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Introduction
The qualitative indicators of the photosynthetic 
apparatus are evaluated by the composition of pigments 
in chloroplasts since spectrally different forms of 
pigments are involved in the process of photosynthesis 
in different ways and are unevenly distributed 
among individual photosystems. The study of the 

pigment complex in plants allows to reveal the degree 
of change and resistance of the photosynthetic 
apparatus to certain factors that activate its work. This 
approach makes it possible to reveal the dependence 
between the anatomical and physiological indicators 
of the photosynthetic apparatus and its activity, as 
well as to predict its reactions to the influence of 
exo- and endogenous factors for the development 
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The peculiarities of the accumulation of photosynthetic pigments and nitrate nitrogen in the leaves of Actinidia 
arguta (Sieboldet. Zucc.) Planch. ex Miq., Schisandra chinensis (Tucrz.) Bail., Malus domestica Borkh., Cornus mas 
L., Chaenomeles japonica (Thunb.) Lindl. ex Spach when grown in vegetation experiments with different ratios 
of the number of plants in containers, namely 50 : 50%, 33 : 67%, and 67 : 33%, were investigated. One-species 
plantings were used as a control. It was shown that the ratio between plants when grown together, affects the 
content of photosynthetic pigments and nitrate nitrogen in the leaves. Mixed plantings can reduce the concentration 
of photosynthetic pigments in the leaves of A. argutа. In mixed plantings, suppression of photosynthetic pigments 
in A. argutа leaves is observed, except for the variant with C. japonica. At the same time, a positive effect of actinidia 
was established for all other research cultures. When determining the compatibility of plants, the most indicative 
information is the ratio of the amount of chlorophylls to carotenoids. The opposite pattern was revealed between 
the content of photosynthetic pigments and nitrate nitrogen in the leaves of experimental crops. According to 
modern ideas, the biosynthesis of photosynthetic pigments should increase with a decrease in the concentration 
of nitrate nitrogen in the leaves, which was confirmed in our experiments. These results can be used in further 
allelopathic, physiological, and ecological investigations of different fruit plants. 
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of physiological bases for the optimization of the 
photosynthetic apparatus, which can be carried out 
under controlled conditions (Colzodillo et al., 2022).

In general, photosynthetic productivity is enhanced by 
light, energy conversion, and carbon fixation (Hitchcock 
et al., 2022). At the same time, rapid adaptation to light 
leads to the accumulation of dry matter (Kromdijk et 
al., 2016; Hubbart et al., 2018). In addition, carbon 
fixation is enhanced as a result of the increased activity 
of enzymes of the Calvin-Benson cycle (Driever et al., 
2017; Simkin et al., 2017; Mitchell et al., 2020).

It is known that various environmental factors, in 
particular drought, and high and low temperatures, 
negatively affect the processes of photosynthesis 
(Fahas et al., 2017). Biochemical composition and 
structural characteristics of leaves can affect their 
photosynthetic capacity (Wright et al., 2007). Two 
key traits that determine photosynthetic capacity are 
specific leaf area and leaf nitrogen content (Hikosaka, 
2004; Poorter et al., 2009). Nitrogen is the main 
component of chlorophyll, as 70% of its content is 
accumulated in chloroplasts (Fathi and Zeidali, 2021; 
Moeinirad et al., 2021).

It should be noted that research in recent years has 
proven the fact that the biosynthesis of photosynthetic 
pigments is inhibited by the use of nitrate forms of 
nitrogen (Wang et al., 2022). Information regarding 
the elucidation of the role of NO in the processes 
of photosynthesis is limited, so understanding 
the function of nitrate nitrogen in the biosynthesis of 
photosynthetic pigments is important for optimizing 
plant growth and development.

