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The patterns of the distribution of nutrients in kiwiberry (Actinidia arguta (Siebold & Zucc.) Planch. ex Miq.), family Acti-

nidiaceae (Gilg & Werderm), leaves growing under different soil and climatic conditions (Ukraine and China) were studied.
Using scanning electron microscopy, significant differences were shown in the distribution of assimilates and mineral nutrients
in the leaves of kiwiberry cultivated under different climate and soil conditions (Kyiv city, Ukraine and Jiamusi, China).
The leaves of plants grown in China have higher concentration of all of the studied nutrients exception for silicon. The diffe-
rences found in the content of macro- and microelements in plant tissues are consistent with their total content in the soil, and
depend on the synthesis of low molecular weight organic compounds, namely, hydroxybenzoic, benzoic and triterpene acids.
An increase in the silicon content in the leaves of kiwiberry plants grown in Ukraine indicates the moisture deficit in the soil.
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and aluminum in the foliar tissues, regardless of the place of growth. The analysis of the distribution of nutrients in the leaves
located along the stem showed remobilization of the former within the three layers: the lower one nourishes the roots, the upper
one nourishes the leaves in the active growth phase and the middle one allocates the assimilates in both directions. A significant
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distribution of assimilates suggests functional differentiation of the kiwiberry leaves. In particular, the leaves of the lower layer
perform a storage function. The middle part is less conservative and characterized by higher sensitivity to environmental factors
performs a mainly synthetic function. The upper layer performs an active growth function. The results of the comparative anal-
ysis of the indicators of the number of chloroplasts in the mesophyll cells proved that the obtained dependence can be used as a
diagnostic criterion in assessing the predicted plant productivity at the early stages of their development.

Keywords: truit vines; climatic edaphic factor; assimilates; mineral nutrients; remobilization.

Introduction Lykholat et al., 2018). The latter always compensate for the negative

effects of the environmental stress factors by triggering adaptive chan-

Presently kiwiberry (Actinidia arguta (Siebold & Zucc.) Planch. ex
Mig.) is becoming increasingly popular among consumers and manu-
facturers in many countries around the world. The kiwiberry fruits are
used both fresh and as a raw material for the production of dried fruits,
compotes, juices, jams, wines. Numerous studies have shown a high
content of biologically active substances, vitamins (C, E, K), polysac-
charides, polyphenols, triterpenoids, alkaloids in fruits. They are charac-
terized by analgesic, antibacterial, antioxidant, antitumour and other
pharmacological activities (Niu et al., 2019; Qing et al,, 2019). As a
commercially cultivated plant kiwiberry is the most popular in New
Zealand, USA, Japan, Belgium, Germany, Italy and Poland. A signifi-
cant contribution to the popularization and selection of kiwiberry in
Ukraine was made by researchers of M. Grishko National Botanical
Garden of the National Academy of Sciences of Ukraine (NBG), who
created 20 high-yield cultivars promising for industrial and household
cultivation (Skrypchenko & Latocha, 2017).

The study of the ecology of nutrients is now becoming increasingly
important, since it is known that in different soils mineral compounds
are almost never found in such quantities and in such balanced propor-
tions that would be optimal for growth and development of plants
(Zaimenko, 2008; Jankowski et al., 2018a, 2018b; Loza et al., 2018;

ges in the plant nutrition and other physiological processes (Zaimenko,
2019). Soils, in turn, are characterized by varied nutrient content, which
determine the chemical composition of plants. At the same time, the
effect of mineral compounds on the growth and development of plants
depends on the physical, chemical, and biological parameters of the soil,
as well as on the external conditions and physiological adaptation of
organisms (Sing et al., 2017).

The main prerequisite of adaptation is the internal processes that
occur in the biosystem and ensure the stability of its external functions
relative to various environmental parameters (Voloshin & Subbotin,
1987). There are two types of adaptations: those supported by all struc-
tural elements of a certain system level, and compensation. Stable adap-
tive mechanisms ensure the adaptation of the plant organism to certain
environmental conditions, which remain constant for a lasting period of
time. The labile adaptive mechanisms make it possible to adapt to irre-
gular relatively short-term changes in the environmental conditions
(Korniyenko et al., 1965). The combined functioning of these two
groups of adaptive mechanisms ensures the maximum adaptation of
plants to specific conditions with minimal loss of energy. Moreover, the
ability of plants to regulate the up-take and assimilation of nutrients and
the possibility of using them to control metabolic processes and the
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synthesis of biologically active compounds is of particular importance.
The nutrient content in soil and plants is one of the most important
components of the macro- and microelement circulation in the ecosys-
tem. Plant growth and development depend on environmental condi-
tions, so the availability of nutrients is determined not only by their
concentration in soil solution, but also by their combined effect on the
physiological processes in plants. Differences in the content of macro- and
microelements significantly affect the photochemical processes, and there-
fore, they are crucial for plant development. Nevertheless, the mechanisms
involved in the accumulation and remobilization of elements of mineral
nutrition in the tissues and organs of plants remain still unclear.

