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ABSTRACT 

The results of researching the fund formation of dry soluble substances, sugars, and titrated acids in cherry fruits of 
10 studied varieties under the Southern Steppe Subzone of Ukraine are given. According to the content of biochemical 
quality indicators, the following varieties were selected: Modnytsya (the content of dry soluble substances is 17.1%), 
Ozhidaniye (the content of sugars is 11.7%), and Solidarnost (the content of titrated acids is 1.79%). The cherry fruits 
units. By conducting a two-factor dispersion analysis, the feasibility of forecasting the content of the principal 
components of the chemical composition (dry soluble substances, sugars, titrated acids) in the cherry fruits was 
determined by average values and a factor that maximally impacts the accumulation of the studied indicators was 
identified during the studies. The dominant influence of weather conditions during research years was determined. 
Therefore, the taste qualities of the cherry fruits were proposed to forecast by average varietal value. The average and 
strong correlation dependences of influencing 19 weather factors on the content of the studied biochemical indicators 
in the cherry fruits were determined. The accumulation dependence models of dry soluble substances, sugars, and 
titrated acids were built based on the principal component and least-squares methods. The first-rank weather indicators 
with the maximum influence particles were identified for the studied biochemical quality indicators. The average 
monthly air temperature in June maximally impacted the fund accumulation of dry soluble substances in the cherry 
fruits (delta = 9.9%), the content of sugars - the average monthly precipitation in June (delta = 8.5%), on the content of 
titrated acids - the total number of precipitation days in June (delta = 18.62%). At the end of the flowering phase before 
fruit ripening and in the last month of fruit formation, humidity indicators had the greatest influence on the 
accumulation of the studied biochemical indicators in the cherry fruits (June).of Melitopol purpura and Modnytsya 
have maximum indicators of the sugar-acid index in the range of 8.9-9.3 relative  
Keywords: cherry, biochemical quality indicators, factor analysis, components method, weather factor

INTRODUCTION 
Cherry is a widespread crop, the fruits of which are valued for their pleasant taste and dietary properties in fresh 

and processed forms. Tartan cherry is native to Europe and popular in the USA [1]. The annual world production 
of stone fruit crops, particularly cherries, is 950 thousand tons on average. Ukraine is one of the countries 
producing stone fruits, namely cherry and wild cherry [2], [3]. As of 2017, Ukraine ranks third place in terms of 
production volume, which is 172 thousand tons [4]. Compared to the wild cherry, the cherry has a characteristic 
astringent taste due to the higher acid/sugar ratio [5], is rich in polyphenolic compounds such as flavonoids [6], 
and has much more hydroxycinnamic acids, procyanidins, flavonol glycosides and flavonols [7], [8]. The crop's 
popularity and high taste qualities are due to the high content of dry substances. Dry substances of the fruits are 
divided into insoluble and soluble in water. Insoluble substances are mainly those that build cell walls and 
mechanical tissue elements. The content of dry insoluble substances in some fruit products is small, on average  
2-5%. The content of dry soluble substances in the cherry fruits is 14.4-21.6% on average. These include 
carbohydrates, nitrogenous substances, acids, tannins, other phenolic substances, soluble forms of pectins and 
vitamins, enzymes, mineral salts, etc. This compound group is represented by carbohydrates, mainly sugars [9], 
[10]. 
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Scientists have determined that sugars in cherry fruits are 6.5-21.5%. They are represented by glucose, fructose, 
and sucrose. The quantitative ratio is dominated by glucose and fructose. Fructose is considered to be a particularly 
valuable and easily digestible sugar. It is 2 times sweeter than sucrose and 3 times sweeter than glucose. The 
richer its fruits, the sweeter they are [11]. 

Organic acids are other important components of the chemical composition, which significantly impact the 
cherry fruits' quality, taste, and technological properties. Organic acids in the cherry are about 0.7-3%. The main 
acids are apple and lemon and a small amount of amber, salicylic, and ant. But it should be noted that the sour 
taste of the fruits is not due to the total supply of the acids but the titrated acidity, that is, the content of free acids 
[12]. The fruit quality is an important economic characteristic of the crop. The main purpose of its fruits is 
technological processing, but fresh cherry fruits are also used as an anti-inflammatory agent. Their use prevents 
colon cancer, stomach ulcers, and bronchitis. The decisive criteria for choosing the pomological variety of the 
cherry when consumers purchase are the appearance and taste of the fruits [13]. 

