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A b s t r a c t  
 

Sweet cherry (Cerasus avium L. Moench) is a valuable fruit crop; its industrial planting is 

concentrated mainly in the South of Russia because of insufficient winter hardiness. Nowadays, 16 

varieties have been adapted in the Non-Chernozem zone, and 11 varieties bred in the Russian Lupin 

Research Institute are under the testing. A deep understanding of the patterns of development and 

formation of the yield components allows for a better use of genetic potential of the species. This 

study, for the first time, revealed the significant variability in morphobiological indices of new sweet 

cherry varieties in the Non-Chernozem zone conditions, which provides new possibilities for genotype 

selection and commercial planting. The yield components are shown to be related to each other but 

only some correlations are significantly valid. The cluster analysis grouped the varieties by growth and 

fruiting similarity, and the factors with the highest contribution were found. The work aimed to study 

morphobiological parameters determining productivity of sweet cherry plants and to highlight geno-

types which are valuable for breeding and commercial use. The experiment estimated 23 sweet cherry 

varieties for 9 morphobiological traits, i.e., the number of annual shoots, the average length of annual 

shoots, the number of sprays (“May bouquets”), the number of flower buds per annual shoot, the 

number of flower buds per sprays, the number of flowers per flower bud, yield, crown width, trunk 

circle (the garden experimental plots, the All-Russian Lupine Research Institute, Bryansk Province, 

1991-1996). Estimation of variation coefficients allowed us to classify the varieties into two groups. 

The first group consists of varieties with high variation degree (more than 10 %) of such correlated 

traits as the number of annual shoots, the average length of annual shoots, the number of sprays, the 

number of flower buds per annual shoots and the number of flower buds per sprays. In this group, the 

varieties Podarok Petelinu, Teremoshka, Bryanochka, 2-3-67, 2-6-36, 2-3-45, Odrinka, Krasnaya 

plotnaya, Yantarnaya, 2-5-2 and 2-3-35 formed correlation pleiades. The pleiades had different power 

and strength. The varieties of this group are appropriate for breeding for a complex of economic valuable 

traits. The all tested genotypes made the second group with the variation degree for the number of flowers 

per flower bud (Cv = 1.0-6.0 %), crown width (Cv = 2.0-5.0 %), and trunk circle (Cv = 0.3-0.4 %) less 

than 6 %. Only seven of 36 pair correlations are significant. The significant pair correlations are the 

average length of annual shoots—the number of annual shoots (r = 0.49, p = 0.016); the average 

length of annual shoots—the number of sprays (r = 0.73, p = 0.000); the average length of annual 

shoots—crown width (r = 0.74, p = 0.000); the average length of annual shoots—trunk circle (r = 0.42, 

p = 0.044); the number of annual shoots—the number of flower buds per annual shoots (r = 0.77, 

p = 0.000); the number of sprays—crown width (r = 0.59, p = 0.003); crown width—trunk circle 

(r = 0.54, p = 0.008). There is no link between the yield and its components. The cluster analysis 

resulted in four clusters grouping the varieties that are similar in terms of the generalized indicator of 

the studied traits. It makes easier to select initial lines for breeding. The lack of the significant valid 
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correlations between yield and morphological traits made us to apply the factor analysis which revealed 

four factors with eigenvalues of > 1. The contributions of these factors to the observed variability are 

35.9, 18.6, 11.9, and 11.5 %. The other four factors can be regarded as scree ones. 
 

Keywords: sweet cherry, varieties, variability, productivity, correlation, clustering, factor 

analysis, the Russian Non-Chernozem zone 
 

Sweet cherry, as a fruit crop, recently appeared in the variety of the Non-

Chernozem zone. The first zoned sweet cherry varieties were Bryanskaya rosovaya, 

Iput, and Revna (1983) bred at the Russian Lupin Research Institute (RLRI). 

Nowadays, the industrial range of such zone includes 16 varieties bred in the 

Russian Lupin Research Institute, for which copyright certificates have been ob-

tained, 3 varieties bred in the Federal Horticultural Research Center for Breeding, 

Agrotechnology and Nursery (FHRCBAN), and one variety bred at the Institute 

for Fruit Growing [1]. 

The selection of fruit crops abroad is carried out in accordance with the 

European Breeding Program [2]. In Russia, programs for breeding and research 

on varieties of fruit, berry and nut crops have been developed for these purposes 

[3, 4]. The biological characteristics of the growth and fruiting of sweet cherries 

are insufficiently studied. The authors of previous studies on southern varieties 

characterize sweet cherries as vigorous with weak branching and predominant 

fruiting (70-75% of fruit buds) on sprays (“May bouquets”) [5-7]. In central Rus-

sia, fruiting is concentrated mainly on annual shoots and sprays [8, 9]. Most of 

these works are of a general nature and do not contain sufficient information on 

the quantitative relationships of biological traits affecting the productivity of sweet 

cherries. 

