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Abstract       Genetic improvements of crops involve selection of suitable 
plants in segregating populations from a cross.The objective of the present 
study was to evaluate the proline content in barley.  The studied biological 
material cosisted of four barley varieties with different genetic and ecologic 
origin, along with their 6 one-way crosses. The highest value of ”trans” 
heterosis  have been registered from Adi x DH 260-18 and Adi x Djerbel 
combinations, that have submitted significant increases in this indicator and 
high values of "trans" heterosis associated with good resistance to drought. 
The lowest values of heterosis "cis" were observed in: Andrei x Djerbel (-8.99)   
combinations. The effects of parents and crosses were significant for proline 
content, this indicated the presence of variability among hybrids and their 
parents, for this trait.   
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Barley is one of the most widely grown crops 

in arid and semiarid regions of the world. Proline (Pro) 

accumulation is a common physiological response in 

many plants in response to a wide range of biotic and 

abiotic stresses.  

It is well described [27] that under stress 

conditions many plant species accumulate proline as an 

adaptive response to adverse conditions. Although a 

clear-cut relationship between proline accumulation 

and stress adaptation has been questioned by some 

authors  [8]  it is generally believed that the increase in 

proline content following stress injury is beneficial for 

the plant cell. 

At the molecular level, the differential accumulation of 

proline in reproductive tissues is thought to be 

primarily determined by upregulation of proline 

synthesis and transport genes, as upregulation of Δ
1
-

pyrroline-5-carboxylate synthetase (P5CS), a gene 

encoding the rate-limiting enzyme of proline synthesis 

from glutamate, and Proline transporter T (ProT), a 

gene encoding a specific proline transporter, has been 

found in flower organs [25–24].  The role exerted by 

the proline catabolic genes in the process of 

developmental proline accumulation, in contrast, 

appear different from the role played by these genes 

during stress-induced proline accumulation, as proline 

dehydrogenase (PDH) and Δ
1
-pyrroline-5-carboxylate 

dehydrogenase (P5CDH) catabolic genes are 

upregulated in the former case, [6-14] and 

downregulated in the latter cas [3-20]. 

 

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 

proline content was made   in early stage of the plants 

using the Bates method. 

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 and Discussions 

 
In most cases the hybrids have achieved higher values 

of this indicator compared with  parental forms. 

According to data presented in table 1 it can 

be observed that the highest values of the heterosis 

index manifested hybrid combination Adi x DH 260/18 

(36.17), Adi x Djerbel (4.02), Andrew x Adi (1.49).  

To these combinations existed big differences 

between the parental forms in terms of proline content. 

The most reduced values of the heterosis index, 

correlated with an inferior value of proline content it 

had registered to the hybrids: Andrew x Djerbel (-

0.48); Andrew x DH 260/18 (0.76). 
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Table 1 

Heterosis index for proline content in F1 hybrids 

 

 

 

 

 

 
The hybrid combination Andrew x DH 260-18  

were superior in terms of proline content under water 

deficit conditions, to the values of parents, showing 

significant differences for each of them.  

From the table 3 we can observed that: compared to the 

best parent, only combinations Adi x DH 260-18 and 

Adi x Djerbel, have submitted significant increases in 

this indicator and high values of "trans" heterosis 

associated with good resistance to drought.

 

 

Table2 

Average values of proline content 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 1.269+0.180 1.034 0.797 0.916 22.73 0.235 1.77 59.22 0.472 4.28*** 

2. Andrew x DH 260-18 1.100+0.148 1.034 0.778 0.906 6.38 0.066 0.56 41.39 0.322 3.54** 

3. Andrew x Djerbel 0.860+0.066 1.034 0.856 0.945 -16.83 -0.174 -2.00 0.47 0.004 0.09 

4. Adi x DH 260-18 1. 475+0.214 0.797 0.778 0.788 85.07 0.678 5.20*** 89.59 0.697 5.36*** 

5. Adi x Djerbel 1.065+0.103 0.797 0.856 0.827 33.63 0.268 4.10*** 24.42 0.209 3.20** 

6. DH 260-18 x Djerbel 0.907+0.090 0.778 0.856 0.817 16.58 0.129 2.25* 5.96 0.051 0.88 

 
The lowest values of heterosis "cis" were observedin combinations: Andrei x Djerbel (-8.99). 

 

 
Table3 

Heterosis values and potency ratio of proline content in F1 hybrids pe V1 

Nr Hybrid combination Average Parents average (cis) Superior parent (trans) Potency 

crt   H (%) Diferenţa  H (%) Diferenţa  ratio 

1 Andrew x Adi 1.269a 38.61ab 0.354ab 22.73b 0.235ab 2.98b 

2 Andrew x DH 260-18 1.100a 21.41b 0.194b 6.38b 0.066b 1.52b 

3 Andrew x Djerbel 0.860a -8.99b -0.085b -16.83b -0.174b -0.96b 

4 Adi x DH 260-18 1.475a 87.30a 0.688a 85.07a 0. 678a 72.37a 

5 Adi x Djerbel 1.065a 28.86ab 0.239ab 24.42b 0.209b 8.08b 

6 DH 260-18 x Djerbel 0.907a 11.02b 0.090b 5.96b 0.051b 2.31b 

 Average 1.113 29.70 0.246 21.29 0.178 d/a=14.38 

 LSD 5% 0.418 59.30 0.477 56.52 0.466 51.96 

 LSD 1% 0.595 84.35 0.678 75.17 0.619 73.90 

 LSD 0,1% 0.861 122.09 0.981 97.78 0.806 106.97 

 

 

 

 

 

 

Genitors Andrew Adi DH 260-18 Djerbel 

Andrew - 1.49 0.76 -0.48 

Adi  - 36.17 4.02 

DH 260-18   - 1.14 

Djerbel    - 
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Fig 1 The proline content for the groups of F1 hybrids with the same recurrent parent  

 
From the fig.1. it is observed that for most 

varieties, hybrids have achieved significantly higher 

values of this indicator the recurrent parent. The 

biggest differences are noticing in the case the hybrids 

of varieties Adi, and Dh 260/18.  

