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Selection of highly productive grape variations using methods of 
multidimensional analysis 

L. P. TROSHIK 

Nationalinstitute for Grape and Products of Grape Processing 'Magara eh', 31, Kirov Street, Y alta, Crimea, 
USSR 

S u m m a r y : A method of clonal grape selection that allows the identification of genocypes with high 
productivity, based on phenotypes, \vith a substantial decrease in the duration of the process of selection is 
proposed. 

Multi-stage selection ofthebest plants is carried out in the samestock nursery during 4-5 years. 5-6% ofthe 
selected plants include mutated and modified variations characterized not only by high productivity, normal 
vigor, good quality offru.it and good sanitary condition ofvines, but also by a stable expression ofthese desirable 
characters. 
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Introduction 

Progress in clonal selection achieved in viticulture of different coumries of the world displays 
great potentials of using the vegetative variability of grape cultivars. Clonal selection has been 
performed in the Soviet Union since the 1930s (MERZHA1-:t.>.:--r and ZELE:"IN 1932) and, as a result, 
highly produclive plants have been selected for a number ofrecommended cultivars (GowoRYG.>. 
et a/. 197S, 1976, 1980; K>.RAJI and K>.tsYN 1977; SoLDATOY 1984; TuLAYEVA 1986; 
GAVAKETASH\1LI 1986; SERGIYE~Ko er al. 1986). 

The USSR State Commission for the Testing of Agricultural Crops has officially registered 
eight of clones accepted for testing (JE:--=EYEY er al. 1984). Presently, research is being performed 
according to the methodology approved at the First Intemational S:y1nposium for Clonal Selection 
in Western Gennany (1984) and aimed at nearly 20 year testing (ScHöFFu:--rG 1984). 

The complex nature and long duration of clonal selection make it necessary to use scientific 
achievements to increase the effectiveness ofplant selection and to aceeierate this process. Wehave 
developed a method of clonal selection that allows us to effectively identify genotypes ofpromising 
highly produclive plams after their phenotypes, the duration ofthe process ofselection thus being 
substantially reduced. 

The method is ba~ed on computerized techniques for analysis of complexes of quantitative 
characters using the method of protein electrophoresis. The method includes two new elemems: 
multi·stage selection for productivity and selection ofhighly produclive clones based on a complex 
ofcharacters(ZHtYOTovsKver al. 1984). 

Genetic improvemem ofa cultivar is more effective and profitable when the method ofmulti· 
stage selection is used. This method should be used to establish basic üneyards that include 
represematives of allpositive clonesandclone stock nurseries consisting ofthebest clonesthat have 
been propagated. 

Multi-stage selection of the best plants of a cultivar is carried out during 4 or S years in the 
same vineyard, stock nursery or stock nursery ofprimary selection. The process works as follows: 
In the first year, SO% of the best S)1nptomless plants \\1th regard to a complex of desirable 
characters will be selected. This is the first stage of selection. In the secend year, SO% ofthe plams 
selected in the first year (or 2S% ofthe total amoum ofplams in the planring site) are selected. This 
is the secend stage ofselection. In the third year, SO% ofthe plams selected in the secend year (or 
10-12% of the initial amount ofplams) are selected (the third stage ofselection). In the founh year, 
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Table 1: Variability of quantitative characters in the vegetative progeny at different stages of selection, 
cv.Aligote 

Vegetative progeny 

:li'irst stage of 
:selection 

Second stage of 
selection 

Characters trunk trunk 
height height 
70 cm 120 cm 

average lower upper :average 

Yield_per vine, kg 

Sugar, g/100 cm3 

Increase in 
growth, m 

Coefficient of 
fruiting* 

Average weight 
of bunch, g 

Yield per shoot, 
g 

Shoot productivi
ty: sugar, g 

7. 4 7 
49.0 
15.J 
15.2 
12.7 
48.2 

1. 70 
2].0 

124.1 
29.0 

196.6 
J7.4 
J0.4 
J7. 9 

B.J9 
41. 7 
15.J 
12.8 
1).2 
J5.6 

1. 67 
19.2 

1J 1. 4 
2]. 1 

202.) 

)2.) 

