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Abstract

:

Cornelian cherries has been grown Balkan peninsula no apparent disease and pest problems for centuries. The most important pomological and technological properties of cornelian cherry genetic resources (eleven local and introduced varieties and selections) in Gornje Polimlje, Montenegro were studied in four-year periods. Fruit weight, stone weight, and mesocarp/stone ratio shows great variation and varied between 1.89 to 6.16 g, 0.32 to 0.64 g and between 76.66 and 90.59%, respectively. Genotypes significantly differed each other in terms of yield determined as per trunk cross section area (TCSA). For better visualization of the agronomical traits important to the yield, i.e., yield per TCSA and fruit weight data is presented in combination as measured in the years of study. The best promising genotypes are Vladimirskiy, Chisinau yellow, and Krupnoplodni NS, which had consistently higher yield and large fruits for sustainable fruit production. Dry matter, total sugars, reducing sugars, sucrose, total acidity, Ca–pectate, vitamin C, total anthocyanins, total polyphenols, and ash content of cornelian cherry cultivars and selections were found between 19.81–24.46%, 10.94–14.47%, 10.44–13.09%, 0.24–1.23%, 1.92–2.51%, 2.76–4.43%, 41.09–101.27 mg/100 g, 0–157.06 mg/100 g, 183.91–307.9 mg/100 g, and 0.89–1.16%, respectively. The amount of potassium, which predominates in percentage of minerals in the ash, ranged from 2888 to 3574 mg/kg. The extensiveness of the study leads, therefore, to several clear conclusions and recommendations. Consistently, the best balance of biochemical elements in combination with good yield and fruit size measurements is found in selection Krupnoplodi NS. If consider fruit size and yield efficiency are priority, Vladimirskiy, Chisinau yellow, Kosten 3, and Krupnoplodni NS have clear advantage over the other genotypes. The study highlights the importance of local cornelian cherry selections for sustainable cornelian cherry production in Montenegro.
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1. Introduction


Sustainable fruit production is gained much importance more recently and one of the key principles associated with sustainable fruit production includes use and enhance biological diversity and use of genetic resources [1]. Consumers are also tending to buy fruits that can be classed as sustainable, including local provenance of the fruit and how organic or natural it is [2,3].



Plant genetic resources have been indispensable basic raw material due to their importance for food and agriculture since long time. Traditional and local varieties are very valuable resources, well adopted across a wide range of agroclimatic conditions and remarkable resistance against pests and diseases that indicate higher sustainability. They carry many qualities, such as taste, color, and size [3,4]. Local varieties gain importance in the development of new varieties because they show a high degree of genetic diversity within a particular field [1,5].



Cornelian cherry (Cornus mas L.) is spontaneous fruit species, dispersed in East and South regions of Europe and West Asia [6]. It is a slow growing, long living, and very adaptive plant [7]. It grows mostly on the dry, sunny and rocky sides of light deciduous oak forests, together with other shrubs and bushes. Although cornelian cherry has long been known and used as a food and medicine [8], until recently, it belonged to the group of less known fruit species [9].



Lately, there has been an increase in consumer interest in healthy lifestyles, which includes a healthy diet, and producers are returning to this partially forgotten fruit, which is adorned with biologically very valuable fruits for humans with multiple use [10,11,12]. Ripe cornelian cherry fruits are eaten fresh, frozen, dried or processed into jam, marmalade, slatko (fruit preserve is sugar syrup), composte, fruit juice, syrup, yogurt, wine, liqueur, and brandy, while green fruits are marinated in a saline solution similar to olives [13,14]. Cornelian cherry fruits are rich in essential minerals, vitamins, sugars, acids, tannins, pectins, anthocyanin’s, phenolic compounds and other substances, which puts it in line with other more widely used fruit species [9,11,15,16]. Almost all the organs of cornelian cherry are used in traditional medicine to treat diarrhoea, cholera, fever, malaria, kidney stones, urinary tract infections, bleeding, and overheating [17,18]. The healing properties of cornelian cherry are not ignored by medicine of modern age either, and numerous studies indicate its use in the prevention and treatment of arteriosclerosis, diabetes, high cholesterol, hepatic steatosis, and cancer [19,20,21,22]. In addition to the before mentioned, cornelian cherry has been found to have antimicrobial, antiparasitic, anti–inflammatory, and antioxidant effects [6,23,24].



Attractive golden–yellow flowers in early spring, as well as decorative leaves with long duration of leaf color change in autumn, allow the use of cornelian cherry for decorative purposes [25]. Thanks to early flowering, cornelian cherry is a valued honey plant because it provides of nectar and pollen in a period of pollen and nectar deficiency [26].



The area of cornelian cherry distribution in Montenegro reaches sea coast in the South and far North of the country, fruiting at 1300 m above sea level [27]. Many products made from cornelian cherry fruits harvested from wild trees from nature are traded in Montenegrin markets. Such fruits are produced in the conditions of undisturbed natural relations, without the application of pesticides and mineral fertilizers, meeting the strictest standards for the production of safe food. Fresh fruits of this fruit species or processed products stored without the use of high temperatures and preservatives can be recommended for the safe diet due to their high nutritional value and beneficial effect on health. However, there is a problem with fruit harvesting, as cornelian cherry, as a forest fruit, often grows in inaccessible terrains. The solution to that problem is to establish orchards of this fruit species.



Therefore, the aim of this paper was to examine the most important pomological and technological characteristics of introduced varieties and selections, as well as selections that were isolated from natural populations in Montenegro, in order to recommend them for further expansion and use in cultivation.




