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Abstract
We have carried out comprehensive studies of the natural populations of Bupleurum aureum under the 
conditions of the Republic of Tatarstan. Therefore, we used population research, morphometric, and 
physiological methods in this research. In addition, we studied the morphophysiological heterogeneity 
of the natural populations of Bupleurum aureum, the dynamics of the population size over three years 
in the forests of various natural zones of the Republic of Tatarstan. For all cenopopulations, a propor-
tional contribution of aboveground biomass to the achievement of the generative sphere can be ob-
served, even with a significant deterioration in the growth of particular plants. We noted a decrease in 
plant size in low illuminated and nitrogen-poor soils (1 CP). However, plants had the best indicators of 
raw material quality, flavonoids content in terms of rutin, as well as soluble phenolic compounds. Pow-
erful plants were formed under optimal conditions in deciduous forests of the forest-steppe zone, but 
the content of flavonoids in all parts of the plants was insignificant. However, for plants in this natural 
zone, a higher content of tannins was recorded. Within the republic, the species was sufficiently stable, 
had high plasticity, and was self-renewable. However, this species needs to be preserved, so collection 
of its raw materials is not recommended due to the small area of forest within which Bupleurum grows. 
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We suggested creating artificial plantings of this species with the recreation of conditions that ensure 
the synthesis and accumulation of various groups of phenolic compounds.
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Introduction

The study of population heterogeneity of natural populations is an important re-
search direction in the study of medicinal plants. Analysis of the morphophysio-
logical variability of the samples allowed us to study the conditions that determine 
the synthesis and accumulation of biologically active substances [BAS], identify the 
most valuable loci of wild plants and their subsequent establishment as plantation 
crops or the prospect of harvesting medicinal raw materials in natural communi-
ties, taking into account the stability and self-renewability of the population. About 
250 compounds have been isolated from plants of the genus Bupleurum – triterpene 
glycosides, sesquiterpenes, flavonoids (Ashour et al. 2011; Olennikov et al. 2013). 
An essential characteristic of the state of herbaceous plant populations is the dy-
namics of numbers, the ability to preserve plants in the developed space or the new 
territory formed, as well as the vitality of cenopopulations. (Soule 1987; Fedorov et 
al. 2010; Menges 2000; Klimenko, Zlobin 2014).

The study aims to investigate the intraspecific variability of Bupleurum aureum 
and to determine the characteristics within the Republic of Tatarstan (Russia). We 
planned to reveal the location and state of coenopopulations of Bupleurum aureum 
within the republic and study the influence of ecological-cenotic conditions on the 
process of accumulation of biologically active substances in various parts of Bupleu-
rum aureum.

Materials and methods

Characteristics of the areas studied 

The object of the study is Bupleurum longifolium ssp. aureum L. (Fisch. ex Hoffm.) 
Soo. – Pleistocene relict with a disjunctive European-Siberian range. The species is 
characterized as a typical mesophyte confined to places with sufficient moisture. It 
is widely distributed within the territory of Russia, growing in the European part 
(West and Eastern Siberia) in the Far East (Linchevsky 1950). The species is not 
widespread under the conditions of the middle Volga region (Chugunov, Khapugin 
2020). Within the Republic of Tatarstan [RT], this species can be found in glades 
and edges of deciduous forests.
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This study was carried out in the Republic of Tatarstan, located in the eastern 
part of the European (Russian) plain. Cenopopulations [CP] in various natural and 
geological regions of the republic were selected for the study. 1 CP, 2 CP are con-
fined to the forest zone and 3 CP to the forest-steppe.

1 CP. This trial plot was found in the Zelenodolsk district of the Tatarstan Re-
public. A small area of broad-leave forest was located at the top of the southwestern 
exposure slope in the Petiyalka River valley. The height above sea level was 160 m. 
The soils are grey forest. The slope surface was completely overgrown with pasture 
vegetation. In addition, we noticed grazing on the slope. An arable land adjoins the 
forest. Furthermore, we found a Bupleurum coenopopulation under the canopy of 
a broad-leaved forest. The canopy closure was 0.8. The agrochemical characteristics 
of the soils are presented in Table 1. 

2 CP. This trial plot was established in the Baltasinsky district of the Republic 
of Tatarstan on a flat landscape with 140 m height above sea level in a coniferous 
deciduous forest. The soils are grey forests and the cenopopulation is confined to the 
edge of the illuminated forest.