Such principal components of the chemical composition, like sugars and organic acids, are involved in forming 
the taste qualities of the crop. The importance of crop varieties with high taste qualities has recently increased for 
fresh consumption and processing [14], [15]. It was established that the content of dry soluble substances is in the 
inverse average correlation dependence on the amount of precipitation for the cherry fruit of the Lotovka (-0.76) 
and Shpanka (-0.83) varieties [16]. Climatic growing conditions have a decisive impact on forming the taste 
qualities of the fruit crops. Therefore, when global climate changes are observed in today's conditions, the research 
of the formation mechanisms of the taste qualities and technological properties of the cherry fruits of the updated 
variety range, influenced by various weather indicators with the selection of the best varieties for further storage 
and processing, is relevant [17]. Between the hydrothermal coefficient and the content of dry soluble substances 
in both varieties, a significant inverse correlation was established with the correlation coefficients -0.96 and  
-0.91. The regression equation is derived, whereby using the hydrothermal coefficients can forecast the content 
of dry soluble substances in the fruits [16]. Other researchers note that the temperature increase and the humidity 
decrease lead to increased content of dry soluble substances, including sugars. The content of chemical 
components varies depending on the variety and ripeness stage [18]. The ripeness stage of the cherry fruits is 
determined by the optimal content of sugars, acids, and anthocyanins [19], [20]. The dependence of the content 
of chemical composition components in the fruits on the pomological variety of the cherry and climatic growing 
conditions is known [21]. Indicators of the chemical composition of the fruits vary by research years, but the 
average value characterizes the biological characteristics of the varieties and the possibility of their use. 

As the crop advances from north to south, the sugar content in the cherry fruits of the same varieties usually 
increases [22]. The fruit crops accumulate less dry substances, including sugars, with the maximum precipitation 
amount. Dry years are characterized by a low total supply of nutrients [23]. The cherry fruits contain dry substance 
not less than 14-15%, sugars not less than 9-10%, and total acidity, not more than 1-1.2%, and are used to prepare 
canned fruits. 

Therefore, the content level of dry soluble substances, sugars, and titrated acids in the stonecrop fruits, in 
particular cherries and wild cherries, as well as their accumulation and further storage, depend on many factors 
[24]. The degree of stressful weather factors influences the formation of the taste and technological parameters in 
the cherry. 

To further improve the cherry fruits' transportation, storage, and processing technology, it may be possible to 
forecast the content of dry soluble substances, sugars, and titrated acids in the fruits, depending on the various 
influences of certain weather factors. Therefore, the research aim was to develop a mathematical model for 
improving the forecast of dry soluble substances, sugars, and titrated acids in the cherry fruits depending on the 
weather factors of regions with hydrothermal parameters similar to the Southern Steppe Zone of Ukraine. 

 
Scientific Hypothesis  

By conducting a two-factor dispersion analysis, the feasibility of forecasting the content of the principal 
components of the chemical composition in the cherry fruits will be determined by average values, and a factor 
that maximally impacts the accumulation of the studied indicators will be identified during the studies. It is 
foreseen to select the cherry varieties with the best quality indicators for transportation, storage, and processing 
of the fruits while preserving their biological value. 
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MATERIAL AND METHODOLOGY 
Samples 

The research was conducted during 13 consecutive vegetation periods from 2008 to 2019. During the 
experiment, we used the meteorological data provided by the meteorological station at Melitopol, Ukraine. Cherry 
plantations, where the research was conducted, are located in the Southern Steppe Subzone of Ukraine, 46°50′25″ 
north latitude, 35°21′32″ east longitude. 

The following indicators characterize Chernozem's southern loamy soil of the experimental areas: humus content 
is 3.1%, and soil reaction is 8.1 ±0.2. 

The region's climate is Atlantic-continental, with high temperatures and insufficient moisture. Climatic 
conditions of the zone where the research was conducted are given in Table 1. 

 
Таble 1 Climatic conditions of the Southern Steppe Subzone of Ukraine. 

No. Climate Parameters 
1 Annual average air temperature  9.1-9.9 °С 
2 Average monthly air temperatures in the warmest months   20.5-23.1 °С 
3 Sum of active temperatures above 10 °C from April to October  3316  °С 
4 Annual average precipitation    475 mm 
5 Annual average relative humidity  73% 
6 Annual average wind speed 3.7 m/s 
7 Hydrothermal coefficient  0.22-0.77 
 
In general, the research region is favorable for cherry growing according to meteorological indicators. 

However, it should be noted that the genetic properties of cherry fruits can vary in a wide range due to the influence 
of stressful weather factors. Therefore, the influence of weather factors on the biochemical indicators of the cherry 
fruits makes it possible to choose the cherry varieties with the optimum content of dry soluble substances, sugars, 
and titrated acids. This will make it possible to establish the production of high-quality fruit products. 

The cherries were grown according to the generally accepted technology for the zone. The trees were planted 
from 1999-2001 according to the 6×4 m scheme. Spaces between rows were under black steam. The gardens were 
not irrigated. 
Chemicals 

Iron-blue (ferricyanide) potassium – K3 [Fe (CN)6] (red blood salt), 0.1 n solution of alkali (NaOH), methylene 
blue, phenolphthalein (producer by “Merck” (Germany). 
Animals and Biological Material 

Ten cherry varieties of three terms of ripening were chosen: early – Ozhidaniye (Figure 1a); medium – 
Vstrecha (Figure 1b), Shalunya (Figure 1c), Seyanets Turovtseva (Figure 1d), Griot Melitopol (Figure 1e), 
Modnytsya (Figure 1f), Ekspromt (Figure 1g); late – Melitopol purpura (Figure 1h), Solidarnost (Figure 1i), 
Igrushka (Figure 1j). 

