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Abstract       In the present paper, we have taken into study a collection 
consisting of autumn barley in order to evaluate quantitative  drought 
resistance criteria. The genotipe were tested in non stressed and stressed 
conditions.  Some drought tolerance indices, Stress Tolerance Index (STI), 
stress tolerance (TOL), Stress Susceptibility Index (SSI) and  Mean 
Productivity (MP) were used. The indices were adjusted based on grain yield 
under stress (Ys) and non-stress (Yp) conditions. There were significant 
differences for all criteria among the genotypes.  
The significant negative corelations  of Ys with Yp, distinct significant and 
positive with MP, distinct significant and negative with TOL, ISS and distinct 
significant positive with STI.YP it was corelated distinct significant with MP. 
TOL,ISS. Genotypes were significantly different for their yield under stress 
and non-stress conditions. This study was conducted to assess the selection 
criteria for identifying drought tolerant genotypes and high-yielding genotypes 
in drought stress and non-stress conditions.   
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Barley is one of the most important cereal 
crops grown in many developing countries, where it is 
often subject to extreme drought stress that 
significantly affects production [3]. Drought is the 
main environmental constraint, which occurs in many 
parts of the world every year, often having devastating 
effects on crop productivity. Drought is an important 
factor limiting crop production in arid and semi-arid 
conditions. Breeding for drought tolerance by selecting 
solely for grain yield is difficult, because the 
heritability of yield under drought conditions is low, 
due to small genotypic variance or large genotype-
environment interaction variances [1]. The genetic 
structure and phenotypic expression of a quantitative 
trait are highly influenced by environmental factors, 
thus, one barrier for understanding the inheritance of a 
quantitative trait is genotype-environment interactions 
[2]. Drought tolerance is not a simple response, but is 
mostly conditioned by many component responses, 
which interact and may different for crops, in relation 
to types, intensity and duration of water deficit. 
Moreover, most agronomical characters are expressed 
differently in normal and stress conditions and are 
known to be affected by environmental factors. 
Therefore, selection based on the phenotype would be 
difficult for such traits [8].  Many methods have been 
employed to identify crop lines that are productive in 
dry environments [11]. Some use mathematical models 

to compare the change in seed yield between stressed 
and non-stressed environments [12]. Loss of yield is 
the main concern of plant breeders and they hence, 
emphasize on yield performance under moisture-stress 
conditions. But variation in yield potential could arise 
from factors related to adaptation rather than to drought 
tolerance. Thus, drought indices providing a measure 
of drought based on yield loss under drought-
conditions compared to normal conditions are being 
used in screening drought-tolerant genotypes [9]. 
Rosielle and Hamblin (1981) defined stress tolerance 
(TOL) as the differences in yield under stress (Ys) and 
non-stress (Yp) environments and Mean Productivity 
(MP) as the average of Ys and Yp. Fischer and Maurer 
(1978) proposed a Stress Susceptibility Index (SSI) of 
the cultivar. Fernandez (1992) defined a new advanced 
index (STI = stress tolerance index), which can be used 
to identify genotypes producing high yield under both 
stress and non-stress conditions. He declared that 
selection based on STI will be resulted in genotypes 
with higher stress tolerance and yield potential will be 
selected. Among the stress tolerance indicators, a 
larger value of TOL and SSI represent relatively more 
sensitivity to stress, thus a smaller value of TOL and 
SSI are favoured. Selection based on these two indices 
favours genotypes with low yield under non-stress 
conditions and high yield under stress conditions [7].  
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Material and Methods 
 

The studied biological material was 
represented by 25 autumn barley genotypes  (Hordeum 
vulgare)(varieties and duble- haploid lines), from  
I.C.D.A. Fundulea and several autumn barley varieties 
cultivated in Banat Field.  

Dubled haploid lines were obtained in 
I.C.D.A. Fundulea through,, bulbosum method,, 
modified for  normal condition of greenhouse and 
fields [10].  

For a correct evaluation of the new genotypes 
and their position  regarding  yield performance and 
tolerance to unfavourable conditions, these were 
studied comparatively with the best genotypes 
cultivated in the present : Adi, Dana, Precoce,Orizont, 
Mădălin. 

The genotypes  were tested in a complete 
randomized block design in three replication and 
considering two different environments. Dana  variety 
was used as control. 

