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CONCEPTUAL GUIDELINES OF THE RESEARCH

The relevance and importance of the addressed issue. The apple is a species
with high nutritional value, the fruits contain significant amounts of sugars, organic
acids, mineral salts, vitamins etc. [7].

Physiological-biochemical changes that occur during storage lead to the
deterioration of the quality of agricultural products. The intensity with which these
processes are carried out after harvesting is the main factor that determines the duration
of their quality maintenance [2].

Currently, worldwide, the most widespread storage technologies — normal
atmosphere (NA), modified atmosphere (MA) and controlled atmosphere (CA) have
their advantages and disadvantages, they differ in terms of the costs of their
implementation, they do not fully guarantee the protection of fruits from fungal
diseases and physiological disorders, as well as the preservation of the initial quality
of the fruits [6]. In addition to the key factors (temperature, humidity, content of O,
and COy), which determine the ability to keep fruits [33], a decrease in the quality of
fruits kept under conditions with NA and CA is also caused by processes associated
with ripening — senescence, accompanied by a high level of synthesis and accumulation
of endogenous and exogenous ethylene [3; 26]. In the Republic of Moldova, the most
widespread method is storage in conditions with NA (cold storage with artificial
cooling), precisely because it does not require significant expenses, such as keeping in
cold storage with CA, which is quite expensive. Disadvantages of NA technology
include: a short storage period, rapid fruit ripening, damage caused by physiological
diseases etc. [32].

One of the storage technologies based on the principle of inhibiting ethylene
biosynthesis based on 1-methylcyclopropene (1-MCP), is the post-harvest treatment
of climacteric fruits and vegetables with the Fitomag preparation, which largely solves
the problem of maintaining fruit quality and reducing losses produced by the scald [33].

Over the years in the Republic of Moldova, few studies have been carried out
regarding the influence of the Fitomag preparation on the quality of apple fruits, grown
in the pedoclimatic conditions of our country. The results obtained are fragmentary and
do not provide a complex approach at different levels of the physiological process of
fruit resistance to various deteriorations during storage under the postharvest influence
of this preparation. Resulting from this, including the fact that the preparation is widely
applied in more countries, with successes being recorded in the matter of maintaining
quality and extending the storage period, we assumed the responsibility of carrying out
complex research on the action of the preparation during the period of storage on the
intensity of metabolic processes in apple fruits, cultivated in the conditions of our
country. Starting from the described premises, the aim of the work was to evaluate the
mechanisms of action of the Fitomag preparation on the ripening-senescence processes
in the fruits of some late apple varieties, as a scientific basis for the optimization of
fruit storage technologies in the Republic of Moldova.

The objectives of the research consisted in:

1. The scientific-practical argumentation of the necessity and opportunity of
applying the Fitomag preparation, as a modern alternative technology for storing the



fruits of late apple varieties, grown in the pedoclimatic conditions of the Republic of
Moldova;

2. Establishing the degree of influence of the Fitomag preparation on the
intensity of the respiration process and the emission of ethylene, as indicators of
appreciation of the degree of ripening, the speed of biodegradation of the reserve
substances, the quality and the storage period of the apple fruits;

3. Evaluation of the influence of the storage method on the activity of antioxidant
processes in apple fruits, by assessing the content of phenolic substances and the
activity of the enzyme polyphenoloxidase, responsible for the immunity of the fruit;

4. Determination of the influence of the postharvest application of the Fitomag
preparation on the intensity of the transformation and biodegradation processes of the
main biochemical compounds (carbohydrates, titratable acids, ascorbic acid), as
indicators for assessing the storage capacity and quality of apple fruits;

5. Evaluation of the influence of the biological particularities of the variety and
the method of storage on the quality and degree of fruit damage by pathogens and
physiological disorders.

Research hypothesis: Fruit storage technologies in conditions with NA and CA
have their advantages and disadvantages, they differ in terms of the costs of their
implementation, they do not always guarantee the protection of fruits from fungal
diseases and physiological disorders, as well as the preservation of the initial quality
of fruits (freshness, firmness, nutritional value, etc.). Storing of fruits by applying the
Fitomag preparation could serve as an alternative and less expensive technology to
slow down the ripening-senescence processes in apple fruits for many producers and
exporters of fruits in the Republic of Moldova, who cannot afford the construction of
refrigerators equipped with modern equipment or transporting the fruit to long
distances to other households to be preserved.

Synthesis of research methodology and justification of chosen research
methods. To achieve the proposed goal and objectives, conventional research methods
specific to the field of fruit storing, described in the specialized literature, have been
used. In order to obtain some complementary data regarding the action mechanisms of
the Fitomag preparation on the ripening-senescence processes in the fruits of some late
varieties of apple, physiological and biochemical methods have been used (intensity of
the respiration process and ethylene emission, titratable acidity, total sugar content, the
content of dry substances, ascorbic acid and phenolic substances, the activity of
polyphenoloxidase), biophysical (the degree of dehydration of the tissues; structural-
textural firmness of the fruits) and statistical-mathematical comparative analysis. By
means of these methods we can evaluate the influence of different storage technologies
on the intensity of metabolic processes in fruits during storage.

Scientific novelty and originality. A complex evaluation of the influence of
Fitomag preparation on the metabolism of apple fruits grown in the conditions of the
Republic of Moldova was performed, based on physiological-biochemical and
biophysical parameters, as indicators for assessing the degree of ripeness, quality, and
shelf life of fruits.

The important scientific problem solved. Scientifically substantiated and
experimentally proved the post-harvest effect of the ethylene biosynthesis inhibitor
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Fitomag on the processes of ripening-senescence in the fruits of 4 late apple varieties,
which made it possible to identify the positive effect of the preparation and evaluate
the prospects for its use in the storage of fruits grown in the conditions of the Republic
of Moldova.

Theoretical significance. The study contributes to supplementing knowledge
about the features of the processes of ripening and senescence of apple fruits during
storage, depending on the variety, weather conditions during the growing season and
storage technology, in particular with the postharvest use of Fitomag preparation.

The applicative value of the paper. The postharvest treatment of apple fruits
with the Fitomag preparation contributes to the reduction of losses caused by fungal
diseases and physiological disorders, prolonging the storage period of apple fruits and
preserving their quality (firmness, freshness, juiciness, etc.). Having a pronounced
effect on the development of apple fruit ripening processes, this technology can
compete favorably with the currently widely used, but rather expensive method of
storage in a controlled atmosphere. For the success of fruit storage, it is recommended
to harvest fruits at the optimal time, characteristic of each variety.

Implementation of scientific results. The results obtained during the study
were implemented based on the storage complex of ,,Fortina-Labis” Ltd, Floreni
village, Ungheni district. The results presented in the dissertation can be used as
scientific and methodological material in teaching the courses of Plant Physiology and
Storage of Agricultural Products.

SUMMARY OF THESIS COMPARTMENTS
In the Introduction, the actuality and importance of the problem addressed, the
inclusion of the theme in the national and international concerns are argued,
emphasizing the importance of using post-harvest treatments to maintain the quality of
apple fruits during cold storage. The purpose, the objectives, and the research
hypothesis are formulated, the synthesis of the research methodology is presented with
the justification of the chosen analysis methods and the summary of the thesis chapters.

1. THE QUALITY AND FRUIT STORAGE CAPACITY DEPENDING ON
THE SPECIFIC CHARACTERISTICS OF THE VARIETY, CULTIVATION
CONDITIONS AND STORAGE TECHNOLOGY (literature review)

The chapter includes the analysis of data from the specialized literature in
relation to the addressed research topic. Particular attention has been paid to
highlighting the main physiological, biochemical and biophysical changes in apple
fruits during storage. The main biosynthesis and biodegradation processes in the
harvested fruits have been described, as well as the extent to which they influence the
quality of the fruits during cold storage. As a result of the critical analysis of the
bibliography, a synthesis has been made of the main achievements in the field of
research and the current state of research regarding the application of the Fitomag
preparation both in our country and abroad. The advantages and disadvantages of this
cold storage technology have been presented. The opportunity of applying the Fitomag
preparation has been argued, as an alternative and less expensive method of slowing



down the ripening-senescence processes in apple fruits grown in the pedoclimatic
conditions of the Republic of Moldova.

2. OBJECTS, CONDITIONS FOR CARRYING OUT INVESTIGATIONS
AND RESEARCH METHODS

The fruits of the late apple varieties: Golden Delicious, Florina, Idared and Renet
Simirenko, grown in the farm of the agricultural company “Lefcons-Agro SRL”,
Floreni commune, Ungheni district, have served as objects of study.

2.1. Climatic conditions of the growing season during the research years. In
2016, the vegetation period (May-September) was characterized by a higher thermal
regime, the average temperature in this period being 20.9°C, exceeding by 1.5°C the
average value of the temperature in 2014, respectively by 3.3°C in 2015, which
negatively influenced the formation, development, growth and preservation of fruits.
The highest amount of precipitation was recorded in 2016, constituting values of 16—
203.0 mm. In 2015, the amount of atmospheric precipitation during the vegetation
period was 1-23 mm. The amount of atmospheric precipitation during the vegetation
period in 2014 varied within the limits of 14-126 mm. The vegetation period of 2015
was characterized by the lowest level of relative air humidity (59 %), and the vegetation
period of 2016 (65 %) by the highest.

