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ABSTRACT 
 

Three promising lines of maize namely; GM 28, GM 31 and GM 32 were used in this study to know the 
genetic behavior for salinity tolerance under Egyptian conditions using half diallel and six populations analysis. 
Days to 50% silking, plant height, 100-kernal weight, number of kernels/row, grain yield, Na+ content, K+ 
content, prolinecontent, osmotic pressure and relative water content were the importance traits studied to know 
the reaction of salinity tolerance in maize. In addition to specific – RCR markers were used in all genotypes as 
index for salinity tolerance by low level of Na+ content and high levels of K+, proline and relative water contents 
using (RD29B, KIN2, CoR15 a and P5CSI) primers, respectively. The best genotypes were GM 31, GM 32 and 
the crosses GM 28 × GM 32 and GM 31 × GM 32 under normal and salinity conditions through using the 
traditional and new method of biotechnology. 
 
Key words: maize (Zea mays L.), half diallel analysis, six population, salinity tolerance, specific – PCR markers. 
 
Introduction 

 
Maize (Zea mays L.) is one of  themajor cereal crops in Egypt and the world. Maize in the world ranks was 

the third, surpassed only by wheat and rice. The area devoted to maize cultivation in Egypt is about 1.70 
millionfeddan in 2006 season and average yield reached 25.7 ardab per feddan. Every part of the maize plant 
has economic value: The grain, leaves, stalk, tassel, and cob, which could be used to produce a large variety of 
food, feed and non-food products. It is an important source of carbohydrates, protein, iron, vitamin B, oil and 
minerals. The main goal of the Egyptian National Maize Program is to develop new hybrids with high yielding, 
drought and salinity tolerance, specially from yellow hybrids .this aim could be achieved by traditional and new 
method of genetic and biotechnology, Hallauer and Miranda (1981) concluded that improving inbred lines 
increased grain yield and modified maturing. On the other hand, yield, yield components and physiological traits 
are of great importance for dealing with the inheritance of such entities to assist maize breeders and geneticists 
to plan convenient breeding programs for increasing yield potential. The six population analysis has been used 
and a bused more extensively than any other designs in maize and other plant species to determine the 
combining ability of various genotypes and screen the important traits form the parents by make back crosses. 
After these steps of breeding, the breeder can exploit both additive and non-additive gene action available. 
Therefore, the main objectives of the present investigation are to study and determine the following aspects: 

1. Determine the optimum environmental conditions suitable to perform high grain yield and other 
desired plant characters. 

2. Identify typesof  gene action controlling the inheritance for studied traits.  
3. Identify superior crosses and inbred lines to improve the yielding ability in maize breeding programs 

for salinity tolerance under Egyptian conditions by specific-PCR analysis. 
 
Materials And Methods 

 
The present investigation was carried under normal conditions (El-Mansoura City) and salinity conditions 

(El-Sirw Station in Damietta City) and National Research Center,Dokki,Cairo, Egypt from 2010 to 2012 seasons 
using model of halfdiallel analysis through three promising lines of maize; L1 (GM 28), L2 (GM 31) and L3 
(GM 32) and all possible combination were made excluding reciprocal to produce F1 seeds in 2010 season " 
after 60 day from sowing " the first of may 2010 ". 
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The parents and their F1 hybrids were growing in a randomized complete block design  with three 
replications for each locations in 2011 season to produce F2 – generation and make back crosses hybridization 
for the three crosses of maize using the three parents under the two locations " normal and salinity conditions ". 

In 2012 season, The Parents, F1, F2 and back crosses were grown in a randomized complete black design 
under normal condition " El-Mansoura farm" and salinity conditions " El-Sirw Station in Damietta City" in three 
replications for each location in the first of may. All recommended agriculture practices were applied, At 
ripening each plant was harvested individually after four month from sowing in 2012 season. 

Note.1):-The three promising lines of maize were different reaction for salinity.2):-.The sowing was in the 
first half of may and a hybridization between parents was done after 60 day from sowing "July month".3):-F1 
seeds were harvested after 20 day from hybridization, exactly in "20 July 2010" season. 
 
Table 1: The main characteristics of the three maize genotypes in six population analysis. 

No. of parent Name Origin Reaction to salinity 
L1 GM 28 (GM.Y. Pop) Susceptible 
L2 GM 31 (Comp ≠ 45) Tolerant  
L3 GM 32 (Comp ≠ 21) Moderate  

 
Data collected: 

 
In the two locations for each genotype, the following data were recorded:  
1- Days to 50% silking (number) of days to 50% silking.  
2- Plant height (cm): was measured from the soil surface to the base of the flag leaf. 
3- 100 – kernel weight (gm): average weight of three 100 – kernel random samples from each plot. 
4- Number of kernels / row. 
5- Grain yield, which was adjusted to 15.5% moisture content (estimated in kg /plot and ard. /fed.). 
6- Determination of Na+ up take and K+ up take: shoot sampling was determination after one month from 

sowing for the two locations "normal and salinity conditions" when the sensitive parents were severely affected. 
The shoot samples were weighted and dried for three days at 70 °C, samples were finally grounded and 1 gram 
dried powder from each sample was taken for Na+ and K+ determination by flame photometer. 

7- Proline content was determined by the method of (Troll et al 1955) after 30 day from sowing. 
8- Osmotic pressure:- values of the total soluble solids of the cell sap were obtained for the pressed sap of 

the (fourth upper leaf) according to the to the methods described by Goseve (1960). 
9- Relative water content:- it was determined by the method of Barrs and Weatherley (1962).  

 
A-Statistical analysis: 

 
Half diallel analysis was estimated using model 1, method 2 (Griffing 1956), while six populations analysis 

was determined by Mather (1949),Hayman and Mather (1955), Hayman (1958) and Mather and Jinks (1971). 
 