2. Materials and Methods


2.1. Plant Material and Field Evaluation


In the four–year period, four selections of cornelian cherry from Montenegro (Kosten 1, Kosten 2, Kosten 3, and Boro), four selections from Serbia (Apatinski rani, Bačka, Era, and Krupnoplodni NS) and three introduced varieties (Lukyanovskiy, Vladimirskiy, and Chisinau yellow) were studied. The experimental orchard was mainly established in autumn 2008 in the village of Kostenica (43° 02′N, 19° 51′E, 850 m above sea level), near Bijelo Polje in the northern part of Montenegro. Only the Vladimirskiy variety was subsequently planted in the fall of 2011. Plants were produced by grafting on cornelian cherry seedlings and were planted at a distance of 4 × 4 m. The cultivation form is an improved pyramid. Each variety and selection is represented by five trees. Among the agrotechnical measures in the orchard, fertilization, mulching with green grass under the tree crown, and irrigation were applied. Fertilization was performed with mature bovine manure in the fall of 2011 and 2014 in the amount of 15 kg per tree. Fruit analysis was performed on mature fruits, in an average sample of 100 fruits per variety and selection (20 fruits per tree), and each tree was observed as one replication. The four-year meteorological data (temperature and precipitation) are given in Table 1.




2.2. Pomological Analysis


The weight of fruit and stone was determined using analytical scale “Mettler” 1200. The result is expressed in grams with an accuracy of 0.01 g. Utilization of fruit is presented as a content of mesocarp in total fruit weight expressed as a percentage and as the mesocarp stone ratio. Yield is shown using the yield efficiency which represents the ratio between yield in kg and trunk cross sectional area (TCSA) in measured in cm2 [28].




2.3. Biochemical Analysis


Biochemical analysis of mesocarp included the following tests: Dry Matter (DM), Total Acids (TA), Total Sugar (TS) and Reducing Sugars (RS), sucrose, vitamin C, total anthocyanin, ash, total polyphenols, Ca—pectate, contents of macro and micro elements—sodium (Na), potassium (K), calcium (Ca), magnesium (Mg), phosphorus (P), iron (Fe), zinc (Zn) copper (Cu), and manganese (Mn). Analyses were performed by conventional methodology [29].




2.4. Statistical Analysis


Data related to fruit of studied indigenous and leading international genotypes of cornelian cherry was presented with standard descriptive measures and differences were tested by general linear models (GLM). In case of the statistically significant difference detected by GLM, the appropriate post–hoc testing was applied in order to test the individual differences and establish similarity groups. We analyzed both pomological and biochemical characteristics separately and in combination. Combination of all studied characteristics and genotypes was analyzed by Principal Components Analysis (PCA) where grouping patterns were established and presented through appropriate biplots. Statistical significance for observed differences was established at the level of p < 0.05. Observed statistical differences and groupings were discussed also from perspective of its agronomical significance. Graphical representation and biometrical analysis were conducted with assistance of statistical software packages R 3.1.3 [30] and SPSS 22 [31].





3. Results and Discussion


3.1. Pomological Characteristics


The morphological characteristics of the fruit of the examined varieties and selections are shown in Table 2.



The weight of the fruit varied widely from 1.89 ± 0.04 g in 2012 in the selection Boro to 6.16 ± 0.23 g in 2015 in the variety Vladimirskiy. Apatinski rani had the smallest stone, weighting 0.32 ± 0.02 g (in 2015), while the largest stone was observed in the variety Lukyanovskiy, 0.65 ± 0.03 g (in 2013). The percentage of mesocarp in relation to the total weight of the fruit varied from 76.66 ± 0.87% in the selection Boro in 2012 to 90.59 ± 0.55% in 2015 for the Vladimirskiy variety. Measured fruit morphological characteristics of fruit weight, stone weight and the mesocarp content are significantly interacting with the climatic conditions throughout the years of the research (Table 2).



The data obtained on fruit and stone weight are generally similar to the previously published data [8,10,13,18] which included different varieties and selection of cornelian cherry in different parts of world. Fruit weight is one of the main goals of cornelian cherry selection, because it is strongly positively correlated with the percentage of mesocarp in the total fruit weight [32] (Bijelić et al., 2007). This statement was confirmed in this study, and the fruits of the Vladimirskiy variety had the highest fruit weight and the share of mesocarp in the fruit, while the fruits of the Boro selection had the lowest weight and the lowest yield of mesocarp. Apart from the genetic constitution, the share of mesocarp is also significantly influenced by environmental factors, and there are variations in different years of research, which were also noted by Bjelić et al. [33]. Ninić-Todorović et al. [34] (2005) point out that the share of mesocarp higher than 75% of the total fruit weight is favorable from the point of view of processing in order to obtain confectionery products. Apart from the Boro selection, all other studied varieties and selections have fruits with a high yield of mesocarp, above 80%, which has a positive effect on their economic value. The data for this parameter presented in this paper are in ranges stated by other authors [12,34,35,36].



In order to observe and present patterns of the most important fruit characteristic, namely fruit weight and flesh content, it is presented (Figure 1) throughout the years of research.



It is clear that genotypes Vladimirskiy, Chisinau yellow, and Lukyanovskiy consistently had larger fruit with more fruit flesh than other studied genotypes. Second best come local varieties Kosten 3, Bačka, and, in some years, Krupnoplodni NS. Smallest fruit with small flesh content is consistently produced by genotype Boro. In this category with small fruit also belong Kosten 1, Kosten 2, and Apatinski rani. It can be noted that fruit size was generally larger in year 2013 in comparison to other years of study. Measured fruit morphological characteristics of fruit weight, pit weight, and the flesh content are significantly interacting with the climatic conditions throughout the years of the research. The fruits of most examined varieties and selections had a dark red and red color, while yellow color was observed in the fruits of the Chisinau yellow variety and the Boro selection. Color, as an organoleptic property, affects the consumer acceptability of fruits, and red and dark red cherries are in higher demand due to the attractiveness [37]. Dokoupil and Rezniček [38] consider that red color is characteristic of cornelian cherry fruits, although pink and yellow fruits can be found. Jaćimović and Božović [39] state that, when unripe cornelian cherry fruits are marinated like olives in saline solution, the final product is of better quality if yellow fruits are used, while it is better to use red fruits for processing into jam, juice, and liqueur.




