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AHHOTALIA
Copuble BuAbl ceMeiicTBa bobosbie (Fabaceae) uyacto
3aCOPSIOT 3€PHOBYIO IIPOAYKITHIO, CHYKASI €€ KaUeCTBO.
BupoBasg nmeHTUDUKAUSA CEMSIH 3TOU I'PYIIIIBI COP-
HBIX PACTEHUI B UCIIBITATEIbHbBIX JIAOOPATOPUIX IIPO-
BOZUTCS TI0 KOMILJIEKCY BUIUMBIX MOP(OJIOTUUECKUX
MaKpOITPU3HAaKOB METOJOM CBETOBOM MUKPOCKOITHH.
[1py 5TOM BO MHOTHX CJIy4asiX JOCTOBEPHO YCTAHOBUTD
BUJIOBYIO TIPUHA/IIEXKHOCTD CEMSTH 6000BbIX 3aTPYIHU-
TEJILHO I10 IIPUYNHE 3HAUYUTEbHON MOP(OIOTUIECKON
CXO0XKeCTHU I1AacIop. B coBpeMeHHbIX UCCIeL0BaHUIX
0COBOEHHOCTY MUKPOMOP(OIOTHUY ITIOBEPXHOCTH CEMIH
VCITEIHO UCITOIb3YIOTCS 11 UAeHTU(DUKAIIUY TPYTUX
TaKCOHOB Pa3JINYHbIX PaHTroB. OLHAaKO, KCIIOJIb30BaHNE
MUKPOIIPU3HAKOB CEMSH B IIPaKTUKe (pUTOCAHUTAP-
HOY IMarHOCTUKY OOBIUHO 3aTPYIHEHO M3-3a JOJIT0on
IPO6OMIOATOTOBKY 06Pa3Il0B U OTCYTCTBUS HEOOXOIM-
MOTO0 060PYZI0BaHUSI BLICOKOTO Pa3penieHus. DT TPY/I-
HOCTWU JIETKO TIPE0I0JIMMbI C TIOMOIIIbI0 COBPEMEHHOT0
CKaHUPYIOLIEeTro 3JIeKTPOHHOT0 Mukpockona Hitachi
TM4000Plus, KOTOPBIH ITO3BOJISIET IIPOBOAUTD UCCIIE-
JIOBaHME CyXUX 00PasIioB B PEKUME HU3KOTO BaKyyMa
6e3 UX IOTOJTHUTEIbHOM ITPO6OIIoATroTOBKY. B paboTe
MEeTOZOM CKaHUPYIOIEH SJIeKTPOHHON MUKPOCKOTINY
(COM) mpoBezieHO HcclenoBaHre MUKPOMOP(OJIOTUYN
U YJIBTPACKYJIBIITYPhI TIOBEPXHOCTY CEMSIH COPHBIX BU-
IoB cemeiicTBa Fabaceae — Securigera varia (L.) Lassen
u Coronilla scorpioides (L.) W.D.J. Koch — B 11eJ151X Oll€H-
K{ JUArHOCTUYECKON 3HAUYMMOCTY MUKPOIIPHU3HAKOB
npu ux uaeHTuGuKanuy. O6beKTaMu UCCIeL0BaHKs
TIOCTYXUJIY 006pPas3Ilbl CEMIH M3 HAYUYHBIX repbap-
HbIX KoJunekiui (MHA, LE, VOR), a Takxxe cOGCTBEH-
Hble KapIloJornyeckue u repbapHbie MaTepUalbl,
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ABSTRACT
Fabaceae weeds often contaminate grain products, re-
ducing its quality. Seed species identification of this
weed group in test laboratories is carried out by a com-
plex of visual morphological macrocharacters by light
microscopy. However, in many cases it is difficult to
identify the species of Fabaceae seeds due to consid-
erable morphological similarity of diasporas. In mod-
ern research, micromorphology peculiarities of seed
surface are used successfully to identify other taxa of
various ranks. Nevertheless, using microcharacters
of seeds in phytosanitary diagnosis is usually handi-
capped by a long sample preparation and lack of ne-
cessary equipment of high dimension. These difficul-
ties are easily coped with by a modern scanning elec-
tronic microscope Hitachi TM4000Plus, which allows
to study dry samples in a low vacuum mode without
an additional sample preparation. Using the meth-
od of scanning electron microscopy (SEM), there has
been studied the micromorphology and ultrasculp-
ture of seed surface of Fabaceae weed species — Se-
curigera varia (L.) Lassen and Coronilla scorpioides (L.)
W.D.J. Koch — to estimate the diagnostic value of mac-
rocharacters while their identification. The objects of
the study were seed samples of academic herbarium
collections (MHA, LE, VOR), as well as personal car-
pologic and herbarium materials collected by the au-
thors in different regions of European Russia during
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cobpaHHbIE aBTOPAaMU B PA3JIMYHBIX PallOHAX €BPO-
elcKol yacTu Poccuu B Xoie SKCIIEINIIMOHHBIX BbI-
e310B 2021-2022 rr. B ripoliecce u3dy4yeHud BbIIBJIEHbL
OCHOBHBIE Pa3JIMUUI BO BTOPUYHOUN YIbTPACKYIb-
nType 60KOBOM IMOBEPXHOCTU CEMEHU, B TIEPBUYHOMN,
BTOPUYHOU U TPETUYHOM YJIbTPACKYJIBIITYPE 06J1acTH
OKOJIO PyO4YMKa, a Takxe B opMe MUKPOIIUJIE U pas-
Mepe pyOunKa. ITU Pa3Inyuusi MOTYT CIIY>KUTh HOBBIMU
JIOCTOBEPHBIMHU IMArHOCTUYECKUMY MUKPOITPU3HAaKa-
MU TIPU UIEeHTUPUKAIINY UCCIIeIyEMBIX BUIOB. [1pu-
MEHUMOCTb JaHHbBIX MUKPOTIPU3HAKOB B 06j1acTu pu-
TOCAHUTAPHOU AUArHOCTUKY 06CyXZaeTcs B paboTe.
Knrouesvte cnosa. Bo60BBIE, COPHBIE pPaCTEHUS,
ceMs, YIbTPacKyabITypa, COM, huTocaHuTapuUsi.

BBEJEHWUE
epHOBas TPOAYKIIMS, IIpefHa3Ha-
YeHHas JIS DKCIIOPTa, IOJIKHA OBITH
KadyeCcTBEHHOM 1 6e30IIacHOM, a Tak-
’)Ke JOJDKHA COOTBETCTBOBATh (DUTO-
CaHUTAPHBIM TpPeGOBAHUAM CTPAHBI-
uMmnoprepa. TouHas u  ObICTpas
UIOeHTU(DUKAIIYSI CEMSIH COPHBIX pac-
TEeHWHN, KOTOpble OOHAPYKUBAKTCS
B DKCIIOPTHOM 3€epHe, ABJISeTCS Ba)XXHOI 3a7avell co-
BPEMEHHOU repb0JIOrnYeCcKO SKCIIePTU3bl. B HACTO-
siIee BPeMsI UCITbITaTeJIbHbIE JJab0paTOPUY ITPOBOISIT
BUIOBYI0 WIEHTU(MUKAIIUIO COPHOU IPUMECHU C TI0-
MOIIIbI0 METO/IA CBETOBOM MUKPOCKOIIWU, UCIIOJb3YS
MopdoJiornyeckre MaKpoIIpU3HaKY CEMSH U TLIOIOB.
BMecTe ¢ TeM ITPY IIPOBENIEHUY JUATHOCTUYECKUX UC-
cJieloBaHU JJisI YTOUHEHWSI MUKPOIIPU3HAKOB, KOTO-
pble ILIOXO Pa3IMYMMbI B CBETOBOM MMKPOCKOII, BCE
Yale BO3HUKAET IMTOTPEOHOCTD B ITPUBJIEYEHUN METO-
OB BBICOKOTO pa3pelIeH s, HAalIPUMeP CKaHUPYIOIIEi
9JIEKTPOHHON MukKpockonuu (COM). Vcmoab3oBaHue
HOBBIX PENPEe3eHTATUBHBIX AUATrHOCTUYECKUX TIPU-
3HAKOB, B YACTHOCTY CTPYKTYPbI IOBEPXHOCTU CEMSH,
urpaeT GOJIBIIYI0 POJIb B CUCTEMATUKE U (DUIOTEHUN
pacTeHnH, Tak Kak CEMEHHYI0 KOXKypY (CIIepMoiepMy,
TECTY) IIBETKOBBIX PACTEHUU OTJIMYAET OOJIBIIOE pas3-
HoobOpasue (Luurep, 1958). Ha cerogHAIMHUN IeHb
OITyOJIMKOBAHO HeMaJio paboT, rie IpPW HCCJeI0Ba-
HUU TaKCOHOMMYECKU CJIOKHBIX T'PYIIIT CEMENCTBa
Fabaceae WHCIIONb3yIOT TIPU3HAKU YJIBTPACKYJIBIITY-
pBI TLI0ZI0B U ceMsaH (BoponuuxuH, 1992; EKici et al.,
2005; Vural et al., 2008; IllemeToBa, 2014; KpamMuHa,
2014 u np.). TlosToMy mcmosb3oBaHue Metoma COM
B ITOMCKE JOTIOJHUTENbHBIX CTAOUIbHBIX MUKPOIIPU-
3HAKOB Ha YPOBHE YJIbTPACKYJIBIITYPhI TOBEPXHOCTU
IIJIONOB U CeMSAH gBJIIeTCS HeoOXOOUMMOI 3amauden
B pa3paboTKe COBPEeMEHHBIX METOMIOB MIeHTU(UKA-
11K 6JIU3KUX 1 MOP(OJIOTUUECKH CXOXKIX BULOB COP-
HBIX PACTEHUH.
O6GbeKTaMM HallleTo MCCIIeIOBAHYS ABJISIVCh COP-
HbIE PAaCTeHUS ceMelicTBa Bo60Bble — CEKMPOILIOLHUK
niecTpbiii Securigera varia (L.) Lassen (cunorum Coronil-
la varia L.) 1 GTM3KOPOICTBEHHBIM BUJL, BS3€JIb 3aBUTOM
Coronilla scorpioides (L.) W.D.J. Koch. Bupg, Securigera varia
perynupyercsd (GUTOCAHUTAPHBIMU TPeOGOBAHUSIMU

