
                                  Table (2): Opening bud percentages in un-irradiated and irradiated grapevine during 2015 season 
                     Months                              

Treatments 

16/2 23/2 2/3 9/3 16/3 23/3 30/3 6/4 

Season, 2015 

A. Interaction: Root stocks X G. ray   

Thompson 

seedless  

Cont. 32ab 44.00a 52.00a 56.00a 65.33a 69.33a 72.00a 69.33a 

10 12.00b 40.00ab 48.00ab 52.00ab 65.33a 64.00a 66.67a 66.66a 

20 6.67cd 36.00bc 44.00abc 52.00ab 62.67a 60.67a 64.00a 64.00a 

SO4 Cont. 6.67cd 36.00bc 40.00bcd 48.00abc 50.67b 49.33b 52.00b 53.33b 

10 8.00bcd 30.67cd 38.67bcd 41.33bcd 49.33bc 45.33bc 52.00b 52.00b 

20 6.67cd 29.33d 37.33bcd 40.00cd 45.33bcd 45.33bc 48.00bc 49.33bc 

Ramsey Cont. 4.00de 22.67e 37.33bcd 38.66cd 41.33bcde 44.00bc 48.00bc 46.67bcd 

10 5.33d 22.67e 34.67cd 36.00cd 40.00bcde 40.00bcd 44.00bc 46.67bcd 

20 8.00cd 22.67e 34.67cd 36.00cd 38.67bcde 38.33bcd 40.00bc 42.67cd 

Harmony Cont. 4.00de 21.33e 33.33cd 36.00cd 38.67bcde 37.33bcd 40.00bc 40.00cd 

10 10.67bc 20.00e 33.33cd 36.00cd 36.00cde 37.33bcd 38.67bc 40.00cd 

20 4.00de 20.00e 32.00cd 34.67cd 34.67de 34.67cd 36.00c 38.67d 

Freedom Cont. 1.00e 20.00e 32.00cd 33.33d 33.33de 34.67cd 32.00c 38.67d 

10 5.33d 20.00e 32.00cd 32.00d 29.33e 34.67cd 32.00c 37.33d 

20 1.00e 20.00e 28.00d 32.00d 20.00f 29.33d 32.00c 37.33d 

Grapevine rootstocks   

Thompson seedless 16.88a 38.67a 46.22a 48.00a 53.78a 54.00a 58.22a 57.78a 

       So4 7.11b 29.78b 36.44b 44.00a 48.44ab 49.78a 50.67b 50.67b 

Ramsey 5.78b 24.44c 34.67b 38.67b 43.56bc 39.89b 46.22c 46.22c 

Harmony 6.22b 21.33c 34.22b 35.56b 38.22cd 39.56b 41.33d 46.22c 

Freedom 1.78c 20.89c 34.22b 35.11b 32.89d 38.22b 36.00e 40.00d 

Gamma ray   

Cont. 9.33a 29.86a 40.53a 42.13a 50.67a 49.73a 51.20a 51.47a 

10 8.27a 27.46b 36.00b 39.73a 40.27b 45.07b 48.53a 51.20a 

20 5.07b 23.73c 34.93b 38.93a 39.20b 38.07c 39.73b 41.87b 

 

 



 Table (3): Opening bud percentages in un-irradiated and irradiated grapevine rootstocks 

