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Abstract       Drought is one of the most important environmental challenges 
growers have to face around the world. Drought is the cause for large grain 
losses every year, especially in developing countries, and the current trend in 
global climate change will likely lead to further losses.The objective of the 
present study was to evaluate the growth roots of barley  The studied 
biological material cosisted of four barley varieties with different genetic and 
ecologic origin, along with their 6 one-way crosses.  
The effects of parents and crosses were significant for growth roots , this 
indicated the presence of variability among hybrids and their parents, for this 
trait. The lowest values of heterosis for this character have been observed in 
hybrid: Andrew  x Adi. The highest value of ”trans” heterosis  have been 
registered from Andrew x DH 260/18, which proves a high drought tolerance.   
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Because the phenotype is the product of genotype and 

environment, assessment of the desired genotype is 

highly dependent on the proper environmental 

conditions. Abiotic stresses such as drought, 

temperature, salinity, and others generally reduce crop 

productivity. It has been estimated that crops attain 

only about 25% of their potential yield because of the 

detrimental effects of environmental stress [2]. The 

abiotic stresses are location-specific, exhibiting 

variation in frequency, intensity, and duration. Stresses 

can occur at any stage of plant growth and 

development, thus illustrating the dynamic nature of 

crop plants and their productivity. Drought is the 

primary abiotic stress causing not only differences 

between the mean yield and the potential yield but also 

causing variation from year to year (yield instability). 

Although selection for genotypes with increased 

productivity in drought environments has been an 

important aspect of many plant breeding programs, the 

biological basis for drought tolerance is still poorly 

understood. Also, drought stress is highly 

heterogeneous in time (over the seasons and years) and 

space (between and within sites), and is unpredictable. 

This makes it difficult to identify or simulate a 

representative drought stress condition. It has been 

predicted that in the coming years rainfall patterns 

might shift due to an increase of the global temperature 

caused by burning of fossil fuels and the corresponding 

increase in atmospheric dioxides (Guido and Paul, 

1994). 

A long term drought stress on plants 

metabolic reactions associates with, plant growth stage, 

water storage capacity of soil and physiological aspects 

of plants. Genetic improvements of crops involve 

selection of suitable plants in segregating populations 

from a cross (Kumar A)  

 Efficient screening techniques applicable at 

early stage of plant growth have been dire need of plant 

breeders to eliminate the unwanted material and focus 

unpromising genotypes. Certain physiological 

parameters which confer drought resistance in plants 

have been identified for screening the genotypes [1].  

The development of extensive root system contributes 

to differences among cereal cultivars for drought 

tolerance (Fukai & Cooper, 1995; Turner, 1997). 

Genotypic variability has been found in many species 

for shoot and root characters (Wahbi & Gregory, 1989, 

Tischler et al., 1989), and its significance for drought 

tolerance improvement discussed [3].  (Chloupek & 

Rod 1992; Turner, 1997; Fukai & Cooper, 1995). 

An appreciable genotypic diversity for shoot 

and root growth at early stages was reported in barley 

under favorable conditions or under other abiotic stress 

(Wahbi & Gregory, 1989; Saito et al., 1999; Malik et 

al., 2002). There is limited insight into morphological 

traits of shoot and seminal roots in wild barley at early 

plant growth stage under drought in a large population, 

although this species is mainly cultivated without 

irrigation in arid and semi-arid regions. 

 

Material and Methods  

 
Four barley  varieties with different genetic and 

ecologic origin, along with their 6 one-way crosses, 

were studied in a randomized block design with three 

replications. The  biological material was cultivated in  

normal and stress  conditions. The measurement of the 

roots were made  in early stage of the plants. 
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The evaluation of results from diallel was done based 

on the mathematical model described by Hayman 

(1954, 1958, 1960). The effects of general and specific 

combining ability were calculated by method 2 model I 

developed by Griffing (1956). 

 

 

 

 

Results 

 
According to data presented in table 1 it can be 

observed that the highest values of the heterosis index 

manifested hybrid combination Andrew x DH 260/18 

(1,72). The most reduced values of the heterosis index, 

correlated with an inferior growth of the average 

parents in a field of values close to the parental ones, it 

had registered to the hybrids: Andrei x Adi (-12,11).

