DOI 10.31489/2020BMG3/75-82

UDC 579.246.2

M.Yu. Ishmuratova*, S.S. Tyrzhanova

Karagandy University of the name of academician E.A. Buketov, Kazakhstan
(*E-mail: margarita.ishmur@mail.ru)

Study of peculiarities of morphology and germination of seeds
of Scabiosa ochroleuca from the Central Kazakhstan

The study of the biology and morphology of seed germination of medicinal plants is an important aspect of
species introduction. This article investigated the features of the biology of germination and seed germination
of a perspective medicinal plant Scabiosa ochroleuca depending on various factors. It is determined that
seeds of some geographical origin differ in size and weight, the morphology of seedlings, which is explained
by the difference in soil and climatic conditions. The best values of germination (90.5 %) and germination
energy (80.3 %) of seeds were recorded in large samples collected in the Buiratau mountains, the mini-
mum — in small seeds collected in the Karkaraly mountains (germination 14.0 %, germination energy
8.5 %). The maximum morphological parameters of seedlings, such as the length of the root, the length of the
hypocotyl, the length and width of the cotyledon leaf, are revealed in seeds from the Karkaraly mountains; the
minimum — from the vicinity of the village Karagaily. This aspect indicates the need to select seeds for in-
troduction from certain habitats and to separate them before sowing. Stages of germination of seed material of
this medicinal plant are defined, including the following: swelling of seeds, tilting, appearance of root, ap-
pearance and bending of hypocotyl, removal of cotyledon leaves, and deployment of cotyledon leaves. Dy-
namics of seeds germination during storage (from freshly harvested seeds up to 3 years) was determined, pos-
itive influence of stratification during 3 months was revealed to increase seed germination and germination
energy. According to the results of the studies, it was determined that the seeds of Scabiosa ochroleuca are
characterized by the lack of drainage during wetting, the terrestrial type of germination, shallow physiological
rest, by the type of germination are assigned to the group of seeds with accelerated germination.

Keywords: herb, Scabiosa ochroleuca, Central Kazakhstan, seed germination, energy of germination, mor-
phology, natural flora, storage, size of seeds.

Introduction

Plants from different habitats form different potentials of productivity, morphological structures and
variability according to some characteristics. So, depending on the growing conditions, plants can develop
organs of various sizes, the intensity of physiological processes changes, which is reflected in the size and
performance of seeds [1-3]. In favorable conditions of growing, seeds are formed large, full-fledged and
with a well-developed embryo and a supply of nutrients.

Identification of the influence of factors on the development and germination indicators of seeds is im-
portant for issues of plant introduction, as well as factors that can increase the germination of seed material.

Introduction into the culture of medicinal plants has an important practical interest for the sustainable
production of vegetative raw materials. About 6500 species of plants grow in Kazakhstan, along with culti-
vated taxa. Of these compositions, 85 % belong to herbaceous plants, 730 species are endemic, of which 175
species grow in steppe regions, 250 species of desert and semi-desert zones, 600 endangered species, more
than 1000 species are used in official and folk medicine [4, 5]. One perspective species is Scabiosa
ochroleuca L. (Dipsacaceae family), the aboveground part of which is used in folk medicine for stomach
diseases, female and ocular diseases, for the excretion of warts, wound healing, in scabies, skin rash, hemor-
rhoids, calluses, snake bites, anti-opaque Extracts from this plant have pronounced antimicrobial and antiox-
idant activity [9, 10].

Extracts from this plant have pronounced antimicrobial and antioxidant activity [9, 10].

In Kazakhstan there is information about natural resources of this species [11], however, no introduc-
tion work was carried out.

The purpose of this work is to study the features of the morphological structure of Scabiosa ochroleuca
seeds of various geographical origin; and determination of their biology of germination.
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Objects and methodology

The object of the study was the seed material of Scabiosa ochroleuca, collected in Karkaraly Mountains
and surrounding of village Karagaily (Karkaraly district, Karaganda region), Buiratau Mountains (Osakarov
district, Karaganda region). Research was carried out in 2018-2020 on the basis of the Research Center of
Biotechnology and Eco-Monitoring of E.A. Buketov Karaganda State University.

The seed material was separated by size and weight (small, medium and large), the length, width and
weight 1000 pieces were measured, and after germinated. To assess the germination of seeds, they were
germinated 50 pieces in three repetitions on humidified 2-layer filter paper in Petri dishes at a temperature
+24 °C in the climate chamber. Seeds after harvesting were study in fresh as well as after stratification from
1 to 3 months. Stratification was performed in the refrigerator. To determine viability depending on period of
storage, seed germination and germination energy for 3 years were evaluated.

