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ABSTRACT 
 
 Five cultivars of barley and their F1 hybrids were used in this study to know the genetic behavior of salinity 
tolerance under Egyptian conditions using line X tester analysis. Heterosis over better parent, general and 
specific combining abilities effects were the genetic parameters studied for all genotypes of barley under normal 
and salinity conditions for heading date, plant height, 1000 grain weight, grain yield, proline, terhalose and 
glycine betaine contents, respectively. In addition to some techniques of biotechnology, for example; total 
soluble protein, specific PCR for the three chemical contents using (RM) marker for proline contents (SO7), 
marker for glycine betaine content and (PL) marker for terhalose content as index for salinity tolerance. The 
results indicates that, the best genotypes of barley for all parameters studied under normal and salinity 
conditions were Giza 123, Giza 2000, Giza 123 X Giza 125, Giza 123 X Giza 126 and Giza 2000 X Giza 125 
for mean performance and showed significant and highly significant positive of heterosis over better parent, 
general and specific combining abilities effects. There are high differences of five parents studied of barley for 
salinity tolerance using the total soluble protein analysis and the specific primers RM, SO7 and PL for proline, 
glycine betaine and terhalose contents as index for salinity tolerance in these parents of barley. 
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Introduction 
 
 Barley is a major cereal grain, a member of the grass family. It serves as a major animal fodder, as a base 
malt for beer and certain distilled beverages, and as a components of various health foods. It is used in soups 
and stews, and in barley bread of various cultures.  
 In a 2010 ranking of cereal crops in the world, barley was fourth both in terms of quantity produced (123.7 
million tons) and in area of cultivation (47.5 million hectar.FAOSTAT2012-in Egypt area harvested was 87752 
hectar and production was 117113 ton in 2010,AERMAE 2011).in addition to it is a self-pollinating and  diploid 
species with 14 chromosomes. The wild ancestor of domesticated barley, Hordeum vulgare subsp. Spontaneum, 
is abundant in grasslands and woodlands throughout the Fertile Crescent and is abundant in disturbed habitats, 
roadsides and orchards. Outside this region, the wild barley is less common and is usually found in disturbed 
habitats.  
 Accumulation of high levels of salts in the soil in characteristic of arid and semi-arid regions. Although 
different curative and management measures are being used to render salt-affected soils fit for agriculture, they 
are extremely expensive and do not provide permanent solutions to overcome the salinity problem. In contrast, a 
biotic approach for overcoming salinity stress has gained considerable recognition within the past few decades 
in view of the vast experimental evidence from what has happened in nature concerning the evolution of highly 
salt-tolerant ecotypes of different plant species, and also from the remarkable achievements that have been made 
in improving different agronomic traits through artificial selection (Ashraf and Lin,1994). 
 Considerable improvements in salt tolerance of important crop species have been achieved in the past 2 
decades using barley and many grass species. Such achievements relied solely on assessment of the phenotypic 
expression of the features involved. Knowledge of the underlying physiological mechanisms producing those 
salt-tolerant individuals was not clearly known. The present review highlights the relationships between 
different physiological/biochemical variables being recommended as selection criteria, and salt tolerance of 
different plant species. This paper also lists different sources of genetic variation for salt tolerance since it is 
evident that for successful improvement in a character there must be a great amount of genetic variation present 
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in the gene pool of a species. So the traditional and new method of genetic science (Biotechnology) were a great 
important to know and improvement the salinity tolerance in barley.  
 
Materials and Methods  
 
 The present investigation was carried out under green house conditions "normal irrigation and salinity 
treatment" during 2010 and 2011 seasons. 
This work aimed to study the genetic basic of some traits which related with salinity tolerance in barley. Five 
barley cultivars with different reactions for salinity were used in a line X tester design, where the parents Giza 
123 and Giza 2000 were testers; but the genotypes; Giza 124, Giza 125 and Giza 126 were lines. 
 The parental genotypes were grown during December 2009 in  three planting dates with ten days interval in 
order to over come the differences in flowering time between parents to success the hybridization during ten 
days(in march 2010)  . The harvesting of F1 seeds was done after one month, The genotypes "parents and F1 
seeds" were grown from December 2010 to April 2011 and replicated three times in a randomized complete 
block design for the normal irrigation and salinity treatment "8500ppm by applying sodium chloride (Nacl) and 
calcium chloride (CaCL2) at the ratio of 2 : 1, respectively. Salinization was done after seven days from 
growing and the package of all other recommendation of barley planting was followed in the same season "from 
December 2010 to April 2011" under green house conditions. 
 
Table 1: The main characteristics of the five barley genotypes used as parents in the line X tester design. 

