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ANATOMICAL STRUCTURE OF ASSIMILATIVE ORGANS
IN DOMINANT SPECIES OF THE FAMILY CHENOPODIACEAE
(AMARANTHACEAE S.L.)

The Chenopodiaceae family is one of the largest and most ancient families in arid regions of the
globe. The representatives of this family, being dominants and edificators of many desert plant com-
munities, play a significant role in forming the vegetation cover, particularly the species of the Salsoloi-
deae subfamily. A characteristic feature of the anatomical structure of Chenopodiaceae species is the
presence of Kranz cells. The discovery of a unique pathway of primary carboxylation, known as the C4
dicarboxylic acid cycle, has led to a rapid development of biochemical and anatomical research. It is
known that the Chenopodiaceae family has the largest number of species with the C4 photosynthesis
type and the greatest diversity in C4 leaf anatomy. This study aimed to identify the anatomical struc-
tural features of the dominant species of the Chenopodiaceae family growing in arid regions. The study
objects are species of the Chenopodiaceae family growing in arid territories of the Kyzylorda region in
Kazakhstan. Cross-sections of samples were made using a “Semi-automatic Rotary Microtome M530”
(MEDITE M530). The thickness of the cross-sections was 40 um. The cross-sections were examined
using a Levenhuk Zoom&Joy microscope (China), and images were taken with a Levenhuk D740T 5.1
camera using the LevenhukLite software. The study of the anatomical structure of assimilative organs
revealed the following types: Corispermoid-type, Ventro-dorsal type, Kochioid-type, Atriplicoid-type,
Salsina-type, Shoberia-type, Salsoloid-type, and Climacoptera-type. The anatomical structure of Atriplex
dimorphostegia was clarified. Haloxylon aphyllum was transferred from the Kranz-ventrodorsal type to
the Salsoloid type. For the first time, a detailed anatomical structure of the leaves of Salsola sogdiana and
Caroxylon nitrarium species was described.

Key words: Salsoloideae, Suaedoideae, Chenopodioideae, anatomical structure, kranz cells, arid
territories, C4 photosynthesis.
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Chenopodiaceae (Amaranthaceae s.l.) TYKbIMAQCbIHbIH, AOMUHAHT TYPAEPIiHiH,
ACCUMMUASILMSABIK, MYLLIEAEPiIHIH, AHATOMMSIABIK, KYPbIAbIMbI