Photosynthesis is the central metabolic process in 
plants, which combines physiological reactions, 
environmental factors, and biochemical changes in 
the cell, therefore the assessment of the variability 
of the structural and functional indicators of 
the photosynthetic apparatus, which characterize 
the adaptation of different species to the conditions 
of simultaneous growth, has important theoretical 
and practical significance since the issue of greening 
horticulture is extremely relevant. There is still 
a lack of data on the variability of the content of 
photosynthetic pigments in plants of different species, 
united by a commonplace of growth in a limited space. 
Therefore, the purpose of our work was to carry out 
research related to the peculiarities of the biosynthesis 
of photosynthetic pigments and the accumulation of 
nitrate nitrogen in the leaves of non-traditional fruit 
crops under conditions of mixed plantings.

Material and methodology

Plant material
The experiments were carried out in the Department 
of Acclimatization of Fruit Plants of the M. Gryshko 
National Botanical Garden of the National Academy 
of Sciences of Ukraine (Kyiv). 2-year-old plants of 
Actinidia arguta (Sieboldet. Zucc.) Planch. ex Miq., 
Schisandra chinensis (Tucrz.) Bail., Malus domestica 
Borkh., Cornus mas L., Chaenomеles japоnica (Thunb.) 
Lindl. ex Spach 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%, pHKCl 7.6, 
nitrogen 2%, phosphorus 8.2%, density 1.2–1.4 g·cm-3). 
The experiments were carried out under controlled 
conditions. The temperature was maintained within 
22 ±2 °C, and soil humidity 60 ±5%. In the model 
experiment, for maximum saturation of the soil with 
root secretions, two-year-old plants were planted 
in containers of 12 pieces, with a distance of 5 cm 
between them. The surface area of the container was 
0.06 m2. The duration of the experiment was 24 weeks 
due to the generally accepted technology for growing 
experimental plant species.

Biochemical analysis

Pigment determination
Samples for biochemical studies were taken in mid-
August. The content of photosynthetic pigments in 
the leaves was assessed using spectrometry SF-26. 
The extracts were prepared in a 96% alcohol solution 
for measurements. Carotenoids were determined at 
440.5 nm, chlorophyll a at – 665 nm, and chlorophyll 
b – at 649 nm with 10 repetitions. The concentration of 
chlorophylls was calculated according to the Vermont 
formula, and carotenoids according to the Wettstein 
formula (Lichtenthaler and Wellburn, 1983): 

chlorophyll a = 13.95 A665 - 6.88 A649 

chlorophyll b = 24.96 A649 - 7.32 A665

Cx + c = (1000 A470 - 2.05Ca - 114.8Cb)/245

The content of pigments in the extract was calculated 
by the following formula:

A = V × C/(P × 1,000)

where: C – the concentration of pigments, mg·l-1; V – 
the volume of the extract, ml; P – the weight of 
plant material, g; A – pigment content in plant 
material, mg·kg-1 fresh weight (FW)
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The obtained indicators, determined with a 95% 
confidence interval, are trustworthy due to the high 
reliability of the arithmetic mean values (the calculated 
Student‘s criterion significantly exceeds the tabular 
values) and the experimental error indicator is less 
than 5% using the ANOVA program.

Nitrate nitrogen determinations
The nitrate content of the samples was determined 
using a chemiluminescent detector. Briefly, an aliquot 
(5 µl) of vegetable juice was introduced into the reaction 
vessel of a chemiluminescent detector of a nitric oxide 
analyzer (Sievers NOA280i). This instrument directly 
detects NO and can be used to analyze nitrite and nitrate 
under conditions where these species are converted to 
NO. For nitrite analysis, the reaction vessel contained 
1% w/v KI in glacial acetic acid to reduce nitrite to 
NO. For nitrate analysis, the reaction vessel contained 
a solution of vanadium (III) chloride in hydrochloric 
acid (1 M HCl) at 90 ℃ to reduce nitrite and nitrate 
to NO. Thus, the nitrate concentration is obtained by 
subtracting the measured nitrite concentration from 
the nitrite and nitrate concentration. Nitrite and nitrate 
concentrations were determined based on the standard 
curve (Huang et al., 2002).

