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ABSTRACT  
In plant breeding, in semi-arid areas of high plains of Algeria, where yields are very irregular from one year to another and from one locality 
to another, the selection tries to identify cultivars with high potential of yield associated with tolerance to stress. The present contribution 
compares the tolerance indexes as regards the effects of physiological trait selection upon the grain yield potential of wheat (Triticum durum 
Desf.) assessed during six consecutive cropping seasons (1997/1998 to 1998/2003) under semi-arid conditions. The comparative study of 
statistics of stress tolerance indicates that the indexes form two divergent groups, one representing the tolerance related to the yield potential 
and the other containing the indexes related to performance under stress. Index of genotypic superiority (P), geometric mean productivity 
(GMP), mean productivity index (MP) and index of tolerance to stress (ITS) identify the class A while drought susceptibility index (S), yield 
stability index (YSI) and tolerance index (TOL) identify the cultivars of the class C and relative yield (RY), yield index (YI) and harmonic 
mean productivity (HMP) identify the cultivars of Class B and D. Among the cultivars tested, Cyprus and Heider /Martes//Huevos de Oro 
(H/M//O) are identified as being tolerant and efficient in all environments tested. Waha and Adamillo/Duilio//Simeto (A/D//S) are tolerant 
and efficient solely in non-stress environments. Whereas Massara1 and Belikh2 are performing in stress environments. MBB, Simeto and 
Beliouni are characterized by a low yield potential in all environments. In such conditions, which are present in this study, it is suggested to 
use of the following indexes: P, MP, GMP or ITS combining tolerance and yield performance. 
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INTRODUCTION 

 
The durum wheat (Triticum durum Desf.) occupies a particular place in the Algerian cereal crop, because it 

used as basis in the feeding of the population, founded on the semolina of the durum wheat, due also to the weak 
number of cultures which come well enough in rainfed and that in irrigated conditions and by the purchase price 
assured by the state. The culture of durum wheat is carried out in rainfed conditions, in a very inconstant 
climatic environment. 

The selection of durum wheat (Triticum durum Desf.) in this environment characterized by high water and 
heat constraints has made a little progress with a view of the productivity improvement and the adaptation to 
production environment [17]. The difficulties lie in identifying and characterizing parameters associated with 
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resistance to environment through the observation and the measurement of a character as complex as that 
variable which is the grain yield [31]. However, this character is, according to it’s the simplicity and accuracy of 
its measurement, the most used and the purpose of any breeding program [28]. The approach of parental choice 
of crossing and selection of offspring must be different from those in more non-stress environment and more 
regular in terms of production [14]. 

The identification and characterization of the mechanisms controlling stress resistance should be the first 
steps in the process of improving in the environments with irregular climate, there are several mechanisms know 
and classified into strategies of avoidance, esquive and resistance towards to climatic constraints and their 
interactions [25,2]. 

The fruit of the selection, practiced until now, is partially exploited in climatically non-stress environments, 
represented by the interior plains and coastline. The adoption of new genotypes is relatively weak in the semi-
arid high plains, compared to the use of landraces. In this area, new obtaining of genotypes, as the same as than 
the landraces, present very irregular yields from one year to another and from one locality to another [28,9]. 

Pursuing these objectives, the selection seeks to identify genotypes with higher potential and associated to 
stability of performances. To do this, the yield comparative trials are conducted at multiple sites over several 
years to identify these genotypes. Considering that the performance and stability cannot be exclusive, the plant 
material, under selection, is subject to climatic variation of the site. 

According to Basford and Cooper [10], such a strategy promotes the selection for stress tolerance and 
performance. The results of some researchers suggest, however, that the selection under stress, thus under 
conditions of low water consumption, rather promotes stability, this has the advantage of minimizing the risks 
associated with null yields, very useful aspect in subsistence agriculture, such as in high plains [14,7]. 

The objective of this paper is to analysis the effects of selection on physiological traits over the grain yield 
potential of durum wheat (Triticum durum Desf.) evaluated during six (6) consecutive cropping seasons from 
1997/98 to 2002/2003 under semi-arid conditions. 

