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Anatomical structure of the leaves and shoots of Sophora japonica grown
under cultivation in Aktau (Mangistau Region)

Selecting an adaptive plant assortment under conditions of global climate change and increasing aridification
is a critical task for modern botanical science. This study focuses on the anatomical structure of young shoots
and leaves of Sophora japonica to assess its adaptability to the arid conditions in the city of Aktau. Plant
samples grown in the Mangyshlak Experimental Botanical Garden were collected for the study. Leaves and
shoots were fixed, examined using a freezing microtome, and subsequently described in terms of their ana-
tomical structure, with measurements taken of individual tissues. The results revealed that the leaf of Sophora
japonica is of the light-type, with a clear division of the mesophyll into palisade and spongy tissues, the pres-
ence of a cuticle, and single- and multicellular trichomes on the epidermis; the stomata are of the anomocytic
type, and based on their arrangement, the leaf is of the amphistomatic type. The mesophyll contains numerous
calcium oxalate druses, localized primarily along the leaf veins. One-year-old shoots have a secondary ana-
tomical structure, featuring a wide zone of chlorenchyma and a narrow zone of parenchyma. Xylem elements
are small. The shoot epidermis exhibits a significant cuticle layer and soft trichome pubescence. This set of
microscopic characteristics confirms the species’ adaptation to the arid conditions of the city of Aktau.

Keywords: Sophora japonica, shoot, leaf, subtropical plant, anatomical study, diagnostic signs, adaptation to
arid climate.

Introduction

Kazakhstan, especially its arid regions such as Mangistau, is facing accelerated aridification of the cli-
mate [1]. This poses challenges for biodiversity and agriculture, particularly due to the loss of plant species
capable of adapting to extreme climatic conditions [2, 3].

Climate change projections indicate increased drought and rising average annual temperatures [4],
which necessitate the development of sustainable strategies for the conservation and use of drought-tolerant
plants. One promising direction is the introduction of subtropical woody xerophytes, which are well adapted
to conditions of water scarcity and high temperatures [5].

Globally, subtropical plants are widely studied in countries with warm climates, such as Greece, Tur-
key, Spain, and others [6-8]. These studies aim to conserve and utilize subtropical plants under climate
change conditions; however, they focus on areas with milder climates compared to the arid regions of Ka-
zakhstan.

In the Republic of Kazakhstan, research related to the introduction of subtropical plants into arid re-
gions is still in its early stages. To date, the mechanisms by which subtropical plants adapt to conditions of
extreme drought have not been sufficiently studied, which limits the possibility of their widespread use for
landscaping and land restoration. The lack of knowledge regarding the physiological, phenological, morpho-
logical, and genetic mechanisms by which these plants adapt to conditions in Mangistau necessitates in-depth
research.

Therefore, a promising area of research at this time is the assessment of the degree of adaptation of sub-
tropical plants to the extra-arid climate of Kazakhstan, including the evaluation of physiological,
phenological, and anatomical-morphological indicators.

The aim of this study is to assess the characteristics of the anatomical structure of the leaves and shoots
of the subtropical plant Sophora japonica growing in the conditions of Aktau.
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Experimental

The study subjects were shoots and leaves of Sophora japonica (Fig. 1), collected from the
dendrological section of the Mangyshlak Experimental Botanical Garden in May and August 2026.

Figure 1. Flowering (A) and fruiting (B) Sophora japonica plants
in the Mangyshlak Experimental Botanical Garden

The structural study included microscopic analysis of tissues to identify anatomical changes associated
with drought adaptation. This will help us understand how changes in cell and tissue structure contribute to
water conservation and ensure plant survival under water-deficient conditions. Anatomical analysis will also
be used to assess the condition of generative organs, which is important for understanding the mechanisms of
drought tolerance.

Shoots and leaf samples were fixed in Fleming’s solution [9], consisting of distilled water, 96 % ethyl
alcohol, and glycerin in a 40:40:40 ratio (1:1:1). Transverse sections were prepared on an OMT-2802E freez-
ing microtome, MZP-01 “TEKHNOM” (Russia). The resulting sections were examined and photographed
using a Stemi 2000 MA151/35/20 microscope (China) at magnifications ofx 60,x 150, andx 240. Photo pro-
cessing and measurements were performed using the HistoLab software. Specimens were cleared using glyc-
erin [10]. Blue and green light filters were used to ensure image clarity.

Microscopic preparations were described according to methodological guidelines [11, 12].

All measurements were performed in 10 replicates. Data are presented as mean + standard devia-
tion (SD). Differences between treatments were analyzed using one-way analysis of variance (ANOVA) fol-
lowed by Tukey’s honestly significant difference (HSD) test at a significance level of p < 0.05.

