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The aim of this study focused on the evaluation of the effect of water stress and nitrogen supply on some 
technological quality parameters of two durum wheat varieties (Vitron and Bousselem) grown in a semi-
arid area of Algeria (Sebaine, Tiaret).The experimentation was carried out in two crops; one irrigated at 
50% of the field capacity and the other unirrigated ;each block is subdivided into three plots considered 
as repetition in which four nitrogen doses are applied: 92,115,138 and 184unit/ha.The technological 
quality parameters studied were thousand kernel weight, specific weight, gluten content (dry and wet) 
and proteins content.The results showed that the water deficit and the nitrogen fertilization caused a 
variation of the parameters relating to the technological quality of the studied durum wheat varieties, 
namely: a decrease of the weight of thousand grains, the specific weight and the rates of gluten (dry and 
wet) on the one hand and an increase of the proteins content on the other hand. 
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INTRODUCTION 

According to Kovats et al. (2014), the 
Mediterranean and other South European regions 
are especially vulnerable to climate change, facing 
increased competition for water resources between 
different sectors (agriculture, industry, or domestic 
uses).Climate change accentuates the seasonal 
and interannual irregularity of temperature and 
precipitation, traits of the Mediterranean climate, 
making periods with high temperatures and water 
limitations more pronounced (Kovats et al.2014). 
The projections for the Mediterranean area are a 
gradual increase of temperature and a decrease in 
rainfall. Moreover, an increase in the frequency and 

magnitude of extreme events of heat waves is also 
predicted (Olesen and  Bindi, 2002). 

Mediterranean countries, where durum wheat 
is largely cultivated, are characterized by dry and 
hot summers alternating with humid and temperate 
winters (Ercoli et al. 2008).The consequences of 
this climatic uncertainty in Mediterranean 
environments on wheat production will potentially 
lead to yield losses that may reach one-third of the 
current value (Trnka et al.2015). 

In Mediterranean regions, the interannual 
yields of wheat are irregular and influenced by 
water availability and heat stress, and their 
occurrence in certain periods of the development 
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cycle (Olesen and  Bindi, 2002 ; Olesen et  
al.2011). 

The largest country in Africa, over 80% of 
Algeria’s landmass is desert and only 3.5% arable 
land (WOH, 2016).The climate is arid to semi-arid 
and all regions, particularly the desert, experience 
high temperatures and little rain. In Algeria, 
average annual rainfall has decreased by over 30% 
in recent decades (INDC, 2015).Continued water 
shortages could exacerbate health vulnerabilities 
and increased temperatures and frequency of heat 
waves could result in heat stress and adverse 
health outcomes in vulnerable populations 
(WOH,2016).Wheat is the most important cereal 
crop in Algeria(Bensemane et al. 2011 ; 
Abdelkader, 2014). It is a crucial source of 
carbohydrates, proteins, minerals and fibre for the 
mankind as well as animals, mainly processed as 
leavened or unleavened bakeries, compounds of 
food additives, or feedstuff (Hlisnikovský et al. 
2020). Wheat straw is an important material with 
many possibilities of utilisation, such as straw 
bedding, the compound of organic manures or a 
separate organic fertiliser (Yin et al. 2018), or 
primary material for bioenergy purposes 
(Townsend et al. 2018).In wheat production, 
providing water through supplemental irrigation 
and appropriate rate and time of N fertilizer 
application can be integral to stabilize yields, 
increase productivity, and to enhance the industrial 
quality of the grain (Fallahi et al. 2008 ; Blandino et 
al. 2015 ; Alghory and Yazar, 2018 ; Ul-Allah et al. 
2018 ; Yu et al.2018).  

The quality of durum wheat may be evaluated 
by more than one point of view: agronomical quality 
that influences potentiality and stability of grain 
yield; milling quality that influences semolina yield, 
ash content, humidity, and impurity of grains; 
technological quality that influences content of 
protein and gluten quantity and quality; hygienic 
and sanitary quality that are related to some 
phytopathological microorganisms or their 
secondary metabolites (Fagnano et al. 2012).  

