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The material relating to the anatomy of Rhaponticum serratuloides leaf blades
according to age conditions

In the article the features of the morphological and anatomical structure of leaf blades in the process of ontogenesis of
Rhaponticum serratuloides Georgi (Bobr.) during juvenile, immature, virginal, generative and senile age states were
presented. It was noted that as the plant matures, the degree of dissection and linear dimensions of the leaf blades, as
well as their vascular bundles and trichomes, increase. It was established that in the juvenile and immature periods of
development whole and elliptical leaves predominate. In the virginal state, in addition to the typical entire leaves, leaves
with an unpaired pinnate leaf blade appear. The generative state of Rh. serratuloides is characterized by having upper
leaves as entire, sessile; the lower ones are petiolate, pinnately lobed with a large apical lobe. In the senile state, leaves
of immature and virginal types are found. General patterns of leaf internal structure of Rh. serratuloides and another
representative of the same genus Rh.carthamoides Willd (Iljin) were revealed as following: the plants are of dorsal-
ventral type of leaf blade structure, with collateral vascular bundles of a closed type with a sclerenchyma covering and
leaf pubescence. Along with this, characteristic diagnostic features for leaves of Rh. serratuloides were described as the
following: the absence of capitate glands and long cord-like hairs during all age states, the presence of air-bearing cavi-
ties in the parenchyma of virginal and senile plants, associated with the habitat of the plant under study, because it
grows in flooded meadows, along the shores of lakes and swamps.

Keywords: age states, anatomical features, types of leaf blades, Rh. serratuloides, Rh.carthamoides.

Introduction

Among the species of the genus Rhaponticum, Rh.carthamoides is perhaps the most economically
important one, as its roots, rhizomes and leaves are included in the State Pharmacopoeia of the Rus-
sian Federation [1] and the Republic of Belarus [2]. This prompted a detailed study of the anatomical
characteristics of various parts of this plant, including the anatomical features and ultrastructure of all
vegetative organs and secretory elements of Rh. carthamoides [3]. Anatomical and morphological
structure of leaves and stems of another species Rh. karatavicum was investigated by
A.K. Berkenov [4].

Anatomical study of Rh. serratuloides was initiated by G.Zh. Sultangazina [5], who first identi-
fied the diagnostic characteristics of medicinal raw materials of this species in comparison with
Rh. carthamoides. Also for the same purposes, A.V. Kotylevskaya and others [6] studied the petiolar
characteristics of the petiole of Rh. serratuloides.

It should be noted that in Sultangazina’s work, the anatomical characteristics of the vegetative
(leaves and stems) and generative (flower and involucre leaves) organs of Rh. serratuloides were
studied during 1, 4 and 5 years of the vegetation year, i.e. virginal and generative individuals.

Our goal is to research Rhserratuloides leaf blades throughout the entire ontogeny, with the ex-
ception of the seedling stage. Study of the morphological and anatomical structure of Rh.
serratuloides leaves will allow us to identify general and individual characteristics of the species un-
der study in comparison with other representatives of this genus, determine some patterns of its onto-
genesis, and also supplement information about the species diagnostic characters of Rh. serratuloides.

Materials and Methods

The object of the study is the leaves of Rhaponticum serratuloides of various age states: j — juvenile; im—im-
mature; v — virginal; g — generative; s — senile (except for seedlings), collected in the Akmola and Karaganda
regions during the fruiting phase. Sampling (Table 1) was carried out from populations growing in flooded, grass-
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wormwood, swampy meadows, roadside hollows in the vicinity of Karaganda city, Karabas, Abay villages in the
Karaganda region, in the vicinity of Astana city and the Korgalzhinsky reserve in the Akmola region.