Table 1. Characteristics of the soil in the communities studied

1 CP 2 CP 3 CP
pH (salt) 6.8 5.3 5.5
Humus, % 3.2 3.1 4.7
Nitrate nitrogen, mg/ kg 3.6 34.7 24.6
Ammonia nitrogen, mg/ kg 15.9 11.3 11.2
Mobile phosphorus, mg/ kg 80 22 80
Exchangeable potassium, mg/ kg 160 110 66
Exchangeable calcium, mmol/ 100 g 28.5 16.0 22.2
Exchangeable magnesium, mmol/ 100 g 2.5 3.0 5.0

3 CP. The trial plot was laid in the forest steppe zone in a broad-leafed forest 
on the left bank of the Kama River, in the Alekseevsky district of the Republic of 
Tatarstan. The landscape was smooth with a height of 117 m above sea level. The 
forest was characterized by significant lighting and the canopy closure was 0.4. On 
the site, an intensive growth of raspberries can be highlighted. The dark gray soils 
were slightly acidic (pH 5.5) with enough humus content.

These studies were carried out in 2018–2020. The climatic conditions of the 
seasons studied are presented in Table 2.

A more significant amount of precipitation was observed in the summer-au-
tumn 2019 period compared to 2018. The indicator ‘Precipitation amount’ in Au-
gust 2019 was almost twice the average annual indicator. The 2020 season was also 
quite wet. At the beginning of the growing season, high precipitation indicators can 
be observed in May and June, and temperature indicators do not exceed average 
long-term indicators.
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For morphological analysis, we collected 15–20 flowering plants in all ceno-
populations, because in the flowering phase it is characterized by the most diverse 
spectrum of essential oil components (Tykheev et al. 2021). When analyzing plants, 
we took into account the number of seeds per umbel, the number of inflorescences 
per shoot, the mass of one inflorescence, the total mass of inflorescences (WG), the 
mass of leaves (WL), the total mass of aerial shoots (W) and the mass of axial organs 
(stems). We determined the following allometric parameters based on the data ob-
tained: reproductive effort (RE) = WG / W, photosynthetic effort (LWR) = WL / W, 
and the weight of the axial organs per total shoot biomass.

To analyze the structure of the cenopopulation, we made temporary transects of 
20x1 m. However, we used primary population-ontogenetic approaches in the study 
(Uranov, Serebryakova 1976). Moreover, we determined the ontogenetic spectrum 
by the ratio of plants of different ontogenetic states.

Table 2. Meteorological indicators of the climate of RT

Observation Period April May June July August September October
Temperature

Long-term average 5.5 11.5 18.1 20.2 17.6 11.7 4.6
2018 4.6 14.4 16.9 22.3 19.8 14.1 6.2
2019 6.3 16.5 19.0 18.5 16 10.9 7.9
2020 5.2 13.7 16.8 22.2 17.3 13.3 7.2

Precipitation
Long-term average 30 41 63 67.0 60 52 64.0
2018 69 23 35 59 26 25 45
2019 26 64 41 53 104 21 57
2020 60 66 74 69 98 24 42

Furthermore, we determine the total content of soluble phenolic compounds in 
the extracts by the spectrophotometric method (Burlakova 1992). The number of 
flavonoids was quantified in terms of rutin (Mirovich et al. 2017), quercetin (Buinov 
2016), tannins in terms of tannin (Ministry of Health of the Russian Federation 
2015).

In the absence of a normal distribution of the sample, we estimate the median 
(Me). The hypothesis of equality of the general mean of two independent samples 
was verified by the nonparametric Wilconson-Mann-Whitney test. The results were 
processed using MS Excel and Statistica 6.0.

The level of significance of all statistical tests was set to: *P<0.05, **P<0.01, 
***P<0.001.



Morphophysiological characterization of Bupleurum aureum in natural populations of the Republic of Tatarstan    847

Result

One of the criteria for the sustainability of a species in a community is the stability 
of its sexual reproduction and the ability to carry out its life cycle. The deterioration 
in the growth of the samples, which was manifested in low indices of the realization 
of the generative and vegetative spheres due to the studies in the preserved area of 
the broadleaved forest located on the slope (1 CP) (see Table 3). The medians of 
the traits ‘shoot mass’, ‘leaves mass’, ‘stalk mass’ were significantly lower than those 
in other habitats. Minimum values also marked indicators characterizing the re-
alization of the generative sphere. The deterioration of the condition of individual 
plants was reflected in the structure of the inflorescences (the number of axes is one 
strand) and the degree of seed productivity. The number of seeds per umbel in 1 CP 
was more than three times less than in plants growing in the conditions of the co-
niferous broad-leave forest of the Baltasinsky region (2 CP) and two times less than 
in the conditions of the deciduous forest of the forest-steppe zone (3 CP ). At the 
same time, the preservation of the reproductive function of plants with deteriorat-
ing ecological and cenotic factors is a significant mechanism aimed at conserving 
species in the community. The plants within 2 CP and 3 CP did not differ in a large 
number of traits.

The indicators in the cenopopulations were similar (see Table 4), probably re-
flecting the proportional contribution of aerial biomass to the realization of the gen-
erative sphere even with a deterioration of the vital state of samples.