Genotypes Parentages Salinity tolerance "Duration" 
"Day" 

Giza 123 Giza 117 / FAO86 Tolerance 140 
Giza 2000 Giza 117 / Bahtim 52//Giza 118/FAO86 Tolerance 140 
Giza 124 Giza 117 / Bahtim 52//Giza 118/FAO86 Susceptible 133 
Giza 125 Giza 117 / Bahtim 52//Giza 118/FAO86 Moderate 128 
Giza 126 Baladi Bahtim / SD729 – Por 12762 – BC Moderate 130 

 
Table (2) : The classification of two types of soil "normal and saline" in season 2010 for the genotypes of barley. 

Characteristics Normal conditions  (0-50 cm) Saline conditions 8500ppm "Lyzimeter" 
EC (ds/m) 
pH (1 : 2.5) 
TDSmg/litre ppm 

2.14 
8.32 
715.34 

13.30 
11.0 
3780.50 

Soluble cations mg/litre 
Ca++ 
Mg++ 
Na++ 
K++ 
Soluble ions (mg/L) 
Co3

–  
HCo3

–  
CL–  
So4

–  

 
3.78 
3.01 
10.32 
0.32 
 
0.02 
5.60 
13.67 
1.70 

 
16.80 
11.73 
51.70 
0.13 
 
0.07 
2.14 
48.83 
12.54 

Texture grade 
* Measure of soil saturation 
** Measure of soil water extract 1 : 5 
 
Traits  studied: 
 
 Thirty plants were taken from the parents and F1 crosses at random from each replicate to determine all 
traits studied : 
1- Heading date (days) : Number of days from sowing to 50% heading 
2- Plant height (cm) : Was measured in centimeter from soil surfaces to the top of the main stem at 
harvesting. 
3- 1000-grain weight (gram) : Calculated by multiplying the average weight of 1000-grain.  
4- Grain yield (ardab/fed) : Estimated by weighting the total grain yield/plot after threshing and then 
converted to (ardab/fed). 
5- Some traits related to salinity tolerance : The proline extraction, terhalose and glycine betaine were made 
according to BATES, made by using the tissues of leaves. The protein obtained in the extract were estimated 
spectrophotometrically using the ninhydrin method as follows : 
1) Approximately 0.5g of plant material "leaf" was homogenized in 10ml 3% aqueous sulfosalicylic acid and 
the homogenate filtered through what man 2 filter paper. 
2) Two ml of filtrate was reacted with 2 ml acid-ninhydrin and 2 ml of glacial acetic acid in a test tube for 1 
hour at 100oC, and the reaction terminated in ice bath. 
3) The reaction mixture was extracted with 4ml toluene mixed vigorously with a test tube stirrer to 15-20 sec. 
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4) The chromophore containing toluence was aspirated from the aqueous phase, warmed to room temperature 
and the absorbance read at 520 nm using toluene for a blank. 
5) The proline, terhalose and glycine betaine concentrations was determined from a standard curve and 
calculated on a fresh basis is as follows :  
[(µg proline or terhalose or glycine betaine / ml C m1 toluence) / 115.5 µg / µ mole] / [(g sample/5)] = µ moles 
proline or terhalose or glycine betaine / g of fresh weight material. 
The results related with proline content are average values at least 3-4 samples for each species. 
 
Statistical analysis: 
 
Analysis of variance: 
 
 The analysis of variance and expected mean squares of the studied characters for hybrids and their parents 
were computed using IRRISTAT V.6. 
 
Estimation of Heterosis: 
 
 The heterosis of an individual cross was determined for each trait as the increase of the F1 hybrid men over 
its better parent, (i.e. heterobeltiosis) as follows : 

Heterosis over the better parent % = 100
..

..1 ×
−

PB
PBF  

Where : 

1F  = Mean value of the first generation. 

..PB  = Mean value of the better parent. 
LSD. values were calculated to test the significance of the heterosis effect, according to the following formula 
suggested by Wyanne et al. (1970). 
LSD for better parent heterosis =  

r
MSet 2  

t   =  Tabulated value at the specified level of probability for the experimental error. 
MSe = The experimental error mean squares. 
r = Number of replications. 
 
ANOVA for line x tester experiment: 
 
 The analysis of variance for line x tester design including parents and crosses was computed according to 
Virmani et al. (1997). 
 
GCAL = 

LTr
Y

Tr
Yi .... −  

 

GCAr = 
LTr
Y

Lr
Y j .... −∑  

 

SCA = 
LTr
Y

Lr
Y

Tr
Y

r
Y jiij ....... −−−  

 
Where : 
Yi.. = Total of ith line over testers.  
Y.. = Grand total. 
Y.j. = Total of jth line over testers.  
Yij. = Value of ith line with jth line testers.  
LSD values were calculated according to Wyanne et al. (1970) as following : 
LSD = rMSetx /2  
Where: 
t = Tabulated t-value at the specified level of probability for the experimental error and given degree of freedom. 
MSe = The experimental error mean square value. 
R      = No. of replications. 
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Biochemical and molecular genetic analysis: 
 
 SDS-protein electrophoresis according to Lammli(1970)and studier(1973). 
 
