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GROWING CONDITIONS EFFECT ON THE TANNIC SUBSTANCES CONTENT IN THE
SANGUISORBA OFFICINALIS L. ABOVE-GROUND AND UNDERGROUND ORGANS
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BJIUSHHUE YCJIOBUI ITPOU3PACTAHUA HA COJIEP)KAHUE TYBWIBHBIX BEIIIECTB
B HAA3BEMHBIX U NIOA3EMHBIX OPI'TAHAX SANGUISORBA OFFICINALIS L.

Abstract. For the great burnet (Sanguisorba
officinalis L.) raw material rational harvesting,
as well as ensuring its comprehensive, waste-
free utilization, it is necessary to assess the
influence of growing locations, age, vegetation
phase, climatic, and soil conditions on the
tannins accumulation in its above-ground and
underground organs. The research was
conducted during the period 2018-2020. Raw
material harvesting was carried out in three
natural cenopopulations (CP): CP | — floodplain
grass-herbaceous meadow, CP Il — dryland
herbaceous meadow, CP IlIl — birch forest,
during different vegetation periods. The tannin
content in the raw material was determined by
permanganatometric titration in accordance
with the requirements of the XV edition State
Pharmacopoeia. It was found that in the herb
maximum tannins amount accumulates during
the flowering phase (6.096-9.323%) and t he
minimum during the fruiting period (4.049-
7.998%). Rhizomes and roots are characterized
by the presence of two accumulation maxima:
at the beginning of vegetation (19.194-
24.698%) and during the flowering period
(21.310-26.595%). The tannin content in the
fruiting phase decreases in underground organs
by an average of 1.3 times, and in the above-
ground organs — by 1.2 times. The studies
showed that the moisture level and light
availability, soil factors (high content of humus,
phosphorus, potassium) contribute to greater
tannin accumulation. Its highest content was
observed in the above-ground and underground
organs of burnet in CP | and CP Il. The
calculated extremality hydrothermal coefficient
(Kextr.) ranged from 0.22 to 0.26 in the study
years. The highest Kextr. was obtained for 2019
(0.26), which showed the lowest tannin content.
The tannin accumulation patterns obtained data
in the great burnet above-ground and
underground organs have a practical importance
for the pharmaceutical industry.