Statistical analysis
All analyses were carried out in triplicate. 
The significance of differences between the OMP levels 
(significance level, p <0.05) was examined using the 
Kruskal-Wallis one-way analysis of variance. The data 
were analyzed using a one-way analysis of variance 
(ANOVA) using Statistica v. 13.3 Software (TIBCO 
Software Inc., USA) (Zar, 1999).

Results and discussion 
At the first stage of the research, a comparative 
analysis of the distribution of photosynthetic pigments 
in the leaves of A. arguta, Sch. chinensis, M. domestica, 
C. mas, and Ch. japоnica plants was carried out under 
joint cultivation. It has been experimentally proven 
that under the conditions of mixed plantings of 
A. arguta and M. domestica, there is an inhibition of the 
biosynthesis of photosynthetic pigments in A. arguta 
leaves compared to monoplanting and, conversely, 
an increase in their content in apple leaves (Table 1). 
Photosynthetic characteristics can reflect a plant‘s 
photosynthetic capacity, physiological and ecological 
patterns of adaptation to different environments, and 
light utilization strategies Throughout the growth 
process, plants optimize light energy utilization by 
adjusting chlorophyll content and ratio (a/b), which 
allows plants to continuously adapt to the environment 
(Li et al., 2010).

In particular, the content of chlorophyll a in A. arguta 
leaves in the variants of the experiment in the ratio of 
50 : 50%, 67 : 33%, and 33 : 67% decreased by 1.5 times, 
respectively, compared to monoplanting, and the 
content of chlorophyll b and carotenoids, respectively, 
by 1.1–1.4 and 1.1–1.2 times. For M. domestica plants, 
the concentration of chlorophyll a increased by 1.2–2.1 
times compared to monoplanting, and the content 
of chlorophyll b increased by 1.1–1.8 times. In the 
distribution of carotenoids, the opposite dependence 
can be traced, with the exception of the variant in 
which the ratio between M. domestica and actinidia 
plants was 50 : 50%. The increase in the content 
of carotenoids in M. domestica leaves indicates 
the activation of the adaptive potential of plants (Table 
1). Photosynthetic characteristics can reflect a plant‘s 

Table 1 Content of photosynthetic pigments in the leaves of Actinidia arguta under conditions of joint planting with 
Malus domestica (2020–2021), (mg·kg-1 FW)

Variants a b k а + b a/b (a + b)/k
А. аrguta 0.106 23 0.040 0.130 4.55 3.26
A. аrguta 50% – M. domestica 50% 0.070 19 0.039 0.090 3.68 2.31
A. аrguta 67% – M. domestica 33% 0.073 21 0.032 0.094 3.46 2.92
A. аrguta 33% – M. domestica 67% 0.070 16 0.035 0.087 4.28 2.49
LSD 0.05 0.00014 0.00013 0.00013 0.0001 1.15 0.51
M. domestica 0.081 0.049 0.082 0.130 1.67 1.59
M. domestica 50% – A. аrguta 50% 0.097 0.073 0.085 0.170 1.32 1.99
M. domestica 67% – A. аrguta 33% 0.169 0.053 0.057 0.223 3.17 3.90
M. domestica 33% – A. аrguta 67% 0.168 0.087 0.053 0.255 1.92 4.82
LSD 0.05 0.00020 0.00021 0.0003 0.00020 1.54 1.54

Notes: a – chlorophyll a; b – chlorophyll b; k – carotenoids; LSD – Least Significant Difference
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photosynthetic capacity, physiological and ecological 
patterns of adaptation to different conditions (Li et al., 
2010).