According to Bicego et al. (2019), grain quality 
parameters such as grain test weight, grain protein 
content, and falling number are important end-use 
quality indicators with marketing implications. 

The wheat grain yield and its quality is however 
producers main concern, both parameters 
significantly affecting their economic situation ;to 
achieve the highest possible yields and grain 
quality, farmers can apply and combine wide range 
of agronomical measures, such as fertilisation with 
organic manures and mineral fertilisers (Li et al. 
2018, Yin et al. 2018), crop rotation (López-Bellido 

et al. 1998 ;Shahzad et al. 2016) and different 
production practices (López-Bellido et al. 1998 ; 
Wang et al. 2018). 

The concentration of proteins in wheat grain is 
affected by genotype, soil-climate conditions and 
cropping practices. According to Shewry (2007), 
the protein content in wheat may vary from 7% to 
22% and the genetic background is responsible for 
one-third of the content, which means that the rest 
is influenced by external factors. The lack of 
precipitation during the growing season leads to 
high protein content and increased vitreousness 
(López-Bellido et al. 1998 ; Rharrabti et al. 2003), 
while seasons with abundant precipitation provide 
grain with low content of proteins (Gürsoy et al. 
2010 ; Flagella et al. 2010). As to fertilisation, grain 
protein content is influenced mostly by the 
application of nitrogen (Wieser and Seilmeier 
1998 ; Johansson et al. 2001). 

A worldwide agreement considers protein 
content and gluten quality the main factors that 
influence pasta quality (Sissons et al.2005 ; 
Cubadda et al.2007), but their relative weight 
depends on many factors, such as genotype, 
environment, and pasta processing conditions, like 
drying temperature (D’Egidio et al.1990 ; Novaro et 
al.1993).Many studies have relied on a single 
quality indicator, protein, which may not provide 
sufficient information to assess the potential 
impacts of N and water stress on bread quality 
(Panozzo and Eagles, 2000; Masci et al. 2000; 
Wang et al. 2008).Water deficit and high 
temperature are the main environmental factors 
affecting durum wheat grain quality under 
Mediterranean climate(Fagnano et al. 
2012).However, field studies designed to evaluate 
wheat adaptation to optimized irrigation or 
fertilization are also very important (Patanita et al. 
2019).In this context, the present study focused on 
the appreciation of the combined effect of water 
deficit and nitrogen fertilization on some 
parameters of the technological quality of two 
varieties of durum wheat (Vitron and Bousselem) 
cultivated in a semi-arid area from Algeria 
(Sebaine, Tiaret). 
 
MATERIALS AND METHODS 

2.1. Plant material 
Two varieties (Vitron and Bousselem) of durum 

wheat introduced in the form of seeds were put in 
experimentation; these cultivars are identified and 
certified by the Technical Institute of the Field 
Crops (ITGC) at the experimental station of the 
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commune of Sebaine located at the Wilaya of 
Tiaret, Algeria. 

2.2. Experimental device 
The experiment was conducted during the 

2016-2017 campaign at the Technical Institute of 
Field Crops (ITGC) of Sebaine located in the wilaya 
of Tiaret (Algeria). The soil of the cultivated plots 
was characterized by a silty-sandy texture. 

The study was carried at the experimental 
station of Sebaine (Technical Institute of Field 
Crops), Dahmouni, wilaya of Tiaret which is part of 
the high cereal plains of western Algeria, whose 
geographic coordinates are: Latitude: 35.4562, 
Longitude: 1.60349 i.e. x= 35° 27′ 22″ North, y=1° 
36′ 13″ East and altitude z=898 m. 

