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1. Introduction

zation of the United Nations unambiguously indicate that

the development of global warming cannot be questioned

Results of the research carried out by a group of experts  [1]. A change in the climatic activity, which is characteristic
on climate change from the World Meteorological Organi-  of the present time, is taking place extremely rapidly, which




is not typical for natural cycles [2]. A critical restructuring
of climate-forming factors negatively affects the quality and
storability of agricultural crops since it makes full adapta-
tion of the biological species to the ultra-fast climate changes
impossible [3].

Stressful conditions of changing climate make vegetable
growing more and more difficult every year, while fruit
quality becomes a hard-to-predict phenomenon. Nonspecific
changes in weather and climatic conditions require chrono-
biological analysis. It is difficult to forecast the storability
and preservation of plastic substances without thorough
research into metabolic behavior of fruits in response to abi-
otic factors. Any innovative developments and proposals to
producers will be ineffective.

Plant organisms demonstrate physiological variability as
a consequence of changes in weather and climate conditions
[4]. An increase in the temperature of the environment di-
rectly affects photosynthesis, which alters the level of sugars,
organic acids and phenolic substances in fruits [5]. Agri-
cultural crops quickly react to external signals and adapt
to them by adjusting the mechanisms of their development.
Plant gene pools in a retrospect of their development formed
resistant mechanisms of adaptation to climatic fluctuations
[6]. The gene pool of vegetable crops should have a sufficient
constant of strength against the effects of changes in abiotic
factors. That is why it is important to know critical thresh-
old values of abiotic factors at which there is a risk of loss of
fruit vegetables storability.

2. Literature review and problem statement

Stress factors, including adverse temperature and hu-
midity conditions, high solar activity in the period of
growing, play a crucial role in the formation of storability
of fruits, adding risk to the post-harvest quality. The oxi-
dative stress to which they are exposed during vegetation
predetermines intracellular accumulation of active oxygen
forms (AOF) and, as a consequence, natural imbalance in the
internal antioxidant fruit-protection systems.

Without the implementation of additional measures of
protection for adaptation, this can extremely adversely affect
duration of storage. Innovative technologies that are now be-
ing actively implemented in production imply the post-har-
vest produce treatment with antioxidant compositions [7].
The application of antioxidants effectively prevents develop-
ment of a cold stress in fruits during storage [8]. Scientists
designed a number of preparations with antioxidant effect,
the treatment with which contributes to the enhanced cold
tolerance of vegetables [9] and fruits [10]. When a negative
or a damaging impact of abiotic factors on the quality of fruit
vegetables during storage exceeds the degree of adaptation
capability, the use of exogenous antioxidant treatments makes
it possible to reduce the level of vulnerability, as well as to
improve stability of fruits in the dynamics of storage [11].

In response to damaging factors, specific processes
are initiated in fruits, which synthesize the production of
protective substances, such as proteins of heat shock, pro-
teins-antifreezes, phytochelatins, polyamines [12]. Thus,
the cells that were exposed to the action of one stress factor
(heat) acquire resistance to the effect of other damaging
factors. In other words, there is a cross-adaptation. The
post-harvest thermal treatment of fruits with antioxidants
has proven its high efficiency [13]. By providing the fruits

with an under-threshold stress state, such a treatment en-
hances endogenous mechanisms of stability during storage.

After harvesting, the fruits continue to undergo vital
physiological processes, the most important of which is
the respiratory metabolism [14]. The intensity of vegetable
respiration during storage is an indicator for quantitative
estimation of the response of fruits to the changes in cli-
matic conditions. Research in this direction will determine
the degree of vulnerability of fruit objects depending on the
abiotic extrema. In addition, still unclear is the impact of
thermal treatment of fruits with antioxidants on the vari-
ability of respiration dynamics. The study of this aspect is
compulsory in order to ensure efficient storage of fruit and
vegetable produce.

3. The aim and objectives of the study

The aim of present study was to establish the influence
of abiotic factors on the intensity of respiration of the fruits
of tomato, pepper, cucumber, and zucchini during storage.
This will make it possible to predict the storability of each
type of vegetables and modify it by using thermal treatment
with antioxidants.