 
MATERIALS AND METHODS 

 
2.1 Experimental site: 

The study was conducted at the agricultural research station of the Technical Field Crop Institute (TFCI) 
located at 5 km of South-West from Sétif (Algeria) and at 60 km from the Mediterranean Sea, The Bousselem 
river crosses it according to the North-South-West direction. The station is located at the following geographical 
coordinates: 36° 9’ N and 5° 21’ E, at 1081 m asl. The area belongs to semi-arid region characterized by a 
central climate typically Mediterranean (Climatically system of Setif high plains). It’s a central area of high 
plains which characterized by flat lands, not much fertile and with a high hazard of spring late frost and a 
drought of the cycle end of plant due to "Sirocco" (South Wind, hot and dry). 

Accumulated rainfall essential is recorded during the winter season which is cold. Summer is hot and dry 
whereas spring and autumn are short and little marked. The accumulated mean rainfall of this area which 
corresponding to the plant cycle (from September to June) is 362 mm for 1981-2000 period [6]. Eighty percent 
(80%) of years have an accumulation inferior to 230 mm [27]. Aridity index is 0.33, the mean temperature 
during the months of winter is 6°C whereas during months of summer is 24.5°C [5]. Soil is a deep brown 
calcareous earth, classified, in the French classification system, as a steppe brown soil, characterized by a high 
content of total limestone (33.5%), by clay texture to silt-clay texture, by a pH of 8.2 and an organic matter of 
1.35. Potassium fertility varies from 140 to 180 mg kg-1 in the soil profile of 6 m. Soil composition is 13.9% 
sand, 41.3% silt and 44.7% clay [24]. 

The mean water content, at field capacity and at permanent wilting point, was estimated to be 25 and 12%, 
respectively. Soil bulk density is 1.35 g cm-3 and the soil infiltration rate is 8.3 mm h-1 [15] 

 
2.2 Experimentation: 
2.2.1 Plant material:  

Fifteen (15) durum wheat genotypes widely divergent for the degree of earliness at heading stage for 
biomass accumulated at maturity stage, for the plant height and for the leaf water and caloric status were 
selected for the study among a wide range of cultivars followed  in the WANADIN (West Asia and North Africa 
Durum International Network) program in collaboration with the Ministry of Higher Education and Scientific 
Research (MESRS), the National Institute of Agronomic Research of Algeria (INRA) and Field Crop Institute 
(ITGC) [13]. 
 
2.2.2 Experimental device: 

The plant material described above has been implemented on the experimental site of the agricultural 
experimental farm of the Agricultural Experimental Station of the Field Crop Institute (ITGC) of Sétif (Algeria) 
during the 1997/1998-2002/2003 cropping seasons, in a randomized complete block design with 3 replicates 
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including 45 plots, each one measuring 5 m long x 1.20 m wide. Rows are spaced of 0.20 m. Trials are sown in 
mid-November. Previous crop parcel supports trials are a worked fallow. 

The cultivation techniques applied to trials are summarized in deep plowing followed by two crossed 
passage of the cover-crop, made during the followed year. Seedbed is prepared by a passage of chisel, before the 
spreading phosphate fertilizer assessing 46% at 100 kg ha-1 of commercial product, followed by a rod weeder. 
The nitrogen fertilizer is bringing during the tillering in March, under form of urea at 100 kg ha-1. Weed control 
is done chemically with 2,4-D or with Illoxan B. 
 
2.2.3 Fellow up and notation: 

The heading date was recorded per plot, estimated by the number of calendar days from 1st January to the 
date of 50% of ears. Plant height was measured at maturity, just before the mechanical harvest of trials. 

A rank of 1 m long is hand-picked for estimating of accumulated dry matter, number of ears and the weight 
of 1000 grains. The grain yield was determined after the mechanical harvest of trials. The average number of 
grains per spike and per square meter is subtracted from the plot values of yield of genotype observed in the 
environmental yield of ears and weight of 1000 grains. 
 
2.2.4 Data analysis: 

Among many traits measured, only the yield is measured in this paper. Stress tolerance is approached by ten 
different indexes including: 

1) The Drought Susceptibility Index (S) of Fischer and Maurer [19]. This index is calculated as: 
S = (1-Ys / Yf) / (1-Y.s / Y.f) 
Where Ys = mean yield of genotype observed in the stress environment, Yf = mean yield of the same 

genotype produced in the non-stress environment, Y.s = mean yield of all genotypes tested in the stress 
environment and Y.f = mean yield of all genotypes in the non-stress environment. 