The meteorological conditions provided differences in the physiological,
biochemical and storage capacity of apple fruits.

2.2. Fruit storage conditions. The second day after harvesting, some of the
fruits were treated with the Fitomag preparation. The fruits were stored in experimental
cold rooms (KNT-1M) within the “Carpotron” experimental complex of the Institute
of Genetics, Physiology and Plant Protection, in conditions with NA and CA with
different content of O, and CO,, being subsequently storing for a period of 150 days,
according to the scheme (fig. 2.1):

SCHEME OF EXPERIENCE

Storage technology
NA+control NA+Fitomag CA +control
1°C; N2-78 %; 1°C; N2-78 %o; 2°C
0:-21%:; CO2-0,03 % | 02-21%;C02-0,03 % | 02-3%;C0O:-5 %
RAH-85-90 % RAH-85-90 % RAH-92-95 %

Figure 2.1. Scheme of the experience



2.3. Research methods. The observations during the vegetation period were
aimed at determining the degree of ripeness and the optimal harvest term, by assessing
the starch content [40], the structural-textural firmness (kg/cm?) by the penetrometric
method, the content of soluble dry substances by the refractometric method (% on the
Brix scale), the Streif index (the ratio between firmness and the content of soluble dry
substances). Penetrometrically, the firmness of the fruits was also investigated in the
dynamics of the storage period.

Laboratory determinations. The investigations have been carried out in the
Physiology of Fruit Plants and Fruit Maturation Laboratory of the Institute of Genetics,
Physiology and Plant Protection. Standard protocols, promoted by the specialized
literature, have been used. The assessment of the effect of the post-harvest application
of the Fitomag preparation on the concentration and intensity of the endogenous
ethylene emission was determined using the ICA56 ethylene analyzer. The intensity of
fruit respiration was determined according to the method proposed by [lounnok X.
[38]. The ripening and senescence of the fruits, depending on the storage technology,
was judged by the values of some biochemical indices of fruit quality: titratable acidity,
content of ascorbic acid and total sugar, using the methods proposed by Epmakos A.
and others [34]. The total content of phenolic substances in fruits was determined
according to the method [24] using the Folin-Ciocalteu reagent, and the activity of the
polyphenoloxidase enzyme was investigated using the photocolorimetric method [4].
The degree of dehydration of the fruit tissues was determined by weighing. Fungal
diseases and physiological disorders were determined visually, using atlases and
recognized expert guides [25; 29]. The degree of disease damage was expressed as a
percentage of the total number of fruits. The processing and statistical interpretation
of the obtained results was carried out through dispersion analyzes (bifactorial and
trifactorial), based on the ANOVA test, with the help of the STATGRAPHICS Plus2
software package. The data results of 3-5 replicates obtained were expressed by
calculating the arithmetic mean and standard deviation. The graphic presentation was
executed using Microsoft Excel Office 2019 software.

3. THE POST-HARVEST EFFECT OF THE FITOMAG PREPARATION ON
SOME PHYSIOLOGICAL INDICES OF APPLE FRUIT QUALITY

3.1. The influence of the Fitomag preparation on the intensity of fruit
ethylene emission

The researched varieties from the variant with treated fruits have shown non-
essential increases in ethylene production, its emission remaining practically at the
same level during storage, compared to the fruits from the control variant, which
showed a characteristic increase and decrease with the passage of the period of storage
[19] (fig. 3.1). This fact indicates that treating fruits with the Fitomag preparation
suddenly slows down its biosynthesis and accumulation. At the initial stage of storage,
the level of ethylene emission in the fruits increased non-essentially, with a certain
excess in the control fruits, after which it decreased, remaining at this level during the
following months, this period being largely determined by the biological particularities
of variety and storage technology (fig. 3.1).
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NA+control

TALc n . <
NA-+control NA+Fitomag

NA-+Fitomag

Figure 3.1. Dynamics of ethylene elimination during storage of apple fruits:
(a) — Golden Delicious variety; (b) — Florina variety; (c) — the Idared variety;
(d) — Renet Simirenko variety

The intensification of ethylene emission coincided with the climacteric period
of the fruits, after which, reaching the maximum level, its quantity in the fruits
decreased suddenly, the maximum of its elimination coinciding with the climacteric
(respiratory) maximum phase [19; 23]. The treated apple varieties were distinguished
by the lower rate of ethylene production, in relation to the control fruits, kept under the
same conditions. Among the untreated fruits, those of the Golden Delicious variety
stood out due to the more intense emission of ethylene during storage — 1.24-2.97
mkl/kg/h, and the lowest - the fruits of the Idared variety — 0.16-0.39 mkl/kg/h, they
also show increased disease resistance during storage. The legality given was partially
valid in the case of fruits treated with the Fitomag preparation, the lowest ethylene
activity being noted in the Renet Simirenko variety — 0.01-0.03 mkl/kg/h [19]. As a
result of the treatment of the varieties characterized by an increased intensity of
ethylene emission (Golden Delicious and Florina), the development of physiological
disorders and fungal diseases such as: scald, withering and gray rot was reduced or
excluded, ensuring the preservation of quality initials. The effect of using the Fitomag
preparation was most clearly manifested in the Renet Simirenko variety, at the end of
150 days of storage, the level of ethylene emitted by the treated fruits showed values
of 0.02 mkl/kg/hour, and in the untreated ones — 0.46 mkl/kg/hour (a 23-fold decrease).
Due to a less visible decrease (3.88 times), the fruits of the Florina apple variety stood
out. Therefore, the post-harvest application of the Fitomag preparation allows the
effective inhibition of ethylene biosynthesis and, as a result, of the fruit ripening
process, ensuring quality preservation and their complex protection from many
diseases [19].

3.2. The intensity of fruit respiration, depending on the storage technology

The physiological changes that occur in the fruit refer primarily to the variation
In intensity breathing, this being an important indicator for appreciating the complexity
of the transformations that take place in them [7]. The intensity of the respiration
process of the fruits treated with the Fitomag preparation was significantly slowed
down, the climacteric period occurring late, which made it possible for the respiratory
maximum to appear for a later period, compared to the fruits of the control variant [23]
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(fig. 3.2). In the storage dynamics, the highest degree of respiration intensity was
recorded in the control fruits of the Golden Delicious variety — 1.80-5.40 mg
COgy/kg/hour, but lower in the treated ones of the Renet Simirenko variety — 0.60-2.80
mg CO2/kg/hour [23].

Golden Delicious ——NA-+control Florina ——NA+control
-#-NA+Fitomag -=NA+Fitomag

~ mg CO/kg/h
mg CO/kg/h

Idared ——NA-+control Renet Simirenko ——NA+control

. 5
-=-NA+Fitomag 54 -=-NA+Fitomag
=3
o
o2
=
g

RN S SN o D D S D D At A o @ A S aS S
gt ST 0T 40T AN o AN N T T AT Y SRR B QT QT 0T 40 o eV AT
e N S Ry I e e SR RTRT AT T ST YT N e Aty

Figure 3.2. The intensity of fruit respiration, depending on the storage
technology

‘ mg CO2/kg/h
—_ O = N W

The period of the climacteric maximum is mainly characterized by the strong
emission of CO,, during which essential changes in metabolism take place, the fruits
are ripened, possessing the taste, aroma and color characteristic of the variety [1]. In
the fruits of the Idared variety, the climacteric maximum was recorded on December
23, while in the fruits of the same variety treated with the Fitomag preparation, it
occurred on January 19, so 27 days later. In the investigated fruits of the Florina variety,
the climacteric maximum in the control variant was detected on December 10, and in
the treated fruits it occurred 23 days later (January 2), in the same period as in the case
of the Golden Delicious variety. In the control fruits of the Renet Simirenko variety,
the onset of the climacteric maximum occurred on December 21, and in the treated
fruits it occurred on January 12, so 22 days later than the untreated fruits. Next, after
achieving a climacteric maximum, a sudden decrease in the intensity of breathing was
attested. Towards the end of the storage period, however, a short-term slight increase
was recorded, indicating that major changes occur in fruit metabolism, prevailing the
processes of destruction (biodegradation), which is characteristic of the senescence
period (fig. 3.2). During this period, the resistance of the fruits to physiological
disorders and fungal diseases decreased, the weight loss and the consumption of
biochemical substances increased, processes that essentially reduced the taste qualities
of the fruits. The obtained results allow us to state that the post-harvest treatment of
fruits with the Fitomag preparation contributes to a decrease in the intensity of
respiration, less CO; is released [23], from which it follows that the consumption of
plastic substances (sugars etc.) used as a substrate during the maintenance of this
process it was reduced [13; 23].