Grain yield was determinated under non-stress 
(year 2004) and stress (year 2003) conditions and 
indicated as Yp and Ys, respectively. 
 Stress tolerance indices were calculated using 
the following relationships. 
-Mean productivity [Rosielle and Hambling,1981]: 
MP= (Yp+Ys)/2 

- index of tolerance (TOL) [Rosielle and 
Hambling,1981]: 
                    TOL= Yp-Ys  
where: Yp si Ys- genotypes  yields in normal and 
drought  condition. 
 
-stress sensibility index  (ISS) [Fisher and 
Maurer,1978]: 

SI
YP
YS

SSI
−

=
1

,                        
YP
YSSI −= 1  

SI =  stress intensity, Ys¯ şi Yp¯= mean of all 
genotypes under stress and non stress conditions.  
[Fernandez,1992]: 
 
- stress tolerance index (STI) 
STI= (Yp/Y⎯p) (Ys/ Y⎯s) (Y⎯s/ Y⎯p) = (Yp) (Ys) /  
(Y⎯p)2   

 
Results and Discussions  
 

Yield potential (Yp), stress yield (Ys) and 
eight quantitative indices of drought tolerance were 
calculated (Table 1). 

The mean yield (MP) realised in the dry year 
and in the normal year by the varieties and the lines of 
barley was between 4364kg/ha and 5475kg/ha, the 
Orizont variety having the highest mean for these two 

years  (5475kg/ha), but this parameter is not sufficient 
to discribed drought tolerance. 

Drought tolerance (TOL) - as difference 
between the normal year and the dry year , indicates 
the position of the production potential in the dry year   
compared to the normal year; in consequence a low 
value of the tolerance index indicates a good tolerance 
to drought. Lines DH 8-8, DH 8-4, DH7-2 can be given 
as example. The opposite is represented by the Precoce 
genotype and DH  24-1 line. 

The most frequently used indicator in 
describing the drought tolerance is the index of 
sensitivity to stress (ISS), for the reason that the 
formula contains the stress intensity. The lower the 
value, more tolerant to drought is the genotype, and if 
its value is greater than 1 it means that the genotype is 
sensible to drought.  

We  can see that from the perspective of this 
index (ISS) the most sensible  to drought line was DH 
26-8, with a sensitivity to drought index of 1.19, 
followed by line DH 8-3, with an index of 1, 18 and 
HV  1-1 with a 1.11 index. The less sensitive to 
drought lines were DH 8-8 (with an index of 0.59), DH 
19-1 (with an index of 0.75) and DH 8-4 (with an index 
of sensitivity to drought 0.77).  
Regarding stress tolerance index (STI), since its value 
is higher, the genotype is less tolerant to drought. In 
this regard it is noted variety Orizont (with a tolerance 
index 0.41) and DH lines 8-5 (with a tolerance index 
0.41) and DH 19-1 (with an index of 0.40). Less stress 
tolerant lines proved to beDH 26-8 with a 0.15 index, 
DH 8-3, with an index of 0.17, HV 1-1, with an index 
of 0.17. To determine the most desirable drought 
tolerance criteria, the correlation coefficient between 
Yp, Ys and other quantitative indices of drought 
tolerance were calculated (Table 2).  

The main genetic cause of the correlative 
variability is represented by the pleiotropy which refers 
to the ability of a single gene to determine 
simultaneously two or three different characters or 
traits. Segregation of these genes generates 
simultaneous variation of the affected characters or 
traits. The study  of correlation indicates that in most 
cases of interdependence for characters, there are two 
types of direct correlation: positive and negative. 
Concerning positive correlation, the gene involved 
intensifies the affected characters and traits. Relating to 
negative  correlation, one character is emphasized 
while the another is diminished [4].  

Correlations between yields in stress 
conditions and characteristics that determine 
productivity can provide important information 
necesary to establish strategies for further 
improvement. 

To determine the best method of selecting the 
best genotypes in terms of drought tolerance is 
necessary to study the correlations between different 
indices (index of tolerance to drought sensitivity index, 
the tolerance to stress) 
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Production of drought year (Ys) was correlated 
significantly negative with production of normal 
year(Yp)(-0.403 *), significantly with the average of 
both yers(MP) (0.573 **), significantly negative  with 

TOL (-0.845 **), significantly negative with ISS (-
0.957 **) and significantly distinct positive STI (0.813 
**).