AHHoTaumsi. JIis  opraHuzaiuu  palMoHalIbHOMN
3arOTOBKH  PAacTUTENBHOTO  CBIPbS  KPOBOXJIEOKH
nekapctBenHoi (Sanguisorba officinalis L.), a Taxxke
obecneyeHust KOMILIEKCHOTO, 0€30TX0IHOIO
WCTONB30BAaHUS  JaHHOTO pAacTeHUs, HEo0XOIUMO
OLICHUTh BJMSHUE MECT TPOU3PACTaHMs, BO3pAcCTa,
¢da3pl  Bererauuy, KJINMATUYECKUX M IOYBEHHBIX
YCIOBUH Ha HAaKOIUIEHHE IyOWJIbHBIX BEIIECTB €€
Ha/I36MHBIMHU u MOJI3EMHBIMH OpraHaMu.
Hccnenosanus npoBoaunuck B nepuon 20182020 rr.
3aroToBKy ChIPbsSI OCYILECTBIISUIM B TpPeX MPUPOIHBIX
nenononyssiiusax (L{IT): LIT | — 3anuBHOM 31aK0BO-
pasHotpaBueiii  gyr, LIl Il — cyxomonbHbIH
pasHotpasusrii 1y, LIIT Il — GepesoBsrii ec, B pa3Hbie
Mepuoabl  BeretaloHHoro passutus. ConepxaHue
NyOWJIbHBIX BEUIECTB B CHIPhE OMPEIEISUIA METOIO0M
[IEpPMaHraHATOMETPUIECKOTO TUTPOBAHUS B
cootBeTcTBEH ¢ TpeboBanmsamu ['® XV wu3naxus.
YcTaHOBNIEHO, YTO  MaKCHUMaJbHOE  KOJIHYECTBO
OyOWJIbHBIX BEILECTB HaKallJIMBAaeTCsl B TpaBe B (hazy
mpererus (6,096-9,323%), a MUHUMAIIBHOE B MEPHOJT
wiononomeHus (4,049-7,998%). Jlns KoOpHEBUI |
KOpHEH, XapakTepHO HaIWYHMe JBYX MAaKCHMYMOB
HaKoILIeHUs, B Hadaie Bereranud (19,194-24,698%) u
B nepuoj 1Betenus (21,310-26,595%). Conepxanue
OyOWIBHBIX  BemiecTB B (a3dy  IJIOJOHOLICHHUS
CHMJKAeTCs! B IOJ3EMHBIX OpraHax B cpeaueM 1,3 pasa,
B TpaBe — 1,2 pasza. HccnenoBaHus mokaszaiu, 4TO
YPOBEHb BJIAaro00ECIEYEeHHOCTH ¥ OCBEIIEHHOCTH,
MOYBEHHBIN (akTop (BBICOKOE COJEpKaHHE TyMyca,
dbocdopa, kammsg)  cHocOOCTBYIOT — OoibIIEMY
HAKOIJICHUIO JyOWIBHBIX BellecTB. HamOounbinee mx
coJiep)kaHue OTMEUYEHO B HAJ3EMHBIX U TIOJ3EMHBIX
opranax kpoBoxi€oku B LII1 | u IIIT Il. Paccunrannsrii
THIPOTEPMHUUYECKHN KO3(D(DUIIMEHT HSKCTPEMaIbHOCTH
(Kakerp.) B rogs! u3ydenns coctasui ot 0,22 go 0,26.
Haunbonpmmit Kaketp. nomyuen ans 2019 roga (0,26), B
KOTOpPOM OBIJIO OTMEYEHO HauMEHbILEE COIEpKaHHE
TaHUHOB. [loNmydeHHBIE JaHHBIE O 3aKOHOMEPHOCTH
HAKOIJICHUSI JTyOMJIbHBIX BEIIECTB HAJI3EMHBIMH U
MOJ3eMHBIMH OpPraHaMHu KPOBOXJIEOKH JeKapCTBEHHON
UMEFOT MPAKTUIECKOE 3HaYeHUE JUISt
(hapManeBTHYECKOM MPOMBIIIIEHHOCTH.
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Introduction

Among tannin-containing medicinal plants of Kemerovo Region (Kuzbass), Sanguisorba
officinalis L. (Rosaceae) is one of the representatives. In the territory of the region, it forms fairly
large stands suitable for industrial harvesting of raw material [5]. Due to a complex of biologically
active compounds (BAC), including hydrolysable and condensed tannins, S. officinalis exhibits a
wide spectrum of pharmacological (anti-inflammatory, antimicrobial, antifungal, antioxidant,
antiviral, antiproliferative, etc.) activity [3; 7; 18; 28].

In official medicine, the underground organs of the plant — rhizomes and roots — are used,
while the herb is applied in folk medicine [12; 21; 22]. In recent years, the integrated utilization of
the great burnet has attracted increasing interest from the scientific community [7; 10].

The accumulation of tannins in different plant organs is influenced by a wide range of biotic
and abiotic factors, as well as by age, developmental stage, and habitat conditions [9; 11; 13; 17;
24].

The literature presents contradictory data regarding tannin accumulation in S. officinalis.
Most studies focus on rhizomes and roots — the medicinal plant raw material included in the State
Register of Medicinal Products of the Russian Federation (2015). Some authors report that the
highest tannin content in underground organs occurs at the beginning of vegetation [22], while
others indicate the budding stage [20], flowering [2; 8; 13. 27], fruiting [9; 14; 20], or the end of
the vegetation period [6]. There is limited information available on tannin content in the herb of
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great burnet across vegetation phases. Some data suggest that maximum accumulation in the herb
should occur during the flowering stage [4].

According to literature data, herbaceous plants, including S. officinalis, growing on soils
sufficiently supplied with available phosphorus [16; 23], tend to accumulate higher levels of
tannins [22].