The study of germination and germination energy of seeds was carried out according to the methodo-
logical instructions of M.S. Zorina and S.P. Kabanov [12].

Morphology of seeds and seedlings was examined on a Levenguk USB-microscope at an increase of
40-80 times [13]. For seedlings, the following parameters were evaluated: total height of plants, length of the
hypocotyls, length and width of the cotyledon leaves; length of the root system. The weight of the seedlings
according to the test versions was estimated by weighing on the analytical weights in 10-fold repetition on
dry weight [14].

The study of the biology of seed germination was carried out taking into account the recommendations
of K.E. Ovcharov, E.G. Kizilova [15], M.K. Firsova [16], P. Wellington [17].

Statistical processing of the results was carried out according to the method of N.L. Udolskaya [18] us-
ing the Microsoft Excel 2010 software package.

Results and discussion

The fruit Scabiosa ochroleuca is an achene with a serrated-wavy film crown, light brown, single-
seeded, with an oily endosperm, pericarpium 8-sided deep-notched, cone-shaped. The length is 1.5-2 cm; the
width is 0.4—0.6 cm. The shape of the seed is kidney-shaped, oval or rounded (Fig. 1).

Figure 1. Internal view of seed materials of Scabiosa ochroleuca

The biology of seed germination of Scabiosa ochroleuca has been studied. During soaking, the seeds
swelled, increasing in size by 1.2—1.3 times; no sliming was observed. The absence of dehumidification indi-
cates plant growth under mesophyte conditions [19].

Seed deposition in laboratory conditions occurred on 2-3 days. At the same time, pericarpium was
opened and the germ root was the first to appear from the achene. Its length was 6-8 mm; diameter 0.4—0.5
mm. Root hairs are weakly visible on the end of the root. After (on day 4-5), a milk-white hypocotyl ap-
peared, the rest was still hidden in the seed. On day 6-8, the hypocotyl was drawn, forming a bend (Fig. 2),
then straightened, carrying the cotyledons outside. Hypocotyl is white, elastic, 10—-12 mm length and 0.5-0.6
mm in diameter. Cotyledon leaves came to the surface folded, after which they opened.
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The plate of the cotyledon leaf was narrow-lanceolate, 6-8 mm long, 4-5 mm wide, color was light
green, the surface is smooth, the apex is weakly notched. The height of the seedling by this period was
1.8-2 cm, the length of the root was 2.4-2.6 c¢m; root hairs became noticeable.

A — the appearance of the germ root; B — the appearance and bend of the hypocotyl;
C — the appearance of cotyledon leaves; D — the output of folded cotyledon leaves;
E — a prophet with a pair of cotyledon leaves

Figure 2. Biology of germination of seeds of Scabiosa ochroleuca

Thus, the seeds of Scabiosa ochroleuca are characterized by above-ground type of germination, charac-
terized by a shallow physiological rest. By the type of germination [20, 21] are assigned to the group of seeds
with accelerated germination.

Morphological analysis showed that the seed material of different geographical origins differed in size
and weight (Table 1).

Table 1
Morphological parameters of seeds of Scabiosa ochroleuca depending from origin

. Number of seeds
Origin of seeds Average length of seed, | Average width of Weight 1000 pieces, g| per one florescence,
cm seed, cm .

pieces
Buiratau Mountains 2.6+0.2 1.5+0.06 0.16+0.01 296+12
Surrounding of village 2.740.1 1.8+0.04 0.21=0.01 315225
Karagaily
Karkaraly Mountains 3.4+0.4 1.7+0.05 0.32+0.02 345431

As can be seen from the given data, the maximum length had seeds from the Karkaraly Mountains —
3.4 cm; by thickness — the maximum values were obtained for seeds from the surrounding of village
Karagaily — 1.8 cm; and the maximum weight of seeds is recorded for seeds from the Karkaraly Mountains.
However, the size and weight of the seeds do not reflect quality indicators, so we determined germina-
tion and energy of germination. It was determined that the best indicators were noted Scabiosa ochroleuca
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seeds collected in the Buiratau Mountains (Table 2), the second position in germination was taken by seeds
from the surrounding of village Karagaily; seeds from Karkaraly Mountains were on the third position.