Chenopodiaceae TyKpIMAAChbl — EpP WAPbIHAAFbI APUATHI TEPPUTOPUSAAPABIH, €H YAKEH >K8He
eXeAri  TyKbiIMAAcTapbiHbiH, - 6ipi. KenTereH 1WeAAlI KaybIMAACTbIKTApAbIH  AOMMHAHTTApbl  MeH
3AMdUKaTOPAaPbl GOABIN TabbIAATbIH TYKbIMAAC OKIAAEPI BCIMAIK XaMbIAFbIChIHbIH, KAAbINTaCybIHAQ,
acipece Salsoloideae TykbIMAQcTapmarbl TypAepi MaHbi3Abl peA  atkapaabl. Chenopodiaceae
TYPAEPIHiH aHAaTOMMSIABIK, KYPbIAbIMbIHBIH epekiueAiri KpaHu, >kacylaAapbiHblH GOAybl. AMKapOOH
KbILKbIAAAPBIHBIH C4 — LUMKAI Aen aTaAaTbiH 6acTankpl KAPOOKCUAAEHYAIH apHabl KOAbIHbIH, alLbIAYbI
OUOXMMMSIABIK, XKOHE aHATOMMSIAbIK, 3ePTTEYAEPAIH KapKbiHAbI AamybiHa okeaai. Chenopodiaceae
TYKbIMAAChIHbIH, C4 hoToCuHTE3 Typi 6ap TypAepAiH eH Ken caHbl, coHaar-ak, C4 TUMTI >Kanblpak,
QHATOMMSICbIHbIH €H, Ker 8pTYPAIAIri 6ap ekeHi 6eAriAi. 3epTTeyaiH MakcaTbl-apUATbI JKEPAEPAE 6CETIH
Chenopodiaceae TyKbIMAACbIHBIH AOMUHAHT TYPAEPiHIH aHATOMUSIABIK, KYPbIAbIMbIHbIH, €PEKLLIEAIKTEPiH
aHbIKTay. 3epTTey HblCaHAAPbl apuATbI >Kepaepae eceTiH Chenopodiaceae TyKbIMAACBIHBIH TYpAepi
60AbIN Tabbiraabl. YATIAEPAIH KOAAEHEH KeCiHAiAepi “AMHaAMaAbl XKapTbiAail aBTOMATTbl MUKPOTam”
(MEDITE m530) kemerimeH xacanabl. KeaaeHeH KeCiHAIAePAiH KaAbIHAbIFbI 40 MKM 60AAbI. KeaaeHeH
Knmaaapabl kapay Levenhuk Zoom&joy (KpiTai) MMKPOCKONMbIHBIH KOMEriMEH >KY3€ere achipblAAb,
KOAAEHEH, KMMaAapAbiH cypeTTepi LevenhukLite 6araapAamachkiHbiH kemerimeH Levenhuk D740T 5.1
KamepacblHa TYCipiAAi. ACCUMUASILIUSIABIK, OPFraHAAPAbIH, aHATOMUSIABIK, KYPbIAbIMBIH 3€pTTeY OAAPAbIH
KeAeci TypaepiH aHbikTaabl: Kopucnepmonatsl (Corispermoid-type); BeHTpoaopaababl (Ventro-
dorsal type); Koxronatbl (Kochioid-type); Atpunaekomnatbl (Atriplicoid-type); Canbszuna (Salsina-type);
[lo6epua (Shoberia-type); Caacoaoma (Salsoloid-type); Kammakontepa (Climacoptera-type). Atriplex
dimorphostegia TypiHiH aHaTOMUSABIK, KYPbIAbIMbI 6OMbIHLLA HaKTbIAAy Xacaaabl. Haloxylon aphyllum
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poaopcanbabl TUNTeH (Kranz-ventrodorsal) Caacoaomna TuniHe aybICTbIpbIAAbL. Salsola sogdiana >keHe
Caroxylon nitrarium TypAepi YLUiH >KanblpaKTbiH, erKen-TerkenAi aHaTOMUSIAbIK, KYPbIAbIMbl aAFalll peT
CUMaTTaAAbI.

Ty#in ce3aep: Salsoloideae, Suaedoideae, Chenopodioideae, aHaTOMUSIAbIK, KYPbIAbIM, KpaHLL >Ka-
cylaaap, apuAaTbl aymakTap, C4 potocmHTes.

.B. BecenoBa', A.A. AanxaHoBa'*?
TMHCTUTYT GOTaHWUKM U (PUTOUHTPOAYKLMM, . AAMaThbl, KasaxcrtaH

2Ka3axcKkui HaLMOHaAbHbIN YHUBepcuTeT nM. arb-Dapabu, r. AamaTtbl, KasaxcraH
*e-mail: be96ka_kz@mail.ru

AHaToMMHYecKoe CTpoeHHUE aCCUMUASILLUOHHBIX OPraHOB AOMMHAHTHbIX BUAOB
cemeiictBa Chenopodiaceae (Amaranthaceae s.l.)