29.9 

35-J 

7. 93 

45.4 
15.) 
1J.O 
1J.O 
41.8 

1. 69 
21. 1 

127.8 
26.0 

199.5 
34.8 
30.2 
]6.6 

part of part of: 
the ter- the ter~ 
race race 

8.58 

J7.J 
16.9 
12.9 
19.5 
J 1. 8 

1. 92 
19.8 

171. 1 

20.9 
310.5 
31.0 
55.2 
j 1. 5 

9.0] 

J4. 6 
17.1 
12.0 

19.J 
J1.1 

1. 95 
15. 1 

175.0 
18. 7 

329.9 
27.0 
57.9 
)0.2 

* Total of bunches/total of shoots ratio 

Upper lines give average values of the characters. 

Lower lines give coefficients of variation of the same 

characters for the five-year period of observation. 

tl.BO 

J5.9 
17.0 
12.4 
19.4 
J1.5 

1. 9J 
17.5 

17J.ü 
19.8 

320.2 

29.0 

56.5 
]0.9 

50% of the plants selected in the third year ( or 5-a% of the plants evaluated during the 3 years of 
selection ofthebest symptomless plants) are selected (the founh stage ofselection). 

Indi\'idual records and Observations are canied out according to Standard ampelographic 
programs. If virus or other infectious diseases occur, they are registered annually in the adequate 
vegetation periods based on triple examination ofplants sampled. In autumn ofthe founh anti the 
fifth years of selection, cuttings are taken from plants selected que to their positive characters. 
These cuttings are utilized to establish a clone testing site or a basic vineyard and testing for virus 
caniage is conducted simultaneously. 

5-6% ofthe plants selected include mutated and modified variations displaying not only high 
productivity. good quality of fruit. normal vigor and good sanitary condition of\'ines, but also 
stabile expression ofthese desirable characrers. 
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Materials and methods 

Du ring 1966-69, the best Aligote plants were selected from 10,000 vines at the Steppe 
Experimental Farm ofthe Institute 'Magarach'. Cuttings were taken from these plants and used to 
establish a cultivar stock nurse~· covering the area of 3.5 ha. 3 years after the nursery stock had 
been established, improving selection was begun to obtain phenotypically stable, healthy and 
highly productive plants. Cuttings were also taken from these plants and used to establish another 
OV.1HOoted stock nurse~· (3 ha, "ine spacing of 3.0 x 1.5 m) which contained the vegetative 
progeny of the flrst stage of selection. (This own·rooted stock nurse~· is situated in the central pan 
of the third terrace of Alma River; trunk height of vines is 70 and 120 cm). The following year, 
4 years after the cultivar stock nursery had been established, impro..,ing selection was undenaken 
again based on the pooled 2-year yield per vine, and cuttings from the selected plants were 
prepared. Grafted cuttings (Kober 5 BB used as rootstock) were grown and used to establish 
another stock nursery consisting ofthe vegetative progeny ofthe secend stage of selection (6.1 ha, 
"ine spacing of 3.0 x 1.5 m). (The nursery is situated in the lower and upper pans of the same 
terrace; trunk height ofvines is 70 cm). 

Results and discussion 

Average )~eld per vine and coefficients of variation are given in Table 1 (1980-84). The 
sampling size for each ofthe 4 variants was constant for the 5 years ofthe experiment (50); the total 
amount ofplants evaluated was 200; the same plants were always examined. 

Especially demonstrative was the decrease in the variability of the complex of characters 
investigated when the pooled coefficient ofvariation was used, accounting for both the variability of 
indi..,idual characters and the extent oftheir interrelationship (ZHtYOTOYSKY 1980). 

For the cultural characters studied, the pooled coefficients of variation for the vegetative 
progeny ofthe flrst and the secend stages ofselection were 18.3 and 13.9 %, respectively. 

It is weil known that any controlled selection. the method of multi-stage selection included, 
results bothin an increase in the expression ofa desirable character andin a disequilibrium between 
this very character and the other ones (MasER 1966; ALTt:KHOY 1981 ). That is why we think it is 
useful to practice clonal selection both for productivity and a complex of other quantitative 
characters. This approach makes it possible to reveal plants which differ from the remainder of a 
given population in a number of characters (not only in desirable characters). 