3.3. Change in the content of dry matter in fruits, depending on the storage
technology

Depending on the investigated apple variety, the content of dry matter in the
variant with treated fruits at the time of release from storage was higher than that of the
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fruits in the variant with control fruits — by 0.48-1.33 % and by 0.13-1.41 % in relation
to the fruits kept under AC conditions. The increased content of dry matter in the
treated fruits compared to the control fruits, found at the end of the 150 day storage
period, confirms that the Fitomag preparation slowed down the biodegradation of
plastic substances involved in the ripening-senescence processes of the fruits. As a
result of the statistical processing of the data (ANOVA test), it was determined that the
content of dry substances recorded in the apple fruits at the time of release from storage
is primarily determined by the variety, followed by the year-variety interaction and the
storage method with percentage contributions as follows: 60.87 %; 15.60 % and 6.77
% with a significant impact for P<0.001.
4. THE POST-HARVEST EFFECT OF THE FITOMAG PREPARATION ON

SOME BIOCHEMICAL INDICES OF APPLE FRUIT QUALITY

After harvesting the fruits, the biosynthesis processes are much less intense,
predominating those of biodegradation [2]. In order to maintain the quality of
horticultural products, the need to apply storage technologies is obvious, the ones
which inhibit the pace of these processes.

4.1. The effect of the Fitomag preparation on the change in total sugar
content during fruit storage

In 2016, when the sum of the active temperatures during the vegetation period
was higher than in 2014 and 2015, a higher content of sugar was detected at the time
of harvesting (fig. 4.1), the starch being almost completely transformed into sugar, and
the content of titratable acids presented low values. This process contributed to the
increase of the sugar-acid ratio, which had a negative impact on the storage capacity of
the fruits of the Renet Simirenko and Golden Delicious varieties, as physiological
disorders were detected in the form of scald [16].

11.53 12.97

9.16 7.96
1141 12.35 ﬂ_ﬁT
20 ~ .
_ 114 ' ssﬂ Slﬁﬂ
d o R
0

Golden Florina Idared Renet

Delicious Simirenko
m 2014 2015 2016

Figure 4.1. The total content of sugar in apple fruits at the harvest stage,
depending on the variety and the weather conditions of the year

As a result of the statistical processing of the data, it has been laid down that the
total sugar content recorded in the apple fruits at the harvest stage is primarily
determined by the variety, the percentage contribution being 98.87 %, followed by the
interaction of the factors year-variety and year with shares of 0.57 % and 0.42 %
respectively. All sources of variation analyzed have a significant impact for P <0.001
(tab. 4.1).
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Table 4.1. Analysis of variance of total sugar content at stage of harvesting

(ANOVA test)
Source of variation Sum of Degrees of Mean Squares E-ratio
Squares Freedom
Year (A) 0,531539 2 0,265769 36,17***
Variety (B) 124,267 3 41,4224 5637,83***
Interaction AB 0,711239 6 0,11854 16,13***
Total 125,686 35

Note: ***- significant differences for P<0.001

In the case of the treated fruits, the metabolic processes took place more slowly,
the intensity of the respiration process was reduced, thus slowing down the
biodegradation processes of sugars [14]. The investigated biochemical index recorded
higher values at the end of storage compared to the untreated fruits, stored under the
same conditions, proof of their increased vitality and storage capacity (tab. 4.2). In the
fruits of the Florina and Idared varieties, both during storage and towards the end of
storage, no significant differences have been detected in the content of total sugars, the
control fruits showing even higher values during the first 3 months of storage. Most
likely, in the case of the given varieties, the preparation led to a more pronounced
slowing down of the intensity of the ripening processes. This was confirmed by the
slower increase in the total content of sugar in the treated fruits, compared to the higher
rates of increase in the content of sugars in the control version, due to the more
advanced degree of starch hydrolysis, simultaneously with the decrease in the content
of titratable acids. Later, after 4 months of storage, the fruits of the Idared variety
showed an equalization of the total content of sugar. This legality was practically
manifested until the end of the storage period, the treated fruits presenting at the time
of release from storage an insignificant advantage compared to the control variant, by
only 0.13 %. In the fruits kept under CA conditions, no essential changes have been
detected compared to the initial content. The fruits of the Idared and Renet Simirenko
varieties at the end of storage showed higher values compared to the initial content,
most likely because their source of accumulation was some polysaccharides [14]. In
the specialized literature [28; 35; 39] there are conflicting opinions regarding the
correlation of the keeping ability of the fruits of many apple varieties with the
consumption of sucrose in them during cold storage (the lower the consumption of
sucrose, the more losses during storage are insignificant). In the case of our research,
some varieties with higher values in the sucrose content showed a higher amount of
affected fruits towards the end of storage, while others with a lower content were
highlighted by a higher storage capacity (tab. 4.2), a fact that allows us not to consider
sucrose as an internal factor for maintaining the quality of apple fruits.
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Table 4.2. The dynamics of changes in the total content of sugar, depending on the technology of storage fruits
of different apple varieties, %

Variety The X X Xl | I
toe;::?trgorlaoggg mono- | sucrose sum mono- | sucrose sum mono- | sucrose sum mono- | sucrose sum mono- | Sucrose sum
NA+control | 8,05 | 3,42 |11,47+0,07| 8,39 | 3,63 |12,0240,02| 9,02 | 3,71 |13,20£0,19| 9,30 | 2,93 |12,53+0,02(10,15| 2,09 |12,24+0,25

Di,‘}[fff,ﬂs NA+Fitomag 8,39 | 3,65 |12,04+0,40| 9,87 | 3,86 |14,310,03| 10,24 | 3,07 |13,83+0,11| 10,16 | 2,39 |12,55+0,09
CA-+control 11,41+0,15

DL, 5% 8,07 | 3,34 0,16
NA+control | 8,57 | 4,40 |12,61+0,06| 8,43 | 354 |11,97+0,09| 8,55 | 3,72 |12,2740,13| 9,30 | 2,96 |12,26+0,21| 9,81 | 1,90 |11.710,17

Florina A +Fitomag 812 | 352 |11,64%0,16] 8,30 | 3,90 |12,20+0,03| 9,27 | 3,03 |12,30+0,19] 10,14 | 1,98 [12,12+0,25
CA-+control 8,69 | 3,14 |11,83+0,06

DL, 5% 0.05
NA+control | 6,59 | 2,25 |8,84+0,07 | 6,91 | 2,37 |9,28+0,18 | 7,30 | 2,64 |9,94+0,05 | 7,54 | 2,15 |9,69+0,23 | 8,50 | 1,62 |10,12+0,07

Idared I\ A+ Fitomag 7,25 | 2,68 |9,93+0,15 | 7,06 | 2,62 |9,68+0,01 | 7,47 | 2,22 |9,69+0,13 | 8,50 | 1,75 [10,250,14
CA-+control 7,92 | 1,86 |9,78+0,33

DL, 5% 0,18

Renet |NA+control | 6,16 | 1,91 |8,07£0,03 | 7,79 | 2,11 |9,90+0,05 | 7,89 | 2,17 |10,06+0,19| 7,88 | 1,68 |9,56+0,31 | 9,08 | 0,88 |9,96+0,10

Simirenko| \ A+ Fitomag 773 | 2,11 |9,84+0,13 | 8,12 | 2,18 |10,30%0,22| 8,06 | 1,77 [9,83+0,10 | 9,10 | 1,08 |10,18+0,07
CA+control 7,86 | 1,72 |9,5820,10

DL, 5% 0,10
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It was found that at the time of removal from storage, the treated fruits contain
a greater reserve of sugar, their total content exceeding by 0.22-0.41 % the values
recorded in the control variant and by 0.29-1.14 % the values recorded in those kept
under CA conditions. With the highest degree of decrease in the content of sugar, the
fruits of the Florina variety in the control variant were highlighted, registering a
decrease of 7.14 % compared to the initial content [14]. As a result of the statistical
processing of the data through three-factor analysis, it has been determined that the
change in the total content of sugar in the fruit is primarily determined by the variety,
followed by the year-variety interaction and the storage technology with percentage
contributions as follows: 76.27 %; 9.53 % and 5.01 % with a significant impact for
P<0.001 (tab. 4.3).

Table 4.3. Analysis of the variance of the total sugar content at the removal from
storage stage (ANOVA test)

Source of variation Sum of Degrees of M .
ean Squares F-ratio
Squares Freedom

Year (A) 0,194013 2 0,0970065 13,56***
Variety (B) 108,51 3 36,17 5055,47***
Storage technology (C) 7,13115 2 3,56557 498,36***
Interaction AB 13,5651 6 2,26085 316,00***
Interaction AC 3,89337 4 0,973343 136,04***

Interaction BC 2,70602 6 0,451003 63,04***

Interaction ABC 5,76171 12 0,480143 67,11***

Total 142,277 107

Note: ***- significant differences for P<0.001.

According to the obtained data, we can conclude that the fruit quality reflected
by the sugar content was dependent on the biological particularities of the variety and
the storage technology.

4.2. The influence of the Fitomag preparation on the titratable acidity of
fruits

The taste properties of the fruits of several crops and varieties, especially the
sweet taste, are due to differences not only in the sugar content, but also in other
substances and, first of all, organic acids [34]. At the harvest stage, the lowest value of
titratable acidity was recorded in the fruits of the Golden Delicious apple variety,
especially in 2016 (fig. 4.2), as a result of unfavorable weather conditions during the
vegetation period (high temperatures etc.). This served as one of the causes of more
pronounced impairment during storage with physiological disorders.