Yield is a complex trait, mainly due to its defining morphobiological pa-

rameters and their ability to withstand environmental stress factors [10]. In sweet 

cherries, the process of crop formation lasts from the differentiation of fruit buds 

in July to ripening of fruits in June-July of the next year. For this reason, there is 

a high risk of annual exposure to abiotic and biotic stressors at any stage of the 

annual plant development cycle. [11-13]. Reduced yield of fruit crops is caused 

by low cold resistance of plants [14-16], high temperature during flowering reduc-

ing fruit set [17, 18], disturbance of stages of morphogenesis [19], instability of 

fruiting [20-22], and abnormal temperatures during formation flower buds [23-25]. 

Many researchers emphasize the role of the variety, its yield ability, and 

stability [26-28] in the formation of crop in case of weather anomalies, which can 

lead to freezing of trees and the defeat of plantations by fungal diseases [29-31]. 

In recent years, considerable attention has been paid to the selection and use of 

vegetatively propagated rootstocks for fruit crops both abroad [32-34] and in Rus-

sia [35-37]. Their influence has been shown not only on growth and productivity 

[38, 39], but also on disease resistance [40] and product quality [41-43]. 

Recently, biplot analysis is used for in-depth study of genotypes in multi-

variate experiments. This is a two-level graph, where samples are displayed as dots 

and variables as vectors, which makes it possible to more fully interpret the inter-

action of the genotype and the environment [44]. The integral indicator of the 

breeding value of the genotype provides a comprehensive assessment of the yield 

and its stability, which is important when selecting the starting material [45, 46]. 

This study, for the first time, revealed the significant variability in mor-

phobiological indices of new sweet cherry varieties in the Non-Chernozem 

southern zone conditions, which provides new possibilities for genotype selection 

and commercial planting. It was found that yield components are intercon-

nected, but only some of them have reliable correlations. By means of cluster 

analysis, the varieties were grouped by growth and fruiting similarity. The factors 

with the highest to the formation of yield have been identified. 
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The work aimed to study morphobiological parameters determining 

productivity of sweet cherry plants and to highlight genotypes which are valuable 

for breeding and commercial use. 

Materials and methods. The study was conducted in 1991-1996 on a garden 

experimental plot of the Russian Lupin Research Institute (Bryansk Province).  

The experiment estimated 23 sweet cherry (Cerasus avium L. Moench) 

varieties for nine morphobiological traits. The length of parent branch and all 

branching of the 2nd and subsequent orders by age-specific zones has been meas-

ured. Structural elements were counted for each variety on four parent branches 

of the lower crown layer (based on technical capabilities). The number and length 

of annual shoots, the number of fruit buds on annual shoots, sprays, and flowers 

in a fruit bud were determined. The productivity per 1 running (linear) meter of 

the parent branch was assessed, the crown width and the trunk circle were meas-

ured, and the yield was determined [6].  

The experimental data were statistically processed according to the rec-

ommendations [3, 4] using one-way ANOVA test [47], and multidimensional sta-

tistical methods (cluster and factor analyzes) [48, 49] in the STATISTICA 7.0 

package (StatSoft, Inc., USA). The mean values for the traits (M), standard devi-

ations (±SD), and coefficients of variation (Cv) were calculated.  

Results. The use of a limited range of varieties and forms in breeding results 

in nuclear and cytoplasm uniformity of hybrids, reducing their adaptability and 

increasing genetic vulnerability. Involvement in breeding of varieties and hybrids 

of various economically valuable traits increases the variance of traits and creates 

the possibility of selecting valuable genotypes. 

An extremely important characteristic of the starting material is the degree 

of its variability. In this study, the diversity of varieties was assessed using two 

indices — the limit (lim) and the coefficient of variation (Table). The minimum 

and maximum number of annual shoots in the specimens differed 7.4-fold, the 

number of sprays 21.3-fold, the average length of annual shoots, crown width, 

trunk circle, the number of fruit buds on annual shoots, the number of sprays, 

flowers in the bud and yield 1.6-4.0 times. 

Coefficient of variation (Cv) allows comparing traits with different units 
of measurement and largely reflects the reaction of genotypes to external influ-
ences. According to the variability of traits, the studied genotypes were divided 
into two groups. The first group comprises varieties with a high degree of varia-
tion of the number of annual shoots (8 genotypes, Cv = 12-28%), the average 
length of annual shoots (9 genotypes, Cv = 11-23%), the number of sprays (13 
genotypes, Cv = 11-24%), the number of flower buds per annual shoots (9 geno-
types, Cv = 11-26 %), and the number of flower buds per sprays (17 genotypes, 
Cv = 7.0-49 %). In the rest genotypes, variability of these traits did not exceed 
10 %. In this group, the varieties with high (> 10%) coefficient of variability of 
correlated traits forming the correlation Pleiades have been identified: Podarok 
Petelinu (V2V3V4), Teremoshka (V1V3V4), Bryanochka (V1V2V3), 2-3-67 
(V1V2V4), 2-6-36 (V2V3V4), 2-3-45 (V1V3), Odrinka (V2V4), Krasnaya plotnaya 
(V2V4), and Yantarnaya (V3V4), 2-5-21 (V1V3), 2-3-35 (V1V2). 