 

  
a) b) 
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c) d) 

  
e) f) 

  
g) h) 

  
i) j) 

Figure 1 Photos of individual samples of sour cherries: a – Ozhidaniye; b – Vstrecha; c – Shalunya, d – 
Seyanets Turovtseva; e – Griot Melitopol; f - Modnytsya; g – Ekspromt; h – Melitopol purpurna; i – 
Solidarnost; j – Igrushka. 
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Instruments 
Refractometer (IRF-454 B2M, manufacturer, open joint-stock company "KOMZ", Kazan).  
Laboratory thermometer (TLS-200, manufacturer LLC "Inter-Synthesis", Ukraine). 
Photo colorimeter (KFK-3, manufacturer LLC "Inter-Synthesis", Ukraine). 
Flame spectrophotometer (Saturn-4, manufacturer "Inter-Synthesis" Limited Liability Company, Ukraine 

Laboratory Methods 
The content of dry soluble substances (SSC) was determined by the refractometer method [25], the mass 
concentration of sugars was determined by the ferricyanide method [25], and the mass concentration of titrated 
acids (TA) was determined by the titrimetric method. 
Description of the Experiment 
Sample preparation: Trees typical of a certain pomological variety, of the same age, with a medium intensity of 
fruiting were selected for conducting the research. The cherries of each pomological variety were harvested when 
the flesh was still dense enough, but the taste and colour were characteristic of this pomological variety. The 
calendar date of harvesting was determined by the following quality indicators of the fresh fruits: appearance, 
fruit size by the largest transverse diameter. The selected fruits corresponded to the indicators of the first 
commodity grade, in particular: shape and colour – typical of the pomological variety, fruits with a stalk, without 
mechanical damage to skin and flesh, without damage by pests and fungal diseases. The fruits were harvested 
from trees in 4 different places of the crown. 
Number of samples analysed: To determine the content of dry soluble substances, sugars and titrated acids, a 
sample was taken for each pomological variety of 100 fruits from 6 trees that entered the full fruiting. 
Number of repeated analyses: All measurements of an instrument and readings were performed 3 times. 
Number of experiment replication: The number of repetitions of each experiment to determine one value was 
also 3 times. 
Design of the experiment: The number of repetitions of each experiment to determine one value was also  
3 times. The content of dry soluble substances (SSC) was determined by the AOAC official method 920.151 [26]. 
The mass concentration of sugars was determined by the ferricyanide method [25], the essence of which is the 
property of reducing monosaccharides to restore iron-blue (ferricyanide) potassium – K3 [Fе(СN)6] (red blood 
salt) in iron-blue (ferrocyanide) potassium – K4 [Fe(CN)6] (yellow blood salt) in an alkaline environment. 
Methylene blue was used as an indicator. When potassium ferricyanide was restored, the colour changed from 
blue to colourless or light yellow. The sucrose amount was determined by previously turning it into inverted sugar. 
The titrimetric method determined the mass concentration of titrated acids (TA). The essence is to neutralize 
organic acids in the experimental product with 0.1 n alkali solution. Titration is carried out before the transition 
of the solution from an acidic medium to an alkaline one. The moment of transition of the medium to an alkaline 
one is visually fixed by appearing the pink colour of the solution in the presence of a phenolphthalein indicator. 
Measurement instruments, auxiliary equipment, utensil, reagents and materials: a homogenizer; a blender or a 
mortar with a pestle; a 25-, 50- or 100-cm3 pipette; an Erlenmeyer flask which can be connected to a reflux 
condenser; a 250-cm3 graduated cylinder; a 250-cm3 beaker with a magnetic or mechanical stirrer; a 50-cm3 
burette; a reflux condenser; analytical scales with weighing accuracy up to 0,01 g; a water bath. Reagents: only 
reagents of the established analytical purity and distilled or demineralized water or water of equivalent purity 
were used for the analysis; Sodium hydroxide NaOH with 0.1 mol/dm3 (0.1N) concentration; phenolphthalein, a 
solution with 10 g/dm3 (1%) mass concentration in ethyl alcohol with 95% volume concentration.Statistical 
analysis 
The dependence models of the studied indicators were built according to the following scheme: 
1st group of the indicators – the content of dry soluble substances, sugars, and titrated acids in different cherry 
varieties. 
2nd group of the indicators – the hydrothermal coefficient, temperature difference for certain periods, the sum of 
active temperatures, and the sum of effective temperatures. 
3. Correlation analysis of 1 and 2 groups of the indicators. 
4. Selection of the most significant weather factors that impact the biochemical quality indicators. 
5. Check the statistical hypothesis according to the Student criterion. 
6. Construction of regression models based on the principal component method for each biochemical quality 
indicator of the cherry fruits. 
7. Ranking and evaluating the weather indicators impacting the formation of the biochemical quality indicators 
of the cherry fruits. 