PCR-based DNA analysis: 
 
 DNA was extracted from the leaves of the selected plants of five barley parents which different reaction of 
salinity tolerant, moderate and sensitive. The samples were single leaves for parents according to the method of 
Graham et al. (1997). 
 
Gel electrophoretic buffers: 
TBE buffer   10 x 
Tris    10.80 g 
Boric acid   5.50 g 
EDTA  0.74 g 
H2O (dd)  up to 100 mL 
Loading buffer: 
Tris    10.8 g 
Boric acid   5.5 g 
EDTA  0.74 g 
H2O (dd)  up to 100 mL 
 
Table 3: Specific PCR primer names for proline ,terhalse and glycine betaine contents, respectively as index for salinity tolerance. 

Primer names Sequences 
"RM" for word 5\ CGGTTACCCGTAACCGCTG 3\ 
Reverse  5\ CCTCGTTAAGGCCTATGTAG 3\ 
"So7" for word 5\ TACCAGAATCCGTAGTAGGA 3\ 
Reverse  5\ ATTCCATTCCGATTGGAACT 3\ 
"PL" for word 5\ CTAAGGCCTTAGTAACCTAT 3\ 
Reverse  5\ ATTCCAAGCACCTGGCCTAC 3\ 

* The first primer as index for proline content. 
** The second primer as index for terhalose content. 
*** The third primer as index for glycine betaine content. 
 
Agarose gel electrophoresis: 
 
 PCR amplification products were analyzed using 1.5% agarose gel electrophoresis in 1 x TBE buffer and 
stained with ethidium bromide. The run was performed at 100 V in Bio Rad submarine. The bands of amplified 
DNA were visualized under ultra violet light and the sizes of the fragments were estimated based on a DNA 
ladder of 100 to 2000 base pairs, and photographed with gel documentation system. 
 
Gel analysis: 
 
 Gels were photographed under Ultra violet light with Polaroid film 667 and scanned with Bio-Rad video 
densitometer Model 620 at a wave length of 557 software data analysis for Bio-Rad model 620 USE 
densitometer and computer were used. 
 
Results and Discussion 
 
A. Line x tester experiment: 
 
A.1. Variations and interaction: 
 
 The analysis of variance for line x tester design for all traits studied of barley under all conditions are 
observed in table (4). 
 Highly significant variations were obtained between normal and salinity treatments for all studied traits. 
These significant variation indicate the effect of different salinity levels of these traits. In addition to, highly 
significant variations were estimated between genotypes, parents, crosses, lines and testers for all studied traits.  
 Mean squares of the interactions between parents and crosses were highly significant of all traits studied for 
lines, testers and their interactions. Similar results were obtained by Abo-Elenein et al. (1981), Ahmed et al. 
(1998) and El-Mouhamady (2010). 
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Table 4: Mean squares of ordinary and combining ability analysis for all traits studied of barley using line x tester design under normal and saline conditions. 

S.O.V. d.f 

M.S 
Heading date 
(day) Plant height (cm) 1000-grain weight 

(g) 
Grain yield 
(Ardab/fed) Proline content Terhalose 

content Glycine betaine 

N S N S N S N S N S N S N S 
Reps 2 0.27 2.40 1.78 1.39 3.83 5.18 0.67 1.17 3.78 2.50 0.39 2.13 1.72 1.89 

Genotypes 10 11.70** 52.70** 19.30** 62.70** 19.70** 50.30** 23.13** 50.18** 39.13** 17.83** 45.16** 52.14** 37.13** 104.60** 
Parents 4 15.30** 60.18** 32.13** 40.19** 73.50** 106.21** 90.18** 113.80** 70.13** 78.83** 70.72** 117.83** 86.57** 109.40** 
Crosses 5 500.0** 379.11** 163.12** 70.18** 8.16** 13.72** 40.39** 49.18** 52.18** 69.17** 18.69** 128.18** 27.30** 28.56** 
Parents 
vs 
crosses 

1 
70.13** 90.70** 39.0** 46.70** 50.70** 60.70** 33.18** 39.70** 13.78** 20.0** 56.89** 177.10** 24.13** 30.07** 

Lines 2 56.90** 60.39** 26.12** 80.19** 30.50** 40.70** 20.19** 50.13** 30.12** 48.30** 60.0** 37.50** 19.69** 24.18** 
Testers 1 80.30** 107.18** 32.0** 36.40** 70.14** 90.50** 30.72** 40.30** 50.30** 80.16 30.40** 45.12** 51.73** 54.37** 
Lines x 
testers 2 77.18** 34.60** 23.40** 80.16** 17.83** 50.18** 60.30** 29.13** 40.37** 60.13** 49.63** 56.70** 70.14** 100.54** 