As a result of the statistical processing of the data, it has been established that
the titratable acidity of the apple fruits recorded at the time of harvesting is primarily
determined by the variety, followed by the year and the year-variety interaction with
percentage contributions as follows: 77.09%; 17.69 % and 4.88 % with a significant
impact for P<0.001 (tab. 4.4).
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Figure 4.2. Titratable acidity of apple fruits at the harvest stage, depending on
the variety and the weather conditions of the year

Table 4.4. Analysis of variance of titratable acidity (ANOVA test)

Source of variation Sum of Degrees of Mean Squares E-ratio
Squares Freedom
Stage: Harvesting
Year (A) 0,297772 2 0,148886 623,24***
Variety (B) 1,29783 3 0,43261 1810,93***
Interaction AB 0,08222278 6 0,0137046 57,37***
Total 1,68356 35
Stage: Removal from storage
Year (A) 0,674022 2 0,337011 1126,85***
Variety (B) 4,06611 3 1,35537 4531,88***
Storage technology (C) 0,658489 2 0,329244 1100,88***
Interaction AB 0,319741 6 0,0532901 178,18***
Interaction AC 0,0214722 4 0,00536806 17,95%**
Interaction BC 0,0577185 6 0,00961975 32,17%**
Interaction ABC 0,0507426 12 0,000299074 14,14%**
Total 5,86983 107

Note: ***- significant differences for P<0.001.

Both in the untreated fruits, kept in conditions with NA, and in the case of those
treated with the Fitomag preparation, kept in the same conditions, there has been a
tendency to decrease titratable acidity values (fig. 4.3). According to the content of
titratable acids, the control fruits of the Golden Delicious variety were characterized
by their intense biodegradation during the storage period, which explains to a large
extent the appearance of physiological disorders in the form of scald [21]. The
minimum level of titratable acidity, recorded in this variety at the time of release from
storage, reached the value of 0.22 % (year 2017). At this critical level, the fruits were
strongly affected by physiological disorders. The fruits of the Renet Simirenko variety
at the time of harvest were distinguished by the highest value of titratable acidity,
varying in the range of 0.81-1.19 % during the years of research. However, during
storage, acidity decreased the most. In 2017, with a content of titratable acids at the
end of storage of 0.52 %, the fruits of this variety were affected by scald in a proportion
of 2.35 %, and in 2016, with a content of titratable acids of 0.93 % , affected within the
limit of 1%. The untreated fruits of the Idared variety were characterized by moderate
biodegradation of organic acids, which explains the absence of physiological disorders
in them [21]. When the treated fruits were released from storage, a higher content of
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titratable acids was recorded compared to the control variant, constituting an advantage
of 0.03 %-0.16 %, depending on the variety. In the control variant, a greater amount
of titratable acids were consumed in the fruits of the Florina and Renet Simirenko
variety, which explains the appearance of the browning of the fruit tissues during
storage [21].
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Figure 4.3. The dynamics of the change in titratable acidity of apple fruits
depending on the storage technology, % (expressed in malic acid)

Depending on the variety, the content of titratable acids in the fruits stored under
CA conditions exceeded by 0.05-0.13 % the values recorded in the variant with treated
fruits and by 0.20-0.22 % the values recorded in the control fruits [21].

The results of the statistical processing of the data have shown that all the sources
of variation analyzed have a significant impact for P<0.001 (tab. 4.4), showing that the
priority role in changing the titratable acidity of the fruits of the apple varieties taken
in the study is held by the variety with a percentage contribution of 69.27 %, the legality
also being valid at the time of fruit harvesting. Next comes the year (conditioned by
the weather conditions during the vegetation period) and the storage technology with
rates of 11.48 % and 11.22 % respectively. Analyzing titratable acidity values in fruits
during the storage period, it can be noted that this is a genetic indicator of the variety,
but which can vary from year to year depending on the biological particularities of the
variety and storage technology [21].

Fruit taste is determined not so much by the absolute content of organic acids
and sugars, but by the ratio of these substances in the fruit [30; 37], which finally leads
to the realization of the charac-teristic taste for the respective variety [5]. During these
researches, the sugar-acid ratio was considered as a diagnostic indicator of fruit quality
in the storage process. It is considered that the optimal value of the sugar-acid ratio,
which determines the harmonious sweet-sour taste, is 15-20 un. [41]. The highest value
of the researched index at the time of removal from storage, depending on the variety,
was detected in the control fruits, stored in conditions with NA (12.77-39.48), being
higher than that of the fruits of the variant treated with 0.79-8.11 units, respectively
with 3.09-17.95 in the case of fruits kept in CA conditions, which indicates that the
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ripening processes in the control fruits proceeded with a greater intensity [16] . A level
higher than 20 units at the time of removal from storage was registered to the Golden
Delicious variety, storing by applying the 3 storage technologies. At this level, the
fruits were characterized by a sweeter taste, but at the same time also by the lack of a
specific taste, for which reason they were also given lower notes at the tasting. Through
a lower value of the gluco-acid index of 15 units the control and treated fruits of the
Renet Simirenko variety, kept in conditions with NA, were characterized, being
characteristic of a weak-sour taste, which determines the sour taste of the fruits of this
variety. The fruits of the same variety, kept in CA conditions (9.68 units) were
characterized by a sour taste (gluco-acid index<10). The fruits of the Idared apple
variety corresponded to the level between 15-20, in the case of all 3 storage
technologies applied, achieving a pleasant-balanced taste, characteristic of the variety
[18].

4.3. The dynamics of changes in the content of ascorbic acid in fruits.

The dependence of the ascorbic acid content on weather conditions, especially
on the thermal regime during the growing season, is significant and is expressed by the
decrease in its content in 2016 compared to 2014 for the Florina variety by 6.51 %, for
the Idared variety by 4.41 %, for the Renet Simirenko variety with 4.36 % and
respectively for the Golden Delicious variety with 3.64 % (fig. 4.4).
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Figure 4.4. The content of ascorbic acid in apple fruits at the time of harvest,
depending on the variety and the weather conditions of the year

mg/%o
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In the years (2014; 2016) with high temperatures and lack of humidity during
the growing season, the accumulation of vitamin C and phenolic substances was
significantly lower, at the time of fruit harvesting low values of the ascorbic acid
content were recorded, which which negatively influenced their storage capacity [17;
36]. As a result of the statistical processing of the data, it was determined that the
ascorbic acid content recorded in the fruits at the harvest stage is primarily determined
by the variety, the percentage contribution being 95.10 %, followed by the year with a
share of 4.09 % with a significant impact for P< 0.001 (tab. 4.5). It should be noted
that at a great distance in the direction of decreasing contribution (only 0.39 %, for
P<0.01) the impact of the year-variety interaction is highlighted.
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Table 4.5. Analysis of variance of ascorbic acid content (ANOVA test)

Source of variation Sum of Degrees of .
Mean Squares F-ratio
Squares Freedom
Stage: Harvesting
Year (A) 2,13536 2 1,06768 116,86***
Variety (B) 49,6304 3 16,5435 1810,78***
Interaction AB 0,201 6 0,0335 3,67**
Total 52,219267 35
Stage: Removal from storage
Year (A) 0,369369 2 0,184684 352,40***
Variety (B) 23,2693 3 7,75644 14800,27***
Storage technology | 84,7638 2 42,3819 80870,08***
©)
Interaction AB 0,334061 6 0,0556769 106,24***
Interaction AC 2,14122 4 0,535305 1021,43***
Interaction BC 4,62322 6 0,770537 1470,28***
Interaction ABC 6,79504 12 0,566253 1080,48***
Total 122,334 107

Note: ** - significant differences for P<0.01; ***- significant differences for P<0.001.

In the case of the treated varieties, the significant decrease in the intensity of
respiration, enzyme activity and other metabolic processes, contributed to the reduction
of vitamin C losses, compared to the untreated ones [18; 23; 36] (fig. 4.5).
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Figure 4.5. The dynamics of changes in the content of ascorbic acid in apple
fruits, depending on the storage technology, mg/%

At the time of the release of the fruits from storage, depending on the researched
variety, a higher content of ascorbic acid - from 5.96 to 7.33 mg/% was detected in the
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fruits stored under CA conditions [36], followed by those treated with the Fitomag
preparation, the ascorbic acid content showing higher values by 0.01-1.09 mg/%
compared to the fruits of the control variant [13]. In the case of all three storage
technologies, a slower biodegradation of vitamin C was attested in the fruits of the
Idared variety, showing a decrease in the limits of 16.71 to 44.07 % compared to the
initial content during the 150 days of storage , they also recorded the lowest breathing
intensity during the storage period. A higher consumption of ascorbic acid was detected
in the case of control fruits of the Florina variety, storing in conditions with NA — a
decrease of 62.90 % compared to the initial content. Even if the fruits of the Florina
apple variety did not show the highest intensity of respiration throughout storage, they
nevertheless recorded the highest degree of biodegradation of vitamin C. One reason
could be the fact that the fruits of the given variety recorded during the first 3 months
of storage, the highest activity of the enzyme polyphenoloxidase [18], this probably
manifesting a more pronounced action on the oxidation of the vitamin, because vitamin
C is oxidized primarily by the enzymes polyphenoloxidase and ascorbinoxidase [2;
39].