2) The Index of Genotypic Superiority of Lin and Binns  [26] which is calculated as follows : 
P = [∑(Yij-Mj)] 2/2n 
Where Yij = yield of the genotype i in environment j, Mj = yield of most efficient genotype in the 

environment j, n = number of tested environment. 
3) The Index of Mean Productivity (MP) which is calculated by: 
MP = (Yf+Ys)/2 
Where Yf = yield obtained in the absence of stress, and Ys = yield obtained under stress. 
4) The Index of Tolerance, which is calculated by: 
TOL = Yf-Ys. 
5) The Index of Tolerance to Stress (ITS) which is calculated by: 
ITS = (Yf +Ys)/y².f 
Where Y.f = mean yield of all genotypes in the non-stress environment. 
6) The Geometric Mean Productivity (GMP) which is calculated by: 
GMP = (Yf x Ys)1/2 

7) The Yield Index (YI) which is calculated by: 
YI = Ys/Y.s 
Where Y.s = Mean yield of all genotypes in the stress environment. 
 
8) The Yield Stability Index (YSI) was calculated by: 
YSI = Ys/Yf 
9) Harmonic mean performance (HMP) and 
10) Relative yield (RY) which were calculated by: 
HMP = 1/2[(1/Ys) + (1/Yf)] and RY = Ys/Ymax. 
Where Ymax = maximum mean yield of genotype. 
Soi-Se Mardeh et al. [35] attribute TOL and MP to Hossein et al. [22]; ITS and GMP to Fernandez [18]; YI 

to Gavuzzi et al. [21] and YSI to Bouslama and Schapaugh, [11]. 
 

RESULTATS AND DISCUSSION 
 

Indexes of stress tolerance: 
The irregularity of yield is partly due to the susceptibility of plant material used towards the biotic and 

abiotic stress [8]. This differential susceptibility generates genotype x environment interaction of efficient 
genotypes [12]. 

In the presence of interaction, the plant breeder must conciliate adaptability and yield potential [17,1]. 
Adaptability is defined as the ability of a genotype to give high performance under various conditions, both non-
stress and stress [20]. This concept is related to stress tolerance. Indeed, Tardieu [36] defined the tolerance as 
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the ability to minimize yield loss under stress. Fernandez [18] has classified the response of genotypes to 
variation of the environments into four groups: A, B, C and D. The genotypes of group A give a high yield 
under both non-stress and stress conditions. Those of group B give a high yield under non-stress conditions, 
while those of group C, however, give a high yield under stress conditions. Cultivars of group D have a low 
yield potential whatever the growth conditions under which they are submitted. 

The genotypes of group A are most interesting because they enhance the value of all possible environments. 
Those of groups B and C can use positive interaction. Several studies use the measurement indexes of the stress 
tolerance through the yield measurement for indenting genotypes with wide adaption [19,26,30,32] 
 
The drought susceptibility index (S): 

The drought susceptibility index (S) measures the reduction of grain yield of genotype, passing from the 
stress environment to non-stress environment; relatively to the observed average reduction for all genotypes 
tested. The genotype that minimizes this reduction is tolerant to stress and differentiates stress environment from 
those are non-stress. The grain yield differential between the stress environments is partially due to the effect of 
water stress  

 
Table I: Indexes of stress tolerance characteristics of different genotypes 

Gen. S P MP TOL ITS GMP YI YSI HMP RY 
A/D//S 1.28 3.22 2.77 2.32 1.66 2.51 0.89 0.41 0.44 0.62 
Mas 0.14 5.13 1.85 0.13 1.11 1.84 0.99 0.93 0.54 0.68 
Mrb5 0.7 2.6 2.02 0.78 1.21 1.98 0.91 0.68 0.51 0.63 
Cyp 1.16 1.19 4.08 2.94 2.45 3.8 1.44 0.47 0.28 1.00 
Wah 1.12 2.61 2.29 1.59 1.37 2.14 0.83 0.48 0.5 0.57 
Bkh 0.75 3.89 2.37 0.99 1.43 2.33 1.05 0.66 0.44 0.73 
Mrb16 0.87 3.O5 2.68 1.34 1.61 2.59 1.11 0.6 0.40 0.77 
Bic O.58 4.16 1.91 0.59 1.15 1.88 0.90 0.73 0.54 0.62 
Der 1.51 2.42 3.86 4.14 2.32 3.26 1.00 0.3 0.36 0.69 
Dak 1.11 3.94 2.57 1.76 1.54 2.41 0.94 0.49 0.44 0.65 
H/M//O 1.32 1.60 3.49 3.03 2.09 3.14 1.09 0.39 0.35 0.76 
Hei 0.72 2.13 2.55 1.02 1.53 2.50 1.14 0.67 0.41 0.79 
MBB 0.59 5.88 1.75 0.55 1.05 1.72 0.82 0.73 0.59 0.57 
Sim 0.46 8.00 2.11 0.49 1.27 2.1 1.04 0.79 0.48 0.72 
Bel 1.02 4.64 2.20 1.34 1.32 2.09 0.85 0.53 0.50 0.59 