According to data from the National 
Meteorological Office of Ain Bouchekif in Tiaret; the 
2016-2017 agricultural year was characterized by 
bioclimatic indices that are close:for the year 
2016(temperature it varies from 7.6 in December to 
27.3°C in July with an annual average of 15. 
9°C;rainfall an annual average reaches 349.3mm 
with an annual average humidity 15.92% and an 
annual average of wind velocity 6.7km/h),or the 
year 2017(temperature it varies from 4.2 in January 
to 28.3°C in July with an annual average of 
16.1°C;rainfall an annual average reaches 
303.3mm with an annual average humidity 15.92% 
and an annual average of wind velocity 
3.8km/h).The experimental set-up adopted is the 
complete randomized block composed of two 
blocks; one block not irrigated and the other 
irrigated at 50% of the field capacity ;each block is 
subdivided into three plots considered as repetition 
in which four nitrogen doses are applied: 92 , 115 , 
138 and 184 unit/ha.The date of sowing took place 
in the beginning of January and the harvest 
towards the end of July of the year 2017. 

2.3. Technological quality 
The assessment of the technological quality of 

the studied durum wheat varieties was carried out 
on some parameters, namely: specific weight 
(method NFV03-719), thousand kernel weight 
(method NFV03-702), protein content (method of 
Bradford, 1976) and gluten content (wet and dry) 
determined by the method ISO21415. 

The results obtained were subjected to 
analysis of variance (ANOVA) at a probability level 
of 5%. 
 
RESULTS  

3.1. Thousand grain weight 
Figure 1 shows the thousand kernel weight 

variation of durum wheat varieties (Vitron and 
Bousselem) grown in two blocks (irrigated and 
unirrigated) and fertilized with nitrogen.  
 

 
Figure 1: Thousand kernel weight variation of 
durum wheat varieties (Vitron and Bousselem) 
grown in two blocks (irrigated and unirrigated) 
and fertilized with nitrogen. 

The superior average values of the weight of 
thousand grains for the two varieties of durum 
wheat were recorded in the irrigated block and 
fertilized in nitrogen (184unit/ha): 54.51g noted for 
the variety Vitron and 51.31g for the variety 
Bousselem; on the other hand the not irrigated 
block and fertilized in nitrogen (92unit/ha) was 
characterized by inferior average values of the 
weight of thousand grains: 41.55g for the variety 
Vitron and 42.67g for the variety Bousselem. 

The analysis of variance (ANOVA) showed that 
the combined factors (water deficit and nitrogen 
fertilization) had a significant (p=0.0265) and very 
highly significant (p=0.0002) effect on thousand 
kernel weight respectively for the durum wheat 
varieties (Vitron and Bousselem). 

3.2. Specific weight  
Figure 2 shows the specific weight variation of 

durum wheat varieties (Vitron and Bousselem) 
grown in two blocks (irrigated and unirrigated) and 
fertilized with nitrogen. 
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Figure 2: Specific weight variation of durum 
wheat varieties (Vitron and Bousselem) grown 
in two blocks (irrigated and unirrigated) and 
fertilized with nitrogen. 

According to figure 2, the higher average 
values of the specific weight were recorded in the 
irrigated block and amended in nitrogen 
(184unit/ha) namely: 81.73kg/hl noted for the 
variety Vitron and 80.82kg/hl for the variety 
Bousselem; while the unirrigated block and 
fertilized in nitrogen (92unit/ha) manifested itself by 
lower average values: 79.07kg/hl for the variety 
Vitron and 79.33kg/hl for the variety Bousselem. 

According to the analysis of variance 
(ANOVA), the combined factors (water deficit and 
nitrogen fertilization) had a very highly significant 
(p=0.001) and non-significant (p=0.164) impact on 
specific weight for the two durum wheat varieties 
(Vitron and Bousselem) respectively. 

3.3. Proteins 
Figure 3 represents the proteins variation of durum 
wheat varieties (Vitron and Bousselem) grown in 
two blocks (irrigated and unirrigated) and fertilized 
with nitrogen. 

 
Figure 3: Proteins variation of durum wheat 
varieties (Vitron and Bousselem) grown in two 
blocks (irrigated and unirrigated) and fertilized 
with nitrogen. 

