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                                                    THE  COMPUTERIZING  OF  GRAPE  BREEDING

                                                                          by

L.P.Troshin   and   A.V.Smiriayev

               Introduction.          Grape breeding is a complex system of different selection         parallelisms and  sequences, and some stages of this process, such as the choosing          of parent components for crossings and that of transgressions based on a complex         of characters, still require further development.  The use of biometrico-genetic          models and methods as well as the computerizing of these most important stages          objectivize, accelerate and facilitate the work of grape breeders. 

              At the first stage of our work, we set ourselves the task to develop a particular biometrico-genetic method for the analysis of several quantitative characters of grape cultivars that would allow to recommend them for the most efficient crossings. One should bear in mind that the crossing efficiency is determined by  the proximity of characters of the progeny to the ideal, or optimum, genotype [1].

              Methods of today’s biometrical genetics that are used in the breeding of agricultural crops can be divided into two groups with regard to the choosing of pairs [2]. Methods of the first group aim at the choosing of pairs that will allow the highest heterogeneity of the population arising from crossing and split: the higher the level of heterogeneity, the easier the desired progeny can be revealed. Methods of the second group aim at the estimation of probability or other index of proximity of a concrete crossing progeny’s characters to the parameters (characters) of the optimum cultivar.

              Materials  and  Methods.     Considering the peculiarities of grape culture as well as the size and the structure of experiment data, the index method of   Pederson  [3]  seems to be the most promising. Like all the methods of this type, the method is based on the hypothesis of polymeric genes. The hypothesis has it that, for each character, the mean of all descendants of crossing is equal to the half-sum of the means of the two parents. The method aims at the choosing of such parents whose progeny’s arithmetical means of the principal desired characters have the highest proximity to the corresponding characters of the optimum cultivar. To put it precisely, the peculiarity of the method lies in the calculation of the index, i.e. the sum of weighted squares of the total deviations of the progeny’s characters from the parameters of the optimum cultivar. Deviation for a certain character (i) is the less desired, the narrower are the permissible deviations (Di) from the value of this character (Ai)  in the optimum cultivar.  Ai and Di  are set by the expert-breeder. To put it precisely, the index is: 

                                           k                     

                               Mi  =  
[image: image1.wmf]å

( Ai  -  Xij  ) 2  /  Di2 ,    where

                                           i

               j  is the number of the crossing being evaluated;   

               Xij  is the expected mean value of the i-th character in the descendants making the population from the j-th crossing.     

              The smaller Mi ,  the higher is the crossing efficiency considering the whole complex of  k  characters.

              Our work was done based on the results of a long-term investigation of grapes grown in two ecological zones of the Crimea  [4,5]. To make biometrical analysis of the grape genofond, methods as described elsewhere were used  [1].

              We developed computer programs that allow to build initial data arrays in regard to cultivars, characters, years and places of growth, to select any part of the data and to calculate Mi  for each of  n  cultivars as well as for each of   n(n - 1) / 2 (A x B) types of simple crosses,  for  n (n - 1) [(A x B) x B] or [(A x B) x A]  types of back-crosses and for each of  n (n - 1)(n - 2) [(A x B) x C ]  types of double-cross hybrids. Several, one to twenty, parents and hybrids that are considered to be the best based on M1 can be chosen automatically.

              Six programs were developed:

              INDEX 1 -  preparation of preliminary information for the initial data input;

              INDEX 2 -  filing of the initial data;

              INDEX 3 -  correction of the data;

              INDEX 4 -  scan of the data;

              INDEX 8 -  choosing of places of growth, cultivars, years and characters to be processed;

              INDEX 9 -  calculation and issue of indices.

              These programs made it possible to input data of the long-term investigation of grape hybrids and cultivars grown in different places according to a large set of characters. Some data are presented in Tables 1 and 2.

