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Abstract. Content of soluble solids, sugars, titrated acids, ascorbate, glutathione, phenolic
substances, anthocyanins, total reducing activity of fruits tissues in sweet cherry fruits studied at
different stages of fruit development during 2018 and 2019 in an organic sweet cherry orchard
(Prunus avium L. / Prunus mahaleb) in the Southern Steppe of Ukraine. The aim of the research
was to determine how the living much conditions (compared to bare fallow) affect the content of
biologically active substances in sweet cherry fruits at different stages of ripening. It was
determined that the fruits of sweet cherry accumulated significantly more ascorbate, phenolic
substances and anthocyanins in the conditions of living mulch (compared to the fruits of the trees
on bare fallow). So, at the stage of picking ripeness, the content of ascorbate in sweet cherry fruits
in the conditions of living mulch was 29 and 22% more compared to bare fallow (respectively, in
2018 and 2019), phenolic substances - by 47 and 23%, anthocyanins - by 36 and 26%. The
revealed regularities can be explained by stressful conditions of competition with natural herbs,
which activate the synthesis of anti-stress, antioxidant biologically active substances in plant
tissues (including fruits). Since it is the antioxidants of the fruits that have a physiological value
for humans, it can be stated that the fruits grown in the conditions of living mulch have a higher
therapeutic and preventive value than the fruits grown on bare fallow.
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INTRODUCTION

All over the world, sweet cherries are valued not only for their taste, but also for
their antioxidant properties, which help people with the treatment of many diseases,
including diabetes, obesity, Alzheimer's disease, hypertension, cancer (Gongalves et al.,
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2019; Fonseca et al., 2021). Organic sweet cherry fruits contain significantly more
sugars, anthocyanins, flavonoids, compared to conventional fruits (Hallmann &
Rozpara, 2017). Mulch is recognized as the most soil-saving practice in horticulture,
especially for organic orchards, as it protects the soil from water and wind erosion
(Gomez et al., 2008; Fidalski et al., 2010; Atucha et al., 2013) creates optimal conditions
for soil microbiota (Yao et al., 2005; Zheng et al., 2018; Culumber et al., 2019), lowers
soil temperature in summer and insulates soil in winter (Gu et al., 2016; Gerasko et al.,
2021), retains soil moisture (due to the increase of organic matter and, accordingly,
increases the water holding capacity of the soil) (Palese, 2014; Simdes et al., 2014;
Zheng et al., 2018). Thus, applying living mulch as an orchard floor management system
meets the goal of leaving fertile soil for future generations and a strategy for the
development of sustainable agriculture (Holden et al., 2017). But the emergence of
sustainable agriculture requires the efforts of not only the farmers but also the scientists
through the creation of a scientific base, namely, the need to determine the impact of
living mulch on the physiological processes of fruit trees in detail, in order to have a
clear idea of the ‘pros’ and ‘cons’ for producers. Regarding the effect of living mulch on
the physiological state of fruit trees, and on the biochemical composition of fruits, the
data is contradictory: according to E.E. Sanchez et al. (2007), living mulch improves the
quality of the fruits of Malus domestica Borkh. in northern Patagonia and increases
biologically active substances content; A. Atucha, [.LA. Merwin & M.G. Brown (2011)
indicate a decrease in fruit quality under the influence of living mulch; the results of
studies by G.H. Neilsen et al. (2014) indicate no effect of living mulch on fruit quality.
The physiological state of plants depends on their ability to withstand various stresses
(Anjum et al., 2010). Using cover crops in orchards can create additional stress for fruit
trees due to the competition with grasses (Atucha et al., 2011). Long-term research
indicates that over time, trees overcome competition with grasses (Merwin, 2010;
Atuchaetal., 2011), but how this process works, what changes occur in the physiological
parameters of fruit trees, is not yet definitively clarified. Information on the content of
biologically active substances in sweet cherry fruits under living mulch conditions will
help to understand the physiological changes that occur in the tissues of fruit trees and
how they manage to overcome competition with herbs.

The aim of this research was to determine how the living mulch conditions affect
the content of sugars, titrated acids, ascorbate, glutathione, phenolic substances,
anthocyanins in sweet cherry fruits at different stages of ripening.