All tested genotypes made the second group with the variation degree not 

exceeding 6% for the number of flowers per flower bud (Cv = 1.0-6.0 %), crown 

width (Cv = 2.0-5.0 %), and trunk circle (Cv = 0.3-0.4 %). 
Comparison of the coefficients of variation denotes significant opportuni-

ties for selection of varieties for breeding according to the first group of traits and 
less - according to the second group of traits, which are probably under stricter 
genetic control. 
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Statistical characteristics of the structure of the yield of sweet cherry (Cerasus avium L. Moench) varieties in the south of the Non-Chernozem zone of 
the Russian Federation (Bryansk Province, settlement Michurinskii, 1991-1996) 

Variety 

Index for 1 lin.m. of parent branch 
Number of flowers  
per bud, units 

Yield, dt/ha 
Crown 
width, m 

Trunk circle, 
cm 

annual shoots 
Number  
of sprays  

Number of fruit buds 

M±SD 
Cv, 
% 

M±SD 
Cv, 
% 

M±SD 
Cv, 
% 

M±SD 
Cv, 
% 

number 
average 
length, cm 

on annual 
shoots 

on sprays 

M±SD 
Cv, 
% 

M±SD 
Cv, 
% 

M±SD 
Cv, 
% 

M±SD 
Cv, 
% 

M±SD 
Cv, 
% 

Podarok Pitelinu  27.5±0.99 3 18.3±2.34 13 40.3±5.60 14 102.6±26.78 26 133.3±9.31 7 3.0±0.48 5 39.5±1.13 0.4 4.6±0.14 3 38.2±0.85 0.4 
Teremoshka 23.9±3.82 16 13.8±0.42 3 8.2±1.60 20 69.6±7.70 11 22.1±4.40 20 2.9±0.15 1 59.8±1.41 0.2 3.0±0.18 5 33.1±2.11 0.4 
2-5-21 23.5±3.82 16 12.9±1.69 13 4.6±0.55 11 130.0±13.00 10 22.2±6.16 28 3.7±0.03 4 38.9±2.69 0.4 4.0±0.28 4 35.4±2.54 0.4 
Veda  23.2±0.64 3 29.6±1.50 5 49.2±1.62 3 122.3±8.54 7 136.5±12.24 9 2.7±0.15 5 53.6±1.56 0.3 4.6±0.21 3 35.2±0.23 0.4 
2-3-35 22.4±5.09 23 18.8±2.66 14 5.8±0.06 1 127.8±1.28 10 22.2±2.86 13 4.4±0.14 6 34.7±3.22 0.6 4.6±0.24 3 40.8±1.84 0.3 
Ovstuzhenka  21.6±1.98 2 26.0±1.82 7 52.3±5.72 11 84.4±2.52 3 146.4±17.52 12 3.0±0.26 5 75.5±1.06 0.2 4.8±0.25 3 35.8±1.13 0.4 
Zolotaya loshchitskaya  20.6±1.98 10 18.7±0.95 5 32.8±7.92 24 78.2±3.90 5 131.4±31.44 24 4.1±0.15 4 31.0±2.12 0.5 3.2±0.10 4 35.1±0.42 0.4 
2-3-67 18.6±0.85 5 29.3±6.67 23 88.5±13.32 14 103.3±19.57 19 354.5±169.92 48 3.1±0.16 5 19.0±0.99 0.7 5.0±0.28 3 43.7±2.57 0.3 
Raditsa 14.7±1.41 10 22.2±1.54 7 42.7±7.31 17 125.5±6.30 5 192.8±30.72 16 3.3±0.15 2 57.0±4.24 0.3 4.6±0.21 3 42.6±2.26 0.3 
2-7-39 14.7±0.54 4 28.3±0.28 1 39.3±0.39 1 64.6±9.75 15 118.2±57.82 49 3.5±0.04 4 62.0±0.35 0.2 5.4±0.28 3 54.3±1.41 0.3 
2-8-28 14.4±2.83 20 14.1±0.84 6 22.0±0.88 4 52.5±3.18 6 60.3±24.60 41 3.0±0.14 5 27.5±1.70 0.5 4.2±0.28 3 37.5±3.25 0.4 
Revna 12.3±1.13 9 25.5±0.26 1 60.3±3.60 6 61.9±0.62 1 265.4±26.50 10 3.5±0.15 4 45.3±1.13 0.3 4.4±0.14 3 40.7±0.85 0.3 
2-7-5 11.4±1.41 12 22.2±1.47 7 29.0±3.77 13 57.9±5.22 9 76.6±6.84 9 3.2±0.14 4 64.3±0.42 0.2 3.0±0.14 5 38.1±0.54 0.4 
2-6-36 11.2±0.42 4 27.1±4.59 17 35.4±3.96 11 66.1±5.28 8 96.5±11.52 12 3.4±0.12 5 54.0±0.50 0.3 5.8±0.33 2 47.4±0.85 0.3 
2-6-32 10.8±0.57 5 26.7±1.89 7 46.0±2.76 6 41.7±5.04 12 124.3±13.64 11 3.1±0.17 5 20.8±0.44 0.7 5.0±0.27 3 34.4±3.52 0.4 
Odrinka  11.8±0.42 4 25.6±3.38 13 45.7±10.12 22 46.8±10.34 22 146.7±8.76 6 2.8±0.15 6 38.2±0.14 0.4 4.4±0.24 3 41.1±0.71 0.3 
Rozovyi zakat  10.5±2.97 1 23.5±0.72 3 51.9±4.16 8 73.5±9.00 15 260.5±58.80 33 2.3±0.17 4 51.9±2.69 0.3 5.4±0.14 2 34.3±1.56 0.4 
2-3-30 11.0±0.14 1 16.6±3.34 22 32.0±3.20 10 50.3±3.57 7 99.3±34.65 35 3.5±0.09 4 70.8±2.12 0.2 4.0±0.28 4 36.2±2.97 0.4 
2-3-45 10.1±1.48 15 37.8±2.66 7 97.9±13.72 14 60.0±1.80 3 274.5±38.36 14 3.4±0.14 1 64.5±2.47 0.2 6.6±0.21 2 41.8±0.99 0.4 
Tyutchenka  8.4±1.27 15 26.9±1.35 5 56.3±2.80 5 40.3±4.40 10 242.4±108.90 45 2.9±0.30 5 60.5±3.25 0.2 5.2±0.21 3 44.5±1.56 0.3 
Krasnaya plotnaya  4.8±0.28 6 35.4±7.00 20 31.3±2.79 9 53.7±6.48 19 110.6±16.50 15 2.9±0.14 5 51.0±2.83 0.3 5.2±0.28 3 39.9±2.81 0.4 
Yantarnaya  4.7±0.14 3 30.2±0.60 2 32.8±5.82 16 33.3±4.65 14 98.2±20.58 21 3.0±0.14 5 31.3±1.41 0.5 5.0±0.33 3 39.1±1.56 0.4 
Bryanochka 3.7±0.71 20 27.0±2.97 11 25.7±3.25 13 50.8±5.10 10 83.3±5.81 7 3.0±0.15 5 62.7±2.83 0.2 4.6±0.28 3 38.6±3.67 0.4 

