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Abstract: The selection for drought tolerance in early generations can be 
effectively performed using different solutes like the proline, considering that a 
high level of proline content is associated with a good tolerance to osmotic 
stress. The aim of this research was to estimate the performance and 
breeding potential for proline content among 21 F1  hybrids of seven winter 
wheat varieties, with different genetic and ecological origin. 
The over dominance is acting in the inheritance of proline content for most of 
the hybrids associated with an increase of proline content in four 
combinations, while for other nine combinations it has a negative effect. The 
complete dominance causes a reduction of proline content for two 
combinations. The highest potential to improve proline content of leaves was 
observed in Xenos x Turda 2000 and Fundulea 4 x Alex, which allow the 
selection of 48-50 % recombinant lines with values of this trait over 27 µg/mg, 
alongside with Fundulea 4 x Turda 2000 that can provide 36 % valuable 
recombinant lines. These hybrids are also important for breeding because 
they have different combinations of genes which contribute to the expression 
of high proline content. 
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Taking into account the climate changes from 

the last period, the reaction of plants to water stress 

represents a basic element in order to obtain cost-

effective yield. The improvement of drought tolerance in 

wheat is a main objective which can be achieved by using 

adequate screening techniques and genotypes. 

Generally, the reaction of plants to water stress 

is manifested by the production of different types of 

organic solutes [10], which include small molecules like 

the proline [11; 14; 13]. The complex role of proline on 

plant response to stress conditions has been confirmed by 

numerous studies based on transgenic plants [4; 5]. For 

instance, in wheat it was found that the proline level is 

higher in tolerant varieties than in the sensitive ones [7]. 

The proline can improve stress tolerance in 

different ways: having the ability to protect the integrity 

of protein by preventing their aggregation [9]; and 

protecting the nitrate reductase under osmotic stress [12]. 

In this regard Vendruscolo et al. (2007) have found that 

proline is involved in the mechanisms of tolerance to 

oxidative stress, this is the main strategy of plants to 

avoid the negative effects of water stress. 

 The aim of this research was to estimate the 

performance and breeding potential for proline content 

among 21 F1  hybrids of seven winter wheat varieties, 

with different genetic and ecological origin. 

Material and Method 

 
 Seven wheat varieties (Fundulea 4, Alex, 

Apullum, Turda 2000, GKKapos, Apache, Xenos) with 

different genetic and ecologic origin, along with their 21 

half-diallel crosses, were studied in a randomized block 

design with three replications. The proline content 

(μg/mg) was determined in flag leaves according to the 

method of Pesci and Beffagna (1984).  

The values of mid parent heterosis and better 

parent heterosis (heterobeltiosis) were estimated as 

formulated by Matzinger et al., (1962) and Fonseca & 

Patterson (1968). Heterosis % = (F1-MP) x 100/ MP; 

Heterobeltiosis = (F1- BP) x 100/BP, where F1, MP and 

BP denote the performance of hybrid, average 

performance of parents and performance of better parent, 

respectively.  Inheritance nature was evaluated based on 

dominance parameters. So, the potency ratio was 

computed by ratio of dominance parameters (d/a), where 

d is the difference between F1 means and parent means, 

and a is the half difference of two parents for a 

combination, according to the formula: d/a = (F1 - MP) / 

½(P1 - P2). 
To estimate significant differences among 

parents and F1 hybrids, the data were subjected to 

statistical analysis by using t and Multiple Range Test 
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[1]. For the assessment of various hybrid combinations in 

terms of percentage of recombinant lines who achieve a 

certain level of interest trait, likely to be selected, method 

presented by Hill et al. (1998) was used. 

 

Results and Discussions 

 
Most of the hybrids have achieved values of 

proline content lower to the parents. So, the most higher 

values of potency ratio for this trait were recorded at: 

Fundulea 4 x Alex (10,01), Xenos x Turda 2000 (3,94), 

Fundulea 4 x GKKapos (3,82), combinations where there 

were no big differences between the parents. 

The lowest potency ratio values associated with 

low proline content and close values between the parents, 

were recorded in hybrids: Turda 2000 x Apullum (-

35,40); Turda 2000 x Apache (-3,95) and GKKapos x 

Turda 2000 (-3,49). 