the expeditions in 2021-2022. During the research,
there have been identified main differences in the se-
cond ultrasculpture of lateral seed surface, in primary,
secondary and tertiary ultrasculpture near the hilum,
as well as the micropyle shape and hilum size. These
differences can serve as new trustworthy diagnostic
microcharacters while identifying the studied species.
Applicability of these microcharacters in phytosanitary
diagnosis is discussed in this paper.

Key words. Fabaceae, weeds, seeds, ultrasculpture,
SEM, phytosanitary.

INTRODUCTION

rain products for export must be of high

quality and safe, and must also comply

with the phytosanitary requirements of the

importing country. Accurate and fast iden-

tification of weed seeds that are detected
in export grain is an important task of modern herbo-
logical expertise. Currently, testing laboratories carry
out species identification of weeds using the method
of light microscopy by morphological microcharac-
ters of seeds and fruits. At the same time, when con-
ducting diagnostic studies to clarify microcharacters
that are poorly distinguishable in a light microscope,
there is an increasing need to involve high-resolu-
tion methods, such as scanning electron microscopy
(SEM). The use of new representative diagnostic cha-
racters, in particular the structure of the seed surface,
plays an important role in the taxonomy and phylo-
geny of plants, since the seed coat (spermoderm, tes-
ta) of flowering plants is very diverse (Zinger, 1958). At
present, there have been published many works using
characters of ultrasculpture of fruits and seeds in the
study of taxonomically complex groups of the Fabace-
ae family (Voronchikhin, 1992; Ekici et al., 2005; Vu-
ral et al., 2008; Shemetova, 2014; Kramina, 2014, etc.).
Therefore, the use of the SEM method in the search for
additional stable microcharacters at the level of ultras-
culpture of the surface of fruits and seeds is a neces-
sary task in the development of modern methods for
identifying close and morphologically similar species
of weeds.

The objects of our research are Fabaceae weed
plants — Securigera varia (L.) Lassen, synonymous to
Coronilla varia L., and closely-related Coronilla scorpio-
ides (L.) W.D.J. Koch. The species Securigera varia is regu-
lated by phytosanitary requirements of some countries
importing Russian grain products and technical crops.
Egypt only, where S. varia is a quarantine pest, imports
annually from Russia grain crops of about 6.5 million
tons, on average. Today, S. varia is quite a topical object
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psijlla CTpaH — UMIIOPTEPOB POCCUMCKON TIPOAYKIINU
3EPHOBBIX U TEXHUYECKUX KyJIbTyp. TOJbKO B Erurner,
Tlle CEKUPOTJIONHUK MeCTPhIN IBJSIEeTCS KapaHTUH-
HBIM OPTaHW3MOM, €XETrOJHbIN DKCIOPT 3€PHOBBIX
Cc Tepputopuu P® B cpegHeM cocTaBgeT MOPALKA
6,5 MaH T. CeromHg S. varia ABJSeTCS BecbMa aKTy-
aJbHBIM 00BEKTOM IJIsI IPOBEIEHUS JIab0PaTOPHBIX
WCCJIeJOBAHUM C HEOOXOAUMOCTbIO UCCIeJ0BaHUsI 00-
pas1oB IKCIOPTUPYEMOU TTOAKAPAHTUHHOU MTPOAYK-
uuu oT 60J1ee ueM 9,5 MJIH T TPY30B B T'OJI.

MATEPUWAJIbBI U METO/IbI

MaTtepuaioM IJisl UCCIIeL0BAHMS MTOCIYXUIU 3PeJible
cemeHna Securigera varia (L.) Lassen u Coronilla scor-
pioides (L.) W.D.J. Koch, mony4yeHHbIe U3 repbapHBIX
KOJUIEKIIUY [JTaBHOTO G0TAaHMYECKOrO caja UMEeHU
H.B. llunimaa Poccuiickoil akageMum Hayk (MHA),
BoraHnuueckoro nHctutyta umMeHu B.JI. KomapoBa
Poccuiickolt akagemuu Hayk (LE), Tepb6apus uMeHuU
npogdeccopa b.M. Kozo-IToigHCKOTO BOPOHEXKCKOTO
rocymapcrBeHHoro yaupepcurera (VOR). YacTb MaTe-
puaJjoB AJs UccieqoBaHus ObLIa cobpaHa aBTOpaMu
BO BpeMS SKCIIEAUIIMOHHBIX BbIE3]0B 10 TEPPUTOPUN
Poccuu (KpacHomapcKui Kpaii, BopoHexxckas, Jiu-
nenkas, Tam6oBckas, Kypckas, Benropojckasi, Boaro-
rpajzickas o6JacTu U JIp.) B BereTalMOHHbIE IEPUOIbI
2021-2022 rr. CBemeHus 06 o6pasitax ceMsiH, BOBJIE-
YeHHBIX B HACTOSIIlee MCcieloBaHle, ITIPeICTaBIeHbI
B TabJ1. 1. 3TU ceMeHa ObLIN UCIT0JIb30BaHbI [JIS OLeH-
KU CTelleH! BapbHUPOBaHUS UX JUHENHBIX Pa3MepPOB
B 3aBUCHMOCTHU OT Pa3HbIX abOTUYECKUX (PaKTOPOB.
By n3MepeHsl IJNHA, IIUPUHA, ToJUMHA 20 ceMsSIH
U3 TPex MOMyIAINY KaXX/I0T0 BUIa U3 Pa3HbIX reorpa-
(pUUeCcKuxX TOUEK.

Ilnsg n3ydyeHus ob61eit Mopdosioruu 06pasiibl ce-
MsH doTorpadupoBaiu Ha CTEPEOMUKPOCKOIIE Zeiss
SteReo Discovery V20 c ucnionb3oBaHrueM doToanma-
patra Canon EOS 5D MKIII. B manbHelieM CHUMKU
TIOCJIONMHO KOMOMHMPOBAJINCh B IPOrpaMMe Zerene
Stacker. M3yueHue Ka)JJ0TO BUJa IIPOBOLUIJIN HA BbI-
6opke u3 4—5 ceMsH.

CpaBHUTEJNbHBIN aHAJIU3 YIbTPACKYJIbIITYPHI
TIOBEPXHOCTHU BBIMOJHANAU U MUKpOMOp(doJioruio ce-
MSH COPHBIX PACTEHUY M3ydaJiv C TTIOMOIIbI0 CKAHM-
PYIOIIEro 3JIeKTPOHHOTO MUKPOCcKora Mozeniu Hitachi
TM4000Plus (COM), dnouus. CeMeHa 6e3 IIpeaBapu-
TEeJIbHOU ITPO6OIIOATOTOBKY (PUKCUPOBAJIY HA AJIIOMU-
HUEeBbIe CTOJINKY C TIOMOIILBIO0 IBYXCTOPOHHEN YTIIePO] -
HOW 3JIEKTPOTIPOBOIAIIEN JIEHTHI. M3yueHre 06pasiioB
MIPOBOA MY 6€3 HAaHEeCEHUS TOKOTIPOBOISIIETO ITOKPhI-
TUS B PeXXUMe HU3KOTO BaKyyMa, IPU YCKOPSAIOIeM
HanpsxeHuu 5 unu 10 kB. PesynbTupyonue ajiex-
TPOHHO-MUKPOCKOIIMYECKYE N3006paKeHUS IOy UEeHbI
C TIOMOIIBI0 AETEKTOPOB BTOPUUHBIX U OTPaKEHHBIX
9JIeKTPOHOB. O6beM BBIOOPKY CEMSH KaXkIIOTO BUIA
cocTasai 10-20 wT. CbeMKU ITPOBOAVIIUCE ITPU pas-
JIMYHBIX yBeqnuueHusax: x250, x500 — [1j1g9 u3y4yeHus
MUKpoMopdosoruuyecKux Mmpu3Hakos, x1000 — gag
U3y4YEeHUS YIbTPACKYJIBIITYPhI [IOBEPXHOCTHU SK30TEC-
ThI. [IJI OTIMCAHUS YIbTPACKYIbITYPhI TIOBEPXHOCTY
ceMdaH ucnoabsoBanu noxxon W. Barthlott (1981).

