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The comparative morphometric analysis of seeds representatives
of the genus Paeonia L. (Paeoniaceae Rudolphi) of the Kazakh Altai’s flora,
introduced in the Altai Botanical Garden

The article provides data on the study of the external structure, morphometric and weight parameters of seeds
of the complex of Paeonia anomala L., P. hybrida Pall., P. intermedia C.A. Mey., grown in the conditions of
the mountain-taiga zone of the Kazakhstan Altai, and clarification of the possibility of using these characters
to distinguish between species. The primary analysis of the seed material revealed differences in the length,
width and thickness of the seed in the cultivated samples from different ecological and geographical condi-
tions of the habitats. A comparative study of such morphometric and weight parameters as the external struc-
ture, length, width, and thickness of seeds of the samples of Paeonia anomala, P. hybrida, P. intermedia, in-
troduced from different ecological and geographical habitats of Kazakhstan Altai, revealed a certain variation
in the selected parameters in the species. When comparing the external morphological structure of
P. intermedia and P. anomala, the differences were practically not established, due to the close relationship
of the species. When comparing the average metric and weight parameters of seeds in the Paeonia anomala
specimens taken from ridge Ivanovsky, did not reveal significant ‘differences. This happened despite the
interpopulation difference in quality of the planting material with respect to ecology and location above sea
level. This indicates the evenness of the length, width, and thickness of the seed material of the cultivated
Paeonia anomala specimens. In cultivate specimens of P. hybrida from Narym ridge and Azutau in the ratio
of the length, width and thickness of the seed, as well as the weight of 1000 pieces, seed differences were ob-
served. Despite the low level of variability of morphological parameters of seeds, it is premature to recom-
mend them for differentiation of species due to the short duration of the study period.
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Introduction

The conservation of the Earth's biological diversity is one of the most important problems of modern
biology. Its effective solution is possible only with a comprehensive study of the ecological-biological fea-
tures of each species of plants.. This is.especially relevant for rare species, since research on their ecology
and biology is not only of theoretical interest, but also necessary for the development of ways to protect these
species [1]. The main reasons for the reduction of species of the genus Paeonia L. are anthropogenic effects
on natural ecosystems and the collection of plants for medicinal and ornamental purposes [2].

Genus Paeonia L., includes 36 species [3], belongs to the number of systematically complex taxa of
flowering plants [4]. Representatives of the genus are perennial herbs with thickened spindle-shaped roots
and difficult palm-dissected leaves or tree-like shrubs (8 species) [5].

The fruit-of the'peony is apocarps leafy. A multi-leaflet is a collection of non-growing leaflets, each of
which arises from a separate carpel. A separate leaflet can be called a fruit. The fruit is multi-seeded, opening
suturally (along the abdominal suture). The pericarp is dry, the number of seeds is usually up to 10 or slightly
more, but always less than the number of embedded seed bugs [6].

High morphological variability creates great difficulties in establishing boundaries between species [7].
There are controversial points in taxonomy and systematics of the genus [8]. Especially between P. anomala,
P. intermedia and P. hybrida, forming a single complex of Siberian-Central Asian herbaceous species, char-
acterized by twice tripartite strongly segmented leaves, covered with bristles on top of the veins. All species
of complex are diploids [9]. Analysis of literary data on the state of study of the topic showed that infor-
mation on the morphology of species of the genus Paeonia is clearly not enough to conduct a comparative
morphometric analysis of seeds of the studied species [10-14].

The purpose of this work was to study the external structure, morphometric and weight indices of seeds
Paeonia anomala L., Paeonia hybrida Pall., Paeonia intermedia C.A. Mey., grown under the conditions of
culture, and find out the possibility of using these features to distinguish species.
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Materials and Methods

The object of the study was the seed material of three rare species of peonies: Paeonia anomala L.,
Paceonia hybrida Pall., Paeonia intermedia C.A. Mey, included to the introduction from various habitats of
Kazakhstan Altai and grown in the exposition of the natural flora of the Altai Botanical Garden.