MATERIALS AND METHODS

The field experiment was set up in the research orchard of the Tavria State
Agrotechnological University (Zelene village, Melitopol district, Zaporizhzhya region:
46 °46 °N, 35 °17 ’E). The soil of the experimental site is chestnut, sandy, with light
mechanical composition. Soil solution has a slightly alkaline reaction (pH ranges from
7.1 to 7.4). The humus content in the upper layer is 0.6%, the total water-soluble salt
content is 0.015-0.024%. Mineral nitrogen was not detected, the content of P,Os is 5.4;
K>0 - 6.5 mg kg' of the soil. Sweet cherry is a traditional fruit crop for this region and
has excellent fruit quality on such poor sandy soils.
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The research site is located in the Southern Steppe of Ukraine, which climate is
characterized as arid and very warm. Weather conditions in the years of the research
(2018, 2019) had higher mean annual air temperature than long-term data by 1.3—1.6 °C.
April of 2018 was warm and very dry. The drought also lasted in May and June of 2018.
July of 2018 was satisfactory in terms of precipitation, but August this year was very dry
as well (the amount of precipitation was 82% lower than the long-term average). The
heavy rainfall in September 2018 was followed by draught in October (the amount of
precipitation was 44% less than the long-term average). April and May of 2019 were
satisfactory in terms of moisture supply (the amount of precipitation was 44 and 107%
higher than the long-term average, respectively). But June of 2019 was abnormally hot
and dry. In general, it can be stated that the conditions of fruit ripening (from the stage
of petals falling to the picking ripeness) in 2018 were abnormally arid, and in 2019 the
period of fruit ripening was satisfactory in terms of moisture.

The research was carried out sweet cherry trees of ‘Dilemma’ cultivar grafted
on Prunus mahaleb seedlings, planted in 2011 (7x5m). ‘Dilemma’ cultivar is
medium-early, in the conditions of Melitopol ripens in early June, is used for fresh
consumption. The fruits are convex-heart-shaped, the skin and flesh are dark red, have
excellent sour-sweet taste.

The experiment was designed as a randomized complete block with two variants,
in three replications (10 control trees per replication). Orchard floor management system
in the experimental plot had two variants: bare fallow (tilling to a depth of 15 cm, manual
weeding) and living mulch (natural grasses, mowing, mown mass remained in place).
The rest of the technological operations in the orchard were identical in both variants.
Synthetic fertilizers and chemical plant protection products were not used.

Fruit samples collection for analysis was performed during their ripening
(May-early June) in the following stages: petal fall, stone hardening, partial reddening,
picking maturity. In order to determine the biochemical composition, 30 intact fruits
were selected in four replications from each variant of the experiment.

The collected data included: the content of soluble solids (SS, %), sugars (Sug, %),
titrated acids (TA, %), phenolic substances (Phen, mg GA 100 g™'), anthocyanins (Ant,
mg 100 g'), ascorbic acid (AsA, mg 100 g), glutathione (Glu, mg 100 g') and the total
reducing activity of fruits tissues (TRA, mL KIO; 100 g') in sweet cherry fruits.

The content of soluble solids and titrated acids was determined in accordance with
the Methods of determining the quality of crop products (Methods..., 2021) by desktop
refractometer IRF-451 62M.

Determination of the number of sugars (%) in fruits tissues was performed
photometrically based on the ability of monosaccharides to reduce picric acid
(2.,4,6-trinitrophenol) to picramic acid, where the reaction product has an intense red
colour. The calibration graph was prepared by glucose. The optical density was
determined at a wavelength of 490 nm (Workshop ..., 2001).