A similar pattern can be observed in an experiment 
of growing A. arguta with Sch. chinensis (Table 2). 
In all variants of the experiment, the suppression 
of the biosynthesis of photosynthetic pigments in 
the leaves of plants under the conditions of joint 
plantings was revealed. In particular, the concentration 
of chlorophyll a in the leaves decreased by 7–19% 
according to the experimental variants compared to 
the monoplanting of actinidia. The decrease in the 
content of chlorophyll b and carotenoids was in the 
range of 4–8% and 2–64%, respectively. For magnolia 
vine plant tissues these values were 19–28% for 
chlorophyll a, 11–24% for chlorophyll b, and 10–41% 
for carotenoids, respectively. This makes the application 
of nondestructive reflectance spectroscopy to assess 
the physiological state of plants very promising. In 

fact, knowledge of the ratio between carotenoid and 
chlorophyll content in leaves could provide more 
useful information for determining the physiological 
state of plants than knowledge of the absolute amounts 
of individual pigments, as it may ignore differences 
between plant species and cultivars and provide more 
accurate indications of plant senescence (Demmig-
Adams et al., 1996).

When A. arguta was grown together with dogwood, 
the opposite dependence was revealed, namely: the 
content of photosynthetic pigments in both A. arguta 
leaves and dogwood leaves increased, especially in 
the variant with a ratio of 33 : 67% (Table 3). The 
concentration of chlorophyll a in A. arguta and C. mas 
leaves increased 1.1–1.4 times, chlorophyll b 1.6–1.9 
times, and carotenoids 1.3 times.

According to the results obtained in the variants with 
A. arguta and C. japonica, significant fluctuations in the 
content of photosynthetic pigments in A. arguta leaves 

Table 2 Content of photosynthetic pigments in the leaves of Actinidia arguta under conditions of joint planting with 
Schisandra chinensis (2020–2021), (mg·kg-1 FW)

Variants a b k а + b a/b (a + b)/k
A. arguta 0.106 0.023 0.040 0.130 4.55 3.26
A. arguta 50% – S.chinensis 50% 0.090 0.023 0.015 0.113 3.88 7.42
A. arguta 67% – S.chinensis 33% 0.100 0.022 0.039 0.122 4.49 3.12
A. arguta 33% – S.chinensis 67% 0.087 0.021 0.036 0.108 4.05 3.00
LSD 0.05 0.0001 0.00013 0.0013 1.37 1.15 0.51
S. chinensis 0.069 0.022 0.032 0.092 3.12 2.88
S.chinensis 50% – A. arguta 50% 0.048 0.016 0.018 0.065 2.84 3.45
S.chinensis 67% – A. arguta 33% 0.056 0.020 0.028 0.076 2.78 2.68
S.chinensis 33% – A. arguta 67% 0.039 0.023 0.023 0.062 1.68 2.62
LSD 0.05 0.00018 0.0017 0.00019 0.00027 0.202 0.32

Notes: a – chlorophyll a; b – chlorophyll b; k – carotenoids; LSD – Least Significant Difference

Table 3 Content of photosynthetic pigments in the leaves of Actinidia arguta under conditions of joint planting with 
Cornus mas (2020–2021), (mg·kg-1 FW)

Variants a b k а + b a/b (a + b)/k
A. arguta 0.106 0.023 0.040 0.130 4.55 3.26
A. arguta 50% – C. mas 50% 0.067 0.024 0.023 0.092 2.78 3.92
A. arguta 67% – C. mas 33% 0.063 0.023 0.035 0.086 2.68 2.46
A. arguta 33% – C. mas 67% 0.117 0.038 0.051 0.156 3.04 3.02
LSD 0.05 0.00018 0.00020 0.00019 0.00072 0.33 0.28
C. mas 0.104 0.023 0.036 0.127 4.37 3.55
C. mas 67% – A. arguta 33% 0.105 0.035 0.035 0.140 2.98 4.00
C. mas 50% – A. arguta 50% 0.103 0.040 0.035 0.144 2.52 4.08
C. mas 33% – A. arguta 67% 0.142 0.048 0.045 0.191 2.93 4.20
LSD 0.05 0.00017 0.0020 0.00020 3.71 1.74 2.15