3.2. Yield


Productivity is a property that directly affects the economics of cornelian cherry production. The lowest yield efficiency (0.10) was found in the selection Boro, while the highest (0.23) was observed in the selection Krupnoplodni NS. In addition to the selection of Krupnoplodni NS, the Vladimirskiy and Chisinau yellow varieties had a high yield, as did the Kosten 1 and Kosten 3 selections. Yield efficiency above 0.15 indicates good yield [28]. Cultivars, rootstocks, environmental conditions, and applied cultivation techniques significantly affect productivity of fruit trees [40].



Genotypes significantly (p = 0.006) differ in yield efficiency (Table 2). For better visualization of the agronomical traits important to the yield, i.e., yield per TCSA and fruit weight data is presented in combination as measured in the years of study (Figure 2). The best genotypes are Vladimirskiy, Chisinau yellow and Krupnoplodni NS characterized with consistently higher yield and large fruit. Good yield and good-sized fruit are measured also in local genotype Kosten 3 and Bačka. Genotype Boro had consistently the lowest yield with the smallest fruit.




3.3. Biochemical Characteristics


Biochemical analyses of varieties and selection of cornelian cherry included the chemical characteristics of the fruit, as well as the content of certain mineral substances, in a four-year period. The chemical characteristics of the fruit are shown in Table 3. The minimal content of dry matter (TDM) was determined in the fruits of the cultivar Chisinau yellow 19.81%, and the maximal 24.46% in the fruits of the selection Krupnoplodni NS presented in Table 2. Similar data for the TDM parameter in fruits of different varieties and genotypes of Cornelian cherry were presented by Tural and Koca [41] as 15.9–28.2% and by Sengul et al. [42] (2014) as 18–23.3% in Turkey, Maghradze et al. [43] reported 17.7–26.1% in Georgia and Jaćimović et al. [14] reported 18.8–27.7% in Montenegro. For the same parameter, slightly higher values were presented by Bijelić et al. [36] as 18.3–33.4% in Serbia. The amount of TDM in Cornelian cherry fruit is significantly influenced by genetic constitution, age, cultivation system, applied agricultural techniques, climatic, and soil factors, as well as the degree of fruit maturity at harvest [18,44].



Cornelian cherry fruit has a significant energy value, mostly due to the abundance of sugar, which dominates the dry matter. Sugar content is the main parameter that affects not only the direct consumption of fruit, but also the fermentation processes during various types of processing. Highest amount of total and reducing sugars had selection Kosten 1 10.94 and 10.44%. Sucrose content ranged from 0.24% (Kosten 2) to 1.23% (Krupnoplodni NS). Similar results on total sugar content in Cornelian cherry fruit were presented by Tural and Koca [41] in Turkey 7.7–15.4% and Brindza et al. [45] in Slovakia as 6.5–15.1%. Compared to the presented data for total sugars, Bijelić et al. [36] found a higher amount of total sugars, 13.49–25.23% in cornelian cherry fruits from Serbia, while Maghradze et al. [43] and Drkenda et al. [46] observed lower values in fruits from Georgia and Bosnia and Herzegovina, respectively, which ranged from 6.2 to 9.2%. The determined differences in the content of total sugars can be interpreted as a result of different climatic and soil conditions.



The reducing sugars contained in the cornelian cherry fruits from Poland examined by Kucharska et al. [47] were 9.9–14.7%, and in the cornelian cherry fruits from Turkey measured by Sengul et al. [42] as 8.6–15.2%, which is in accordance with our research. The low amount of sucrose in the studied fruits confirmed the conclusion of Kucharska et al. [47] that reducing sugars make the main part of total sugars in cornelian cherry fruits (about 90%). Akagić et al. [48] believe that the lower sucrose content can be explained by the high activity of invertase in the final stage of fruit ripening. The acidity of cornelian cherry fruit occurs due to the presence of organic acids, of which malic acid predominates [46]. The total acidity in these studies varied from 1.92% in the Boro selection to 2.51% in the Vladimirskiy variety. Similar data for total acidity in cornelian cherry fruit, which ranged from 1.1 to 3.7, were presented by Klimenko et al. [49]; Tural and Koca [41]; Maghradze et al. [43]; Ercisli et al. [37]; and Bijelić et al. [36]. The processes involved in the metabolism and accumulation of malic and citric acid in mesocarp cells are under genetic and environmental control [50]. Pectic substances are dietary fibres of high nutritional value. The lowest amount of pectin was in the fruits of the Era selection 2.76%, and the highest in the fruits of the Bačka selection 4.43%. Lower results than ours on the content of pectic substances in Cornelian cherry fruit, from 0.37 to 2.47%, were presented by Maghradze et al. [43]; Bijelić et al. [36]; Jaćimović et al. [9], which can be explained by the high dependence of this parameter on the environmental factors. In years when the air temperature is high during ripening, and the amount of precipitation is low, an increased content of pectic substances in the fruit can be expected [9]. Pectins have the property that in the presence of sugars and acids are transformed into a gelatinous mass called jelly, which is especially used in the fruit processing industry [51].



Vitamins are essential nutrients that the human body cannot synthesize, but consumes through food. Vitamin C strengthens the immune system and as an antioxidant plays a protective role against cardiovascular diseases [6]. Cornelian cherry fruits contain more vitamin C than fruits of many other fruit species that are considered to be rich sources of this vitamin, e.g., strawberries, kiwis, lemons, oranges, etc. [15,26,52]. Fruits of the varieties and selection of cornelian cherry presented in this paper had vitamin C from 41.09 mg/100 g (Lukyanovskiy) to 101.27 mg/100 g (Kosten 3). In accordance with our data, the results on the content of this vitamin presented by Yilmaz et al. [35] (2009) as 29–112 mg/100 g and Maghradze et al. [43] as 50.5–128 mg/100 g. Cornelian cherry fruits are often used in the processed state without the application of heat treatment so that vitamin C, as well as other thermo labile substances, remain preserved in the final product [39].