The highest amelioration potential of that indicator for 

drought durability presented a combination of Adi x 

DH 260-18, and permitted identify in descendant 

generations of  cca 36.32 %  recombined lines. 

Touching that selection level in a proportion of 95 % 

mean choosing minimum 7 lines, respectively 15 lines 

for a precision of 99.9%.   Also the combination 

Andrei x Adi have a high potential offering the 

possibility for selection a proportion of 21.19% 

recombinant lines with a proline content in the leaves 

at least 1,700. Achieving that objective to an extent of 

95% assuming the election of minimum13 lines, while 

for 99.9% accuracy is required to be extracted 29 lines.

 

 

Table 4 

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

proline content 1.700 and the number of necessary lines to be selected  (n) on V1 

 

No Hibryds F1 (%) s LR % n5% n1% n0,1% 

1

1 
Andrew x Adi 1,269 0,541 21,19 13 19 29 

2

2 
Andrew x DH 260-18 1,100 0,444 8,85 32 50 75 

3

3 
Andrew x Djerbel 0,860 0,198 0,01 29956 46049 69074 

4

4 
Adi x DH 260-18 1,475 0,643 36,32 7 10 15 

5

5 
Adi x Djerbel 1,065 0,309 2,02 147 226 339 

6

6 
DH 260-18 x Djerbel 0,907 0,269 0,16 1871 2876 4314 

 

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. 

On data base presented in table 5 it observed that the 

biggest contribution to variability of proline content 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.B3 subcomponent presents nonsignificant 

values which indicates the existence of differences 

between the values of hybrids due to dominance. 

(Farshadfar şi colab., 2011). 
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Table 5 

Variance analysis for proline content in F1 hybrids 

Variability 

source 

SP GL PM F test 

Repetitions 1.,3195 2 0.6598 9.39** 

a 0.2200 3 0.0733 1.04 

b 1.1321 6 0.1887 2.68* 

b1 0,4371 1 0.4371 6.22* 

b2 0.6680 3 0.2227 3.17* 

b3 0.0270 2 0.0135 0.19 

Erorr 1.2652 18 0.0703  

Total 3.9370 29   

 

 
Considerable distance between regression and 

parable, mainly attests that dominance effects have an 

important role in genetic determinism of this indicator, 

according to the analysis of genetic variance. 

Depending on the position parental genotypes 

to regression it is observed that the variety Andrew 

grouped near the regression line, the genetic 

determinism of this indicator  involved additive genes. 

Also, the other varieties, manifestation of this character 

is under the influence of non-allelic gene interactions 

or environmental conditions. 

The regression line intersects the covariances axis 

under origin (a = -0.005), indicating the presence of a 

supradominance. Among the varieties studied, genitors 

Andrew (91.50%), and Djerbel (82.50%) has the 

highest proportion of dominant alleles and varieties 

Adi (90%) and Dh 260/18 (81.5%) possess the 

recessive gene. 

 

 

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 proline content 

 
No. 

 
Genitors Parents 

average Yr 

Variance 

Vr 

Covariance 

Wr 

Vr + Wr Proportion of 

dominant 

alleles 
1 Andrew 1,034 0,0238 0,0003 0,0241 0,915 

2 Adi 0,797 0,0791 0,0127 0,0918 0,106 

3 DH 260-18 0,778 0,0875 0,0086 0,0961 0,185 

4 Djerbel 0,856 0,049 0,0011 0,0501 0,825 
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Fig.  3. Regression schedule Wr/Vr for the proline content to the hybrids F1 

 

The distribution of standard deviations on the basis of 

the parental lines yr and (Wr + Vr) indicates that the 

bi-directional dominance effect of the proline 

content.Numerous authors reported a positive 

correlation between proline accumulation and 

adaptation to stress (23; 5; 15; 13; 21; 12; 26), while 

others found no significant correlation 

(9;2;4;19;16;17;18). Proline has been shown to be able 

to induce gene expression (11), and a role for proline 

as a signal would also be consistent with the role 

played by other amino acids in regulating gene 

expression and in signal transduction (7). 

 

Conclusions 
 

The effects of parents and crosses were significant for 

proline content, this indicated the presence of 

variability among hybrids and their parents, for this 

trait. 

The highest values of the heterosis index manifested 

hybrid combination Adi x DH 260/18 (36.17), Adi x 

Djerbel (4.02), Andrew x Adi (1.49), in which there 

were no significant differences between the parental 

forms in terms of this trait.The most reduced values of 

the heterosis index, correlated with an inferior value of 
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proline content it had registered to the hybrids: Andrew 

x Djerbel (-0.48); Andrew x DH 260/18 (0.76) 

Among the varieties studied, genitors Andrew 

(91.50%), and Djerbel (82.50%) has the highest 

proportion of dominant alleles and varieties Adi (90%) 

and Dh 260/18 (81.5%) possess the recessive gene. 
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