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Wheat covers more than 2.5 million hectares in Algeria and is the main staple food crop and income
generation for resources-limited farmers. Area cropped in wheat is expanding however, the quality is
not well known and varies from region to region. Improvement of durum wheat quality is a major
concern in Algeria to better cope with the consumers’ needs. Local landraces are highly appreciated
for local bread and couscous, while the newly released cultivars quality is often affected by
environmental factors. Four local durum varieties were studied in three different regions of Algeria (a
sub littoral and two high plateau areas) during 2010/2011cropping season. Protein content, yellow
berry and black spots on the grain levels, grain moisture level, thousand kernel weight and grain yield
were analyzed. Results showed globally a P<0.0llevel of spatial variation among all traits, this
demonstrated a strong influence of environmental conditions on the majority of durum quality traits;
varietal effects were observed in all traits except grain yield at Guelma and Setif. Protein content was
higher in Tiaret reaching 17.3%. Grain yield is higher at Setif (4.5 t/ha), one to two tons per hectare
more to Guelma and Tiaret. Kernel weight is higher in the high plateau areas 55.87 and 51.2 g. Yellow
berry level was high at Guelma and low in the high plateaus. In rainfed conditions of semi arid areas an
average production of 3.6 million tons of good quality levels of durum wheat (protein levels >12.5%,
low yellow berry and black points levels) has been obtained.
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INTRODUCTION

Algeria is the largest country in Africa, covering more
than two million square kilometers and 238 million ha but
only 3.4% is arable land. Most agricultural activities are in
the north of the country. The dominant crops are annual,
and mainly field crops such as cereals, forages, food
legumes and potatoes. Cereals are the predominant
crops grown by Algerian farmers, covering annually 3 to

3.5 million ha, nearly 40% of Algeria’s total agricultural
land. However, the country depends on imports for 45%
of its food because annual cereal production in Algeria is
about 3.2 million tons (Benbelkacem, 1996) while the
demand is around 8 million tons. During the last decade,
wheat represents on average 67.1% of all cereal
production. Yields are low due to several abiotic and
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biotic stresses. Scarcity and poor quality of underground
water resources, low and erratic rainfall, drought
recurrence, high and low temperatures and salinity are
the key constraints to agricultural production.

Durum wheat (Triticum turgidum L. var. durum) is the
traditional wheat crop in North Africa. It is used mainly for
bread and couscous and freeke - made from immature
green seed that is dried, grilled and broken and different
sorts of traditional cookies (Abecassis et al., 1990;
Desclaux et al., 2005; Kezih et al., 2013). In Algeria,
durum wheat is sown annually over 1.2 million ha, with an
average consumption of around 75 kg/person/year
(Djermoun, 2009). Forty percent of the grain production is
used for bread-making, mainly processed at the
household level. The local genotypes of durum wheat,
still grown by some farmers in the mountainous areas,
are highly appreciated for their excellent bread-making
and couscous quality. Improving durum wheat grain
quality has become, in recent years, one of the main
breeding goals in many Mediterranean countries, due to
the increase in market demand for good quality durum
wheat.

In Algeria, most of breeding efforts are concentrating
on maximum vyield potential under highly favorable
environment but quality aspects have lower priority. A
Multi-disciplinary approach has been adopted to promote
newly selected varieties for different semi-arid targeted
environments (durum and bread wheat, barley and
triticale), this research resulted in cultivars able to
withstand drought and heat but also responsive to
improved moisture supply.

The released varieties during the late seventies have
allowed a grain yield gain of at least 35% over the
landraces, but their grain quality is highly affected by the
environmental factors. The improvement of durum wheat
quality to fit different end-uses (bread, couscous, pasta,
local cakes, freeke) is an important objective of the

research conducted by the National Agricultural
Research Institute of Algeria (INRAA) and the
collaborating International Centers, CIMMYT and

ICARDA (Nachit et al., 1995).