Error 20 0.37 0.82 1.32 0.97 1.54 2.60 1.13 1.09 0.78 1.14 0.62 1.07 2.70 2.18 
N : Normal  
S : Salinity 
* : Significant at 0.05 
* : Significant at 0.01 
 

A.2. Mean Performance: 
 
 The genotypes mean values for all traits studied under all conditions are showed in table (5). 
 For heading date, the earlier plants were obtained for the genotypes;Giza 124, Giza 126, Giza 123 X Giza 
124, Giza 123 X Giza 126 and Giza 2000 X Giza 126 under normal condition and Giza 123, Giza 126, Giza 123 
X Giza 126 and Giza 2000 X Giza 126 under salinity conditions, respectively., the mean values were ranged 
from 80.0 to 97.83 and from 87.30 to 104.62 for normal and salinity conditions. These results were obtained by 
El-mouhamady(2010). 
 Regarding to plant height, the parents Giza 123 and Giza 124 in addition to the crosses; Giza 123 X Giza 
124. Giza 2000 X Giza 124 and Giza 2000 X Giza 125 gave the lowest mean values towards dwarfism and were 
ranged from 100.0 to 125.57cm for normal condition and from 90.13 cm to 120.73 cm for salinity conditions 
respectively. These results were in agreement with those reported by Ahmed et al. (2001), Ahmed andAbo-El-
enain(1993) and El-mouhamady(2010). 
 Concerning 1000-grain weight, the genotypes, Giza 123, Giza 2000, Giza 125, Giza 123 X Giza 125, Giza 
123 X Giza 126 and Giza 2000 X Giza 125 under normal conditions, and the genotypes, Giza 123, Giza 2000, 
Giza 126, Giza 123 X Giza 124, Giza 123 X Giza 126 and Giza 2000 X Giza 124 under salinity conditions 
showed the highest mean values for this trait. The values were ranged from 46.0 to 62.30 g for normal 
conditions and from 37.52 to 60.40 g for salinity conditions, respectively. The heaviest 1000 grains waight 
produced by Giza2000 under normal(51.0g) and salinity(50.03g).Cross of Giza123x Giza126 gave the heist 
1000 grain weight under normal(62.30g) and salinity(60.40g). Similar results were obtained by Aloy et al. 
(1992), Ashour et al. (1994) and Katerji et al. (2006). 
 With respect to grain yield, the parents; Giza 2000, Giza 125 and Giza 126 in addition to the crosses; Giza 
123 X Giza 126, Giza 2000 X Giza 125 and Giza 2000 X Giza 126 under normal condition, were recorded high 
mean values and the values ranged from 17.0 to 24.30 g, while, the genotypes, Giza 123, Giza 2000, Giza 123 X 
Giza 125, Giza 123 X Giza 126 and Giza 2000 X Giza 124 under salinity conditions were showed high values 
and it ranged from 11.30 to 20.54 g. These findings are in harmony with those reported by Khattab et al. (1999) 
and El-Mouhamady (2010). 
 For proline contents the high mean values were observed from the genotypes, Giza 123, Giza 125, Giza 
126, Giza 123 X Giza 125, Giza 2000 X Giza 125 and Giza 2000 X Giza 126 under normal condition and the 
genotypes; Giza 123, Giza 2000, Giza 123 X Giza 124, Giza 123 X Giza 125 and Giza 2000 X Giza 124 under 
salinity conditions. The mean values were ranged from 24.80 to 50.30 and from 19.80 to 60.70 under normal 
and salinity conditions, respectively. Similar results were obtained by  Al-shamma(1982) ,El-Sayed et al. 
(1996), Ghulam et al. (1997) and Khattab et al. (1999). 
 Concerning terhalose and glycine betaine contents; the most desirable mean values were showed from the 
genotypes Giza 123, Giza 2000, Giza 123 X Giza 124 and Giza 2000 X Giza 124 under all conditions and the 
mean values were ranged from 4.63 to 86.95 and from 3.45 to 107.80 under normal and salinity conditions for 
terhalose content while, it was from 9.32 to 107.03 and from 7.28 to 92.70 for glycine betaine under all 
conditions, respectively. These results were in agreement with those reported by Epstein et al. (1980), Dutt 
(1988), Gorham and Chapman (1992) and El-Mouhamady (2010). 
 From the foreign discussion it could be concluded that the best genotypes of the mean performance for 
barley under normal and salinity conditions were Giza 123, Giza 2000, Giza 125, Giza 123 X Giza 124, Giza 
123 X Giza 126, Giza 2000 X Giza 125 and Giza 2000 X Giza 126. 
 The results related with proline accumulation in leaf tissues of barley collected in the vicinities of the salt 
lake and can play an important role on the adaptation of barley to the saline conditions 
 The high concentration of proline, terhalose and glycine betaine contents in the shoot of barley could be 
interpreted as being indicative that this compound acts as a storage compound for reduced carbon and nitrogen, 
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as has in fact been postulated for salinity tolerance. Certainly proline meets the requirements of a compound 
with this function and is a neutral compound and high concentrations has a big effect on enzyme activity. (Webb 
and Burley, 1965), and it is important is that the proline accumulation adjusts the cell sap concentration with 
osmorequaltic mechanism in stress conditions (Oncel, 1968). 
 Finally, proline, terhalose and glycine betaine contents are considering the most desirable reason for salinity 
tolerance in barley when the shoots has highly concentrations of them. 
 