Paceonia anomala L. is boreal, mainly Siberian species, mesophyte. It distributes in the northern regions
of European Russia, in Western Siberia, Baikal region, on Tien Shan, Mongolia. In Kazakhstan, it grows in
the northern, eastern and southeastern regions: Caspian (Volga region), Kokchetau, Zaisan, Altai, Tarbagatai,
Dzungar, Transili, Ketmen, Kyrgyz Alatau and on Western Tien Shan [5]. It prefers moistened meadows and
fairly well-warmed and clarified forest glades. Throughout the range it occurs discretely, is intensively
shrinking. It is included in the Red Book of Kazakhstan [15], in the regional Red Books of the Russian Fed-
eration [16-22].

Paceonia hybrida Pall. is the Central Asian mesoxerophyte species. The general distribution of the spe-
cies is Western Siberia and Western China [23]. In Kazakhstan, it grows on the steppe slopes of foothills and
shallow slopes, on steppe meadows, open rocky slopes of the lower mountain belt in_geographical areas:
Turkestan, Altai, Tarbagatai, Dzungar, Transili, Ketmen, Kyrgyz Alatau, Chu-Ili mountains (Krasnogorsk)
and in Tien Shan. In 1991 it was found in the Republic of Bashkortostan [24]. It is included in-the Red Book
of Kazakhstan [15], the Red Book of Uzbekistan [25], the Red Book of the Altai Territory [26].

Paeonia intermedia C.A. Mey. is mesoxerophyte species, area covers Western‘Siberia, Chinese and
Mongolian Altai [27]. In Kazakhstan, it is found in Kazakhstan Altai [28], Saur, Tarbagatai, Dzungar Alatau,
Western Tien Shan [27]. The species is included in the Red Book of Tajikistan [29].

In climatic terms, the research area (Ridder, East Kazakhstan, geographical'region: South-West Altai) is
characterized by cold long winters, warm and humid summers; sharp temperature and humidity drops during
the year, seasons of the day. According to the Ridder Weather Station, the area of introduction belongs to a
moderately cool, moderately moistened agro-climatic zone. The climate is sharply continental, with an aver-
age annual air temperature of +1.8 °C. The average monthly air temperature of the winter months ranges
from —5 °C to —16 °C with an absolute minimum of —46,7 °C, summer months from +17 °C to +25 °C with an
absolute maximum of +41.5 °C. The average annual rainfall ranges from 432 to 937 mm with a summer
maximum [30].

During describing the morphological features of seeds, special attention was paid to the size and struc-
ture of the surface of the seed, to a lesser extent to the shape and color. Well-made seeds were selected for
analysis. The seeds were collected after the flyer flaps diverged when the seeds acquired a light brown or
dark blue color [31]. Morphological characteristics of seeds were compiled using terminology presented in
the works of Z.T. Artyushenko/[32] and M.G. Nikolaeva et al. [31]. Morphometric measurements are made
with a micrometer MK-25 in 20-25 times repetition for each parameter. The color palette of seeds is deter-
mined on the basis of the colorscale of ‘A.S. Bondartsev [33] and the color scale of the English Royal Socie-
ty of Flower Growers [34]. The sstatistical analysis calculated the mean values of the analyzed indices
(length, width, thickness of the seed with deviation from the mean and correlation coefficient) [35]. Latin
plant names were verified according to S.K. Czerepanov [36]. The circuit map is made in QGIS 3.14.15 Pi.

Results and Discussion

As-a result of the cameral treatment, the description of the external structure of the seeds Paeonia
anomala L., Paeonia hybrida Pall., Paeonia intermedia C.A. Mey was carried out at 2019 samples of the
collection site of the Altai Botanical Garden.