Notes: a – chlorophyll a; b – chlorophyll b; k – carotenoids; LSD – Least Significant Difference
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were found, in particular, the level of chlorophyll a in 
mixed planting ranged from 0.019 mg/to 0.100 mg·kg-1 
FW and chlorophyll b from 0.018 to 0.050 mg·kg-1 
FW (Table 4). For this reason, the ratio of carotenoids 
to chlorophylls is commonly used to analyze the 
physiological status of plants (Demmig-Adams et al., 
1996). Thus, accurate and reliable estimation of the 
carotenoid to chlorophyll ratio is in itself an important 
goal for understanding plant physiological processes.

Certain differences can be traced concerning the 
ratio of the amount of chlorophylls to the content of 
carotenoids, which indicate the physiological state of 
plants and serve as indicators of stress. During the 
joint cultivation of A. arguta plants and M. domestica, 
this indicator is significantly lower for A. arguta leaves 
compared to monoculture, which proves the fact that 
the development of A. arguta is inhibited. At the same 
time, for M. domestica plants, on the contrary, this ratio 
is higher, especially in variants with M. domestica 67%, 
A. arguta 33% and M. domestica 33%, A. arguta 67%. 
This is confirmed by the high content of chlorophyll b in 
M. domestica leaves the increase in which concentration 
is associated with the stimulation of growth processes 
in plants. Thus, it can be noted that under the joint 
cultivation of A. arguta and M. domestica trees, there 
is inhibition of the biosynthesis of photosynthetic 
pigments in A. arguta plants and stimulation in 
M. domestica trees. The analysis of the data obtained 
proves the importance of assessing the content of 
photosynthetic pigments and analyzing changes in 
their activity to obtain real information about the 
physiological state of plants, as noted in some works 
(Sims and Gamon, 2002).

Regarding the results obtained under the conditions 
of the simultaneous cultivation of A. arguta and 

Sch. chinensis plants, it was found that there are 
no significant differences in the ratio of the sum of 
chlorophylls and carotenoids, except for the option 
A. arguta 50% – Sch. chinensis 50%. The resulting 
dependence indicates a sufficiently low compatibility 
of these fruit cultures. The ratio of the sum of 
chlorophylls to carotenoid content has proven to be 
the most indicative indicator trait under conditions of 
joint cultivation of plants, which is used to determine 
the impact of a stress factor (Li et al., 2010).

In the joint plantings of A. arguta and C. mas, the 
following dependence is observed: the maximum 
indicators are characteristic of actinidia plants at 
the ratio of A. arguta 50% – C. mas 50%, and for 
C. mas plants at the ratio of C. mas 33% – A. arguta 
67%. At the same time, insignificant suppression of 
the photosynthetic activity of A. arguta plants was 
observed in the presence of C. mas.

In variants with C. japonica, the highest value of the ratio 
between the sum of chlorophylls and carotenoids was 
recorded for planting A. arguta 33% – C. japonica 67% 
and for monoplanting C. japonica. In general, actinidia 
plants had a positive effect on the development of 
C. japonica plants, which is manifested in the induction 
of the biosynthesis of photosynthetic pigments.

Usually, when plants are under stress, the content of 
individual photosynthetic pigments (chlorophylls and 
carotenoids) and the ratio between them changes 
accordingly, with chlorophylls being characterized by 
a tendency to a faster decrease in activity compared 
to carotenoids (Gitelson et al., 1994). Experimentally 
confirmed the negative relationship between the 
content of photosynthetic pigments in the leaves of 
the experimental plant species and the concentration 
of nitrate nitrogen. At the same time, the ratio of 

Table 4 Content of photosynthetic pigments in the leaves of Actinidia arguta under the conditions of joint planting with 
Chaenomeles japonica (2020–2021), mg·kg-1 FW