To achieve the aim, the following tasks have been set:

— to clarify the adaptive potential of fruits by analyzing
the influence of abiotic factors on respiratory metabolism
during storage;

— to explore the mechanism of influence of the post-har-
vest thermal treatment with antioxidants on the respiratory
activity of fruit vegetables during storage;

— to analyze the degree of influence of such factors as va-
rietal and species specificity and meteorological conditions
of cultivation on the respiration intensity (RI) the of fruits.

4. Research methods and materials

4. 1. Research materials

The research was performed over 2005-2012 at the
Tavriya State Agrotechnological University (Melitopol,
Ukraine). The fruit vegetables were grown under condi-
tions of drip irrigation in the south of Zaporizhia oblast,
Ukraine. The area of cultivation is characterized by high
heat supply (the annual total of temperatures above 10 °C is
3,400...3,600) and the lowest humidity in Ukraine (annual
hydrothermal factor (HTF) is 0.5...0.7 units) [15]. Irrigation
rate was maintained in the range of 30—90 m?®/ha, in some
cases — 110-130 m®/ha. The agricultural technological tech-
niques for the cultivation of fruit vegetables are standard for
the zone of dry steppe.

The materials and methods of research are described in
detail in paper [16].

3. Results of research of the influence of
abiotic factors on the respiration intensity of
fruit vegetables during storage

The research results demonstrate varietal specificity
of the respiratory activity of cucumbers of both hybrids.
Before storing, the released CO, level for the fruit of Ath-
ena hybrid is almost 2 times higher than that for Masha:
31.73 vs 16.75 mg CO,/kg-h (Table 1).



Table 1

Intensity of cucumber respiration before storing,

mgCO, /kgxh, ;is;, n=3

Year of research Athena Masha
2005 43.87+0.87 17.06+0.60
2006 30.97+0.29 16.89+0.19
2007 22.44+0.28 16.44+0.27
2008 20.10+0.96 15.02+0.04
2009 37.39+0.27 16.91+0.05
2010 32.95£0.67 17.67+0.11
2011 25.07+0.28 14.00+0.19
2012 41.01£1.35 20.02+0.16

average 31.73 16.75
V, % 27.51 10.67
HIP, 2.35 0.75
Sx, % 2.44 1.48

Variability for the cucumber Athena is significant,
V=27.51 %, while it is average for the cucumber Masha,
V=10.67 %. Similar patterns were revealed in the amount
of CO, released by the cucumbers and the abiotic factors
during cultivation. Maximally close dependences are ob-
served for total of active temperatures (TAT) above 10 °C
during the formation of cucumbers of both hybrids (Fig. 1).
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A two-factor variance analysis showed that the key role in
RI of cucumbers belongs to the varietal specificity (factor A).
Significant influence is exerted by the year of research (fac-
tor B), as well as the interaction between factors (Fig. 2).
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Fig. 2. Share of influence of factors on the intensity of
cucumber respiration: M — cucumber hybrid; B — year of
research; ™ — interaction between factors; M — the rest

RI dynamics during storage of cucumbers is similar for
both hybrids (Fig. 3). In day one of the fruits’ storing, RI

slows for all variants, due to the natural reaction of cucum-
ber tissue to a decrease in temperature [17].
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Zucchini are characterized by high respiratory activity
[7]. Studies have shown that RI during placement to a cool-
ing chamber is affected, similar to cucumbers, by varietal
specificity and cultivation conditions (Table 2).

Table 2

Respiration intensity of zucchini before storing,

mg CO,/kgxh, x+sx, n=3

Year of research Kavili Tamino
2005 56.54+0.85 70.55+0.75
2006 29.03£1.00 51.05+0.97
2007 32.90+0.28 61.06+0.43
2008 58.84+0.81 69.16+0.56
2009 36.51+0.18 55.47+0.67
2010 34.15%0.20 57.06+0.76
2011 16.87+£0.23 40.80+0.58
2012 44.56%0.18 61.90+0.62

average 38.68 58.38
V, % 36.40 16.59
HIP, ,; 1.72 178
Sx, % 1.46 1.00

The dependence of zucchini RI on abiotic factors was
proved by high correlation (Fig. 4).

The obtained dependences are similar to those of cucum-
bers by force and orientation. Zucchini R1I is largely affected
by the year of research (factor B), with a strong influence by
the hybrid (factor A) (Fig. 5).