As a result of the statistical processing of the data, it has been determined that
the change in the content of ascorbic acid in apple fruits is primarily determined by the
storage technology, followed by the variety and the year-variety-storage technology
Interaction with percentage contributions as follows: 69.29 % ; 19.02 % and 5.55 %
with a significant impact for P<0.001 (tab. 4.5). Therefore, the storage of fruits by
applying the Fitomag preparation after harvest slows down the ripening-senescence
processes of the fruits, which contributes to a lower consumption of vitamin C.

4.4. The influence of the polyphenols-polyphenoloxidase system on the
immunity and quality of fruits in the storage process

The polyphenols-polyphenoloxidase system induces the beginning of the
hypersensitive reaction, when the products of polyphenol oxidation localize the focus
of the infection and further protect the fruit tissue from pathogens [1]. During the first
8 weeks of storage, as a result of the slowing down of metabolic processes, a decrease
in the activity of the enzyme polyphenoloxidase (PFO) was attested, this process being
characteristic of all the varieties studied (fig. 4.6). Next, as a result of the intensification
of the oxidation-reduction processes, the activity of the researched enzyme gradually
increased, this tempo being maintained until the end of storage, with more pronounced
decreases, starting from February in the case of the Golden Delicous and Florina
varieties, when the fruits were fully ripen. The highest activity of the enzyme was
recorded during the climacteric period of the respiration process and during fruit
senescence (January—February), but in these intervals, with the decrease in the amount
of phenolic substances, the fruits were more sensitive to being affected by various
diseases. It should be noted that during the senescence phase of fruits, ethylene
determines the intensificaation of the activity of several enzymes [5].
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Figure 4.6. Polyphenoloxidase activity in apple fruits during the postharvest
period, depending on the applied storage technology

It was highlighted that in the treated fruits the intensity of the oxidation processes
Is significantly reduced, registering a lower level of PFO activity, compared to the
control fruits [18]. During the period of intensification of PFO activity, the smallest
losses of polyphenols were found, as they were less exposed to fungal diseases and
physiological disorders [17]. Storage for 5 months led to an increase in polyphenol
oxidase activity in the control fruits by 1.5-3.21 times, respectively in the treated ones
by 1.43-2.52 times, depending on the variety.

The unfavorable conditions during the growing season of 2016, when high
temperatures were recorded, had a significant influence on the quality of the fruits
during storage, which had a negative impact on the total polyphenol content,
subsequently also recording heavy rains a month before harvest, as well as during
harvest. Consequently, during storage, the fruits showed more visible signs of fungal
disease and physiological disorders, especially scalding. The maximum amount of
polyphenolic substances in fruits at the time of harvest was detected in 2015, when a
relatively increased amount of precipitation was recorded against the background of a
low amount of active temperatures.

It is known that the process of fruit ripening stimulates the synthesis of phenolic
substances. At the beginning of the storage period, a maximum accumulation of
polyphenols was recorded in the control fruits, stored in conditions with NA, as a result
of the increased intensity of the ripening processes, so that the maximum accumulation
of polyphenols occurred earlier [17]. The higher level of accumulation of phenolic
substances in the first 6 weeks in the fruits of the control variant can be explained by
the fact that there were no factors (ethylene inhibitor, increased CO; content, etc.) to
inhibit their synthesis. The ripening processes took place more intensively, i.e. a greater
amount of phenolic substances was accumulated, while the synthesis of polyphenols
was inhibited in the treated fruits. However, even at this level the control fruits were
not protected from the scald.
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At the end of the storage period, the highest amounts of phenolic substances were
recorded in the fruits of 3 varieties, stored in CA conditions (fig. 4.7). The exception
was the fruits of the Golden Delicios variety, which also showed a higher consumption
of phenolic substances, in relation to the treated fruits and even the untreated ones,
registering a decrease of 47.40 % compared to the initial content [17]. The situation is
justified by the fact that in controlled atmosphere conditions the increased level of CO,
(5 %) and low O, (3 %) is a factor that significantly inhibits the accumulation of
antioxidants in the fruits of this variety, and phenolic substances compared to other
preparations are more visibly subject to changes during storage [31].
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Figure 4.7. The dynamics of changes in the total content of phenolic substances
in apple fruits, depending on the storage technology

In the case of the fruits treated with the Fitomag preparation, as a result of the
slowing down of the ripening processes, the inhibition of the synthesis of ethylene and
phenols, the preservation of polyphenols was ensured, but to a lesser extent than in
conditions with CA. During the first 8 weeks of storage, there was a slight tendency to
accumulate phenolic substances, which denotes the ability of the Fitomag preparation
to preserve the antioxidant complex, followed finally by an insignificant decrease
during the storage process. In the second half of the storage period, with the
intensification of fruit senescence processes, the amount of phenolic substances
increased. After this period, in general, a decrease was attested, more pronounced
towards the end of storage, in the phase when the senescence period occurred (fig. 4.7).
At the time of removal from storage, the total content of phenolic substances in the
version with the application of the preparation exceeded by 0.67-2.33 mg/100 g fresh
mass the values recorded in the control version, depending on the variety [17]. The
received data indicate that through the influence of exogenous factors, such as ethylene
biosynthesis inhibitory substances, the intensity of the oxidation processes occurring
in the fruit can be modulated. In the fruits treated with the Fitomag preparation, the
oxidation-reduction processes took place more slowly, which had a positive influence
on their quality and resistance to various deteriorations.

5. FRUIT QUALITY AND THEIR RESISTANCE TO LOSSES DEPENDING
ON STORAGE TECHNOLOGY
Losses in the storage process are grouped into the following categories [39]: 1)
weight loss, due to the normal development of metabolic processes (respiration,
transpiration); 2) qualitative impairments, caused by mechanical damage, fungal
diseases and physiological disorders.
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5.1. The degree of dehydration of apple fruit tissues

The lowest degree of tissue dehydration was found in the fruits of the Florina
variety (0.54 %), stored in CA conditions, and the highest values were found in the control
fruits of the Golden Delicious variety, reaching the level of 6.44 % [12] (fig. 5.1).
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Figure 5.1. The dynamics of the degree of dehydration of the fruit tissues,
depending on the storage technology

The increased intensity of ripening processes in the control fruits correlated with
the degree of dehydration of the tissues, with higher values being recorded by 0.36—
1.17 % in relation to the fruits treated with the Fitomag preparation and by 2.55-6.82
% compared to those kept under CA conditions. Analyzing the obtained results, we can
state that the process of removing water from apple fruits, in addition to the climatic
conditions during the vegetation period and the biological particularities of the variety,
is largely conditioned by the storage technology applied.

5.2. Quality deterioration of fruits during storage

Fungal diseases and physiological disorders in apple fruits, depending on
genotype and storage technology. In the fruits of the Idared variety, no physiological
disorders have been detected, they present an increased potential for preserving quality
during the post-harvest period. A more significant damage with physiological disorders
was recorded of the Rennet Simirenko variety, which were more pronounced than the
fungal diseases. Predominant in the case of the given variety was bitter pit, detected in
the case of all 3 storage technologies studied [20]. Losses caused by this disease have
been recorded only in the case of this variety. As a result of treating the fruits with the
Fitomag preparation, the losses caused by this disease were reduced by 88.02 %,
compared to the untreated fruits. In the fruits of the Renet Simirenko variety, the
highest degree of scald damage was also attested — 1.11 %, detected only in the control
fruits [20]. In 2016, already after 50 days of storage, the Golden Delicious and Renet
Simirenko varieties stood out for this physiological condition. The development of this
disease during storage was most likely also facilitated by the stressful weather
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conditions during the vegetation period, the sum of the active temperatures being
higher compared to the first two years of research, and abundant rains were
subsequently recorded with a month of days until harvest as well as during harvest.
Because of this, the harvest was delayed by a few days, which ultimately led to an
increase in the turgidity of the cells, the Fitomag preparation in this case presenting a
lower effectiveness [20]. These aspects must be taken into account by the engineers -
technologists within the refrigeration complexes, when the fruit treatment and
realization scheme is planned. Also, in the dynamics of the research, it was established
that the total content of phenolic substances decreases significantly with the appearance
of the scald on the surface of the fruits and its increase in intensity.

The treated fruits, stored under the same conditions as the control variant, were
also affected by withering, but to a lesser extent, the intensity of the withering process
decreasing by 4.35 times [20] (fig. 5.2).
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Figure 5.2. Wlthered apples, Golden Delicious variety: (a) - fruit from the
control variant; (b) - fruit treated with the Fitomag preparation
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Losses caused by fungal diseases have been recorded in all investigated
varieties. The most aggressive fungal disease whose pathogens affected fruits was gray
mold (Botrytis cinerea Pers.) [10; 20]. Insignificant losses caused by pathogenic
diseases to the fruits of the Idared apple variety, and Renet Simirenko was
characterized as a less resistant variety [10].