Anthocyanins are natural nutritive bioactive components that are found in fruits and have a beneficial effect on human health. They are among the most important bioactive compounds that prevent cardiovascular disease and cancer, which are considered the most common diseases today [53,54,55]. The fruits of selection Kosten 1 with a content of 157.06 mg/100 g were the most abundant in total anthocyanins of all studied varieties and selections. In the fruits of the Chisinau yellow variety and the Boro selection, anthocyanins were not determined, which confirms the statement made by Ochmian et al. [56] that genotypes that have a yellow skin color do not contain anthocyanin compounds in the fruit. The concentration of anthocyanins in fruit varieties tested by Kucharska et al. [47] ranged from 33.7 to 149.6 mg/100 g and Bijelić et al. [37] from 37.6 to 116.4 mg/100 g, which is consistent with the data presented in this paper. Kazimierski et al. [26] indicate that according to the literature, the total content of anthocyanins in cornelian cherry fruits is between 35 and 300 mg/100 g, depending on the color of the epidermis, which varies from pink to dark red.



Phenolic compounds are very widespread products of secondary metabolism of plants, which are recently receiving great attention. They are found in significant quantities in food products of plant origin, and numerous studies indicate that their regular consumption reduces the risk of many serious diseases [57,58]. Cornelian cherry fruits contain significant amounts of phenolic bioactive substances, which contribute to their antioxidant value. In our study, the lowest total polyphenols were found in the fruits of the Chisinau yellow variety 183.91 mg/100 g, and the highest in the fruits of the selection Krupnoplodni NS 307.9 mg/100 g. The content of total polyphenols in Cornelian cherry fruits from Bosnia and Herzegovina studied by Drkenda et al. [46] ranged from 119.1 to 230.6 mg GAE/100 g FW, and in fruits from Romania shown by Cosmulenca et al. [59] from 163.7 to 359.28 mg GAE/100 g FW, which is close to results presented in this paper. Much wider variation in the content of total polyphenols in Cornelian cherry fruits was presented by Stanković et al. [60] from 12.8 to 341.1 mg GAE/100 g FW. In addition to the genetic constitution, the amount of phenolic compounds in fruits is influenced by climatic and geographical factors, applied agro technics, and fruit ripeness.



The most important source of minerals in the diet is food of plant origin, which is also biologically more valuable. According to the presented research, the total amount of ash ranged from 0.89% (Lukyanovskiy) to 1.16% (Bačka). A smaller amount of mineral substances ranging from 0.61 to 0.81% had genotypes of the Cornelian cherry fruits from Turkey studied by Sengul et al. [42] and in accordance with our results, Cornelian cherry genotypes from Montenegro had mineral substances content from 0.65 to 1.59% [9] and from Serbia 0.53–1.23% [36].




3.4. Content of Certain Mineral Substances in the Fruit


The content of the most important mineral substances in the fruits of the studied varieties and selections is presented in Table 4. Potassium is the dominant mineral element in the fruit of cornelian cherry [16,61]. From the presented data, it can be noted that the variety Chisinau yellow has the lowest content of potassium in the fruit 2888 mg/kg, while the fruits of the selection Kosten 1 demonstrate good supply of this important element 3574 mg/kg. Dokoupil and Rezniček [38] reported that Cornelian cherry fruit content of potassium is in the range from 3441 to 3798 mg/kg, and Gozlekci et al. [16] report potassium content ranges from 2780 to 3340 mg/kg, which is close to data presented in this paper. Potassium regulates the normal function of the nervous system, heart and other muscles. An important function of potassium as an electrolyte is to maintain the acid–base balance in human body, and an adequate supply of this macroelement prevents acidification of the body. Eating fruits that are rich in potassium can reduce blood pressure, and it is recommended for people suffering from hypertension [62].



In the fruits of the tested varieties and selection of Cornelian cherry, other macroelements were present in the following amounts: Na from 4.99 mg/kg (Kosten 3) to 32.3 mg/kg (Boro), Ca from 239.6 mg/kg (Lukyanovskiy) to 444.6 mg/kg (Boro), Mg from 70.7 mg/kg (Chisinau yellow) to 165 mg/kg (Krupnoplodni NS) and P from 179 mg/kg (Kosten 2) to 221.6 mg/kg (Bačka). Sodium has an important role in maintaining fluid balance in the body. Sodium and potassium are closely related, because the first element is an antagonist of the second, which means that it has the opposite action. Balance between these two electrolytes is necessary to maintain homeostasis throughout the body [16]. Compared to our data, cornelian cherry genotypes examined by Dokoupil and Rezniček [38] (2012) and Gozlekci et al. [16] had a higher amount of sodium in the fruit 51–82 mg/kg. In cornelian cherry fruits, Sotiropoulos et al. [8] showed lower concentrations of biogenic elements compared to those presented in this paper Ca 20–30 mg/kg, Mg 40–50 mg/kg and P 80–90 mg/kg, and Bjelić et al. [36] found higher variation in Ca content from 24.7 to 526 mg/kg and Mg from 10.12 to 160 mg/kg. Sufficient amount of phosphorus and calcium in the diet enables proper functioning of bones and teeth, muscle and heart. Magnesium is essential for the proper metabolic processes, as well as the normal functioning of the neuromuscular and cardiovascular systems [16].



Tested varieties and selections of cornelian cherry contained in fruits important microelements in following concentrations: Fe from 3.85 mg/kg (Kosten 1), to 14.21 mg/kg (Vladimirskiy), Zn from 1.17 mg/kg (Kosten 1) to 3.05 mg/kg (Era), Cu from 1 mg/kg (Kosten 2) to 1.27 mg/kg (Krupnoplodni NS), and Mn from 2.27 mg/kg (Chisinau yellow) to 5.40 mg/kg (Kosten 1). Slightly lower amounts of these trace elements were found in Cornelian cherry genotypes presented by Bijelić et al. [36], much lower in cultivars studied by Sotiropoulos et al. [8], and higher in genotypes studied by Gozlekci et al. [16]. This variability is conditioned by genotype, climate, soil and geographical factors, substrate used, etc.



Analysis of biochemical characteristics indicated statistically highly significant differences among studied genotypes in Na, Mg, P, Fe, Zn, Mn, vitamin C, and anthocyanins (p < 0.001) content, while there was no observed statistically significant difference (p > 0.07) in K, Ca, Cu, TDM, ash, TA, total sugars (TS), reducing sugars (RS), sucrose, Ca—pectate, and polyphenols (Table 3 and Table 4).