Only fragmentary data are available, for example, regarding diffe-
rences in the distribution of mineral nutrition elements in the foliar tis-
sues affected by phytopathogens (Belan et al., 2015). The studies using
x-ray microanalysis showed that out of the thirty three mineral elements
found in the leaf tissue only distribution of potassium and calcium
changed along the perimeter of the lesion. The highest potassium con-
tent was found in asymptomatic leaf tissues, decreasing in the direction
of the transition zone and reaching minimal values in symptomatic
tissues. And, on the contrary, the highest level of calcium was recorded
in symptomatic tissues, decreasing in the direction of the transition zone
and reaching minimal values in asymptomatic tissues surrounding the
foci of lesions caused by phytopathogens.

More recent studies using microprobe x-ray fluorescence spectro-
metry (u-XRF), revealed the accumulation of selenium, calcium, po-
tassium, copper and manganese in necrotic areas of leaves affected by
phytopathogens (Silva et al., 2018). In contrast, sodium was evenly
distributed in leaf tissues. In addition, the fluorescent method turned out
to be quite informative in the case of a hierarchical assessment of differ-
ences in the content of nutrients by chlorophyll indices (Kalaji et al.,
2018). The results of the analysis of the distribution of macro- and mic-
roelements in tissues during aging and leaf modulation are also note-
worthy (Maillard et al., 2015). It was found that, regardless of the plant
species, calcium and manganese, unlike other elements, are mainly mo-
bilized from roots to shoots. A number of authors identified proteins
involved in the regulation of plant nutrition by zinc, manganese and
phosphorus, ensuring their remobilization between leaves and shoots
(Dong et al., 2018). It was proved that the transport and distribution of
zinc and cadmium in tissues clearly differed between legumes and
cereal plant species, although the effect of high zinc concentrations on
cadmium transport was less pronounced (Ttima et al., 2019). At the same
time, a high concentration of zinc in the nutrient medium negatively af-
fected the remobilization of this element from the root to the shoot and
from the oldest to the youngest leaves. Jamaji & Ma (2014) identified four
different strategies in the remobilization of mineral nutrients: xylem-
switch, phloem-tropic, phloem-kickback and minimum-shift, based on
specific molecular transport processes. Interesting results were obtained by
Wang et al. (2019) when studying the effect of phenolics on the remobili-
zation of macronutrients in wound tissues. In particular, the low synthesis
of phenols contributed to an increase in the level of nitrogen in plants and a
decrease in the supply of phosphorus and potassium. The application of
Fe;0, nanoparticles positively affected the accumulation of phosphorus,
potassium, calcium, manganese, and iron in the roots, stems, and leaves of
plants (Souza et al., 2019).

Since the concentration of macro- and micronutrients in plant tis-
sues is the most reliable indicator of the chemical state of plants, which
provides for the control of a large number of other factors, we studied
the distribution of biogenic elements in the leaves of the woody vine of
kiwiberry. It should be noted that the quantitative analysis of chemical
elements is also a reliable criterion for assessing the imbalance in spe-
cies of various ecomorphotypes, in particular, the Ca:Mg ratio is much
higher in woody vines.

Materials and methods

The object of the study was generatively mature plants of kiwiberry
(Actinidia arguta): ‘Sentyabrskaya’, ‘Krasunya’, ‘Kievskaya krupno-
plodnaya’ and ‘Perlina sadu’ cultivars, grown under different soil and
climatic conditions, namely: in Ukraine (Kyiv city, NBG) on grey forest
soil and in China (Jiamusi University, Heilongjiang Province) on black
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earth. Leaf and soil samples were collected during fruit ripening stage.
The distribution of nutrients in leaf tissues was determined using scan-
ning electron microscopy. Dehydrated samples were placed on alumi-
num or graphite plates, coated by gold film 5 + 2 pm thick. Then, the
samples were placed on titanium plates and analyzed using a JED-2300
X-ray spectrometer integrated with a JSM 6060 LA scanning electron
microscope.

The morphometric measurements were carried out using electron
microscopic images. The surface of stomatal cells and their number per
unit of leaf area was evaluated using UTHSCA Image 3.0 by electron
microscopic negatives scale.

The total content of mineral elements in the soil was analyzed using
an iCAP 6300 Duo optical emission JCP spectrometer. The soil organic
compounds were extracted by maceration in acetone, and afterwards,
identified by Agilent 1100 DAD-HPL + C chromatographic system
using an Agilent Zorbax Eclipse Plus CL8 column.

The photosynthetic pigments (chlorophyll @, b and carotenoids)
were extracted by dimethylsulfoxide (DMSO): 200 mg of sample leaf
tissue was poured into 5 mL of DMSO, kept in a thermostat for
12 hours. Their content was determined spectrophotometrically (Well-
burmn, 1994) by Specord 2000 (Analitic Jena), at wavelengths: 480 nm
for carotenoids, 649 and 665 nm for chlorophyll b and a, respectively.
Anthocyanins were extracted from the leaves by 0.1 N HCL. Their con-
tent was determined spectrophotometricaly at the wavelength of
490 nm (Pisarev et al., 2010).