PE3VJIBTATBI U OBCYKIEHHNE

Cemena S. varia u C. scorpioides UMeIOT CXOIHOE BHEII-
Hee CTpOeHMe, YTO 3aTPYAHSAET UX BULOBYIO UIEH-
TUUKALWI0 B IPoAyKIuYu. CpaBHEeHUE CEMSH C 110-
MOIIbI0 CBETOBOTO CTEPEOMUKPOCKOIIA ITOKa3aJjo

if laboratory studies with the need to study samples of
exported regulated products from more than 9.5 mil-
lion tons of cargo per year.

MATERIALS AND METHODS

The material for this study was ripe seeds of Securi-
gera varia (L.) Lassen and Coronilla scorpioides (L.)
W.D.J. Koch, obtained from herbarium collection of
N.V. Tsitsin Main Botanical Garden of the Russian
Academy of Sciences (MHA), V.L. Komarov Botani-
cal Institute of the Russian Academy of Sciences (LE),
B.M. Kozo-Polyanisky Herbarium of Voronezh State
University (VOR). Some of the studied materials were
collected by the authors during their expeditions
around Russia (Krasnodar Krai, Voronezh Oblast, Li-
petsk Oblast, Tambov Oblast, Kursk Oblast, Belgorod
Oblast, Volgograd Oblast, etc.) in the vegetation peri-
ods of 2021-2022. Data on seed samples involved in
this research are presented in Table 1. These seeds
were used to estimate the grade of variation in their
line sizes depending in different abiotic factors. The
length, width and thickness of 20 seeds were mea-
sured from three populations of each species from
different geographic locations.

To study the general morphology, the seed sam-
ples were photographed on Zeiss SteReo Discovery
V20 stereomicroscope using Canon EOS 5D MKIII ca-
mera. Later, the photos were layered using the software
Zerene Stacker. Each species was studied by 4-5 seeds.

The comparative analysis of the surface ultras-
culpture was performed, and weed seed micromor-
phology was studied with a scanning electron micro-
scope Hitachi TM4000Plus (SEM), Japan. Without any
previous sample preparation, the seeds were fixed on
aluminum plates with double sided carbon conduc-
tive tape. The samples were studied without applying
conductive coating on low vacuum mode, at accelerat-
ing voltage of 5 or 10 kV. The final electron microscop-
ic images were obtained with the detectors of second-
ary and reflected electrons. The volume of samples of
each species were 10-20 seeds. The photoshoots were
carried out at different magnification: x250, x500 - to
study micromorphological characters, x1000 — to study
the exotesta surface ultrasculpture. To describe the ul-
trasculpture of seed surface, the W. Barthlott (1981) ap-
proach was used.

RESULTS AND DISCUSSION

S. varia and C. scorpioides seeds have a similar appear-
ance, which makes it difficult to identify them in pro-
ducts. Comparing the seed with the light stereomi-
croscope showed the lack of trustworthy differences
between them, the seeds are very similar morpholo-
gically (see Fig. 1). According to different authors (Dob-
rokhotov, 1961; Maysuryan, Atabekova, 1978; Brouver,
Shetlin, 2010) and our personal observations, the seeds
of these species are characterized by a linear elongated
or elongated cylindrical shape, rounded at both ends,
and feeble longitudinal grooves on lateral surfaces. In
the middle of the ventral side, in a small hollow, there
is around light hilum (see Fig. 1).

Studying linear cuts of the seeds showed that
their length, width and thickness overlap and are
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Ta61. 1. Cmucok 00pa310B, HCII0JIb30BAHHBIX JJIA KapPIIOJIOTUUEeCKOro aHaJInu3a

Ne
n/n Mudp

Bup,

Pycckoe

HasBaHue IIpoucxokaeHue (3ITUKETKA)

1 VOR 0010598

Securigera

varia (L.) Lassen
(= Coronilla
varia L.)

CEKUPO-
TJIOTHUK
TIECTPBIN

VOR. l'ep6apHbiii o6pasell: TaMGoBcKasi 06J1., OKp. I. TaMOOBa, y KAHABHI,
10.08.1962, [Ton3ukoBa. MecToobUTaHME/PACTUTEIBHOE COOBIIECTBO cOopa:
y kaHaBbl. KooppunHaTel: 52°43'43.95"N, 41°26'12.2"E + 7000 m

2 VOR 0010608

«TOT Xe»

«TO XKe»

VOR. I'epbapHubiii o6pazel]: BopoHexckas 06J1., Borcas BI'Y, nybpasa,
13.07.1962, 'paueBa. MecToobuTaH1e/pacTUTEIBHOE COOBIIECTBO cOopa:
ny6pasa. KooppuHater: 51°42'40.57"N, 39°12'33.57"E + 2000 m

3 6/H

<«

<«

Bopone:kckas 06J1., [IeTporaBioBCKUM palioH, c. 3aMOCThE, 10 Kpako I1oce-
BOB, 15.07.2022, c6op C.H. CengaBkuHa

4 VOR 0010623

«»

<«

VOR. l'epbapHbiii o6paselr: Jimnemkas 06J1., c. sI6;10H0BO. MecTo c6opa o6pas-
a: ypouutie [Lntomandb. ['PyIImbl 06pas3iioB: OCHOBHOU (oHI. TEKCT opu-
TUHAJIbHOU 3TUKeTKU: [lntonasb 4 B, 22.06.1948, l'onuilbiH. KoopauHaTh:
52°49'35.1"N, 38°58'11.06"E + 2000 m

5 VOR 0010609

<«

«O»

VOR. l'ep6apHbIii 06paselr: JIyraHckas 06J1., KagyeBckuil p-H, ¢-3 «Mabuyda»,
B [TOCEBe PXKH, aBrycT 1959 r., Po3yBaiiio. MecToo6uTaHNE/PaCTUTEIb-

HOe coo6IecTBo c6opa: B moceBe pxku. KoopauHaThl: 48°33'27.15" N,
38°38'16.04"E £ 10 000 m. Co3manue 3amnucu: 15.01.2021, AHHa begeHKO

6 MHA182536

«»

>

MHA. l'ep6apHblit 06pasel]; TaMGoBcKast 06J1., MUUyPUHCKUH p-H, MEXIY
cejlaMy MaHOBUIIBI U JIy6KY, 110 100KHOMY CKJIOHY K opore, 18.08.1966,
B.B. MakapoB

7 MHA 182547

<«

<«

MHA. l'ep6apHblit 06pasel; OpeHGyprekas 06.1., ['ybepInHCKYe rophbl Bo3Jie
r. HoBoTpouiika, 03.09.1984, E.E. l'oruna, I1.P. BosikoBCcKas

8 MHA 182568

<«

<«

MHA. I'epbapHbIii 06pasel]: PocToBckas 06.1., CabCcKuii p-H, 10 kKM
3anasHee c. KpacHbiit Manbiy, Ciaskas Bajka, 6eperoBoii CKJIOH,
Pa3HOTPaBHO-KOBBIIbHOE coobuiecTBO, 30.09.2011, CTemaroBa H.

9 MHA182593

<«

<«

MHA. l'ep6apHbIit 06pasel]: CapaToBcKas 06J1., XBaJbIHCKUN P-H,
OKp. I. XBaJIbIHCKa, MeJioBbIe X0aMbl, 19.07.1980., E.E. 'oruHa, A.E. MalieHKo,
omp. B.Jl. BoukuH, 26.06.2015

10 MHA 182589

«»

<«

MHA. I'epbapHbIil 06pazel]: Bosirorpazckas 061., posIOBCKU P-H, MEXIY
nep. [Magox u jecHUY. [TUIbHSA, ApUeUHCKO-JJOHCKYE TIeCKH, JIyTa U 6epeso-
Bble KOJIKY, 25.07.1993, Y. lllanuep, M. [TosioHCKa4, omp. B.[l. BoukuH

11 6/m

<«

>

KpacHopmapckuii kpaii, TeMpPIOKCKUH p-H, TaMaHCKOE CETbCKOE MoceIe-
HUe. PacTuTenbHOE COOBLIECTBO Ha CKIIOHE PSAJIOM C 060YMHOM aBTOLOPOT K.
23.06.2022. OpJsiosa 0.B.

12 6/u

<«

«O»

KaGapauHo-Bankapckas Pecmy6iuka, Dyib0pycckuii p-H. JJopora BAOJb
peku Aznbui (ALBLICY) Ha TpaBoOM Gepery, 4,4 KM I0TO-BOCTOUHEE TPACChI
A-158. JlyroBoe coobuiectBo. 12.07.2022. Kysnakos B.I., Kymiakosa 10.10.