Earlier studies by N. O. Egorova [4; 5] presented results on tannin content in rhizomes and
roots of S. officinalis, growing in selected districts of the region, as well as the distribution of
tannins among plant organs. However, no published data are available on tannin accumulation
across vegetation phases in both above-ground and underground organs of S. officinalis growing
in the Kemerovo Region (Kuzbass).

The aim of this study is to evaluate the influence of certain habitat-related factors on tannin
accumulation in the above-ground and underground organs of Sanguisorba officinalis L. growing
in Kemerovo Region (Kuzbass).

Materials and methods

The object of the study was the great burnet raw material (Sanguisorba officinalis L.,
Rosaceae), including herb and rhizomes with roots, collected in three cenopopulations (CPs)
located in Topkinsky District of Kemerovo Region (Kuzbass).

CP I — floodplain grass-herbaceous meadow (55.364814° N, 85.795937° E). Soil moisture
is provided by both groundwater and atmospheric precipitation. Mean light intensity is
90,704.0 lux. The soil is heavy loam with pH (salt extract) of 5.6, humus content of 7.3%, elevated
levels of available phosphorus (106 mg/kg), very high levels of available potassium (340 mg/kg),
and increased nitrate content (25.1 mg/kg). The occurrence of S. officinalis was relatively abundant
(score 3). Yields of fresh raw material ranged from 124.59 to 301.97 g/m? for rhizomes with roots
and from 143.43 to 688.03 g/m? for herb.

CP Il — dryland herbaceous meadow (55.360304° N, 85.793537° E). The site was fully
exposed to sunlight, with an average illumination of 73,343.3 lux. Moisture supply is provided
exclusively by atmospheric precipitation. The soil is heavy loam. Soil acidity (pH salt extract) is
5.8, humus content ranges up to 6.2%, available phosphorus is elevated (114 mg/kg), exchangeable
potassium is very high (345 mg/kg), and nitrate content is moderate (17.8 mg/kg). Yields of fresh
raw material ranged from 91.12 to 127.78 g/m? for rhizomes with roots and from 213.14 to
225.79 g/m? for herb.

CP 111 —Dbirch forest (55.355562° N, 85.819864° E). The birch was the dominant tree species.
The shrub layer is poorly developed. Mean illumination is 59,938.4 lux. Moisture supply is
atmospheric. The soil is heavy loam. Soil acidity (pH salt extract) is 5.6, humus content is 5.6%,
available phosphorus content is moderate (73 mg/kg), exchangeable potassium content is high
(180 mg/kg), and nitrate content is moderate (11.8 mg/kg). Yields of fresh raw material ranged
from 21.55 to 25.66 g/m? for rhizomes with roots and from 36.98 to 66.60 g/m? for herb.
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The productivity of S. officinalis rhizomes and roots at the study sites was calculated through
the model specimen method, while above-ground biomass productivity was assessed using the
sampling plot method.

Raw material was collected from June to September in 2018 and 2019, and from May to
August in 2020, during different vegetation phases (fully expanded leaf phase, budding phase,
flowering phase, and fruiting phase), in accordance with established requirements. Drying of the
raw material was carried out naturally in the shade. The raw material was stored in paper bags in
a cool dry place.

Simultaneously, soil samples were collected from the root zone of S. officinalis (0—20 cm
depth). Agrochemical soil parameters were assessed at the accredited testing centre of the
Kemerovo branch of RosAgrokhimsluzhba Federal State Budgetary Institution in accordance with
the following standards: GOST 26483-85 (soil extract pH), GOST 26213-2021, sections 1 and 2
(organic matter, %), GOST 26204-91 (mass fraction of available phosphorus (P-Os) and potassium
(K20) compounds, mg/kg), and GOST 26951-86 (nitrate content, mg/kg).

[llumination (lux) at the study sites was measured by using a TESTO 540 luxmeter.

The tannin content in the raw material was assessed in accordance with the requirements of
General Pharmacopoeial Monograph OFS.1.5.3.0008 in the 15th edition of the State
Pharmacopoeia of the Russian Federation through the Leventhal permanganate metric method
(Method 1). A total of 108 plant samples were analyzed.