lim  3.7-27.5  12.9-3.78  4.6-97.9  33.3-130.0  22.1-354.5  2.3-4.4  19.0-75.5  3.0-6.6  33.1-54.3  
min/max 7.4  2.9  21.3  3.9  16.0  1.9  4.0  2.2  1.6  
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All studied traits that form the yield correlate although with the different 

degree of the relationship (Fig. 1). 
 

 

Fig. 1. Matrix of complete correlations of structural fruiting traits in 23 varieties of sweet cherry 

(Cerasus avium L. Moench) in the south of the Non-Chernozem zone of the Russian Federation: solid 

lines represent reliably significant relationships, dash-dotted lines unreliable relationships; V1 — the 

number of annual shoots, V2 — average length of annual shoots, V3 — the number of bouquet 

branches, V4 — the number of fruit buds on annual shoots, V5 — the number of fruit buds on bouquet 

branches, V6 — number of flowers in a fruit bud, V7 — yield, V8 — crown width, V9 — trunk 

circumference (trait values are given per 1 linear meter) (Bryansk Province, settlement Michurinskii, 

1991-1996). 
 

Only seven of 36 pair correlations were significant: the average length of 

annual shoots—the number of annual shoots (V2—V1) (r = 0.49, p = 0.016); 

the average length of annual shoots—the number of sprays (V2—V3) (r = 0.73, 

p = 0.000); the average length of annual shoots—crown width (V2—V8) (r = 0.74, 

p = 0.000); the average length of annual shoots—trunk circle (V2—V9) (r = 0.42, 

p = 0.044); the number of annual shoots—the number of flower buds per annual 

shoots (V1—V4) (r = 0.77, p = 0.000); the number of sprays—crown width (V3—

V8) (r = 0.59, p = 0.003); crown width—trunk circle (V8—V9) (r = 0.54, p = 0.008). 

For most traits, correlations were weak and statistically insignificant. No link 

between the yield and its components is of special interest. Indeed, vegetative 

traits do not directly affect the crop, but they indirectly determine its formation. 

For instance, the length of annual shoots is so important that it is used to classify 

varieties. Such varieties as Teremoshka, Zolotaya loshchitskaya 2-8-28, 2-5-21, 

2-3-30 were characterized by the shortest shoots (13-19 cm). This type of branch-

ing promotes restrained growth of the tree. The longest shoots (30-38 cm) were 

specific for varieties Veda, Krasnaya plotnaya, Yantarnaya, Ovstuzhenka, 2-3-45, 

2-3-67. The amount of annual growth determines not only the habitus of the tree, 

but also serves as the basis for the formation of fruit buds. 

It should be noted that there are groups of traits that were interconnected 

by high correlation coefficients, called correlation pleiades. The correlated traits 
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of the pleiades are characterized by power (G) and strength (D) indices. The most 

powerful and strong pleiade was V2V3V8 (G = 3.0; D = 0.69), slightly inferior to 

it in strength V2V8V9 (G = 3.0; D = 0.57), the weakest was V2V1V4 (G = 3.0; 

D = 0.34). Probably, the close relationships between the traits of these pleiads 

were largely controlled genetically.  

