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Compatibility of Actinidia arguta
with Schisandra chinensis and Malus domestica
plants in mixed plantings
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The accumulation of photosynthetic pigments, biogenic elements and amino acids in the leaves of A. argute (kiwi berry)
and S. chinensis (Chinese magnolia vine) during their cultivation in the same vegetative containers was studied. Different
ratios of the number of plants in the containers were used, namely 50%:50%, 33%:67%, and 67%:33%. Single-species
plantings were used as a control. Research demonstrated that the ratios between co-planted plants can impact the levels
of photosynthetic pigments, biogenic elements, and amino acids in their leaves. Mixed planting was found to decrease
the concentration of photosynthetic pigments in A. argute leaves under these conditions. The chlorophyll a content
showed significant changes, decreasing by 6.7-18.7% with S. chinensis ratio in the container and by 31.3-33.8% with
M. domestica ratio compared to mono-planting. Chlorophyll b also showed differences, ranging from 1.2-8.6% and 9.7-
29.7%, respectively. Additionally, certain features were observed in the distribution of mineral nutrition elements in plant
tissues of A. arguta. In mono-planting conditions, the leaves of plants showed an increase in magnesium, potassium, and
phosphorus content. When actinidia is grown together with Chinese magnolia vine and an apple tree, especially with an
apple tree, the supply of nitrogen, phosphorus, potassium, and calcium to the plants is sharply reduced. By the end of the
growing season of plants, the total content of free amino acids in A. arguta leaves increased in mono-planting conditions.
Actinidia plants exhibited a disturbance in phosphate metabolism in mixed plantings, as evidenced by elevated levels of
arginine and histidine, as well as altered nitrogen metabolism indicated by decreased concentrations of glutamic acid in
the leaves. The competitiveness analysis, using the Vanderbeng and Ennik method, showed that A. arguta plants are more
compatible with S. chinensis than with M. domestica. The productivity and sustainability of crops can be significantly
increased by using the method of mixed crops in agrophytocenoses. However, it is necessary to consider the bioecological
features of plants and their tolerance to root secretions of other species. A. arguta and S. chinensis are forest lianas that
are a unique part of forest ecosystems. They grow in multispecies groups in natural conditions, so it can be expected that
they will show tolerance in mixed plantings.
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ductivity and quality of agricultural products

Introduction

The introduction and study of new, non-
traditional plant species for horticulture is of
great economic importance. It is important for
dietary diversity and for identifying and utili-
zing plants that are highly resistant to adverse
environmental factors. The primary objectives
of intensive gardening are to enhance the pro-
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in human-exploited systems while reducing
production costs [1]. The instability of the gar-
den phytocenosis is a characteristic feature, re-
sulting from the disruption of trophic relation-
ships between components due to intensive use
of natural resources and man-made factors [2].

Monoculture cultivation involves the long-
term presence of plants in the same place, re-
sulting in a negative feedback between plants
and soil. This leads to a shift in the composi-
tion of microbial communities, which is accom-
panied by the depletion of nutrients in the soil,
the accumulation of soil pathogens and the re-
lease of phytotoxic and autotoxic compounds
due to the decomposition of plant residues. The
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resulting decrease in productivity and yield is
known as soil fatigue or soil disease [3, 4].

Soil fatigue is a phenomenon observed in
orchard-growing regions worldwide. It is cha-
racterized by changes in root structure, slow
and uneven growth, and an overall decrease
in biomass. In particular, soil fatigue has been
found to suppress the vegetative and genera-
tive productivity of apple orchards by 50%, re-
duce fruit size by 10% and delay tree fruiting
by 2—-3 years [5].