The total content of phenolic substances was determined photometrically using
Folin-Chokalteu reagent (Yaman, 2022a; Yaman, 2022b). The optical density of the
mixture was measured at a wavelength of 765 nm, which corresponds to the
concentration of phenolic substances in terms of gallic acid (GA). Total amount of
phenolic compounds was expressed in mg of gallic acid per 100 g of fresh mass
(mg GA 100 g™h).
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Analysis of the anthocyanin content was performed as described by Francis (1982):
1 g of crushed tissue was suspended in 10 mL of 1.5 N HCI solution in 85% ethanol,
transferred to a 50 mL volumetric flask and extracted for 13 hours in the refrigerator in
the dark. The extracts were filtered (Whatman filter paper #1) and the absorbance was
measured at A = 535 nm. Determination of the content of ascorbic acid, glutathione and
the total reducing activity of fruits tissues was performed on the reducing properties of
ascorbate and glutathione, as described by Gorodniy (2006): a portion of fresh mass (2 g)
was thoroughly grounded in a mortar with 8—10 mL of 5% HPOj3 solution, quantitatively
transferred to a S0 mL volumetric flask, bringing the contents to the mark with distilled
water. After shaking for 2-3 minutes, filtered through a dry folded filter into a dry
flask. 5mL of the filtrate was titrated with 0.001 n Tilman’s paint solution
(2,6-dichlorophenolindophenol) to a faint pink colour that does not disappear for 60 s.
Simultaneously, the other 5 mL of filtrate (after adding 2—3 drops of 15% KI solution
and 5 drops of 1% starch solution) was titrated with 0.001 n KIOj3 solution to a light blue
colour, stable for 60 s.

For all analyses, the repeatability was trifold. The results were compared on the
Tukey’s mean separation test at a significance level of P <0.05 and were processed by
Pearson's correlation analysis using Minitab 19 software (Minitab Inc., State College, PA).

RESULTS AND DISCUSSION

The results of our research showed that the content of soluble solids in sweet cherry
fruits ranged from 11.89 to 19.56% under bare fallow conditions and from 14.15 to 19.99%
under living mulch conditions (Tables 1 and 2). Soluble solids content was significantly
higher under living mulch conditions compared to bare fallow: by 19% in 2018 in the
stage of petal fall, by 18% in the stage of partial reddening of fruits; in 2019 in the stages
of petal fall, hardening of the stone and partial reddening of the fruits - respectively by
19, 20 and 18%. During fruit ripening, the content of soluble solids in the fruits gradually
increased and became the highest in the stage of picking ripeness. Correlation analysis
showed a strong direct positive correlation between soluble solids content and the content
of sugars, phenolic substances and anthocyanins in sweet cherry fruits in both 2018 and
2019 (Table 3). In 2019, compared to 2018, the content of soluble solids decreased by
6% under the conditions of living mulch, by 12% - under bare fallow conditions.

Sugar content in sweet cherry fruits increased during ripening and ranged from 9.43
to 14.08% for bare fallow orchard floor management system and from 11.22 to 15.05%
for living mulch. During the stages of petal fall and stone hardening during the two years
of research and partial reddening of the fruits in 2019, a significant difference remained
between the variants of the experiment - sugar content in the fruits was significantly
higher for living mulch (by 18-37%). However, in the stage of picking ripeness, no
significant difference in sugar content in the fruits between the variants of the experiment
was observed (although in the conditions of living mulch this index tended to increase).
The content of sugars in the fruits correlated the most with the content of phenolic
substances and anthocyanins. In 2019, compared to 2018, the content of sugars in
cherries in bare fallow conditions remained at the same level, under living mulch
conditions - increased by 6%.

552



Table 1. Phytochemical composition of sweet cherry fruits under different orchard floor management systems in 2018, M £ m

Variant SS, % Sug, % TA, % Phen., mg (100 g)! Ant., mg (100 g)! AsA, g (100 g)! Glu., mg (100 g)' TRA, mL KIOs (100 g)*
Petal fall

Bare fallow 13.20 +0.54 943 +0.24 1.01£0.02 3.4=+0.11 0 10.1 £0.21 23.0+0.15 7.5+ 0.04

Living mulch 15.71 £0.33* 11.22+0.27* 1.23+0.02* 5.3 +0.12* 0 12.1 +£0.28%* 26.1 +0.22* 8.5+ 0.03*
Hardening of the stone

Bare fallow  14.05 £ 0.57 10.01 £0.39* 0.83+0.03* 18.7+0.35* 0 15.4 £ 0.34* 27.6 £ 0.34* 9.1+0.18

Living mulch 16.80 + 0.69 12.22 £0.35*%* 1.05 +0.02** 26.4 + 0.38*° 0 17.6 £0.35* 292+ 0.25* 9.5+0.20*
Partial reddening