CemerictBo Chenopodiaceae — 0AHO M3 CaMbIX KPYMHbIX U APEBHUX CEMENCTB apUAHbIX Teppu-
TOpUI 3eMHOro wapa. [peacTaBUTEAN CEMENCTBA, SIBASIOTCS AOMMHAHTaMKM U 3AMMDUKATOPaMM MHO-
rMX MYCTbIHHbIX COOOLLECTB, MrPAlOT BAXKHYIO POAb B (DOPMMPOBAHUM PACTUTEALHOrO MOKPOBA, B
ocobeHHOCTH BUAbI noacemericTBa Salsoloideae. Oco6eHHOCTbIO aHATOMMYECKOrO CTPOEHUSI BUAOB
Chenopodiaceae sBaseTcs Haanume KpaHu-kaeTok. OTKpbITUE 0CO60ro MyTH NepBUYHOrO KapGoKCK-
AMPOBaHMsl, Ha3BaHHOTO C4 — LUMKAOM AMKApOOHOBbIX KUCAOT, MPUBEAO K BYPHOMY pasBuTMio 6MO-
XMMMYECKMX U aHAaTOMMYECKMX MCCAeAOBaHMiA. M3BecTHo, uto cemerictBo Chenopodiaceae nmeer
HanboAbLLEEe YUCAO BUAOB C TUMOM choTocmHTe3a C4, a Takxke HanboAblee pasHoobpasne aHaToMMK
AamcTbeB C4-Tuna. Lleablo MccAeAOBaHMS SBASIETCS BbISIBAEHUSI OCOOEHHOCTEN aHAaTOMUYECKOro CTPO-
eHMsl AOMMHAHTHbIX BUAOB cemerictBa Chenopodiaceae, koTopble NPoOM3pacTaloT B apUAHbIX TEPPU-
Topusix. OOGbeKTaMM MCCAEAOBAHMS SBASIOTCS BUAbI cemerictBa Chenopodiaceae, npomspacraioiime
B apuAHbIX TeppuTopusx. [lonepeydHble cpesbl 06pa3LoB MPOM3BOAMAMCL C MOMOLLbIO «PoTaLMoH-
HOro noAyaeToMatmyeckoro mukpotamar» (MEDITE M530). ToAlwmHa nonepevyHOro cpesa COCTaBMAQ
40 MKM. TpocmoTp nonepeyHbiX CPe30B OCYLLECTBASIACS C MCMOAb30BaHWeM MuKpockona Levenhuk
Zoom&Joy (Kutai1), CHMMKM MornepeyHbIX CPe30B OCYLECTBASIAMCb Ha Kamepy Levenhuk D740T 5.1,
C nomolLblo nporpammsl LevenhukLite. M3yuyeHne aHaTOMMUECKOro CTPOEHUSI aCCUMUASILMOHHBIX Op-
raHoB BbISIBUAO CAeaylolLme nx Turbl: Koprcnepmounatbii Tun (Corispermoid-type); BeHTpo-Aopcanb-
Hbii Tun (Ventro-dorsal type); Koxunounanbiin tun (Kochioid-type); Atpunamkonatbiii tun (Atriplicoid-
type); Caab3uHa tun (Salsina-type); LLlo6epua tun (Shoberia-type); Caabcoroma tvn (Salsoloid-type);
Kanmakontepa tin (Climacoptera-type). CAeAaHO YTOUHEHME MO aHAaTOMMYECKOMY CTPOEHMIO BUAQ
Atriplex dimorphostegia. Haloxylon aphyllum nepenecer n3 KpaHu-BeHTpoaopcaabHoro tuna (Kranz-
ventrodorsal) B Caabcoroma, Tvn. Aas BuAOB Salsola sogdiana v Caroxylon nitrarium BnepBbie onucaHa
noApo6Has aHaTOMMUecKas CTPYKTypa AMCTa.

KatoueBbie caoBa: Salsoloideae, Suaedoideae, Chenopodioideae, aHaTomMmueckast CTpykTypa,
KpaHLL KAETKM, apuAHble TeppuTopuu, hotocnHTes C4.

Introduction

The Chenopodiaceae family is one of the largest
and oldest families in the arid regions of the world.
It holds a leading position among the families of
desert flora in Kazakhstan. Several representatives
of this family, being dominants and edificators of
many desert communities, play a significant role in
forming the vegetation cover, particularly species of
the Salsoloideae subfamily [1-4].

A distinctive feature of the anatomical structure
of Chenopodiaceae species is the presence of Kranz
cells. Researchers, having identified these structures
in the leaves of Chenopodiaceae, named the cubic-
shaped cells “Kranz cells”.