Climatic conditions of Topkinsky District were evaluated by using data from the Topki
meteorological station. Two indicators were used to characterize weather conditions during the
2018-2020 vegetation periods: precipitation amount (mm) and mean daily air temperature (t, °C).

According to the data from the Topki meteorological station, the years of the study differed
markedly in weather conditions during the vegetation period, which is clearly demonstrated by the

data presented in Table 1.

Table 1
Temperature regime and precipitation during the vegetation periods of 2018-2020

Long-term Years
Months average 2018 | 2019 | 2020
Mean daily air temperature, °C
May 10.4 6.2 10.0 14.6
June 17.2 19.0 15.7 15.6
July 18.7 17.5 18.2 18.5
August 16.3 15.9 17.6 17.9
September 10.0 10.5 10.5 10.0
Sum of mean monthly
temperatures during the 72.6 69.1 72.0 76,6
vegetation
Precipitation, mm
May 53 59 30 56
June 69 82 58 32
July 78 71 73 156
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August 75 37 69 42
September 60 57 45 69
Total monthly precipitation 335.0 306.0 275.0 355.0
during the vegetation period
Notes: https://clck.ru/3UHoUT, https://clck.ru/3UHoXJ.

To analyze the influence of temperature and precipitation on tannin accumulation during the
vegetation periods from 2018 to 2020, the extremality hydrothermal coefficient (Kextr.) proposed
by Zykova 1.D. (2015) was used. This coefficient represents the ratio of the mean temperature
during the observation months (May-September) to the mean precipitation amount for the same
period [29].

All experiments were performed in triplicate. The obtained data were processed by using
MS Office 2013 software. The paper discusses values considered statistically significant at
p <0.05.

Results and Discussion

The study results are presented in Table 2. Quantitative assessment of tannin content in
Sanguisorba officinalis showed that their accumulation depends on the vegetation phase, weather
conditions, and habitat conditions.

Table 2
Tannin content in the herb, rhizomes, and roots of S. officinalis (mean values, %) during 2018-2020

Ot

Vegetation | Collection Raw Tannin content, %
phase Date material CP I CP I CP IlI

12.06.18 Hb. 8.698+0.108 8.773 £ 0.056 6.362 +0.053

Rh.&Rt. 24.698+0.112 24367 +£0.184 23.565 +£0.049

Hb. 5.822+0.073 5.669 +0.056 4.398 £ 0.055
FLP 12.06.19 Rh.&Rt. 22.207+1.086 23.060 = 0.041 20.980 £ 0.066
24.05.20 Hb. 7.697+0.070 7.768+0.137 5.946 + 0.047
o Rh.&Rt. 22.667+0.624 23.216 +£0.054 19.194 £ 0.146

15.07.18 Hb. 8.880+0.080 8.966 + 0.155 6.968 + 0.032

Rh.&Rt. 23.320+0.570 23.878 £0.178 23.06 £ 0.083

Bp 13.07.19 Hb. 6.679+0.045 6.135+0.058 5.929 + 0.083
Rh.&Rt. 22.746+0.066 22.365+0.176 20.22 £0.362

30.06.20 Hb. 7.776+0.058 7.292 +£0.125 6.165+0.074

Rh.&Rt. 22.157+0.057 20.944 +0.205 18.14+0.104

04.08.18 Hb. 9.323 +0.050 9.105 £ 0.033 7.622 +0.089

Rh.&Rt. 26.225+0.126 26.304 +0.117 25.370 +,127

Fp 08.08.19 Hb. 7.146 + 0.048 6.587 £0.137 6.096 + 0.055
Rh.&Rt. 25.853 +1.083 25.165+0.612 23.54+£0.105