Indexes: S = Drought Susceptibility Index, P = Index of Genotypic Superiority, MP = Mean Productivity, TOL = Tolerance of stress, ITS = 
Index of Tolerance to Stress, GMP = Geometric Mean Performance, YI = Yield Index. YSI = Yield stability Index, HMP =  Harmonic Mean 
Productivity, RY = Relative Yield. 
Genotypes: A/D//S = Adamillo/Duilio//Simeto, Mas = Massarin1, Cyp = Cyprus, Waha = Waha, Bkh = Belikh2, Bic = Bicre, Der = Deraa, 
Dak = Daki, HMO =  Heider/Martes//huevos de Oro, Hei = Heider, MBB = Mohammed Ben Bachir, Sim =  Simeto, Bel=Beliouni. 

 
Indeed, the difference of the rainfall between the stress environment and non-stress environment is 168.7 

mm for a difference for a grain yield of 1.53 t ha-1. Water constraint reduces the potential yield of 46%. S varies 
from 0.14 to 1.51. Massara1, Simeto and MBB have the lowest values compared to Deraa, A/D//S and H/M//O 
which have the highest values (Table I). Genotypes with low values of S are tolerant to water constraint. S 
values are positively correlated to the yield of non-stress environment (r = 0.8521, **P<0.01) but not those to 
the constrained environment. This result indicates that the tolerance to the constraint is gained at the expense of 
yield potential. To this effect, Rosielle and Hamblin [33] mention that the selection of low values of reduced 
yield potential in non-stress environments. This index dissociates the stress tolerance and yield potential [16]. 
 
MP, GMP, P and ITS: 

The high values of these indexes are most desirable. Cyprus1, Deraa and Heider /Martes//Huevos de Oro 
genotypes showed highest values for these indexes. In contrast, the lowest values of these indexes are present in 
Massara1, MBB and Bicre (Table.I). These indexes are correlated (correlation coefficient of Spearman rank, 
desirable value = rank1) between them (rMP-ITS = 1.00**, rMP-GMP = 0.989**, rGMP-ITS = 0.989**) and with P(rMP-P 

= 0.746**, rGMP-P = 0764**, rITS-P = 0.746**) and with the yield of non-stress environment (rMP-Yf  = 0945**, 
rGMP-Yf = 0.950**, rITS-Yf = 0975**).  

These indexes provide relatively the same type of information regarding the performance of yield: they 
identify the best performing genotypes in the non-stress environment, and which have the advantage of not 
under valorize the constrained environment (Fig.1). 

 



157                                                                          A. Adjabi  et al, 2016 
Advances in Environmental Biology, 10(5) May 2016, Pages: 153-163 

 

 
Fig. 1: compared variation of the performance of genotypes with high (Cyprus1, Deraa, Heider/Martes/Huevos 

de Oro and low values (Massaral, MBB, Bicre) for stress tolerance. 
 
YI, RY and HMP: 

The high values of YI, RY and HMP are desirable because they indicated a low yield loss under stress 
relatively to the mean yield of all genotypes evaluated in the constraining environment for YI and compared to 
the genotype of witch the yield is under maximum stress for the RY. HMP gives the same weight to the yield 
obtained under stress and under non-stress conditions. RY and YI classify Cyprus1 and Heider/Martes//Huevos 
de Oro and Mrb16 /Ente//Mario as efficient and tolerant. They classify MBB, Beliouni, A/D//S and Waha as few 
efficient and thus are susceptible to stress. 

Instead, HMP classifies Cyprus1 and Heider/Martes//Huevos de Oro Mrb16 /Ente//Mario as susceptible to 
stress and identifies Massara1, MBB as tolerant to stress (Table I). This index does not include the yield 
potential that expresses itself in non-stress conditions. RY and YI present the correlations of rank significant and 
positive with P, ITS, GMP and yield realized under stress conditions. They are negatively correlated with HMP 
(r = - 0.743 **).  
 