B-Linear regression: 

 
It was recorded as the follows by (Van Genuchten, 1983).  

 
C-Molecular genetic analysis: 
 
Specific – PCR – Protocol: 

 
Leaves of the genotypes of maize (parents and F1 plants) were obtained after 10 days from sowing and 

ground to afine powder in liquid nitrogen. The genomic DNA was extracted in Dept. of genetic and cytology, 
Division of genetics engineering and biotechnology, National research center,Dokki,Cairo, Egypt using the Bio 
flux kit protocol .specific – PCR analysis which was performed using four specific – primers for low level ofNa+ 
content, high level of K+ content, high level of proline content and high level of relative water content, 
respectively as index for salinity tolerance in maize " according by (Williams et al 1990) with some 
modifications PCR reaction, which was used in a final volume of 25 ul containing 12.5 ul of master mix 
(Bioteke), 2.5 ul of 5ul of each primer, 50 mg of template DNA PCR amplification way performed in PTC-100 
PCR version 9.0 from MJ Research USA programmed for 95 °C for 5 min (denaturation). 36 cycles of (94 °C 
for 1 min. 36 °C for 1 min and 72 °C for 1 min (annealing) and a final extension of 2 min at 72 °C. PCR 
products were analyzed using 1% agarosegel electrophoresis and visualized with ethidium  bromide staining( 
Graham et al. (1997). 
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Gel analysis: 
 
Gels were photographed under UV light with polaroid film 667 and scanned with Bio-Rad video 

densitometer model 620, at a wave length of 557 soft ware analysis for Bio-Red model 620 USA densitometer 
and computer were used( Sharma et al.2003) 
 
Table 2: Some chemical characteristics of experimental soil and saline soil. 

Characteristics 
Normal soil 
(El-Mansoura)City 

Saline soil (El-Sirw) 
(Damietta) City 

EC (ds/m) 1.76 7.34 – 7.72  
PH (1:2.5) 7.3 8.8 
TDS mg/ litre (ppm) 815.0 3406.5 – 4901.8 
Ca++ 4.20 16.7 – 20.0 
Mg++ 2.49 13.70 
Na++ 12.67 43.0 – 48.7 
K+ 0.67 0.28 
Co-- 0.05 0.09 
HCO3- 4.36 1.63 
Cl- 17.34 52.18 
SO4- 1.56 14.78 
Texture  Clay  Clay  

EC = Electrical conductivity,TDS = total dissolved salts,*Measure of soil saturation,**Measure of soil water extract 1:5 
 
Table 3: The primer names and Sequences used in PCR analysis. 

Primers Sequences 
RD29B 5\ -GTGAAGATGACTATCTCGGTGGTC-3\ 

5\ -TACCAAGAGACTCAGCAATCTCTG-3\ 
NIN2 5\- GTCAGAGACCAACAAGAATGCC-3\ 

5\- TGACTCGAATCGCTACTTGTTC-3\ 
CoR15a 5\- ACTCAGTTCGTCGTCGTTTCTC-3\ 

5\- TCTCACCATCTGCTAATGCCTC-3\ 
P5C51 5\- TTCTCAGATGGTTTCCAGGTTG-3/ 

5\- TGGGAATGTCCTGATGGGTG-3\ 

 
Results and Discussion 
 
A. Mean performance and standard errors: 

 
For days to 50% silking, the parental genotypes showed a slight differences in table (4). 
The results showed that, F1plants of maize headed later than the late parents in crosses; I and II only; while, 

the cross (III) was inter- mediate between the two parents and was found to be the best cross under normal and 
salinity conditions. 

The F2 and back crosses means were higher than the two parents in the cross (I) under all conditions and 
was less than the two parents in the cross (III), while, it was intermediate between the two parents in the cross 
(II) under all conditions. 

Concerning to plant height and 100-kernal weight, the mean performance of F1, F2 and back crosses were 
higher than the two parents in the three crosses under all conditions, except, Bc1 for 100-kernal weight, which, 
it was intermediate between the two parents in cross (I) under normal and salinity conditions. 

With respect to number of kernels/row and grain yield ar dap/faddan, the results in table (4) cleared that, the 
mean values of F1, F2 and back crosses were higher than the two parents in the three crosses under all 
conditions, while, the mean performance of F1, F2 and Bc1 was less than the two parents in the three crosses and 
was higher than the two parents in Bc2 for Na+ content under normal and salinity condition. 

For K+ and proline content; the mean performance of F1, F2 and back crosses was higher than the mean 
values of two parents under all conditions for the three crosses, except the mean values of F1 plants for the first 
cross, which were intermediate between the two parents in K+ contents under normal conditions only. 

The results in table (4) showed that that the mean values of F1, F2 and back crosses were higher than the 
values of the two parents for osmotic pressure under all conditions. 

With respect to relative water content; the results presented in table (4) cleared that, the mean values of F1 
plants was higher than the values of the two parents in the cross number (III) under all conditions while, it was 
less than the values of the two parents in cross (I) and was intermediate between the two parents in cross (II) 
under normal conditions, respectively. 

On the other hand, the mean values of F2 and back crosses were higher than the two parents for this trait 
under all conditions, except the crosses (I & II) for Bc1 and Bc2, which were intermediate between the two 
parents. 
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While, the cross (III) of Bc2 was less than the two parents under normal and salinity conditions. Similar 
results were showed by Rana and Kumar (2001), Hammouda (2002), Singh et al (2002), Al-Ahmed et al (2004), 
Mosa and Amer (2004), Motawei (2005), El-Hosary and El-Badawy (2005), Abd El-Aty and Darwish (2006), 
Katta et al (2007), El-Ghonemy and Ibrahim (2010) and Sadek et al (2011). 
 