The natural model of respiration of non-climacteric
fruits during storage is a slow decline regardless of tempera-
ture for the fruits resistant to cooling, and when cooling
above the temperature of cold threshold for those sensitive
to cooling [18].
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Different features of RI dynamics were identified during
storage of zucchini (Fig. 6).

The fruits of pepper are characterized by the average
level of RI [19]. According to the results, fruits’ RI immedi-
ately after harvesting was about 43 mg CO,/kgxh, but the
variability over years of research was significant: V=37 %
(Table 3).

LCD=4.81

Respiration intensity,
mgCO,/kg~h

0 1 6 12 18 24
Storage duration, days
a
60 I
CD=7.13
50 \vg%
01—
30
. 20
10
0 T T T : )
0 1 6 12 18 24
Storage duration, days
b
Fig. 6. Dynamics of the respiration intensity of zucchini:
a — Kavili; b — Tamino;
—&— — control; — thermal treatment Chl+I+L

Respiration intensity,
mgCO,/kg~h

Close correlation connection between RI and weather
conditions was established at the total of active tempera-
tures of the formation and maturation of fruits: 7=0.95 for
Hercules, 0.92 for Nikita (Fig. 7).

Table 3
Respiration intensity of pepper before storing,
mg CO,/kgxh x£sx, n=3

Year of research Hercules Nikita
2005 42.23+0.81 49.51+0.74
2006 35.84+0.89 29.37£1.12
2007 70.92+1.64 77.45%+1.96
2008 53.45+1.26 63.25+0.62
2009 22.17+0.50 30.02+£1.20
2010 43.32+0.44 47.22+2.39
2011 39.32+1.08 31.73£0.83
2012 24.64+0.26 41.16%0.46

average 41.49 46.21
V, % 37.64 37.11
HIP, 3.03 3.90
Sx, % 2.40 2.78
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weather factors: B — Hercules; m — Nikita

A two-factor analysis indicates a significant dependence
between cultivation conditions and the level of RI. The share
of influence of given factor is larger than 90 % (Fig. 8).
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Fig. 8. Share of influence of factors on the respiration
intensity of pepper: B — pepper hybrid; B — year of
research; M — interaction between factors; B — the rest

As is known, pepper can belong either to a climacteric or
a non-climacteric group of fruits depending on the type and
variety [20]. Different scientists observed the emergence of
climacteric rises in the respiratory amplitude when study-
ing fruits at incomplete stage of ripeness and while growing
[21, 22]. According to data, a characteristic feature of respira-
tory curve for the treated fruits is the absence of the respira-
tory rise over the entire storage duration (Fig. 9).

Tomato R is significantly affected by the variety, degree of
ripeness, and storage temperature [23]. It was established that
the tomato RI after harvesting is around 10 mg CO,/kgxh.
The coefficient of variation is insignificant for the variety



Novachok (V=8.32) and average for the variety Rio Grande,
V=13.3 % (Table 4).
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Table 4

Respiration intensity of tomato before storing,
mg CO,/kgxh, x*sx, n=3

Year of research Rio Grande Novachok
2005 12.33+0.38 10.35+0.27
2006 12.60+0.57 10.49+0.11
2007 10.90+0.03 10.54£0.24
2008 10.79+0.34 10.55%0.58
2009 10.48+0.55 9.77+0.49
2010 9.65+0.32 9.03+0.67
2011 8.11+0.30 8.51+0.27
2012 10.73+0.38 9.09+0.25

average 10.70 9.79
vV, % 13.29 8.32
HIP, 1.22 1.29
Sx, % 3.74 4.35

Closer correlation connections between RI and weather
factors are observed for TAT during formation and matura-
tion of fruits: 7=0.90 for the variety Novachok, and 0.58 for
the variety Rio Grande (Fig. 10).

0.90 -
0,70 -
0.50 -
0,30 -
0.10 -
0,10
-0.30
0,50
-0.70
-0.90

TAT over 40 days
prior to harvesting

Correlation coetficient

Fig. 10. Dependence of the respiration intensity of tomato on
weather factors: B — Novachok; @ — Rio Grande

A share of the influence of a vegetation conditions factor
on the level of respiration is larger than 58 % (Fig. 11).