The data obtained through cluster analysis are very informative. The 

grouping of varieties by the nature of growth and fruiting is shown on the den-

drogram obtained by the Ward's method of clustering, where the Euclidean dis-

tance was the measure of the relationship (Fig. 2). The resulting cluster included 

two groups. 
 

 

Fig. 2. The dendrogram of similarities and differences between sweet cherry (Cerasus avium L. 
Moench) varieties with regard to the generalized index of productivity elements (Ward’s method): I-

IV — groups of the same type of growth and yielding (Bryansk Province, settlement Michurinskii, 

1991-1996). 
 

The first group (I sub-group) comprised 5 varieties: Tyutchevka, Revna, 

Rozovyi zakat, 2-3-45, 2-3-67 with long shoots (24-38 cm) and 77-86 % flower 

buds on sprays. The second group included three sub-groups of varieties (II, III, 

and IV). Sub-groups II and III included 14 varieties heterogeneous in terms of 

growth and fruiting. They were highly branched, had medium-sized shoots, 

mixed fruiting (53-60% of flower buds were located on sprays, and 40-47% on 

annual growth). The subgroup IV included 4 varieties with predominant fruiting 

at one-year growth: 2-8-28 (71%), Teremoshka (76%), 2-3-35 (81%), 2-5-21 

(86%). The emergence of varieties with this type of fruiting was associated with 

their inbred origin. The increased homozygosity contributes to the manifestation 

of hidden recessive genes controlling this trait. 

Since there were varieties in each group that were similar in terms of the 

generalized index of the studied traits, varieties of different groups and sub-

groups, significantly different in terms of productivity, should be used as initial 

pairs for crosses. The difference in varieties by the nature of growth and fruiting 

must be taken into account when forming the crown, pruning trees and carrying 

out other agro-technical measures. 

The lack of the significant valid correlations between yield and morpho-

logical traits made us to apply the factor analysis. This method allows identification 

of hidden, but objectively existing patterns affecting the formation of yield and 

characterizing factors in accordance with the contribution of each variable. 
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 Fig. 3 shows the curve 

derived from the spectrum of ei-

genvalues. The number of cho-

sen factors was determined by 

the break in the linear depend-

ence curve on the graph of ei-

genvalues of the primary data 

matrix at point 4 (Y = 1.04; > 1). 

According to criteria, Kaiser and 

Cattell [50, 51] indicated factors 

with eigenvalues exceeding 1. 

The larger the eigenvalue, the 

greater the factor contributes to 

the total variability, which indi-

cates its significance. In our work, 

the following first four factors 

with the most significant contri-

bution to the observed variabil-

ity have been revealed: factor 1 (35.9 % of total variability) mainly characterizing 

the length of shots, crown width, and the number of sprays; factor 2 (18.6%) — 

number of shots, number of fruit buds on shots; factor 3 (11.9 %) — trunk circle, 

number of flowers per bud; and factor 4 (11.5 %) — yield and number of buds on 

spray. The remaining factors (see Fig. 3) had an insignificant share of the total 

variance and belonged to the so-called factorial or “stony” scree [51]. 

By its genetic nature, sweet cherry belongs to crops of the southern re-

gions. Thanks to the creation of winter-hardy varieties of sweet cherry, it became 

possible to promote this culture to the northern regions. It has recently appeared 

in the range of the Non-Chernozem zone (1). Sweet cherry has a high yield po-

tential, which is realized in optimal weather conditions. According to the litera-

ture, the period of laying and differentiation of fruit buds lasts 117-130 days (from 

July of the current year to April of the next year); the studies identified five stages 

of organogenesis, or phenological phases, when plants are most sensitive to stress, 

which leads to a reduction in yield components [10, 11]. Unfavorable conditions 

during this period lead to the death of flower rudiments and loss of crop produc-

tion [10].  

Studies of Upadysheva [9] conducted for two years on three varieties of 

sweet cherry has shown that the active growth of shoots and fruit formations 

(sprays) serves the basis for increasing productivity. Works of other authors stud-

ying the fruiting nature of sweet cherry also emphasize the significant contribu-

tion of the load of trees with flower buds, their placement on annual branches 

and sprays of different ages [9, 10, 35], the number of flowers in fruit buds, trunk 

circle and crown size [37, 42] in the formation of productivity. At the Russian 

Lupin Research Institute, the work was carried out for 6 years on 23 sweet cherry 

varieties by 9 traits to give a deeper assessment of the link between morphobio-

logical traits and the productivity of sweet cherry. It was established that varieties 

significantly differed in the nature of fruiting (see Fig. 2). Based on our data, the 

number of flower buds on annual shots varied from 33.3 to 130 and on the sprays 

from 22.1 to 354.5. In Tyutchevka, Revna, Rozovyi zakat, 2-3-45, 2-3-67 culti-

vars, sprays were mainly fruiting (77-86 %). Another 14 varieties had a mixed type 

of fruiting: 53-60 % of flower buds were located on sprays, 40-47 % on annual 

shots. Teremoshka, 2-8-28, 2-5-21, 2-3-35 varieties had flower buds on annual 

shots (71-86 %). The manifestation of this trait is associated with the inbred origin 

 

from Fig. 3. Influence of factor load on “yield” trait of sweet 
cherry (Cerasus avium L. Moench) varieties with regard to 

contribution of each variable (Bryansk Province, settlement 

Michurinskii, 1991-1996). 
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of these varieties. In addition, these varieties are distinguished by moderate tree 

growth. The latter is considered as a significant economic characteristic in indus-

trial plantings. 