13 6/u

<«

«»

BopoHe:kckas 06J1., oKp. I. Bopucorie6cka, mo kpato rmocesos. 07.07.2022,
c6op E.B. PazymMoBoit

14 6/

«»

<«

BopoHe:xckas 06J1., [ToBOPMHCKUY paiioH, ¢. OKTI6pbCKOe, 060UMHA JOPOTH,
03.07.2022, 110 Kpat 11oceBoB, c6op E.B. PazymoBoii

15 S-01628

Coronilla
scorpioides (L.)
W.D.J. Koch

BSI3€JIb
3aBUTOU

LE. Tep6apHbIit o6pasers: (EBp. cekrop) N2 336. l'epbapuit CipeiruHa U.U.,
Pecny6auka KpeiM, . Anynika. Coronilla scorpioides (L.) W.D.J. Koch

16 S-01629

«TOT Xe»

«TO JKe»

LE. T'epbapHbIil o6pa3elr: repbapuii J[zeBaHoBckoro C.A. Pecmy6iuka Kpbim,
J3eBanoBckuii C.A., 15.06.1920

OTCYTCTBUE JOCTOBEPHBIX Pa3IMUUN MEXIY HUMU,
Mopdosornyecky ceMeHa OUYeHb CX0XHU (CM. puc. 1).
[To maHHBIM pasHBIX aBTOPOB ([JoO6poxoToB, 1961;
MaticypsiH, ArabekoBa, 1978; Bpoygep, IllTenus, 2010)
Y HaIIMM COOCTBEHHBIM HaOJIOAEHUSIM, CeMeHa dTUX
BU/IOB XapaKTepPU3YITCS JINHENHOU ITPOA0JITr0BATOMN
WY TIPOJIOJITOBATO-IIMJINHAPHUYECKON (popMoii, 3a-
KPYIJIEHHOU ¢ 060MX KOHIIOB, ¥ CJIa6bIMY ITPOJ0JIBbHBI-
MU JKeJIoOOKaMu Ha 60KOBBIX ITIOBEPXHOCTAX. [Tocepe-
IviHe OPIOIIHOM CTOPOHBI, B MaJIeHbKOM YTJybJIeHU!,
PACIIOJIOKEH KPYTJIBbIY CBETJIBIN Py6UunK (cM. puc. 1).

of 3-4.5 x 1-1.2 x 0.8-1 mm and 4-5 x 0.8-1.2 x
0.5-0.7 mm for S. varia and C. scorpioides respective-
ly. Besides, the seed size variation depends abiotic
factors, i. e., it has and adaptive character depend-
ing on ecological conditions of habitat. It is known
that with insufficient humidity, low temperature and
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Table 1. Samples list used for carpological analysis

N2 Code Species Common name Origin (label)

1 VORO0010598 Securigeravaria (L.) crownvetch VOR. Herbarium sample: Tambov Oblast, Tambov city district, by
Lassen (= Coronilla the gutter, 10.08.1962, Polzikova. Habitat/plant collection community:
varia L.) by the gutter. Coordinates: 52°43'43.95"N, 41°26'12.2"E + 7000 m

2 VOR 0010608 the same the same VOR. Herbarium sample: Voronezh Oblast, Botanical Garden of
Voronezh State University, oak wood, 13.07.1962, Gracheva. Habitat/
plant collection community: oak wood. Coordinates: 51°42'40.57"N,

39°12'33.57"E £ 2000m

3 without «© « Voronezh Oblast, Petropavlovsky District, Zamostye, along
number the plantations, 15.07.2022, collected by S.N. Selyavkina
4 VOR 0010623 «» «» VOR. Herbarium sample: Lipetsk Oblast, Yablonovo. Place of sample
collection: Plyushan natural boundary. Sample groups: main fund.
Original label text: Plyushan 4 v, 22.06.1948, Golitsyn. Coordinated:
52°49'35.1"N, 38°58'11.06" E + 2000m
5 VORO0010609 «» <« VOR. Herbarium sample: Lugansk Oblast, Kadievsky District, Ilyicha
state farm, in rye plantations, August 1959, Rozuvailo. Habitat/plant
collection community: in rye plantations. Coordinates: 48°33'27.15"N,
38°38'16.04"E + 10 000 m. Date of register: 15.01.2021, Anna Bedenko
6 MHA 182536 «» « MHA. Herbarium sample: Tambov Oblast, Michurinsky District,
between the villages Manovitsy and Dubki, along the southern slope
towards the road, 18.08.1966, V.V. Makarov
7 MHA 182 547 «» <« MHA. Herbarium sample: Orenburg Oblast, Guberlinskiye mountains
near Novotroitsk, 03.09.1984, E.E. Gogina, I.R. Volkovskaya
8 MHA 182568 «» « MHA. Herbarium sample: Rostov Oblast, Salsky District, 10 km to the
west of Krasny Manych, Sladkaya Balka, bank slope, association of
mixed grasses and stipa, 30.09.2011, N. Stepanova
9 MHA 182593 «» « MHA. Herbarium sample: Saratov Oblast, Khvalynsky District.
Khvalynska, chalk hills, 19.07.1980., E.E. Gogina, A.E. Matsenko,
identified by V.D. Bochkin, 26.06.2015
10 MHA 182 589 «» « MHA. Herbarium sample: Volgograd Oblast, Frolovsky District,
between Padok village and Pilnya forestry, Archedinsko-Donskiye
sands, meadows and birch woods, 25.07.1993, I. Shantser,
M. Polonskaya, identified by V.D. Bochkin
11 without «© « Krasnodar Krai, Temryuksky District, Taman village. Plant
number community on the slope near the roadside. 23.06.2022. Orlova Yu.V.
12 without « « Kabardino-Balkarskaya Republic, Elbrussky District. Road along the
number river Adyl (Adylsu) on the right bank, 4.4 km to the south-east of A-158
highway. Meadow community. 12.07.2022. Kulakov V.G.,
Kulakova Yu.Yu.
13 without « «» Voronezh Oblast, Borisoglebsk District, along the plantations.
number 07.07.2022, collected by E.V. Razumova
14 without « « Voronezh Oblast, Povorinsky District, Oktyabrskoye, roadside,
number 03.07.2022, along the plantations, collected by E.V. Razumova
15 S-01628 Coronilla yellow LE. Herbarium sample: (Europ. sector) N¢ 336. Herbarium of
scorpioides (L.) crownvetch Sprygin LI, Republic of Crimea, Alupka. Coronilla scorpioides (L.)
W.D.J. Koch W.D.J. Koch
16 S-01629 the same the same LE. Herbarium sample: herbarium of Dzevanovsky S.A.,

Republic of Crimea, Dzevanovsky S.A., 15.06.1920

Vi3yuyeHVe JIMHEWHBIX Pa3MePOB CEMSH IOKa-
3aJI0, UYTO 3HAYEHUS OJUHBI, MUPUHBI, TOJIINHBI
epekpniBarwTCA U paBHbI 3-4,5 x 1-1,2 x 0,8-1 MM
n4-5x0,8-1,2x0,5-0,7 MM g S. varia u C. scorpioides
COOTBETCTBEHHO. KpoMe TOro, CTereHb BapbUPOBAHUS
pasMepa ceMsH 3aBUCUT OT abMOTUUYECKUX (DaKTOPOB,
TO €CTh MMeeT aJalITUBHbBIN XapaKTep B 3aBUCUMOCTH
OT 9KOJIOTUYECKUX YCJIOBUM 06UTaHUS. VI3BECTHO, UTO
B YCJIOBUSIX HEJIOCTATKA BJIATH, TIOHMYKEHHBIX TEMIIE-
paTyp ¥ HelloCTaTKa MUHEPAJIbHOTO MUTAHUS CEMEHa
menbue (KysHeros, ImuTtpuena, 2005).

poor mineral consumption, the seeds are smaller
(Kuznetsov, Dmitrieva, 2005).

The color of the seed surface of the studied species is
mainly brown or red and brown (see Fig. 1). However, the
detected colors of S. varia seed surface, probably, mean
that the studied seed included those on different germi-
nation stages, and dark brown spots prove it (see Fig. 2).

dutocaHutapus. KapaHtuH pactenuin 44
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a]

_ —

Coronillascorpicides  Securigeravaria

Puc. 1. BHewHuI Bup, ceMsaH Securigera
varia v Coronilla scorpioides:

Okpacka TTOBEPXHOCTU CEMSIH U3y4YaeMbIX BUIOB
MIPEUMYIIECTBEHHO KOPUYHEBAS MU KPACHO-KOPUY-
HeBas (cM. puc. 1). OmHaKo, BbIIBIEHHbIE OKPACKY T10-
BEPXHOCTHU CEMSH S. varia, BEPOSITHO, CBUIETENbCTBY-
FOT O TOM, YTO MCCJIEJJOBAaHHbBIE BHIOOPKY BKJIIOUAU
ceMeHa, HaXOIAIMecs Ha PasHbIX CTaIUSIX CO3PEBA-
HUS, ¥ HAJIUYME TEMHO-KOPUYHEBBIX TATEH ABJISIETCS
TOMY J0OKa3aTeJIbCTBOM (CM. PuUC. 2).