Research points

Table 1

Number Growing point Coordinates
N E Height above
sea level
1. Karaganda region, Abay reg. 49°34'48.0» 72°53'38.1» |503
2. Karaganda region, Abay reg. 49°38'03.4» 72°50'38.3» (500
3. Karaganda region, Abay reg. (between Abay and Saran) 49°40'57.6» 72°51'37.2», |485
4, Akmola region, Astana. Neighborhood of the village 51°05°27.9» 71°11°05.3"" 341
Karazhar, Nura River valley, Astana-Malinovka highway
5. Akmola region, Korgalzhinsky reserve, shore of the lake 50°32708.5» 69°39°03.4"" |305
Yesey

Features of age-related conditions of Rh. serratuloides were studied in situ according to the methodological in-
structions of T.A. Rabotnov [7], A.A. Uranov [8], O.V. Smirnova, et al. [9]. To determine the average values of mor-
phometric parameters of the leaf blade, 10 samples of each shoot were taken. The length and width of the leaf blade
were measured using an electronic caliper with digital indexing. To study the anatomic structure, the selected leaves
were fixed in a mixture of glycerol: 96 % alcohol: distilled water in a ratio of 1:1:1 (Straus-Fleming mixture) [10, 11].
Transverse sections of the sheet were made by hand. For the leaf, micropreparations were made from the central part of
a fragment of the middle fox. Sections were cleared with glycerol. The preparations were photographed on an Altami
microscope with a 3.1 megapixel digital camera, with magnification of 16x4 and 16x10. A blue filter was used in some
photographs. Photo processing and microscopic measurements were performed in the Altami Studio program using
Paint 10.0. When describing the anatomical structure, we used the principles set out in the works of N.A. Aneli [12],
L.I. Lotova [13], P.J. Rudall [14]. For each sample, at least 10 micropreparations (microscope slides) were made.

Statistical processing of the results of morphometry and anatomy of leaf blades was carried out using the Statistica
7.0 program.

Results and Discussion

Morphological features of leaves. During ontogenesis, the leaf blades of Rh. serratuloides undergo a number of
changes (Fig. 1.). The first true leaves are narrow-lanceolate. During the juvenile and immature periods of development,
the leaves are entire, elliptical, and glabrous with a long petiole. Since the virginal state, in addition to the typical entire
leaves, a dissection of the leaf blade appears with the formation of one large and 2-3 small lobes (Table 2). During gen-
erative state Rh. serratuloides is characterized by various forms of leaves: the upper ones are entire, sessile, the lower
ones are petiolate, and its blade is toothed, pinnately divided at the base, with 1-3 pairs of oblong or almost lanceolate
lobes. During senile state, the leaves are the same of immature and virginal types.

"

Figure 1. Appearance of Rhaponticum serratuloides leaves of different age states
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Table 2

Morphometric parameters of Rhaponticum serratuloides leaves during ontogenesis (in cm)

Age conditions Leaf blade length Leaf blade width
Simple Dissected Simple Dissected
Juvenile 3.86+0.52 - 1.47+0.52 -
Cv23.2 Cv61.1
Immature 7.66+0.44 - 1.76+0.19 -
Cv 16.2 Cv 30.8
Virginal 15.914£0.98 5.5+0.34
Cv175 Cv17.7
Generative 11.99+0.41 15.65+0.41 5.91+0.27 6.79+0.25
Cv21.73 Cv17.8 Cv 29.68 Cv 25.14

Anatomical structure of a leaf. In a cross section, the leaf is flat, and of dorso-ventral type (Fig. 2, 3).
The leaf veins protrude significantly from the underside of the leaf. The leaf is surrounded on both sides by
cells of the upper and lower epidermis; the shape is clearly shaped, with thickened outer walls. On the
surface of the epidermis on the lower side, mainly in the area of the midrib, only simple multicellular
trichomes are located. In a study by G. Sultangazina [5], it is noted that in virginal leaves, on both surfaces of
the epidermis, and in generative plants, mainly on the upper epidermis, small capitate hairs with a secretory
unicellular head are also found. Columnar mesophyll consists of 2 cell layers, spongy mesophyll is
multilayered. The conducting bundle is collateral, of closed type. The central beam is ovoid, the side beams
are oval. The xylem strand is oriented towards the upper epidermis, the phloem is towards the lower side.
The vascular bundle is intertwined with sclerenchymaon both sides. A section of lamellar collenchyma is
localized above the central vascular bundle under the epidermis. During the senile age state, the separation of
the lower and upper epidermis from the leaf parenchyma with the formation of air cavities is observed. In
Sultangazina’s studies [5], this process was observed in leaves of the 1st year of vegetation, i.e. virginile.