during 2016 season 
                             

Months                        

Treatments 

16/2 23/2 2/3 9/3 16/3 23/3 30/3 6/4 

Season, 2016 

A. Interaction: Root stocks X G. ray   

Thompson 

seedless  

Cont. 32.67a 42.00a 52.00a 55.33a 66.00a 69.00a 69.00a 70.33a 

10 10.67b 39.00a 45.67ab 53.33a 65.33a 65.67a 67.66a 64.67a 

20 7.67bcd 36.67a 44.33abc 51.00a 63.67a 62.00a 34.66cd 63.33a 

SO4 Cont. 6.33bcd 35.00a 40.67bcd 46.33ab 50.33b 48.33b 66.00a 53.67b 

10 7.67bcd 28.00b 40.33bcd 41.00bc 48.67b 46.67bc 49.00b 53.67b 

20 7.00bcd 26.67bc 38.67bcd 40.33bc 45.33bc 43.67bc 41.33bcd 49.33bc 

Ramsey Cont. 4.00de 21.67bc 37.00bcd 39.00bc 41.00bc 43.67bc 40.00bcd 46.33bcd 

10 6.33bcd 20.33bc 36.67bcd 36.67bc 40.67bc 40.33bcd 32.66d 46.00bcd 

20 7.67bcd 20.33bc 34.33bcd 36.67bc 39.00bc 39.00bcd 50.66b 39.66cd 

Harmony Cont. 5.00cde 20.00bc 32.67cd 36.33bc 38.67bc 38.67bcd 33.33d 39.33cd 

10 9.33bc 20.00bc 32.00cd 36.00bc 35.33bcd 37.00bcd 43.33bcd 39.00cd 

20 4.00de 20.00bc 31.67cd 34.00bc 35.00bcd 35.67cd 33.00d 39.00cd 

Freedom Cont. 1.00e 19.00bc 31.00d 33.33c 33.33bcd 35.33cd 46.00bc 38.67cd 

10 4.67cde 18.33c 31.00d 32.00c 30.33cd 34.67cd 50.33b 38.00d 

20 1.00e 17.33c 28.33d 31.33c 21.00d 28.67d 39.33bcd 37.33d 

Grapevine rootstocks   

Thompson seedless 17.00a 37.88a 46.00a 48.33a 54.33a 54.44a 57.11a 58.00a 

       So4 7.00b 27.67b 36.78b 43.67a 48.67ab 50.11a 52.11a 50.22b 

Ramsey 6.00b 22.89c 34.56b 38.33b 42.89bc 40.44b 41.11bc 46.33b 

Harmony 6.11b 20.00c 34.44b 35.56b 38.56cd 40.22b 36.55c 46.11b 

Freedom 1.56c 19.67c 33.67b 35.00b 33.44d 37.56b 45.22b 38.78c 

Gamma ray   

Cont. 9.6a 28.07a 40.60a 41.67a 50.67a 50.07a 50.87a 51.20a 

10 7.73a 26.33a 36.73b 39.60a 40.73b 45.60b 48.60a 50.60a 

20 5.27b 22.47b 33.93b 39.27a 39.33b 38.00c 39.80b 41.87b 

 

 

 