Table 2
Indicators of seed germination and germination energy of Scabiosa ochroleuca,
depending on the places of origin
Origin of seeds Seed germination, % Energy of germination, %
Buiratau Mountains 64.54+2.6 50.4+0.8
Surrounding of village Karagaily 61.0+£2.8 52.9+1.8
Karkaraly Mountains 50.1+2.1 41.0+£0.9

It is worth noting that the size and weight of the seeds do not correlate with the germination data. It
turns out that seeds from the Buiratau Mountains with a minimum weight of seeds gave maximum germina-
tion indicators, while the largest and heaviest seeds turned out to be the least germinating.

Thus, the seed material of Scabiosa ochroleuca differs in size and weight depending on the place of
growth. So, the largest seeds are formed in Karkaraly Mountains, the smallest — in Buiratau Mountains.
This aspect can be explained by the fact that in Karkaraly Mountains more mesophytic conditions are ob-
served (more precipitation), which leads to a good development of plant morphology. In Buiratau Mountains,
the conditions are more xerophytic, so the size of the seeds is lower. However, data on seed germination and
energy of germination turned out to be higher in Buiratau Mountains, which is probably due to the fact that
the formation of seeds depends on solar activity, which is higher at this point.

In the second stage of research, the effect of seed sizes from different collection points on germination
indicators was studied. All samples from collection points were divided into 3 fractions (large, medium and
small), for which germination peculiarities were separately estimated. The results showed that large seeds
had maximum values for parameters of germination (Table 3).

Table 3
Germination and energy of germination of seeds of Scabiosa ochroleuca depending from size

Origin of seeds Fraction of seeds Seed germination, % Energy of germination, %
Large 90.5+3.5 80.3+£3.9
Buiratau Mountains Medium 62.442.8 51.242.5
Small 26.4+0.5 20.1+0.7
Surrounding of village Large 60.23.0 50.1+1.8
Karagaily Medium 61.4+3.4 52.0+1.6
Small 28.5+0.8 12.4+0.6
Large 46.2+1.1 38.0+0.8
Karkaraly Mountains Medium 45.5+1.0 40.1+1.1
Small 14.0+0.5 8.5+0.3

Maximum indicators of germination were recorded for large seeds from Buiratau Mountains — 90.5 %
with energy of germination 80.3 %; minimum indicators — for small seeds from Karkaraly Mountains —
14.0 % and 8.5 % respectively. It has been determined that for Scabiosa ochroleuca seeds, in order to in-
crease the efficiency of storage of seeds in culture, it is advisable to collect the initial material at certain
points and to separate the seeds in favor of larger ones.

We analyzed the state of Scabiosa ochroleuca seedlings, obtained from seeds of different size
and origin. There is a positive relationship between seed size and seedling size (Table 4).

At all collection points, it was found that the most made seedlings are obtained from large seeds, while
smaller seedlings are obtained from small seeds. The obtained results once again confirm that the use of
large seeds allows obtaining larger and more developed seedlings. It is worth noting that the maximum dif-
ference between seedlings from seeds of different sizes is observed in Buiratau Mountains, the minimum —
in Karkaraly Mountains.

Analysis of the germination of Scabiosa ochroleuca, depending on period of storage, showed that the
seed material gradually loses its germination. So, freshly harvested seeds 58.8 %, after 3 months of stor-
age — slightly increased to 62.4 %. This aspect is explained by seed ripening [14, 15, 19, 20]. After
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6 months, germination decreased to 55.2 %, a year later — to 40.3 %, after 1.5 years — to 36.8 %, after
3 years — to 18.2 % (Fig. 3).

Table 4
Morphological parameters of Scabiosa ochroleuca seedlings depending on the size of seeds and origin

Origin of sceds Fraction of seeds Length of root,| Length of hypo- | Length of coty- | Width of cotyledon
cm cotyls, mm ledon leaves, mm leaves, mm

Buiratau Mountains Large 5.4+0.2 5.5£0.4 7.2+0.5 3.5+0.2
Medium 3.1+0.1 2.8+0.1 5.6+0.4 3.0+0.2

Small 2.5+0.05 2.4+0.1 4.9+0.4 2.2+0.1

Surrounding of village Large 5.0+0.4 4.8+0.4 6.5+0.4 3.8+0.4
Karagaily Medium 4.4+0.2 4.6+0.3 5.5+0.3 3.5+0.2
Small 4.2+0.2 4.5+0.2 1.5+0.3 1.0+0.05

Karkaraly Mountains Large 6.2+0.3 5.540.2 5.6£0.2 4.0+0.1
Medium 6.4+0.4 4.7+0.2 6.0£0.3 3.8+0.1

Small 3.1+0.1 2.6+0.1 4.6+0.2 3.0+0.1
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Figure 3. Germination and energy of germination of seeds of Scabiosa ochroleuca during storage

Thus, over the course of 3 years, we have seen a significant decrease in germination rates, which re-
quires the development of methods for increasing it. We tested cold stratification.