Bare fallow 1590+ 0.44* 11.36+0.37* 0.78+0.02* 59.1+0.43* 4.93 +£0.04 7.9 +0.48° 23.8+0.53 7.8+ 0.08*

Living mulch 18.76 £ 0.49*%* 13.40 +£0.43** 0.92 +0.03* 75.8 £0.44** 5.95+0.03* 9.5+ 0.49* 24.6+0.412 8.0+0.09
Picking ripeness
Bare fallow 19.56 £0.67*° 13.93+1.21* 0.64+0.06° 67.1£0.72° 7.36 £0.04* 7.3+0.58 21.5+0.422 7.2 £0.09*
Living mulch 19.99 £0.22* 14.25+1.27 0.72+0.07* 98.9 +£0.80*" 10.12 +0.23* 9.4+ (0.71* 22.3+0.46* 7.3 +0.09*
*— significant difference between the variants at P <0.05; ® — significant difference at P <0.05 in comparison with the previous stage of organogenesis. Phen: phenolic
substances, GA: gallic acid.

Table 2. Phytochemical composition of sweet cherry fruits under different orchard floor management systems in 2019, M + m

Variant SS, % Sug, % TA, % Phen., mg (100 g)"! Ant., mg (100 g)! AsA, mg (100 g)! Glu, mg (100 g)! TRA, mL KIOs (100 g)*
Petal fall

Bare fallow  11.89 £ 0.55 9.52 +£0.46 1.09+£0.03 4.1+0.23 0 13.6 £0.33 154+£0.23 52+0.14

Living mulch 14.15+£0.54* 11.33+0.48* 1.30+0.03* 6.4+ 0.29* 0 13.2+£0.35 17.9 +£0.22* 6.1 £0.24*
Hardening of the stone

Bare fallow 12.61 £0.68 10.11 £ 0.69 0.90 +£0.02* 22.8+0.45% 0 16.8 £0.34* 19.0+0.16* 6.5 £0.45*

Living mulch 15.14+£0.74* 12.124+0.65* 1.08 +0.04** 32.1 +0.48** 0 19.4+£0.56*% 22.1+0.21* 7.240.39*
Partial reddening

Bare fallow  14.32+£0.85* 11.47+0.64 0.84 +£0.02* 72.7+0.65* 7.65 +0.38 10.6 £ 0.322 22.4+0.53* 7.3+0.21*

Living mulch 16.90 + 0.91** 13.53 +0.71* 1.02 +0.03** 92.4 4+ 0.59** 9.21 £0.35%* 10.3 +£0.58* 24.5+0.57* 7.5+0.24
Picking ripeness
Bare fallow 17.21£0.67* 14.08+1.14 0.73+0.06*° 89.3 £0.72* 12.05+0.19a 8.4 +0.59° 20.4+£0.552 6.7 +0.47°
Living mulch 18.75+1.18* 15.05+1.18 0.75+0.04*° 110.1+0.75**  1523+0.33** 10.2+0.87* 21.5+0.61* 7.2 +£0.55*
*— significant difference between the variants at P <0.05; ® — significant difference at P <0.05 in comparison with the previous stage of organogenesis. Phen: phenolic
substances, GA: gallic acid.
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Organic acids affect the taste of Table 3. Correlation coefficients (+°) between

fruits and perform several metabolic the content of biologically active substances in
functions, including maintaining turgor sweet cherry fruits
pressure (Famiani et al., 2015; Walker Correlation Year of the research
et al., 2018), play a role in fruit ripening, coefﬁments. between: 2018 2019
absorbing Ca from pectins, which Soluble solids and 0.99** 0.99**
makes pectins soluble and thus help Ssu%alrysl ids and 0474 0270
soften the fruits (Richter, 2001, p. 29). OIUDIC SOTCS an : :
. S titrated acids