Table (4): Means of shoot length (cm) in un-irradiated and irradiated grapevine 

rootstocks during 2015 season 
                        Months                       

Treatments 

6/4 6/5 6/6 6/7 6/8 6/9 

Season, 2015 

A. Interaction: Root stocks X G. ray 

Thompson 

seedless 

Cont. 11.33a 25.00a 25.67a 45.00a 58.33a 68.33a 

10 10.33ab 20.00b 20.00ab 40.00ab 58.33a 65.00ab 

20 8.00bc 13.33c 20.00ab 40.00ab 50.00ab 58.67bc 

SO4 Cont. 7.00c 11.67cd 18.67bc 35.00b 50.00ab 58.33bc 

10 6.67c 11.00cd 17.67bc 35.00b 48.33b 53.33cd 

20 5.00c 9.00cd 16.00bcd 35.00b 45.00b 48.33de 

Ramsey Cont. 5.00c 8.67cd 15.67bcd 25.00c 37.67c 45.00de 

10 5.00c 8.33cd 14.67bcd 25.00c 35.00cd 45.00de 

20 5.00c 8.33cd 13.33bcd 25.00c 35.00cd 43.33de 

Harmony Cont. 4.67c 8.33cd 13.33bcd 25.00c 35.00cd 43.33de 

10 4.33c 8.00cd 13.33bcd 25.00c 30.00cd 40.00e 

20 4.00c 7.67cd 12.00bcd 20.00cd 30.00cd 30.00f 

Freedom Cont. 4.00c 7.67cd 11.00cd 18.33cd 25.33de 25.67fg 

10 4.00c 6.67d 9.00d 17.67cd 25.00de 25.00fg 

20 4.00c 5.33d 9.00d 15.00d 18.33e 18.33g 

Grapevine rootstocks 

Thompson seedless 9.89a 19.44a 19.67a 33.33a 45.33a 55.67a 

       So4 5.33b 9.11b 16.78b 31.67ab 44.44a 52.78a 

Ramsey 5.11b 9.00bc 14.56c 30.00ab 42.78a 46.67b 

Harmony 4.67b 8.67bc 14.33c 28.33b 36.67b 42.78b 

Freedom 4.44b 6.78c 11.11d 18.67c 24.56c 24.67c 

Gamma ray 

Cont. 6.27a 12.07a 16.33a 30.67a 39.40a 46.87a 

10 6.20a 10.67ab 15.13a 28.53ab 39.33a 46.00a 

20 5.20a 9.07b 14.40a 26.00b 37.53a 40.67b 

 

 

   



     Table (5): Means of shoot length (cm) in un-irradiated and irradiated grapevine 

rootstocks during 2016 season 
                          Months                          

Treatments 

6/4 6/5 6/6 6/7 6/8 6/9 

Season, 2016 

A. Interaction: Root stocks X G. ray 

 Thompson 

seedless 

Cont. 12.00a 24.83a 24.50a 43.67a 57.00a 68.67a 

10 10.33ab 19.67b 19.67ab 38.67ab 55.83a 63.00ab 

20 8.00bc 13.67c 18.50ab 38.00ab 49.17ab 58.33b 

SO4 Cont. 7.67bc 12.67c 18.00ab 36.17b 48.83ab 56.83bc 

10 7.33bc 9.83c 17.83ab 34.67b 47.83ab 52.67bcd 

20 6.33bc 9.67c 15.83bc 33.33b 44.83b 47.17cde 

Ramsey Cont. 5.67c 9.67c 14.17bc 26.67c 37.83c 44.83de 

10 5.67c 9.17c 13.83bc 25.83c 35.00cd 43.67de 

20 5.33c 9.00c 12.83bc 25.17cd 34.67cd 42.33de 

Harmony Cont. 5.33c 8.67c 12.67bc 25.17cd 33.83cde 41.83de 

10 5.33c 8.17c 12.33bc 24.67cd 29.33cde 37.17ef 

20 5.00c 8.00c 11.67bc 19.67cde 28.83cde 30.00fg 

Freedom Cont. 5.00c 7.83c 11.50bc 19.50cde 25.17def 25.17gh 

10 4.00c 6.50c 9.17c 17.00de 24.00ef 23.83gh 

20 4.00c 6.00c 8.50c 15.00e 17.67f 17.33h 

Grapevine rootstocks 

Thompson seedless 10.11a 19.39a 18.83a 33.61a 44.83a 54.72a 

       So4 6.00b 9.78b 15.28b 31.33ab 43.00a 51.67ab 

Ramsey 5.89b 9.11b 14.50b 29.44b 41.94a 45.61bc 

Harmony 5.56b 9.00b 14.28b 27.94b 36.11b 41.44c 

Freedom 4.78b 7.17b 10.78c 18.72c 24.06c 24.17d 

Gamma ray 

Cont. 6.87a 12.37a 15.73a 29.90a 38.53a 45.97a 

10 6.46a 10.23b 14.63a 28.33ab 38.47a 45.10a 

20 6.07a 10.07b 13.83a 26.40b 36.97a 39.50b 

 

                          

 

 



                        Table (6):  Means of leaves number in un-irradiated and irradiated grapevine rootstocks during 2015 season 
                          Months                           