The discovery of a unique pathway for primary
carboxylation, known as the C4 dicarboxylic acid
cycle, has led to a rapid development in biochemi-
cal and anatomical studies. In 2003, G. Kadereit and
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colleagues [1], analyzing the molecular structure
of leaves in the Amaranthaceae and Chenopodia-
ceae families, identified 7 groups with 17 types of
mesophyll. The type of mesophyll refers to the ar-
rangement of assimilative, conducting, spongy, or
water-storing tissues in relation to the cross-section
of the studied plant organ. The first classification of
mesophyll types in the Chenopodiaceae family was
made in 1975 by Carolin and coauthors [5], where
two groups of types were distinguished:

Non-Kranz types: Axyroid, Corispermum-type,
Austrobazidioid (similar to Corispermum-type but
containing water-storing tissue), Neokochioid (with
peripheral vascular bundles), Simpegmoid (similar
to Neokochioid, but with peripheral canals separat-
ed from chlorenchyma);

Kranz types: Atriplicoide, Kochioide, Salso-
loide, etc., differ by the arrangement of Kranz cells
in relation to the vascular bundles [6].
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The increase in the number of species with
Kranz cells can be considered an indicator of
climate aridization in ecological monitoring
[6-7].

It is well known that the Chenopodiaceae fam-
ily has the highest number of species with the C4
photosynthesis type [8-9], as well as the greatest
diversity in C4 leaf anatomy, including eight main
structural types [10-11] and up to 16 forms, consid-
ering all variations [1].

There are two possible arrangements of Kranz
cells:

- Around each individual vein;

- Around all the veins of the leaf at once, form-
ing a double concentric layer.

Ten C4 lineages are recognized within the Che-
nopodiaceae family [8-9].

For studying the evolution of C4 photosynthe-
sis, intermediate C3-C4 products, found in 14 fami-
lies, are of particular importance: Amaranthaceae,
Asteraceae, Boraginaceae, Brassicaceae, Chenopo-
diaceae, Cleomaceae, Euphorbiaceae, Mollugina-
ceae, Nyctaginaceae, Portulacaceae, Cyperaceae,
Hydrocharitaceae, Scrophulariaceae, and Poaceae
[9; 12]. Within the Chenopodiaceae family, only
one species to date — Salsola arbusculiformis from
the Salsoloideae subfamily has been structurally
and functionally characterized as an intermediate
C3-C4 [13]. Based on anatomical features alone,
Sedobassia sedoides from the Camphorosmoideae
subfamily has also been recognized as an intermedi-
ate [8].

C4 photosynthesis studies have primarily been
conducted on species that form Kranz anatomy
with two layers of chlorenchyma surrounding each
vein [183]. However, among species with C4 pho-
tosynthesis, nine types of Kranz anatomy have two
concentric layers of chlorenchyma surrounding all
the veins [11; 14]. Among these, the Salsoloid type
of anatomy is the most widely represented, and its
presence clearly indicates the C4 photosynthesis
type characteristic of species in the Salsoloideae
subfamily [6; 15].

In modern, widely accepted structural descrip-
tions of the double layer of Kranz cells, the outer
layer is referred to as P cells (usually consisting of
palisade parenchyma), and the inner layer is referred
to as specialized bundle sheath cells (Kc) (referring
to a layer of cells in the leaves) [11].

All structural forms of Kranz share the pres-
ence of a concentric layer of chlorenchymal cells,
in which the outer palisade layer P captures atmo-
spheric CO, in the C4 cycle, and the inner layer (Kc)
releases CO, from the C4 acids [4].

The aim of the study was to identify the ana-
tomical structural features of the dominant species
of the Chenopodiaceae family growing in arid ter-
ritories of Kyzylorda region.

Materials and methods

The study focuses on species of the Chenopo-
diaceae (Amaranthaceae s.1.) family that grow in the
arid regions of the Kyzylorda region in Kazakhstan,
where they are predominantly community domi-
nants.

Materials for anatomical analysis were fixed in
70% alcohol. The specimens were frozen for cross-
sectioning in histological paraffin, using special
forms measuring 15x15 mm. Cross-sections of the
samples were made using a “ Semi-automatic Rota-
ry Microtome M530” (MEDITE M530). The thick-
ness of the cross-sections was 40 pm. The cross-sec-
tions were examined using a Levenhuk Zoom&Joy
microscope (China), and images were captured with
a Levenhuk D740T 5.1 camera using the Levenhuk-
Lite software. Biometric data were also measured
using this LevenhukLite software. The mean and
standard error of biometric data were calculated
using Microsoft Excel’s data analysis function. To
describe the anatomical structure of the studied sam-
ples, more recent literature data on closely related
species were used [6-7; 15-26].