B-Scaling test: 

 
The results in table (5) showed that the values of A, B and C scaling test were highly significant and 

negative for all crosses studied in all traits studied under normal and salinity conditions, except the crosses; (I & 
III) for number of kernels/ row, the cross (III) for grain yield ardap/ faddan, the cross (II) for K+ content, the 
cross (III) for proline content and osmotic pressure and the crosses (II & III) for relative water content which 
were highly significant and positive values for A&B and C scaling test under all conditions. 
 
Hence, the adequacy of additive dominance model for the crosses studied and these traits may be affected by 
non-allelic in teractions: 

 
Table 4: Mean performance and standard errors for all traits studied in the three maize crosses under normal and salinity conditions. 

Traits Crosses 
P1 P2 F1 F2 BC1 BC2 
N  S N S N S N S N S N S 

Day to 
50% 
silking 

I 
II 
III 

64.3±0.2 
58.8±0.3 
61.4±0.4 

56.2±0.7 
52.5±0.4 
56.3±0.2 

60.2±0.3 
64.0±0.7 
65.3±0.4 

52.7±0.1
60.0±0.3 
59.0±0.4 

68.3±0.4
65.2±0.2 
57.0±0.7 

59.0±0.1
60.0±0.3 
50.5±0.2 

65.18±0.3
48.7±0.2 
55.0±0.6 

60.0±0.1
43.7±0.3 
50.2±0.8 

68.3±0.7
63.2±0.5 
65.0±0.3 

63.2±0.8 
57.2±0.7 
55.3±0.1 

64.6±0.3 
67.3±0.2 
52.0±0.4 

60.2±0.11
61.3±0.7 
48.3±0.3 

Plant 
height 
(cm) 

I  
II 
III 

154.3±0.2 
174.2±0.4 
160.0±0.5 

147.2±0.4 
168.3±0.3 
152.0±0.2 

172.3±0.2 
186.7±0.6 
170.0±0.4 

165.0±0.1 
179.0±0.3 
160.0±0.4 

230.3±0.2 
253.0±0.7 
261.2±0.3 

220.2±0.7 
242.3±0.2 
250.2±0.3 

210.3±0.4 
230.0±0.7 
247.3±0.5 

200.3±0.1 
192.7±0.7 
220.3±0.3 

268.5±0.3 
272.0±0.6 
280.0±0.4 

260.2±0.7 
260.7±0.3 
262.8±0.2 

272.5±0.2 
243.0±0.4 
268.0±0.6 

257.3±0.4 
230.0±0.2 
240.0±0.7 

100-
Kernal 
weight 
(gm) 

I 
II 
III 

23.7±0.4 
26.4±0.2 
30.2±0.3 

18.2±0.2 
20.0±0.6 
24.2±0.5 

28.0±0.4 
32.0±0.7 
25.5±0.3 

22.4±0.1 
27.3±0.3 
21.3±0.7 

40.3±0.2 
47.0±0.5 
42.0±0.3 

34.2±0.7 
40.3±0.2 
37.2±0.4 

45.0±0.8 
43.7±0.4 
46.8±0.2 

40.3±0.6 
37.5±0.4 
39.0±0.3 

27.4±0.5 
41.6±0.1 
44.0±0.3 

22.3±0.9 
36.0±0.3 
32.3±0.4 

48.5±0.7 
41.3±0.3 
43.0±0.8 

39.2±0.8 
37.0±0.4 
35.7±0.7 

Number 
of 
kernels 
/row 

I 
II 
III 

23.5±0.6 
28.3±0.4 
31.7±0.3 

18.0±0.7 
20.0±0.3 
24.7±0.5 

27.3±0.4 
24.0±0.2 
20.5±0.7 

22.0±0.3 
19.3±0.2 
14.0±0.8 

45.0±0.2 
43.3±0.4 
50.3±0.7 

37.0±0.2 
39.6±0.4 
46.0±0.3 

48.6±0.3 
39.7±0.2 
44.0±0.4 

43.0±0.5 
32.0±0.3 
37.4±0.6 

37.6±0.4 
41.2±0.8 
45.4±0.2 

30.0±0.4 
34.9±0.7 
41.3±0.5 

48.2±0.6 
40.3±0.3 
45.2±0.7 

42.7±0.1 
34.3±0.3 
39.4±0.2 

Grain 
yield ar 
dap/ 
faddan 

I 
II 
III 

11.7±0.4 
8.9±0.6 

13.5±0.3 

7.2±0.1 
5.2±0.4 

10.0±0.5 

14.3±0.3 
11.6±0.8 
9.2±0.7 

6.0±0.3 
5.3±0.8 
4.7±0.2 

30.4±0.7 
25.6±0.4 
40.3±0.8 

24.0±0.2 
20.3±0.7 
33.2±0.4 

38.6±0.2 
33.0±0.1 
37.5±0.3 

32.0±0.7 
27.5±0.1 
26.3±0.5 

25.8±0.4 
31.3±0.8 
28.6±0.7 

19.3±0.5 
24.0±0.3 
22.4±0.7 

31.2±0.7 
26.8±0.8 
33.5±0.4 

24.0±0.2 
20.3±0.7 
24.6±0.8 

Na+ 
content  
(ppm) 

I 
II 
III 

0.39±0.6 
0.72±0.2 
0.28±0.4 

0.72±0.1 
0.86±0.3 
0.32±0.5 

0.41±0.7 
0.56±0.3 
0.18±0.4 

0.56±0.5 
0.76±0.3 
0.32±0.8 

0.32±0.7 
0.36±0.4 
0.18±0.3 

0.19±0.5 
0.28±0.3 
0.09±0.2 

0.27±0.4 
0.34±0.3 
0.14±0.8 

0.20±0.5 
0.29±0.4 
0.16±0.9 

0.21±0.3 
0.43±0.6 
0.07±0.4 

0.32±0.5 
0.60±0.7 
0.09±0.2 

0.49±0.8 
0.76±0.3 
0.64±0.2 

0.84±0.2 
0.92±0.4 
0.78±0.3 

K+ 
content  
(ppm) 