In the works of many scientists [27], [28], [29], [30] a general scheme of correlation-regression analysis was 
proposed for cases when the number of influence factors significantly exceeds the number of research options. 
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The instruments of a modern Data Mining computer technology with RStudio software environment were used 
to perform the statistical analysis. 
  
RESULTS AND DISCUSSION 

The chemical composition of the cherry fruits is formed mainly by carbohydrates, vitamins, and polyphenols. 
The group of carbohydrates includes sugars, pectin substances, and other compounds, which by 80 – 90 % are the 
quantitative composition of dry substances. Therefore, one of the important indicators that characterize the fruits 
is dry soluble substances. Their content is considered during the manufacture of processed products since raw 
materials and sugar consumption depends on this. The cherry fruits are characterized by a high content of dietary 
and medicinal substances that contribute to the body's functioning. They also contain simple sugars - glucose and 
fructose, improving heart function, ascorbic acid (5-10 mg/100 g of raw mass), vitamins A, В1, В2, and PP, as 
well as minerals - phosphorus, calcium, magnesium, iron. According to these indicators, the cherry ranks second 
after the apple [16], [31]. Sugar and organic acids are the main nutritional and taste components of fruit juices 
that contribute to the formation of the main content of soluble solids and sensory properties [32], [33]. When 
processing and storing the fruit juices, sugars and organic acids are less susceptible to change than other 
components such as pigments, antioxidants, and taste compounds. Dry soluble substances (DSS) are an important 
quality indicator of fruits. In the scientists' researches, DSS values ranged from 13.4 to 21.8%, significantly 
differing (p <0.05) among the varieties [34], [35]. Except for Xiuyu and M-15 varieties, the DSS value for other 
varieties was above 14.0%, considered the "preferred line" for the cherries [36]. 

Therefore, one of the important indicators that characterize the fruits is dry soluble substances. According to the 
research, this indicator in the cherry variety samples was 16.27% on average in the south of Ukraine (Table 2). 
The DSS highest average mass fraction varieties include Seyanets Turovtseva (17.02%) and Modnytsya (17.05%). 
Ekstrom variety (14.48%) had the lowest content of dry soluble substances. 
 
Table 2 Content of dry soluble substances (DSS) in cherry fruits, % (2007-2019), �̅� ± 𝑠�̅�, n = 5. 

Pomological variety Average content, 
% Min content, % Max content, 

% 
Variation by years, 

Vp, % 
Vstrecha 15.87 ±2.81 11.03 18.91 17.5 

Ozhidaniye 16.31 ±2.02 10.31 18.27 12.5 
Shalunya 15.94 ±2.70 11.28 19.19 17.2 

Seyanets Turovtseva 17.02 ±3.53 10.23 21.49 20.6 
Griot Melitopol 18.63 ±3.31 14.06 22.36 17.7 

Melitopol purpura 15.79 ±2.81 11.43 19.98 17.8 
Modnytsya 17.05 ±2.92 12.26 20.30 16.8 
Ekspromt 14.48 ±2.53 10.03 17.26 16.9 

Solidarnost 15.03 ±3.63 10.23 19.36 24.1 
Igrushka 16.58 ±2.80 10.50 18.90 17.1 

Average value 16.27 ±3.00 11.14 19.60 18.6 
НІР05 0.587 – – – 

 
According to the research years, the average and significant variability of DSS content was found in the cherry 

varieties. The strong influence of abiotic factors on the DSS content in the cherry fruits was established for 
Seyanets Turovtseva and Solidarnost varieties with the variation coefficients of 20.6 and 24.1%, respectively. 
According to the research years, the most stable in terms of DSS content was the Ozhidaniye variety, with a 
variation coefficient of 12.5%. The fruits of the Modnytsya cherry variety were characterized by the optimum 
average DSS content (17.05%) and the average variability of this indicator (16.8%).  

In fruits, the most common sugars are glucose, fructose, and sucrose, which are responsible for sweetness 
perception, while the main organic acids responsible for sourness perception are usually malic acid, critic acid, 
and tartaric acid, and so on. Glucose was the dominant sugar in the tested cultivars, followed by fructose and 
sucrose, which confirmed the previous research in Turkey [37], Poland [38], Hungarian [39], and Italy [40]. Sorts 
Ujfehertoi turbos, Erdi jubileum, and Erdi fubileum had the highest glucose content, and Meili the lowest (12.239, 
12.070, 10.475, and 6.399 g/100 g FW, respectively) [33]. By correlation analysis, the content of glucose was 
highly correlated with TSS and fructose (r = 0.892 and 0.836, respectively; p <0.001), similar to the tendency 
described for cherries, including sour [39] and sweet cherries [40]. 

