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[IpencraBiensl pe3ynbTaThl MOJNEBBIX U J1a00paTOpHBIX MccienoBanuil 3a 2020-2022 rr. o co3-
JAHUIO arpo(UTOLEHO30B LIEHHBIX U MEPCIEKTUBHBIX JIEKAPCTBEHHBIX PACTCHUN: PACTOPOIIIIHN IIAT-
Huctol (Silybum marianum), henxenst 0OBIKHOBEHHOTO (Foeniculum vulgare) n CKOpLIOHEPHI NCTIAH-
ckoli (Scorzonera hispanica L.). ViccinenoBanus BEITIONHEHBI HA JIyTOBO-YEPHO3EMHON MYYHHCTO-Kap-
OoHATHOI TOYBE (110 TPAaHYIOMETPUYECKOMY COCTaBY — JIETKHI CYIIMHOK) Ha OIMBITHOM TOJ€ MpHU
Pa3HBIX CPOKaxX IOCEBa B YCIOBUSAX JIECOCTEITHOM 30HBI 3adaiikannsa. PaboTa mocBsiieHa n3yd4eHnIo
BrusiHUS cpokoB moceBa (II mexama mas, Il nexana wrons, Il mexana uross) Ha MPOAOIDKUTETFHOCTD
MeX(a3HBIX IEPUOJOB PA3BUTHUS PACTCHUIM, JIMHEHHBINA POCT, OOIMCTBEHHOCTb, MOJIEBYIO BCXOKECTD,
COXPaHHOCTh PACTEHUH M YPOKAHHOCTH JIEKAPCTBEHHOTO CHIPhSl. YCTaHOBJIEHAa BO3MOKHOCTBH (Op-
MHPOBaHUS Pa3IMYHON ypOXKANHOCTH JIEKaPCTBEHHBIX KYJIBTYp 32 CUET pa3lMYHBIX CPOKOB MOCEBA.
Haubonpimas ypoxailHOCTh JISKAPCTBEHHOTO ChIPbsi chOpMUpOBaHa B rocesax 15 mast u 15 urons.
Y pacTopomniy MATHACTON ypOXKaiHOCTE 3eJIeHO# Macchl coctaBmia 15,4—16,0 1/ra, cyxoi Macchl —
2,46-2,56 1/ra, cemsH — 1,69—1,71 1/ra; penxens oOBIKHOBEHHOTO — 3e1eHOI Macchl — 43,0-43,2 T/ra,
cyxoi maccel — 6,66—6,71 T/ra; CKOpLIOHEPHI HCIIAHCKON — € CBIPO Maccoi KopHerionoB — 32,1 1/ra,
mucteeB — 10,7 T/ra. Beicora pacTeHnii K MOMEHTY YOOPKH DPAacTOpPOINIIM ISTHUCTOH Oblna 163—
166 cM, 00mucTBEHHOCTD — 54—57%; penxens oObikHOBeHHOTO — 144—147 cM 1 50-54%); cKopLOHEPHI
ucnaackoit — 39 cm u 98% coorBeTcTBeHHO. OTMEUEHO OTCYTCTBHE MTOPAKEHHOCTH JIEKAPCTBEHHBIX
pacTeHuit 00JIE3HIMH B BPEIUTEIIMU. Bee KymbTyphl YCTOMYHBEI K TIOJIETAHHIO U 3acyxe (5 OaJIoB)
B yCIIOBUSX 3a0aiikabsi.