Therefore, we have revealed a significant morphological variability of 23 

sweet cherry varieties under the conditions of the Non-Chernozem zone of the 

Russian Federation, which allow us to select valuable genotypes for breeding and 

production. High degree of variability (over 10%) by the number of annual shots, 

average length of annual shots, number of flower buds on annual shots, and the 

number of sprays was noted in the varieties Podarok Petelinu, Teremoshka, Bry-

anochka, Odrinka, Krasnaya plotnaya, Yantarnaya, and 2-3-35. Low degree of 

variability (less than 6%) by the number of flower buds, number of flowers on 

flower buds, crown width, and trunk circle was revealed in all studied varieties. 

Herewith, Ovstuzhenka, 2-3-45, Bryanochka, Tyutchevka, 2-7-5, 2-7-39, Tere-

moshka, and 2-3-45 were distinguished in terms of yielding. The link between the 

yield indices was different. The “yield” as a trait variable did not correlate with 

any of the studied yield structure elements. Factor analysis identifies hidden but 

objectively existing patterns that affect the yield formation. Our findings identified 

four factors with the most significant contribution to yield formation. Cluster anal-

ysis grouped the varieties with regard to their growth and fruiting features. Four 

clusters identified according to the generalized index of the studied characteristics 

will facilitate the selection of breeding forms. Varieties of different groups and 

clusters with significant differences in productivity elements should serve as pairs 

for crosses. 

 
R E F E R E N C E S  

 
1. Gosudarstvennyi reestr selektsionnykh dostizhenii, dopushchennykh k ispol'zovaniyu. Tom 1. Sorta 

rastenii [State register of breeding achievements approved for use. Volume 1. Plant varieties]. 
Moscow, 2021: 422-424 (in Russ.). 

2. Sansavini S., Belfanti E., Costa F., Donati F. European apple breeding programs turn to biotech-

nology. Chronica Horticulturae, 2005, 45(2): 16-19.  

3. Programma i metodika selektsii plodovykh, yagodnykh i orekhoplodnykh kul'tur /Pod redaktsiei 

E.N. Sedova [The program and methods of selection of fruit, berry, and nut crops. E.N. Sedov 

(ed.)]. Orel, 1995 (in Russ.). 

4. Programma i metodika sortoizucheniya plodovykh, yagodnykh i orekhoplodnykh kul'tur /Pod 

redaktsiei E.N. Sedova, T.P. Ogol'tsovoi [Program and methodology for the variety study of fruit, 

berry, and nut crops. E.N. Sedov, T.P. Ogol'tsova (eds.)]. Orel, 1999 (in Russ.). 

5. Mikheev A.M., Revyakina N.T. Kostochkovye kul'tury v srednei polose RSFSR [Stone fruits in the 

middle zone of the RSFSR]. Moscow, 1985 (in Russ.). 

6. Kolesnikov M.A. Chereshnya [Sweet cherry]. Moscow, 1959 (in Russ.). 

7. Syubarova E.P. Chereshnya [Sweet cherry]. Minsk, 1964 (in Russ.).  
8. Teterev F.K. Chereshnya i biologicheskie osnovy ee osevereniya [Sweet cherry and biological bases 

of its northwarding]. Moscow, 1964 (in Russ.).  
9. Upadysheva G.Yu. Sovremennoe sadovodstvo, 2014, 2: 20-24 (in Russ.). 
10. Zaremuk R.Sh., Dolya Yu.A., Kopnina T.A. Productivity potential of drup fruit varieties — 

biomorphological features of formation and realization under the climatic conditions of South 
Russia. Sel'skokhozyaistvennaya biologiya [Agricultural Biology], 2020, 55(3): 573-587 (doi: 
10.15389/agrobiology.2020.3.573eng). 

11. Dzhigadlo E.N., Gulyaeva A.A. Materialy Mezhdunarodnoi nauchno-prakticheskoi konferentsii, 
posvyashchennoi pamyati uchenogo-pomologa V.P. Semakina «Sovershenstvovanie adaptivnogo po-
tentsiala kostochkovykh kul'tur i tekhnologii ikh vozdelyvaniya» [Proc. Int. Conf. «Improving the 

adaptive potential of stone fruit crops and technologies for their cultivation»]. Orel, 2011: 70-73 

(in Russ.).  

12. Else M., Atkinson C. Climate change impacts on UK top and soft fruit production. Outlook on 
Agriculture, 2010, 39(2): 257-262 (doi: 10.5367/oa.2010.0014). 