I  
II 
III 

1.72±0.5 
2.16±0.3 
1.86±0.7 

0.92±0.4 
1.45±0.2 
1.32±0.7 

2.32±0.4 
1.42±0.6 
1.92±0.8 

1.92±0.3 
1.11±0.9 
1.42±0.5 

2.30±0.7 
2.56±0.8 
3.0±0.5 

2.98±0.3 
3.0±0.8 

3.42±0.2 

3.50±0.6 
2.77±0.8 
2.14±0.4 

3.82±0.1 
1.99±0.7 
2.50±0.3 

3.5±0.4 
3.0±0.2 

3.60±0.9 

2.40±0.6 
1.67±0.3 
2.72±0.8 

4.0±0.7 
3.2±0.4 

2.92±0.5 

2.4±0.3 
1.7±0.7 
2.7±0.5 

Proline 
content  

I 
II 
III 

40.6±0.3 
37.5±0.7 
46.4±0.5 

32.5±0.8 
30.4±0.3 
40.0±0.4 

67.2±0.4 
54.3±0.2 
39.0±0.7 

32.0±0.3 
39.0±0.6 
28.7±0.4 

106.2±0.4 
97.0±0.3 
80.0±0.7 

42.0±0.9 
60.7±0.4 
53.8±0.7 

70.0±0.4 
60.30±0.2 
54.2±0.8 

39.0±0.3 
88.3±0.2 

46.50±0.8 

84.7±0.2 
102.3±0.8 
90.2±0.5 

70.2±0.4 
56.7±0.3 
43.2±0.6 

92.4±0.6 
72.7±0.4 
60.0±0.2 

60.0±0.3 
40.0±0.8 
49.3±0.4 

Osmotic  
pressure  

I 
II 
III 

1.34±0.7 
2.07±0.3 
1.98±0.5 

0.68±0.4 
1.50±0.6 
1.43±0.8 

2.6±0.3 
1.9±0.5 
1.4±0.2 

1.6±0.2 
1.2±0.7 
0.7±0.4 

3.6±0.2 
2.7±0.4 
3.7±0.4 

2.4±0.7 
3.4±0.1 
1.5±0.8 

3.7±0.5 
2.7±0.4 
3.7±0.4 

2.0±0.1 
1.9±0.4 
2.7±0.3 

8.83±0.4 
3.5±0.8 
2.8±0.7 

3.8±0.3 
1.9±0.7 
1.5±0.4 

2.7±0.6 
2.9±0.4 
3.0±0.1 

1.8±0.3 
2.7±0.5 
2.3±0.4 

Relative  
water  
content 

I 
II 
III 

71.8±0.3 
54.7±0.7 
60.8±0.2 

43.4±0.8 
30.5±0.2 
40.3±0.6 

43.2±0.4 
76.0±0.3 
56.3±0.1 

32.0±0.9 
50.7±0.4 
40.7±0.2 

40.6±0.2 
57.0±0.4 
61.3±0.9 

33.0±0.2 
59.0±0.7 
43.2±0.4 

40.6±0.2 
57.0±0.4 
61.3±0.9 

52.6±0.4 
86.2±0.7 
50.4±0.3 

50.3±0.2 
63.8±0.4 
70.4±0.8 

42.0±0.5 
47.8±0.7 
61.2±0.3 

80.4±0.3 
60.7±0.1 
39.7±0.4 

60.0±0.3 
40.7±0.5 
30.2±0.7 

N: Normal &S : Salinity & I: L1×L2 (GM28 × GM 31) & II: L1×L3 (GM28 × GM 32)& III: L2×L3(GM31 × GM 32) 
 
Table 5: Estimates of mother's scales (A, B and C) for all traits studied in the three maize crosses under normal and salinity conditions. 