Bioelectric potential (BEP) of plants was determined using redox
electrodes by potentiometric and conductometric analytic techniques
(Martynenko, 1988). The BEP was measured by the surface abstraction
method with silver chloride electrodes of the EVL-1M3 grade and an
electrometric transducer. This method allows one, firstly, to study the
native electrical characteristics of the whole plant, and, secondly, it
doesn’t have drawbacks characteristic to contact methods such as intru-
sion into the thermal and gas regime of the leaves.

The groups of values were compared by U-criterion Mann-Whit-
ney. This is a statistical criterion used to assess differences between two
independent samples, allows us to identify differences in the parameter
value between small samples for P <0.05, P <0.01, P <0.001. Quantit-
ative indicators of the content of mineral nutrients in leaves and soil are
given as arithmetic mean with standard deviation.

Results

The significant differences in the distribution of nutrients in the
leaves of 4. arguta plants, developed in the soil and climatic conditions
of Kyiv and Jiamusi, were shown with the use of scanning electron
microscopy. The leaves of plants of the Chinese plot were characterized
by a higher concentration of mineral elements, except silicon. When
studying the distribution of nutrients in leaves along the stem, the pre-
sence of three zones was revealed for the first time — the lower one
saturates the roots, the upper one — saturates the leaves in the phase of
active growth and the middle one, in which the assimilates are distri-
buted in two directions. A directly proportional relationship was found
between the biosynthesis of photosynthetic pigments and electrophysio-
logical activity, especially for the leaves of the lower tier. With the pre-
sence of zones where there is a change in the polarity of bioelectric
potentials and the distribution of assimilates, we can suppose there are
different functional roles of individual parts of plants. In particular, the
leaves of the lower tier perform a storage function. The middle part is
less conservative and characterized by a high sensitivity to external fac-
tors. We marked it as a synthesis zone. The upper part is a zone of ac-
tive growth. The results of a comparative analysis of the indicators of
the number of chloroplasts in the leaf cell proved that the obtained de-
pendence can be used as a diagnostic criterion for assessing the pre-
dicted plant productivity at an early stage of their development.

Currently, insufficient information is available about the relation-
ship between the leaf and root nutrition of woody vines, including kiwi-
berry. The lack of information regarding the metabolic independence of
various plant organs in the mineral nutrition system impedes the deve-
lopment of optimal technology for their cultivation, taking into account
environmental factors.
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A comparative analysis of the distribution of nutrients in the leaves
of kiwiberry grown under different climatic and soil conditions viz. in
Kyiv city (Ukraine) on grey forest soil and in Jiamusi (China) on black
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earth revealed significant differences in their concentration (Table 1).

Figures 1 and 2 present information on the distribution of chemical ele-

ments in plant tissues of kiwiberry obtained by scanning microscopy.
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Fig. 1. Distribution of biogenic elements in the leaves of 4. arguta which grew in the conditions of Kyiv: scanning electron microscopy was used
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ZAF Method Standardless Quantitative Analysis
Fitting Coefficient : 0.8021

Element (keV) mass% Error% At%
Cc K 0.277 e7.14 0.34 73.50
o K 0.525 31.57 2.55 25.95
Na K 1.041 0.09 1.56 0.05
Mg K 1.253 0.15 1.10 0.08
Al K 1.486 0.21 1.12 0.10
Si K 1.739 0.32 1.19 0.15
P K 2.013 0.01 1.26 0.00
S K 2.307 0.06 1.13 0.03
cl K 2.621 0.09 1.40 0.03
K K 3.312 0.19 2.13 0.06
Ca K 3.690 0.12 2.60 0.04
Fe K

Zn K* 8.630 0.06 28.95 0.01
Total 100.00 100.00

ZAF Method Standardless Quantitative Analysis
Fitting Coefficient : 1.0011
Element (kev) mass% Error% At%

C K 0.277 50.31 2.40 58.50
0 K 0.525 44.41 10.57 38.77
Na K 1.041 0.09 7.49 0.05
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Fig. 2. Distribution of biogenic elements in leaves of A. arguta which grew in conditions of Jiamusi (Scanning electron microscopy was used)

The leaves of kiwiberry, especially of those from China, were charac-
terized by a rather higher concentration of chlorine. In general, the tissues
of the leaves of plants that grew under the conditions of Jiamusi were
characterized by a higher content of nutrients, which is explained by the
higher level of organic matter in the soil. In particular, the humus content
in the experimental plots in the grey forest soil was 2.8%, and in the black