Ki1roueBble c/10Ba: IeKapCTBEHHBIE PACTEHHUS, PACTOPOIILLIA ISTHUCTAS, (DeHXeNIb OOBIKHOBEHHBIH,
CKOPLIOHEpa MCIaHCKasi, MexX(a3Hble MEPUOAbI, YPOXKAHHOCTD, aJlallTUBHOCTD, Pa3BUTHE PACTCHUH,
CPOKH ToceBa
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The results of field and laboratory studies for 2020, 2022 on the creation of agrophytocenosis of
valuable and promising medicinal plants: milk thistle (Silybum marianum), common fennel (Foeni-
culum vulgare) and scorzonera (Scorzonera hispanica L.) are presented. The studies were carried out
on meadow-chernozem mealy carbonate soil (light loam by granulometric composition) in the ex-
perimental field at different sowing dates in the conditions of the forest-steppe zone of Transbaikalia.
The work is devoted to the study of the sowing dates influence (I ten-day period of May, Il ten-day
period of June, II ten-day period of July) on the duration of the interphase periods of plant develop-
ment, linear growth, foliage, field germination, plant safety and yield of medicinal raw materials. The
possibility of formation of different yields of medicinal crops due to different sowing dates has been
established. The highest yield of medicinal raw material was formed in the crops of May 15 and June
15. Milk thistle had the yield of the herbage of 15.4-16.0 t/ha, dry mass — 2.46-2.56 t/ha, seeds —
1.69—1.71 t/ha; common fennel herbage — 43.0-43.2 t/ha, dry mass — 6.66—6.71 t/ha; scorzonera — with
wet weight of root crops — 32.1 t/ha, leaves — 10.7 t/ha. Plant height by the time of harvesting of milk
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thistle was 163—166 cm and 54—57%; common fennel — 144—147 ¢cm and 50-54%; scorzonera — 39 cm
and 98%, respectively. There was no infestation of medicinal plants by diseases and pests. All crops
were resistant to lodging and drought (5 points) in the conditions of Transbaikalia.
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INTRODUCTION

Medicinal plants hold significant importance
in the national economy. Due to their widespread
occurrence and valuable properties, medicinal
plants have been used since ancient times. The
arsenal of medicinal plant-based drugs has been
created as a result of the long historical expe-
rience of peoples around the world and the re-
search efforts of numerous scientists [1-5].
Compared to synthetic drugs, plant-based prepa-
rations possess a broader and gentler therapeutic
action, lower toxicity, and minimal side effects.
Eco-products based on medicinal plants are
used not only in the production of medical and
veterinary drugs but also in the food industry,
cosmetology, perfumery, etc. The huge demand
for medicinal raw materials in China is due to
the fact that this method of treatment is "in the
blood" of the Chinese people, as the country
has existed for many millennia and traditional
medicine has become part of Chinese philoso-
phy. The book on medicinal plants "Ben Cao",
dated 2600 BC, describes 900 plants, many of
which are still widely used in many countries
today. The global market for medicinal drugs
and dietary supplements is worth hundreds of
billions of dollars and its capitalization volumes
are growing every year. In global medical prac-
tice, there is a steady trend towards the use of
therapeutic and prophylactic drugs of plant ori-

gin. In Russia, the domestic pharmaceutical in-
dustry's need for medicinal raw materials is not
fully met. Significant volumes of plant medici-
nal raw materials are imported, although many
species were previously grown and harvested in
our country, particularly in Transbaikalia. In this
context, the revival and development of medic-
inal plant cultivation in the Russian Federation
at the current stage and in the future is a rele-
vant task. Cultivating medicinal crops has great
national economic significance, as it not only
addresses the pharmaceutical industry's supply
issues but also has social importance related to
employment and import substitution [4].
Among the promising sources of medicinal
remedies are lady's thistle (Silybum marianum),
common fennel (Foeniculum vulgare), and
Spanish salsify (Scorzonera hispanica L.). The
medicinal raw materials of these plant species
have healing properties for many diseases. For
instance, lady's thistle (Silybum marianum) is
used for liver diseases, gallbladder issues, im-
proving metabolism, and in cases of poisoning.
Therapeutic properties are not only in the fruits
but also in the leaves, stems, and roots of the
plant. Lady's thistle fruits contain about 3% sily-
marin, which is also present in the stems, roots,
and leaves' 2 [6, 7]. Spanish salsify (Scorzonera
hispanica L.) is beneficial and medicinal. Its
healing properties include calming the nervous

'Kshnikatkina A.N., Alenin P.G., Kshnikatkin S.A., Voronova I.4. Milk thistle: Issues of biology, cultivation, application. Penza: EPD PSAA, 2016, 325 p.