By analyzing the all measured biochemical characteristics of studied Cornelian cherry genotypes through principal components analysis we have observed general influence of the year of study (Figure 3). Namely, in 2013, all genotypes grouped together along the negative part of the first principal component. This component is positively correlated with dry matter, anthocyanins, ash, and sugar content. Bearing in mind the larger fruit recorded for all genotypes in 2013, it can be linked to lower measures of those biochemical characteristics.



Another important grouping factor is C vitamin and anthocyanin content. Generally larger fruiting varieties Vladimirskiy, Lukyanovskiy, Chisinau yellow, and selection Bačka have consistently measured lower content in those and also most other measured biochemical characteristics. Selection Kosten 3 has larger fruit but also has higher anthocyanins content. Highest anthocyianins and C vitamin content was recorded in selection Kosten 2, coupled with lowest sugar content in this genotype. Those genotypes are grouped along the negative part of the second principal component.



Krupnoplodni NS, Kosten 1, and Boro represent group of genotypes with consistently higher to medium biochemical content. Those genotypes are grouped along the positive part of the second principal component for all years of study.



The change in biochemical and other measured characteristics has to be observed through weather conditions during the growing seasons [63,64,65]. In 2013, the growing season provided optimum precipitation and temperatures [63]. Contrary to that season in 2014 and 2015, there were different climate extremes. Namely, in 2014, during the growing season, precipitations were at the decades’ maximum with almost 50% more precipitations in comparison to the long-term average [64]. Contrary to 2014, in 2015, growing season was dry, with almost 50% less precipitations than the long-term average [65]. Climate change as peaks in precipitation and temperature leading to floods and droughts in 2014 and 2015, respectively, have, to a large extent, similarly influenced the fruit size and quality of studied cornelian cherry genotypes. Namely, most genotypes grouped close for its biochemical characteristics in 2014 and 2015.





4. Conclusions


Studied cornelian cherry international and local varieties and selections have intrinsically mixed combination of fruit size, yield, and biochemical content characteristics. Those are further significantly influenced by climate and especially climate change extremes. In all studied varieties and selections, we found that climate conditions which favored larger fruit and yield generally led to lower content of important biochemicals. The extensiveness of the study leads, therefore, to several clear conclusions and recommendations. Consistently, the best balance of biochemical elements in combination with good yield and fruit size measurements is found in selection Krupnoplodi NS. If fruit size and yield are priority, then varieties and selections Vladimirskiy, Chisinau yellow, Kosten 3, and Krupnoplodni NS have a clear advantage over other genotypes. In environments and years with unfavorable conditions, it is expected to have smaller fruit with more concentrated biochemical content.
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Figure 1. Individual measured fruit characteristics of studied Cornelian cherry genotypes in years of study. 
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Figure 2. Mean fruit weight and yield of studied Cornelian cherry genotypes in years of study. 
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Figure 3. Principal components analysis of fruits biochemical characteristics of studied genotypes in years of study with both genotypes components plots (left) and the vectors of individual biochemical characteristics (right). 
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Table 1. The meteorological data of Kostenica between 2012–2015.






Table 1. The meteorological data of Kostenica between 2012–2015.





	Parameters
	Years
	Jan.
	Feb.
	Mar
	April
	May
	June
	July
	August
	Sep.
	Oct.
	Nov.
	Dec.
	Years





	Temperature

mean montly (°C)
	2012

2013

2014

2015
	−1.7

1.9

3.9

0.4
	−3.8

4.5

7.6

2.2
	6.1

7

8.6

5.1
	10.9

13.1

10.7

9.7
	14.6

16

14.5

16.9
	20.9

18.7

18

18.9
	23.6

21

20

23.4
	22.4

21.8

20

22.6
	18.4

16

16

18.7
	13

13.1

11.7

12.5
	8.6

7.8

8.6

6.2
	0.1

−0.5

2.3

−0.4
	11.1

11.7

11.8

11.3



	Temperature

minimum daily (°C)
	2012

2013

2014

2015
	−17.0

−9.0

−7.0

−18.8
	−20.2

−4.6

−6.2

−10.0
	−6.8

−8.8

−2.2

−6.4
	−2.4

1.2

−1.0

−4.8
	5.0

3.8

1.2

4.8
	8.2

8.0

9.0

7.8
	9.2

7.6

9.0

10.0
	7.4

12.4

10.0

11.6
	2.8

5.2

4.8

4.8
	−0.8

−0.4

0.6

1.4
	0.2

−4.4

−2.4

−3.0
	−15.0

−10.2

−10.8

−6.4
	−20.2

−10.2

−10.8

−18.8



	Temperature

maximum

daily (°C)
	2012

2013

2014

2015
	10.0

17.8

15.0

12.0
	11.0

16.0

22.0

15.5
	23.0

20.5

25.5

21.5
	30.2

30.8

23.2

24.5
	31.0

32.0

30.6

33.5
	35.5

35.0

30.6

32.5
	38.0

36.2

32.4

36.5
	39.0

36.8

33.6

36.5
	34.8

29.0

26.0

36.5
	32.0

27.5

26.2

26.5
	25.5

22.0

21.2

21.5
	14.2

14.8

14.2

10.0
	39.0

36.8

33.6

36.5



	Precipitation (mm)
	2012

2013

2014

2015
	44.6

124.3

69.2

77.0
	184.5

80.4

27.9

75.3
	9.6

158.1

47.3

130.0
	70.4

35.7

145.4

53.5
	69.6

163.5

127.5

35.5
	33.4

75.4

118.8

90.4
	13.9

73.3

78.0

15.5
	18.3

56.9

53.9

30.7
	54.9

49.4

191.6

59.0
	129.9

96.0

69.3

96.3
	49.2

69.3

115.0

104.6
	128.8

16.5

105.8

0.8
	807

999

1150

769
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Table 2. Pomological characteristics (mean ± standard error) of studied Cornelian cherry genotypes with statistical analysis of studied factors indicating statistically significant differences and interactions (F and p values).
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Genotype