Table 1

	Description of grape cultivars under conditions of the South Coast of the Crimea

      Сultivars
	BBB
	DPP
	 SIG
	  CF
	ABW
	YCG
	 SG

	      Table cultivars:

Agadai

Askeri

Chasselas blanc

Chaush

Dessertny

Gousal kara

Janjal kara

Karabournou

Madeleine Angevine

Matiash Yanosh

Muscat of Alexandria

Muskat uzbekistanski

Narodny

Pearl of Csaba

Queen of vineyards

Ranni Magaracha

Ranni VIRa

Shabash

Shaumiani

Sevan

Terbash

Tokun
	15.4

18.4

01.5

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***
	142

160

167

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***
	19.3

12.2

15.8

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***
	0.73

0.54

0.46

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***
	256

267

241

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***
	  98

  57

  48

*** ***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***
	18.6

18.4

17.2

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

	      Wine cultivars:

Albillo krymski

Aleatico

Aligote

Bastardo magarachski

Bayan shirey

Chardonnay

Galan   

Khindogny

Matrassa

Morastel

Muscadel

Pino noir fertile

Riesling

Rkatsiteli

Saperavi

Sauvignon vert

Tavrida

White Muskat
	***

***

***

***

***

12.4

16.4

02.5

***

***

***

***

***

***

***

***

***

***

***

***
	***

***

***

***

***

155

155

161

***

***

***

***

***

***

***

***

***

***

***

***
	***

***

***

***

***

 7.0

13.2

20.0

***

***

***

***

***

***

***

***

***

***

***

***
	***

***

***

***

***

1.40

1.41

1.40

***

***

***

***

***

***

***

***

***

***

***

***
	***

***

***

***

***

111

  51

100

***

***

***

***

***

***

***

***

***

***

***

***
	***

***

***

***

***

  39

  32

  56

***

***

***

***

***

***

***

***

***

***

***

***
	***

***

***

***

***

25.1

20.0

21.7

***

***

***

***

***

***

***

***

***

***

***

***


Table 2

Characterization of grape cultivare grown in the western premountainous region
	         Сultivars
	BBB
	DPP
	 SIG
	 CF
	ABW
	YCG
	 SG

	Table cultivars:

Agadai

Askeri

Chasselas blanc

Chaush

Dessertny

Gousal kara

Janjal kara

Karabournou

Madeleine Angevine

Matiash Yanosh

Muscat of Alexandria

Muskat uzbekistanski

Narodny

Pearl of Csaba

Queen of vineyards

Ranni Magaracha

Ranni VIRa

Shabash

Shaumiani

Sevan

Terbash

Tokun
	22.4

25.4

11.5

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***
	152

174

145

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***
	18.0

21.8

21.7

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***
	0.67

0.92

0.75

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***
	373

331

365

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***
	100

120

104

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***
	16.0

20.0

17.1

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

	      Wine cultivars:

Albillo krymski

Aleatico

Aligote

Bastardo magarachski

Bayan shirey

Chardonnay

Galan

Khindogny

Matrassa

Morastel

Muscadel

Pino noir fertile

Riesling

Rkatsiteli

Saperavi

Sauvignon vert

Tavrida

White Muskat
	***

***

***

***

***

13.4

17.4

07.5

***

***

***

***

***

***

***

***

***

***

***

***
	***

***

***

***

***

155

152

149

***

***

***

***

***

***

***

***

***

***

***

***
	***

***

***

***

*** 19.1

29.0

26.4

***

***

***

***

***

***

***

***

***

***

***

***
	***

***

***

***

***  2.07 

1.67

1.49

***

***

***

***

***

***

***

***

***

***

***

***
	***

***

***

***

*** 109

137

105

***

***

***

***

***

***

***

***

***

***

***

***
	***

***

***

***

*** 109

127

103

***

***

***

***

***

***

***

***

***

***

***

***
	***

***

***

***

***

22.0

24.5

24.6

***

***

***

***

***

***

***

***

***

***

***

***


              Based on the experiment data presented in Tables 1 and 2, calculations were made separately for wine and table grape cultivars (four cultivars had double use of fruit: Galan, Terbash, Tokun and Shabash). For each place of growth, calculations were made with two different sets of parameters Ai and Di. Thus, for each set of parameters and each place of growth, 1029 crossings in wine cultivars and 1242 crossings in table cultivars were compared based on the index Mi. The total of 15084 simple, double-cross and back-cross hybrids were evaluated in calculations. In each calculation and for each crossing type, listing was issued of the best 20 combinations of parent forms, with Mi indicated for each variant.