Table 5: The genotypes mean performance for some characters of barley under normal and saline conditions. 

Genotypes 
Heading date 
(day) Plant height (cm) 1000-grain 

weight (g) 
Grain yield 
(Ardab/fed) Proline content Terhalose content Glycine 

 betaine content 
Normal Saline Normal Saline Normal Saline Normal Saline Normal Saline Normal Saline Normal Saline 

Giza 123 85.0 87.30 110.0 107.0 49.0 47.20 18.0 16.34 43.17 60.70 37.80 44.18 42.37 50.37 
Giza 2000 90.0 93.27 120.0 116.70 51.0 50.03 20.0 18.02 30.81 39.32 28.50 35.07 75.60 92.70 
Giza 124 82.0 94.38 100.0 90.13 46.0 39.12 17.0 12.42 26.50 19.80 13.70 10.92 13.27 12.70 
Giza 125 90.0 95.50 115.0 97.80 48.0 37.52 20.0 11.70 34.0 28.57 11.07 7.18 18.21 18.53 
Giza 126 80.0 88.68 120.0 108.90 47.0 41.80 19.0 13.80 38.73 27.60 5.18 5.73 9.32 7.28 
Giza 123 X Giza 124 92.50 96.50 107.50 105.32 54.70 51.53 20.37 18.07 32.50 58.83 72.32 79.07 50.18 64.33 
Giza123XGiza125 97.83 104.62 118.87 112.70 58.14 43.70 22.50 20.54 50.30 30.19 17.20 16.72 17.84 15.59 
Giza123   X Giza 126 90.12 92.03 125.57 120.73 62.30 60.40 23.03 16.25 24.80 20.73 4.63 3.45 25.40 23.07 
Giza 2000 X Giza 
124 95.70 97.08 113.49 110.60 55.80 52.40 19.67 18.32 31.70 43.78 88.95 107.80 107.03 114.78 

  Giza2000  X Giza 
125 93.80 98.34 112.70 104.70 61.63 50.83 24.30 11.30 34.50 23.50 8.16 9.47 49.13 48.30 

  Giza2000  X Giza 
126 84.53 86.0 122.30 120.0 55.80 42.70 22.69 13.70 40.0 19.83 7.32 7.11 50.18 59.03 

LSD at 0.05 1.03 1.54 1.29 0.95 1.51 2.55 1.11 1.07 0.76 1.12 0.61 1.05 2.65 2.14 
LSD at 0.01 1.41 2.10 1.79 1.30 2.06 3.48 1.51 1.46 1.04 1.53 0.83 1.43 3.62 2.92 

 
A.3. Heterosis over better parent: 
 