	
Year

	
Fruit Weight

	
Pit Weight

	
Flesh Content

	
Color

	
Yield Efficiency




	
(g)

	
(g)

	
(% FW)

	
(kg/cm2 TCSA]




	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   






	
Apatinski rani

	
2012

	
2.6

	
±

	
0.15

	
0.49

	
±

	
0.06

	
81.23

	
±

	
1.73

	
-

	
0.17

	
±

	
0.01




	
2013

	
2.91

	
±

	
0.23

	
0.47

	
±

	
0.06

	
84.26

	
±

	
1.02

	
Dark




	
2014

	
2.81

	
±

	
0.15

	
0.37

	
±

	
0.02

	
86.72

	
±

	
0.43

	
Red




	
2015

	
2.70

	
±

	
0.15

	
0.32

	
±

	
0.02

	
88.23

	
±

	
0.3

	
-




	
Bačka

	
2012

	
3.27

	
±

	
0.15

	
0.44

	
±

	
0.02

	
86.32

	
±

	
0.78

	
-

	
0.19

	
±

	
0.02




	
2013

	
3.95

	
±

	
0.18

	
0.52

	
±

	
0.02

	
86.65

	
±

	
0.39

	
Dark




	
2014

	
3.72

	
±

	
0.09

	
0.48

	
±

	
0.01

	
87.07

	
±

	
0.4

	
Red




	
2015

	
4.03

	
±

	
0.1

	
0.51

	
±

	
0.02

	
87.35

	
±

	
0.42

	
-




	
Boro

	
2012

	
1.89

	
±

	
0.04

	
0.44

	
±

	
0.02

	
76.66

	
±

	
0.87

	
-

	
0.10

	
±

	
0.02




	
2013

	
2.48

	
±

	
0.14

	
0.52

	
±

	
0.02

	
78.73

	
±

	
0.89

	
-




	
2014

	
2.06

	
±

	
0.06

	
0.41

	
±

	
0.01

	
80.13

	
±

	
0.4

	
Yellow




	
2015

	
2.17

	
±

	
0.05

	
0.45

	
±

	
0.02

	
79.14

	
±

	
0.71

	
-




	
Era

	
2012

	
2.43

	
±

	
0.12

	
0.34

	
±

	
0.02

	
85.54

	
±

	
1.06

	
-

	
0.17

	
±

	
0.03




	
2013

	
3.27

	
±

	
0.14

	
0.39

	
±

	
0.02

	
87.90

	
±

	
0.61

	
Dark




	
2014

	
3.08

	
±

	
0.12

	
0.38

	
±

	
0.02

	
87.71

	
±

	
0.30

	
Red




	
2015

	
3.24

	
±

	
0.15

	
0.38

	
±

	
0.01

	
88.01

	
±

	
0.59

	
-




	
Chisinau yellow

	
2012

	
3.41

	
±

	
0.12

	
0.46

	
±

	
0.02

	
86.44

	
±

	
0.59

	
-

	
0.20

	
±

	
0.03




	
2013

	
5.09

	
±

	
0.17

	
0.62

	
±

	
0.02

	
87.75

	
±

	
0.42

	
-




	
2014

	
4.74

	
±

	
0.22

	
0.55

	
±

	
0.03

	
88.11

	
±

	
0.74

	
Yellow




	
2015

	
4.62

	
±

	
0.19

	
0.53

	
±

	
0.03

	
88.43

	
±

	
0.68

	
-




	
Kosten 1

	
2012

	
3.15

	
±

	
0.08

	
0.48

	
±

	
0.03

	
84.66

	
±

	
0.76

	
-

	
0.21

	
±

	
0.03




	
2013

	
4.25

	
±

	
0.19

	
0.75

	
±

	
0.02

	
82.29

	
±

	
0.59

	
Dark




	
2014

	
3.31

	
±

	
0.1

	
0.51

	
±

	
0.02

	
84.62

	
±

	
0.62

	
Red




	
2015

	
3.75

	
±

	
0.17

	
0.54

	
±

	
0.03

	
85.47

	
±

	
0.58

	
-




	
Kosten 2

	
2012

	
2.82

	
±

	
0.1

	
0.41

	
±

	
0.02

	
85.27

	
±

	
0.74

	
-

	
0.16

	
±

	
0.02




	
2013

	
3.45

	
±

	
0.12

	
0.51

	
±

	
0.02

	
85.16

	
±

	
0.41

	
Dark




	
2014

	
3.14

	
±

	
0.15

	
0.47

	
±

	
0.02

	
84.88

	
±

	
0.57

	
Red




	
2015

	
2.79

	
±

	
0.14

	
0.41

	
±

	
0.02

	
85.3

	
±

	
0.70

	
-




	
Kosten 3

	
2012

	
4.09

	
±

	
0.18

	
0.52

	
±

	
0.02

	
87.21

	
±

	
0.34

	
-

	
0.20

	
±

	
0.01




	
2013

	
4.56

	
±

	
0.22

	
0.59

	
±

	
0.03

	
87.07

	
±

	
0.1

	
-




	
2014

	
4.38

	
±

	
0.19

	
0.53

	
±

	
0.02

	
87.94

	
±

	
0.22

	
Red




	
2015

	
4.02

	
±

	
0.16

	
0.51

	
±

	
0.02

	
87.15

	
±

	
0.67

	
-




	
Krupnoplodni NS

	
2012

	
3.38

	
±

	