Standard fruits. The study carried out by three-factor dispersion analysis at the
stage of fruit removal from storage, highlights the impact of the analyzed factors and
their interactions on the share of standard (healthy) fruit (tab. 5.1). In the control
version, the amount of standard fruits was reduced by 0.8-12.48 % compared to the
version with the application of the Fitomag preparation, respectively by 0.81-4.66 %
compared to the version stored under CA conditions [20]. As a result of the statistical
processing of the data, it was established that the share of standard fruits is primarily
determined by the storage technology applied, followed by the variety and the
interaction of the variety-storage technology with percentage contributions as follows:
36.97 %; 27.18 % and 25.41 % with a significant impact for P<0.001 (tab. 5.1). At a
great distance in the direction of decreasing contribution (only 1.33%, for P<0.01), the
impact of the year is highlighted, conditioned by the weather conditions preceding the
moment of fruit harvesting, while the other interactions do not show statistical
significance.
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Table 5.1. Analysis of variance of standard fruit share at the stage of removal
from storage (ANOVA test)

Source of variation Sum of Degrees of Mean Squares E-ratio
Squares Freedom

Year (A) 39,7283 2 19,8642 6,76**
Variety (B) 812,742 3 270,914 92,22%**
Storage technology (C) 1105,48 2 552,738 188,14***

Interaction AB 24,0347 6 4,00578 1,36™

Interaction AC 18,7246 4 4,68116 1,59™
Interaction BC 760,014 6 126,669 43,12%**

Interaction ABC 18,2296 12 1,51914 0,52"™

Total 2990,47 107

Note: **- significant differences for P< 0.01; ***- significant differences for P<0.001;
ns- not significant value

The structural-textural firmness of the fruits. In the conditions of the
experiments, the average temperature between May and September of 2016 was higher
by 1.5°C compared to the same period of 2014, and according to specialized literature,
the high temperatures during fruit conditions the reduction of the level of fruit firmness
[27], as a result of the metabolic changes that lead to the loss of the integrity of the
membranes [8]. It was established that the firmness of the apple fruits recor-ded at the
time of harvest is primarily determined by the interaction of the year-variety factors,
the percentage contribution being 54.61%, followed by the variety and the year with
shares of 25.03 % and 5.95 % respectively. The sources of variation analyzed have a
significant impact for P <0.001 (tab. 5.2).

Table 5.2. Analysis of variance of fruit firmness (ANOVA test)
Source of variation Sum of

S Degrees of Freedom Mean Squares F-ratio
quares
Stage: Harvesting
Year (A) 5,61267 2 2,80633 22,33%**
Variety (B) 23,5953 3 7,86511 62,59%%*
Interaction AB 51,4747 6 8,57911 68,27***
Total 94,2547 119
Stage: Removal from storage
Year (A) 113,426 2 56,7129 1074,75%**
Variety (B) 51,2305 3 17,0768 323,62%**
Storage technology (C) 74,4921 2 37,246 705,84 ***
Interaction AB 42,2047 6 7,03412 133,30%**
Interaction AC 7,69711 4 1,92428 36,47%**
Interaction BC 44,0751 6 7,34584 139,21 %**
Interaction ABC 18,0064 12 1,50054 28,44***
Total 368,229 359

Note: ***- significant differences for P< 0.001.

The effectiveness of the post-harvest treatment with the Fitomag preparation on
fruit firmness was manifested due to the modification of the hydrolytic processes of
the polysaccharides in the researched fruits, maintaining their firmness at a higher level
towards the end of storage by 0.22-2.20 kg/cm?, compared to the control. After 150
days of storage, the fruits of the Florina variety treated with the Fitomag preparation
registered a higher firmness (6.93 kg/cm?) even compared to those stored under CA
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conditions (5.90 kg/cm?), which denotes the role of Fitomag in slowing down the
ripening-senescence processes (fig. 4.3). Relatively increased firmness (4.73-5.22
kg/cm?) characterized the fruits of the Idared, Renet Simirenko and Golden Delicious
varieties, kept in CA conditions, and the lowest (4.08 kg/cm?) fruits witness of the
Idared variety, stored in NA.
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Figure 5.3. Change in fruit firmness value according to variety and storage
technology
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The results of the statistical processing of the data (ANOVA test) have shown
that all the analyzed sources of variation have a significant impact for P<0.001 (tab.
5.2), highlighting that the priority role in changing the fruit firmness index is held by
the year (conditioned by the weather conditions during the vegetation) with a
percentage contribution of 30.8 %, followed by storage technology and variety with
shares of 20.23 % and 13.91 % respectively.

5.3. Implementation of scientific results

The researches were carried out in the cold storages of the agricultural company
"Fortina-Labis SRL" (Floreni, Ungheni district), the volume of the studied production
constituting 8 tons of fruit (4 t. - treated with Fitomag at the beginning of storage; 4 t.
untreated fruit). Treated and untreated fruits were stored for 150 days under conditions
with NA at a temperature of 1°C and RAH (relative air humidity) — 85-90 %. At the
time of removal from storage, the amount of weight loss in the apple fruits taken in the
study varied depending on the storage technology and the biological particularities of
the variety, from 1.97 % to 7.95 %. The increased intensity of the ripening processes
in the control fruits (untreated) correlated with the degree of tissue dehydration, which
was increased by 0.19-4.29 % compared to the fruits treated at the beginning of storage
with the Fitomag preparation. In the variant with untreated fruits, the amount of
standard fruits was reduced by 0.83-11.71 % compared to the variant with the
application of the Fitomag preparation (tab. 5.3).
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Table 5.3. The effectiveness of Fitomag technology in the process of keeping
fruits in cold storages with increased capacity (SRL ,,Fortina-Labis”, Floreni
commune, Ungheni district)

Indicators Golden Delicious Florina Idared Renet Simirenko
un- treated un- trea- un- treated un- treated
treated treated ted treated treated
Stored for 1000 1000 1000 1000 1000 1000 1000 1000
safekeeping, kg
Weight loss, % 7.95 6.30 3.42 3.24 2.32 1.97 2.20 2.01
Standard 91.67 94.17 93.34 95.10 94.17 95.00 79.96 91.67
fruits, %

For a cold room with treated apples, 30 % less electricity was spent on average.
This situation can be explained by the fact that, as a result of treating the fruits with the
Fitomag preparation, the ripening-senescence processes are slowed down, the intensity of
the ethylene emission and the respiration process is decreased, respectively the amount of
heat released in the respiration process is significantly decreased. It is known that part of
the energy released in the breathing process is eliminated outside in the form of heat. This
directly produces temperature fluctuations in the cold room, which is inadmissible in the
storage process. In order to eliminate the heat released as a result of the breathing process,
cold stores are equipped with ventilation systems. In the case of treated fruit, these
ventilation systems and other equipment used to maintain optimal storage conditions do
not operate at full capacity, which also reduces electricity consumption.

GENERAL CONCLUSIONS

1. The complex researches carried out in order to implement an effective system
for storing the fruits of 4 late apple varieties (Golden Delicious, Florina, Idared, Renet
Simirenko) have highlighted the fact that the storage technology significantly
influences the intensity of the ripening-senescence processes in the fruits of apple in
the postharvest period.

2. The positive effect of the Fitomag preparation on the suppression of endogenous
ethylene emission activity by apple fruits during storage was established. The action of
the preparation was most clearly manifested in the Renet Simirenko variety (Paragraph
3.1). The post-harvest application of the Fitomag preparation allows the effective
inhibition of ethylene biosynthesis and, as a result, of the fruit ripening process, ensuring
quality preservation and their complex protection from many diseases [19].

3. The increased content of plastic substances (total carbohydrates, titratable
acids, ascorbic acid) in the fruits treated with the Fitomag preparation, compared to the
characteristic one for the untreated fruits, determined at the end of the storage period,
suggests that the Fitomag preparation inhibits the metabolism of the biochemical
preparations involved in fruit ripening-senescence processes (Chapter 4) [13; 15; 22].

4. It has been demonstrated that the storage method in CA conditions, as well as
the one by applying the Fitomag preparation, lead to a decrease in the consumption of
phenolic substances, a fact that protects the fruits from disease. In the treated fruits, the
intensity of oxidation processes decreased significantly, registering a reduced level of
PFO activity (Paragraph 4.4) [17; 18].
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5. The main diseases of the fruit of the apple varieties studied were determined,
depending on the storage technology: Scald (Renet Simirenko and Golden Delicious);
Bitter pit (Renet Simirenko); Internal breakdown (Florina and Renet Simirenko);
Withering (Golden Delicious); fungal diseases (all varieties studied) (Paragraph 5.2).

6. Harvesting the fruits of the varieties studied at the optimal harvest time
ensures the preservation of commercial qualities (firmness, color., etc.) and the
reduction of losses caused by physiological disorders and fungal diseases in conditions
with NA and CA, in relation to those harvested late. In the case of late harvesting of
the fruits of the Renet Simirenko variety, a sudden increase in the losses produced by
the process during storage is possible (Paragraph 5.2).

7. At the time of removal from storage, the fruits treated with the Fitomag
preparation differ from those of the control variant by a lower level of tissue
dehydration, fungal diseases, physiological disorders; more attractive appearance, skin
color, crunchiness, juiciness, aroma, freshness and more pronounced taste, pheno-
mena due to which the storage period of the fruits could be extended (Chapter 5) [9;
10-13; 15; 18; 20; 22].

8. Treating apple fruits with the Fitomag preparation contributes to a better
preservation of their structural-textural firmness, which ensures safe transportation
over long distances, as well as extending the terms of consumption of fresh apples
(Paragraph 5.2).

