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Abstract

The aim of the study is to determine the trends of change of biochemical
indicators of some of the most popular cherry varieties as a result of climate
change. This study examines the impact of climate change on the biochemical
characteristics of cherry fruits in the Kyustendil valley (Bulgaria) for the pe-
riod 2020-2025. Two standard cherry varieties were analysed — Bing and Van.
The biochemical indicators studied are total dissolved sugars, electrical con-
ductivity, acidity, redox potential, total dissolved solids, and salt. The results
show a distinct trend towards an increase in temperatures and a decrease in
precipitation, leading to decrease in sugars and acidity and increase of electro-
conductivity and total dissolved solids for both studied varieties, as well as a
disruption of the salt balance in drier years as the salt content is higher than
the dissolved solids. The low electrical conductivity is due to the higher content
of organic acids, which are part of the total dissolved solids (TDS), or to the
presence of impurities, sediments, gases, and other degradation products re-
sulting from anhydrous and wax appearance temperatures, suggesting that the
cherry varieties studied are beginning to reach their maximum tolerance to heat
and drought. Differences between the two varieties underline genotype-specific
responses, with Bing showing stronger negative trends in sugar accumulation,
while Van exhibited relatively greater biochemical stability. Correlation and
cluster analyses confirmed the relationship between climatic parameters and
biochemical indicators, emphasizing that temperature and water availability
(water/salt balance) are key drivers of changes in fruit biochemical profiles.
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Introduction. In order to trace the changes in the biochemistry of cherries,
harvests of six consecutive years of two “standard” cherry varieties were studied:
Van and Bing. Over a six-year period, cherries supplied for direct consumption
or to food processing and canning companies in Kyustendil were studied.

Cherry is a species highly sensitive to sudden climatic changes, especially in
valleys characterized by sudden changes in weather conditions such as sharp cold
snaps in spring. The Kyustendil field has such features [1,2]. DROGOUDI et al. [3]
investigated how climate change affects the phenology and yield of cherries — data
that are indirectly related to biochemical and physiological responses of plants. EL
KETTABI et al. [4] published data on the biochemical composition of sweet cherries
and their relationship to climatic factors. Research indicates that climatic condi-
tions influence biochemical traits in sweet cherries such as phenolic compounds,
sugars, and antioxidant capacity. Fruit quality traits and environmental influence
were described by [5]. A research in Romania found strong correlations between
environmental factors and fruit quality variables such as soluble sugars, which
are biochemical traits influenced by climate conditions like water availability and
temperature.

Information about the influence of climatic conditions on sour cherry phenol-
ogy was provided by PERJU et al. [6]. They studied the impact of climate vari-
ability on the development of several sour cherry cultivars, including phenological
and growth stages that can indirectly influence biochemical trait expression. An-
other group of studies, although not directly related to the biochemical alterations
caused by climate change, provides a good description of the biochemical com-
position of cherries. UPADYSHEVA et al. [§] published data on the biochemical
composition of cherry (Prunus avium L.) fruits as a function of scion-rootstock
combinations, determining key biochemical parameters, including soluble solids,
total sugars, ascorbic acid concentration, and antioxidant activity.

Lumivero’s 2025 [9] release of XLSTAT introduces a no-code statistical soft-
ware solution integrated into Microsoft Excel, offering a streamlined user interface
and Al-powered tools presented statistical data processing using the computer
pogram XLSTAT. SANTOLARIA et al. [10] monitored the climate change adapta-
tion in sweet cherry cultivation. Studies on chilling requirements and phenologi-
cal adaptation under warming conditions illustrate how climate change influences
flowering timing, dormancy release, and associated biochemical processes, which
affect fruit set and quality. SOTIROV [11| wrote about statistical approach and
using of cluster analyses in his study of the cherry juices.

VASILISHINA [12] found that, with regard to the chemical composition of
cherry fruits formed during ripening, the content of soluble substances and sugars
in the fruits increased significantly as the sum of effective temperatures rose,
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with almost no precipitation (12.8 mm). The same conditions help to reduce
the acidity of the fruit and increased sugar-acid index to 10. The content of
tannins and colouring substances in the fruits of sour cherry is consistently high
regardless of weather conditions (1.00-1.04%). A strong correlation was found
between the hydrothermal coefficient and the content of dry soluble substances,
and a regression equation was derived.