In order to do it, one has to analyze not only cultural characters ()ield per vine, sugar, increase 
in grov.1h, average bunch weight, acidity, etc.). but also morphological ones that may not be 
directly related to producti..,ity (Table 2). Using factorial analysis (KE:-:DALL and STVART 1976), 
one can reveal the effect offactors influencing the variability of correlating characters and evaluated 
as main components that prove to be statistically independent (non·correlated). These 'masked' 
factors that cannot be measured directly seem to reflect the way genetic mechanisms work. One 
cannot always interpret these mechanisms, while the phenomenological interpretation of the 
factors is possible. 

Such main components were obtained for the two groups of characters (cultural and 
morphological ones) ba~ed on Aligote plants (Table 3 ). As far as cultural characters are concemed, 
they are interpreted as lbllows: 

I: 'yield potential' is determined by pooled conuibution of such factors astatals ofbuds, 
shoots and bunches per vine, vigor and producti\ity itsclf; 

II: 'ta~te index· is determined by the sugar/acidity ratio: 
III: 'dry matter' is determined by contents of dry matter in thejuice. 
1t can be seen from Table 3 that the individual variability of the three largest components 

makes 80-90% of the total variability of the characters analyzed. Thus. the method of main 
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Table 2: Vaiues of cv. Allgoteparameters 

Parameters :Aritbme-: Coefficients of 
:tic ave-:variation:symmetry:excess 
:ra e : : 

1. Petiole length, mm 94.9 9.3 0.22 -0.34 
2. Leaf length, mm 166.8 6.0 0.31 0.5,3 

3. Leaf width, mm 177.7 7.2 O.b3 0.64 

4· Midrib vein length, mm 120.8 6.0 -0.32 0.1,3 

5. Upper lateral vein length, mm 109.6 6.2 0.14 o. 76 
6. Lower lateral vein leDgth, mm 80.1::1 7.b -0.40 0.58 

1· Distance from leaf centre to 
upper sinus, mm 85.9 6 • .3 -O.OJ -0.32 

8. Distance from leaf centre to 
lower sinus, mm 70.8 7 • .3 0.06 0.02 

9. Angles 0: alphB. 50.0 5.4 0.30 0.02 
10. beta 46.6 6.2 0.11 -0.]2 

11. gamma 4,3.0 7.5 0.,35 0.31 
12. Total of eyes per vine J6.o 25.9 0.62 0.29 
1]. Total of shoots per vine 31.2 24.0 0.68 0.97 
14. Total of fruitillg shoots 

per vine 28.5 23.5 o. 72 0.96 
15. Total of bunches per vine 61.7 25.9 0.52 -0.01 
16. Yield per vine, kg 9.85 29.0 0.89 0.74 
17. Sugar, g/100 cm.3 16.8 13.6 1. 03 0.1::11 
18. Titrable acids, g/dm.3 6.4 13.5 -0.0.3 1.22 
19. Increase in growth, m 22.,3 27.2 0.66 -0.10 
20. Germinated eyes, % 95.6 3.7 -1.09 1.92 
21. Fruiting shoots, % 91.4 '{. 1 -0.,38 -0.68 
22. Coefficient of fruiting 1.5:17 11.0 -0.28 -0.99 
2]. Coefficient of fruitfulness 2.16 8.4 -o.uo -0.46 
24. Bunch weight 1 g 162.4 17.8 -0.46 -0.19 
25. Yield per shoot, g .321. 0 24.2 o. '(J 1. 55 
26. Shoot productivity: sugar, g 54 • .3 29.5 0.54 0.68 

components makes it possible to reduce the multidimensional space of8 or 11 characters mostly to 
the tri-dimensional space. The results ofthe analysis can then be plotted in the plane ofthe axes of 
the respective pairs of the components: I and Il, I and III, II and III. In this ca~e, the differences 
among the plams are much more pronounced than when the plants are compared based on the 
initial characters. Yet, one must admit that this approach is not always suitable as it is based on the 
visual estimate of deviations and hecause of the fact that using but the three main components 
results in the loss of cenain information. 