Results and discussion

We analyzed the anatomical structure of the as-
similative organs of 22 species: Anabasis aphylla,
Haloxylon aphyllum, Halothamnus subaphyllus,
Salsola tragus, S. sogdiana, Xylosalsola arbus-
cular, Caroxylon orientale (=Salsola orientalis),
C. nitrarium (=S. nitraria), Petrosimonia sibirica,
Climacoptera lanata, Suaeda microphylla, S. acu-
minata, Bassia prostrata, Kalidium capsicum, K.
foliatum, Halocnemum strobilaceum, Halostachys
belangeriana, Salicornia europea, Ceratocarpus
utriculatus, Atriplex dimorphostegia, Kraschenin-
nikovia ceratoides, and Agriohyllum pungens. For
six of these species (4nabasis aphylla, Haloxylon
aphyllum, Kalidium capsicum, Halocnemum strobi-
laceum, Halostachys belangeriana, and Salicornia
europea), cross-section of young shoots were made,
as their leaves are reduced or poorly developed.

Transverse anatomical sections of the assimi-
lative organs are provided for all studied species,
showing their structure (Figures 1, 2, 3, 4, 5). Mea-
surements of the thickness of each layer for all spe-
cies are also presented in Table 1.
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Anatomical structure of assimilative organs in dominant species of the family Chenopodiaceae (Amaranthaceae s.1.)

Figure 1 — Species of the tribe Salsolae in the Subfamily Salsoloideae
1 — Anabasis aphylla, 2 — Haloxylon aphylla, 3 — Halothamnus subaphyllus,
4 — Salsola tragus, 5 — Salsola sogdiana, 6 — Xylosalsola arbuscular
E — epidermis; H — hypodermis; P — palisade mesophyll (chlorenchyma); Kc — Kranz cell;
PVb — peripheral vascular bundle; Wc — water- bearing cell; D — druse
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Figure 2 — Species of the tribe Caroxyloneae of the subfamily Salsoloideae
1 — Caroxylon orientale (Salsola orientalis), 2 — C. nitrarium (S. nitraria,
3 — Petrosimonia sibirica, 4 — Climacoptera lanata
T — trichome; E — epidermis; H — hypodermis; P — palisade mesophyll (chlorenchyma);
Kc — kranz cell; PVb — peripheral vascular bundle; Wc — water-bearing cell
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Anatomical structure of assimilative organs in dominant species of the family Chenopodiaceae (Amaranthaceae s.1.)

Figure 3 — Species of the tribe Suaedeae of the subfamily Suaedoideae and species
of the tribe Camphorosmeae of the subfamily Camphorosmoideae
1 — Suaeda microphylla, 2 — S. acuminate, 3 — Bassia prostrata
E — epidermis; H — hypodermis; P — palisade mesophyll (chlorenchyma);
Kc — kranz cell; Wc — water-bearing cell; Vb — vascular bundle
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Figure 4 — Species of the tribe Salicornieae in the subfamily Salicornioideae
1 - Kalidium capsicum, 2 — K. foliatum, 3 — Halocnemum strobilaceum, 4 — Halostachys belangeriana, 5 — Salicornia europaea
T — trichome; E — epidermis; P — palisade mesophyll (chlorenchyma);
PVDb — peripheral vascular bundle; Wc — water-bearing cell; Vb — vascular bundle
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Figure 5 — Species of the subfamily Chenopodioideae
1 — Ceratocarpus utriculosus, 2 — Atriplex dimorphostegia, 3 — Krascheninnikovia ceratoides, 4 — Agriophyllum pungens
T — trichome; E — epidermis; H — hypodermis; P — palisade mesophyll (chlorenchyma); Kc — kranz cell,
PVb — peripheral vascular bundle; We — water-bearing cell; Vb — vascular bundle;
Sc — sclerenchyma; Co — collenchyma; D — druse

Table 1 — Average biometric measurements of cross-sections of assimilative organs in species of the Chenopodiaceae