Biosyst. Divers., 2020, 28(1)

carth — 3.9%. It is known that the leading role in the structure formation
of humus belongs to pro-humic substances, primarily phenolic compo-
unds. The results of our studies showed a higher concentration of low
molecular weight organic compounds in the soil samples from China,
especially terpenoids, the content of which was 10 times higher in com-
parison with samples of grey forest soil from Ukraine (Fig. 3).
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Table 1
Distribution of nutrient elements in 4. arguta leaves (% wet mass)
Soil and climatic conditions
Element n - -
Kyiv Jiamusi
C 62.00+2.83 60.12+2.11
(0] 36.63+1.25 36.53+1.58
Na 0.10+£0.01 0.73 £0.04**
Mg 0.24+0.03 0.51 £0.06%*
Al 034+0.04 0.73 £0.09*
Si 0.34+£0.05 0.16+0.02*
P 0.03 £0.004 0.25+0.04*
S 0.06 £0.005 0.30+£0.04%
Cl 0.08 £0.007 0.22+0.03*
K 0.04 +£0.003 021 £0.04*
Ca 0.13+0.02 0.21+£0.05%
Fe 0.01+£0.001 0.03 £0.002*
Note:n=5;*-P<0.05,**-P<0.01.
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Fig. 3. Conventional units of some classes of organic compounds
in soil samples of experimental plots: B — phenols and benzoic acids,
B/P — derivatives of pyran or oxybenzoic acids, BO — oxybenzoic
acids, T — terpenoides, S — sterols

The obtained dependence testifies to the active development of soil
microorganisms that enrich the rhizosphere of Actinidia plants with
biologically active compounds and basic elements of mineral nutrition.
In addition, the presence in the soil of benzoic, oxybenzoic and triterpe-
nic acids indicates the high biological activity of plants 4. arguta, whose
rhizosphere is enriched by these compounds under the influence of ext-
racts secreted by the roots. Unfortunately, almost nothing is known
about the mechanisms of the influence of the rhizosphere microorga-
nisms on the absorption of nutrients by the root system of plants. The re-
sulting dependence indicates the active development of soil microorga-
nisms that enrich the kiwiberry rhizosphere with biologically active
compounds and nutrients. In addition, the presence of benzoic, hydro-
xybenzoic and triterpenic acids in the soil indicates the high allelopathic
potential of kiwiberry. The revealed tendency in the distribution of nu-
trients in the kiwiberry leaves is consistent with the results obtained by
the analysis of the total content of mineral elements in soil samples from
experimental sites (Table 2).

Table 2
Gross content (mg/kg) of mineral elements in soils of test areas

Elements

face of Chinese plants was within 180 + 9.5 per 1 mm’. By contrast,
Ukrainian ones had 152 + 8.1 stomata per 1 mm? of leaf surface. Besi-
des, leaves of kiwiberry plants grown in Ukraine had additional integu-
mentary formations on the lower surface, which were absent in plants
cultivated in China (Fig. 4).

Fig. 4. Influence of soil-climatic conditions on the stomata
distribution on the leaf surface: a — Kyiv, b — Jiamusi

High concentrations of sodium and aluminum in the kiwiberry lea-
ves were revealed, regardless of the place of plant growth. The results
obtained regarding the barrier and barrier-free entry of nutrients into
plant tissues require a more detailed study.

Back in the 1960s, the localization of assimilate distribution among
various organs of a plants was first proved using the carbon label tech-
nique. It was expressed in the predominance of assimilate intake from
each leaf to the consuming organ closest to it.

In our study the analysis of the biogenic elements distribution bet-
ween the leaves located in different layer along the kiwiberry stem
revealed the following three functional layers, namely: the lower one,
providing the supply of assimilates to roots; the upper one containing
leaves in the phase of active growth; the middle one, redistributing the
assimilates in the both directions (Table 3).

Table 3
The content of nutrients in the leaves of different stages
of Actinidia plants, macroelements (mg/kg), microelements (%)

Expositionarea —4 "5 K Mg Na P S Si

Kyiv, grey forestsoil 29970 5072 2930 4574 3608 3172 276 455 411
Jiamusi, black earth  11700* 6468* 8963* 2354* 1909* 2928* 219* 421* 350*

Stage of Elements
leaves on the N, P, K, Ca, Mg, Fe, Mn, Cu,
shootof plants mgkg mgkg mgkg mgkg mgkg % % %

Note:n=5;*—-P<0.05.

Of particular note is the fact that there is a high concentration of sil-
icon in the leaves of kiwiberry grown in Ukraine. Evidently it may be
associated with a drought stress due to the prolonged drought period
observed during the growing season of 2018 in Kyiv. In particular, the
yearly amount of precipitation in Kyiv was 444 mm, and in April, du-
ring the period of active development of plants, the amount was only
8 mm, in August — 22 mm, in October — 17 mm. While in Jiamusi, the
total rainfall was more than 580 mm. The evidence that kiwiberry plants
grown in Kyiv experienced water deficiency is proved also by anatomi-
cal studies of the leaves. The number of stomata per 1 mm? of leaf sur-
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Cultivar ‘Sentyabrskaya’