The strong influence of environment and of genotype-
environment interactions on grain quality hampered the
improvement of durum wheat quality. Several
approaches have been carried out on bread wheat to
evaluate effects of genotype, environment and their
interaction (Peterson et al., 1992; Annicchiarico et al.,
2006). However, very little information is available on the
relative importance of the effects of genotype,
environment, and genotype-environment interaction on
the quality characteristics of durum wheat grown in the
Mediterranean region. Michelena et al. (1995) studied the
stability of 16 durum wheat varieties for different quality
parameters under northern Spain conditions and found
that spatial and temporal variation was very important for
many traits. Juan-Aracil and Michelena (1995) reported
that the three order interaction latitude x site x year was

the main factor that affected quality parameters. In some
other studies from ltaly (Mariani et al., 1995; Nachit et al.,
1995; Boggini et al., 1997; Novaro et al., 1997) a high
influence of environment and genotype-environment
interaction in determining durum wheat quality has been
reported. This study was carried out in different wheat
growing regions of Algeria that differ in climate, soil type
and agronomic systems to overview the spatial variation
in cereal quality traits of the four more widely cultivated
durum wheat varieties conducted in three contrasting
sites of Algeria during the 2010/2011.

MATERIALS AND METHODS
Sites description

Two high plateau sites (Setif in eastern and Tiaret in western
Algeria), and one interior sub-littoral area (Guelma) representing
cereal growing areas of Algeria, have been targeted.

(i) Guelma: situated between latitude 36° 17 and longitude 6° 37' in
Eastern Algeria, rainfall amount vary from 500 to 600 mm per year.
Littoral region, favorable area for cereal production, fertile deep
soils and suitable for cereal seed production. Main constraints:
diseases (mainly yellow rust and septoria leaf blotch) and terminal
drought.

(i) Tiaret: Western high plateaus, soils are clay loam to shallow in
almost all the area. Rainfall is irregular and averages from 350 to
450 mm. One main cereal growing areas of Algeria where cereal
production suffers from early drought and terminal heat stress.

(iii) Setif: Expands over three natural landscapes, the Northern
Atlas tell, the central high plains and Hodna highlands in the south
where the majority of arable area is situated. Altitude is comprised
between 800 to 1300 m above sea level. Cereals constitute the first
farmers crop. Climate is of continental type to semi-arid with cold
winters (minima -8°C) and hot summer (maxima 41°C). Mean
rainfall fluctuates from 200 to 500 mm from South to North. Drought
is mainly associated with frost all over winter season.

Material

Four durum wheat genotypes were used in this study, including two
local commercial varieties (Waha, Boussellem) and two advanced
lines (Gta/Dur69., and Lahn/Ch1.2003) from the CIMMYT-ICARDA
durum wheat breeding program.

Traits analyzed

Several commercial and technological quality parameters were
determined. Grain-protein content (PROT) was determined by
means of a Near Infra Red device. Yellow berry (MITA) was
evaluated using a farinotome (grain splitter) by the average of three
samples of visual inspection of 100 grains. A grain was considered
defective if it was completely or partially starchy (yellow berry) or
affected by fungal infections showing black spots (MOUCH) mainly
around the embryo area (Autran, 1984). Thousand kernel weight
named PMG was calculated as mean weight of three sets of 1000
grains per plot. Grain yield (RDT) is weighed from the total grains
harvested from each plot unit. The seed rate was adjusted for a
density of 300 viable seedsm? in Setif and Tiaret and 350 seeds m?
in Guelma. Plot size was 12 m? (six rows of 10 m long and 20 cm
apart).



Derbal et al. 921

Rainfall amount

B Guelma ™ Setif

Tiaret

%@Q\ Qé' ‘\0‘3 QQS" \'z? Qéo é{i’;\

$
= \&@A )

Figure 1. Rainfall amount (Guelma, Setif and Tiaret) in 2010/2011 growing

season.
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Figure 2. Monthly temperatures in 2010/2011 growing season at the 3 sites.

Statistical methods

In each trial, genotypes were sown in a randomized complete-block
design with four replications. A one-way analysis of variance was
done to compare more than two means from random independent
samples (Dagnelie, 2003). This test was used to compare the
different traits among varieties and sites. Mean comparisons
between trials for each quality characteristic and a one way ANOVA
were performed and least significant difference (LSD) values were
calculated at the 5% probability level, groups were classified by the
Tukey'’s test.