Species Epidermis, pm Hypodermis, pm Palisade;fsophyll, Kranz cell, um
Anabasis aphylla 19,91+0,58 31,37+1,24 50,28+2,13 29,87+0,65
Haloxylon aphyllum 25,84+0,85 16,97+0,62 40,55+0,92 17,84+0,81
Halothamnus subaphyllus 57,36+1,85 - 74,75+1,10 25,19+0,88
Salsola tragus 35,99+0,95 - 56,81+1,34 25,29+0,85
Salsola sogdiana 22,79+0,68 30,15+1,09 38,17+0,52 22,70+0,70
Xylosalsola arbuscula 35,03+0,85 16,31+0,63 33,67+0,77 21,55+1,10
Caroxylon orientale (Salsola orientalis) 27,16+1,25 28,78+1,44 53,35+1,05 34,99+0,84
Caroxylon nitrarium (Salsola nitraria) 25,05+1,18 24,57+1,50 48,23+1,39 23,73+0,75
Climacoptera lanata 48,17+2,49 - 59,67+1,46 23,92+0,47
Petrosimonia sibirica 20,58+0,73 - 45,11+0,74 25,44+0,85
Suaeda microphylla 57,24+1,89 - 53,43+1,35 31,95+1,10
S. acuminata 40,87+2,10 117,01+£13,67 64,18+3,46 29,06+1,13
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Continuation of the table

Species Epidermis, pm Hypodermis, pm Palisade;:sophyll, Kranz cell, um
Bassia prostrata 17,88+0,61 20,58+1,27 36,68+2,01 22,98+1,26
Kalidium caspicum 54,27+0,90 - 196,66+5,78 -
K. foliatum 49,08+1,74 - 268,31+4,58 -
Halocnemum strobilaceum 63,45+1,24 - 148,72+6,45 -
Halostachys caspica 37,40+2,01 - 111,83+1,38 -
Salicornia europaea 23,64+0,64 - 203,29+3,55 -
Ceratocarpus utriculosus 13,14+0,47 - 59,65+1,18 -
Atriplex dimorphostegia 22.45+1,43 47,22+2.15 31,28+1,36 34,15+0,86
Krascheninnikovia ewersmanniana 15,54+0,54 - 84,49+1,43 -
Agriophyllum pungens 19,79+0,65 - 97,41+1,46 -

The presence and size ratios of their various lay-
ers are shown in Figure 6 to facilitate the understand-
ing of the anatomical structure of the studied species.

Based on the above results of the anatomical
structure of the assimilation organs, we classify the
studied species into the following types:

Agriophyllum pungens

Krascheninnikovia ewersmanniana

Atriplex dimorphostegia
Ceratocarpus utriculosus
Salicornia europaea
Halostachys caspica
Halocnemum strobilaceum
Kalidium foliatum
Kalidium caspicum
Bassia prostrata
Suaeda acuminata
Suaeda microphylla
Petrosimonia sibirica
Climacoptera lanata
Caroxylon nitrarium
Caroxylon orientale
Xylosalsola arbuscula
Salsola sogdiana
Salsola tragus
Halothamnus subaphyllus
Haloxylon aphyllum
Anabasis aphylla

50 100

150 200

250 300 350

EE, pm
EH, pm

oP, um
BKc, uMm

Figure 6 — Schematic representation of the presence or absence of layers and their comparative thickness
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Non-Kranz types: Corispermoid type with
palisade parenchyma on both sides of the leaf and
spongy parenchyma in the middle part. This type
is found in the leaves of Krascheninnikovia ewers-
manniana, Agriophyllum pungens, Ceratocarpus
utriculosus.

Ventro-dorsal type. Reduced leaves represent
the apex of the reduction of the assimilation appara-
tus in the species of the non-Kranz group. The pali-
sade parenchyma is 2-3 rows; on one side, it is in
contact with the vascular bundles or separated by the
aquiferous parenchyma. It should be noted that there
are no clear boundaries, on the other side with the
epidermis (Salicornia europea, Halostachys caspi-
ca, Halocnemum strobilaceum, Kalidium caspicum,
K. foliatum).

Kranz types. A distinctive feature of the Kranz
type is the presence of the Kranz chlorophyll sheath,
located between the palisade cells and vascular bun-
dles. Kranz cells are capable of rapidly accumulat-
ing starch and are often devoid of granules. In C4
photosynthesis, the mesophyll and bundle sheath
chloroplasts function jointly. Mitochondrial activity
in Kranz cells is 10 times higher than in mesophyll
cells. Their location and structure allow for rapid
movement of photosynthesis products, protection of
the photosynthetic cell, and provision of their mois-
ture during the critical xerothermic period.