0.11

	
0.44

	
±

	
0.02

	
86.9

	
±

	
0.7

	
-

	
0.23

	
±

	
0.02




	
2013

	
4.24

	
±

	
0.22

	
0.58

	
±

	
0.02

	
86.09

	
±

	
0.37

	
Dark




	
2014

	
3.72

	
±

	
0.09

	
0.48

	
±

	
0.01

	
87.07

	
±

	
0.4

	
Red




	
2015

	
4.03

	
±

	
0.1

	
0.51

	
±

	
0.02

	
87.35

	
±

	
0.42

	
-




	
Lukyanovskiy

	
2012

	
5.01

	
±

	
0.23

	
0.61

	
±

	
0.03

	
87.63

	
±

	
0.79

	
-

	
0.14

	
±

	
0.01




	
2013

	
5.27

	
±

	
0.22

	
0.65

	
±

	
0.03

	
87.72

	
±

	
0.55

	
-




	
2014

	
4.44

	
±

	
0.14

	
0.56

	
±

	
0.03

	
87.41

	
±

	
0.35

	
Red




	
2015

	
4.33

	
±

	
0.26

	
0.52

	
±

	
0.02

	
87.79

	
±

	
0.52

	
-




	
Vladimirskiy

	
2014

	
5.01

	
±

	
0.17

	
0.57

	
±

	
0.02

	
88.58

	
±

	
0.37

	
-

	
0.21

	
±

	
0.03




	
2015

	
6.16

	
±

	
0.23

	
0.57

	
±

	
0.02

	
90.59

	
±

	
0.55

	
Red




	
Fgenotype, pgenotype

	
-

	
126.3, p < 0.001

	
29.51, p < 0.001

	
73.53, p < 0.001

	
3.26, p = 0.006




	
Fyear, pyear

	
-

	
44.54, p < 0.001

	
32.76, p < 0.001

	
14.29, p < 0.001

	
-




	
Fgen.*year, pgen*year

	
-

	
3.18, p < 0.001

	
3.63, p < 0.001

	
2.78, p < 0.001

	
-
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Table 3. Chemical characteristics in the fruit of studied Cornelian cherry genotypes fruit (mean ± standard error) with statistical analysis indicating statistically significant differences between the genotypes (F and p values).






Table 3. Chemical characteristics in the fruit of studied Cornelian cherry genotypes fruit (mean ± standard error) with statistical analysis indicating statistically significant differences between the genotypes (F and p values).





	
Genotype

	
DM

(%)

	
Total Sugars (TS)

(%)

	
Reducing Sugars (RS)

(%)

	
Sucrose

(%)

	
Total Acids

(TA)

(%)

	
Ca–Pectate

(%)

	
Vitamin C

(mg/100 g)

	
Anthocyanins

(mg/100 g)

	
Polyphenols

(mg/100 g)

	
Ash

(%)




	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   






	
Apatinski rani

	
24.36

	
±

	
1.37

	
14.47

	
±

	
0.45

	
12.64

	
±

	
0.33

	
0.49

	
±

	
0.10

	
2.31

	
±

	
0.34

	
4.20

	
±

	
0.31

	
61.10

	
±

	
6.89

	
100.44

	
±

	
4.42

	
208.55

	
±

	
20.88

	
1.15

	
±

	
0.16




	
Bačka

	
21.68

	
±

	
1.48

	
12.94

	
±

	
0.78

	
12.10

	
±

	
1.02

	
0.60

	
±

	
0.29

	
2.12

	
±

	
0.31

	
4.43

	
±

	
0.90

	
57.78

	
±

	
5.77

	
32.54

	
±

	
5.86

	
216.25

	
±

	
20.40

	
1.16

	
±

	
0.20




	
Boro

	
21.17

	
±

	
2.05

	
12.42

	
±

	
1.58

	
11.90

	
±

	
1.57

	
0.37

	
±

	
0.09

	
2.51

	
±

	
0.02

	
3.13

	
±

	
0.46

	
89.64

	
±

	
5.79

	

	
–

	

	
265.95

	
±

	
7.79

	
1.07

	
±

	
0.16




	
Era

	
21.58

	
±

	
1.53

	
11.79

	
±

	
1.32

	
11.26

	
±

	
1.16

	
0.35

	
±

	
0.05

	
2.29

	
±

	
0.24

	
2.76

	
±

	
0.49

	
79.83

	
±

	
2.42

	
65.23

	
±

	
8.25

	
233.09

	
±

	
19.99

	
1.02

	
±

	
0.18




	
Chisinau yellow

	
19.81

	
±

	
1.28

	
12.83

	
±

	
1.02

	
12.38

	
±

	
0.91

	
0.45

	
±

	
0.11

	
2.06

	
±

	
0.03

	
2.98

	
±

	
0.56

	
58.14

	
±

	
6.33

	

	
–

	