TakuM 06pasoM, UCIIOJb30BaAHLIE
TOJIBKO MaKPOITPU3HAKOB /IJIST BHISBIIE-
HUS Pa3InUUi MEX/Ly CEMEHAMMU He I10-
3BOJISIET IPOBECTH UX JOCTOBEPHYIO BU-
JIIOBYI0 UIeHTU(hUKAIINI0. BMecTe ¢ TeM
WCIO0JIb30BaHME MHUKPOIPU3HAKOB
ceMsH B IMpakTuKe GUTOCAHUTAPHON
IUAaTHOCTUKU OGBIYHO 3aTPYIAHEHO
u3-3a IJIUTENbHOU TPO6OIIOArOTOBKY
06pasiioB 1 OTCYTCTBUS HEOOXOIUMOTO
060pyI0BaHMS BBICOKOTO Pa3pelIeHU.
OTHU TPYIOHOCTU JIETKO TIPEOLOJIUMBI
C TIOMOTIbI0 COBPEMEHHOTO CKaHUPYIO-
IIero 3JIEKTPOHHOTO MUKpPOcKora Hita-
chi TM4000Plus, KOTOPBIY TTO3BOJISIET
OBICTPO MCCIIelOBATh CyX1e HEeIIPOBO-
Isimye 06pasiibl B Pe)XXKMMe HU3KOTO Ba-
KyyMa 6e3 I0IIOJTHUTEIbHOY TPO6O0IIo -
TOTOBKY M HATIBIJIEHUS METAaJLIA.

MUKPOCTPYKTYPbI

o6sacTu pyGuuKka

st onMcaHus MUKPOCTPYKTYPBI
obsactu pyouuka S. varia v C. scorpioides,
Beyien 3a T.E. Kpamuno# (2014), 6butu
WCTI0JIb30BAHBI CIIEAYIOIINE TPU3HAKHU:

a) pasMep u dopma pybUMKa
(OKpyTABIH O6paTHOSAWIEBUIHBIN,
CepALeBULHBIN, MUPOKOCEPIIIEBU]I -
HBIW, OBaJIbHBIY, OKPYTJIO-CEePALIEBU] -
HBIN, OKPYTJIO-006PaTHOSNIEBUIHBIN);

0) mupuHa 060JKOBOTO apUJLIyca

B IIPOLEHTaX OT JuaMeTpa BHEIIHEI0  pyc, 2. PasHoo6pa3une NoBEpXHOCTH

(y3kuii — mupuHa meHee 20% OT fAua- (hoTo aBTOPOB)

MeTpa pyburKa; MUPOKUN — IMUPUHA
20% u 6oJee OT fraMeTpa PyoumnKa);

B) ¢opMa Mukpomnuie (TpeyroibHoe, y3KO-
TPEyTroJibHOE, MUPOKOTPEYroJbHOE, BUJIbUATOE
(Y-o6pasHoe), TPEYTOIBHO-BUIIBUATOE).

Fig. 1. Appearance of seeds

Securigera varia and Coronilla scorpioides:
a — natepanbHas CTOpoHa; b — BeHTpanbHaa  a - laterally; b — ventrally; c — hilum area
CTOPOHA; € — 30Ha py6umka (hoTo aBTOPOB) (photos by the authors)

Thus, using only macrocha-
racters to establish the differenc-
es between the seeds does not al-
low to perform their trustworthy
species identification. Besides,
using seed microcharacters in
phytosanitary diagnosis tends to
be difficult due to a long sample
preparation and lack of the ne-
cessary equipment of high di-
mension. These handicaps are
easily overcome with the modern
scanning electron microscope
Hitachi TM4000Plus, which can
quickly study dry non-conduc-
tive samples in low vacuum mode
without any additional sample
preparation or metal coating.

Microstructures

of the hilum area
To describe the microstructure hilum area of S. varia
and C. scorpioides, according to T.E. Kramina (2014), the
following characters were used:

- the size and shape of the hilum (round obovate,
heart-shaped, wide-heart-shaped, oval, round-heart-
shaped, round-obovate);

Fig. 2. Different seed surfaces
Kpas 060/IKOBOTO apuiiIyca pyO6uMKa cemsH S. varia (1-6) u C. scorpioides (7-9)  of S. varia (1-6) and C. scorpioides (7-9)

(photos by the authors)
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rigera varia

Secu

ronilla scorpioides

Co

Puc. 3. ®opma pybumnka n mukponune ceMsiH S. varia

Fig. 3. The shape of the hilum and micropyle of seeds S. varia
u C. scorpioides: ap — apunnyc; B — py6unkoBbiii Banuk (06op0k);  u C. scorpioides: “ap” — arillus; “B” — hilum wall; “M” — micropyle;

7]

M — MuKponune; p — py6buuk; 3 — anuxunym (oto aBTOpPOB) p” = hilum; “3” — epihilum (photos by the authors)

“an

Ha puc. 3 moka3aHbl XapaKTepPHbIE MUKPOCTPYK-
TYPBI CEMEHU M3yYaeMbIX BUJOB PACTEHUN. PyOUumK
S. varia B 04epTaHUU OKPYTJbIY, NHOTZA OBAaJIbHbI.
Ba)kHOU XapaKTePUCTUKOMN PyOUMKaA SBJISIOTCS €ro
JIMHEeWHbIe pasMepbl. Y CEKMPOMJIOAHUKA PyOUUK
KPYIHBIYA, a AJIMHA U IIMPHUHA COCTaBIAKT 260,2
u 253,6 MKM COOTBeTCTBEHHO. OGOLKOBBIM apUILIyC
MUPOKuii (25-27%), B 00JIaCT MUKPOTINIIE HECKOJIBKO
CY’KMBAaeTCst. MUKPOITUJIIE Y3KOTPEYTOJIbHO-BUIbYATOE.
Ha moBepxHOCTU pyGUMKa UMEETCS PHIXJIbIH, LOCTa-
TOYHO MOUTHBIN HAPY>KHBIH ITAJINCAIHBIN CJION KJIETOK,
OCTaBIIUXCA OT (DYHUKYJTyCa, — SIUXUIYM (Ha PUCYHKE
MIPeACTaBJIEH OCTAaTOK, 60JIBbINAS YaCcTh yaaneHa). Koyb-
IIEBOE BO3BBINIEHNE BOKPYT PyounKa (pyOUMKOBBIN Ba-
JIK) XOPOIIO 3aMeTHO.

Py6uuk C. scorpioides OKPYTJIbIA, HOTLa 06PaTHO-
SUIEBUIHBIN, C JOCTATOUHO HINPOKUM (25—28%) 060/1-
KOBBIM apujIiycoM (cM. puc. 3). Py6unk 6ojiee MeJIKUH,
IJIMHA Y IIXPUHA COCTaBASIOT 155,4 1 129,7 MKM Co-
OTBETCTBEHHO. MUKPOIIUJE NIMPOKOTPEYTOJIBHOE.
[ToBEPXHOCTDh PyBUMKa TaK)Ke TOKPBITA SIUXUIY-
MoM (Ha puc. 3 ymajueH). KojblleBoe BO3BBINIEHUE
BOKPYT py6uMKa TaK)Xe XOpPOILIO BbIpaxkeHo. CiesyeT
OTMETHUTh, UTO 00J1aCTh TECThl B PyOUNKOBOM 30HE
y 06omx BUIOB 6oJiee TeMHas, 10 CPaBHEHUTO ¢ HOKO-
BBIMU [TIOBEPXHOCTSIMU CEMEHY, U UMEET pasHoobpas-
HBIY PUCYHOK (CcM. puc. 1c).

VaBTpacKyJIbITypa MOBEPXHOCTU CEMEHU

Il oTmucaHus YIbTPACKYJIbIITYPbI TOBEPXHOCTHU
ceMsIH MCIIO0Jb30BaIn Mmoaxon Baptiorra (Barthlott,
1981), ocCHOBaHHBIN Ha BbIJIEJIEHUY TPEX YPOBHEH YIIb-
TPACKYJIBITTYPHI:

a) TIepBUYHAS CKYJIbITYpPa, onipefessemMas Gop-
MOU KJIETOK B3K30TECTHI U CTENEHbI0 KPUBU3HBI UX Ha-
PY’KHOU MEPUKINHAIbHON CTEHKY;

6) BTOpUYHAS CKYJIBIITyPa — TOHKUI peJibed Kiie-
TOYHBIX CTEHOK, OIpPeAesaeMblil KyTUKYJISIPHBIMU
OTJIOXKEHUSIMHU JIN60 crienu(pUIecKUMU TUTTaMU YTOJI-
LIeHUH;

B) TPETUYHAS CKYJIBITypa — SIIUKYTUKYISIPHbBIE
BBIJIEJIEHYS.

- the width of the arillus as a percentage of the di-
ameter of the outer edge of the arillus of the hilum (nar-
row — the width is less than 20% of the hilum diameter;
wide — the width is 20% or more of the hilum diameter);

- micropyle shape (triangular, narrow-triangular,
wide-triangular, forked (Y-shaped), triangular-forked).

Fig. 3 shows typical seed microstructures of the
studied plant species. The hilum of S. varia is round-
ed, sometimes oval. An important characteristic of the
hilum is its linear dimensions. S. varia has a large hi-
lum, and the length and width are 260.2 and 253.6 mi-
crons, respectively. Arillus is wide (25-27%), narrow-
ing slightly in the micropyle area. The micropyle is
narrowly triangular-forked. On the surface of the hilum
there is a loose, rather powerful outer palisade layer of
cells left from the funiculus, the epichilum (the figure
shows the remainder, most of it has been removed).
Ring-shaped prominence around the hilum (hilum
wall) is clearly visible.