Table 3. Morphological indicators B. aureum within different communities

Habitats Median Min-Mах Lower 
Quarti

Upper 
Quartile

Coefficient 
of variation
Cv

P

Mass of leaves
1 CP 0.645 0.55–0.8 0.63 0.79 14.5
2 CP 1.7 0.29–2.57 0.81 2.09 50.7 1/2*
3 CP 1.39 0.83–4.92 1.015 1.815 67.57 1/3***

Mass of stems
1 CP 0.575 0.39–0.75 0.4 0.73 9.51
2 CP 1.415 0.59–4.85 0.9 2.08 18.5 1/2***
3 CP 1.71 0.55–6.71 1.66 2.24 74.6 1/3***

Mass of aerial plant shoots
1 CP 1.45 1.27–1.94 1.31 1.56 16.49
2 CP 3.955 1.57–8.43 3.16 4.88 47.9 1/2***
3 CP 4.285 2.94–4.75 3.655 4.615 63 1/3***

Number of inflorescence on the shoot
1 CP 1.5 1–3 1 2 45
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An essential characteristic of herbaceous populations is population dynamics, 
which reflects its stability over time. Our studies have shown that one can observe 
an irregular renewal of the population in the deciduous forest on the slope (1 CP). 
Furthermore, we noted a significant increase in the number of individuals of seed 
origin only in the 2020 season, which was marked by high precipitation rates at the 
beginning of the season (see Fig. 1).

At the same time, the low density (3, 4), low real seed productivity in 1 CP and 
the dependence of seed germination processes on climatic factors suggest that the 
cenopopulation needs protection, in as much as its degradation state is close.

For cenopopulations existing under optimal conditions (2 CPs and 3 CPs), one 
can emphasize a similar type of dynamics-an annual increase in the number of ce-
nopopulations due to newly emerged plants of seed origin (see Fig. 2). The stable 
state of these cenopopulations is evidenced by a relatively stable number of samples 
in a middle-aged ontogenetic state, high-density index-15 individuals per 1m2.

Habitats Median Min-Mах Lower 
Quarti

Upper 
Quartile

Coefficient 
of variation
Cv

P

2 CP 3 1–8 2 5 65.8 1/2**
3 CP 3 1–8 3 4 52.4 1/3**

Mass of one inflorescence
1 CP 0.27 0.1–0.41 0.23 0.28 39.08
2 CP 0.28 0.1–0.45 0.22 0.34 29.47 1/3*
3 CP 0.31 0.1–0.74 0.28 0.39 37.40

Number of umbel axes
1 CP 7 4–9 6 8 23.4
2 CP 8 3–15 7 9 28.37 1/3**
3 CP 9 4–15 8 11 28.14

Number of seeds per umbel
1 CP 8.5 5–12 6 11 36.0
2 CP 23 8–46 12 33 48.44 1/2**
3 CP 14 10–33 12 22 40.03 1/3**

Table 4. Allometric indicators of B. аureum

1 CP 3 CP 4 CP
Reproductive effort 0.17 0.17 0.25
Photosynthetic effort 0.45 0.42 0.32
Stalk weight per total biomass of shoot 0.4 0.35 0.39
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Figure 1. Dynamics of the number of B. aureum in various ontogenetic states in 1 CP 
in 2018–2020. X-axis - ontogenetic stage: p-sprouts, j-juvenile, im-immature, v-virginal, 
g1-young generative, g2-mature generative, g3 – old generative, ss-subsenile. Y-axis, the 
number of plants.

Figure 2. Population dynamics of B. aureum in various ontogenetic states in 2 CP 2018–
2020. X-axis –ontogenetic stage: p-sprouts, j -juvenile, im -immature, v-virginal, g1-young 
generative, g2-mature generative, g3-old generative, ss-subsenile. Y-axis – the number of 
plants.
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Although in CP 2 and CP 3, the capacity for self-recovery was well expressed 
throughout the years of observation, its vulnerability is associated with intensive 
agriculture in the Republic of Tatarstan and the reduction of forest phytocenoses.

Studies showed that the amount of biologically active substances in Bupleu-
rum was determined by the ecological-cenotic conditions of the habitats within the 
botanical-geographical zones. However, within natural zones, the chemical com-
position of plant raw materials can depend on the type of soil, physical properties, 
landscape, and ecological cenotic conditions (Dubrovnaya et al. 2020).