Stratification was carried out in a freezer with seeds from Buiratau Mountains after 1 year of storage for
1 to 3 months. The initial germination was 40.3 %, and the germination energy was 37.5 %. During stratifi-
cation, there is an increase in germination and germination energy indicators (Table 5).

Table 5

Germination and energy of germination of seeds of Scabiosa ochroleuca after cold stratification

Methods of treatment Seed germination, % Exceedlr;/g control, Energ}t/i(())rf g(;rmlna- Exceeding control, %
() , /0
Control 40.3+0.8 - 37.54+0.6 -
Stratification, 1 month 55.2+£2.0 +4.9 47.44+0.9 +9.9
Stratification, 2 months 58.8+£2.8 +18.5 56.3+£2.2 +18.8
Stratification, 3 months 64.2+3.4 +23.9 58.7+2.6 +21.2

It is worth noting that after the 1st month of storage, the germination of Scabiosa ochroleuca seeds in-
creased by 4.9 % and germination energy by 9.9 %; after 2 months of storage by 18.5 and 18.8 %, respec-
tively; and after 3 months of storage by 23.9 and 21.2 %, respectively. According to the results of the exper-
iment, the best results were obtained against the background of a 3-month stratification period.
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Conclusion

Thus, it was determined that the seeds of Scabiosa ochroleuca have different morphological indicators,
which is explained by the difference in environmental conditions of plant growth. The largest and heaviest
seeds are noted in plants growing in Karkaraly Mountains with the most favorable soil and climatic condi-
tions; the smallest are for individuals from Buiratau Mountains with the most arid conditions.

It is noted that seeds of Scabiosa ochroleuca of different size and weight vary in terms of germination
and size of seedlings. The best values of germination (90.5 %) and germination energy (80.3 %) of seeds
were recorded in large samples collected in Buiratau Mountains; the minimum — in small seeds collected in
Karkaraly Mountains (germination 14.0 %, germination energy 8.5 %). There is a more significant correla-
tion between seed size and germination. The maximum morphological parameters of seedlings, such as the
length of the root, the length of the hypocotyl, the length and width of cotyledon leaves, are revealed in seeds
from Karkaraly Mountains; the minimum — from surrounding of the village Karagaily. This aspect indicates
the need to select seeds for introduction from certain habitats and to separate them before sowing.

Stages of germination of seed material of this medicinal plant are defined, including the following:
swelling of seeds, tilting, appearance of root, appearance and bending of hypocotyl, removal of cotyledon
leaves, deployment of cotyledon leaves. The type of germination is above ground.

During storage, there is a gradual decrease in germination and germination energy from 58.8 % for
freshly harvested seeds to 18.2 % after 3 years of storage. It was determined that physical methods of treat-
ing seeds positively affect the increase in germination and germination energy of Scabiosa ochroleuca. The
best results were obtained with cold stratification for 3 months (germination 64.2 %, germination energy
58.7 %). Seeds are characterized by a shallow physiological rest, which is easily overcome by stratification,
by the type of germination — to a group of seeds with accelerated germination.

Obtained results can be used for formation of seed bank of medicinal plants and introduction of
Scabiosa into culture.

The research was carried out within the framework of internal grant of E.A. Karaganda State Universi-
ty Ne 218-B-19 «Cryopreservation of vegetative and animal biological materials for development algorithm
of storage of viability and creation of bank of frozen samplesy.
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Opraasik Kazakcranaa ecetin Scabiosa ochroleuca TYKbIMBIHBIH 6HIMILTIT]
MeH MOP(}0JI0rusICHIHbIH epeKIIeJTiKTePiH 3epTTey