 Estimates the values of heterosis over better parent for the combinations studied under normal and salinity 
conditions for barley genotypes are showed in table (6). 
 For heading date and plant height, all crosses studied showed highly significant and positive of heterosis 
over better parent under all conditions except the cross Giza 2000 X Giza 126 under salinity conditions for 
heading date and the cross Giza 2000 X Giza 125 under normal conditions only, respectively. Which indicated 
that additive gene action played an importance role in the inheritance of these traits under salinity conditions. 
Similar results were in conformity with that reported by Gorham and Chapman (1992) and Vishwakarma and 
Sharma (1998). 
 Concerning 1000-grain weight, all crosses studied recorded significant and highly significant and positive 
of heterosis over better parent under all conditions except Giza 123 X Giza 125 and Giza 2000 X Giza 126 
under salinity conditions. They observed the importance of additive and additive X additive gene action to 
control this trait under stress. 
 With respect to grain yield/ardap/fed, the crosses Giza 123 X Giza 124 and Giza 123 X Giza 125 under all 
conditions, Giza 123 X Giza 126, Giza 2000 X Giza 125 and Giza 2000 X Giza 126 under normal condition and 
the cross Giza 2000 X Giza 124 under salinity conditions only were showed significant and highly significant 
and positive of heterosis over better parent, which indicated that these crosses were good combiners of this trait 
to improve salinity tolerance of barley. These results were in agreement with those reported by El-Mouhamady 
et al. (2010). 
 For proline content, the crosses; Giza 123 X Giza 125 under normal condition, Giza 2000 X Giza 124 under 
all conditiojns, Giza 2000 X Giza 125 and Giza 2000 X Giza 126 under normal conditions were showed 
significant and highly significant positive of heterosis over better parent and indicated the importance of 
additive and additive X additive types of gene action.  
 Concerning terhalose content, highly significant and positive of heterosis over better parent were obtained 
from the crosses Giza 123 X Giza 124 and Giza 2000 X Giza 124 under normal and salinity conditions. These 
crosses observed the importance of additive gene action to control and inheritance of this trait. Similar results 
wer showed by Vishwakarma and Sharma (1998) and El-Mouhamady et al. (2010). 
 For glycine betaine the crosses; Giza 123 X Giza 124, Giza 2000 X Giza 124 under all conditions and Giza 
123 X Giza 125 under normal conditions recorded significant and highly significant positive of heterosis over 
better parent and were be found as a good combiners for salinity tolerance in barley under Egyptian conditions. 
These results were in agreement with those reported by El-Said (2007). 
A.4. Combining ability effects: 
 
A.4.1. General Combining ability effects: 
 
 Estimated of GCA effects of the parental varieties under all conditions are give n in table (7). 
 For heading date and plant height the four parents Giza 123, Giza 2000, Giza 125 and Giza 126 showed 
highly significant and negative of GCA effects under normal and salinity conditions, except Giza 125 under 
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salinity conditions, proving to be excellent combiners for this trait and found that earliness was controlled by 
over-dominance, while, plant height trait was mostly controlled by additive gene action and partial dominance.  
The cultivars, Giza 123, Giza 2000 and Giza 125 for 1000-grain weight, proline content, terhalose content and 
glycine petaine content, Giza 2000 and Giza 124 for grain yield showed highly significant and positive of 
general combining ability effect under all conditions which indicated that these varieties could be considered as 
good combiners for salinity tolerance of barley under Egyptian conditions, and indicated the importance of both 
additive and non-additive variances in the expression of this traits. These results are in harmony with those 
reported by Kuiper et al. (1990), Slavich et al. (1990) and El-Said (2007). 
 
Table 6: Estimates the values of heterosis over better-parent for the crosses studied of barley under normal and salinity conditions. 

Crosses   
Heading date 
(day) 

Plant height 
(cm) 

1000-grain 
weight (g) 

Grain yield 
(Ardab/fed) Proline content Terhalose content Glycine 

betaine content 
N S N S N S N S N S N S N S 

Giza 123 X Giza 
124 

12.80** 10.53** 7.50** 16.85** 11.63** 9.17** 13.16** 10.58** -24.71** -3.08** 91.32** 78.97** 18.43** 27.71** 

Giza 123 X Giza 
125 

15.09** 19.83** 8.06** 15.23** 18.65** -7.41** 12.50** 25.70** 16.51** -50.26** -54.5** -62.15** 27.71** -69.0** 

Giza 123 X Giza 
126 

12.65** 5.41** 14.15** 12.83** 27.14** 27.96** 21.21** -0.55NS -42.55** -65.80** -87.75** -90.16** -40.0** -54.19** 

Giza 2000 X Giza 
124 

16.70** 4.08** 13.49** 22.71** 9.41** 4.73** -1.65** 1.66** 2.88** 11.34** 212.10** 207.38** 41.60** 23.81** 

Giza 2000 X Giza 
125 

4.22** 5.43** -2.0** 7.05** 20.84** 1.59NS 21.50** -37.30** 1.47** -40.23** -71.36** -72.99** -35.01** -47.9** 

Giza 2000 X Giza 
126 

5.66** -3.02** 1.91** 10.19** 9.41** -14.65** 13.45** -23.97** 3.27** -49.50 -79.72** -57.90** -33.62** -36.32** 

LSD at 0.05 1.03 1.54 1.29 0.95 1.51 2.55 1.11 1.07 0.76 1.12 0.61 1.05 2.65 2.14 
LSD at 0.01 1.41 2.10 1.76 1.30 2.06 3.48 1.51 1.46 1.04 1.53 0.83 1.43 3.62 2.92 

N : Normal  
S : Salinity 
* : Significant at 0.05 
** : Significant at 0.01 
 
Table 7:  Estimates of GCA effects for the parental varieties evaluated of some traits of barley using line x tester analysis under normal and salinity conditions.  