Results and Discussion

The leaf of Sophora japonica is compound, imparipinnate, consisting of 6—15 pairs of leaflets. The
leaves are dark green, almost smooth, and glossy on the adaxial side; on the abaxial side, they are light green
and sparsely pubescent.

Microscopically, the leaf is of the light-type, flat, and dorsoventral in structure (Figs. 2, 3). The surface
on both sides is covered by a single-layered epidermis; the thickness on the upper side is 1.46 um, and on the
lower side, 1.23 um (Tab. 1). On the lower side, long, sparse, simple trichomes are noted, the length of
which may exceed the thickness of the mesophyll. On the upper side of the leaf, the trichomes are small, uni-
cellular, and pressed against the surface. The trichomes are unicellular and multicellular, with thin walls,
straight or sickle-shaped. The cells on the adaxial side are larger and oval-shaped; the cuticle layer is thicker.
On the abaxial side, the cells are clearly defined, and the cuticle layer is thin.
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Figure 2. Cross-section of a Sophora japonica leaf, fragment in the region of the midrib
1 — upper epidermis, 2 — lower epidermis, 3 — trichome, 4 — palisade mesophylI,

5 — spongy mesophyll, 6 — loose collenchyma, 7 — vascular bundle

Figure 3. Cross-section of a Sophora japonica leaf, lateral fragment
1 — upper epidermis, 2 — lower epidermis, 3 — trichome, 4 — palisade mesophyll, 5 — spongy mesophyll

Table 1

Dimensions of certain leaf tissues of Sophora japonica

No. Tissues Parameters
1 Epidermal cell size, um

1.1 Upper side 1.46+0.008

1.2 Lower side 1.2340.10
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Continuation of Table 1

No. Tissues Parameters
2 Mesophyll thickness, pm 18.69+0.43
3 Columnar mesophyll

3.1 Number of rows, pieces 1-2

3.2 Row thickness, pm 7.78+0.29
4 Spongy mesophyll

4.1 Number of rows, pieces 3

4.2 Row thickness, pm 8.94+0.13

The mesophyll has a thickness of 18.69 um in the lateral part of the leaf and is well divided into pali-
sade and spongy tissues. The palisade tissues are 1-layered, rarely 2-layered, with a thickness of 7.78 pm.
The spongy tissues form up to 3 layers, and the thickness of this zone is 8.94 um. The central bundle is oval,
slightly curved, collateral, of the closed type, surrounded by areas of loose collenchyma, the zones of which
are thicker on the lower side. The phloem occupies an extremely small area, whereas the xylem occupies the
main part. Under the epidermis, rare calcium oxalate crystals are noted, located primarily along the leaf
veins (Fig. 4).

The leaf epidermis on both sides consists of cells with slightly curved lateral walls (Fig. 4); the walls
are thickened. Stomata are numerous, of the anomocytic type, and located on both sides (amphistomatic

type). Above the leaf veins, the epidermis consists of prosenchyma cells with straight walls. Numerous
druses are visible through the epidermis.

C

Figure 4. Surface preparation of Sophora japonica:
A — epidermis, B — crystalline inclusions along the leaf vein; C — anomocytic stomata, D — trichome
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Trichomes are simple multicellular hairs consisting of a short base and long cells with a thick cuticle
layer and warty walls.

Leaf tissues are characterized by large-celled structures, a well-developed cuticle on the upper surface,
and pubescence on the lower surface, which is an adaptive trait for solar activity. The differentiated meso-
phyll indicates a light-demanding leaf type, and the presence of calcium oxalate druses indicates tolerance to
growth on saline soils.

Young shoots of Sophora japonica are green or greenish-gray in color, often sparsely pubescent with
short, simple hairs, and less frequently glabrous. The one-year-old shoot is rounded-lobed and non-
fasciculate in structure (Fig. 5). The general pattern of microscopic structure is characteristic of secondary
thickening.

The epidermis forms the outermost layer, with a thickness of 1.89 um (Tab. 2); it consists of small,
nearly rectangular cells. A fairly thick layer of cuticle is visible on the surface. The epidermis is reinforced
by a ring of collenchyma cells lying beneath it. The chlorenchyma is 16.8 um thick. The cortical parenchyma
is also thick, with cells of a sinuous shape.

The sclerenchyma ring occupies a significant portion of the internal tissues and consists of small cells
with barely visible intercellular spaces. The vascular system itself is of the non-bundled type, although clus-
ters of fused bundles can be observed. The sclerenchyma ring is separated from the parenchyma by a layer of
endoderm consisting of oval cells with straight walls.