              At the second stage of the investigation, we set ourselves the task to modify the selection index method of Smith [6] in such a way that it would be possible to provide a comparative evaluation of preselected grape genotypes based on a complex of characters.

              The initial indices of Smith are destined for the choosing of genotypes in a population being split based on the data obtained in one micro-zone of field experiment with several replications. A modification of this biometrico-genetic method made by Smiriayev [7] allows to strictly make use of its principal approaches to the comparative evaluation of constant cultivars or clones based on the data without replications yet obtained for different places of growth and/or over the period of several years [8,9]. 

              The method is based on the cultivar index  IJ  = 
[image: image2.wmf]å

i  Bi  x  Xij, where Xij is the mean value of the i-th character of the j-th cultivar over the period of several years, Bi is the phenotypic weight of the i-th character that takes into account both variances and covariance’s of all  k  characters used in the calculation and provides the highest correlation of Ij with the genotypes criterion Gj·Gj = 
[image: image3.wmf]å

i Vi Gij, where Gij is the true (over the period of several years) genotypes value of the i-th character of the j-th cultivar, Vi is the expert weight of the i-th character (set by the breeder).

              We developed computer programs that allow to make sampling of the data to be processed, to calculate Ij for each genotype (cultivar, clone, form of the set being processed) and to compare Ij based on the confidence interval in order to reveal the best genotypes (with maximum values of Gj measured based on Ij).

              INDEX 5 - sampling of the data on cultivars, years, places of growth to be processed using the modified index method (the program makes use of the initial data array prepared by the programs INDEX 1 - INDEX 4); 

              INDEX 6 -  calculation of intermediate genotypic and phenotypic parameters;

              INDEX 7 -  calculation and issue of the indices Ij in the decreasing order as well as     the confidence interval and other parameters used by the modified method.

The matrix of data of the investigation of grape cultivars is presented in          Tables 1 and 2 and was used as an illustration. They contained the total of 1680 number-data regarding to two places of growth, the period of 3 years, 40 cultivars and 7 characters for each cultivar. Analysis was made separately, wine and table cultivars were analyzed separately, toc. Fourteen and three variants of calculation were made for table and wine cultivars, respectively, in accordance with different sets of expert genotypes weights Vi. The genotype criterion Gj  included from 3 to 7 characters:

BBB – beginning of bud break, date;

DPP – duration of productive period, days;

SIG – shoot load of grapevine;

       CF  -  coefficient of fruiting;

ABW – average bunch weight, g;

YCG – yielding capacity of grapevine, kg/10 m2;

 SC   -  sugar content, g/100 cm3.

       Results  and  Discussion.           The results of the calculations are partially given in Tables 3 and 4.

              The potentials of the index method of Pederson  were evaluated based on the    processed experiment data, and the following conclusions were made:

              One to three simple hybrids that are considered  to be the best based on the index are often closer to the optimum cultivar if compared to more complex crosses. Yet the worst of the best twenty simple hybrids prove to be constantly worse than all the best twenty double-cross hybrids and twenty back-crosses. It means that, though simpler crosses gave better indices of proximity to the optimum cultivar, a sufficient amount of successful combination of parents could be constantly chosen based on a substantially larger amount of complex crossings.