Parents  
Heading date 
(day) Plant height (cm) 1000-grain weight 

(g) 
Grain yield 
(Ardab/fed) Proline content Terhalose content Glycine 

 betaine content 
N S N S N S N S N S N S N S 

"Tester" 
Giza 123 -11.28** -7.14** -8.13** -5.19** 24.30** 17.09** -0.03NS -0.30NS 6.39 8.16 4.53** 11.03** 17.40** 21.30** 
Giza 2000 -17.18** -33.18** -9.13** -8.17** 15.03** 6.04** 70.13** 25.14** 3.09** 1.05** 1.37** 2.18** 3.70** 8.14** 
LSD at 0.05 (gi) 0.48 0.37 0.60 0.27 1.12 0.38 0.84 0.52 1.32 0.72 0.63 1.23 0.30 1.71 
LSD at 0.01 (gi) 0.69 0.73 0.84 0.41 1.70 0.79 1.09 0.85 1.48 1.07 0.87 1.56 0.45 1.92 

"Lines" 
Giza 124 -1.77** 2.15** 1.32** 0.75NS -0.09NS -1.01NS 28.02** 14.36** -0.03NS -0.07NS -1.72** -0.87** -1.80** -1.14** 
Giza 125 -9.17** -13.15** -35.13** -15.18** 5.96** 3.19** -0.69* -4.16** 2.50** 1.19** 2.70** 3.19** 3.75** 4.23** 
Giza 126 -13.49** -7.03** -19.03** 0.34NS -70.12** -50.8** -3.80** -1.78NS -4.80** -3.37** -1.67** -0.84** -1.77* -1.12** 
LSD at 0.05 (gi) 1.21 0.70 0.35 1.11 0.84 1.03 0.67 1.85 1.71 0.39 1.18 0.28 1.60 0.59 
LSD at 0.01 (gi) 1.69 1.13 0.87 1.39 1.25 1.52 1.33 2.13 2.03 1.14 1.39 0.47 1.97 0.78 

N : Normal  
S : Salinity 
* : Significant at 0.05 
* : Significant at 0.01 
NS : not significant. 

 
A.4.2. Specific combining ability effects: 
 
 Estimates of SCA effects for the parental combinations in the two conditions "normal and salinity" was 
presented in table (8). 
 With respect to heading date and plant height; the crosses, Giza 123 X Giza 124, Giza 123 X Giza 125 and 
Giza 2000 X Giza 125 had negative and highly significant desirable of SCA effects under normal and salinity, 
conditions, respectively. 
 On the other hand, the same genotypes; were showed significant positive of SCA effects under all 
conditions for the other traits. These crosses were found to be very useful for salinity tolerance in barley by the 
interaction between additive and additive X additive gene actions. Similar results are reported by Richards et al. 
(1987), Singh (1989) and Katerji  et al. (2006). 
 Estimates of SCA effects of the six barley crosses under normal and salinity conditions were calculated for 
all studied traits in table (8). Several crosses exhibited desirable SCA effects and the superior crosses showing 
desirable SCA effects for earliness and short stature, were obtained from Giza 123 X Giza 124, Giza 2000 X 
Giza 125 and Giza 2000 X Giza 126 under all conditions. These crosses could be used in breeding programs as 
early, short stature and highly yield either salinity tolerance nor non-stress conditions, depending on their non-
additive gene effects and might be recommended to be utilized in barley breeding for 1000-grain weight and 
grain yield under normal and salinity tolerance in barley. Also, the different origin of these parents would widen 
the genetic base for selection. 
 
A.5. Total soluble protein (TSP): 
 
 Total soluble protein using five parents of  barley were showed in Fig (1) and table (9). 
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 SDS-page analysis of water soluble protein fractions were used to compare between five genotypes of 
barley namely, Giza 123, Giza 124, Giza 125, Giza 126 and Giza 2000 respectively. 
 The results observed that the bands number 1, 2, 3, 6, 7 and 9 with molecular weight of 150, 135, 125, 90, 
75 and 40 KDa were showed in all parents, thus, these bands were common bands in these cultivars. However, 
the bands number 4 with molecular weight of 115 KDa was showed in all genotypes except Giza 126. 
 
Table 8: Estimates of specific combining ability effects of the crosses evaluated for all traits studied of barley using line x tester analysis under normal and salinity conditions. 