Kochioid type. One row of palisade parenchy-
ma and Kranz cells are located on both sides of the
peripheral vascular bundles in a flat leaf, which are
also located on both sides of the leaf. In the center
of the leaf are located the aquiferous tissue and the
central vascular bundle (Bassia prostrata).

Atriplicoid type. One row of palisade and
Kranz cells surrounds the vascular bundles in
one central plane. There is a hypoderm (Atriplex
dimorphostegia); earlier, it was believed that this
type does not have a hypoderm; it should be taken
into account that for this type, the hypoderm is not
considered the main component. There are several
aquiferous cells with calcium oxalate druses be-
tween the chlorenchyma and vascular bundles. The
Salsina type is characterized by the arrangement of
palisade parenchyma and Kranz cells throughout the
leaf circle. The main and lateral vascular bundles are
located in one plane in the center of the aquiferous
tissue (Suaeda microphylla).

A large-celled epidermis characterizes the Sho-
beria type. Palisade parenchyma and Kranz cells are
located on both sides of the leaf, are adjacent to the
vascular bundles (Suaeda acuminata), and have a hy-
podermis. However, in our case, the epidermal cells
of Suaeda acuminata (40.87+£2.10 um) were smaller
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than those of Suaeda microphylla (57.24+1.89 um),
perhaps due to the peculiarity of the sampling time.

The most common is the Salsoloid-type. Sin-
gle-row palisade parenchyma and Kranz cells are
located along the entire circumference of the leaf.
Peripheral vascular bundles are adjacent to Kranz
cells. The main vascular bundle is located in the
center of the leaf among the water-bearing cells.
Hypodermis is present or absent (4dnabasis aphylla,
Haloxylon aphyllum, Halothamnus subaphyllus,
Salsola tragus, Salsola sogdiana, Xylosalsola ar-
buscula, Caroxylon orientale, Caroxylon nitrarium,
Petrosimonia sibirica). This type is noted in succu-
lent and scleromorphic modifications (Halothamnus
subaphyllus).

Climacoptera type. Differs from the Salsoloid
type in that the peripheral vascular bundles are sep-
arated from the Kranz cells by water-bearing cells
(Climacoptera lanata).

Based on the above data, we will first consider
the species with Kranz cell anatomy. These include
Bassia prostrata, Atriplex dimorphostegia, Suaeda
microphylla, S. acuminata, Anabasis aphylla, Hal-
oxylon aphyllum, Halothamnus subaphyllus, Salso-
la tragus, Salsola sogdiana, Xylosalsola arbuscula,
Caroxylon orientale, Caroxylon nitrarium, Clima-
coptera lanata, and Petrosimonia sibirica. As men-
tioned earlier, Bassia prostrata and Atriplex dimor-
phostegia have a distinctive arrangement of Kranz
cells located directly around the vascular bundles,
and the leaves of these species are lamellar. The
anatomical structure of Bassia prostrata described
in the literature fully aligns with our data. However,
for Atriplex dimorphostegia, our findings include
a small addition of hypodermis (47.224+2.15 pm),
which was previously thought to be absent in this
species.

The next group of species under consideration
is characterized by the Kranz cells being located
around all the vascular bundles and water-bearing
tissue, spreading along the entire periphery of the
leaf. First, we will consider species of the genus
Suaeda (Suaeda microphylla, S. acuminata). These
species belong to different anatomical types and
prefer loamy soil. However, as previously men-
tioned, Suaeda acuminata is characterized by large
epidermal cells, which is notable in comparison to
Suaeda microphylla. 1t is important to note that the
samples of Suaeda microphylla were collected in the
spring, while those of S. acuminata were collected
in the fall, which may be a key factor influencing
these results. Additionally, S. acuminata exhibits a
hypodermis in its anatomical structure, which is also
quite large (117.01 £ 13.67 um).
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Considering the obtained results for species
of the Salsoloideae subfamily (Anabasis aphylia,
Haloxylon aphyllum, Halothamnus subaphyllus,
Salsola tragus, Salsola sogdiana, Xylosalsola ar-
buscula, Caroxylon orientale, Caroxylon nitrarium,
Climacoptera lanata, Petrosimonia sibirica), we
can conclude that the presence of a hypodermis is
unimportant, as it functions primarily for water col-
lection. Additionally, all the studied species differ
in their substrate preferences. While it was previ-
ously believed that Haloxylon aphyllum belonged to
the Kranz-ventrodorsal type, our data suggests that
this species should be classified as a Salsoloid type,
likely a modified version, since this species lacks
leaves, and assimilation occurs in young shoots.