Table 3

Choosing of parents in the breeding of table cultivars

	Initial   forms
	Indices*

	                                          Simple  hybrids

Pearl of Csaba   x   Ranni Magaracha                                                     

Narodny  x  Ranni Magaracha                                                               

Queen of vineyards  x  Narodny

Madeleine Angevine  x  Ranni Magaracha                                             

Ranni Magaracha  x  Askeri                                                                  

Pearl of Csaba  x  Karabournou                                                            

Pearl of Csaba  x  Sevan                                                                     

Pearl of Csaba  x  Queen of vineyards                                                  

Ranni VIRa  x  Ranni Magaracha                                                         

Queen of vineyards  x  Ranni Magaracha 

Chaush  x  Ranni Magaracha                                                                

Queen of vineyards  x  Matiash Yanosh                                                 

Narodny  x  Ranni VIRa                                                                       

Narodny  x  Askeri                                                                                

Narodny  x  Shaumiani                                                                          

Pearl of Csaba  x   Narodny 

Madeleine Angevine  x  Queen of vineyards                                           

Matiash Yanosh  x  Ranni Magaracha                                                    

Chaush  x  Queen of vineyards                                                              

Agadai  x  Ranni Magaracha                                                                  

                                         Back-crosses

(Pearl of Csaba  x  Ranni Magaracha)  x  Ranni Magaracha                      

(Madeleine Angevine  x  Ranni Magaracha)  x  Ranni Magaracha             

(Ranni Magaracha  x  Askeri)  x  Ranni Magaracha                                  

(Queen of vineyards  x  Narodny)  x  Narodny                                        

(Matiash Yanosh  x  Ranni Magaracha)  x  Ranni Magaracha                   

(Chasselas blanc  x  Ranni Magaracha)  x  Ranni Magaracha                    

(Ranni Magaracha  x  Narodny)  x  Narodny                                           

(Narodny  x  Ranni Magaracha)  x  Ranni Magaracha                              

(Chaush  x  Ranni Magaracha)  x  Ranni Magaracha                                

( Shaumiani  x  Narodny)  x  Narodny                                                     

(Janjal kara  x  Ranni Magaracha)  x  Ranni Magaracha                            

(Narodny  x  Askeri)  x  Narodny                                                            

(Agadai  x  Ranni Magaracha)  x  Ranni Magaracha                                 

(Pearl of Csaba  x  Narodny)  x  Narodny                                                

(Agadai  x  Narodny)  x  Narodny                                                           

(Janjal kara  x  Narodny)  x  Narodny                                                      

(Ranni VIRa  x  Ranni Magaracha)  x  Ranni Magaracha                          

(Queen of vineyards  x  Ranni Magaracha)  x  Ranni Magaracha             

(Terbash  x  Ranni Magaracha)  x  Ranni Magaracha                              

(Ranni VIRa  x  Narodny)  x  Narodny                                                   

                                Double-cross hybrids         

(Pearl of Csaba  x  Narodny)  x  Ranni Magaracha                                    

(Pearl of Csaba  x  Queen of vineyards)  x  Ranni Magaracha                    

(Pearl of Csaba  x  Sevan)  x  Ranni Magaracha                                        

(Madeleine Angevine  x  Queen of vineyards)  x  Ranni Magaracha

(Pearl of Csaba  x  Askeri)  x  Ranni Magaracha                                   

(Madeleine Angevine  x  Narodny)  x  Ranni Magaracha                       

(Pearl of Csaba  x  Ranni VIRa)  x  Ranni Magaracha                           

(Pearl of Csaba  x  Queen of vineyards)  x  Narodny                             

(Pearl of Csaba  x  Shaumiani)  x  Ranni Magaracha                             

(Narodny  x  Askeri)  x  Ranni Magaracha                                            

(Agadai  x  Pearl of Csaba)  x  Ranni Magaracha                                   

(Pearl of Csaba  x  Ranni Magaracha)  x  Narodny                                

(Ranni  Magaracha  x  Sevan)  x  Pearl of Csaba                                   

(Queen of vineyards  x  Ranni Magaracha)  x  Narodny                         

(Pearl of Csaba  x  Karabournou)  x  Ranni Magaracha                          

(Queen of vineyards  x  Chasselas blanc)  x  Ranni Magaracha               

(Queen of vineyards  x  Matiash Yanosh)  x  Ranni Magaracha              

(Karabournou  x  Ranni Magaracha)  x  Pearl of Csaba                         

(Pearl of Csaba  x  Narodny)  x  Queen of vineyards                             

(Madeleine Angevine  x  Sevan)  x  Ranni Magaracha
	5.1

6.1

6.1

7.1

8.3

9.9

10.5

10.7

11.5

12.2

12.8

13.0

13.4

13.7

13.9

14.3

14.7

14.7

15.5

15.6

2.5

3.1

5.3

5.3

6.6

6.7

7.1

7.6

7.8

8.5

8.8

9.1

9.1

9.1

9.3

9.4

9.6

10.0

10.3

10.7

2.2

2.3

3.1

3.2

3.6

3.7

3.8

3.9

4.0

4.1

4.4

4.4

4.4

4.4

4.5

4.5

4.5

4.7

5.1

5.3

	
	


       *The index includes 7 characters with the following values of idiotype (Ai) and deviation (Di):  BBB 22.4 and 2, DPP 110 and 10, SLG 22.5 and 2.5, CF 0.9 and 0.1, ABW 375 and 25, YCG 150 and 30, SC 15.0 and 1.0. 