Paconiaanomala: seeds large, rounded, slightly flattened (Fig. 1, 2). Length: 6.15-7.25 (average
6.52) mm, width: 4.82—6.15 (average 5.47) mm, thickness 2.99-5.04 (average 4.46) mm. The mass of 1000
seeds is from 67 to 140 g. The color is from brilliantly black to matte black, sometimes grayish in the lateral
and chalazal parts. The color is mainly glossy. The shape of the seeds is spherical, sometimes slightly flat-
tened in the back. The dough is rough, sometimes almost smooth; the surface is fine in places, always bare.
The peel is dense, thick enough. In the abdominal part there are two unequal parallel recesses, oval in shape,
forming a longitudinal protrusion between them. Often small circular depressions are found on the sides of
the seed. Micropile is overgrown, invisible. The chalazal end narrows slightly to the base, usually smooth,
rarely longitudinally wrinkled. Seed scar of medium size, linear type, longitudinally ellipsoidal in shape,
sometimes almost oval, noticeably protruding; located in the basal part, less often in the lower part of the
abdominal side. Rafe is absent.
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Figure 1 and 2. Seeds of Paeonia anomala L.

Paeonia hybrid: straight-type seeds, elongated (Fig. 3, 4). Length: 4.4-6.2 (average 5.41) mm, width:
3.1-3.8 (average 3.38) mm, thickness: 2.9-3.5 (average 3.18) mm. The mass of 1000 pieces of seeds is from
28 to 37 g. The color of the seeds is from brown-brown to dark brown. Seeds have a characteristic gloss. The
seed peel is smooth, rarely with small roughness, sometimes finely chopped. The surface of the seeds is bare,
without pubescence. The dough is very dense, strong. Often, the surface of the seeds can be longitudinally
rigid in the abdominal and lateral parts, with characteristic clearly pronounced cellular gyros. The shape of
the seeds is barrel-shaped, ellipsoidal in shape, noticeably thickened in the middle part. The micropile is
overgrown, clearly pronounced formed by external integrations, longitudinally slit-shaped, elongated into a
small well-distinguished spout. The halazal end is noticeably narrowed, passing into a seed scar. The medi-
um-sized seed scar is longitudinally slit-shaped, basal, protruding. Rafe is clearly pronounced, narrow, and
clearly distinguishable to micropiles.

Figure 3 and 4. Seeds of Paeonia hybrida

Paeonia intermedia: seeds are large, rounded; length: 6.78-8.33 (average 7.17) mm, width 4.93-6.52
(average 541) mm, thickness 4.41-5.26 (average 4.82) mm; The mass of 1000 pieces of seeds is 96.74 g.
The color gamut of the seeds varies from gray-slate to coal-black. The color is mainly matte, sometimes
glossy. Slightly lighter in the thickened part, ovate or oblong-ovate in shape, noticeably volumetric and con-
vex in the back. The seed peel is quite dense, strong and thick. The surface of the seeds is almost smooth,
sometimes slightly rough, finely grained, glabrous; without any pubescence. In the abdominal part of the
seed there is a significant notch, less often two, oval or oblong-ellipsoidal in shape. In the dorsal part of the
seed there are sometimes weakly expressed intrusions. The microplar entrance is completely overgrown, lo-
cated in a characteristic small rounded decrease; located in a smoothly tapering end of the seed. The halazal
end is aligned, usually has a smooth surface, sometimes slightly thickened, sharply tapering to the seed scar.
Seed scar of rather large size, basal, linear type, quadrangular shape, short, slightly protruding, longitudinal
location. There is always no rafe (Fig. 5, 6).
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Figure 5 and 6. Seeds of Paeonia intermedia C.A. Mey