In our studies, the maximum content of soluble phenolic compounds (see Fig. 
3) can be observed under the conditions of a broad-leafed forest in the forest zone 
of the Zelenodolsk region (1 CP). Here, plants grown in nitrogen-poor soils ex-
posed to less light can be indicated. The composition of phenolic compounds in the 
coniferous deciduous forest was significantly lower and did not differ from the rel-
evant indicators for plants growing in the forest-steppe zone (Alekseevsky district). 
One can observe the minimal content of soluble phenolic compounds in the stems. 
Moreover, we emphasized a tendency towards a decrease in the content of soluble 
phenolic compounds in the row of leaves, inflorescences, rhizomes, and stems.

The highest content of flavonoids in terms of quercetin can be observed in the 
leaves of B. aureum that grow in the Baltasinsky region (2 CP)-0.124% (see Fig. 4), 
where the plants existed under illuminated forest glade conditions. Under the con-
ditions of the Zelenodolsk district (1 CP), the indicator was significantly lower but 
twice as high as in the conditions of the forest-steppe zone (3 CP).

Figure 3. The total content of soluble phenolic compounds mg/g dry weight of the sample.
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Figure 4. The content of total flavonoids in terms of quercetin and absolute dry raw materi-
als.

Analyzing the distribution of biologically active substances [BAS] within the 
plant, one can observe that in the flavonoids, calculated for quercetin in all meso-
forms, it was higher and statistically different in various cenopopulations. There-
fore, we note the minimum concentration in the stems and rhizomes of plants in the 
Zelenodolsk region. One can observe a similar trend when analyzing the content of 
flavonoids in terms of rutin (in %) (see Fig. 5). In the leaves of all habitats, this indi-
cator was higher than in the other parts of the plant. The highest indicators of this 
trait characterized plants in the forest zone of the Zelenodolsk district. Additionally, 
we determined a tendency for a lower content of flavonoids under terms of rutin in 
the conditions of the forest-steppe zone.

We identified significant differences during the analysis of tannin content in 
the above-ground and underground parts of B. aureum plants collected in three 
districts of the Republic of Tatarstan. In the Baltasinsky district (2 CP), the value of 
this indicator was lower than in the Zelenodolsky and Alekseevsky districts and was 
0.2% in stems, 0.4% in leaves, and 0.63% in rhizomes. Thus, one can emphasize the 
maximum content of tannins in the conditions of the Alekseevsky district (3 CP), 
including a high content of humus in the soil. Furthermore, we observed the maxi-
mum concentration of tannins in all habitats in the roots and rhizomes (see Fig. 6).

We indicated a differentiated increase in the content of individual groups of 
phenolic compounds in plants of a particular climatic-geographical zone.

The existence of B. aureum populations under extreme conditions was largely 
ensured by physiological adaptation, which was diagnosed by the high content of 
flavonoids in the leaves. Under extreme conditions of existence – on poor nitrogen 
soils, with low illumination and moisture supply (1 CP), one can emphasize the 
formation of individual plants of smaller size, cenopopulations of low vitality, as-
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sociated with significant costs for the protective mechanisms regarding the imple-
mentation of physiological processes. However, these plants had high-quality raw 
materials like ‘the total content of soluble phenolic compounds in the dry mass of 
the sample” and “the content of the sum of flavonoids’.

Figure 5. The content of totral rutin in various parts of B. aureum.

Figure 6. The content of total tannin in terms of tannin.
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Discussion

Interest in the study of golden Bupleurum is associated with the possibility of us-
ing raw materials to obtain drugs, preventing and treating medicinal liver damage 
(Naboka et al. 2014; Strelkova et al. 2019). The structure of the co-enopopulation of 
B. aureum, as well as the resource characteristics of the species within the Republic 
of Tatarstan, have not been previously studied (Soboleva, Krylova 1990). Our stud-
ies have shown that the habitats are confined mainly to Predkamya (CP1, CP 2) 
and Zakamya (CP 3). In the deciduous forests of Predvolzhie, B. aureum was not 
discovered.

Currently, within the republic, this species is experiencing significant anthro-
pogenic pressure associated with a reduction in habitats as a result of deforestation, 
plowing of meadow communities, overgrowth of forest meadows and glades, which 
can lead to deterioration of the implementation of generative organs, a decrease in 
seed yield and a hindered generation turnover process. These aspects do not allow 
for the procurement of raw materials under natural conditions. At the same time, it 
is promising to create artificial plantings based on the surviving individuals of the 
cenopopulations.

Conclusion

In Republic of Tatarstan, the Bupleurum populations are limited to forest phyto-
cenoses. However, intensive farming has led to their significant reduction. In this 
regard, the co-enopopulations of B. aureum in the republic should be protected as 
sources of unique genetic variability as a basis for breeding and creating new va-
rieties. For B. aureum within the republic, a tendency to a differential increase in 
the content of individual groups of phenolic compounds in plants of a particular 
climatic-geographical zone can be observed. Therefore, the concentration of flavo-
noids was higher in the forest zone, tannins in the forest-steppe zone.
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