Traits Crosses 
A B C 
Normal Salinity  Normal Salinity  Normal Salinity  

Day to 50% silking I 
II 
III 

-7.5**±1.3 
-14.3**±2.7 
-11.8**±1.5 

-11.4** ±0.75 
-8.6** ±1.3 
4.9** ±1.9 

-23.8**  ±0.4 
-14.2 ** ±1.3 
-25.7**  ±2.3 

-25.4** ±1.9 
-17.3** ±1.5-
13.9 **±2.5 

-19.8 **±0.7 
-32.4 **±1.4 
-7.2** ±1.6 

-26.4** ±1.2 
-15.9**±2.4-
11.8**±3.7 

Plant height (cm) I  
II 
III 

-33.7**±1.4 
-16.8**±1.9 
-23.4**±2.7 

-19.7** ±1.9 
-24.8** ±2.3 
-41.7**±1.4 

-27.2**   ±1.3 
-52.4**  ±2.4 
-10.9** ±1.03 

-24.4 **±1.9 
-14.3** ±1.2-
17.9** ±1.4 

-7.8** ±1.3 
-13.2** ±1.8 
25.6** ±2.04 

-18.6** ±0.9 
-18.7** ±1.4- 
12.0** ±2.0 

100-Kernal weight (gm) I 
II 
III 

-13**±1.2 
-26.7**±2.7 
-14.8*±1.5 

-26.8**  ±2.9 
-32.8 ** ±3.0 
-7.8 ** ±1.4 

-13.2** ±2.4 
-19.7** ±1.03 
-20.8**  ±2.8 

-8.2** ±0.7 
-7.6** ±1.8-
11.2** ±1.4 

-41.2** ±2.3 
-36** ±0.8 
-18.7** ±1.7 

-28.4** ±1.9 
-12.8** ±2.0 
-14.3 **±0.8 

Number of kernels/row I 
II 
III 

16.3**±0.7 
-23.9**±1.3 
12.4**±2.0 

22.8 ** ±1.3 
-12.8**  ±1.8 
14.6**  ±2.0 

37.8**  ±2.3 
-15.6** ±2.7 
14.2 **±1.0 

18.7** ±1.03 
-27.8** ±2.07 
41.3** ±1.9 

16.3** ±0.2 
- 3.9** ±1.2 
7.4** ±1.9 

17.2** ±0.4 
2.9** ±0.6 
10.3** ±2.3 

Grain yield ardap/faddan I 
II 
III 

-17.9**±1.8 
-23.4**±2.0 
11.8**±2.3 

-12.6**  ±1.3 
-19.4 ** ±1.8 
22.4**  ±2.5 

-12.6** ±1.5 
-18.3** ±2.7 
14.8** ±3.0 

-27** ±1.6 
-13.4** ±2.7 
12.3 **±1.5 

-5.8** ±0.7 
-4.6** ±1.2 
13.2** ±2.3 

-7.8** ±1.4 
-22.3** ±1.7 
34.2** ±1.2 

Na+  content(ppm)  
 

I 
II 
III 

-12.6** ±1.32 
-32.7** ±0.7 
-5.7** ±1.42 

-18.4** ±1.72 
28.6 **±1.86 
13.2** ±2.04 

-22.4** ±0.6 
-27.3** ±1.03 
15.6** ±2.3 

-10.3** ±0.4 
-17.4** ±1.03 
-40.2** ±1.8 

-27.3** ±1.4 
-7.8** ±1.8 
-10.3** ±2.0 

-12.3** ±0.9 
-25.6** ±1.7 
-8.7** ±1.3 

K+  content(ppm)  
 

I  
II 
III 

-11.3** ±1.7 
5.8 **±1.3 
25.9** ±2.0 

-14.3** ±2.0 
23.0** ±1.2 
-7.8 **±3.0 

3.9** ±2.8 
15.8 **±1.9 
-6.3** ±2.0 

-16.8** ±0.7 
8.3** ±1.2 
-26.7** ±0.9 

-13.2** ±0.8 
32.0** ±0.7 
-19.8 **±1.8 

-7.2** ±1.7 
9.6** ±2.3 
-11.2** ±2.4 

Proline  content  I 
II 
III 

-3.4** ±1.2 
-6.7 **±2.9 
10.2** ±1.8 

-17.2 **±2.0 
-4.7** ±1.8 
8.6** ±2.4 

-4.8** ±2.3 
-10.02** ±1.7 
4.3** ±2.5 

-27.6** ±0.8 
-20.3** ±1.4 
10.2 **±0.8 

-36.2** ±0.8 
7.8** ±0.7 
11.8 **±0.9 

-41.3** ±0.3 
-36.2** ±0.7 
19.6** ±1.2 

Osmotic pressure  I 
II 
III 

-14.6** ±2.7
-8.3** ±2.5 
10.8** ±1.3 

-4.5** ±2.1
-7.6** ±1.9 
8.06 **±2.3 

-19.2** ±1.3
-7.2** ±0.4 
13.5 **±0.8 

-12.6** ±3.04
-4.2** ±2.0 
16.7** ±0.9 

-13.2 **±0.8 
-7.8** ±0.7 
15.7** ±0.8 

-51.8** ±0.8
-8.4 **±0.7 
13.8 **±0.5 

Relative water content I 
II 
III 

-19.8** ±1.3
3.5** ±1.9 
7.6** ±2.0 

-9.6** ±1.7
3.7** ±1.3 
13.0** ±2.0 

-17.3** +0.7
6.8** ±0.8 
10.4** ±1.3 

-27.6** ±0.4
12.6** ±0.3 
9.6** ±1.2 

-9.2** ±0.8 
15.3** ±0.5 
51.2** ±1.3 

12.4** ±0.3
16.7** ±0.7 
13.2** ±0.9 

I: L1×L2 (GM28 × GM 31) & II: L1×L3 (GM28 × GM 32)& III: L2×L3(GM31 × GM 32) 
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C-Genetic components: 
 
Evidently table (6), significantly and highly significantly negatively of additive gene effects, dominance 

gene effects, additive x additive, additive x dominance and dominance x dominance gene  action were showed 
in all crosses studied in maize under normal and salinity conditions for all traits except, the cross (III) for 
number of kernels/row, grain yield ardap/ feddan, Na+ content, K+ content, osmotic pressure and relative water 
content under all conditions was highly significant and positive of all types of gene actions. In addition to the 
cross (I) of proline content for additive and dominance x dominance gene action was highly significant and 
positive under all conditions. 

Thissuggest that additive gene effects made a significant contribution to the inheritance of these traits in the 
three crosses; I (L1 × L2), II (L1 × L3), III (L2 × L3) under all conditions. 

The magnitude of the dominance gene effect relative to the magnitude of additive gene effects were large in 
the cross III (L2 × L3) for grain yield, number of kernels/row, Na+ content, K+ content, osmotic pressure and 
relative water content under normal and salinity conditions. 

With regard to the individual types of digenicepistatic gene effects, the three types of gene interactions were 
very important in the inheritance of grain yield, osmotic pressure and relative water content under normal and 
salinity conditions. 

These results were in agreement with those reported by Baraket et al (2003), Abd El-Hadi et al (2005), 
Singh and Roy (2007), Abdel-Monaemet al (2009) and Sadek et al (2011). 
 
Table 6: Estimates of genetic components for all traits studied in the three maize crosses under normal and salinity conditions.  