The hilum of C. scorpioides is rounded, sometimes
obovate, with rather wide (25-28%) arillus (see Fig. 3).
The hilum is smaller, length and width are 155.4 and
129.7 microns, respectively. The micropyle is wide tri-
angular. The surface of the scar is also covered with
epichilum (deleted in Fig. 3). Ring-shaped prominence
around the hilum is also is clearly visible. It should be
noted that the testa area in the hilum area in both spe-
cies is darker compared to the lateral surfaces of the
seed and has a varied pattern (see Fig. 1c).

Seed surface ultrastructure

Barthlott’s approach (Barthlott, 1981), based on
three ultrastructure levels differentiation, was used to
describe the seed surface ultrastructure:

- primary sculpture structure, defined by the
shape of exotesta cells and the degree of curvature of
their outer periclinal wall;

dutocaHutapusi. KapaHtuH pactenuii = 46
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Puc. 4. YnbTpackynbnrtypa
NoBEepPXHOCTU CEMEHM Ha
60KOBOV CTOPOHE: a, C — S. varia;

A. Ynempackynonmypa nosepxrocmu 60K060t cmopo-
HblL CeMEHU

Securigera varia. TlepBUuYHas CKyJIbIITYpa CEMSIH
S. varia, Kak 1 GOJIbIIMHCTBA IIPeICTaBUTENEN I10/1-
cemericTBa Papilionoideae (MOTBLIBKOBEIE), GyropyaTo-
sMuaTas: IOBEPXHOCTb TECTHI IOKPHITA HEBBICOKUMU,
6oJiee MJIM MEHee YCeUeHHBbIMY Ha BepXYyIIKe 6yropka-
MM, KQXIbIN 6YTOPOK COOTBETCTBYET BEPXYIIKE OLHOMN
KJIETKY 9K30TECTHI (CM. PUC. 4 a, ¢). PACCTOSIHUS MEXTY
OTHENbHBIMU GYyropKaMyu HEOJMHAKOBbI, OYTOPKU CO-
6paHbl rpynmnaMu (po3eTkaMu) 1o 5-8, B IieHTpe po-
3eTKU ob6pasyeTcs aMKa, 6ojiee rIy6oKas U MUPOKasd,
ueM yriiybJieHre MeXly COCeJHUMM OyropKaMu O HOU
poseTku. BropuuHyw cKyabnTypy B.B. BopoHUUXUH
(1992) ompemensieT Kak ceTyaTo-CcTpyHuaTyio, Gop-
MUPYIOIIYIOCS 3a CUET KYTUKYISPHBIX BaJIUKOB, 06pa-
3YIOIUXCSI Ha MECTe CTBIKA MUAEPMaJIbHBIX KJIETOK.
Ha Ham B3I/, BTOpUYHAA CKyAbIITYpa S. varia UMeeT
60JIee CI0XKHYI0 OPTAaHU3ALIUI0 U MOXKET XapaKTepu30-
BaThCS KaK PAZUaIbHO-CKIIQLYaTO-CeTYATAs C SBHBIMU
3JIeMeHTaMU CTPYUCTOCTU Wiy rpebHucTOoCTU. CKIIaz-
KU HaIlpaBJIEHbI K IIEHTPY PO3ETKY, & TUEUKU CETKU
COOTBETCTBYIOT po3eTKaM (cM. puc. 4 a, ¢). TpeTuyHas
CKYJIBIITYpa He pPa3BUTA UJU IIPe/CTaBiIeHa efuHNY-
HBIMU HE3HAYUTEJIbHBIMU (hparMeHTaMH BOCKA.

Coronilla scorpioides. Sk30TecTa Ha IIOIIEPEYHOM
cpese MpejcTaBjeHa YIJUHEHHBIMU B PaiiajbHOM
HalpaBJIeHUU Y3KUMU TOHKOCTEHHBIMM KJIETKa-
MU. BEepXyuIKy KJIETOK 3K30TECThI HECKOJIBKO CIJia-
JKeHbl. [IepBUYHAS CKYAbIITypa ceMsaH C. scorpioides
6yropuaro-smuarasd, rjie 6yropok COOTBETCTBYET Ofi-
HOM KJIETKEe BK30TECThI C IMKOU B I[eHTPE PO3ETKU
(cM. puc. 4 b, d). BropruHas CKyJIbITypa ITIOBEPXHOCTH
ceMeHU paJUalibHO-CKJIA[UaTO-ceTuaTasi, CKIaLKu
HAITPaBJIEHBI K IEHTPY PO3ETKU, a TYENKU CETKHU CO-
OTBETCTBYIOT PO3€TKaM; BI0JIb I'PAHUI] COCEIHUX PO-
3eTOK 06pasyIoTCs HEBbICOKME KYTUKYISIPHbIE pebpa,
hopMmupyromue nomo6re HEBBICOKOU CETH C sTUelKa-
MU; KaXXJas suelika COOTBETCTBYET PO3ETKE, TO ECTh
TpYIIe KJIEeTOK STUepMbl. TPETUUYHAS CKYJIBIITYypPa
npezncTaBiaeHa hparMeHTapHbBIMU HATIJIbIBAMU BOCKA,

Fig. 4. Ultrasculpture of the seed surface
on the lateral side:
a, ¢ - S. varia; b, d - C. scorpioides
b, d — C. scorpioides (poto aBTOpoB)  (photos by the authors)

- secondary sculpture — thin re-
lief of cell walls, determined by cuticu-
lar deposits or specific types of thicken-
ings;

- tertiary sculpture — epicuticular
discharge.

A. Lateral seed surface ultrastructure

Securigera varia. Primary seed
sculpture of S. varia, like most represen-
tatives of the subfamily Papilionoideae,
tuberculate-pitted: the surface of the
testa is covered with low tubercles,
more or less truncated at the apex, each
tubercle corresponds to the apex of one
cell of the exotesta (see Fig. 4 a, c). The
distances between the individual tu-
bercles are not the same, the tuber-
cles are collected in groups (rosettes)
of 5-8, a hole is formed in the center of
the rosette, deeper and wider than the
depression between adjacent tubercles
of one rosette. Secondary sculpture by
V.V. Voronchikhin (1992) defines it as
reticulate-striate, formed due to cu-
ticular ridges formed at the junction
of epidermal cells. In our opinion, the
secondary sculpture of S. varia has a more complex or-
ganization and can be characterized as a radially fold-
ed-reticulate with obvious elements of striation or rid-
geness. The folds are directed towards the center of the
rosette, and the mesh cells correspond to the rosettes
(see Fig. 4 a, c). Tertiary sculpture is not developed or
is represented by single insignificant fragments of wax.

Coronilla scorpioides. The exotesta on a transverse
section is represented by narrow thin-walled cells elon-
gated in the radial direction. The tops of the cells of the
exotesta are somewhat smoothed. Primary seed sculp-
ture of C. scorpioides is tuberculate-pitted, where the tu-
bercle corresponds to one exotesta cell with a hole in
the center of the rosette (see Fig. 4 b, d). The second-
ary sculpture of the seed surface is radially folded-reti-
culate, the folds are directed towards the center of the
rosette, and the mesh cells correspond to the rosettes;
along the borders of neighboring rosettes, low cuticular
ribs are developed, forming a kind of low network with
cells; each cell corresponds to a rosette, that is, a group
of epidermal cells. The tertiary sculpture is represent-
ed by fragmentary influxes of wax, randomly scat-
tered and covering a different number of rosettes, due
to which the tuberosity of the spermoderm is formed
(see Fig. 4 b, d).

B. Ultrasculpture of the seed surface in the area around
the hilum

Securigera varia. The primary ultrasculpture on
the ridge around the hilum is rather deeply pitted,
while the secondary ultrasculpture is pronounced ra-
dially folded with a transition to reticulate sculpture
(mesh cells correspond to rosettes of exotesta cells).
The micropyle area is characterized by a weak deve-
lopment of radial cuticle folds with a partial transi-
tion to an irregularly folded type (see Fig. 5a). Tertiary
sculpture is practically not expressed.
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Xa0TUYHO Pa36pOoCaHHBIMU M MTOKPLIBAIOIINMY pas-
JITYHOE YKCJIO PO3ETOK, GIarofaps YeMy 1 Co3J1aeTcsa
OyTrpPUCTOCTh CIIEPMOZIEPMEI (CM. puc. 4 b, d).

B. Ynvmpackynsnmypa noepxHocmu cemenu 8 06aa-
cmu 80Kpye pyouuxa

Securigera varia. [TepBUYHAS YIbTPACKYJIBIITYPA
Ha BaJIMKe BOKPYT PyOUMKa JOBOJbHO MIy6oKOsIMYAaTad,
a BTOpUYHAs — BhIPAXKeHHAS PAANAbHO-CKIQAUaTast
C TIepPexXo/ioM K CEeTUaTOM CKYJIbIType (TUelKy CeTKI
COOTBETCTBYIOT PO3ETKaM KJIETOK 9K30TeCThl). B 06i1a-
CTH MUKDPOIUJIE XapaKTePHO ciaboe pa3BUTHE Paiu-
aJIbHBIX CKJIAJIOK KYTUKYJIBI C YaCTUYHBIM [T€PEX0IOM
K HETTPaBWJIbHO-CKJIaYaTOMy TUITY (CM. puc. 5a). Tpe-
TUYHAS CKYJBIITYPA MTPAKTUYECKU He BhIPaXKEHa.