 

 

Table 1 

Heterosis index for growth roots in F1 hybrids 

Genitors Andrew Adi DH 260-18 Djerbel 

Andrew - -12,11 1,72 0,20 

Adi  - -0,43 0,28 

DH 260-18   - 0,80 

Djerbel    - 

 

The hybrid combination Andrei x DH 260-18  

were superior in terms of root growth under water 

deficit conditions, to the values of parents, showing 

significant differences for each of them. These results 

can be associated with a good tolereance to hidric stres. 

Significant differences to the paternal form presented 

hybrids Andrei x Djerbel, Adi x Djerbel, DH 260-18 x 

Djerbel.

 

Table 2 

Average values of growth roots to the hybrids F1 and those parents   

No. Hybrid combination F1 Genitors Value F1 from ♀ Value F1 from ♂ 

  
x

sx   ♀ ♂ 
p  

% Differ. t % Differ. t 

1. Andrew x Adi 6,25+0,21 9,88 10,20 10,04 -36,74 -3,63 -14,97
000 

-38,73 -3,95 -15,97
00 

2. Andrew x DH 260-18 11,63+0,12 9,88 8,45 9,17 17,71 1,75 7,99*** 37,63 3,18 16,85
***

 

3. Andrew x Djerbel 9,00+0,39 9,88 6,97 8,43 -8,91 -0,88 -2,81 29,12 2,03 5,62*** 

4. Adi x DH 260-18 8,58+0,15 10,20 8,45 9,33 -15,88 -1,62 -7,02
000 

1,54 0,13 0,66 

5. Adi x Djerbel 9,48+0,61 10,20 6,97 8,59 -7,06 -0,72 -1,71 36,01 2,51 5,50*** 

6. DH 260-18 x Djerbel 8,89+0,69 8,45 6,97 7,71 5,21 0,44 0,97 27,55 1,92 3,85** 

 

 

Table 3 

Heterosys values and potency report for the roots growth to the hybrids F1 

Nr Hibrids Average  Parents average  (cis) Superior parents (trans) potency 

crt  (cm) H (%) Difference 

(cm) 

H (%) Difference 

(cm) 

ratio 

1 Andrew x Adi 6,25b -37,75b -3,79b -38,73b -3,95b -23,69b 

2 Andrew x DH 260-18 11,63a 26,90a 2,47a 17,71a 1,75a 3,45a 

3 Andrew x Djerbel 9,00ab 6,82a 0,57a -8,91ab -0,88ab 0,40a 

4 Adi x DH 260-18 8,58ab -7,99ab -0,74ab -15,88ab -1,62ab -0,85a 

5 Adi x Djerbel 9,48a 10,43a 0,90a -7,06a -0,72a 0,55a 

6 DH 260-18 x Djerbel 8,89ab 15,30a 1,18a 5,21a 0,44a 1,59a 

 Average 8,97 2,29 0,10 -7,94 -0,83 d/a=-3,09 

 LDS 5% 3,14 41,25 3,94 31,36 3,15 18,54 

 LDS 1% 4,47 58,67 5,61 41,70 4,19 26,37 

 LDS 0,1% 6,46 84,92 8,11 54,25 5,46 38,17 
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Fig .1.The roots growth for the groups of hybrids F1 with the same recurrent parent 

 

Taking into account the groups of hybrids 

with the same recurrent parent is observed that the 

highest growth roots shows the hybrids of varieties: 

DH 260-18 and Djerbel while the hybrids of varieties 

Andrew and Adi exhibit a low growth roots. 

The highest amelioration potential of that 

indicator for drought durability presented a 

combination of Andrew x DH 260-18, and permitted 

identify in descendant generations of  cca 14.23 %  

recombined lines. Touching that selection level in a 

proportion of 95 % meant choosing minimum 20lines, 

respectively 45 lines for a precision of 99.9%.