 

Table 1 

Heterosis and potency ratio for proline content in wheat hybrids 

No 
Hybrid combination 

Potency 

ratio 

No 
Hybrid combination 

Potency 

ratio 

1 Fundulea 4 x Xenos -0.72 bcd 12 GKKapos x Turda 2000 -3.49 d 

2 Fundulea 4 x GKKapos 3.82 abc 13 GKKapos x Alex -1.70 bcd 

3 Fundulea 4 x Turda 2000 1.72 bcd 14 GKKapos x Apache -1.49 bcd 

4 Fundulea 4 x Alex 10.01 a 15 GKKapos x Apullum -0.22 bcd 

5 Fundulea 4 x Apache -0.97 bcd 16 Turda2000 x Alex -1.06 bcd 

6 Fundulea 4 x Apullum 0.56 bcd 17 Turda2000 x Apache -3.95 d 

7 Xenos x GKKapos -1.57 bcd 18 Turda2000 x Apullum -35.40 e 

8 Xenos x Turda 2000 3.94 ab 19 Alex x Apache -0.80 bcd 

9 Xenos x Alex -0.91 bcd 20 Alex x Apullum -1.24 bcd 

10 Xenos x Apache 0.75 bcd 21 Apache x Apullum -1.20 bcd 

11 Xenos x Apullum -2.93 cd    
LSD5% = 6.83 

 

 

Based on the potency ratio it is estimated that for 62% of 

the hybrids, the over dominance is acting in the 

inheritance of proline content. In the case of Fundulea 4 x 

Alex, Xenos x Turda 2000, Fundulea 4 x GKKapos and 

Fundulea 4 x Turda 2000, the over dominance is 

associated with an increase of proline content, while for 

other nine combinations it has a negative effect on this 

trait. At Fundulea 4 x Apache and Turda2000 x Alex, the 

complete dominance causes a reduction of proline 

content. The incomplete dominance ist associated with an 

increase of this trait in Fundulea 4 x Apullum and Xenos 

x Apache, while in GKKapos x Apullum, Fundulea 4 x 

Xenos, Alex x Apache and Xenos x Alex leads to a 

reduction of proline content.  

Compared with the best parent, the 

combinations Fundulea 4 x Alex, Fundulea 4 x GKKapos 

and Xenos x Turda 2000 submitted significantly 

increases of proline content and high values of 

heterobeltiosis with a good drought tolerance. A positive 

heterobeltiosis was observed at Fundulea 4 x Turda 2000, 

associated with a a significant increase of proline 

quantity to the best parent. 

As against to mid parent it is noted that six 

combinations showed a positive heterosis, but only four 

of these have achieved significantly increases. The 

average value of mid parent heterosis were -14.09 %, 

taking into account that for 67 % of the hybrids the 

values of this heterosis were significantly lower to 

parent’s average. The lowest values for mid parent 

heterosis were registered at Turda 2000 x Apache (-

77,36%); Alex x Apullum (-45,50 %); Xenos x Alex (-

54,69 %). 

Regarding the expression of proline content, for 

67 % of F1 hybrids the values were lower to both 

parents, and intermediates (GKKapos x Apullum), while 

for 28 % the values of this trait were above to the parents. 