Crosses   Heading date (day) Plant height (cm) 1000-grain weight 
(g) 

Grain yield 
(Ardab/fed) Proline content Terhalose 

content 
Glycine 
 betaine content 

N S N S N S N S N S N S N S 
Giza 123 X 
Giza 124 

-3.401** -2.871** -8.972** -14.70** 24.192** 12.730** 1.572** 3.140** 3.18** 4.60** 2.90** 5.60** 11.40** 2.10** 

Giza 123 X 
Giza 125 

-1.352** -0.894** -9.452** -18.340** 11.790** 6.432** 2.732** 1.271** 2.19** 3.14** 2.17** 1.88** 2.53** 2.01** 

Giza 123 X 
Giza 126 

25.608** 14.88** 1.730NS 1.930NS -0.032NS -1.02* -0.490* -0.723* -1.013* -5.03** -1.14** -0.73** -2.19** -3.13** 

Giza 2000 X 
Giza 124 

0.615NS 0.350NS 15.160** 23.072** -17.920** -12.031** -0.860** -1.130** 4.16** 1.79** -1.03** -6.84** -2.05** -2.18** 

Giza 2000 X 
Giza 125 

-7.880** -13.271** -5.680** -3.460** 30.160** 4.072** 2.115* 4.132** 1.830** 4.03** 2.031** 1.731** 2.16** 2.05** 

Giza 2000 X 
Giza 126 

1.495** 1.250** 2.750** 8.601** -9.312** -1.13** 1.2470** -3.023** -1.80* -1.70* -0.34* -0.50* -11.02** -2.60** 

LSD at (0.05) 
(Sij) 

0.814 0.506 1.83 2.06 1.77 0.870 0.432 0.321 1.011 1.50 0.27 0.306 1.41 1.50 

LSD at (0.01) 
(Sij) 

1.326 0.783 2.26 2.47 1.93 1.07 0.774 0.850 2.02 1.78 0.56 0.700 1.83 1.92 

N : Normal  
S : Salinity 
* : Significant at 0.05 
* : Significant at 0.01 
NS : not significant. 
 

 On the other hand the bands number 5 and 8 with molecular weight of 100 and 55 KDa were appeared in 
the cultivars Giza 123 and Giza 2000 and were not observed in the other parents. So, this appearance in these 
two cultivars (Giza 123 and Giza 2000) only maybe referred to the synthesis of specific protein bands linked to 
classification of these parents with tolerance of salinity in barley. Similar results were reported by  
El-Said (2007) and El-Mouhamady (2010). 
 
Table 9: The Densitometric profile for water soluble protein of some cultivars of barley.  

No. of Band Molecular weight 
(Kda) Giza 123 Giza 124 Giza 125 Giza 126 Giza 2000 

1 150 1 1 1 1 1 
2 135 1 1 1 1 1 
3 125 1 1 1 1 1 
4 115 1 1 1 0 1 
5 100 1 0 0 0 1 
6 90 1 1 1 1 1 
7 75 1 1 1 1 1 
8 55 1 0 0 0 1 
9 70 1 1 1 1 1 
Total of bands  9 7 7 6 9 

 
A.6. Specific – PCR – Markers: 
 
 The results in Fig. (2) revealed that the band number 3 with molecular weight of 780 bp was appeared in the 
cultivar Giza 123 and the other cultivars were appeared between the bands number 2 and 3 with molecular 
weight of 900 and 780 bp, respectively, which indicate that these bands were specific markers for proline 
content using (Rm) primer as index for salinity tolerance in these cultivars of barley. 
 The band  number 1 with molecular weight of 1300 bp was showed in the cultivars Giza 123, Giza 125 and 
Giza 126, while, the two bands number 4 and 7 with molecular weight of 850 and 200 bp were appeared in the 
two parents Giza 124 and Giza 2000, respectively in Fig. (2). Using So7 primer, which means that these bands 
were marker for salinity tolerance in this parents in barley using glycine betaine content.  
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Fig. 1: The densitometric analysis of profile for some genotypes of barley. 
 

 
 
Fig. 2: The densitometric analysis of specifc pcr for some parents of barley by using RM primers as index for 

salinity tolerance by proline content. 
 

 
 
Fig. 3: The densitometric analysis of specifc pcr for some parents of barley by using SO7 primers as index for 

salinity tolerance by Glycine Betaine content. 
 
 In Fig. (4). The band number 2 with molecular weight of 1100bp was appeared in the cultivars Giza 125 
and the band number 3 with molecular weight of 1050 bp was showed in the other parents, which indicated that 
these two bands were marker for salinity tolerance in barley using (PL) primer by terhalose content. 
 From the previous results it could be concluded that proline, glycine betaine and terhalose contents was 
index for salinity tolerance in the parents; Giza 123, Giza 124, Giza 125, Giza 126 and Giza 2000 using specific 
primers of PCR such as "Rm, So7, and PL", respectively. 
 In addition to the appearance in a lot of bands in all markers maybe referred to the importance of gene 
action for salinity tolerance in these genotypes of barley. These results were in agreement with those reported by 
El-Said (2007), Weerakoon et al. (2008) and El-Mouhamady (2010). 
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Fig. 4: The densitometric analysis of specifc pcr for some parents of barley by using PL primers as index for 

salinity tolerance by Terhalose content. 
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