Figure 2. Anatomical structure of a cross section of a Rh. serratuloides leaf (the fragment is from the midrib area of the
terminal leaflet of the generative state plant, magnified to 16x20): UE — upper epidermis, LE — lower epidermis, Tri
— trichomes, PM — columnar mesophyll, SM — spongy mesophyll
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Senile condition

~ Senile condltlon

Figure 3. Cross sections of Rh. serratuloides leaves in different age states (magnitude 16x20)

Features of the anatomical indicators of leaf blades as Rh. serratuloides is growing and developing are
shown in Table 3.

Table 3
Quantitative parameters of individual cells and tissues of the Rh. serratuloides leaf during ontogeny
(in microns)
Indicators Age states of Rh. serratuloides
Juvenile Immature Virginal Generative Senile

Leaf thickness at midrib  |4.80+0.02 7.64+0.02 12.10+0.31 7.35+0.18 11.18+0.07
Leaf side width 1.25+0.08 2.22+0.02 1.73+0.08 2.33+0.22 1.49+0.09
Conductive beam length  |1.33+0.02 2.09+0.04 2.74+0.05 3.16+0.08 4.4+0.08
Conductive beam width  [0.6+0.02 0.9+0.09 1.41£0.05 1.65+0.09 2.1140.03
Thickness of the lower  |0.06+0.003 0.084+0.002 0.13+0.001 0.098+0.01 0.09+0.01
epidermis
Upper epidermis 0.07+0.002 0.086+0.007 0.12+0.002 0.12+0.004 0.12+0.008
thickness
Trichome length 0.31+0.02 0.31+0.02 0.74+0.06 0.68+0.07 0.8+0.01

Analysis of the anatomical structure of Rh. serratuloides leaf has shown that as the plant is growing and
developing, the leaf blades are characterized by an increase in the linear dimensions of vascular bundles and
trichomes. In the virginal and senile stages of development, the leaves reach their maximum thickness in the
midrib area. The maximum leaf width in the lateral part is observed in Rh. serratuloides in immature and
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generative age states. No significant differences were found between the cells of the lower and upper epi-
dermis of juvenile and immature individuals. In generative and senile leaves, the cells of the lower epidermis
are somewhat smaller than the upper ones.

Conclusion

The study made it possible to identify the features of the anatomical and morphological structure of
leaves in the process of ontogenesis. As the plant matures, the degree of dissection and linear dimensions of
the leaf blades, as well as their vascular bundles and trichomes, are increasing.

In the juvenile and immature state, the leaves are entire, narrow-lanceolate and elliptical with a long
petiole. Since the virginal state, leaflets appear as unpaired and pinnately divided, which consist of one large
and 2-3 small lobes. In the generative state, Rh. serratuloides is characterized by various forms of leaf
blades: the upper ones are simple, sessile, the lower leaves are entire, pinnately divided at the base, with 1-3
pairs of oblong or almost lanceolate lobes. In the senile state, leaves of immature and virginal types are ob-
served.

The anatomical structure of Rh.serratuloides leaf blades was compared to Rh. carthamoides. The com-
parative analysis has revealed some characteristics: it is the absence of pubescence on Rh. carthamoides. On
the lower epidermis only simple multi-cellular hairs (trichomes) are observed in the midrib area. The loca-
tion of the conductive bundles depends on the age-related condition. In the leaves of virginal and senile indi-
viduals, large vascular bundles alternate with small ones. In the juvenile, immature and generative stages
there are 3 central large bundles; small bundles may be located between them. Also, for virginal and senile
plants, the presence of air-bearing cavities in the leaf parenchyma was noted; this is associated with the habi-
tat, because Rh. serratuloides grows in flooded meadows, along the shores of lakes and swamps.
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Rhaponticum serratuloides :kacTpIK KyiJiepi 6oiibiHina
KANbIPAK TAKTANIAPHIHBIH AHATOMHSICHIHA APHAJIFAH MAJIiMeTTep