Treatments 

6/4 6/5 6/6 6/7 6/8 6/9 

Season, 2015 

A. Interaction: Root stocks X G. ray 

Thompson 

seedless 

Cont. 6.00a 19.00a 25.00a 31.67bcd 35.67e 72.67a 

10 5.67ab 17.67abc 21.00ab 35.00abc 45.00c 70.00a 

20 5.00b 13.33g 19.00b 21.67d 31.67e 69.67a 

SO4 Cont. 5.00b 18.00ab 25.00a 33.33bc 41.67cd 68.00a 

10 5.00b 18.00ab 24.67a 35.00abc 43.33c 62.67b 

20 5.00b 17.67abc 25.33a 35.67abc 45.67c 60.33bc 

Ramsey Cont. 4.00c 14.00fg 24.33a 22.33d 31.33e 59.00bc 

10 4.00c 19.00a 21.00ab 31.00bcd 45.00c 57.00c 

20 4.00c 18.00ab 22.33ab 37.33ab 51.33ab 56.67c 

Harmony Cont. 4.00c 17.67abc 24.33a 36.67ab 46.00bc 55.00c 

10 4.00c 17.33bcd 21.00ab 30.bcd 36.67de 50.00d 

20 4.00c 16.00de 22.33ab 29.33bcd 46.67bc 48.00d 

Freedom Cont. 3.00d 16.33cde 25.00a 38.33ab 55.00a 48.00d 

10 3.00d 15.00ef 25.00a 45.00a 53.33a 46.33d 

20 3.00d 14.00fg 19.00b 25.00cd 35.00e 42.33e 

Grapevine rootstocks 

Thompson seedless 5.00a 16.67b 21.67b 29.44b 37.44c 63.56a 

       So4 4.89a 17.89a 25.00a 34.67ab 43.56b 60.11b 

Ramsey 4.00b 17.00b 22.56ab 30.22b 42.56b 57.56bc 

Harmony 4.00b 17.00b 22.56ab 32.00ab 43.11b 57.00c 

Freedom 3.67b 15.11c 23.00ab 36.11a 47.78a 50.33d 

Gamma ray 

Cont. 4.60a 17.00a 24.73a 32.47b 41.93b 58.00a 

10 4.40a 17.40a 22.53ab 35.20a 44.67a 57.60a 

20 3.93a 15.80b 21.60b 29.80c 42.07ab 57.53a 

 

 

                        

 



                           Table (7):  Means of leaves number in un-irradiated and irradiated in grapevine rootstocks during 2016 season 
                          Months                           

Treatments 

6/4 6/5 6/6 6/7 6/8 6/9 

Season, 2016 

A. Interaction: Root stocks X G. ray 

Thompson 

seedless 

Cont. 5.33a 18.67a 25.00a 31.00bcd 36.67fgh 71.66a 

10 5.00a 17.00abc 20.33a 35.00ab 43.67cdef 70.33a 

20 5.00a 11.67d 19.67a 21.67d 31.33h 69.00a 

SO4 Cont. 5.00a 18.00ab 24.33a 32.67abcd 41.00defg 68.33a 

10 4.33a 18.33a 24.67a 33.33abcd 43.33cdef 62.33b 

20 4.33a 17.33abc 25.67a 34.67abc 45.33bcde 59.67bc 

Ramsey Cont. 4.00a 13.67bcd 23.67a 22.67cd 30.67h 58.00bc 

10 4.00a 18.67a 20.33a 30.00bcd 44.67cdef 57.33bc 

20 3.67a 18.33a 20.00a 37.33ab 50.33abc 56.67bc 

Harmony Cont. 3.67a 17.67ab 23.00a 37.33ab 46.00abcde 54.00cd 

10 3.33a 16.33abc 19.00a 29.67bcd 38.00efgh 50.00de 

20 3.33a 15.67abcd 21.00a 29.00bcd 48.67abcd 48.00de 

Freedom Cont. 3.00a 18.00ab 24.67a 37.67ab 54.33a 47.33de 

10 2.33a 14.33abcd 24.33a 44.00a 53.33ab 46.33de 

20 2.00a 13.00cd 19.00a 26.00bcd 34.67gh 42.33e 

Grapevine rootstocks 

Thompson seedless 4.44a 15.78ab 21.67ab 29.22b 37.22c 63.33a 

       So4 4.44a 17.89a 24.89a 33.56ab 43.22b 59.78ab 

Ramsey 3.78a 16.89ab 21.33ab 30.00ab 41.89b 57.44b 

Harmony 3.44a 16.56ab 21.00b 32.00ab 44.22ab 56.44b 

Freedom 3.33a 15.11b 22.67ab 35.89a 47.44a 50.11c 

Gamma ray 

Cont. 4.07a 17.20a 24.13a 32.27b 41.73a 58.00a 

10 4.00a 16.93a 21.73a 34.40a 44.60a 57.60a 

20 3.60a 15.20b 21.07a 29.73c 42.07a 57.53a 

 