According to the research years, the average content of sugars in the cherry fruits of ten varieties was 11.28% 
(Table 3). The largest average mass fraction of sugars had the fruits of Griot Melitopol variety (12.19%), and the 
smallest – Ekspromt (10.35%). According to the research, the content variability of sugars in the cherry fruits of 
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different pomological varieties was at the medium and high levels with an oscillation range of Vp = 14.7-25.5%. 
The most stable content of sugars in the fruits had the Vstrecha variety (Vp = 14.7%). The fruits of the Ozhidaniye 
variety were characterized by the optimum average content of sugars (11.69%) and the indicator variability 
(16.8%). Our data are correlated with the results obtained by other researchers [41], [42]. 

 
Table 3 Content of sugars in cherry fruits, % (2007–2019), �̅� ± 𝑠�̅�, n=5. 

Pomological variety Average content, 
% 

Min content,  
% 

Max content, 
% 

Variation by 
years, Vp, % 

Vstrecha 10.80 ±1.51 7.18 13.34 14.7 
Ozhidaniye 11.69 ±1.90 6.65 14.03 16.8 
Shalunya 10.84 ±1.92 7.45 14.04 17.6 

Seyanets Turovtseva 11.55 ±2.43 8.03 15.07 20.8 
Griot Melitopol 12.19 ±2.51 8.36 16.22 21.1 

Melitopol purpura 11.33 ±2.20 7.15 14.65 19.5 
Modnytsya 11.73 ±2.84 7.45 15.23 24.1 
Ekspromt 10.35 ±1.73 6.14 12.65 16.4 

Solidarnost 10.70 ±2.72 6.54 14.54 25.5 
Igrushka 11.59 ±2.21 6.45 13.76 19.4 

Average value 11.28 ±2.20 7.14 14.50 19.9 
НІР05 0.503 – – – 

 
The important quality indicator of the cherry fruit is the content of titrated acids. Their formation is impacted on 

the weather growing conditions [3], [13], [16], [43], [30]. In particular, according to the literature data with 
significant moisture in 2018, compared to 2016 and 2017, the content of titrated acids is higher for the cherry 
fruits of the following varieties: Alpha by 14.5 and 15%, Pamyat Artemenka – 14 and 10%. Precipitations during 
the growing season and the ripening phase are strongly correlated with the content of titrated acids of the cherry 
fruits of Pamyat Artemenka and Alpha varieties with the correlation coefficients of r = 0.81 ±0.4 and r = 0.94 
±0.23 and r = 0.64 ±0.56 and r = 0.39 ±0.74 [16]. 

During our research, the average value of titrated acids (TA) was 1.51% in the cherry fruits (Table 4). The 
maximum amount of TA was found in the cherry fruits of Griot Melitopol and Solidarnost varieties. Griot 
Melitopol variety of the 2014 harvest had the highest number of TA (2.06%). The cherry fruits of the Solidarnost 
variety (2019 harvest) also showed the maximum content of TA – 2.08%. 

According to the research, the variability of TA content in the cherry fruits was at the medium and high levels 
(Vp = 14.9-26.7%). The most stable content of TA was in the cherry fruits of Solidarnost (Vp = 14.9%) and 
Ekspromt (15.7%), and the most variable - was in the cherry fruits of Melitopol purple (Vp = 24.5%) and Vstrecha 
(Vp = 26.7%). Solidarnost variety had the optimal indicator variability (Vp = 14.9%) and average content of TA 
(1.79%). The maximum sugar-acid index (SAI) was determined for the cherry fruits of Melitopol purple (8.9 
relative units) and Modnytsya (9.3 relative units) varieties. 

 
Table 4 Content of titrated acids (TA) in cherry fruits, %, (2008-2019), �̅� ± 𝑠�̅�, n = 5. 

Pomological variety The average content 
of ТA, % 

Content of ТA, % Variation by 
years, Vp, % 

SAI, relative 
units min  max  

Vstrecha 1.45 ±0.38 0.85 1.93 26.7 7.4 
Ozhidaniye 1.51 ±0.31 1.01 1.92 21.1 7.7 
Shalunya 1.49 ±0.34 1.04 1.91 22.6 7.2 
Seyanets Turovtseva 1.62 ±0.30 1.03 2.03 18.7 7.1 
Griot Melitopol 1.65 ±0.31 1.08 2.06 18.7 7.8 
Melitopol purpura 1.26 ±0.31 0.92 1.82 24.5 8.9 
Modnytsya 1.26 ±0.26 0.97 1.75 21.3 9.3 
Ekspromt 1.40 ±0.22 1.05 1.72 15.7 7.3 
Solidarnost 1.79 ±0.26 1.51 2.08 14.9 5.9 
Igrushka 1.65 ±0.30 1.22 2.01 18.1 7.0 
Average value 1.51 ±0.33 1.07 1.92 22.3 7.4 
НІР05 0.265 – – –  
The dominant influence of the weather conditions on all chemical composition components of the cherry fruits 

was found according to the results of the two-factor dispersion analysis (Table 5). The weather conditions of the 
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research years (factor A) had the following influence particles: DSS – 61.9%, sugars – 53.5%, and TA – 40.8%. 
The influence of varietal characteristics (factor B) on the quality indicators of the cherry was less significant. 