The higher average values of proteins were 
recorded in the not irrigated block and amended in 
nitrogen (184unit/ha) namely: 30.05% noted for the 
variety Vitron and 17.26% for the variety 
Bousselem; while the irrigated block and fertilized 
in nitrogen (92unit/ha) was manifested by lower 
average values: 15.57% for the variety Vitron and 
10.33% for the variety Bousselem. 

According to the analysis of variance 
(ANOVA), the combined factors (water deficit and 
nitrogen fertilization) had a non-significant 
(p=0.225) and highly significant (p=0.001) impact 
on proteins levels for the two durum wheat varieties 
(Vitron and Bousselem) respectively. 

3.4. Gluten 
Figure 4 shows gluten rate variation of durum 

wheat varieties (Vitron and Bousselem) grown in 
two blocks (irrigated and unirrigated) and fertilized 
with nitrogen. 

According to figure 4a, the higher average 
values of wet gluten were recorded in the irrigated 
block and amended in nitrogen (184unit/ha), 
namely: 44.61% noted for the variety Vitron and 
64.94% for the variety Bousselem; while the not 
irrigated block and fertilized in nitrogen (92unit/ha) 
showed lower average values: 21.71% for the 
variety Vitron and 35.09% for the variety 
Bousselem. 

On the other hand, higher average values of 
dry gluten were recorded in the irrigated block and 
amended in nitrogen (184unit/ha), namely: 14.50% 
noted for the Vitron variety and 20.91% for the 
Bousselem variety; while the not irrigated block and 
fertilized in nitrogen (92unit/ha) showed lower 
average values: 6.71% for the Vitron variety and 
10.77% for the Bousselem variety (Figure 4b). 

According to the analysis of variance (ANOVA) 
of wet gluten, the combined factors (water deficit 
and nitrogen fertilization) had very high significant 
impacts (p=0.0005 and p=0.0001) respectively for 
the two durum wheat varieties (Vitron and 
Bousselem), the same result was noted for dry 
gluten, where the combined factors (water deficit 
and nitrogen fertilization) had very highly significant 
impacts (p=0.0001 and p=0.0007) for the two 
durum wheat varieties (Vitron and Bousselem) 
respectively. 
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Figure 4: Gluten rate (wet:(a) and dry:(b)) 
variation of durum wheat varieties (Vitron and 
Bousselem) grown in two blocks (irrigated and 
unirrigated) and fertilized with nitrogen. 
 
DISCUSSION 

Many researchers found that grain and straw 
yields of wheat plants were increased due to 
increasing nitrogen level while, Abd El-Hmeed and 
Omar (2006) concluded that, increasing N levels up 
to 105 kg N fed-1 significantly increased each of 
spike length, 1000-grain weight and grain yield. 
Mahmoud et al. (2006) recorded that grain and 
straw yields for wheat plants were increased due to 
increasing nitrogen level from 20 to 40, 60, 80 and 
100 kg N fed-1. 

Stress during the grain-filling stage may have 
an even greater effect on wheat, as it may cause 
reduced grain-filling (Wardlaw and Moncur, 1995), 
accelerated cell death, and an earlier attainment of 
the harvest maturity (Altenbach et al. 2003), which 
may result in substantial changes in the protein 
composition of the grains and in the size 
distribution of starch granules. 

The application of N after flowering may 
indirectly increase the protein content of the 
kernels without reducing the yield, while the 
increased grain protein content caused by heat and 
drought stress after flowering may be associated 
with yield losses, due to a reduction in the starch 
production (Cassman et al. 1992; Fowler ,2003). 

The ratio of albumins-globulins did not 

increase proportionately with the protein content in 
response to a rise in temperature (Triboi et al. 
2003).The deterioration in the dough quality could 
be attributed to the decline in the glutenin to gliadin 
ratio and in the percentage of very large glutenin 
polymers in response to a high temperature (Balla 
and Veisz, 2007).Protein content may account for 
of the variability in cooking quality, but the protein 
type has a strong effect on quality (Porceddu, 
1995). 

The deposition of gliadin and glutenin proteins 
in the kernel is ordered and asynchronous and can 
be impacted by plant stress and N management 
(Jamieson et al.2001; Daniel and Triboi, 2002). 