Top 368 061 287 127 058 298 66.1 221
Middle 411 073 324 211 071 343 726 272
Lower 384 065 313 172 065 329 707 243
Cultivar ‘Krasunya’
Top 435 067 342 162 035 271 760 219
Middle 481 078 409 230 051 325 823 264
Lower 456 071 397 197 047 308 893 239
Cultivar ‘Kievskaya krupnoplodnaya’
Top 318 058 318 149 119 325 619 227
Middle 342 068 392 201 142 408 664 296
Lower 331 062 375 165 135 399 622 249

Note:n=5;*—-P<0.05.
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Moreover, the leaves of the middle zone are characterized by a higher
concentration of nutrients. Similar results were also obtained when stu-
dying the distribution of anthocyanins across the mentioned layers (Fig. 5).
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E 2 | O Lower stage

1 -
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Sentyabrskaya Krasunya Kievskaya

Krupnoplodnaya
Fig. 5. Anthocyanins content in leaves of Actinidia plants:
n=>5;*-P<0.05

The analysis of the distribution of surface biopotentials in leaves
across the mentioned layers as well as content of photosynthetic pig-
ments showed a positive relationship between both these indices, espe-
cially for the leaves of the middle layer (Table 4).

Table 4
Quantitative indicators of photosynthetic pigments
in Actinidia leaves during the period of active growth

Amplitude of Thej content of photosynthetic
. . pigments, mg/g rare mass
Stage bioelectrical chlorophyll
potentials, mV P carotenoids
Variety ‘Sentyabrskaya’
Top 60+5 1341+£045 574+021 241£037
Middle 100+ 15 14.12+0.31 8.03+044* 1.94+0.05
Lower 80+ 10 14.03+£0.28 754+041 231+042
Variety ‘Krasunya’
Top 40+5 12.84+033 501+£022 251£028
Middle 80+10 1322+034 5.62+0.13 1.83+£0.09
Lower 60+ 5 13.12+046 522+034 245+0.15
Variety ‘Kievskaya Krupnoplodnaya’

Top 120+15 11.01+036 382+0.12  245+041
Middle 160+20 13.04+£0.31* 594+£034*% 227+032
Lower 140+ 15 12.83+0.29 5.18+026% 2.14+0.25%

Note:n=35, *—P<0.05.

The obtained results confirm the hypothesis of relative autonomy
and the complementary role of different foliar layers in woody vines.
Consequently, the described physiological differences in kiwiberry lea-
ves located in different layers suggest also their functional differentiate-
ons. In particular, the leaves of the lower layer perform a storage func-
tion. The middle layer is less conservative, and it is characterized by
higher sensitivity to environmental factors. We identified it as a synthe-
sis zone. The upper layer is a zone of active growth.

The results of the comparative analysis of the indices of the chlo-
roplasts number per mesophyll cell among the studied kiwiberry culti-
vars revealed a significant positive correlation with the cultivar produc-
tivity (Fig. 6, 7). Therefore, we suggest that the chloroplast index could be
used as a diagnostic criterion in predicting productivity of kiwiberry at
an early stage of its development. It is known that higher content of
chloroplasts in the mesophyll cells positively affect both adaptive capac-
ity and productivity of higher plants.

Thus, for the first time, the regularities of distribution of nutrients
and assimilates in the leaves of kiwiberry cultivars were revealed.
The results obtained confirmed the hypothesis regarding the functional
differentiation of plant organs between different layers. Close relation
between the electrophysiological and morphological characteristics of
kiwiberry leaves depending on their layer was found. In addition, it was
suggested to use chloroplast's index as a marker of the productivity of
kiwiberry cultivars. The results obtained could be used to improve the
technology for growing fruit vines across a wide range of soil and envi-
ronmental conditions.

Biosyst. Divers., 2020, 28(1)
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Fig. 7. Actinidia plants productivity indicators: n=5; * — P <0.05

Discussion

As a result of a comparative assessment of the content of nutrients
in the leaves of kiwiberry plants grown under various soil and climatic
conditions, namely in Ukraine and China, the presence of a high con-
centration of chlorine in the tissues was shown. Similar results were
obtained by study of other species of this genus, in particular Actinidia
deliciosa (A. Chev) C. F. Liang et A. R. Ferguson (Smith et al., 1987).

It is known that chlorine has a high chemical activity, improves the
swelling of the protoplasm and positively affects the water content in
tissues, stimulates oxidative phosphorylation. The better moisture
supply of kiwiberry plants cultivated in China contributed to an increase
in the concentration of chlorine in the leaves by 2.7 times in comparison
with kiwiberry plants, cultivated in Ukraine.

Significant differences in the uptake of mineral elements by various
cultivars of kiwiberry are also indicated (Stefanian et al., 2017). The re-
sults of our studies confirmed the high demand of A. arguta plants for
fertile soil with a high humus content, which was also shown by other
authors (Perticila et al., 2015). The revealed higher silicon content in
leaves of kiwiberry grown in Kyiv could be regarded as an adaptation to
drought stress. The positive role of silicon in the processes of adaptation
of higher plants to the environmental stresses as well as their growth and
productivity was shown in our preliminary studies (Zaimenko & Ro-
sitska, 2018; Zaimenko et al., 2018).