The purpose of this work was to analyze the
compatibility of A. arguta plants when grown
together with S. chinensis and M. domestica.
In the context of the ever-increasing problems
of ecology, it is an urgent task to include the
fruits of new crops in the human diet. The most
important feature of most non-traditional crops
is the high content of biologically active com-
pounds in fruits and other organs. The intro-
duction and study of new, non-traditional plant
species for horticulture is of great economic im-
portance. They are important not only because
they contribute to the diversity of food rations,
but also because they make it possible to iden-
tify and use plants that are highly resistant to
adverse environmental factors and contain a
large number of biologically active substances.
The high adaptive potential of new, non-tradi-
tional crops is based on their evolutionary roots
[5]. In the structure of the horticultural indus-
try, apple is one of the most widespread fruit
crops. The large number of varieties and their
great potential allow apple trees to be grown in
different climatic zones. Its wide distribution
is associated with high winter hardiness, in-
creased adaptability to abiotic environmental
factors. abiotic environmental factors, shelf-life
and good transportability of fruits.

Materials and methods

The experiments were carried out in the De-
partment of acclimatization of fruit plants of
the M. Gryshko National Botanical Garden of
the NAS of Ukraine. 2-year-old plants of Acti-
nidia arguta (Sieboldet. Zucc.). Planch. ex Migq.,
Schisandra chinensis (Tucrz.) Bail. and M. do-
mestica Borkh. seedlings were chosen as objects
of study. Plants were planted in March 2021 in
containers with dark gray forest light loamy soil
(humus content of the humate-fulvate type is
4.25%, pH,, — 7.6, nitrogen — 2%, phosphorus —
8.2%, density — 1.2—1.4 g/cm?).The scheme of the
experiment included the following options: con-
trol — single planting of A. arguta, S. chinensis
and, M. domestica plants; 1 —joint cultivation of
A. arguta and, S. chinensis at a ratio of 50%:50%;
2 — A. arguta and S. chinensis — 67%:33%; 3 —

arguta and S. chinensis — 33%:67%; 4 —
arguta and M. domestica — 50%:50%; 5 —
arguta and M. domestica — 67%:33%; 6 —
. arguta and M. domestica — 33%:67%. The
experlments were carried out under controlled
conditions. The temperature was maintained
within 22 + 2 °C, and soil humidity — 60 + 5%.
Two-year-old vegetatively propagated plants
were planted in the amount of 12 pieces, with a
distance between plants of 5 cm). For the model
experiment, 12 plants were planted in a contai-
ner to maximize saturation of the soil with root
exudates in order to assess the interaction be-
tween plants. The surface area of the container
was 0.06 m?. The duration of the experiment was
24 weeks, due to the generally accepted techno-
logy for growing experimental plant species.

A plant receives information from another
plant by changing a number of external condi-
tions and, most importantly, by changing the
allelopathic environment. This information
triggers a specific response in the plant, the na-
ture of which has been developed through evo-
lution. This information can cause an increase
in growth, an acceleration in the release of sub-
stances, a change in the direction of root growth,
etc. The above-ground biomass was counted at
the end of September. Samples for biochemi-
cal studies 2 leaves were taken in mid-August.
The content of photosynthetic pigments in the
leaves was assessed using SF-26 spectrometry.
The samples were prepared in a solution of 96%
alcohol for measurement. Carotenoids were
measured at 440.5 nm, while chlorophyll a and
b were measured at 665 nm and 649 nm respec-
tively, with 10 repetitions. The concentration of
chlorophylls was calculated using the Vermont
formula, and carotenoids were calculated us-
ing the Wettstein formula [6]. The content of
pigments in the extract was calculated by the
following formula A=V x C/ (P X 1000), where
C is the concentration of pigments, mg/l; V is
the volume of the extract, ml; P — the weight of
plant material, g; A — pigment’ content in plant
material, mg/g fresh weight. The content of bio-
genic elements in plant tissues was analyzed
according to the method of Rinkis and Nol-
lendorf [7] using the ICAP 6300 DUO spectro-
photometer with inductively coupled plasma.
Qualitative and quantitative composition of
free amino acids was determined by Stein and
Moore in the modification of Volochai [8] and
evaluated by HPLC using Agilent 1100 chro-
matograph. The significance of the differences
between the variants was determined using the
variance method according to Fisher’s criterion
and the significance level of the null hypothe-
sis. The obtained indicators, determined with
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a 95% confidence interval, are trustworthy due
to the high reliability of the arithmetic mean
values (the calculated Student’s criterion sig-
nificantly exceeds the tabular values) and the
experimental error indicator is less than 5%
using the Anova program.