The relative amount of gliadin contained in the 
kernel can be increased by decreasing N stress 
(Triboi et al.2000). 

Water or heat stress during grain filling can 
impact gluten composition and dough quality (Ciaffi 
et al. 1996; Corbellini et al. 1997; Stone et al. 
1997 ; Jiang et al.2009).In wheat, N is essential for 
the production of biomass; N stored in this biomass 
remobilizes later to the grain ; it is estimated that 
up to 95% of the remobilized N is taken up prior to 
anthesis (Masoni et al. 2007). In some instances, 
N is over-applied to achieve as close as possible to 
the grain yield potential and ensure a desirable 
quality (Diacono et al. 2012). 

These results are similar to those obtained by 
Gagliardi et al.(2020) which significant lower yield 
and a higher protein concentration were observed 
in the year characterized by a higher temperature 
at the end of the crop cycle and the effect of the 
high temperatures on protein assembly was 
different for the genotypes in relation to their 
earliness. 

The wheat grain quality mainly depends on the 
quantity and type of gluten proteins, as well as on 
their aggregation/polymerization level (Gupta et 
al.1995 ; Ferreira et al.2012).In particular, gliadins, 
which are monomeric proteins, are mainly 
responsible for the viscous nature of the dough, 
and interact mostly via non-covalent links, while 
glutenin, which are polymeric proteins stabilized by 
disulphide bonds, determine its elasticity (Gras et 
al.2001 ; Anjum et al.2007).Ferreira et al. (2012), in 
durum wheat, reported also a positive effect of the 
high temperature during the whole grain filling 
period on gluten protein assembly.In the 
Mediterranean climate, the rainfall variability 
together with the frequency of high temperature 
during the grain filling period, may cause large 
fluctuations in durum wheat grain yield and 
technological quality aspects (Ercoli et al.2008 ; 
Ierna et al.2016). 
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In semi-arid regions, a further increase in 
temperatures together with reduced rainfall are 
expected following the ongoing climate change 
(ICCP, 2012 ; Nuttall et al.2015). This trend will 
influence also the crop responses to nitrogen 
fertilization, which depend on rainfall amount and 
distribution during the crop cycle, to the amount 
and timing of nitrogen applications as well as to the 
initial soil nitrogen levels (Cossani et al.2012 ; 
López-Bellido et al.2012).Moreover, Malik et al. 
(2011) highlighted that the combinations of 
cultivars, nitrogen and temperature are needed to 
explain the variation in the quantity and size 
distribution of the polymer proteins and their effect 
on the quality of the end-product. 

Salem (2005) and Zewail (2007) revealed that 
yield and its components of wheat were 
significantly increased by increasing rate of 
nitrogen fertilizer up to120 kg N/Fedden. 

The study lead by Abdelkhalek et al. (2015) 
showed the yield and yield components of some 
wheat varieties were highly depending of irrigation 
and nitrogen fertilization using ammonia gas. 

The mineralisation process of the organic 
manures strongly depends on the environmental 
conditions (Hlisnikovský et al. 2020). 

The application of mineral fertilisers, which 
significantly and directly affected the yield and 
quality of wheat (Blandino and Reyneri ,2009) and 
its root system (Rasmussen et al. 2015). 

According to Barneix (2007), the protein 
synthesis in grain is source-limited and more than 
50-70% of the final grain N is accumulated before 
flowering and later remobilised to the grain, where 
it is used for synthesis of grain proteins. 

CONCLUSION 
The study of the combined effect of water deficit 
and nitrogen supply on some technological quality 
parameters of durum wheat varieties grown in a 
semi-arid area of Algeria (Sebaine, Tiaret) showed 
that their biological responses (protein, gluten and 
grain yield) varied according to the intensity of 
water stress, variety and nitrogen supply. Faced 
with these two factors, the two varieties (Vitron and 
Bousselem) have the same physiological behavior, 
especially in the increase of protein synthesis, 
which will improve the technological quality of the 
milling products (semolina).  
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