Of particular interest are the data obtained in the study of surface
bioelectric potentials of leaves along the stem of fiuit vines. Evolution
of higher plants leads to the complication and improvement of their
structural organization. Adaptation to changing environmental conditi-
ons is provided by subordinate systems of organs coordinated in time
and space. Periodic processes that determine the functional principle of
the constitution of living systems (i.e. the principle of “stable disequili-
brium” of Bauer) play an increasingly important role in the evolution of
plant organisms, synchronization and coordination in time of various
biochemical reactions in cells, and also determine the nature of the
interaction of cells and the formation of morphostructures.

The paramount importance that bioelectric processes have in the
self-regulation, adaptation and evolution processes proves the importance
of the results obtained regarding the various functional roles of organs.
The obtained dependence on the reintegration of assimilates turned out
to be unified for plants of different ecomorphotypes.
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Conclusions

The results of the given studies showed significant differences in
the distribution of assimilate between the leaves of A. arguta depending
on the soil and climatic conditions of cultivation. The leaves of kiwi-
berry plants grown in China were characterized by a higher concentra-
tion of nutrients, with the exception of silicon, which is explained by the
high fertility of the soil and the intense synthesis of low-molecular-
weight organic compounds, in particular hydroxybenzoic, benzoic and
triterpenic acids. The analysis on the accumulation of mobile forms of
silicon in the foliar tissues of plants grown in Ukraine indicates their
stress state due to moisture deficiency in the soil. This is confirmed by
xeromorphic anatomical changes, viz. the smaller number of stomata
per 1 mm?® of leaf surface and formation of additional cover layer on the
lower surface of the leaf blade.

The revealed accumulation of chlorine in kiwiberry tissues is con-
sistent with the results obtained by other authors for another species of
the same genus 4. deliciosa. Noteworthy are the results on the accumu-
lation of sodium and aluminum in the leaves of the studied kiwiberry
plants, which suggests the necessity for the further studies of the pecu-
liarities of the barrier and barrier-free entry of elements into plant or-
gans.

For the first time, the spatial pattern of bioelectric potentials and pho-
tosynthetic activity of the foliar tissues along the stem of a woody fruit
vine was analyzed. Three functional layers (the upper, middle and lower)
of redistribution of assimilates and mineral elements were distinguished.
In particular, the middle part had the highest concentration of macro- and
microelements, indices of bioelectric potentials the content of photosyn-
thetic pigments in comparison with the upper and lower parts.

The results obtained suggest the optimization of agricultural prac-
tices for kiwiberry cultivation, including foliar feeding. A comparative
analysis of the yield of various kiwiberry cultivars made it possible to
identify a diagnostic feature for the prediction of their potential produc-
tivity, in particular, by counting the number of chloroplasts in the meso-
phyll cells and the determining content of chlorophyll 5.

References

Belan, L. L., Pozza, E. A., Freitas, M. L. D., Pozza, A. A., & Alves, M. S. (2015).
Nutrients distribution in diseased coffee leaf tissue. Australasian Plant Pa-
thology, 44(1), 105-111.

Buwalda, J. G., & Smith, G. S. (1991). Influence of anions on the potassium status
and productivity of kiwifruit (Actinidia deliciosa) vines. Plant and Soil, 133,
209-218.

De Souza, A., Govea-Alcaide, E., Masunaga, S. H., Fajardo-Rosabal, L., Effen-
berger, F., Rossi, L. M., & Jardim, R. F. (2019). Impact of Fe;O, nanoparticle
on nutrient accumulation in common bean plants grown in soil. SN Applied
Sciences, 1, 308.

Dong, C., He, F., Berkowitz, O., Liu, J., Cao, P., Tang, M., Shi, H., Wang, W., Li,
Q., Shen, Z., Whelan, J., & Zheng, L. (2018). Alternative splicing plays a cri-
tical role in maintaining mineral nutrient homeostasis in rice (Oryza sativa).
The Plant Cell, 30, 2267-2285.

Han, N, Park, H., Kim, C.-W., Kim, M.-S., & Lee, U. (2019). Physicochemical qua-
lity of hardy kiwiftuit (Actinidia arguta L. cv. cheongsan) during ripening is in-
fluenced by harvest maturity. Forest Science and Technology, 15, 187-191.

Jankowski, K., Malinowska, E., Wisniewska-Kadzajan, B., Jankowska, J., Truba,
M., Czeluscinski, W., Koper, O., Goral, P., Kania, P., Matsyura, A. (2018a).
The effects of soil conditioners on grass colour throughout the growing sea-
son. Applied Ecology and Environmental Research, 16(4), 3981-3992.

Jankowski, K., Truba, M., Jankowska, J., Czeluscinski, W., Wisniewska-Kadza-
jan, B., Malinowska, E., Koper, O., Goral, P., Kania, P., Matsyura, A.
(2018b). Effects of soil conditioners on lawn grass growth in different year
seasons. Applied Ecology and Environmental Research, 16(4), 3755-3765.