For the species Salsola sogdiana and Caroxylon
nitrarium, the anatomical structure of the leaf was
described for the first time, and the sizes of the lay-
ers are given. In other cases, the addition is that the
sizes of the layers are given for all species, which
was not previously given.

Species lacking Kranz cells. First, we will con-
sider species with lamellar leaves, specifically Kra-
scheninnikovia ewersmanniana, Agriophyllum pun-
gens, and Ceratocarpus utriculosus. These species
are primarily found in sandy areas, with Ceratocar-
pus utriculosus also occurring in clayey regions. All
three species belong to the Corispermoid type. While
they share similar features, each species also has
distinctive characteristics. Agriophyllum pungens,
in particular, exhibits a unique anatomical structure,
where the leaf blade is modified by sclerenchyma
under the epidermis, forming stripes along the leaf
blade that visually resemble veins.

The most interesting group without Kranz
cells is the species of the Salicornieae tribe of the
Salicornioideae subfamily (Salicornia europea,
Halostachys caspica, Halocnemum strobilaceum,
Kalidium caspicum, K. foliatum). In the process of
evolution, these species, have developed an anatom-
ical structure in which they need and prefer a salt
environment with a high concentration. Consider-
ing the thickness of the layers, we can say that this
group is characterized by very long cells of the poly-
sade mesophyll (Table 1; Figure 6).

Both groups of types (non-Kranz and Kranz)
complete the reduction of the leaf (aphyllous) and
form the assimilative primary bark of the non-Kranz
type in the subfamily Chenopodiaceae and the
Kranz type in the subfamily Salsoloideae. The pres-
ence of non-Kranz and Kranz types in aphylloids is

a significant version of its ancient and convergent
origin in different structural groups. Aphyllous is a
phenomenon of a progressive replacement organ,
the result of replacing the photosynthetic functions
of some organs (leaves) with others (shoots with as-
similating bark), better adapted to arid conditions.

The predominance of the succulent species is as-
sociated with the general saline background of the
deserts of Kazakhstan. Despite the relatively high
level of study of Kranz cells, we have not encoun-
tered data on their other quantitative parameters and
changes within one plant during its development
under different growing conditions and during the
growing season, which is a relevant topic for further
research in this area.

Conclusion

As a result of the study of the anatomical struc-
ture of assimilative organs, frequently found in dom-
inant species of the Chenopodiaceae family of the
Syr Darya River valley flora, the following types of
the anatomical structure of leaves and other assimi-
lation organs were determined: Corispermoid-type
— Krascheninnikovia ewersmanniana, Agriophyllum
pungens, Ceratocarpus utriculosus; Ventro-dorsal
type — Salicornia europea, Halostachys caspica,
Halocnemum strobilaceum, Kalidium caspicum,
K. foliatum; Kochioid-type — Bassia prostrata;
Atriplicoid-type — Atriplex dimorphostegia; Salsina-
type — Suaeda microphylla; Shoberia-type — Suae-
da acuminata; Salsoloid-type — Anabasis aphylla,
Haloxylon aphyllum, Halothamnus subaphyllus,
Salsola tragus, S. sogdiana, Xylosalsola arbuscula,
Caroxylon orientale, C. nitrarium, Petrosimonia
sibirica; Climacoptera-type — Climacoptera la-
nata. The sizes of the layers with the average
value are given. The anatomical structure of the
species Atriplex dimorphostegia has been clari-
fied. Haloxylon aphyllum was transferred from the
Kranz-ventrodorsal type to the Salsoid type. For the
species Salsola sogdiana and Caroxylon nitrarium,
a detailed anatomical structure of the leaf was de-
scribed for the first time.
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