2Alenin P.G., Kshnikatkin S.A., Voronova I.A. Productive process of seed agrophytocenoses of milk thistle, burnet polygam in the conditions of
the forest-steppe of the Middle Volga region // Volga Region Farmland, 2017, N 1 (42), pp. 2-9.
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system, alleviating insomnia, normalizing blood
sugar levels, regulating heart rhythm, stopping
the development of osteoarthritis and gout, and
being useful in oncological diseases, liver cir-
rhosis, and atherosclerosis. The medicinal raw
materials of black salsify (roots, leaves) are a
source of antioxidants® [8—12]. Common fennel
(Foeniculum vulgare) helps eliminate toxins and
harmful substances from the body. Preparations
made using common fennel are widely used in
medicine. Various forms are used: infusions, de-
coctions, powder, oil. Crushed dry leaves serve
as an effective expectorant* [13].

The content of biologically active substanc-
es in plant organs significantly depends on the
growing conditions, the duration of vegetation,
and the mass and size of these organs. In the
complex of technological practices for cultivat-
ing medicinal crops, the timing of sowing plays
a significant role. Sowing dates influence the
yield and quality of the product to the extent that
they coincide with favorable environmental con-
ditions (in terms of moisture and heat supply) for
plant growth, development, and crop formation.
Through different sowing dates, it is possible to
reduce the plants' dependence on unfavorable
environmental factors and form a good yield of
medicinal raw materials.

In the conditions of the Transbaikalia region,
the sowing dates for medicinal plants have not
been previously studied. Therefore, research to
determine the optimal sowing dates for medic-
inal crops - lady's thistle, common fennel, and
Spanish salsify - is timely, relevant, and has sci-
entific and practical value.

The purpose of the research is to determine
the optimal sowing dates that allow for high
yields of medicinal raw materials (lady's this-
tle, common fennel, Spanish salsify) in the for-
est-steppe zone of Transbaikalia.

MATERIAL AND METHODS

The research was conducted from 2020 to
2022 at the experimental field of the East Sibe-
ria Research Institute of Veterinary Science - a
branch of the Siberian Federal Scientific Centre
of Agro-BioTechnologies of the Russian Acad-
emy of Sciences, located in the Ingodinska-
ya-Chita forest-steppe. The study examined the
influence of the sowing dates on the growth, de-
velopment, and yield of medicinal plants such
as lady's thistle (Silybum marianum), common
fennel (Foeniculum vulgare), and Spanish salsi-
ty (Scorzonera hispanica L.).

The soil at the experimental site is mead-
ow-chernozem sandy loam with carbonate con-
tent, granulometric composition — light loam.
The soil solution of the arable horizon is slightly
acidic, while the subsoil horizon is neutral. The
organic matter content in the 0—20 cm soil lay-
er is 3.67%, with total nitrogen at 0.21%. The
availability of mobile phosphorus is low, and
exchangeable potassium is medium. The sowing
area of each plot is 20 m?, with an accounting
area of 10 m? and a four-fold repetition of the
experiments. The layout is systematic.

Mineral fertilizers were applied before sow-
ing at the rate of N, P, K . Sowing was carried
out mechanically using a CH-16 seeder in a row
method with 30 cm spacing between rows at
three different times: in the second ten-day pe-
riod of May, the second ten-day period of June,
and the second ten-day period of July. The seed-
ing rate for lady's thistle was 18 kg/ha, for com-
mon fennel 10 kg/ha, and for Spanish salsify
12 kg/ha, with a seed planting depth of 3—4 cm.
For uniform sowing, the seeds were mixed with
granulated superphosphate (at a ratio of 1:3). All
registrations and observations were carried out
in accordance with methodological guides>°.

3Galyuk, N.G. Processing of inulin-containing raw materials for inulin and its derivatives / N.G. Galyuk, N.D. Lukin, T.S. Puchkova, D.M.
Pihalo // Achievements of science and technology of AIC, 2017, vol. 31, N &, pp. 76-79.

‘Karomatov 1.D., Muzaffarova S.K., Turaev P.T. Therapeutic properties of fennel // Biology and Integrated medicine, 2017, N 9, pp. 23-43.

*Methodological instructions for conducting field experiments with forage crops. Moscow, 1983, 197 p.

°Experimental work in field farming. Leningrad, 1982, 190 p.

"Dospekhov B.A. Methodology of field experiment. Moscow, 1985, 357 p.
8Methodology of state variety testing of agricultural crops. Moscow, 1985, 267 p.