Coronilla scorpioides. [lepBuYHas yAbTPACKYIIb-
TITypa Ha BaJIMKe BOKPYT PyOuuMKa IesieBas, cierka
CryIaKeHHAas: TPOMEXYTKU B IIEHTPE PO3ETKU U MEX-
LIy ee KJIeTKaMU y3Kre, BePXYIIKY KJIeTOK SK30TECThI
HECKOJIbKO CTJIaXKEHbI, 38 CYET YETO PeIbeHOCTD B PO-
3eTKaX BbIpa)keHa cjabo, MecTaMu HaGII0maeTcs Iepe-
X0J1 K 6yropyaTo-saMuaToi CKyJIbIType (CM. puc. 5b).

BTopuyHas CKyJbIITypa TOBEPXHOCTU Pafuab-
HO-CKJIa[uaTast, HECKOJIbKO CTJIa)KeHHas, 00pasyeTcs
3a CUeT OTJOXKEeHUsT KYTUKYJbI B BUME PaJuabHBIX
CKJIQJIOK ¥ MOPIIVH. B OTIebHBIX MECTaX, He 3aKPhI-
THIX HATJIBIBAMY BOCKA, HAGJII0IaeTCs TIepexo/] K pa-
IUaJIbHO-HENTPAaBUJIbHO-CKJIAJUaTON CKYJbIITYPE.
TpeTuyHas CKyJIbITYpa MPUCYTCTBYIOT B BU/IE CJIaGhIX
HATJIBIBOB BOCKA, TTPUKPBIBAIOIIUX MEHbIIEEe YUCIIO
PO3€eTOoK, ueM Ha O0KOBOM MOBEPXHOCTH (CM. pHC. 5h).

3AKJ/IIOYEHUE

Hau6osiee mosiHOe U TOUHOE IIpeCcTaBIeHre O CTPOoe-
HUM CEMEHU MO>KHO IOJIyUUTh TOJIBKO IPU KOMILIEKC-
HOM ero m3ydyeHunu. CKaHUpywLasg 3JeKTPOHHAI
MUKPOCKOIIUS PACUINPSIeT BO3MOXXHOCTY TIPYU UJIeH-
TUUKAIUY 6IM3KOPOACTBEHHBIX, MOP(HOJIOTUYECKU
CXOXXUX U TPYLHOPA3JINYUMBIX BUJIOB, B YACTHOCTH
cemelicTBa bo6oBble. Tak, Ha OCHOBE M3y4YeHUS C I10-
Mo1rbio COM ceMeHHOM KOXKYPhI 6JIM3KOPOICTBEHHBIX
COpHBIX BUMOB S. varia u C. scorpioides HaM yIajoch
BBISIBUTDH HOBBIE JIOTIOJTHUTEJIbHBIE TPU3HAKY, HA OC-
HOBaHUU KOTOPBIX 60OJiee YETKO U LOCTOBEPHO MOTYT

Coronilla scorpioides. The primary ultrasculpture
on the ridge around the scar is slit, slightly smoothed:
the gaps in the center of the rosette and between its
cells are narrow, the tops of the cells of the exotesta are
somewhat smoothed, due to which the relief in the ro-
settes is weakly expressed, in some places there is a
transition to tuberculate-pitted sculpture (see Fig. 5b).

The secondary sculpture of the surface is radially
folded, somewhat smoothed, formed due to the depo-
sition of the cuticle in the form of radial folds and wrin-
kles. In some places, not covered by wax influxes, there
is a transition to a radially irregularly folded sculpture.
Tertiary sculpture is present in the form of weak wax
deposits covering a smaller number of rosettes than on
the side surface (see Fig. 5b).

CONCLUSION

The most comprehensive and precise knowledge
about the seed structure can be obtained by its com-
plex study. Scanning electron microscopy gives more
possibilities to identify closely-related morphological-
ly similar and easily-confused species, in particular, of
Fabaceae family. Thus, based on SEM study of the seed
skin of the closely-related weed species S. varia and
C. scorpioides, we managed to identify additional cha-
racters which could serve as a base to a more precise
and trustworthy characterization of the species differ-
ences (see Table 2).

Key differences in the third spermoderm sculp-
ture of the lateral seed surface, which include C. scor-
pioides having fragmented sporadically dispersed wax
pieces, with S. varia having none of them (see Fig. 4), are
a considerable diagnostic character for their identifi-
cation. This structure peculiarity can be sufficient for
the seed diagnosis of the stated species with SEM in the
conditions of the test laboratory. Considering this, ad-
ditional SEM equipment for test laboratories is of great
importance, as it helps to considerably facilitate the
procedure of pest identification.
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Ta61. 2. JluarHoCcTUUYECKHE IIPU3HAKHU
crepMozepMmsl S. varia u C. scorpioides

Table 2. Spermoderm diagnostic characters
of S. varia and C. scorpioides

YasTpacTpykTypa Hilum area
o6nacTu py6umka  Ulirasculpture ultrastructure
% YABTPacKyabmnTypa YIbTPacKyJb- .2 of the lateral Ultrasculpture
. 3] . .
§ GOKOBOI IIOBEPX- nrypaotsactu dopma Mukpo- g surface of the of the areanear Hilum Micro-
A HOCTU ceMeHU 0K0JIO py6uMKa py6uukKa mnuie »n seed the hilum shape pyle
(] (] (] i =
B ITepBuuyHasn =§ g B Primary g o
IS o © S ) ; ) =3 =
s Oyropuaro-fmMyaTas I[JIyboKosMYaTas g =z s tuberculate-pitted deep-pitted = S
() g = ) g E
E‘° BTopuuHasa o 5 E" Secondary <} =
- = 5 - - &
& pajualbHO- paguaibHO- E = & radially folded- radially folded <
CKJIaZiYaTO-CeTYaTast CKJIajyaTast = g reticulate with ~ with a transition £
C IBHBIMU BJIEMEH- C TIEPexXoIoM 2 % obvious elements to mesh sculpture 5
TaMH CTPYUCTOCTH K CeTJ4aTou °© = of striation or 2
UM rpeGHUCTOCTHU CKYJIBIITYDE I§ ridge S
[
TpeTuuHasa =) Tertiary
TIPaKTUYECKU TPaKTUYECKU practically not practically not
He BbIDa)XeHa He BbIpaXeHa expressed expressed
g IlepBuyHaa = 8 8 Primary 9 i)
B 5 = 3 z 2
kS = 5 kS it sl 3 5
] fyropuaro-sMyaTas liejieBad, clerka s n ] tuberculate- slit, slightly 3 9
S criakeHHast o = S pitted smoothed °C 4
3 g} : g S =
@ 9,
= Bropuunas s 2 = Secondary = 0
N 2 N
S o = S 2 o
§ paJuagbHO- paJuagbHO- i S é radially folded radially folded, 2 =
cKJIaZiyaTo-ceTyaTas CcKJajzuarad, 13 ry mesh somewhat 3
HECKOJIbKO o ‘.% smoothed S
CTiakeHHas 4 2 N
B o Tertiary
TpeTuuHasg 2 =y -
g = influxes of weak streaks

HAaIlJIbIBBI BOCKa, cyiabble HATLTBIBBI

MIPUKPBIBAIONITIE BOCKA, IIPUKPBI-
pasiIuvHOe YUCIIO Balollye MeHblee
PO3eTOK YHCJIO PO3ETOK

wax covering
a different
number

of rosettes

of wax covering
a smaller number
of rosettes

OBITH OXapaKTEPU30BaHbI MEXBUJ0BbIE PA3JINYUS
(cMm. Tabu. 2).

CylecTBeHHbBIE PA3JIUUUS B TDETUYHOU CKYJIb-
IIType CIepMoAepPMbl 60KOBOY TTOBEPXHOCTY CEMEHH,
3aKkJovanrecs B Hanuuuu y C. scorpioides pparmeH-
TapHBIX, XaOTUYHO Pa36POCAHHBIX HATIJILIBOB BOCKA,
OTCYTCTBYIOIIUX y S. varia (CM. puc. 4), ABJISI0TCS 3Ha-
YMMBIM JUATHOCTUYECKUM IPU3HAKOM TP UX UIEH-
tudukanuu. JJaHHON 0COGEHHOCTY CTPOEHUS MOXET
OBITH BIIOJIHE JJOCTATOYHO JAJIg JUATrHOCTUKU CEMSH
YKa3aHHbBIX BUOB C TOMOIIb0 COM B YCIOBUSIX UCIIBI-
TaTeJbHOU JlabopaTopuu. B CBSI3U C 3TUM JOTIOJHU-
TeJIbHOE OCHAll[eHVe MCIIbITaTeJIbHbIX JJabopaTopui
CKaHUPYIOIUM 3JEKTPOHHBIM MUKPOCKOTIOM SIBJISI-
€TCsI BeChbMa aKTyaJIbHbIM, TaK KaK II03BOJISIET 3HAYUU-
TEJIbHO YIIPOCTUTD IPOLENYPY UIAeHTU(DUKAIIUY BPES-
HBIX OPraHU3MOB.