13. Luedeling E. Climate change impacts on winter chill for temperate fruit and nut production: a 

review. Scientia Horticulturae, 2012, 144: 218-229 (doi: 10.1016/j.scienta.2012.07.011). 

14. Salazar-Gutiérrez M.R., Chaves B., Anothai J., Whiting M., Hoogenboom G. Variation in cold 

hardiness of sweet cherry flower buds through different phenological stages. Scientia Horticulturae, 
2014, 172: 161-167 (doi: 10.1016/j.scienta.2014.04.002). 

http://www.agrobiology.ru/3-2020zaremuk-eng.html
http://www.agrobiology.ru/3-2020zaremuk-eng.html
http://www.agrobiology.ru/3-2020zaremuk-eng.html


 

987 

15. Alburquerque N., García-Montiel F., Carrillo A., Burgos L. Chilling and heat requirements of 

sweet cherry cultivars and the relationship between altitude and the probability of satisfying the 

chill requirements. Environmental and Experimental Botany, 2008, 64(2): 162-170 (doi: 

10.1016/j.envexpbot.2008.01.003). 

16. García-Montiel F., Serrano M., Martinez-Romero D., Alburquerque N. Factors influencing fruit 

set and quality in different sweet cherry cultivars. Spanish Journal of Agricultural Research, 2010, 

8(4): 1118-1128 (doi: 10.5424/sjar/2010084-1238). 

17. Hedhly A., Hormaza J.I., Herrero M. Warm temperatures at bloom reduce fruit set in sweet 

cherry. Journal of Applied Botany and Food Quality, 2007, 81(2): 158-164.  

18. Nicotra A.B., Atkin O.K., Bonser S.P., Davidson A.M., Finnegan E.J., Mathesius U., Poot 

P., Purugganan M.D., Richards C.L., Valladares F., van Kleunen M. Plant phenotypic plas-

ticity in a changing climate. Trends in Plant Science, 2010, 15(12): 684-692 (doi: 

10.1016/j.tplants.2010.09.008).  

19. Koutinas N., Pepelyankov G., Lichev V. Flower induction and flower bud development in apple 

and sweet cherry. Biotechnology and Biotechnological Equipment, 2010, 24(1): 1549-1558 (doi: 

10.2478/V10133-010-0003-9). 

20. Gulyaeva A.A. Sovremennoe sadovodstvo, 2010, 2: 49-51 (in Russ.). 

21. Dimova D., Krasteva L., Panayotov N., Svetleva D., Dimitrova M., Georgieva T. Evaluation of 

the yield and the yield stability of perspective lines of barley. Agroznanje, 2012, 13(1): 55-60 (doi: 

10.7251/AGREN1201055D). 

22. Gebremedhin W., Firew M., Tesfye B. Stability analysis of food barley genotypes in Northern 

Ethiopia. African Crop Science Journal, 2014, 22(2): 145-153. 

23. Zhang L., Ampatzidis Y., Whiting M.D. Sweet cherry floral organ size varies with genotype and 

temperature. Scientia Horticulturae, 2015, 182: 156-164 (doi: 10.1016/j.scienta.2014.09.051).  

24. Blažková J., Hlušičková I., Blažek J. Fruit weight, firmness and soluble solids content during 

ripening of Karešova cv. sweet cherry. Hort. Sci. (Prague), 2018, 29: 92-98 (doi: 10.17221/4470-

HORTSCI). 

25. Litschmann T., Oukropec I., Křižan B. Predicting individual phenological phases in peaches using meteorolog-

ical data. Hort. Sci. (Prague), 2008, 35: 65-71 (doi: 10.17221/640-HORTSCI). 

26. Lukacs L., Ardelean M., Mitre V., Botez C., Pop R., Cordea M. Stability of main apple cultivars 

grown in Transylvania determined by means of nonparametric analyses. Acta Horticulturae, 2009, 

814: 285-290 (doi: 10.17660/ActaHortic.2009.814.43).  

27. Ingvordsen C.H., Backes G., Lyngkjær M.F., Peltonen-Sainio P., Jensen J.D., Jalli M., Ja-

hoor A., Rasmussen M., Mikkelsen T.N., Stockmarr A., Jørgensen R.B. Significant decrease in 

yield under future climate conditions: stability and production of 138 spring barley accessions. 

European Journal of Agronomy, 2015, 63: 105-113 (doi: 10.1016/j.eja.2014.12.003). 

28. Dragavtseva I.A., Bandurko I.A., Efimova I.L. Novye tekhnologii, 2013, 2: 110-114 (in Russ.). 

29. Fadón E., Herrero M., Rodrigo J. Flower development in sweet cherry framed in the BBCH 

scale. Scientia Horticulturae, 2015, 192: 141-147 (doi: 10.1016/j.scienta.2015.05.027). 

30. Macholdt J., Honermeier B. Impact of climate change on cultivar choice: adaptation strategies 

of farmers and advisors in German cereal production. Agronomy, 2016, 6(3): 40 (doi 

10.3390/agronomy6030040).  