Results and discussion

The ecophysiology of fruit crops is currently
an important scientific field that allows the
study of the physiological response of plants
to the environment and the assessment of the
functional resistance of organisms to stress
conditions [9]. The influence of unfavorable
factors, including long-term continuous culti-
vation, on plants causes certain stresses that
manifest themselves at the genetic, metabolic,
morphological and physiological levels [10].
Abiotic processes can directly or indirectly af-
fect the physiological state of plant organisms,
altering their metabolism, growth and develop-
ment. These differences are primarily related
to changes in photosynthetic activity [11].

The photosynthetic process is severely dis-
rupted by the degradation of chloroplasts [12,
13], and the biosynthesis of chlorophylls, es-
pecially chlorophyll a, is reduced under stress
conditions [14—17]. Researchers have observed

significant variations in the content and ratio
of photosynthetic pigments due to environmen-
tal factors. These factors include light, tempe-
rature, CO,, water, and air pollutants, and they
affect the efficiency of photosynthesis in terms
of ecophysiological significance [18]. Through-
out the growing season of plants, the pigment
complex also shows variations under the influ-
ence of environmental factors [19].

An analysis of the content of photosyn-
thetic pigments in A. arguta leaves showed a
decrease in their concentration under condi-
tions of mixed plantings (Table 1). The most
significant changes were found in the content
of chlorophyll a, whose biosynthesis decreased
by 6.7-18.7% in the S. chinensis variants and
by 31.3-33.8% in the M. domestica variants
compared to the mono-planting. For indicators
of chlorophyll b, these differences were in the
range of 1.2-8.6% and 9.7-29.7%, respectively.
A similar pattern was observed in the biosyn-
thesis of carotenoids, whose content decreased
on average by 1.9-61.8% compared to the con-
trol, depending on the experimental variant.
It should be noted that the growth rates of
A. arguta plants are in agreement with the
data on the concentration of chlorophyll & in
the leaves (Table 1).

Table 1

The content of photosynthetic pigments in the leaves of A. arguta under conditions of joint plantings
with S. chinensis and M. domestica mg/g of wet plant mass

Experience variant a b k a+b a/b (a+b)/k

A. arguta 106.99 +0.84 | 23.53+£0.75| 40+1.08 |130.52+0.31|4.55+0.08|3.26+0.10
A. arguta 50% - S. chinensis 50% 90.29 +1.00 |23.25+0.83| 15.3+0.39 |113.54+1.38|3.88+0.11|7.42 +0.12
A. arguta 67% — S. chinensis 33% | 100.25 + 0.93 | 22.35+ 1.13|39.25+ 0.94 | 122.6 + 0.28 |4.49+0.08|3.12 + 0.07
A. arguta 33% - S.chinensis 67% 87.01 +0.43 | 21.51+£0.87|36.13 £ 0.96 | 108.52 + 0.87 | 4.05 + 0.16 |3.00 + 0.06
A. arguta 50% - M. domestica 50% | 70.97 +1.24 |19.27 +0.75| 39.1+0.97 | 90.24+1.39 | 3.68 +0.1 |2.31+0.12
A. arguta 67% — M. domestica 33% | 73.51+1.43 | 21.25+£0.59|32.49+1.39| 94.76 + 1.30 | 3.46 £ 0.142.92 + 0.11
A. arguta 33% — M. domestica 67% | 70.83 +0.87 | 16.56 + 1.36|35.15+0.94 | 87.39+1.17 | 4.28+0.1 |2.49+0.11

Maximum 106.99 25.25 40 130.52 4.55 7.42

Minimum 70.83 16.56 15.3 87.39 3.46 2.31

LSD, . 1.37 1.29 1.31 1.37 1.15 0.51

LSD - least significant difference.

The study of nutrient ecology is becoming
increasingly important as it is known that dif-
ferent soils rarely contain mineral compounds
in such quantities and in such a balanced state
as would be optimal for plant growth and de-
velopment. Plants always compensate for the
effects of stress factors through nutrition and
subsequent changes in physiological adapta-
tion to environmental conditions. Soils, in turn,
are characterised by different levels of nutri-
ents that determine the chemical composition
of plants. In addition, the effect of minerals on
plant growth depends on the physical, chemical
and biological parameters of the soil, as well as
on the external conditions and the physiological

adaptation of the organisms to these changes.