CIIMCOK JIUTEPATYPBI

1.Bpoysep B., llITenuH A. ClIpaBOYHMK 10 CEMEHO-
BEJIEHUIO CEJIbCKOX03MCTBEHHBIX, JIECHBIX U JIeKOpa-
TUBHBIX KYJIBTYD C KJIIOUOM JIJI5I OTIPeIeJIEHUST BaskKHE -
mux ceMsH. M.: T-Bo Hayu. usz. KMK, 2010, 694 c.

2. BopoHuuxuH B.B. CpaBHUTeJIbHAsI aHATOMUS
U yIbTPACTPYKTYypa CEMSIH MIPEJCTaBUTENEN HEKOTO-
PBIX PONOB ceMelicTBa Leguminosae Juss.: aBToped.
IUC. ... KaHz,. 6uoi. HayK. 03.00.05 / B.B. BODOHUUXUH.
M., 1992, 23 c.

3. DobpoxoToB B.H. CeMeHa COpPHBIX pacCTEHUM.
M.: Cenbxo3u3spat, 1961, 464 c.

with a key to identify the most important seeds [Spra-
vochnik po semenovedeniyu selskokhozyaystvennykh,
lesnykh i dekorativnykh kultur s klyuchom dlya opre-
deleniya vazhneyshikh semyan]. M.: Partnership scien-
tific. ed. KMK, 2010, 694 p. (In Russ.)

2. Voronchikhin V.V. Comparative anatomy and
ultrastructure of seeds of representatives of some ge-
nera of the family Leguminosae Juss. [Sravnitelnaya
anatomiya i ultrastruktura semyan predstaviteley ne-
kotorykh rodov semeystva Leguminosae Juss] dis. ...
cand. biol. sciences. 03.00.05 / V.V. Voronchikhin. M.,
1992, 23 p. (In Russ.)

3. Dobrokhotov V.N. Weed seeds [Semena
sornykh rasteniy]. Moscow: Selkhozizdat, 1961, 464 p.
(In Russ.)

4. Kramina T.E. Ultrasculpture and spermo-
derm ultrastructure of the representatives of the ge-
nera Lotus, Kebirita and Antoppetitia (Leguminosae —
Loteae) in a systematic and ecological-geographical
context [Ultraskulptura i ultrastruktura spermoder-
my predstaviteley rodov Lotus, Kebirita i Antoppetitia
(Leguminosae — Loteae) v sistematicheskom i ekolo-
go-geograficheskom kontekste] // Memorial Kadens-
ky collection / L.I. Lotova, A.K. Timonin. M., 2014;
129-157. (In Russ.)

Mait N2 2 (14) 2023 49



WOEHTUOUKALIMA  IDENTIFICATION

4. Kpamuza T.E. YabTpacKynbIlTypa U yJibTpa-
CTPYKTypa CIIEPMOJIEPMBI MIpeCcTaBUTENEN POLOB
Lotus, Kebirita n Antoppetitia (Leguminosae — Loteae)
B CHUCTEMATHUYECKOM U 3KOJIOTO-TeorpadmuueckoM
KOHTEeKCTe // MeMopuabHbIN KaJleHCKUM COOPHUK /
JL.U. JloToBa, A.K. TumoHUH. M., 2014. C. 129-157.

5. Kysuenos B.B., Imutpuesa ['A. dusnonorug
pacTeHuU: yueOGHUK JIJIg By30B. M.: Bhiciias mKkoJia,
2005, 736 c.

6. MaticypsH H.A., ArabexoBa A.W. OnipesieiuTeNb
CeMSH U TIJIOJOB COPHBIX pacTeHul. M.: Kojoc, 1978,
288 c.

7. lluurep H.B. CeMs, ero pa3BuTtue u Gu3nojo-
ruyeckue cBomcTBa. M.: Msn-Bo AH CCCP, 1958, 285 c.

8. lllemeToBa T.A. YIbTPaCKYJIbITypa [IOBEPXHO-
CTU CeMSH HEKOTOPBIX BUIOB ceKIuu Xiphidium Bunge
pona Astragalus L. (Fabaceae) // Turczaninowia. 2014.
T.17.N24.C.154-164.

9. Barthlott W. Epidermal and seed surface cha-
racters of plants: systematic applicability and some
evolutionary aspect // Nord. J. Bot. 1981.1 (3): 345-355.

10. Ekici M., Yiizbasioglu D., Aytac¢ Z. Morphology,
pollen, seed structure and karyological study on As-
tragalus ovalis Boiss. and Balansa (sect. Ammodendron)
in Turkey // International Journal of Botany. 2005.
1 (1): 74-78.

11. Vural C,, Ekici M., Akan H., Aytac Z. Seed mor-
phology and its systematic implications for genus As-
tragalus L. sections Onobrychoidei DC., Uliginosi Gray and
Ornithopodium Bunge (Fabaceae) // Plant. Syst. Evol.
2008. 274 (3-4): 255-263.

NHPOPMAIIUA OB ABTOPAX

PaszymoBa EsieHa BiaaauMupoBHA, KaHAUAAT
O61OJIOrMYECKUX HAYK, CTAPIINY HAYUHBIN COTPYIHUK,
HavaJIbHUK HAyYHO-MEeTOJJUUECKOro OTiesa BopoHex-
ckoro punuana ®I'bY «BHUVKP», . BopoHex, Poccus;
ORCID 0000-0003-2485-6439, ERazumoval8@mail.ru.

OpJsoBa I0sina BUKTOpoOBHA, KaHAUIAT G1OJIO-
TUYEeCKUX HayK, CTAPIINN HAYYHBIN COTPYAHUK HAY4-
HO-METOAUYECKOTO OT/IeJIa MHBAa3UBHBIX BUIOB pac-
TeHuit ®T'BY «BHUVIKP», p. 1. BbIKOBO, I. PamMeHCKOe,
MockoBckas 00J1., Poccud;

ORCID 0000-0002-3330-6976, e-mail: orl-jul@mail.ru.

KynaxoBa IOsimana IOpbeBHA, KaHIUAAT OMOJI0-
TMYECKUX HAYK, BeAYILIUH HAYyUYHBIN COTPYIHUK — Ha-
YaJIbHMK HayYHO-METOJMYECKOTO OTIeIa MHBA3UBHbBIX
BUoB pacTteHuit 'Y « BHUUKP», p. 1. BeIKOBO, I. Pa-
MeHCKoe, MocKoBcKkas 06J1., Poccus;

ORCID 0000-0002-9973-7584, e-mail: thymus73@mail.ru.

5. Kuznetsov V.V.,, Dmitrieva G.A. Plant Physiology:
textbook for universities [Fiziologiya rasteniy: ucheb-
nik dlya vuzov]. M.: Vysshaya shkola, 2005, 736 p.
(In Russ.)

6. Maysuryan N.A., Atabekova A.I. Identifica-
tion key to weed seeds and fruits [Opredelitel semyan
i plodov sornykh rasteniy]. Moscow: Kolos, 1978, 288 p.
(In Russ.)

7. Tsinger N.V. Seed, its development and physio-
logical properties [Semya, yego razvitiye i fiziologiches-
kiye svoystva]. M.: Publishing House of the Academy of
Sciences of the USSR, 1958, 285 p. (In Russ.)

8. Shemetova T.A. Surface ultrasculpture of seeds
of some species of the section Xiphidium Bunge of the
genus Astragalus L. (Fabaceae) [Ultraskulptura poverkh-
nosti semyan nekotorykh vidov sektsii Xiphidium Bunge
roda Astragalus 1.. (Fabaceae)] // Turczaninowia. 2014;
17:4:154-164. (In Russ.)

9. Barthlott W. Epidermal and seed surface cha-
racters of plants: systematic applicability and some
evolutionary aspect // Nord. J. Bot. 1981. 1 (3): 345-355.

10. Ekici M., Yiizbasioglu D., Aytac Z. Morpholo-
gy, pollen, seed structure and karyological study on As-
tragalus ovalis Boiss. and Balansa (sect. Ammodendron)
in Turkey // International Journal of Botany. 2005.
1(1): 74-78.

11. Vural C,, Ekici M., Akan H., Aytag Z. Seed mor-
phology and its systematic implications for genus As-
tragalus L. sections Onobrychoidei DC., Uliginosi Gray and
Ornithopodium Bunge (Fabaceae) // Plant. Syst. Evol.
2008.274 (3-4): 255-263.

INFORMATION ABOUT THE AUTHORS

Elena Razumova, PhD in Biology, Senior Re-
searcher, Head of Research and Methodology Depart-
ment, Voronezh Branch of FGBU “VNIIKR”, Voronezh,
Russia; ORCID 0000-0003-2485-6439,
ERazumoval8@mail.ru.

Yulia Orlova, PhD in Biology, Senior Research-
er, Research and Methodology Department of Invasive
Plant Species, FGBU “VNIIKR”, Bykovo, Ramenskoye,
Moscow Oblast, Russia; ORCID 0000-0002-3330-6976,
e-mail: orl-jul@mail.ru.

Yuliana Kulakova, PhD in Biology, Leading Re-
searcher, Head of Research and Methodology Depart-
ment of Invasive Plant Species, FGBU “VNIIKR”, Byko-
vo, Ramenskoye, Moscow Oblast, Russia;

ORCID 0000-0002-9973-7584; e-mail: thymus73@mail.ru.

duTtocaHutapusa. KapaHTtuH pactenuin 50