Kalaji, H. M., Baba, W., Gediga, K., Goltsev, V., Samborska, 1. A., Cetner, M. D.,
Dimitrova, S., Piszcz, U., Bielecki, K., Karmowska, K., Dankov, K., &
Kompata-Baba, A. (2018). Chlorophyll fluorescence as a tool for nutrient status
identification in rapeseed plants. Photosynthesis Research, 136(3), 329-343.

Kormienko, L. A., Maslov, S. P., & Shilov, L. A. (1965). Nekotorye obshhie princi-
py adaptaczii biologicheskikh sistem [On some general principles of adapta-
tion of biological systems]. Journal of Total Biology, 26(1), 121-126.

Loza, I. M., Pakhomov, O. Y., & Choma, V. I. (2018). Evaluation of remediation ef-
ficiency of manganese quarry lands after open-cut mining: Ecosystem appro-
ach. Naukovyi Visnyk Natsionalnoho Himychoho Universytetu, 4, 122—128.

Lykholat, Y. V., Khromykh, N. O., Pirko, Y. V., Alexeyeva, A. A., Pastukhova,
N. L., & Blume, Y. B. (2018). Epicuticular wax composition of leaves of Ti-
lia L. trees as a marker of adaptation to the climatic conditions of the steppe
Dnieper. Cytology and Genetics, 52(5), 323-330.

Maillard, A., Diquélou, S., Billard, V., Lainé, P., Gamica, M., Prudent, M., Gar-
cia-Mina, J., Yvin, J., & Ourry, A. (2015). Leaf mineral nutrient remobiliza-
tion during leaf senescence and modulation by nutrient deficiency. Frontiers
in Plant Science, 137, 1-15.

Niu, Q., Shen, J., Liu, Y., Nie, C., Skrypchenko, N. V., & Liu, D. (2019). Re-
search progress on main active constituents and pharmacological activities of
Actinidia arguta. China Academic Journal, 40(3), 333-344.

Parent, S.-E., Barlow, P., & Parent, L. E. (2015). Nutrient balances of New Zealand
kiwiftuit (Actinidia deliciosa cv. hayward) at high yield level. Communications
in Soil Science and Plant Analysis, 46(1), 256-271.

Peticila, A., Scaeteanu, G., Madjar, R., Stanica, F., & Asanica, A. (2015). Fertiliza-
tion effect on mineral nutrition of Actinidia deliciosa (kiwi) cultivated on dif-
ferent substrates. Agriculture and Agricultural Science Procedia, 6, 132—138.

Qing, W., ZhiXing, L., JingWen, Z., & YouQing, C. (2019). Effects of lac pro-
duction on the contents and distribution of nutrient elements in soil and host
plants. Journal of Environmental Entomology, 41(1), 113-118.

Silva, V. M., Boleta, E. H. M, Lanza, M. G. D. B., Lavres, J., Martins, J. T., Santos,
E. F.,, Santos, F. L. M., Putti, F. F., Junior, E. F., White, P. J., Broadleye, M. R.,
Carvalho, H. W. P., & Reis, A. R. (2018). Physiological, biochemical, and ultra-
structural characterization of selenium toxicity in cowpea plants. Environmental
and Experimental Botany, 150, 172—182.

Simek, J., Toma, J., & Feller, U. (2019). Accumulation, distribution and redistribu-
tion of '®Cd and “Zn in wheat (T¥iticum aestivum L.) and bean (Phaseolus vul-
garis L.) plants on nutrient media with elevated zinc or cadmium. Journal of
Elementology, 24(3), 1129-1141.

Singh, B. R., McLaughlin, M. J., & Brevik, E. C. (2017). The nexus of soils, plants,
animals and human health. Catena— Schweizerbast, Stuttgart.

Skrypchenko, N., & Latocha, P. (2017). The genesis and current state of Actinidia
collection in M. M. Grishko National Botanical Garden in Ukraine. Polish
Journal of Natural Sciences, 32(3), 513-525.

Smith, G. S., Clark, C. J., & Holland, P. T. (1987). Chlorine requirement of kiwi-
fruit (Actinidia deliciosa). The New Phytologist, 106(1), 71-80.

Stefaniak, J., Stasiak, A., Latocha, P., & Lata, B. (2017). Effect of nitrogen fertili-
zation on Actinidia arguta plants vigour and soil characteristics. Journal of In-
ternational Scientific Publications, Agriculture and Food, 5, 314-323.

Volozhin, A. L, & Subbotin, Y. K. (1987). Adaptacziya i kompensacziya — universal nyj
biologicheskij mekhanizm prisposobleniya [Adaptation and compensation is a
universal biological mechanism of adaptation]. Medicina, Moscow (in Russian).

Yamaji, N., & Ma, J. F. (2014). The node, a hub for mineral nutrient distribution
in graminaceous plants. Trends in Plant Science, 19(9), 556-563.