RESULTS AND DISCUSSION
Analysis of the climatic conditions

Even though rainfall distribution was not stable, rainfall

was normal at Guelma (577.6 mm) in the 2010/2011
growing season; it was above yearly average at Setif and
Tiaret sites (445.6 and 408.7 mm) where normal average
rainfall is 395 and 382 mm respectively (Figure 1). Most
of the precipitations fell in November and February.
Temperatures were normal for all sites (Figure 2); they
were colder with a high frequency of frosty days
exceeding 40 days in the high plateaus during fall and
winter and hotter in summer season.

Analysis of variance by site

a) Guelma: Anova results show highly significant
differences in all varieties for all traits except for grain
yield (Table 1). Grain moisture (12.7%) , protein content
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Table 1. Quality traits and grain yield results at Guelma, Setif and Tiaret sites during 2010/2011 season.

Varieties GUELMA SETIF TIARET General Mean
Grain Moisture 12.7%** 12.95%** 12.94** 12.86

Prot leyel 11.8*** 13*** 16.93*** 13.91

Black Points 22.22*** 11.87*** 9.14*** 14.4

TKW 42.77** 55.87*** 51.2%** 49.95

Yellow Berry 26.57** 1.46*** 0.29* 9.44

Yid 3.545NS 4.508NS 2.528*** 3.527

P>0.05 NS. P<0.05*. P<0.01**. P<0.001***.

Table 2. Response of the four varieties to the different quality and grain yield traits during 2010/2011 season.

Varieties WAHA BOUSSELAM LAHN/CH1 2003 GTA/DURG9 General Mean
Grain Moisture 12.79** 13.1%* 12.51™ 12.6*** 12.86
Prot leyel 14.3*** 13.52%** 13.79** 13.99** 13.91
Black Points 7.08*** 11.32*** 9.41*** 24.38*** 13.05
TKW 47.45** 53.83"** 50.36™** 48.36*** 49.94
Yellow Berry 9.51™** 7.31%** 9.12*** 11.96*** 9.37
Yid 3.303** 3.429™** 3.971* 3.576™* 3.527

P>0.05 NS. P<0.05*. P<0.01**. P<0.001***.

(11.8%), and thousand kernel weight (42.77g) were
relatively lower than average mean over sites (12.86,
13.91 and 49.95%). Yellow berry level and black spots on
the grain level were high in this site (26.57 and 22.2%
respectively) implying a low vitrousness of the grain.

b) Setif: Differences are highly significant in all traits
except grain yield. Proteins (13%) look better than in
Guelma site, it is on average a little bit lower than the
overall mean and much lower than in Tiaret site. Yellow
berry had a low level (1.46%) showing a good
vitreousness of the grain in this semi arid high plateau
site. All other parameters studied are higher than in the
other sites or even than the overall average.

(c) Tiaret: In contrast to the other two sites, differences
were significant to highly significant in all varieties for all
studied quality parameters. In this semi arid site grain
yield that was lowest (2.53 t/ha) due mainly to low rainfall
frequency and other abiotic stresses (cold in winter and
early spring), than elsewhere while excellent results
appeared for protein content (16.93%) that was highest
with almost no yellow berry in the grain (0.29%), PMG is
also high (51.2 g) and black spots level was lower than
overall average (9.14 Vs 14.74%). It looks clearly that
rainfed conditions in the semi arid sites offer the best
opportunity for production of good quality durum wheat.

Genotypes analysis

It is noticed that variations are very important in all
varieties for all the traits. Differences are highly very high

significant in all parameters for all varieties. Waha
showed a lower grain yield (3.3 t/ha), thousand kernel
weight and black point or spot level (5.08%) than the
other varieties Bousselam, Lahn/Ch12003 and Gta/Dur
69 (Table 2 and Figure 3).