“Instruction for zonal agrochemical laboratories on fodder and plant analysis. Moscow, 1968, 56 p.
"GOST 34221-2017 Seeds of medicinal and aromatic crops. Sort and sowing qualities. Technical conditions. Moscow: STANDARDINFORM, 2017, 23 p.
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The climate of the area is sharply continental
with a cold, low-snow winter, a hot summer, and
a lack of atmospheric precipitation. The average
annual precipitation is 330-380 mm, with the
majority (85-90%) falling in the warm period,
the maximum in July-August, and the minimum
in May-June. Overall, the regime is character-
ized by variability in moisture. Years with good
moisture are followed by satisfactory and often
dry ones. The sum of temperatures above 10 °C
during the summer months is 1500...1800°,
with a high average daily temperature in July of
19.1 °C.

The weather conditions during the vegetation
periods of 2020-2022 were mainly rainy and
warm. From April to September, precipitation
totaled 320.2; 349.0 and 406.0 mm against the
long-term average norm of 276.0 mm. Exceed-
ing the long-term average was 44.2; 73.6; 130
mm, or 16.0; 26.6; 47.0%. The average daily air
temperature for this period exceeded the norm
by 0.7; 0.9 and 1.9 °C with a long-term average
of 11.2 °C. Hydrothermal coefficients (HTC) for
the months of the vegetation periods on aver-
age were: in May — 1.0, June — 1.2, July — 2.6,
August — 1.1, September — 2.4 units. According
to these coefficients, May, June, and August are
characterized as sufficiently moistened, while
July and September — as excessively moistened.

Overall, the weather conditions that devel-
oped during the vegetation period contributed to
the timely emergence of seedlings, good plant
development, and the formation of sufficiently
high yields of the studied crops in agro-phyto-
cenoses.

The studied medicinal crops were resistant
to diseases and pests. No diseases or damage
caused by pests and diseases were noted.

RESULTS AND DISCUSSION

The research established that the hydrother-
mal conditions and biological characteristics of
the culture significantly influenced the develop-
ment of the studied crops, the timing of pheno-
logical phases, and their duration.

For the spring sowing date of May 15th, the
average daily air temperature during the sow-
ing-emergence period was 8.8 °C, significantly

affecting soil warming and the emergence of
seedlings. Seedlings of medicinal plants in the
May 15th sowings appeared on the 23rd-25th
day after sowing. June sowings of medicinal
herbs accelerated the emergence of seedlings
by 8-9 days, and July sowings by 16-18 days
(see Table 1). The period from emergence to
budding (branching) for lady's thistle was 50 to
55 days, and for common fennel 52 to 62 days.
The duration of the emergence-flowering period
for May and June sowings for lady's thistle was
70-73 days, for common fennel 77-81 days; in
June sowings, this period for lady's thistle was
3 days shorter, for common fennel 4 days. In
July sowings, the plants did not reach the flow-
ering phase. Seed ripening in lady's thistle was
achieved only in May and June sowings, with a
period of 91—95 days.

The interphase period from emergence to
root formation in Spanish salsify in May sow-
ings was 118 days, in June sowings 110 days.
In July sowings, harvesting was carried out 55
days after emergence (at the stage of plant row
closure — beginning of root crops formation).

In sowings of lady's thistle and common
fennel, field germination ranged from 77-78 to
86—87%, and for Spanish salsify from 75 to 81%
(see Fig. 1), increasing from the early sowing
date (May 15th) to the later ones (June 15th by
3-4% and July 15th by 6-9%). Plant survival in
medicinal herb crops was quite high, at 98-99%.

Weed infestation in spring sowings during
emergence (with one pre-sowing cultivation)
was high, at 97-114 plants/m?; June 15th (with
two pre-sowing cultivations) at 73-80 plants/m?;
July 15th (with three pre-sowing cultivations) at
32-37 plants/m?. Before harvesting, the overall
level of weed infestation in sowings was low,
ranging (depending on sowing dates) from 15-
16 to 2-8 plants/m?, decreasing from early to lat-
er sowing dates.

The maximum height of medicinal plants at
the time of harvesting was reached in sowings
of May 15th and June 15th: for lady's thistle
163-166 cm, for common fennel 144-147 cm,
for Spanish salsify 39 cm, which was higher
than in the July 15th sowings by 97-100, 82-
85, and 12—13 cm respectively for the crops; the
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Taoa. 1. [IponomkuTenbHOCTh MEX(a3HBIX MEPHOIOB JIEKAPCTBEHHBIX PACTCHUM, HU (CpeaHee 3a

2020-2022 rr.)