The influence particle of factor B was 13.0% for DSS, 5.6% for sugars, and 17.3% for TA. 
 

Тable 5 Results of two-factor dispersion analysis. 

Variation source Square sum Freedom 
degree Dispersion Fact Ftable.095 Influence,  

% 
Dry soluble substances  

Factor A (year) 2238.1 2 186.5 1435.7 1.8 61.9 
Factor B (variety) 471.1 9 52.3 402.9 1.9 13.0 
Interaction of AB 855.6 108 7.9 60.9 1.3 23.7 

Sugars 
Factor A (year) 1051.2 11 87.6 915.0 1.8 53.5 
Factor B (variety) 111.6 9 12.4 129.5 1.9 5.6 
Interaction of AB 757.7 108 7.0 73.2 1.3 38.6 

Titrated acids 
Factor A (year) 24.6 12 2.0 77.5 1.8 40.8 
Factor B (variety) 10.5 9 1.1 44.0 1.8 17.3 
Interaction of AB 9.1 108 0.0 3.2 1.3 15.1 

 
The average varietal value of the studied indicators should be used when developing a mathematical model 

[9], [44], [45]. 
The correlations between the fund of dry soluble substances, sugars, and titrated acids in the cherry fruits of 

the studied varieties (Y!) and the complex weather conditions for 13 years (factors Xi) were determined. 
The most influential weather factors were selected according to the calculated paired correlation 

coefficients𝑟"!#". 
The significance of these correlation coefficients was tested using a statistical hypothesis 𝐻$:	𝜌 = 0	(where 𝜌 

– is the correlation coefficient of the general population) under the alternative hypothesis 𝐻!:	𝜌 ≠ 0	 at the 
significance level𝛼 = 0,05. 

The Student criterion was used for checking the statistical hypothesis. 
The significant correlation coefficients were determined at the significance level of 0.05 and the number of 

freedom degrees 𝑘 = 11, which had the intervals in the range of [-1; -0.55] and [0.55; 1]. 
According to the above algorithm, the regression models were built based on the calculated principal 

components and transformed into formula 3, as per formulas 1 and 2. The following regression models were 
obtained after normalizing the factors (reduction to uniform units of measurement of the studied indicators): 
𝑌4! = 0,055𝑥5! + 0,2137𝑥5% − 0,0854𝑥5& + 0,3382𝑥5' + 0,2457𝑥5( − 0,1151𝑥5) + 0,2292𝑥5* − 0,075𝑥5+

+ 0,036𝑥5, − 0,1462𝑥5!$ + 0,1094𝑥5!! − 0,1094𝑥5!% + 0,2362𝑥5!& + 0,2922𝑥5!' 	+ 0,0088𝑥5!(
+ 0,2380𝑥5!) + 0,2706𝑥5!* + 0,3514𝑥5!+ + 0,3279𝑥5!, 

𝑌4% = 0,1928𝑥5! − 0,2231𝑥5% + 0,2887𝑥5& − 0,1492𝑥5' − 0,1771𝑥5( + 0,2721𝑥5) − 0,2420𝑥5* + 0,2759𝑥5+
+ 0,214436𝑥5, + 0,1774𝑥5!$ + 0,2488𝑥5!! + 0,2712𝑥5!% − 0,1953𝑥5!& + 0,1482𝑥5!' 	
+ 0,20988𝑥5!( − 0,2305𝑥5!) − 0,2499𝑥5!* − 0,1745𝑥5!+ − 0,2099𝑥5!, 

𝑌4& = 0,3523𝑥5! + 0,2542𝑥5% + 0,3357𝑥5& − 0,2697𝑥5' + 0,3623𝑥5( + 0,3498𝑥5) + 0,3767𝑥5* 
The above models characterize the dependence of the accumulation indicators of dry soluble substances (Y?!), 
sugars (Y?%	), and the content of titrated acids (Y?&) on the weather factors (X-). 
The indicators ∆., that estimate the influence particle of certain weather factors on the content of dry soluble 

substances, sugars, and titrated acids, were determined according to the coefficients of the calculated regression 
models. The calculation results are shown in tables 6 and 7. 

The values of the influence particle coefficients of the weather factors (∆/ , %) for indicators of dry soluble 
substances and sugars) are in the range of 0.2-9.9%. We divided the weather factors into ranks depending on the 
coefficient values ∆/(I = 1-19). The average monthly air temperature in June (Х1) had the maximum influence on 
the fund accumulation of dry soluble substances and received 1 rank by the indicator value ∆#!,  which was 9.9%. 
For the accumulation of sugars, the average monthly precipitation in June was crucial at ∆#% – 8.5%. 
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Тable 6 Table of paired correlation coefficients and indicators ∆/ , % – factor influences particles on the 
accumulation of dry soluble substances and sugar in cherry fruits. 