Physio-biochemical responses of cherry leaves to temperature stress was de-
scribed by VOSNJAK et al. [13]. Experiments on sweet cherries show that low
temperature exposure alters photosynthesis, stomatal conductance, and metabolic
responses (e.g., sugars, phenolics), which are biochemical markers relevant in cold
stress and potentially in shifting climate scenarios. WENDEN et al. [14] studied
general trends in plant phenology in the context of global climate change; although
they do not specifically address cherries, the long-term data show that warming
leads to phenological changes (bud break, flowering) that subsequently influence
biochemical processes during development and ripening.

The aim of the study is to identify trends in changes in the biochemical
parameters of some of the most popular cherry varieties as a result of climate
change.

Materials and methods. The study covers the period from January 01,
2020 to October 01, 2025. The climate component includes measurements of pre-
cipitation and temperatures daily, monthly, and annually over a 3—6-year period.

Digital instruments — a potentiometer, combined with conductometer were
used for the determination of active acidity (pH), electrical conductivity EC
(nS/cm), total dissolved solids TDS (ppm), total salt content (ppm,%), specific
gravity (S.G.) — oxygen-redox potential-ORP (Eh, mV) and temperature (t,°C)
with automatic correction of values, according to the temperature of the liquid
and Bluetooth transfer of the data received.

Digital and analogue refractometers with a range of 0-80% (£0.2%) and 0—
90% (£0.2%) with divisions of 0.5% were used for determination of dissolved
sugars in the fruits. The instruments measure dissolved sugars by Brix in %, used
in food industry (resp. g/100 ml (Si)).

The meteorological data was obtained from an automated meteorological sys-
tem Meteobot@®)Pro, with software of the same name for Android and Windows
systems. The system has a Wi-Fi internet connection with mobile devices. Data
from a standard, non-automated weather station were also used.

The juice for determining the yield was produced by the cold pressing method,
using a regular press with presure 2.5 atm. at temperature 20-22°C in normal
air environment. For the purposes of the task cherry varieties Van and Bing,
distributed by the local producers around the Kyustendil valley, and Institute of
Agriculture-Kyustendil, Agricultural Academy-Sofia, Bulgaria were used.

Incoming control tests were carried out on all batches received in two process-
ing enterprises in the region from the specified cherry varieties, and the sampling
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was carried out in accordance with Bulgarian State Standard BDS 3485-83. Each
sample taken reflects and characterises the entire batch. The sample size is deter-
mined according to BDS 11052-82. According to HACCP, all documents such as
analysis certificates, protocols, etc. are kept by the laboratory technician. Studies
were also carried out on the same varieties of cherries grown by the Institute of
Agriculture-Kyustendil, Bulgaria.

Statistical processing was done by the method described by Lumivero (2025)
[9] with a computer program Excell and XLSTAT PRO (2025) [15].

FAO (Food and Agriculture Organization, 2022) [16], is a document on adap-
tation strategies in fruit and horticulture to climate change. Adaptation to cli-
mate change in fruit growing is the creation of an integrated strategy, including
the selection of sustainable varieties, improved agrotechnical practices and effec-
tive management of resources such as water and soil. FAO develops methods to
guide national data producers in generating and using sound statistics.

All measurements have been carried out in accordance with the requirements
of Directive 2001/112/EC on fruit juices and related products and references to
other regulations.

Results and discussion. The study was performed according to the “Bul-
garian ordinance on the requirements for fruit juices and some similar products
intended for human consumption”, Bulgarian State Gazette No 100, 2013 [17].

Trends of the precipitations and temperatures are shown in Fig. 1. It is ob-
vious that the temperatures increases, but the amount of precipitation decreases.
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Fig. 1. Trends of average annual temparatures and precipitations for the studied period 2020—
2025

Figure 2 provides data about the measuremenst of the biochemical indices of
the cherry variety Bing, used for food industry in the region. Figure 3 provides
the same data for the variety Van.