9. The storage technology by applying the Fitomag preparation can compete with
that of storage in CA conditions, given the fact that it has a number of advantages:
minimal investments for the procurement of equipment, simplicity in application and
low consumption of electricity (Paragraph 5.3) [10; 12; 13; 20-22].

10. In general, the obtained data suggest that the storage period of apple fruits
can be extended using procedures that ensure the formation of the specific content of
metabolites and reserve substances both during cultivation and during the maintenance
of the fruit in a dormant state, due to treatment in the post-harvest period with
substances that inhibit respiration processes.

RECOMMENDATIONS

1. In order to increase the effectiveness of the Fitomag preparation, the fruit must
be harvested in the optimal period characteristic of the variety.

2. In the fruit storing process, it is necessary to take into account the biological
characteristics of the variety, as well as the weather conditions of the year, especially
the last month before harvesting.

3. Based on the fact that most of the producers and exporters of fruits in the
Republic of Moldova cannot afford the construction of cold storages equipped with
modern equipment, it is recommended to apply the storage technology by applying the
Fitomag preparation, as an effective and less expensive alternative method.

4. The presented results are recommended to specialists and agricultural
producers specializing in long-term storage of fruits, as well as to be implemented in
university curricula for higher undergraduate and master studies in the disciplines:
Plant Physiology, Biochemistry and Storage of Agricultural Product.
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ADNOTARE

Nicuta Alexandru, ,,/nfluenta inhibitorului sintezei etilenei Fitomag asupra derularii
proceselor de maturare-senescenta la fructele de mar”, teza de doctor in stiinte biologice,
Chisinau, 2023.

Teza include introducere, 5 capitole, concluzii si recomandari, bibliografie din 375 titluri, 7 anexe,
132 pagini de text de baza, 12 tabele, 43 figuri. Rezultatele obtinute sunt publicate in 16 lucrari stiintifice.

Cuvinte cheie: fructe de mar, pastrare, Fitomag, atmosfera obisnuitd, atmosfera
controlatd, indici fiziologici, indici biochimici, indici biofizici, maturare-senescenta, dereglari
fiziologice, boli fungice, calitatea fructelor.

Scopul lucririi: Evaluarea mecanismelor de actiune a preparatului Fitomag asupra
proceselor de maturare-senescenta la fructele unor soiuri tardive de mar, ca baza stiintifica de
optimizare a tehnologiilor de pastrare a fructelor in Republica Moldova.

Obiectivele cercetarii: 1. Argumentarea stiintifico-practica a necesitatii $i oportunitafii
aplicarii preparatului Fitomag, ca tehnologie alternativa moderna de pastrare a fructelor soiurilor
tardive de mar, cultivate in conditiile pedoclimatice ale Republicii Moldova; 2. Stabilirea gradului
de influenta a preparatului Fitomag asupra intensitatii procesului de respiratie si emisiei etilenei,
ca indicatori a gradului de maturare, vitezei de biodegradare a substantelor de rezerva, calitatii si
duratei de pastrare a fructelor de mar; 3. Evaluarea influentei metodei de pastrare asupra activitatii
proceselor antioxidante 1n fructele de mar, prin aprecierea continutului de substante fenolice si
activitatii enzimei polifenoloxidaza, responsabile de imunitatea fructului; 4. Determinarea
influentei aplicarii postrecoltd a preparatului Fitomag asupra intensitatii proceselor de
transformare si biodegradare a principalilor compusi biochimici (glucidele, acizii titrabili, acidul
ascorbic), ca indicatori de apreciere a capacitatii de pastrare si calitatii fructelor de mar; 5.
Evaluarea influentei particularitatilor biologice ale soiului si metodei de pastrare asupra calitatii,
gradului de afectare a fructelor de agentii patogeni si dereglari fiziologice.

Noutatea si originalitatea stiintifica: Tn baza aprecierii valorii unor parametri fiziologici,
biochimici si biofizici, ca indicatori a gradului de maturare, calitatii si termenului de pastrare a
fructelor, a fost efectuatd evaluarea complexa a influentei preparatului Fitomag asupra
metabolismului fructelor de mar cultivate in conditiile R. Moldova.

Problema stiintificd importanta solutionata: a fost argumentat stiintific si demonstrat
experimental efectul postrecoltd al inhibitorului de biosintezd a etilenei Fitomag asupra
proceselor de maturare-senescenta la fructele a 4 soiuri tardive de mar, ceea ce a contribuit la
elucidarea actiunii preparatului, permitdnd aprecierea perspectivelor utilizarii inhibitorului in
tehnologiile de pastrare a fructelor cultivate in conditiile Republicii Moldova.

Semnificatia teoretica: studiul realizat contribuie la completarea cunostintelor despre
particularitatile proceselor de maturare-senescenta a fructelor de mar pe durata pastrarii in functie
de soi, conditiile meteorologice in perioada de vegetatie si tehnologia de pastrare, in particular cu
aplicarea postrecolta a preparatului Fitomag.

Valoarea aplicativa a lucrarii: Tratarea postrecoltd a fructelor de mar cu preparatul Fitomag
contribuie la reducerea pierderilor produse de boli fungice si dereglarile fiziologice, la prelungirea
perioadei de pastrare si mentinerea indicilor de calitate a lor (fermitatea, prospetimea, suculenta etc.).
Avand o actiune bine conturatd asupra desfasurarii proceselor de maturare a fructelor, tehnologia
propusa are avantaje economice fatd de metoda de pastrare in atmosfera controlata, actualmente larg
utilizata, dar care este destul de costisitoare. In scopul sporirii eficacitatii pastrarii fructelor, se
recomandd de efectuat recoltarea in perioada optima caracteristica fiecarui soi.

Implementarea rezultatelor stiintifice: Rezultatele obtinute in perioada anilor de
cercetare au fost implementate la complexul de pastrare a SRL ,,Fortina-Labis” com. Floreni, r-
nul Ungheni. Rezultatele expuse in teza pot fi utilizate in calitate de material stiintifico-didactic
la predarea cursului de Fiziologie vegetala si Pastrarea productiei agricole.
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ANNOTATION

Nicutd Alexandru, ,,Influence of the ethylene synthesis inhibitor Fitomag on the
development of the processes of ripening-senescence of apple fruits”, PhD thesis in biological
sciences, Chisinau, 2023.

The thesis include introduction, five chapters, general conclusions, and recommendations, 375
bibliographic sources, 7 appendices, 132 basic text pages, 12 tables, and 43 figures. The results
obtained are published in 16 scientific papers.

Keywords: apple fruits, storage, the ethylene biosynthesis inhibitor Fitomag, normal
atmosphere, controlled atmosphere, physiological indicators, biochemical indicators, biophysical
indicators, ripening-senescence, physiological disorders, fungal diseases, fruits quality.

The aim of the study: Evaluation of the mechanism of action of the Fitomag preparation on
the processes of ripening-senescence of the fruits of some late apple varieties, as a scientific
justification for optimizing fruit storage technologies in the Republic of Moldova.

The objectives of the study: 1. The scientific-practical argumentation of the necessity and
opportunity of applying the Fitomag preparation, as a modern alternative technology for storing the
fruits of late apple varieties, grown in the pedoclimatic conditions of the Republic of Moldova; 2.
Establishing the degree of influence of the Fitomag preparation on the intensity of the respiration
process and the emission of ethylene, as indicators of appreciation of the degree of ripening, the speed
of biodegradation of the reserve substances, the quality and the storage period of the apple fruits; 3.
Evaluation of the influence of the storage method on the activity of antioxidant processes in apple
fruits, by assessing the content of phenolic substances and the activity of the enzyme
polyphenoloxidase, responsible for the immunity of the fruit; 4. Determination of the influence of the
postharvest application of the Fitomag preparation on the intensity of the transformation and
biodegradation processes of the main biochemical compounds (carbohydrates, titratable acids,
ascorbic acid), as indicators for assessing the storage capacity and quality of apple fruits; 5.
Evaluation of the influence of the biological particularities of the variety and the method of storage
on the quality and degree of fruit damage by pathogens and physiological disorders.

Scientific novelty and originality: a complex evaluation of the influence of Fitomag
preparation on the metabolism of apple fruits grown in the conditions of the Republic of Moldova
was performed, based on physiological-biochemical and biophysical parameters, as indicators for
assessing the degree of ripeness, quality, and shelf life of fruits.

The important scientific problem solved: scientifically substantiated and experimentally
proved the post-harvest effect of the ethylene biosynthesis inhibitor Fitomag on the processes of
ripening-senescence in the fruits of 4 late apple varieties, which made it possible to identify the
positive effect of the preparation and evaluate the prospects for its use in the storage of fruits grown
in the conditions of the Republic of Moldova.

Theoretical significance the study contributes to supplementing knowledge about the
features of the processes of ripening and senescence of apple fruits during storage, depending on the
variety, weather conditions during the growing season and storage technology, in particular with the
postharvest use of Fitomag preparation.

The applicative value of the paper: the postharvest treatment of apple fruits with the
Fitomag preparation contributes to the reduction of losses caused by fungal diseases and
physiological disorders, prolonging the storage period of apple fruits and preserving their quality
(firmness, freshness, juiciness, etc.). Having a pronounced effect on the development of apple fruit
ripening processes, this technology can compete favorably with the currently widely used, but rather
expensive method of storage in a controlled atmosphere. For the success of fruit storage, it is
recommended to harvest fruits at the optimal time, characteristic of each variety.