 
 

(Xі) 
 

 
Factors 

Dry soluble substances Sugars 

Paired 
correlat

ion 
coefficie

nts
	(𝒓𝒀𝒋𝑿𝒊) 

Values 
of  

factor 
influenc

e 
particle 
(∆𝒊, %) 

R
an

k 

Paired 
correlatio

n 
coefficien
ts(𝒓𝒀𝒋𝑿𝒊) 

Values 
of  factor 
influence 
particle 
(∆𝒊, %) 

R
an

k 

1 Average monthly air temperature in 
June 0.7689 9.9% 1 0.7462 7.4% 3 

2 Average monthly precipitation in June -0.6955 9.6% 2 0.8961 8.5% 1 

3 Average minimum relative humidity 
in March 0.6932 2.3% 16 0.5899 3.6% 17 

4 Average minimum relative humidity 
in June -0.8298 7.8% 5 0.9111 8.5% 2 

5 
Amount of precipitation during the 
period from the end of flowering to 

fruit ripening 
-0.6301 7.3% 6 -0.8305 7.1% 4 

6 Total number of precipitation days of 
more than 1 mm in March 0.8983 2.7% 15 -0.6463 3.3% 18 

7 Total number of precipitation days 
with more than 1 mm in June -0.8311 8.9% 3 -0.7501 6.2% 5 

8 Average air temperature during the 
fruit harvest period 0.6211 8.3% 4 -0.7089 4.2% 15 

9 Absolute maximum air temperature 
during the fruit harvest period 0.7401 1.1% 18 -0.6496 3.9% 16 

10 

Difference between absolute 
maximum and minimum air 

temperatures during the fruit harvest 
period 

0.5704 3.3% 12 -0.6720 4.5% 12 

11 Average minimum air temperature 
during the fruit harvest period 0.7279 3.1% 13 0.6450 6.0% 8 

12 Average maximum air temperature 
during the fruit harvest period 0.9047 5.0% 11 0.7104 6.1% 7 

13 Amount of precipitation during the 
fruit harvest period -0.7347 6.8% 8 0.7563 5.6% 10 

14 
Number of precipitation days with 
more than 1 mm during the fruit 

harvest period 
-0.5913 2.7% 14 -0.5859 3.0% 19 

15 Amount of effective temperatures 
during the fruit harvest period 0.5605 0.2% 19 -0.6644 5.1% 11 

16 Hydrothermal coefficient during the 
fruit harvest period -0.7884 7.1% 7 -0.7801 6.2% 6 

17 Absolute minimum relative humidity 
during the fruit harvest period -0.6504 1.4% 17 0.6252 4.5% 13 

18 Average minimum relative humidity 
during the fruit harvest period -0.6417 6.2% 10 0.6481 4.3% 14 

19 Average relative humidity during the 
fruit harvest period -0.7416 6.3% 9 -0.7775 5.6% 9 

 
The indicators ∆., that estimate the influence particle of certain weather factors on the content of dry soluble 

substances, sugars, and titrated acids, were determined according to the coefficients of the calculated regression 
models. The calculation results are shown in Tables 6 and 7. 
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The values of the influence particle coefficients of the weather factors (∆/ , %) for indicators of dry soluble 
substances and sugars) are in the range of 0.2-9.9%. We divided the weather factors into ranks depending on the 
coefficient values ∆/	(I = 1 – 19). The average monthly air temperature in June (Х1) had the maximum influence 
on the fund accumulation of dry soluble substances and received 1 rank by the indicator value ∆#!,  which was 
9.9 %. For the accumulation of sugars, the average monthly precipitation in June was crucial at ∆#% – 8.5%. 

2nd rank by influence degree on DSS accumulation (∆#% – 9.6%) and sugars (∆#' – 8.54%) received such 
weather indicators as the average monthly precipitation in June (X) and the minimum relative humidity in June 
(X). The total number of precipitation days with more than 1 mm in June (Х7) for DSS and the average monthly 
air temperature in June (Х1), while forming the fund of sugars, had the coefficient values ∆ of 8.9% and 7.44% 
and took 3rd rank. The weather indicators, which received 4-19 ranks, had less influence on forming the fund of 
dry soluble substances and sugars in the cherry fruits. This is confirmed by the values of the influence particles 
∆	, which had a range of 0.2 to 7.1%. Of the 19 common weather factors that have an important role, while forming 
the fund of dry soluble substances and sugars, 12 factors are crucial during the fruit harvest period, 4 factors – are 
in June and 2 factors are important in March, and 1 factor - in the period from flowering to fruit ripening. 