Figure 5. Cross-section of a one-year-old shoot of Sophora japonica, fragment
1 — epidermis, 2 — cork parenchyma, 3 — pith, 4 — endodermis,
5 — collenchyma, 6 — chlorenchyma, 7 — xylem

Table 2

Dimensions of some tissues of a one-year-old shoot of Sophora japonica

No. Tissues Parameters
1 Epidermis thickness, um 1.89+0.04
2 Thickness of the parenchyma layer, um 16.80 +£0.72
3 Diameter of xylem vessels, um 2.30+0.13
4 | Area of xylem vessels, x10~~™™ 4.76+0.11
5 Diameter of heartwood parenchyma cells, um 4.28+0.53

The phloem layer is thin, while the xylem layer is substantial. The average diameter of xylem vessels is
2.3 um, and their area is 4.76 um?. The central part is occupied by loose cells of the medullary parenchyma,
with a cell diameter of 4.28 um.
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The formation of a wide zone of cortex and chlorenchyma, the absence of a thick cuticle layer on the
stem epidermis, and the development of mechanical tissues on the young shoot confirm the species’ adapta-
bility to arid conditions. These changes help conserve moisture, provide rigidity to cells when turgor is lost,
and the development of pubescence allows for the dissipation of excess sunlight.

Conclusion

Microscopic examination of Sophora japonica grown in the Mangistau region revealed diagnostic fea-
tures such as amphistomatic leaf type, an epidermis consisting of isodiametric cells with slightly curved
walls, the presence of long, multicellular, coarse, wart-like hairs, a thick cuticle layer, and the presence of
calcium oxalate crystals in the leaf mesophyll; a secondary anatomical structure of the stem with a well-
defined zone of chlorenchyma and medullary parenchyma, a single-layered collenchyma, pubescence, and a
cuticle on the stem epidermis.

It has been determined that the anatomical structure of the leaf and shoot indicates the plant’s adaptabil-
ity to the extra-arid conditions of the city of Aktau, which confirms the possibility of its widespread use in
the region’s green construction.
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A.A. man6aeBa, A.T. Tysakosa, H.W. JlyiicenoBa

Axray (MaHFbICTAy 00JIbICHI) JaKbLIIAPbIHAA OCipiireH
Sophora japonica sxanbipaFbl MeH OpKeHAePiHiH AHATOMHUSIBIK KYPbLIbIMbI

KimumatTeiH sxahaHIpslk e3repyl jKoHE apUIM3alUsHBI KYIICHTY JXKarmalblHIa ©CIMIIKTEpiH OeiiMaenreH
ACCOPTHUMEHTIH TaHAay Ka3ipri 3aMaHfbl OOTAHUKAJBIK FRIIBIMHBIH MaHBI3ABI MiHAETI. JKYMBICTBIH MaKcaThl
— AKray KanachlHBIH KYPFaK *araiinapsina Oeitimaenyi Oaranay yurin Sophora japonica »ac eckini MeH
JKAIbIPAFbIHBIH AHATOMMSUIBIK KYPBUIBIMBIH Oaranay. 3epTTey YIIH MaHFBIIUIAK 3KCIEPUMEHTAIIIBI
OOTaHUKANIBIK OaFbIHAA ©CIPIIreH 6CIMAIKTEpAiH YATiaepi ansiHabl. JKanplpakTapbl MEH ©pKeHAEp1 1piKTeim,
MY3IaTKBIII MAKPOTOMABI KOJIIaHA OTBIPHIN, MHKPOCKOIHS JKACa/Ibl J)KOHE aHATOMUSUIBIK KYPBUIBIMIBI 9pi
Kapail cumarrar, xeke TiHIAepaiH mapamerprepi enmenai. Hotmxkecinae Sophora japonica sxarbIpaFbIHbIH
JKapKBIpaybIK THUNTE EKEeHAIr, Me30(QWUINIH MaIMCaATHl XKOHE KeyeK Topi3mi TiHaepre aHBIK OeiHyi,
SMUAEPMHCTE KYTHKYJIAHBIH, Oip XoHE KeIl )KacyIlaabl TPUXOMaJapAblH OOybl; CaHBUIAybl aHOMOLUTAPIIEI
THUIIKE, Al OpHaJacyblHa Kapai jkamblpak aM(UCTOMAaTHKAJbIK THIIKE >aTagsl. Mesodmuine Kambouid
OKCAaJIaTBIHBIH KeNTereH Apy3aepi Oap, ojap HETI3iHEH JXamblpaK TaMbIpiapbl OOWBIMEH OKIIayJIaHFaH.
XKbUIObIK epKeHep KallTallaMa aHaTOMUSUIBIK KYPBUIBIMFA M€, XJIOPEHXMMAa MEH KaOBIK IapeHXUMACHIHBIH
KeH aiiMarbiHa ue. Kcmmema sneMeHTTepi ycak. OpKeHHIH SMHACPMHCIHAE KYyTHKYJIaHBIH eIoyip KalaTsl
JKOHE KYMCAK TPUXOMANAPIBIH TYKTI O0iybl Oalikanamapl. MUKPOCKOMISUIBIK Oelrisiep KemeHi TypaiH AKray
KaJIaCBIHBIH KYPFaK JKaFxaiinapeiHa OeHiMIenyiH pacTaibl.