In comparison with parents mean, the hybrids recorded 

very high amplitude of 174.76 %, ranging from 32,64 % 

in Turda2000 x Apache to 207,40 % in Fundulea 4 x 

Alex.
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Table 2 

Heterosis for proline content  in F1 hybrids of wheat 

No Hybrids Mid parent heterosis Best parent heterosis 

  H (%) Difference  H (%) Difference 

1. Fundulea 4 x Xenos -28.10 cd -4.72 -39.84 cde -8.00 

2. Fundulea 4 x GKKapos 56.29 ab 8.22 45.56 ab 7.14 

3. Fundulea 4 x Turda 2000 44.99 bc 7.00 28.18 abc 4.96 

4. Fundulea 4 x Alex 107.40 a 13.78 96.82 a 13.09 

5. Fundulea 4 x Apache -41.28 cd -7.10 -51.63 de -10.78 

6. Fundulea 4 x Apullum 14.71 bc 2.29 1.36 bc 0.24 

7. Xenos x GKKapos -38.63 cd -6.91 -45.37 bcde -9.11 

8. Xenos x Turda 2000 51.86 bcd 9.77 42.48 ab 8.53 

9. Xenos x Alex -44.69 cd -7.20 -55.63 de -11.17 

10. Xenos x Apache 2.88 bcd 0.59 0.91 bcd 0.19 

11. Xenos x Apullum -38.20 bcd -7.20 -41.98 bcde -8.43 

12. GKKapos x Turda 2000 -40.43 cd -6.73 -43.69 de -7.69 

13. GKKapos x Alex -43.04 bcd -5.99 -49.46 de -7.75 

14. GKKapos x Apache -42.38 bcd -7.75 -49.57 de -10.35 

15. GKKapos x Apullum -2.61 bcd -0.43 -8.00 bcde -1.41 

16. Turda2000 x Alex -38.74 bcd -5.76 -48.24 de -8.49 

17. Turda2000 x Apache -67.36 d -12.96 -69.92 e -14.60 

18. Turda2000 x Apullum -40.20 cd -7.08 -40.24 cde -7.09 

19. Alex x Apache -42.46 cd -7.01 -54.50 de -11.38 

20. Alex x Apullum -45.50 cd -6.77 -53.97 de -9.51 

21. Apache x Apullum -20.31 cd -3.91 -26.53 bcde -5.54 

 Exper. mean -14.09+9.78 -2.66+1.53 -22.06+9.42 -4.63+1.65 
 LSD 5% 73.89 11.58 71.23 12.47 

 LSD 1% 98.77 15.48 95.20 16.67 

 LSD 0,1% 129.86 20.35 125.18 21.92 
 

The highest value of heterobeltiosis by 107.40 

% were recorded in Fundulea 4 x Alex, this was 

significantly higher compared to other hybrids except for 

Fundulea 4 x GKKapos who presented a level of this 

heterosis significantly higher than 10 other combinations. 

Also, higher proline content to the best parent were 

registered in Fundulea 4 x Apullum, Fundulea 4 x Turda 

2000 and Xenos x Apache. For 50 % of the hybrids the 

heterobeltiosis were negative. 

Only for eight combinations the proline content 

were higher to parents mean, in this regard was 

emphasized the hybrid Fundulea 4 x Alex who submitted 

a mid parent heterosis significanrly higher to 80 % of the 

hybrids. A significant superiority of hybrids over the 

parents mean were observed in Fundulea 4 x GKKapos, 

Xenos x Turda 2000 and Fundulea 4 x Turda 2000. In 

case of Fundulea 4 x Apullum, Xenos x Apache, Xenos x 

GKKapos and Xenos x Apullum the values of praline 

content was close to parents mean. 

The hybrids: Turda 000 x Apache, Xenos x Alex, 

Alex x Apache and Alex x Apullum submitted heterosis 

values significantly lower to both parent mean and best 

parent. 

Regarding the groups of hybrids with the same 

recurrent parent (Table 3), a low amplitude of 6.98 for 

praline content were observed, ranging from 11.69 for the 

hybrids of Alex variety to 18.67 for the hybrids of Fundulea 

4. Under this variability, the differences between the groups 

of hybrids were small and insignificant, even though the 

hybrids of Fundulea 4 and Xenos have achieved higher 

values compared to the other groups of hybrids.
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Table 3 

The differences between groups of F1 hybrids with the same recurrent parent concerning proline content  

Recurrent  Fundulea 4 Xenos GKKapos Turda 2000 Alex Apache Apullum 

parent Average 18.67 15.55 13.06 14.50 11.69 12.14 13.28 

Fundulea 4 18.67 - 3.12 5.61 4.17 6.98 6.53 5.39 

Xenos 15.55  - 2.49 1.05 3.86 3.41 2.27 

GKKapos 13.06   - -1.44 1.37 0.92 -0.22 

Turda 2000 14.50    - 2.81 2.36 1.22 

Alex 11.69     - -0.45 -1.59 

Apache 12.14      
- 

-1.14 

Apullum 13.28       - 
 

LSD 5% LSD 1% LSD 0,1 % 

7,76 10,41 13,72 

 

For most of the varieties, the hybrids achieved a 

proline content lower to recurrent parent. The highest 

differences were observed in the hybrids of Apache (-

8.74), Apullum (-4.34), Turda 2000 (-3.10) and Xenos  (-

4.53) varieties. Only the hybrids of Fundulea 4 recorded 

a proline content above the recurrent parent.

 

 
 

 

Fig .1.  Proline content for groups of F1 hybrids with the same recurrent parent 
 

In order to improve the breeding programs 

different statistical methods allowing identification in 

early generations of valuable hybrid combinations for a 

certain trait, have been developed.  Such a method 

presented by Hill et al. (1998) allow the assessment of 

various hybrid combinations in terms of percentage of 

recombinant lines who achieve a certain level of interest 

trait, likely to be selected 

 The highest potential to improve proline content of 

leaves was observed in Xenos x Turda 2000, which 

allows the selection of 50 % recombinant lines with 

values of this trait over 27 µg/mg. To achieve this 

objective in a proportion of  95% is necessary the 

selection of minimum 4 lines, or 9 lines for an accuracy 

of 99.9% respectively. 

