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ABSTRACT 
The yield and quality of durum wheat produced in Algeria are still difficult to control because genotype x environment interactions. 

Naturally the production of high quality seeds through varieties that remain at semolina yields and relatively high grain. For this purpose, a 

test group of ten genotypes of semi hard wheat in different sites is the subject of this study. The quality parameters focused on the specific 

weight, the protein content, the 1000-grain weight (TGW) the mitadinage, carotenoids, performance and analyzes were conducted by the 

method of the Near Infrared Spectroscopy (NIRS). Near InfraRed Spectroscopy was used in order to develop a fastand nondestructive 
method,directly on the wholegrains. he spectra obtained by reflectance were collected in the zones of visible and the infra-red close relation 

(400-2500nm). In parallel, measurements were carried out at the laboratorywhile following the standardized chimiometric methods making 

it possible to build statistical models. The calibrations validations obtained make it possible correctly to predict the content of proteins the 
rate of mitadin, the out put semolina manufactor. The calibrations for theweight of 1000 grains and the index of yellow haveslightly lower 

results. This method predicts various qualitative parameters pastier and semolina using a very small amount of grains (non-destructive). This 

work will discuss by obtained results, the greater variability of different genotypes and variability. However, it appears to be related to the 
Genotype x Environment interaction and also the genetic potential which is able to determine the qualitative skills of varieties. This method 

which is in the same time both resolute and quick, can be an interesting alternative way in the selection of quality criteria in wheat. 
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                                                                        INTRODUCTION 

 

The selection of varieties producing a high yield of grains can lead to obtaining varieties of poor technical 

quality, especially low-protein and enough semolina yield [1]. Thus, the hard wheat breeders often work with 

manufacturers to incorporate the technology parameters as priority criteria in their genetic improvement 

programs [2] .They were also provided with tools to measure the yellowness index, the clarity, the protein 

content, sedimentation test and other quality indexes. However these tests are expensive and are therefore 

introduced essentially in the final stages of the selection [3]. The use of near infrared spectroscopy (NIRS) is 

becoming more common for rapid quality control of grain; it requires rapid sample preparation and enables 

rapid determination, non-destructive and inexpensive several parameters[4] and[5]. Due to the increasing 

number of varieties tested it is essential to identify and quantify the importance of genotype x environment 

interaction for technological criteria and to define the basis of a sample of test locations [6]  .To this end, a trial 

involving a diverse germplasm to the subject of this study. The qualities settings primarily include test weight, 
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mitadin rate, protein content and the 1000-grain weight (TGW). The aim is to establish the correspondence of a 

range of varietal performance and quality results with the environments in which they are developed [7]and[8]. 

 

MATERIALS AND METHODS 
 

Choice of stations : The chosen three sites are: 

Site 1: Constantine (ITGC El Khroub) . 

Site 2 : Oued Smar (ITGC  Alger) .  

Site 3 : Setif (ITGC Setif). 

The trials were installed on previous worked fallow at three research stations (CETO El Khroub, CETO 

CETO Algiers and Setif), stations that represent agricultural areas of moist (Oued Smar) of the semi-arid 

characteristics ups of Constantine and the arid plains, characterized by the highlands of eastern Algeria, as Setif 

in this case. 

 

Choice of varieties: 

The experiment was performed on 10genotypes of durum wheat (Triticum durum Desf) (Table 1). These 

varieties selected by the Technical Institute for Crops (ITGC) and the National Institute of Agronomic Research 

of Algeria (INRAA) and produced in the areas of grain production. 

 
Table 1: varietal characteristics of crops. 

Varieties Characteristics 

V1 : waha  High productivity –semi-dwarf   

V2 : Gta/Dur High productivity – good quality 

V3 : Stk / Haul / Heca-1 Mexican crossing –good quality 

V4 : Ammar-8 Advanced intensive line 

V5 : Msbi-1 / Quarmal Semi- dwarf-productive  

V6 : Azeghar-1/6/Zna-1/5 

/Awl 1/4/          

Ruff//jo/Cr/3/F9 .3 

Crossing  I CARDA — Good adaptation 

V7 : Ville mur/3/Lahn //Gs /Stk /4/Dra2/ Bcr/ 5/Bcr/Lks4 /4/  Advanced Line –Cross.ICARDA-Cimmyt 

V8 :Gsb/1/4/D68-1-93A1A//RuFF/Fg/3/Mtl5/5/Wdz6/Gi/4 Var.CIMMYT –Adapted. 