When comparing the examined kinds of vegetables,
one can see that only tomato is unambiguously climacter-
ic (Fig. 12).
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In the course of research, we registered the climacterix
during storage of tomato. The peak of respiratory activity in
the control samples occurs on day 20.

6. Discussion of results of the study of influence of
abiotic factors on the respiration intensity of fruit
vegetables during storage

6. 1. Cucumber

Cucumber is a non-climacteric fruit, but there are cases
of explosive ethylene-formation during storage, which is fol-
lowed by a start of the accelerated maturation and by the loss
of chlorophyll [24], which indicates a respiratory rise similar
to the climacteric one. Some researchers detect a rise in the
respiration intensity on day three of storing cucumbers,
which is explained by the unbalanced phosphoric feed when
growing [25]. The level of carbon dioxide production by cu-
cumber during storage is affected by many factors: variety,
storing modes, a degree of cold damage, etc.

We established a direct dependence of RI on TAT (Fig. 1)
of the formation period of the cucumber. As is known, a rise
in temperature increases the respiratory activity of plants
[26]. Inverse correlation with precipitation during vegetation
period is quite normal because respiratory and transpiratory
processes are interrelated.

An increase in the level of CO, occurs in the group of
control fruits over 2 weeks of storing (Fig. 3). Afterwards,
we established a rapid decrease in respiratory activity.

The specificity of RI dynamics in the treated fruits has
certain peculiarities. The minimum level of CO, in the vari-
ants with thermal treatment with antioxidants Chl+I+L is
observed not in the first day of storing but a week later.



Some scientists believe that the respiration rate slow-
down is caused not only by the fact of cooling, but also
by the thermal treatment of fruits and by the antioxidant
effect [7, 12].

Next, we registered a slight increase in the level of CO,
up to day 14 and day 21, followed by a gradual decrease in
RI at the end of storing. Such a character of respiratory me-
tabolism indicates the balance of metabolic processes in the
examined variants.

6. 2. Zucchini

Control groups of fruits of two hybrids throughout all
years of research slightly slowed down RI in one day after
cooling (Fig. 6). In a week, we observed restoration and
growth of RI, which indicates their considerable sensitivity
to a temperature drop, even in the absence of visual damage.
As noted by other experts in the field of zucchini storing, a
sharp rise in respiration, by 1.5..2 times, is observed after
cold damage [18, 27, 28]. Results confirm the absence of
significant damage after cooling, which could provoke the
emergence of “explosive” growth of CO,. The amplitude of
respiratory activity of the hybrid Kavili is 1.5 times lower in
comparison with the variety Tamino. As data reveal, RI of
the cold-sensitive hybrid Kavili increases by 1.25 times; that
of the tolerant variety Tamino — by 1.16 times only.

The experimental variants are characterized by the more
intensive slow-down in RI as a result of thermal treatment
with antioxidants and storing at lower temperatures. Res-
toration of the level of respiratory activity is not observed;
after a long lag phase (18 days), there is a slow decline of
RI. Such a pattern of respiratory dynamics indicates the
absence of metabolic disruptions, as well as normal work of
plant tissues.

After 12 days of storing, when control groups exhibit
loss of quality, the respiratory activity of the experimental
variants is lower by 1.3 times.

6. 3. Pepper

After cooling the fruits of pepper, RI is gradually inhibit-
ed (Fig. 9). A more intensive slow-down of respiration activity
in the treated variants is associated with the synergistic effect
of decreased temperature and thermal treatment with antiox-
idants. The capability of antioxidants to slow down RI of pep-
per was proven by American scientists [28]; the effectiveness
of thermal treatment — by researchers from China [29].

A gradual growth of RI occurs after 6 days of storing. In
18 days, control variants significantly reduce a level of the
released carbon dioxide, which is associated with aging and
loss of quality of pepper fruits.

The treated variants of two hybrids demonstrate a slight
fluctuation in the amount of CO, during storage, which
makes it possible to better preserve plastic substances, com-
pared to control, as well as confirms inhibiting effect of the
chosen treatment.

Over the entire storage period, respiratory activity of
the experimental variants of pepper is 15 % lower than that
in control groups.