17.07.20 Hb. 8.797 £ 0.058 8.959 +0.071 6.465 +0.051

Rh.&Rt. 24.798 £ 0.083 26.595+0.169 21.31 £0.603
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16.09.18 Hb. 7.998 + 0.047 7.514 £0.038 5.824 £ 0.042

s Rh.&Rt. 23.484 +£0.074 24.742 + 0.075 19.498 + 0.248

ErP 07.09.19 Hb. 5.485+0.045 5.013 +0.068 4.049 + 0.047
Rh.&Rt. 19.436 + 0.050 17.844 + 0.322 15.396 + 0.446

23.08.20 Hb. 6.460 £ 0.057 6.179 + 0.069 5.627 +0.531
Rh.&Rt. 19.858 £ 0.274 19.022 + 0.228 19.170 = 0.054

Notes: FLP — fully expanded leaf phase; BP — budding phase; FP — flowering phase; FrP — fruiting phase;
Herb (Hb.) — above-ground parts; Rhizomes and roots (Rh.&Rt.) — underground organs of Sanguisorba
officinalis.

At the beginning of the vegetation period, Sanguisorba officinalis is characterized by a
relatively high tannin content both in the herb (4.398-8.773%) and in the underground organs
(19.194-24.698%) (Table 2, Figs. 1, 2). During this period, the plant actively increases the
vegetative mass of the basal leaf rosette and forms vegetative shoots, therefore, intensive synthesis
of many organic compounds, including tannins, occurs in the assimilating tissues [3; 10]. These
compounds gradually accumulate during vegetation and development of the vegetative organs,
reaching their maximum during the flowering phase (6.096-9.323%) (Fig. 1), when plants
accumulate substances performing protective functions, including this group of biologically active
compounds [19; 26].
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Fig. 1. Dynamics of tannin accumulation (X%b) in the herb of S. officinalis during
the study period (2018-2020) by phenological phases
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Fig. 2. Dynamics of tannin accumulation (X%b) in the rhizomes and roots of S. officinalis during
the study period (2018-2020) by phenological phases

A decrease in tannin content in the herb of S. officinalis occurs during the fruiting period,
reaching 4.049-7.998% (Fig. 1), which is associated with the plant’s preparation for deep
physiological dormancy at the end of the vegetation period. During this time, all physiological
processes slow down, and the intensity of photosynthesis decreases, resulting in reduced tannin
synthesis, as these compounds are then used exclusively for maintenance functions [25].

For rhizomes and roots, two peaks of tannin accumulation can be distinguished: during the
fully expanded leaf phase (FLP) and during the flowering phase (FP). In the first case, tannin
content ranged from 19.194 to 24.698%, and in the second from 21.31 to 26.595% (Table 2,
Fig. 2). During the period of active plant growth, the amount of tannins in the underground organs
decreases, as at this stage they are required for the formation of vegetative plant organs, after which
the second accumulation maximum occurs during flowering. Subsequently, during the fruiting
phase, a gradual decrease in tannin content up to 15.396-24.742% was observed. During this
period, tannin content in rhizomes and roots decreased on average by 1.3 times, and in the herb by
1.2 times. This pattern of tannin accumulation is also characteristic of other higher plants [1; 11].

Thus, the study demonstrated that regardless of habitat conditions, S. officinalis showed a
similar pattern of tannin accumulation during the years of observation (Figs. 1, 2), both in the herb
and in rhizomes with roots, depending on the vegetation phase. This confirms previously published
data on the variability in the content of this group of natural compounds [1; 9; 11; 13; 25].

Many researchers have noted that the determining factors for the synthesis of polyphenolic
compounds in plants are illumination under conditions of optimal moisture availability [9; 13; 25].
The maximum tannin content in the rhizomes and roots of S. officinalis under conditions of
sufficient moisture and illumination only confirms this observation. Conversely, in drier habitats
the quantitative content of tannins decreases, which is explained by the fact that under water deficit
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phenolic compounds are utilized to perform protective functions (Figs. 1, 2) [8; 25]. Our study
established that under the conditions of Kemerovo Region (Kuzbass), the levels of moisture
availability and illumination during the study years (2018-2020) were among the key factors
determining the synthesis and accumulation of tannins in all organs of S. officinalis (Table 2,
Figs. 1, 2). Thus, in the studied cenopopulations, the highest tannin content in both above-ground
and underground organs was recorded in CP | and CP Il compared with CP Il (Table 2, Figs. 1,
2). Considering that illumination at both sites is relatively high (from 90,704.0 to 73,343.3 lux),
we assume that the limiting factor affecting tannin accumulation in S. officinalis growing at these
sites is primarily the level of moisture availability [9; 11; 13; 17], since moisture deficiency
negatively affects all metabolic processes occurring in the plant organism [11].