Significant differences were observed in the
distribution of mineral nutrients in the plant
tissues of A. arguta. In particular, the increase
in the concentration of magnesium, potassium
and phosphorus is observed in the leaves of
plants growing under mono-planting condi-
tions (Table 2).

Joint cultivation of A. arguta with S. chi-
nensis and apple trees results in a violation of
nutrient availability for plants, particularly
magnesium, calcium, phosphorus, nitrogen,
and iron. It is worth noting that the plant tis-
sues of actinidia plants show an accumulation
of manganese under these conditions, indica-
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Fig. 1. Growth of A. arguta in mixed plantings for 24 weeks and the content
of photosynthetic pigments in the leaves
Table 2

The content of biogenic elements in the leaves of A. arguta when grown together with S. chinensis and M. domestica

Elements, % percentage in ash
Experience variant macroelements microelements
N P K Ca Mg Fe Mn
A. arguta 3.3+£0.32|1.24 £0.04| 3.9+ 0.44 | 2.5+ 0.20 |0.69 +0.02| 0.2 + 0.036 |0.05 + 0.04
A. arguta 50% - S. chinensis 50% |2.7 +0.36/0.87 +0.05| 2.8 +0.26 | 2.4 +0.21 |0.49 + 0.25/0.23 + 0.025|0.06 + 0.05
A. arguta 67% - S. chinensis 33% |2.9£0.32|1.03+0.04| 3.3£0.25 | 2.8+0.38 |0.51+0.40| 0.2 +0.04 |0.05+0.02
A. arguta 33% — S. chinensis 67% |2.4+0.26|0.75+0.04| 2.5+0.15 | 2.3+ 0.15 |0.45 + 0.03/0.20 + 0.025|0.06 + 0.09
A. arguta 50% — M. domestica 50% | 1.6 + 0.45|0.51 + 0.03 |1.70 + 0.21|0.59 + 0.02|0.34 + 0.01|0.16 + 0.035|0.08 + 0.05
A. arguta 67% — M. domestica 33%|2.0 £ 0.35|0.6 + 0.041 | 2.1 +0.26 |0.82 +0.02|0.38 + 0.01/0.17 + 0.049|0.06 + 0.04
A. arguta 33% — M. domestica 67%| 1.3 + 0.40 | 0.42 + 0.04 | 1.3 +0.31 |0.47 + 0.03]0.32 + 0.04| 0.16 + 0.04 |0.09 + 0.02
LSD, s 0.64 0.07 0.47 0.34 0.022 0.06 0.0198

ting soil fatigue. Furthermore, the significant
presence of magnesium in leaves during mono-
planting indicates that this element can easily
penetrate the plant tissues of A. arguta.
Information on the content of the primary
amino acids: alanine, aspartic acid, and glu-
tamic acid, can provide important information
about the relationship between primary and
secondary metabolism. Aspartic acid is synthe-
sized by direct amination, whereas the other
two amino acids, alanine, and glutamic acid,
are formed by reductive amination. All other
amino acids are secondary, as they are formed
as a result of transamination reactions of the
above amino acids with the corresponding keto
acids produced during metabolism, as well as
by the conversion of some acids into others [20].
It was found that the total content of free ami-
no acids in actinidia leaves increased under mon-
oculture conditions compared to mixed planting,
especially towards the end of the growing season
(Table 3). This dependence can be considered as
an adaptive response of the plant organism to
the influence of adverse environmental factors,
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first of all the water supply. A disturbance in
phosphate metabolism was observed in actinidia
plants in mixed plantings, indicated by a higher
content of arginine and histidine in the leaves of
the plants, and a disturbance in nitrogen metabo-
lism, indicated by a lower concentration of glu-
tamic acid in the leaves of the plants.