Traits Crosses 
A D AA AD DD 
N  S N S N S N S N S

Day to 50% 
silking 

I 
II 
III 

-0.26**±0.7 
-0.14±0.2 

-10.42**±0.3 

-0.54**±0.3 
-0.13±0.8 

-28.62**±0.2 

-12.3**±0.04 
-7.5**±0.03 

-14.3**±0.07 

-7.2*±0.2 
-11.3**±0.7-

17.0**±0.2 

-18.3**±0.7 
-11.2**±0.03 
-16.3**±0.04 

-27.0**±0.30 
-14.3**±0.3 
-20.0**±0.2 

-0.3±0.04 
-1.8**±0.02 

-11.2** ±0.06 

-0.02±0.7 
-2.8**± 0.03 
-14.3**± 0.2 

-0.2**±0.17 
-1.3**±0.08 
-2.8**±0.03 

-0.4**±0.13 
-1.8**±0.12 
-2.0**±0.07 

Plant height 
(cm) 

I  
II 
III 

-0.13**±0.6 
-0.54**±0.4-
10.28**±0.3 

-0.20**±0.2 
-0.32**±0.6 

-38.41**±0.4 

-1.3*±0.07 
-1.7*±0.02 

-21.3**0.08 

-2. **5 ±0.2 
-0.03*±0.04 
-26.0**± .07 

-1.3**±0.2 
61.3**±0.07 
-12.7**±0.3 

-2.0**±0.2 
-38.0**±0.7 

-19.3**±0.03 

-7.2** ±0.04 
-0.02±0.08 
-8.3** ±0.2 

-8.4**±0.02 
-0.01±0.03 

-11.0** ±0.5 

-0.17**±0.2 
78.3**±0.7 

-0.02**±0.08 

-019**±0.03 
46.3**±0.2 

-1.0**±0.03 
100-Kernal 
weight (gm) 

I 
II 
III 

-0.06±0.1 
-10.36**±0.3 
-20.18**±0.4 

-2.0±0.4 
-30.5**2±0.7 
-40.61**±0.7 

-15.7**±0.04
-20.0**±0.3 

-13.0**±0.07 

-18.0** ±0.2
-32.0**±0.7 

-19.6**±0.07 

-64.2**±0.07
-13.9**±0.03 
-14.9**±0.06 

-50.0**±0.7-
27.0**±0.2 

-23.3**±0.3 

-14.0**±0.5
-20.8**±0.03 
-6.2**±0.05 

-20.3**±0.7** 
-23.0**±0.02 
-0.02**±0.07 

-0.03±0.2
-11.8**±0.07 

-25.0±0.02 

-0.02±0.08
-12.4**±0.03 
-28.3 **±0.2 

Number of 
kernels 
/row 

I 
II 
III 

-0.15±0.3 
-18.31**±0.2 
8.62**±0.16 

-0.17**±0.1 
-28.43**±0.7 
10.78**±0.4 

-0.2±0.04
-12.3**±0.17 

24.0*±0.02 

-0.03±0.1
-16.0**±0.04 
40.2**±0.13 

-15.8**±0.3
-20.3**±0.2 
17.2**±0.04 

-17.2**±0.3
-18.6**±0.3 
25.0**±0.2 

-70.6**±0.08
-1.5**±0.03 
13.5**±0.07 

-73.0**±0.02 
-2.0**±0.2 

19.0**±0.06 

-1.8**±0.3
-2.4**±0.01 

106**±0.3 

-2.3**±0.7
-0.7**±0.03 
113**±0.02 

Grain yield 
ar dap/ 
faddan 

I 
II 
III 

-3.31**±0.3 
-0.07±0.01 

0.41**±0.17 

-10.39**±0.02 
-0.03±0.04 
0.53**±0.8 

-1.18*±0.7
-0.03±0.02 
6.3**±0.07 

-30**±0.2
-0.04±0.01 

16.0**±0.02 

-1.7**±0.03
-18.3**±0.7 
42.0**±0.8 

-2.0**±0.09
-19.2**±0.3 
60.0**±0.4 

-18.4**±0.2
-7.8**±0.03 
2.0**±0.06 

-24.0**±0.6 
-10.3**±0.02 

8.3**±1.3 

-19.6**±0.5
-41.3**±0.02 
14.7**±0.07 

-20.3**±0.1
-53.0**±0.3 
18.0**±0.4 

Na+ content  
(ppm) 

I 
II 
III 

-7.2**±1.3 
-8.6**±0.7 
10.4**±0.3 

-11.2**±0.6 
-17.0±0.4 

22.0**±1.2 

-3.4**±0.3 
-7.2**±1.3 
12.0**±0.4 

-8.0**±1.2 
-5.0**±1.3 
3.9**±0.07 

-25.0**±1.3 
-12.8**±1.02 

10.0**±1.8 

-20.0**±1.7 
-21.0**±1.03 

7.4**±1.2 

-1.2**±0.02 
-13.0**±0.03 

0.8**±0.02 

-10.2**±0.03 
-27.3**±1.2 
1.7**±0.03 

-18.3**±1.3 
-10.2**±1.7 

3.0**±1.5 

-7.8**±1.7 
-8.4±1.3 

6.7±**1.9 
K+ content  
(ppm) 