It is noted that P. intermedia and P. anomala seeds are almost identical in external structure. This is
probably directly related to the close relationship of these species, which were previously assigned to one
species. For comparative analysis of morphometric and weight indices we carried out statistical processing of
seeds (collection 2016) of studied species Paeonia anomala and Paeonia hybrida, attracted to introduction in
different periods from different ecological and geographical habitats of Kazakhstan Altai (Fig. 7).
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Figure 7. Scheme — map of ecological and geographical habitats of different samples of species Paeonia anomala and
Paeonia hybrida in the territory of Kazakhstan Altai

Data for the comparative analysis is presented in Table 1.
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Table 1
Biometric indicators of seeds of Paeonia anomala and Paeonia hybrida in introduction
from different ecological-geographical habitats of Kazakhstan Altai
Seed length, mm Seed width, mm Seed thickness, mm| Mass of
Sample origin M+m o M+m o M+m o, | 1000 seeds,
Min-Max Cv, % Min-Max Cv, % Min-Max Cv, % g
Paeonia anomala
Ivanovsky ridge, tract Broad Log, 6.52+0.16 5.47+0.19 4.46+0.28
1400 m above sea level 6.15725 | **¥ | 280615 | 792 | 2994504 | 1193 8526
Ridge Ivanovsky, the upper reaches
of the Kazachikha River, eastern 6.64+0.26 715 4.97+0.19 712 3.79+0.21 10.1 73 61
slope, sparse cedar, 1900 m above 5.84-7.7 ’ 4.5-5.7 ’ 3.24-43 ’ ’
sea level
Ridge Ivanovsky, gorge «Gray
Meadowy, north-western slope, co- | 6.54£0.25 5.41+0.23 4.52+0.28
niferous forest, 1200 m above sea 5.8-7.1 6.94 4.7-6.1 8.17 3.6-5.2 N 318
level
Ridge Ivanovsky, «Passage» belok
’ > | 6.61+0.21 5.03+0.2 4.15+0.29
north-western slope, 1600 m above 5773 6.02 4558 7.6 3151 12.8 74.29
sea level
Ridge Ivanovsky, northern spur,
tract «Haircut Pit,» 1100 m above 6.79+0.17 5.06+0.19 4.04+0.33
sea level, fir forest with an admix- | 6373 | > | 43356 | WO 2050 | 1| 7777
ture of birch
Ridge Ubinsky, southeastern spurs,
Kozlushka Mount, surrounding 6.7240.3 8.12 4. 3 11.1 3.87+0.29 13.9 67.99
6.19-7.87 4.19-5.75 2.61-5.01
Butakovo, 710 m above sea level
Ridge Kurchumsky, northern slope,
. 7.83+0.22 6.21+0.13 5.75+0.21
surrounding Kurchum, 503 m above 71-8.4 5.14 5765 3.92 53 6.6 6.5 139.59
sea level
Elftie_ NartyrrrrllSkf’ i"rfelAkb‘gzg’m 7238025 || o | 5012022 | o | 4274019 | o o 86,55
Pr-westenn srushed siope, 5.8-7.7 ' 4.5-5.6 ' 3.6-5.1 | '
above sea level
P. hybrida
Narymsky ridge, Tolebay tract,
5.41+0.24 3.3840.12 3.18+0.09
north-western crushed slope, 740 m 4462 8.02 3138 6.72 50135 5.67 28.22
above sea level
Ridge Azutau, Koytas tract, south-
’ ’ 5.5540.21 3.51+0.13 3.3+0.11
inestern slope, 777 m above sea lev- 5159 5.25 3237 5.02 3136 4.67 36.11

Note. in numerator: M+m — average value + permissible limits; in denominator: Min-Max — minimum and maximum value.