31. Woznicki T.L., Heide O.M., Sønsteby A., Måge F., Remberg S.F. Climate warming enhances flower 

formation, earliness of blooming and fruit size in plum (Prunus domestica L.) in the cool Nordic 

environment. Scientia Horticulturae, 2019, 257: 108750 (doi: 10.1016/j.scienta.2019.108750).  

32. Fazio G., Robinson T., Aldwinckle H. The Geneva apple rootstock breeding program. In: Plant 

breeding reviews. J. Janick (ed.). John Wiley & Sons, Ltd., 2015, 39: 379-424 (doi: 

10.1002/9781119107743.ch08). 

33. Koepke T., Dhingra A. Rootstock scion somatogenetic interactions in perennial composite plants. 

Plant Cell Rep., 2013, 32: 1321-1337 (doi: 10.1007/s00299-013-1471-9). 

34. Takács F., Hrotku K. Effect of apple rootstocks on growth and productivity. Proc. Int. Conf. on 

perspectives in European fruit growing. Lednice, 2006: 161-164.  

35. Eremin G.V., Provorchenko A.V., Gavrish V.F., Podorozhnyi V.N., Eremin V.G. Kostochkovye 

kul'tury. Vyrashchivanie na klonovykh podvoyakh i sobstvennykh kornyakh [Stone fruits. Growing 

on clonal rootstocks and own roots]. Rostov-na-Dnu, 2000 (in Russ.). 

36. Upadysheva G., Motyleva S., Kulikov I., Medvedev S., Mertvishcheva M. Biochemical compo-

sition of sweet cherry (Prunus avium L.) fruit depending on the scion-stock combinations. Po-

travinarstvo Slovak Journal of Food Sciences, 2018, 12(1): 533-538 (doi: 10.5219/923). 

37. Astakhov A.A., Misnikova N.V. Selektsiya i sortorazvedenie sadovykh kul'tur, 2018, 5(1): 7-9 (in 

Russ.). 

38. Nozdracheva R.G., Nepushkina E.V. Selektsiya i sortorazvedenie sadovykh kul'tur, 2018, 5(1): 86-

89 (in Russ.). 

39. Tworkoski T., Miller S. Rootstock effect on growth of apple scions with different growth habits. 

Scientia Horticulturae, 2007, 111(4): 335-343 (doi: 10.1016/j.scienta.2006.10.034). 



 

988 

40. Russo N.L., Robinson T.L., Fazio G., Aldwinckle H.S. Field evaluation of 64 apple rootstocks 
for orchard performance and fire blight resistance. HortScience, 2007, 42(7): 1517-1525 (doi: 
10.21273/HORTSCI.42.7.1517). 

41. Racskó J., Soltész M., Budai L., Szabó Z., Farkas E., Nagy J., Nyéki J. The effect of rootstocks 

on the fruit quality parameters of apple (Malus domestica Borkh.). Acta Agraria Debreceniensis, 
2005, 17: 39-43 (doi: 10.34101/actaagrar/17/3269). 

42. Kviklys D., Kviklienė N., Bite A., Lepsis J., Univer T., Univer N., Uselis N., Lanauskas J., 

Buskien L. Baltic fruit rootstock studies: evaluation of 12 apple rootstocks in North-East Europe. 
Hort. Sci. (Prague), 2012, 39(1): 1-7 (doi: 10.17221/29/2011-HORTSCI). 

43. Yan W., Tinker N.A. Biplot analysis of multi-environment trial data: principles and applications. 
Canadian Journal of Plant Science, 2006, 86(3): 623-645 (doi: 10.4141/P05-169).  

44. Frutos E., Galindo M.P., Leiva V. An interactive biplot implementation in R for modeling gen-
otype-by-environment interaction. Stoch. Environ. Res. Risk Assess., 2013, 28(7): 1629-1641 (doi: 
10.1007/s00477-013-0821-z).  

45. Fashadfar E., Mohammadi R., Aghaee M., Vaisi Z. GGE biplot analysis of genotype ½ environ-
ment interaction in wheat-barley disomic addition lines. Australian Journal of Crop Science, 2012, 
6(6): 1074-1079.  

46. Jalata Z. GGE-biplot analysis of multi-environment yield trials of barley (Hordeum vulgare L.) 

genotypes in Southeastern Ethiopia Highlands. International Journal of Plant Breeding and Genet-
ics, 2011, 5(1): 59-75 (doi: 10.3923/ijpbg.2011.59.75). 

47. Snedekor D.U. Statisticheskie metody v primenenii k issledovaniyam v sel'skom khozyaistve i biologii 
[Statistical methods mapplied to agricultural and biological research]. Moscow, 1961.  

48. Soshnikova L.A., Tamashevich V.N., Uebe G., Sheffer M. Mnogomernyi statisticheskii analiz v 

ekonomike [Multivariate statistical analysis in economics].Moscow, 1999 (in Russ.). 

49. Iberla K. Faktornyi analiz [Factor analysis]. Moscow, 1980 (in Russ.). 

50. Kaiser H.F. The application of electronic computers to factor analysis. Educational and Psycho-
logical Measurement, 1960, 20: 141-151.  

51. Cattell R.B. The scree test for the number of factors. Multivariate Behavioral Research, 1966, 1: 

245-276. 