Table 4

Choosing of parents in the breeding of wine cultivars

	                                       Initial   forms                                
	Indices*

	                                     Simple  hybrids

White Muscat  x  Pinot noir fertile                                                        

Pinot noir fertile  x  Terbash                                                                 

Aleatico  x  Pinot noir fertile                                                                 

Pinot noir fertile  x  Khindogny                                                             

Pinot noir fertile  x  Rkatsiteli 

White Muscat  x  Chardonnay                                                               

Pinot noir fertile  x  Saperavi                                                                 

Matrassa  x  Pinot noir fertile                                                                 

Rkatsiteli  x  Chardonnay                                                                       

Khindogny  x  Chardonnay                                                                    

Bastardo magarachski  x  Pinot noir fertile                                              

White Muscat  x  Saperavi                                                                     

Saperavi  x  Khindogny                                                                         

Pinot noir fertile  x  Tokun                                                                     

Albillo krymski  x  Sauvignon vert                                                          

White Muscat  x  Sauvignon vert                                                            

Matrassa  x  Sauvignon vert                                                                    

Bajan shirey  x  Pinot noir fertile                                                             

Riesling  x  Khindogny                                                                           

Rkatsiteli  x  Saperavi                                                                             

                                     Back-crosses 

(Terbash  x  Pinot noir fertile)  x  Pinot noir fertile                                   

(Tokun  x  Pinot noir fertile)  x  Pinot noir fertile                                     

(Galan  x  Pinot noir fertile)  x  Pinot noir fertile                                      

(Bajan shirey  x  Pinot noir fertile)  x  Pinot noir fertile                             

(White Muscat  x  Pinot noir fertile)  x  Pinot noir fertile                           

(Matrassa  x  Pinot noir fertile)  x  Pinot noir fertile                                  

(Shabash  x  Pinot noir fertile)  x  Pinot noir fertile                                   

(Alieatico  x  Pinot noir fertile)  x  Pinot noir fertile                                  

(Pinot noir fertile  x  Saperavi)  x  Saperavi                                             

(White Muscat  x  Saperavi)  x  Saperavi                                                 

(Rkatsiteli  x  Pinot noir fertile)  x  Pinot noir fertile                                  

(Bastardo magarachski  x  Pinot noir fertile)  x  Pinot noir fertile               

(Khindogny  x  Pinot noir fertile)  x  Pinot noir fertile                               

(Pinot noir fertile  x  Khindogny)  x  Khindogny                                       

(Khindogny  x  Saperavi)  x  Saperavi                                                      

(Tavrida  x  Pinot noir fertile)  x  Pinot noir fertile                                    

(Terbash  x  Chardonnay)  x  Chardonnay                                               

(Aligote  x  Pinot noir fertile)  x  Pinot noir fertile                                    

(Pinot noir fertile  x  White Muscat)  x  White Muscat                             

(Rkatsiteli  x  Saperavi)  x  Saperavi                                                       

                                 Double-cross  hybrids 

(Terbash  x  Chardonnay)  x  Pinot noir fertile

(Saperavi  x  Terbash)  x  Pino noir fertile

(Albillo krymski  x  Terbash)  x  Pinot noir fertile

(Terbash  x  Khyndogny)  x  Pinot noir fertile

(Sauvignon vert  x  Terbash)  x  Pinot noir fertile

(Riesling  x  Terbash  x  Pinot noir fertile

(White Muscat  x  Saperavi)  x  Pinot noir fertile

(White Muscat  x  Terbash)  x  Pinot noir fertile

(Aleatico  x  Terbash)  x  Pinot noir fertile

(Aleatico  x  White Muscat)  x  Pinot noir fertile

(White Muscat  x  Khindogny)  x  Pinot noir fertile

(Rkatsiteli  x  Terbash)  x  Pinot noir fertile

(Pinot noir fertile  x  Chardonnay)  x  White Muscat