Primary analysis of Paeonia anomala seeds revealed differences in the length, width and thickness of
the seed in cultivated samples from different ecological-geographical habitats. The largest seeds are collected
from a sample imported from range Kurchumsky, 503 m above sea level, in which the mass of 1000 seeds is
139.59 g, dimensions: length — 7.83+0.22 mm, width — 6.21+£0.13 mm. Large seeds produce individuals
originating from range Narymsky (gorge Akbulak, 940 m above sea level), in which the mass of 1000 seeds
is 86.55 g, dimensions: length — 7.23+£0.25 mm, width — 5.11£0.22 mm. Seed material from samples from
the Ubinsky ridge (Kozlushka Mount, 710 m above sea level) has the smallest mass of 1000 seeds — 67.99 g
and intermediate parameters of the length and width of the seeds compared to Paeonia anomala samples col-
lected from range Ivanovsky, Narymsky and Kurchumsky.

Study in culture of average biometric and weight indices of seeds in Paeonia anomala samples collect-
ed with range Ivanovsky did not reveal significant differences, despite the inter-population diversity of the
planting material relative to ecology and location above sea level.

The coefficients of variation in the length, width and thickness of the seed showed that the studied fea-
tures have similar variation amplitudes in all samples and correspond to a low level of variability. This indi-
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cates that the length, width and thickness of the seed material of the cultivated Paeonia anomala samples are
aligned.

Similar results during the statistical processing of morphometric and weight indices were found for
P. hybrida seeds. In cultivated samples of the species with range Narymsky and Azutau showed slight differ-
ences in the ratio of the length, width and thickness of the seed, as well as the mass of 1000 seeds. It was also
found that for both species, the coefficients of variation of these indicators have a low degree of variability.

Conclusion

A comparative study of such morphometric and weight parameters as external structure, length, width,
seed thickness of samples Paeonia anomala, P. hybrida, P. intermedia, collected from different ecological
and geographical habitats of Kazakhstan Altai, revealed a certain variation of selected indicators in species.
Apparently, this is related to the origin of material from geographically distant populations. However, when
comparing the external structure of P. intermedia and P. anomala seeds, differences are practically not estab-
lished. There is probably a close relationship between these species, previously attributed to the same species
P. anomala. After comparing average metric and weight values of seeds in Paeonia anomala samples at-
tracted from range Ivanovsky did not reveal significant differences, despite the interspopulation diversity of
the planting material relative to ecology and location above sea level.

Despite the low level of variability of morphological indicators of seeds, it is premature to recommend
them for differentiation of species due to the short-term period of research.
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Aunraii boranukaabIK 0arbiHa Kepcinaipiiren Kazakcran AjnraibIHbIH
¢aopaceinbid Paeonia L. (Paeoniaceae Rudolphi) TybIcTaChIHBIH
OKLIIepiHiH TYKBIMIAPBIHBIH MOP(OMETPHUSIIBIK CAJIBICTHIPMACHI