I  
II 
III 

-0.8±1.2 
-2.3**±1.5 
1.7**±0.3 

-11.0**±0.7 
-14.0**±0.2 
12.0**±0.02 

-71.0**±1.9 
-8.4**±0.7 
12.0**±1.3 

-18.3**±0.7 
-7.3**±0.3 
13.8**±1.2 

-4.3**±0.3 
-9.3**±1.7 
12.0**±1.8 

-6.2**±1.3 
-1.2**±0.02 
16.2**±1.5 

-0.7**±1.2 
-0.4**±0.02 
1.8**±1.03 

-0.6**±0.08 
-0.3**±0.01 
1.3**±0.04 

-13.2**±0.04 
-6.7**±0.01 

2.0±0.03 

-17.2**±1.3 
-8.7**±1.3 
21.3±1.8 

Proline 
content  

I 
II 
III 

28.3**±1.2 
-6.4**±0.8 
-0.7**±0.3 

15.0**±0.7 
-9.2**±0.2 

-1.4**±0.02 

-11.2**±0.02 
-0.8**±0.03 
-1.2**±0.04 

-6.0**±1.2 
-1.7**±0.08 

-10.0**±0.03 

-9.2**±1.5 
-20.0**±0.3 
-11.3**±1.8 

-2.5**±1.02 
-14.0**±0.07 
-61.8**±0.01 

-11.2**±0.4 
-6.8**±1.3 
-7.4**±0.2 

-13.0**±1.2 
-10.0±1.8 

-13.0**±0.02 

18.4**±0.03 
-1.3**±0.02 

-31**±1.8 

16.0**±0.3 
-2.0**±1.3 

-28.7**±1.7 
Osmotic 
pressure  

I 
II 
III 

-17.2**±0.4 
-22.3**±0.3 
13.0**±1.2 

-5.2**±0.6 
-11.0**±0.3 
27.3**±1.3 

-4.3**±0.7 
13.4**±0.03 
18.0**±0.02 

-12.0**±0.8 
11.0**±0.02 
25.3**±1.3 

-26.0**±1.8 
-8.6**±0.07 
18.3**±1.8 

-17.0**±1.2 
-9.0**±1.4 
12.3**±0.8 

-8.6**±1.02 
13.0**±1.04 
0.7**±0.02 

-1.8**±0.03 
-0.7**±0.01 
2.3**±0.04 

-5.0**±1.03 
-19.0**±1.07 

4.8**±0.7 

-9.0**±1.07 
-21.0**±1.03 

6.4**±2.3 
(Relative 
water  
content) 

I 
II 
III 

-26.2**±0.4 
-12.0** ±1.02 
-18.7** ±0.7 

-30.0 **±0.6 
-1.3**±0.2 

-19.3**± .03 

-40.3**±0.5 
-7.0**±0.2 
4.2**±1.03 

-6.3**±0.1 
-13.0**±0.3 

5.0**±1.8 

-0.6**±0.02 
-0.3**±0.04 

1.5**±1.8 

-0.4**±1.3 
-0.7**±0.02 
2.0**±0.01 

-17.3**±0.22 
-6.2**±1.3 
0.7**±0.01 

-11.3**±0.08 
-10.3**±1.2 
0.9**±0.02 

-29.3**±0.02 
-34.0**±0.08 
30.2**±1.02 

-30.4**±0.2 
-60.0**±1.7 
41.0**±1.03 

N: Normal &S : Salinity  
I: L1×L2 (GM28 × GM 31) & II: L1×L3 (GM28 × GM 32)& III: L2×L3(GM31 × GM 32) 

 
D-Genetic Parameters: 

 
The results in table (7) revealed that, heritability in broad sense was higher than the heritability in narrow 

sense for all crosses studied in all traits under normal and salinity conditions, while the values of heritability in 
narrow sense was low in alltraits studied for all crosses under all conditions, except; number of kernels / row 
and Grain yield.  

This further suggested that a major part of the total phenotypic variance for these traits was due to 
dominance genetic variance and environmental effects. These findings led to conclusion the selection for studied 
traits must be done in the late generations. 

Highly significant and positive values of heterosisover better parent were showed in all traits for all crosses 
studied in maize under normal and salinity conditions, except, the cross  (I) for days to 50% silking, the crosses; 
(I, II, III) for Na+ contentsunder all conditions; the crosses; (I)for K+ content under normal conditions only and 
the crosses (I) under normal and salinity conditions and (II) under normal conditions only for relative water 
content, respectively.Proving these genotypes of maize could be considered as a good combiners for these traits 
under the two conditions.These results were in agreement with those reported by Katta et al (2007), El-
Ghonemy and Ibrahim (2010) and Sedek et al (2011). 

Finally, the results illustrated the scaling test parameters (A, B and C) and genetic components estimated for 
the traits studied under normal and salinity conditions in the three maize crosses. 
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Most of the parameters studied were statically significant. Thus in turn indicated the presence of non-allelic 
interaction. 

These results appear that genotypes x environment types of gene action were important in the inheritance of 
these traits for salinity tolerance in maize. 
 
Table 7: Estimates of  heterosis over – better parent and heritability for the three maize crosses under normal and salinity conditions. 

Traits Crosses 
H2 (B.S) H2 (N.S) 

Heterosis over- better  
parent  

N S N S N S 
Day to 50% silking I 

II 
III 

66.8 
83.2 
85.7 

90.0 
93.4 
54.3 

26.3 
41.3 
30.2 

10.8 
17.3 
49.2 

13.45** 
10.88** 
-7.16** 

11.95** 
14.28** 
-10.30 

Plant height (cm) I  
II 
III 

80.3 
96.8 
79.2 

84.0 
91.5 
72.6 

32.0 
38.3 
43.0 

30.7 
46.3 
26.18 

49.25** 
45.23** 
63.25** 

49.59** 
43.96** 
64.60** 

100-Kernal weight (gm) I 
II 
III 

71.3 
91.2 
80.14 

68.4 
96.8 
90.0 

28.3 
46.0 
49.3 

41.2 
51.3 
26.8 

43.92** 
46.87** 
39.07** 

52.67** 
46.62** 
53.72** 

Number of kernels/row I 
II 
III 

84.2 
71.6 
90.2 

88.7 
68.3 
88.3 

61.3 
51.9 
48.6 

39.7 
42.0 
36.2 

64.83** 
53.0** 
58.67** 

68.18** 
98.0** 
86.23** 

Grain yield 
ardap/faddan 

I 
II 
III 

68.7 
91.0 
80.3 

74.0 
86.5 
87.0 

53.0 
56.2 
51.4 

31.3 
39.2 
40.8 

112.58** 
120.68** 
198.51** 

233.33** 
283.01** 
232** 

Na+ content 
(ppm) 