V9 : Lahaucan Adapted to water stress 

V10 :Da-6Black 

awns/3/Bcr//Memo/God 

Good production-Good adaptation      

 

Data and analyses performed: 

Analyse in the Near Infrared Red Spectrometry NIRS: 

The analysis Near InfraRed Spectrometry NIRS is non-destructive and can predict various qualitative 

parameters pastiers semolina and using only a small amount of grains. This is a comparative analysis whose 

principle is based on the absorption of near infrared light by the organic material; using calibration in which the 

spectral data of the known sample are correlated with their analytical reference values, spectrometry can predict 

unknown for a batch, the level of the parameter based only on spectral fingerprint of sample. This analysis was 

conducted at INRA Montpellier (France) at the experimental station of Melgueil where calibration curves for 

various parameters have been developed. 

The spectra corresponding to 10 varieties (planted and harvested in levels of the three different places) were 

collected on whole grains arranged in large cells with NIR system 6500 working reflectance of 400 to 2500 nm, 

with a pitch of 02 nm [9]. A correction of a possible drift of the spectrum (various mathematical methods), was 

also applied to the data [10] , the other a statistical study was performed using SAS [11] linked to NIRS 

Three repetitions were performed for each variety, from the three different places (Khroub, Oued smar and 

Setif) .The ISI NIR II software [11] was used to predict the specific weight, mitadin rate, the protein rate, the 

1000-grain weight (TGW), yield and carotenoids. 

Statistical analysis: Software Used  MINITAB Version  16. 

a. The data (Protein, TGW, yield, test weight mitadinage Carotenoids) were tested with analysis of 

variance ANOVA and TUKEY’s test that compares between stations by variety and variable, 

b. Multivariate statistical analysis ANOVA : To compare between stations for the entire variable and all 

varieties. 

 

RESULTS AND DISCUSSION 

 

 

 

Near Infrared analysis NIRS:  
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The spectra corresponding to 10 varieties that have been sown and harvested at levels three places, 

mathematical processing (PCA spectrum) transforming raw data into First derivative was applied to samples of 

spectral data (Figure 01), and a plan 3D which clearly shows the effect place Figure 02. Varieties are distinct 

based on the spectra and 3D map shows that a place effect on varieties and confirming the genotype X 

environment interaction explained with opposing axes.  

 

 
 

Fig. 1: Analysis of spectrum with NIRS SAS software. 

 

 
  

Fig. 2: Pictures from NIRS screen 3D  plan view (PCA) site show  the site effect on varietie 

 

Results of anova and tukey’s test : 

ANOVA Results: 

The criteria of quality and productivity obtained were analyzed by analysis of variance ANOVA (Table 

02) to compare the performance of each variety at three sites by variable. 

 
Table. 2: Results of analysis of variance of comparisons between the three sites /variety and variable. 

Variables 

Protein TGW Yield 
Specific 
weight 

Mitadinage Carotenoïds 

V
ar

ie
ti

es
  

in
 t

h
re

e 
si

te
s V1 

Fobs 290,28 3,27 6,17 15,91 14,83 2,69 

P 0,000*** 0,110ns 0,035* 0,004** 0,005** 0,147ns 

V2 
Fobs 39,48 1,04 7,90 15,89 14,89 0,25 

P 0,000*** 0,408ns 0,021* 0,004* 0,005** 0,787ns 

V3 
Fobs 418,51 6,53 20,05 70,77 37,36 1,11 

P 0,000*** 0,031* 0,002** 0,000*** 0,000*** 0,388ns 

V4 Fobs 187,75 1,76 4,84 11,88 8,21 2,31 



65                                                                       Hacini Nesrine et al, 2016 

Advances in Environmental Biology, 10(12) December 2016, Pages: 62-67 

 

P 0,000*** 0,251ns 0,056* 0,008** 0,019* 0,180ns 

V5 
Fobs 226,33 16,76 10,01 43,24 7,32 40,45 

P 0,000*** 0,003** 0,012* 0,000*** 0,025* 0,000*** 

V6 
Fobs 25,33 25,64 9,77 40,14 8,49 3,11 

P 0,001*** 0,001*** 0,013* 0,000*** 0,018* 0,118ns 

V7 
Fobs 592,31 17,43 9,48 132,90 15,43 27,90 

P 0,000*** 0,003** 0,014* 0,000*** 0,004** 0,001*** 

V8 
Fobs 341,41 20,21 11,50 25,58 52,23 1,29 

P 0,000*** 0,002** 0,009** 0,001*** 0,000*** 0,342ns 

V9 
Fobs 303,84 27,85 1,98 51,78 78,06 2,01 

P 0,000*** 0,001*** 0,219ns 0,000*** 0,000*** 0,215ns 

V10 
Fobs 62,61 0,79 3,88 6,82 18,19 6,67 

P 0,000*** 0,498ns 0,083ns 0,029* 0,003** 0,030* 

* : significant at 5%. 
** : Highly significant at  1 % 

***: Very highly significant at   1 ‰ 

ns : Non significant.           
 