A comparative analysis of the phytomass
of A. arguta, S.chinensis, and M. domestica
plants and their competitiveness according to
the method of Vandenberg and Ennick [21]
revealed that A. arguta plants are more com-
petitive compared to S. chinensis vine, while
M. domestica is more competitive than A. ar-
guta (Fig. 2. a, B).

Conclusions

The study results indicate significant diffe-
rences in assimilate distribution in A. arguta
leaves depending on growing conditions in mono
or mixed culture. Monoculture is the optimal
system for growing A. arguta, as confirmed by
data on the accumulation of free amino acids in
actinidia leaves, indicating an increase in plant
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Table 3
Amino acid composition of leaves of A. argute plants grown together with
S. chinensis and M. domestica, mg/100 g of wet plant mass
Experience variant — - - — Amin.o aci(:!s = - — - .
Aspartic acid | Threonine | Serine | Glutamic acid | Alanine | Histidine | Lysine | Arginine | Glycine | Proline|Sum (%)
A. arguta 7.5 16.7 0.3 9.5 1.4 2.1 1.7 3.3 1.3 1.9 45.7
A. arguta 50% -
S. chinensis 50% 2.9 10.5 1.2 4.6 1 1.4 0.6 4.7 0.4 0.3 27.6
A. arguta 67% —
S. chinensis 33% 3.2 11.8 0.9 5.1 1.1 1.6 0.8 4.1 0.6 0.4 | 29.6
A. arguta 33% -
S. chinensis 67% 2.6 10.2 1.5 4.3 0.8 1.2 1.1 5.9 0.7 0.7 29
A. arguta 50% -
M. domestica 50% 2.1 7.7 1.9 3 0.4 0.8 0.4 7.5 0.1 0.2 | 24.1
A. arguta 67% —
M. domestica 33% 2.3 8.1 1.7 3.4 0.6 1.1 0.6 6.8 0.4 | 0.3 | 25.3
A. arguta 33% -
M. domestica 67% 1.8 7.3 2.4 2.6 0.3 0.7 0.8 8.6 0.4 | 0.2 | 25.1
LSD, o, 1.69 1.8 1.44 1.63 1.2 1.14 | 1.3 | 1.17 | 1.02 | 0.7 | 2.08
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Fig. 2. Competitiveness of plants A. arguta, S. chinensis and M. domestica under conditions of joint planting:
a) productivity of A. arguta of and S. chinensis; b) productivity of A. arguta and M. domestica

adaptive capacity. The least amount of plant in-
hibition was observed in mixed plantings with
S. chinensis in the variant S. chinensis (33%)
A. arguta (67%). The indicators of the pigment
complex of plants in this variant differed slightly
from those in the monoculture variant. The study
revealed no significant differences in magnesi-
um content in actinidia leaves, regardless of the
plant’s growing conditions. This suggests that
there is a barrier-free effect in the absorption of
Mg, which is a characteristic feature of lianas.