Zaimenko, N. V. (2008). Naukovi pryntsypy struktumo-funktsionalnoho konstrui-
uvannia shtuchnykh bioheotsenoziv u systemi hrunt-roslyna-hrunt [Scientific
principles of structural-functional design of artificial biogeocoenoses in soil-
plant-soil system]. Naukova Dumka, Kyiv (in Ukrainian).

Zaimenko, N. V. (2019). Thermodynamical aspects of the introduction processes.
Plant Introduction, 81, 3-7.

Zaimenko, N. V., & Rositska, N. V. (2018). Role of nanomaterials of analcime,
Tripoli and silicon dioxide in plants under drought conditions in 7¥itium aes-
tivum L. Ecologia Balcanica, 10(1), 1-9.

Zaimenko, N. V., Didyk, N. P., Pavliuchenko, N. A., Ivanytska, B. O., Kharytono-
va, L. P., & Rositska, N. V. (2018). Natural silicates mixed with organic ferti-
lizers enhance com adaptation to salt stress and improve physical characteris-
tics of sandy soil. Journal of Crop Improvement, 20, 188-207.

Biosyst. Divers., 2020, 28(1)

118


https://doi.org/10.1007/s13313-014-0329-0
https://doi.org/10.1007/s13313-014-0329-0
https://doi.org/10.1007/s13313-014-0329-0
https://doi.org/10.1007/BF00009193
https://doi.org/10.1007/BF00009193
https://doi.org/10.1007/BF00009193
https://doi.org/10.1007/s42452-019-0321-y
https://doi.org/10.1007/s42452-019-0321-y
https://doi.org/10.1007/s42452-019-0321-y
https://doi.org/10.1007/s42452-019-0321-y
https://doi.org/10.1105/tpc.18.00051
https://doi.org/10.1105/tpc.18.00051
https://doi.org/10.1105/tpc.18.00051
https://doi.org/10.1105/tpc.18.00051
https://doi.org/10.1080/21580103.2019.1658646
https://doi.org/10.1080/21580103.2019.1658646
https://doi.org/10.1080/21580103.2019.1658646
http://doi.org/10.15666/aeer/1604_39813992
http://doi.org/10.15666/aeer/1604_39813992
http://doi.org/10.15666/aeer/1604_39813992
http://doi.org/10.15666/aeer/1604_39813992
http://doi.org/10.15666/aeer/1604_37553765
http://doi.org/10.15666/aeer/1604_37553765
http://doi.org/10.15666/aeer/1604_37553765
http://doi.org/10.15666/aeer/1604_37553765
https://doi.org/10.1007/s11120-017-0467-7
https://doi.org/10.1007/s11120-017-0467-7
https://doi.org/10.1007/s11120-017-0467-7
https://doi.org/10.1007/s11120-017-0467-7
http://doi.org/10.29202/nvngu/2018-4/16
http://doi.org/10.29202/nvngu/2018-4/16
http://doi.org/10.29202/nvngu/2018-4/16
http://doi.org/10.3103/S0095452718050067
http://doi.org/10.3103/S0095452718050067
http://doi.org/10.3103/S0095452718050067
http://doi.org/10.3103/S0095452718050067
https://doi.org/10.3389/fpls.2015.00317
https://doi.org/10.3389/fpls.2015.00317
https://doi.org/10.3389/fpls.2015.00317
https://doi.org/10.3389/fpls.2015.00317
https://doi.org/10.1080/00103624.2014.989031
https://doi.org/10.1080/00103624.2014.989031
https://doi.org/10.1080/00103624.2014.989031
https://doi.org/10.1016/j.aaspro.2015.08.049
https://doi.org/10.1016/j.aaspro.2015.08.049
https://doi.org/10.1016/j.aaspro.2015.08.049
https://doi.org/10.1016/j.envexpbot.2018.03.020
https://doi.org/10.1016/j.envexpbot.2018.03.020
https://doi.org/10.1016/j.envexpbot.2018.03.020
https://doi.org/10.1016/j.envexpbot.2018.03.020
https://doi.org/10.1016/j.envexpbot.2018.03.020
https://doi.org/10.5601/jelem.2019.24.1.1602
https://doi.org/10.5601/jelem.2019.24.1.1602
https://doi.org/10.5601/jelem.2019.24.1.1602
https://doi.org/10.5601/jelem.2019.24.1.1602
https://doi.org/10.1111/j.1469%E2%80%938137.1987.tb04792.x
https://doi.org/10.1111/j.1469%E2%80%938137.1987.tb04792.x
https://doi.org/10.1016/j.tplants.2014.05.007
https://doi.org/10.1016/j.tplants.2014.05.007
https://doi.org/10.5281/zenodo.2650433
https://doi.org/10.5281/zenodo.2650433
https://doi.org/10.1080/15427528.2017.1405856
https://doi.org/10.1080/15427528.2017.1405856
https://doi.org/10.1080/15427528.2017.1405856
https://doi.org/10.1080/15427528.2017.1405856