Maxkanana Paeonia anomala L., P. hybrida Pall., P. intermedia C.A. Mey Typiiep TYKbIMAAPBIHBIH CHIPTKBI
KYPBUIBIMBIH;, MOP()OMETPHANIBIK JKOHE CaJMaKTBIK IapaMeTpiepiH KEIIeHAi 3epTTey Typaibl MAlMeTTep
kentipinren. YKone me-Kasakctan AntailbIHBIH TayJibl-Talira 30HACHI YKaFIalblHIA ©CIPUITeH JKoHE TYpJep.i
KBIpaTy YIIiH OCBHI TaHOANap/Abl KOJNAAaHY MYMKIHAINH HAaKThUIAy CHUMATTajJFaH. TYKbIM MaTepUasbIHBIH
QIIFAIIKB! TATAAYBIHAA 9P TYPIi 3KOJOTHSUIBIK-Teorpad sIIbIK JKaFailap/iaH aJlbIHFaH OCIHAl YATiUIepiHeri
TYKBIMHBIH Y3BIHJBIFBl, CHI MEH KaJbIHIBIFBIHIAFEl aiflbIpMalIbLIBIKTAD aHBIKTAIAbL. Paeonia anomala,
P. hybrida,  P. intermedia ynTiNepiHiH TYKBIMIAPBIHBIH CBIPTKBl KYPBUIBIMBI, Y3BIHABIFBI, €HI JKOHE
KalbIHABIFBl CHAKTBI TYKBIMJIAPJbIH MOPGOMETPHSIIBIK JKOHE CAIMAaKTBIK MapaMeTpiiepiH CaJbICTBIPMAIIbI
Typae 3epTTey OapbIiChiHAa ANTaNIBIH 9P TYPJi DKOJOTHSUIIBIK-TeOrpadsuIbK TiPUIUTIK €Ty OpTalapblHaH
eHIi3iiTeHi Ooma TypeIN, TaHAANFaH TypAeri mnapamerpiepiiH Oenirimi Oip aybITKybIH aHBIKTa[bl.
P.intermedia men P. anomala-HbIH CBIPTKBI MOPQOJIOTUSIBIK KYPBUIBIMBIH CaJBICTBIPY Ke3iHzae Oy
TYpJIEpAIH ThIFbI3 OailTaHbIChIHA OaiIaHBICTBI ABIPMAIIBUIBIKTAD iC KY3IHIE aHBIKTaIMabl. TYKbIMIAPIBbIH
opramra METPHKAIBIK JKOHE CaJMaKThIK IlapaMmerpiepiH VIBaHOBCKWiI JKOTachlHaH allblHFaH P. anomala
YJITiJIepiMeH CallbICTBIPY Ke3iHJe, SKOJIOTUSIFA KOHE OTHIPFBI3Y MATEpHAIIBIHBIH CAllaChIHBIH HOMYJIALHsIAP
apachIHIAFbl OPTYPJLIIriHE JKOHE TEHi3 JCHreiHeH J>XOFapbl OpHalacyblHa KapamMacTaH affTapibIKrai
aliBIPMAIIBUIBIKTAP/ABl aHBIKTaFaH JKOK. byn ecipiniren P. anomala ynrinepiHiH TYKbIM MaTepUasbIHBIH
Y3BIHIBIFBIHBIH, CHIHIH )KOHE KaIbIHABIFBIHBIH OipKeNKiliriH kepcereni. Hapbin MeH A3yrtay jkoTanapblHaH
ansiaFan P. hybrida TypiepiHiH ecipiireH yiriiepinae TYKbIMHBIH Y3bIHIBIFbIHA, CHIHE XKOHE KaIbIHABIFbIHA,
conpaii-ak 1000 nana caaMarbIiHa TYKBIMIBIK albIpMalIbUIBIKTAp Oaikanasl. TYKbIMIapAbIH MOP(OIOTHSIIBIK
napameTpJepiHiH ©3reprillTik JeHreiliHiH TeMEHIIriHe KapaMmacTaH, ONaplbl 3epTTey Ke3eHiHIH KbICKa
GoJtybIHa OaiiaHBICTBI TYPJIEPAI capajiayFa YChIHY epTe.

Kinm ce30ep: Paeonia L., xaprionorns, KasakcTannars! Anrai, >XepciHAipy, CUPEK KaTeTOPUsICEL.
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CpaBHuTesibHAsi MOP(OMETPHSI CEMSH NpeACTABUTE/IEH poaa
Paeonia L. (Paeoniaceae Rudolphi) ¢iops1 Kazaxcranckoro Anaras,
HHTPOAYUUPOBAHHBIX B AJITAICKOM 00TAHUYECKOM Caay