In Bousselam, we also found very highly significant
differences for all parameters. Grain yield (3.429 t/ha)
was a little higher than in Waha (3.3 t/ha) but still lower
than the overall average (3.53 t/ha). Thousand kernel
weight (PMG) was highest in this variety released in the
setif high plateau (53.83 g) while it ranged from 47.45 to
50.36 g for the other varieties. Yellow berry (MITA) had
the lowest level (7.31%) but protein content (PROT)
showed the lowest amount (13.52%). The variety
Gta/Dur69 one of the newly released genotypes shows
also highly significant differences among sites. The
homogenous groups are represented in Table 4. The
other new variety in the pipeline Lahn/Ch12003 exhibits
also same conclusive results as Gta/Dur69. These results
conclude that there is in general a spatial variation for all
traits in the different sites of study.

G x E interaction analysis

The greatest proportion of variation (Table 3) for protein
content was attributed to the site effect which took more
than 95% (p<0.001) of the total variation. Under rainfed
conditions, the year effect on wheat yield and quality
parameters have been reported by different authors in
Mediterranean environments who showed that this effect
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Figure 3. Quality traits and grain yield over sites for the different varieties studied in 2010/2011 season.

is almost the consequence of weather conditions during
grain filling and accumulation of assimilates from the
stem to the grain (Garrido-Lestache et al., 2005; Elhani et
al., 2007; Bahlouli et al., 2008). Efficient water use in
highland areas might have promoted plant nutrient
uptake and translocation and, consequently, produced
better-quality grain (Diacono et al., 2012). This can
explain results observed for Tiaret and setif where protein
content was higher. When comparing different sites,
Tiaret faced drought conditions, while Guelma received
the biggest amount of reproductive rainfall during winter
season. Setif had the better yields during the studied
growing season than Guelma or Tiaret (4.5, 3.5 and 2.5
t/ha, respectively). Drought period in Tiaret resulted in a
reduced yield of 2.5 t/ha due to water stress during grain
filling (Annicchiarico and Mariani, 1995; Monneveux et
al., 2006; Villegas et al., 2010; Rizza et al., 2012). As it is
known, yield reduction observed at Tiaret is mainly due to
water stress but was associated with highest protein
content (Oweis et al.,, 1999; Rharrabti et al., 2003b;
Flagella et al., 2010; Diacono et al., 2012; Hussain et al.,
2012). Mean squares were not significant among
varieties and on variety by site interaction.

DISCUSSION

Growing conditions were different in each site; they were
more favorable in the littoral area rather in the high
plateau sites where it is more continental. According to
Basso et al. (2012) the growing season vegetative rainfall
occurs from December to February and the growing
season reproductive rainfall occurs from March to May.
Tiaret faced drought conditions with a total of 28.6 mm
during booting stage, the most critical stage for spike

constitution and early grain filling in this area; this drought
period resulted in a reduced average yield (2.52 t/ha) due
to water stress. Guelma received the largest amount of
reproductive rainfall with a total of 406.6 mm; from boot
stage to physiological maturity it received 128.8 mm that
made a quite good average grain yield (3.5 t/ha) superior
to Tiaret site by one ton on average (Dagnelie, 2003;
Basso et al., 2012; Juan-Aracil et al., 1995; Rizza, 2012).
Rainfed conditions affected thus wheat yield and quality
parameters; this has been reported by different authors in
Mediterranean environments who showed that this effect
is mainly due to weather conditions during grain filling
and assimilates accumulation in the grain (Baenziger,
1985; Bahlouli et al, 2008; Diacono et al., 2012). The
spatial variability of durum wheat varieties observed in all
sites is probably mainly influenced by soil types (texture,
bulk density and organic matter) (Mariani, 1995). During
our trials, a similar relationship was expressed between
rainfall with grain yield (RDT) and thousand kernel weight
(PMG) at Setif, meaning that conditions favored the
expression of those parameters simultaneously. As it is
known, yield reduction observed at Tiaret was likely due
to water stress but on the other hand it was associated
with highest protein content measured by the near infra
red (Rharrabti et al, 2003; Flagella, 2010; Akman et al,
2013; Mariani, 1995).