YSI, S and TOL: 

These indexes are indicators of minimizing the loss of yield between the non-stress environment and the 
constrained environment for a given genotype. The high values of TOL are desirable. They identify Massara1, 
Bicre, MBB and Simeto as relatively tolerant genotypes to Cyprus1, Deraa and heider/Martes//Huevos de Oro 
which are susceptible. 

Indeed, Massara1, Bicre, MBB and Simeto have low values for TOL and high values for YSI, conversely to 
the Cyprus1, Deraa and Heider/Martes/Huevos de Oro genotypes (Table I). These indexes are correlated with 
them and with S (rTOL-YSI = 0.986**, rTOL-S = 0.986**) and with the yield of non-stress environment (rTOL-Yf = - 
0956**, rYSI-Yf = -0936**). 

These indexes are indicators of stress tolerance are negatively correlated with the yield potential. 
Intermediate values can, however, identify  moderately tolerant genotypes which the performances are below 
the average. Heider and Mrb16 /Ente/Mario genotypes fulfill these two conditions (Table I). 
Index similarity of tolerance: 

The coefficient matrix of spearman rank indicates trends of similarity between the different indexes studied. 
The existing relationships between different indexes are studied through principal component analysis 
conducted from the matrix of rankings of genotypes based on the values of the indexes of tolerance (fig.2).  
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The first two principal components explain 88.08% (51.43% and 36.65% for the factors 1 and 2) of the total 
variation. The biplot groups the indexes according to the degree of similarity concerning the information 
provided about the tolerance towards the stress and the grain yield potential. 

Axis 1 represents the tolerance associated with yield performance in non-stress environment. On the other 
side, axis 2 represents the tolerance associated with yield performance in stress environment (fig.2). Along the 
axis 1, indexes P, MP, GMP and ITS which gather with yield of non-stress environment (Yf) and the average of 
yields of all environments (MG) oppose to indexes S, YSI and TOL (fig.2). Indexes P, MP, GMP and ITS 
identify efficient and tolerant genotypes. The tolerance, in this context, is synonymous with an agronomic 
stability.  

These indexes are, therefore, apt to identify the genotypes of the class A, which give yields above the 
average, whatever the environment. Indexes S, YSI and TOL identify genotypes tolerant to a water constraint. 
In this context, the tolerance means to minimize the yield losses passing from non-stress to constrained 
conditions. 

 
Fig. 2: Indexes similarity the tolerance towards the abiotic stress.  

 
The genotypes identified by these indexes do not value the non-stress environments because they have low 

yield potential. They perform mostly better under the water constraint, and therefore, they are similar to group 
C. Along the axis 2, indexes RY and YI which are related to the yield of constrained environment (Ys) oppose 
to HMP (fig.2). 

These indexes are indicators of tolerance towards the water constraint, the tolerance related to performance 
under stress conditions (Ys). These indexes identify the genotypes of classes C and D. 
 
Cultivar typology: 

The principal component analysis performed on the matrix of ratings (ranks) of genotypes on the basis of 
the index values indicates the similarity of behavior of different genotypes (Fig.3). 
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Fig. 3: Classification of genotypes  studied as a function of stress tolerance and grain yield potential.  

 
Thus, Cyprus1, Heider, Heider/Martes//Huevos de Oro, Deraa and Mrb16/Ente//Mario behave similarly 

towards the stress. The analysis of trendlines, relatively to the curve of yield averages (fig.4) indicates that 
Cyprus1, Heider, Heider/Martes//Huevos de Oro and Mrb16/Ente//Mario belong to the class A, as they give 
relatively high yields whatever the environment. 

Among these genotypes, Cyprus1 and Heider/Martes//Huevos de Oro have the best potential of yield. 
Deraa, contrariwise, belongs to the class B, giving high yields only under non-stress conditions (fig.4).     

 

 
Fig. 4: Tendency of genotype performances with high potential of yield and stress tolerant. 
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In contrast to these varieties on the axis 1, Beliouni, MBB, Bicre and Mrb5 have the same similarity in 
response to change in environments (Fig.3). The study of trendlines (Fig.5) indicates that among these cultivars, 
MBB, Beliouni and Bicre have a low yield potential and give yields inferior than the average whatever the 
environment. They are belonging to class D. 