Maxkanaga Rhaponticum serratuloides Georgi (Bobr.) oHTorenes mpoueciHaeri: OBEHWIbI, UMMAaTYpPIIbL,
BUPTHHIIB/I, TCHEPATUBTIK JKOHE CEHWIBJl JKACTBIK KYisiepi OOMBIHINA JKarbIpaK TaKTaJapbIHbIH
MOP(OJIOTHSIIBIK KSHE aHATOMHUSUIBIK KYPBUIBIMBIHBIH €peKIIeNikTepi OepireH. OCIMIIK JKeTiNreH caifbH
JKAbIpaK TaKTANapbIHBIH, COHJAi-aKk OJapIblH OTKI3rill [IOKTAPHIMEH TPUXOMANAPBIHBIH OeIiHy
JopexeciMeH CBHI3BIKTHIK eumemaepi apTaasl. FOBEeHUIbI koHE NMMATYpIIbl AaMy Ke3eHIEepiHIe TyTac, 3i-
JUIC TOPI3Al JKambIpaKTapAblH OachkiM OOJATHIHBI AHBIKTANABL. BuUpruHWibpmi Kyiime omeTTeri TyTac
JKaIbIpaKTapAaH 0acka, KyNTaaIMaraH, SIFHA KayBIPCHIH TOPi3/i OeNiHIeH jKalbIpak TaKTackl 0ap >kambIpakTap
naiina Gonanel. Rh. serratuloides rexepartuBTi KyiiiHIeri »KambIpakThl CHIIATIIACAK: YKOFAPFBICBI — TYTAC,
CaraKChI3; TOMEHTIJIEP] CaFaKThl, )KOFAPFbI )KaFbl YIKCH KaybIPChIH TOpi3i OemiHreH. CeHUIbI KaFaailbiHIa
JKETIIMEreH JKOHE KBI3FBUIT TYpIeri »kambipakrap kesmeceni. Rh. serratuloides skambipakTapbIHBIH iIIKi
KYPBUIBICHIHBIH JKaJITbl 3aHIBUIBIKTApBI OCHI TYBICTBIH Oacka eximiMeH, srHu Rh. carthamoides Willd. (lljin)
Oipre aHBIKTAJIIBL: JKAIBIPAK TAKTACHIHBIH JOPCOBEHTPAIbIB! KYPBUIBIMBI, CKIIEPEHXHMAJIBIK KaObIHIBICE 6ap
TYHBIK THNTI KOJUIaTepajbIbl TAaMbIP INOFBIPIApBI, JKalbIPaKThIH TyTikTepi. COHBIMEH KaTap, TeK
Rh. serratuloides sxanbipakTapbiHa TOH JHArHOCTHKAIBIK Oelrinep OaliKauabl: KApacThIPbUIFaH OapIibIK sKac
JKargainapeiHaa Oac Oe3mepi MEH Y3bIH ChIM TOPi3Al TYKTEpAiH O0IMaybl, COHIai-aK 3epTTeNeTiH OCIMAIKTIH
TIPIIUTIK €Ty OpTachiMeH OaiJIaHBICTHl BHPTUHIJIBAL JKOHE CEHWIBII ©CIMIIKTEpHAiH MapeHXWMAachblHIa aya
KYBICTapBIHBIH OOJTyBI, OTKEHI 0JI Cy 0acKaH IIaIFBIHIApAA, KeJIep MCH OaTmaKkTapAblH KaFachblHIa 6Cei.

Kinm ce30ep: »acTbIK KyWiep, aHATOMHSUIBIK epEKLIeNiKTepi, JKalblpaK TaKTaJapbHBIH TYypJepi,
Rh. serratuloides, Rh. carthamoides.