Tak.ing into accoum the disadvamages of the method of main components, ZHtvoTOVSKY 

(1984) developed a sratistic method for estimation of index do, the index oftypicityin this paper. 
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Table 3: Influence ofthe main components on the variabiliry of quantitative characters, cv. Aligou! 

Components, % 
Years 

I ll lll Total 

8 cultural characters 
1980* 68.1 14.7 7.8 90.6 
1981 65.9 12.8 12.0 90.7 
1982 71.5 10.8 9.0 91 • .3 
198.3 57•6 14 • .3 1.3 .. 6 85.5 
1984 55.0 20.2 12 • .3 87.5 

11 mo!:J2hological characters 
1981 64.5 15.6 6.8 86.9 
1982 59.2 14.8 9.9 8.3.9 
198.3 56.2 16.5 6.7 79.4 
1984 60.4 11.5 9.4 81 • .3 

* Titrable acidity was not ta.ken into account. 

The index of typicity is convenient for comparmg 'distances' estimated after different sets of 
characters (Table 4), the "distance' ofa plant from the 'centre' ofthe disuibution of characters in a 
given population being a measure of its rypicity compared to the conventional plant with the 
average values of characters. 

As it is seen from Table 4, one can reveal plams \\ith maximum values ofthe index oftypicity 
do (plants 36, 35, etc.) and those with minimum values ofthe index oftypicity (plants 18, 28, etc.). 
Because each ofthese groups includes plants with differem productivity, only the plants with the 
highest shoot productivity were taken for propagation (T ROSHI:\ er al. 1976). Suchare vines 35 and 
22 placed into the group of'extreme' plants and vines 18 and 28 placed into the group of'central' 
plants. Genetic differences among the plants were established using the method of prorein 
electrophoresis (Kr.ocH~EVA er al. 1989). 

Thus, in order to maintain quality of Aligote cultivar, it is necessary to propagate plants 18 
and 28, while to improve the cultivar, plants 35 and 22 have tobe propagated, so that one plant 
could be left for each direction of selection and those of smaller value could be rejected to provide 
the intraclonal stability in the vegetative progeny. Moreover. the plant taken as typical for a cultivar 
to be improved should be used as control for the plants that were selected in order to increase 
productivity of a cultivar. 

It is necessary to emphasize that the new clones (35 and 22) do have cenain specialities in 
their integral characters, both of them being highly productive, with an optimum sugar/acidity 
ratio. The sugar/acidityratio forplants 35, 22, 18 and 23 in 1984 wa~ 2.47, 2.97, 2.76 and 2.32, 
respectively. 

Conclusions 

The method of selecting highly produclive clones results in a 3 to 4-fold decrease in the 
duration of clonal selection in grapevine and a substantial reduction in the size of the experiment. 
Thus, the process can be considered sufficiently effective and profnable (3,100 roubles/ha). 
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Table 4: Differentiation of cv. Allgotevariations depending on the index oftypicity 

Parameters PhenotYPes 

"extreme" "centra.l" 

11 mo!:Bholos;ical cha.racters 

do, % 148 122 116 11.3 112 7J 75 76 80 80 

Numbers of vines J6 4 22 20 9 24 14 16 28 25 

Shoot. producti-
vity: suga.r, g 43 66 82 60 49 60 50 61 61 68 

8 cultura.l cha.ra.cters 

do, % 134 1.30 129 122 118 65 68 72 7J 75 

Numbers of vines J5 45 6 19 22 18 20 J4 26 7 

Shoot producti-
vity: auga.r, g 71 48 60 41 82 56 60 56 52 52 

l?ooled 

do, % 122 121 116 111 102 76 78 80 82 82 

Numbera of vines J6 J5 45 47 22 18 28 24 .34 16 

Shoot producti-
vity: suga.r, g 4.3 71 48 54 82 56 61 60 56 61 

The new method of selection for highly productive clones is being tested now at the Steppe 
Experimental Farm of the Institute, using Aligote planting materials. Stock nurseries covering 
146 ha have been established. 50% ofthese vineyards are currently bearing. 

Clonal grape selection with recommended cultivars is underway in the West Prernountainous 
Region ofthe Crimea (Riesling planting material<~) andin the southern part ofthe Crimea (planting 
materials White and Rosy Muscats, Alma and Sersial). 
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