Jopimik eciMIiKTepaiH TYKbIMOAPBIHBIH ©CYiHIH OHOJOIUsICHl MEH MOP(OJIOTHACHIH 3epTTey TypJiepai
MHTPOAYKIMSUIBIK CHTI3y[OiH MaHbBI3Ibl acrekTici Oosbin Tabbutagsl. Makanaga apTypii ¢akropiapra
0allIaHBICTEl TIEPCHEKTHBTI JOpUIK eciMaik 6o03capbl KOTBIPOT TYKBIMBIHBIH ©CY OHOJIOTHSACH JKOHE
TYKBIMHBIH ~ OHTIINTITIHIH epeKIIeNiKTepi 3epTTenreH. OpTypiai reorpausulblk  OpTagaH — ajbIHFaH
TYKBIMAAPABIH MeJIIepi MEH CaJMarbl JKOHE OCKiHAep MOp(OoJIoTHsIchl OOWBIHIIA epeKIIeNICHeTiH]
AHBIKTAJ/IBI, OYJ ©3 Ke3eriH/e TONBIPAK MEeH KIMMATTBIK JKaF[aiap/iblH aiibIpMAaIlbUIBIFBIMEH TYCIHAIPLIE .
TyxpiMubIH eHTiTIrIHIHE (90,5 %) *xKoHe eHy sHeprusichiHblH (80,3 %) eH xakchl kepceTkimTepi byiipatay
TayJapblHa KUHAIFaH ipi ChlHamMaylapia, TeMeH Kepcerkimrep Kapkapaibl TaynapblHIa XKHUHAJIFAH YCaK
TyKbiMaapaa (ewrimrik aenreiti 14,0 %, eny suepruscsl 8,8 %) Oonnbl. TyKeIMOAapIblH MeJlIepi MeH
OJIapABIH OHTIILTIr apachlHIa aHAFYPJIbIM MaHbI3[bl KOPPEALMIIBIK OaiIaHbIC aHbIKTaNgbl. TaMbIpAbIH,
TUMOKOTHIIAIIH JKOHE >KapHAKTHI JKaITbIPAFbIHBIH Y3BIHIBIFEl MCH €Hi CHSAKTHI OCKIHICpAIH MOP(OIOTHSIIBIK
napamMeTpiepiHiH MakcCUMail MOHI KepiciHie Kapkapansl TaynapblHAAFbl TYKbIMIAp/a, TOMEH MOHIEpi
Kaparaiine! keHTI MaHalBIHaH XHHAJIFaH TYKbIMAApAa kesaecTi. by acnext nHTpoxykIus yirin Oenrini 6ip
MEKEeH €Ty OpTachlHaH TYKBIM TaHJAll, OJIapABI ery ajjblHaa Oeily KaKeTTUNriH kepceremi. Jlopimik
OCIMIIKTIH TYKBIMIBIK MaTepPHAIIBIHBIH OHY KE3eHIEpl aHbIKTAIAbI, OHBIH IIIiHAS: TYKBIMAAPIBIH 06pTyi,
osapablH, OeKiHyl, TaMBIPJbIH, THIIOKOTHIIH Naiiga Ooiybl jkoHEe OyTriyi, »KapHAKThI JKallbIPAKTapbIHBIH
IIBIFAPBUTYBI JKOHE Ka3bllybl. Cakray Ke3iHJe TYKbIMHBIH OHY JUHAMMKAchl (KaHAIaH >KMHAIFaH TYKbIMHAH
Gactan 3 »kpUTFa AeiiH), 3 aliAbIH ilIiHIEe TYKHIMHBIH OHTILITIIT MEH OHY DHEpPTHSICHIH apTThIpyFa apHaJIFaH
cTpaTH()UKAIUSHBIH OH dcepi aHBIKTAIFaH. 3epTTey HoTImKenepi OoitbiHIma Scabiosa ochroleuca TyKpIMIaps
bUFall OONFaH Ke3[e NIBIPHINTAHOANTHIHABIFEIMEH, OHTIIITITIHIH JKep YCTI TypiMeH, TepeH eMmec
(U3HONOTHSUIBIK  THIHBIITHIK KYHIMEH CHIIATTajbIl, OHy TYpiHe CcoifKec >XeIelJeTuIreH eHTimTiri Gap
TYKBIMJIap TOOBIHA JKaTaThIHIBIFbI AHBIKTAII/IBI.

Kinm ce30ep: nepinik ecimuik, Scabiosa ochroleuca, Optanbik Ka3akcTaH, TYKBIMHBIH OHIMALTIN, ©HY
SHEPTUsACH], MOpdoIIorHs, TabUFH (iopa, caKray, TYKbIM MeJIIIEpi.