The fruit ripening stage, which takes place in June, is crucial for forming the fund of dry soluble substances and 
sugars in the cherry fruits of the studied varieties. Summarizing the obtained data, we may conclude that the most 
significant indicators (1-3 ranks), while forming the fund of dry soluble substances and sugars in the cherry fruits, 
were revealed the following: 

Average monthly air temperature, average monthly precipitation, minimum relative humidity, and a total number 
of precipitation days in June. To analyze the influence of the weather factors on the accumulation of the fund of 
titrated acids, 7 indicators of the weather factors (𝑋/), a certain growing season that can significantly impact the 
accumulation of the fund of titrated acids in the cherry fruits, were found and selected (Table  7). The analysis of 
the values of the influence particle coefficients of the weather factors (∆/ , %) on the accumulation of titrated acids 
in the cherry fruits) allowed to determine their oscillation range – 8.9-18.6%. Of the 7 weather factors that 
significantly impact the accumulation of titrated acids in the cherry fruits, 4 factors are crucial during the fruit 
harvest period, 2 factors are in June, and 1factor is important in the period from flowering to fruit ripening. 

 
Тable 7  Paired correlation coefficients and indicators ∆/ , % - factor influences particles on the content of titrated 
acids in cherry fruits. 

Factor 
symbol 

(Xі) 
Factors 

Paired 
correlation 
coefficients 
(𝒓𝒀𝒋𝑿𝒊) 

Values 
of  factor 

influence particle 
(∆𝒊, %) 

R
an

k 

1 Average monthly precipitation in June 0.8507 17.7% 2 

2 Amount of precipitation during the period from 
the end of flowering to fruit ripening 0.7838 15.7% 3 

3 Total number of precipitation days with more 
than 1 mm in June 0.8621 18.6% 1 

4 
Difference between absolute maximum and 
minimum air temperatures during the fruit 

harvest period 
-0.7415 11.5% 6 

5 Amount of precipitation during the fruit harvest 
period 0.6119 8.9% 7 

6 Number of precipitation days with more than 1 
mm during the fruit harvest period 0.7754 15.7% 4 

7 Hydrothermal coefficient during the fruit harvest 
period 0.6208 11.9% 5 

 
For further research result analysis, the factors, depending on the coefficient values ∆/ (i = 1-7), were divided 

into ranks. The total number of precipitation days in June (Х3) maximally impacted the accumulation of titrated 
acids in the cherry fruits and received 1st rank by the value of the index ∆#&, which was 18.6%. 2nd rank by 
influence degree on the accumulation of titrated acids in the cherry fruits (∆#! – 17.7%) was received by such 
weather indicators as the average monthly precipitation in June (X1). During the growing season, from the end of 
flowering to fruit ripening (Х2), while forming the fund of titrated acids, the precipitation had the coefficient 
value ∆ of 15.7% and took 3rd rank. The remaining 4 weather factors (Х1, Х2, Х3, Х4) had a much smaller impact 
on the formation of the fund of titrated acids in the cherry fruits (∆# = 8.9-15.7%). 
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The above analysis confirms that the accumulation of DSS, sugars, and titrated acids in the cherry fruits were 
most influenced by the humidity indicators of the last fruit formation month (June) and the period from the end 
of flowering to fruit ripening. 
 
CONCLUSION 

1. Some varieties, namely Modnytsya (the content of DSS is 17.05 %, Vp is 16.8%), Ozhidaniye (the content of 
sugars is 11.69%; Vp is 16.8%), and Solidarnost (the content of TA is 1.79%, Vp is 14.9%), are the most suitable 
for growing in the Southern Steppe Subzone of Ukraine according to technological properties. 

2. It was determined that the fruits of Melitopol purple and Modnytsya varieties have the maximum indicators 
of the sugar-acid index (8.9-9.3 relative units). 

3. It is advisable to forecast the taste qualities of the cherry fruits according to the average varietal value based 
on the dominant influence of the weather conditions of the research years (factor A). Factor A had the influence 
particles - 61.9, 53.5, and 40.8%, respectively, on forming the foundation of DSS, sugars, and TA in the cherry 
fruits. 

4. The correlation analysis of the influence of the weather factors on the content of DSS, sugars, and titrated 
acids in the cherry fruits was carried out. The average and strong correlation dependences were determined 
(G𝑟"%#"G ≥ 0,55, 𝑖 = 1	– 19, 𝑗 = 1 between 19 weather factors (Хі, i = 1-19) and the accumulation of the 
biochemical indicators in the cherry fruits. 

5. The accumulation dependence models of the biochemical indicators (DSS, sugars, TA) in the cherry fruits 
were built based on the principal component and the least-squares methods. 

6. The 1st rank weather parameters were determined due to the calculation of the influence particles of each 
weather factor on the biochemical indicators in the cherry fruits. It was found that the average monthly air 
temperature in June (Δ = 9.9%) had the maximum influence on the accumulation of dry soluble substances, the 
average monthly precipitation in June (Δ = 8.5%) on the content of sugars, the total number of precipitation days 
in June (Δ = 18.62%) on the content of titrated acids in the cherry fruits. 

7. The air humidity indicators at the end of the flowering phase before fruit ripening and the last month of fruit 
formation had the greatest influence on the accumulated biochemical indicators in the cherry fruits (June). 
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