Variants a b k а + b a/b (a + b)/k
А.аrguta 0.106 0.023 0.040 0.130 4.55 3.26
A. arguta 50% – C. japonica 50% 0.019 0.050 0.035 0.070 0.39 1.99
A. arguta 67% – C. japonica 33% 0.071 0.018 0.026 0.089 3.82 3.45
A. arguta 33% – C. japonica 67% 0.100 0.019 0.029 0.119 5.09 4.13
LSD 0.05 0.00011 0.00017 0.00019 0.00015 0.23 1.93
C. japonica 0.159 0.076 0,039 0.235 2.09 5.94
C. japonica 50% – A. arguta 50% 0.187 0.044 0,051 0.231 4.20 4.54
C. japonica 67% – A. arguta 33% 0.162 0.081 0,046 0.244 2.00 5.27
C. japonica 33% – A. arguta 67% 0.202 0.082 0.069 0.284 2.47 4.09
LSD 0.05 0.00085 0.0002 0.00017 0.0003 0.08 0.12

Notes: a – chlorophyll a; b – chlorophyll b; k – carotenoids; LSD – Least Significant Difference.
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chlorophylls increased with a decrease in leaf nitrogen 
content, so this trait can serve as an indicator of N 
distribution (Terashima and Hikosaka 1995; Sims and 
Gamon, 2002). Different forms of nitrogen affect the 
overall balance of nitrogen distribution of this element 
in the leaves, ensuring high efficiency of its use (Wei et 
al., 2022). 

In the second stage of research, the peculiarities of 
the distribution of nitrate nitrogen in the leaves of 
fruit crops were analyzed under the conditions of 
simultaneous cultivation. Among different nitrogen 
sources, the nitrate form is mostly taken up by root 
systems and transported to pagonia (Crawford, 1995; 
Lam et al., 1996).

A negative relationship between the content of 
photosynthetic pigments, especially chlorophyll a, in 
the leaves of the experimental plant species and the 
content of nitrate nitrogen in the tissues was revealed 
(Table 5, Figure 1–4). According to the theory of 
optimal nitrogen distribution, the ratio of chlorophylls 
increases with decreasing nitrogen content in the 
leaves (Evans, 1989).

The availability of nitrogen in plants increased in mixed 
plantings, while the greatest value was observed in the 
variant of the experiment A. arguta 33% – M. domestica 
67% (97.15 mg·kg-1 FW) (increase compared to control 

by 42%). Environmental stresses that occur under 
the influence of various factors lead to a decrease in 
photosynthetic activity (Demming et al., 1996; Li et 
al., 2010). Regardless of the cause of changes in leaf 
nitrogen concentration, there is always a positive 
correlation between nitrogen concentration and the 
photosynthetic capacity of plants (Field and Mooney, 
1986).

In monoculture M. domestica plants, the nitrogen 
content in the leaves was lower compared to 
the conditions of joint cultivation, in particular, 
in the variant M. domestica 67% – A. arguta 33%, 
a decrease in its concentration by 70% compared to the 
control. In the version of A. arguta and S. chinensis, the 
highest level of nitrate nitrogen in leaves was recorded 
compared to the monoculture. In addition to more 
effective management strategies through fertilization, 
the concentration of nitrate in plants can be changed 
by adjusting growth conditions, thereby promoting the 
conversion of nitrate to organic compounds (Bian et al., 
2015; Hickman, 2016; Rogers et al., 2020).

During the joint cultivation of A. arguta – C. mas, 
a similar pattern was revealed, in particular, the 
accumulation of nitrogen under these conditions, 
compared to monoplanting.
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Figure 1 Distribution of nitrogen in the leaf and the ratio of chlorophyll (Chl) a/b in the leaves of experimental plant species 
Actinidia arguta, Malus domestica under the conditions of joint cultivation (mg·kg-1)
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At the same time, the highest value of nitrate nitrogen 
was recorded in the variant A. arguta 67% – C. mas 
33% – 149.14 mg·kg-1 FW (118% increase). C. mas 
plants in mixed plantings did not significantly decrease 
the amount of nitrogen compared to monoculture. In 
the variant A. arguta – C. japonica, the accumulation of 
nitrogen in A. arguta leaves was also detected under 
joint cultivation compared to monoculture, the highest 
value was observed in A. arguta 50% – C. japonica 50% – 
211.18 mg·kg-1 FW (by 209%). Among the various 
sources of nitrogen, the nitrate form is mostly taken up 
by root systems and transported to shoots (Crawford, 
1995; Lam et al., 1996). The uptake, assimilation and 
translocation of nitrate in plants are regulated by 