Yellow berry level was excellent (very low) in the high
plateau sites. High yellow berry percent in the most
humid areas on newly released genotypes was probably
the result of the reduced uptake of water which has
limited the N use efficiency of wheat varieties (Rharrabti,
et al 2003; Desclaux, 2000). Yellow berry is generally
related to low protein content (Fernandez and Conner,
2011), this was not the case in our study at Tiaret where
this trait was lowest for yellow berry but highest for
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Table 3. Effect of variety, sites and interaction (% of total meansquare) on durum

wheat grain.
Prameters Site var Site*var
Humidity 22.45%** 38.59*** 38.95***
Proteins 95.79*** 0.10** 4.09***
Mouch (Black points) 75.60*** 14.68*** 9.70***
PMG(TKW) 83.44*** 11.32%** 5.23***
Mit (Yellow Berry) 97.17*** 1.18*** 1.63***
RDT (Yield) 96.74*** 1.76NS 1.49NS

Table 4. Anova comparison among sites and homogenous groups (Genotype/environment) for all quality traits during 2010/2011

season.
Varietis/location Yid TKW Prot leyel Yellow Berry Black Points Grain Moisture
Waha/Guelma 26.80 ° 44.627° 12.867° 25.604° 0.983 ° 12.800™
Waha/Setif 45.850 2 51.887° 12.867° 2.583° 7.050 @ 12.767™
Waha/Tiaret 26.440° 45.853° 17.267° 0.354° 7.200 @ 12.800™
Boussellem/Guelma 3553 ° 43.187° 12.167° 20.875° 0.833 @ 12.800°
Boussellem/Setif 43.610° 61.553° 11.533° 0.8125° 10.067° 13.500 °
Boussellem/Tiaret 23.750° 56.757° 16.867° 0.250° 11.067° 13.00 °
GTA-Dur69/Guelma 37.06° 43.057° 10.533? 35.542° 2.066 2 12.833°
GTA-Dur69/Setif 43.970° 52.820° 14.533° 0.229° 20.700° 12.067 °
GTA-Dur69/Tiaret 26.271° 49.207° 16.933° 0.104° 10.750 © 12.90 2
Lahn -Ch1 2003/Guelma 42.53° 40.193° 11.633° 24.667° 5.017° 12.267°
Lahn -Ch1 2003/Setif 46.900° 57.760° 13.067° 2.229° 9.660 ? 12.200 °
Lahn -Ch1 2003/Tiaret 29.687° 53.020° 16.667° 0.479° 7.567° 13.067°

protein content. High percent of black point disease
observed occurred as expected in wettest environment
like in Guelma (Desclaux, 2000; Rharrabti et al., 2003;
Fernandez and Conner, 2011; Akman et al., 2013).

Conclusion

Results deriving from different analysis (mean, anova,
tukey test) show the high spatial variation existing
between the different varieties for all quality parameters
considered in this study. The differences were highly
significant in all varieties for all traits except for grain yield
at Guelma and Setif. This latter trait was lowest at Tiaret
(2.5 Vs 4.5 t/ha at Setif). The newly released variety Beni
Mestina (Lahn/Ch1 2003) out yielded all the other
varieties in all sites. Humidity was in a good range at all
sites averaging 12.8%. Protein content reached a high
level (16.93%) at Tiaret site; the best overall level was on
average in Waha with 14.3%.

It is important to notice that the best yielders did not
have the best protein level meaning that the quantity of
the product did not match with its quality. Our results
showed the excellent results that appeared for protein
content with almost no yellow berry in the grain and a

high PMG in the high plateau semi arid sites implying
clearly that rainfed conditions in the semi arid sites offer
the best opportunity for production of good quality durum
wheat.

Under rainfed conditions, durum wheat cropping
system in Algeria show sensitivity to spatial and climatic
variability. Therefore, crops should be managed
specifically according to the site where they are
cultivated, especially by the use of techniques that
improve protein content in their wheat varieties. Spatial
analysis of yield and quality parameters allowed for the
identification of Tiaret as the best site for grain quality
because of its stable rainfall during grain filling period
during our experiments. Varieties with shorter cycle and a
good water use efficiency or drought tolerance released
recently are better in littoral areas whereas varieties with
long cycle are suitable in the high plateau sites. Our
results suggest that, it is necessary to focus on each
specific region with different environment types and
select performing genotypes with the expression of best
quality parameters for each variety in each site.
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