 

 

 



  Table (8). RAPD profiles using selected to detect induced mutation in Freedom, Harmony, Ramsey, 

Thompson Seedless and So4 for primers (OPA-04, OPA-05, OPA-10, OPA-11, OPA-12, 

OPA-14) 

 

  

 

 

 

 

Rootstocks

Gamma 

ray (Gy)

Sample 

code TB MB PB TB MB PB TB MB PB TB MB PB TB MB PB TB MB PB

Freedom 0 1 8 1 7 4 3 1 8 0 8 6 0 6 6 3 3 3 2 1

Harmony 0 2 7 1 6 5 3 2 9 0 9 5 0 5 6 3 3 4 2 2

Ramsey 0 3 8 1 7 5 3 2 8 0 8 4 0 4 7 3 4 4 2 2

Thompson seedless 0 4 8 1 7 3 3 0 7 0 7 2 0 2 7 3 4 5 2 3

SO4 0 5 6 1 5 4 3 1 7 0 7 4 0 4 6 3 3 4 2 2

Freedom 10 6 8 1 7 4 3 1 6 0 6 1 0 1 6 3 3 5 2 3

Harmony 10 7 6 1 5 3 3 0 4 0 4 3 0 3 6 3 3 4 2 2

Ramsey 10 8 6 1 5 3 3 0 5 0 5 2 0 2 6 3 3 4 2 2

Thompson seedless 10 9 6 1 5 5 3 2 5 0 5 2 0 2 6 3 3 4 2 2

SO4 10 10 6 1 5 5 3 2 1 0 1 2 0 2 5 3 2 5 2 3

Freedom 20 11 5 1 4 5 3 2 4 0 4 2 0 2 5 3 2 4 2 2

Harmony 20 12 3 1 2 5 3 2 5 0 5 3 0 3 5 3 2 5 2 3

Ramsey 20 13 3 1 2 5 3 2 3 0 3 3 0 3 5 3 2 3 2 1

Thompson seedless 20 14 2 1 1 5 3 2 4 0 4 3 0 3 5 3 2 2 2 0

SO4 20 15 3 1 2 5 3 2 4 0 4 3 0 3 4 3 1 4 2 2

Factors OPA-14

RAPD markers

OPA-04 OPA-05 OPA-10 OPA-11 OPA-12



Table (9): Similarity matrix for grapevine rootstocks through six RAPD primers based on 

Jaccard analysis 
 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 0.87 0.87 0.63 0.61 0.58 0.39 0.39 0.43 0.40 0.36 0.33 0.36 0.28 0.32 

2 1.00 0.85 0.70 0.63 0.64 0.38 0.38 0.45 0.46 0.36 0.38 0.38 0.27 0.37 

3  1.00 0.70 0.72 0.64 0.41 0.44 0.52 0.46 0.42 0.38 0.38 0.30 0.34 

4   1.00 0.75 0.82 0.53 0.45 0.46 0.51 0.39 0.38 0.35 0.24 0.34 

5    1.00 0.69 0.43 0.39 0.40 0.41 0.40 0.36 0.33 0.31 0.29 

6     1.00 0.59 0.42 0.47 0.63 0.47 0.46 0.43 0.30 0.42 

7      1.00 0.73 0.74 0.72 0.76 0.68 0.66 0.53 0.63 

8       1.00 0.86 0.61 0.65 0.58 0.55 0.48 0.58 

9        1.00 0.73 0.77 0.69 0.67 0.55 0.70 

10         1.00 0.75 0.67 0.64 0.47 0.68 

11          1.00 0.76 0.68 0.67 0.71 

12           1.00 0.78 0.70 0.81 

13            1.00 0.75 0.88 

14             1.00 0.72 

 

 