Implementation of scientific results: The results obtained during the study were
implemented based on the storage complex of ,,Fortina-Labis” Ltd, Floreni village, Ungheni district.
The results presented in the dissertation can be used as scientific and methodological material in
teaching the courses of Plant Physiology and Storage of Agricultural Products.
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AHHOTALIUA

Hukyin A, «BianssHue HHrHOUTOpPa CHHTE3a 3THJIeHa DUTOMAT HA pa3BUTHE NMPOLECCOB
CO3peBaHUS-CTAPEHUs MJI00B A0JOHN», TUCCEPTALUSI HA COUCKAHUE YYeHOIl CTeneHn JOKTopa
OuMoJiIornyecKux Hayk, Kumunay, 2023.

Pabora cocTouT U3 BBeAEHUS, S r11aB, OOMIMX BHIBOJIOB M peKOMEHIanui, oubnuorpaduu u3
375 uctoyHukoB, 7 mpwioxkeHui, 132 crpanun obmero oowvema, 12 Tabmum u 43 PHCYHKOB.
[TosmydeHHbIe pe3ynbTaThl OMYOIMKOBAHBI B 16 HAyYHBIX ITyOIHKAIIHSIX.

KiroueBble ci1oBa: 1mioasl s0I0HH, XpaHEeHHE, HHIHOUTOP OMOCHHTE3a 3THIeHa Dumomae,
oObI4Hast atMocdepa, peryaupyemas armocdepa, HPU3HOIOTUICCKHE TTOKA3aTeNH, OMOXUMHUYCCKUE
noxaszaTeiny, OMo(u3nyecKre moka3aTesiv, Co3peBaHue-CTapeHne, GU3N0I0OTHIECKHE PacCTPOMCTBA,
rpuOKOBBIe 3200JIEBaHMS, KA4ECTBO IIJIOOB.

Leabio 1anHoi padoThI ABAsieTcsA: M3ydnTh 0cOOEHHOCTH AeHCTBHS npenapara Qumomae
Ha TIPOILIECCHl CO3PEBAHUA-CTAPEHUS TUIOJIOB HEKOTOPHIX MO3JHUX COPTOB SIONOHH, B KadecTBE
Hay4HOTO 0OOCHOBaHHS ONTUMH3AIIUN TEXHOJOTUN XpaHEeHHs TU1010B B Pecrybnuke Mosiosa.

3agaun  wucciaenoBanusi: 1. HayuHo-mpakThdyeckoe 0O0OCHOBaHHE HEOOXOJAUMOCTH U
BO3MOXKHOCTH TIpUMEHEHHs1 Tperapara Duromar, Kak COBPEMEHHON aJbTEPHATHBHOW TEXHOJIOTHH
XpaHeHUs] IUIOJIOB TIO3[JHUX COPTOB SIOJIOHW, BBIPANICHHBIX B MEIOKIMMATHYECKUX YCIIOBHSX
PecniyOnuku MonyioBa; 2. BeisBieHue creneHu BIUsSHUS npenapata @Pumomae Ha UHTEHCUBHOCTD
nporiecca JIBIXaHusl M BBIJIETICHUS STUIICHA, KaK MOKA3aTeNie OIIEHKH CTENEHH CO3pPEBaHMs, CKOPOCTH
OnoJIerpaJaliy 3aITacHbIX BEIIECTB, KAYeCTBA U CPOKOB XpaHEHHS TUIOOB sI0JOHM; 3. OTieHKa BIUSHUS
crioco0a XpaHeHHsI Ha aKTUBHOCTh aHTHOKCH/IAHTHBIX MPOIIECCOB B TIOJAX SIOJIOHU MTYTEM OTIPEICIICHHUS
coziepkaHus ()eHOJBHBIX BEIIECTB M aKTHBHOCTH (hepMeHTa MOIM(EHOJIOKCH Ia3a, OTBETCTBEHHBIX 3a
UMMYHUTET II00B; 4. OmpeieNieHne BIMSHIUS TIOCIIeyOOPOYHOTO MTPUMEHEeHHs pernapara Qumomae Ha
MHTEHCUBHOCTh TpaHCQOpManuu ¢ OWOJErpajallii OCHOBHBIX OHWOXMMHUYECKHUX COETUHEHHA
(YrieBoJIoB, TUTPYEMBIX KUCIIOT, ACKOPOMHOBOM KHUCIIOTHI ), /IS OIICHKH Ka4eCTBa U JIEKKOCITIOCOOHOCTH
10710B s1070HU; 5. OneHKa BIMSHUASA OMOJIOTHYECKUX OCOOEHHOCTEH copTa W crocoba XpaHEHHs Ha
Ka4yecTBO U CTeNeHb MOPa)KeHUs TUI0JJ0B MaTOr€HaMH U (PU3HOJIOTHUECKUMU PacCTPOUCTBAMMU.

HoBu3Ha M Hay4yHasi OPMIMHAJBLHOCTB: TPOBEJCHA KOMILJIEKCHAS OIICHKA BIIMSHHS
npenapata Qumomaez Ha MeTa0OJIM3M IUIOJOB S0JIOHU, BBIpAIlEHHBIX B ycioBusix PecrnyOnuku
MouoBa, Ha OCHOBE (HU3UOJIOTO-OMOXUMUYECKUX M OHO(PU3UYECKHX IapaMeTpoB, C LEJbIO
OTIpeJieNIeHUs! CTETNIeHU CO3PEBaHUsI, KAYECTBA U CPOKOB XpaHEHUS IIOJOB.

Pemlennasi HayyHasi mpoO/jieMa: HayyHO OOOCHOBAaHO M SKCIEPUMEHTAIBHO JOKa3aHO
1ocyiey0OpoYHOE BIHUSHHUE UHTUOUTOpa OMOCHHTE3a dTUiIeHa Dumomae Ha MPOLECCHl CO3pPEBaHUSI-
CTapeHus B IJI0J1aX 4 MO3AHUX COPTOB SIOJIOHU, YTO MO3BOJIUIIO BBISBUTH IOJIOKHUTEIHHOE JICHCTBUE
mpernapaTa M OLIGHUTh MEPCHEKTUBBI €ro HUCHOJB30BaHUS B TEXHOJOTHMH XPAHEHHUS IUIOJOB,
BBIPAIIEHHBIX B YCIIOBUAX Peciybnuku MougoBa.

TeopeTnueckass 3HAYMMOCTb: HCCIEIOBAHHE CIIOCOOCTBYET MAOIMOJHEHUIO 3HAHUH O
O0COOCHHOCTSIX MPOIECCOB CO3PEBAHUSA-CTAPEHUS IJI0JIOB SOJIOHU MPU XPAaHEHUH B 3aBUCUMOCTHU OT
COpTa, MOTOJHBIX YCJIOBHA B MEPUOJ BEreTalii W TEXHOJOTUU XpaHEHUs, B YACTHOCTH C
nocsiey0OpOYHBIM IPUMEHEHUEeM Mpernapara Gutomar.

Ipuknaaguas nennocts: [locneybopounast 06paboTKa M008B A0JI0HU npenapaTtoM Pumomae
CIIOCOOCTBYET CHMKEHHIO MOTEepbh OT TPUOKOBBIX 3a00J€BaHUN W (PU3MOJIOTMYECKUX PACCTPOWCTB,
MPOJUICHUIO CPOKa XpaHEHHUs 070K U COXPAHEHHUIO NX Ka4ecTBa (TBEPAOCTh, CBEXKECTh, COUHOCTD U JIp. ).
Oka3biBasi BBIPQKEHHOE BIMSHUE HA Pa3BUTHE IPOLIECCOB CO3PEBAHMS IUIOOB S0JOHM, JlaHHAs
TEXHOJIOTHST MOXKET KOHKYPHpOBaTh C IIMPOKO IMPUMEHSEMBIM B HACTOSIIEEe BpeMs, HO JIOPOTUM
METOJIOM XpaHEHHUs] B KOHTpoJMpyeMoi atMmocgepe. [ ycrexa XpaHEHUs IUIOJIOB PEKOMEHIyeTcCs
MPOBOJIUTH YOOPKY IJIO/I0B B ONTUMAJIbHBIE CPOKH, XapaKTEPHBIE VIS KaXK10TO COpTa.

BHeapenue Hay4YHbIX AOCTH:KeHMIi: Pe3ynbTaThl, OJTydYeHHBIE B TEUEHUE HCCIIEOBaHMUS,
Obutn BHeApeHbl Ha 0Oaze koMmiuiekca xpaHeHus OOO «®oprtuna-JIabucy, ceno @nopeHs,
YHreHckoro paiioHa. Pe3ynbraTsl, peicTaBlIeHHbIE B AUCCEPTALIMU, MOTYT OBITh UCIOJIb30BAHBI B
Ka4yecTBE Hay4YHO-METOAMYECKOI0 MaTepuaa Mpu MpernojaaBaHu KypcoB OU3noIOTUN pacTeHU U
XpaHeHUs CENbCKOXO3SIMCTBEHHON ITPOTYKLIMH.
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