Proteins: The most important quality parameter: 

By the analysis of variance (Tab03) it appears that the differences between sites and between varieties are 

highly significant for this criterion. This confirms that the protein levels are very unstable for the varieties in 

different sites. 

 

1000-grain weight (TGW):  

This is usually a little manageable criterion because it is strongly linked to environmental effects, at the 

time of formation and grain fill. A lack of water after flowering combined with high temperature (in terms 

frequented Algeria) causes a reduction of the weight of 1000 grains by alteration of the speed and / or the filling 

time, which results in scalding grain [13]. By the analysis of variance, we can see that there is a very high and 

highly significant change for most varieties sign difference between varieties but with non significant results for 

V1, V2, V4, V10. 

 

The performance: 

The analysis of varieties at three sites present a significant to highly significant results to the major 

varieties, confirming behavior change in the same variety for the three sites, with the exception of non-

significant result 9 and 10 varieties.  

 

Specific weight: 

for all varieties, analysis of variance confirm that there's a change to the behavior of varieties at the sites. 

So, the results of specific weight vary between HS and VHS significant, which gives a high variability for the 

meal quality. 

 

Mitadinage: 

The mitadinage rate is a decisive criterion for assessing the performance and quality of semolina and 

derivatives (pasta, couscous). The damaged grains, affecting the specific weight [14] the results found by the 

ANOVA present in the tab 2 merely confirms the observations made previously. There are very significant 

differences very highly, highly and significant between sites. 

 

Carotenoids:  

The varieties have a significant amount of carotenoids to the place of Oued Smar,  ANOVA  presents for all 

varieties a non-significant result, except V5 and V7 which present a very highly significant result. 

 

Tukey’s test results: 

By these results (Table 03), it appears that the most parameters or variables interacting with the 

environment are proteins, TGW, SW and mitadin. 

It is that the attributes are exclusive of the quality. Therefore, it is possible, following this analysis to confer 

a privileged place to these characters which are the result of the interaction Genotype X Environment.This 

assumes that any strategy to develop a quality program should take into account these criteria.[15] 
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Table. 3: Clustering of varieities by location and for each variable acccording to  Tukey’s  method. MINITAB16 

Variables 

 Protein TGW Yield Specific Weight Mitadin Carot 

  
  
  

  
  
  

  
  
  

  
  
  

  
  
  

  
  
  

  
  
  

  
  
  

  
  
  

  
  
  

  
  

  
 V

ar
ie

ti
es

  
in

 t
h

re
e 

si
te

s 

V1 K     B A A   B   B A 

V1 S          C A A B A A A 

V1 OS  A A     B     B   B A 

V2 K   B A A A     B A 

V2 S        C                 A A B A A  A 

V2 OS  A A     B     B     B A 

V3 K A A B A     B         C A 

V3 S     B A A A A A 

V3 OS  A     B     B          C     B A 

V4 K      B A A A     B A 

V4 S         C  A A B A A A 

V4 OS  A A     B      B     B A 

V5 K       C A A A A B A 

V5 S A A B A   B   B        C  

V5 OS      B    B      B           C A     B 

V6 K     B  A A A      B A 

V6 S     B A A B A A A 

V6 OS  A    B     B     B      B A 

V7 K     B A A     B       B A 

V7 S          C A A B A A      B 

V7 OS  A    B     B          C      B A 

V8 K B A A      B      B A 

V8 S          C A     B A A A 

V8 OS  A B     B      B       B A 

V9 K     B     B A      B      B A 

V9 S         C  A A A A A 

V9 OS  A      C  A          C      B A 

V10 K A A A B    B A 

V10 S  B A A A B A   B 

V10 OS B A A A A A B 

 

MANOVA Statistical analysis results: 

The three tests of multivariate analysis show with a very highly significant result a notable difference 

between varieties, sites and settings. (Table 4) 

 
Table 4: MANOVA results using the three tests to compare between stations, all varieties and all the variables. 

 All Varieties-Variables -Sites 

MANOVA Tests  Fobs P 

De Wilk  10,896 0.000*** 

Lawley-Hotelling  47,745 0.000*** 

De Pillai  4,830 0.000*** 

 

Conclusion: 

If we rely on the obtained results and that are supported by various different multi analysis and Anova, it is 

possible to confirm the initial hypothesis that the quality attributes are an interdependent function of the 

environment and genotype. Indeed, the many results which are highly to very highly significant are as a 

response to endogenous varieties, but also exogenous because environmental factors. Significant variations 

between sites show how it would be essential to include bio-climate data in the selection integrator scheme for 

durum wheat quality. 
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