B crarbe npuBeeHbI JaHHBIE 110 H3YYCHUIO BHEIIHEr0 CTPOCHUs, MOP(HOMETPHUECKUX U BECOBBIX IOKa3aTe-
Jell ceMsiH KoMIuiekca BUIOB Paeonia anomala L., P. hybrida Pall., P. intermedia C.A. Mey., BbIpamniuBae-
MBIX B YCJIOBHSX F'OPHO-TaeXHOI 30HbI KazaxcraHckoro Anrasi, ¥ BbISBICHBI BO3MOXXHOCTH HCIIOJIB30BaHUS
JaHHBIX PU3HAKOB JUIS pa3rpaHUdeHus BUIOB. [lepBUUHBII aHAaIM3 CEeMEHHOTO MaTeprasa MoKa3ajl OTIHIHs
1O JUTMHE, IMUPUHE U TOJIIMHE CEMEHH y KyJIbTHBHPYEMBIX 00pa3IOB M3 Pa3HBIX IKOJIOT0-TeorpadIecKux
ycioBuit MecTooOuTanni. CpaBHUTEIFHOE U3YUYEHHE TAKHX MOP(OMETPHIECKHX M BECOBBIX NTapaMeTPOB, Kak
BHEIITHEE CTPOCHHUE, JUTHHA, UPHHA, TONIINHA CeMSH 00pasnoB Paeonia anomala, P. hybrida, P. intermedia,
HMHTPOAYLHMPOBAHHBIX U3 PAa3HBIX 3KOJIOro-reorpapuuecknx Mectoobutanuii Kasaxcranckoro Anras, BBISIBU-
JI0 OIIpeieNIeHHOe BapbUPOBaHUE BHIOPAHHBIX MOKa3aTesied y BU0B. IIpu cpaBHEeHHH BHELIHEro MOpGoiori-
YeCKOro CTpOeHHUs ceMsiH P. intermedia v P. anomala pa3nnuus NpakTHYECKU HE yCTaHOBJIEHbL BBUIY 013~
KOTo poJicTBa BUA0B. CpaBHEHNE CPEJHUX METPUYECKHUX M BECOBBIX IOKa3areleil ceMsH y 00pasiioB. Paeonia
anomala, TIpUBJICYEHHBIX ¢ Xp. MIBaHOBCKHi, He JaJ0 3HAYUTENBHBIX PA3INYUH, HECMOTPS Ha MEXIOITYIIs-
IIMOHHYIO Pa3HOKAYeCTBEHHOCTh MOCAJOYHOTO MaTephaja OTHOCHUTENHHO SKOJOTHH U PAcHOJNIOXKEHHS Hal
YPOBHEM MODS, YTO CBHAETEILCTBYET O BHIPOBHCHHOCTH ITOKA3aTeNeH JUIMHEI, IMUPUHBI U TOJIIUHBI CEMEH-
HOTO MarepHana KyIbTHBUPYEMBIX 00pa3noB Paeonia anomala. Y KylbTHBHpYeMBIX 00pasnoB P. hybrida
BUIa ¢ Xp. HapeiMckuii U A3yTay B COOTHOIICHMHM IOKa3aTelei JUIMHBI, IIMPHHBI U TOJMLIMHBI CEMEHH, a
taxxe Maccbl 1000 mT. ceMsH HaOIIONANMNCh HE3HAUNTENbHbIE pa3nuuusi. HecMOTps Ha HU3KUH YpOBEHb U3-
MEHYHMBOCTH MOP(HOIOTHUECKHUX MOKa3aTeNel CeMsH, PEKOMEHI0BATh UX I pasTpaHUYEHHs BUIOB TIPEXIe-
BPEMEHHO U3-32 KPATKOCPOYHOCTH MEPHO/Ia UCCIIEA0BAHUH.

Kniouesvie cnosa: Paeonia L., xapnonorus, Kazaxcranckuii Anraily HHTPOAYKIHS, KaTETOPUs PEAKOCTH.

References

1 Minogina, E.N. (2007). Semennaia produktivnost wvidov Helianthemum nummularium 1 H. baschkirorum v
tsenopopuliatsiiakh na Urale [Seed productivity of Helianthemum nummularium and H. baschkirorum species in cenopopulations in
the Urals]. Proceedings from Prospects of development and problems of modern botany: I (III) Vserossiiskaia molodezhnaia
nauchno-prakticheskaia konferentsiia botanikov — (II1) All-Russian Youth Sci.-Pract. Conf. of botanists. (p. 223, 224). Novosibirsk
[in Russian].