Considering the influence of illumination on tannin accumulation in S. officinalis, it can be
noted that plants collected from shaded habitats — the understory of the birch forest (CP I11) —
contained lower amounts of tannins than plants growing in areas with sufficient solar insolation
(CP I, CP II) (Figs. 1, 2).

Correlation analysis showed that tannin content in the herb, rhizomes, and roots of
S. officinalis correlated with soil moisture (r = 0.71, r = 0.67, p < 0.05) and habitat shading
(r=0.68,r=0.39, p<0.05).

When studying the influence of soil conditions on tannin accumulation in S. officinalis, a
relationship was established between tannin content and the levels of humus, phosphorus, and
potassium in the soil. Based on the data of Prosyannikova O.l. (2007) and the agrochemical
characteristics of soils at the study sites, these soils correspond to those of the forest-steppe zone
of the Kuznetsk Basin (district B) [15]. The highest tannin content was observed in samples
collected from the floodplain grass-herbaceous meadow (CP ) and the dryland herbaceous
meadow (CP 1), while the lowest tannin content was recorded in the understory of the birch forest
(CP 111).

The closest relationship between tannin accumulation in S. officinalis and soil parameters
was established for the content of available potassium compounds (K20), both in the herb
(r = 0.65) and in the underground organs (r = 0.73), as well as available phosphorus compounds
(P20s5) (r=0.59 and r = 0.73, respectively). A moderate correlation was observed between tannin
content and soil humus levels in both the above-ground (r = 0.49) and underground (r = 0.50) plant
organs.

Assessment of the influence of temperature and precipitation on tannin content during the
vegetation period (May-September) in the study years (2018-2020) was carried out by using the
extremality hydrothermal coefficient (EC) [8]. For this purpose, averaged data on tannin content
in the herb, rhizomes, and roots during the studied periods were obtained (Fig. 3).
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Fig. 3. Dependence of tannin content (TC) in S. officinalis on the extremality hydrothermal
coefficient (EC) during the study years (2018-2020)

The EC values during the study years ranged within close limits from 0.22 to 0.26. As noted
by I.D. Zykova (2015), this indicator makes it possible to assess the extremality of weather
conditions during the study period. The highest EC value was obtained for 2019 (0.26). It was that
year that was characterized by the lowest tannin content in S. officinalis, both in the herb and in
the rhizomes with roots (Fig. 3).

During the study period, a rather strong negative correlation was revealed between tannin
content in the herb and EC (r = - 0.79), as well as a moderate negative correlation for rhizomes
and roots (r = - 0.39). This confirms the undeniable influence of these environmental factors
(temperature and precipitation) on the quantitative tannin content in the great burnet during the
vegetation periods of the study years.

Conclusion

The study results demonstrated that the accumulation of tannins in Sanguisorba officinalis
L. (Rosaceae) within the territory of Kemerovo Region — Kuzbass is influenced by the following
factors: sufficiently moist soils rich in humus and nutrients (high phosphorus and potassium
content), high illumination of the habitats, and warm humid weather during the vegetation period.
The maximum tannin content in the above-ground and underground organs of the great burnet
occurs at the middle of the mass flowering phase.

Identifying the patterns of tannin accumulation in plants is of great practical importance for
the proper organization of medicinal plant raw material harvesting and its comprehensive
utilization.

The work was carried out under the state assignments of the Federal Coal and Coal Chemistry Research
Centre, the Siberian Branch of the Russian Academy of Sciences, Project No. 124041100075-7,
and the state assignment of Kemerovo State Medical University, Project No. 056-00034-25-02.
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