Table 1. Duration of the interphase periods of medicinal plants, days (average for 2020-2022)

Periods
. Sprouting . Sprouting — . .
.| Sprouts —4 | Sprouting | ~ . Sprouting .2 Sprouting — leaf | Sprouting
Culture SSOV::;%S — 6 pairs of | — closing (E;ii?_g — flower- S;Zdirrllfiimz% rosette, root | — harvest-
P true leaves | of crop ing) ing frui% formgtion formation ing
Sowing May 15
Lady's thistle 23 - - 55 73 95 - 95
Common fennel 25 - - 62 81 85 - 85
Spanish salsify 25 26 48 - - - 118 118
Sowing June 15
Lady's thistle 14 - - 51 70 91 - 91
Common fennel 17 - - 52 77 81 - 81
Spanish salsify 17 22 44 - - - 110 110
Sowing July 15
Lady's thistle 7 - - 55 - — - 55
Common fennel 7 - - 55 - - - 55
Spanish salsify 7 21 41 - - 55 - 55

leaf coverage was 54-57%, 50-54%, and 98%
respectively. In the late sowing date (July 15th),
the height of the plants was the lowest, being 66,
62, and 27 cm for the respective crops, with high
leaf coverage — 64, 61, and 98% (see Fig. 2).

In assessing the plants' response to drought,
where the methodology is based on the yellow-
ing of basal leaves and loss of turgor, it was
noted that the studied crops did not suffer from
drought (drought resistance — 5 points).

The assessment of medicinal crops showed
that under the conditions of the vegetation peri-
ods, lady's thistle and common fennel in the May
15th and June 15th sowings formed maximum
productivity: herbage — 15.40-16.00; 43.00—
43.20 t/ha; dry matter — 2.46-2.56; 6.66—6.71
t/ha; seeds (for lady's thistle) — 1.69—1.71 t/ha,
with good qualities — 1000 seed weight — 31-32
g, fat content in seeds — 23.6-25.2% (see Tables
2,3).

In the July 15th sowings, the yield of medici-
nal raw materials was less: herbage by 12.5-13.1
t/ha (or 81.7-81.9%); dry matter by 2.00-2.10 t/
ha (or 81.3-82.0%); seeds did not form in this
sowing period for lady's thistle.

In agro-phytocenoses of Spanish salsify, root
crops and leaves were accounted for (see Ta-
ble 3). The highest total yield of medicinal raw

materials (42.8 t/ha) of Spanish salsify was
formed in the spring sowing (May 15th): includ-
ing root crops — 32.1 t/ha, leaves — 10.7 t/ha, to-
tal biomass 42.8 t/ha, exceeding the later sow-
ings by 9.5-29.0 t/ha (or 22.2-68.0%).

Important indicators of the yield structure of
Spanish salsify root crops are their diameter and
length. The largest (18.5 mm in diameter) and
longest (28 cm) root crops were formed in the
May 15th sowings (over 118 days of vegetation)
(see Table 3).

In the May 15th sowings, the highest yield
of root crops was 32. 1 t/ha, which was 22.4%
higher than in the June 15th sowings, and 95%
higher than in the late (July 15th) sowing, con-
firming the yield structure. A close positive cor-
relation (» = 0.98) was noted between the yield
and the diameter of the root crops, and the yield
and the length of the root crops.

CONCLUSIONS

1. In the forest-steppe zone of Transbaika-
lia, the most favorable conditions for the growth,
phenological development, and formation of
medicinal raw material yields — for lady's thistle
(Silybum marianum) and common fennel (Foe-
niculum vulgare) — are the second ten-day period
of May (May 15th) and the second ten-day pe-
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Puc. 1. IToneBasi BCX0KECTh, COXPAHHOCTb U 34COPEHHOCTh IMOCEBOB JIEKAPCTBEHHBIX PACTEHUN B Pa3HbIE
cpoku moceBa: 15 mas, 15 utons, 15 nrons (cpeqnee 3a 2020-2022 rr)