 

 

 

 

10 

12 

14 

16 

18 

20 

22 

P
ro

li
n

e 
(u

g
/m

g
) 

F1 18.67 15.55 13.06 14.5 11.69 12.14 13.28 

P 13.52 20.08 15.67 17.6 12.14 20.88 17.62 

Fundulea 4 Xenos GKKapos Turda 2000 Alex Apache Apullum 
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Table 4 

The breeding potential of hybrids combinations with reference to the percent of recombinant lines  

with a proline content above 27 %  and the number of lines necessary to be selected 

No Hybrids F1  s RL % n5% n1% n0,1% 

1 Fundulea 4 x Xenos 12,08 1,23 0,01 29956 46049 69074 

2 Fundulea 4 x GKKapos 22,81 6,69 26,43 10 15 23 

3 Fundulea 4 x Turda 2000 22,56 12,17 35,94 7 10 16 

4 Fundulea 4 x Alex 26,61 10,64 48,40 5 7 10 

5 Fundulea 4 x Apache 10,10 2,23 0,01 29956 46049 69074 

6 Fundulea 4 x Apullum 17,86 5,95 6,18 47 72 108 

7 Xenos x GKKapos 10,97 0,51 0,01 29956 46049 69074 

8 Xenos x Turda 2000 28,61 11,68 50,00 4 6 9 

9 Xenos x Alex 8,91 1,23 0,01 29956 46049 69074 

10 Xenos x Apache 21,07 9,65 27,09 9 15 22 

11 Xenos x Apullum 11,65 1,24 0,01 29956 46049 69074 

12 GKKapos x Turda 2000 9,91 1,43 0,01 29956 46049 69074 

13 GKKapos x Alex 7,92 0,44 0,01 29956 46049 69074 

14 GKKapos x Apache 10,53 3,62 0,01 29956 46049 69074 

15 GKKapos x Apullum 16,21 7,72 8,08 36 55 82 

16 Turda2000 x Alex 9,11 2,58 0,01 29956 46049 69074 

17 Turda2000 x Apache 6,28 1,04 0,01 29956 46049 69074 

18 Turda2000 x Apullum 10,53 0,82 0,01 29956 46049 69074 

19 Alex x Apache 9,5 0,57 0,01 29956 46049 69074 

20 Alex x Apullum 8,11 2,92 0,01 29956 46049 69074 

21 Apache x Apullum 15,34 10,12 12,51 22 34 52 

 

 

The combination Fundulea 4 x Alex submitted a high 

breeding potential, offering the possibility for selecting a 

proportion of 48.40 % recombinant lines with at least 27  

µg/mg proline in leaves. The achievement of that target to 

95 % involves the selection of at least five lines or 10 

lines for a success of 99.9 %.  Also, a good breeding 

potential of this trait possesses the combination Fundulea 

4 x Turda 2000 that allows achieving this selection 

objective by extracting of 7-16 lines depending on the 

accuracy. Worthy of being considered for the 

improvement of leaves proline content are also the 

combinations Xenos x Apache and Fundulea 4 x 

GKKapos, which can be used as the basis of selection for 

obtaining 26-27 % valuable recombinant lines.  

 

Conclusions 
 

The over dominance is acting in the inheritance 

of proline content for most of the hybrids. In the case of 

Fundulea 4 x Alex, Xenos x Turda 2000, Fundulea 4 x 

GKKapos and Fundulea 4 x Turda 2000, the over 

dominance is associated with an increase of proline 

content, while for other nine combinations it has a 

negative effect on this trait. 

 The complete dominance causes a reduction of 

proline content in Fundulea 4 x Apache and Turda 2000 

x Alex.  

The incomplete dominance is associated with an 

increase of this trait in Fundulea 4 x Apullum and Xenos 

x Apache, while in GKKapos x Apullum, Fundulea 4 x 

Xenos, Alex x Apache and Xenos x Alex leads to a 

reduction of proline content.  

The highest potential to improve proline content of 

leaves was observed in Xenos x Turda 2000 and Fundulea 

4 x Alex, which allow the selection of 48-50 % 

recombinant lines with values of this trait over 27 µg/mg, 

alongside with Fundulea 4 x Turda 2000 that can provide 

36 % valuable recombinant lines. These hybrids are also 

important for breeding because they have different 

combinations of genes which contribute to the expression 

of high proline content 
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