The content of titrated acids in sweet . ns *

. . . Soluble solids and 0.28 0.62
cherry fruits QGcreaseq .durlng. fruit ascorbate
ripening, reaching a minimum in the Soluble solids and 0.51%* 0.82%*
phase of picking ripeness and in bare phenolic substances
fallow conditions ranged from 1.09 to Soluble solids and 0.74%* 0.81%*
0.64%, in living mulch conditions - anthocyanins
from 1.30 to 0.72%. During the stages Soluble solids and 0.11m 0.65*

of petal fall and stone hardening in 2018 glutathione

and during the petal fall, stone tsllt;i:(si E::ilds 0.45% 0.31™

hardempg and partlal frqlt reddemqg Sugars and 0.28™ 0.67%

phases in 2019, titrated acids content in ascorbate

frults. was s1gn1f1<;ant1y higher under the Sugars and 0.78%* 0.79%*
conditions of living mulch (by 20, 37, phenolic substances

18, 22 and 25%, respectively). In the Sugars and 0.57* 0.47%

phase of picking ripeness, the difference glutathione

between the variants of the experiment Titrated acids and 0.32m 0.51%

was statistically insignificant both in ascorbate

2018 and in 2019. The content of  Titrated acids and 0.51* 0.61*

titrated acids in fruits mostly correlated phenolic substances

1 1 * ns

with the content of phenolic substances T1trateq acids and 0.46 0.21

. glutathione
and anthocyanins. In 2019, compared to Ascorbate and 0.40* 0.72%%
?.018, the content of titrated acids in .fruits phenolic substances ' '
increased by 17% under the conditions Ascorbate and 0.76%* 0.36*
of bare fallow, by 14% - under living glutathione
mulch conditions. There are reports in Phenolic substances and 0.27" 0.56*
the scientific literature that the content glutathione
of organic acids in sweet cherry fruits Anthocyanins and 0.72%*  0.93**
increases in the process of their ripening sugars . .
(Serrano et al., 2005; Tahir et al., 2013). Anthocyanins and 0.58 0.59

In our study, however, the content of titrated acids

1 * *

titrated acids in sweet cherry fruits Anthocyanins and 0-54 072
. ; ; ascorbate

decreased during ripening. It shpuld .be Anthocyanins and 0.95%* 0.95%*
noted that the content of organic acids phenolic substances
in the fruits was relatively low in our Anthocyanins and 0.36* 0.32%
study. Probably, this is due to the glutathione
peculiarities of the climatic conditions Notes: **Correlation is significant at 0.01 levels;
of our region and the peculiarities of the *Correlation is significant at 0.05 levels;

studied cultivar. After all, the content of 1S correlation is not significant.
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titrated acids in the fruits depends significantly on the characteristics of the sweet cherry
cultivar (Corneanu et al., 2020). It has been reported that in arid and hot conditions
during fruit ripening, the content of organic acids in sweet cherry fruits decreases
(Pangelova, 1970; Skvareninova, 1997; Richter, 2001, pp. 34-36; Famiani et al., 2020):
the acid content decreases during fruit ripening, as they are spent on energy and plasticity
metabolism during intensive mesocarp growth (organic acid respiration). Regarding the
decrease in the content of soluble solids, sugars, titrated acids in the fruits under bare
fallow conditions, compared with living mulch, this is partly due to the tendency to
increased fruit weight under bare fallow (Gerasko, 2020), as it was reported that
increasing fruit weight may reduce the content of soluble solids, sugars, titrated acids,
leukoanthocyanidins - there is a so-called ‘dilution’ due to an increase in cell volume
(Richter, 2001, p. 37; Famiani et al., 2015; Walker et al., 2018; Famiani et al., 2020).

The total content of phenolic compounds in sweet cherry fruits was in the range of
3.4-89.3 mg of GA (100 g)"' of raw mass under the conditions of bare fallow and
significantly higher (by 23—-56% during all stages of fruit ripening) under the conditions
of living mulch - from 5.3 to 110.1 mg of GA (100 g)"' of raw mass. Phenolic substances
accumulated in the fruits during ripening, reaching a maximum in the stage of picking
ripeness, during which in 2018 they were 47% higher under the conditions of living
mulch, compared to the conditions of bare fallow, in 2019 - 23% higher. The content of
phenolic substances correlated mostly with the content of anthocyanins. This is natural,
as anthocyanins are the most represented class of phenolic compounds in red-coloured
sweet cherry fruits (Martini et al., 2017). Compared to 2018, in 2019 the content of
phenolic substances in the fruits increased by 33% under bare fallow conditions, and by
11% - under living mulch conditions. Phenolic substances, as a dietary component, play
an important role in shaping the sensory characteristics of fruits, giving them specific
tartness, as well as being responsible for their colour and firmness (Richter, 2001, p. 38).
Phenolic substances are natural antioxidants with a strong ability to neutralize free
radicals; they exhibit anti-cancer, anti-ulcer properties (Ballistreri et al., 2013). The
composition and content of phenolic substances in fruits depends, not least, on cultivar,
genotype, climatic and agronomic conditions (Vursavus et al., 2006; Srednicka-Tober et
al., 2019).

