies, A. clauda and A. eriantha. Also, through the results,
we notice that the differences between A. clauda and A.
eriantha were embodied by qualitative and quantitative
traits with a slight superiority for quantitative traits. In
contrast, qualitative traits were largely decisive in distin-
guishing between the two former species and  A. ventri-
cosa. Although A. clauda and A. eriantha are classified un-
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der one biological species, which means that they carry
the same type of genome “Cp” (14), but A. ventricosa with
the different genome “Cv” (4). But, the results of ordina-
tion based on PCA analysis, in this study (Fig. 5B), did not
clearly agree with this classification, which makes the mor-
phological difference between these species incompatible
with the difference at the cytological level, especially be-
tween the two species A. clauda and A. eriantha. The same
results shown in Fig. 5B show a relative affinity between A.
clauda and A. macrostachya compared to the other two
species, but the relationship between A. clauda and A.
macrostachya needs further deeper studies to prove this
convergence.

Conclusion

The morphological intraspecific variation is largely due to
quantitative traits, especially in A. clauda and A. eriantha.
This variation is reinforced by qualitative differences in the
other remaining studied species to varying degrees.
Through the results of this study, it can be highly trusted
that the difference in morphological traits is largely ex-
pressive of the difference at the genomic level, especially
between species carrying the A-genome and species with
the C-genome as well as species carrying the A-genome
between them. Despite this, species with the C-genome
among themselves were not subject to this rule. Quantita-
tive variations had a greater impact on inter-specific differ-
ences among species carrying the C-genome; on the con-
trary, the qualitative morphological traits played the most
important role in separating species carrying the A-
genome between them. The wider distribution of the stud-
ied Avena species carrying the A-genome compared to the
species with the C-genome may be related to the elasticity
of the A-genome and its ability to adapt to eco-
geographic conditions, compared to the C-genome which
appears to be more stable than the A-genome.
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