many internal signals (expression of related genes and 
enzyme activity), as well as environmental factors (Xu 
et al., 2012).

C. japonica plants in mixed stands showed a slight 
decrease in the amount of nitrogen compared to the 
control. The data presented in the figures are a visual 
confirmation of the dependence we discovered. 

At the same time, the highest value of nitrate nitrogen 
was recorded in the variant A. arguta 67% – C. mas 
33% – 149.14 mg·kg-1 FW (118% increase). Intensive 
nitrogen uptake by plants has a positive effect on the 
photosynthetic activity of plants (Vries et al., 2016; 
Prinsi and Espen, 2018). In addition to more effective 
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Figure 2 Distribution of nitrogen and the ratio of chlorophylls a/b in the leaves of the plant species Actinidia arguta, 
Schisandra chinensis under the conditions of joint cultivation (mg·kg-1)
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management strategies through fertilization, the 
concentration of nitrate in plants can be changed by 
adjusting growth conditions, thereby promoting the 
conversion of nitrate to organic compounds (Bian et 
al., 2015, Hickman, 2016; Rogers et al., 2020). C. mas 
plants in mixed plantings did not significantly decrease 
the amount of nitrogen compared to monoculture. In 
the variant A. arguta – C. japonica, the accumulation of 
nitrogen in A. arguta leaves was also detected under 
joint cultivation compared to monoculture, the highest 
value was observed in A. arguta 50% – C. japonica 
50% – 211.18 mg·kg-1 FW (by 209%). 

Efficient N uptake and utilization can significantly affect 
the intensity of plant N consumption, thereby affecting 
overall photosynthetic efficiency and productivity 
(Evans, 1989; Arvin, 2019; Evans and Clarke, 2019). 
C. japonica plants in mixed stands showed a slight 
decrease in the amount of nitrogen compared to the 
control. The data presented in the figures are a visual 
confirmation of the dependence we discovered. One 
of the explanations for this dependence may be the 
allelopathic activity of plants, which manifests itself in 
blocking membrane permeability, water and nutrient 
absorption, respiration, photosynthesis, protein, and 

nucleic acid synthesis, and plant growth regulation 
(Latif et al., 2017). It can be assumed that it is plant 
allelochemicals that cause a negative impact on the 
growth and development of other crops in compatible 
plantings (since the effect of allelochemicals on plant 
photosynthesis mainly includes inhibition or damage 
to the mechanisms of synthesis and acceleration of the 
decomposition of photosynthetic pigments (Mbagwu, 
2006; Yu et al., 2006; Sahoo et al., 2010).

Conclusions
It was established that the photosynthetic activity 
of plants and the content of nitrate nitrogen are 
important indicators that illustrate the physiological 
state of plants under different growing conditions. 
The indicator of the ratio of the sum of chlorophylls to 
carotenoids is the most indicative for use in assessing 
the compatibility of species in mixed plantings. 
According to these indicators, C. mas plants proved 
to be the most suitable for growing together with 
A. arguta, while S. chinensis cannot grow together with 
this culture in mixed plantings. The obtained data 
can be used in further physiological, ecological, and 
allelopathic investigations of different fruit plants.
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Figure 3 Distribution of nitrogen and the ratio of chlorophylls a/b in the leaves of experimental plant species A. arguta and 

C. mas under the conditions of joint cultivation (mg·kg-1)
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