 
 

Table 1 
Yield potential (Yp), stress yield (Ys) and drought tolerance indices for some barley genotypes 

Nr. 
crt. Genotipul Yp  

kg/ha 
Ys  

kg/ha MP   (TOL) 
(kg/ha)  (SSI)  (STI) 

1 Dana 7763 2241 5002 5522 1,00 0,33 
2 Precoce 8056 1934 4995 6122 1,07 0,28 
3 Adi 8206 2411 5308 5795 0,99 0,34 
4 Madalin 6985 2518 4752 4467 0,90 0,28 
5 Orizont 8467 2483 5475 5984 0,99 0,41 
6 DH 22-5 7140 1713 4427 5427 1,07 0,21 
7 DH 24-3 7460 1636 4548 5823 1,10 0,23 
8 DH 26-4 7963 2379 5171 5583 0,99 0,40 
9 DH 20-2 8120 2474 5297 5646 0,98 0,37 
10 DH 8-8 5861 3410 4635 2451 0,59 0,32 
11 DH 20-3 7782 2416 5099 5366 0,97 0,36 
12 DH 7-2 7169 2754 4962 4414 0,87 0,35 
13 DH 8-4 6933 3112 5022 3821 0,77 0,34 
14 DH 33-1 7872 1859 4866 6013 1,07 0,21 
15 HV 1-1 7215 1513 4364 5702 1,11 0,17 
16 DH 8-3 7655 1229 4442 6426 1,18 0,17 
17 DH 8-5 7658 2735 5197 4924 0,90 0,41 
18 DH 16-41 8145 2256 5201 5889 1,02 0,31 
19 DH 24-1 7719 1711 4715 6008 1,09 0,23 
20 DH 20-1 7592 1824 4708 5769 1,06 0,20 
21 DH 22-1 7887 2104 4996 5783 1,03 0,20 
22 DH 22-4 7170 1868 4519 5303 1,04 0,22 
23 DH 26-8 8466 1299 4883 7167 1,19 0,15 
24 DH 19-1 7301 3370 5336 3931 0,75 0,40 
25 DH 26-2 7626 1675 4650 5951 1,10 0,19 

 
 

The conclusion that can be drawn from the 
study of this correlations is that in stress conditions, the 
best way to asses the drought tolerance of genotypes is 
the determination of the sensitivity to drought, 
followed be determination of the tolerance  to stress 
and tolerance index, correlations between these indices 
and production  in stress conditions  is very strong and 
distinct  significant. 

YP is correlated distinct significantly with the MP 
(0.519 **), those with TOL significantly (0.830 **) 
and significantly distinct ISS (0.633 **). MP was 
distinct significantly correlated with STI (0.802 **) 
and TOL correlated distinct significantly with ISS 
(0.953 **) and significantly negatively with the STI (- 
0.468 *). Also, there was a distinct significant negative 
correlation between the ISS and STI (-0.648 **).
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Table 2 

Correlation coefficients between the yields of normal and droughty year and indices of drought tolerance 
Correlation 
coefficients 

YP MP TOL ISS STI 

YS -0,403* 0,573** -0,845** -0,957** 0,813** 

Yp  0,519** 0,830** 0,633** 0,047 
MP   -0,047 -0,327 0,802** 
TOL    0,953** -0,468* 
ISS     -0,648** 

 
Biplot analysis (fig.1) confirmed correlation 

analysis between studied criteria. Principal Component 
Analysis (PCA) revealed that the first PCA explained 

82.51%of the variation, and the second PCA explained 
17.49% of the total variability.
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Fig.1 Biplot for quantitative traits of barley genotypes.MY- Mean yield,TI- Tolerance index, 
DSI- Drought sensibility index, STI- Stress tolerance index, Y2003- Yield 2003,Y2004- Yield 2004 

 
 

Selection based on a combination of indices 
may provide a useful criteria for improving drought 
resistance of barley, but study of correlation 
coefficients are useful in finding out the degree of 
overall linear association solely between any two 
considered attributes. Thus, a better approach such as 
biplot analysis is needed to identify the superior 
genotypes for both stressed and non-stressed 
environments. Genotypes subjected to biplot analysis, 
are compared for assessing relationships between all 
the attributes at once. Biplot analysis has been used by 

many researchers for comparison of different 
genotypes for different criteria and in different plant 
species.  
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