	
183.91

	
±

	
5.47

	
1.08

	
±

	
0.25




	
Kosten 1

	
22.36

	
±

	
1.22

	
10.94

	
±

	
0.52

	
10.44

	
±

	
0.54

	
0.45

	
±

	
0.04

	
2.37

	
±

	
0.19

	
3.55

	
±

	
0.45

	
101.27

	
±

	
3.39

	
157.06

	
±

	
32.87

	
255.80

	
±

	
44.27

	
1.14

	
±

	
0.07




	
Kosten 2

	
24.45

	
±

	
2.30

	
13.26

	
±

	
0.54

	
12.62

	
±

	
0.53

	
0.24

	
±

	
0.03

	
2.08

	
±

	
0.16

	
4.13

	
±

	
0.28

	
86.41

	
±

	
4.73

	
60.05

	
±

	
2.06

	
258.21

	
±

	
38.95

	
1.09

	
±

	
0.09




	
Kosten 3

	
23.83

	
±

	
1.65

	
14.07

	
±

	
1.59

	
13.09

	
±

	
1.26

	
0.92

	
±

	
0.33

	
2.02

	
±

	
0.21

	
4.18

	
±

	
1.00

	
64.52

	
±

	
2.72

	
104.09

	
±

	
38.52

	
219.15

	
±

	
12.57

	
0.94

	
±

	
0.29




	
Krupnoplodni NS

	
25.46

	
±

	
1.76

	
12.47

	
±

	
0.33

	
11.17

	
±

	
0.60

	
1.23

	
±

	
0.27

	
2.15

	
±

	
0.25

	
4.18

	
±

	
0.70

	
65.11

	
±

	
2.88

	
80.07

	
±

	
17.50

	
307.90

	
±

	
23.99

	
1.14

	
±

	
0.07




	
Lukyanovskiy

	
20.58

	
±

	
0.40

	
13.53

	
±

	
0.28

	
12.87

	
±

	
0.29

	
0.63

	
±

	
0.19

	
2.28

	
±

	
0.11

	
3.45

	
±

	
1.02

	
41.09

	
±

	
12.79

	
47.88

	
±

	
12.09

	
217.44

	
±

	
9.02

	
0.89

	
±

	
0.13




	
Vladimirskiy

	
21.45

	
±

	
1.12

	
12.90

	
±

	
0.20

	
11.80

	
±

	
0.25

	
0.90

	
±

	
0.01

	
1.92

	
±

	
0.13

	
3.43

	
±

	
1.12

	
72.40

	
±

	
5.10

	
59.26

	
±

	
2.14

	
243.75

	
±

	
13.55

	
1.08

	
±

	
0.09




	
Fgenotype, pgenotype

	
1.1, p = 0.459

	
0.8, p = 0.605

	
0.6, p = 0.780

	
2.1, p = 0.073

	
0.5, p = 0.868

	
0.5, p = 0.840

	
6.2, p < 0.001

	
5.3, p = 0.001

	
1.6, p = 0.177

	
0.2, p = 0.994
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Table 4. Mineral contents (mg/kg) in the fruit of studied Cornelian cherry genotypes fruit (mean ± standard error) with statistical analysis indicating statistically significant differences between the genotypes (F and p values).
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Genotype

	
K

	
Na

	
Ca

	
Mg

	
P

	
Fe

	
Zn

	
Cu

	
Mn




	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   

	
    X ¯    

	
±

	
S   x ¯   






	
Apatinski rani

	
3136

	
±

	
206

	
16

	
±

	
1.23

	
320

	
±

	
14.1

	
113.3

	
±

	
4.35

	
200

	
±

	
2

	
4.5

	
±

	
0.31

	
1.79

	
±

	
0.09

	
1.01

	
±

	
0.14

	
5.13

	
±

	
0.53




	
Bačka

	
3380

	
±

	
106

	
18.5

	
±

	
3.17

	
310.9

	
±

	
29.5

	
108.5

	
±

	
8.77

	
221.6

	
±

	
2.5

	
5.17

	
±

	
0.11

	
1.84

	
±

	
0.23

	
1.04

	
±

	
0.25

	
4.2

	
±

	
0.18




	
Boro

	
3136

	
±

	
128

	
32.3

	
±

	
1.55

	
444.6

	
±

	
5.52

	
130.2

	
±

	
6.74

	
202.5

	
±

	
5.82

	
4.1

	
±

	
0.09

	
1.52

	
±

	
0.04

	
1.15

	
±

	
0.07

	
4.2

	
±

	
0.49




	
Era

	
3009

	
±

	
83

	
20.1

	
±

	
0.51

	
402.1

	
±

	
37.1

	
105.6

	
±

	
7.74

	
206.1

	
±

	
3.77

	
7.87

	
±

	
2.97

	
3.05

	
±

	
0.12

	
1.26

	
±

	
0.12

	
3.67

	
±

	
0.08




	
Chisinau yellow

	
2885

	
±

	
34.4

	
20.4

	
±

	
0.33

	
315.9

	
±

	
50.7

	
70.07

	
±

	
6.58

	
192.5

	
±

	
1.53

	
4.98

	
±

	
0.04

	
1.38

	
±

	
0.22

	
1.07

	
±

	
0.08

	
2.27

	
±

	
0.08




	
Kosten 1

	
3574

	
±

	
46

	
15.9

	
±

	
2.1

	
312.8

	
±

	
3.96

	
122.1

	
±

	
8.09

	
192.4

	
±

	
3.2

	
4.37

	
±

	
0.12

	
1.41

	
±

	
0.13

	
1.16

	
±

	
0.04

	
5.4

	
±

	
0.57




	
Kosten 2

	
3452

	
±

	
257

	
16.5

	
±

	
1.31

	
293.7

	
±

	
12.3

	
84.82

	
±

	
2.34

	
179

	
±

	
3.9

	
5.1

	
±

	
0.44

	
1.7

	
±

	
0.27

	
1

	
±

	
0.04

	
4.63

	
±

	
0.32




	
Kosten 3

	
3259

	
±

	
118

	
4.99

	
±

	
0.25

	
326.3

	
±

	
63.8

	
99.77

	
±

	
12.6

	
203.2

	
±

	
5.25

	
3.85

	
±

	
0.55

	
1.17

	
±

	
0.19

	
1.09

	
±

	
0.08

	
2.37

	
±

	
0.08




	
Krupnoplodni NS

	
3461

	
±

	
101

	
25.9

	
±

	
1.49

	
301.4

	
±

	
20.9

	
165

	
±

	
6.03

	
182.7

	
±

	
9.39

	
4.2

	
±

	
0.22

	
1.86

	
±

	
0.09

	
1.27

	
±

	
0.21

	
3.53

	
±

	
0.19




	
Lukyanovskiy

	
3193

	
±

	
98.5

	
11.6

	
±

	
0.86

	
239.6

	
±

	
33.3

	
77.49

	
±

	
7.4

	
206.6

	
±

	
4.21

	
4.61

	
±

	
0.71

	
1.88

	
±

	
0.17

	
1.04

	
±

	
0.11

	
2.9

	
±

	
0.22




	
Vladimirskiy

	
3282

	
±

	
155

	
11.7

	
±

	
1.42

	
317

	
±

	
25.5

	
99.84

	
±

	
2.26

	
203.6

	
±

	
3.25

	
14.21

	
±

	
0.31

	
1.42

	
±

	
0.11

	
1.02

	
±

	
0.08

	
2.95

	
±

	
0.25




	
Fgenotype, pgenotype

	
1.7, p = 0.134

	
17.2; p < 0.001

	
2.1, p = 0.071

	
9.8, p < 0.001

	
5.1, p = 0.001

	
5.2, p = 0.001

	
6.9, p < 0.001

	
0.4, p = 0.923

	
8.1, p < 0.001
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