Based on our results, living mulch promotes phenolic substance accumulation in
sweet cherry fruits, which makes them especially valuable for therapeutic and
prophylactic nutrition.

Anthocyanin content in sweet cherry fruits was in the range from 0 to
12.1 mg (100 g)" of raw mass under the conditions of bare fallow and from 0 to
15.2 mg (100 g)" of fresh mass under the conditions of living mulch. Anthocyanins
accumulated in fruits starting from the stage of partial reddening, with significantly more
anthocyanins contained in the fruits under living mulch conditions, both in 2018
(by 36%) and in 2019 (by 26%). In 2019, compared to 2018, more anthocyanins
accumulated in the fruits: by 63% under the conditions of bare fallow, and by 51% under
the conditions of living mulch. The increase in anthocyanin content in the fruits is due
to their participation in the formation of the characteristic colour of the fruit.

Weather conditions significantly affect anthocyanin content in sweet cherry fruits:
in dry and hot weather, the content of anthocyanins increases (Goncalves et al., 2004).

The content of ascorbic acid in the fruits reached a maximum in the stage of the
hardening of the stone (15.4—16.8% under bare fallow and 17.6-19.4% under living
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mulch), and then decreased during fruit ripening, but in the stage of picking ripeness was
significantly higher in living mulch conditions compared to bare fallow conditions (by
29% in 2018 and by 21% in 2019). The greatest correlation was observed between the
content of ascorbate and the content of phenolic substances, glutathione and
anthocyanins. In 2019, compared to 2018, ascorbate content increased by 15% in bare
fallow conditions, by 9% - in living mulch conditions. Ascorbate (vitamin C) is the most
well-known antioxidant for consumers, which plays a protective role against
cardio-vascular diseases (Vilchéze et al., 2018; Wang et al., 2018). Therefore, it can be
stated that sweet cherry fruits grown in living mulch conditions have a higher consumer
quality compared to fruits grown under bare fallow.

Glutathione content in the fruits reached a maximum in the stage of hardening of
the stone in 2018 and in the phase of partial reddening of the fruits in 2019. Under living
mulch conditions, the content of glutathione in the fruits was significantly higher
compared to the conditions of bare fallow in the stages of petal fall and hardening of the
stone (in 2018, respectively, 18 and 14%, in 2019 — 19 and 11%). Glutathione content
in 2019, compared to 2018, has not changed in both variants of the experiment. Vitamin
C (l-ascorbate, l-ascorbic acid) and glutathione are the main hydrophilic antioxidants in
plants, which play an important role in plant stress resistance and fruit quality (Davey &
Keulemans, 2004; Diaz-Mula et al., 2009b; Foyer & Noctor, 2011). Therefore, the
increase in the content of ascorbate and glutathione in sweet cherry fruits under the
conditions of living mulch, compared with bare fallow, indicates increased stress
resistance and higher functional quality of such fruits for consumption.

The overall reducing activity tended to increase under living mulch conditions and
was significantly higher compared to bare fallow: in the stage of petal fall in 2018
(by 13%), in the phases of falling petals and hardening of the bone in 2019, respectively,
by 17 and 11%. In 2019, compared to 2018, the overall reducing activity remained
virtually unchanged in both versions of the experiment. The highest total reducing
activity correlated with the content of glutathione, ascorbate and dry soluble substances
(Table 4). Our data is consistent with the results of studies by Commisso (2017):
phenolic compounds are the main source of antioxidant activity, and experiments with
artificial simplified phytocomplexes have shown strong synergies between anthocyanins
and ascorbic acid.