Fig. 1. Field germination, safety and contamination of medicinal plant crops at different sowing dates:
May 15, June 15, July 15 (average for 2020-2022)
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0
Field germination, % Viability, % Crop weediness during Crop weediness before
sprouting period, pcs./m’ harvesting, pcs./m’
® Lady's thistle May 15 M Lady's thistle June 15 B Lady's thistle July 15
u Comon fe@el May 15 B Common fennel June 15 m Common fennel July 15
B Spanish salsify May 15 M Spanish salsify June 15 Spanish salsify July 15

Puc. 2. BoicoTa 1 00JIMCTBEHHOCTD JICKAPCTBCHHBIX PACTEHHUH B pa3HbIe CPOKM moceBa: 15 mast, 15 urons,
15 wtons (cpennee 3a 2020-2022 rT.)

Fig. 2. Height and foliage of medicinal plants at different sowing dates: May 15, June 15, July 15 (average
for 2020-2022)
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Taoda. 2. YpokallHOCTb JI€KapCTBEHHOTO CHIPbS PACTOPOIIIH MATHUCTON U (PeHXEISI OOBIKHOBEHHOTO
(cpemnee 3a 2020-2022 11.)

Table 2. Yield of medicinal raw materials of milk thistle and fennel (average for 2020-2022)

Culture Sowing date Yield, tha Weight of Fat content
Herbage Dry matter Seeds 1000 seeds, ha | in seeds, %
Lady's thistle 15 May 15,40 2,46 1,69 32,0 25,2
15 June 16,00 2,56 1,71 31,0 23,6
15 July 2,89 0,46 - - —
LSDO’5 2,22 0,28
Common fennel 15 May 43,00 6,66 - — —
15 June 43,20 6,71 - — —
15 July 10,47 1,54 - - —
LSDoﬁ5 1,88 0,96

Ta6a. 3. Crpykrypa u yporkallHOCTh OMOMacChl CKOPIIOHEPHI NCTIaHCKOi (cpeqHee 3a 2020-2022 rr.)

Table 3. Structure and yield of scorzonera biomass (average for 2020-2022)

Culture Sowing date Root crops Yfel:g;z:/sh - Total weight f;r?;tthfrgrll)l digr?lg:ecrf(;ﬁm
Spanish salsify May 15 32,1 10,7 42,8 28 19,0
June 15 249 8,4 333 25 17,2
July 15 1,6 12,2 13,8 10 7,0
LSD, 1,42

riod of June (June 15th), and for Spanish salsify
(Scorzonera hispanica L.) — the second ten-day
period of May (May 15th). These sowing dates
ensure the highest yields of medicinal raw mate-
rials for lady's thistle — herbage 15.4—-16.0 t/ha,
dry matter — 2.46-2.56 t/ha, seeds — 1.69—-1.71
t/ha; for common fennel — herbage — 43.0-43.2
t/ha; dry matter — 6.66—6.71 t/ha; for Spanish
salsify yield with raw mass of root crops — 32.1
t/ ha, leaves — 10.7 t/ha.

2. The duration of interphase periods for
medicinal plants at these sowing dates was for
lady's thistle: sowing — emergence — 14-23
days, emergence — budding — 51-55 days, emer-
gence — flowering — 70-73 days, emergence —
seed ripening (harvesting) — 91-95 days. For
common fennel, the respective durations were
17-25 days from sowing to emergence, 52—62
days from emergence to budding, and 77-81
days from emergence to flowering. For Spanish
salsify, the intervals were 17 days from sowing
to emergence, 21 days until the formation of 46

pairs of true leaves, 41 days until plant closure in
rows, and 118 days from emergence to the for-
mation of root crops (harvest).

3. The height of lady's thistle plants at the
time of harvest was 163—-166 cm, with a leaf
coverage of 54-57%; for common fennel, it was
144-147 cm and 50-54%; and for Spanish sal-
sify, it was 39 cm with a leaf coverage of 98%.

4. The medicinal plants were not affected
by diseases or pests. All crops were resistant to
lodging and drought (5 points) under the condi-
tions of Transbaikalia.

5. Weed infestation in the crops (depending
on the sowing dates) ranged from 15-16 to 2—8
plants/m?, decreasing from the early sowing date
to the later ones.
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