2 Rudaya, O.A., Chernyshenko, O.V., Efimov; S.V., & Kononov, G.N. (2016). Prichiny pokoia semian nekotorykh vidov roda
Paeonia L. [Causes of dormancy of seeds of some species of the genus Paeonia L.]. Lesnoi vestnik — Forest Bullein, 2, 6673 [in
Russian].

3 The Plant List (2013). Version 1.1. www.theplantlist.org Retrieved from http://www.theplantlist.org/.

4 Uspenskaia, M.S. (1987). Dopolneniia 'k sisteme roda Paeonia L. [Additions to the system of the genus Paeonia L.].
Biulleten MOIP — Bulletin of MSIN, 92 (3); 79-85 [in Russian].

5 Flora Kazakhstana [Flora of Kazakhstan]. (1961). (Vol. 4). Alma-Ata [in Russian].

6 Reut, A.A. (2011). Semennaia produktivnost dikorastushchikh pionov i sposoby ee povysheniia [Seed productivity of wild
peonies and ways to increase it]. Nauchnye vedomosti Belhorodskoho hosudarstvennoho universiteta. Seriia estestvennye nauki —
Scientific Bulletin of Belgorod State University. Series natural science, 3 (98), 14/1, 13—139 [in Russian].

7 Efimov, S.V. (2016). Vzaimootnoshenie vidov Paeonia anémala, P intermedia i P. hybrida (Paeoniaceae) po dannym o
posledovatelnostiakh ITS yadernoi ribosomnoi DNK i ycfl hloroplastnoi DNK [The relationship between the species Paeonia
anomala, P intermedia, and P. hybrida (Paconiaceae) according to the ITS sequences of nuclear ribosomal DNA and ycfl chloroplast
DNAYJ. Problemy botaniki Yuzhnoi Sibiri i Monholii — The problems of botany of Southern Suberia and Mongolia, 15, 112116 [in
Russian].

8 Pan, J.,Zhang, D., & Sang, T. (2007). Molecular phylogenetic evidence for the origin of a diploid hybrid of Paeonia
(Paeoniaceae). American Journal of Botany, 94 (3), 400-408.
9 Wang, S.Q. (2014). Karyotype in Paeonia intermedia C.A. Mey. Bangladesh J. Bot., 43, 101-105.

10 Chernei, E.N. (1985). Stroenie okoloplodnika i semeni piona inozemnoho [The structure of the pericarp and the seed of a for-
eign peony). Izvestiia AN MSSR. Seriia biolohicheskikh i khimicheskikh nauk — Bulletin of the Academy of Science MSSR. Series
biol. and chem. sciences, 5, 58—60 [in Russian].

11 Sravnitelnaia anatomiia semian [Comparative seed anatomy]. (1988). (Vol. 2). Leningrad: Nauka [in Russian].

12 Belyaeva, T.N. (2000). Morfolohiia semian vidov Paeonia L. [Seed Morphology of Paeonia L. Species]. Sistematicheskie
zametki po materialam herbariia im. P.N. Krylova Tomskoho hosudarstvennoho universiteta — Systematic notes by materials of
P.N. Krylov herbarium of Tomsk State University, 25-27 [in Russian].

13 Reut, A.A., & Mironova, L.N. (2011). Karpolohiia nekotorykh vidov roda Paeonia L. (Paeoniaceae), introdutsirovannykh v
Bashkirskom Predurale [Carpology of some species of the genus Paeonia L. (Paeoniaceae) introduced in the Bashkir Urals]. Pro-
ceedings from Carpology and reproductive biology of higher plants: Vserossiiskaia nauchnaia konferentsiia s mezhdunarodnym

Cepus «Bbronorusi. MegmuuHa. Meorpadusi». Ne 1(101)/2021 65