Table 4. Correlation coefficients (+?) of total reducing activity (TRA) with the content of
biologically active substances in sweet cherry fruits

Year of the Correlation coefficient of TRA with the content:

research SS Sug TA Phen Ant AsA Glu
2018 0.52%* 0.25" 0.34* 0.32% 0.53%* 0.88** 0.90*
2019 0.64** 0.49* 0.20" 0.79* 0.32* 0.36* 0.95*

Notes: **Correlation is significant at 0.01 levels; *Correlation is significant at 0.05 levels; ns correlation is
not significant. SS: Soluble solids; Sug: Sugars; TA: Titrated acids; Phen: Phenolic substances;
Ant: Anthocyanins; AsA: Ascorbate, Glu: Glutathione.

It should be noted that sweet cherry fruits grown organically in our experiment, had
high phytochemical characteristics compared to the fruits grown in intensive technology
in the region (Tolstolik, 2016; Bondarenko, 2018). The data on biochemical composition
of sweet cherry fruits obtained by us coincides with the average data obtained in the
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South of Ukraine (Richter, 2001; Kishchak, 2012; Ivanova et al., 2021). Anthocyanins
content in sweet cherry fruits in our research is generally consistent with the data
obtained by Italian researchers (Ballistreri et al., 2013), but is significantly lower
compared to Spanish studies (Gonzalez-Goémez et al., 2010). The total content of
polyphenols in fruits in our study (during the ripening stage) is significantly lower, and
the sugar content is consistent with data obtained for old sweet cherry cultivars in Czech
Republic (Nawirska-Olszanska et al., 2017). It should be noted that as of today, there are
new sweet cherry cultivars that are characterized by high anthocyanins content
(approximately three times more than ‘Dilemma’ cultivar we studied) (Antognoni et al.,
2020). If we compare phytochemical composition of sweet cherry fruits grown in our
research area (South of Ukraine) with fruits grown in Turkey (Kelebek & Selli, 2011),
‘Dilemma’ fruits contain significantly more sugars, significantly less titrated acids, and
the total phenolic content in them is similar to the level in ‘Van’ cultivar. Content of
sugars, titrated acids and anthocyanins in ‘Dilemma’ fruits during the ripening stage was
similar to the content of these compounds in the fruits of ‘Bianca’ sweet cherry grown
in southern Poland (Skrzynski et al., 2016).

In our study, the content of soluble solids, sugars, phenolic substances and
anthocyanins increased in sweet cherry fruits as they ripened and was closely correlated
with the overall reducing activity. Similar trends have already been noted in the works
by O.A. Grebennikova (2011): the content of biologically active substances in plum
fruits increased during ripening and was greatest in mature and even overripe fruits,
while the correlation between antioxidant activity and the content of biologically active
substances also increased as the fruits ripened; H. M. Diaz-Mula et al. notes (2009a): as
sweet cherry fruits mature, the nutritional and functional quality of them increases
(including the content of phenols, anthocyanins and antioxidant capacity).

In our study, both variants were grown using organic technology. But sweet cherry
trees grown under living mulch orchard floor management system experienced
additional stress from competing with grasses. This contributed to the accumulation of
protective antioxidant and biologically active compounds in the fruits. Fruits enriched
with endogenous antioxidants are in good demand from consumers and retain consumer
and functional quality for longer (have a longer shelf life) (Serrano et al., 2009).
Therefore, it can be stated that using living mulch in the orchard helps to improve the
consumer and functional quality of sweet cherry fruits.

CONCLUSIONS

The content of ascorbate, phenolic substances and anthocyanins in sweet cherry
fruits under living mulch conditions were consistently significantly higher compared to
the fruits under bare fallow conditions. Identified patterns can be explained by the
stressful conditions of competition with natural grasses, which activates the synthesis of
anti-stress biologically active substances in plant tissues (including fruits).

Since it is the antioxidants of the fruits that have physiological value for human
health, it can be stated that fruits grown in the conditions of living mulch have a higher
therapeutic and prophylactic value than the fruits grown in the conditions of bare fallow.

The content of dry soluble substances, sugars, titrated acids, glutathione and total
reducing activity in the fruits experienced significant fluctuations during fruit ripening,
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but during the stage of picking maturity there was no significant difference between the
variants of the experimental both in 2018 and 2019.
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