6. 4. Tomato

Respiratory curve is similar in both varieties of tomato
(Fig. 12). Immediately after harvesting R1I is inhibited as a
reaction to cooling. After 5 days of storing, control groups
show active growth of RI. Respiratory maximum occurs on

day 20 of storing, then we observed fading respiratory activ-
ity, dominated by overripening processes, which is indicated
by the deterioration of fruit quality.

Tomato after thermal treatment is characterized by typ-
ical climacterix [30]. Treating it with antioxidants contrib-
utes not only to the prolongation of emergence of respiratory
maximum by 15 days, but also to the reduction in its level by
9 % compared to control. Inhibition of RI in the experimen-
tal variants is caused by biochemical and physical reactions
to the thermal treatment with antioxidants that reduce the
rate of O, absorption by mitochondria and slow down the
motion of electrons in the cytochromic direction of respira-
tion, which results in the reduction of the level of released
CO, [30]. In addition, a coating that appears on the surface
of tomato after treatment inhibits gas-exchange processes.
Limited access of O, slows the evolution of ethylene in fruits
since the ethylene-forming enzyme is fully oxygen-depen-
dent [31], which decreases the respiratory maximum.

Research results have revealed patterns of change in the
respiratory activity of fruits depending on weather-climatic
conditions of cultivation. Data analysis allowed us to un-
derstand the mechanism for improving storability of fruits
after treating them thermally with antioxidants. Owing to
such a technological technique, it is possible to significantly
prolong duration of storage of fruit vegetables, which could
be employed in the industry.

A possible weakness of present work is the study into
influence of abiotic factors only on the dynamics of respi-
ration intensity. Further studies are needed to establish
the dependence of dynamics of respiratory substrates and
enzymes on weather factors. This is actually the direction
of subsequent research. However, to determine metabolic
responses of tissues of fruit vegetables on the abiotic stress
factors, it is necessary to explore the dynamics of all physio-
logical-biochemical processes, which is rather difficult given
the multicomponent nature of the system.

7. Conclusions

1. We identified the influence of abiotic factors on the
respiratory metabolism of fruits during storage. Close pat-
terns were revealed between the amount of CO, released by
cucumber during storage and abiotic factors during cultiva-
tion. We established a positive correlation between RI and
TAT of the fruit formation period for all examined vegeta-
bles regardless of varietal specificity. An inverse connection
of varying strength depending on the kind of culture was
found between RI and the amount of precipitation and HTF
in the process of growing.

2. We examined the mechanism of influence of the
post-harvest thermal treatment with antioxidants on the
respiratory activity of fruit vegetables during storage. The
intensity of respiration of the treated fruits is much lower
than that in control groups. For tomato, the thermal treat-
ment with antioxidants contributes not only to delaying the
emergence of respiratory maximum for 15 days, but also to
reducing its level by 9 % compared to control.

3. We analyzed the degree of influence of such factors
as varietal and species specificity and meteorological condi-
tions of cultivation on the intensity of respiration of fruits.
Key role in RI cucumber belongs to varietal specificity
(61.35 %). Before storing, the level of the released CO, for



the fruits of hybrid Athena is almost 2 times higher than that
for the variety Masha. Significant influence is also exerted
by weather conditions of the year of research (24.29 %).

Zucchini RI is to a large extent affected by the meteo-
rological conditions of cultivation (53.41 %), with a strong
influence from the hybrid (43.03 %).

For the fruits of pepper, we established a close correla-
tion connection between RI and weather conditions and the
total of active temperatures during formation and ripening
of fruits: 7=0.95 for the variety Hercules and 0.92 for the
variety Nikita. A two-factor analysis indicates a significant
dependence of RI on the conditions of pepper cultivation — a
share of influence of this factor is over 90 %.

Close correlation connections between tomato RI and
weather factors are observed with TAT during the formation
and ripening of fruits: 7=0.90 for the variety Novachok and
0.58 for the variety Rio Grande. A share of influence of a
vegetation conditions factor on the level of respiration is
more than 58 %.

We established a considerable variability of respiratory
metabolism over the years of research for cucumber of the
hybrid Athena (27.51 %), for zucchini of the variety Kavili
(36.40 %), for pepper of both hybrids (37 %), which indi-
cates a rapid reaction of tissue on the fluctuations in abiotic
factors. For tomato, variability of respiratory activity over
the years of research is the lowest (13.29 %).
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