M.IO. Nmmyparosa, C.C. TsIp>xaHoBa

N3yuenne ocobenHocTeit MOpG010ruu M BCX0xKeCTH ceMsiH Scabiosa ochroleuca
u3 HenTpanbHoro Kazaxcrana

Wzydenne Ouonoruy ¥ MOpQoJIOruY MMpopacTaHust CeMsH JIEKapCTBEHHBIX PACTEHHH SIBISIETCS Ba)KHBIM ac-
TIeKTOM HMHTPOIYKIMH BUIOB. B crathe mcciemoBaHbl 0COOCHHOCTH OMOJIOTHH NPOpAcTaHUs U CEMEHHOU
BCXOXKECTH MEPCIEKTUBHOTO JEKapCTBEHHOTO PACTEHUSI CKaOMO3bI OJIeHO-KENTOH B 3aBHCHMOCTH OT pas-
anuHbIX (akTopoB. OmpeneneHo, YTO CeMeHa PasHOTO reorpaguueckoro MPOUCXOXKACHHUS OTIMYAIOTCS 110
pasMmepy U Becy, MOP(OJIOTHH IIPOPOCTKOB, YTO OOBACHSAETCS pa3HHULEH MOYBEHHbBIX U KIMMATHYECKHX YCIIO-
Buil. Jlyumne 3HaueHus Bcxoxectd (90,5 %) u sneprum mpopacranus (80,3 %) ceMsH 3apUKCHPOBAaHBI Y
KPYTHBIX 00pa31loB, COOpaHHBIX B Tropax byiiparay, MUHUMaIbHBIE — y MEJIKHX CEMSH, COOPaHHBIX B rOpax
Kapkapaist (Bcxoxects — 14,0 %, sHeprus npopactanus — 8,5 %). MakcuMaibHbIe MOP(OIOTHIECKHe Ha-
paMeTphl IPOPOCTKOB, TAKUE KAK JUTMHA KOPHS, UTMHA TUIIOKOTHII, AJIMHA U IIMPHUHA CEMS0JIBHOTO JINCTA,
Ha000pOT, BBUBICHBI y ceMsiH u3 rop Kapkapaibl, MUHHMalbHBIE — M3 OKpecTHOcTeil moc. Kaparaitisr.
JIaHHBIN acIeKT CBHIETENbCTBYET O HEOOXOAMMOCTH OTOOpa CEeMSH Ul MHTPOXYKLHH H3 OHpENeICHHBIX
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MeCT OOMTaHUS U UX Cemapanuu mepes noceBoM. OmpesesieHsl 3Tabl IPOpacTaHusl CEMEHHOTO MaTepuana
JIEKapCTBEHHOTO PACTEHUsI, BKIIIOYAIOIIHE CIEAyIoNe: Ha0yXaHHe CeMsIH, HaK/IeBbIBAaHHUE, MOSIBICHHE KOP-
Hsl, TIOSIBIIEHNUE M U3TMO THUIOKOTUIIS, BBIHOC CEMSIONIBHBIX JINCTHEB, PA3BEPThIBAHNUE CEMSIOTIBHBIX JIHCTHEB.
OmpeneneHa IUHAMHKA BCXOXKECTU CEMSH B IIpOIlecce XpaHEeHHs (0T CBEXECOOpPaHHBIX CEMSH /0 3-X JIeT),
BEISIBJICHO MOJIOKUTEIILHOE BIMSHHE CTPATH(UKALNY B TEUCHHE 3-X MECAIEB JUISl MOBBIICHAS BCXOXKECTH U
sHepruu npopacranus. [lo uroram ucciaeqoBaHUA ONpEAENICHO, UTO ceMeHa Scabiosa ochroleuca xapakrepu-
3YIOTCSI OTCYTCTBHEM OCIIM3HEHHMS IIPH HAMOKAHHH, HA3eMHBIM THIIOM IIPOPACTaHMs, HETIIyOOKHM (pHU3MOII0-
THYECKUM TTOKOEM, [0 TUILY IPOPACTAHHS OTHECEHBI K TPYIIIE CEMSH C YCKOPEHHBIM IPOPACTaHUEM.

Kniouesvie cnosa: nexapctBeHHOe pacteHue, Scabiosa ochroleuca, Llentpanpubiii Kazaxcran, cemeHHas
BCXOJKECTh, SHEPTHs IPOPACTaHUs1, MOP(OJIOTHS, IPUPOAHas (IIopa, XpaHEHHE, Pa3MeP CEMSH.
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