A. arguta plants are more competitive than
S. chinensis, but less competitive than M. do-
mestica. The dynamics of pigment synthesis in
leaves and their total free amino acid content
can be used to assess the degree of physiological
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stress of plants in mixed plantings. Allelopathic
effect occurs as a result of accumulation of plant
products in the soil and is manifested by growth
retardation and reduction of plant productivity.
In our experiments, when A. arguta, S. chinen-
sis and M. domestica crops are combined, there
is an accumulation of colins of soil that negative-
ly affect the growth and development of these
crops. The allelopathic potential of M. domestica
is higher with A. arguta and S. chinensis.
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HocnigxeHo 0cob6anMBOCTi HakonuUeHHs (HOTOCUMHTETUY-
HUX NirMeHTiB, 6iOreHHNX eNeMeHTIB Ta aMiHOKUCIOT Y IUCTI
A. argute (kiBi) Ta S. chinensis ("MMOHHMKA KMTAICbKOrO) Nif
4ac iX KyNbTUBYBAHHS B OfHMX i TUX CaMUX BEreTaLiHUX KOH-
TeitHepax. CniBBiAHOWEHHA KiNbKOCTI POCAWH Yy KOHTeWHe-
pax 6ynu pisHumu: 50:50%, 33:67% i 67:33%. Ak KOHTpob
BUKOPUCTOBYBaNM OAHOBMAOBI HacagxeHHs. BcraHosneHo,
WO CniBBiJHOWEHHA MiX CMiJIbHO BUCAAXEHUMMU POCAUHA-
MU MOXYTb BMAMBATU HA PiBHI POTOCUHTETUYHUX MirMEHTIB,
GioreHHMX efNeMeHTiB i aMiHOKUCNOT B iXHbOMY nucTi. Bo-
AHOYAC BWABMEHO 3MEHWEHHA KOHLUEHTpauii doTocuHTe-
TUYHUX MiTMEHTIB y NUCTKax A. argute 3a yMOBM 3MilLaHWX
HacagkeHb. HailcyTTeBiwe 3HUM3MBCA BMicT xnopodiny
a - Ha 6,7-18,7% y BapiaHTax 3 S. chinensis y KoHTeliHepi
Ta Ha 31,3-33,8% y BapiaHTax 3 M. domestica, sk NOPiBHATH
3 MOHOHacafXeHHaMU. BigmiHHocTi gnsa xnopodiny b Gynu
B Mexax 1,2-8,6% i 9,7-29,7% BignosigHo. Kpim Toro,
cnocTepiranM nesHi 0C06GAMBOCTI PO3NOAINY enemeHTiB
MiHepasbHOrO XWBAEHHA B POCAMHHUX TKaHWHax A. arguta.
B ymoBax MOHOHacageHb y NUCTKax 36inbluyBaBCcs BMicT
marHito, kKanito 1a docchopy. 3a CninbHOTO BUPOLLYBAHHSA
aKTUHiAiT 3 NMMOHHMKOM KMUTAiCbKKUM i 0c0BMBO 3 6yHEID

pi3KO 3MeHLWYBanoCA HaAXOAXEHHA [0 POCAWH a30Ty, doc-
tdopy, Kanito Ta Kanbuito. B MOHOHACAmKEHHAX Y NIUCTKaX
A. arguta po KiHus BereTauii nigBuLLyBaBca 3arasbHuit BMicT
BiNlbHUX aMiHOKMCAOT. Y 3MillaHMX HaCaAXeHHAX poc/iu-
HU aKTUHigii NpofeMOHCTpyBanM MopyleHHs MeTabonizmy
tocdaris, npo wo ceigyatb MifBULEHI PiBHi apriHiHy Ta
riCTUAMHY, @ TaKoX 3MiHy MeTaboni3My as3oTy, WO BMAHO 3i
3HUXEHHS KOHUeHTpauii rmyTamiHoBOT kucnotu y nucti. 3a
pe3ysbTaTaMu NpoBefeHoro MetofoM BangepbeHra Ta EHHika
aHanisy KOHKYPEHTOCMPOMOXHOCTI MOXHa 3p0OUTU BUCHO-
BOK, WO pociuHu A. arguta 6inblw cymicHi 3 S. chinensis, Hix
3 M. domestica. MpoayKTUBHiCTb i CTIMKiCTb HacagKeHb MOX-
Ha iCTOTHO NifBUILWTYM, BUKOPUCTOBYIOUM METOR 3MillaHUX
nocisie B arpodyitoueHosax. lpote HeobxifHO 3BaxaTu Ha
GioekonoriyHi 0cobAUBOCTI POCAMH Ta iXHIO TONEPAHTHICTb
[0 KOpeHeBUX BULineHb iHWux Buais. A. arguta ta S. chinen-
1S — NicoBi NiaHu, AKi € YHIKaNbHOK YaCTUHOIO NiCOBUX KO-
CUCTEM; Y NPUPOLHMX YMOBAX POCTYTb 6AraToBMAOBUMU YTpy-
MOBAHHAMU, TOMY € TONEPAHTHUMU B 3MilLAHWUX HACAAKEHHSX.

Knwoyosi cnosa: nnodosa n103a; 3MiWAHT HACAOXEHHS;
omocuHme3syioui niemeHmu; Gio2eHHUl enemeHm; AMIHO-
Kucaoma.
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