(Matrassa  x  White Muscat)  x  Pinot noir fertile

(White Muscat  x  Rkatsiteli)  x  Pinot noir fertile

(Matrassa  x  Sauvignon vert)  x  Pinot noir fertile

(Aligote  x  Matrassa)  x  Pinot noir fertile

(Saperavi  x  Tokun)  x  Pinot noir fertile

(Sauvignon vert  x  Tokun)  x  Pinot noir fertile

(Matrassa  x  Terbash)  x  Pinot noir fertile
	4.2

6.4

6.4

6.4

6.5

7.0

7.3

8.0

8.5

8.5

8.6

8.7

8.8

8.8

9.1

9.2

9.8

9.8

9.9

9.9

3.4

4.5

5.1

5.4

5.6

6.2

6.6

6.9

7.3

7.7

7.7

7.9

8.0

8.2

8.3

8.4

8.5

8.5

8.5

8.9

3.4

3.5

4.1

4.3

4.4

4.4

4.5

4.5

4.6

4.7

4.7

4.7

4.8

4.9

4.9

4.9

5.0

5.0

5.0

5.0

	
	


       * The index contains the following values of character idiotypes (Ai) and deviations (Di):  BBB 22.4 and 2, DPP 125 and 15, SIG 27,5 and 2.5, CF 1.25 and 0.25, ABW 175 and 25, SC 20.0 and 2.0.

Successful cross-combinations can include both parent cultivars with Di close is to the optimum cultivar and those that differ much from the ideal. In other words, it difficult to achieve a successful cross-combination of parent components without making use of the index method.

Our calculations indicate that changes in the parameters of the optimum cultivar that are set by the breeder exert a significant influence on the composition of the best cross-combinations.

              Sometimes, combinations occur in which one of the cultivars proves to be closer to the optimum cultivar than the absolute majority of different crosses evaluated based on the index method of Pederson. In these cases, such cultivar was found to be close to the optimum cultivar by chance.

              The results of the calculation of the modified selection indices [7]  were as follows:

1.  One to four best cultivars were chosen in each variant of calculation based on the confidence interval. The correlation of the index evaluation of the cultivars (Ij) with the genotype criterion (Gj) was high: 85-99%.

2.  The ranks of the indices of cultivars differed significantly for two places of growth.

3.  If changes in the ratios of the weights Vi are small,  the ranks of cultivars based on the indices change but slightly. Significant changes in the ranks were observed only in 2-3 variants when the number of characters included into the genotype criterion Gj was reduced from 7 to 3.

              Conclusion.               It is possible to conclude that the index method of Pederson is of interest when it is planned to increase efficiency of the choosing of parents in the process of grape breeding. This conclusion is confirmed by the data obtained through the expert evaluation.  

              The modified index method together with the developed mathematical software and computer programs can be used to reveal  the best grape cultivars, clones and forms based on the processing of data without replications yet over the period of several years. Small fluctuations in the ratios of the expert weights do not lead to significant errors in the evaluations of cultivars. Yet to increase the degree of confidence, it is possible to combine cultivars that were found to be the best based on the indices, provided several variants of the ratios of the expert weights Vi  or several variants of characters included into the indices.

              According to the genetico-statistical theory, the increased number of characters in Gj  and  Ij  leads to larger errors. That is why the genotype criterion should include only 3 or 4 characters, yet they have to be chosen thoroughly. The index should contain 3 or 4 characters that will provide the highest correlation between the index evaluations of cultivars and the genotype criterion. Yielding capacity, quality of fruit, resistance to biotic and abiotic factors and ecological stability can be considered such characters.

              Summary.     Computer programs were developed for the processing of the ampelographic data in order to choose initial forms for the hybridization in the process of combinative selection and to select transgressive forms in populations being split. The results of their use are discussed.

       The efficiency of the programs was shown based on definite examples. It was found that the modified index method allowed to reveal the best grape genotypes using the data without replications yet over the period of several years. It is necessary to emphasize that the index should contain 3 or 4 main characters that have to be selected thoroughly. These indications are productivity, quality, resistant and stability: which are the basis realized selection programs.
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