Kinm ceszoep: Sophora japonica, epKeH, KambIpak, CyOTpPOIUKAIBIK OCIMIIK, aHATOMHSIIBIK 3EpTTCY,
JIMaTHOCTUKANBIK OeNTijiep, apuaTi KiuMartka OeitiMaeny.

A.A. NmanbaeBa, A.T. Tysikosa, H.U. [lyiicenoBa

AHaToOMH4YeCKoOe CTPOeHHe JHuCcTa 1 modera Sophora japonica BeIpaleHHoro B
KYyJbTypbl B AKTay (MaHrucrayckas 00J1acThb)

Tlonbop amanTHBHOTO acCOPTHMEHTa PACTEHHI B YCIOBHAX INIOOATFHOTO M3MEHEHUS KIMMara M yCHIICHUS
apuIU3aliK SBISETCS] BXKHOW 3a/aueil cOBpeMeHHOH OoTaHmdeckod Hayku. Llens HacTosimie# paboThl 3a-
KJII0YaIach B OLIEHKE aHATOMUYECKOr0 CTPOCHMsSI MOJIOJOro mobera u mucra Sophora japonica s oLeHKH
aJIaTUBHOCTH K apUAHBIM YCIOBHUSIM ropona Axray. s uccieqoBaHUs ObUIM B3STHI 00paslibl PacTeHHI,
BBIPAIlEHHBIX B MaHTBIIUIAKCKOM 9KCIIEPUMEHTAILHOM OOTaHUYecKoM caay. JIMCThs u mobern pukcupoa-
7M1, BBINOJHSIN MHKPOCKOIIMPOBAHME C HCIIOIH30BAaHHUEM 3aMOPaXHMBAIONIETO MHKPOTOMA M JalbHEHIINM
OIMHCaHWEeM aHaTOMHYECKOTO CTPOSHHS W M3MEPEHHEM IapaMeTpOB OTAENBHBIX TKaHeH. Pe3ymbTaTsl mo3Bo-
JIMITK BBISIBUTB, 4TO JIMCT SOPhOra japonica cBeTOBOTo THIIA, C YETKUM JieJIeHHeM Me30(HlIa Ha MaTHCaHYIO
U TyO4UaTyio TKaHH, HAINYIHEM KyTHKYIBI, OJHO- ¥ MHOTOKJIETOYHBIX TPUXOM Ha SMHIEPMICE; yCTHHIA aHO-
MOIIUTHOTO THIIA, TI0 UX Pa3MEIIEHUI0 — JUCT aM(HUCTOMATHIECKOTO THIA. B Me3o¢umie mpucyTCTBYIOT
MHOT'OUUCIICHHBIE JIpY3bl OKcajaTa KajbLUs, JOKAIN30BAHHBIC MPEUMYIIECTBEHHO BAOJIb JKWIOK JHcTa. I'o-
JUYHBIE TTOOErM MMEIOT BTOPUYHOE aHATOMUYECKOE CTPOEHHE, 00JIafaloT IIMPOKON 30HOH XJIOPEHXUMBI
KOpOBOH mapeHxuMbl. KcuneMHble aneMenTsl Menkue. Ha snmuaepmuce mobdera oTMedeH 3HAYUTEIbHBIH CIIOH
KyTUKYJIBl U NIPUCYTCTBHUE OIYIIEHUS U3 MATKUX TPUXOM. KoMIUIeKkC MUKpOCKOMMYECKUX NMPHU3HAKOB IOJ-
TBEpIKAAeT aJanTaIfio BH/A K 3aCyIIINBBIM yCIOBHSM Topojia AKTay.

Knroueswie cnosa: Sophora japonica, nooer, juct, cyOTponuueckoe pacTeHHE, aHATOMHYECKOE HCCIeI0Ba-
HHE, TUarHOCTUYCCKUE IPH3HAKY, a/JaNTallis K apUIHOMY KIIIMATy.
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