C.A. MawmsipoBa, b.I'. Auapees, A.H. Kynpusnos, C.A. Kybenraes

Marepuas kK aHATOMHHM JIUCTOBBIX macTuHok Rhaponticum serratuloides
0 BO3PACTHBIM COCTOSTHUAIM

B crarbe mpeacTaBieHbl 0COOEHHOCTH MOP(HOIOTHIECKOTO U aHATOMHIECKOTO CTPOCHHS JIHCTOBBIX IUIACTH-
HOK B mporiecce oHtorene3a Rhaponticum serratuloides Georgi (Bobr.): 10BeHHIBHOTO, HMMMATyPHOTO, BUP-
THHUIIBHOTO, TeHEPATHBHOIO W CEHWJIBHOTO BO3PACTHBIX COCTOSIHHSAX. OTMEUEHO, YTO MO Mepe B3POCICHHS
pACTeHHs yBEITMYUBAIOTCS CTEIICHb PACCEYCHHOCTH M JIMHEHHBIC Pa3Mephl JINCTOBBIX IUIACTHHOK, a TAKIKe UX
MPOBOALIMX MYYKOB U TPUXOM. Y CTaHOBJICHO, YTO B FOBEHHJIBHOM W HIMMATYPHOM MEPHO/Iax Pa3BUTHS Mpe-
00Ia1ar0T eabHbIC, JIUTHIITHYCCKUE JINCThS. B BUPTHHMIBHOM COCTOSIHHH, KPOME THIHYHBIX [ETbHOKpaii-
HUX JINCTHEB, MOSBISIOTCS JIUCTBSI C HEMAPHO TIEPHCTOPA3IeIbHON JNCTOBOM MIIaCTHHKOM. JIIsi TeHepaTHBHO-
ro cocrosiamst Rh. serratuloides xapakrepHbl BepxHUE — LielbHbIE, CHISYNE; HIKHIE — YEPEIIKOBBIE, IePH-
CTOJIOTIACTHBIE C KPYITHOW BEPXYIIETHOM JoNell. B CeHMIBHOM COCTOSIHHH BCTPEYAIOTCS JTUCThSI IMMATYPHO-
TO U BUPTHHAIBHOTO THIIOB. BEISIBIIEHBI Takyke 00MINE 3aKOHOMEPHOCTH BHYTPEHHETO CTpOeHH s ucTheB Rh.
serratuloides ¢ apyrum mpexacraButenem storo poaa, Rh. carthamoides Willd. (Iljin): mop3oBeHTpabHbII
THUIl CTPOCHUA JIMCTOBOM IJIACTUHKH, KOJIJIATCPpaJIbHBIC IIPOBOAAIIINE l'ly'-lKI/I 3aKpPBITOTO TUIIA CO CKICPCHXHUM-
HO# 0OKJIaIKOH U ONyILIeHHe JUCThEeB. Hapsiay ¢ 3TUM OTMEYEHBI AUArHOCTHYECKHE MPU3HAKH, XapaKTepHbIe
TonbKo st muctheB Rh. serratuloides: orcyrcTBre ronoBYaTIX KENE30K M IIMHHBIX [IHYPOBHIHBIX BOJIOC-
KOB BO BCEX PACCMOTPECHHBIX BO3PACTHBIX COCTOAHHAX, @ TAKXKE HAIUYUC BO3)1yXOHOCH]>IX MOJIOCTEH B ma-
pEHXMMe BHPTUHIJIBHBIX M CEHWIBHBIX PACTEHHH, CBA3AHHOE CO CPENOil OOMTaHHs M3y4aeMOro PacTEHWs,
TaK Kak OHO TIPOU3PACTAeT Ha 3aJMBHBIX JIYTax, o OeperaM o3ep u GOJIOT.

Kniouesvie cnosa: BO3pAaCTHBIE COCTOSIHUSA, AHATOMUYCCKHUE 0C06eHHOCTI/I, THIIBI JIMCTOBBIX IIJIACTHHOK,
Rh.serratuloides, Rh.carthamoides.
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