I 
II 
III 

71.3 
84.8 
80.6 

91.2 
56.6 
86.3 

25.2 
39.4 
33.0 

16.0 
20.2 
36.4 

-17.94** 
-35.71** 
0.00 

-66.07** 
-63.15** 
-71.87** 

K+ content 
(ppm) 

I  
II 
III 

90.0 
82.7 
85.3 

67.3 
41.3 
53.7 

36.2 
42.0 
51.3 

40.0 
28.7 
37.0 

-0.86** 
18.51** 
56.25** 

55.21** 
106.89** 
140.84** 

Proline content I 
II 
III 

68.4 
79.3 
82.0 

82.0 
91.2 
45.5 

26.7 
47.2 
52.0 

14.8 
20.4 
62.4 

57.73** 
78.63** 
72.41** 

29.23** 
55.64** 
34.5** 

Osmotic pressure I 
II 
III 

87.3 
91.4 
68.2 

71.8 
80.2 
77.2 

28.3 
55.0 
46.0 

11.2 
31.7 
28.8 

168.65** 
42.10** 
86.86** 

252.94** 
16.66** 
114.82** 

Relative  
water  
content 

I 
II 
III 

88.0 
78.3 
91.0 

72.3 
68.8 
70.2 

46.3 
48.0 
29.2 

26.3 
30.2 
13.6 

-43.45** 
-25.0** 
0.82* 

-23.96** 
16.37** 
6.14** 

: Normal & S: salinity & H2 (B.S): heritability in broad sence& H2 (N.S): heritability in narrow sence 
I: L1×L2 (GM28 × GM31) & II: L1×L3 (GM28 × GM32) & III: L2×L3 (GM31 × GM32) 

 
E-Linear regression: 

 
The results in fig (1, 2, 3, 4) showed that the high concentration of K+, pro line content and relative water 

content due to high level of grain yield, while in the case of increasing Na+ content, the level of grain yield will 
decrease directly, which means that these three traits " K+, proline content and relative water content" will be the 
biggest role for increasing the tolerance of salinity in maize,and their response functions for grain yield data was 
estimated of CT and CO, which clearly show substantial differences in the response of these three traits " K+, 
proline content and relative water content and the decreasing in Na+ content per unit increasing salinity tolerance 
in the three promising lines of maize. 

 
F-Specific – PCRMarkers: 

 
The results in fig (5 and 6) revealed that the bands number 5 and 6 with molecular weight of 700 and 280 

bp were observed in the genotypes, F1 (P1 × P2) and (P1, P2, P3, P1×P3, P2×P3); respectively using RD29B primer 
as index for decreasing the level of Na+ content in shoots of maize in fig (5), while, the band number three with 
molecular weight of 850 bp was showed in all the genotypes using (KIN2) primer as index for high level of K+ 
content in shoots" Fig. (6). 

The bands number 8 and 9 with molecular weight of 350 and 300 bp were specific gene for high level of 
proline content in all genotypes except the genotype (P1×P2) for the first band ,while the same cross (P1×P2) was 
observed onlyin the second band, respectively, using (COR15a) primer (Fig (7). 

On the other hand, the band number four with molecular weight of 950 bp was showed in all genotypes of 
maize using (P5CSI) primer as index for salinity tolerance in maize by increasing the level of relative water 
content in fig (8). 

From the previous results, it could be included that, these bands were specific gene for increasing the ability 
of salinity tolerance in the three promising lines of maize and were marker assisted selection for high level of K+ 
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contents proline content and relative water content in cells, while, itswere marker for salinity tolerance by 
decreasing the level of Na+ content in shoots.These results were in agreement with those reported by El-Said 
(2007), WeeraKoon et al (2008) and El-Mouhamady (2009). 

 

 
 
Fig. 1: Linear Regression Between Na+ Content and Grain Yield 

 
 

Fig. 2: Linear Regression Between K+ Content and Grain Yield 

 
Fig. 3: Linear Regression Between Proline Content and Grain Yield 
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Fig. 4: Linear Regression Between Relative water Content and Grain Yield 

 
 

 
 
Fig. 5: The densitometric analysis of specific-PCR using RD29B primer as index for salinity tolerance in maize  
             by low level of Na+ content. 
 

 
 
Fig. 6: The densitometric analysis of specific-PCR using KIN2 primer as index for salinity tolerance in maize  
            by high level of K+ content. 
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Fig. 7: The densitometric analysis of specific-PCR using COR15a primer as index for salinity tolerance in  
             maize by high level of proline content. 
 

 
Fig. 8: The densitometric analysis of specific-PCR using P5CSI primer as index for salinity tolerance in maize  
             by high level of relative water content. 

 
Conclusion: 
 

 The most desirable mean values using half diallel, six population analysis and other genetic parameters 
were observed  in the parents P2 (GM 31) ,P3 (GM 32)and the crosses (P1×P3& P2×P3)of maize under normal 
and salinity conditions. 

 These three promising lines were different reaction for salinity tolerance. 
 Four specific – PCR markes, namely, RD29B, KIN2, COR15a and P5CSI were used for low level of 

Na+ content, high level of K+ content, high level of proline content and high level of relative water content, 
respectively, as index for salinity tolerance in maize. 
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