On the other side, Mrb5 shows a tendency to give high yields under stress. This genotype is belonging to 
the class C (Fig.5). Along the axis 2, A/D//S, Waha and Daki exhibit similar behaviors. They oppose to the 
behavior of the group formed by Belikh2, Massara1 and Simeto (Fig.3). 

 

 
Fig. 5: Tendency of genotype performances of genotype yield stress tolerant.      

 
Waha and A/D//S are belonging to group B, they provide high yield only under non-stress conditions. These 

genotypes compete with the genotypes of group A, in environments with high fertility (Fig.6). Among this 
group, Daki belongs to group D and has a low yield potential over all environments studied. In the opposite 
group, Simeto exhibits a low yield potential on all environment. This latter belongs to the group D. On the other 
side, Massara1 and Belikh2 give a high yield under stress; they belong to group C (Fig.6). These two cultivars 
compete with genotypes specifically adapted to stress environments. 

 

 
 
Fig. 6: Tendency of genotype performances of tolerant and performing genotypes under stress. 
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In breeding as in production, the efficient genotype is desirable, it is even better if their performances are 
stable, so if it tolerates the stresses prevailing in the target region. This plasticity is particularly important when 
the environment is subject to change, as the succession of performance. 

The indexes of stress tolerance are very useful in plant breeding, particularly in the presence of genotype x 
environment interaction [23]. The results of this study indicate the presence of genotype x environment 
interaction. The used tolerance indexes classify differently the evaluated genotypes and form two divergent 
groups as indicated by principal component analysis. 

The first group is formed by P, MP, GMP and ITS which oppose to S, TOL and YSI. The second group 
consists of RY and YI which oppose equally to HMP. Thus, P, GM, GMP and ITS are more apt to identify 
genotypes that combine the yield potential and stress tolerance.  

Genotypes identified by these indexes belong to classes A and B described by Fernandez [18]. S, TOL and 
YSI identify genotypes tolerant of stress and belong to classes C and D. On the other side, RY and YI identify 
genotypes of Group B, performing under non-stress conditions while HMP identifies genotypes of the class C, 
efficient, especially under water stress condition. 

For the application in selection in a semi-arid region, the results suggest the use of one of the indexes P, 
MP, GMP or ITS when the selection is orientated to performance and tolerance of stress. In the case where it 
favors the selection of genotypes tolerant and more efficient under conditions of stress, it is advisable to use 
HMP. 

The use of these indexes has permitted us to identify Cyprus1 and Heider/Martes//Huevos de Oro as the 
most tolerant and efficient on all environments. It also helped us to identify Waha and A/D//S as tolerant and 
efficient only in non-stress environments and Massarin1 and Belikh2  as tolerant and efficient in stress 
environment.  

Daki, Bicre, Béliouni, MBB and Simeto are characterized by a low yield potential. These results 
corroborate those of Ahmed et al. [3] which report that MP, GMP and ITS are more apt to identify genotypes 
with high yield potential under irrigated and rainfed conditions. They are also in the same meaning as the results 
of Pinter et al. [30] who mention that RY identifies tolerant and efficient genotypes under water stress. 

The YI proposed by Gavuzzy et al. [21] is correlated with the yield of the stress environment as mentioned 
by Sio-Se Mardeh et al. [35]. This index ranks the genotypes based solely on their performance in the 
constraining environment. Therefore, it is unapt to identify the genotypes of class A.   

 
Conclusion: 

In the presence of genotype x environment interaction, analysis of adaptability as well as performance is 
very important. This adaptability is related to tolerance to stress. The comparative study of indexes for tolerance 
to stress indicates that the indexes form two groups, one representing the tolerance related to yield potential and 
the other containing the indexes that measure tolerance related to performance under stress. Among these 
indexes of tolerance studied, P, GMP, MP and ITS identify the genotypes of class A. S, YSI and TOL identify 
the genotypes of the class C. RY, YI and HMP identify the genotypes belonging to class B and D. Among the 
genotypes evaluated, Cyprus1 and Heider/Martes//Huevos de Oro are identified as being tolerant to water 
constraint and efficient on all environments tested. Waha and A/D//S are tolerant and perform well in non-stress 
environments. On the other side, Massarin1 and Belikh2 are performing in stress environments. MBB, Simeto 
and Beliouni are characterized by a low yield potential in all environments. In selection under variable 
conditions such as those in this study, it is suggested to use one of the following indexes: P, MP, GMP and ITS 
combining tolerance and yield performance.  
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