 

 

Table 4  

Amelioration potential of hybrids combinations under the percentage recombined lines (LR %) with a minimal roots 

growth and the number of necessary lines to be selected  (n) on V1 

Nr.crt Hibryds F1 (cm) s LR % n5% n1% n0,1% 

1 Andrew x Adi 6.25 0.62 0.01 29956 46049 69074 

2 Andrew x DH 260-18 11.63 0.35 14. 23 20 30 45 

3 Andrew x Djerbel 9.00 1.17 0.52 575 883 1325 

4 Adi x DH 260-18 8.58 0.44 0.01 29956 46049 69074 

5 Adi x Djerbel 9.48 1.82 8.23 35 54 80 

6 DH 260-18 x Djerbel 8.89 2.08 6.81 42 65 98 

 

 

Genetic diversity of parental forms for this 

indicator can be evaluated based on their position to 

the right of regression in  combination  with Wr + Vr 

values. Thus, it appears that cultivars studied are 

divided into four groups: Andrew, DH260/18, Adi and 

Djerbel. 

On data base presented in table 5 it observed that the 

biggest contribution to variability of roots growth it 

had the dominance variance (b), which was  

significantly distinct. The additive variance (a)  

presented a reduced value and statistically unassured 

having an inferior net contribution in the variability of 

that indicator comparative with the dominance 

variance.
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Table 5 

Variance analysis for roots growth in F1 hybrids 

Variability 

source 

SP GL PM F test 

     

Repetition 7,22 2 3,61 2,95 

a 8,50 3 2,83 2,32 

b 56,13 6 9,35 7,65** 

b1 0,07 1 0,07 0,06 

b2 28,94 3 9,65 7,89** 

b3 27,12 2 13,56 11,09** 

Erorr 22,01 18 1,22  

Total 93,87 29   

 
B3 subcomponent presents significant distinct values 

which indicates the existence of differences between 

the values of hybrids due to dominance and interaction 

type of additive x additive, dominant x dominant or 

additive x dominant. (Farshadfar şi colab., 2011).

 

Table 6 

Average values (Yr), variance (Vr), covariance (Wr) and the proportion of dominant alleles of genitors used to hybrids 

obtainance F1 under the aspect of roots growth 

 

Nr. 

crt. 

Genitors Parents 

average Yr 

Variance 

Vr 

Covariance 

Wr 

Vr + Wr Proportion of 

dominant 

alleles 

1 Andrew 9,88 4,766 -1,405 3,361 0,607 

2 Adi 10,20 2,669 -0,757 1,912 0,764 

3 DH 260-18 8,45 1,995 0,737 2,732 0,675 

4 Djerbel 6,97 0,944 1,407 2,351 0,716 

 
Having regard the distance between the regression line 

and the parabola, and the position of the parental 

genotypes from the regression, mainly that the 

dominance effects play an important role in the genetic 

determinism of this character, while additive effects 

were considerably reduced  in accordance with the 

genetic analysis of variance. Thus, based on the 

regression the schedule (Fig. 2) it is seen that just in 

case of recurent  parents Andrew and Adi grouped 

around the regression line, the genetic determinism of 

root length involved additive genes. Also, the other 

varieties, manifestation of this character is under the 

influence of non-allelic gene interactions or 

environmental conditions. 
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Fig. 2  Regression schedule Wr/Vr for the roots growth to the hybrids F1 
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Fig.3  The standard deviation schedule (Wr+Vr) and yr for the roots growth to the hybrids F1 

 

Distribution of parental lines based on standard 

deviations yr (growth root of parental forms) and (Wr 

+ Vr), indicating a high proportion of recessive alleles 

to the variety Andrew, that increase values of this 

indicator. In the case of the variety Adi dominance is 

associated with positive alleles, while the variety 

Djerbel, dominance is  associated with negative alleles. 

Asymmetric effect of different alleles of this indicator 

is confirmed by low and insignificant values of the 

correlation coefficient (r = 0.09) between the standard 

deviations. 

 

Conclusions 

 
The effects of parents and crosses were significant for 

growth roots, this indicated the presence of variability 

among hybrids and their parents, for this trait. 
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The lowest values of heterosis for this character have 

been observed in hybrid: Andrew  x Adi;  

The highest values of the heterosis index manifested 

hybrid combination Andrew x Dh 260/18. These 

hybrid can be considered tolerant to hidric stres . 
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