The quantity of the total dissolved sugars of variety Bing decreases every
year, except 2021, but the trend is for decresing of their amount (Fig. 2A). The
trend of acidity pH also decreases, because of year 2025, caused by the very warm
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Fig. 2. Trends in the biochemistry of sweet
cherry variety Bing for the studied period
2020-2025: A — Trend of total dissolved sug-
ars by Brix, (%); B — Trend of acidity (pH);
C — Trend of Oxygen-Redox Potential Eh; D
— Trends of Electroconductivity (nS/cm), To-
tal Dissolved Solids (TDS, ppm) and Min-
eral Salts (Salt, ppm); E — Trends of ratios
EC/TDS, TDS/Salt, EC/Salt
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Fig. 3. Trends in the biochemistry of sweet
cherry variety Van for the studied period 2020—
2023: A — Trend of total dissolved sugars by
Brix (%); B — Trend of acidity (pH); C — Trend
of Oxygen-Redox Potential Eh; D — Trends of
Electroconductivity (nS/cm), Total Dissolved
Solids (TDS, ppm) and Mineral Salts (Salt,
ppm); E — Trends of ratios EC/TDS, TDS/Salt,
EC/Salt
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and dry weather that year (Fig. 2B). The trend of Oxygen-Redox Potential Eh
of sweet cherry variety Bing for the studied period 2020-2025 has a negative
direction (Fig. 2C). Trends of Electroconductivity-EC (1S/cm), Total Dissolved
Solids (TDS, ppm) [18-21] and Mineral Salts (Salt, ppm) increase, except for year
2023 (Fig. 2D). The trends of ratios EC/TDS increases, but ratios TDS/Salt and
EC/Salt of sweet cherry variety Bing for the studied period 2020-2025 decrease
(Fig. 2E).

The trend of the quantity of the total dissolved sugars is almost the same
with no significant change for variety Van every year, except 2021, the trend line
is horizontal (Fig. 3A), which means that the Van variety was less affected by
climatic features during the period studied. The trend of the acidity pH decreases,
with the exception for year 2022 (Fig. 3B). The trend of Oxygen-Redox Potential
Eh has a positive direction (Fig. 3C). There are increasing trends of Electrocon-
ductivity (pS/cm), Total Dissolved Solids (TDS, ppm) and mineral Salts, mainly
NaCl (Salt, ppm) (Fig. 3D). The trends of ratios TDS/Salt and EC/TDS increase,
but the ratio EC/Salt decreases (Fig. 3E).
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Fig. 4. Dendrogram of the Agglomerative Hierarchical Clustering (AHC) of similarity of different
biochemical parameters of the cherry varieties. Pearson’s correlation coefficient R = —0.35

Cluster analysis shows similarity between biochemical parameters of the cher-
ries (Fig. 4). Two main clusters are well separated: Cluster C1 correlates the total
dissolved sugars with different ratios between the biochemical parameters; Cluster
C2 shows very strong correlation between EC and TDS and also some correlation
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with the Salts, ORP, and pH. The low electrical conductivity is due to the higher
content of organic acids, which are part of the total dissolved solids (TDS), or
to the presence of impurities, sediments, gases, and other degradation products
resulting from anhydrous and wax appearance temperatures, suggesting that the
cherry varieties studied are beginning to reach their maximum tolerance to heat
and drought [18,19].

Conclusions. The present study demonstrates that ongoing climate change
in the Kyustendil valley, Bulgaria over the period 2020-2025 has had a measurable
and consistent impact on the biochemical composition of sweet cherry fruits from
the varieties Bing and Van. The observed increase in average air temperatures
combined with a general decline in precipitation represents a clear agroclimatic
stress factor that is reflected in fruit quality parameters, sugars, acids, water
content, salts, Eh.

For both varieties, a general decreasing trend in total amount of dissolved sug-
ars and changes in acidity were recorded, with more pronounced variability under
extremely warm and dry conditions. At the same time, electrical conductivity,
total dissolved solids and salt content — NaCl showed a clear increasing tendency,
indicating concentration effects and disturbances in ionic balance caused by water
stress Salt>TDS. In particularly dry years, the salt content exceeded TDS values,
suggesting a disruption of normal mineral equilibrium in the fruits. Differences
between the two varieties underline genotype-specific responses, with Bing show-
ing stronger negative trends in sugar accumulation, while Van exhibiting relatively
greater biochemical stability.

Correlation and cluster analyses confirmed relationships between climatic pa-
rameters and biochemical indicators, emphasizing that temperature and water
availability (water/salt balance) are key drivers of changes in fruit biochemical
profiles. These shifts are of practical importance for growers, processors, and the
food industry, as they directly affect taste, technological suitability, and nutri-
tional value of cherries.
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